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1. Executive summary 
1.1. BACKGROUND 
There has been concern about the number of recent arrivals and incursion responses for moth 
species over the last decade and there is a perception that such arrivals have increased. This 
risk analysis considers six high-profile moth incursions from the last decade. The purpose of 
this risk analysis is twofold; firstly, to consider whether the species that have been eradicated 
are likely to arrive again and if so, what measures are necessary to prevent reinvasion and 
secondly, to use some of the recently arrived species as examples to investigate a range of 
different arrival pathways and better understand moth invasions. This work uses pest risk 
analysis methodology to understanding potential entry pathways and management. It uses a 
broad approach to arrival pathways, considering host plant and non-host (inanimate) 
pathways, including a wide range of imported goods (including items such as passenger 
baggage and military transport) as well as the associated packaging, containers, ships and 
aircraft. Natural invasion has also been considered. This risk analysis was released for public 
comment in March 2008. No comments were received and the content of this risk analysis 
remains unchanged from the version released in March 2008. 
 
This risk analysis has investigated the risks associated with five recently arrived species in 
detail, including pathways for the entry and establishment, and impacts overseas and in 
New Zealand. These species are Asian gypsy moth1, fall webworm2, guava moth3, painted 
apple moth4 and white-spotted tussock moth5. In addition, a further species, gum leaf 
skeletoniser6, was investigated; the similarities between likely arrival pathways for gum leaf 
skeletoniser and arrival pathways for the other species, as well as the lack of interception 
records, meant that detailed analysis was not considered useful. The reasons for the perceived 
increase in the arrival of pest moths have been considered and there are recommended 
approaches to inform future import health standards and border management, both for the five 
species investigated in detail and generic approaches that will be useful for other species. 

1.2. KEY CONCLUSIONS 
 
• The analysis indicates that all the moths, except guava moth, arrived through similar 

means, as hitchhikers on inanimate pathways such as transported containers or their 
contents, on bulk goods, vehicles or machinery. 

• These moths entered New Zealand as small, camouflaged eggs or pupae. They occur in 
low numbers, but on high volume pathways. The risk for any single item on a pathway is 
low, but the high volumes multiply the risk of entry. 

• Guava moth is different. It may have arrived as naturally (by flying to New Zealand), on a 
ship or plane, or with fruit carried by passengers. 

• Specific incursions cannot be linked to specific pathways. A moth found in a trap will 
look exactly the same if its parents came to New Zealand on a sea container, a car or 
garden furniture. 

• The overall risk of entry differs for each pathway, and also according to a range of 
specific factors that may also differ for each consignment that arrives at the border. 

                                                 
1 Lymantria dispar(Lymantriidae) from east Asia 
2 Hyphantria cunea (Arctiidae) 
3 Coscinoptycha improbana (Carposinidae) 
4 Teia anartoides (Lymantriidae) 
5 Orgyia thyellina (Lymantriidae) 
6 Uraba lugens (Nolidae) 
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• The analysis demonstrates how difficult the problem is to manage, and that there are no 
immediate solutions with our current trade volumes, infrastructure and technology. 

• This analysis identifies a range of approaches that can be used to reduce the risk of future 
moth incursions. Some are already underway, including: 
− improving the quality and access to interception data; 
− increasing follow-up on significant border interceptions; 
− planning to improve identification of intercepted insects on some priority pathways; 
− improving our links with overseas countries managing similar pest problems. 

1.3. SPECIES SUMMARIES 

1.3.1. Asian gypsy moth 
Gypsy moth is a species which defoliates trees in both its native range (Europe and Asia) and 
where it has been introduced to North America. It is of major concern internationally and is 
expected to have significant impacts on a range of values if established in New Zealand, 
although its impact is not expected to be as severe as that seen for gypsy moth in North 
America. This analysis has focused only on gypsy moth from eastern Asia, usually known as 
Asian gypsy moth. 
 
Asian gypsy moth is frequently detected at the border and has been detected once in a 
surveillance trap. The detected moth was a male and considered most likely to be from an 
established population based on the life stage detected and time of year. This species is 
considered eradicated from New Zealand. 
 
Most Asian gypsy moth females are capable of flight and are attracted to light. They lay their 
eggs on a wide range of surfaces. The egg masses persist for long periods, 9 months or longer. 
Asian gypsy moth is most likely to enter New Zealand as egg masses. It is essentially a 
hitchhiker pest, occurring on a range of pathways but comparatively unlikely to be imported 
associated with its host plants. Overall, the proportion of imported items that contain Asian 
gypsy moth egg masses is small, but it is difficult to predict which items are likely to have 
egg masses on them and which are not. This difficulty is partly because of the very wide 
range of substrates that Asian gypsy moth uses for egg laying but is also due to the 
information available. Asian gypsy moth is considered to occur at low frequency on a number 
of high volume pathways, making management difficult.  
 
Asian gypsy moth could enter New Zealand from any temperate East Asian country, 
including China, Japan, the Russian Federation and South Korea. Available evidence 
suggested that the most likely pathway for arrival is used vehicles (specifically from Japan) 
and that while the current measures do reduce the likelihood of entry and establishment, they 
do not reduce it to a level that is negligible. There are several other pathways on which Asian 
gypsy moth can arrive. The measures currently in place for most pathways will not reduce 
entry and establishment to negligible levels (although the measures are considered to be 
adequate on some pathways). The sea container pathway is of particular concern. There is 
limited information on the association of Asian gypsy moth with sea containers, but available 
information suggests that egg masses are most likely to occur on their lower surfaces making 
the moth difficult to detect. 
 
The likelihood of Asian gypsy moth establishment is lower than that for some other species 
because it typically only has one generation per year and its life cycle is strongly linked to 
seasonal changes. Therefore it must overcome the seasonal inversion from the Northern to the 
Southern Hemisphere. The seasonal inversion is likely to reduce the likelihood of 
establishment but would not prevent establishment occurring. 
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1.3.2. Fall webworm 
Fall webworm has an extremely wide host range and is considered a significant pest overseas, 
although it is not usually considered to be among the most damaging species. Concern is high 
in China where it is a comparatively recent arrival. Significant impacts are expected should it 
establish in New Zealand, mainly on horticulture and on amenity plantings. There is 
considerable uncertainty over the likely impact on native species, forestry (low volume, high 
value species), shelter plantings and erosion control. 
 
Fall webworm is considered to have entered New Zealand on 4-6 separate occasions and has 
once been reported as temporarily established. It is currently considered eradicated from 
New Zealand. There have only been three detections at the border, two dead larvae and one 
egg mass (viability not reported) on a used vehicle. 
 
Fall webworm could arrive from its native range (North America) or from its introduced 
range (Europe and East Asia), but is particularly likely to come from China, Japan, South 
Korea and the USA. The most likely life stage to be transported is dormant (diapause) pupae, 
during the Northern Hemisphere autumn, winter and spring. Larvae crawl seeking protected 
sites for pupation, so pupae only occur on objects that are close to larval populations. Pupae 
are small and camouflaged and occur on a range of different materials. They are likely to be 
carried as hitchhiker pests on many pathways, including vehicles, sea containers, packaging 
materials and various commodities. 
 
Fall webworm has variable numbers of generations per year (1-4) and is therefore easily 
capable of overcoming the seasonal inversion from the Northern to the Southern Hemisphere. 
However it would not establish as easily as a species arriving from the Southern Hemisphere. 
 
For most of the likely pathways, including vehicles, the current measures are not considered 
to reduce the likelihood of entry to a negligible level. It is possible that sometimes quarantine 
officers and accredited persons detect and treat fall webworm, but because these types of 
organisms are not routinely identified, there is no record of any detection of fall webworm 
pupae (the most likely life stage) occurring. There is therefore little information available that 
can be used to narrow down which pathways it is likely to occur on. 

1.3.3. Guava moth 
Guava moth is an inconspicuous species with caterpillars that develop entirely inside fruit.  
Prior to its arrival in New Zealand it had a low profile, regarded as only a minor pest in 
Australia and with no recorded border interceptions in New Zealand. Since establishing in 
Northland it has become a pest on some crops in this area. 
 
Guava moth has now established in New Zealand. Guava moth may have arrived either by 
wind from Australia (which is the source of most new moth arrivals), via illegally imported 
fruit or on a ship or plane (the first two scenarios are more likely). As it is not reported from 
commercial crops in Australia, guava moth is considered more likely to be transported in fruit 
from home gardens. 
 
At the time guava moth arrived in New Zealand, the measures on the main pathway for illegal 
fruit imports (air passengers) were less stringent than they are now. 

1.3.4. Painted apple moth 
Painted apple moth is a poorly known species which mainly feeds on wattles in its native 
range in Australia, although it is known to have a wide host range, including significant 
horticultural species. A number of species, including New Zealand natives, have been added 
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to the host list from New Zealand field observations. It belongs to the same family 
(Lymantriidae) as well known pest species such as gypsy moth. However predicting impact is 
difficult as New Zealand is the first place that it has been reported outside its native range. 
  
Painted apple moth is considered to have entered New Zealand from south-eastern Australia 
on about 7-9 separate occasions and has previously been established. The established 
population in West Auckland has been eradicated, but detections in traps over the last 2 years 
(male moths most likely to have arrived from Australia as pupae) suggests a significant 
likelihood of reinvasion. 
 
There have been only two interceptions of painted apple moth associated with imported items, 
the most recent in 1993. It is likely to be carried as a hitchhiker pest on a wide range of 
pathways, including vehicles, sea containers, packaging materials and various other 
commodities. Because there is limited information from Australia and so few interceptions, 
there is almost no information that would allow a more precise definition of the main 
pathways of entry. 
 
It is most likely to be transported as pupae, immobile adults (females) or eggs, but all these 
life stages get onto transported items when larvae crawl seeking pupation sites. This is similar 
to the way that fall webworm is transported. 
 
Painted apple moth has variable numbers of generations per year (1-4) and because it is 
coming from south-eastern Australia, is coming from similar seasonal conditions. It is 
therefore expected to establish more easily than species coming from the Northern 
Hemisphere as there is no seasonal inversion to be overcome. 

1.3.5. White-spotted tussock moth 
White-spotted tussock moth is another poorly known species related to gypsy moth. It is 
native to eastern Asia and has a wide host range. It is not regarded as a significant pest 
overseas but has never established outside its native range apart from in New Zealand which 
makes predicting future impacts more difficult. Since its host range includes important 
commercial species and it has shown some ability to feed on native plants, significant impacts 
in New Zealand cannot be ruled out. 
 
White-spotted tussock moth was detected in New Zealand in 1996 and, following control, was 
declared eradicated in 1998. It is sometimes intercepted at the border on used vehicles, but, 
based on biology and experience with other species it is likely to occur on other pathways as 
well (the frequency is not known). 
 
The most likely life stage to be transported is dormant (diapause) egg masses, but these are 
laid by immobile female moths on or near the cocoon in which they pupated. This behaviour 
means that white-spotted tussock moth, like fall webworm and painted apple moth, gets onto 
transported items when larvae crawl seeking pupation sites. 
 
Like fall webworm, it has variable numbers of generations per year (1-4) and is therefore 
easily capable of overcoming the seasonal inversion from the Northern to the Southern 
Hemisphere. However it would not establish as easily as a species arriving from the Southern 
Hemisphere. 

1.3.6. Gum leaf skeletoniser 
Gum leaf skeletoniser is mainly known from eucalypts and other closely related species in its 
native range in Australia. Since its detection in New Zealand, it has been found on a range of 



 

 vi 

other plants. While a native species, its ability to defoliate eucalypts means that it is 
sometimes regarded as a pest in Australia. 
 
Gum leaf skeletoniser has entered and established in New Zealand. Initially, a small 
population was found at Mount Maunganui and eradicated but later, in Auckland, a much 
larger population was found and eradication was not feasible. There are very few interception 
records. 
 
Initial investigations into the biology of gum leaf skeletoniser suggested that, although it is 
unrelated to any of the other species in this analysis, it is transported in similar ways. It is 
most likely to be transported as pupae which are well camouflaged. Like fall webworm, 
painted apple moth and white-spotted tussock moth, gum leaf skeletoniser gets onto items 
when larvae crawl seeking pupation sites. Because of similarities with other species in this 
analysis, gum-leaf skeletoniser has not been considered in detail. 
 

1.4. PATHWAY SUMMARIES 
Each pathway was reviewed for each species. The following section summarises all the 
pathways investigated for all moths. 

1.4.1. Containers 
Sea containers are likely to be an important pathway of entry for moth species such as Asian 
gypsy moth, fall webworm and painted apple moth (and also gum-leaf skeletoniser, which has 
now established). Asian gypsy moth egg masses have been recorded on the underside of sea 
containers, but available information for the other moth species is not adequate to determine 
where on sea containers they would be – whether inside, outside or on container packaging 
and contents. Because dormant life stages (such as eggs of Asian gypsy moth or pupae of fall 
webworm) can persist for months and sea containers visit many different ports, a sea 
container coming from a country not known to have these species may still carry live eggs or 
pupae into New Zealand. In all cases, moth life stages are considered to occur only at low 
frequencies on sea containers, but the high volumes of imported containers multiply the risk 
greatly. 
 
Likelihood of establishment is increased the longer a sea container is present in New Zealand 
and the more widely it is distributed, as transported moths will have greater opportunities to 
get off containers and locate host plants. The likelihood of establishment from sea containers 
is intermediate between that of ships (lower due to the short average visits to New Zealand 
ports) and that of vehicles (which enter New Zealand permanently and are widely distributed). 
 
Risk management on sea containers is currently reducing the risk of entry of Asian gypsy 
moth, but not to a negligible level. There is no evidence that the entry of painted apple moth 
or fall webworm is being reduced at all by the current measures on sea containers. 
 
The risk of moth entry associated with air containers is uncertain. There is no evidence that 
any of the moth species in this analysis are associated with air containers. However the 
biology of at least some species, for example Asian gypsy moth, indicates that transport by air 
containers is likely to occur sometimes, although not frequently. 

1.4.2. Fresh plant material 
Fresh plant material pathways such as nursery stock, cut flowers and foliage, and fresh fruit 
are considered to be very minor pathways for the moth species considered in this analysis. 
Very small volumes of host material are imported and most of the moth species considered 
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here have only a short period in their life cycle where they are associated with host plants. For 
example, Asian gypsy moth spends 8-9 months of the year as egg masses which are mostly 
laid on inanimate objects. 
 
The associated life stages (larvae) are likely to be conspicuous on the types of material 
transported on fresh plant material pathways. While there is little information on the efficacy 
of current measures on these pathways, there are no obvious indications that they are 
ineffective. 

1.4.3. Military 
Because of the way military vehicles and equipment are used and stored both overseas and on 
return to New Zealand, they are particularly likely to transport hitchhiker pests, although the 
overall volumes are small. The international transport of military vehicles and equipment has 
been associated with gypsy moth and fall webworm overseas. However there has been little 
military transport to New Zealand from countries with the moth species in this analysis and 
military transport is not likely to have been associated with the recent incursions. 
 
Changes in where troops are stationed or where exercises are conducted would result in a 
changed level of risk, and so the risk of species such as fall webworm being transported to 
New Zealand should be considered when there are changes on the military pathway. 

1.4.4. Packaging materials 
Packaging materials are likely to be a significant pathway for the entry on fall webworm and 
painted apple moth, but there is very little information on which to base an assessment. One 
of the only records of painted apple moth associated with imported items was on metal 
packaging. 
 
There is very little information about the association of packaging materials with the moth 
species in this analysis but painted apple moth or fall webworm (and probably also Asian 
gypsy moth, white-spotted tussock moth and gum leaf skeletoniser) show behaviours that 
would result on them occurring on packaging materials, if those materials were used or stored 
close to moth populations. It is specific use and storage conditions, and not any intrinsic 
property of the material that will affect whether or not they are associated with the moths 
considered in this analysis. 
 
The recent changes to requirements for wood packaging (ISPM 15) are expected to reduce the 
likelihood of moths entering New Zealand associated with wood packaging, but only to a 
limited extent, as the ISPM 15 treatments are applied only once. ISPM 15 treatments do not 
have long-term activity against pests, so following treatment wood packaging can become 
reinfested. There is no evidence that any other measures are reducing the likelihood of entry 
of fall webworm or painted apple moth associated with packaging. 

1.4.5. Passengers, baggage and unaccompanied personal effects 
None of the moth species considered in this analysis are likely to be transported deliberately, 
but they are all associated with items that are transported as passenger baggage. On the 
passenger pathway, the likelihood of any one passenger transporting any one of the moth 
species is small, but the high volumes on the pathway mean that infrequent events pose a 
significant risk. Current risk management reduces the likelihood of entry on the passenger 
pathway to a negligible level. 
 
Unaccompanied personal effects, such as household goods, is a much lower volume pathway 
but is considered a significant pathway for all species except guava moth. Outdoor furniture, 
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because it is generally used and stored in gardens, is particularly likely to be associated with 
species such as painted apple moth, fall webworm, white-spotted tussock moth and gum-leaf 
skeletoniser. A survey has been recently conducted on this pathway and the efficacy of 
current measures will be assessed in the light of these results. In particular, the efficacy of 
measures on the unaccompanied personal effects pathway will depend on the efficacy of 
detecting items likely to carry moth life stages such as outdoor furniture. 
 
Following clearance, items carried as passenger baggage or unaccompanied personal effects 
can go almost anywhere in New Zealand, reducing the likelihood that any incursion resulting 
from these pathways will be detected early. 

1.4.6. Vehicles 
Used vehicles are likely to be an important pathway of entry for moth species such as Asian 
gypsy moth, fall webworm and white-spotted tussock moth. Asian gypsy moth egg masses are 
commonly recorded from imported used vehicles, with white-spotted tussock moth egg 
masses recorded less frequently. There are a small number of records of fall webworm from 
used vehicles, but none of pupae. While pupae are the most likely life stage of fall webworm 
to be transported, they are small and cryptic and are unlikely to be detected visually. 
 
The likelihood of a particular vehicle carrying moth species such as Asian gypsy moth or 
white-spotted tussock moth depends on specific use and storage conditions prior to export, 
such as whether it was parked outdoors at night during the flight season or whether it was 
parked near host trees.  
 
Risk management on used vehicles is currently reducing the risk of entry of Asian gypsy 
moth and white-spotted tussock moth, but not to a negligible level. There is no evidence that 
the re-entry of fall webworm is being reduced at all by the current measures on used vehicles. 
 
New vehicles are considered less likely to carry moth species than used vehicles, but they are 
sometimes stored outdoors for weeks or months. The biology of the moths indicates in a 
significant risk if new vehicles are stored outdoors at certain times of year in proximity to host 
plants. The likelihood of a particular new vehicle carrying moth species will differ based on 
supply chain factors such as where the vehicles were made, when they were made and when 
they were shipped. There is no evidence that current risk management for new vehicles is 
reducing the entry of any of the moth species in this analysis. 
 
Following clearance, vehicles can go almost anywhere in New Zealand, reducing the 
likelihood that any incursion resulting from imported vehicles will be detected early. 

1.4.7. Vessels and aircraft 
Ships are an important pathway of entry for Asian gypsy moth only, but ships are also a minor 
pathway for guava moth. None of the other moth species in this analysis are likely to be 
transported on ships. 
 
There is a well documented link between Asian gypsy moth and ships from far eastern Russia. 
Depending on port conditions, ships from other countries would also carry Asian gypsy moth 
egg masses although it is unlikely that ships from other countries have the high numbers of 
egg masses observed on ships visiting ports in far eastern Russia. 
 
In order for Asian gypsy moth to enter New Zealand via ships, the egg masses would need to 
hatch and larvae balloon to shore while the ships are close to land. This substantially lowers 
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the risk from ships compared to items that are temporarily present on shore, such as 
containers, or items which arrive permanently, such as vehicles. 
 
Current risk management is directed at ships that have visited ports in far eastern Russia, and 
substantially reduces the likelihood of entry for Asian gypsy moth associated with these ships, 
but not ships from other countries with Asian gypsy moth.  
 
There is no evidence that aircraft are a significant pathway for any of the moth species in this 
analysis, although live moths are occasionally carried to New Zealand on aircraft and so 
aircraft are considered a minor pathway for moth transport. 

1.4.8. Wind 
Most new moths entering New Zealand arrive on wind currents from Australia during periods 
of strong westerly winds. However, of the species in this analysis, wind currents are a likely 
pathway for guava moth only. 
 
Only adult moths are likely to arrive via wind currents from Australia, and of these, species 
with adults capable of feeding are much more likely to live long enough to establish 
populations. There is no evidence that ballooning larvae of moths ever travel far enough on 
wind currents to cross the Tasman Sea. 

1.4.9. Others 
A great variety of other commodities are imported into New Zealand. Apart from some 
specific cases where there are special circumstances that affect that pathway (for example, 
live host plant material and items used in the outdoors such as vehicles, which are both 
covered separately), the likelihood of different commodities transporting moths is not 
particularly dependent on the nature of the commodity. The important factor is use and 
storage conditions prior to transport to New Zealand. The currently available information does 
not allow the identification of higher and lower risk pathways within this general group. 

1.5. UNCERTAINTY 
Some major areas of uncertainty were identified in this risk analysis. In the case of fall 
webworm, painted apple moth and white-spotted tussock moth, the critical uncertainties were 
the distances that larvae crawl when seeking pupation sites and the factors that influence the 
selection of pupation sites. There was minimal information on these factors in the scientific 
literature, but this is crucial for understanding which imported goods are likely to contain 
viable life stages of these three species. 
 
In general, one of the most critical uncertainties relates to information on interceptions. 
Interception records cannot be considered an accurate indication of the true contamination 
rates on a pathway. The recent trap detections of painted apple moth and fall webworm 
clearly show the drawbacks of relying on interceptions to indicate arrivals – the post-border 
surveillance trap detections indicate that these species have arrived in New Zealand and 
crossed the border undetected on a number of separate occasions during 2005/2006, but there 
are no recorded interceptions of these species at the border during the same time period. This 
indicates that the current risk management regimes for the main entry pathways are not 
effective in detecting and recording these species. 
 
Interception data have the potential to be a valuable tool in reducing the risk associated with 
these species, but need to be gathered and stored in an appropriate manner. The use of 
interception data is discussed further under the recommended measures. 
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1.6. MOTH NATURALISATION TRENDS 
No strong trend of increasing moth naturalisation was found. Over many years, the majority 
of new moth arrivals and naturalisations have come from Australia and many arrived naturally 
via trans-Tasman winds. This is still considered to be the case, but there have been some 
changes in naturalisation patterns highlighted in this analysis. One notable change is that, 
prior to 1986, no moth species from Asia established in New Zealand, but since that time at 
least 10 Asian species have established in New Zealand (in addition, fall webworm, while not 
native to Asia, is also considered most likely to have arrived in New Zealand from Asia). The 
changing arrival pattern reflects changing trade patterns. 

1.6.1. Moths as hitchhikers 
All of the recent incursion responses for moths have been for species that are most likely to 
have entered as hitchhiker pests. (This excludes guava moth, for which there was no incursion 
response.) Hitchhiker pests are defined in various ways, but are usually considered to be those 
species that have an opportunistic association with transported commodities or other items 
(like sea containers) with which they have no biological host relationship. Because the 
association is opportunistic, they are frequently associated with a wide range of different 
items, usually at low frequency but often on high volume pathways, in an apparently random 
manner. While the association appears random, it is not for the species in this analysis. 
Rather, the information required to detect the pattern is not available. For example, most of 
the moth species in this analysis are likely to get onto objects when larvae crawl seeking 
pupation sites, therefore any object containing pupae of these species must have been close 
enough to host plants for a larva to crawl off a host plant and onto the object. The exception is 
Asian gypsy moth, where most females fly before laying egg masses. However factors such as 
lights of certain wavelengths are known to influence the flight of Asian gypsy moth, so the 
positioning of an object in relation to lights will affect its likelihood of having egg masses laid 
on it. 
 
It is the use and storage conditions for transported items (i.e. both the goods and associated 
containers and packaging) prior to export that influence whether or not these items carry moth 
species. The random appearance of this type of hitchhiker is not because they occur randomly, 
but because available information does not indicate the use and storage history in most cases. 
 
Species such as painted apple moth, fall webworm and even Asian gypsy moth are 
uncommon contaminants of imported goods and other items. However because the overall 
volumes on these pathways are very high, arrivals occur at a frequency that is likely to result 
in establishment. Low frequency, high consequence pests on high volume pathways are 
particularly difficult to manage because of the apparently random nature of their occurrence. 
A better understanding of the factors that influence contamination (that is, having information 
that allows the pattern to be seen) can be used to manage hitchhiker pests more effectively. 
This strategy is discussed under the recommended measures. 

1.7. RECOMMENDED MEASURES 
While four moth species have been successfully eradicated over the last decade, the likelihood 
of reinvasion for all of these species, particularly Asian gypsy moth, fall webworm and 
painted apple moth, remains significant. This section considers risk management approaches 
for all the species that have been successfully eradicated, that is, Asian gypsy moth, fall 
webworm, painted apple moth and white-spotted tussock moth, but not gum-leaf skeletoniser 
or guava moth (which are established in New Zealand). 
 



   

 xi 

All of these species are primarily hitchhiker species and are transported in similar ways on 
similar pathways. In most cases, risk management measures for the different species are very 
similar. Therefore, measures are not separated out by the different moth species. 
 
A number of these measures will also have significant benefits in managing future risks from 
new moth species, both those which are known pests identified as a threat to New Zealand, 
such as the European form of gypsy moth (present in Europe and North America), nun moth1 

and Douglas fir tussock moth2, and other less well known species such as some of the 
Australian lymantriids. 

1.7.1. Goal of risk management 
The recommended goal of risk management for Asian gypsy moth, fall webworm, painted 
apple moth and white-spotted tussock moth is to reduce the likelihood of entry to a level 
where further establishments (and potential incursion responses) of these species are not 
likely to occur. Defining this level more precisely is not currently possible. 
 
Because it is not possible to narrow down which items are most likely to carry these moth 
species, and which are not, achieving this goal would mean treating all the identified risk 
goods (including, for example, more than 500 000 sea containers per annum). With the 
currently available techniques and technologies, identifying and treating all risk goods is not 
possible for all pathways, although it is possible for some. 
 
For those pathways where this goal cannot be achieved, a progressive approach to reducing 
the risk is suggested as an alternative. Achieving the alternative goal would mean that 
incursions are still expected to occur but there would be fewer over time. 

1.7.2. Generic recommendations 
Seven general approaches to risk management are outlined. These are approaches that can be 
used on any pathway. For each pathway, a subset of these measures is recommended and 
prioritised. 
 
• Support increased identifications for priority organisms (in particular pupae and other life 

stages that may be moths), capture the data in a more usable way and use to inform future 
risk management such as profiling – high priority (highest priority recommendation in this 
analysis).  
− this approach also includes making further use of new technologies to get more 

information out of detections, such as DNA testing and isotope tracing. 
• Conduct targeted surveys on some pathways (these are stated under the pathway 

recommendations). Survey design and analysis needs to consider the problem of low 
frequency, high consequence pests on high volume pathways. On their own, targeted 
surveys, especially those that run for short periods of time, cannot provide all the 
necessary information for the management of the moth species considered in this analysis. 

• Continue to develop and expand multi-country approaches to managing pests. Where this 
approach is considered particularly important for certain pathways, it is stated under the 
pathway recommendations. The priority for implementing such approaches is high but is a 
long-term goal. 

• Enhance surveillance (using a combination of surveillance approaches) for the moth 
species in this analysis. If the recommended goal of reducing entry to a level where 
further establishment was unlikely could be achieved, enhanced surveillance for these 
species would not be required. However because further incursions of these, or other, 

                                                 
1 Lymantria monacha 
2 Orgyia pseudotsugata 
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species are expected, enhanced surveillance is necessary to increase the likelihood that 
incursions will be detected while they are still eradicable. Surveillance is an important part 
of overall biosecurity management but is not considered as a substitute for measures to 
reduce the entry of the moths considered in this analysis, because there are substantial 
costs and consequences of repeated incursions and eradications, even when the 
eradications are successful. 

• Continue to use and refine current management approaches. For many pathways, visual 
inspection will continue to play an important role in risk management for these moth 
species in the short term. Increased use of methodologies that treat concealed organisms, 
such as heat treatment and fumigants, is recommended, as visually locating small, cryptic 
organisms is difficult and not generally a practical approach. The effectiveness of current 
techniques and technologies should be improved by better targeting (i.e. improved 
identification of which items are most likely to be contaminated) and improved 
information on efficacy is required. 

• Conduct further investigation on the technologies listed here, as the preferred risk 
management goal cannot be achieved unless new technologies are developed. Where these 
are considered directly relevant to particular pathways these are listed under the pathway. 
− quarantine detector dogs; 
− electronic detection; 
− camera-based inspection; 
− residual insecticide; 
− automated insecticide; 
− automated washing; 
− alternative fumigants. 
 

• Undertake research to address uncertainty in a range of areas. Important areas for research 
include larval behaviour in seeking sites for pupation, Asian gypsy moth hatching and 
measures efficacy. 

 
Many of the measures listed above will also reduce the risk associated with exotic moth 
species other than those assessed in detail in this analysis. 
 
It is also recommended that recent moth detections in New Zealand and progress on risk 
management for high impact moth species be reviewed in five years. By this time it is 
expected that substantial progress on information management and technological 
developments will have been made and therefore the goal of having no further establishments 
will be more achievable. 
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1.7.3. Recommendations by pathway 
 
Table 1. Summary of risk management recommendations by pathway 
 
Priority Pathway Proposed measure 
High sea containers Improve identification and recording for interceptions 

associated with sea containers. Use this information in 
conjunction with the current management approaches to 
better target profiling and risk management measures. 
 
Continue to use six-sided inspection and treatment on 
containers identified as high risk based on profiling and 
interception data. 
 
Conduct a slippage survey on selected south-eastern 
Australian commodities and associated containers and 
packaging. 
 
Develop international approaches to reducing the risk 
associated with sea containers – long term 
 
Continue to support the development of new technologies 
that have potential for reducing the risk associated with sea 
containers – long term. Determining which are the most 
useful will to some extent depend on the outcomes of the 
first action. 
 

High used vehicles Measures are proposed in the Import Risk Analysis: 
vehicles and machinery and are currently under review. 

High new vehicles Measures are proposed in the Import Risk Analysis: 
vehicles and machinery and are currently under review. 

High packaging materials Improve identification and recording for interceptions 
associated with packaging materials. Use this information in 
conjunction with the current management approaches to 
better target profiling and risk management measures. 
 
Treat those materials that are identified as high risk based 
on profiling and interception data (note this treatment is in 
addition to ISPM 15 requirements that do not address 
recontamination issues). 
 
Conduct a slippage survey on selected south-eastern 
Australian commodities and associated containers and 
packaging. 
 
Develop international approaches to improving use and 
storage practices for packaging materials – long term. 
 
Continue to support the development of new technologies 
that have potential for reducing the risk associated with 
packaging materials – long term 

High other commodities Improve identification and recording for interceptions 
associated with imported commodities. Use this information 
in conjunction with the current management approaches to 
better target profiling and risk management measures. 
 
Treat those goods that are identified as high risk based on 
profiling and interception data. 
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Priority Pathway Proposed measure 
Conduct a slippage survey on selected south-eastern 
Australian commodities and associated containers and 
packaging. 
 
Develop international approaches to improving use and 
storage practices for commodities identified as high risk – 
long term 
 
Continue to support the development of new technologies 
that have potential for reducing the risk associated with 
imported commodities – long term 

Moderate air containers Improve identification and recording for interceptions 
associated with air containers. Use this information in 
conjunction with the current management approaches to 
better target profiling and risk management measures. 

Moderate cut flowers and foliage Consider these moth species in the review of the cut flowers 
and foliage standard – incorporating recent survey results 

Moderate unaccompanied personal effects Consider the results of the unaccompanied personal effect 
survey in relation to these moth species and determine 
whether review is necessary – incorporating recent survey 
results 

Moderate ships Improve identification and recording for interceptions 
associated with ships. Use this information in conjunction 
with the current management approaches to better target 
profiling and risk management measures. 
 
Inspect a subset of ships coming from other countries where 
Asian gypsy moth is known to occur (as well as continuing 
current approach for ships visiting ports in far eastern 
Russia during the flight season). 

Low cut flowers and foliage, nursery 
stock 

Improve identification and recording for both pathways. Use 
this information in conjunction with the current management 
approaches to better target risk management measures. 

Low military Improve identification and recording for interceptions 
associated with military transport. Use this information in 
conjunction with the current management approaches to 
better target risk management measures. 

Low unaccompanied personal effects Improve identification and recording for interceptions 
associated with unaccompanied personal effects. Use this 
information in conjunction with the current management 
approaches to better target profiling and risk management 
measures. 

Low passengers and passenger 
baggage 

Improve identification and recording for interceptions 
associated with passengers and passenger baggage. Use 
this information in conjunction with the current management 
approaches to better target profiling and risk management 
measures. 

Low ships Review requirement for offshore inspection of ships that 
have visited far eastern Russian ports  
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2. Introduction 
2.1. BACKGROUND 
More than 100 Lepidoptera species are reported to be naturalised in New Zealand; the 
majority are windblown arrivals from Australia (Hoare, 2001). Over the last 10 years there 
has been concern about the number of recent arrivals and incursion responses for moth 
species and there is a perception that such arrivals have increased (table 2). 
 
For example, prior to 1996 no species in the family Lymantriidae had established in 
New Zealand, whereas in the last decade three species have established to some extent (albeit 
temporarily). The family Lymantriidae contains a number of well-known pest species and the 
spread of lymantriid species is of international interest.  
 
Table 2. Some recent arrivals of moth species 1996-2006 (where a species is considered to have 
arrived more than once it is listed more than once) 
 

Scientific name Common name Year 
detected Location Comments 

Orgyia thyellina White-spotted tussock 
moth 1996 Auckland Eradicated 

Uraba lugens Gum leaf skeletoniser 1997 Tauranga Believed eradicated 
Coscinoptycha 
improbana Guava moth 1997 Ahipara (Northland) Established, no incursion 

response 

Teia anartoides Painted apple moth 1999 
Auckland (West 
Auckland and Mt 
Wellington) 

Eradicated 

Uraba lugens Gum leaf skeletoniser 2001 Auckland 

Established, eradication not 
feasible. The Auckland incursion 
may or may not be a separate 
entry of gum leaf skeletoniser 
from the Tauranga incursion. 

Lymantria dispar Gypsy moth 2003 Hamilton Eradicated 
Hyphantria cunea Fall web worm 2003 Auckland Eradicated 

Hyphantria cunea Fall web worm 2005 
Auckland (trap 
catches around 
Onehunga?) 

Not established but detected in 
traps over several months, most 
likely from 2-3 separate arrivals 
during this time 

Teia anartoides Painted apple moth 2005/ 2006 
Auckland (single trap 
catches in a number 
of locations) 

Most likely a number of separate 
new arrivals not established 
population 

 
The main purpose of this project therefore is to determine what factors have influenced the 
perceived increase in the arrival of these pests of Lepidoptera species, and to identify ways to 
reduce such events in the future. 

2.2. SCOPE 
This analysis covers six moth species that have arrived and established in New Zealand over 
the last decade. Some have been eradicated and others have established. They cover a range of 
taxonomic groups and life histories. Some are well-recognised pests that have been 
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intensively studied overseas, while others were almost completely unknown prior to their 
arrival in New Zealand. 
 
The specific pathways by which these species arrived in New Zealand are uncertain. Some 
likely pathways have previously been suggested based on border interceptions and overseas 
experience, but the full range of pathways by which these species may have arrived have not 
been previously examined. Because the species in this analysis cover a range of life histories 
and taxonomic groups it is expected that examining the full range of potential arrival 
pathways will provide information useful for preventing the arrival of other moth species of 
concern. 
 
Typically, arrival pathways are inferred based on documented associations in the scientific 
literature or border interceptions records. Available information on the species in this risk 
analysis suggested that this approach was likely to give an incomplete indication of potential 
arrival pathways. In particular, trapping and post-border interception records for fall 
webworm and painted apple moth suggested that these species have crossed the border into 
New Zealand more frequently than they have been detected (or at least identified and 
recorded) at the border. This lack of information on arrival pathways for some species has 
required a broader approach to arrival pathways than might normally be used. 

2.3. REFERENCES 

Hoare, R J B (2001) Adventive species of Lepidoptera recorded for the first time in 
New Zealand since 1988. New Zealand Entomologist 24:23-47. 
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3. Methodology 
3.1. OVERVIEW 
The following chapter briefly describes the methodology used for this risk analysis. It is based 
on the MAF Biosecurity New Zealand process and methodology for undertaking import risk 
analyses (MAF, 2006), but because they key questions relate to specific pests, it uses a pest 
risk analysis approach. The procedure for undertaking pest risk analysis has not been 
finalised. It is similar, but differs in that the hazard identification step is based around 
outlining the biology of the pest in question and then identifying the pathways to be 
considered for risk assessment. Risk management may involve specific measures on defined 
pathways or more general recommendations such as research priorities. 
 
For a more detailed description of the process and methodology please refer to the MAF 
Biosecurity New Zealand Risk Analysis Procedures (Version 1 12 April 2006) which is 
available on the MAF Biosecurity New Zealand website (www.biosecurity.govt.nz) (MAF, 
2006). 
 
The risk analysis process leading to the final risk analysis document is summarised in Figure 
1 below: 
 
Figure 1: The MAF Biosecurity New Zealand risk analysis framework 

 
 
The “Managing a Risk Analysis” phase is an internal project management process undertaken 
with MAF Biosecurity New Zealand for all risk analysis projects and as such is not described 
further here. 
 

3.2. HAZARD IDENTIFICATION 

3.2.1. Pest information 
Information useful in determining arrival pathways for pest species include: 
• origin and current geographical distribution; 
• life cycle (including survival abilities and tolerances of different life stages); 
• dispersal, including known modes of human-assisted dispersal; 
• host range; 
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• pest significance. 

3.2.2. Commodity and Pathway Description 
Relevant attributes of pathways for risk analysis include: 
• volumes of goods for countries where the pest occurs; 
• pre-export processing and transport systems; 
• export and transit conditions, including packaging, mode and method of shipping; 
• nature and method of transport, storage and use on arrival in New Zealand. 
 

3.3. RISK ASSESSMENT 
Risk assessment is the evaluation of the likelihood and environmental, economic, and human 
health consequences of the entry, exposure and establishment of a potential hazard within 
New Zealand. The aim of risk assessment is to identify hazards which present an unacceptable 
level of risk, for which risk management measures are required.  A risk assessment consists of 
four inter-related steps:  
• Assessment of likelihood of entry;  
• Assessment of likelihood of exposure and establishment; 
• Assessment of consequences; 
• Risk estimation. 
 
Likelihood of entry is initially assessed without considering the current biosecurity measures 
on the pathway. The efficacy of current measures is then assessed to determine the impact the 
measures have on the likelihood of entry. If a risk item is detected and treated on the pathway 
due to the biosecurity measures, it is assumed that in the absence of biosecurity measures, that 
risk item would have entered New Zealand. It is further assumed that the types and quantities 
of risk items detected and treated indicate what would be entering New Zealand if those 
biosecurity measures were not in place. On certain pathways biosecurity measures have a 
significant impact in reducing the type and quantity of risk items before they reach the border. 
For example, many passengers know certain goods are prohibited and don’t attempt to bring 
them into New Zealand. Therefore if there were no biosecurity measures in place on some 
pathways, the overall risk from these pathways would be greater than is indicated by the risk 
items detected at the border. 
 
The uncertainties and assumptions identified during the preceding stages are also summarised 
and considered for further research with the aim of reducing the uncertainty or removing the 
assumption. 
 
The MAF Biosecurity New Zealand Risk Analysis Procedures (MAF, 2006) gives several 
options for descriptors for critical attributes of risk (Table 3). 
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Table 3. Descriptors for critical attributes of risk 
 
Risk Attributes  
Negligible  Not worth considering; insignificant  
Non-negligible  Worth considering; significant  

Risk Descriptors (not all may be used)  
Very Low  Close to insignificant  
Low  Less than average, coming below the normal level  
Medium  Around the normal or average level  
High  Extending above the normal or average level  
Very High  Well above the normal or average level  
 
For this risk analysis risk descriptors are not used. In order to able to apply such descriptors, 
reliable information is needed on factors such as the frequency with which the pest occurs on 
the commodity or the relative contamination levels of different commodities. With no 
indication of what an average level is, assigning such risk descriptors is not meaningful. 
 
For each lifestage of each species on each pathway, the main points considered to affect the 
likelihood of entry and establishment are summarised in a conclusion statement. The 
likelihood of entry and establishment is then described as negligible or non-negligible. Where 
there is some information to suggest the relative likelihood of entry or establishment on the 
different pathways, the relative likelihood is noted in a comment after the conclusion 
statement. 

3.4. ANALYSIS OF MEASURES TO MITIGATE BIOSECURITY RISKS 
Risk management in the context of risk analysis is the process of deciding measures to 
effectively manage the risks posed by the hazard(s) associated with the commodity or 
organisms under consideration. 
 
Since zero-risk is not a reasonable option, the guiding principle for risk management should 
be to manage risk to achieve the required level of protection that can be justified and is 
feasible within the limits of available options and resources. Risk management (in the 
analytical sense) is the process of identifying ways to react to a risk, evaluating the efficacy of 
these actions, and identifying the most appropriate options. 
 
For pest risk analysis, risk management needs to take into account: 
• the overall risk to New Zealand across all pathways (cumulative risk); 
• a comparison of the level of risk across different pathways; 
• general recommendations such as research needs and process changes. 

3.5. UNCERTAINTY 
The purpose of this section of the risk analysis process is to summarise the uncertainties and 
assumptions identified during the preceding hazard identification and risk assessment stages. 
An analysis of these uncertainties and assumptions can then be completed to identify which 
are critical to the outcomes of the risk analysis. Critical uncertainties or assumptions can then 
be considered for further research with the aim of reducing the uncertainty or removing the 
assumption. 
 
Where there is significant uncertainty in the estimated risk, a precautionary approach to 
managing risk may be adopted. In these circumstances the measures should be reviewed as 
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soon as additional information becomes available1 and be consistent with other measures 
where equivalent uncertainties exist. 

3.6. PEER REVIEW AND CONSULTATION 
Peer review is a fundamental component of a risk analysis to ensure the analysis is based on 
the most up to date and credible information available. Each analysis must be submitted to a 
peer review process involving appropriate staff within those government departments with 
applicable biosecurity responsibilities, and recognised and relevant experts from New Zealand 
or overseas. 
 
Once a risk analysis has been peer reviewed and the critiques addressed it ceases to be a draft 
and becomes an official risk analysis, which is a statement of MAF’s expert opinion. The risk 
analysis is then published and released for public consultation.  The period for public 
consultation is usually 6 weeks from the date of publication of the risk analysis. 
 
All submissions received from stakeholders will be analysed and compiled into a review of 
submissions. Either a document will be developed containing the results of the review or 
recommended modifications to the risk analysis or the risk analysis itself will be edited to 
comply with the recommended modifications. 

3.7. REFERENCES 

MAF (2006) Risk Analysis Procedures version 1. MAF Biosecurity New Zealand, Ministry of 
Agriculture and Forestry; Wellington, New Zealand. 

                                                 
1 Article 5.7 of the SPS Agreement states that “a Member may provisionally adopt sanitary …. measures” and that “Members shall seek to 

obtain additional information …. within a reasonable period of time.”  Since the plural noun “Members” is used in reference to seeking 
additional information a co-operative arrangement is implied between the importing and exporting country. That is the onus is not just on 
the importing country to seek additional information. 
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4. Glossary 
Accredited person: a person who has undergone and passed a course in basic biosecurity 
awareness associated with imported sea containers and container checking, and has been 
approved to conduct certain checks under this standard. An accredited person may be the 
registered operator or staff member of a transitional facility, a stevedore, port company staff 
or a private contractor. 
 
Arrival: arrival of an organism at the New Zealand border (airport, seaport). 
 
Biosecurity: The exclusion, eradication or effective management of risks posed by pests and 
diseases to the economy, environment and human health. 
 
Biosecurity clearance: A clearance under section 26 of the Biosecurity Act 1993. 
 
BMG: Biosecurity Monitoring Group, MAF Biosecurity New Zealand, Ministry of 
Agriculture and Forestry. 
 
Break-bulk: Imported in bulk, not carried in containers. 
 
Commodity: A good being moved for trade or other purposes. Packaging, containers, and 
craft used to facilitate transport of commodities are excluded unless they are the intended 
good. 
 
Consequences: The adverse effects or harm as a result of entry and establishment of a hazard, 
which cause the quality of human health or the environment to be impaired in the short or 
longer term. 
 
Contamination: Animals, invertebrates or other organisms (alive or dead, in any life cycle 
stage, including egg casings or rafts), or any organic material of animal origin (including 
blood, bones, hair, flesh, secretions, excretions); viable or inviable plants or plant products 
(including fruit, seeds, leaves, twigs, roots, bark); or other organic material, including fungi, 
food products and soil. 
 
Endemic: Plants or animals indigenous to a specified area. 
 
Entry: Movement of an organism or disease into a risk analysis area (i.e. crossing the New 
Zealand border). 
 
Environment: (Biosecurity Act 1993):  Includes ecosystems and their constituent parts, 
including:  
• people and their communities;  
• all natural and physical resources;  
• amenity values;  
• the aesthetic, cultural, economic, and social conditions that affect or are affected by any 

matter referred to this definition. 
 
Establishment: Perpetuation, for the foreseeable future, of a pest within an area after entry. 
 
Exotic: Not native to a particular country, ecosystem or area. 
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Exposure: The condition of being vulnerable to adverse effects. 
 
Hazard: Any disease or organism that has the potential to produce adverse consequences. 
 
High consequence hazard: considered likely to cause an unwanted impact to people, the 
New Zealand environment or the New Zealand economy of sufficient magnitude that should it 
become established in New Zealand either eradication would be attempted or other active 
response options would be implemented. 
 
Hitchhiker pest:  an organism that has an opportunistic association with a commodity or item 
with which it has no biological host relationship 
 
Import Health Standard (IHS): A document issued under section 22 of the Biosecurity Act 
1993 by the Director General of MAF, specifying the requirements to be met for the effective 
management of risks associated with the importation of risk goods before those goods may be 
imported, moved from a biosecurity control area or a transitional facility, or given a 
biosecurity clearance. 
 
Incursion:  an exotic organism found beyond the New Zealand border that has not previously 
been reported present in New Zealand. 
 
Inspector:  A person who is appointed as an inspector under section 103 of the 
Biosecurity Act 1993. 
 
LTNZ:  Land Transport New Zealand, the crown entity with responsibility for land transport 
funding and promoting land transport safety and sustainability. 
 
MAF:   New Zealand Ministry of Agriculture and Forestry. 
 
Measure: A measure may include all relevant laws, decrees, regulations, requirements and 
procedures including, inter alia, end product criteria; processes and production methods; 
testing, inspection, certification and approval procedures; quarantine treatments including 
relevant requirements associated with the transport of risk goods, or with the materials 
necessary for their survival during transport; provisions on relevant statistical methods, 
sampling procedures and methods of risk assessment; and packaging and labelling 
requirements directly related to biosecurity. 
 
MQS: MAF Quarantine Service 
 
National Plant Protection Organisation: Official service established by a government to 
discharge functions specified by the IPPC. 
 
Naturalised: Established in New Zealand but originally coming from another country. 
 
Negligible: So small or insignificant as not to be worth considering. 
 
Organism: (Biosecurity Act 1993) 
a) does not include a human being or a genetic structure derived from a human being; 
b) includes a micro-organism; 
c) subject to paragraph (a) of this definition, includes a genetic structure that is capable of 

replicating itself (whether that structure comprises all or only part of an entity, and whether 
it comprises all or only part of the total genetic structure of an entity); 
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d) includes an entity (other than a human being) declared by the Governor-General by Order 
in Council to be an organism for the purposes of this Act; 

e) includes a reproductive cell or developmental stage of an organism; 
f) includes any particle that is a prion. 
 
Pathway: Any means that allows the entry or spread of a potential hazard. 
 
Pest: Any species, strain or biotype of plant, animal or pathogenic agent, injurious to plants or 
animals (or their products), human health or the environment. Note: the definition given for 
“pest” here is different from that used in the Biosecurity Act 1993 “an organism specified as a 
pest in a pest management strategy”. The Biosecurity Act 1993 deals more with “risks” than 
“risk goods”. 
 
Post-border interception:  An organism found in association with recently imported items or 
goods after they have been given biosecurity clearance at the border. 
 
PPIN: Plant Pest Information Network database. MAF. 
 
Pre-shipment inspected:  Passed an offshore MAFQS sampling, inspection and decision 
making process equivalent to that undertaken in New Zealand. 
 
Quancargo:  Cargo module of a MAF national database of imported risk goods, their 
documentation and status and any inspection information.   
 
Quarantine Pest:  A pest of potential economic importance to the area endangered thereby 
and not yet present there, or present but not widely distributed and being officially controlled.  
 
Regulated Pest:  A quarantine pest or a regulated non-quarantine pest (ISPM No5).  
Organisms for which phytosanitary actions would be undertaken if they were 
intercepted/detected. 
 
Risk: The likelihood of the occurrence and the likely magnitude of the consequences of an 
adverse event. 
 
Risk analysis: The process composed of hazard identification, risk assessment, risk 
management and risk communication. 
 
Risk Analysis Area: The area in relation to which a risk analysis is conducted 
 
Risk assessment: The evaluation of the likelihood and the biological and economic 
consequences of entry, establishment, or spread of an organism or disease. 
 
Risk Good: (Biosecurity Act 1993) Any organism, organic material, or other thing, or 
substance, that (by reason of its nature, origin, or other relevant factors) it is reasonable to 
suspect constitutes, harbours, or contains an organism that may: 
a) cause unwanted harm to natural and physical resources or human health in New Zealand; 

or  
b) interfere with the diagnosis, management, or treatment, in New Zealand, of pests or 

unwanted organisms. 
 
Risk Management: The process of identifying, selecting and implementing measures that can 
be applied to reduce the level of risk. 
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Slippage: Entry of risk goods into New Zealand without biosecurity clearance, or entry of 
goods with biosecurity contamination into New Zealand after biosecurity clearance has been 
given. 
 
Spread: Expansion of the geographic distribution of a pest within an area. 
 
Transitional Facility:  Any place approved as a transitional facility in accordance with 
section 39 of the Biosecurity Act 1993, for the purpose of inspection, storage, treatment, 
quarantine, holding or destruction of specified types of un-cleared goods; or part of a port 
declared to be a transitional facility in accordance with section 39. 
 
Unwanted organism:  Any organism that a chief technical officer believes is capable or 
potentially capable of causing unwanted harm to any natural and physical resources or human 
health (Section 2(1) of the Biosecurity Act, 1993). 
 
Videoscope: A micro-camera at the tip of a flexible shaft that is used for the detailed 
examination of semi-enclosed areas.  
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5. Asian gypsy moth (Lymantria dispar) 

5.1. INTRODUCTION 

5.1.1. Asian gypsy moth incursion in New Zealand 
Concern arose about the Asian form of gypsy moth (Lymantria dispar) following increased 
trade from Russian far east ports, particularly the increased connection between these ports 
and the Pacific coast of North America (Gninenko and Gninenko, 2002). Asian forms of 
gypsy moth were found in North America (Oregon and Washington, USA and British 
Colombia, Canada) in 1991. This incursion is considered to have been associated with ships 
arriving from far eastern Russia (USDA 1995). In 1990 and 1991, gypsy moth numbers were 
very high around the ports of Vladivostok, Nakhodka and Vostochny and ships from these 
ports were found to be heavily contaminated with egg masses (Walsh, 1993). While 
incursions of Asian gypsy moth in North America have been eradicated, concern about 
reintroduction remains. 
 
Largely in response to this situation, New Zealand has had a surveillance trapping programme 
for gypsy moth since 1993 (Ross, 2005). In March 2003, a moth was caught in a trap in 
Hamilton. Based on DNA profiling, the gypsy moth detected in New Zealand is considered to 
have been the Asian form and most likely from Japan (Ross, 2005). The timing of the 
detection suggested that the moth was most likely from an imported egg mass and had 
developed in New Zealand (Ross, 2005) rather than from an imported pupa. An eradication 
programme including aerial spraying was conducted. No further moths were trapped and 
Asian gypsy moth was declared eradicated from New Zealand in May 2005 (Ross, 2005). 
 
Asian gypsy moth life stages (most commonly egg masses) have been detected at the New 
Zealand border on hundreds of occasions (BMG, unpublished data). They are most frequently 
associated with used vehicles from Japan although they have been intercepted from containers 
and vessels. 

5.1.2. Previous risk assessments on Asian gypsy moth 
There have been two previous risk assessments for Asian gypsy moth, one, in 1993, focused 
primarily on the introduction via shipping (Cowley et al., 1993) and the other, in 2000, for 
used cars (MAF, 2000). The current risk analysis covers all the pathways that are now known 
or suspected for Asian gypsy moth and incorporates new information on the life cycle, host 
range, pathways and the incursion in Hamilton. 
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5.2. PEST INFORMATION 

5.2.1. Pest taxonomy 
Scientific name: Lymantria dispar L. 
Synonyms:  Porthetria dispar L., Ocneria dispar1 
 
Class:    Insecta 
Order:  Lepidoptera 
Superfamily:  Noctuoidea 
Family:  Lymantriidae 
Common names: gypsy moth, Asian gypsy moth, European gypsy moth 
Lymantriidae is a worldwide family with representatives on all continents except Antarctica, 
but it is absent from certain oceanic islands (Schaefer, 1989). The genus Lymantria contains 
more than 158 species including the nun moth (L. monacha), another well-known pest 
(Schaefer, 1989). New Zealand has no native members of the Lymantriidae, and no exotic 
lymantriids are currently established in New Zealand (Dugdale, 1988). 
 
As expected for a widespread and variable species, the taxonomy is complicated. A number of 
subspecies have been described for Lymantria dispar but a recent revision of the genus only 
accepted two subspecies: the mainland L. dispar dispar and, in parts of Japan, L. dispar 
japonica2 (Schintlmeister, A. (2004). Little is reported about how these subspecies differ (or 
otherwise) in biology. In the literature, the main differences in biology reported are between 
gypsy moth from Asia (generalised under the name Asian gypsy moth) and gypsy moth from 
Europe and North America. From a biosecurity perspective the two most important 
differences between and Asian and European forms are the greater flight ability of females 
and the wider host range shown by Asian populations (for example far eastern Asia and 
Siberia) (Roy et al., 1995). Another difference is the type of sites chosen for pupation and 
egg-laying (Humble and Stewart, 1994), which may also have some significance for risk 
analysis of this species. The terms Asian gypsy moth and European gypsy moth are widely 
used without denoting a strict taxonomic distinction, nor is there a strict geographical 
boundary between the ranges of the two forms. In this risk analysis the term Asian gypsy 
moth refers to moths from eastern Asia with predominantly flying females – Japan, China, 
North and South Korea and Russia to the east of the Ural Mountains, while European gypsy 
moth refers to predominantly non-flying forms in Europe (west of the Ural Mountains) and 
North America. Gypsy moth from western and central Asia would usually be referred to as 
Asian gypsy moth but is not included in this analysis. 
 
Information based on non-typical forms such as females capable of flying in Europe is 
identified in the text. Some sources refer to populations with females capable of flying that 
occur in Europe as Asian gypsy moth, that is, introduced from Asia (e.g. see Charlton et al. 
1999; USACHPPM 1994). Others consider the presence of flying females to be part of the 
natural variation of gypsy moth in Europe (Roy et al. 1995; Zolubas et al. 1999). Others do 
not specify, or consider that there is insufficient evidence to determine the population origin 
(Reineke and Zebitz 1998). This analysis is concentrated on the Far East, and risks associated 
with these populations in Europe are not considered in the analysis. There is further 
discussion of the flight ability of female gypsy moth in the section on dispersal (5.2.5). 
 

                                                 
1 This is not a complete synonomy. These are the synonyms most widely used in publications on gypsy moth. 
2 While L. dispar japonica is only considered to occur in Japan, it is unclear whether the author accepts L. dispar dispar as present in Japan 
or not. The text of the revision implies that L. dispar dispar is present on Hokkaido at least and possibly elsewhere in Japan. 
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The Asian/ European distinction is not the only significant variation in gypsy moth. Gninenko 
and Orlinskii (2003) summarise differences between four geographical forms in Russia 
(including flight capability of females and larval dispersal distances). Japanese populations 
also vary, with a number of subspecies described (Higashiura, 1989; Paul Schaefer pers. 
comm. September 2005). 
 
This risk analysis concentrates on the form of gypsy moth found in far eastern Asia, because 
gypsy moth from far eastern Asia is commonly detected at the New Zealand border; the post-
border detection of a male in a trap in 2003 was determined to be of Japanese origin by DNA 
profiling (Ross, 2005). The term “Asian gypsy moth” is used, in this analysis, to refer to this 
form of the species. Gypsy moth from other regions, with or without flying females, is also 
regarded as a threat to New Zealand. Information from this risk analysis will be useful in 
understanding the threat posed by gypsy moth from other regions as well as other lymantriids 
not included in this analysis. 
 
While this risk analysis is focused on Asian gypsy moth, the majority of the research has been 
conducted on the gypsy moth in the USA, which originated in western Europe. In a number of 
cases the assumption is made that biological information based on European forms of gypsy 
moth is also relevant to Asian gypsy moth. Where this assumption has been made, the origin 
of the moths used is stated where possible, and if there is any suggestion that Asian gypsy 
moth is different this has been recorded. It is also assumed that information on gypsy moth in 
one Asian country or region is relevant to gypsy moth from other Asian countries. This 
assumption may be problematic given the variation within the species. Again, the origin of the 
gypsy moth used for the research is stated wherever possible. 
 
These assumptions are important because it means that new information on variations in the 
biology of gypsy moth may alter the recommendations and conclusions of this risk analysis. 

5.2.2. Geographical range 
Gypsy moth is native to Eurasia, its range extending into North Africa and Japan (CAB 
International 1999). It has been introduced into North America and has established over large 
areas there (CAB International 1999). A full list of countries with gypsy moth present is given 
in Appendix A. This risk analysis includes only east Asian countries with gypsy moth – 
Japan, mainland China, North and South Korea, Taiwan and the Russian Federation. 
 

5.2.3. Morphology 1 

5.2.3.1. Eggs 
In far eastern Russia, egg masses usually contain 228 to 431 eggs, depending on whether 
there is an outbreak, and if so, the population stage during the outbreak (Anonymous, 1992), 
although they can contain as many as 1500 eggs (Savotikov et al., 1995). Egg masses usually 
range from 15-40 mm in length (Humble and Stewart, 1994), although an egg mass 7.5 cm 
long was reported on a tyre on a car imported from Japan (MAF Quarantine Service, 
unpublished data, September 2005, see figure 2). Egg masses are roughly oval in shape and 
slightly raised, and have a covering of hairs from the female’s body which gives them a buff 
to beige colour (Humble and Stewart, 1994). Eggs are laid on a wide range of objects, for 
example, tree trunks, rocks, buildings, sea containers (see figure 3) and vehicles. 
 

                                                 
1 Morphological information is that reported for Asian gypsy moth but the origin is not specifically stated. 
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Figure 2. Asian gypsy moth egg mass from car imported from Japan (source MAF Quarantine 
Service) 

 
 
Figure 3. Asian gypsy moth egg masses on container from Russian Federation (source MAF 
Quarantine Service) 

 

5.2.3.2. Larvae  
Larvae range from 2-3 mm long when newly hatched to 60mm long when mature (Humble 
and Stewart, 1994). They are hairy and have rows of blue (forward) and red (hind) spots along 
the back which are very distinctive (figure 4). 
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Figure 4. Asian gypys moth larvae (photo: Melody Keena, USDA Forest Service).   

 

5.2.3.3. Pupae 
Pupae are dark reddish brown in colour, usually with hairs attached (Humble and Stewart, 
1994). Female pupae are 15-35 mm long, with male pupae generally smaller (15-20 mm).  
They are found in protected areas such as bark crevices, under moss and leaf litter (see figure 
5). 
 
Figure 5. Gypsy moth pupae on rock, from Kyrgyz Republic (from Andrew Liebhold 
http://www.fs.fed.us/ne/morgantown/4557/liebhold/kyrgyz1/) 

 

5.2.3.4. Adults  
Males are strong fliers, tan to brown with irregular markings and a wingspan of 37-50 mm 
(Humble and Stewart, 1994). Females are whitish with dark, wavy bands on the forewing and 
a wingspan of 37-62 mm (or up to 97 mm, Melody Keena pers. comm. July 2006, figure 6). A 
wide range of factors other than sex influences adult size, including diet, population density 
and geographical origin (Keena et al., 2007). Adults have non-functional mouthparts and 
therefore do not feed, a feature common to all lymantriids (Schaefer, 1989). 
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Figure 6. Asian gypsy moth adult female (left) and male (photo: Melody Keena, USDA Forest 
Service). 

 
Adults, pupae and mature larvae of Asian gypsy moth are reported to be larger on average in 
size than European gypsy moth (Humble and Stewart, 1994). However the overall picture is 
more complex than this generalisation, for example Keena et al. (2007) reported that females 
from a population from Mineralni (far eastern Russia) had a greater wing size but lower body 
weight than females from a North Carolina population (reared under laboratory conditions).  

5.2.4. Life cycle 
The life cycle of Asian gypsy moth is illustrated in figure 7. Gypsy moth is univoltine, and 
survives for most of the year in the egg stage (Humble and Stewart, 1994; Savotikov et al., 
1995). It has previously been suggested that under New Zealand conditions Asian gypsy moth 
may have more than one generation per year (Walsh, 1993), although this hasn’t been 
reported in gypsy moth populations elsewhere. Reported chilling requirements for egg masses 
and the preference of larvae for spring foliage (both discussed later in this analysis) now 
suggest that multivoltine populations of gypsy moth are unlikely and therefore the possibility 
of wild, multivoltine forms of gypsy moth is not considered further in this analysis. 
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Figure 7. Life cycle of Asian gypsy moth 

 

 
Egg hatching typically occurs in spring, for example April-May in Russia (Savotikov et al., 
1995) and early May in Inner Mongolia, northern China (Tong et al., 2000). 
  
Gypsy moth eggs in North America undergo a prediapause phase, a diapause phase typically 
lasting several months, then a postdiapause phase prior to hatching (Gray et al., 2001). The 
transition from one phase to another is dependent on temperature; this transition has been 
modelled in detail by Gray et al. (2001). European and Asian populations of gypsy moth 
differ in the number of degree-days necessary for larval development in the egg. Under daily 
average temperature of 10o C, development takes 27.5  and 26.0 days for European1 and 
Asian2 populations, respectively (Anonymous, 1992). 
 
Temperature strongly influences hatching patterns in gypsy moth, as is shown in the work of 
Keena (1996). Asian gypsy moth3 eggs required a shorter exposure to low temperature (5oC) 
                                                 
1 from the European part of Russia 
2 from the Asian part of Russia 
3 from Nadhodka in far eastern Russia 
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than the European gypsy moth1 eggs. For both forms of gypsy moth, eggs that had undergone 
longer chilling periods tended to hatch more rapidly and in a more synchronised manner (i.e. 
more eggs hatched within a shorter time period), with a greater proportion of eggs having 
hatched at the end of the experimental period (225 days). For Asian gypsy moth, chilling at 
both 5oC and 10oC for a 60 day period resulted in subsequent hatch rates in excess of 60 
percent, while chilling at 15 oC for a 60 day period resulted in hatching rates around 20 
percent (after 10 weeks at 25 oC). Exposure to constant temperatures of 25 oC resulted in less 
then 1 percent of eggs hatching, but constant temperatures of 15 oC and 20 oC (i.e. with no 
“chilling” period) resulted in hatching rates in excess of 80 percent and 60 percent 
respectively (after 39 weeks). 
 
Keena (1996) also noted that there is a lot of variability within and between strains and 
evidence for adaptation to shorter chilling times (or no chilling) observed in the laboratory, 
suggesting that gypsy moth should be able to adapt to climates with warmer and shorter 
winters than those in the current range.  
 
Some sources record that approximately 25 percent of Asian gypsy moth eggs do not undergo 
diapause, but hatch in the year in which they were laid (CFIA 2002; Walsh, 1993). A further 
25 percent hatch in the second year, then hatching becomes continuous (Walsh, 1993). Egg 
hatching before winter is also recorded for European gypsy moth, (although a much smaller 
proportion of the eggs) but it is noted in this case that these larvae do not complete 
development in nature (Leonard, 1974) presumably because they are hatching in the wrong 
season. The temperatures at which these hatching observations were made are not stated, but 
given the influence of temperature on hatching in the laboratory (Keena, 1996) it is reasonable 
to assume that the levels and timing of hatching observed in the field will depend very much 
on specific temperature conditions. 
 
Gypsy moth spends a greater proportion of its life cycle in the egg state than all other life 
stages put together (approximately 9 months). The maximum time that egg masses can remain 
viable is uncertain but some authors consider it greater than 2 years (Glare et al., 2003). 
 
European gypsy moth2 egg masses are tolerant of extreme conditions including sub-zero 
temperatures (Leonard, 1981; Sullivan and Wallace, 1972) and heat (41oC) for short periods 
(Yocum et al., 1991). Viable Asian gypsy moth egg masses have been reported from ships 
that have spent more than a year in the tropics (Walsh, 1993). The temperature sensitivity of 
eggs varies depending on the developmental stage of the eggs, so all eggs will not necessarily 
show this tolerance (Melody Keena pers. comm. July 2006). These extremes represent their 
environmental tolerance, but not the temperatures at which development occurs. For 
modelling purposes the range at which development can occur is considered to be 1-32 oC 
(Matsuki et al., 2001). 
 
Following hatching larvae disperse by ballooning, then feed for 6-8 weeks, typically with 
5 male and 6 female instars (Humble and Stewart, 1994)3 although the length of the larval 
stage and number of instars is variable. When densities are lower, late instar larvae feed at 
night and shelter during the day, while early instar larvae remain on the leaves night and day, 
but during the day are found in more sheltered areas such as leaf undersides (Anonymous, 
1992). When population densities are high, Asian gypsy moth4 larvae feed night and day 
(Anonymous, 1992). This behaviour is similar to that reported for gypsy moth in North 
America. There, early instar larvae are usually day-feeding, with later instars night-feeding, 
                                                 
1 from Massachusetts 
2 from various locations in North America 
3 Asian gypsy moth but the origin is not specifically stated. 
4 from Russia 
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but at high densities later instar larvae are commonly observed wandering during the day 
(Leonard, 1981). 
 
Once feeding is completed, larvae move to protected locations to pupate. Asian gypsy moth 
pupates on a variety of substrates, similar to those reported for European gypsy moth (under 
bark flaps, in holes and crevices, on or under stones, among litter) (Melody Keena, pers. 
comm. September 2005) as well as sometimes pupating on foliage (Humble and Stewart, 
1994; Wallner, 1996). It is reported the European gypsy moth1 often pupates on non-host or 
poor host trees, indicating that pupation site is not necessarily linked to a suitable host species 
(Mauffette and Lechowicz, 1984). 
 
Keena (M. Keena, pers. comm. September 2005) gives Asian gypsy moth2 laboratory 
pupation times as 9-15 days for females and 10-17 days for males at 25oC. Kay et al. (2002a) 
reported mean pupation times of 27 days at 20 oC for females and 28.5 days for males, 
indicating that temperature has a strong influence on pupation times. Literature records for 
European gypsy moth pupation times are variable but often quoted as around or just over 2 
weeks (Leonard, 1981). Pupation times for Asian gypsy moth are similar to reported times for 
European gypsy moth (M. Keena, pers. comm. September 2005). 
 
In the Russian Far East the flight period for adult moths commences in mid-late July or early 
August and goes through to mid-September (Savotikov et al., 1995), with the peak in early to 
mid August (P. Schaefer, pers. comm. September 2005). In Japan it is reported to be mid-June 
to mid-September, varying with latitude, in Korea the peak is late July, in China, mid-June for 
Beijing (P. Schaefer, pers. comm. September 2005) and July to early August from Inner 
Mongolia and Shenyang (Tong et al., 2000). As gypsy moth development is dependent on 
temperature, variation in the flight period between different years (such as that recorded in 
Savotikov et al., 1995) may be due to climatic variation. However, there are differences in 
development rates between North American populations that don’t necessarily correspond to 
climate (Leonard, 1974). 
 
Figure 8. Approximate flight periods for Asian gypsy moth (for references see text). 

  June July August September Notes 
  early late early late early late early late   

China (Beijing) 
          

Peak reported to be 
mid-June 

China (Inner Mongolia 
and Shenyang)            

  

Japan 
              

Varies with latitude 

Korea 
         

  

Russia (far east) 
                

  

   overall flight season     
   peak of flight season     

 
European gypsy moth3 females generally mate only once and move to shaded areas to lay 
their eggs in a single mass, unless they are disturbed during laying (Leonard, 1974). Asian 

                                                 
1 from North America 
2 from far eastern Russia and Japan 
3 from North America 
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gypsy moth1 females mate once or twice and lay one or two egg masses (Tong et al., 2000). 
Eggs of European gypsy moth are usually laid on trees but may be in any sheltered location 
relatively near food plants (McManus et al., 2006). For Asian gypsy moth in Russia, 
temperature conditions and not proximity to food plants determines the site selection for 
oviposition, with eggs often laid on areas such as rock outcrops and not in direct proximity to 
the host plant (Baranchikov and Sukachev, 1989). Oviposition is reported on a range of 
substrates including foliage, tree boles, rocks and objects associated with lights (Wallner, 
1996) and is sometimes described as indiscriminate (Humble and Stewart, 1994). However 
there are known sites where egg masses are commonly found (e.g. underneath rather than on 
sides of sea containers, wheel arches of vehicles) (MAF Quarantine Service, unpublished 
data) suggesting some discrimination in site preference. Egg masses intercepted at the border 
have been recorded on vehicles, sea containers, twigs, ships and in one case a sleeping bag 
(MAF Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished data). 
Oviposition by Asian gypsy moth only occurs when light intensity drops but European 
females lay soon after mating regardless of the light level (Melody Keena pers. comm. July 
2006). 
 
Adults are short-lived (1-2 weeks or less) and the attractiveness of females declines greatly 
after about 3 days in European gypsy moth (Leonard, 1981). Keena (M. Keena, pers. comm. 
September 2005) reports survival of Asian gypsy moth to be about 1 week in the laboratory at 
25oC, with successful breeding observed in individuals 3-4 days old. 
 
Gypsy moth has periodic outbreaks where population levels become very high (Savotikov et 
al., 1995). Outbreaks in North America typically last 1-3 years, then subside for a variable 
number of years (USDA 1995). Johnson et al. (2006) reported a dominant outbreak 
periodicity of 8-10 years but showed significant variation, particularly related to forest type 
(with forests containing oak (Quercus spp.) having more frequent outbreaks). The periodicity 
of outbreaks is different in different countries, for example France – 14 years, Czech Republic 
– 6-8 years, Sweden – 36 years, European part of Russia – 6-10 years, Siberia – 6-10 years, 
far eastern Russia 6-7 years (Anonymous, 1992), Switzerland – 30 years, Spain – 15 years, 
Poland – 11-15 years (Roy et al. 1995). In China, outbreaks were recorded in the mid 1960s 
and 1970s and in the early 1980s, the exact years differing slightly in different provinces 
(Schaefer et al., 1984). There are several phases described within each outbreak cycle. 
Population dynamics (duration of different phases within the cycle) in Russian Far East are 
considered to differ significantly from European parts of Russia (Anonymous, 1992). As well 
as the absolute numbers of moths being higher during outbreaks there are other differences, 
for example larvae feed more on marginal host plants during outbreaks (USDA, 1995). 

                                                 
1 from China 
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Table 4. Approximate periodicity of gypsy moth outbreaks in Asia, Europe and North America. 
 

Country Outbreak periodicity Source 
China 6-10 years Schaefer et al., 1984 
Czech Republic 6-8 years Anonymous, 1992 
France 14 years Anonymous, 1992 
Poland 11-15 years Roy et al., 1995 
Russia (European) 6-10 years Anonymous, 1992 
Russia (far east) 6-7 years Anonymous, 1992 
Russia (Siberia) 6-10 years Anonymous, 1992 
Spain 15 years Roy et al., 1995 
Sweden 36 years Anonymous, 1992 
Switzerland 30 years Roy et al., 1995 
USA 8-10 years Johnson et al., 2006 

 

5.2.5. Dispersal 
Asian gypsy moth disperses over significant distances at two stages in its life cycle, first instar 
larvae and adult (females) (Baranchikov and Sukachev, 1989). There are also references to 
second instar larvae dispersing (Glare et al., 2003). A range of factors have been shown to 
influence the tendency of neonate European gypsy moth larvae to disperse (Diss et al., 1996; 
Erelli and Elkinton, 2000), but factors may be different for Asian gypsy moth with its higher 
tendency to lay eggs on non-host material. 
 
First instar larvae disperse by ballooning, that is, they produce silken threads and are carried 
passively by wind currents. Larval dispersal is almost totally downwind (Mason and 
MacManus, 1981). Larval ballooning is common among lymantriids (Bell et al., 2005). 
Zlotina et al. (1999) recorded in the laboratory that ballooning occurred throughout the day 
but was greatest in the afternoon. The maximum possible dispersal distances for first instar 
larvae are large, quoted from 10-40 km (Baranchikov and Sukachev, 1989) for Asian gypsy 
moth, with similar or even higher figures quoted for European gypsy moth (Mason and 
McManus, 1981). However the distances have been questioned for gypsy moth in North 
America (Mason and McManus, 1981), and even if accurate are considered to be the 
exception (Baranchikov and Sukachev, 1989). According to Mason and McManus (1981) 
under standard weather conditions and relatively flat terrain, most gypsy moth1 larvae would 
not disperse further than several hundred metres but local weather and geographical 
conditions play an important role in dispersal. 
 
The average annual distance of gypsy moth spread in North America has been consistently 
greater than the few hundred metres dispersal distances. Liebhold et al. (1992) calculated that 
the dispersal data of Mason and McManus (1981) suggested an average rate of spread of 2.5 
km per year. This rate of spread is similar to the rate observed during the period 1916-1965 
but considerably less than the rates of spread prior to, and after, this time (Liebhold et al., 
1992). The difference is suggested to result from accidental transport of gypsy moth by 
people. 
 
Detailed dispersal distances aren’t reported for Asian gypsy moth larvae. Because Asian 
gypsy moth2 has a greater tendency to lay eggs away from host plants, the average distances 

                                                 
1 from North America 
2 from fer eastern and Russia and Siberia 
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that larvae in Asia (or at least Russia) disperse may be greater than the distances reported 
from North America. Therefore while dispersal information from North America does give 
some indication of ballooning dispersal patterns, it cannot be assumed that the same distances 
and patterns will be observed in Asia. 
 
While the extreme distances for larval dispersal have not been backed by experimental data, 
this result is not unexpected, as there are limitations to demonstrating long-distance dispersal, 
for example mark-recapture studies are generally confined to within-field distances (Bell et 
al., 2005). For wilding conifers, where the seed sources are obvious and trees can be aged, it 
has sometimes been possible to suggest connections between long distance dispersal and 
specific extreme weather events (Belton and Ledgard, 1991). Long-distance dispersal of adult 
moths (although not larvae) from Australia to New Zealand has been wee documented, again, 
under specific wind conditions (Fox, 1978; Hoare, 2001; Tomlinson 1973). It is therefore 
possible that the extreme distances recorded for gypsy moth are correct but only occur under 
specific conditions. 
 
Not all larvae in a population disperse by ballooning. In wind tunnel experiments 15 percent 
of Asian gypsy moth1 larvae (Zlotina et al., 1999) and 26 percent of European gypsy moth2 

larvae ballooned (Diss et al., 1996). The percent of larvae ballooning in the wind tunnel as 
reported by Diss et al. (1996) is lower than observed in the field (McManus, 1973).  Zlotina et 
al., (1999) suggested that the low figures for gypsy moth larvae ballooning in the wind tunnel 
could be explained by the range of limitations in experimental design. These figures otherwise 
would make little ecological sense for Asian gypsy moth, which has such a strong tendency to 
lay eggs on non-host material and for which larval dispersal is reported to be a crucial part of 
the life cycle (Baranchikov and Sukachev, 1989), so these figures are not assumed to reflect 
the situation in the field. 
 
European gypsy moth is usually cited as having flightless females, with Asian gypsy moth 
females cited as strong fliers (Charlton et al., 1999; Humble and Stewart, 1994). However the 
situation is significantly more complex than this, since there are flying females in some gypsy 
moth populations in Europe (Charlton et al., 1999; Zolubas et al. 1999; Reineke and Zebitz, 
1998; Roy et al., 1995) and most populations in Asia have a few females with reduced flight 
ability (Melody Keena pers. comm. July 2006). As with ballooning, some very large distances 
have been reported for female flight in the Asian form. Asian gypsy moth females are 
reported to be capable of flying 20-40 km easily (Savotikov et al., 1995) or up to 100km 
(Baranchikov and Sukachev, 1989). Populations in eastern Siberia are considered to have the 
greatest flight ability (Gninenko and Orlinskii, 2003). Baranchikov and Sukachev (1989) 
reported marked females around Russian far east ports caught in light traps 3.5 km from 
where they were released and recent work from Japan suggests that most female flights there 
are less than 1 km (Andrew Liebhold pers. comm. May 2006). As with larvae, specific 
conditions (such as extreme weather events) are expected to have a major influence on female 
dispersal. 
 
Females start flying at dusk and flight is considered to be initiated by low light intensity; in a 
population in Germany with flight-capable females3, flight commenced at about or below 2 
lux (Charlton et al., 1999). Female Asian gypsy moths are attracted to light (Savotikov et al., 
1995). In the Russian Far East the peak flight time was reported from around 11pm to 1am, 
but flight occurred from dusk until around 4am (Wallner et al., 1995). 
 
                                                 
1 from far eastern Russia 
2 from North America 
3 Charlton et al. (1999) considered this population to be a recent introduction that had originated in Asia, as opposed to an indigenous 
population of flight-capable European gypsy moth 
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The differences in female flight between the Asian and European forms are considered to be a 
response to the less favourable environmental conditions encountered by the Asian form 
(Baranchikov and Sukachev, 1989) although this is likely to be an oversimplification given 
both the wide distribution of gypsy moth across Europe and Asia and the complex variation in 
flight ability. Many other factors are likely to be involved. Female flight ability is hereditary 
and F1 hybrids between moths from Asia1 and North America2 mostly did not fly or only 
glided (Keena et al., 2001). F2 hybrids were variable, showing the full range of flight 
capabilities (Keena et al., 2007). 
 
Other life stages disperse when the material on which they occur is transported by humans. 
Theoretically any life stage could be dispersed by human activity, but egg masses are 
particularly prone to being dispersed in this way (Cannon et al., 2004). 

5.2.6. Host range 
Only the larvae of gypsy moth feed, a common feature among lymantriids (Schaefer, 1989). 
Both forms of gypsy moth are polyphagous, but Asian gypsy moth is reported to have a wider 
host range than European gypsy moth (Baranchikov and Sukachev, 1989; Humble and 
Stewart, 1994). More specifically, developmental success for the two forms is similar on 
preferred hosts such as birch (Betula spp.), oak, willow (Salix spp.) and Prunus spp., but for 
hosts outside the most preferred range (such as larch, Larix spp.) the Asian forms3 generally 
had better development (Baranchikov and Sukachev, 1989). Gypsy moth from Siberian 
populations showed greater survival and faster development on Douglas fir (Pseudotsuga 
menziesii), Scots pine (Pinus sylvestris) and Robinia pseudacacia than gypsy moth from 
North American populations, while hybrids showed survival and development closer to that 
of the Siberian than the North American parents (Montgomery and Baranchikov 1995; 
Baranchikov and Montgomery, 1994). Gypsy moth from Japan is reported as having a more 
restricted host range than mainland Asian gypsy moth, but it is still able to successfully 
complete its life cycle on a conifer, Larix leptolepis (Higashiura et al., 1999) 
 
A list of recorded hosts is given in Appendix B. 458 species are recorded as having been fed 
upon by European gypsy moth in the US (Leonard, 1974) although this does not necessarily 
mean that gypsy moth would complete its development on all these hosts. For Asian gypsy 
moth, the host list contains more than 300 genera and 100 families (Savotikov et al., 1995). In 
general, deciduous species are preferred to evergreens by both biotypes of gypsy moth. 
Deciduous hardwoods, for example in the genera Quercus, Betula, Alnus, Salix and Prunus 
are considered to be preferred hosts for both forms (Humble and Stewart, 1994; McManus et 
al., 2006; Savotikov et al., 1995). European gypsy moth, particularly older instar larvae, is 
known to feed on conifers (McManus et al., 2006), but the ability to feed and develop on 
conifers such as larch and Douglas fir is greater for Asian gypsy moth (Baranchikov and 
Montgomery, 1995; Baranchikov and Sukachev, 1989). 
 
While the reported host range is very large, not all the reported hosts are equal in terms of 
suitability. In laboratory no-choice tests, larvae of European strains of gypsy moth fed on 
Sophora tetraptera and ngaio (Myoporum laetum), but the larvae only survived to the second 
instar (Kay, 2003). While there are records of gypsy moth surviving on older foliage, in 
general the foliage of deciduous species is much more suitable when it is young. Kay et al. 
(2002b) reported for Asian gypsy moth that while leaves from seedling Q. robur and the first 
flush from mature Q. humilis had good larval survival, mature foliage of Q. humilis generally 
had poor larval survival. Therefore lists of recorded hosts need to be interpreted cautiously 

                                                 
1 eastern Russia, with the majority but not all flying 
2 with 100 percent non-flying females 
3 from east of the Ural mountains in Russia 
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when considering potential establishment and impact. For example, deciduous hosts are 
effectively unavailable to larvae if they emerge from egg masses in the New Zealand late 
autumn (which is a reasonable scenario since this time coincides with the usual Northern 
Hemisphere hatching time). Another example is that the less suitable hosts may not support a 
gypsy moth population by themselves, but they may be affected when gypsy moth larvae have 
defoliated more favourable hosts. This is likely during outbreaks, as during outbreaks larvae 
are known to feed on more marginal host plants (USDA, 1995). 

5.2.7. Pest significance 
Gypsy moth (European form) is one of the most well known pests in North America, partly 
because its history is so well documented and partly because it has had such a major impact. 
The types of impacts in North America are summarised in the USDA Environmental Impact 
Statement (USDA 1995). 
 
The main impact is in the defoliation of susceptible trees. The USA has at least 311 million 
acres of forests dominated by susceptible species (USDA 1995) with 81 millions acres 
reported as having been defoliated since 1924 (Sharov et al., 2002). The level of impact 
depends on the level of defoliation and whether or not the defoliation kills the trees. 
 
Moderate defoliation over a period of years can lead to reduced acorn production in oaks, an 
increase in abundance of organisms that attack weakened trees, waterway changes (increased 
temperature in waterways due to less shading) and changes in wildlife numbers (USDA 
1995). Heavy defoliation can result in major forest composition changes with a shift from 
trees to herbaceous and shrubby species and wildlife losses. Recovery can take decades 
(USDA 1995). 
 
Gypsy moth is also a significant nuisance in urban areas, damaging trees in parks and gardens 
and in some cases creating health and safety hazards. For example contact with the 
caterpillars can cause skin irritation and some individuals develop allergies following repeated 
exposure, while caterpillar droppings create a nuisance (USDA 1995). 
 
Asian gypsy moth has not been confirmed as established outside its native range and its 
predicted impact is estimated based on the European gypsy moth in North America. As with 
the European strain, gypsy moth in Asia is known to have outbreaks where populations can 
reach high levels in its native range (Savotikov et al., 1995). However because it is expected 
to spread faster and has a wider host range, Asian gypsy moth established in North America is 
expected to be worse than the European strain. For example the area of vegetation susceptible 
to Asian gypsy moth is greater than the area of vegetation susceptible to the European strain 
(USDA 1995). 
 
The likely impacts in New Zealand have been previously assessed (Anonymous, 2003 
August, Horgan, 1994) and are discussed further in the consequences section. 

5.3. RISK ASSESSMENT 

5.3.1. Likelihood of entry by country 
A full list of countries with Lymantria dispar present is given in Appendix A. Of these, it is 
the East Asian countries that are considered to have Asian gypsy moth. The likelihood of 
entry from countries other than in east Asia is not considered in this risk analysis. However it 
is noted that gypsy moth could enter New Zealand from these other countries. 
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The likelihood of Asian gypsy moth being transported to New Zealand from any particular 
country is dependent on a number of factors. 
 
All other factors being equal, greater volumes of passengers, goods, containers and vessels 
will mean a greater likelihood of Asian gypsy moth introduction. Of all the countries with 
Asian gypsy moth, the greatest volumes of passengers are from Japan and South Korea, with 
the greatest trade volumes from Japan, China and South Korea (MAF Biosecurity New 
Zealand, Biosecurity Monitoring Group, unpublished data). Detailed figures on numbers of 
passengers, vessels and containers are given in the pathway descriptions. 
 
For some pests, differing transit times from different countries are considered to affect the 
likelihood of introduction from the different countries (MAF, 2002a). Because most of the 
countries with Asian gypsy moth that have major volumes of trade and passengers coming to 
New Zealand are in the same region and have direct transport, differences in transit times 
between countries of origin is not considered to be an important factor in this assessment. 
 
Direct sea transit times to New Zealand from ports in some countries with Asian gypsy moth 
are given in table 5 (note that these are direct times and in most cases the actual times are 
much longer as ships don’t usually travel directly to New Zealand from most of these ports). 
Air transit times from countries with Asian gypsy moth are less then 48 hours (Air New 
Zealand 2006). 
 
Table 5. Direct sea transit times to New Zealand (Pedlow et al., 1998) 
 
Port Time (at average 16 knots) 
China (Shanghai) 13.4 days 
Japan (Yokohama) 12.5 days 
 
The presence of Asian gypsy moth in a country does not necessarily mean that it occurs 
everywhere. For example, in China, Asian gypsy moth is widespread (Schaefer et al., 1984), 
at least in the north, but Hong Kong does not have Asian gypsy moth (Paul Schaefer pers. 
comm. September 2005). However for most countries there is nothing to suggest that Asian 
gypsy moth is particularly restricted. 
 
The greater the population levels of Asian gypsy moth in an area, the greater the likelihood 
that there will be Asian gypsy moth life stages contaminating a transported item. Gypsy moth 
has periodic outbreaks where population levels become very high (Savotikov et al., 1995). 
During outbreaks there is a greater likelihood of introduction of Asian gypsy moth from the 
areas experiencing the outbreak.   
 
Gypsy moth from Japan has been considered lower risk than the mainland Asian populations 
due to a more restricted host range and the destruction of egg masses by Entomophaga 
maimaiga (Walsh, 1993). Nonetheless, in Japan gypsy moth feeds on conifers (Higashiura et 
al., 1999) and the ability to feed on conifers is considered to be one of the important risk 
factors for the mainland Asian gypsy moth. It also cannot be assumed that if a population of 
Asian gypsy moth from Japan established in New Zealand that it would be infected with E. 
maimaiga, since species introduced to new areas are sometimes imported (whether 
intentionally or not) without the full range of natural enemies from their native range (the 
enemy release hypothesis, see for example Colautti et al., (2004)). 
Conclusion 
Japan, South Korea and China have a greater volume of trade and number of passengers 
arriving in New Zealand than the other countries with Asian gypsy moth, suggesting a greater 



 

26  • Pest risk analysis for six moth species  MAF Biosecurity New Zealand 

likelihood of introduction from these three countries (see specific pathway risk assessments, 
e.g. containers, for more detailed information on trade volumes). 
 
During outbreaks, Asian gypsy moth is known to be particularly prevalent in the Russian Far 
East. There is less information on the outbreak situation in other countries with Asian gypsy 
moth, but an outbreak in any country would increase the likelihood of introduction from that 
country. The outbreak situation in China, Japan and Korea warrants further investigation. 

5.3.2. Summary of pathways 
Asian gypsy moth spends a significant proportion of its life cycle not in association with host 
plants. Only during the larval stage it is dependent on host plants. Egg laying and pupation 
can occur on the trunks of host trees but they also commonly occur on non-host material. 
Asian gypsy moth is considered to be a hitchhiker species. Hitchhiker pests are defined in 
various different ways, but are usually considered to be those species that have an 
opportunistic association with transported commodities or other items (like sea containers) 
with which they have no biological host relationship. 
 
Commodities and conveyances that Asian gypsy moth has been detected on in New Zealand 
are listed in table 6. The majority of the records are border interceptions but a small number 
are post-border records, i.e. on items that have passed through border checking. These 
interceptions do not necessarily reflect the most likely pathways as there have been different 
levels of inspection effort and recording on the different pathways at different times and these 
factors affect the numbers of recorded interceptions. The limitations around the use of 
interception data are discussed further in sections 5.3.7 and 11.2.2. 
 
Table 6. Summary of interception records for Asian gypsy moth (includes border interceptions 
and post-border records that can be traced to a specific import pathway). 
 
Pathway Number of records32 Comments 
Sea container 17-22 containers Mainly egg masses and mainly on the underside of the 

containers. Container origins include Russia, Hong Kong 
and Japan. Probably all border records. 

Ships 8 ships All records from mid-1990s from Russia. 
Imported goods 4 Three records on tyres from Japan and one on pens from 

China. 
Passengers and baggage 1 On a sleeping bag of a passenger returned from Mongolia. 

Post-border record, non-viable egg mass. 
Vehicles hundreds All life stages of Asian gypsy moth recorded on used 

vehicles from Japan; most viable records are egg masses. 
Both border and post-border records. 

 
Because Asian gypsy moth is a hitchhiker species, there is a wide range of commodities and 
pathways on which it could occur. To avoid an analysis of potentially dozens of commodities, 
these have been grouped into seven categories: 
• containers (air and sea); 
• military; 
• nursery stock; 
• passengers (air and sea), including accompanied and unaccompanied personal effects; 
• vehicles (new and used) including machinery; 
• craft (aircraft and sea vessels); 
• other. 
 
                                                 
32 exact numbers of records are uncertain due to the way interception records are recorded. 
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A general scheme for the arrival of Asian gypsy moth in New Zealand is given in Figure 9. 
 
Figure 9. Scenario tree for arrival of Asian gypsy moth (all pathways). 

 

5.3.3. Containers – air and sea 
Nearly 575 000 sea containers landed in New Zealand in the year ended December 2005 
(table 2) (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, Quancargo 
database). About 1/3 of these were empty. This figure may be an underestimate as the figures 
for empty containers in Quancargo are not particularly accurate (Carolyn Whyte pers. comm. 
May 2006). Just over 15 percent of containers were reported as coming directly from 
countries with Asian gypsy moth. The countries recorded are the country of the final port of 
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loading and do not necessarily reflect where the containers were packed or the origin of the 
container contents (Carolyn Whyte, pers. comm. August 2005). 
 
In addition, many sea containers are transhipped, for example they are loaded in one country, 
then shipped to another country and transferred to another ship before shipping to 
New Zealand. It is not always clear where a container has been when it arrives in 
New Zealand. 
 
Table 7. Sea container imports from countries with Asian gypsy moth in the year ended 
December 2005 (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, Quancargo 
database). 
 

 Country of port of loading 
Loaded 
containers Empty containers All containers 

China  48 343 1 602 49 945 
Japan  11 315 6 710 18 025 
Korea, South 10 786 3 531 14 317 
Russian Federation  159 15 174 
Taiwan  5 977 724 6 701 
Total: countries with Asian gypsy moth 76 580 12 582 89 162 
Total: all countries 377 565 197 210 574 775 

 
Similar figures are not available for air containers and total numbers of air containers are not 
known. There is information for approximate numbers of containers handled by Air 
New Zealand (table 8). In the year ended December 2005, 54 904 air containers (unit load 
devices – ULD) were handled by Air New Zealand at Auckland (47 803), Wellington (787) 
and Christchurch (6 341) airports (Greg Sullivan, Air New Zealand, pers. comm., May 2005). 
Of those, approximately 10 percent were from countries with Asian gypsy moth. This number 
includes only the airlines handled through Air New Zealand and not others, so it is not a total 
figure. For Auckland, 82 percent of flights are handled by Air New Zealand with the 
remainder handled by Menzies (number of flights does not necessarily correlate with numbers 
of containers). 
 
Table 8. Air container imports from countries with Asian gypsy moth handled by Air New 
Zealand through Auckland, Wellington and Christchurch airports in the year ended December 
2005. 

Country ULD handled 

Japan 2 884 
Korea (South) 1 456 
Taiwan 952 
total*: countries with Asian gypsy moth 5 759 
total*: all countries 54 904 

 
There are major differences in transit times for air and sea containers. Sea transit times are 
summarised in table 5 in section 5.3.1 (likelihood of entry by country). Average journey times 
at 16 knots are 12.5 days from Yokohama (Japan) and 13.4 days from Shanghai (China). 
However transit times can vary significantly. There are newer ships that travel faster, 
potentially reducing transit times. Many container ships do not travel directly to New Zealand 
(The New Zealand Shipping Gazette 2005) so the real transit times are often longer. 
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Air transit times from countries with Asian gypsy moth are less then 48 hours (Air New 
Zealand 2006). Because this is well below the period of time that all life stages of Asian 
gypsy moth can survive (without food), further details on air transit times are not presented 
here. 
 
Containers spend variable lengths of time in a country and in transit and are used and stored in 
a range of conditions. In a survey of sea container movement in 2001/2002, the mean length 
of stay in New Zealand for sea containers was 41 days, but ranging from 5-186 days (MAF 
2003c). Air container movement hasn’t been formally surveyed, however they are known to 
be more restricted in their movements than sea containers. Overall there are fewer facilities 
handling air containers and the majority of these are within the airport vicinity. For example, 
there are 52 companies handling air freight near Auckland, 50 of these are within the general 
area surrounding Auckland airport and 2 are in an industrial area of Auckland (Nikola 
Merrile, pers. comm. February 2007). Under some circumstances air containers may travel 
greater distances, such as inter-city (Dave Goulter, pers. comm. March, 2007). The definition 
“air containers” also include “baggage cans”, which are air containers specifically used for 
airline baggage. These usually remain within about 200 metres of the aircraft (Dave Goulter, 
pers. comm. March, 2007). It is uncertain how air containers are handled overseas, but it is 
likely to be similar to New Zealand (P.Hallett, pers. comm. Mar 2007). 
 
There are also a variety of different types of containers. Air containers and sea containers are 
quite different in their structure, with air containers in general being smoother and therefore 
less likely to harbour exterior contaminants (although they are variable in structure, some are 
effectively only a structure upon which boxes are stacked). Air containers have a flat bottom 
for moving on rollers and in a 1999 study, none of the contaminants found were on the lower 
surface (Gadgil et al., 2001). In general contamination levels for the exterior of air containers 
is relatively low, in the 1999 study fewer than 2 percent of air containers had external 
contaminants (Gadgil et al., 2001), compared with 23 percent having internal contaminants. 
No live Lepidopteran life stages were found associated with the 991 air containers examined 
in 1999. Eight dead Lepidoptera were reported, but the life stage was not stated. 
 
Sea containers have surfaces which provide more shelter for organisms and also tend to spend 
longer periods of time either at a port or outside a port. Thirty nine percent (39 percent) of sea 
containers had external contaminants (including live organisms but also other contamination 
such as small amounts of soil, dried leaves and dead organisms) in a 1997/8 survey, with 
more than 60 percent being on the underside (Gadgil et al., 2000). 
 
A sea container survey conducted in 2001/2002 (MAF 2003c) found much lower levels of 
external contamination than the previous survey (4.4 percent for loaded sea containers and 
2 percent for empty sea containers). Substantial differences between the two surveys mean 
that it is difficult to compare the results, in particular, the 2001/2002 survey did not look at 
the underside of containers and the differing definitions of “soil” (the most common 
contaminant in the 2001/2002 survey). Live organism contamination levels in the two surveys 
were similar for the sides of the container (0.1 percent), but most live organisms were found 
on the underside in the 1998/1999 survey (Gadgil et al., 2000). 
 
Apart from the difference between air and sea transport, container type and goods it contains 
(or whether it contains goods at all) is not considered to have a significant impact on the 
likelihood of contamination by Asian gypsy moth, so containers are categorised as air and sea 
and not separated further in this analysis. 
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Rather, the likelihood of contamination by Asian gypsy moth is related to when and where 
that container has been. Outdoor storage, storage near areas with Asian gypsy moth 
populations and being in these areas during the moths’ active seasons (larvae, flight) are the 
important factors that affect the likelihood of contamination. 
 
Asian gypsy moth is sometimes reported to be associated with sea ports. The association 
between gypsy moth and sea ports in far eastern Russia has been well documented since at 
least the early 1990s (Savotikov et al., 1995; Walsh, 1993) and has been associated with some 
ports in Japan (Anonymous 2006e; MAF , unpublished report, Ruud Kleinpaste, pers. comm. 
May 2006). Asian gypsy moth33 is strongly attracted to light of certain wavelengths 
(Baranchikov and Sukachev, 1989; Wallner et al., 1995), a characteristic employed when 
conducting surveys for moths but also explaining why brightly lit ports and ships attract Asian 
gypsy moth. It is not known whether Asian gypsy moth only occurs at ports during outbreaks, 
nor is it known whether the presence of gypsy moth at Japanese ports results in contaminated 
sea containers. The association of Asian gypsy moth with ports in China and Korea is not 
known. 
 
The amount of host vegetation in the vicinity of the port affects the levels of Asian gypsy 
moth at the port and during the flight season would affect the likelihood of containers 
becoming contaminated at ports. However it is not the only factor, for example the lighting 
used at a port, the hours of operation and other lighting nearby would also be influencing 
factors.. 

5.3.3.1. Interceptions on containers 
There are somewhere from 17 and 22 recorded interceptions of Asian gypsy moth on sea 
containers at the New Zealand border (because information has been collated from several 
sources it is uncertain whether some are duplicates). All but one of these is from the period 
1995-1998, with one recorded in 2005 (table 9). The reason for this unusual date distribution 
is uncertain. One possibility is that the interceptions coincide with outbreak years, as 1991, 
1996 and 1997 were the years with the largest area of outbreak in Russia (Gninenko and 
Orlinskii, 2003). Another is that there were specific ways that sea containers were being used 
and stored during the 1995-1998 period that increased the likelihood of Asian gypsy moth 
laying eggs on the containers. Another possibility is that the number of egg masses arriving 
hasn’t changed but that the likelihood of detection has decreased (for example due to changes 
in how sea containers are handled or overall volumes of containers in relation to the level of 
inspection) or that there have been changes to how interceptions are recorded. See section 
11.2.2 for discussion of uncertainties around interception data. 
 

                                                 
33 research from far eastern Russia 
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Table 9. Reported interceptions of Asian gypsy moth associated with sea containers. 
  Origin Date Life stage and 

viability Comments Source 

1 Japan 11/10/1995 live egg mass   Biosecurity Monitoring 
Group 

2 Hong Kong 3/08/1996 egg mass viability not 
stated 

May be the same 
interception as 11 or 14 

Biosecurity Monitoring 
Group 

3 Russian Federation 23/08/1996 live egg mass May be the same 
interception as 12 or 17 

Biosecurity Monitoring 
Group 

4 Hong Kong 1/09/1996 egg mass viability not 
stated 

May be the same 
interception as 11 or 14 

Biosecurity Monitoring 
Group 

5 unknown country 14/10/1996 live egg mass   Biosecurity Monitoring 
Group 

6 Hong Kong 21/12/1997 live egg mass May be the same 
interception as 21 

Biosecurity Monitoring 
Group 

7 country not reported Sep 1997 - 
May 1998 live egg mass May be the same 

interception as 21 (Gadgil et al., 2000) 

8 country not reported Sep 1997 - 
May 1998 non-viable egg mass May be the same 

interception as 22 (Gadgil et al., 2000) 

9 Hong Kong* October 2005 32 live egg masses   MAF Quarantine 
Service 

10 Russian Federation 1996 8 live egg masses   Ken Glassey** 

11 Hong Kong 1996 non-viable egg mass May be the same 
interception as 2 or 4 Ken Glassey** 

12 Russian Federation 1996 live egg mass May be the same 
interception as 3 Ken Glassey** 

13 Russian Federation 1996 non-viable egg mass   Ken Glassey** 

14 Hong Kong 1996 non-viable egg mass May be the same 
interception as 2 or 4 Ken Glassey** 

15 Hong Kong 1996 non-viable pupa   Ken Glassey** 

16 unknown country 1996 3 non-viable egg 
masses   Ken Glassey** 

17 Russian Federation 1996 live egg mass May be the same 
interception as 3 Ken Glassey** 

18 Russian Federation 1996 6 live egg masses   Ken Glassey** 
19 Russian Federation 1996 2 live egg masses   Ken Glassey** 

20 Russian Federation 1996 53 non-viable egg 
masses   Ken Glassey** 

21 Hong Kong 1997 live egg mass May be the same 
interception as 6 or 7 Ken Glassey** 

22 Hong Kong 1998 non-viable egg mass May be the same 
interception as 8 Ken Glassey** 

 
*loaded in Hong Kong but documentation indicated container contents were loaded in Russian Federation 
**Ken Glassey, pers. comm. August 2005. 
 
The detection of Asian gypsy moth on several sea containers from Hong Kong indicates the 
limitations of the available information on container origins. Hong Kong has not been 
reported as having Asian gypsy moth and it is well outside the climatic zone where it is 
known to survive (Paul Schaefer, pers. comm. September 2005). Therefore the egg masses on 
these containers most likely came from elsewhere, as was the case with the detection in 
October 2005, which was loaded in Vostochny (Russia) and transhipped through Hong Kong 
(MAF Quarantine Service unpublished data). However it is unknown whether Asian gypsy 
moth that was introduced outside the native range (e.g. Hong Kong), perhaps as pupae, could 
lay egg masses but not establish. 
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Fourteen or fifteen of the interceptions were found on the underside of the sea containers 
(Gadgil et al., 2000; MAF Quarantine Service, unpublished data; Ken Glassey pers. comm. 
August 2005). For the remaining interceptions the location where they occurred is not 
recorded. The location of egg masses on sea containers has implications for the detectability 
of Asian gypsy moth at the border given that only a small proportion of sea containers receive 
6-sided inspection. 
 
There are no recorded interceptions of Asian gypsy moth on or associated with air containers. 

5.3.3.2. Likelihood of entry by life stage – eggs 
Gypsy moth spends a greater proportion of its life cycle in the egg state than all other life 
stages put together (approximately 9 months but can be much less or much longer). The 
maximum time that egg masses can remain viable is uncertain but at least some authors 
consider it greater than 2 years (Glare et al., 2003). This means that viable eggs are expected 
to be present at any time of the year. However the most likely period when they would occur 
would be the period starting at the flight season (July – September) until hatching time (April 
– May). This is supported by interception data on sea containers and also vehicles (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished data). 
 
The information above suggests that although there is a specific time period when containers 
are likely to become contaminated (i.e. the flight season), there is no specific time period 
when contaminated containers can be considered unlikely to arrive in New Zealand. 
 
Females lay their egg masses on a wide range of substrates, and are known to lay eggs on sea 
containers. 
 
A survey of the exterior of 3600 sea containers from all countries in 1997/98 found 2 
containers with gypsy moth egg masses, one viable. More than 1000 of these containers came 
from countries without gypsy moth (any form) and the survey ran from September to May 
(that is, only part of the most likely period for egg masses to arrive). Therefore it is not 
accurate to consider the contamination rate as 2/3600 (or 1/3600 for viable egg masses). This 
number is too small to extrapolate the proportion of sea containers contaminated or the overall 
number of containers likely to arrive in New Zealand with Asian gypsy moth egg masses. 
 
Without knowing the reason for the uneven date distribution of egg mass detections it is also 
difficult to use the interception data to estimate the overall likelihood of egg mass arrival. 
Contamination of an individual container is likely to be an infrequent event but the large 
volume of the sea container pathway is an important factor to consider. 
 
Whether or not a container becomes contaminated with Asian gypsy moth egg masses will 
depend on a number of factors. Most important will be whether the container was in a country 
with Asian gypsy moth during the last flight season, including being on a ship that was in a 
port in a country with Asian gypsy moth in the flight season. The population level during that 
flight season is also significant, that is, whether or not it was an outbreak year. Where the 
container went is also important, for example, if it was loaded or stored in close proximity to 
a forested area with Asian gypsy moth, it will have a much greater likelihood of 
contamination than containers used and stored further from host plants, or in areas where 
there are fewer host plants. The port of last loading and the type of goods in the container are 
not likely to be correlated with the likelihood of contamination. 
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Sea container interiors could also become contaminated, but it is assumed that this would only 
be possible when the doors were open. The likelihood of contamination is therefore 
considered to be many times less than for container exteriors. 
 
Asian gypsy moth egg masses have never been reported on air containers. Theoretically a 
female moth could land on an air container and lay her eggs. Because there have been no 
recorded interceptions, because air containers have lower overall contamination levels than 
sea containers and because the volumes are lower, egg masses are assumed to be less likely to 
arrive on air containers than sea containers. Changing air transport conditions and volumes or 
recorded interceptions may alter this conclusion and if this occurs the risk associated with air 
containers will need to be re-evaluated. 
 
European gypsy moth egg masses34 are tolerant of extreme conditions including sub-zero 
temperatures (Leonard, 1974, Leonard, 1981, Sullivan and Wallace, 1972) and heat (41oC in 
(Yocum et al., 1991)). There is limited information on the temperature tolerance of Asian 
gypsy moth, but egg masses from far eastern Russia are reported to be more tolerant than egg 
masses from milder areas in the northern Caucasus (Leonard, 1974). However it is difficult to 
generalise based on this information as Asian gypsy moth occurs across a wide climatic range. 
The reported tolerances and survival times for egg masses, as well as the documented 
interceptions of live egg masses (on sea containers), indicates the ability of egg masses to 
survive conditions in transit to New Zealand on sea and air containers. 
 
In a survey of container movement in 2001/2002, the mean length of stay in New Zealand for 
sea containers was 41 days, but ranging from 5-186 days (MAF 2003c). Air containers are 
considered to spend less time in New Zealand than sea containers but there is little 
information on air container movement. A proportion of egg masses on containers are 
therefore likely to leave New Zealand again without hatching. The period of time that a 
container spends in New Zealand will have a significant effect on the likelihood of egg 
masses hatching while the container is in New Zealand.  
 
Conclusion statement on likelihood of entry as eggs via air and sea containers: 
 
Given that: 
• Asian gypsy moth is known to sometimes lay egg masses on sea containers and other 

objects which could include air containers; 
• the overall volume of containers is very high (>500 000 per year for sea containers) and 

the proportion that have been in countries with Asian gypsy moth during the previous 
flight season (or the flight season before that) is uncertain; 

• contamination on the bottom of the container is difficult to see; 
• egg masses can survive up to 2 years, although up to 9 months is considered more usual; 
• egg masses are known to survive transit conditions; 
• and taking into account that: 
• egg masses are seldom detected on containers; 
• the proportion of contaminated containers is uncertain but likely to be low under most 

circumstances (or overall); 
• there is no documented association between air containers and Asian gypsy moth. 
•  
it is concluded that the likelihood of importation of Asian gypsy moth egg masses on 
containers is not negligible. 
 

                                                 
34 from North America 
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Comments 
The overall size of the likelihood of entry is uncertain but is expected to be higher for sea 
containers than air containers. 
 
Based on the interception data there would be, on average, one contaminated sea container 
detected every 7-8 months, however the recorded interceptions are considered to be an 
absolute minimum figure and unevenly distributed over the last decade. Contamination of 
containers with Asian gypsy moth egg masses is a “low frequency” event but the volume on 
this pathway is high (hundreds of thousands of sea containers per year). Without better data it 
is not possible to define “low frequency” more accurately. 

5.3.3.3. Likelihood of entry by lifestage – larvae 
Hatching typically occurs in spring, for example April-May in Russia (Savotikov et al., 1995) 
and early May in Inner Mongolia, northern China (Tong et al., 2000) and larvae feed for 6-8 
weeks. In Japan there is significant variation in flight times and hatching times with latitude, 
and given the flight period covers mid/late June to mid-September (Paul Schaefer pers. comm. 
September 2005), larvae are likely to be present from early April. This means that the main 
period when larvae are present is likely to be April until the end of July. The reports of 
hatching prior to chilling suggest that larvae may be present at other times of the year as well, 
however their survival is uncertain. Autumn-hatching European gypsy moth larvae are 
reported to not survive in the wild (Leonard, 1974). 
 
Except during outbreaks, in later instars European gypsy moth larvae shelter during the day, 
in deep bark fissures, holes, dead stumps, loose plates of bark, leaf litter and artificial resting 
locations (Leonard, 1981; McManus and Smith, 1984). The following night they tend to 
return to the same feeding site. Late instar larvae of Asian gypsy moth35 also shelter during 
the day (Anonymous, 1992) suggesting that this aspect of larval behaviour is similar in the 
Asian and European forms. This behaviour could lead to larvae getting onto a container that 
was near to a host tree. Neonate (and perhaps second instar) larvae are capable of dispersal 
and could be blown onto a container. However, given that larvae need to feed, they are also 
likely to get off the container again. 
 
Only containers in close proximity to larval populations (i.e. within larval crawling distance), 
such as those next to host trees, are likely to become contaminated by Asian gypsy moth 
larvae. The exception is for ballooning, early instar larvae, which are unlikely to remain with 
the container. Only a limited proportion of containers would be in situations where they were 
likely to become contaminated with Asian gypsy moth larvae. In general, sea containers have 
a greater number of suitable sites for larvae to shelter than air containers and also spend 
longer in storage and are therefore more likely to become contaminated. 
 
Air and sea containers also become contaminated with Asian gypsy moth larvae when they 
are contaminated with other material containing larvae, for example host foliage. It is unlikely 
that foliage contaminating containers would enhance the survival of larvae as it would rapidly 
wither. As the foliage withers larvae are likely to leave the container seeking fresh host 
material.  
 
Depending on the type of vegetation near the port, Asian gypsy moth populations may be 
present at or near the port and previously uncontaminated containers may become 
contaminated. Larvae are likely to continue seeking host plants and may crawl off containers 
(and onto others). Because they are both mobile and fragile, larvae are more likely to be 
damaged or killed in transit than less mobile life stages. 
                                                 
35 from Russia 
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During transit (i.e. while on a ship or aircraft), larvae are likely to continue seeking host plants 
and may crawl off containers (and onto others), as at the port. 
 
The ability of gypsy moth larvae36 to tolerate starvation is dependent on a combination of 
body weight and previous diet (Stockhoff, 1991). In general, larger larvae survived longer, but 
it was noted that larger, fast-growing larvae did not necessarily have greater starvation 
resistance. Neonate (unfed) larvae survived up to 5.8 days with an average of 4.3 days 
(Stockhoff, 1991). Maximum survival in the study was about 19 days for feeding larvae; the 
only larvae to survive beyond 11 days were those reared on artificial diets rather than foliage. 
Anonymous (1992) reported that survival times for first instar Asian gypsy moth37, depended 
on the size of the eggs that the larvae hatched from. Larvae from heavier eggs survived 
longer. Some larvae survived at least 6 days and it was estimated that, without food, all larvae 
would be dead within 7-10 days of hatching. It is assumed here that starvation tolerance for 
Asian gypsy moth and the European gypsy moth are similar, although there may be some 
differences. 
 
Air transit times are less then the mean survival times for neonate and previously fed larvae. 
Direct sea transit times (from countries with Asian gypsy moth) to New Zealand are longer 
than the maximum survival time for neonate larvae and longer than the mean but not 
maximum time for older larvae (The New Zealand Shipping Gazette 2005; Pedlow et al., 
1998). A high proportion of sea containers do not come directly from countries with Asian 
gypsy moth but are on ships that call in at other ports, particularly Singapore (The New 
Zealand Shipping Gazette 2005). This increases transit time to beyond the likely survival time 
for larvae.  
 
The exception would be neonate larvae that hatched in transit from egg masses, within about 
5 days of New Zealand. The likelihood of this occurring would be more closely related to the 
likelihood of egg masses occurring on sea containers and is considered to be a small 
proportion of the egg mass arrivals. Larvae that crawl onto containers and then pupate are 
covered in the section on pupae. 
 
Conclusion statement on likelihood of entry as larvae via sea containers: 
 
Given that: 
• the overall volume of sea containers is very high (>500 000 per year); 
and taking into account that: 
• the majority of sea containers do not come directly from Asian gypsy moth areas, and the 

indirect transit times are greater than the larval survival times; 
• larvae are mobile and fragile and may not stay associated with containers; 
it is concluded that the likelihood of entry of Asian gypsy moth larvae on sea containers 
is negligible. 
 
Conclusion statement on likelihood of entry as larvae via air containers: 
 
Given that: 
• larvae are capable of surviving the transit time to New Zealand; 
and taking into account that: 
• external contamination of air containers is generally low; 
• larvae are mobile and fragile and may not stay associated with containers; 
                                                 
36 from North America 
37 from Russia 
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it is concluded that the likelihood of entry of Asian gypsy moth larvae on air containers 
is negligible. 

5.3.3.4. Likelihood of entry by lifestage – pupae 
Times when Asian gypsy moth pupae are present will lag 6-8 weeks behind when larvae are 
present, that is, most likely in late May to September or October. 
 
Pupation for European gypsy moth occurs in the same sites as where larvae shelter during the 
day (Leonard, 1981). While the literature contains limited reports of pupation sites for Asian 
gypsy moth, they are similar to those for European gypsy moth (Melody Keena pers. comm. 
September 2005). However Asian gypsy moth also pupates on foliage, something not reported 
from gypsy moth in North America (Humble and Stewart, 1994, Wallner, 1996). In Germany 
in 1993 gypsy moth pupated on military equipment stored near forested areas (Melody Keena, 
pers. comm. September 2005). This was during an outbreak of gypsy moth in the area 
(USACHPPM 1994). Interception records indicate that Asian gypsy moth pupation 
sometimes occurs on motor vehicles (MAF Biosecurity New Zealand, Biosecurity Monitoring 
Group unpublished data) and other moth species have been reported pupating on sea 
containers (MAF Quarantine Service unpublished data, May 2005). 
 
There are no interception records for Asian gypsy moth pupae on containers but containers (at 
least sea containers) do provide the kinds of conditions in which Asian gypsy moth is able to 
pupate. Only containers that are within the larval crawling distance of moth populations are 
likely to become contaminated by pupae. 
 
Prior to pupation larvae spin webs before becoming a prepupa, assuming the typical C-shape 
curl. They stay as a prepupae about 1-3 days in the lab when held at 25oC (Melody Keena, 
pers. comm. June 2007). The reported pupation times for Asian gypsy moth are variable and 
dependent on temperature. Keena (Melody Keena, pers. comm. September 2005) gives 
laboratory pupation times as 9-15 days for females and 10-17 days for males at 25oC.  Kay et 
al. (2002a) reported mean pupation times of 27 days at 20 oC for females and 28.5 days for 
males. Literature records for European gypsy moth pupation times are variable but often 
quoted as around or just over 2 weeks (e.g. Leonard, 1981). Pupation times for Asian gypsy 
moth are similar to reported times for European gypsy moth (Melody Keena, pers. comm. 
September 2005). (The laboratory ranges reported may differ from those in the field, but these 
ranges are probably not too inaccurate for Asian gypsy moth pupae travelling to New Zealand 
considering that the ships pass through the tropics.) 
 
If a sea container contaminated with Asian gypsy moth pupae is stored at a port for 1-2 
weeks, adults are likely to eclose either at the port or in transit. Direct sea transit times from 
countries with Asian gypsy moth to New Zealand (The New Zealand Shipping Gazette 2005; 
Pedlow et al., 1998) are not longer than the maximum pupation time, however a high 
proportion of containers do not come directly from countries with Asian gypsy moth but are 
on ships that call in at other ports, particularly Singapore (The New Zealand Shipping Gazette 
2005). A proportion of Asian gypsy moth pupae are likely to survive transit to New Zealand, 
but only if they contaminated a container within about a week of loading. If adults eclosed 
from the pupae in transit, they would then have to arrive in New Zealand within about 3-4 
days of eclosion in order to arrive reproductively viable (see the next section for further 
discussion of adult survival times). This situation is only expected to occur with a small 
proportion of pupae contaminating sea containers. 
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Air transit times are less than the minimum pupation times for Asian gypsy moth and given 
that other live arthropods survive the transit conditions (Gadgil et al., 2001), pupae are likely 
to survive the transit. 
 
Conclusion statement on likelihood of entry as pupae via sea containers: 
 
Given that: 
• the overall volume of containers is very high (>500 000 per year); 
and taking into account that: 
• mean pupation times only exceed direct transit times, by about 1-2 weeks (depending on 

temperature), so they would have to contaminate a sea container just prior to shipping in 
order to arrive viable; 

• pupae are only likely to contaminate containers if they are stored close enough to a 
population of Asian gypsy moth for larvae to crawl onto the containers; 

• pupae are only likely to contaminate containers within a limited season; 
it is concluded that the likelihood of entry of Asian gypsy moth pupae via sea containers 
is not negligible. 
 
Comments 
Although considered to be not negligible, the likelihood of viable pupae arriving is considered 
much less than the likelihood of viable egg masses arriving. 
 
Conclusion statement on likelihood of entry as pupae via air containers 
 
Given that: 
• pupation times are greater than transit times; 
and taking into account that: 
• external contamination of air containers is generally low; 
• air container exteriors do not usually provide the kind of conditions in which Asian gypsy 

moth pupates; 
• there is no documented association between air containers and Asian gypsy moth; 
it is concluded that the likelihood of entry of Asian gypsy moth pupae via air containers 
is negligible. 
 
Comments 
The likelihood of Asian gypsy moth arriving as pupae is considered to be much lower than the 
likelihood of Asian gypsy moth arriving as egg masses. 

5.3.3.5. Likelihood of entry by lifestage – adults 
In the Russian Far East the flight period for adult moths commences in mid-late July or early 
August and most commonly goes through to mid-September (Savotikov et al., 1995). In Japan 
it is reported to be mid-June to mid-September (Paul Schaefer pers. comm. September 2005) 
and in China, July to early August from Inner Mongolia and Shenyang (Tong et al., 2000). 
 
Asian gypsy moth females can fly significant distances and are attracted to lights. Because 
they are highly mobile, males and unmated females are not likely to land on a container and 
remain on the container for the time it takes for the container to reach New Zealand, unless 
they became trapped. Mated females are known to alight on sea containers and lay egg 
masses. Once a female has laid her egg mass she will remain with that egg mass for a period 
of time, often until she dies (Melody Keena, pers. comm. September 2005).  
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Adult survival times are not reported in detail for Asian gypsy moth, with 1-2 weeks the usual 
figure quoted. Keena (Melody Keena, pers. comm. September 2005) reports survival to be 
about 1 week in the laboratory at 25oC, with successful breeding by individuals 3-4 days old. 
This information indicates that reproductively viable adults are unlikely to survive a sea 
journey to New Zealand. If a newly emerged adult moth became trapped inside an air 
container within 1-2 days of loading, it could just survive the transit time and still be 
reproductively viable. 
 
There is one record of an adult gypsy moth in a sea container (MAF Biosecurity New 
Zealand, Biosecurity Monitoring Group, unpublished data). This record was from a sea 
container from Italy and is therefore most likely to be European gypsy moth, although it 
would depend where else the container had been. The moth was dead. 
 
Conclusion statement on likelihood of entry as adults via sea containers: 
 
Given that: 
• the overall volume of containers is very high (>500 000 per year); 
and taking into account that: 
• direct sea transit time exceed the known time for adult reproductive viability and probably 

exceed the survival time at the temperatures experienced in transit; 
• adults are unlikely to stay associated with containers; 
it is concluded that the likelihood of entry of Asian gypsy moth adults via sea containers 
is negligible. 
 
Conclusion statement on likelihood of entry as adults via air containers: 
 
Given that: 
• adult reproductive viability and survival times are greater than transit times; 
• Asian gypsy moth adults fly substantial distances and females sometimes aggregate where 

attracted to lights; 
and taking into account that: 
• there is no known association between Asian gypsy moth and air containers; 
• adults are unlikely to stay associated with air containers unless trapped; 
it is concluded that the likelihood of entry of Asian gypsy moth adults via air containers 
is not negligible. 
 
Comment 
The likelihood of adult gypsy moth arriving associated with air containers is unproven and 
small but it is certainly possible if the loading conditions attracted moths (bright lights, night 
operation). 

5.3.3.6. Current measures 
All loaded and most empty sea containers entering New Zealand are recorded in MAF’s 
Quancargo database. The data indicate the port of loading and, if the contents are defined as 
risk goods, the contents of the container. It does not identify the origin of the container 
contents, where the contents were loaded onto the container or where the container had been 
previously. A New Zealand Customs Service database, CUSMOD, has additional data on the 
origin of imported goods. 
 
Sea containers designated as high risk either receive 6-sided inspection or methyl bromide 
fumigation (depending on the reason for the designation as high risk) (MAF Quarantine 
Service process procedure 32). High risk sea containers for Asian gypsy moth (currently only 
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containers from the Russian far east) receive 6-sided inspection as Asian gypsy moth is 
considered most likely to contaminate the container exterior (and in particular the underside) 
and if gypsy moth egg masses are found the container is fumigated. About 6700 sea 
containers received 6-sided inspection in the first 6 months of 2005 (Carolyn Whyte pers. 
comm. September 2005), but none of those were inspected due to being considered high risk 
for gypsy moth (Jim McLaggan pers. comm.). The container found with Asian gypsy moth 
egg masses in October 2005 was recorded as coming from Hong Kong but was inspected 
because MAF Quarantine Service officers noticed that the paperwork with the container 
indicated that the container contents originated in the Russian far east. Profiles have since 
been updated to include those with Russian goods passing through east Asian ports (Grant 
Knight, pers. comm. September 2006). 
 
Under the current import health standard (IHS) for sea containers (MAF 2003a), all containers 
are required to be accompanied by a quarantine declaration stating that they are free of 
contaminants. Containers are inspected by an accredited person during normal container 
handling and discharge, and depending on the risk profile of the contents, a proportion of 
containers receive inspection by MAF Quarantine Service officers. The underside of a 
container is unlikely to be inspected as a part of this process. 
 
There are no data on the efficacy of exterior sea container inspection (whether six or four-
sided inspection). Because the under-surface of sea containers is less complicated than the 
underside of a vehicle, it is assumed that the efficacy of six-sided inspection is higher than 
that reported for vehicles. However as most interceptions of Asian gypsy moth egg masses 
were on the underside of sea containers, four-sided inspection is not expected to detect all or 
even most Asian gypsy moth egg masses. 
 
The limited data available provide some support for the designation of Russian far east sea 
containers as being of significantly higher risk than containers originating from other regions. 
Approximately 30 percent of interceptions were on sea containers coming directly from the 
Russian far east. The well documented issue of Asian gypsy moth-contaminated shipping in 
this area (see section on vessels) also supports the high-risk designation of Russian far east 
containers. However a similar proportion of the interceptions were on containers from Hong 
Kong. The interceptions do not indicate that the risk from Russian and Hong Kong containers 
is similar because comparatively few containers are imported directly from far eastern Russia.  
 
Because gypsy moth is not known to occur in Hong Kong (nor is it likely to due to climatic 
conditions) gypsy moth egg masses on Hong Kong sea containers almost certainly result from 
containers contaminated elsewhere being shipped through Hong Kong. The October 2005 
interception was from a sea container that had previously been in far eastern Russia. Two 
other Hong Kong containers with gypsy moth egg masses were traced and there was no 
evidence that they had been in Russia, it is possible that they became contaminated in 
mainland China (Ken Glassey, pers. comm., July 2006). 
 
There is also significant uncertainty around contamination on containers from other countries 
with Asian gypsy moth. Egg masses are unlikely to be detected unless a six-sided inspection 
is conducted and a six-sided inspection is only likely to be conducted if there is a requirement 
for it (generally based on past interceptions).  Therefore it is possible, and likely, that sea 
containers from other countries sometimes contain egg masses which are not detected, but 
how frequently is unknown. 
 
Conclusion statement on the impact of current measures on the likelihood of entry 
associated with containers: 
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Given that: 
• sea containers designated as high risk for Asian gypsy moth receive 6-sided inspection; 
• there are no Asian gypsy moth interceptions on containers in the period 1998-2005; 
and taking into account that: 
• the high risk designation for sea containers only covers one of the countries where gypsy 

moth occurs (and the source of about 30 percent of known interceptions); 
• available information is limited and it is not possible to determine exactly where air and 

sea containers have been (considering egg masses are capable of surviving months or even 
up to 2 years); 

• the standard inspection of air and sea containers is likely to have little chance of detecting 
Asian gypsy moth contaminating the lower surface of a container, particularly a sea 
container where Asian gypsy moth is known to occur; 

it is concluded that the likelihood of entry of Asian gypsy moth via sea containers, taking 
into account the current measures, is not negligible. 
 
Comment 
In the case of air containers there is much less information available. There is no particular 
evidence to suggest a problem with Asian gypsy moth associated with air containers. The 
primary question in the case of air containers is whether the lack of evidence is because there 
is no problem or because the levels of inspection and information capture at the border are 
inadequate. The answer to this question remains uncertain (see uncertainty summary in 
section 11.2.4.2). 

5.3.4. Military 
Risk goods for Asian gypsy moth used in military operations are largely items identified 
under other pathways, such as vessels, vehicles, shipping containers, outdoor furniture and 
tents. However, military is considered here separately because the countries visited and the 
biosecurity procedures are different for other pathways. Also, military equipment tends to be 
stored outdoors more often than is usual for goods and personal effects. 
 
Military sites are regularly treated with broad-spectrum insecticide targeted at mosquitoes and 
other arthropods that carry human disease (Lisa King pers. comm. September 2005). This 
treatment is not considered to be a biosecurity measure since it is not aimed at preventing the 
introduction of pests into New Zealand, but it is likely to reduce the overall level of insect 
contamination on military equipment, including Asian gypsy moth contamination. 
 
For military operations, personnel and equipment are transported by both air and sea, 
depending on the type of deployment and the location. 
 
There are at least two current deployments in countries with gypsy moth (Afghanistan and 
Iraq). Neither country is considered to have Asian gypsy moth based on the definition used in 
this risk analysis. Therefore for this risk analysis the military is not currently considered to be 
a risk pathway for Asian gypsy moth. 

5.3.4.1. Reason for including this pathway 
Although not considered a currently active pathway, this pathway is still included in this risk 
analysis because there is a documented link overseas between gypsy moth (specifically gypsy 
moth where females are capable of flight) and military transport. Also the military pathway 
has some significant differences from other pathways and if there was a risk of gypsy moth 
association with the military in future (e.g.  if gypsy moth from east Asia became established 
elsewhere), this analysis may be needed.  
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Gypsy moth egg masses were found on United States military equipment returning from 
Germany during the early 1990s (USACHPPM 1994). This was during a period when 
Germany was experiencing a gypsy moth outbreak38. Types of equipment affected included 
vehicles and outdoor household goods belonging to military personnel. At the time it was 
noted that sometimes intensive inspection failed to detect egg masses but larvae were later 
observed emerging from the cargo. 
 
A population of gypsy moth with flying females established in three counties in North 
Carolina, presumably resulting from this source, but was eradicated over a 3 year period 
(USACHPPM 1996). 

5.3.4.2. Likelihood of entry by lifestage – eggs  
Gypsy moth spends a greater proportion of its life cycle in the egg state than all other life 
stages put together (approximately 9 months but can be much less or much longer). The 
maximum time that egg masses can remain viable is uncertain but at least some authors 
consider it greater than 2 years (Glare et al., 2003). This means that viable eggs are expected 
to be present at any time of the year. However the most likely period when they would occur 
would be the period starting at the flight season (July – September) until hatching time (April 
– May). This is supported by interception data on containers and also vehicles (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished data). 
 
The information above suggests that although there is a specific time period when equipment 
is likely to become contaminated (i.e. the flight season), there is no specific time period when 
contaminated equipment can be considered unlikely to arrive in New Zealand. 
 
Females lay their egg masses on a wide range of substrates, including vehicles and outdoor 
furniture. Whether or not military equipment becomes contaminated with Asian gypsy moth 
egg masses will depend on a number of factors. Most important will be whether the 
equipment was in a country with Asian gypsy moth during the last flight season, including 
being on a ship that was in a port in a country with Asian gypsy moth in the flight season. 
Outdoor storage and use near areas that are well-lit at night will increase the likelihood of 
contamination. Where the equipment went is also important, for example, if it was loaded or 
stored within about 1km of a forested area with Asian gypsy moth, it will have a much greater 
likelihood of contamination. The types of military equipment considered in this analysis are 
used and sometimes stored outdoors during operations. 
 
European gypsy moth39 egg masses are tolerant of extreme conditions including sub-zero 
temperatures (Leonard, 1974; Leonard, 1981; Sullivan and Wallace, 1972) and heat, i.e. 41oC 
(Yocum et al., 1991). There is limited information on the temperature tolerance of Asian 
gypsy moth but egg masses from far eastern Russia are reported to be more tolerant than egg 
masses from milder areas in the northern Caucasus (Leonard, 1974). However it is difficult to 
generalise based on this information as Asian gypsy moth occurs across a wide climatic range. 
The reported tolerances and survival times, as well as the interceptions of live egg masses, 
indicates the ability of egg masses to survive conditions in transit to New Zealand on sea and 
air containers. 
 

                                                 
38 of moths with flying females 
39 from North America 
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Conclusion statement on likelihood of entry as egg masses via military transport: 
 
Given that: 
• Asian gypsy moth is known to lay eggs on a wide range of surfaces; 
• military equipment includes items that are stored outdoors and that are known to be 

associated with Asian gypsy moth (vehicles); 
• egg masses can survive up to 2 years although up to 9 months is considered more usual; 
• egg masses are known to survive transit conditions; 
and taking into account that: 
• the volume of military equipment returning to New Zealand is usually low; 
• military bases are often treated with insecticide for human health reasons; 
it is concluded that the likelihood of importation of Asian gypsy moth as egg masses via 
military equipment is not negligible*. 
 
*if New Zealand troops were in a country with Asian gypsy moth (note that there are no 
current deployments in countries with Asian gypsy moth so the likelihood of entry is currently 
negligible). 
 
Comments 
In general the likelihood of Asian gypsy moth egg mass arrival via military equipment is 
lower than that for the high volume pathways such as vehicles and sea containers. However 
under certain conditions (outbreak year, base near a forested area) the likelihood would be 
much higher and warrants consideration. 

5.3.4.3. Likelihood of entry by lifestage – larvae 
Hatching typically occurs in spring, for example April-May in Russia (Savotikov et al., 1995) 
and early May in Inner Mongolia (northern China) (Tong et al., 2000) and larvae feed for 6-8 
weeks. In Japan there is significant variation in flight times and hatching times with latitude, 
and given the flight period covers mid/late June to mid-September (Paul Schaefer pers. comm. 
September 2005), larvae are likely to be present from early April. This means that the main 
period when larvae are present is likely to be April until the end of July. The reports of 
hatching prior to chilling suggest that larvae may be present at other times of the year as well, 
however their survival is uncertain. Autumn-hatching European gypsy moth are reported to 
not survive in the wild (Leonard, 1974). 
 
Except during outbreaks, in later instars European gypsy moth larvae shelter during the day, 
in deep bark fissures, holes, stumps, loose plates of bark, leaf litter and artificial resting 
locations (Leonard, 1981; McManus and Smith, 1984). The following night they tend to 
return to the same feeding site. Late instar larvae of Asian gypsy moth40 also shelter during 
the day (Anonymous, 1992) suggesting that this aspect of larval behaviour is similar in the 
Asian and European forms. This behaviour could lead to larvae getting onto military 
equipment that was near to a host tree. Neonate (and perhaps second instar) larvae are capable 
of dispersal and could be blown onto military equipment. However given that larvae need to 
feed, they are also likely to get off the equipment again. 
 
Only equipment that is in close proximity (within larval crawling distance) to moth 
populations, such as those next to host trees, are likely to become contaminated by Asian 
gypsy moth larvae, except for ballooning larvae, which are unlikely to remain with the 
equipment. Under most circumstances only a limited proportion of equipment would be in 

                                                 
40 from Russia 



 

MAF Biosecurity New Zealand Pest risk analysis for six moth species • 43 

situations where they were likely to become contaminated with Asian gypsy moth larvae, 
however if a base was near a population, many items could become contaminated. 
 
Equipment could also become contaminated with Asian gypsy moth larvae if it was 
contaminated with other material that contained the larvae, for example host foliage. It is 
unlikely that foliage contaminating equipment would enhance the survival of larvae as it 
would rapidly wither. As the foliage withers larvae are likely to leave the equipment seeking 
fresh host material. 
 
Because they are both mobile and fragile, larvae are more likely to be damaged or killed in 
transit than less mobile life stages. 
 
During transit (i.e. while on a ship or aircraft), larvae are likely to continue seeking host plants 
and may crawl off equipment. 
 
The ability of gypsy moth larvae41 to tolerate starvation is dependent on a combination of 
body weight and previous diet (Stockhoff, 1991). In general, larger larvae survived longer, but 
it was noted that larger, fast-growing larvae did not necessarily have greater starvation 
resistance. Neonate (unfed) larvae survived up to 5.8 days with an average of 4.3 days 
(Stockhoff, 1991). Maximum survival in the study was about 19 days for feeding larvae. The 
only larvae to survive beyond 11 days were those reared on artificial diets rather than foliage. 
Anonymous (1992) reported that survival times for first instar Asian gypsy moth42, depended 
on the size of the eggs that the larvae hatched from. Larvae from heavier eggs survived 
longer. Some larvae survived at least 6 days and it was estimated that, without food, all larvae 
would be dead within 7-10 days of hatching. It is assumed here that starvation tolerance for 
Asian gypsy moth and the European gypsy moth are similar, although there may be some 
differences. 
 
Air transit times are less then the mean survival times for neonate and previously fed larvae. 
Direct sea transit times (from countries with Asian gypsy moth) to New Zealand are longer 
than the maximum survival time for neonate larvae and longer than the mean but not 
maximum time for older larvae (The New Zealand Shipping Gazette 2005; Pedlow et al., 
1998). 
 
The exception would be neonate larvae that hatched in transit from egg masses, within about 
5 days of New Zealand. The likelihood of this occurring would be more closely related to the 
likelihood of egg masses occurring on equipment and is considered to be a small proportion 
of the egg mass arrivals. 
 
Conclusion statement on likelihood of entry as larvae via military transport: 
 
Given that: 
• military equipment includes items that are stored outdoors and that are known to be 

associated with Asian gypsy moth (such as vehicles); 
• survival times for both neonate and older larvae are greater than direct air transit times; 
and taking into account that: 
• larvae are mobile and fragile and may not stay associated with items; 
• survival times by sea are close to the maximum survival times for older larvae; 
• the volume of military equipment returning to New Zealand is usually low; 

                                                 
41 from North America 
42 from Russia 
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it is concluded that the likelihood of importation of Asian gypsy moth as larvae via 
military equipment is negligible. 

5.3.4.4. Likelihood of entry by lifestage – pupae 
Times when Asian gypsy moth pupae are present will lag 6-8 weeks behind when larvae are 
present, that is, most likely in late May to September or October. 
 
Pupation for European gypsy moth occurs in the same sites as where larvae shelter during the 
day (Leonard, 1981). While the literature contains limited reports of pupation sites for Asian 
gypsy moth, they are similar to those for European gypsy moth (Melody Keena pers. comm. 
September 2005). However Asian gypsy moth also pupates on foliage, something not reported 
from gypsy moth in North America (Humble and Stewart, 1994; Wallner, 1996). In Germany 
in 1993 gypsy moth pupated on military equipment stored near forested areas (Melody Keena, 
pers. comm. September 2005). This was during an outbreak of gypsy moth in the area43 
(USACHPPM 1994). 
 
Only equipment that is in close proximity (within larval crawling distance) to moth 
populations, such as those next to host trees, are likely to become contaminated by Asian 
gypsy moth pupae. 
 
Prior to pupation larvae spin webs before becoming a prepupa, assuming the typical C-shape 
curl. They stay as a prepupae about 1-3 days in the lab when held at 25oC (Melody Keena, 
pers. comm. June 2007). The reported pupation times for Asian gypsy moth are variable and 
dependent on temperature. Keena (pers. comm. September 2005) gives laboratory pupation 
times as 9-15 days for females and 10-17 days for males at 25oC.  Kay et al. (2002a) reported 
mean pupation times of 27 days for females and 28.5 days for males at 20 oC. Literature 
records for European gypsy moth pupation times are variable but often quoted as around or 
just over 2 weeks (Leonard, 1981). Pupation times for Asian gypsy moth are similar to 
reported times for European gypsy moth (Melody Keena, pers. comm. September 2005). (The 
laboratory ranges reported may differ from those in the field, but these ranges are probably 
not too inaccurate for Asian gypsy moth pupae travelling to New Zealand considering that the 
ships pass through the tropics.) 
 
If equipment contaminated with Asian gypsy moth pupae is stored at a port for 1-2 weeks, 
adults are likely to eclose either at the port or in transit. Direct sea transit times from countries 
with Asian gypsy moth to New Zealand (The New Zealand Shipping Gazette 2005; Pedlow et 
al., 1998) are less than the maximum pupation time. A proportion of Asian gypsy moth pupae 
are likely to survive transit to New Zealand, but only if they contaminated equipment within 
about a week of loading. 
 
Air transit times are less than the minimum pupation times for Asian gypsy moth and given 
that other live arthropods survive the transit conditions (Gadgil et al., 2001), pupae are likely 
to survive the transit. 
 
Conclusion statement on likelihood of entry as pupae via military transport: 
 
Given that: 
• military equipment includes items that are stored outdoors and that are known to be 

associated with Asian gypsy moth; 
• mean pupation times exceed direct transit times by air and from some areas, by sea; 

                                                 
43 these gypsy moth had primarily flighted females 



 

MAF Biosecurity New Zealand Pest risk analysis for six moth species • 45 

and taking into account that: 
• pupae are only likely to contaminate equipment if it is stored close enough to a population 

of Asian gypsy moth for larvae to crawl onto the equipment; 
• pupae are only likely to contaminate equipment within a limited season; 
• the volume of military equipment returning to New Zealand is usually low; 
it is concluded that the likelihood of importation of Asian gypsy moth as pupae via 
military equipment is negligible. 

5.3.4.5. Likelihood of entry by lifestage – adults 
In the Russian Far East the flight period for adult moths commences in mid-late July or early 
August and most commonly goes through to mid-September (Savotikov et al., 1995). In Japan 
it is reported to be mid-June to mid-September (Paul Schaefer pers. comm. September 2005) 
and in China, July to early August from Inner Mongolia and Shenyang (Tong et al., 2000). 
 
Asian gypsy moth females can fly significant distances and are attracted to lights. Because 
they are highly mobile, males and unmated females are not likely to land on military 
equipment and remain on the equipment for the time it takes to reach New Zealand, unless 
they became trapped. Once a female has laid her egg mass she will remain with that egg mass 
for a period of time, often until she dies (Melody Keena, pers. comm. September 2005).  
 
Adult survival times are not reported in detail for Asian gypsy moth, with 1-2 weeks the usual 
figure quoted. Keena (Melody Keena, pers. comm. September 2005) reports survival to be 
about 1 week in the laboratory at 25oC, with successful breeding by individuals 3-4 days old. 
This information indicates that reproductively viable adults are unlikely to survive a sea 
journey to New Zealand. If a newly emerged adult moth became trapped on equipment 
transported by air within 1-2 days of loading, it could survive the transit time and still be 
reproductively viable. 
 
Conclusion statement on likelihood of entry as adults via military transport: 
 
Given that: 
• military equipment includes items that are stored outdoors and that are known to be 

associated with Asian gypsy moth (vehicles); 
• Asian gypsy moth adults fly substantial distances and females sometimes aggregate where 

attracted to lights; 
• adult reproductive viability and survival times are greater than air transit times; 
and taking into account that: 
• adults moths are mobile and unlikely to stay associated with military equipment; 
• the volume of military equipment returning to New Zealand is usually low; 
• direct sea transit time exceed the known time for adult reproductive viability and probably 

exceed the survival time at the temperatures experienced in transit; 
it is concluded that the likelihood of importation of Asian gypsy moth as adults via 
military equipment is not negligible*. 
 
*if New Zealand troops were in a country with Asian gypsy moth (note that there are no 
current deployments in countries with Asian gypsy moth so the likelihood of entry is currently 
negligible). 
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Comment 
Moth are capable of surviving air transport but not sea transport times from areas with Asian 
gypsy moth. The likelihood of adults arriving via this pathway is very small but it is certainly 
possible if the loading conditions attracted moths (bright lights, night operation). 

5.3.4.6. Current measures on the military pathway 
There are a range of general measures on returning military equipment which aim to cover the 
range of pests likely to be encountered (MAF 2001a). There are no specific measures for 
Asian gypsy moth. 
 
Clearance of military personnel and equipment is mainly done offshore, either in the country 
of deployment or in a nearby country (Lisa King pers. comm. September 2005). However 
some clearance is done on arrival in New Zealand (Suzanne Brangwin pers. comm. July 
2006). 
 
All military equipment is visually inspected and items that are considered to be risk goods are 
either cleaned or discarded. Complicated items like vehicles are partly dismantled and high 
risk vehicle parts such as air filters and wooden trays on the back of trucks are discarded. 
Following inspection items are stored in various ways depending on the pests identified. For 
example, cleared vehicles in East Timor were stored with a salt barrier around them to prevent 
recontamination with giant African snail (Lisa King pers. comm. September 2005). 
 
The level of inspection and cleanliness required for military equipment being brought back 
into New Zealand is in general higher than that applied to other items brought into New 
Zealand (Lisa King pers. comm. September 2005). 
 
Transport aircraft interiors are treated with residual insecticide (as are all arriving aircraft). 
This treatment is targeted at mosquitoes and it is uncertain whether it would prevent the 
transport of Asian gypsy moth. 
 
There have been no surveys on the slippage for the military pathway and there are no data on 
the efficacy of the inspections and cleaning conducted for removal of pests on this pathway. 
Due to the more intensive level of inspection compared to other pathways, slippage figures 
from these are not comparable, but slippage is expected to be lower for military equipment 
than for main commercial pathways such as used vehicles. 
 
However during the 1993 outbreak in Germany, it was reported that egg masses on military 
equipment returning to the USA were difficult to detect (USACHPPM 1994). Intensive 
inspections failed to reveal egg masses but larvae were later detected emerging from the 
cargo. Therefore following inspection equipment was held and regularly inspected until after 
the latest estimated hatching date. If eggs or larvae were detected, in most cases (especially 
vehicles) the equipment was fumigated (USACHPPM 1994). 
 
Conclusion statement on the impact of current measures on the likelihood of entry 
associated with military transport: 
 
Given that: 
• military equipment is stored outdoors for longer periods than most other risk goods; 
• inspections may not detect all egg masses present; 
and taking into account that: 
• military equipment is subject to thorough inspection which includes partial dismantling of 

vehicles; 
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• overall volumes of military equipment returning from countries with Asian gypsy moth 
are low in proportion to other pathways; 

it is concluded that the likelihood of importation of Asian gypsy moth via military 
equipment is negligible. 
 
Comments 
In the case of Asian gypsy moth it is not considered that the likelihood of arrival via the 
military pathway is high enough to warrant further investigation at this stage. If Asian gypsy 
moth egg masses were detected in areas where New Zealand military equipment was stored 
overseas (or if troops were in forest areas in countries with Asian gypsy moth) and/or other 
reasons for concern about this pathway arise (e.g. significant post-border interceptions at 
military bases following the return of troops) then the likelihood of entry for this pathway will 
need to be reconsidered. 

5.3.5. Fresh foliage 
Only a small proportion of nursery stock is known to be host material from countries with 
Asian gypsy moth. None of the species imported as cut flowers and foliage are reported to be 
a host species for Asian gypsy moth (MAF, 2002b). Non-host foliage is considered no more 
likely than any other type of commodity to be contaminated and is included under other 
commodities (section 5.3.9). 
 
Because of the wide range of known hosts and the way that data on imports are stored, it is 
difficult to determine how much nursery stock imported is host material from countries with 
Asian gypsy moth. As an example, some preferred host genera (Carya, Morus, Prunus, 
Populus, Quercus and Salix) were checked for the year ending June 2005 (MAF Quarantine 
Service unpublished data). Of these, there were only imports from the genera Morus (3 
consignments), Prunus (46 consignments) and Salix (6 consignments). Morus was tissue 
culture and Prunus was dormant material. None of the imports were from countries known to 
have Asian gypsy moth although some imports of Prunus were from Europe which has gypsy 
moth. 
 
This information indicates that in general the volumes for this pathway are very low, even 
though nursery stock imports are permitted from some countries with Asian gypsy moth. 
 
Nursery stock is perishable and not likely to be stored for any length of time before transit and 
is imported as air cargo. 

5.3.5.1. Likelihood of entry by lifestage – eggs 
Gypsy moth spends a greater proportion of its life cycle in the egg state than all other life 
stages put together (approximately 9 months but can be much less or much longer). The 
maximum time that egg masses can remain viable is uncertain but at least some authors 
consider it greater than 2 years (Glare et al., 2003). This means that viable eggs are expected 
to be present at any time of the year. However the most likely period when they would occur 
would be the period starting at the flight season (July – September) until hatching time (April 
– May). This is supported by interception data on containers and also vehicles (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished data). 
 
The information above suggests that although there is a specific time period when nursery 
stock is likely to become contaminated (i.e. the flight season), there is no specific time period 
when contaminated nursery stock can be considered unlikely to arrive in New Zealand. 
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Oviposition occurs on a wide range of substrates (Humble and Stewart, 1994). For example, 
egg masses intercepted at the border have been recorded on vehicles, sea containers, ships and 
in one case a sleeping bag (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, 
unpublished data). Although in most cases the items on which eggs are laid are fairly 
substantial, an egg mass was detected on a twig that was found in an imported used vehicle 
(MAF Quarantine Service, unpublished data, May 2005) and egg masses are also reported to 
be laid on foliage (Humble and Stewart, 1994; Wallner, 1996), suggesting that nursery stock 
could have egg masses present although it is unlikely to be a frequent occurrence. Egg masses 
on nursery stock are expected to be conspicuous. 
 
European gypsy moth egg masses44 are tolerant of extreme conditions including sub-zero 
temperatures (Leonard, 1974; Leonard, 1981; Sullivan and Wallace, 1972) and heat, i.e. 41oC 
(Yocum et al., 1991). There is limited information on the temperature tolerance of Asian 
gypsy moth but egg masses from far eastern Russia are reported to be more tolerant than egg 
masses from milder areas in the northern Caucasus (Leonard, 1974). However it is difficult to 
generalise based on this information as Asian gypsy moth occurs across a wide climatic range. 
The reported tolerances and survival times, as well as the interceptions of live egg masses, 
indicates the ability of egg masses to survive conditions in transit to New Zealand on sea and 
air containers. 
 
Conclusion statement on likelihood of entry as egg masses on nursery stock: 
 
Given that: 
• egg masses can be present at any time of year; 
• egg masses are sometimes laid on twigs; 
• egg masses are capable of surviving conditions in transit; 
and taking into account that: 
• eggs are not commonly reported as laid on the type of material imported as nursery stock; 
• egg masses are relatively large and likely to be detected during handling; 
• the volume of host material imported from countries with Asian gypsy moth is low; 
it is concluded that the likelihood of importation of Asian gypsy moth as egg masses on 
nursery stock is negligible. 

5.3.5.2. Likelihood of entry by lifestage – larvae 
Hatching typically occurs in spring, for example April-May in Russia (Savotikov et al., 1995) 
and early May in Inner Mongolia, northern China (Tong et al., 2000) and larvae feed for 6-8 
weeks. In Japan there is significant variation in flight times and hatching times with latitude, 
and given the flight period covers mid/late June to mid-September (Paul Schaefer pers. comm. 
September 2005), larvae are likely to be present from early April. This means that the main 
period when larvae are present is likely to be April until the end of July. The reports of 
hatching prior to chilling suggest that larvae may be present at other times of the year as well, 
however their survival is uncertain. Autumn-hatching European gypsy moth are not reported 
as surviving in the wild (Leonard, 1974). 
 
Based on the time of year they are present, larvae are only likely to be on nursery stock 
imported with foliage, not stock imported as dormant cuttings such as Prunus. 
 
Larvae are likely to cause obvious and undesirable damage on nursery stock if they are 
present at the time of import. This means that during the handling process (even the handling 
that is not for biosecurity purposes) larvae are likely to be detected and removed. 

                                                 
44 from North America 
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While larvae are present on hosts they will be able to feed. Therefore transit time is not 
considered to be significant for this pathway. On arrival, larvae would be on host material 
planted in a nursery (or post-entry quarantine facility) and likely to be in close proximity to 
other host plants. 
 
Conclusion statement on likelihood of entry as larvae on nursery stock: 
 
Given that: 
• larvae can be abundant on host material during the feeding season; 
• larvae travelling on live host material have a food source in transit; 
and taking into account that: 
• larvae are only likely to be present during a defined season; 
• larvae are likely to cause obvious damage which is undesirable for nursery stock; 
• the volume of host material imported from countries with Asian gypsy moth is low; 
• much of the imported host material is dormant and unlikely to contain gypsy moth larvae; 
it is concluded that the likelihood of importation of Asian gypsy moth larvae via nursery 
stock is not negligible. 
 
Comments 
Larvae are the most likely life stage to arrive associated with nursery stock. Although not 
negligible the volumes and types of host material imported mean that the overall likelihood of 
arrival via this pathway is likely to be lower than that on the large volume pathways such as 
vehicles and containers. 

5.3.5.3. Likelihood of entry by lifestage – pupae 
Times when Asian gypsy moth pupae are present will lag 6-8 weeks behind when larvae are 
present, that is, most likely in late May to September or October. 
 
Asian gypsy moth is reported to pupate on foliage, something not reported from gypsy moth 
in North America (Humble and Stewart, 1994; Wallner, 1996), as well as in sheltered sites 
similar to those where larvae shelter during the day. It is not stated how frequently pupation 
occurs on foliage compared to other sites. 
 
Prior to pupation larvae spin webs before becoming a prepupa, assuming the typical C-shape 
curl. They stay as a prepupae about 1-3 days in the lab when held at 25oC (Melody Keena, 
pers. comm. June 2007). The reported pupation times for Asian gypsy moth are variable and 
dependent on temperature. Keena (Melody Keena, pers. comm. September 2005) gives 
laboratory pupation times as 9-15 days for females and 10-17 days for males at 25oC.  Kay et 
al. (2002a) reported mean pupation times of 27 days for females and 28.5 days for males at 20 
oC. Literature records for European gypsy moth pupation times are variable but often quoted 
as around or just over 2 weeks (e.g. Leonard, 1981). Pupation times for Asian gypsy moth are 
similar to reported times for European gypsy moth (Melody Keena, pers. comm. September 
2005). The laboratory ranges reported may differ from those in the field. 
 
Based on the time of year they are present, pupae are only likely to be on nursery stock 
imported as foliage, not material imported as dormant cuttings such as Prunus. Pupae on 
nursery stock are expected to be conspicuous. 
 
Nursery stock is perishable and not likely to be stored for any length of time before transit. 
Air transit times are well below the mean pupation times recorded. Pupae are therefore likely 
to survive transit to New Zealand. 
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Conclusion statement on likelihood of entry as pupae on nursery stock: 
 
Given that: 
• Asian gypsy moth is reported to pupate on foliage; 
• pupae are capable of surviving transit times; 
and taking into account that: 
• pupae are only likely to be present during a defined season; 
• pupae are relatively large and likely to be detected during handling; 
• the volume of host material imported from countries with Asian gypsy moth is low; 
it is concluded that the likelihood of importation of Asian gypsy moth as pupae 
associated with nursery stock is negligible. 

5.3.5.4. Likelihood of entry by lifestage – adults 
In the Russian Far East the flight period for adult moths commences in mid-late July or early 
August and most commonly goes through to mid-September (Savotikov et al., 1995). In Japan 
it is reported to be mid-June to mid-September (Paul Schaefer pers. comm. September 2005) 
and in China, July to early August from Inner Mongolia and Shenyang (Tong et al., 2000). 
 
Asian gypsy moth females can fly significant distances and are attracted to lights. Because 
they are highly mobile, males and unmated females are not likely to land on foliage and 
remain on that foliage for the time it takes for it to reach New Zealand, unless they became 
trapped. Once a female has laid her egg mass she will remain with that egg mass for a period 
of time, often until she dies. 
 
Adults are not particularly associated with the foliage of host plants as they do not feed, nor 
are eggs commonly laid on foliage. Therefore the association of adults with Asian gypsy moth 
foliage is probably not dissimilar to the likelihood of association with any other commodity 
(unless a female had already laid an egg mass on a twig). 
 
Adults survival times are not reported in detail for Asian gypsy moth, with 1-2 weeks the 
usual figure quoted. Keena (pers. comm. September 2005) reports survival to be about 1 week 
in the laboratory at 25oC, with successful breeding by individuals 3-4 days old. These times 
indicate that reproductively viable adults are capable of surviving the transit time to New 
Zealand by air. 
 
Conclusion statement on likelihood of entry as adults on nursery stock: 
 
Given that: 
• adults are capable of surviving transit times; 
and taking into account that: 
• adults are not particularly likely to be associated with foliage; 
• the volume of host material imported from countries with Asian gypsy moth is low; 
it is concluded that the likelihood of importation of Asian gypsy moth as adults on 
nursery stock is negligible. 

5.3.5.5. Current measures on nursery stock 
A range of different levels of measures are applied to nursery stock, depending on the species 
and the pests known to occur on that species. These are set out in the nursery stock standard 
(MAF 2005b) 
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For nursery stock the minimum level is “basic”, with additional measures applied to some 
species from some countries (MAF 2005b). For the purpose of this risk analysis the minimum 
level is considered. As some Asian gypsy moth host species can be imported under this 
category therefore it is necessary that these measures be adequate. Additional measures will 
be applied to some nursery stock depending on other pests reported in association with that 
plant species, but these are not considered here. 
 
The requirements state that all material imported as nursery stock be free from soil and 
extraneous material, and undergo various treatments for different pest groups prior to arrival 
in New Zealand (MAF 2005b). For insects the options (summarised) are: 

methyl bromide fumigation (48 g/m3 for 2 hours at 10-15oC, rate lower for higher 
temperatures) 
OR 
hot water treatment combined with insecticide dip 
OR 
2 different insecticide treatments 

 
On arrival, all nursery stock undergoes a minimum period of 3 months post-entry quarantine 
(MAF 2005b). 
 
The efficacy of these treatments is not evaluated in detail here as the pathway is considered 
overall to be a lower risk than the other pathways reviewed. However some considerations 
are: 
• detailed information on the efficacy of methyl bromide on gypsy moth is not reported, but 

it is widely used as a treatment for gypsy moth and no specific concerns about efficacy 
have been identified; 

• the methyl bromide rates are known to be effective for the most resistant life stage of 
another moth species, codling moth Cydia pomonella (Yokoyama et al., 1990); 

• the insecticides listed have varying reported levels of efficacy as quarantine treatments on 
Lepidoptera. A detailed analysis of the available knowledge on efficacy is given in the 
Import Risk Analysis for Wollemia nobilis nursery stock from Australia (Ormsby, 2007); 
This analysis suggests that in some cases the insecticides listed a suitable for risk 
mitigation on this pathway, but for others there is minimal efficacy information;  

• temperatures as prescribed in the hot water treatment are reported as effective against 
some insects but not others (Frontline Biosecurity, unpublished report, January 2002). It is 
not known whether these temperature treatments are effective against gypsy moth; 

• Asian gypsy moth life stages are not considered to be difficult to detect visually on most 
types of imported nursery stock.  

 
Conclusion statement on the impact of current measures on the likelihood of entry 
associated with nursery stock: 
 
Given that: 
• some Asian gypsy moth host species are permitted to be imported from countries with 

Asian gypsy moth; 
and taking into account that: 
• overall volumes are very low; 
• Asian gypsy moth life stages are likely to be conspicuous; 
• nursery stock is subject to treatment (fumigation, insecticide, hot water) and visual 

inspection; 
it is concluded that the likelihood of importation of Asian gypsy moth via nursery stock 
is negligible. 
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5.3.6. Passengers, passenger baggage and unaccompanied personal effects 
Just over 490 000 passengers from countries with Asian gypsy moth entered New Zealand last 
year (approximately 11.5 percent of arrivals), the vast majority by air (year ended June 2005 
migration data from Statistics New Zealand, 2005, see table 10). Japan, China and Korea 
made up the majority of these. 
 
Table 10. Passenger arrivals from countries with Asian gypsy moth in the year ended June 2005 
(Statistics New Zealand, 2005). 
 

  Short term 
visitors 

Short term 
departures (NZ 
residents) 

Permanent and long-
term arrivals Total 

China 83 934  49 166  4 629   137 729  
Japan  163 169  18 543  3 672   185 384  
South Korea 113 902  15 304  1 907   131 113  
Taiwan 27 616  12 147  678   40 441  

total: countries with Asian 
gypsy moth 388 621  95 160  10 886  494 667  

total: all countries 2 403 768 1 809 894  79 139   4 292 801  
 
Unaccompanied personal effects are most commonly household goods brought by new 
migrants (or New Zealanders returning from living overseas) and are usually imported by sea 
container. In the year ended June 2005 there were approximately 10 800 permanent or long-
term migrants from countries with Asian gypsy moth (Statistics New Zealand, 2005). Again, 
most were from Japan, mainland China and Korea. Not all of these migrants would have 
brought containers of household goods (e.g. language students). A survey (by the Biosecurity 
Monitoring Group) was conducted on this pathway in 2006 but the results were not available 
when this analysis was done. The report on this survey contains further information on the 
types and volumes of goods on this pathway. 
 
Although the original introduction (but not establishment) of gypsy moth into the USA was 
deliberate (Weseloh, 2003), gypsy moth is a species with a low likelihood for deliberate 
introduction, as it does not have particularly desirable features (e.g. showy, economic uses) 
and it is well recognised as a pest. Internet searches of live insects for purchase did not show 
any sites selling gypsy moth (August 2006). Therefore any introduction associated with 
passengers or their personal effects is most likely to be accidental. 
 
Direct air transit times from countries with Asian gypsy moth are less then 48 hours (Air New 
Zealand 2006), although a proportion of passengers will have stopovers in countries without 
Asian gypsy moth, for example Singapore. Because this time is well below the period of time 
that all life stages of Asian gypsy moth can survive (without food), further details on air 
transit times are not presented here. 
 
There are major differences in transit times for air and sea containers. Sea transit times are 
summarised in table 5 in section 5.3.1 (likelihood of entry by country). Average journey times 
at 16 knots are 12.5 days from Yokohama (Japan) and 13.4 days from Shanghai (China). 
However transit times can vary significantly. There are newer ships that travel faster, 
potentially reducing transit times. Many container ships do not travel directly to New Zealand 
(The New Zealand Shipping Gazette 2005) so the real transit times are often longer. For 
cruise ships the sea transit times are highly variable as cruise ships visit a wide range of ports 
and relatively few come to New Zealand directly from countries with Asian gypsy moth. 
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There is one reported interception of Asian gypsy moth associated with passengers, baggage 
and unaccompanied personal effects (see eggs section for more details). 
 
Note: 
Likelihood of entry is assessed in the absence of biosecurity measures. If a risk item is 
detected and treated on the pathway due to the biosecurity measures, it is assumed that in the 
absence of biosecurity measures, that risk item would have entered New Zealand. It is further 
assumed that the types and quantities of risk items detected and treated indicate what would 
be entering New Zealand if those biosecurity measures were not in place. On the passenger 
pathway biosecurity measures have a significant impact in reducing the type and quantity of 
material before it reaches the border. That is, many passengers know certain goods are 
prohibited and don’t attempt to bring them into New Zealand. Therefore if there were no 
biosecurity measures in place on the passenger pathway, the overall risk from the pathway 
would be much greater than is indicated by the risk items detected at the border. 

5.3.6.1. Likelihood of entry by lifestage – eggs 
Gypsy moth spends a greater proportion of its life cycle in the egg state than all other life 
stages put together (approximately 9 months but can be much less or much longer). The 
maximum time that egg masses can remain viable is uncertain but at least some authors 
consider it greater than 2 years (Glare et al., 2003). This means that viable eggs are expected 
to be present at any time of the year. However the most likely period when they would occur 
would be the period starting at the flight season (July – September) until hatching time (April 
– May). This is supported by interception data on containers and also vehicles (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished data). 
 
The information above suggests that although there is a specific time period when goods are 
likely to become contaminated (i.e. the flight season), there is no specific time period when 
contaminated items can be considered unlikely to arrive in New Zealand. 
 
Oviposition occurs on a wide range of substrates, including sea containers, ships, outdoor 
furniture and cars. In 2003 an egg mass (non-viable) was found on a sleeping bag of a 
traveller who had returned from Mongolia a year previously (MAF Biosecurity New Zealand, 
Biosecurity Monitoring Group, unpublished data). This was a post-border detection reported 
when the owner of the sleeping bag opened it up to use. 
 
Whether or not an item becomes contaminated with Asian gypsy moth egg masses will 
depend on a number of factors. Outdoor storage and use, storage and use near Asian gypsy 
moth populations (particularly within about 1 km) and storage and use near areas that are 
well-lit at night will increase the likelihood of contamination. Items will only become 
contaminated if they are in a country with Asian gypsy moth during the flight season. 
 
By far the most likely items to become contaminated with Asian gypsy moth are items used or 
stored outdoors such as camping gear or outdoor furniture, particularly if near lights which 
would attract females. These only represent a small proportion of the personal effects of 
passengers arriving in New Zealand, both short and long-term. Although there are no data on 
the levels of contamination, outdoor furniture has some comparable properties to used 
vehicles and are considered particularly likely to be contaminated with egg masses. 
 
As part of the Slow the Spread programme for the European gypsy moth in North America 
(Sharov et al., 2002) householders are reminded to clean outdoor items thoroughly to prevent 
transferring gypsy moth, particularly egg masses (USDA, 2001). More than 90 separate items 
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used or stored outdoors are listed (see Appendix C) indicating the wide range of items 
considered to be risk goods for transferring gypsy moth in the United States. 
 
European gypsy moth egg masses45 are tolerant of extreme conditions including sub-zero 
temperatures (Leonard, 1974; Leonard, 1981; Sullivan and Wallace, 1972) and heat, i.e. 41oC 
(Yocum et al., 1991). There is limited information on the temperature tolerance of Asian 
gypsy moth but egg masses from far eastern Russia are reported to be more tolerant than egg 
masses from milder areas in the northern Caucasus (Leonard, 1974). However it is difficult to 
generalise based on this information as Asian gypsy moth occurs across a wide climatic range. 
The reported tolerances and survival times, as well as the interceptions of live egg masses, 
indicates the ability of egg masses to survive conditions in transit to New Zealand by both sea 
and air. 
 
Conclusion statement on likelihood of entry as egg masses via passengers, baggage and 
unaccompanied personal effects: 
 
Given that: 
• overall passenger volumes are high; 
• egg masses are laid on a wide range of items; 
• unaccompanied personal effects include a range of household goods used and stored 

outside; 
• egg masses are capable of surviving the transit time and conditions; 
and taking into account that: 
• only a small proportion of the items carried as passenger baggage and unaccompanied 

personal effects are likely to be risk goods for Asian gypsy moth contamination; 
• passengers are not considered likely to intentionally import Asian gypsy moth egg masses 

and most are also likely to remove accidental contamination if they find it when packing; 
it is concluded that the likelihood of importation of Asian gypsy moth as egg masses 
associated with passengers, passenger baggage and unaccompanied personal effects is 
not negligible. 
 
Comments 
Although it is uncertain how likely egg masses are to be transported in passenger baggage, it 
is likely to be a very infrequent event. However because the volume is so high, these 
infrequent events are expected to occur sometimes and for certain items (goods used and 
stored outdoors) there is a much higher likelihood of contamination. In the case of 
unaccompanied personal effects that include household goods of immigrants, these are 
considered much more likely to carry Asian gypsy moth egg masses, but they are also lower 
in volume. The overall likelihood of arrival via these pathways is considered to be much 
lower than the risk for pathways such as used vehicles and sea containers. 

5.3.6.2. Likelihood of entry by lifestage – larvae 
Hatching typically occurs in spring, for example April-May in Russia (Savotikov et al., 1995) 
and early May in Inner Mongolia, northern China (Tong et al., 2000) and larvae feed for 6-8 
weeks. In Japan there is significant variation in flight times and hatching times with latitude, 
and given that the flight period covers mid/late June to mid-September (Paul Schaefer pers. 
comm. September 2005), larvae are likely to be present from early April. This means that the 
main period when larvae are present is likely to be April until the end of July. The reports of 
hatching prior to chilling suggest that larvae may be present at other times of the year as well, 

                                                 
45 from North America 



 

MAF Biosecurity New Zealand Pest risk analysis for six moth species • 55 

however their survival is uncertain. Autumn-hatching European gypsy moth are reported to 
not survive in the wild (Leonard, 1974). 
 
Except during outbreaks, in later instars European gypsy moth larvae shelter during the day, 
in deep bark fissures, holes, dead stumps, loose plates of bark, leaf litter and artificial resting 
locations (Leonard, 1981; McManus and Smith, 1984). The following night they tend to 
return to the same feeding site. Late instar larvae of Asian gypsy moth46 also shelter during 
the day (Anonymous, 1992) suggests that this aspect of larval behaviour is similar in the 
Asian and European forms. This behaviour could lead to larvae getting onto a range of items 
that were near to a host tree. Neonate (and perhaps second instar) larvae disperse passively 
and could be blown onto items. However given that larvae need to feed, they are also likely to 
get off the items again. 
 
Only items that are in close proximity (within the distance that larvae can crawl) to larval 
populations of Asian gypsy moth, such as those next to host trees, are likely to become 
contaminated by larvae, except for ballooning larvae, which are unlikely to remain with the 
items. 
 
Items also become contaminated with Asian gypsy moth larvae when they are contaminated 
with other material that contains Asian gypsy moth larvae, for example host foliage. It is 
considered unlikely that contaminating foliage (as opposed to that deliberately carried) would 
enhance the survival of larvae as it would rapidly wither. As the foliage withers larvae are 
likely to leave, seeking fresh host material. Outdoor furniture and camping gear is considered 
to be the most likely to be contaminated. 
 
Passengers (particularly air passengers) sometimes transport live foliage deliberately. 
Deliberately-transported foliage is more likely to survive transport in a condition that can 
support gypsy moth larvae than foliage that occurs as contamination. 
 
During transit (that is, while on a ship or aircraft), larvae are likely to continue seeking host 
plants and may crawl off non-host material. Because they are both mobile and fragile, larvae 
are considered to be more likely to be damaged or killed in transit than less mobile life stages. 
A larva of a Hyphantria species (possibly the fall webworm, Hyphantria cunea) was found 
alive in the baggage of a passenger that had returned to New Zealand from New York (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished data), indicating that 
under some circumstances Lepidoptera larvae can survive the conditions in transit. 
 
The ability of European gypsy moth larvae47 to tolerate starvation is dependent on a 
combination of body weight and previous diet (Stockhoff, 1991). In general, larger larvae 
survived longer, but it was noted that larger, fast-growing larvae did not necessarily have 
greater starvation resistance. Neonate (unfed) larvae survived up to 5.8 days with an average 
of 4.3 days (Stockhoff, 1991). Maximum survival in the study was about 19 days for feeding 
larvae the only larvae to survive beyond 11 days were those reared on artificial diets rather 
than foliage. Anonymous (1992) reported that survival times for first instar Asian gypsy 
moth48 depended on the size of the eggs that the larvae hatched from. Larvae from heavier 
eggs survived longer. Some larvae survived at least 6 days and it was estimated that, without 
food, all larvae would be dead within 7-10 days of hatching. It is assumed here that starvation 
tolerance for Asian gypsy moth and the European gypsy moth are similar, although there may 
be some differences. 
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Air transit times are less then the mean survival times for neonate and previously fed larvae. 
Direct sea transit times (from countries with Asian gypsy moth) to New Zealand are longer 
than the maximum survival time for neonate larvae and longer than the mean but not 
maximum time for older larvae (The New Zealand Shipping Gazette, 2005; Pedlow et al., 
1998). Larvae carried on host foliage have a food source in transit, so transit time is less 
important. However host foliage is not expected to survive sea transit in good condition and 
would only give a limited advantage to larvae transported by sea.  
 
The exception would be neonate larvae that hatched in transit from egg masses, within about 
5 days of New Zealand. The likelihood of this occurring would be more closely related to the 
likelihood of egg masses occurring on baggage and personal effects and is considered to be a 
small proportion of the egg mass arrivals. 
 
Conclusion statement on likelihood of entry as larvae via passengers, baggage and 
unaccompanied personal effects: 
 
Given that: 
• overall passenger volumes are high; 
• the passengers, passenger baggage and unaccompanied personal effects pathway includes 

a range of items used and stored outdoors; 
• passengers sometimes carry live foliage; 
• larvae are capable of surviving the air transit times; 
and taking into account that: 
• only a small proportion of the passenger baggage and unaccompanied personal effects are 

likely to be risk goods for Asian gypsy moth contamination; 
• passengers are not considered likely to intentionally import Asian gypsy moth and most 

are also likely to remove accidental contamination if they find it when packing; 
• sea transit is often via non-Asian gypsy moth ports, increasing the transit time beyond the 

survival time for larvae; 
• larvae are not likely to stay associated with items; 
it is concluded that the likelihood of importation of Asian gypsy moth as larvae via 
passengers, passenger baggage and unaccompanied personal effects is not negligible. 
 
Comments 
The main means that larvae are expected to enter on this pathway is when carried on live 
foliage. The likelihood of arrival by sea is negligible. Overall the likelihood of larvae arriving 
is considered to be much lower than the likelihood of egg masses arriving. 

5.3.6.3. Likelihood of entry by lifestage – pupae 
Times when Asian gypsy moth pupae are present will lag 6-8 weeks behind when larvae are 
present, that is, most likely in late May to September or October. 
 
Pupation for European gypsy moth occurs in the same sites as where larvae shelter during the 
day (Leonard, 1981). While the literature contains limited reports of pupation sites for Asian 
gypsy moth, they are similar to those for European gypsy moth (Melody Keena pers. comm. 
September 2005). However Asian gypsy moth also pupates on foliage, something not reported 
from gypsy moth in North America (Wallner, 1996). In Germany in 1993 gypsy moth pupated 
on military equipment stored near forested areas (Melody Keena, pers. comm. September 
2005). Interception records indicate that Asian gypsy moth pupation sometimes occurs on 
motor vehicles (MAF Biosecurity New Zealand, Biosecurity Monitoring Group unpublished 
data). 
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Only items that are within the larval crawling distance of moth populations are likely to 
become contaminated by pupae. 
 
Prior to pupation larvae spin webs before becoming a prepupa, assuming the typical C-shape 
curl. They stay as a prepupae about 1-3 days in the lab when held at 25oC (Melody Keena, 
pers. comm. June 2007). The reported pupation times for Asian gypsy moth are variable and 
dependent on temperature. Keena (Melody Keena, pers. comm. September 2005) gives 
laboratory pupation times as 9-15 days for females and 10-17 days for males at 25oC.  Kay et 
al. (2002a) reported mean pupation times of 27 days for females and 28.5 days for males at 20 
oC. Literature records for European gypsy moth pupation times are variable but often quoted 
as around or just over 2 weeks (e.g. Leonard, 1981). Pupation times for Asian gypsy moth are 
similar to reported times for European gypsy moth (Melody Keena, pers. comm. September 
2005). (The laboratory ranges reported may differ from those in the field.) 
 
Viable pupae are only likely to contaminate personal effects such as outdoor furniture for a 
short period. Direct sea transit times from countries with Asian gypsy moth to New Zealand 
(The New Zealand Shipping Gazette, 2005; Pedlow et al., 1998) are less than the maximum 
pupation time, however a high proportion of container ships do not come directly from 
countries with Asian gypsy moth but are on ships that call in at other ports, particularly 
Singapore (The New Zealand Shipping Gazette, 2005). A proportion of Asian gypsy moth 
pupae are likely to survive transit to New Zealand, but only if they contaminated a container 
within about a week of loading. 
 
Air transit times are less than the minimum pupation times for Asian gypsy moth and given 
that other live arthropods survive the transit conditions (Gadgil et al., 2001), pupae are likely 
to survive the transit. 
 
Conclusion statement on likelihood of entry as pupae via passengers, baggage and 
unaccompanied personal effects: 
 
Given that: 
• overall passenger volumes are high; 
• the passengers, passenger baggage and unaccompanied personal effects pathway includes 

a range of items used and stored outdoors; 
• pupae are likely to survive transit by air and direct transit by sea; 
and taking into account that: 
• only a small proportion of the personal effects of passengers are likely to be risk goods for 

Asian gypsy moth contamination; 
• passengers are not considered likely to intentionally import Asian gypsy moth and most 

are also likely to remove contamination if they find it when packing; 
it is concluded that the likelihood of importation of Asian gypsy moth as pupae via 
passengers and personal effects is not negligible. 
 
Comments 
Overall the likelihood of viable pupae arriving is considered to be much lower than the 
likelihood of viable egg masses arriving. 

5.3.6.4. Likelihood of entry by lifestage – adults 
In the Russian Far East the flight period for adult moths commences in mid-late July or early 
August and most commonly goes through to mid-September (Savotikov et al., 1995). In Japan 
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it is reported to be mid-June to mid-September (Paul Schaefer pers. comm. September 2005) 
and in China, July to early August from Inner Mongolia and Shenyang (Tong et al., 2000). 
 
Asian gypsy moth females can fly significant distances and are attracted to lights. Because 
they are highly mobile, males and unmated females are not likely to land on passenger 
baggage and personal effects and remain with the items for the time they take to reach New 
Zealand, unless they became trapped. Once a female has laid her egg mass she will remain 
with that egg mass for a period of time, often until she dies (Melody Keena, pers. comm. 
September 2005).  
 
Adults survival times are not reported in detail for Asian gypsy moth, with 1-2 weeks the 
usual figure quoted. Keena (Melody Keena, pers. comm. September 2005) reports survival to 
be about 1 week in the laboratory at 25oC, with successful breeding by individuals 3-4 days 
old. This indicates that reproductively viable adults are unlikely to survive a sea journey to 
New Zealand. If a newly emerged adult moth became trapped on equipment transported by air 
within 1-2 days of loading, it could survive the air transit time and still be reproductively 
viable. 
 
Conclusion statement on likelihood of entry as adults via passengers, baggage and 
unaccompanied personal effects: 
 
Given that: 
• overall passenger volumes are high; 
• adult moths are capable of surviving air transit times; 
and taking into account that: 
• only a small proportion of the personal effects of passengers are likely to be risk goods for 

Asian gypsy moth contamination; 
• direct sea transit times are longer than usual survival times for adults; 
• adults not likely to stay associated with items; 
it is concluded that the likelihood of importation of Asian gypsy moth as adults 
associated with passengers and personal effects is negligible. 

5.3.6.5. Current measures on passenger and personal effects pathways 
Air and sea passenger baggage and personal effects arriving by air and sea are subject to a 
range of biosecurity measures on arrival. These are not described in detail here but are 
outlined in the MAF Quarantine Service standards (MAF, 1999; MAF, 2005c; MAF, 2005d). 
There are no measures specifically for Asian gypsy moth but many of the items identified as 
risk goods for these pathways are those likely to be associated with Asian gypsy moth life 
stages, such as live foliage, outdoor equipment (such as tents), wooden items and outdoor 
furniture. 
 
The efficacy of these measures at detecting Asian gypsy moth is uncertain and will vary, for 
example depending on whether the dog teams are operating when a particular flight arrives. 
 
A recent survey of the baggage of 8230 passengers at Auckland International Airport found 
that 2 percent had risk items that were not detected by routine biosecurity screening (Wedde 
et al., 2006). Of these, only one passenger (0.01 percent of passengers) had fresh flowers/ 
foliage. Records of material detected by quarantine officers during the same period indicate 
that about 2 percent of passengers were originally carrying live foliage. No other items 
particularly likely to be contaminated with Asian gypsy moth (such as contaminated tents) 
were detected in the slippage survey. The most common risk item not detected was dirty 
footwear. 
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These data suggests that the current measures considerably reduce the likelihood of Asian 
gypsy moth arriving via this pathway. 
 
A slippage survey for unaccompanied personal effects was undertaken by the Biosecurity 
Monitoring Group in 2006, but the results were not available when this analysis was done. At 
a later stage, the implications of the survey results for Asian gypsy moth will be considered 
separately, but will not be included in this analysis. The following section discusses some 
aspects of the efficacy of the current measures, but a final conclusion is deferred until the 
results of this survey are available and can be incorporated into this analysis. 
 
Unaccompanied personal effects must be accompanied by a quarantine declaration which 
identifies the goods and specifically asks about “used camping, garden and sporting 
equipment” (MAF, 2006d). 
 
For household goods inspections, inspectors are directed: 
 

8.10.3 … Note: Inspectors shall pay particular attention to outdoor furniture and 
equipment from Australia, North America, Europe and identified Gypsy Moth 
areas, e.g. Japan, Korea, Pacific Russia Coast. 

 
Most countries with Asian gypsy moth are included within this direction, with the exception 
of China. The items targeted are also the most likely goods to carry Asian gypsy moth egg 
masses (the most likely life stage to survive a sea journey to New Zealand).  However it is 
uncertain whether all consignments containing outdoor furniture would be identified via the 
quarantine declaration, for example, whether the individual filling out the declaration would 
interpret outdoor furniture as “equipment”. See Appendix C for a comparison with the list 
supplied on the declaration as part of the “Slow the Spread” programme for gypsy moth in 
North America. 
 
Conclusion statement on impact of current measures on the likelihood of entry via 
passengers and baggage: 
 
Given that: 
• types of risk goods targeted on this pathway are also the goods most likely to be 

contaminated with Asian gypsy moth; 
• slippage rates for accompanied passenger baggage were reported as about 2 percent in a 

recent survey, and nearly 50 percent of the risk items detected were footwear, not likely to 
contain Asian gypsy moth; 

and taking into account that: 
• this is a high volume pathway on which almost any organism could potentially occur; 
it is concluded that the current measures significantly reduce the likelihood of entry of 
Asian gypsy moth. With the current measures in place, the likelihood of entry of Asian 
gypsy moth via passengers and baggage is negligible. 
 
A conclusion on the impact of measures via unaccompanied personal effects (especially 
household goods) is deferred until survey results can be analysed. 

5.3.7. Vehicles 
The vehicles and machinery pathway is described in more detail in the Import risk analysis: 
Vehicle and Machinery (MAF Biosecurity New Zealand, 2007). 
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Motor vehicles include cars, buses, utility vehicles, vans, trucks, buses, motorcycles and 
trailers. In 2004, New Zealand imported 272 000 vehicles, of which just over 60 percent were 
classified as “used” (New Zealand Customs Service, unpublished data, December 2004). The 
majority of both new and used vehicles come from Japan (76 percent). Of the other countries 
with Asian gypsy moth approximately 1.5 percent of vehicles (predominantly new) come 
from Korea while fewer than 300 vehicles came from China, these were specifically reported 
as coming from Hong Kong (New Zealand Customs Service, unpublished data, December 
2004). 
 
Machinery e.g. bulldozers, tractors and forestry equipment, also imported either new or used, 
is not usually classified with vehicles and is covered by a different import health standard 
(MAF, 1998). Both new and used machinery was considered with vehicles as part of the 
Import risk analysis: Vehicle and Machinery (MAF Biosecurity New Zealand, 2007) and is 
also considered together with vehicles here. In the year ended June 2005, 4145 items defined 
as “used machinery” were imported (MAF Quancargo database). The most commonly 
imported machinery items are excavators and forklifts. Further detail is available in MAF 
Biosecurity New Zealand (2007). 
 
Used vehicles spend months or years in urban or rural areas, as does used machinery. Some 
vehicles and machinery will be stored outdoors, others indoors. Motor vehicles for export 
(both new and used) usually spend some time at the port in a variety of circumstances prior to 
loading. New cars are sometimes stored outdoors prior to export either near factories or ports. 
In some cases storage can be near areas with significant vegetation and for a period of some 
months (John Bain, unpublished report to MAF, November 1998; Paul Hallett pers. comm. 
May 2006). 
 
As well as occurring in both urban and rural areas, Asian gypsy moth populations have been 
reported directly at port areas in Japan, including adult males in traps and caterpillars feeding 
on patches of host vegetation (MAF Quarantine Service, unpublished report, Ruud 
Kleinpaste, pers. comm. May 2006). It is not reported whether Asian gypsy moth only occurs 
at ports during outbreaks, nor is it reported whether the presence of Asian gypsy moth 
infestations at Japanese ports result in contaminated vehicles (or other commodities). 
 
Vehicles travel to New Zealand via sea transport, either in containers or as breakbulk cargo 
usually in a dedicated car-transporting ship. Sea transit times are summarised in table 5 in 
section 5.3.1 (likelihood of entry by country). Average journey times at 16 knots are 12.5 
days from Yokohama (Japan) and 13.4 days from Shanghai (China). However transit times 
can vary significantly. There are newer ships that travel faster, potentially reducing transit 
times. Many ships do not travel directly to New Zealand (The New Zealand Shipping Gazette, 
2005) so the real transit times are often longer. For example ships from Toyofuji Shipping 
Company have journey times ranging from a minimum of 12 days from Kawasaki direct to 
Auckland to a maximum of 28 days from Osaka to Nelson via 11 intermediate ports (Toyofuji 
Shipping Co. Ltd., 2006).  
 
Following arrival and biosecurity clearance, all used vehicles are subject to a more detailed 
physical inspection at LTNZ-approved compliance testing centres. These inspections may 
take place many months after importation (Justin Downs pers. comm. September 2005). 
There is no formal process for dealing with any biosecurity contaminants found during this 
process, nor are there any published data on the frequency with which biosecurity 
contamination is found at compliance centres (this is discussed further in MAF Biosecurity 
New Zealand, 2007). 
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New vehicles are not subject to either formal biosecurity inspection or LTNZ mechanical 
inspection but on arrival in New Zealand there is sometimes informal inspection of shipments 
by quarantine officers. On occasion stevedores unloading vehicles report contamination of 
new vehicles.  If an inspector considers that a vehicle or machine has been contaminated it 
will be treated as a used vehicle and be subject to the requirements of the import health 
standard (MAF, 2001b). 
 
Once a vehicle has arrived in New Zealand (in the case of used vehicles, following 
mechanical inspection) it can go anywhere in New Zealand without restriction (apart from 
that imposed by the road network). 

5.3.7.1. Interceptions of Asian gypsy moth on vehicles 
All used vehicles are visually inspected (see “Current measures” section for further 
information) and life stages of Asian gypsy moth are sometimes intercepted. Interceptions 
occur a number of times every year, however due to the way data are recorded it is difficult to 
quantify exactly how frequently they occur. Numbers of recorded interceptions are presented 
in tables 11, 12 and 13. These cover only interceptions recorded to be Lymantria dispar in the 
period 1998-2001 (unpublished data, Biosecurity Monitoring Group, August 2005). Changes 
in recording mean that interception records of Lymantriidae from 2002-2005 were less 
commonly recorded to species level and are therefore difficult to compare with records from 
1998-2001. 
 
There are a number of important caveats to consider with the data presented here. 
• not all interceptions of Asian gypsy moth on vehicles are documented; 
• while all the records are stated to be Lymantria dispar from Japan, it is not always 

reported who did the identifications and how these were done, so the reliability of the 
identifications is uncertain; 

• some records are for single vehicles with multiple egg masses or life stages, while others 
record each egg mass or life stage as a separate interception; 

• data for 1998 only have interceptions for August to December, so the figures may not 
represent a whole year. 

 
The data therefore show a clear association between used vehicles and Asian gypsy moth and 
provide some insight into the relative proportions of life stages and times of arrival, but do not 
represent an accurate estimate of the total numbers of contaminated vehicles. 
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Table 11. Total number of Asian gypsy moth interceptions on vehicles by year (MAF Biosecurity 
New Zealand, Biosecurity Monitoring Group, data reported by MAF Quarantine Service) 
 

Year Number of 
interceptions 

1998 17 
1999 147 
2000 29 
2001 42 

 

Table 12. Total number of Asian gypsy moth interceptions by month (1998-2001) 
 

Month Number of 
interceptions 

Jan 4 
Feb 4 
Mar 3 
Apr 20 
May 12 
Jun 1 
Jul 28 
Aug 87 
Sep 48 
Oct 14 
Nov 8 
Dec 6 

 

Table 13. Asian gypsy moth interceptions by life stage and viability 
 

Life stage Live Non-viable Unsure or not 
reported Total 

egg mass 92 50 38 180 
larva 3 17 0 20 
pupa 0 15 2 17 
adult 0 3 2 5 
multiple life stages 
incl. egg mass* 0 0 10 10 

other multiple life 
stages* 0 0 6 6 

not reported 0 1 0 1 
* viability is sometimes stated but it is not clear whether it refers to one or all of the life stages detected 
 
Further discussion of interceptions is included with the discussions for each life stage. 

5.3.7.2. Likelihood of entry by lifestage – eggs 
Gypsy moth spends a greater proportion of its life cycle in the egg state than all other life 
stages put together (approximately 9 months but can be much less or much longer). The 
maximum time that egg masses can remain viable is uncertain but at least some authors 
consider it greater than 2 years (Glare et al., 2003). This means that viable eggs are expected 
to be present at any time of the year. However the most likely period when they would occur 
would be the period starting at the flight season (July – September) until hatching time (April 
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– May). This is supported by the interception data on vehicles (MAF Biosecurity New 
Zealand, Biosecurity Monitoring Group, unpublished data) (see table 14). Viable egg masses 
have been recorded arriving in every month except June, however the largest numbers are in 
August and September (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, 
unpublished data). 
 
The information above suggests that although there is a specific time period when vehicles are 
likely to become contaminated (i.e. the flight season), there is no specific time period when 
contaminated vehicles can be considered unlikely to arrive in New Zealand (remembering that 
these data are only a snapshot for 3 years and not all interceptions are recorded). 
 
Table 14. Numbers of viable egg mass interceptions (1998-2001) recorded by month (Biosecurity 
Monitoring Group, unpublished data September 2005) 
 

Month Number of viable egg 
masses intercepted 

January 1 
February 1 
March 1 
April 6 
May 3 
June 0 
July 7 
August 41 
September 26 
October 5 
November 0 
December 1 

 
Reported locations for egg masses are most commonly on the underside of the vehicles, 
including: 
• wheel rim; 
• suspension unit; 
• brake drum; 
• inner wall of tyre; 
• under hub cap; 
• gearbox housing; 
• wheel arches; 
• in boot; 
• chassis; 
• sump guard; 
• under bumper; 
• mudguard; 
• under seat; 
• muffler; 
• spare wheel. 
 
The likelihood of vehicles being contaminated with egg masses will depend on factors which 
are not obvious from the car or documentation. For example, a car parked in a garage will 
have a lower likelihood of contamination, whereas a car parked outside under a street light 
will have a greater likelihood. This will also apply to machinery – the location where the 
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machinery is stored is the most important factor in determining whether it is contaminated 
with Asian gypsy moth egg masses. Asian gypsy moth egg masses have not been reported 
from used machinery. 
 
For a number of the interceptions where details are recorded, the interceptions were of more 
than one egg mass. Because of the way data are collected and stored it is difficult to work out 
what proportion of interceptions are multiple egg masses. However, based on the biology it 
would be expected that where there is one egg mass there are likely to be more nearby. 
 
New vehicles that are manufactured and shipped outside of the flight season are unlikely to be 
contaminated, but if they are stored outdoors during the flight season in an area with lights 
and host vegetation (including a port), contamination is likely to occur. Asian gypsy moth egg 
masses have never been reported from new vehicles imported into New Zealand, however, 
they are not subject to any formal inspection, so it cannot be assumed that the lack of recorded 
interceptions reflects a lack of contamination. 
 
Contaminated vehicles are expected to arrive at the port at any time of year. Because Asian 
gypsy moth populations are known to occur in port areas, it is expected that both new and 
used vehicles and machinery would sometimes have egg masses laid on them at the port. 
However it is not possible to determine where the vehicles became contaminated, that is, 
whether they arrived at the port contaminated or became contaminated at the port. 
 
European gypsy moth egg masses49 are tolerant of extreme conditions including sub-zero 
temperatures (Leonard, 1974; Leonard, 1981; Sullivan and Wallace, 1972) and heat, i.e. 41oC 
(Yocum et al., 1991). There is limited information on the temperature tolerance of Asian 
gypsy moth but egg masses from far eastern Russia are reported to be more tolerant than egg 
masses from milder areas in the northern Caucasus (Leonard, 1974). However it is difficult to 
generalise based on this information as Asian gypsy moth occurs across a wide climatic range. 
For the egg mass interceptions where viability was recorded, approximately two thirds were 
live. The reported tolerances and survival times, as well as the interceptions of live egg 
masses, indicates the ability of egg masses to survive conditions in transit to New Zealand by 
both sea and air. 
 
There are a number of records of live larvae arriving in New Zealand (MAF Biosecurity New 
Zealand, Biosecurity Monitoring Group, data received from MAF Quarantine Service). In 
some cases it is clear that the larvae arriving live are newly hatching from egg masses and it is 
highly likely, based on the biology, that most if not all of the live larvae arriving would be 
newly hatched from egg masses. Changes to the way data are recorded would clarify if this is 
the correct interpretation. The likelihood of live larvae arriving in New Zealand from egg 
masses that hatched in transit is considered to be a small proportion of the likelihood of egg 
masses arriving and so is included under the entry assessment for egg masses. 
 
Conclusion statement on likelihood of entry as egg masses via new and used vehicles and 
machinery: 
 
Given that: 
• used vehicles are present in environments where Asian gypsy moth is present for long 

periods of time prior to import; 
• new vehicles are sometimes stored outdoors prior to export; 
• Asian gypsy moth populations are known to be present at ports; 

                                                 
49 from North America 
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• egg masses are known to be laid on vehicles; 
• egg masses can be present in any season and remain viable for up to two years; 
• more than 200 000 vehicles were imported from countries with Asian gypsy moth (mostly 

Japan) in 2004, with approximately 150 000 of these being used; 
and taking into account that: 
• new vehicles manufactured and shipped outside the flight season are unlikely to become 

contaminated; 
it is concluded that the likelihood of importation of Asian gypsy moth egg masses on new 
and used vehicles and machinery is not negligible. 
 
Comments 
Interception data suggest that used vehicles are the most likely of all the pathways for gypsy 
moth egg masses to arrive in New Zealand. The variety of ways that vehicles are typically 
used and stored both overseas and in New Zealand, as well as the volume of trade also 
supports this conclusion. 

5.3.7.3. Likelihood of entry by lifestage – larvae 
Hatching typically occurs in spring, for example April-May in Russia (Savotikov et al., 1995) 
and early May in Inner Mongolia, northern China (Tong et al., 2000) and larvae feed for 6-8 
weeks. In Japan there is significant variation in flight times and hatching times with latitude, 
and given that the flight period covers mid/late June to mid-September (Paul Schaefer pers. 
comm. September 2005), larvae are likely to be present from early April. This means that the 
main period when larvae are present is likely to be April until the end of July. The reports of 
hatching prior to chilling suggest that larvae may be present at other times of the year as well, 
however their survival is uncertain. Autumn-hatching European gypsy moth larvae apparently 
do not survive in the wild (Leonard, 1974). Another factor that could result in larvae being 
present at other times of the year is the effect of temperature during transit. 
 
Neonate (and perhaps second instar) larvae are capable of dispersal by ballooning and could 
be blown onto vehicles. Except during outbreaks, in later instars European gypsy moth larvae 
shelter during the day, in deep bark fissures, holes, dead stumps, loose plates of bark, leaf 
litter and artificial resting locations (Leonard, 1981; McManus and Smith, 1984). The 
following night they tend to return to the same feeding site. Late instar larvae of Asian gypsy 
moth50 also shelter during the day (Anonymous, 1992) suggests that this aspect of larval 
behaviour is similar in the Asian and European forms. This behaviour could lead to larvae 
getting onto vehicles that were near to a host tree. However given that larvae need to feed, 
they are also likely to get off the items again. 
 
Vehicles could also become contaminated with Asian gypsy moth larvae when they are 
contaminated with other material that contains Asian gypsy moth larvae, for example host 
foliage. It is unlikely that foliage contaminating vehicles would enhance the survival or larvae 
as it would rapidly wither. As the foliage withers larvae are likely to leave, seeking fresh host 
material. It is not expected that larvae that arrived in vehicles in this way would remain with 
the vehicles. 
 
During the period of time that a vehicle (new or used) is stored at the port awaiting shipping, 
larvae on the vehicle may crawl off seeking a host. Larvae may also crawl on if the vehicle is 
in proximity to host vegetation. 
 

                                                 
50 from Russia 
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During transit (that is, while on the ship) larvae are likely to continue seeking host plants and 
may crawl off the vehicle. Because they are both mobile and fragile, larvae are considered to 
be more likely to be damaged or killed in transit than less mobile life stages. 
 
The ability of gypsy moth larvae51 to tolerate starvation is dependent on a combination of 
body weight and previous diet (Stockhoff, 1991). In general, larger larvae survived longer, but 
it was noted that larger, fast-growing larvae did not necessarily have greater starvation 
resistance. Neonate (unfed) larvae survived up to 5.8 days with an average of 4.3 days 
(Stockhoff, 1991). Maximum survival in the study was about 19 days for feeding larvae the 
only larvae to survive beyond 11 days were those reared on artificial diets rather than foliage. 
Anonymous (1992) reported that survival times for first instar Asian gypsy moth52, depended 
on the size of the eggs that the larvae hatched from. Larvae from heavier eggs survived 
longer. Some larvae survived at least 6 days and it was estimated that, without food, all larvae 
would be dead within 7-10 days of hatching. It is assumed here that starvation tolerance for 
Asian gypsy moth and the European gypsy moth are similar, although there may be some 
differences. 
 
Direct sea transit times (from countries with Asian gypsy moth) to New Zealand are longer 
than the maximum survival time for neonate larvae and longer than the mean but not 
maximum time for older larvae (The New Zealand Shipping Gazette, 2005; Pedlow et al., 
1998). It is therefore theoretically possible for larvae to survive transit if they contaminated a 
vehicle just prior to loading, but unlikely. 
 
The exception would be neonate larvae that hatched in transit from egg masses, within about 
5 days of New Zealand (included under the assessment for arriving egg masses). 
 
There are a number of records of live larvae arriving in New Zealand (MAF Biosecurity 
New Zealand, Biosecurity Monitoring Group, data received from MAF Quarantine Service). 
Some of the records of multiple live life stages arriving include larvae, although the records 
are ambiguous regarding whether all or only some of the life stages intercepted were live. In 
some cases it is clear that the larvae arriving live are newly hatching from egg masses and it is 
highly likely, based on the biology, that most if not all of the live larvae arriving would be 
newly hatched from egg masses. Changes to the way data are recorded would clarify if this is 
the correct interpretation, and if it is found that older larvae arrive live on vehicles the 
likelihood of entry will need to be reassessed. 
 
Conclusion statement on likelihood of entry as larvae via new and used vehicles and 
machinery: 
 
Given that: 
• larvae are known to occur on cars; 
• larvae can survive up to 11 days (or more on certain diets) without food; 
• more than 200 000 vehicles were imported from countries with Asian gypsy moth (mostly 

Japan) in 2004; 
and taking into account that: 
• larvae are mobile and not likely to stay associated with a vehicle; 
• not all larvae are likely to survive the transit time due to starvation; 
• larvae are present only for a few months a year; 
it is concluded that the likelihood of importation of Asian gypsy moth as larvae on new 
and used vehicles and machinery is negligible. 
                                                 
51 from North America 
52 from Russia 
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Comments 
Records of live larvae arriving in New Zealand are considered to have come from egg masses 
that hatched in transit. The likelihood this happening is considered to be a small proportion of 
the likelihood of egg masses arriving and so is included under the entry assessment for egg 
masses. 

5.3.7.4. Likelihood of entry by lifestage – pupae 
Times when Asian gypsy moth pupae are present will lag 6-8 weeks behind when larvae are 
present, that is, most likely in late May to September or October. 
 
Pupation for European gypsy moth occurs in the same sites as where larvae shelter during the 
day (Leonard, 1981). While the literature contains limited reports of pupation sites for Asian 
gypsy moth, they are similar to those for European gypsy moth (Melody Keena pers. comm. 
September 2005). However Asian gypsy moth also pupates on foliage, something not reported 
from gypsy moth in North America (Humble and Stewart, 1994; Wallner, 1996). Interception 
records indicate that Asian gypsy moth pupation sometimes occurs on motor vehicles (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group unpublished data). In Germany in 
1993 gypsy moth pupated on military equipment stored near forested areas (Melody Keena, 
pers. comm. September 2005).  
 
Only items that are within the larval crawling distance of moth populations are likely to 
become contaminated by pupae. The distance that late instar larvae crawl is not reported. 
 
Prior to pupation larvae spin webs before becoming a prepupa, assuming the typical C-shape 
curl. They stay as prepupae about 1-3 days in the lab when held at 25oC (Melody Keena, pers. 
comm. June 2007). The reported pupation times for Asian gypsy moth are variable and 
dependent on temperature. Keena (Melody Keena, pers. comm. September 2005) gives 
laboratory pupation times as 9-15 days for females and 10-17 days for males at 25oC.  Kay et 
al. (2002a) reported mean pupation times of 27 days for females and 28.5 days for males at 20 
oC. Literature records for European gypsy moth pupation times are variable but often quoted 
as around or just over 2 weeks (e.g. Leonard, 1981). Pupation times for Asian gypsy moth are 
similar to reported times for European gypsy moth (Melody Keena, pers. comm. September 
2005). (The laboratory ranges reported may differ from those in the field.) 
 
Viable pupae are only likely to contaminate vehicles for a short period. Direct sea transit 
times from countries with Asian gypsy moth to New Zealand (The New Zealand Shipping 
Gazette, 2005; Pedlow et al., 1998) are less than the maximum pupation time therefore it is 
theoretically possible for pupae to arrive in New Zealand without emerging in transit. This is 
considered most likely to occur if vehicles became contaminated from an Asian gypsy moth 
population at the port. 
 
There are no records of viable Asian gypsy moth pupae arriving in New Zealand. Some of the 
records of multiple live life stages arriving include pupae, although the records are ambiguous 
regarding whether all or only some of the life stages intercepted were live. For example in one 
of the “multiple, live” interceptions the notes recorded “larval exuvia, pupal case and viable 
egg mass”. 
 
The pupation times for Asian gypsy moth are not much greater than the transit times and it is 
likely that most pupae transported on vehicles would emerge in transit. The likelihood of 
adults arriving from pupae emerging in transport is considered in the next section, on the 
likelihood of entry as adults. 
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If more than one pupa occurred on a vehicle or a number of vehicles in a shipment were 
contaminated, it is possible that males and females could occur together in transit. It is 
expected that they could mate and lay diapausing eggs on the vehicle (or elsewhere on the 
vessel). The likelihood of eggs occurring on a vehicle as a result of these events occurring is 
considered to be a small proportion of the likelihood of egg masses arriving and is included 
under the section on egg masses. 
 
On arrival in New Zealand adults that have not emerged from pupae prior to or during transit 
are likely to emerge within a week of arrival.  
 
Conclusion statement on likelihood of entry as pupae via new and used vehicles and 
machinery: 
 
Given that: 
• Asian gypsy moth is known to pupate on vehicles; 
• a proportion of vehicles are stored in areas where they are likely to get contaminated; 
• Asian gypsy moth populations are known to occur at ports; 
• more than 200 000 vehicles were imported from countries with Asian gypsy moth (mostly 

Japan) in 2004; 
and taking into account that: 
• only pupae that contaminate a vehicle just prior to shipping are likely to arrive in New 

Zealand; 
• the effect of transit conditions between Japan and New Zealand on Asian gypsy moth 

pupae are uncertain; 
it is concluded that the likelihood of importation of Asian gypsy moth as pupae on 
vehicles is not negligible. 
 
Comments 
Although considered not negligible, the likelihood of viable pupae arriving is considered to be 
much lower than the likelihood of egg masses arriving, especially as the majority of 
transported pupae are expected to emerge in transit. Interception data suggest that viable 
pupae are much more likely to arrive on used vehicles than either new vehicles or machinery. 
The variety of ways that used vehicles are typically used and stored prior to export, as well as 
the volume of trade also supports this conclusion. 

5.3.7.5. Likelihood of entry by lifestage – adults 
In the Russian Far East the flight period for adult moths commences in mid-late July or early 
August and most commonly goes through to mid-September (Savotikov et al., 1995). In Japan 
it is reported to be mid-June to mid-September (Paul Schaefer pers. comm. September 2005) 
and in China, July to early August from Inner Mongolia and Shenyang (Tong et al., 2000). 
 
Asian gypsy moth females can fly significant distances and are attracted to lights. Because 
they are highly mobile, males and unmated females are not likely to land on a vehicle and 
remain with the vehicle for the time they take to reach New Zealand, unless they became 
trapped. Once a female has laid her egg mass she will remain with that egg mass for a period 
of time, often until she dies (Melody Keena, pers. comm. September 2005).  
 
Adult survival times are not reported in detail for Asian gypsy moth, with 1-2 weeks the usual 
figure quoted. Keena (pers. comm. September 2005) reports survival to be about 1 week in 
the laboratory at 25oC, with successful breeding by individuals 3-4 days old. This indicates 
that reproductively viable adults are unlikely to survive a sea journey to New Zealand. 
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The pupation times for Asian gypsy moth are not much greater than the transit times and it is 
likely that most pupae transported on vehicles would emerge in transit, therefore arriving as 
adults. Whether these adults arrive in New Zealand associated with vehicles will depend on 
when they emerged and the light conditions (which will affect when and where they fly). 
 
Conclusion statement on likelihood of entry as adults via new and used vehicles and 
machinery: 
 
Given that: 
• female Asian gypsy moths are known to land on vehicles because egg masses are detected 

on vehicles; 
• Asian gypsy moth is known to pupate on vehicles; 
• pupae present on a vehicle at loading are likely to hatch in transit; 
• more than 200 000 vehicles were imported from countries with Asian gypsy moth (mostly 

Japan) in 2004; 
and taking into account that: 
• adult moths are mobile and unlikely to stay on a vehicle unless trapped (or unless they are 

a female that has already laid eggs); 
• transit times are close to the maximum survival time for adult moths and there are no 

reports of moths > 4 days old breeding; 
it is concluded that the likelihood of importation of Asian gypsy moth adults into New 
Zealand via new and used vehicles and machinery is not negligible. 
 
Comments 
The arrival of adults on vehicles is considered to be not negligible only because adults are 
expected to emerge from transported pupae in transit. The likelihood of reproductively viable 
adults arriving is considered to be many times lower than the likelihood of egg masses 
arriving. Interception data suggest that live adults are much more likely to arrive on used 
vehicles than either new vehicles or machinery. The variety of ways that used vehicles are 
typically used and stored prior to export, as well as the volume of trade also supports this 
conclusion. 

5.3.7.6. Current measures on vehicles 
The import requirements for used vehicles and equipment are set out in the following MAF 
Biosecurity Authority import health standards: 
• Import Health Standard for used buses, cars, motor cycles, trucks, utility vehicles and 

vans from any country, dated 11 September 2001; 
• Import Health Standard for treated used vehicles imported into New Zealand,  BMG-STD- 

HTVEH, September 2003; 
• Import Health Standard for forestry and agricultural equipment from any country, dated 

18 March 1998. 
 

These outline several options for inspection and treatment (these are explained in greater 
detail in the Import risk analysis: Vehicle and Machinery (MAF Biosecurity New Zealand, 
2007). Currently all used vehicles are visually inspected and decontaminated if required. 
Visual inspection involves internal and external inspection, including removal of hubcaps, 
lifting seats etc, but does not involve removing or dismantling anything in the engine 
compartment that would require the use of tools (MAF, 2006a). There is a wide range of 
potential contaminants and individual tolerance levels for each have not been set, so an 
arbitrary figure of 97 percent has been set for efficacy of visual inspection for all 
contaminants (MAF, 2003b). 
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The decontamination technique used depends on the type of contamination detected. 
Treatments used are direct hand removal of small contaminants (Japan only), pressure wash, 
internal vacuuming, fumigation with methyl bromide and, since December 2006, heat 
treatment (Auckland only). Vehicles detected with lymantriid life stages are fumigated (in the 
case of Japan-inspected vehicles all visible life stages are removed and then the vehicle is 
fumigated on arrival in New Zealand) (MAF, 2005a; MAF, 2006a). 
 
Approximately 55 percent of used vehicles are inspected (and if necessary treated) in Japan, 
with the remainder inspected on arrival in New Zealand. Vehicles inspected/treated in Japan 
must be shipped within 10 days of inspection or be externally reinspected (including 
underside inspection only during the AGM flight season) and must be stored at least 3 metres 
from uninspected/ untreated vehicles. The reinspection requirements are intended as a 
measure to reduce the likelihood of re-contamination between inspection and shipping, but the 
figures are not derived from scientific assessment of dispersal abilities of any particular 
species. 
 
Inspection of used machinery and equipment is more complicated, depending on the structure 
of the machinery, and usually requires some partial dismantling (MAF, 2006a). There are 
additional requirements for inspection and treatment of used equipment over and above those 
required for other vehicles (such as removal or heat treatment for used cables and winches).  
 
There is currently no IHS or mandatory inspection and treatment requirements for new 
vehicles and equipment.  However, if on arrival an inspector considers that a vehicle or piece 
of equipment has been contaminated, the vehicle will be treated as a used vehicle.  In practice 
such contamination is rarely picked up.  
 
There is little direct information to suggest the level of efficacy of visual inspection for Asian 
gypsy moth. There are two documented instances of Asian gypsy moth egg masses being 
detected on used vehicles following clearance, in 1998 and 1999 (MAF, 2000). The 
circumstances of this are not reported. No other instances have been recorded. Asian gypsy 
moth is known to have entered New Zealand and formed a population temporarily, but it is 
not known by which pathway this occurred. 
 
While surveys have been conducted on the efficacy of visual inspection, due to the low 
frequency of gypsy moth contamination, the sample sizes for the surveys are not large enough 
to estimate the efficacy of detection for gypsy moth. For example, at the contamination rates 
suggested by the interception data for Asian gypsy moth for 1998-2001, a survey of 2000 
vehicles prior to inspection and treatment would be expected to detect 1 or 2 vehicles with 
Asian gypsy moth at most. This is too small a number to determine efficacy of inspection for 
Asian gypsy moth. 
 
It is unlikely to be possible to conduct surveys with large enough sample sizes to determine 
the efficacy of visual inspection for Asian gypsy moth, at least with currently available 
technology. The efficacy of visual inspection for detecting Asian gypsy moth is therefore 
uncertain and expected to remain so. 
 
Information on the overall efficacy of inspection for all contaminants is available and is the 
best estimate for the efficacy of inspection for Asian gypsy moth. However the actual efficacy 
for Asian gypsy moth may be higher or lower than this figure. For example, the detection of 
lymantriid egg masses is a focus in training for inspectors so they may be more likely to 
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detect them than some other contaminants. Conversely, if egg masses were in particularly 
difficult locations they may be less likely to be detected than contaminants in other locations. 
 
There are two components to the efficacy of visual inspection. The first is whether there are 
visually detectable contaminants being missed and at what rate. The second is whether there 
are contaminants that cannot be detected by visual inspection, such as those that are hidden. 
 
A survey of 541 vehicles that had received biosecurity clearance conducted in 2005 indicated 
that efficacy for the detection of visually detectable contaminants was ~73 percent (Wedde at 
al. 2006). In comparison, the current target for inspection efficacy is 97 percent (see MAF 
Biosecurity New Zealand, 2007, for more detail on this). The most common contaminant was 
dried foliage but a number of live arthropods were also detected, although no lymantriids. 
 
A survey of 300 cleared vehicles and machinery (that is, inspected and passed by visual 
inspection) conducted using a videoscope found that 51 percent of the vehicles and machinery 
had contaminants that would not have been detected by visual inspection (Biosecurity 
Monitoring Group, 2006). Again, material such as dried foliage was more common, but 11 
vehicles were found to contain live arthropods, and twelve instances of egg sacs (these were 
mainly spiders, no lymantriids were detected) (Biosecurity Monitoring Group, 2006). 
 
These results indicate that both in terms of visually detectable material and non-visually 
detectable material the efficacy of inspection is not at the level currently required (97 
percent). This is not unexpected as vehicles are complex structures and the inspection 
conditions (physical conditions and available time) are challenging. The efficacy of visual 
inspection for Asian gypsy moth remains uncertain, but based on these results, inspection for 
Asian gypsy moth cannot be assumed to be achieving the 97 percent target. 
 
The results of recent surveys are supported by reports from US military inspections of 
vehicles returning from Germany during the early 1990s which suggested that visual 
inspection was not effective in detecting egg masses. Vehicles that had previously been 
intensively inspected for Asian gypsy moth (with no egg masses found) were later found to 
have newly-hatched Asian gypsy moth larvae on them, suggesting that there had been 
undetected egg masses on the vehicles (USACHPPM, 1994). 
 
Conclusion statement on impact of current measures on the likelihood of entry via new 
and used vehicles and machinery: 
 
Given that: 
• Asian gypsy moth life stages are regularly detected and removed from used vehicles; 
• there are only two known instances of Asian gypsy moth egg masses being detected on 

previously cleared vehicles; 
and taking into account that: 
• overall efficacy of inspection for visually detectable contaminants is estimated to be about 

73 percent; 
• vehicles are known to have contaminants that cannot be visually detected (51 percent of 

vehicles in a recent survey);  
• sample sizes for surveys are too small to indicate the efficacy of visual inspection for 

detecting Asian gypsy moth; 
• intensive visual inspection is not considered to adequately detect Asian gypsy moth on 

used military vehicles in the USA; 
• there is no inspection or treatment for new vehicles, even if they have been stored for 

extended periods outdoors prior to export; 
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it is concluded that the likelihood of entry of Asian gypsy moth egg masses via vehicles, 
taking into account the current measures, is not negligible. 

5.3.8. Vessels and aircraft 
Sea vessels arriving in New Zealand include commercial cargo shipping, cruise ships and 
yachts. Aircraft primarily consists of commercial passenger and cargo aircraft. Numbers of 
vessels and aircraft arriving in 2005 are given in table 15. The figures quoted are for the port 
where the vessel or aircraft stopped last before arrival in New Zealand. It is uncertain how 
many vessels and aircraft would arrive from countries with Asian gypsy moth via other ports. 
 
Table 15. Numbers of vessels and aircraft arriving in New Zealand in 2005* 
 

 

small sea 
craft 

All vessels excluding 
small sea craft and 
military 

military and research 
vessels (calendar year 
2005) 

Commercial 
aircraft (04/05) 

China 0 76 0 0 
Japan 0 242 0 1 040 
Korea Republic of 0 49 0 507 
Russian Federation 0 2 0 0 
Taiwan 0 17 0 186 
Total: countries with Asian 
gypsy moth 0 386 0 1 733 
Total: all countries 692 2 405 34 28 695 

 *(Numbers of vessels from New Zealand Customs Service, numbers of aircraft from MAF Biosecurity New Zealand Biosecurity Monitoring Group, Quanpax 
database). 
 
Air transit times from countries with Asian gypsy moth are less then 48 hours (Air New 
Zealand, 2006), although they will vary with the type of aircraft and weather conditions. Sea 
transit times are summarised in table 5 in section 5.3.1 (likelihood of entry by country). 
Average journey times at 16 knots are 12.5 days from Yokohama (Japan) and 13.4 days from 
Shanghai (China). However transit times can vary significantly. There are newer ships that 
travel faster, potentially reducing transit times. Many container ships do not travel directly to 
New Zealand (The New Zealand Shipping Gazette, 2005) so the real transit times are often 
longer. Times for other sea vessels (such as cruise ships and yachts) are not reported but 
expected to be highly variable. 
 
The length of stay in New Zealand for vessels is variable. Container ships frequently spend no 
more than 24 hours in port (although they may be in New Zealand waters for longer as they 
may visit more than one port in New Zealand), while bulk carriers commonly spend 3-5 days 
(Justin Downs pers. comm. May 2006, New Zealand Customs Service, unpublished data). 
Yachts can spend much longer. 
 
Aircraft are often on the ground in New Zealand for only a few hours. 
 
Asian gypsy moth is sometimes reported to be associated with sea ports. The association 
between gypsy moth and sea ports in far eastern Russia has been well documented since at 
least the early 1990s (Savotikov et al., 1995; Walsh, 1993) and has been associated with some 
ports in Japan (Anonymous 2006e; MAF , unpublished report, Ruud Kleinpaste, pers. comm. 
May 2006). Asian gypsy moth53 is strongly attracted to light of certain wavelengths 
(Baranchikov and Sukachev, 1989; Wallner et al., 1995), a characteristic employed when 
                                                 
53 research from far eastern Russia 
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conducting surveys for moths but also explaining why brightly lit ports and ships attract Asian 
gypsy moth. It is not known whether Asian gypsy moth only occurs at ports during outbreaks, 
nor is it known whether the presence of Asian gypsy moth at Japanese ports results in 
contaminated sea containers. The association of Asian gypsy moth with ports in China and 
Korea is not known. 
 
The amount of host vegetation near the port is likely to affect the levels of Asian gypsy moth 
there. 
 
The association between Asian gypsy moth egg masses and shipping, as opposed to the ports 
themselves, is less clear. Again there is a well-documented association between gypsy moth 
egg masses and ships that have visited ports in far eastern Russia (Walsh, 1993; Tamara 
Freiman, State Plant Quarantine, Primorsky Region, pers. comm., September 2005 and July 
2006). There are some limited records of gypsy moth egg masses on Japanese ships (Ken 
Glassey pers. comm. July 2006) but it is uncertain how frequently this occurs or which ports 
are involved. The association between ships visiting mainland China, Korea and Taiwan and 
gypsy moth egg masses is unknown. The presence of Asian gypsy moth on ships, as opposed 
to simply presence at the port, is only expected to occur if they are present in the port and 
brightly lit at night. It will also depend on lighting elsewhere in the vicinity (i.e. how 
attractive are the ships compared to everything else). 
 
Since many airports operate at night with bright lights, it would be expected that adult female 
Asian gypsy moth would sometimes be associated with airports. However there are no 
particular reports for this association as there are for sea ports. 
 
There are direct flights between New Zealand and Japan. It is uncertain whether aircraft flying 
to New Zealand via countries not known to have Asian gypsy moth will have previously been 
in countries that do have Asian gypsy moth. 

5.3.8.1. Interceptions on vessels 
Despite the well-recognised association between shipping and Asian gypsy moth, there are 
few interception records of Asian gypsy moth detected on vessels arriving in New Zealand. In 
the period from 1992-1996, eight vessels with lymantriid egg masses (most likely Asian 
gypsy moth but not confirmed) were recorded as arriving in New Zealand (Ken Glassey pers. 
comm. August 2005). There are none recorded since. Relatively few ships come to New 
Zealand directly from far eastern Russia (table 15) and there is also a Russian-based 
inspection and certification programme, which means that most ships have egg masses 
removed before they arrive in New Zealand. However, the lack of recorded interceptions may 
also reflect the way that data are captured at the border. 

5.3.8.2. Likelihood of entry by lifestage – eggs 
Gypsy moth spends a greater proportion of its life cycle in the egg state than all other life 
stages put together (approximately 9 months but can be much less or much longer). The 
maximum time that egg masses can remain viable is uncertain but at least some authors 
consider it greater than 2 years (Glare et al., 2003). This means that viable eggs are expected 
to be present at any time of the year. However, the most likely period when they would occur 
would be the period starting at the flight season (July – September) until hatching time (April 
– May). This is supported by interception data on vehicles (MAF Biosecurity New Zealand, 
Biosecurity Monitoring Group, unpublished data). 
 
Females lay their egg masses on a wide range of substrates, including ships. Some ships from 
Russian Far East ports have had large numbers of egg masses found in a variety of locations 
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on the ship. Of 18 ships inspected in the Russian Far East from 26 July – 20 Aug 2005, 8 had 
adults or egg masses detected, and of these only two were single egg masses (Tamara 
Freiman, State Plant Quarantine, Primorsky Region, pers. comm., September 2005). On one 
ship 858 egg masses were detected. A ship inspected by AQIS in August 2005 had 35 egg 
masses found on it (Ken Glassey, pers. comm. September 2005). 
 
Because female flight and egg laying occur at night, in order to become contaminated, a ship 
has to be within female flight distance of shore at night during the flight season to become 
contaminated. The overall flight season is considered to be May-September, although for a 
specific port in a specific year, the flight season is less than this period (e.g. Savotikov et al., 
1995). 
 
Because of the association of Asian gypsy moth with used vehicle imports, there is also a 
likelihood that the hold of ships carrying used vehicles may become contaminated if pupae 
emerge in transit and both males and females are present. The likelihood of arrival via this 
event is considered to be much less than arrival via vehicles or via ship exteriors. However, if 
this type of contamination is detected or there is new information this situation would warrant 
further investigation. 
 
Oviposition occurs on a wide range of substrates and egg masses could be laid on aircraft if 
they were present in airports when Asian gypsy moth was flying. While they could be laid 
inside aircraft, doors are open for limited periods and there is no specific reported association 
of Asian gypsy moth with airports or aircraft. 
 
European gypsy moth egg masses54 are tolerant of extreme conditions including sub-zero 
temperatures (Leonard, 1974; Leonard, 1981; Sullivan and Wallace, 1972) and heat, i.e. 41oC 
(Yocum et al., 1991)). There is limited information on the temperature tolerance of Asian 
gypsy moth but egg masses from far eastern Russia are reported to be more tolerant than egg 
masses from milder areas in the northern Caucasus (Leonard, 1974). However it is difficult to 
generalise based on this information as Asian gypsy moth occurs across a wide climatic range. 
Viable egg masses have been reported from ships that have spent more than a year in the 
tropics (Walsh, 1993). The reported tolerances and survival times, as well as the interceptions 
of live egg masses, indicates the ability of egg masses to survive conditions in transit to 
New Zealand by sea. 
 
This also means that although there is a specific period when vessels become contaminated, 
and a vessel becoming contaminated outside this period is unlikely, there is no specific period 
when contaminated vessels can be considered unlikely to arrive in New Zealand (assuming 
that vessels were not treated overseas in the meantime). 
 
The exterior or an aircraft at high altitude can fall to temperatures below -50oC (Russell, 
1987), well below the temperatures that Asian gypsy moth is known to tolerate. Although 
gypsy moth55 is known to survive in temperatures close to -25oC, exposure to temperatures of  
-35oC for a few hours is lethal (Sullivan and Wallace, 1972). Gypsy moth eggs that survive 
winters with extremely cold temperatures do so because the eggs are protected by snow or 
sheltered in some other way. In the conditions on the exterior of aircraft, it is assumed that 
egg masses will not be protected and will be killed. In the wheelbays, temperatures are 
recorded to remain above 8oC and caged insects are reported as surviving international 
journeys in these wheelbays (Russell, 1987). Therefore egg masses laid in this area are likely 
to survive. 

                                                 
54 from North America 
55 from North America 
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The majority of vessels (both air and sea) are only in New Zealand ports for a short period of 
time. An egg mass on a ship would only result in Asian gypsy moth reaching shore if it 
hatched while the ship was within ballooning distance of land. Likewise, larvae would have to 
hatch from an egg mass on an aircraft while the aircraft was present in New Zealand. The 
timing and proportion of egg hatch for egg masses arriving in New Zealand is likely to be 
unpredictable due to the climatic effects of travel to the Southern Hemisphere, the variable 
ages of the egg masses on arrival and whether or not they have undergone diapause. 
 
The proportion of larvae that would balloon under such circumstances is uncertain. Under 
some wind conditions larvae would be blown to land and potentially onto host plants, under 
others they would not. 
 
Conclusion statement on likelihood of entry as egg masses via vessels: 
 
Given that: 
• Asian gypsy moth is known to lay egg masses on ships, sometimes in large numbers 

(hundreds of egg masses on a single ship); 
• Asian gypsy moth egg masses are known to survive the transit time and conditions in 

transit; 
and taking into account that: 
• most ships are only in port in New Zealand for limited periods of time, and arrival can 

only occur if the egg masses hatch within a certain distance of land; 
• the impact of travelling to the Southern Hemisphere on hatching is uncertain; 
it is concluded that the likelihood of the entry of Asian gypsy moth via egg masses on 
ships is not negligible. 
 
Comments 
There is consistent evidence for the association between ships that have been in Russian Far 
East ports during the Asian gypsy moth flight season and Asian gypsy moth egg masses on 
the ships. Whether Asian gypsy moth egg masses are laid on ships in other ports in countries 
with Asian gypsy moth is uncertain but it is expected that if this occurs it would occur less 
frequently than with Russian Far East ships. 
 
Although it is considered to be not negligible, the size of the likelihood of arrival via vessels 
is uncertain. Because vessels spend comparatively short periods in New Zealand (compared 
with sea containers and especially imported vehicles) the overall likelihood of arrival via 
vessels is considered to be lower than the likelihood of arrival via sea containers and imported 
vehicles. 
 
Conclusion statement on likelihood of entry as egg masses via aircraft: 
 
Given that: 
• Asian gypsy moth is known to lay egg masses on a wide range of objects; 
and taking into account that: 
• egg masses on the aircraft exterior are likely to be killed by the cold; 
• egg masses on the interior are likely to be affected by the residual insecticide applied in 

most areas; 
• aircraft are often on the ground for only short periods of time; 
it is concluded that the likelihood of entry of Asian gypsy moth via egg masses on 
aircraft is negligible.  
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5.3.8.3. Likelihood of entry by lifestage – larvae 
Hatching typically occurs in spring, for example April-May in Russia (Savotikov et al., 1995) 
and early May in Inner Mongolia (Northern China, Tong et al., 2000) and larvae feed for 6-8 
weeks. In Japan there is significant variation in flight times and hatching times with latitude, 
and given that the flight period covers mid/late June to mid-September (Paul Schaefer pers. 
comm. September 2005), larvae are likely to be present from early April. This means that the 
main period when larvae are present is likely to be April until the end of July. The reports of 
hatching prior to chilling suggest that larvae may be present at other times of the year as well, 
however their survival is uncertain. Autumn-hatching European gypsy moth apparently do not 
survive in the wild (Leonard, 1974). 
 
Only first instar larvae that disperse by ballooning would contaminate a ship (comments 
suggesting that second instar larvae balloon have not been confirmed so it is uncertain 
whether this would occur). Assuming the ballooning distances reported for the European 
gypsy moth in North America are similar to those of the Asian gypsy moth, larvae would be 
capable of ballooning onto ships in port, although this would depend on wind conditions. 
 
It is considered highly unlikely that larvae would crawl onto an aircraft given that aircraft are 
on sealed runways with only a small proportion of the aircraft in contact with the ground. 
Therefore larvae are only likely to get onto an aircraft by ballooning. 
 
The ability of gypsy moth larvae56 to tolerate starvation is dependent on a combination of 
body weight and previous diet (Stockhoff, 1991). In general, larger larvae survived longer, but 
it was noted that larger, fast-growing larvae did not necessarily have greater starvation 
resistance. Neonate (unfed) larvae survived up to 5.8 days with an average of 4.3 days 
(Stockhoff, 1991). Maximum survival in the study was about 19 days for feeding larvae but 
the only larvae to survive beyond 11 days were those reared on artificial diets rather than 
foliage. Anonymous (1992) reported that survival times for first instar Asian gypsy moth57, 
depended on the size of the eggs that the larvae hatched from. Larvae from heavier eggs 
survived longer. Some larvae survived at least 6 days and it was estimated that, without food, 
all larvae would be dead within 7-10 days of hatching. It is assumed here that starvation 
tolerance for Asian gypsy moth and the European gypsy moth are similar, although there may 
be some differences. 
 
Direct sea transit times (from countries with Asian gypsy moth) to New Zealand are longer 
than the maximum survival time for neonate larvae and longer than the mean but not 
maximum time for older larvae (The New Zealand Shipping Gazette, 2005; Pedlow et al., 
1998). It is considered unlikely that larvae capable of ballooning onto a vessel would be 
capable of surviving the transit time. 
 
Air transit times are less then the mean survival times for neonate and previously fed larvae. 
While first instar larvae are capable of surviving the direct transit times, they are not known to 
be tolerant of surviving extreme temperatures and would be killed if they remained on the 
exterior of the aircraft (except the wheelbays, where survival is uncertain given that it is not 
known whether larvae would remain there). While they could be blown inside an aircraft 
while the doors were open, most interior surfaces of aircraft are treated with residual 
insecticide which also means that they are likely to be killed. 
 
Conclusion statement on likelihood of entry as larvae via vessels: 
 
                                                 
56 from North America 
57 from Russia 
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Given that: 
• ballooning first instar larvae are capable of being passively dispersed onto vessels; 
and taking into account that: 
• sea transit times are greater than the maximum survival times for first instar larvae; 
it is concluded that the likelihood of the entry of Asian gypsy moth via larvae on ships is 
negligible 
 
Conclusion statement on likelihood of entry as larvae via aircraft: 
 
Given that: 
• ballooning first instar larvae are capable of being passively dispersed onto aircraft; 
• first instar larvae are capable of surviving the transit times; 
and taking into account that: 
• larvae on the aircraft exterior are likely to be killed by the cold unless in the wheelbays; 
• larvae on the interior are likely to be affected by the residual insecticide applied; 
• aircraft are often on the ground for only short periods of time; 
it is concluded that the likelihood of entry of Asian gypsy moth as larvae on aircraft is 
negligible 

5.3.8.4. Likelihood of entry by lifestage – pupae 
Pupae contaminate an object when larvae crawl onto the object and pupate. It is assumed that 
this is not likely to occur for ships. It is also considered to be most unlikely for aircraft as 
aircraft are generally on a sealed runway with only a small proportion of the aircraft in contact 
with the ground. 
 
Conclusion statement on likelihood of entry as pupae via vessels and aircraft: 
 
Taking into account that: 
• pupae only get on to items from larval movement and this is not expected to occur for 

vessels and aircraft; 
it is concluded that the likelihood of entry of Asian gypsy moth as pupae on vessels and 
aircraft is negligible 

5.3.8.5. Likelihood of entry by lifestage – adults 
In the Russian Far East the flight period for adult moths commences in mid-late July or early 
August and most commonly goes through to mid-September (Savotikov et al., 1995). In Japan 
it is reported to be mid-June to mid-September (Paul Schaefer pers. comm. September 2005) 
and in China, July to early August from Inner Mongolia and Shenyang (Tong et al., 2000). 
 
Asian gypsy moth females can fly significant distances (Baranchikov and Sukachev, 1989); 
(Savotikov et al., 1995) and are attracted to lights (Wallner et al., 1995). This behaviour 
results in them being attracted to sea ports and potentially airports, although this is not 
specifically reported. Because they are highly mobile, males and unmated females are not 
likely to land on vessels and aircraft and remain with them for the time they take to reach 
New Zealand, unless they became trapped. Once a female has laid her egg mass she will 
remain with that egg mass for a period of time, often until she dies (Melody Keena, pers. 
comm. September 2005).  
 
Adult survival times are not reported in detail for Asian gypsy moth, with 1-2 weeks the usual 
figure quoted. Keena (Melody Keena, pers. comm. September 2005) reports survival to be 
about 1 week in the laboratory at 25oC, with successful breeding by individuals 3-4 days old. 
This information indicates that reproductively viable adults are unlikely to survive a sea 
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journey to New Zealand. If a newly emerged adult moth became trapped on an aircraft, it 
could survive the air transit time and still be reproductively viable. 
 
Adult moths are not considered likely to alight on an aircraft and then remain in the aircraft 
unless they became trapped in either the wheelbays or the interior. They are capable of 
surviving the transit times and temperatures in the wheelbays, but it is uncertain whether they 
would remain there. 
 
Recently a live moth was found in the galley following a trans-Tasman flight (MAF 
Quarantine Service, unpublished data, May 2005) indicating that under some circumstances 
live moths are capable of surviving international flights in the passenger cabin of aircraft. 
Nonetheless this event is likely to be an infrequent occurrence. 
 
Conclusion statement on likelihood of entry as adults via vessels: 
 
Given that: 
• Asian gypsy moth adults are known to land on ships, sometimes in large numbers; 
and taking into account that: 
• adults moths are unlikely to stay associated with ships unless trapped; 
• direct sea transit time exceed the known time for adult reproductive viability and probably 

exceed the survival time at the temperatures experienced in transit; 
it is concluded that the likelihood of the entry of Asian gypsy moth via adults on ships is 
negligible. 
 
Conclusion statement on likelihood of entry as adults via aircraft: 
 
Given that: 
• adult reproductive viability and survival times are greater than transit times; 
• moths are known to have survived transit to New Zealand on aircraft; 
and taking into account that: 
• Asian gypsy moth is not reported to be associated with aircraft; 
• adults moths are unlikely to stay associated with an aircraft unless trapped; 
• only moths in either the wheelbays or interior are likely to survive conditions in transit; 
it is concluded that the likelihood of entry of Asian gypsy moth via egg masses on 
aircraft is not negligible.  
 
Comment 
While not negligible, the likelihood of live adult arriving via aircraft is very small. 

5.3.8.6. Current measures on vessels and aircraft pathways 
The “Process Procedure for Inspection of Overseas Vessels, Passengers, Crew and Cargo” 
(MAF, 2005d) requires quarantine officers to determine whether a vessel arriving in New 
Zealand has been in an Asian gypsy moth area in the last 2 years. Vessels are classified as in 
table 16: 
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Table 16. Risk categories for vessels arriving from countries with Asian gypsy moth (MAF, 
2005d) 
 

Vessel Risk 
Status  

Criteria  

High  
(inspection 
required)  

Vessel has visited a Pacific Russian port, south of 60° latitude and west of 147° longitude (A list of 
ports present in this area is listed in Appendix 12: List of Ports in high risk Asian gypsy moth area):  
• During the period of 18 July to 16 September in the previous 2 years; and  
• Does not carry a “Certificate of Freedom” from Asian gypsy moth contamination (issued by a 
government Agency).  

Low  
(inspection 
required)  

Vessel has visited High Risk areas (as described above) but has: 
• Been issued a “Certificate of Freedom” by a Government Agency (Appendix 13); or  
• Been issued a MAF QS Certificate of Freedom after completion of a New Zealand inspection and 
has not re-visited any risk areas in the interim (Appendix 14).  

Low  
(surveillance 
required)  

Vessel has visited a Pacific Russian port, north of 60° latitude and east of 147° longitude outside 
of the period 18 July to 16 September in the previous 2 years, or Northern China and Japan.  

 
High risk vessels are inspected 8km offshore. If egg masses are found in a high risk ship the 
ship may be ordered out of New Zealand waters until egg masses have been removed. 
 
 Low risk (inspection required) vessels are inspected to a lower level in port. The low risk 
(inspection required) category accounts for previously inspected vessels. There is a 
programme whereby the State Boundary Plant Quarantine Inspection, Primorsky Region 
conducts inspections and issues certificates (for example see Tamara Freiman, State Plant 
Quarantine, Primorsky Region, pers. comm., September 2005 and July 2006). Also, a ship 
that has travelled from the Russian far east to New Zealand via another port may have 
previously been inspected (other countries including Australia, the USA and Canada have 
similar requirements). 
 
The low risk (surveillance required) category includes ports in some, but not all, countries 
with Asian gypsy moth. 
 
Based on the information in the literature on ballooning distances, the distances from shore 
that high-risk vessels are required to stay are likely to be adequate in all but the most extreme 
circumstances. 
 
There has been no direct information found on the level of efficacy of detecting Asian gypsy 
moth egg masses on ships by inspection. It is expected that there is a significant reduction in 
the likelihood of egg masses arriving because egg masses are routinely found and removed 
during inspections (for example see Tamara Freiman, State Plant Quarantine, Primorsky 
Region, pers. comm., September 2005 and July 2006), which means that fewer egg masses 
arrive on ships than if there was no inspection. However, egg masses have been detected on 
ships previously inspected overseas (Ken Glassey, pers. comm. September 2005). 
 
Since there is no evidence that any egg masses have been detected on low risk ships arriving 
in New Zealand, the efficacy of this measure is uncertain. It is not possible to tell whether the 
lack of records indicates a lack of egg masses on vessels from low risk ports, a lack of 
detection of egg masses that are present or a lack of recording detected egg masses. 
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The high risk status for ships visiting ports in far eastern Russia is consistent with standards 
for the USA and Canada (CFIA, 2006; USDA, 2006). The USA also gives high risk status to 
ships visiting a number of named Japanese ports and also recognises that there may be a risk 
from northern China and Korea, but does not place any regulations on ships visiting ports in 
China and Korea (USACHPPM, 1996). 
 
Therefore the measures for Asian gypsy moth arrival on ships are considered to have some 
impact on the likelihood of Asian gypsy moth arrival via ships, and on the overall numbers of 
egg masses arriving, but exactly how much difference is uncertain. 
 
There are no specific measures to prevent entry of Asian gypsy moth into New Zealand via 
aircraft. However most interior surfaces of aircraft (excluding galleys) are treated with 
residual insecticide (DAFF, 2006). This treatment is targeted at mosquitoes and it is uncertain 
whether it would prevent the transport of Asian gypsy moth, however it is expected to 
decrease the likelihood of live moths surviving. However a live moth was recently found in 
the galley of an aircraft arriving from Australia (MAF Quarantine Service, unpublished data, 
May 2005) indicating that this scenario is possible. 
 
Conclusion statement on impact of current measures on the likelihood of entry via 
vessels: 
 
Given that: 
• vessels designated as high risk are inspected 8km offshore; 
• ships inspected overseas are re-inspected at New Zealand ports; 
• ships from some (but not all) countries with Asian gypsy moth have a requirement for 

surveillance for egg masses; 
and taking into account that: 
• efficacy of inspection and surveillance on ships is uncertain; 
• vessels other than those from Russian far eastern ports do not receive thorough 

inspections and the contamination levels of these ships is uncertain (although in most 
cases expected to be lower than the Russian far east); 

it is concluded that the likelihood of entry of Asian gypsy moth via ships, taking into 
account the current measures, is not negligible. 
 
Comments 
The likelihood of Asian gypsy moth arrival via ships (taking into account current measures) is 
considered to be lower than that for vehicles and containers. For ships from Russian Far East 
ports the measures are considered to be adequate and perhaps more stringent than necessary 
(see section on recommended measures for further discussion). The lack of information on 
contamination of ships that have visited ports other than those in the Russian Far East and the 
efficacy of the surveillance conducted on these ships means that there is a high degree of 
uncertainty around the likelihood of arrival from other ports58. It is for this reason that the 
likelihood of arrival via vessels is considered not negligible. 
 
Conclusion statement on impact of current measures on the likelihood of entry via 
aircraft: 
 
Given that: 
• aircraft interiors are treated with residual insecticide; 
• adults are the only life stage considered to have a non-negligible likelihood of entry; 
                                                 
58 Since this was written, information has been received from the USDA that Asian gypsy moth eggs masses have been detected on ships 
from some ports in Japan (Ken Glassey, pers. comm. June 2006). 
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and taking into account that: 
• the efficacy of aircraft insecticide treatment on Asian gypsy moth is uncertain; 
it is concluded that the likelihood of entry of Asian gypsy moth (adults) via aircraft, 
taking into account the current measures, is not negligible. 
 
Comment 
While not negligible, the likelihood of live adult arriving via aircraft is very small. 
 

5.3.9. Other commodities 
A great variety of commodities are imported into New Zealand. As has been indicated in 
previous sections, it is not usually the nature of the commodity but the conditions during use 
and storage that affect the likelihood of contamination with Asian gypsy moth. Outdoor 
storage, storage near areas with Asian gypsy moth populations and being in these areas during 
the active seasons (larvae, flight) for Asian gypsy moth are the important factors that affect 
the likelihood of contamination. This information can seldom be inferred from a description 
of the goods. 
 
The likelihood of arrival of Asian gypsy moth life stages via these pathways is not considered 
in detail here. There is little that a detailed analysis of these pathways can add to this analysis 
because the factors that result in arrival of Asian gypsy moth for these pathways are all 
covered elsewhere. It is not specific features of the pathway that affect how likely these goods 
are to be contaminated with Asian gypsy moth, but events that are not pathway-specific, such 
as being stored outside near bright lights during the flight season. 

5.3.9.1. Wood products 
New Zealand imports a wide range of wood products, including raw wood products such as 
sawn timber and wood packaging as well as processed products such as plywood, furniture 
and paper. Wood products are included in this section, because the processing that wood 
products undergo before export (debarking, kiln drying etc) is considered likely to remove or 
kill any gypsy moth life stages present prior to harvest, and because the volume of these 
products imported from countries with Asian gypsy moth is very low (MAF, 2006b). The 
main risk from debarked wood products is therefore similar to that for any other commodity 
or even containers – that is, contamination during transport and storage. 

5.3.9.2. Fresh produce and fresh plant material of non-host species 
Of the host species imported, only nursery stock is considered to be significant pathway for 
Asian gypsy moth (see section 5.3.5). None of the material imported for cut flowers and 
foliage is reported as Asian gypsy moth host species, although if new species are added that 
are reported as hosts, the risk of importing Asian gypsy moth should be considered. While a 
few of the fresh fruit and vegetable species imported are reported as hosts e.g. cherries, Asian 
gypsy moth life stages are not strictly associated with the plant parts imported. They do have 
a likelihood of being contaminated but the likelihood is considered comparable to that of 
other items in the outdoors in areas with Asian gypsy moth. They are also handled during 
processing which increases the likelihood of detection and removal of Asian gypsy moth life 
stages, and once packed are unlikely to become contaminated during transport and storage. 

5.3.9.3. Bulk cargo 
A wide range of goods are transported as bulk cargo (sometimes known as breakbulk). Bulk 
cargo refers to commodities that are not transported in containers (or sometimes transported in 
containers and sometimes not). These commodities include bulk steel, vehicles (considered 
separately), grain and fertiliser. In some cases these types of goods are in the open for longer 
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periods and will therefore have a greater likelihood of becoming associated with organisms 
such as Asian gypsy moth. Commodities are also sometimes transported in open containers 
(such as flatracks). Transport in open containers is also expected to result in an increased 
likelihood of association with hitchhiker organisms.  

5.3.9.4. Packaging materials 
Packaging materials used in containers are known to be associated with other hitchhiker pests 
(e.g. MAF, 2002a). Attention has recently been focused on untreated wood packaging which 
has been associated with many interceptions and some significant incursions overseas (Pasek, 
2000). If packaging is relatively new (less than 2 years old), is untreated, contains bark and 
comes from areas where Asian gypsy moth is present then egg masses are expected to occur 
on packaging, however due to the way wood packaging is now processed and treated 
(International Standards for the Phytosanitary Measures, 2002) this is unlikely. The 
association of Asian gypsy moth with packaging materials is therefore expected to be the 
result of contamination during transport and storage, that is, comparable with a wide range of 
other pathways. 

5.3.9.5. Interceptions 
There are limited records for gypsy moth interceptions associated with imported goods other 
than those reported in previous sections (containers, vehicles, vessels). A dead larva of Asian 
gypsy moth was recorded on imported new tyres (MAF Biosecurity New Zealand, 
Biosecurity Monitoring Group). There were also 3 interceptions of single viable egg masses 
associated with tyre imports during the 1990s (Ken Glassey, pers. comm. August 2005). At 
least one of these was from tyres in a container, for the others it is not reported whether they 
were in containers or not. 
 
Three non-viable egg masses were reported on a carton of pens imported from China in 2002 
(Ken Glassey, pers. comm. August 2005). 

5.3.9.6. Overall likelihood of entry 
As with all other pathways (except nursery stock) the most likely life stage to arrive is egg 
masses. The lack of interceptions suggests that the overall likelihood of arrival is lower than 
for vehicles and sea containers. However, due to the variation in levels of inspection for the 
goods included here, as well as the way that data on interceptions are captured, it is not certain 
whether the lack of interceptions truly reflects a negligible likelihood of arrival. The overall 
likelihood of arrival of Asian gypsy moth via this pathway is therefore considered to be 
uncertain and variable depending on use, storage and transport conditions. 

5.3.9.7. Current measures 
There is a wide range of measures on commodities imported into New Zealand, but none of 
the commodities included in this group have any measures specifically for Asian gypsy moth. 
Certain commodities have measures that are likely to have some impact on Asian gypsy moth 
if it is contaminating the commodity e.g. used tyres are fumigated, cut flowers and foliage are 
visually inspected and in some cases fumigated. Overall the current measures are not 
considered to have a great effect on the likelihood of introduction of Asian gypsy moth via 
this pathway, but a high degree of uncertainty is acknowledged. 

5.3.10. Likelihood of establishment 
CLIMEX modelling has predicted that most of the North Island and the South Island east 
coast is likely to be suitable for Asian gypsy moth, but populations will be limited by the high 
moisture conditions on the South Island West Coast (Kay et al., 2002b). Host plants are 
common in most regions of New Zealand (Webb et al., 1988). 
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In most cases the likelihood of establishment via different pathways does not differ in ways 
that are consistent for each pathway. Therefore the likelihood of establishment is discussed 
first by life stage and then any specific differences for pathways are discussed. 
 
One factor that can influence the likelihood of establishment is surveillance, which increases 
the likelihood of detecting a population early, while it is still possible to eradicate. 
Surveillance can be considered as a biosecurity measure that reduces likelihood of 
establishment rather than likelihood of entry. Therefore, in this analysis surveillance is 
excluded from the assessment of likelihood of establishment (as measures are excluded from 
an assessment of likelihood of entry). The effect of surveillance in reducing the likelihood of 
establishment is then assessed separately. 

5.3.10.1. Establishment – via arrival as eggs 
A general scheme for the establishment of Asian gypsy moth from arrival egg masses in 
New Zealand is given in Figure 10.  
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Figure 10.  Establishment of Asian gypsy moth from arriving egg masses 
 

 
 

A single egg mass can contain more than 1000 eggs (Humble and Stewart, 1994); (Savotikov 
et al., 1995). A high proportion (95 percent) of eggs (resulting from normal outbreeding 
matings) hatched under laboratory conditions in work on Japanese Asian gypsy moth 
(Higashiura et al., 1999). Information reported by Walsh (Walsh, 1993) indicated that under 
field conditions no more than about 25 percent hatch at any one time, although there is little 
detailed information about the breaking of diapause and hatching in Asian gypsy moth. Keena 
(1996) reported that the synchronicity of hatching was significantly affected by the degree of 
chilling and temperatures following chilling, with longer chilling followed by warmer 
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temperatures giving greater synchronicity of hatching. The proportion of eggs hatching 
ranged from 0 to >80 percent depending on the degree of chilling. 
 
The timing and proportion of egg hatch for egg masses arriving in New Zealand is likely to be 
unpredictable due to the climatic effects of travel to the Southern Hemisphere, the variable 
ages of the egg masses on arrival, the degree of chilling they have undergone prior to entry 
and the temperature conditions they are subsequently exposed to in New Zealand. Some eggs 
have been detected at the border in the process of hatching (MAF Biosecurity New Zealand, 
Biosecurity Monitoring Group, unpublished data) whereas others are likely to be in diapause 
and capable of persisting for many months without hatching. The available evidence suggests 
that some egg masses will hatch at unfavourable times for larval survival and others will die 
before they are able to hatch due to exposure to the temperature regimes they were exposed 
to. However a proportion are expected to hatch at suitable times for larvae to survive.  
 
Once the eggs hatch, whether hatching occurs on a ship at the port of arrival, on a container at 
an ATF or on a car parked in a carport in a suburban area, Asian gypsy moth host species are 
highly likely to occur within the dispersal distance of the larvae. While ports in general are 
relatively free of vegetation, New Zealand ports such as Mt Maunganui, Nelson, Napier and 
Wellington have vegetation-covered hillsides within a kilometre of the ports. Within 2 km of 
the Ports of Auckland lies the Auckland Domain, with large quantities of oak trees (a 
preferred host).  Preferred hosts such as Prunus (cherry and other stonefruit), oak and birch 
are very common in both urban and rural areas. Within the vicinity of ports and transitional 
facilities they occur in parks, in gardens and planted as street trees. 
 
For any single incursion the likelihood of there being a suitable host species within the 
distance a larva can balloon is high. However, host distribution is patchy and they often occur 
as single trees or small groups as compared to the natural habitat of gypsy moth which is large 
tracts of forest dominated by preferred host species such as oak. Because the larvae are the 
life stage that locates the host and they are primarily dispersed via wind currents, the 
likelihood of finding a host is reduced, which has some effect on the overall likelihood of 
establishment. 
 
Not all larvae disperse by ballooning, and it is not clear how far they would be dispersed 
under New Zealand conditions. Experimental studies on gypsy moth in North America 
indicated that most larvae disperse only a few hundred metres (Mason and McManus, 1981). 
However, much longer distances are reported (Baranchikov and Sukachev, 1989; Mason and 
McManus, 1981). It is likely that these larger distances are the result of specific weather 
conditions (see section 5.2.5 for further discussion). Therefore specific weather conditions at 
the time of hatching are expected to affect the likelihood of establishment, but in ways that are 
at present unpredictable. What it does suggest is that if one larva disperses a long distance and 
lands on a host plant, there are likely to be more. 
 
Normal hatching of gypsy moth in the Northern Hemisphere occurs in April and May. 
Because larvae are reported to prefer the new foliage of deciduous species, host availability is 
likely to limit establishment of larvae hatching at this time. Autumn-hatched larvae are 
reported from the Northern Hemisphere (Leonard 1974; Leonard 1981; Walsh 1993) and 
these are expected to have a greater chance of finding suitable hosts in the Southern 
Hemisphere. The effect of crossing the equator on larval hatching is uncertain and likely to be 
an important factor in the establishment of Asian gypsy moth in New Zealand (see section on 
assumptions and uncertainties for further discussion). Larvae that hatch in September/ 
October probably have the greatest likelihood of establishing a population in New Zealand, 
due to host condition and climate, but survival cannot be ruled out at other times. 
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The actual size of population required for establishment of Asian gypsy moth is uncertain. 
While as a general rule it is considered that the larger the founder population size, the greater 
the likelihood of establishment, there is unlikely to be a precise threshold above which 
establishment is certain and below which it is impossible (Simberloff, 1989). However, there 
are some precise data for gypsy moth colony establishment in the USA. Liebhold and 
Bascompe (2003) showed that for gypsy moth in North America, a colony with 107 adult 
males59 had an establishment probability of 50 percent, with the probability of establishment 
increasing for larger colonies and decreasing for smaller. Nonetheless this information does 
not preclude establishment from a small founder population, it just means that the likelihood 
is lower. It is assumed that these figures are also applicable to Asian gypsy moth. This 
assumption may not be entirely valid, for example there are a number of predators and 
parasites in the USA which do not occur in New Zealand, and populations in this study were 
only moving within the USA, not crossing the equator, which has uncertain effects on life 
cycle timing. 
 
Since gypsy moth is most commonly transported as egg masses, it is uncertain how this 
number translates to a required number of eggs or egg masses to achieve a similar probability 
of establishment. However, this information does imply that a relatively large founder 
population size is required for this species (although what this size is remains uncertain). 
 
In contrast, Berggren (Berggren, 2001) found that for Roesel’s bush cricket (Metrioptera 
roeseli) at last nymph stage, a founder population size of 32 individuals gave close to 100 
percent probability of the population persisting for 3 years (the completion of the experiment). 
Successful establishment of arthropods (from studies on the release of biological control 
agents) has been recorded from introduction of fewer than 20 individuals  (Berggren, 2001; 
Hee et al., 2000; Simberloff, 1989). In an experiment with chrysomelid beetles Grevstad 
(1999) observed that out of 20 introductions of a single gravid female, one persisted to at least 
3 generations (the completion of the experiment). 
 
There is unlikely to be a precise threshold above which establishment is certain and below 
which it is impossible (Simberloff, 1989). However, despite variability in the absolute 
numbers reported, all these studies consistently indicate an increasing likelihood of 
establishment for an increasing founder population size. For introductions of smaller numbers 
of individuals, establishment was less likely, but for repeated introductions of small numbers 
of individuals, establishment still occurred on some occasions. In terms of optimising gorse 
thrips (a biological control agent) releases, Memmott et al. (1998) suggested that a number of 
smaller introductions would be more likely to lead to successful establishment than a smaller 
number of larger introductions. 
 
In terms of considering the likelihood that an arriving pest will establish, this information 
illustrates the two important principles: 
• the larger the founder population size for a particular organism, the more likely that 

organism is to establish; 
• the more frequently an organism is introduced, even if only in small numbers, the more 

likely that organism is to establish. 
 
Even if the likelihood of establishment is considered very low for a single introduction of a 
particular species, establishment is still a likely consequence of small numbers of individuals 
arriving on a regular basis. 
                                                 
59 the study was based on historical pheromone trap data so numbers of females are not known. However gypsy moth in Japan most 
commonly has a 1:1 sex ratio, at least for hatching larvae (Higashiura et al., 1999). 
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Because the exact numbers of larvae hatching at any one time from a single egg mass is 
uncertain, the founder population size for larvae hatched from an egg mass is uncertain. Using 
the 107 males figure reported by Liebhold and Bascompe (2003) gives some indication of the 
probability of establishment from a single egg mass, but it is no more than a rough estimate 
due to the uncertain applicability of this figure to Asian gypsy moth establishment in New 
Zealand. 
 
Assuming: 
• an egg mass size of 1000 (at the higher end for this species); 
• 25 percent of the egg mass hatching at any one time (based on Walsh, 1993); 
• a 50/50 sex ratio in the population; 
• that a population with 107 adult males has a 50 percent probability of establishment; 
• then mortality would have to be no greater than 15 percent from egg to adult to reach the 

threshold of 50 percent probability for establishment. 
 
Reported mortality rates for gypsy moth vary widely. Most information is for the European 
gypsy moth. Montgomery and Wallner (1988) compared mortality in four populations (1 
Ukraine, 3 North America). The three stable populations had mortality in excess of 99.5 
percent for egg masses to adulthood, whereas the one increasing population had mortality 
around 97.5 percent. In general the greatest loss was at the larval stage and the least at the egg 
stage. Even then, losses at the egg stage were 30-40 percent. This is a useful comparison with 
laboratory hatch rates for Asian gypsy moth reported by Higashiura (Higashiura et al., 1999) 
at around 95 percent. It cannot be assumed that mortality in New Zealand would be as high as 
overseas because there are predators, parasites and diseases that would not be present in 
New Zealand. Therefore expected mortality in New Zealand is uncertain. 
 
For a single egg mass, there is also the effect of inbreeding depression to be considered. In 
laboratory experiments in Japan, inbreeding was shown to significantly reduce the proportion 
of eggs hatching from egg masses although not the viability and fecundity after hatching 
(Higashiura et al., 1999). Hatching rates for egg masses from outbreeding pairs had a mean of 
>95 percent hatching, whereas the rate from inbreeding pairs was 58 percent. However the 
effect was variable and not all of the inbred matings showed reduced hatching rates. This 
work suggests that, at least for Asian gypsy moth of Japanese origin, establishment from a 
single egg mass or a single pair of adults is likely to result in a population with a lower 
hatching rate than seen in the native range in the next generation (long-term effects are not 
reported). Inbreeding depression would be likely to reduce the rate of expansion of an 
established population, and would probably reduce the overall likelihood of establishment, 
but probably not to a great extent. 
 
Six of the 22 interceptions of egg masses on sea containers were of more than one egg mass 
(although see section 11.2.1 for discussion on the uncertainty around these figures). For 
vehicles it is not possible to determine from the interception data what proportion of 
interceptions were of multiple egg masses. Data on Russian ship inspections indicate that 
nearly all interceptions on vessels were of multiple egg masses (Tamara Freiman, State Plant 
Quarantine, Primorsky Region, pers. comm., September 2005 and July 2006). The tendency 
of Asian gypsy moth females to fly to light increases the likelihood of aggregation and 
therefore multiple egg masses arriving at once. 
 
Although the assessment above is a very rough calculation, it indicates that even without 
taking into account the issue of hatching seasonality in the Southern Hemisphere, the 
probability of establishment from a single egg mass is likely to be relatively low. 
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The most important consideration for the likelihood of establishment from an egg mass is not 
the likelihood of establishment from a single egg mass, but the cumulative effect of repeated 
introductions of single egg masses or groups of egg masses. While the probability of 
establishment is considered to be low from any one arrival event, repeated arrivals, or arrivals 
of multiple egg masses, add up to a much greater likelihood of establishment. 
 
Conclusion statement on likelihood of establishment from arriving egg masses: 
 
Given that: 
• preferred host species are common in the areas where Asian gypsy moth egg masses are 

likely to arrive; 
• a proportion of egg masses are expected to hatch at times favourable for larval survival; 
and taking into account that: 
• the impact of travel from the Northern Hemisphere is expected to reduce the numbers of 

eggs that hatch at appropriate times to survive (compared to egg masses travelling 
between countries in the Northern Hemisphere);  

• host distribution is patchy and host plants may not be in a suitable condition for feeding at 
all times of the year; 

• the threshold population size for 50 percent establishment is reported to be 107 male 
adults for European gypsy moth, suggesting that it is a species which typically required a 
large founder population size; 

it is concluded that the likelihood of establishment of Asian gypsy moth from the arrival 
of egg masses is not negligible. 
 
Comments 
This assessment suggests that the likelihood of establishment from the arrival of a single egg 
mass is lower than previously thought (e.g. Cowley et al.,1993). 
 

5.3.10.2. Establishment – via entry as larvae, pupae or adults 
Larvae, pupae and adults are all likely to arrive as either single individuals or a small number 
of individuals. 
 
A single larva, pupa or adult (except a mated female) is incapable of establishing a population 
but does have a likelihood of reaching adulthood and being detected in a trap. Isotope tracing 
technology can help indicate whether trapped individuals are most likely to have fed (i.e. 
spent their larval stage) in the location detected or overseas (Isotrace New Zealand Limited, 
unpublished report, June 2005). This means that individuals from pupae or adults that were 
transported can be more easily distinguished from an established population. This does not 
apply to larvae. 
 
A random distribution of individuals would sometimes result in more than one individual 
occurring on an object, but assuming random distribution is likely to give an underestimate of 
the likelihood of multiple individuals contaminating a single object. Nonetheless, the numbers 
of individual larvae, pupae or adults arriving on any one occasion are never likely to be 
comparable to the numbers of individuals arriving as egg masses. 
 
In the event of larvae or pupae reaching adulthood, finding a mate and laying an egg mass, the 
likelihood of the hatching larvae finding a host plant is similar to that for a population 
establishing from an arriving egg mass since site selection for egg-laying is not determined by 
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proximity to host plant. Egg masses laid in New Zealand are considered more likely to hatch 
at a suitable time of year since they will not have been shipped across hemispheres. 
 
As with egg masses, the probability of establishment from a single arrival is relatively low. 
The most important consideration for the likelihood of establishment from larvae, pupae and 
adults is the likelihood of multiple individuals arriving at any one time (uncertain) and the 
cumulative effect of repeated introductions. While the probability of establishment is 
considered to be low from any one arrival event, repeated arrivals of multiple individuals add 
up to a much greater likelihood of establishment. 
 
Conclusion statement on likelihood of establishment from arriving larvae, pupae and 
adults: 
 
Given that: 
• preferred host species are common in the areas where Asian gypsy moth life stages are 

likely to arrive; 
and taking into account that: 
• few individuals are likely to arrive at any one time; 
it is concluded that the likelihood of establishment is not negligible. 

5.3.10.3. Comments on establishment for specific pathways 

Containers 
A movement survey of sea containers conducted in 2001/2002 (MAF, 2003c) indicated that 
while the majority of containers (84 percent) were unloaded within the urban area in which 
they arrived, 68 percent were subsequently shipped elsewhere. As with cars, the distribution 
of containers has the effect of reducing the chances of a population of Asian gypsy moth that 
establishes from sea containers being detected. Nonetheless, containers spend a significant 
proportion of time in transitional facilities and in the vicinity of ports. They do not get moved 
around as frequently and as far as vehicles and there are fewer areas overall when Asian 
gypsy moth is likely to establish via the container pathway than via vehicles. Most containers 
also spend only a limited period of time in New Zealand, meaning that egg masses may not 
hatch in New Zealand. 

Military 
Military equipment arrives in New Zealand via different ports to other items and spends most 
of its time within fairly well defined areas. Because of the association of military vehicles and 
equipment with a limited range of sites, Asian gypsy moth populations established via the 
military pathway are considered more likely to be detected early, although they are not 
generally associated with main population centres, reducing the likelihood of detection. 

Nursery stock 
Nursery stock is the only pathway where egg masses are not necessarily the most likely life 
stage to arrive and establish. Life stages arriving on nursery stock are more likely to find 
suitable conditions (particularly food plants) compared with other pathways, but this may be 
counteracted by the low numbers of individuals likely to arrive via this pathway. The 
handling that nursery undergoes probably increased the chances of detection. 

Passengers and effects 
The types of items that are most likely to arrive contaminated via this pathway are also items 
that are likely to be used in close proximity to host vegetation, for example camping grounds 
and gardens. Larvae hatching from an egg mass on garden furniture or on a tent in a camping 
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ground are more likely to find a host plant than larvae hatching on a container at a port. The 
likelihood of establishment via this pathway is similar to that for vehicles. 

Vehicles 
As with most pathways, the most likely life stage to lead to establishment is egg masses. The 
main difference between establishment from vehicles compared to the other major known 
pathways (containers and ships) is that, following clearance, they can be sent anywhere in 
New Zealand. A population of Asian gypsy moth that establishes from vehicle imports is 
more likely to establish away from main population centres and is therefore less likely to be 
noticed and identified while it is still possible to eradicate it. 

Vessels 
In the case of vessels with very large numbers of egg masses, the founder population size, 
should the eggs hatch in port, would be very much larger than has ever been documented for a 
sea container or a vehicle, increasing the likelihood of establishment. Larvae ballooning from 
a ship are most likely to land within about 1km from the ship. Ships are closest to shore for 
the longest period when in port, so ports are the most likely area for establishment. There is a 
lower likelihood that larvae could be blown from a ship to land when the ship is sailing. 
Because of the association of shipping with a limited range of sites, Asian gypsy moth 
populations established via the ship pathway are considered more likely to be detected early 
than populations established from other pathways. 

Other commodities 
The likelihood of establishment via these pathways is variable and best determined not by the 
nature of the commodities but how those commodity are used and stored. Likelihood of 
establishment is increased if an item is used and stored outdoors, as well as not undergoing 
further processing on arrival. 

5.3.10.4. Current measures for the post-border detection of Asian gypsy moth 
Surveillance can be considered as a biosecurity measure that reduces likelihood of 
establishment rather than likelihood of entry. Surveillance increases the likelihood of early 
detection in time for effective containment and eradication (Wilson et al. 2004), that is, 
surveillance contributes to reducing the likelihood of establishment. 
 
There are different kinds of surveillance with differing levels of specificity and surveillance 
programmes are typically a balance of different surveillance types. Species-specific active 
surveillance (for example based on the pheromones of a particular species) is useful to deal 
with known risks, and has been used to detect populations at a much earlier stage of invasion 
(Wilson et al, 2004). More generalised surveillance, such as high-risk site surveillance or light 
trapping, is able to deal with a much wider range of species including those that have not 
previously identified as species of concern. It has different disadvantages, for example the 
need to filter out the vast majority of detected organisms (those that are already known to be 
present). 
 
Passive surveillance in the form of identification enquiries from the public is generally 
considered to be much less effective than active surveillance as incursions are detected later 
when they are less likely to be eradicable (Wilson et al, 2004). However this type of 
surveillance has shown its value for detecting some moth incursions. Its usefulness will 
depend on a range of factors including the general appearance of the species in question 
(large, hairy and colourful species are much more likely to be reported) and the quality of 
awareness material (Alan Flynn, December 2006, pers. comm.). Surveillance via the general 
public has the same disadvantages as other general surveillance; filtering out the important 
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records from species that are already well known and the resources required for such a 
programme. 
 
Surveillance has been an integral part of managing the threat of Asian gypsy moth for many 
years. A specific active surveillance programme for gypsy moth, based on a network of 
pheromone traps containing the commercially available pheromone (+)disparlure, has been in 
place since 1992 (MAF 2007a). This programme is based around coastal areas (in particular 
sea ports) and areas with a high number of transitional facilities. These traps are checked 
fortnightly during a six month trapping season. The incursion of Asian gypsy moth was 
detected as a result of this programme (Ross, 2005). 
 
While surveillance substantially increases the likelihood of detecting a population of gypsy 
moth early, when population densities are very low the effectiveness is limited. Within the 
areas covered by the trap network the trap density is about 2 traps per square kilometre (MAF, 
2007a). At these trap densities there is only a 9 percent probability of detecting a gypsy moth 
population with only 10 male moths per square kilometre, with a probability of detection is 59 
percent for populations with 100 male moths per square kilometre and 99.99 percent for 
populations with 1000 male moths per square kilometre (Glare et al., 2003). 
 
The high risk site surveillance programme, which consists of intensive ground searches of 
vegetation in high risk areas, is based around similar areas to the gypsy moth surveillance 
programme, particularly areas with many transitional facilities. Searches are conducted along 
transects in areas which are both “risk site areas” (near likely sites for pest arrival) and 
“vegetation rich areas” (MAF, 2007b). It has the advantage that it can detect any visible life 
stage as well as symptoms such as defoliation, but covers a smaller total area. 
 
The pathway on which Asian gypsy moth entered New Zealand would have a substantial 
effect on the likelihood of a new population being detected. Entry on pathways such as 
shipping and to a lesser extent sea containers are far more likely to result in gypsy moth 
populations that are within the surveillance network. Gypsy moth arriving on pathways such 
as passengers, unaccompanied personal effects or vehicles is less likely to be detected early. 
 
Conclusion statement on the impact of current surveillance on reducing the likelihood of 
establishment of Asian gypsy moth: 
 
Given that: 
• Asian gypsy moth is targeted by a specific pheromone trap-based surveillance 

programme; 
• both the trapping and high risk site-surveillance target likely sites for Asian gypsy moth 

transported on ships and containers; 
and taking into account that: 
• gypsy moth populations that entered New Zealand on pathways such as military, 

passengers, unaccompanied personal effects or vehicles are more likely to occur outside 
the areas covered by surveillance programmes; 

• even targeted surveillance has a limited effectiveness for detecting low-density 
populations; 

it is concluded that the likelihood of establishment of Asian gypsy moth is not negligible. 
 
Comment 
The likelihood of gypsy moth forming a population that is too large or widespread to establish 
before being detected is substantially reduced by the surveillance programme. However the 
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costs and consequences of detecting populations of species such as Asian gypsy moth, even if 
the populations detected are eradicable, are still significant. 

5.3.11. Likelihood of spread 
The rate at which Asian gypsy moth would spread in New Zealand is uncertain as there is 
little information on Asian gypsy moth dispersal outside their native range. Natural spread is 
expected to occur both by larval ballooning and female flight. Adult dispersal of Asian gypsy 
moth is quite different from the European strain and the rate of spread therefore cannot be 
inferred from the rate of spread of the European strain in North America. 
 
All the pathways considered for the arrival of Asian gypsy moth are also considered to be 
pathways for domestic spread. Within New Zealand, none of these pathways have any 
biosecurity measures or restrictions on them. 
 
Most regions of New Zealand are regarded as suitable for the establishment of gypsy moth, 
excluding the South Island west coast where it is expected to be limited by the high rainfall 
(Kay et al., 2002b). 
 
Conclusion statement on likelihood of spread of Asian gypsy moth following 
establishment: 
 
Given that: 
• Asian gypsy moth adults and first instar larvae are capable of travelling several kilometres 

without human assistance; 
• the domestic equivalents of significant international pathways (e.g. vehicles, shipping, 

passengers carrying outdoor equipment) currently have no measures on them; 
and taking into account that: 
• the West Coast of the South Island is not considered to be suitable for Asian gypsy moth; 
it is concluded that the likelihood of spread of Asian gypsy moth following establishment 
is not negligible. 

5.3.12. Consequences 
Much of the information on the consequences of Asian gypsy moth establishment is based on 
impacts of European gypsy moth in North America. In terms of consequences, the most 
important differences between these species are the host range and method of dispersal. Asian 
gypsy moth is considered to have a wider host range than the European gypsy moth and is 
likely to spread faster. Therefore basing an assessment of the impact of Asian gypsy moth on 
the European strain is likely to underestimate rather than overestimate the impact. 
 
The likely impacts of Asian gypsy moth in New Zealand have been previously assessed 
(Horgan, 1994; Harris Consulting, 2003). The most recent impact assessment was based 
around the detection in Hamilton (in 2003), using a scenario that this detection resulted in a 
non-eradicable population (Harris Consulting, 2003). This assessment gave an estimate of 
Present Value of impacts to 2045/46 as $62 million for the low impact scenario, $114 million 
for the medium and $393 million for the high. Once full annual impacts were reached the 
annual cost was estimated as $9 million per annum for the low impact scenario, $24 million 
for the medium and $88 million for the high. 
 
The costs were based on impacts on urban households, amenity species on golf courses, 
schools and other urban areas, changes to pest management for horticulture, commercial 
forestry, plantings for shelter, riparian and soil conservation and market access impacts (such 
as restrictions on shipping that had visited New Zealand ports). Human health and indigenous 
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flora impacts were identified but not quantified (Harris Consulting, 2003). Therefore the cost 
figures are only a partial estimate of overall likely impact. 
 
Preferred host species (such as those listed as “susceptible” in Appendix B), include a number 
of species that are common in urban and rural areas such as silver birch (Betula pendula), 
Larix decidua, Populus nigra, Quercus rubra and crack willow (Salix fragilis) (Webb et al., 
1988). However, detailed information on the distribution and prevalence of species in urban 
areas is not available. It is uncertain whether the density of host species in New Zealand 
would result in similar outbreaks of gypsy moth to those seen in North America where hosts 
are abundant in the landscape. Whether or not outbreaks occur would substantially influence 
the level of impact that Asian gypsy moth would have in New Zealand, as it is during 
outbreaks that the greatest defoliation occurs and during outbreaks larvae feed on more 
marginal host plants (USDA, 1995). 
 
Horticultural crops that are known hosts include species such as apple (Malus x domestica), 
peach (Prunus persica), pear (Pyrus communis) and berry fruit such as blackberry (Rubus 
fruticosus agg.) (USDA, 1995). Pest management regimes are already in place for these crops 
but a change to the pest management resulting from Asian gypsy moth establishment would 
impose costs on growers. A further consideration identified in the economic impact 
assessment (Harris Consulting, 2003) is that shelter trees for orchards are commonly willows 
and poplars (Populus spp.). This may affect horticulture either by shelter defoliation or the 
shelter trees acting as a reservoir from which Asian gypsy moth could move into the orchards. 
 
The greatest numbers of preferred host species are confined to a small number of mostly 
related families (particularly Fagaceae, Betulaceae), although the host range is not strictly 
phylogenetic. New Zealand native species most closely related to the Fagaceae and 
Betulaceae are the native beeches (Nothofagus spp.) which are dominant in upland forest 
areas. Asian gypsy moth was capable of developing on 3 native beech species60, although 
survival was generally poorer than on South American Nothofagus species (Kay et al., 
2002b), suggesting that Asian gypsy moth is unlikely to have outbreaks in native beech forest. 
Since New Zealand native plants are primarily evergreen, this result is not entirely 
unexpected. Host testing on 22 native species with European gypsy moth found that none 
were suitable hosts (Kay, 2003).  However these results cannot necessarily be extrapolated to 
Asian gypsy moth, as Asian gypsy moth is reported to have a greater ability than the 
European gypsy moth to develop on species outside the preferred range. It is possible that 
there are susceptible species that have not been tested. The extent to which Asian gypsy moth 
would feed on and become a pest of indigenous species if it established therefore remains 
uncertain. The most likely scenario for impact on native species is in remnant native 
vegetation in close proximity to introduced host species, particularly if outbreaks occurred. 
Because it has a taxonomically diverse host range, it is difficult to predict which species will 
be palatable. 
 
Although radiate pine (Pinus radiata)and Douglas fir are known to be somewhat palatable to 
both strains (Withers and Keena, 2001; USDA, 1995), Asian gypsy moth is now not 
considered likely to have outbreaks and cause significant damage to commercial forestry in 
New Zealand as the main forestry species are not favourable hosts (Harris Consulting, 2003). 
However some of the minor forestry species are likely to be more severely affected. Larches 
in particular are susceptible and one species (L. leptolepis) has been used in the laboratory to 
maintain Asian gypsy moth (Higashiura et al., 1999).  
 

                                                 
60 the trial comprised 4 New Zealand native Nothofagus and 2 native conifer species 
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There is also some uncertainty regarding which species Asian gypsy moth would feed on if it 
established in New Zealand. Phylogenetic-based testing has limitations when testing highly 
polyphagous species, for example the Myrtaceae is not closely related to the Fagaceae and 
Betulaceae but a small number of species in the Myrtaceae are considered susceptible to 
gypsy moth (Kay et al., 2002a; USDA, 1995). Asian gypsy moth has shown itself to be 
capable of adapting to novel hosts (Baranchikov and Sukachev, 1989) and it is likely that 
some of the species not tested would be at risk as well. 
 
There are also phenological differences, with newer foliage being preferred, at least for some 
host species (Kay et al., 2002b). This preference may explain some anomalies observed, such 
as Eucalyptus cinerea reported as a susceptible host in USDA (1995) but reported as a species 
that Asian gypsy moth did not feed on in Kay et al. (2002b). 
 
Based on these results, there is ongoing uncertainty regarding which species Asian gypsy 
moth would feed on in New Zealand. 
 
A consideration of the costs and impacts of Asian gypsy moth needs to include not just direct 
impacts of defoliation and control costs, but also the effect of the control programme. Control 
programmes do have environmental, human health and social impacts (Glare and Hoare, 
2003). When Asian gypsy moth was detected in Hamilton, the cost of control was considered 
to be less than the cost of allowing Asian gypsy moth to establish. However control impacts 
should not be ignored. 
 
The impact of control programmes may be diminished by the use of technologies such as 
isotope tracing, which can help distinguish between adults that have emerged from newly 
arrived pupae and adults from an established population (Isotrace New Zealand Limited, 
unpublished report, June 2005). In the case of painted apple moth isotope tracing technology 
(combined with more traditional approaches such as detailed searches) has indicated that 
some recent incursions were likely to be new arrivals, not from an established population. 
Therefore a spraying programme was considered unnecessary. In the absence of the isotope 
tracing information, additional spraying would have been more likely. 
 
Conclusion statement on the consequences of Asian gypsy moth establishment: 
 
Given that: 
• known susceptible host species are common as amenity species in New Zealand; 
• some important horticultural species are susceptible; 
• some forestry species are known to be hosts; 
• there are significant environmental, human health and social impacts resulting from 

control; 
and taking into account that: 
• major forestry species are not preferred hosts; 
• indigenous species tested were comparatively resistant to Asian gypsy moth; 
it is concluded that the consequences of Asian gypsy moth establishment are not 
negligible. 
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Comments 
There is considerable uncertainty over the size of impact that an established Asian gypsy 
moth population would have. Overall it is not expected to be as severe as the impact recorded 
in North America for European gypsy moth. Nonetheless the impact has been considered 
significant enough to warrant an eradication programme. Gypsy moth fits the definition of a 
“high consequence hazard” (MAF, 2006c). 

5.4. ASIAN GYPSY MOTH SUMMARY 

5.4.1. Life stage arriving 
Egg masses are by far the most likely life stage to arrive in a viable condition. Other life 
stages have been intercepted although these are seldom, if ever, alive. 

5.4.2. Nature of association 
Asian gypsy moth is essentially a hitchhiker pest. Females lay eggs on a wide range of objects 
that are not host plants, including vehicles and sea containers. The nature of the object (for 
example, wood or metal) is not particularly useful in determining whether it is likely to 
contain egg masses. Use and storage conditions prior to export are a key factor in determining 
whether imported objects have Asian gypsy moth egg masses on them. 

5.4.3. Most important pathways 
Interception data suggest that used vehicles are the most likely of all the pathways for gypsy 
moth egg masses to arrive in New Zealand. The variety of ways that used vehicles are 
typically used and stored overseas as well as the volume of trade supports this conclusion. 
Vehicles are also considered one of the most likely pathways for establishment. The current 
measures for used vehicles are considered to reduce the likelihood of entry, but not to a level 
that is negligible. 
 
Sea containers are also considered a likely pathway for arrival. There is a high degree of 
uncertainty around comparing the relative likelihood of arrival across different pathways, but 
sea containers are considered here to be the next most likely pathway for arrival after 
vehicles. The current measures do decrease the likelihood of entry, but to a much lesser 
degree than the measures on vehicles. 
 
There is a wide range of other pathways on which Asian gypsy moth is capable of arriving. 
These are summarised in table 17. 
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Table 17. Pathways of entry for Asian gypsy moth 
 
 
Pathway 

Likelihood of entry with current 
measures 

Comments 

Containers - air not negligible Much lower than sea containers 
Containers – sea not negligible One of the two most important pathways for entry 
Military currently negligible If troops and equipment were in a country with Asian 

gypsy moth this conclusion would need to be 
reconsidered 

Nursery stock negligible  
Passengers and 
passenger baggage 

negligible  

Personal effects uncertain Awaiting results of slippage survey for this pathway 
Vehicles (including 
machinery) - used 

not negligible One of the two most important pathways for entry, 
also one of the most likely for establishment 

Vehicles (including 
machinery) - new 

not negligible Variable depending on factory and storage 
conditions and time of year. Under most 
circumstances, much lower than used vehicles. 

Vessels and aircraft not negligible (ships) Lower than vehicles and containers. Uncertainty 
around shipping from countries other than Russia 

Vessels and aircraft negligible (aircraft)  
Other commodities not negligible Likelihood variable, some may be as high as used 

vehicles and sea containers. Use and storage 
conditions prior to export influence likelihood of 
contamination. 

5.4.4. Most important countries of origin 
The likelihood of entry from different countries is influenced by a number of factors, 
including the volume of trade, the types of goods imported into New Zealand and various 
conditions in the exporting country (for example, the proximity of host vegetation to 
exporting facilities). 
 
Most interceptions of Asian gypsy moth at the New Zealand border are from Japan. DNA 
analysis of the incursion in Hamilton suggested that the source of this incursion was Japan. 
The main reason that Japan is considered the most likely country for Asian gypsy moth 
arriving in New Zealand is that it is the source of 95 percent of used vehicle imports. 
 
Apart from these records, there is little information to separate Japan from northern China and 
South Korea, which also have high volumes of trade with New Zealand. Ships and sea 
containers from far eastern Russia have a higher level of contamination than ships and sea 
containers from other countries, although the trade volumes from there are much lower. 

5.4.5. Establishment 
Asian gypsy moth is capable of establishing in most areas of New Zealand. The seasonal 
change resulting in transport from the northern to southern hemispheres reduces the likelihood 
of establishment but does not eliminate it. The more frequently it arrives in New Zealand, 
even if it is only small numbers at a time, the more likely that it will establish. 

5.4.6. Consequences 
Asian gypsy moth is classified as a “high consequence hazard”. It would have a significant 
impact on New Zealand if it permanently established. An incursion followed by successful 
eradication would also have significant consequences for New Zealand, although less than if 
it permanently established. The impact of Asian gypsy moth in New Zealand is not expected 
to be as severe as that seen for gypsy moth in North America due to differences in the 
environment between New Zealand and North America. 
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5.4.7. Conclusion 
Asian gypsy moth is a high consequence pest that occurs at low levels on a wide range of 
pathways from a wide range of locations. A number of the pathways have large volumes of 
imported items. The available information is only of limited use in narrowing down the most 
likely origins and pathways. This pattern of entry pathways presents significant challenges for 
risk management. Recommendations for risk management are given in section 12. 
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5.6. APPENDIX A: LIST OF COUTRIES WITH LYMANTRIA DISPAR 
 

Countries with Lymantria 
dispar 

Included in 
this risk 
analysis? 

Comments Source 

Afghanistan     (CAB International , 1999) 
Algeria      (CAB International , 1999) 
Austria      (CAB International , 1999) 
Azerbaijan    (CAB International , 1999) 
Belarus      (CAB International , 1999) 
Belgium      (CAB International , 1999) 
Bosnia & Herzegovina   likely based on location literature records not found 

Bulgaria      (CAB International , 1999) 
Canada   AGM detected but 

eradicated 
(CAB International , 1999) 

China  √   (CAB International , 1999) 
Croatia      (CAB International , 1999) 
Cyprus      (CAB International , 1999) 
Czech Republic      (CAB International , 1999) 
Denmark      (CAB International , 1999) 
Finland      (CAB International , 1999) 
France      (CAB International , 1999) 
Germany   Some populations have a 

greater proportion of flying 
females compared to 
flightless (Melody Keena 
pers. comm. July 2006) 

(Charlton et al., 1999; (Anonymous, 
1999) 

Greece      (CAB International , 1999) 
Hungary      (CAB International , 1999) 
India     (CAB International , 1999) 
Iran     (CAB International , 1999) 
Iraq    (CAB International , 1999) 
Israel      (CAB International , 1999) 
Italy      (CAB International , 1999) 
Japan  √   (CAB International , 1999) 
Kazakhstan     (CAB International , 1999) 
Korea DPR √   (CAB International , 1999) 
Korea Republic of √   (CAB International , 1999) 
Kyrgyzstan     (CAB International , 1999) 
Lebanon      (CAB International , 1999) 
Lithuania   Some populations have a 

greater proportion of flying 
females compared to 
flightless (Melody Keena 
pers. comm. July 2006) 

(Zolubas et al., 1999; CAB 
International, 1999) 

Macedonia      (CAB International , 1999) 
Moldova      (CAB International , 1999) 
Mongolia   egg mass intercepted on 

passenger baggage last 
used in Mongolia 

literature records not found 

Morocco      (CAB International , 1999) 
Netherlands      (CAB International , 1999) 
Pakistan   likely based on location literature records not found 
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Poland      (CAB International , 1999) 
Portugal      (CAB International , 1999) 
Romania      (CAB International , 1999) 
Russian Federation  √ Trade figures only available 

by country, but technically 
only the far east of Russia 
included in this risk analysis. 

(CAB International , 1999) 

Serbia & Montenegro     (CAB International , 1999) 
Slovakia      (CAB International , 1999) 
Slovenia    likely based on location literature records not found 

Spain      (CAB International , 1999) 
Sweden      (CAB International , 1999) 
Switzerland      (CAB International , 1999) 
Syria      (CAB International , 1999) 
Taiwan √  (CAB International , 1999) 
Tajikistan     (CAB International , 1999) 
Tunisia      (CAB International , 1999) 
Turkey    (CAB International , 1999) 
Turkmenistan     (CAB International , 1999) 
Ukraine      (CAB International , 1999) 
United Kingdom      (CAB International , 1999) 
United States   AGM detected but 

eradicated 
(CAB International , 1999) 

Uzbekistan     (CAB International , 1999) 
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5.7. APPENDIX B: HOST PLANTS OF LYMANTRIA DISPAR 
 
* susceptibility is based on preference and weight gain and is ranked as 1) susceptible, 2) resistant and 3) immune. 
 
** information is based on both European and Asian strains of the gypsy moth and takes into account the preference varies between the strains 
 
*** reported as susceptible in (Liebhold et al., 1995) but no feeding reported in (Kay et al., 2002) 
 
**** specifically recorded as substantially more palatable to gypsy moth from Siberia compared to gypsy moth from North America (Montgomery and 
Baranchikov, 1995; Baranchikov and Montgomery, 1994).  
 

Genus species Susceptibility* Strain Source 
Alnus maritima 1 not specified** (Liebhold et al., 1995) 
Alnus oblongifolia 1 not specified** (Liebhold et al., 1995) 
Alnus rubra 1 not specified** (Liebhold et al., 1995) 
Alnus rugosa 1 not specified** (Liebhold et al., 1995) 
Alnus tenuifolia 1 not specified** (Liebhold et al., 1995) 
Arbutus menziesii 1 not specified** (Liebhold et al., 1995) 
Betula nigra 1 not specified** (Liebhold et al., 1995) 
Betula papyrifera 1 not specified** (Liebhold et al., 1995) 
Betula pendula 1 not specified** (Liebhold et al., 1995) 
Betula populifolia 1 not specified** (Liebhold et al., 1995) 
Betula pumila 1 not specified** (Liebhold et al., 1995) 
Betula verrucosa 1 not specified** (Liebhold et al., 1995) 
Castanopsis chrysophylla 1 not specified** (Liebhold et al., 1995) 
Cinnamomum camphora 1 not specified** (Liebhold et al., 1995) 
Corylus americana 1 not specified** (Liebhold et al., 1995) 
Corylus avellana 1 not specified** (Liebhold et al., 1995) 
Cotinus coggygria 1 not specified** (Liebhold et al., 1995) 
Cotinus obovatus 1 not specified** (Liebhold et al., 1995) 
Crataegus berberifolia 1 not specified** (Liebhold et al., 1995) 
Crataegus brachyacantha 1 not specified** (Liebhold et al., 1995) 
Crataegus coccinea 1 not specified** (Liebhold et al., 1995) 
Crataegus crus-galli 1 not specified** (Liebhold et al., 1995) 

Crataegus douglasii 1 not specified** (Liebhold et al., 1995) 
Crataegus intricata 1 not specified** (Liebhold et al., 1995) 
Crataegus marshallii 1 not specified** (Liebhold et al., 1995) 
Crataegus mollis 1 not specified** (Liebhold et al., 1995) 
Crataegus opaca 1 not specified** (Liebhold et al., 1995) 
Crataegus oxyacantha 1 not specified** (Liebhold et al., 1995) 
Crataegus pruinosa 1 not specified** (Liebhold et al., 1995) 
Crataegus saligna 1 not specified** (Liebhold et al., 1995) 
Crataegus spathulata 1 not specified** (Liebhold et al., 1995) 
Crataegus spp. 1 not specified** (Liebhold et al., 1995) 
Eucalyptus cinerea 1 not specified** (Liebhold et al., 1995)*** 
Eucalyptus gunnii 1 not specified** (Liebhold et al., 1995) 
Hamamelis virginiana 1 not specified** (Liebhold et al., 1995) 
Larix decidua 1 not specified** (Liebhold et al., 1995) 
Larix laricina 1 not specified** (Liebhold et al., 1995) 
Larix lyallii 1 not specified** (Liebhold et al., 1995) 
Larix occidentalis 1 not specified** (Liebhold et al., 1995) 
Liquidambar styraciflua 1 not specified** (Liebhold et al., 1995) 
Lithocarpus densiflorus 1 not specified** (Liebhold et al., 1995) 
Malus coronaria 1 not specified** (Liebhold et al., 1995) 
Malus ioensis 1 not specified** (Liebhold et al., 1995) 
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Genus species Susceptibility* Strain Source 
Malus spp. 1 not specified** (Liebhold et al., 1995) 
Melaleuca decussata 1 not specified** (Liebhold et al., 1995) 
Metopium toxiferum 1 not specified** (Liebhold et al., 1995) 
Ostrya virginiana 1 not specified** (Liebhold et al., 1995) 
Pistacia texana 1 not specified** (Liebhold et al., 1995) 
Pistacia vera 1 not specified** (Liebhold et al., 1995) 
Populus angustifolia 1 not specified** (Liebhold et al., 1995) 
Populus balsamifera 1 not specified** (Liebhold et al., 1995) 
Populus grandidentata 1 not specified** (Liebhold et al., 1995) 
Populus heterophylla 1 not specified** (Liebhold et al., 1995) 
Populus nigra var. italica 1 not specified** (Liebhold et al., 1995) 
Populus sargentii 1 not specified** (Liebhold et al., 1995) 
Populus spp. 1 not specified** (Liebhold et al., 1995) 
Populus tremuloides 1 not specified** (Liebhold et al., 1995) 
Populus trichocarpa 1 not specified** (Liebhold et al., 1995) 
Prunus persica 1 not specified** (Liebhold et al., 1995) 
Pyrus angustifolia 1 not specified** (Liebhold et al., 1995) 
Pyrus fusca 1 not specified** (Liebhold et al., 1995) 
Pyrus malus 1 not specified** (Liebhold et al., 1995) 
Quercus agrifolia 1 not specified** (Liebhold et al., 1995) 
Quercus alba 1 not specified** (Liebhold et al., 1995) 
Quercus arizonica 1 not specified** (Liebhold et al., 1995) 
Quercus austrina 1 not specified** (Liebhold et al., 1995) 
Quercus bicolor 1 not specified** (Liebhold et al., 1995) 
Quercus chapmanii 1 not specified** (Liebhold et al., 1995) 
Quercus chrysolepis 1 not specified** (Liebhold et al., 1995) 
Quercus cinerea 1 not specified** (Liebhold et al., 1995) 
Quercus coccinea 1 not specified** (Liebhold et al., 1995) 
Quercus douglasii 1 not specified** (Liebhold et al., 1995) 
Quercus durandii 1 not specified** (Liebhold et al., 1995) 
Quercus ellipsoidalis 1 not specified** (Liebhold et al., 1995) 
Quercus emoryi 1 not specified** (Liebhold et al., 1995) 
Quercus engelmannii 1 not specified** (Liebhold et al., 1995) 
Quercus falcata 1 not specified** (Liebhold et al., 1995) 
Quercus gambelii 1 not specified** (Liebhold et al., 1995) 
Quercus garryana 1 not specified** (Liebhold et al., 1995) 
Quercus grisea 1 not specified** (Liebhold et al., 1995) 
Quercus hemisphaerica 1 not specified** (Liebhold et al., 1995) 
Quercus hypoleucoides 1 not specified** (Liebhold et al., 1995) 
Quercus ilicifolia 1 not specified** (Liebhold et al., 1995) 
Quercus imbricaria 1 not specified** (Liebhold et al., 1995) 
Quercus incana 1 not specified** (Liebhold et al., 1995) 
Quercus kelloggii 1 not specified** (Liebhold et al., 1995) 
Quercus laevis 1 not specified** (Liebhold et al., 1995) 
Quercus laurifolia 1 not specified** (Liebhold et al., 1995) 
Quercus lobata 1 not specified** (Liebhold et al., 1995) 
Quercus lyrata 1 not specified** (Liebhold et al., 1995) 
Quercus macrocarpa 1 not specified** (Liebhold et al., 1995) 
Quercus margaretta 1 not specified** (Liebhold et al., 1995) 
Quercus marilandica 1 not specified** (Liebhold et al., 1995) 
Quercus michauxii 1 not specified** (Liebhold et al., 1995) 
Quercus muehlenbergii 1 not specified** (Liebhold et al., 1995) 
Quercus myrtifolia 1 not specified** (Liebhold et al., 1995) 
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Quercus nigra 1 not specified** (Liebhold et al., 1995) 
Quercus nuttallii 1 not specified** (Liebhold et al., 1995) 
Quercus oblongifolia 1 not specified** (Liebhold et al., 1995) 
Quercus oglethorpensis 1 not specified** (Liebhold et al., 1995) 
Quercus pagoda 1 not specified** (Liebhold et al., 1995) 
Quercus palustris 1 not specified** (Liebhold et al., 1995) 
Quercus phellos 1 not specified** (Liebhold et al., 1995) 
Quercus prinus 1 not specified** (Liebhold et al., 1995) 
Quercus rubra 1 not specified** (Liebhold et al., 1995) 
Quercus shumardii 1 not specified** (Liebhold et al., 1995) 
Quercus spp. 1 not specified** (Liebhold et al., 1995) 
Quercus stellata 1 not specified** (Liebhold et al., 1995) 
Quercus suber 1 not specified** (Liebhold et al., 1995) 
Quercus velutina 1 not specified** (Liebhold et al., 1995) 
Quercus virginiana 1 not specified** (Liebhold et al., 1995) 
Quercus wislizenii 1 not specified** (Liebhold et al., 1995) 
Rhus copallina 1 not specified** (Liebhold et al., 1995) 
Rhus glabra 1 not specified** (Liebhold et al., 1995) 
Rhus typhina 1 not specified** (Liebhold et al., 1995) 
Rosa spp. 1 not specified** (Liebhold et al., 1995) 
Salix alaxensis 1 not specified** (Liebhold et al., 1995) 
Salix alba 1 not specified** (Liebhold et al., 1995) 
Salix alba  var. tristis 1 not specified** (Liebhold et al., 1995) 
Salix amygdaloides 1 not specified** (Liebhold et al., 1995) 
Salix bebbiana 1 not specified** (Liebhold et al., 1995) 
Salix bonplandiana 1 not specified** (Liebhold et al., 1995) 
Salix caroliniana 1 not specified** (Liebhold et al., 1995) 
Salix cordata 1 not specified** (Liebhold et al., 1995) 
Salix discolor 1 not specified** (Liebhold et al., 1995) 
Salix eriocephala 1 not specified** (Liebhold et al., 1995) 
Salix exigua 1 not specified** (Liebhold et al., 1995) 
Salix fragilis 1 not specified** (Liebhold et al., 1995) 
Salix hookeriana 1 not specified** (Liebhold et al., 1995) 
Salix laevigata 1 not specified** (Liebhold et al., 1995) 
Salix lasiandra 1 not specified** (Liebhold et al., 1995) 
Salix lasiolepis 1 not specified** (Liebhold et al., 1995) 
Salix lucida 1 not specified** (Liebhold et al., 1995) 
Salix mackenzieana 1 not specified** (Liebhold et al., 1995) 
Salix nigra 1 not specified** (Liebhold et al., 1995) 
Salix scouleriana 1 not specified** (Liebhold et al., 1995) 
Salix spp. 1 not specified** (Liebhold et al., 1995) 
Salix taxifolia 1 not specified** (Liebhold et al., 1995) 
Salix viminalis 1 not specified** (Liebhold et al., 1995) 
Schinus molle 1 not specified** (Liebhold et al., 1995) 
Sorbus americana 1 not specified** (Liebhold et al., 1995) 
Sorbus aucuparia 1 not specified** (Liebhold et al., 1995) 
Tilia americana 1 not specified** (Liebhold et al., 1995) 
Tilia caroliniana 1 not specified** (Liebhold et al., 1995) 
Tilia cordata 1 not specified** (Liebhold et al., 1995) 
Tilia europaea 1 not specified** (Liebhold et al., 1995) 
Tilia floridana 1 not specified** (Liebhold et al., 1995) 
Tilia heterophylla 1 not specified** (Liebhold et al., 1995) 
Toxicodendron vernix 1 not specified** (Liebhold et al., 1995) 
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Nothofagus dombeyi 1.5 AGM (Kay et al., 2002) 
Nothofagus obliqua 1.6 AGM (Kay et al., 2002) 
Nothofagus alpina 1.7 AGM (Kay et al., 2002) 
Nothofagus antarctica 1.7 AGM (Kay et al., 2002) 
Nothofagus obliqua macro 1.7 AGM (Kay et al., 2002) 
Nothofagus pumilio 1.7 AGM (Kay et al., 2002) 
Nothofagus betuloides 1.8 AGM (Kay et al., 2002) 
Abies amabilis 2 not specified** (Liebhold et al., 1995) 
Abies bracteata 2 not specified** (Liebhold et al., 1995) 
Abies concolor 2 not specified** (Liebhold et al., 1995) 
Abies grandis 2 not specified** (Liebhold et al., 1995) 
Abies holophylla 2 not specified** (Liebhold et al., 1995) 
Abies lasiocarpa 2 not specified** (Liebhold et al., 1995) 
Abies lowiana 2 not specified** (Liebhold et al., 1995) 
Abies magnifica 2 not specified** (Liebhold et al., 1995) 
Abies procera 2 not specified** (Liebhold et al., 1995) 
Acacia baileyana 2 not specified** (Liebhold et al., 1995) 
Acacia farnesiana 2 not specified** (Liebhold et al., 1995) 
Acacia greggii 2 not specified** (Liebhold et al., 1995) 
Acacia koa 2 not specified** (Liebhold et al., 1995) 
Acacia longifolia 2 not specified** (Liebhold et al., 1995) 
Acacia spp. 2 not specified** (Liebhold et al., 1995) 
Acacia tortuosa 2 not specified** (Liebhold et al., 1995) 
Acacia wrightii 2 not specified** (Liebhold et al., 1995) 
Acer barbatum 2 not specified** (Liebhold et al., 1995) 
Acer campestre 2 not specified** (Liebhold et al., 1995) 
Acer circinatum 2 not specified** (Liebhold et al., 1995) 
Acer glabrum 2 not specified** (Liebhold et al., 1995) 
Acer grandidentatum 2 not specified** (Liebhold et al., 1995) 
Acer japonicum 2 not specified** (Liebhold et al., 1995) 
Acer leucoderme 2 not specified** (Liebhold et al., 1995) 
Acer macrophyllum 2 not specified** (Liebhold et al., 1995) 
Acer negundo 2 not specified** (Liebhold et al., 1995) 
Acer nigrum 2 not specified** (Liebhold et al., 1995) 
Acer palmatum 2 not specified** (Liebhold et al., 1995) 
Acer platanoides 2 not specified** (Liebhold et al., 1995) 
Acer pseudoplatanus 2 not specified** (Liebhold et al., 1995) 
Acer rubrum 2**** not specified** (Liebhold et al., 1995) 
Acer saccharum 2 not specified** (Liebhold et al., 1995) 
Acer tataricum 2 not specified** (Liebhold et al., 1995) 
Achras emarginata 2 not specified** (Liebhold et al., 1995) 
Aesculus glabra 2 not specified** (Liebhold et al., 1995) 
Aesculus pavia 2 not specified** (Liebhold et al., 1995) 
Aesculus sylvatica 2 not specified** (Liebhold et al., 1995) 
Ailanthus altissima 2 not specified** (Liebhold et al., 1995) 
Aleurites fordii 2 not specified** (Liebhold et al., 1995) 
Alnus rhombifolia 2 not specified** (Liebhold et al., 1995) 
Alnus serrulata 2 not specified** (Liebhold et al., 1995) 
Alnus sinuata 2 not specified** (Liebhold et al., 1995) 
Alvaradoa amorphoides 2 not specified** (Liebhold et al., 1995) 
Amelanchier alnifolia 2 not specified** (Liebhold et al., 1995) 
Amelanchier arborea 2 not specified** (Liebhold et al., 1995) 
Amelanchier canadensis 2 not specified** (Liebhold et al., 1995) 
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Amelanchier laevis 2 not specified** (Liebhold et al., 1995) 
Amelanchier spp. 2 not specified** (Liebhold et al., 1995) 
Amyris elemifera 2 not specified** (Liebhold et al., 1995) 
Annona glabra 2 not specified** (Liebhold et al., 1995) 
Arbutus arizonica 2 not specified** (Liebhold et al., 1995) 
Arbutus texana 2 not specified** (Liebhold et al., 1995) 
Arbutus unedo 2 not specified** (Liebhold et al., 1995) 
Ardisia escallonioides 2 not specified** (Liebhold et al., 1995) 
Asimina triloba 2 not specified** (Liebhold et al., 1995) 
Avicennia germinans 2 not specified** (Liebhold et al., 1995) 
Betula alba 2 not specified** (Liebhold et al., 1995) 
Betula lenta 2 not specified** (Liebhold et al., 1995) 
Betula occidentalis 2 not specified** (Liebhold et al., 1995) 
Bumelia lanuginosa 2 not specified** (Liebhold et al., 1995) 
Bursera simaruba 2 not specified** (Liebhold et al., 1995) 
Calyptranthes pallens 2 not specified** (Liebhold et al., 1995) 
Calyptranthes zuzygium 2 not specified** (Liebhold et al., 1995) 
Canella winterana 2 not specified** (Liebhold et al., 1995) 
Canotia holacantha 2 not specified** (Liebhold et al., 1995) 
Capparis cynophallophora 2 not specified** (Liebhold et al., 1995) 
Caragana arborescens 2 not specified** (Liebhold et al., 1995) 
Carica papaya 2 not specified** (Liebhold et al., 1995) 
Carpinus caroliniana 2 not specified** (Liebhold et al., 1995) 
Carya aquatica 2 not specified** (Liebhold et al., 1995) 
Carya cordiformis 2 not specified** (Liebhold et al., 1995) 
Carya floridana 2 not specified** (Liebhold et al., 1995) 
Carya glabra 2 not specified** (Liebhold et al., 1995) 
Carya illinoensis 2 not specified** (Liebhold et al., 1995) 
Carya laciniosa 2 not specified** (Liebhold et al., 1995) 
Carya myristiciformis 2 not specified** (Liebhold et al., 1995) 
Carya ovalis 2 not specified** (Liebhold et al., 1995) 
Carya pallida 2 not specified** (Liebhold et al., 1995) 
Carya spp. 2 not specified** (Liebhold et al., 1995) 
Carya texana 2 not specified** (Liebhold et al., 1995) 
Carya tomentosa 2 not specified** (Liebhold et al., 1995) 
Castanea dentata 2 not specified** (Liebhold et al., 1995) 
Castanea ozarkensis 2 not specified** (Liebhold et al., 1995) 
Castanea pumila 2 not specified** (Liebhold et al., 1995) 
Casuarina equisetifolia 2 not specified** (Liebhold et al., 1995) 
Casuarina stricta 2 not specified** (Liebhold et al., 1995) 
Ceanothus maritimus 2 not specified** (Liebhold et al., 1995) 
Cedrus atlantica 2 not specified** (Liebhold et al., 1995) 
Cedrus deodara 2 not specified** (Liebhold et al., 1995) 
Cedrus libani 2 not specified** (Liebhold et al., 1995) 
Cephalanthus occidentalis 2 not specified** (Liebhold et al., 1995) 
Cercidium floridum 2 not specified** (Liebhold et al., 1995) 
Cercidium microphyllum 2 not specified** (Liebhold et al., 1995) 
Cercocarpus betuloides 2 not specified** (Liebhold et al., 1995) 
Cercocarpus breviflorus 2 not specified** (Liebhold et al., 1995) 
Cercocarpus intricatus 2 not specified** (Liebhold et al., 1995) 
Cercocarpus ledifolius 2 not specified** (Liebhold et al., 1995) 
Cercocarpus montanus 2 not specified** (Liebhold et al., 1995) 
Cereus giganteus 2 not specified** (Liebhold et al., 1995) 
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Chaenomeles lagenaria 2 not specified** (Liebhold et al., 1995) 
Chionanthus virginica 2 not specified** (Liebhold et al., 1995) 
Chrysobalanus icaco 2 not specified** (Liebhold et al., 1995) 
Chrysophyllum oliviforme 2 not specified** (Liebhold et al., 1995) 
Citharexylum fruticosum 2 not specified** (Liebhold et al., 1995) 
Citrus aurantifolia 2 not specified** (Liebhold et al., 1995) 
Citrus sinensis 2 not specified** (Liebhold et al., 1995) 
Cladrastis lutea 2 not specified** (Liebhold et al., 1995) 
Cliftonia monophylla 2 not specified** (Liebhold et al., 1995) 
Coccoloba diversifolia 2 not specified** (Liebhold et al., 1995) 
Coccoloba uvifera 2 not specified** (Liebhold et al., 1995) 
Colubrina elliptica 2 not specified** (Liebhold et al., 1995) 
Conocarpus erectus 2 not specified** (Liebhold et al., 1995) 
Cornus florida 2 not specified** (Liebhold et al., 1995) 
Corylus cornuta 2 not specified** (Liebhold et al., 1995) 
Cowania mexicana 2 not specified** (Liebhold et al., 1995) 
Crataegus monogyna 2 not specified** (Liebhold et al., 1995) 
Cydonia oblonga 2 not specified** (Liebhold et al., 1995) 
Cyrilla racemiflora 2 not specified** (Liebhold et al., 1995) 
Dalea spinosa 2 not specified** (Liebhold et al., 1995) 
Dipholis salicifolia 2 not specified** (Liebhold et al., 1995) 
Elliottia racemosa 2 not specified** (Liebhold et al., 1995) 
Eriobotrya japonica 2 not specified** (Liebhold et al., 1995) 
Erythrina herbacea 2 not specified** (Liebhold et al., 1995) 
Eucalyptus botrioides 2 not specified** (Liebhold et al., 1995) 
Eucalyptus camaldulensis 2 not specified** (Liebhold et al., 1995) 
Eucalyptus camphora 2 not specified** (Liebhold et al., 1995) 
Eucalyptus diversifolia 2 not specified** (Liebhold et al., 1995) 
Eucalyptus globulus 2 not specified** (Liebhold et al., 1995) 
Eucalyptus leucoxylon 2 not specified** (Liebhold et al., 1995) 
Eucalyptus polyanthemos 2 not specified** (Liebhold et al., 1995) 
Eucalyptus pulchella 2 not specified** (Liebhold et al., 1995) 
Eucalyptus rudis 2 not specified** (Liebhold et al., 1995) 
Eucalyptus sideroxylon 2 not specified** (Liebhold et al., 1995) 
Eucalyptus spp. 2 not specified** (Liebhold et al., 1995) 
Eucalyptus tereticornis 2 not specified** (Liebhold et al., 1995) 
Euonymus atropurpureus 2 not specified** (Liebhold et al., 1995) 
Euonymus europaeus 2 not specified** (Liebhold et al., 1995) 
Euonymus japonicus 2 not specified** (Liebhold et al., 1995) 
Euonymus occidentalis 2 not specified** (Liebhold et al., 1995) 
Exostema caribaeum 2 not specified** (Liebhold et al., 1995) 
Exothea paniculata 2 not specified** (Liebhold et al., 1995) 
Fagus grandifolia 2 not specified** (Liebhold et al., 1995) 
Fagus sylvatica 2 not specified** (Liebhold et al., 1995) 
Ficus aurea 2 not specified** (Liebhold et al., 1995) 
Ficus carica 2 not specified** (Liebhold et al., 1995) 
Ficus elastica 2 not specified** (Liebhold et al., 1995) 
Ficus lyrata 2 not specified** (Liebhold et al., 1995) 
Firmiana simplex 2 not specified** (Liebhold et al., 1995) 
Fraxinus excelsior 2 not specified** (Liebhold et al., 1995) 
Gordonia lasianthus 2 not specified** (Liebhold et al., 1995) 
Guaiacum sanctum 2 not specified** (Liebhold et al., 1995) 
Guettarda elliptica 2 not specified** (Liebhold et al., 1995) 
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Guettarda scabra 2 not specified** (Liebhold et al., 1995) 
Gyminda latifolia 2 not specified** (Liebhold et al., 1995) 
Hakea spp. 2 not specified** (Liebhold et al., 1995) 
Heteromeles arbutifolia 2 not specified** (Liebhold et al., 1995) 
Hibiscus rosa-sinensis 2 not specified** (Liebhold et al., 1995) 
Hibiscus tiliaceus 2 not specified** (Liebhold et al., 1995) 
Juglans californica 2 not specified** (Liebhold et al., 1995) 
Juglans cinerea 2 not specified** (Liebhold et al., 1995) 
Juglans hindsii 2 not specified** (Liebhold et al., 1995) 
Juglans major 2 not specified** (Liebhold et al., 1995) 
Juglans microcarpa 2 not specified** (Liebhold et al., 1995) 
Juglans nigra 2 not specified** (Liebhold et al., 1995) 
Krugiodendron ferreum 2 not specified** (Liebhold et al., 1995) 
Laguncularia racemosa 2 not specified** (Liebhold et al., 1995) 
Leitneria floridana 2 not specified** (Liebhold et al., 1995) 
Lyonia ferruginea 2 not specified** (Liebhold et al., 1995) 
Lyonothamnus floribundus 2 not specified** (Liebhold et al., 1995) 
Lysiloma latisiliquum 2 not specified** (Liebhold et al., 1995) 
Mastichodendro foetidissimum 2 not specified** (Liebhold et al., 1995) 
Melaleuca quinquenervia 2 not specified** (Liebhold et al., 1995) 
Melia azedarach 2 not specified** (Liebhold et al., 1995) 
Mespilus germanica 2 not specified** (Liebhold et al., 1995) 
Metasequoia glyptostroboides 2 not specified** (Liebhold et al., 1995) 
Morus alba var. tatarica 2 not specified** (Liebhold et al., 1995) 
Myrica californica 2 not specified** (Liebhold et al., 1995) 
Myrica cerifera 2 not specified** (Liebhold et al., 1995) 
Nothofagus glauca 2 AGM (Kay et al., 2002) 
Olneya tesota 2 not specified** (Liebhold et al., 1995) 
Ostrya knowltonii 2 not specified** (Liebhold et al., 1995) 
Oxydendrum arboreum 2 not specified** (Liebhold et al., 1995) 
Parkinsonia aculeata 2 not specified** (Liebhold et al., 1995) 
Persea americana 2 not specified** (Liebhold et al., 1995) 
Persea borbonia 2 not specified** (Liebhold et al., 1995) 
Photinia glabra 2 not specified** (Liebhold et al., 1995) 
Photinia serrulata 2 not specified** (Liebhold et al., 1995) 
Picea abies 2 not specified** (Liebhold et al., 1995) 
Picea breweriana 2 not specified** (Liebhold et al., 1995) 
Picea engelmannii 2 not specified** (Liebhold et al., 1995) 
Picea glauca 2 not specified** (Liebhold et al., 1995) 
Picea glauca var. albertiana 2 not specified** (Liebhold et al., 1995) 
Picea mariana 2 not specified** (Liebhold et al., 1995) 
Picea polita 2 not specified** (Liebhold et al., 1995) 
Picea pungens 2 not specified** (Liebhold et al., 1995) 
Picea rubens 2 not specified** (Liebhold et al., 1995) 
Picea sitchensis 2 not specified** (Liebhold et al., 1995) 
Picea spp. 2 not specified** (Liebhold et al., 1995) 
Picramnia pentandra 2 not specified** (Liebhold et al., 1995) 
Pinckneya pubens 2 not specified** (Liebhold et al., 1995) 
Pinus albicaulis 2 not specified** (Liebhold et al., 1995) 
Pinus aristata 2 not specified** (Liebhold et al., 1995) 
Pinus attenuata 2 not specified** (Liebhold et al., 1995) 
Pinus balfouriana 2 not specified** (Liebhold et al., 1995) 
Pinus banksiana 2 not specified** (Liebhold et al., 1995) 
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Pinus cembroides 2 not specified** (Liebhold et al., 1995) 
Pinus clausa 2 not specified** (Liebhold et al., 1995) 
Pinus contorta 2 not specified** (Liebhold et al., 1995) 
Pinus coulteri 2 not specified** (Liebhold et al., 1995) 
Pinus discolor 2 not specified** (Liebhold et al., 1995) 
Pinus echinata 2 not specified** (Liebhold et al., 1995) 
Pinus edulis 2 not specified** (Liebhold et al., 1995) 
Pinus elliottii 2 not specified** (Liebhold et al., 1995) 
Pinus engelmannii 2 not specified** (Liebhold et al., 1995) 
Pinus flexilis 2 not specified** (Liebhold et al., 1995) 
Pinus glabra 2 not specified** (Liebhold et al., 1995) 
Pinus halepensis 2 not specified** (Liebhold et al., 1995) 
Pinus jeffreyi 2 not specified** (Liebhold et al., 1995) 
Pinus lambertiana 2 not specified** (Liebhold et al., 1995) 
Pinus longaeva 2 not specified** (Liebhold et al., 1995) 
Pinus monophylla 2 not specified** (Liebhold et al., 1995) 
Pinus monticola 2 not specified** (Liebhold et al., 1995) 
Pinus mugo 2 not specified** (Liebhold et al., 1995) 
Pinus muricata 2 not specified** (Liebhold et al., 1995) 
Pinus nigra 2 not specified** (Liebhold et al., 1995) 
Pinus palustris 2 not specified** (Liebhold et al., 1995) 
Pinus ponderosa 2 not specified** (Liebhold et al., 1995) 
Pinus pungens 2 not specified** (Liebhold et al., 1995) 
Pinus quadrifolia 2 not specified** (Liebhold et al., 1995) 
Pinus radiata 2 not specified** (Liebhold et al., 1995) 
Pinus resinosa 2 not specified** (Liebhold et al., 1995) 
Pinus sabiniana 2 not specified** (Liebhold et al., 1995) 
Pinus serotina 2 not specified** (Liebhold et al., 1995) 
Pinus spp. 2 not specified** (Liebhold et al., 1995) 
Pinus strobiformis 2 not specified** (Liebhold et al., 1995) 
Pinus strobus 2 not specified** (Liebhold et al., 1995) 
Pinus sylvestris**** 2 not specified** (Liebhold et al., 1995) 
Pinus taeda 2 not specified** (Liebhold et al., 1995) 
Pinus torreyana 2 not specified** (Liebhold et al., 1995) 
Pinus virginiana 2 not specified** (Liebhold et al., 1995) 
Pinus washoensis 2 not specified** (Liebhold et al., 1995) 
Piscidia piscipula 2 not specified** (Liebhold et al., 1995) 
Planera aquatica 2 not specified** (Liebhold et al., 1995) 
Platanus orientalis 2 not specified** (Liebhold et al., 1995) 
Populus alba 2 not specified** (Liebhold et al., 1995) 
Populus deltoides 2 not specified** (Liebhold et al., 1995) 
Populus fremontii 2 not specified** (Liebhold et al., 1995) 
Prosopis glandulosa 2 not specified** (Liebhold et al., 1995) 
Prosopis pubescens 2 not specified** (Liebhold et al., 1995) 
Prunus alleghaniensis 2 not specified** (Liebhold et al., 1995) 
Prunus americana 2 not specified** (Liebhold et al., 1995) 
Prunus angustifolia 2 not specified** (Liebhold et al., 1995) 
Prunus avium 2 not specified** (Liebhold et al., 1995) 
Prunus caroliniana 2 not specified** (Liebhold et al., 1995) 
Prunus cerasifera var. pissar 2 not specified** (Liebhold et al., 1995) 
Prunus domestica 2 not specified** (Liebhold et al., 1995) 
Prunus emarginata 2 not specified** (Liebhold et al., 1995) 
Prunus fremontii 2 not specified** (Liebhold et al., 1995) 
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Prunus glandulosa 2 not specified** (Liebhold et al., 1995) 
Prunus hortulana 2 not specified** (Liebhold et al., 1995) 
Prunus japonica 2 not specified** (Liebhold et al., 1995) 
Prunus laurocerasus 2 not specified** (Liebhold et al., 1995) 
Prunus lyonii 2 not specified** (Liebhold et al., 1995) 
Prunus maritima 2 not specified** (Liebhold et al., 1995) 
Prunus mexicana 2 not specified** (Liebhold et al., 1995) 
Prunus munsoniana 2 not specified** (Liebhold et al., 1995) 
Prunus myrtifolia 2 not specified** (Liebhold et al., 1995) 
Prunus nigra 2 not specified** (Liebhold et al., 1995) 
Prunus padus 2 not specified** (Liebhold et al., 1995) 
Prunus persica 2 not specified** (Liebhold et al., 1995) 
Prunus persica 2 not specified** (Liebhold et al., 1995) 
Prunus pumila 2 not specified** (Liebhold et al., 1995) 
Prunus serotina 2**** not specified** (Liebhold et al., 1995) 
Prunus spinosa 2 not specified** (Liebhold et al., 1995) 
Prunus spp. 2 not specified** (Liebhold et al., 1995) 
Prunus subcordata 2 not specified** (Liebhold et al., 1995) 
Prunus umbellata 2 not specified** (Liebhold et al., 1995) 
Prunus virginiana 2 not specified** (Liebhold et al., 1995) 
Pseudotsuga macrocarpa 2 not specified** (Liebhold et al., 1995) 
Pseudotsuga menziesii**** 2 not specified** (Liebhold et al., 1995) 
Psidium guajava 2 not specified** (Liebhold et al., 1995) 
Ptelea trifoliata 2 not specified** (Liebhold et al., 1995) 
Punica granatum 2 not specified** (Liebhold et al., 1995) 
Pyracantha coccinea 2 not specified** (Liebhold et al., 1995) 
Pyrus arbutifolia 2 not specified** (Liebhold et al., 1995) 
Pyrus communis 2 not specified** (Liebhold et al., 1995) 
Rapanea guianensis 2 not specified** (Liebhold et al., 1995) 
Reynosia septentrionalis 2 not specified** (Liebhold et al., 1995) 
Rhamnus purshiana 2 not specified** (Liebhold et al., 1995) 
Rhizophora mangle 2 not specified** (Liebhold et al., 1995) 
Rhus integrifolia 2 not specified** (Liebhold et al., 1995) 
Robinia spp. 2 not specified** (Liebhold et al., 1995) 
Rosa bracteata 2 not specified** (Liebhold et al., 1995) 
Rosa eglanteria 2 not specified** (Liebhold et al., 1995) 
Rosa setigera 2 not specified** (Liebhold et al., 1995) 
Salix babylonica 2 not specified** (Liebhold et al., 1995) 
Salix pentandra 2 not specified** (Liebhold et al., 1995) 
Sambucus callicarpa 2 not specified** (Liebhold et al., 1995) 
Sapindus drummondii 2 not specified** (Liebhold et al., 1995) 
Sapindus marginatus 2 not specified** (Liebhold et al., 1995) 
Sapindus saponaria 2 not specified** (Liebhold et al., 1995) 
Sassafras albidum 2 not specified** (Liebhold et al., 1995) 
Sequoia sempervirens 2 not specified** (Liebhold et al., 1995) 
Sequoiadendron giganteum 2 not specified** (Liebhold et al., 1995) 
Simarouba glauca 2 not specified** (Liebhold et al., 1995) 
Sophora secundiflora 2 not specified** (Liebhold et al., 1995) 
Stewartia ovata 2 not specified** (Liebhold et al., 1995) 
Swietenia mahogani 2 not specified** (Liebhold et al., 1995) 
Symplocos tinctoria 2 not specified** (Liebhold et al., 1995) 
Tamarix parviflora 2 not specified** (Liebhold et al., 1995) 
Trema micrantha 2 not specified** (Liebhold et al., 1995) 
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Tsuga canadensis 2 not specified** (Liebhold et al., 1995) 
Tsuga caroliniana 2 not specified** (Liebhold et al., 1995) 
Tsuga heterophylla 2 not specified** (Liebhold et al., 1995) 
Tsuga mertensiana 2 not specified** (Liebhold et al., 1995) 
Ulmus alata 2 not specified** (Liebhold et al., 1995) 
Ulmus americana 2 not specified** (Liebhold et al., 1995) 
Ulmus crassifolia 2 not specified** (Liebhold et al., 1995) 
Ulmus glabra 2 not specified** (Liebhold et al., 1995) 
Ulmus parvifolia 2 not specified** (Liebhold et al., 1995) 
Ulmus procera 2 not specified** (Liebhold et al., 1995) 
Ulmus pumila 2 not specified** (Liebhold et al., 1995) 
Ulmus serotina 2 not specified** (Liebhold et al., 1995) 
Ulmus spp. 2 not specified** (Liebhold et al., 1995) 
Ulmus thomasii 2 not specified** (Liebhold et al., 1995) 
Vauquelinia californica 2 not specified** (Liebhold et al., 1995) 
Viburnum ellipticum 2 not specified** (Liebhold et al., 1995) 
Viburnum lantana 2 not specified** (Liebhold et al., 1995) 
Viburnum prunifolium 2 not specified** (Liebhold et al., 1995) 
Viburnum pubescens 2 not specified** (Liebhold et al., 1995) 
Viburnum rhytidophyllum 2 not specified** (Liebhold et al., 1995) 
Zanthoxylum americanum 2 not specified** (Liebhold et al., 1995) 
Zanthoxylum clava-herculis 2 not specified** (Liebhold et al., 1995) 
Zanthoxylum fagara 2 not specified** (Liebhold et al., 1995) 
Zanthoxylum flavum 2 not specified** (Liebhold et al., 1995) 
Nothofagus leonii 2.3 AGM (Kay et al., 2002) 
Quercus  humilis 2.3 AGM (Kay et al., 2002) 
Nothofagus solandri 2.5 AGM (Kay et al., 2002) 
Nothofagus cunninghamii 2.7 AGM (Kay et al., 2002) 
Nothofagus solandri cliffortoides 2.7 AGM (Kay et al., 2002) 
Nothofagus fusca 2.9 AGM (Kay et al., 2002) 
Abelia      chinensis var. grandifa 3 not specified** (Liebhold et al., 1995) 
Abies balsamea 3 not specified** (Liebhold et al., 1995) 
Abies bifolia 3 not specified** (Liebhold et al., 1995) 
Abies fraseri 3 not specified** (Liebhold et al., 1995) 
Acer ginnala 3 not specified** (Liebhold et al., 1995) 
Acer pensylvanicum 3 not specified** (Liebhold et al., 1995) 
Acer saccharinum 3 not specified** (Liebhold et al., 1995) 
Acer spicatum 3 not specified** (Liebhold et al., 1995) 
Acoelorrhaphe wrightii 3 not specified** (Liebhold et al., 1995) 
Adonidia merrillii 3 not specified** (Liebhold et al., 1995) 
Aesculus californica 3 not specified** (Liebhold et al., 1995) 
Aesculus hippocastanum 3 not specified** (Liebhold et al., 1995) 
Aesculus octandra 3 not specified** (Liebhold et al., 1995) 
Albizia julibrissin 3 not specified** (Liebhold et al., 1995) 
Amphitecna latifolia 3 not specified** (Liebhold et al., 1995) 
Aralia spinosa 3 not specified** (Liebhold et al., 1995) 
Ardisia japonica 3 not specified** (Liebhold et al., 1995) 
Arecastrum romanzoffianum 3 not specified** (Liebhold et al., 1995) 
Betula alleghaniensis 3 not specified** (Liebhold et al., 1995) 
Bourreria ovata 3 not specified** (Liebhold et al., 1995) 
Broussonetia papyrifera 3 not specified** (Liebhold et al., 1995) 
Callitris glaucophylla 3 not specified** (Liebhold et al., 1995) 
Calocedrus decurrens 3 not specified** (Liebhold et al., 1995) 
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Calycanthus floridus 3 not specified** (Liebhold et al., 1995) 
Carya ovata 3 not specified** (Liebhold et al., 1995) 
Caryota urens 3 not specified** (Liebhold et al., 1995) 
Catalpa bignonioides 3 not specified** (Liebhold et al., 1995) 
Catalpa speciosa 3 not specified** (Liebhold et al., 1995) 
Catalpa spp. 3 not specified** (Liebhold et al., 1995) 
Ceanothus arboreus 3 not specified** (Liebhold et al., 1995) 
Ceanothus integerimus 3 not specified** (Liebhold et al., 1995) 
Ceanothus spinosus 3 not specified** (Liebhold et al., 1995) 
Ceanothus spp. 3 not specified** (Liebhold et al., 1995) 
Ceanothus thyrsiflorus 3 not specified** (Liebhold et al., 1995) 
Celtis laevigata 3 not specified** (Liebhold et al., 1995) 
Celtis occidentalis 3 not specified** (Liebhold et al., 1995) 
Celtis tenuifolia 3 not specified** (Liebhold et al., 1995) 
Cercis canadensis 3 not specified** (Liebhold et al., 1995) 
Cercis occidentalis 3 not specified** (Liebhold et al., 1995) 
Chamaecyparis lawsoniana 3 not specified** (Liebhold et al., 1995) 
Chamaecyparis nootkatensis 3 not specified** (Liebhold et al., 1995) 
Chamaecyparis thyoides 3 not specified** (Liebhold et al., 1995) 
Chilopsis linearis 3 not specified** (Liebhold et al., 1995) 
Citrus limon 3 not specified** (Liebhold et al., 1995) 
Clethra alnifolia 3 not specified** (Liebhold et al., 1995) 
Clethra spp. 3 not specified** (Liebhold et al., 1995) 
Coccothrinax argentata 3 not specified** (Liebhold et al., 1995) 
Cocos nucifera 3 not specified** (Liebhold et al., 1995) 
Cordia sebestena 3 not specified** (Liebhold et al., 1995) 
Cornus alternifolia 3 not specified** (Liebhold et al., 1995) 
Cornus drummondii 3 not specified** (Liebhold et al., 1995) 
Cornus nuttallii 3 not specified** (Liebhold et al., 1995) 
Cornus racemosa 3 not specified** (Liebhold et al., 1995) 
Cornus rugosa 3 not specified** (Liebhold et al., 1995) 
Cornus spp. 3 not specified** (Liebhold et al., 1995) 
Cornus stolonifera 3 not specified** (Liebhold et al., 1995) 
Cunninghamia lanceolata 3 not specified** (Liebhold et al., 1995) 
Cupressocypari leylandii 3 not specified** (Liebhold et al., 1995) 
Cupressus arizonica 3 not specified** (Liebhold et al., 1995) 
Cupressus bakeri 3 not specified** (Liebhold et al., 1995) 
Cupressus goveniana 3 not specified** (Liebhold et al., 1995) 
Cupressus guadalupensis 3 not specified** (Liebhold et al., 1995) 
Cupressus macnabiana 3 not specified** (Liebhold et al., 1995) 
Cupressus macrocarpa 3 not specified** (Liebhold et al., 1995) 
Cupressus sargentii 3 not specified** (Liebhold et al., 1995) 
Diospyros texana 3 not specified** (Liebhold et al., 1995) 
Diospyros virginiana 3 not specified** (Liebhold et al., 1995) 
Drypetes lateriflora 3 not specified** (Liebhold et al., 1995) 
Elaeagnus angustifolia 3 not specified** (Liebhold et al., 1995) 
Fatsia japonica 3 not specified** (Liebhold et al., 1995) 
Ficus benjamina 3 not specified** (Liebhold et al., 1995) 
Forestiera acuminata 3 not specified** (Liebhold et al., 1995) 
Fraxinus americana 3 not specified** (Liebhold et al., 1995) 
Fraxinus anomala 3 not specified** (Liebhold et al., 1995) 
Fraxinus caroliniana 3 not specified** (Liebhold et al., 1995) 
Fraxinus cuspidata 3 not specified** (Liebhold et al., 1995) 
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Fraxinus greggii 3 not specified** (Liebhold et al., 1995) 
Fraxinus latifolia 3 not specified** (Liebhold et al., 1995) 
Fraxinus nigra 3 not specified** (Liebhold et al., 1995) 
Fraxinus pennsylvanica 3 not specified** (Liebhold et al., 1995) 
Fraxinus profunda 3 not specified** (Liebhold et al., 1995) 
Fraxinus quadrangulata 3 not specified** (Liebhold et al., 1995) 
Fraxinus spp. 3 not specified** (Liebhold et al., 1995) 
Fraxinus texensis 3 not specified** (Liebhold et al., 1995) 
Fraxinus velutina 3 not specified** (Liebhold et al., 1995) 
Garrya fremontii 3 not specified** (Liebhold et al., 1995) 
Ginkgo biloba 3 not specified** (Liebhold et al., 1995) 
Gleditsia aquatica 3 not specified** (Liebhold et al., 1995) 
Gleditsia triacanthos 3 not specified** (Liebhold et al., 1995) 
Grevillea 'noellii' 3 not specified** (Liebhold et al., 1995) 
Grevillea robusta 3 not specified** (Liebhold et al., 1995) 
Gymnanthes lucida 3 not specified** (Liebhold et al., 1995) 
Gymnocladus dioicus 3 not specified** (Liebhold et al., 1995) 
Halesia carolina 3 not specified** (Liebhold et al., 1995) 
Hippomane mancinella 3 not specified** (Liebhold et al., 1995) 
Ilex aquifolium 3 not specified** (Liebhold et al., 1995) 
Ilex cassine 3 not specified** (Liebhold et al., 1995) 
Ilex coriacea 3 not specified** (Liebhold et al., 1995) 
Ilex decidua 3 not specified** (Liebhold et al., 1995) 
Ilex glabra 3 not specified** (Liebhold et al., 1995) 
Ilex krugiana 3 not specified** (Liebhold et al., 1995) 
Ilex montana 3 not specified** (Liebhold et al., 1995) 
Ilex opaca 3 not specified** (Liebhold et al., 1995) 
Ilex verticillata 3 not specified** (Liebhold et al., 1995) 
Ilex vomitoria 3 not specified** (Liebhold et al., 1995) 
Jasminum nudiflorum 3 not specified** (Liebhold et al., 1995) 
Juniperus ashei 3 not specified** (Liebhold et al., 1995) 
Juniperus californica 3 not specified** (Liebhold et al., 1995) 
Juniperus coahuilensis 3 not specified** (Liebhold et al., 1995) 
Juniperus communis 3 not specified** (Liebhold et al., 1995) 
Juniperus deppeana 3 not specified** (Liebhold et al., 1995) 
Juniperus erythrocarpa 3 not specified** (Liebhold et al., 1995) 
Juniperus flaccida 3 not specified** (Liebhold et al., 1995) 
Juniperus monosperma 3 not specified** (Liebhold et al., 1995) 
Juniperus occidentalis 3 not specified** (Liebhold et al., 1995) 
Juniperus osteosperma 3 not specified** (Liebhold et al., 1995) 
Juniperus pinchotii 3 not specified** (Liebhold et al., 1995) 
Juniperus scopulorum 3 not specified** (Liebhold et al., 1995) 
Juniperus virginiana 3 not specified** (Liebhold et al., 1995) 
Lindera benzoin 3 not specified** (Liebhold et al., 1995) 
Liriodendron tulipifera 3 not specified** (Liebhold et al., 1995) 
Maclura pomifera 3 not specified** (Liebhold et al., 1995) 
Magnolia acuminata 3 not specified** (Liebhold et al., 1995) 
Magnolia ashei 3 not specified** (Liebhold et al., 1995) 
Magnolia fraseri 3 not specified** (Liebhold et al., 1995) 
Magnolia grandiflora 3 not specified** (Liebhold et al., 1995) 
Magnolia macrophylla 3 not specified** (Liebhold et al., 1995) 
Magnolia pyramidata 3 not specified** (Liebhold et al., 1995) 
Magnolia soulangeana 3 not specified** (Liebhold et al., 1995) 
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Magnolia tripetala 3 not specified** (Liebhold et al., 1995) 
Magnolia virginiana 3 not specified** (Liebhold et al., 1995) 
Morus alba 3 not specified** (Liebhold et al., 1995) 
Morus microphylla 3 not specified** (Liebhold et al., 1995) 
Morus nigra 3 not specified** (Liebhold et al., 1995) 
Morus rubra 3 not specified** (Liebhold et al., 1995) 
Nothofagus alessandri 3 AGM (Kay et al., 2002) 
Nothofagus menziesii 3 AGM (Kay et al., 2002) 
Nothofagus moorei 3 AGM (Kay et al., 2002) 
Nothofagus nitidia 3 AGM (Kay et al., 2002) 
Nothofagus truncata 3 AGM (Kay et al., 2002) 
Nyssa aquatica 3 not specified** (Liebhold et al., 1995) 
Nyssa biflora 3 not specified** (Liebhold et al., 1995) 
Nyssa ogeche 3 not specified** (Liebhold et al., 1995) 
Nyssa sylvatica 3 not specified** (Liebhold et al., 1995) 
Olea europaea 3 not specified** (Liebhold et al., 1995) 
Osmanthus americanus 3 not specified** (Liebhold et al., 1995) 
Paulownia tomentosa 3 not specified** (Liebhold et al., 1995) 
Photinia spp. 3 not specified** (Liebhold et al., 1995) 
Pinus pinea 3 not specified** (Liebhold et al., 1995) 
Pinus rigida 3 not specified** (Liebhold et al., 1995) 
Pinus thunbergiana 3 not specified** (Liebhold et al., 1995) 
Platanus occidentalis 3 not specified** (Liebhold et al., 1995) 
Platanus racemosa 3 not specified** (Liebhold et al., 1995) 
Platanus wrightii 3 not specified** (Liebhold et al., 1995) 
Prunus pensylvanica 3 not specified** (Liebhold et al., 1995) 
Pseudophoenix sargentii 3 not specified** (Liebhold et al., 1995) 
Rhamnus californica 3 not specified** (Liebhold et al., 1995) 
Rhamnus caroliniana 3 not specified** (Liebhold et al., 1995) 
Rhamnus cathartica 3 not specified** (Liebhold et al., 1995) 
Rhamnus frangula 3 not specified** (Liebhold et al., 1995) 
Robinia neomexicana 3 not specified** (Liebhold et al., 1995) 
Robinia pseudoacacia 3**** not specified** (Liebhold et al., 1995) 
Robinia viscosa 3 not specified** (Liebhold et al., 1995) 
Roystonea elata 3 not specified** (Liebhold et al., 1995) 
Sabal palmetto 3 not specified** (Liebhold et al., 1995) 
Sambucus canadensis 3 not specified** (Liebhold et al., 1995) 
Sapium sebiferum 3 not specified** (Liebhold et al., 1995) 
Sophora affinis 3 not specified** (Liebhold et al., 1995) 
Sophora japonica 3 not specified** (Liebhold et al., 1995) 
Spirea bumalda 3 not specified** (Liebhold et al., 1995) 
Stewartia koreana 3 not specified** (Liebhold et al., 1995) 
Symphoricarpos albus 3 not specified** (Liebhold et al., 1995) 
Taxodium distichum 3 not specified** (Liebhold et al., 1995) 
Taxus brevifolia 3 not specified** (Liebhold et al., 1995) 
Taxus floridana 3 not specified** (Liebhold et al., 1995) 
Thrinax microcarpa 3 not specified** (Liebhold et al., 1995) 
Thrinax parviflora 3 not specified** (Liebhold et al., 1995) 
Thuja occidentalis 3 not specified** (Liebhold et al., 1995) 
Thuja orientalis 3 not specified** (Liebhold et al., 1995) 
Thuja plicata 3 not specified** (Liebhold et al., 1995) 
Torreya californica 3 not specified** (Liebhold et al., 1995) 
Torreya taxifolia 3 not specified** (Liebhold et al., 1995) 
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Ulmus rubra 3 not specified** (Liebhold et al., 1995) 
Umbellularia californica 3 not specified** (Liebhold et al., 1995) 
Viburnum acerifolium 3 not specified** (Liebhold et al., 1995) 
Viburnum lentago 3 not specified** (Liebhold et al., 1995) 
Viburnum opulus 3 not specified** (Liebhold et al., 1995) 
Viburnum spp. 3 not specified** (Liebhold et al., 1995) 
Viburnum tomentosum 3 not specified** (Liebhold et al., 1995) 
Washingtonia filifera 3 not specified** (Liebhold et al., 1995) 
Ximenia americana 3 not specified** (Liebhold et al., 1995) 
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5.8. APPENDIX C: HOUSEHOLD GOODS IDENTIFIED AS RISK GOODS FOR GYPSY 
MOTH  

 
Outdoor goods identified as risk goods for the movement of gypsy moth with household 
effects in the USA (USDA, 2001). 

Air conditioners Other outside toys like trucks or sand molds 
Animal houses (doghouses, rabbit hutches, etc.) Outdoor doormats 
Backpacks Outdoor thermometers 
Barbecue grills Picnic tables 
Barrels Plants 
Basketball backboards Playhouses 
Bicycles Porch or patio furniture 
Bicycles Recreational or Camping Items 
Bicycles, tricycles Recreational vehicles 
Bird feeders Refrigerators 
Bird houses Roofing materials 
Birdbaths Sandboxes 
Boat trailers Sewer pipes 
Boats Sheets of plastic 
Bricks Shutters 
Bug lights Signs and posts 
Building Materials Sleds, toboggans 
Campers Snowblowers 
Car parts Snowmobiles 
Car ramps Sports equipment 
Cardboard and wooden boxes Storage sheds 
Cars or trucks Stored tires (snow tires) 
Carts Storm/screen doors and windows 
Cement mixing tubs Swimming pools 
Children’s Playthings Swingsets 
Cinder blocks Tanks for propane and oil 
Clothesline poles Tarps 
Clothespin bags Television antennas 
Coldframes Tents 
Driftwood Tire swings 
Empty plant containers Tools and toolboxes 
Farm implements Tractors and trailers 
Fencing Trash cans 
Fertilizer spreaders Trees and shrubs 
Firewood Trellises 
Flagpoles Waders or boots 
Garden tillers Wagons 
Garden tools Washing machines 
House plants taken outside during the summer Water hoses 
Household Items Water pipes 
Ice chests Weather vanes 
Ladders Welding equipment 
Lawnmowers Wheelbarrows 
Lumber Window awnings 
Mailboxes Workbenches 
Motor homes Yard decorations 
Motorcycles   
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5.8.1. References 
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6. Fall webworm (Hyphantria cunea) 

6.1. INTRODUCTION 

6.1.1. Fall webworm incursion in New Zealand 
Fall webworm is native to North America and since the 1940s it has spread to more than 15 
European countries as well as Japan, Korea and China, where it has become a significant pest 
(CAB International, 2002; Warren and Tadic, 1970). It is particularly known for its very wide 
host range. 
 
Fall webworm was first detected in New Zealand in March 2003 when a single caterpillar of 
the black-headed strain was found in the Mount Wellington area of Auckland (Bennett and 
Bullians, 2003). Wider searches detected a communal web containing 15 larvae in a tree of 
Liquidambar sp. within a few metres of the original detection. 
 
The original infestation was sprayed, and the spraying was followed up with ground searches 
and a trapping programme. Plans were prepared for an aerial spraying programme using 
Foray 48B (BTK), to be undertaken if further evidence of an established population was 
found. 
 
There had been no further identifications of the fall webworm by the end of January 2005.  
However, between February and May of 2005 three individuals were trapped in the vicinity of 
where the first incursion occurred (MAF Biosecurity New Zealand, PPIN database). In 2005, 
fall webworm males were detected in traps on 3 occasions. These were considered most likely 
to have arrived in New Zealand as pupae rather than being from and established population, 
based on ground surveys and isotope tracing (Technical Advisory Group minutes, February 
2006). 
 
Live individuals of fall webworm are therefore likely to have entered New Zealand at least 
twice, or more depending on whether the 2005 detections are believed to be from one arrival 
or several. There is also a record of dead fall webworm reported on imported goods post-
border (see section 6.3.9 for further details; MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group, unpublished data). Despite the evidence for repeated arrivals, there have 
only ever been three reported interceptions of fall webworm on goods at the border61. 

6.2. PEST INFORMATION 

6.2.1. Pest taxonomy 
 
Scientific name: Hyphantria cunea (Drury) 

Synonyms62: Hyphantria textor Harris, Clemens., Phalaena 
(Bombyx) cunea Drury., Phalaena punctatissima Smith., Cycnia 
cunea Hubner., Spilosoma cunea (Drury)., Euproctis textor 
(Harris)., Hyphantria punctata Fitch., Spilosoma cunea. Drury 
(Warren and Tadic, 1970)  

 
Class:   Insecta 

                                                 
61 Only recently identified – see vehicles section for further discussion. 
62 This is only a partial synonpmy and sources vary, but the name Hyphantria cunea has been generally accepted and used since before 1900 
(Warren and Tadic 1970). 
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Order:  Lepidoptera 
Family:  Arctiidae 
Common names: fall webworm, blackheaded webworm, redheaded webworm, 

mulberry moth, American white moth 
 
The family Arctiidae is comparatively large, for example there are more than 80 genera in 
Australia (Nielsen & Common, 1991). Only a few species of arctiid moths live in New 
Zealand. There are about 5 indigenous species, a further 3 that sporadically arrive from 
Australia but are not considered to be established and the cinnabar moth (Tyria jacobaeae), an 
introduced biological control of ragwort (Senecio jacobaea) (Dugdale, 1988). 
 
There are two types of fall webworm, the black-headed and the red-headed forms. The red-
headed form was previously considered to be a separate species, H. textor, but it is now 
included under H. cunea (Ito and Warren, 1973). The two types overlap in North America, but 
the black-headed predominates in the northern part of United States and Canada, and the red-
headed in the southern part of United States.  Only the black-headed type is present in Asia, 
Europe and New Zealand (Bennett and Bullians, 2003; Zhang et al., 1998). 
 
There are differences in the morphology, behaviour and developmental time of the two 
strains, however both strains do interbreed to produce viable progeny (Ito and Warren, 1973; 
Warren and Tadic, 1970). Examples of differences are in the number of generations per year 
and host range. The black-headed strain has 2 to 4 generations per year, compared to the red 
headed strain of 1 to 2 generations per year and the red-headed strain has fewer reported hosts 
(Ito and Warren, 1973). 
 
This risk analysis is focused on both types, but the majority of the research has been 
conducted on the black-headed type because this is the type that has become established 
beyond its native range. In a number of cases we have had to assume that biological 
information based on the black-headed type is relevant to both. If there is any suggestion that 
the types differ for a particular trait, this information has been recorded. 
 
This assumption is less important than for gypsy moth because the type that has had most 
research conducted on it is the type considered to be more likely to enter New Zealand based 
on the post-border interceptions and the geographical distribution of the two strains. 
Detections of the red-headed type in new areas or new information on the differences may 
alter the recommendations and conclusions of this risk analysis. 

6.2.2. Geographical range 
The fall webworm is native throughout the USA, Canada and parts of Mexico (CAB 
International, 2002; Johnson and Lyon, 1988; Warren and Tadic, 1970). It has been 
accidentally introduced to parts of mainland Asia and Europe, particularly Eastern Europe, 
Japan and China (EPPO, 1979; CAB International, 2002). The fall webworm is reported to 
have been eradicated from Denmark, Germany and Lithuania (CAB International, 2002). See 
Appendix D for a full list of countries where fall webworm has been reported. 

6.2.3. Morphology 

6.2.3.1. Adult 
The body size of the adults range from 11 – 15 mm long with females slightly larger than 
males (Warren and Tadic, 1970).  Antennae are brown to black and the wings are white 
although in some individuals they are spotted black (Figure 11).  It used to be thought that the 
spotted form was a separate species.  It is now established that both forms can originate from 
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the same egg mass and that climate conditions also influence the colour of moth wings, with 
the spotted form generally occurring in the spring (Warren and Tadic, 1970). 
 
Figure 11.  Fall webworm adult female and eggs (image: Ministry of Agriculture and Regional 
Development Archives, Hungary, www.forestryimages.org) 

 

6.2.3.2. Eggs 
The egg of the fall webworm is globe shaped, about 0.55 mm in diameter, light green or 
yellow in colour but changes to gray just before hatching (Warren and Tadic, 1970). They are 
laid on the underside of the leaves of host plants either beside one another or in double layers 
and covered with white hairs from the female’s abdomen (Johnson and Lyon, 1988). In the 
laboratory eggs are also laid on paper, cheesecloth and glass. In the field they are difficult to 
detect because of their colour (Warren and Tadic, 1970). 

6.2.3.3. Larvae 
 In the black-headed type, the larvae are pale yellow or green with a dark strip along the back 
and a yellow stripe along the side which is covered in white hairs (Figure 12). The red-headed 
type is tan with orange to red tubercles covered in brown hair (Ito and Hattori, 1975).  
However, there is seasonal and geographical variation in larval colour.  Fully grown 
caterpillars are 30-35 mm long with hairs 10-12 mm long. The fall webworm is the only 
representative of the family Arctiidae that spins silk webs within which they feed (Figure 13, 
Warren and Tadic, 1970). 
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Figure 12. Fall webworm larvae (photo: Lacy L. Hyche, Auburn University, Bugwood.org) 

 
 
Figure 13. Fall webworm nest (photo: Lacy L. Hyche, Auburn University, Bugwood.org) 

 

6.2.3.4. Pupae  
The pupa is 8 – 14 mm long and approximately 4 mm in diameter but size varies depending 
on plant quality at the larval stage.  Pupal colour is pale green but darkens to red-brown on 
maturity (Figure 14). It has a distinct cocoon of transparent silk spun around the pupa (Figure 
15). 
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Figure 14. Fall webworm pupa with cocoon removed (image: Lacy L. Hyche, Auburn University, 
www.forestryimages.org) 

 
 
Figure 15. Fall webworm pupa with cocoon (image: Lacy L. Hyche, Auburn University, 
www.forestryimages.org). 

 

6.2.4. Life cycle 
The life cycle of fall webworm is illustrated in figure 16. Fall webworm has a variable 
number of generations per year, depending on climate and photoperiod (Gomi, 1997, Kean, 
2003). For example in most of Japan it has two generations per year although some 
populations have three (Gomi and Takeda, 1996). In eastern Canada it has only one 
generation per year, that is, there is no non-diapause generation (Morris, 1963). Four 
generations per year are reported to occur in Louisiana, USA (Johnson and Lyon, 1988).  
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Based on degree day requirements, modelling has suggested that it would have two 
generations per year in Auckland (Kean, 2003). It survives for most of the year in the pupal 
stage (Warren and Tadic, 1970). 
 
Figure 16. Life cycle of fall webworm 

 
 
Adults emerge from diapausing pupae in spring or early summer (Gomi, 1996c; Warren and 
Tadic, 1970). The timing of emergence is regulated by environmental conditions e.g. (Choi 
and Boo, 1987; Gomi, 1996c), generally occurring earlier in the season at lower latitudes and 
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milder temperatures (Warren and Tadic, 1970). Reported emergence dates in the literature 
include from mid-March (Arkansas), April-May (Hungary and Yugoslavia) (Warren and 
Tadic, 1970), May-June (south-west France) (Riom and Menassieu, 1979) and through to 
early July (Massachusetts) (Warren and Tadic, 1970). Fall webworm adults are nocturnal, 
emerging in the early evening (Hirai, 1972). Females fly to host plants generally prior to 
midnight (Suzuki and Kunimi, 1981) with male flight and mating just prior to dawn (Zhang et 
al., 1998). Females mate only once, males can mate with up to three females (Warren and 
Tadic, 1970). 
 
Reported survival times for adults are variable and depend on temperature to some degree 
(Warren and Tadic, 1970). Around 2 weeks is the maximum reported time for female 
survival, with males surviving less than one week and some authors reporting less than a 
week for both sexes (Warren and Tadic, 1970). Adults do not feed as they have a reduced 
proboscis (Gomi, 2000). 
 
Most egg-laying occurs within the first few days following emergence (Warren and Tadic, 
1970). Eggs are laid on the lower surface of the leaves of host plants and the number of eggs 
reported is variable, ranging from 300-1300. There are reports of females laying eggs on their 
cages in the laboratory (Kay, 2004; Warren and Tadic, 1970), but oviposition on non-host 
material is not reported in the wild. 
 
The egg stage lasts for a variable length of time depending on conditions. Warren and Tadic 
(1970) reported ranges from 5 to 23 days from a range of countries and environmental 
conditions. Gomi (1996a) reported a mean of just over 15 days for two different Japanese 
populations at 20oC under laboratory conditions.  
 
Larvae feed close to where they hatch, within a communal web, migrating when food 
becomes short (Warren and Tadic, 1970). Later instars are more likely to feed away from the 
nest (Warren and Tadic, 1970). The number of instars is variable but is most typically six or 
seven (Gomi, 1996a; Warren and Tadic, 1970). Under laboratory conditions, larval 
development times for two different populations averaged 41 and 42 days (Gomi, 1996a). 
 
When they reach full size, fall webworm larvae actively seek suitable pupations sites. 
Pupation is recorded in a range of protected sites including bark fissures, under stones, in soil 
litter or within soil, under roofing tiles or wall boards and within abandoned cocoons of other 
insects (Warren and Tadic, 1970). In China, pupation is recorded “in debris or underground” 
(Zhang et al., 1996) and a propensity of fall webworm to pupate on vehicles and packaging 
material is also reported (Lihong Zhu pers. comm. March 2007). Although the literature does 
not contain extensive information on the choice of pupation sites by fall webworm, based on 
what is recorded there are probably a wide range of goods and equipment on which they could 
pupate. Both diapausing and non-diapausing pupae can survive exposure to -15oC for 24 
hours and 2 weeks at -5oC (Li et al., 2001). 
 
Depending on the conditions during larval development the pupae formed will be either 
diapausing or non-diapausing. Non-diapausing pupae are formed earlier in the season and the 
non-diapause pupal stage lasts from 7 to approximately 30 days, depending on a range of 
factors (Gomi, 1996a; Gomi, 2000, Warren and Tadic, 1970). Reported times are variable, but 
most of the pupation time reports give both means and maxima at less than 20 days. In a 
single multivoltine population different generations can have different generation times 
(Gomi, 2000). Fall webworm overwinters as diapausing pupae which can survive for months 
(e.g. approximately 200 days reported in Warren and Tadic, 1970). 
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6.2.5. Dispersal 
The main natural dispersal stage for fall webworm is as adults. In most cases dispersal is 
probably not over large distances. A study of female dispersal in Japan showed that 95 
percent of females released flew less than 71m, with the maximum recorded distance 188m 
(Suzuki and Kunimi, 1981). Males are reported to be capable of flying much further 
(Yamanaka et al., 2001) but field studies suggest that most do not fly more than 250-300 m 
(Yamanaka et al., 2001; Zhang and Schlyter, 1996). Flight is reported to occur mainly at night 
(Warren and Tadic, 1970). 
 
Dispersal from the nest occurs in late instar larvae. Larvae are reported as migrating up to 
about 100 feet when food becomes short and crossing roads in search of pupation sites 
(Warren and Tadic, 1970). The initial detection of fall webworm in Mt Wellington was a late-
instar larva wandering from the nest – it was within 15 metres of the host tree where the nest 
was found (Bennett and Bullians, 2003). Where larval populations are in close proximity to 
human activity, larvae may chose pupation sites on goods and vehicles that are subsequently 
transported long distances (EPPO, 1979). The types of sites where fall webworm pupae occur, 
combined with the long period that it persists as diapausing pupae, suggest that this is the 
most important life stage for human-mediated dispersal. 

6.2.6. Host range 
The reported host range for fall webworm is unusually wide (Greenblatt et al., 1978; Warren 
and Tadic 1970; Worth, 1994). A list of reported hosts is given in Appendix E, although this 
list is still regarded as incomplete. Hundreds of species are recorded as hosts, over a wide 
range of families, although survival and growth varies depending on the suitability of the host 
species (Kay, 2004) and inclusion in the host list does not necessarily mean that fall webworm 
will complete its development on all of these species. Common host plants in the wild include 
Prunus serotina, Morus alba, Liquidambar styraciflua and Acer negundo (Barbosa and 
Greenblatt, 1979; Gomi, 1996b; Suzuki and Kunimi, 1981; Warren and Tadic, 1970). The 
population of fall webworm found in New Zealand was feeding on Liquidambar (species not 
determined) (Bennett and Bullians, 2003), which is a common introduced tree in parks and 
gardens. 
 
The host range includes a number of horticultural crops such as apple (Malus x domestica) 
and persimmon (Diospyros kaki), important amenity species such as Fraxinus and Acer, and 
species used for erosion control and shelter (Salix spp., Populus spp.). No major forestry 
species are listed although black walnut (Juglans nigra) and Paulownia are hosts. 
 
Larvae show a distinct preference for sun leaves rather than shade leaves (Barbosa and 
Greenblatt, 1979). 
 
Laboratory trials on some New Zealand native species showed that larvae were able to feed 
on a number of species including silver beech (Nothofagus menziesii), manuka 
(Leptospermum scoparium), Olearia macrodonta and Metrosideros kermadecensis (Kay, 
2004).While some larvae developed to pupation, growth on the New Zealand native species 
was slower than on the natural host species tested (Morus alba). 
 
In oviposition trials, egg masses were laid on a range of native species including 
Brachyglottis greyii, Hoheria sextylosa, Hebe venustula and red beech (Nothofagus fusca) 
(Kay, 2004). Oviposition also occurred on the cage. Laboratory oviposition behaviour in fall 
webworm is not particularly consistent with that observed in the wild (Kay, 2004) so it is 
uncertain how much can be derived from the oviposition results. 



 

MAF Biosecurity New Zealand Pest risk analysis for six moth species • 131 

6.2.7. Pest significance 
Fall webworm is regarded as a pest species throughout its range. In its native range it is 
damaging to crops such as apple, plum (Prunus x domestica), pear (Pyrus spp.) and some nut 
species and is regarded as a pest of ornamental trees because of the unsightly webbing 
(Anonymous, 2001; Johnson and Lyon, 1988; Maine Department of Conservation, 2000; 
Warren and Tadic, 1970). It undergoes periodic outbreaks (Warren and Tadic, 1970). 
 
Outbreaks of fall webworm occurred in Europe and Asia following the initial arrivals (Umeya 
and Ito, 1977; Warren and Tadic, 1970). Concerns over the impact of fall webworm have 
decreased in Europe, where it is generally considered to be a “locally damaging” species 
(CAB International, 2002). In China it is regarded as a serious pest of fruit, nut and amenity 
trees (Zhang et al., 1996; Zhang et al., 1998). Populations both in Europe and Japan are now 
commonly parasitised (for example see (Kay, 2003)) and parasitism may have reduced the 
frequency and intensity of outbreaks from the initial levels. 
 
Damage may also be limited by the preference of fall webworm for leaves growing in sun 
(Barbosa and Greenblatt, 1979); in Japan fall webworm hasn’t invaded large deciduous forest 
areas but is largely an “edge” species (e.g. roadsides, urban gardens) (Umeya and Ito, 1977). 

6.3. RISK ASSESSMENT 

6.3.1. Likelihood of entry by country 
A full list of countries with Hyphantria cunea present is given in appendix D. With the 
exception of the USA, the black-headed type is the only type reported from all these 
countries. Both the red-headed and the black-headed types are widespread in the USA. It is 
uncertain whether both types occur in Mexico and Canada. 
 
The likelihood of fall webworm being transported to New Zealand from any particular 
country is dependent on a number of factors. 
 
All other factors being equal, greater volumes of passengers, goods, containers and vessels 
will mean a greater likelihood of fall webworm introduction. Of all the countries with fall 
webworm, nearly 90 percent of passengers are from the USA, Japan, China and South Korea 
(see section 6.3.7 for more details). Just over 90 percent of sea containers from countries with 
fall webworm come from China, Japan, South Korea, the USA and Italy (see section 6.3.3 for 
more details). 
 
For some pests, differing transit times from different countries are considered to affect the 
likelihood of introduction from the different countries (MAF, 2002a). The importance of 
differing sea transit times depends on the life stage and is discussed further under specific 
pathways. Since diapausing pupae can survive for months, no country can be completely 
excluded from this analysis based on transit time. 
 
Air transit times from all countries with fall webworm are less than 48 hours (Air New 
Zealand, 2006) and the differences between countries are not considered to be significant for 
this risk analysis. 
 
Direct sea transit times to New Zealand from ports in some countries with fall webworm are 
given in table 18 (note that these are direct times and in many cases the actual times are much 
longer as ships don’t necessarily travel directly to New Zealand). 
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Table 18. Direct sea transit times to New Zealand (Pedlow et al., 1998) 
 
Port Time (at average 16 knots) 
China (Shanghai) 13.4 days 
Italy (Genoa, via Suez Canal) 28-29 days 
Japan (Yokohama) 12.5 days 
USA west coast (San Francisco) 15.4 days 
USA east coast (New York, via Panama Canal) 22 
 
The greater the population levels of fall webworm in an area, the greater the likelihood that 
there will be fall webworm life stages contaminating a transported item. Fall webworm 
outbreaks are reported (Umeya and Ito, 1977), but there is less information on outbreaks than 
for species such as gypsy moth (Lymantria dispar). During outbreaks there is a greater 
likelihood of introduction of fall webworm from the areas experiencing the outbreak but there 
is not enough information to consider the effects of outbreaks in this risk analysis. 
 
Not all countries with fall webworm have widespread populations. While in theory the more 
widespread a species is in a particular country, the more likely it is to contaminate goods from 
there, in practice the proximity of fall webworm populations to exporting facilities and ports 
is more important for determining the likelihood of contamination. This information is not 
readily available. Therefore countries are not distinguished on whether they are reported to 
have “widespread” or “localised” populations. 

Conclusion 
The greater volume of trade and passengers from Japan, South Korea, China and the USA 
suggest a greater likelihood of introduction from these four countries than from any other 
country with fall webworm. 
 
No country with fall webworm can be excluded from this risk analysis based on transit time 
or having fall webworm populations of restricted distribution. 

6.3.2. Summary of pathways 
Fall webworm spends a significant proportion of its life cycle not in association with host 
plants. Only during the egg and larval stages is it consistently associated with host plants. 
Pupation can occur on the trunks of host trees but is also common on non-host material. 
Therefore fall webworm is defined as a hitchhiker species, that is, a species that is sometimes 
associated with a commodity but does not feed on the commodity or specifically depend on 
that commodity for the completion of its life cycle in some other way. 
 
Table 19. Summary of interception records for fall webworm (includes border interceptions and 
post-border records that can be traced to a specific import pathway) 
 
Pathway Number of records Comments 
Imported goods (wallpaper) 1 Dead larva and pupae and adults in a box of wallpaper from 

Italy. Post-border interception in 2003. 
Vehicles 3 Larvae and egg mass. Records date back to 2000 but 

identified in 2006 by DNA testing. Border interceptions. 
Passengers 1 Live larva identified as Hyphantria sp. in the suitcase of a 

passenger recently returned from the USA. Likely to have 
been fall webworm. Post-border interception in 2000. 

 
There are few interception records and these do not give enough information to draw 
conclusions on the full range pathways of entry for fall webworm into New Zealand (table 
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19). Because fall webworm is a hitchhiker species, there is a wide range of commodities and 
pathways on which it could occur. To avoid an analysis on potentially dozens of commodities, 
these have been grouped into seven categories: 
• containers (air and sea); 
• live plant material; 
• military; 
• packaging materials; 
• passengers (air and sea), including accompanied and unaccompanied personal effects; 
• vehicles (new and used) including machinery; 
• other. 
 
A general scheme for the arrival of fall webworm in New Zealand is given in Figure 17. 
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Figure 17. Scenario tree for arrival of fall webworm in New Zealand (all pathways) 
 

 

6.3.3. Likelihood of entry on containers 
Nearly 575 000 sea containers landed in New Zealand in the year ended December 2005 
(MAF Biosecurity New Zealand, Biosecurity Monitoring Group, Quancargo database). About 
1/3 of these were empty. This figure may be an underestimate as the figures for empty 
containers in Quancargo are not particularly accurate (Carolyn Whyte pers. comm. May 
2006). Just over 23 percent of these were reported as coming directly from countries with fall 
webworm (table 20). The countries recorded are the country of the final port of loading and 
do not necessarily reflect where the containers were packed or the origin of the container 
contents (Carolyn Whyte, pers. comm. August 2005). 
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In addition, many sea containers are transhipped, for example they are loaded in one country, 
then shipped to another country and transferred to another ship before shipping to 
New Zealand. It is not always clear where a container has been when it arrives in New 
Zealand. 
 
Table 20. Sea container imports from countries with fall webworm for the year ending December 
2005 (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, Quancargo database) 
 

Country of port of 
loading 

Loaded 
containers 

Empty 
containers All containers 

China  48 343 1 602 49 945 
Japan  11 315 6 710 18 025 
Republic of Korea  10 786 3 531 14 317 
United States  24 874 12 089 36 963 
Italy  7 473 214 7 687 
Canada  2 322 701 3 023 
France  2 730 73 2 803 
Turkey  890 58 948 
Mexico  770 0 770 
Russian Federation  159 15 174 
Poland  69 0 69 
Slovenia  47 0 47 
Austria  46 0 46 
Ukraine  50 0 50 
Romania  18 0 18 
Switzerland  18 0 18 
Hungary  6 0 6 
Slovakia  1 0 1 
Bulgaria  2   2 
Croatia  11 0 11 
All countries with fall 
webworm 109 930 24 993 134 923 

All countries 377 565 197 210 574 775 
 
Similar figures are not available for air containers and total numbers of air containers are not 
known. There is information for approximate numbers of containers handled by Air New 
Zealand. In the year ended December 2005, about 54 904 air containers (unit load devices – 
ULDs) were handled by Air New Zealand at Auckland (47 803), Wellington (787) and 
Christchurch (6341) airports (Greg Sullivan, Air New Zealand, pers. comm., May 2005). Of 
these, just over 20 percent came from countries with fall webworm (see table 21). This 
number includes only the airlines handled through Air New Zealand and not others, so it is 
not a total figure. For Auckland, 82 percent of flights are handled by Air New Zealand with 
the remainder handled by Menzies (number of fights does not necessarily correlate with 
numbers of containers). 
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Table 21. Countries of origin for air containers handled by Air New Zealand at Auckland, 
Wellington and Christchurch airports in the year ended December 2005 
 

Country of origin Number of ULDs 

Japan 2 884 

Korea (South) 1 456 

United States 6 814 

total: countries with fall webworm 11 154 

total: all countries* 54 904 
 
*note that these figures do not reflect the total numbers of ULDs arriving in New Zealand 
 
Containers spend variable lengths of time in a country and in transit and are used and stored in 
a range of conditions. In a survey of sea container movement in 2001/2002, the mean length 
of stay in New Zealand for sea containers was 41 days, but ranging from 5-186 days (MAF, 
2003d). Air container movement hasn’t been formally surveyed, however they are known to 
be more restricted in their movements than sea containers. Overall there are fewer facilities 
handling air containers and the majority of these are within the airport vicinity. For example, 
there are 52 companies handling air freight near Auckland, 50 of these are within the general 
area surrounding Auckland airport and 2 are in an industrial area of Auckland (Nikola 
Merrile, pers. comm. February 2007). Under some circumstances air containers may travel 
greater distances, such as inter-city (Dave Goulter, pers. comm. March, 2007). The definition 
“air containers” also include “baggage cans”, which are air containers specifically used for 
airline baggage. These usually remain within about 200 metres of the aircraft (Dave Goulter, 
pers. comm. March, 2007). It is uncertain how air containers are handled overseas, but it is 
likely to be similar to New Zealand (P.Hallett, pers. comm. Mar 2007). 
 
There are also a variety of different types of containers. Air containers and sea containers are 
quite different in their structure, with air containers in general being smoother and therefore 
less likely to harbour exterior contaminants (although they are variable in structure, some are 
effectively only a structure on which boxes are stacked). Air containers have a flat bottom for 
moving on rollers and in the pilot survey for a 1999 study, none of the contaminants found 
were on the lower surface (Gadgil et al., 2001). 
 
No fall webworm has ever been detected on a container (either an air or sea container). 
However not all detected organisms are identified and fall webworm contamination of 
containers cannot be ruled out on the basis of no interceptions. 
 
In a 1999 study 23 percent of air containers had internal contaminants, while fewer than 
2 percent had external contaminants (Gadgil et al., 2001). No live lepidopteran life stages 
were found associated with the 991 air containers examined in 1999. Eight dead Lepidoptera 
(four only identified to Order level) were reported inside air containers, but the life stage was 
not stated. Plant material was a relatively common contaminant, with nearly half of the 
contaminants found being defined as “plant foliage” (Gadgil et al., 2001). Some fall 
webworm host species were among the species identified (Warren and Tadic, 1970). 
Typically, because of the differences in handling, the contamination rates for air containers 
used for cargo are higher than contamination rates for those used for baggage (Dave Goulter, 
pers. comm. March 2007). 
 
Sea containers have surfaces which provide more shelter for organisms and also tend to spend 
longer periods of time either at a port or outside a port. A survey in 1997/1998 identified 
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external contaminants (including live organisms but also other contamination such as small 
amounts of soil, dried leaves and dead organisms) on 39 percent of sea containers, with more 
than 60 percent of these being on the underside (Gadgil et al., 2000). Fall webworm was not 
detected, but of the 25 Lepidoptera contaminants, nine were not identified to a level that 
would rule out fall webworm. 
 
A survey conducted in 2001/2002 (MAF, 2003d) of just over 11 000 sea containers found 
much lower levels of external contamination than the previous survey (4.4 percent for loaded 
sea containers and 2 percent for empty sea containers). Substantial differences between the 
two surveys mean that it is difficult to compare the results, in particular, the 2001/2002 survey 
did not look at the underside of the sea containers and the differing definitions of “soil” (the 
most common contaminant in the 2001/2002 survey). Live organism contamination levels in 
the two surveys were similar for the sides of the container (0.1 percent), but most live 
organisms were found on the underside in the 1998/1999 survey (Gadgil et al., 2000). 
 
The 2001/2002 survey also recorded internal contaminants. Fall webworm was not detected 
and of the 38 Lepidoptera specimens detected (live and dead), only two were not identified to 
a level that would rule out fall webworm (MAF, 2003d). As with the air container survey, 
plant material was another significant contaminant, although it is not clear exactly what 
proportion was foliage. Again, some fall webworm host species were among the species 
identified (Warren and Tadic, 1970). 
 
There are major differences in transit times for air and sea containers. Sea transit times are 
summarised in table 18 in section 6.3.1 (likelihood of entry by country). Average journey 
times at 16 knots are 12.5 days from Yokohama (Japan) and 13.4 days from Shanghai (China, 
Pedlow et al., 1998). For other parts of East Asia where containers come from, times are 
assumed to be similar. However transits times can vary significantly. There are newer ships 
that travel faster, potentially reducing transit times. Many container ships do not travel 
directly to New Zealand (The New Zealand Shipping Gazette, 2005) so the real transit times 
are often longer. 
 
Apart from the difference between air and sea containers, the type of container, and the type 
of goods in a container (or if there are goods in a container) is not considered to have a 
significant impact on the likelihood of contamination by fall webworm, so containers are 
categorised as air and sea and not separated further in this analysis. 

6.3.3.1. Reasons for including container pathway. 
There have been no interceptions of fall webworm associated with air or sea containers 
arriving in New Zealand, nor has specific information been found in the literature that 
documents a link between containers (as opposed to packaging materials or goods) and fall 
webworm. The container pathway is included because although there have been field 
detections of fall webworm in New Zealand, there has never been a confirmed, live 
interception associated with any pathway (although there were unidentified dead organisms in 
the same superfamily as fall webworm). The choice of pathways to examine for this risk 
analysis can therefore not be based on interception data. Fall webworm is a hitchhiker pest 
(i.e. associated with pathways that are not specifically host material) and containers are 
associated with a wide range of other “hitchhiker” pests, so they are therefore a potential fall 
webworm pathway. 

6.3.3.2. Likelihood of entry by lifestage – eggs  
The egg stage lasts for a variable length of time depending on conditions. Warren and Tadic 
(Warren and Tadic, 1970) reported ranges from 5 to 23 days from a range of countries and 
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environmental conditions. Because of the multivoltine nature of fall webworm an obvious 
season where eggs are present is not well defined in the way it may be for a univoltine species 
such as gypsy moth.  
 
In field situations, fall webworm eggs are reported to be laid on foliage although in the 
laboratory they can be laid on other surfaces (Kay, 2004; Warren and Tadic, 1970). Therefore 
eggs are considered most likely to enter New Zealand via containers where the containers are 
contaminated with foliage. It is uncertain whether the egg-laying behaviour observed in the 
laboratory would occur in the wild if a female became trapped inside a container. Since this 
behaviour has not been reported from the wild, and since neonate larvae do not typically 
travel in search of food (and therefore would be likely to starve if hatched on an container), 
egg laying on inanimate objects is assumed to be not significant for this risk analysis. This 
would need to be reconsidered if new information was found suggesting that (a) egg masses 
are consistently laid on inanimate objects in the wild and (b) larvae hatching from these egg 
masses are capable of surviving (specifically, locating food). Nonetheless, as the egg stage is 
reported to last only 5-23 days, egg masses laid on sea containers would only arrive in New 
Zealand if they contaminated goods just prior to loading. Egg masses associated with air 
containers are expected to arrive alive. 
 
At the time of arrival in New Zealand most of the foliage would be old and very unlikely to 
support viable fall webworm eggs (or newly hatched larvae). Only a small minority of the 
foliage would have contaminated air or sea containers recently enough to still contain viable 
fall webworm eggs. 
 
Depending on which country the containers were coming from, the means of transport back to 
New Zealand and the conditions in transit, it is theoretically possible, though not likely, for 
foliage containing eggs of fall webworm to contaminate containers overseas and then arrive in 
New Zealand before the eggs have hatched. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of eggs to survive air and sea transit conditions is uncertain. 
Temperatures outside the range 10oC to 35oC are reported as unfavourable for development 
but not necessarily fatal to all individuals in a population, and in some seasons eggs in the 
field survive exposure to near-freezing temperatures (Warren and Tadic, 1970). In the absence 
of detailed information on the environmental tolerances of eggs and the conditions they would 
be exposed to, it is assumed that at least a proportion of eggs are capable of surviving the 
transit conditions 
 
Conclusion statement on likelihood of entry as eggs via containers: 
 
Given that: 
• both air and sea containers are known to sometimes be contaminated with foliage;  
• the egg stage lasts from 5-23 days, longer than the direct air transport time and some 

direct sea transport times from countries with fall webworm; 
• the volume of sea containers is very high (>500 000 per year for sea containers), while the 

volume of air containers is uncertain; 
and taking into account that: 
• the vast majority of foliage contaminating containers is likely to be old and not contain 

viable eggs of fall webworm when it arrives in New Zealand; 
it is concluded that the likelihood of importation of fall webworm as eggs via containers 
is negligible. 
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Note: since this was written, an egg mass detected on a Japanese used vehicle has been 
identified via DNA testing as fall webworm (Karen Armstrong pers. comm. Feb 2006). The 
specimen was collected at the Auckland wharf in October 2000, from the tyre wall of a 
vehicle. The viability was not known. 
 
It is known that unmated females lay eggs (although these are unviable) (Warren and 
Tadic, 1970) and that under laboratory conditions eggs are laid on a variety of surfaces, 
even though in the wild egg masses are reported to be laid on host foliage (Kay, 2004; 
Warren and Tadic, 1970). The most likely explanation for this find would therefore appear 
to be that a female emerged from a pupa on a vehicle and either was trapped there (e.g. a 
vehicle in a container) or was in a location with no host plants (e.g. the hold of a bulk 
carrier carrying cars). See section on pupae for an explanation of the likelihood of pupae 
occurring on objects such as vehicles and sea containers. 
 
This information is not considered sufficient to alter the conclusions of this risk analysis 
but highlights the uncertainty around some information in this risk analysis. 

6.3.3.3. Likelihood of entry by lifestage – larvae 
Because of the multivoltine nature of fall webworm, life stages overlap significantly and an 
obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 
 
Fall webworm larvae feed within their nest in the early instars (Warren and Tadic, 1970). It is 
considered highly unlikely that a whole nest would contaminate either a sea or air container so 
it is considered highly unlikely that early instar larvae would be transported to New Zealand 
on containers. 
 
Later instar larvae feed outside the nest and disperse prior to pupation and may wander onto 
containers. The reported distances that larvae travel are comparatively small (up to about 33 
m (Warren and Tadic, 1970)), so it is assumed that larvae are only likely to contaminate 
containers stored within about this distance of host plants. This figure is based on limited 
information, and further information on the distance that larvae crawl would enable a more 
precise understanding of which items are likely to become associated with fall webworm and 
which are not. Unless they are pupating on the item (see section on pupae), larvae are unlikely 
to remain there unless they became trapped. 
 
There are reports of fall webworm larvae surviving starvation for up to 15 days, although with 
compromised reproductive capacity as adults (CAB International, 2002). However 
experimental data verifying the time to starvation have not been found and the age of the 
larvae, the conditions they were in and the proportion of larvae that survived this length of 
starvation are not reported. Based on this survival period, larvae would be capable of 
surviving the transit time by air, but for transit by sea from most countries with fall webworm 
the travel times would be close to or longer than the maximum survival time for larvae. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. Aside from starvation, the ability of larvae to survive transit conditions is uncertain. 
Temperatures outside the approximate range 10oC to 35oC are reported as unfavourable to 
development, but are not necessarily fatal to all individuals in a population, and dry 
conditions also increase mortality (Warren and Tadic, 1970). In the absence of detailed 
information on the environmental tolerances of larvae and the conditions they would be 
exposed to, it is assumed that at least a proportion of larvae are capable of surviving the 
transit conditions 
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Conclusion statement on likelihood of entry as larvae via containers: 
 
Given that: 
• larvae wander in search of food and could wander onto containers stored within about 33 

m of fall webworm populations (although this figure may be changed if new information 
becomes available); 

• larvae would be capable of surviving the travel time by air; 
and taking into account that: 
• early instar larvae feed within the nest; 
• larvae are mobile and fragile and may not stay associated with items; 
• the direct transit times by sea are close to the maximum periods that larvae can survive 

starvation; 
it is concluded that the likelihood of importation of fall webworm as larvae via 
containers is negligible. 

6.3.3.4. Likelihood of entry by lifestage – pupae 
Pupation is recorded in a range of protected sites including bark fissures, under stones, under 
soil litter or within soil, under roofing tiles or wall boards and within abandoned cocoons of 
other insects (Warren and Tadic, 1970). In China, pupation is recorded “in debris or 
underground” (Zhang et al., 1996) and a propensity of fall webworm to pupate on vehicles 
and packaging material is also reported (Lihong Zhu pers. comm. March 2007). Although it is 
not specifically stated, based on these descriptions there are likely to be sites suitable for 
pupation both on and in containers. Based on their more complex structure, sea containers are 
more likely than air containers to contain suitable pupation sites, especially the lower surface 
of sea containers. 
 
When they reach full size, fall webworm larvae actively seek suitable pupations sites. It is not 
specifically recorded how far larvae will crawl seeking pupation sites although one report 
noted that larvae had been observed crossing roads in search of pupation sites (Warren and 
Tadic, 1970). In the absence of additional information it is assumed that larvae seeking 
pupation sites travel similar distances to those searching for food (i.e. about 33 m, Warren and 
Tadic, 1970). Therefore containers are only likely to contain fall webworm pupae if it is used 
and stored within about this distance of host plants. However detailed information on the 
distances travelled by larvae has not been found.  The distances travelled by larvae and the 
factors influencing the choice of pupation sites important areas of uncertainty for this risk 
analysis and it recommended that there are further efforts made to find out how far fall 
webworm larvae crawl when seeking pupation sites. 
 
It is uncertain whether fall webworm larvae would be capable of getting inside a sea container 
when the doors are closed. How effectively a container is sealed depends on its condition, a 
sea container in poor condition (with deteriorated door seals for example) will be more likely 
to allow the entry of organisms than a new container. Since fall webworm is reported to crawl 
under wall boards and roofing tiles to pupate, the possibility that it could crawl into sea 
containers cannot be discounted. In most circumstances it is considered more likely that fall 
webworm would occur on the outside of a sea container, unless transported inside on goods or 
packaging. 
 
Depending on the conditions during larval development the pupae formed will be either 
diapausing or non-diapausing. The reported pupation times for non-diapausing pupae are 
variable, the minimum reported time is 7 days and most non-diapausing pupae are likely to 
emerge within about 20 days (Gomi, 1996a; Gomi, 2000; Warren and Tadic, 1970). Direct air 
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transit times are less than the minimum pupation time for fall webworm, therefore non-
diapausing pupae transported to New Zealand by air are likely to arrive in New Zealand rather 
than emerging in transit. If transported by sea from Pacific Rim ports, they may or may not 
arrive in New Zealand without emerging, depending on transit conditions and how long pupae 
had been present before transport. Non-diapausing pupae are unlikely to arrive from eastern 
North America or Europe without emerging in transit (see section on adult moths for further 
discussion). 
 
Diapausing pupae are capable of surviving both air and sea transit times from anywhere 
within their range without emerging in transit. Fall webworm is much more likely to arrive in 
New Zealand as diapausing pupae than as non-diapausing pupae. 
 
Because of the multivoltine nature of fall webworm, the times when pupae are present is less 
clearly defined than for a univoltine species such as gypsy moth. However for diapausing 
pupae, it is expected that pupae will contaminate containers sometime in the autumn and will 
be present from autumn until the following spring or early summer. Therefore there is an 
expected arrival period in New Zealand from around October to June or July. 
 
The ability of pupae to survive transit conditions is uncertain, however because diapausing 
pupae are the most persistent life stage, they are likely to be the most tolerant of extreme 
conditions. Both diapausing and non-diapausing pupae can survive exposure to -15oC for 24 
hours and 2 weeks at -5oC (Li et al., 2001). In the absence of detailed information on the 
environmental tolerances of pupae and the conditions they would be exposed to, it is assumed 
that at least a proportion of pupae are capable of surviving the transit conditions by both air 
and sea. 
 
Conclusion statement on likelihood of entry as pupae via containers: 
 
Given that: 
• sea containers are likely to contain suitable sites for fall webworm pupation (air containers 

are considered much less likely); 
• pupation times, at least for diapausing pupae, exceed transit times by air and sea; 
• containers are known to be associated with the transport of a range of hitchhiker pests, 

including moth pupae; 
• the overall volume of containers is very high (>500 000 per year for sea containers); 
and taking into account that: 
• pupae are only likely to contaminate containers stored within about 33 m of a population 

of fall webworm; 
• diapausing pupae are only likely to contaminate containers within a limited time period 

(autumn); 
it is concluded that the likelihood of importation of fall webworm as pupae via 
containers, especially sea containers, is not negligible. 
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Comment: 
Estimating the size of the likelihood of arrival with no interception records is extremely 
difficult. There is no information to suggest how likely larvae are to pupate on containers as 
opposed to another object nearby, or, if they pupate on containers, which parts of the 
containers are preferred. Because containers are only likely to become contaminated when 
they are within a short distance of a larval population and within a defined season, the overall 
proportion of containers that are contaminated is probably small. 
 
Due to the differing structures and conditions of use, the likelihood of arrival associated with 
sea containers is considered much higher than the likelihood of arrival associated with air 
containers.   

6.3.3.5. Likelihood of entry by lifestage – adults 
Compared with a species such as gypsy moth, fall webworm adults do not fly significant 
distances. Males were recorded flying 250m to pheromone traps (Zhang and Schlyter, 1996), 
while females have been recorded flying less than 200m (Suzuki and Kunimi, 1981). They are 
therefore only likely to land on containers that are relatively near to where there is a 
population present. While female moths are presumably attracted to light like other nocturnal 
moths, they seek out host vegetation on which to lay their eggs, so would not necessarily be 
attracted to container facilities. 
 
Because they are mobile, adults are not likely to alight on a container and remain with it until 
it arrived in New Zealand, unless they became trapped. 
 
There are reports of fall webworm adult females surviving for up to two weeks, with males 
surviving around 1 week (Warren and Tadic, 1970). Based on this survival period, adults 
would be capable of surviving the transit time by air but for transit by sea from most countries 
with fall webworm the travel times would be close to or longer than the maximum survival 
time for females and longer than the transit time for males. Because most oviposition occurs 
in the first few days after emergence, it is likely that any adults arriving by sea would be past 
reproductive age. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of adults to survive transit conditions is uncertain, although they do not 
require food (Gomi, 2000). Adult moths of other species are known to survive transit 
conditions on both commercial aircraft (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group unpublished data) and ships (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group unpublished data, Stu Rawnsley pers. comm. May 2006), so they are 
assumed to be capable of surviving transit conditions in containers under some circumstances. 
However because they are both mobile and fragile, adults are more likely to be damaged or 
killed in transit than less mobile life stages. 
 
Non-diapausing pupae are considered likely to hatch in transit, which means that adult moths 
may occur on containers from pupae that hatched in transit. While it depends when they 
emerge, adults hatched in transit are more likely to survive transit times and conditions than 
adults which become associated with the container in the country of origin. 
 
Conclusion statement on likelihood of entry as adult moths via containers: 
 
Given that: 
• survival times for adult fall webworm exceed transit time for air transport; 
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• non-diapausing pupae contaminating sea containers are likely to hatch in transit and arrive 
as adults; 

• the overall volume of containers is very high (>500 000 per year for sea containers); 
and taking into account that: 
• adult moths are mobile and unlikely to stay associated with a container; 
• fall webworm adults are not reported to fly more than about 250 metres; 
• survival times for adult fall webworm are mostly less than direct sea transit times for 

countries with fall webworm; 
• pupae (that hatch in transit) are only likely to contaminate a container stored within about 

33 m of a population of fall webworm; 
it is concluded that the likelihood of importation of fall webworm as adults via 
containers is negligible. 

6.3.3.6. Current measures on containers entering New Zealand 
All loaded and most empty sea containers entering New Zealand are recorded in MAF’s 
Quancargo database. This database indicates the port of loading and, if the contents are 
defined as risk goods, the contents of the container. It does not identify the origin of the 
container contents, where the contents were loaded onto the container or where the container 
had been previously. A New Zealand Customs Service database, CUSMOD, has additional 
data on the origins of imported goods. 
 
The level of inspection and treatment that containers receive depends on various criteria, such 
as whether they are accompanied by a quarantine declaration, whether they have been in a 
country with giant African snail or whether they contain prohibited packaging materials 
(MAF, 2003a; MAF, 2003c; MAF, 2004). 
 
Under the current import health standard (IHS) for sea containers (MAF, 2003a), all sea 
containers are required to be accompanied by a quarantine declaration stating that they are 
free of contaminants. Sea containers are inspected by an accredited person during normal 
container handling and discharge, and depending on the risk profile of the contents, a 
proportion of sea containers receive inspection by MAF Quarantine Service officers. The 
underside of a container is unlikely to be inspected as a part of this process. 
 
There is no information on the efficacy of exterior sea container inspection (whether the 
standard four-sided inspection or the six-sided inspection given to sea containers designated 
as high risk). The criteria for designating a sea container “high risk”, especially for six-sided 
inspection, are not likely to identify containers likely to be contaminated with fall webworm. 
Furthermore, the main factor that leads to a container becoming contaminated with fall 
webworm is storage within approximately 33 metres of where larvae are feeding, especially 
during the autumn when mature larvae are seeking sites to form diapausing pupae. Whether or 
not a container has been close to fall webworm populations cannot be determined from the 
available information. 
 
There are no data on the efficacy of sea container inspection (whether six or four-sided 
inspection). It is uncertain whether either standard or six-sided inspection would detect fall 
webworm life stages on a container, especially pupae, the most likely life stage to occur, 
especially as there is no information to indicate in which locations pupae would occur. In 
particular, standard inspection would be unlikely to detect fall webworm pupae on the lower 
surface of a sea container. 
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There is no procedure for inspecting air containers (as opposed to air container cargo) for 
contaminants although accredited persons and sometimes quarantine officers inspect air 
containers for contaminants during handling. 
 
Conclusion statement on the impact of current measures on the likelihood of entry 
associated with containers: 
 
Given that: 
• it is not possible to determine exactly which containers are the highest risk for fall 

webworm contamination; 
• containers are known to be associated with the transport of a range of hitchhiker pests, 

including moth pupae; 
• the standard inspection of sea containers is likely to have little chance of detecting fall 

webworm contaminating the lower surface of a sea container; 
and taking into account that: 
• there have been no fall webworm interceptions on containers; 
it is concluded that, taking into account the current measures, the likelihood of entry of 
fall webworm pupae via containers is not negligible. 
 
Comment 
Due to use and storage conditions, sea containers are considered more likely to carry fall 
webworm than air containers. There is no particular evidence to suggest a problem with fall 
webworm associated with air containers. The primary question in the case of air containers is 
whether the lack of evidence is because there is no problem or because the levels of 
inspection and information capture at the border are inadequate. The answer to this question 
remains uncertain (see section 11.2 on assumptions and uncertainty). 
 

6.3.4. Fresh plant material (nursery stock and cut flowers/ foliage) 
Most fresh plant material imported is fresh fruit and vegetables. While a few of the species 
imported are reported as hosts (e.g. cherries, Prunus avium), fall webworm life stages are 
considered no more likely to contaminate the plant parts imported than they are to 
contaminate other commodities. Therefore fruit and vegetables are considered under “general 
commodities”. 
 
Other fresh plant material is imported as cut flowers and foliage (MAF, 2002b) or nursery 
stock (MAF, 2005b). Only a small proportion of the material imported for cut flowers and 
foliage or nursery stock is known to be host material from countries with fall webworm. For 
cut foliage there are only three reported host taxa (Gladiolus spp. Helianthus spp. and Myrica 
spp.) permitted for import from countries with fall webworm (MAF, 2002b) and there are no 
records of imports of these species in the last two years (MAF Quarantine Service, Quancargo 
database). Again, non-host foliage is considered no more likely than any other type of 
commodity to be contaminated and is included under general commodities. 
 
Because of the large number of known hosts (see appendix E) and the way that data on 
imports are stored it is difficult to determine how much nursery stock imported is host 
material from countries with fall webworm. As an example, import records for some preferred 
host genera (Carya, Morus, Prunus, Populus, Quercus and Salix) were checked for countries 
with fall webworm. Within these genera, there were imports of Morus (3 consignments), 
Prunus (46) and Salix (6) from countries with fall webworm in the year ended August 2005 
(Brian Double pers. comm. September 2005). Morus was imported as tissue culture and 
Prunus was dormant material. 



 

MAF Biosecurity New Zealand Pest risk analysis for six moth species • 145 

 
These figures indicate that in general the volumes for this pathway are very low, even though 
nursery stock imports are permitted from some countries with fall webworm. 
 
Nursery stock is perishable and not likely to be stored for any length of time before transit and 
is imported as air cargo. 

6.3.4.1. Reasons for including fresh plant material pathways. 
There have been no interceptions of fall webworm associated with fresh plant material 
pathways. However a number of species permitted for import are reported hosts of fall 
webworm. Although there have been field detections of fall webworm in New Zealand, there 
has never been a confirmed, live interception associated with any pathway (although there 
were unidentified dead organisms in the same superfamily as fall webworm). The choice of 
pathways to examine for this risk analysis can therefore not be based on interception data. 
 

6.3.4.2. Likelihood of entry by lifestage – eggs 
The egg stage lasts for a variable length of time depending on conditions. Warren and Tadic 
(Warren and Tadic, 1970) reported ranges from 5 to 23 days from a range of countries and 
environmental conditions. Because of the multivoltine nature of fall webworm an obvious 
season where eggs are present is not well defined in the way it may be for a univoltine species 
such as gypsy moth.  
 
In field situations, fall webworm eggs are reported to be laid on the under surfaces of leaves 
foliage although in the laboratory they can be laid on other surfaces (Kay, 2004; Warren and 
Tadic, 1970). Egg masses on leaves are reported to be difficult to detect because of their 
colour (Warren and Tadic, 1970). The air transit time for all countries with fall webworm is 
much less than the time taken to hatching for eggs, so eggs are likely to arrive without 
hatching in transit. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of eggs to survive transit conditions is uncertain. Temperatures outside 
the range 10oC to 35oC are reported as unfavourable for development but not necessarily fatal 
to all individuals in a population, and in some seasons eggs in the field survive exposure to 
near-freezing temperatures (Warren and Tadic, 1970). In the absence of detailed information 
on the environmental tolerances of eggs and the conditions they would be exposed to, it is 
assumed that at least a proportion of eggs are capable of surviving the transit conditions 
 
Conclusion statement on likelihood of entry as eggs via fresh foliage pathways: 
 
Given that: 
• eggs are known to be laid on live foliage; 
• the egg stage lasts from 5-23 days, much less than the air transit time from all countries 

with fall webworm;  
• egg masses are reported to be difficult to detect; 
and taking into account that: 
• volumes of live foliage imported are generally small; 
• contamination of either nursery stock or cut foliage with egg masses is undesirable for the 

product and egg masses detected are likely to be removed prior to export; 
it is concluded that the likelihood of importation of fall webworm as eggs via cut foliage 
and nursery stock is not negligible. 
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6.3.4.3. Likelihood of entry by lifestage – larvae 
Because of the multivoltine nature of fall webworm, life stages overlap significantly and an 
obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 
 
Fall webworm larvae feed within their nest in the early instars (Warren and Tadic, 1970). It is 
considered highly unlikely that a whole nest would be transported to New Zealand with 
nursery stock or cut foliage, therefore it is highly unlikely that early instar larvae would be 
transported to New Zealand. 
 
Later instar larvae feed outside the nest and disperse prior to pupation and so may be less 
obvious than whole nests. The reported distances that larvae travel are comparatively small 
(up to about 33 m, Warren and Tadic, 1970), so it is assumed that larvae are only likely to 
occur on plants within about 33 m of nests. 
 
There are reports of fall webworm larvae surviving starvation for up to 15 days, although with 
compromised reproductive capacity as adults (CAB International, 2002). However starvation 
in transit is not considered to be an issue for larvae travelling to New Zealand on fresh host 
plant material. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of larvae to survive transit conditions is uncertain, although in at least 
one case a larva of a Hyphantria species did survive transport in accompanied passenger 
baggage (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished data). 
Temperatures outside the approximate range 10oC to 35oC are reported as unfavourable to 
development, but are not necessarily fatal to all individuals in a population, and dry 
conditions also increase mortality (Warren and Tadic, 1970). In the absence of detailed 
information on the environmental tolerances of larvae and the conditions they would be 
exposed to, it is assumed that at least a proportion of larvae are capable of surviving the 
transit conditions 
 
Conclusion statement on likelihood of entry as larvae via fresh foliage pathways: 
 
Given that: 
• larvae occur on host foliage; 
• starvation in transit should not be an issue for larvae transported on fresh host material; 
and taking into account that: 
• larval stages of fall webworm are generally conspicuous (either nests or late instar larvae); 
• volumes of fresh foliage imported are generally small; 
• contamination of either nursery stock or cut foliage with live larvae is undesirable for the 

product and any larvae detected are likely to be removed prior to export; 
it is concluded that the likelihood of importation of fall webworm as larvae via cut 
foliage and nursery stock is not negligible. 
 
Comment 
The likelihood of arrival as larvae on nursery stock and cut flowers/ foliage is considered to 
be lower than the likelihood of arrival as egg masses. 

6.3.4.4. Likelihood of entry by lifestage – pupae 
Pupation is recorded in a range of protected sites including bark fissures, under stones, under 
soil litter or within soil, under roofing tiles or wall boards and within abandoned cocoons of 
other insects (Warren and Tadic, 1970). In China, pupation is recorded “in debris or 
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underground” (Zhang et al., 1996) and a propensity of fall webworm to pupate on vehicles 
and packaging material is also reported (Lihong Zhu, pers. comm. March 2007). Pupation is 
not considered likely to occur on the types of material imported as nursery stock or cut 
foliage. 
 
Conclusion statement on likelihood of entry as pupae via fresh foliage pathways: 
 
Taking into account that: 
• pupation is not reported on the types of material imported as nursery stock or cut foliage; 
it is concluded that the likelihood of importation of fall webworm as pupae via cut 
foliage and nursery stock is negligible. 

6.3.4.5. Likelihood of entry by lifestage – adults 
Female moths actively seek out host vegetation on which to lay their eggs, and so are 
considered likely to be associated with host plants. Egg laying is reported to occur over 
several days (Warren and Tadic, 1970) although it is not reported whether the females remain 
on one plant while laying or how likely they would be to fly away if disturbed. Adult moths 
are likely to be relatively conspicuous on cut foliage and nursery stock. 
 
There are reports of fall webworm adult females surviving for up to two weeks, with males 
surviving around 1 week (Warren and Tadic, 1970). Based on this survival period, adults 
would be capable of surviving the transit time by air. Because most oviposition occurs in the 
first few days after emergence, it is likely that any females adults arriving would have already 
laid eggs. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of adults to survive transit conditions is uncertain, although they do not 
require food (Gomi, 2000). Adult moths of other species are known to survive transit 
conditions on commercial aircraft (MAF Biosecurity New Zealand, Biosecurity Monitoring 
Group, unpublished data).  However because they are both mobile and fragile, adults are more 
likely to be damaged or killed in transit than less mobile life stages. 
 
Conclusion statement on likelihood of entry as adults via fresh foliage pathways: 
 
Given that: 
• adult females seek out host foliage on which to lay their eggs; 
• survival times for adult fall webworm exceed transit time for air transport; 
and taking into account that: 
• adult moths are mobile and likely to be disturbed by handling of material during harvest; 
• contamination of either nursery stock or cut foliage with live moths is undesirable for the 

product and moths detected are likely to be removed prior to export; 
it is concluded that the likelihood of importation of fall webworm as adults via cut 
foliage and nursery stock is negligible. 

6.3.4.6. Current measures on fresh foliage pathways 
A range of different levels of measures are applied to nursery stock and cut flowers and 
foliage, depending on the species and the pests known to occur on that species. These are set 
out in the nursery stock (MAF, 2005b) and cut flowers and foliage standards (MAF, 2002b). 
 
For cut foliage, two of the three host taxa imported from countries with fall webworm have 
mandatory fumigation because they are also reported hosts of glassy-winged sharpshooter 
Homalodisca coagulata (MAF, 2002b). The remaining host genus (Myrica) has the standard 
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inspection requirements which involve visually inspecting a sample of the total goods (based 
on the total size of the consignment) (MAF, 2002b). 
 
There is little information on which to base an assessment on the efficacy of inspection for cut 
flowers and foliage. A survey (by the Biosecurity Monitoring Group) was conducted on this 
pathway in late 2006 but the results were not available when this analysis was done. At a later 
stage, the implications of the survey results for this analysis will be considered separately, but 
will not be included in this analysis. Depending on the results of this survey, the conclusions 
of this section of the risk analysis may require reconsideration. 
 
For nursery stock the minimum level is “basic”, with additional measures applied to some 
species from some countries (MAF, 2005b). For the purpose of this risk analysis this 
minimum level is considered as some fall webworm host species can be imported under this 
category. Additional measures will be applied to some nursery stock depending on other pests 
reported in association with that plant species, but these are not considered here. 
 
The requirements state that all material imported as nursery stock be free from soil and 
extraneous material, and undergo various treatments for different pest groups prior to arrival 
in New Zealand (MAF, 2005b). For insects the options (summarised) are: 
• methyl bromide fumigation (48 g/m3 for 2 hours at 10-15oC, rate lower for higher 

temperatures); 
OR 

• hot water treatment combined with insecticide dip; 
OR 

• 2 different insecticide treatments. 
 
On arrival, all nursery stock undergoes a minimum period of 3 months post-entry quarantine 
(MAF, 2005b). 
 
The efficacy of these treatments is not evaluated in detail here as the pathway is considered 
overall to be of lower risk than some of the others considered here. However some 
considerations are: 
• the methyl bromide rates are known to be effective for the most resistant life stage of 

codling moth Cydia pomonella (Yokoyama et al., 1990); 
• the insecticides listed have varying reported levels of efficacy as quarantine treatments on 

Lepidoptera. A detailed analysis of the available knowledge on efficacy is given in the 
Import Risk Analysis for Wollemia nobilis nursery stock from Australia (Ormsby, 2007); 
This analysis suggests that in some cases the insecticides listed a suitable for risk 
mitigation on this pathway, but for others there is minimal efficacy information.  

• temperatures as prescribed in the hot water treatment are reported as effective against 
some insects but not others (Frontline Biosecurity, unpublished report, January 2002); 

• fall webworm life stages are not considered to be difficult to detect visually on the types 
of material imported nursery stock. 

 
Conclusion statement on the impact of current measures on the likelihood of entry via 
nursery stock: 
 
Given that: 
• some fall webworm host species are permitted to be imported from countries with fall 

webworm; 
and taking into account that: 
• eggs and larvae are the only lifestages likely to be associated with foliage; 
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• overall volumes are very low; 
• nursery stock is subject to treatment (fumigation, insecticide, hot water) and visual 

inspection; 
• cut foliage is subject to visual inspection and in some cases fumigation. 
it is concluded that the likelihood of importation of fall webworm via nursery stock is 
negligible. 
 
A conclusion on the efficacy of the measures for cut flowers and foliage is deferred until 
the results of the survey have been evaluated. 

6.3.5. Military 
Risk goods for fall webworm used in military operations are largely items identified under 
other pathways, such as vessels, vehicles, shipping containers, outdoor furniture and tents. 
However military is considered here separately because the countries visited and the 
biosecurity procedures are different for other pathways. Also, military equipment tends to be 
stored outdoors more often than is usual for goods and personal effects. 
 
Military sites are regularly treated with broad-spectrum insecticide targeted at mosquitoes and 
other arthropods that carry human disease (Lisa King pers. comm. September 2005). This 
treatment is not considered to be a biosecurity measure since it is not aimed at preventing the 
introduction of pests into New Zealand, but it is likely to reduce the overall level of insect 
contamination on military equipment, including fall webworm contamination. 
 
For military operations, personnel and equipment are transported by both air and sea, 
depending on the type of deployment and the location. 
 
New Zealand currently has no troop deployments in countries with fall webworm (Sue Gould 
MAF Quarantine Service, pers. comm. December 2005), therefore the military pathway is not 
currently considered to be a risk pathway for fall webworm entry into New Zealand. However 
during the 1990s there were major operations in the Balkan region (Bosnia and Herzegovina 
for example), a known area for fall webworm. 

6.3.5.1. Reasons for including military pathway 
The location and timing of initial fall webworm detections overseas suggests a link between 
the transport of military equipment and the international dispersal of fall webworm. The first 
detection of fall webworm in Japan was in November 1945 (Umeya and Ito, 1977), just 
3 months after the end of World War II in the Pacific. The site was near a dumping site for the 
US military. The first detection of fall webworm in Korea was at a US military base in 1958 
(Umeya and Ito, 1977). The first detection of fall webworm in Europe was during World War 
II, in Hungary in 1940 (Warren and Tadic, 1970). However it is uncertain whether this 
introduction was associated with the military in any way. 
 
The location and timing of the detections of fall webworm in New Zealand suggests that the 
New Zealand fall webworm incursions and the military are not linked. However this pathway 
is still included in this risk analysis because it has been a previous risk pathway and could be 
again at some point in the future, either if there was a new operation in a fall webworm 
country, or if fall webworm spread to a country where it hadn’t been previously recorded. 

6.3.5.2. Likelihood of entry by lifestage – eggs 
The egg stage lasts for a variable length of time depending on conditions. Warren and Tadic 
(Warren and Tadic, 1970) reported ranges from 5 to 23 days from a range of countries and 
environmental conditions. Because of the multivoltine nature of fall webworm an obvious 
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season where eggs are present is not well defined in the way it may be for a univoltine species 
such as gypsy moth.  
 
In field situations, fall webworm eggs are reported to be laid on foliage although in the 
laboratory they can be laid on other surfaces (Kay, 2004; Warren and Tadic, 1970)). 
Therefore eggs are considered most likely to enter New Zealand via military equipment where 
military equipment is contaminated with foliage. It is uncertain whether the egg-laying 
behaviour observed in the laboratory would occur in the wild if, for example, a female 
became trapped inside a vehicle. Since this behaviour has not been reported from the wild, 
and since neonate larvae do not typically travel in search of food (and therefore would be 
likely to starve if hatched on an inanimate object in the wild), egg laying on inanimate objects 
is assumed to be not significant for this risk analysis. This would need to be reconsidered if 
new information was found suggesting that (a) egg masses are consistently laid on inanimate 
objects in the wild and (b) larvae hatching from these egg masses are capable of surviving 
(specifically, locating food). Nonetheless, as the egg stage is reported to last only 5-23 days, 
egg masses laid on goods transported by sea would only arrive in New Zealand if they 
contaminated goods just prior to loading. 
 
Because it is used and stored outside, often for months or longer, military equipment is more 
likely to be contaminated with foliage than other goods such as used vehicles, however at the 
time of return to New Zealand most of the foliage would be old and very unlikely to support 
viable fall webworm eggs or newly hatched larvae. Only a small minority of the foliage 
would have contaminated the equipment recently enough to still contain viable fall webworm 
eggs. 
 
Depending on which country the equipment was coming from, the means of transport back to 
New Zealand and the conditions in transit, it is theoretically possible, although not likely, for 
foliage containing eggs of fall webworm to contaminate military equipment overseas and then 
arrive in New Zealand before the eggs have hatched. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of eggs to survive transit conditions is uncertain. Temperatures outside 
the range 10oC to 35oC are reported as unfavourable for development but not necessarily fatal 
to all individuals in a population, and in some seasons eggs in the field survive exposure to 
near-freezing temperatures (Warren and Tadic, 1970). In the absence of detailed information 
on the environmental tolerances of eggs and the conditions they would be exposed to, it is 
assumed that at least a proportion of eggs are capable of surviving the transit conditions 
 
Conclusion statement on likelihood of entry as eggs via military transport: 
 
Given that: 
• military equipment includes items that are used and stored outdoors and that are likely to 

be contaminated with foliage; 
• the egg stage lasts from 5-23 days, longer than the direct air transport time and some 

direct sea transport times from countries with fall webworm; 
and taking into account that: 
• the vast majority of foliage contaminating military equipment is likely to be old and not 

contain viable eggs of fall webworm when it arrives in New Zealand; 
• the volume of military equipment returning to New Zealand is low in proportion to other 

pathways; 
it is concluded that the likelihood of importation of fall webworm as eggs via military 
equipment is negligible. 
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Note: since this was written, an egg mass detected on a Japanese used vehicle has been 
identified via DNA testing as fall webworm (Karen Armstrong pers. comm. Feb 2006). The 
specimen was collected at the Auckland wharf in October 2000, from the tyre wall of a 
vehicle. The viability was not known. 
 
It is known that unmated females lay eggs (although these are unviable) (Warren and 
Tadic, 1970) and that under laboratory conditions eggs are laid on a variety of surfaces, 
even though in the wild egg masses are reported to be laid on host foliage (Kay, 2004, 
Warren and Tadic, 1970). The most likely explanation for this find would therefore appear 
to be that a female emerged from a pupa on a vehicle and either was trapped there (e.g. a 
vehicle in a container) or was in a location with no host plants (e.g. the hold of a bulk 
carrier carrying cars). See section on pupae for an explanation of the likelihood of pupae 
occurring objects such as vehicles. 
 
This information is not considered sufficient to alter the conclusions of this risk analysis 
but highlights the uncertainty around some information in this risk analysis. 

6.3.5.3. Likelihood of entry by lifestage – larvae 
Because of the multivoltine nature of fall webworm, life stages overlap significantly and an 
obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 
 
Fall webworm larvae feed within their nest in the early instars (Warren and Tadic, 1970). 
Unless a whole nest somehow was carried on a piece of equipment, it is unlikely that early 
instar larvae would be transported to New Zealand on military equipment. 
 
Later instar larvae feed outside the nest and disperse prior to pupation and may wander onto 
equipment. The reported distances that larvae travel are comparatively small (up to about 
33 m, Warren and Tadic, 1970), so it is assumed that larvae are only likely to contaminate 
equipment used or stored within about this distance of host plants. This figure is based on 
limited information, and further information on the distance that larvae crawl would enable a 
more precise understanding of which items are likely to become associated with fall 
webworm and which are not. Unless they are pupating on the item (see section on pupae), 
larvae are unlikely to remain there unless they became trapped. 
 
There are reports of fall webworm larvae surviving starvation for up to 15 days, although with 
compromised reproductive capacity as adults (CAB International, 2002). However 
experimental data verifying the time to starvation have not been found and the age of the 
larvae, the conditions they were in and the proportion of larvae survived this length of 
starvation are not reported. Based on this survival period, larvae would be capable of 
surviving the transit time by air, but for transit by sea from most countries with fall webworm 
the travel times would be close to or longer than the maximum survival time for larvae. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. Aside from starvation, the ability of larvae to survive transit conditions is uncertain. 
Temperatures outside the approximate range 10oC to 35oC are reported as unfavourable to 
development, but are not necessarily fatal to all individuals in a population, and dry 
conditions also increase mortality (Warren and Tadic, 1970). In the absence of detailed 
information on the environmental tolerances of larvae and the conditions they would be 
exposed to, it is assumed that at least a proportion of larvae are capable of surviving the 
transit conditions 
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Conclusion statement on likelihood of entry as larvae via military transport: 
 
Given that: 
• military equipment includes items that are stored and used outdoors; 
• larvae would be capable of surviving the travel time by air; 
and taking into account that: 
• early instar larvae feed within the nest; 
• larvae are mobile and fragile and may not stay associated with items; 
• the direct transit times by sea are close to the maximum periods that larvae can survive 

starvation; 
• the volume of military equipment returning to New Zealand is low in proportion to other 

pathways; 
it is concluded that the likelihood of importation of fall webworm as larvae via military 
equipment is negligible. 

6.3.5.4. Likelihood of entry by lifestage – pupae 
Pupation is recorded in a range of protected sites including bark fissures, under stones, under 
soil litter or within soil, under roofing tiles or wall boards and within abandoned cocoons of 
other insects (Warren and Tadic, 1970). In China, pupation is recorded “in debris or 
underground” (Zhang et al., 1996) and a propensity of fall webworm to pupate on vehicles 
and packaging material is also reported (Lihong Zhu pers. comm. March 2007). Although it is 
not specifically stated, based on these descriptions there are likely to be sites suitable for 
pupation on items such as vehicles, outdoor furniture and other stored items. 
 
When they reach full size, fall webworm larvae actively seek suitable pupations sites. It is not 
specifically recorded how far larvae will crawl seeking pupation sites although one report 
noted that larvae had been observed crossing roads in search of pupation sites (Warren and 
Tadic, 1970). In the absence of additional information it is assumed that larvae seeking 
pupation sites travel similar distances to those searching for food (i.e. about 33 m, Warren and 
Tadic, 1970). Therefore military equipment is only likely to contain fall webworm pupae if it 
is used and stored within 33 m of host plants. 
 
Depending on the conditions during larval development the pupae formed will be either 
diapausing or non-diapausing. The reported pupation times for non-diapausing pupae are 
variable, the minimum reported time is 7 days and most non-diapausing pupae are likely to 
emerge within about 20 days (Gomi, 1996a; Gomi, 2000; Warren and Tadic, 1970). Direct air 
transit times are less than the minimum pupation time for fall webworm, therefore non-
diapausing pupae transported to New Zealand by air are likely to arrive in New Zealand rather 
than emerging in transit. If transported by sea from Pacific Rim ports, they may or may not 
arrive in New Zealand without emerging, depending on transit conditions and how long pupae 
had been present before transport. Non-diapausing pupae are unlikely to arrive from eastern 
North America or Europe without emerging in transit (see section on adults for further 
discussion). 
 
Diapausing pupae are capable of surviving both air and sea transit times from anywhere 
within their range without emerging in transit. Fall webworm is much more likely to arrive in 
New Zealand as diapausing pupae than as non-diapausing pupae. 
 
Because of the multivoltine nature of fall webworm, the times when pupae are present is less 
clearly defined than for a univoltine species such as gypsy moth. However for diapausing 
pupae, it is expected that pupae will contaminate equipment and other items sometime in the 
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autumn and will be present from autumn until the following spring or early summer. 
Therefore there is an expected arrival period in New Zealand from around October to June or 
July. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of pupae to survive transit conditions is uncertain, however because 
diapausing pupae are the most persistent life stage, they are likely to be the most tolerant of 
extreme conditions. Both diapausing and non-diapausing pupae can survive exposure to -15oC 
for 24 hours and 2 weeks at -5oC (Li et al., 2001). In the absence of detailed information on 
the environmental tolerances of pupae and the conditions they would be exposed to, it is 
assumed that at least a proportion of pupae are capable of surviving the transit conditions. 
 
Conclusion statement on likelihood of entry as pupae via military transport: 
 
Given that: 
• military equipment includes items that are used and stored outdoors; 
• pupation times, at least for diapausing pupae, exceed transit times by air and sea; 
• fall webworm is known to be associated with transport of military equipment; 
and taking into account that: 
• pupae are only likely to contaminate equipment stored within about 33 m of a population 

of fall webworm; 
• diapausing pupae are only likely to get on to items within a limited time period (autumn); 
• the volume of military equipment returning to New Zealand from countries with fall 

webworm is very low; 
it is concluded that the likelihood of importation of fall webworm as pupae via military 
equipment is not negligible*. 
 
*if New Zealand troops were in a country with fall webworm (note that there are no current deployments in countries with fall webworm). 

6.3.5.5. Likelihood of entry by lifestage – adults 
Compared with a species such as gypsy moth, fall webworm adults do not fly significant 
distances. Males were recorded flying 250m to pheromone traps (Zhang and Schlyter, 1996), 
while females have been recorded flying less than 200m (Suzuki and Kunimi, 1981). They are 
therefore only likely to land on equipment that is relatively near to where there is a population 
present. While female moths are presumably attracted to light like other nocturnal moths, they 
seek out host vegetation on which to lay their eggs, so would not necessarily be attracted to 
military sites. 
 
Because they are mobile, adults are not likely to alight on equipment and remain with it until 
it arrived in New Zealand, unless they became trapped. 
 
There are reports of fall webworm adult females surviving for up to two weeks, with males 
surviving around 1 week (Warren and Tadic, 1970). Based on this survival period, adults 
would be capable of surviving the transit time by air but for transit by sea from most countries 
with fall webworm the travel times would be close to or longer than the maximum survival 
time for females and longer than the transit time for males. Because most oviposition occurs 
in the first few days after emergence, is likely that any adults arriving by sea would be past 
reproductive age. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of adults to survive transit conditions is uncertain, although they do not 
require food (Gomi, 2000). The ability of adults to survive transit conditions is uncertain, 
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although they do not require food (Gomi, 2000). Adult moths of other species are known to 
survive transit conditions on both commercial aircraft (MAF Biosecurity New Zealand, 
Biosecurity Monitoring Group unpublished data) and ships (MAF Biosecurity New Zealand, 
Biosecurity Monitoring Group unpublished data, Stu Rawnsley pers. comm. May 2006), so 
they are assumed to be capable of surviving transit conditions on military transport. However 
because they are both mobile and fragile, adults are more likely to be damaged or killed in 
transit than less mobile life stages. 
 
Non-diapausing pupae are considered likely to emerge in transit, which means that adult 
moths may occur on military equipment from pupae that emerged in transit. While it depends 
when they emerge, adults emerged in transit are more likely to survive transit times and 
conditions than adults which become associated with the equipment in the country of origin. 
 
Conclusion statement on likelihood of entry as adults via military transport: 
 
Given that: 
• military equipment includes items that are used and stored outdoors; 
• survival times for adult fall webworm exceed transit time for air transport; 
• non-diapausing pupae contaminating equipment transported by sea are likely to emerge in 

transit and arrive as adults; 
• fall webworm is known to be associated with transport of military equipment; 
and taking into account that: 
• flight of fall webworm adults is not reported to be over long distances; 
• adult moths are mobile and unlikely to stay associated with an object; 
• survival times for adult fall webworm are mostly less than direct sea transit times for 

countries with fall webworm; 
• pupae (that emerge in transit) are only likely to contaminate equipment stored within 

about 33 m of a population of fall webworm; 
• the volume of military equipment returning to New Zealand from countries with fall 

webworm is very low; 
it is concluded that the likelihood of importation of fall webworm as adults via military 
equipment is negligible. 

6.3.5.6. Current measures on military pathway 
There are a range of general measures on returning military equipment which aim to cover the 
range of pests likely to be encountered (MAF, 2001b). There are no specific measures for fall 
webworm. 
 
Clearance of military personnel and equipment is mainly done offshore, either in the country 
of deployment or in a nearby country (Lisa King pers. comm. September 2005). However 
some clearance is done on arrival in New Zealand (Suzanne Brangwin pers. comm. July 
2006). 
 
All military equipment is visually inspected and items that are considered to be risk goods are 
either cleaned or discarded. Complicated items like vehicles are partly dismantled and high 
risk parts of vehicles such as air filters and wooden trays on the back of trucks are discarded. 
Following inspection items are stored in various ways depending on the pests identified (e.g. 
cleared vehicles in East Timor were stored with a salt barrier around them to prevent 
recontamination with giant African snail, Achantina fulica) (Lisa King pers. comm. 
September 2005) 
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The level of inspection and cleanliness required for military equipment being brought back 
into New Zealand is in general higher than that applied to other items brought into 
New Zealand (Lisa King pers. comm. September 2005). 
 
There have been no surveys on the slippage for the military pathway and there are no data on 
the efficacy of the inspections and cleaning conducted for removal of pests on this pathway. 
Due to the more intensive level of inspection compared to other pathways, slippage figures 
from these are not comparable, but slippage is expected to be lower for military equipment 
than for main commercial pathways such as used vehicles. 
 
Conclusion statement on the impact of current measures on the likelihood of entry via 
military transport: 
 
Given that: 
• military equipment is stored outdoors for longer periods than most other risk goods; 
and taking into account that: 
• military equipment is subject to thorough inspection which includes partial dismantling of 

vehicles; 
• New Zealand currently has no significant deployment in countries with fall webworm; 
• during operations in countries with fall webworm (e.g. peacekeeping in Bosnia-

Herzegovina) overall volumes of military equipment returning from countries with fall 
webworm are low in proportion to other pathways; 

it is concluded that with the current measures the likelihood of importation of fall 
webworm via military equipment is negligible. 
 
In the case of fall webworm it is not considered that the risk via military transport is high 
enough to warrant further investigation at this stage. If fall webworm was detected in very 
close to areas where New Zealand military equipment was stored overseas and/or other reason 
for concern about this pathway arise (e.g. significant post-border interceptions at military 
bases following the return of troops from countries with fall webworm) then the likelihood of 
entry for this pathway will need to be reconsidered. 

6.3.6. Packaging materials 
A wide variety of materials is used as packaging to prevent damage to goods in transit. These 
materials can include peat, bark, straw, sacking, wood (treated or untreated), paper, plastic 
and metal. Also included in this category are crates and cartons into which goods such as 
fresh produce are packed, and material used to stabilise cargo within the container such as 
dunnage and wedges. 
 
Approximately 377 000 loaded containers a year arrive in New Zealand (see container section 
for further discussion). Precise volumes for air containers are not available (see container 
section for further discussion) Approximately 50 percent of sea containers contain wood 
packaging (MAF, 2002a). Figures for other sorts of packaging are not available but it is 
assumed that most containers would contain some form of packaging. 
 
A particular concern with packaging materials is that they are reused and so the true origin of 
packaging can be difficult to determine (IPPC, 2002). A container arriving in New Zealand 
from Australia may have packaging that was previously in China or North America for 
example. 
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6.3.6.1. Reason for inclusion of this pathway 
Contamination of wood packaging with fall webworm has been reported in China (Lihong 
Zhu pers. comm. March 2007). Packaging materials are known to be associated with other 
hitchhiker pests (MAF, 2002a, IPCC, 2002). Attention has recently been focused on untreated 
wood packaging which has been associated with many interceptions and some significant 
incursions overseas (Pasek, 2000). 
 
The packaging material pathway is included because although there have been field detections 
of fall webworm in New Zealand, there has never been a confirmed, live interception 
associated with any pathway. The choice of pathways to examine for this risk analysis can 
therefore not be based on interception data. 

6.3.6.2. Likelihood of entry by lifestage – eggs 
The egg stage lasts for a variable length of time depending on conditions. Warren and Tadic 
(Warren and Tadic, 1970) reported ranges from 5 to 23 days from a range of countries and 
environmental conditions. Because of the multivoltine nature of fall webworm an obvious 
season where eggs are present is not well defined in the way it may be for a univoltine species 
such as gypsy moth.  
 
In field situations, fall webworm eggs are reported to be laid on foliage although in the 
laboratory they can be laid on other surfaces (Kay, 2004; Warren and Tadic, 1970). Therefore 
eggs are considered most likely to enter New Zealand on packaging material that is 
contaminated with foliage. Foliage contamination would most commonly occur if packaging 
material was stored outside near host plants. 
 
It is uncertain whether the egg-laying behaviour observed in the laboratory would occur in the 
wild if a female became trapped, for example, inside a container. Since this behaviour has not 
been reported from the wild, and since neonate larvae do not typically travel in search of food 
(and therefore would be likely to starve if hatched on an inanimate object), egg laying on 
inanimate objects is assumed to be not significant for this risk analysis. This would need to be 
reconsidered if new information was found suggesting that (a) egg masses are consistently 
laid on inanimate objects in the wild and (b) larvae hatching from these egg masses are 
capable of surviving (specifically, locating food). Nonetheless, as the egg stage is reported to 
last only 5-23 days, egg masses laid on goods transported by sea would only arrive in 
New Zealand if they contaminated goods just prior to loading. 
 
At the time of arrival in New Zealand most of the foliage would be old and very unlikely to 
support viable fall webworm eggs (or newly-hatched larvae). Only a small minority of the 
foliage would have contaminated packaging materials recently enough to still contain viable 
fall webworm eggs, although the likelihood would be higher for that transported by air. 
 
Depending on which country the goods were coming from, the means of transport to 
New Zealand and the conditions in transit, it is theoretically possible, though not likely, for 
foliage containing eggs of fall webworm to contaminate packaging materials overseas and 
then arrive in New Zealand before the eggs have hatched. Differences in contamination levels 
are likely to result from the way the material is used and stored and not from the different 
types of packaging material. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of eggs to survive transit conditions is uncertain. Temperatures outside 
the range 10oC to 35oC are reported as unfavourable for development but not necessarily fatal 
to all individuals in a population, and in some seasons eggs in the field survive exposure to 



 

MAF Biosecurity New Zealand Pest risk analysis for six moth species • 157 

near-freezing temperatures (Warren and Tadic, 1970). In the absence of detailed information 
on the environmental tolerances of eggs and the conditions they would be exposed to, it is 
assumed that at least a proportion of eggs are capable of surviving the transit conditions 
 
Conclusion statement on likelihood of entry as eggs via packaging materials: 
 
Given that: 
• packaging material is sometimes used and stored in a manner likely to result in foliage 

contamination; 
• the egg stage lasts from 5-23 days, longer than the direct air transport time and some 

direct sea transport times from countries with fall webworm; 
• approximately 377 000 loaded sea containers and an unknown number of air containers, 

most of them containing packaging material, were imported into New Zealand in the last 
year; 

and taking into account that: 
• the vast majority of foliage contaminating packaging materials is likely to be old and not 

contain viable eggs of fall webworm when it arrives in New Zealand; 
it is concluded that the likelihood of importation of fall webworm as eggs via packaging 
material is negligible. 
 
Note: since this was written, an egg mass detected on a Japanese used vehicle has been 
identified via DNA testing as fall webworm (Karen Armstrong pers. comm. Feb 2006). The 
specimen was collected at the Auckland wharf in October 2000, from the tyre wall of a 
vehicle. The viability was not known. 
 
It is known that unmated females lay eggs (although these are unviable) (Warren and 
Tadic, 1970) and that under laboratory conditions eggs are laid on a variety of surfaces, 
even though in the wild egg masses are reported to be laid on host foliage (Kay, 2004, 
Warren and Tadic, 1970). The most likely explanation for this find would therefore appear 
to be that a female emerged from a pupa on a vehicle and either was trapped there (e.g. a 
vehicle in a container) or was in a location with no host plants (e.g. the hold of a bulk 
carrier carrying cars). See section on pupae for an explanation of the likelihood of pupae 
occurring on material such as packaging. 
 
This information is not considered sufficient to alter the conclusions of this risk analysis 
but highlights the uncertainty around some information in this risk analysis. 

6.3.6.3. Likelihood of entry by lifestage – larvae 
Because of the multivoltine nature of fall webworm, life stages overlap significantly and an 
obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 
 
Fall webworm larvae feed within their nest in the early instars (Warren and Tadic, 1970). It is 
considered highly unlikely that a whole nest would contaminate packaging materials so it is 
considered highly unlikely that early instar larvae would be transported to New Zealand. 
 
Later instar larvae feed outside the nest and disperse prior to pupation and may wander onto 
stored packaging materials. The reported distances that larvae travel are comparatively small 
(up to about 33 m, Warren and Tadic, 1970), so it is assumed that larvae are only likely to 
contaminate materials stored within about this distance of host plants. This figure is based on 
limited information, and further information on the distance that larvae crawl would enable a 
more precise understanding of which items are likely to become associated with fall 
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webworm and which are not.. Unless they are pupating on the item (see section on pupae), 
larvae are unlikely to remain there unless they became trapped. 
 
Differences in contamination levels are likely to result from the way the material is used and 
stored and not from the different types of packaging material. 
 
There are reports of fall webworm larvae surviving starvation for up to 15 days, although with 
compromised reproductive capacity as adults (CAB International, 2002). However 
experimental data verifying the time to starvation have not been found and the age of the 
larvae, the conditions they were in and the proportion of larvae survived this length of 
starvation are not reported. Based on this survival period, larvae would be capable of 
surviving the transit time by air, but for transit by sea from most countries with fall webworm 
the travel times would be close to or longer than the maximum survival time for larvae. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. Aside from starvation, the ability of larvae to survive transit conditions is uncertain. 
Temperatures outside the approximate range 10oC to 35oC are reported as unfavourable to 
development, but are not necessarily fatal to all individuals in a population, and dry 
conditions also increase mortality (Warren and Tadic, 1970). In the absence of detailed 
information on the environmental tolerances of larvae and the conditions they would be 
exposed to, it is assumed that at least a proportion of larvae are capable of surviving the 
transit conditions. 
 
Conclusion statement on likelihood of entry as larvae via packaging materials: 
 
Given that: 
• larvae wander in search of food and could wander onto packaging material stored within 

about 33 m of fall webworm populations; 
• larvae would be capable of surviving the travel time by air; 
• approximately 377 000 loaded sea containers and an unknown number of air containers, 

most of them containing packaging material, were imported into New Zealand in the last 
year; 

and taking into account that: 
• early instar larvae feed within the nest; 
• larvae are mobile and fragile and may not stay associated with items; 
• the direct transit times by sea are close to the maximum periods that larvae can survive 

starvation; 
it is concluded that the likelihood of importation of fall webworm as larvae via 
packaging material is negligible. 

6.3.6.4. Likelihood of entry by lifestage – pupae 
Pupation is recorded in a range of protected sites including bark fissures, under stones, under 
soil litter or within soil, under roofing tiles or wall boards and within abandoned cocoons of 
other insects (Warren and Tadic, 1970). In China, pupation is recorded “in debris or 
underground” (Zhang et al., 1996) and a propensity of fall webworm to pupate on vehicles 
and packaging material is also reported (Lihong Zhu pers. comm. March 2007). Although it is 
not specifically stated, based on these descriptions there are likely to be sites suitable for 
pupation on many types of packaging material. 
 
When they reach full size, fall webworm larvae actively seek suitable pupations sites. It is not 
specifically recorded how far larvae will crawl seeking pupation sites although one reported 
noted that larvae had been observed crossing roads in search of pupation sites (Warren and 
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Tadic, 1970). In the absence of additional information it is assumed that larvae seeking 
pupation sites travel similar distances to those searching for food (i.e. about 33 m, Warren and 
Tadic, 1970). Therefore packaging material only likely to contain fall webworm pupae if it is 
used and stored within 33 m of host plants. 
 
The likelihood of contamination will depend on both the conditions in which the packaging 
material is used and stored, as well as the nature of the packaging material. Bark is one of the 
natural pupation sites for fall webworm, so bark, or wood containing bark, is likely to have a 
higher level of contamination than glass or paper, although there is no direct evidence for this 
since there are few interception records for fall webworm. 
 
Depending on the conditions during larval development the pupae formed will be either 
diapausing or non-diapausing. The reported pupation times for non-diapausing pupae are 
variable, the minimum reported time is 7 days and most non-diapausing pupae are likely to 
emerge within about 20 days (Gomi, 1996a; Gomi, 2000; Warren and Tadic, 1970). Direct air 
transit times are less than the minimum pupation time for fall webworm, therefore non-
diapausing pupae transported to New Zealand by air are likely to arrive in New Zealand rather 
than emerging in transit. If transported by sea from Pacific Rim ports, they may or may not 
arrive in New Zealand without emerging, depending on transit conditions and how long pupae 
had been present before transport. Non-diapausing pupae are unlikely to arrive from eastern 
North America or Europe without emerging in transit (see section on adult moths for further 
discussion). 
 
Diapausing pupae are capable of surviving both air and sea transit times from anywhere 
within their range without emerging in transit. Fall webworm is much more likely to arrive in 
New Zealand as diapausing pupae than as non-diapausing pupae. Given that fall webworm 
can survive as diapausing pupae for many months, it may be possible for pupae to arrive in 
New Zealand via countries that do not have fall webworm, that is, packaging material 
containing fall webworm pupae is sent from a country with fall webworm to a country 
without fall webworm, then is reused and sent to New Zealand before adults emerge. Whether 
or not this occurs will depend on the effect that environmental conditions in the different 
countries have on the breaking of diapause. 
 
Because of the multivoltine nature of fall webworm, the times when pupae are present is less 
clearly defined than for a univoltine species such as gypsy moth. However for diapausing 
pupae, it is expected that pupae will contaminate equipment and other items sometime in the 
autumn and will be present from autumn until the following spring or early summer. 
Therefore there is an expected arrival period in New Zealand from around October to June or 
July. 
 
The ability of pupae to survive transit conditions is uncertain, however because diapausing 
pupae are the most persistent life stage, they are likely to be the most tolerant of extreme 
conditions. Both diapausing and non-diapausing pupae can survive exposure to -15oC for 24 
hours and 2 weeks at -5oC (Li et al., 2001). In the absence of detailed information on the 
environmental tolerances of pupae and the conditions they would be exposed to, it is assumed 
that at least a proportion of pupae are capable of surviving the transit conditions. 
 
Conclusion statement on likelihood of entry as pupae via packaging materials: 
 
Given that: 
• packaging materials are reported to be associated with fall webworm overseas; 
• many packaging materials are likely to contain suitable sites for fall webworm pupation; 
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• pupation times, at least for diapausing pupae, exceed transit times by air and sea; 
• approximately 377 000 loaded sea containers and an unknown number of air containers, 

most of them containing packaging material, were imported into New Zealand in the last 
year; 

and taking into account that: 
• pupae are only likely to contaminate packaging materials used and stored within about 

33 m of a population of fall webworm; 
it is concluded that the likelihood of importation of fall webworm as pupae via 
packaging materials is not negligible. 

6.3.6.5. Likelihood of entry by lifestage – adults 
Compared with a species such as gypsy moth, fall webworm adults do not fly significant 
distances. Males were recorded flying 250m to pheromone traps (Zhang and Schlyter, 1996), 
while females have been recorded flying less than 200m (Suzuki and Kunimi, 1981). They are 
therefore only likely to land on equipment that is relatively near to where there is a population 
present. While female moths are presumably attracted to light like other nocturnal moths, they 
seek out host vegetation on which to lay their eggs, so would not necessarily be attracted to 
container facilities. 
 
Because they are mobile, adults are not likely to alight on packaging materials and remain 
with them until it arrived in New Zealand, unless they became trapped. 
 
There are reports of fall webworm adult females surviving for up to two weeks, with males 
surviving around 1 week (Warren and Tadic, 1970). Based on this survival period, adults 
would be capable of surviving the transit time by air but for transit by sea from most countries 
with fall webworm the travel times would be close to or longer than the maximum survival 
time for females and longer than the transit time for males. Because most oviposition occurs 
in the first few days after emergence, is likely that any adults arriving by sea would be past 
reproductive age. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of adults to survive transit conditions is uncertain, although they do not 
require food (Gomi, 2000). Adult moths of other species are known to survive transit 
conditions on both commercial aircraft (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group unpublished data) and ships (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group unpublished data, Stu Rawnsley pers. comm. May 2006), so they are 
assumed to be capable of surviving transit conditions under some circumstances. However 
because they are both mobile and fragile, adults are more likely to be damaged or killed in 
transit than less mobile life stages. 
 
Non-diapausing pupae are considered likely to emerge in transit, which means that adult 
moths may occur on packaging materials from pupae that emerged in transit. While it depends 
when they emerge, adults emerged in transit are more likely to survive transit times and 
conditions than adults which become associated with the container in the country of origin. 
 
Conclusion statement on likelihood of entry as adults via packaging materials: 
 
Given that: 
• survival times for adult fall webworm exceed transit time for air transport; 
• non-diapausing pupae contaminating equipment transported by sea are likely to emerge in 

transit and arrive as adults; 
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• approximately 377 000 loaded sea containers and an unknown number of air containers, 
most of them containing packaging material, were imported into New Zealand in the last 
year; 

and taking into account that: 
• adult moths are mobile and unlikely to stay associated with packaging materials; 
• survival times for adult fall webworm are mostly less than direct sea transit times for 

countries with fall webworm;  
• pupae (that emerge in transit) are only likely to contaminate packaging materials stored 

within about 33 m of a population of fall webworm; 
it is concluded that the likelihood of importation of fall webworm as adults via 
packaging materials is negligible. 

6.3.6.6. Current measures on packaging materials 
There is a range of measures on packaging materials imported into New Zealand. While there 
are no measures specifically for fall webworm, some of the measures are expected to affect 
the likelihood of fall webworm arrival. 
 
Some forms of packaging material are restricted. Restricted packaging material is defined as: 
soil, peat, raw green or contaminated moss, used sacking material, hay, straw, chaff and any 
packing material contaminated with the above (MAF, 2003a). How these packaging materials 
are handled will depend on the type of packaging material and contamination, for example the 
whole container could be fumigated if live insects were detected but in other cases the 
restricted packaging might be removed and destroyed (Suzanne Brangwin, MAF Quarantine 
Service pers. comm. February 2006). 
 
Wood packaging (materials such as cases, crates and pallets and wood used to separate, brace, 
protect or secure cargo in transit) is not defined as “restricted” but due to international 
requirements an increasing proportion of the wood packaging entering New Zealand has been 
subject to treatment such as fumigation with methyl bromide (Mike Ormsby pers. comm.). 
New Zealand is currently implementing ISPM 15 (IPPC 2002), which will require that all 
wood packaging has undergone specified treatment (kiln drying or methyl bromide 
fumigation). A new import health standard has been developed based on this standard and was 
in the process of being implemented when this analysis was written (MAF, 2006a). 

6.3.6.7. Efficacy of treatments on fall webworm pupae 
There is little detailed information on the efficacy of the specified treatments for fall 
webworm. Lepidoptera are not among the taxa identified as “practically eliminated” in wood 
packaging by the specified treatments (IPPC 2002), but it is unclear whether they are not 
mentioned because the treatments are not known to be effective or that they were not among 
the main taxa of concern when the standard was developed. 
 
Methyl bromide is one of the fumigants reported as killing fall webworm adults, larvae and 
pupae (CAB International, 2002). However the dose is not specified which limits the 
usefulness of this recommendation. 
 
Detailed information on the heat tolerance of fall webworm pupae has not been found. The 
specified heat treatment (56oC for 30 minutes) has been tested against diapausing egg masses 
of gypsy moth (both the Asian and European strains) and reported to be 100 percent effective 
(significantly shorter periods, as little as 5 minutes, were effective) (Frontline Biosecurity, 
unpublished report, July 2001). In general the thermal mortality thresholds for Lepidoptera 
are consistent with those for other invertebrates, such as longhorn beetles (Cerambycidae), 
with temperatures greater than 50oC being fatal to nearly all insects (Frontline Biosecurity, 
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unpublished report, January 2002) so it is reasonable to assume that the specified heat 
treatment would be effective for fall webworm. 
 
Under ISPM 15 the treatments are only required to be applied once in the life of the wood 
packaging, that is, the purpose of the treatment is to remove organisms that become associated 
with the packaging when it is live wood, and not hitchhiker pests that become associated with 
the packaging during use and storage. ISPM 15 treatment means that if there are fall 
webworm pupae under bark of a harvested tree that is turned into wood packaging, the pupae 
will be treated before the packaging arrives in New Zealand, and available information 
suggests that this treatment would be effective. However if the pupae become associated with 
the packaging following treatment, for example if it was stored outside a warehouse near a 
tree, the packaging would not be treated before arrival in New Zealand and would only be 
treated on arrival if contamination was detected. 
 
Conclusion statement on the impact of current measures on the likelihood of entry 
associated on packaging materials: 
 
Given that: 
• some forms of packaging which may be associated with fall webworm are restricted; 
• ISPM 15 recommended treatments for wood packaging are expected to be effective on fall 

webworm; 
and taking into account that: 
• wood packaging is only treated once under ISPM 15, therefore there will be no effect on 

fall webworm that contaminates the packaging during use and storage; 
• other forms of packaging have no specific treatment unless live organisms are detected; 
it is concluded that, taking into account the current measures, the likelihood of entry of 
fall webworm pupae via container packaging is not negligible. 

6.3.7. Passengers, baggage and unaccompanied personal effects 
Just over 880 000 passengers from countries with fall webworm entered New Zealand last 
year (approximately 21 percent of arrivals), the vast majority by air (year ended June 2005 
migration data from Statistics New Zealand, 2005). The USA, Japan, China and Korea made 
up the majority of these. The only other countries with fall webworm to have significant 
numbers of arrivals are Canada, France, Switzerland and Italy (table 22). 
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Table 22. Passenger arrivals year ending June 2005 (Statistics New Zealand, 2005) 
 

Country Short term 
visitors 

Short term 
departures (New 
Zealand residents) 

Permanent and long-
term arrivals Total 

Canada 41 763 14 043  1 554    57 360 
China 83 934  49 166  4 629    137 729 
France 16 378 10 737  653    27 768 
Italy 7 402 9 121  - 16 523 
Japan  163 169  18 543  3 672    185 384 
Korea, South 113 902  15 304  1 907    131 113 
Switzerland 14 772 3 313  - 18 085 
United States 220 678 87 788  3 587    312 053 
total 661 998 208 015 16 002 886 015 

 
Unaccompanied personal effects are most commonly household goods brought by new 
migrants (or New Zealanders returning from living overseas) and are usually imported by sea 
container. In the year ended June 2005 there were approximately 16 000 permanent or long-
term migrants from countries with fall webworm (Statistics New Zealand, 2005). China, 
Japan and the USA made up nearly 75 percent of these. Not all of these migrants would have 
brought containers of household goods (e.g. language students). A survey (by the Biosecurity 
Monitoring Group) was conducted on this pathway in 2006 but the results were not available 
when this analysis was done. The report on this survey contains further information on the 
types and volumes of goods on this pathway. 
 
Direct air transit times from countries with fall webworm are less then 48 hours (Air New 
Zealand, 2006), although a proportion of passengers will have stopovers in countries without 
fall webworm (e.g. Singapore). Because this time is well below the period of time that all life 
stages of fall webworm can survive (without food), further details on air transit times are not 
presented here. 
 
Sea transit times from some countries with fall webworm are presented in table 18 (section 
6.3.1). However, many container and passenger ships do not travel directly to New Zealand 
(The New Zealand Shipping Gazette, 2005) so the real transit times are often longer. 

6.3.7.1. Reasons for including passenger and personal effects pathways 
Fall webworm spread overseas is not considered to be the result of deliberate introduction. It 
is a species with a low likelihood for deliberate introduction, as it does not have particularly 
desirable features (e.g. showy, economic uses) and it is recognised as a pest. Therefore any 
introduction associated with passengers or their personal effects is most likely to be 
accidental. 
 
Fall webworm is a hitchhiker pest (i.e. associated with pathways that are not specifically host 
material) and some of the items carried either with accompanied baggage or household goods 
are associated other “hitchhiker” pests, so they are considered to be a potential fall webworm 
pathway. 
 
There has been one post-border detection of a larva identified as Hyphantria sp. associated 
with passenger baggage (MAF Biosecurity New Zealand. Biosecurity Monitoring Group, 
unpublished data). The larva was found alive in the luggage of a passenger who had been in 
New York. There is little detail associated with this record; the instar is not recorded and nor 
is the date it was detected although the laboratory reported back on the detection in late 
October 2000. Based on the distribution of the other Hyphantria species, this detection is 
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likely to be H. cunea, as other species of Hyphantria are not reported from the USA or 
Canada. 
 
Note: the first stage of the risk assessment considers the likelihood of entry in the absence of 
biosecurity measures, which is commonly inferred by considering the types and quantities of 
biosecurity hazards intercepted (although interception records need to be interpreted with 
some caution as outlined in the uncertainty summary section 11.2.2). In the case of measures 
on the passenger pathway, the biosecurity measures in place are considered to have a 
significant impact in reducing the type and quantity of material before it reaches the border, 
that is, many passengers know that certain goods are prohibited and do not attempt to bring 
them into New Zealand. Therefore while, in principle, likelihood of entry for each life stage is 
assessed in the absence of the current measures, in reality this separation is not particularly 
meaningful for this pathway. 

6.3.7.2. Likelihood of entry by lifestage – eggs 
The egg stage lasts for a variable length of time depending on conditions. Warren and Tadic 
(Warren and Tadic, 1970) reported ranges from 5 to 23 days from a range of countries and 
environmental conditions. Because of the multivoltine nature of fall webworm an obvious 
season where eggs are present is not well defined in the way it may be for a univoltine species 
such as gypsy moth.  
 
In field situations, fall webworm eggs are reported to be laid on foliage although in the 
laboratory they can be laid on other surfaces (Kay, 2004; Warren and Tadic, 1970)). 
Therefore eggs are considered most likely to enter New Zealand on live foliage. 
 
It is uncertain whether the egg-laying behaviour observed in the laboratory would occur in the 
wild if a female became trapped inside a container of household goods, for example. Since 
this behaviour has not been reported from the wild, and since neonate larvae do not typically 
travel in search of food (and therefore would be likely to starve if hatched on an inanimate 
object in the wild), egg laying on inanimate objects is assumed to be not significant for this 
risk analysis. This would need to be reconsidered if new information was found suggesting 
that (a) egg masses are consistently laid on inanimate objects in the wild and (b) larvae 
hatching from these egg masses are capable of surviving (specifically, locating food). 
Nonetheless, as the egg stage is reported to last only 5-23 days, egg masses laid on goods 
transported by sea would only arrive in New Zealand if they contaminated goods just prior to 
loading. 
 
By far the most likely items to become contaminated with foliage are items used or stored 
outdoors such as camping gear or outdoor furniture, however items used and stored indoors 
could also become contaminated. These would represent only a small proportion of the 
personal effects of passengers arriving in New Zealand, both short and long-term. At the time 
of arrival in New Zealand most of the foliage would be old and very unlikely to support viable 
fall webworm eggs (or newly hatched larvae). 
 
Passengers are commonly found to be attempting to bring fresh foliage into New Zealand, 
either as cut flowers or nursery stock. For example during an eight week survey period at 
Auckland International Airport, 8703 items defined as “fresh flowers and foliage” were seized 
(Wedde et al., 2006). While fresh foliage is prohibited and inspected for, in the absence of 
these measures it is reasonable to assume that passengers would be importing live foliage. 
(Note that the measures sections discusses seizures of live foliage – the seizures indicates that 
despite prohibition and enforcement, passengers continue to try to import live foliage). Fresh 
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plant material would have a much greater likelihood of having live fall webworm eggs than 
the mostly dead foliage occurring as a contaminant.  
 
The air transit time for all countries with fall webworm is much less than the time taken to 
hatching for eggs, so eggs are likely to arrive without hatching in transit. It is theoretically 
possible, for foliage containing eggs of fall webworm to arrive by sea before the eggs have 
hatched, but this scenario is not likely. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of eggs to survive transit conditions is uncertain. Temperatures outside 
the range 10oC to 35oC are reported as unfavourable for development but not necessarily fatal 
to all individuals in a population, and in some seasons eggs in the field survive exposure to 
near-freezing temperatures (Warren and Tadic, 1970). In the absence of detailed information 
on the environmental tolerances of eggs and the conditions they would be exposed to, it is 
assumed that at least a proportion of eggs are capable of surviving the transit conditions 
 
Conclusion statement on likelihood of entry as eggs via passenger baggage and personal 
effects: 
 
Given that: 
• passengers are known to attempt to bring live foliage into New Zealand; 
• the egg stage lasts from 5-23 days, much less than the air transit time from all countries 

with fall webworm; 
• some items carried as accompanied baggage or household effects are likely to be 

contaminated with foliage; 
• unaccompanied personal effects include a range of household goods used and stored 

outside; 
• 21 percent of passenger arrivals (880 000 people) in 04/05 were from countries with fall 

webworm; 
and taking into account that: 
• sea transit times from countries with fall webworm vary, some are shorter than the 

maximum time to egg hatching, some are longer; 
• the vast majority of foliage contaminating baggage and household goods is likely to be old 

and not contain viable eggs of fall webworm when it arrives in New Zealand; 
• passengers are not considered likely to intentionally import fall webworm egg masses and 

most are also likely to remove accidental contamination if they find it when packing; 
it is concluded that the likelihood of importation of fall webworm as eggs via passengers, 
baggage and unaccompanied personal effects is not negligible*. 
 
*note that the effect of the current passenger biosecurity screening is not considered here, see section on measures. 
 
Comments 
Although it is uncertain how likely egg masses are to be transported in passenger baggage, it 
is likely to be a very infrequent event. However because the volume is so high, these 
infrequent events are expected to occur sometimes. 
 
Note: since this was written, an egg mass detected on a Japanese used vehicle has been 
identified via DNA testing as fall webworm (Karen Armstrong pers. comm. Feb 2006). The 
specimen was collected at the Auckland wharf in October 2000, from the tyre wall of a 
vehicle. The viability was not known. 
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It is known that unmated females lay eggs (although these are unviable) (Warren and 
Tadic, 1970) and that under laboratory conditions eggs are laid on a variety of surfaces, 
even though in the wild egg masses are reported to be laid on host foliage (Kay, 2004, 
Warren and Tadic, 1970). The most likely explanation for this find would therefore appear 
to be that a female emerged from a pupa on a vehicle and either was trapped there (e.g. a 
vehicle in a container) or was in a location with no host plants (e.g. the hold of a bulk 
carrier carrying cars). See section on pupae for an explanation of the likelihood of pupae 
occurring on objects transported as household goods. 
 
This information is not considered sufficient to alter the conclusions of this risk analysis 
but highlights the uncertainty around some information in this risk analysis. 

6.3.7.3. Likelihood of entry by lifestage – larvae 
Because of the multivoltine nature of fall webworm, life stages overlap significantly and an 
obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 
 
Fall webworm larvae feed within their nest in the early instars (Warren and Tadic, 1970). It is 
considered highly unlikely that a whole nest would be transported to New Zealand with 
passengers or associated goods, either deliberately or accidentally. Therefore it is highly 
unlikely that early instar larvae would be transported to New Zealand by passengers. 
 
Later instar larvae feed outside the nest and disperse prior to pupation and may wander onto 
items, especially those used and stored outside. The reported distances that larvae travel are 
comparatively small (up to about 33 m, Warren and Tadic, 1970), so it is assumed that larvae 
are only likely to contaminate items used or stored within about this distance of host plants. 
This figure is based on limited information, and further information on the distance that larvae 
crawl would enable a more precise understanding of which items are likely to become 
associated with fall webworm and which are not.. Unless they pupate, they are unlikely to 
stay in one place (see section on pupae), but they may become trapped, for example in a 
suitcase, as probably happened with the larva detected in 2000. 
 
Larvae may also occur on foliage and be inadvertently be carried by passengers carrying live 
foliage. Passengers are commonly found to be attempting to bring live foliage into New 
Zealand, either as cut flowers or nursery stock. For example during an eight week survey 
period at Auckland International Airport, 8703 items defined as “fresh flowers and foliage” 
were seized (Wedde et al., 2006). While fresh foliage is prohibited and inspected for on this 
pathway, in the absence of these measures it is reasonable to assume that passengers would be 
importing live foliage. (Note that the measures section discusses the volume of seizures of 
live foliage – the seizures indicate that despite prohibition and enforcement, passengers 
continue to try to import fresh foliage). 
 
There are reports of fall webworm larvae surviving starvation for up to 15 days, although with 
compromised reproductive capacity as adults (CAB International, 2002). However 
experimental data verifying the time to starvation have not been found and the age of the 
larvae, the conditions they were in and the proportion of larvae that survived this length of 
starvation are not reported. Based on this survival period, sea transit from most countries with 
fall webworm would be close to or longer than the maximum survival time for larvae, but 
larvae should be capable of surviving air transit times. Starvation is not expected to be a 
consideration for larvae transported to New Zealand on live foliage. 
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Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of larvae to survive transit conditions is uncertain, although in at least 
one case a larva of a Hyphantria species did survive transport in accompanied passenger 
baggage (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished data). 
Temperatures outside the approximate range 10oC to 35oC are reported as unfavourable to 
development, but are not necessarily fatal to all individuals in a population, and dry 
conditions also increase mortality (Warren and Tadic, 1970). In the absence of detailed 
information on the environmental tolerances of larvae and the conditions they would be 
exposed to, it is assumed that at least a proportion of larvae are capable of surviving the 
transit conditions 
 
Conclusion statement on likelihood of entry as larvae via passenger baggage and 
personal effects: 
 
Given that: 
• direct air transit times from countries with fall webworm are considerably less than the 

time period that larvae can survive starvation; 
• late instar larvae are known to wander and may wander onto items carried as baggage or 

unaccompanied personal effects; 
• 21 percent of passenger arrivals (880 000 people) in 04/05 were from countries with fall 

webworm; 
and taking into account that: 
• larvae are mobile and fragile and may not stay associated with items; 
• early instar larvae feed within the nest and only late instar larvae are likely to become 

associated with passengers, baggage and unaccompanied personal effects; 
• the direct transit times by sea are close to the maximum periods that larvae can survive 

starvation; 
• passengers are not considered likely to intentionally import fall webworm larvae and most 

are also likely to remove accidental contamination if they find it when packing; 
it is concluded that the likelihood of importation of fall webworm as larvae via 
passengers, baggage and unaccompanied personal effects is not negligible*. 
 
*note that the effect of the current passenger biosecurity screening is not considered here, see 
section on measures. 
 
Comment 
In the absence of the current measures, the likelihood of larvae arriving by air is considered to 
be not negligible, largely because passengers would be expected to commonly carry live 
foliage if it wasn’t prohibited and the prohibition enforced and also because a larva of a 
Hyphantria species (most likely fall webworm) is previously known to have arrived in New 
Zealand via passenger baggage. 

6.3.7.4. Likelihood of entry by lifestage – pupae 
Pupation is recorded in a range of protected sites including bark fissures, under stones, under 
soil litter or within soil, under roofing tiles or wall boards and within abandoned cocoons of 
other insects (Warren and Tadic, 1970). In China, pupation is recorded “in debris or 
underground” (Zhang et al., 1996) and a propensity of fall webworm to pupate on vehicles 
and packaging material is also reported (Lihong Zhu pers. comm. March 2007). Items carried 
as baggage or household effects could provide suitable sites for fall webworm pupation, for 
example tents and outdoor furniture. 
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When they reach full size, fall webworm larvae actively seek suitable pupations sites. It is not 
specifically recorded how far larvae will crawl seeking pupation sites although one reported 
noted that larvae had been observed crossing roads in search of pupation sites (Warren and 
Tadic, 1970). In the absence of additional information it is assumed that larvae seeking 
pupation sites travel similar distances to those searching for food (i.e. about 33 m, Warren and 
Tadic, 1970). Therefore items are only likely to contain fall webworm pupae if they are used 
and stored within about 33 m of host plants. 
 
Depending on the conditions during larval development the pupae formed will be either 
diapausing or non-diapausing. The reported pupation times for non-diapausing pupae are 
variable, the minimum reported time is 7 days and most non-diapausing pupae are likely to 
emerge within about 20 days (Gomi, 1996a; Gomi, 2000; Warren and Tadic, 1970). If 
transported by air, both non-diapausing and diapausing pupae would be likely to arrive 
without emerging in transit. If transported by sea from Pacific Rim ports, they may or may not 
arrive in New Zealand without emerging, depending on transit conditions and how long pupae 
had been present before transport. Non-diapausing pupae are unlikely to arrive by sea from 
eastern North America or Europe without emerging in transit (see section on adults for further 
discussion). 
 
Diapausing pupae are capable of surviving transit times from anywhere within their range 
without emerging in transit. Fall webworm is much more likely to arrive in New Zealand as 
diapausing pupae than as non-diapausing pupae. 
 
Because of the multivoltine nature of fall webworm, the times when pupae are present is less 
clearly defined than for a univoltine species such as gypsy moth. However for diapausing 
pupae, it is expected that pupae will contaminate equipment and other items sometime in the 
autumn and will be present from autumn until the following spring or early summer. 
Therefore there is an expected arrival period in New Zealand from around October to June or 
July. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of pupae to survive transit conditions is uncertain, however because 
diapausing pupae are the most persistent life stage, they are likely to be the most tolerant of 
extreme conditions. Both diapausing and non-diapausing pupae can survive exposure to -15oC 
for 24 hours and 2 weeks at -5oC (Li et al., 2001). In the absence of detailed information on 
the environmental tolerances of pupae and the conditions they would be exposed to, it is 
assumed that at least a proportion of pupae are capable of surviving the transit conditions. 
 
Conclusion statement on likelihood of entry as pupae via passenger baggage and 
personal effects: 
 
Given that: 
• some items carried as baggage and unaccompanied personal effects are likely to provide 

suitable pupation sites for fall webworm; 
• the passengers, passenger baggage and unaccompanied personal effects pathway includes 

a range of items used and stored outdoors; 
• 21 percent of passenger arrivals (880 000 people) in 04/05 were from countries with fall 

webworm; 
• pupation times, at least for diapausing pupae, exceed transit times by both sea and air; 
and taking into account that: 
• pupae are only likely to contaminate items used and stored within about 33 m of a 

population of fall webworm; 
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• passengers are not considered likely to intentionally import fall webworm pupae and most 
are also likely to remove accidental contamination if they find it when packing; 

it is concluded that the likelihood of importation of fall webworm as pupae via 
passengers, baggage and unaccompanied personal effects is not negligible. 

6.3.7.5. Likelihood of entry by lifestage – adults 
Compared with a species such as gypsy moth, fall webworm adults do not fly significant 
distances. Males were recorded flying 250m to pheromone traps (Zhang and Schlyter, 1996), 
while females have been recorded flying less than 200m (Suzuki and Kunimi, 1981). They are 
therefore only likely to land on items that are relatively near to where there is a population 
present. While female moths are presumably attracted to light like other nocturnal moths, they 
seek out host vegetation on which to lay their eggs, so would not necessarily be attracted to 
inanimate items such as outdoor furniture in the way a species like Asian gypsy moth is. 
 
Because they are mobile, adults are not likely to alight on items and remain with them until 
they arrived in New Zealand, unless they became trapped. 
 
There are reports of fall webworm adult females surviving for up to two weeks, with males 
surviving around 1 week (Warren and Tadic, 1970). Based on this survival period, adults 
would be capable of surviving the transit time by air but for transit by sea from most countries 
with fall webworm the travel times would be close to or longer than the maximum survival 
time for females and longer than the transit time for males. Because most oviposition occurs 
in the first few days after emergence, it is likely that any adults arriving by sea would be past 
reproductive age. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of adults to survive transit conditions is uncertain, although they do not 
require food (Gomi, 2000). Adult moths of other species are known to survive transit 
conditions on both commercial aircraft (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group unpublished data) and ships (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group unpublished data, Stu Rawnsley pers. comm. May 2006), so they are 
assumed to be capable of surviving transit conditions under some circumstances. However 
because they are both mobile and fragile, adults are more likely to be damaged or killed in 
transit than less mobile life stages. 
 
Non-diapausing pupae are considered likely to emerge in transit, which means that adult 
moths may occur on items from pupae that emerged in transit. While it depends when they 
emerge, adults emerged in transit are more likely to survive transit times and conditions than 
adults which became associated with the items in the country of origin. 
 
Conclusion statement on likelihood of entry as adults via passenger baggage and 
personal effects: 
 
Given that: 
• 21 percent of passenger arrivals (880 000 people) in 04/05 were from countries with fall 

webworm; 
• survival times for adult fall webworm exceed transit time for air transport; 
• non-diapausing pupae contaminating goods transported by sea are likely to hatch in 

transit; 
and taking into account that: 
• adult moths are mobile and unlikely to stay associated with an item carried as baggage and 

household effects; 
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• passengers are not considered likely to intentionally import fall webworm and most are 
also likely to remove accidental contamination if they find it when packing; 

• survival times for adult fall webworm are mostly less than direct sea transit times for 
countries with fall webworm;  

• pupae (that hatch in transit) are only likely to contaminate items stored within about 33 m 
of a population of fall webworm; 

it is concluded that the likelihood of importation of fall webworm as adults via 
passengers, baggage and unaccompanied personal effects is negligible. 

6.3.7.6. Current measures on passenger and personal effects pathways 
Air and sea passenger baggage and personal effects arriving by air and sea are subject to a 
range of biosecurity measures on arrival. These are not described in detail here but are 
outlined in MAF Quarantine Service standards (MAF, 1999; MAF, 2005c; MAF, 2005d) . 
There are no measures specifically for fall webworm but many of the items identified as risk 
goods for these pathways are those likely to be associated with fall webworm life stages, such 
as live foliage, outdoor equipment (e.g. tents), wooden items and outdoor furniture. 
 
The efficacy of these measures at detecting fall webworm is uncertain and will vary, for 
example depending on whether the dog teams are operating when a particular flight arrives. 
 
A recent survey of the baggage of 8230 passengers at Auckland International Airport found 
that 2 percent had risk items that were not detected by routine biosecurity screening (Wedde 
et al., 2006). Of these, only one passenger had fresh flowers/ foliage, while another had partly 
dried leaves of a fall webworm host species (Tilia sp.). There were 8703 fresh flowers/ foliage 
items seized during the same period (with 483 670 passengers arriving). No other items 
particularly likely to be contaminated with fall webworm (such as contaminated tents) were 
detected in the slippage survey. 
 
These data suggests that the current measures considerably reduce the likelihood of fall 
webworm arriving via this pathway. 
 
The live Hyphantria larva (probably fall webworm) that was detected post-border on baggage 
dates back to 2000, prior to the introduction of the current measures. Therefore this detection 
cannot be taken to indicate the efficacy of the current system. 
 
A slippage survey for unaccompanied personal effects was undertaken by the Biosecurity 
Monitoring Group in 2006, but the results were not available when this analysis was done. At 
a later stage, the implications of the survey results for this analysis will be considered 
separately, but will not be included in this analysis. The following section discusses some 
aspects of the efficacy of the current measures, but a final conclusion is deferred until the 
results of this survey are available and can be incorporated into this analysis. 
 
Unaccompanied personal effects must be accompanied by a quarantine declaration which 
identifies the goods and specifically asks about “used camping, garden and sporting 
equipment”. Approximately 40 percent of personal effects consignments were inspected (13 
861 out of 34 503) (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, 
unpublished data). 
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For household goods inspections, inspectors are directed: 
 

“8.10.3 … Note: Inspectors shall pay particular attention to outdoor furniture and 
equipment from Australia, North America, Europe and identified Gypsy Moth 
areas, e.g. Japan, Korea, Pacific Russia Coast.” 

 
Most countries with fall webworm are included within this direction, with the exception of 
China. The items targeted in this direction are also the most likely goods to carry fall 
webworm pupae, although it is uncertain whether an inspection for gypsy moth egg masses 
would detect fall webworm pupae (the most likely life stage to survive a sea journey to New 
Zealand). There is also some uncertainty about whether all consignments containing outdoor 
furniture would be identified via the quarantine declaration, for example, whether the 
individual filling out the declaration would interpret outdoor furniture as “equipment”. While 
inspectors are directed to pay particular care inspecting outdoor furniture, if it is not identified 
as outdoor furniture in the declaration, it may not be inspected at all. See Appendix C for a 
comparison with the list supplied on the declaration as part of the “Slow the Spread” 
programme for gypsy moth in North America. The current measures on this pathway are 
therefore likely to reduce the likelihood of fall webworm arriving, but not to a level that is 
negligible. 
 
Conclusion statement on impact of measures on the likelihood of entry via passengers 
and baggage: 
 
Given that: 
• types of risk goods targeted on this pathway are also the goods most likely to be 

contaminated with fall webworm; 
• slippage rates for accompanied passenger baggage were reported as about 2 percent in a 

recent survey, and nearly 50 percent of the risk items detected were footwear, not likely to 
contain fall webworm; 

and taking into account that: 
• passengers, passenger baggage and unaccompanied personal effects is a high volume 

pathway on which almost any organism could potentially occur; 
it is concluded that the current measures significantly reduce the likelihood of entry of 
fall webworm. With the current measures in place, the likelihood of entry of fall 
webworm via passengers and baggage is negligible. 
 
A conclusion on impact of measures via unaccompanied personal effects is deferred until 
the survey results have been evaluated. 

6.3.8. Vehicles 
The vehicles and machinery pathway is described in more detail in the Import risk analysis: 
Vehicle and Machinery (MAF Biosecurity New Zealand 2007). 
 
Motor vehicles include cars, buses, utility vehicles, vans, trucks, buses, motorcycles and 
trailers. In 2004 New Zealand imported 272 000 vehicles, of which just over 60 percent were 
used (New Zealand Customs Service, unpublished data, December 2004).  Just over 80 
percent of these come from countries reported as having fall webworm. The majority of both 
new and used vehicles come from Japan (76 percent). The other countries with fall webworm 
that export vehicles to New Zealand are Austria, Canada, China, Czech Republic, France, 
Italy, Korea, Mexico, Poland, Turkey and the USA. These include both new and used 
vehicles. (New Zealand Customs Service, unpublished data, December 2004). 
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Machinery (e.g. bulldozers, tractors and forestry equipment), also imported either new or 
used, is covered by a different import health standard (MAF, 1998). Both new and used 
machinery was considered with vehicles as part of the Import risk analysis: Vehicle and 
Machinery (MAF Biosecurity New Zealand, 2007)and is also considered together with 
vehicles here. In the year ended June 2005, 4145 items defined as “used machinery” were 
imported (MAF Quancargo database). The most commonly imported machinery items are 
excavators and forklifts. Further detail is available in MAF Biosecurity New Zealand (2007). 
 
Used vehicles spend months or years in urban or rural areas, as does used machinery. Some 
vehicles and machinery will be stored outdoors, others indoors. Motor vehicles for export 
(both new and used) usually spend some time at the port in a variety of circumstances prior to 
loading. New cars are sometimes stored outdoors prior to export either near factories or ports. 
In some cases storage can be near areas with significant vegetation and for a period of some 
months (John Bain, unpublished report to MAF, November 1998; Paul Hallett pers. comm. 
May 2006). 
 
Vehicles travel to New Zealand via sea transport, either in containers or as bulk cargo. Transit 
times from some ports in countries with fall webworm are reported in table 18 (section 6.3.1). 
 
Average journey times at 16 knots are reported to be about 12.5 days from Yokohama (Japan) 
and 13.4 days from Shanghai (China) (Pedlow et al., 1998). However transit times can vary 
significantly. There are newer ships that travel faster, potentially reducing transit times. Many 
ships do not travel directly to New Zealand (The New Zealand Shipping Gazette, 2005) so the 
real transit times are often longer. For example ships from Toyofuji Shipping Company have 
journey times range from a minimum of 12 days from Kawasaki direct to Auckland to a 
maximum of 28 day from Osaka to Nelson via 11 intermediate ports (Toyofuji Shipping Co. 
Ltd., 2006).  
 
Following arrival and biosecurity clearance, all used vehicles are subsequently subject to a 
more detailed physical inspection at LTNZ-approved compliance testing centres. These 
inspections may take place many months after importation (Justin Downs pers. comm. 
September 2005). There is no formal process for dealing with any biosecurity contaminants 
found during this process, nor are there any published data on the frequency with which 
biosecurity contamination is found at compliance centres (biosecurity contaminant detection 
at compliance centres is discussed further in the MAF Biosecurity New Zealand (2007). 
 
New vehicles are not subject to either formal biosecurity inspection or LTNZ mechanical 
inspection but on arrival in New Zealand there is sometimes informal inspection of shipments 
by quarantine officers. On occasion stevedores unloading vehicles report contamination of 
new vehicles.  If an inspector considers that a vehicle or machine has been contaminated it 
will be treated as a used vehicle and be subject to the requirements of the import health 
standard (MAF, 2001a). 
 
Once a vehicle has arrived in New Zealand (in the case of used vehicles, following 
mechanical inspection) it can go anywhere in New Zealand without restriction (apart from 
that imposed by the roading network). 

6.3.8.1. Reasons for including vehicles pathway. 
All used vehicles are visually inspected (see “Current measures” section for further 
information). Vehicles are commonly mentioned in overseas literature as being a pathway for 
the spread of fall webworm (e.g. CAB International, 2002; Warren and Tadic, 1970); Lihong 
Zhu pers. comm. March 2007). Until very recently there were no records of fall webworm 
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detected on vehicles entering New Zealand, although not all interceptions are identified and 
there are records of unidentified Lepidoptera detected on vehicles (MAF Biosecurity New 
Zealand, Biosecurity Monitoring Group, unpublished data). 
 
In December 2005, DNA testing identified 3 samples (2 larvae and one egg mass) detected 
on vehicles as fall webworm (Karen Armstrong pers. comm. February 2006). The 
occurrence of fall webworm on vehicles is expected based on overseas information, 
although egg masses are usually reported to be laid on foliage. Fall webworm is a 
hitchhiker pest (i.e. associated with pathways that are not specifically host material) and 
vehicles are associated with a wide range of other “hitchhiker” pests, so they are therefore 
a potential fall webworm pathway. 

6.3.8.2. Likelihood of entry by lifestage – eggs 
The egg stage lasts for a variable length of time depending on conditions. Warren and Tadic 
(Warren and Tadic, 1970) reported ranges from 5 to 23 days from a range of countries and 
environmental conditions. Because of the multivoltine nature of fall webworm an obvious 
season where eggs are present is not well defined in the way it may be for a univoltine species 
such as gypsy moth.  
 
In field situations, fall webworm eggs are reported to be laid on foliage although in the 
laboratory they can be laid on other surfaces (Kay, 2004; Warren and Tadic, 1970). Therefore 
eggs are considered most likely to enter New Zealand via vehicles where vehicles are 
contaminated with foliage. A small branch containing an egg mass of Asian gypsy moth was 
found in a vehicle in 2005 (MAF Quarantine Service, unpublished data). 
 
It is uncertain whether the egg-laying behaviour on inanimate objects observed in the 
laboratory would occur in the wild if, for example, a female became trapped inside a vehicle. 
Since this behaviour has not been reported from the wild, and since neonate larvae do not 
typically travel in search of food (and therefore would be likely to starve if hatched on an 
inanimate object in the wild), egg laying on inanimate objects is assumed to be not significant 
for this risk analysis. This would need to be reconsidered if new information was found 
suggesting that (a) egg masses are consistently laid on inanimate objects in the wild and (b) 
larvae hatching from these egg masses are capable of surviving (specifically, locating food). 
Nonetheless, as the egg stage is reported to last only 5-23 days, egg masses laid on goods 
transported by sea would only arrive in New Zealand if they contaminated goods just prior to 
loading. 
 
Because they are used and stored outside, often for years prior to export, used vehicles are 
more likely to be contaminated with foliage than new vehicles, however at the time of arrival 
in New Zealand most of the foliage would be old and very unlikely to support viable fall 
webworm eggs (or newly-hatched larvae). Only a small minority of the foliage would have 
contaminated the vehicles recently enough to still contain viable fall webworm eggs (for 
example if there was a population of fall webworm at the port of loading). 
 
Depending on which country the vehicles were coming from and the temperature conditions 
in transit, it is theoretically possible for foliage containing eggs of fall webworm to 
contaminate vehicles overseas and then arrive in New Zealand before the eggs have hatched. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of eggs to survive transit conditions is uncertain. Temperatures outside 
the range 10oC to 35oC are reported as unfavourable for development but not necessarily fatal 
to all individuals in a population, and in some seasons eggs in the field survive exposure to 
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near-freezing temperatures (Warren and Tadic, 1970). In the absence of detailed information 
on the environmental tolerances of eggs and the conditions they would be exposed to, it is 
assumed that at least a proportion of eggs are capable of surviving the transit conditions 
 
Conclusion statement on likelihood of entry as eggs via vehicles: 
 
Given that: 
• used vehicles are used and often stored outdoors and some are likely to be contaminated 

with foliage; 
• the egg stage lasts from 5-23 days, longer than some direct sea transport times from 

countries with fall webworm; 
• more than 80 percent of vehicles arriving in New Zealand are from countries with fall 

webworm; 
and taking into account that: 
• the vast majority of foliage contaminating vehicles is likely to be old and not contain 

viable eggs of fall webworm when it arrives in New Zealand; 
• most new vehicles are unlikely to become contaminated with foliage; 
it is concluded that the likelihood of importation of fall webworm as eggs via vehicles is 
negligible. 
 
Note: since this was written, an egg mass detected on a Japanese used vehicle has been 
identified via DNA testing as fall webworm (Karen Armstrong pers. comm. Feb 2006). The 
specimen was collected at the Auckland wharf in October 2000, from the tyre wall of a 
vehicle. The viability was not known. 
 
It is known that unmated females lay eggs (although these are unviable) (Warren and 
Tadic, 1970) and that under laboratory conditions eggs are laid on a variety of surfaces, 
even though in the wild egg masses are reported to be laid on host foliage (Kay, 2004); 
(Warren and Tadic, 1970). The most likely explanation for this find would therefore appear 
to be that a female emerged from a pupa on a vehicle and either was trapped there (e.g. a 
vehicle in a container) or was in a location with no host plants (e.g. the hold of a bulk 
carrier carrying cars). See section on pupae for an explanation of the likelihood of pupae 
occurring on vehicles. 
 
This information is not considered sufficient to alter the conclusions of this risk analysis 
but highlights the uncertainty around some information in this risk analysis. 

6.3.8.3. Likelihood of entry by lifestage – larvae 
Because of the multivoltine nature of fall webworm, life stages overlap significantly and an 
obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 
 
Fall webworm larvae feed within their nest in the early instars (Warren and Tadic, 1970). 
Unless a whole nest somehow was carried on a vehicle (or perhaps more likely, a piece of 
machinery), it is unlikely that early instar larvae would be transported to New Zealand on 
vehicles. 
 
Later instar larvae feed outside the nest and disperse prior to pupation and may wander onto 
vehicles. The reported distances that larvae travel are comparatively small (up to about 33 m, 
Warren and Tadic, 1970), so it is assumed that larvae are only likely to contaminate vehicles 
used or stored within about this distance of host plants. This figure is based on limited 
information, and further information on the distance that larvae crawl would enable a more 



 

MAF Biosecurity New Zealand Pest risk analysis for six moth species • 175 

precise understanding of which items are likely to become associated with fall webworm and 
which are not. Unless they are pupating on the vehicle (see section on pupae), larvae are 
unlikely to remain there unless they became trapped. 
 
There are reports of fall webworm larvae surviving starvation for up to 15 days, although with 
compromised reproductive capacity as adults (CAB International, 2002). However 
experimental data verifying the time to starvation have not been found and the age of the 
larvae, the conditions they were in and the proportion of larvae survived this length of 
starvation are not reported. Based on this survival period, transit from most countries with fall 
webworm would be close to or longer than the maximum survival time for larvae. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. Aside from starvation, the ability of larvae to survive transit conditions is uncertain. 
Temperatures outside the approximate range 10oC to 35oC are reported as unfavourable to 
development, but are not necessarily fatal to all individuals in a population, and dry 
conditions also increase mortality (Warren and Tadic, 1970). In the absence of detailed 
information on the environmental tolerances of larvae and the conditions they would be 
exposed to, it is assumed that at least a proportion of larvae are capable of surviving the 
transit conditions 
 
Conclusion statement on likelihood of entry as larvae via vehicles: 
 
Given that: 
• vehicles are stored and used outdoors; 
• more than 80 percent of vehicles arriving in New Zealand are from countries with fall 

webworm; 
and taking into account that: 
• early instar larvae feed within the nest; 
• larvae are mobile and fragile and may not stay associated with items; 
• the direct transit times by sea are close to the maximum periods that larvae can survive 

starvation; 
it is concluded that the likelihood of importation of fall webworm as larvae via vehicles 
is negligible. 

6.3.8.4. Likelihood of entry by lifestage – pupae 
Pupation is recorded in a range of protected sites including bark fissures, under stones, under 
soil litter or within soil, under roofing tiles or wall boards and within abandoned cocoons of 
other insects (Warren and Tadic, 1970). In China, pupation is recorded “in debris or 
underground” (Zhang et al., 1996) and a propensity of fall webworm to pupate on vehicles 
and packaging material is also reported (Lihong Zhu, pers. comm. March 2007). Although it 
is not specifically stated, based on these descriptions there are likely to be sites suitable for 
pupation on vehicles. 
 
When they reach full size, fall webworm larvae actively seek suitable pupations sites. It is not 
specifically recorded how far larvae will crawl seeking pupation sites although one report 
noted that larvae had been observed crossing roads in search of pupation sites (Warren and 
Tadic, 1970). In the absence of additional information it is assumed that larvae seeking 
pupation sites travel similar distances to those searching for food (i.e. about 33 m, Warren and 
Tadic, 1970). Therefore vehicles are only likely to contain fall webworm pupae if it is used 
and stored within about 33 m of host plants. Both used and new vehicles could be 
contaminated with fall webworm depending on where they were stored; it is uncertain 
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whether new vehicles are ever stored close enough to fall webworm populations to become 
contaminated. 
 
Depending on the conditions during larval development the pupae formed will be either 
diapausing or non-diapausing. The reported pupation times for non-diapausing pupae are 
variable, the minimum reported time is 7 days and most non-diapausing pupae are likely to 
emerge within about 20 days (Gomi, 1996a; Gomi, 2000; Warren and Tadic, 1970). If 
transported by sea from Pacific Rim ports, they may or may not arrive in New Zealand 
without emerging, depending on transit conditions and how long pupae had been present 
before transport. Non-diapausing pupae are unlikely to arrive from eastern North America or 
Europe without emerging in transit (see section on adults for further discussion). 
 
Diapausing pupae are capable of surviving transit times from anywhere within their range 
without emerging in transit. Fall webworm is much more likely to arrive in New Zealand as 
diapausing pupae than as non-diapausing pupae. 
 
Because of the multivoltine nature of fall webworm, the times when pupae are present is less 
clearly defined than for a univoltine species such as gypsy moth. However for diapausing 
pupae, it is expected that pupae will contaminate equipment and other items sometime in the 
autumn and will be present from autumn until the following spring or early summer. 
Therefore there is an expected arrival period in New Zealand from around October to June or 
July. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of pupae to survive transit conditions is uncertain, however because 
diapausing pupae are the most persistent life stage, they are likely to be the most tolerant of 
extreme conditions. Both diapausing and non-diapausing pupae can survive exposure to -15oC 
for 24 hours and 2 weeks at -5oC (Li et al., 2001). In the absence of detailed information on 
the environmental tolerances of pupae and the conditions they would be exposed to, it is 
assumed that at least a proportion of pupae are capable of surviving the transit conditions. 
 
Conclusion statement on likelihood of entry as pupae via vehicles: 
 
Given that: 
• vehicles are stored and used outdoors; 
• more than 80 percent of vehicles arriving in New Zealand are from countries with fall 

webworm; 
• pupation times, at least for diapausing pupae, exceed transit times; 
• fall webworm is known to be associated with vehicles; 
and taking into account that: 
• pupae are only likely to contaminate a vehicle stored within about 33 m of a population of 

fall webworm; 
it is concluded that the likelihood of importation of fall webworm as pupae via vehicles 
is not negligible. 
 
Note: since this was written, an egg mass detected on a Japanese used vehicle has been 
identified via DNA testing as fall webworm (Karen Armstrong pers. comm. Feb 2006). The 
specimen was collected at the Auckland wharf in October 2000, from the tyre wall of a 
vehicle. The viability was not known. 
 
It is known that unmated females lay eggs (although these are unviable) (Warren and 
Tadic, 1970) and that under laboratory conditions eggs are laid on a variety of surfaces, 
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even though in the wild egg masses are reported to be laid on host foliage (Kay, 2004, 
Warren and Tadic, 1970). The most likely explanation for this find would therefore appear 
to be that a female emerged from a pupa on a vehicle and either was trapped there (e.g. a 
vehicle on a container) or was in a location with no host plants (e.g. the hold of a bulk 
carrier carrying cars). 
 
This interception (along with the assessment in this risk analysis) suggests that fall 
webworm pupae are occurring on vehicles but are not being detected or recorded. This may 
be because pupae are more effectively camouflaged or in locations that cannot be visually 
inspected. See the section on proposed measures for further discussion. 

6.3.8.5. Likelihood of entry by lifestage – adults 
Compared with a species such as gypsy moth, fall webworm adults do not fly significant 
distances. Males were recorded flying 250m to pheromone traps (Zhang and Schlyter, 1996), 
while females have been recorded flying less than 200m (Suzuki and Kunimi, 1981). They are 
therefore only likely to land on vehicles that are relatively near to where there is a population 
present. While female moths are presumably attracted to light like other nocturnal moths, they 
seek out host vegetation on which to lay their eggs, so would not necessarily be attracted to 
vehicles in the way a species like Asian gypsy moth is. 
 
Because they are mobile, adults are not likely to alight on vehicles and remain with them until 
they arrived in New Zealand, unless they became trapped. 
 
There are reports of fall webworm adult females surviving for up to two weeks, with males 
surviving around 1 week (Warren and Tadic, 1970). For transit by sea from most countries 
with fall webworm the travel times would be close to or longer than the maximum survival 
time for females and longer than the maximum survival time for males. Because most 
oviposition occurs in the first few days after emergence, it is likely that if any adults did 
arrive, they would be past reproductive age. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of adults to survive transit conditions is uncertain, although they do not 
require food (Gomi, 2000). Adult moths of other species are known to survive transit 
conditions on ships (MAF Biosecurity New Zealand, Biosecurity Monitoring Group 
unpublished data, Stu Rawnsley pers. comm. May 2006) under some circumstances. However 
because they are both mobile and fragile, adults are more likely to be damaged or killed in 
transit than less mobile life stages. 
 
Non-diapausing pupae are considered likely to emerge in transit, which means that adult 
moths may occur on vehicles from pupae that emerged in transit. Adults that emerged in 
transit are more likely to survive transit times and conditions than adults which became 
associated with the vehicle in the country of origin. Whether these adults arrive in New 
Zealand associated with vehicles will depend on when and where they fly, as the adults would 
not necessarily remain with the vehicles that they pupated on. 
 
Conclusion statement on likelihood of entry as adults via vehicles: 
 
Given that: 
• vehicles are stored and used outdoors; 
• more than 80 percent of vehicles arriving in New Zealand are from countries with fall 

webworm; 
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• non-diapausing pupae contaminating vehicles at the time of loading are likely to emerge 
in transit; 

and taking into account that: 
• adult moths are mobile and unlikely to stay associated with vehicles; 
• survival times for adult fall webworm are mostly less than direct sea transit times for 

countries with fall webworm; 
• pupae (that emerge in transit) are only likely to contaminate a vehicle stored within about 

33 m of a population of fall webworm; 
it is concluded that the likelihood of importation of fall webworm as adults via vehicles 
is not negligible. 

6.3.8.6. Current measures on vehicles pathway 
The import requirements for used vehicles and equipment are set out in the following MAF 
Biosecurity Authority import health standards: 
• Import Health Standard for used buses, cars, motor cycles, trucks, utility vehicles and 

vans from any country, dated 11 September 2001; 
• Import Health Standard for treated used vehicles imported into New Zealand,  BMG-STD- 

HTVEH, September 2003; 
• Import Health Standard for forestry and agricultural equipment from any country, dated 

18 March 1998. 
 

These outline several options for inspection and treatment (these are explained in greater 
detail in the Import risk analysis: Vehicle and Machinery, MAF Biosecurity New Zealand 
2007). Currently all used vehicles are visually inspected and decontaminated if required. 
Visual inspection involves internal and external inspection, including removal of hubcaps, 
lifting seats etc, but does not involve removing or dismantling anything in the engine that 
would require the use of tools (MAF, 2006b). There is a wide range of potential contaminants 
and individual tolerance levels for each have not been set, so an arbitrary figure of 97 percent 
has been set for efficacy of visual inspection all contaminants (MAF, 2003a). 
 
The decontamination technique used depends on the type of contamination detected. 
Decontamination treatments used are direct hand removal of small contaminants (Japan only), 
pressure wash, internal vacuuming, fumigation with methyl bromide and, since December 
2006, heat treatment (Auckland only). Vehicles detected with lymantriid life stages are 
fumigated (in the case of Japan-inspected details all visible life stages are removed and then 
the vehicle is fumigated on arrival in New Zealand) (MAF, 2005a; MAF, 2006b). 
 
Approximately 55 percent of used vehicles are inspected (and if necessary treated) in Japan, 
with the remainder inspected on arrival in New Zealand. Vehicles inspected/treated in Japan 
must be shipped within 10 days of inspection or be externally reinspected (including 
underside inspection only during the AGM flight season) and must be stored at least 3 metres 
from uninspected/ untreated vehicles. The reinspection requirements are intended as a 
measure to reduce the likelihood of re-contamination between inspection and shipping, but the 
figures are not derived from scientific assessment of dispersal abilities of any particular 
species. 
 
Inspection of used machinery and equipment is more complicated, depending on the structure 
of the machinery, and usually requires some partial dismantling (MAF, 2006b). There are 
additional requirements for inspection and treatment of used equipment over and above those 
required for other vehicles (such as removal or heat treatment for used cables and winches).  
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There is currently no IHS or mandatory inspection and treatment requirements for new 
vehicles and equipment.  However, if on arrival an inspector considers that a vehicle or piece 
of equipment has been contaminated, the vehicle will be treated as a used vehicle.  In practice 
such contamination is rarely picked up.  
 
There is no direct information to suggest the level of efficacy of visual inspection for fall 
webworm. There are only three documented interceptions of fall webworm life stages on 
vehicles and none of these were pupae (considered the most likely life stage to be associated 
with vehicles and to arrive viable in New Zealand). Therefore the actual level of 
contamination is unknown and without knowing the level of contamination it is very difficult 
to calculate the efficacy of a control measure. 
 
Considering that fall webworm has never been intercepted as pupae and that it chooses 
hidden, protected sites to pupate, it is likely that fall webworm would be difficult to visually 
detect on vehicles. 
 
While slippage surveys can give an indication of efficacy for the pathway, it is seldom 
possible to conduct surveys with large enough sample sizes to determine the efficacy of visual 
inspection for individual species. This is particularly the case with hitchhiker species that are 
considered to occur at low frequency but where the actual frequency is unknown. Therefore 
efficacy of visual inspection for detecting fall webworm is expected to remain unknown for 
the foreseeable future. 
 
Information on the overall efficacy of inspection for all contaminants is available and is the 
best estimate for the efficacy of inspection for fall webworm. However the actual efficacy for 
fall webworm may be higher or lower than this figure. For example, the detection of 
lymantriid egg masses is a focus in training for inspectors so they may be more likely to 
detect them than some other contaminants. Conversely, for contaminants that occur most 
commonly in sites that cannot be visually inspected, the efficacy will be lower than average. 
Because fall webworm pupates in protected sites, it may fall into this category. 
 
There are two components to the efficacy of visual inspection. The first is whether there are 
visually detectable contaminants being missed and at what rate. The second is whether there 
are contaminants that cannot be detected by visual inspection, such as those that are hidden. 
 
A survey of 541 vehicles that had received biosecurity clearance conducted in 2005 indicated 
that efficacy for the detection of visually detectable contaminants was ~73 percent (Wedde et 
al., 2006). In comparison, the current target for inspection efficacy is 97 percent (see MAF 
Biosecurity New Zealand, 2007, for more detail on the survey results). The most common 
contaminant was dried foliage but a number of live arthropods were also detected. 
 
A survey of 300 cleared vehicles and machinery (that is, inspected and passed by visual 
inspection) conducted using a videoscope found that 51 percent of the vehicles and machinery 
had contaminants that would not have been detected by visual inspection (Biosecurity 
Monitoring Group, 2006). Again, material such as dried foliage was more common, but 
eleven vehicles were found to contain live arthropods and twelve, egg sacs (these were mainly 
spiders, Biosecurity Monitoring Group, 2006). 
 
These results indicate that both in terms of visually detectable material and non-visually 
detectable material the efficacy of inspection is not at the level currently required 
(97 percent). This finding is not unexpected as vehicles are complex structures and the 
inspection conditions (physical conditions and available time) are challenging. The efficacy of 



 

180  • Pest risk analysis for six moth species  MAF Biosecurity New Zealand 

visual inspection for fall webworm remains uncertain, but based on these results, inspection 
for fall webworm moth cannot be assumed to be achieving the 97 percent target. 
 
Conclusion statement on the impact of current measures on the likelihood of entry 
associated with vehicles: 
 
Given that: 
• frequency of contamination with fall webworm are uncertain but it is considered that only 

a small proportion of vehicles would be contaminated; 
and taking into account that: 
• overall efficacy of inspection for visually detectable contaminants is estimated to be about 

73 percent; 
• vehicles are known to have contaminants that cannot be visually detected (51 percent of 

vehicles in a recent survey);  
• sample sizes for surveys are too small to indicate the efficacy of visual inspection for 

detecting fall webworm or other low-frequency contaminants; 
• there is no inspection or treatment for new vehicles, even if they have been stored for 

extended periods outdoors prior to export; 
it is concluded that the likelihood of entry of fall webworm via vehicles, taking into 
account the current measures, is not negligible. 

6.3.9. Commodities general – sea and air 
A great variety of commodities are imported into New Zealand. Apart from some specific 
cases where there are special circumstances that affect that pathway (e.g. live host plant 
material, items used in the outdoors such as cars, both covered separately), the likelihood of 
fall webworm contamination for different commodities is not particularly dependent on the 
nature of the commodity. 
 
Rather the likelihood of contamination by fall webworm is related to where and when that 
commodity is stored. The conditions most likely to result in contamination with fall webworm 
are if a commodity is stored within about 33 m of a population of fall webworm while larvae 
are seeking sites for pupation, especially if the commodity is stored outdoors. 

6.3.9.1. Wood products 
New Zealand imports a wide range of wood products, including raw wood products such as 
sawn timber and wood packaging as well as processed products such as plywood, furniture 
and paper. A significant volume of these products come from countries with fall webworm. 
For example, 52 percent (22 820 m3) of sawn timber imported into New Zealand in 2004 and 
50 percent (28 747 m3) in 2005 was from countries with fall webworm (MAF, 2006c). 
 
Fall webworm is associated with trees, including some timber species, at all stages of its life 
cycle. However even raw wood products undergo processing such as debarking and kiln 
drying before they are imported into New Zealand. This processing is likely to remove or kill 
a significant proportion of the fall webworm life stages present. The main risk from wood 
products is therefore similar to that for any other commodity or even containers – that is, 
contamination during storage and transport. 

6.3.9.2. Fresh produce and live plant material of non-host species 
Fresh fruit and vegetables as well as cut foliage and nursery stock for non-host species are 
also considered under this category as while they have a likelihood of being contaminated in 
the field, the likelihood is considered comparable to that of other items from fall webworm 
areas. They are also handled during processing which increases the likelihood of detection 
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and removal of fall webworm life stages. Once packed they are unlikely to become 
contaminated during transport and storage. 

6.3.9.3. Bulk cargo 
A wide range of goods are transported as bulk cargo (sometimes known as breakbulk). Bulk 
cargo refers to commodities that are not transported in containers (or sometimes transported in 
containers and sometimes not). These commodities include bulk steel, vehicles (considered 
separately), grain and fertiliser. In some cases these types of goods are in the open for longer 
periods and will therefore have a greater likelihood of becoming associated with organisms 
such as fall webworm. Commodities are also sometimes transported in open containers (such 
as flatracks). Transport in open containers is also expected to result in an increased likelihood 
of association with hitchhiker organisms. 

6.3.9.4. Vessels and aircraft 
Vessels and aircraft are not considered as likely pathways for fall webworm. Adults are 
reported as flying a maximum of approximately 250m but usually less and not laying eggs on 
inanimate objects except under unusual circumstances. The main way that inanimate objects 
become contaminated is through larvae crawling onto the objects and pupating, which is 
considered highly unlikely for vessels and aircraft.  

6.3.9.5. Other 
The only record of fall webworm associated with imported goods (apart from the recent 
identification on vehicles) was a consignment of wallpaper from Italy, detected once the 
goods had been transported to a shop (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group, unpublished data). One larva, three pupae and two adults (male and 
female) were found, all dead. There is no reason to consider that Italian wallpaper would have 
an intrinsically higher likelihood of fall webworm contamination than any other commodity. 
However this detection does indicate that the conditions required for fall webworm 
contamination occurred at some point in the handling of the wallpaper prior to export. 
 
Apart from this single post-border interception, there has been no information that suggests 
that the generic risk from wallpaper or products from Italy would be different from that of any 
other product. As with vehicles, containers, wood products etc, it is where and how the 
product is used and stored prior to export and whether there is a population of fall webworm 
nearby that determines the likelihood of contamination 

6.3.9.6. Likelihood of entry by lifestage – eggs 
The egg stage lasts for a variable length of time depending on conditions. Warren and Tadic 
(Warren and Tadic, 1970) reported ranges from 5 to 23 days from a range of countries and 
environmental conditions. Because of the multivoltine nature of fall webworm an obvious 
season where eggs are present is not well defined in the way it may be for a univoltine species 
such as gypsy moth.  
 
In field situations, fall webworm eggs are reported to be laid on foliage although in the 
laboratory they can be laid on other surfaces (Kay, 2004; Warren and Tadic, 1970)). 
Therefore eggs are considered most likely to enter New Zealand on material contaminated 
with foliage. It is uncertain whether the egg-laying behaviour observed in the laboratory 
would occur in the wild if a female became trapped inside a container or with packaged 
goods. Since this behaviour has not been reported from the wild, and since neonate larvae do 
not typically travel in search of food (and therefore would be likely to starve if hatched on an 
inanimate object), egg laying on inanimate objects is assumed to be not significant for this 
risk analysis. This would need to be reconsidered if new information was found suggesting 
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that (a) egg masses are consistently laid on inanimate objects in the wild and (b) larvae 
hatching from these egg masses are capable of surviving (specifically, locating food). 
Nonetheless, as the egg stage is reported to last only 5-23 days, egg masses laid on goods 
transported by sea would only arrive in New Zealand if they contaminated goods just prior to 
loading. 
 
At the time of arrival in New Zealand most of the foliage would be old and very unlikely to 
support viable fall webworm eggs (or newly-hatched larvae). Only a small minority of the 
foliage would have contaminated goods recently enough to still contain viable fall webworm 
eggs, although the likelihood would be higher for that transported by air. 
 
Depending on which country the goods were coming from, the means of transport to New 
Zealand and the conditions in transit, it is theoretically possible, though not likely, for foliage 
containing eggs of fall webworm to contaminate goods overseas and then arrive in New 
Zealand before the eggs have hatched. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of eggs to survive transit conditions is uncertain. Temperatures outside 
the range 10oC to 35oC are reported as unfavourable for development but not necessarily fatal 
to all individuals in a population, and in some seasons eggs in the field survive exposure to 
near-freezing temperatures (Warren and Tadic, 1970). In the absence of detailed information 
on the environmental tolerances of eggs and the conditions they would be exposed to, it is 
assumed that at least a proportion of eggs are capable of surviving the transit conditions 
 
 Conclusion statement on likelihood of entry as eggs via other commodities: 
 
Given that: 
• a range of goods are can become contaminated with foliage, especially those items used 

and stored outdoors; 
• the egg stage lasts from 5-23 days, longer than the direct air transport time and some 

direct sea transport times from countries with fall webworm; 
• volumes of sea containers are very high (assumed to be >500 000 per year), while the 

volume of air containers is uncertain; 
and taking into account that: 
• the vast majority of foliage contaminating goods is likely to be old and not contain viable 

eggs of fall webworm when it arrives in New Zealand; 
it is concluded that the likelihood of importation of fall webworm as eggs via other goods 
is negligible. 
 
Note: since this was written, an egg mass detected on a Japanese used vehicle has been 
identified via DNA testing as fall webworm (Karen Armstrong pers. comm. Feb 2006). The 
specimen was collected at the Auckland wharf in October 2000, from the tyre wall of a 
vehicle. The viability was not known. 
 
It is known that unmated females lay eggs (although these are unviable) (Warren and 
Tadic, 1970) and that under laboratory conditions eggs are laid on a variety of surfaces, 
even though in the wild egg masses are reported to be laid on host foliage (Kay, 2004, 
Warren and Tadic, 1970). The most likely explanation for this find would therefore appear 
to be that a female emerged from a pupa on a vehicle and either was trapped there (e.g. a 
vehicle in a container) or was in a location with no host plants (e.g. the hold of a bulk 
carrier carrying cars). See section on pupae for an explanation of the likelihood of pupae 
occurring on vehicles. 
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This information is not considered sufficient to alter the conclusions of this risk analysis 
but highlights the uncertainty around some information in this risk analysis. 

6.3.9.7. Likelihood of entry by lifestage – larvae 
Because of the multivoltine nature of fall webworm, life stages overlap significantly and an 
obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 
 
Fall webworm larvae feed within their nest in the early instars (Warren and Tadic, 1970). It is 
considered highly unlikely that a whole nest would contaminate imported goods so it is 
considered highly unlikely that early instar larvae would be transported to New Zealand. 
 
Later instar larvae feed outside the nest and disperse prior to pupation and may wander onto 
stored items. The reported distances that larvae travel are comparatively small (up to about 
33 m, Warren and Tadic, 1970), so it is assumed that larvae are only likely to contaminate 
goods stored within about this distance of host plants. This figure is based on limited 
information, and further information on the distance that larvae crawl would enable a more 
precise understanding of which items are likely to become associated with fall webworm and 
which are not. Unless they are pupating on the item (see section on pupae), larvae are unlikely 
to remain there unless they became trapped. 
 
There are reports of fall webworm larvae surviving starvation for up to 15 days, although with 
compromised reproductive capacity as adults (CAB International, 2002). However 
experimental data verifying the time to starvation have not been found and the age of the 
larvae, the conditions they were in and the proportion of larvae survived this length of 
starvation are not reported. Based on this survival period, larvae would be capable of 
surviving the transit time by air, but for transit by sea from most countries with fall webworm 
the travel times would be close to or longer than the maximum survival time for larvae. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. Aside from starvation, the ability of larvae to survive transit conditions is uncertain. 
Temperatures outside the approximate range 10oC to 35oC are reported as unfavourable to 
development, but are not necessarily fatal to all individuals in a population, and dry 
conditions also increase mortality (Warren and Tadic, 1970). In the absence of detailed 
information on the environmental tolerances of larvae and the conditions they would be 
exposed to, it is assumed that at least a proportion of larvae are capable of surviving the 
transit conditions 
 
 Conclusion statement on likelihood of entry as larvae via other commodities: 
 
Given that: 
• larvae wander in search of food and could wander onto goods stored within about 33 m of 

fall webworm populations; 
• larvae would be capable of surviving the travel time by air; 
and taking into account that: 
• early instar larvae feed within the nest; 
• larvae are mobile and fragile and may not stay associated with items; 
• the direct transit times by sea are close to the maximum periods that larvae can survive 

starvation; 
it is concluded that the likelihood of importation of fall webworm as larvae via other 
commodities is negligible. 
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6.3.9.8. Likelihood of entry by lifestage – pupae 
Pupation is recorded in a range of protected sites including bark fissures, under stones, under 
soil litter or within soil, under roofing tiles or wall boards and within abandoned cocoons of 
other insects (Warren and Tadic, 1970). In China, pupation is recorded “in debris or 
underground” (Zhang et al., 1996) and a propensity of fall webworm to pupate on vehicles 
and packaging material is also reported (Lihong Zhu, pers. comm. March 2007). Although it 
is not specifically stated, based on these descriptions there are likely to be sites suitable for 
pupation on many imported goods. 
 
When they reach full size, fall webworm larvae actively seek suitable pupations sites. It is not 
specifically recorded how far larvae will crawl seeking pupation sites although one reported 
noted that larvae had been observed crossing roads in search of pupation sites (Warren and 
Tadic, 1970). In the absence of additional information it is assumed that larvae seeking 
pupation sites travel similar distances to those searching for food (i.e. about 33 m, Warren and 
Tadic, 1970). Therefore goods are only likely to contain fall webworm pupae if it is used and 
stored within about 33 m of host plants. 
 
Depending on the conditions during larval development the pupae formed will be either 
diapausing or non-diapausing. The reported pupation times for non-diapausing pupae are 
variable, the minimum reported time is 7 days and most non-diapausing pupae are likely to 
emerge within about 20 days (Gomi, 1996a; Gomi, 2000; Warren and Tadic, 1970). Direct air 
transit times are less than the minimum pupation time for fall webworm, therefore non-
diapausing pupae transported to New Zealand by air are likely to arrive in New Zealand rather 
than emerging in transit. If transported by sea from Pacific Rim ports, they may or may not 
arrive in New Zealand without emerging, depending on transit conditions and how long pupae 
had been present before transport. Non-diapausing pupae are unlikely to arrive from eastern 
North America or Europe without emerging in transit (see section on adult moths for further 
discussion). 
 
Diapausing pupae are capable of surviving both air and sea transit times from anywhere 
within their range without emerging in transit. Fall webworm is much more likely to arrive in 
New Zealand as diapausing pupae than as non-diapausing pupae. 
 
Because of the multivoltine nature of fall webworm, the times when pupae are present is less 
clearly defined than for a univoltine species such as gypsy moth. However for diapausing 
pupae, it is expected that pupae will contaminate equipment and other items sometime in the 
autumn and will be present from autumn until the following spring or early summer. 
Therefore there is an expected arrival period in New Zealand from around October to June or 
July. 
 
The ability of pupae to survive transit conditions is uncertain, however because diapausing 
pupae are the most persistent life stage, they are likely to be the most tolerant of extreme 
conditions. Both diapausing and non-diapausing pupae can survive exposure to -15oC for 
24 hours and 2 weeks at -5oC (Li et al., 2001). In the absence of detailed information on the 
environmental tolerances of pupae and the conditions they would be exposed to, it is assumed 
that at least a proportion of pupae are capable of surviving the transit conditions. 
 
 Conclusion statement on likelihood of entry as pupae via other commodities: 
 
Given that: 
• many imported goods are likely to contain suitable sites for fall webworm pupation (air 

containers are considered much less likely); 
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• pupation times, at least for diapausing pupae, exceed transit times by air and sea; 
• some types of goods are particularly known to be associated with the transport of a range 

of hitchhiker pests; 
and taking into account that: 
• pupae are only likely to contaminate goods stored within about 33 m of a population of 

fall webworm; 
• diapausing pupae are only likely to get onto goods within a limited time period (autumn); 
it is concluded that the likelihood of importation of fall webworm as pupae via other 
commodities is not negligible. 

6.3.9.9. Likelihood of entry by lifestage – adults 
Compared with a species such as gypsy moth, fall webworm adults do not fly significant 
distances. Males were recorded flying 250m to pheromone traps (Zhang and Schlyter, 1996), 
while females have been recorded flying less than 200m (Suzuki and Kunimi, 1981). They are 
therefore only likely to land on goods that are relatively near to where there is a population 
present. While female moths are presumably attracted to light like other nocturnal moths, they 
seek out host vegetation on which to lay their eggs, so would not necessarily be attracted to 
container facilities. 
 
Because they are mobile, adults are not likely to alight on goods and remain with them until 
they arrive in New Zealand, unless they became trapped. 
 
There are reports of fall webworm adult females surviving for up to two weeks, with males 
surviving around 1 week (Warren and Tadic, 1970). Based on this survival period, adults 
would be capable of surviving the transit time by air but for transit by sea from most countries 
with fall webworm the travel times would be close to or longer than the maximum survival 
time for females and longer than the transit time for males. Because most oviposition occurs 
in the first few days after emergence, it is likely that any adults arriving by sea would be past 
reproductive age. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of adults to survive transit conditions is uncertain, although they do not 
require food (Gomi, 2000). Adult moths of other species are known to survive transit 
conditions on both commercial aircraft (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group, unpublished data) and ships (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group unpublished data, Stu Rawnsley pers. comm. May 2006) so they are 
assumed to be capable of surviving transit conditions under some circumstances. However 
because they are both mobile and fragile, adults are more likely to be damaged or killed in 
transit than less mobile life stages. 
 
Non-diapausing pupae are considered likely to emerge in transit, which means that adult 
moths may occur on containers from pupae that emerged in transit. While it depends when 
they emerge, adults emerged in transit are more likely to survive transit times and conditions 
than adults which become associated with the container in the country of origin. 
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Conclusion statement on likelihood of entry as adults via other commodities: 
 
Given that: 
• survival times for adult fall webworm exceed transit time for air transport; 
• non-diapausing pupae contaminating goods transported by sea are likely to hatch in transit 

and arrive as adults; 
and taking into account that: 
• adult moths are mobile and unlikely to stay associated with goods unless trapped; 
• survival times for adult fall webworm are mostly less than direct sea transit times for 

countries with fall webworm; 
• pupae (that hatch in transit) are only likely to contaminate goods stored within about 33 m 

of a population of fall webworm; 
it is concluded that the likelihood of importation of fall webworm as adults via “other 
goods” is negligible. 

6.3.9.10. Current measures on other pathways 
There is a wide range of measures on commodities imported into New Zealand, but none of 
the commodities included in this group have any measures specifically for fall webworm. 
Certain commodities have measures that are likely to have some impact on fall webworm if it 
is contaminating the commodity, for example the inspection requirements for fresh produce. 
 
Overall the current measures are not considered to have a great effect of the likelihood of 
introduction of fall webworm although a high degree of uncertainty is acknowledged. The 
uncertainty and variability is too high to draw a single conclusion on the effect of 
measures. 

6.3.10. Likelihood of establishment 
Although there has been no climatic modelling for fall webworm in New Zealand, the 
geographic distribution overseas (e.g. Canada through to Mexico, Japan from 32-41o latitude) 
indicates a species with broad ecological tolerances. Fall webworm has previously shown 
itself to be capable of establishing in New Zealand (Auckland). 
 
In most cases the likelihood of establishment via different pathways does not differ in 
pathway-specific ways. Therefore the likelihood of establishment is discussed first by life 
stage and then any specific differences for pathways are discussed. A general scheme for the 
establishment of fall webworm in New Zealand is given in figure 18. 
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Figure 18. Scenario tree for establishment of fall webworm 
 

 
 
One factor that can influence the likelihood of establishment is surveillance, which increases 
the likelihood of detecting a population early, while it is still possible to eradicate. 
Surveillance can be considered as a biosecurity measure that reduces likelihood of 
establishment rather than likelihood of entry. Therefore, in this analysis surveillance is 
excluded from the assessment of likelihood of establishment (as measures are excluded from 
an assessment of likelihood of entry. The effect of surveillance in reducing the likelihood of 
establishment is then assessed separately. 
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6.3.10.1. Establishment – via arrival as eggs 
Foliage arriving in New Zealand can be categorised as live for propagation, live but not for 
propagation or dead. Egg masses arriving on these different types of foliage will have a 
different likelihood of establishment. Typically, on hatching fall webworm larvae begin to 
feed directly where they hatch rather than actively seeking food (Warren and Tadic, 1970), so 
if an egg mass hatches on only a small piece of live foliage or on foliage that is dead, larvae 
will need to locate a new food source. 
 
The distance that neonate larvae can travel and the ability of neonate larvae to tolerate 
starvation is not reported.  Because neonate larval dispersal is not a usual phenomenon, it 
cannot be assumed that neonate larvae would have dispersal and starvation tolerances 
comparable with late instar larvae, which do commonly disperse. The situation also cannot be 
compared with that of lymantriid moths, where eggs are not typically laid on host foliage and 
larval dispersal is an integral part of the life cycle (see sections on Asian gypsy moth, painted 
apple moth and white-spotted tussock moth). It is expected that larvae hatching from egg 
masses that arrived on dead foliage or a small amount of live foliage would have significantly 
increased mortality compared to larvae hatching from an egg mass in the usual field situation 
(the same would be expected to apply to egg masses arriving on inanimate objects). 
 
The handling that both nursery stock (even excluding measures such as post-entry quarantine) 
and cut flowers/ foliage undergoes increases the likelihood of detection, especially as larval 
nests are conspicuous and generally considered undesirable for nurseries and gardens. 
Handling will reduce the likelihood of establishment. 
 
Without knowing the distance that early instar larvae can disperse it is not possible to 
determine how significant the distribution of host plants is in determining the likelihood of 
establishment. However reported host species are relatively common in many urban and rural 
areas of New Zealand, for example Prunus, oak (Quercus), honeysuckle (Lonicera spp.), old 
man’s beard (Clematis vitalba), Liquidambar styraciflua and birch (Betula spp.) (Webb et al., 
1988). Host distribution is not considered to be a major factor affecting the likelihood of 
establishment of fall webworm in New Zealand. 
 
Hatching is governed by environmental conditions and eggs in a mass hatch within a few days 
of one another. Gomi (1996a) reported standard deviations of 1.04 and 1.26 days (with a 
mean of 15 days) for two different Japanese populations at 20oC under laboratory conditions. 
The number of eggs reported is variable, ranging from 300-1300 (Warren and Tadic, 1970). 
The sixes of the starting population is likely to be hundreds of individuals (see section on 
pupae for a discussion of the effect of founder population size). 
 
Limited information on mortality has been found although Warren and Tadic (1970) quoted 
mortality in the range of 80-99 percent from eggs through to late larval, pupal or adult life 
stages in the USA. There is not enough information available on mortality to determine what 
might be expected for fall webworm arriving in New Zealand. 
 
Conclusion statement on likelihood of establishment from arriving egg masses: 
 
Given that: 
• founder population sizes from egg masses are likely to be in the hundreds; 
• recorded hosts are common in urban and rural areas of New Zealand; 
and taking into account that: 
• larval nests are conspicuous (egg masses arriving on nursery stock); 
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• larvae are likely to need to disperse at the neonate or early instar stage in order to find 
adequate food; 

it is concluded that the likelihood of establishment of fall webworm from the arrival of 
egg masses is not negligible. 

6.3.10.2. Establishment – via arrival as larvae 
In the case of single larvae arriving on a number of occasions, the relatively short flight 
distances of adults, combined with the short lifespan (and probably shorter period of 
reproductive viability) suggest that adults will only find a mate if several individuals arrive at 
once, as opposed to a number of introductions of single individuals. 
 
Unless a whole larval nest arrives (which is considered highly unlikely) the number of 
individual larvae arriving at any one time is likely to be comparatively small. However the 
behaviour of fall webworm increases the likelihood of more than one larva arriving at once. 
Larvae remain with the nest in the early instars and later instars are not reported to crawl 
particularly long distances either in search of food or pupation sites (Warren and Tadic, 
1970). Therefore the distribution of larvae is likely to be clustered and the chances of multiple 
larvae arriving on a single item are greater than for a species such as Asian gypsy moth, 
where larvae can disperse long distances. 
 
For larvae arriving on non-host material, they will need to locate a host plant in order to 
complete development. Reported host species are relatively common in many urban and rural 
areas of New Zealand, for example Prunus, oak, honeysuckle, old man’s beard, Liquidambar 
styraciflua and birch (Webb et al., 1988). Host distribution is not considered to be a major 
factor affecting the likelihood of establishment of fall webworm in New Zealand, however the 
additional time taken for larvae to locate hosts is likely to result in increased mortality, 
reducing the likelihood of establishment. 
 
Larvae arriving on host material will not have to locate a food source, but the handling that 
both nursery stock (even excluding measures such as post-entry quarantine) and cut flowers/ 
foliage (even in the case of smuggled material) undergoes increases the likelihood of 
detection, especially as larval nests are conspicuous and generally considered undesirable for 
nurseries and gardens. Handling will reduce the likelihood of establishment. 
 
The effect of founder population size on fall webworm establishment is discussed in more 
detail in the section on pupae. The main points to consider are that the larger the founder 
population size, the more likely fall webworm is to establish and the more frequently fall 
webworm arrives, even if only in small numbers, the more likely it is to establish. 
Establishment from a small number of organisms cannot be ruled out. 
 
Conclusion statement on likelihood of establishment from arriving larvae: 
 
Given that: 
• recorded hosts are common in urban and rural areas of New Zealand; 
and taking into account that: 
• larval nests are conspicuous; 
• the need for larvae to disperse to locate host material is likely to increase mortality; 
it is concluded that the likelihood of establishment of fall webworm from the arrival of 
larvae is negligible. 
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6.3.10.3. Establishment – via arrival as pupae 
Pupae are considered to be the most likely life stage to arrive. A single pupa of fall webworm 
arriving in New Zealand will be unable to establish a population, although a male may be 
detected in a trap. Isotope tracing technology can help indicate whether trapped individuals 
are most likely to have fed (i.e. spent their larval stage) in the location detected or overseas 
(Isotrace New Zealand Limited, unpublished report, June 2005). The use of this technology 
means that individuals from pupae or adults that were transported can be more easily 
distinguished from an established population. 
 
The relatively short flight distances of adults, combined with the short lifespan (and probably 
shorter period of reproductive viability) suggest that adults will only find a mate if several 
individuals arrive at once, as opposed to a number of introductions of single individuals. 
 
The behaviour of fall webworm increases the likelihood of more than one pupa arriving at 
once. Larvae remain with the nest in the early instars and later instars are not reported to 
crawl particularly long distances either in search of food or pupation sites (Warren and Tadic, 
1970). The distribution of larvae, and therefore pupae, is likely to be clustered and the 
chances of multiple pupae arriving on a single item are greater than for a species such as 
Asian gypsy moth, where larvae can disperse long distances. 
 
For non-diapausing pupae, emergence is likely to occur within a few days or at most a few 
weeks, regardless of environmental conditions. Pupae that arrive in diapause will require 
certain conditions to trigger emergence. Gomi (2000) demonstrated that emergence is highly 
synchronous. Pupae (collected as larvae from wild nests in Tsukuba) that had entered 
diapause in late August-September (bivoltine individuals) emerged on average 2 days later 
than those that had entered diapause in late October-early November (trivoltine individuals). 
While the difference was statistically significant, the two groups largely overlapped for time 
of emergence. Emergence occurred over a period of 15-18 days, but the majority emerged 
over a 10 day period. There was no significant difference in emergence times for males and 
females. 
 
This information suggests that if there is a single incursion (i.e. a contaminated container or 
commodity) of a number of diapausing pupae, they are likely to emerge at around the same 
time. The synchronicity of emergence increases the likelihood of adults that emerge finding a 
mate and therefore the likelihood of a population establishing. 
 
The actual size of founder population required for successful introduction of fall webworm is 
uncertain. The number of individuals required for a particular likelihood of establishment is 
variable for different insects. For example, Liebhold and Bascompte (2003) reported in a case 
study on gypsy moth in North America that a population with 107 males detected had a 
50 percent probability of establishment. Since gypsy moth is most commonly introduced as 
egg masses, it is uncertain how this number translates to a required number of eggs or egg 
masses to achieve a similar probability of establishment. However it does imply that a 
relatively large founder population size is required for this species. In contrast, Berggren 
(2001) found that for Roesel’s bush cricket (Metrioptera roeseli: at last nymph stage) a 
founder population size of 32 individuals gave close to 100 percent probability of the 
population persisting for 3 years (the completion of the experiment). Successful establishment 
of arthropods (from studies on the release of biocontrol agents) has been recorded from 
introduction of fewer than 20 individuals (e.g. (Berggren, 2001; Hee et al., 2000; Simberloff, 
1989). In an experiment with chrysomelid beetles, Grevstad (1999) observed that out of 20 
introductions of a single gravid female, one persisted to at least 3 generations (the completion 
of the experiment). 
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There is unlikely to be a precise threshold above which establishment is certain and below 
which it is impossible (Simberloff, 1989). However despite variability in the absolute 
numbers reported, all these studies consistently indicate an increasing likelihood of 
establishment for an increasing founder population size. For introductions of smaller numbers 
of individuals, establishment was less likely, but for repeated introductions of small numbers 
of individuals establishment still occurred on some occasions. In terms of risk analysis this 
illustrates the two important principles: 
• the larger the founder population size for a particular organism, the more likely that 

organism is to establish; 
• the more frequently an organism is introduced, even if only in small numbers, the more 

likely that organism is to establish. 
 
Even if the likelihood of establishment is considered very low for a single introduction of a 
particular species, establishment is still a likely consequence of small numbers of individuals 
arriving on a regular basis. 
 
Once a female had found a mate, she would need to find a host plant to lay her eggs. Reported 
host species are relatively common in many urban and rural areas of New Zealand, for 
example Prunus, oak, honeysuckle, old man’s beard, Liquidambar styraciflua and birch 
(Webb et al., 1988). A study of female dispersal in Japan showed that 95 percent of females 
released flew less than 71m, with the maximum recorded distance 188m (Suzuki and Kunimi, 
1981). Although this is not a great distance, host species are so common that the likelihood of 
a host plant occurring within the distance a female can fly is not considered to be a limiting 
factor for fall webworm establishment. 
 
The greatest source of uncertainty surrounding the establishment of fall webworm in 
New Zealand is the effect of moving from the Northern to the Southern Hemisphere. Fall 
webworm is known to be capable of establishing outside its native range, since it has done so 
in Europe and Asia. The population detected in Auckland was the first report of fall webworm 
establishing in the Southern Hemisphere. It indicates that fall webworm is capable of coping 
with the seasonal effect of moving across hemispheres. The facultative nature of the diapause, 
the relatively short generation time for non-diapausing generations (less than 3 months) and 
the fact that adult emergence occurs synchronously in response to environmental conditions 
are factors that will increase the ability of fall webworm to establish in the Southern 
Hemisphere. Nonetheless, all other things being equal, the likelihood of fall webworm 
establishing in New Zealand from its current range is expected to be less than the likelihood 
of fall webworm establishing elsewhere in the Northern Hemisphere. 
 
Conclusion statement on likelihood of establishment for arriving pupae: 
 
Given that: 
• fall webworm has previously established a population in New Zealand; 
• fall webworm naturally has a clustered distribution, increasing the likelihood that more 

than one individual will arrive; 
• hatching is reported to be synchronous within populations, even for individuals that enter 

pupation months apart; 
• host species are common and likely to occur within the distance that a female moth can fly 
and taking into account that: 
• the effect of hemispheric seasonal differences is uncertain; 
it is concluded that the likelihood of establishment of fall webworm from pupae is not 
negligible. 
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6.3.10.4. Establishment – via arrival as adults 
A single adult (except a mated female) is incapable of establishing a population but does have 
a likelihood of being detected in a trap. Isotope tracing technology can help indicate whether 
trapped individuals are most likely to have fed (i.e. spent their larval stage) in the location 
detected or overseas (Isotrace New Zealand Limited, unpublished report, June 2005). This 
means that individuals from pupae or adults that were transported can be more easily 
distinguished from an established population. 
 
Arriving female moths will have to find a mate and a host plant on which to lay her eggs. 
Neither male nor female moths are known to fly great distances; field studies suggest that 
most males do not fly more than 250-300 m (Yamanaka et al., 2001; Zhang and Schlyter, 
1996), with most females reported flying less than 71 m - the maximum recorded distance 
188m (Suzuki and Kunimi, 1981). These relatively short flight distances, combined with the 
short lifespan (and probably shorter period of reproductive viability) suggest that arriving 
adults will only find a mate if several individuals arrive at once, as opposed to a number of 
introductions of single individuals. 
 
Because adults are mobile and not known to aggregate, the likelihood of several adults 
arriving at once is lower than that for eggs, larvae and pupae, unless there are adults that 
emerged from pupae in transit. 
 
Reported host species are relatively common in many urban and rural areas of New Zealand, 
for example Prunus (cherry and other stonefruit), Quercus (oak), Lonicera (honeysuckle), 
Clematis vitalba (old man’s beard) and Betula (birch) (Webb et al., 1988). Host distribution is 
not considered to be a major factor affecting the likelihood of establishment of fall webworm 
in New Zealand as it is highly likely that reported host species will occur within the distance 
that a female moth can fly. 
 
The effect of founder population size on fall webworm establishment is discussed in more 
detail in the section on pupae. The main points to consider are that the larger the founder 
population size, the more likely fall webworm is to establish and the more frequently fall 
webworm arrives, even if only in small numbers, the more likely it is to establish. 
Establishment from a small number of organisms cannot be ruled out. 
 
Conclusion statement on likelihood of establishment from arriving adults: 
 
Given that: 
• recorded hosts are common in urban and rural areas of New Zealand and likely to occur 

within the recorded flight distances of female moths; 
and taking into account that: 
• the likelihood of several individuals arriving at once is lower than for eggs, larvae and 

pupae; 
it is concluded that the likelihood of establishment of fall webworm from the arrival of 
adults is not negligible 
 
 
 
 

6.3.10.5. Comments on establishment for specific pathways 

Establishment via container pathway 
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A movement survey of sea containers conducted in 2001/2002 (MAF, 2003d) indicated that 
while the majority of containers (84 percent) were unloaded within the urban area in which 
they arrived, 68 percent were subsequently shipped elsewhere. As with vehicles, the way 
containers are transported after arrival has the effect of reducing the chances of a population 
of fall webworm that establishes from sea containers being detected. Nonetheless, containers 
spend a significant proportion of time in transitional facilities and in the vicinity of ports. 
They do not get spread around as much as vehicles and there are fewer areas overall where 
fall webworm is likely to establish via the container pathway. Most containers also spend only 
a limited period of time in New Zealand, meaning that if conditions are not favourable, 
diapausing pupae may not emerge in New Zealand. 

Establishment via fresh foliage pathways 
Fresh foliage (nursery stock and cut flowers/ foliage) is the only pathway where pupae are not 
necessarily the most likely life stage to arrive and establish. Life stages arriving on live plant 
material are more likely to find suitable conditions (particularly food plants) compared with 
other pathways, but the increased risk of establishment may be counteracted by the low 
numbers of individuals likely to arrive via this pathway. The handling that nursery stock and 
cut flowers and foliage undergo probably increases the chances of detection. 

Establishment via military pathway 
Military equipment arrives in New Zealand via different ports to other items and spends most 
of its time within fairly well defined areas. Because of the association of military vehicles and 
equipment with a limited range of sites, fall webworm established via the military pathway is 
considered more likely to be detected early, although they are not generally associated with 
main population centres, reducing the likelihood of detection. 

Establishment via packaging materials pathway 
As for entry via this pathway, the likelihood of establishment via this pathway is variable and 
is affected by where the packaging material goes and how it is used and stored following 
arrival in New Zealand. There is little information about what happens to packaging in 
New Zealand. 

Establishment via passengers and personal effects pathways 
The types of items that are most likely to arrive contaminated via this pathway are also items 
that are likely to be used in close proximity to host vegetation, for example camping grounds 
and gardens. Females emerging from pupae on garden furniture or on a tent in a camping 
ground are more likely to find a host plant than those emerging on a container at a port. The 
likelihood of establishment via this pathway is considered similar to that for vehicles. 

Establishment via vehicles pathway 
As with most pathways, the most likely life stage to lead to establishment is pupae. The 
likelihood of establishment from an imported vehicles will depend on where the vehicle goes 
and how it is used and stored following arrival in New Zealand. Following clearance, vehicles 
can be sent anywhere in New Zealand. This reduced the likelihood of detecting a population 
while it is still possible to eradicate it 
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Establishment via other commodities 
As for entry via this pathway, the likelihood of establishment via this pathway is variable and 
is best determined not by that nature of the commodity but how that commodity is used and 
stored. Likelihood of establishment is increased if an item is used and stored outdoors, as well 
as not undergoing further processing on arrival. 

6.3.10.6. Current measures for the post-border detection of fall webworm 
Surveillance can be considered as a biosecurity measure that reduces likelihood of 
establishment rather than likelihood of entry. Surveillance increases the likelihood of early 
detection in time for effective containment and eradication (Wilson et al. 2004), that is, 
surveillance contributes to the reducing the likelihood of establishment. 
 
There are different kinds of surveillance with differing levels of specificity and surveillance 
programmes are typically a balance of different surveillance types. Species-specific active 
surveillance (for example based on the pheromones of a particular species) is useful to deal 
with known risks, and has been used to detect populations at a much earlier stage of invasion 
(Wilson et al, 2004). More generalised surveillance, such as high-risk site surveillance or light 
trapping, is able to deal with a much wider range of species including those that have not 
previously identified as species of concern. It has different disadvantages, for example the 
need to filter out the vast majority of detected organisms (those that are already known to be 
present). 
 
Passive surveillance in the form of identification enquiries from the public is generally 
considered to be much less effective than active surveillance as incursions are detected later 
when they are less likely to be eradicable (Wilson et al, 2004). However this type of 
surveillance has shown its value for detecting some moth incursions. Passive surveillance, 
particularly reports form the general public, detected the initial incursions of fall webworm 
(Bennett and Bullians, 2003), painted apple moth (Flynn, 1999, Harris, 1988) and white-
spotted tussock moth (Hosking, 2003). Its usefulness will depend on a range of factors 
including the general appearance of the species in question (large, hairy and colourful species 
are much more likely to be reported) and the quality of awareness material (Alan Flynn, 
December 2006, pers. comm.). Surveillance via the general public has the same disadvantages 
as other general surveillance; filtering out the important records from species that are already 
well known and the resources required for such a programme. 
 
There is no pheromone-based trapping in place for fall webworm. The high risk site 
surveillance programme, which consists of intensive ground searches of vegetation in high 
risk areas, is based around ports and areas with many transitional facilities. Searches are 
conducted along transects in areas which are both “risk site areas” (near likely sites for pest 
arrival) and “vegetation rich areas” (MAF, 2007). It has the advantage that it can detect any 
visible life stage as well as symptoms such as defoliation, but covers a smaller total area. 
 
The pathway on which fall webworm entered New Zealand would have a substantial effect on 
the likelihood of a new population being detected. Entry on pathways such as sea containers 
are far more likely to result in fall webworm populations that are within the surveillance 
network. Fall webworm arriving on pathways such as passengers, unaccompanied personal 
effects or vehicles is less likely to be detected early. 
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Conclusion statement on the impact of current surveillance on reducing the likelihood of 
establishment of fall webworm: 
 
Given that: 
• high risk site-surveillance targets likely sites for fall webworm transported on containers; 

and taking into account that: 
• fall webworm is not targeted by a specific pheromone trap-based surveillance programme; 
• fall webworm populations that entered New Zealand on pathways such as military, 

passengers, unaccompanied personal effects or vehicles are more likely to occur outside 
the areas covered by surveillance programmes; 

it is concluded that the likelihood of establishment of fall webworm is not negligible. 
 
Comment 
The likelihood of fall webworm forming a population that is too large or widespread to 
establish before being detected is reduced by the surveillance programme. However the costs 
and consequences of detecting populations of species such as fall webworm, even if the 
populations detected are eradicable, are still significant. 

6.3.11. Spread 
Once established, fall webworm is highly likely to spread. Although there has been no 
climate-based distribution modelling for fall webworm in New Zealand, the geographic 
distribution overseas (e.g. Canada through to Mexico, Japan from 32-41o latitude) indicates a 
species with broad ecological tolerances. The Economic Impact Assessment (Harris 
Consulting, 2003) used a potential distribution of the whole of New Zealand’s land mass. 
Host plants are common in most regions of New Zealand (Webb et al., 1988). 
 
Natural dispersal (via adult flight) is likely to be slow. A study of female dispersal in Japan 
showed that 95 percent of females released flew less than 71m, with the maximum recorded 
distance 188m (Suzuki and Kunimi, 1981). Males are reported to be capable of flying much 
further but field studies suggest that most do not fly more than 250-300 m (Yamanaka et al., 
2001, Zhang and Schlyter, 1996). However fall webworm has shown itself to be capable of 
rapid spread via goods and vehicles overseas (MAF, 2002b). Likely domestic pathways for 
the spread of fall webworm have no biosecurity measures on them. 
 
Conclusion statement on likelihood of spread of fall webworm following establishment: 
 
Given that: 
• the domestic equivalents of significant international pathways (e.g. vehicles, containers, 

passengers carrying outdoor equipment) currently have no pest management measures on 
them; 

and taking into account that: 
• dispersal via adult flight is likely to be less then 200m per generation; 
it is concluded that the likelihood of spread of fall webworm following establishment is 
not negligible. 

6.3.12. Consequences 
Following the detection of fall webworm in New Zealand an economic impact assessment 
(EIA) was conducted (Harris Consulting, 2003). Damages were estimated in the range 
between $29 million and $127 million, with a midrange of $55 million PV (present value) 
over a 50 year period. Damage to horticultural crops (pipfruit, stonefruit, berryfruit), 
amenity/garden plantings and willows were the main cost. There is a significant degree of 
uncertainty in the costs, because of the uncertainty over the impact on native species, small 
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volume forestry species (e.g. black walnut) and species used for shelter and erosion control. 
The EIA excluded any costs for the fall webworm impact on native ecosystems and forestry. 
 
Laboratory studies on host range for fall webworm have demonstrated that fall webworm is 
capable of feeding on several indigenous species including red beech, silver beech, Olearia 
macrodonta and Fuchsia excorticata (Kay, 2004). In general the survival and development of 
fall webworm was lower on the indigenous species tested than on the control species (known 
preferred hosts). The extent to which fall webworm would feed on and become a pest of 
indigenous species if it established remains uncertain. Because it has such a diverse host 
range, it is difficult to predict which species will be palatable. 
 
Damage to indigenous ecosystems may be limited by the preference of fall webworm for 
leaves growing in sun (Barbosa and Greenblatt, 1979); in Japan fall webworm hasn’t invaded 
large deciduous forest areas but is largely an “edge” species (e.g. roadsides, urban gardens) 
(Umeya and Ito, 1977). Host foliage preferences are unlikely to prevent fall webworm causing 
problems for urban areas, horticulture and non-forest indigenous ecosystems. 
 
Very few countries have specific quarantine regulations for fall webworm (CAB 
International, 2002) and the trade and market access impacts of fall webworm are not 
expected to be significant (Harris Consulting, August 2003). 
 
A consideration of the costs and impacts of fall webworm need to include not just direct 
impacts of defoliation and control costs, but also the effect of the control programme (Warren 
and Tadic, 1970). The fall webworm programme following the Mt Wellington detection was 
completed without aerial spraying, but other incursions have resulted in large and costly 
eradication programmes. While the costs of these may be considered to be less than the cost 
of allowing new species to establish, there are still environmental, human health and social 
impacts from a control programme (Glare and Hoare, 2003). 
 
This impact may be diminished by the use of isotrace technology, which can help distinguish 
between adults that have emerged from newly arrived pupae and adults from an established 
population (Isotrace New Zealand Limited, unpublished report, June 2005).  
 
Conclusion statement on the consequences of fall webworm establishment: 
 
Given that: 
• the EIA estimated damage in the range between $29 million and $127 million, with a 

midrange value of $55 million PV (present value) over a 50 year period; 
• fall webworm is capable of feeding on native species and minor forestry species (impacts 

not included in the costs above); 
• eradication programmes, even if successful, have significant costs and consequences; 
and taking into account that: 
• few countries have quarantine regulations for fall webworm; 
• there is still considerable uncertainty over the impact of fall webworm on indigenous 

species; 
it is concluded that consequences of fall webworm establishment are not negligible. 
 
Comment 
There is considerable uncertainty over the size of impact that an established fall webworm 
population would have. The impact has been considered significant enough to warrant a 
response following the 2003 detection. Fall webworm fits the definition of a “high 
consequence hazard” (MAF, 2006d). 
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6.4. SUMMARY 

6.4.1. Life stage arriving 
Fall webworm has diapausing and non-diapausing pupae and it is the diapausing pupae (the 
overwintering life stage) which is by far the most likely life stage to arrive in a viable 
condition. Pupae occur in protected locations, are camouflaged and are small (less then 
15 mm long). 

6.4.2. Nature of association 
Fall webworm is essentially a hitchhiker pest.  Larvae crawl from their host plant and seek 
protected locations to pupate. They pupate on a wide range of objects that are not host plants, 
however there is only limited information on pupation sites in the literature. The nature of the 
object (for example, is it wood or metal?) is not particularly useful in determining whether it 
is likely to contain pupae. Use and storage conditions prior to export are a key factor in 
determining whether imported objects have fall webworm pupae on them. 

6.4.3. Most important pathways. 
It is likely that fall webworm occurs on a wide range of transported items including vehicles, 
sea containers, packaging materials and some goods, but at low levels. There is very little 
information that can be used to give a more precise answer than this. Pathways are 
summarised in table 23. 
 

Table 23. Pathways for entry of fall webworm 
 
Pathway Likelihood of entry with 

current measures 
Comments 

Containers – air not negligible Considered much less likely than sea containers. 
Containers – sea not negligible Likely to be one of the more important pathways 
Fresh plant material – cut 
flowers and foliage 

uncertain Awaiting results of slippage survey for this 
pathway 

Fresh plant material – nursery 
stock 

negligible  

Military currently negligible If troops and equipment were in a country with fall 
webworm the likelihood of entry would need to be 
reconsidered 

Packaging materials not negligible Likely to be one of the more important pathways 
Passengers and passenger 
baggage 

negligible  

Personal effects uncertain Awaiting results of slippage survey for this 
pathway 

Vehicles not negligible Likely to be one of the more important pathways, 
also one of the most likely for establishment. The 
only interception at the border was on this 
pathway. 

Other commodities not negligible Likelihood variable. Use and storage conditions 
prior to export influence likelihood of 
contamination. One post-border interception on 
wallpaper from Italy. 

6.4.4. Most important countries of origin 
The likelihood of arrival is influenced by a number of factors, including the volume of trade, 
the types of imported goods and various conditions in specific exporting facilities, for 
example whether there are host trees with populations of fall webworm near factories or 
ports). 
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The only two detections associated with imported goods were from Japan (used vehicles) and 
Italy (wallpaper). 
 
The countries with fall webworm which have the greatest volumes of trade with New Zealand 
are listed in table 24. Other than trade volumes, there is little to separate different countries. It 
is specific, local conditions that are most significant for fall webworm. 
 
Table 24. Countries with fall webworm with greatest import volumes into New Zealand 
 
Transported items Most important countries 
Containers - air United States, Japan, South Korea 
Containers - sea China, Japan, South Korea, United States, Italy 
Packaging materials not reported but will mostly match container volumes 
Used vehicles Japan (some other countries but volumes much less) 
Other commodities Variable depending on commodities 

6.4.5. Establishment 
Fall webworm has shown itself to be capable of establishing in New Zealand to a limited 
extent (the detected population was small). It is a highly polyphagous species with a wide 
natural range that has successfully colonised over a dozen new countries over the last 
65 years. Its multivoltine life cycle means that it has a greater ability to overcome the seasonal 
change between northern and southern hemispheres than a univoltine species such as Asian 
gypsy moth. 

6.4.6. Consequences 
Fall webworm is classified as a “high consequence hazard”. Fall webworm is regarded as a 
pest where it has established overseas. In most cases it is considered more “locally damaging” 
than a major widespread pest although concern remains high in China, where it is a more 
recent arrival. It is likely to be significant pest in New Zealand and a larger incursion followed 
by successful eradication would also have significant consequences for New Zealand.  

6.4.7. Conclusion 
Fall webworm occurs at low levels on a wide range of pathways from a wide range of 
locations. A number of the pathways have large volumes of imported items. The available 
information is only of limited use in narrowing down the most likely origins and pathways. 
The difficulty in narrowing down entry pathways presents significant challenges for risk 
management. Recommendations for risk management measures are given in section 12. 
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6.6. APPENDIX D: COUNTRIES WHERE FALL WEBWORM HAS BEEN REPORTED 
 
Countries present Source Comments 
Austria  (Anonymous, 2002) present, few occurrences 
Bosnia & Herzegovina (Anonymous, 2002) present 
Bulgaria (Anonymous, 2002) localised 
Canada (Anonymous, 2002) widespread 
China (Anonymous, 2002) present 
Croatia (Anonymous, 2002) widespread 
Czech Republic (Anonymous, 2002) localised 
Denmark (Anonymous, 2002) absent, formerly present 
France (Anonymous, 2002) localised 
Germany (Anonymous, 2002) absent, formerly present 
Hungary (Anonymous, 2002) widespread 
Italy (Anonymous, 2002) localised 
Japan (Anonymous, 2002) widespread 
Korea, North (Anonymous, 2002) widespread 
Korea, South (Anonymous, 2002) widespread 
Mexico (Anonymous, 2002) localised 
Moldova (Anonymous, 2002) localised 
Poland (Anonymous, 2002) present, few occurrences 
Romania (Anonymous, 2002) widespread 
Russian Federation (Anonymous, 2002) localised (widespread in southern Russia) 
Serbia & Montenegro (Anonymous, 2002) widespread 
Slovakia (Anonymous, 2002) widespread 
Slovenia (Anonymous, 2002) localised 
Switzerland (Anonymous, 2002) present, few occurrences 
Turkey (Anonymous, 2002) localised 
Ukraine (Anonymous, 2002) localised 
United States (Anonymous, 2002; 

Warren and Tadic, 1970) 
Black-headed and red-headed strains, both 
widespread 

6.6.1. References 
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http://www.cabicompendium.org/fc/datasheet.asp?CCODE=HYPHCU&COUNTRY=0, 
2005, 18/5. 

Warren, L O; Tadic, M (1970) The Fall Webworm, Hyphantria cunea (Drury). Agricultural 
Experiment Station, Division of Agriculture, University of Arkansas; Fayetteville. 
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6.7. APPENDIX E: HOST PLANTS OF FALL WEBWORM 
 

Genus species Source 
Abelia  mosanensis (Warren and Tadic, 1970) 
Abeliophyllum distichum (Warren and Tadic, 1970) 
Abies  firma (Warren and Tadic, 1970) 
Abutilon  avicennae (Warren and Tadic, 1970) 
Acacia  confusa (Warren and Tadic, 1970) 
Acanthopanax sessiliborus (Warren and Tadic, 1970) 
Acanthopanax sieboldianus (Warren and Tadic, 1970) 
Acer campestre (Warren and Tadic, 1970) 
Acer negundo (Warren and Tadic, 1970) 
Acer  buergerianum (Warren and Tadic, 1970) 
Acer  cissifolium (Warren and Tadic, 1970) 
Acer  ginnala (Warren and Tadic, 1970) 
Acer  japonicum (Warren and Tadic, 1970) 
Acer  palmatum (Warren and Tadic, 1970) 
Acer  pensylvanicum (Warren and Tadic, 1970) 
Acer  pictum (Warren and Tadic, 1970) 
Acer  platanoides (Warren and Tadic, 1970) 
Acer  pseudoplatanus (Warren and Tadic, 1970) 
Acer  rubrum (Warren and Tadic, 1970) 
Acer  saccharinum (Warren and Tadic, 1970) 
Acer  saccharum (Warren and Tadic, 1970) 
Acer  spicatum (Warren and Tadic, 1970) 
Acer  triflorum (Warren and Tadic, 1970) 
Achyranthes japonica (Warren and Tadic, 1970) 
Actinidia  callosa (Warren and Tadic, 1970) 
Adenanthera pavonina (Warren and Tadic, 1970) 
Aesculus hippocastanum (Warren and Tadic, 1970) 
Aesculus  glabra (Warren and Tadic, 1970) 
Aesculus  octandra (Warren and Tadic, 1970) 
Aesculus  turbinata (Warren and Tadic, 1970) 
Agrimonia  eupatoria (Warren and Tadic, 1970) 
Agropyron  repens (Warren and Tadic, 1970) 
Ailanthus  glandulosa (Warren and Tadic, 1970) 
Akebia  quinata (Warren and Tadic, 1970) 
Albizia julibrissin (Warren and Tadic, 1970) 
Allium fistulosum (Warren and Tadic, 1970) 
Allium  chinense (Warren and Tadic, 1970) 
Alnus maximowiczii (Warren and Tadic, 1970) 
Alnus  glutinosa (Warren and Tadic, 1970) 
Alnus  incana (Warren and Tadic, 1970) 
Alnus  japonica (Warren and Tadic, 1970) 
Alnus  maritima (Warren and Tadic, 1970) 
Alnus  rubra (Warren and Tadic, 1970) 
Alnus  rugosa (Warren and Tadic, 1970) 
Alnus  tinctoria var. glabra (Warren and Tadic, 1970) 
Aloe  arborescens (Warren and Tadic, 1970) 
Alopecurus  pratensis (Warren and Tadic, 1970) 
Altahea  rosea (Warren and Tadic, 1970) 
Amaranthus  retroflexus (Warren and Tadic, 1970) 
Amaranthus  tricolor (Warren and Tadic, 1970) 
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Genus species Source 
Ambrosia  trifida (Warren and Tadic, 1970) 
Amelanchier canadensis (Warren and Tadic, 1970) 
Amorpha  fruticosa (Warren and Tadic, 1970) 
Ampelopsis arborea (Warren and Tadic, 1970) 
Ampelopsis  brevipedunculata (Warren and Tadic, 1970) 
Amygdalus  communis (Warren and Tadic, 1970) 
Amygdalus  persica (Warren and Tadic, 1970) 
Anchusa  officinalis (Warren and Tadic, 1970) 
Aphananthe  aspera (Warren and Tadic, 1970) 
Apium  graveoleus (Warren and Tadic, 1970) 
Arachis  hypogaea (Warren and Tadic, 1970) 
Aralia  elata (Warren and Tadic, 1970) 
Arctium  lappa (Warren and Tadic, 1970) 
Arctium  minus (Warren and Tadic, 1970) 
Arctium  tomentosum (Warren and Tadic, 1970) 
Ardisia  crispa (Warren and Tadic, 1970) 
Armenica  vulgaris (Warren and Tadic, 1970) 
Arrhenatherum elatius (Warren and Tadic, 1970) 
Artemisia  absinthium (Warren and Tadic, 1970) 
Artemisia  vulgaris (Warren and Tadic, 1970) 
Asimina  triloba (Warren and Tadic, 1970) 
Asparagus  officinalis (Warren and Tadic, 1970) 
Aster  chinensis (Warren and Tadic, 1970) 
Aucuba  japonica (Warren and Tadic, 1970) 
Begonia  sp. (Warren and Tadic, 1970) 
Bletilla  striata (Warren and Tadic, 1970) 
Berberis  canadensis (Warren and Tadic, 1970) 
Berchemia racemosa (Warren and Tadic, 1970) 
Beta  rupestris (Warren and Tadic, 1970) 
Beta  vulgaris (Warren and Tadic, 1970) 
Betula  chinensis (Warren and Tadic, 1970) 
Betula  costata (Warren and Tadic, 1970) 
Betula  davurica (Warren and Tadic, 1970) 
Betula  leutea (Warren and Tadic, 1970) 
Betula  nigra (Warren and Tadic, 1970) 
Betula  papyrifera (Warren and Tadic, 1970) 
Betula  platyphylla (Warren and Tadic, 1970) 
Betula  populifolia (Warren and Tadic, 1970) 
Betula  pubescens (Warren and Tadic, 1970) 
Betula  schmidtii (Warren and Tadic, 1970) 
Betula  verrucosa (Warren and Tadic, 1970) 
Bidens  frondosa (Warren and Tadic, 1970) 
Brassica  campestris (Warren and Tadic, 1970) 
Brassica  oleracea (Warren and Tadic, 1970) 
Broussonetia kazinoki (Warren and Tadic, 1970) 
Broussonetia papyrifera (Warren and Tadic, 1970) 
Bumelia lanuginosa (Warren and Tadic, 1970) 
Buxus  microphylla (Warren and Tadic, 1970) 
Buxus  sempervirens (Warren and Tadic, 1970) 
Callicarpa  japonica (Warren and Tadic, 1970) 
Camellia  japonica (Warren and Tadic, 1970) 
Camellia  sinensis (Warren and Tadic, 1970) 
Campsis radicans (Warren and Tadic, 1970) 
Canna  generalis (Warren and Tadic, 1970) 
Cannabis  sativa (Warren and Tadic, 1970) 
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Genus species Source 
Capsicum  frutescens (Warren and Tadic, 1970) 
Caragana  sp. (Warren and Tadic, 1970) 
Cardaria  draba (Warren and Tadic, 1970) 
Carduus  acanthoides (Warren and Tadic, 1970) 
Carpinus  americana (Warren and Tadic, 1970) 
Carpinus  betulus (Warren and Tadic, 1970) 
Carpinus  caroliniana (Warren and Tadic, 1970) 
Carpinus  crosa (Warren and Tadic, 1970) 
Carpinus  laxiflora (Warren and Tadic, 1970) 
Carpinus  tschonaskii (Warren and Tadic, 1970) 
Carya glabra (Warren and Tadic, 1970) 
Carya  ovata (Warren and Tadic, 1970) 
Carya  pecan (Warren and Tadic, 1970) 
Carya  tomentosa (Warren and Tadic, 1970) 
Caryota  urens (Warren and Tadic, 1970) 
Cassia sp. (Warren and Tadic, 1970) 
Cassia  tora (Warren and Tadic, 1970) 
Castanea dentata (Warren and Tadic, 1970) 
Castanea  crenata (Warren and Tadic, 1970) 
Castanea  ozarkensis (Warren and Tadic, 1970) 
Castanea  pumila (Warren and Tadic, 1970) 
Castanea  sativa (Warren and Tadic, 1970) 
Catalpa bignonioides (Warren and Tadic, 1970) 
Catalpa  ovata (Warren and Tadic, 1970) 
Catalpa  speciosa (Warren and Tadic, 1970) 
Cayratia  japonica (Warren and Tadic, 1970) 
Cedrus  deodara (Warren and Tadic, 1970) 
Celastrus  orbiculatus (Warren and Tadic, 1970) 
Celtis  aurantiaca (Warren and Tadic, 1970) 
Celtis  australis (Warren and Tadic, 1970) 
Celtis occidentalis (Warren and Tadic, 1970) 
Celtis  sinensis (Warren and Tadic, 1970) 
Cephalanthus occidentalis (Warren and Tadic, 1970) 
Cercidiphyllum japonicum (Warren and Tadic, 1970) 
Cercis  canadensis (Warren and Tadic, 1970) 
Cercis  chinensis (Warren and Tadic, 1970) 
Cercis siliquastrum (Warren and Tadic, 1970) 
Cereus  sp. (Warren and Tadic, 1970) 
Chaenomeles japonica (Warren and Tadic, 1970) 
Chaenomeles lagenaria (Warren and Tadic, 1970) 
Chamaecyparis pisifera (Warren and Tadic, 1970) 
Chamaecyparis pisifera var. squarrosa (Warren and Tadic, 1970) 
Cheiranthus cheiri (Warren and Tadic, 1970) 
Chenopodium ambrosioides (Warren and Tadic, 1970) 
Chenopodium album (Warren and Tadic, 1970) 
Chenopodium ficifolium (Warren and Tadic, 1970) 
Chionanthus virginicus (Warren and Tadic, 1970) 
Chrysanthemum indicum (Warren and Tadic, 1970) 
Chrysanthemum morofolium (Warren and Tadic, 1970) 
Cichorium  intybus (Warren and Tadic, 1970) 
Cinnamomum  camphora (Warren and Tadic, 1970) 
Cinnamomum  cassia (Warren and Tadic, 1970) 
Cinnamomum  pedunculatum (Warren and Tadic, 1970) 
Cirsium  arvense (Warren and Tadic, 1970) 
Citrus  junos (Warren and Tadic, 1970) 
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Genus species Source 
Citrus  natudaidai (Warren and Tadic, 1970) 
Citrus  sinensis (Warren and Tadic, 1970) 
Clematis  sp (Warren and Tadic, 1970) 
Clematis  vitalba (Warren and Tadic, 1970) 
Cocculus  laurifolius (Warren and Tadic, 1970) 
Cochlearia  armoracia (Warren and Tadic, 1970) 
Coffea  arabica (Warren and Tadic, 1970) 
Coix  lacryma-jobi (Warren and Tadic, 1970) 
Coix  ma-yuen (Warren and Tadic, 1970) 
Coleus  blumei (Warren and Tadic, 1970) 
Colutea arborescens (Warren and Tadic, 1970) 
Commelina  communis (Warren and Tadic, 1970) 
Cornus controversa (Warren and Tadic, 1970) 
Cornus coreana (Warren and Tadic, 1970) 
Cornus  alba (Warren and Tadic, 1970) 
Cornus  alternifolia (Warren and Tadic, 1970) 
Cornus  drummondii (Warren and Tadic, 1970) 
Cornus  florida (Warren and Tadic, 1970) 
Cornus  kousa (Warren and Tadic, 1970) 
Cornus  mas (Warren and Tadic, 1970) 
Cornus  officinalis (Warren and Tadic, 1970) 
Cornus  sanguinea (Warren and Tadic, 1970) 
Corylus  americana (Warren and Tadic, 1970) 
Corylus  avellana (Warren and Tadic, 1970) 
Corylus  heterophylla (Warren and Tadic, 1970) 
Corylus  mandshurica (Warren and Tadic, 1970) 
Cosmos  bipinnatus (Warren and Tadic, 1970) 
Cotoneaster tomentosa (Warren and Tadic, 1970) 
Crataegus  maximowiczii (Warren and Tadic, 1970) 
Crataegus  monogyna (Warren and Tadic, 1970) 
Crataegus  pinnatifida (Warren and Tadic, 1970) 
Crataegus  sp. (Warren and Tadic, 1970) 
Cryptomeria japonica (Warren and Tadic, 1970) 
Cryptotaenia canadensis (Warren and Tadic, 1970) 
Cucumis  sativus (Warren and Tadic, 1970) 
Cucurbita  moschata (Warren and Tadic, 1970) 
Cucurbita  pepo (Warren and Tadic, 1970) 
Cudrania  tricuspidata (Warren and Tadic, 1970) 
Cupressus  thyoides (Warren and Tadic, 1970) 
Cydonia  oblonga (Warren and Tadic, 1970) 
Cydonia  sinensis (Warren and Tadic, 1970) 
Cyperus  iria (Warren and Tadic, 1970) 
Dahlia  pinnata (Warren and Tadic, 1970) 
Dahlia  variabilis (Warren and Tadic, 1970) 
Daphne  odora (Warren and Tadic, 1970) 
Daphne  pseudo-genkwa (Warren and Tadic, 1970) 
Daphniphyllum macropodum (Warren and Tadic, 1970) 
Datura  stramonium (Warren and Tadic, 1970) 
Daucus  carota (Warren and Tadic, 1970) 
Dendrobium  monili (Warren and Tadic, 1970) 
Dendrobium  nobile (Warren and Tadic, 1970) 
Deutzia  crenata (Warren and Tadic, 1970) 
Diospyros  kaki (Warren and Tadic, 1970) 
Diospyros  lotus (Warren and Tadic, 1970) 
Diospyros  virginiana (Warren and Tadic, 1970) 
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Genus species Source 
Diplotaxis  muralis (Warren and Tadic, 1970) 
Dolichos   lablab (Warren and Tadic, 1970) 
Elaeagnus  angustifolia (Warren and Tadic, 1970) 
Elaeganus  umbellata (Warren and Tadic, 1970) 
Equisetum arvense (Warren and Tadic, 1970) 
Erigeron  canadensis (Warren and Tadic, 1970) 
Erigeron  philadelphicus (Warren and Tadic, 1970) 
Eriobotrya japonica (Warren and Tadic, 1970) 
Eucommia  ulmoides (Warren and Tadic, 1970) 
Enkianthus  perulatus (Warren and Tadic, 1970) 
Euonymus alata (Warren and Tadic, 1970) 
Euonymus  atropurpurea (Warren and Tadic, 1970) 
Euonymus  europaea (Warren and Tadic, 1970) 
Euonymus  japonica (Warren and Tadic, 1970) 
Euonymus  kiautschonica (Warren and Tadic, 1970) 
Euonymus  macroptera (Warren and Tadic, 1970) 
Eupatorium  japonicum (Warren and Tadic, 1970) 
Euphorbia  humifusa (Warren and Tadic, 1970) 
Evodia  danielli (Warren and Tadic, 1970) 
Fagopyrum  esculentum (Warren and Tadic, 1970) 
Fagus  ferruginea (Warren and Tadic, 1970) 
Fagus  sylvatica (Warren and Tadic, 1970) 
Fatsia  japonica (Warren and Tadic, 1970) 
Ficus  carica (Warren and Tadic, 1970) 
Ficus  elastica (Warren and Tadic, 1970) 
Firmiana  simplex (Warren and Tadic, 1970) 
Forsythia  suspensa (Warren and Tadic, 1970) 
Forsythia  viridissima (Warren and Tadic, 1970) 
Fragaria  chiloensis (Warren and Tadic, 1970) 
Fragaria  vesca (Warren and Tadic, 1970) 
Fraxinus chinensis (Warren and Tadic, 1970) 
Fraxinus nigra (Warren and Tadic, 1970) 
Fraxinus pubinervis (Warren and Tadic, 1970) 
Fraxinus  americana (Warren and Tadic, 1970) 
Fraxinus  excelsior (Warren and Tadic, 1970) 
Fraxinus mandshurica (Warren and Tadic, 1970) 
Fraxinus  ornus (Warren and Tadic, 1970) 
Fraxinus  pubescens (Warren and Tadic, 1970) 
Fraxinus  sieboldiana (Warren and Tadic, 1970) 
Fuchsia  hybrida (Warren and Tadic, 1970) 
Galinsoga  parviflora (Warren and Tadic, 1970) 
Gardenia  florida (Warren and Tadic, 1970) 
Geranium sp. (Warren and Tadic, 1970) 
Gilbertia  trifida (Warren and Tadic, 1970) 
Ginkgo  biloba (Warren and Tadic, 1970) 
Gladiolus gandavensis (Warren and Tadic, 1970) 
Gleditsia  koraiensis (Warren and Tadic, 1970) 
Gleditsia  triacanthos (Warren and Tadic, 1970) 
Glycine max (Warren and Tadic, 1970) 
Gossypium hirsutum (Warren and Tadic, 1970) 
Gossypium  sp. (Warren and Tadic, 1970) 
Gymnocladus dioica (Warren and Tadic, 1970) 
Gynura  pinnatifida (Warren and Tadic, 1970) 
Hamamelis virginiana (Warren and Tadic, 1970) 
Helianthus  annuus (Warren and Tadic, 1970) 
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Helianthus tuberosus (Warren and Tadic, 1970) 
Hemiptelea  davidii (Warren and Tadic, 1970) 
Hibiscus  coccineus (Warren and Tadic, 1970) 
Hibiscus  manihat (Warren and Tadic, 1970) 
Hibiscus  moscheutos (Warren and Tadic, 1970) 
Hibiscus  mutabilis (Warren and Tadic, 1970) 
Hibiscus  syriacus (Warren and Tadic, 1970) 
Hordeum vulgare (Warren and Tadic, 1970) 
Howea  belmorena (Warren and Tadic, 1970) 
Humulus  japonicus (Warren and Tadic, 1970) 
Humulus  lupulus (Warren and Tadic, 1970) 
Hydrangea  macrophylla var. otaksa (Warren and Tadic, 1970) 
Ilex  aquifolium (Warren and Tadic, 1970) 
Ilex  crenata (Warren and Tadic, 1970) 
Ilex  decidua (Warren and Tadic, 1970) 
Ilex  integra (Warren and Tadic, 1970) 
Ilex  serrata (Warren and Tadic, 1970) 
Illicium  anisatum (Warren and Tadic, 1970) 
Impatiens  balsamina (Warren and Tadic, 1970) 
Impatiens  noli-tangere (Warren and Tadic, 1970) 
Impatiens  textori (Warren and Tadic, 1970) 
Ipomoea  batatas (Warren and Tadic, 1970) 
Ipomoea  hederacea (Warren and Tadic, 1970) 
Ipomoea  quamotlet (Warren and Tadic, 1970) 
Iris  ensata var. hortensis (Warren and Tadic, 1970) 
Jasminum officinale (Warren and Tadic, 1970) 
Jasminum  sp. (Warren and Tadic, 1970) 
Juglans  cinerea (Warren and Tadic, 1970) 
Juglans  mandschurica (Warren and Tadic, 1970) 
Juglans  nigra (Warren and Tadic, 1970) 
Juglans  regia (Warren and Tadic, 1970) 
Juglans  sinensis (Warren and Tadic, 1970) 
Juniperus  chinensis (Warren and Tadic, 1970) 
Juniperus  virginiana (Warren and Tadic, 1970) 
Kerria  japonica (Warren and Tadic, 1970) 
Kochia  scoparia (Warren and Tadic, 1970) 
Koelreuteria paniculata (Warren and Tadic, 1970) 
Laburnum  anagyroides (Warren and Tadic, 1970) 
Lactuca  sativa (Warren and Tadic, 1970) 
Lagerstroemia indica (Warren and Tadic, 1970) 
Lamium purpureum (Warren and Tadic, 1970) 
Larix  europaea (Warren and Tadic, 1970) 
Larix  kaempferi (Warren and Tadic, 1970) 
Larix  letolepis (Warren and Tadic, 1970) 
Larix  olgensis var. koreana (Warren and Tadic, 1970) 
Lathyrus  tuberosus (Warren and Tadic, 1970) 
Leonurus  cardiaca (Warren and Tadic, 1970) 
Lespedeza bicolor (Warren and Tadic, 1970) 
Lespedeza intermedia (Warren and Tadic, 1970) 
Lespedeza  cyrtobotrya (Warren and Tadic, 1970) 
Ligustrum ibota (Warren and Tadic, 1970) 
Ligustrum  japonicum (Warren and Tadic, 1970) 
Ligustrum  obtusifolium (Warren and Tadic, 1970) 
Ligustrum  vulgare (Warren and Tadic, 1970) 
Linum  vulgare (Warren and Tadic, 1970) 
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Liquidambar styraciflua (Warren and Tadic, 1970) 
Liriodendron tulipifera (Warren and Tadic, 1970) 
Lithocarpus edulis (Warren and Tadic, 1970) 
Litsea  glauca (Warren and Tadic, 1970) 
Lolium multiflorum (Warren and Tadic, 1970) 
Lolium  perenne (Warren and Tadic, 1970) 
Lonicera  caprifolium (Warren and Tadic, 1970) 
Lonicera  gracilipes (Warren and Tadic, 1970) 
Lonicera  japonica (Warren and Tadic, 1970) 
Lonicera  maackii (Warren and Tadic, 1970) 
Lonicera  xylosteum (Warren and Tadic, 1970) 
Lotus  corniculatus (Warren and Tadic, 1970) 
Luffa  cylindrica (Warren and Tadic, 1970) 
Lycium  chinense (Warren and Tadic, 1970) 
Lycium  halamifolium (Warren and Tadic, 1970) 
Macleaya  cordata (Warren and Tadic, 1970) 
Maclura  aurantiaca (Warren and Tadic, 1970) 
Magnolia  grandiflora (Warren and Tadic, 1970) 
Magnolia  kobus (Warren and Tadic, 1970) 
Mahonia  aquifolium (Warren and Tadic, 1970) 
Mallotus  japonicus (Warren and Tadic, 1970) 
Marrubium  vulgare (Warren and Tadic, 1970) 
Medicago  sativa (Warren and Tadic, 1970) 
Melilotus  officinalis (Warren and Tadic, 1970) 
Mercurialis annua (Warren and Tadic, 1970) 
Mespilus  germanica (Warren and Tadic, 1970) 
Metasequoia glyptostroboides (Warren and Tadic, 1970) 
Mirabilis  jalapa (Warren and Tadic, 1970) 
Miscanthus  sinensis (Warren and Tadic, 1970) 
Morus  alba (Warren and Tadic, 1970) 
Morus  australis (Warren and Tadic, 1970) 
Morus  nigra (Warren and Tadic, 1970) 
Morus  rubra (Warren and Tadic, 1970) 
Musa  basjo (Warren and Tadic, 1970) 
Myrica  cerifera (Warren and Tadic, 1970) 
Nandina  domestica (Warren and Tadic, 1970) 
Nerium  indicum (Warren and Tadic, 1970) 
Nicotiana  tabacum (Warren and Tadic, 1970) 
Nothofagus fusca (Kay, 2004) 
Nothofagus menziesii (Kay, 2004) 
Nothofagus obliqua (Kay, 2004) 
Nothofagus solandri  (Kay, 2004) 
Nothofagus solandri cliffortoides (Kay, 2004) 
Nyssa  aquatica (Warren and Tadic, 1970) 
Nyssa  biflora (Warren and Tadic, 1970) 
Nyssa  multiflora (Warren and Tadic, 1970) 
Olea  europaea (Warren and Tadic, 1970) 
Oryza  sativa (Warren and Tadic, 1970) 
Osmanthus  fragrans (Warren and Tadic, 1970) 
Osmanthus  ilicifolius (Warren and Tadic, 1970) 
Osmunda  japonica (Warren and Tadic, 1970) 
Ostrya  virginiana (Warren and Tadic, 1970) 
Oxalis  acetosella (Warren and Tadic, 1970) 
Paederia  scandens (Warren and Tadic, 1970) 
Paeonia  albiflora (Warren and Tadic, 1970) 
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Paeonia  moutan (Warren and Tadic, 1970) 
Paeonia  sp. (Warren and Tadic, 1970) 
Panicum miliaceum (Warren and Tadic, 1970) 
Papaver  sp. (Warren and Tadic, 1970) 
Parthenocissus quinquefolia (Warren and Tadic, 1970) 
Parthenocissus tricuspidata (Warren and Tadic, 1970) 
Paulownia coreana (Warren and Tadic, 1970) 
Paulownia  imperialis (Warren and Tadic, 1970) 
Pelargonium zonale (Warren and Tadic, 1970) 
Perilla frutescens (Warren and Tadic, 1970) 
Periploca  graeca (Warren and Tadic, 1970) 
Persicaria  hydropiper (Warren and Tadic, 1970) 
Petasites  japonicus (Warren and Tadic, 1970) 
Petroselinum hortense (Warren and Tadic, 1970) 
Petunia hybrida (Warren and Tadic, 1970) 
Phaseolus  angularis (Warren and Tadic, 1970) 
Phaseolus  vulgaris (Warren and Tadic, 1970) 
Phellodendron amurense (Warren and Tadic, 1970) 
Philadelphus coronarius (Warren and Tadic, 1970) 
Philadelphus schrenkii (Warren and Tadic, 1970) 
Phlox drummondi (Warren and Tadic, 1970) 
Phlox  paniculata (Warren and Tadic, 1970) 
Phoenix  canariensis (Warren and Tadic, 1970) 
Phoenix  roebelenii (Warren and Tadic, 1970) 
Photinia  villosa var. laevis (Warren and Tadic, 1970) 
Physalis  alkekengi (Warren and Tadic, 1970) 
Phytolacca  esculenta (Warren and Tadic, 1970) 
Picrasma  quassioides (Warren and Tadic, 1970) 
Pieris japonica (Warren and Tadic, 1970) 
Pinus  sp. (Warren and Tadic, 1970) 
Pinus  thunbergii (Warren and Tadic, 1970) 
Pisum  sativum (Warren and Tadic, 1970) 
Plantago  asiatica (Warren and Tadic, 1970) 
Plantago  lanceolata (Warren and Tadic, 1970) 
Plantago  major (Warren and Tadic, 1970) 
Platanus  acerifolia (Warren and Tadic, 1970) 
Platanus  occidentalis (Warren and Tadic, 1970) 
Platanus  orientalis (Warren and Tadic, 1970) 
Plectranthus japonicus (Warren and Tadic, 1970) 
Podocarpus  macrophyllus (Warren and Tadic, 1970) 
Polygonum filiforme (Warren and Tadic, 1970) 
Polygonum  aviculare (Warren and Tadic, 1970) 
Polygonum  cuspidatum (Warren and Tadic, 1970) 
Polygonum  yokusainum (Warren and Tadic, 1970) 
Poncirus  trifoliata (Warren and Tadic, 1970) 
Populus eugenei (Warren and Tadic, 1970) 
Populus  alba (Warren and Tadic, 1970) 
Populus  angulata (Warren and Tadic, 1970) 
Populus  balsamifera (Warren and Tadic, 1970) 
Populus  canadensis (Warren and Tadic, 1970) 
Populus  canescens (Warren and Tadic, 1970) 
Populus  davidiana (Warren and Tadic, 1970) 
Populus  deltoides (Warren and Tadic, 1970) 
Populus  dilatata (Warren and Tadic, 1970) 
Populus  glandulosa (Warren and Tadic, 1970) 
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Populus  italica (Warren and Tadic, 1970) 
Populus  maximowiczii (Warren and Tadic, 1970) 
Populus  monilifera (Warren and Tadic, 1970) 
Populus  nigra (Warren and Tadic, 1970) 
Populus  sieboldi (Warren and Tadic, 1970) 
Populus  simonii (Warren and Tadic, 1970) 
Populus  tremula (Warren and Tadic, 1970) 
Populus  tremuloides (Warren and Tadic, 1970) 
Populus  virginiana (Warren and Tadic, 1970) 
Portulaca  grandiflora (Warren and Tadic, 1970) 
Potentilla  anserina (Warren and Tadic, 1970) 
Primula  japonica (Warren and Tadic, 1970) 
Prunus  americana (Warren and Tadic, 1970) 
Prunus  avium (Warren and Tadic, 1970) 
Prunus  cerasus (Warren and Tadic, 1970) 
Prunus  domestica (Warren and Tadic, 1970) 
Prunus  instititia (Warren and Tadic, 1970) 
Prunus  mandshurica (Warren and Tadic, 1970) 
Prunus  mume (Warren and Tadic, 1970) 
Prunus  nigra (Warren and Tadic, 1970) 
Prunus  padus (Warren and Tadic, 1970) 
Prunus  pensylvanica (Warren and Tadic, 1970) 
Prunus  salicina (Warren and Tadic, 1970) 
Prunus  serotina (Warren and Tadic, 1970) 
Prunus  serrulata (Warren and Tadic, 1970) 
Prunus  spinosa (Warren and Tadic, 1970) 
Prunus  subhirtella (Warren and Tadic, 1970) 
Prunus  tomentosa (Warren and Tadic, 1970) 
Prunus  virginiana (Warren and Tadic, 1970) 
Prunus yedoensis (Warren and Tadic, 1970) 
Psidium  guajava (Warren and Tadic, 1970) 
Pterocarya  rhoifolia (Warren and Tadic, 1970) 
Pueraria  thunbergiana (Warren and Tadic, 1970) 
Punica  granatum (Warren and Tadic, 1970) 
Pyracantha  angustifolia (Warren and Tadic, 1970) 
Pyrus  angustifolia (Warren and Tadic, 1970) 
Pyrus  calleryana (Warren and Tadic, 1970) 
Pyrus  communis (Warren and Tadic, 1970) 
Pyrus  malus (Warren and Tadic, 1970) 
Pyrus  prunifolia (Warren and Tadic, 1970) 
Pyrus  pyrifolia (Warren and Tadic, 1970) 
Pyrus  sinensis (Warren and Tadic, 1970) 
Pyrus  sylvestris (Warren and Tadic, 1970) 
Quercus obtusiloba (Warren and Tadic, 1970) 
Quercus phellos (Warren and Tadic, 1970) 
Quercus  acutissima (Warren and Tadic, 1970) 
Quercus  alba (Warren and Tadic, 1970) 
Quercus  aliena (Warren and Tadic, 1970) 
Quercus  coccinea (Warren and Tadic, 1970) 
Quercus  dentata (Warren and Tadic, 1970) 
Quercus  falcata (Warren and Tadic, 1970) 
Quercus  glandulifera (Warren and Tadic, 1970) 
Quercus  macrocarpa (Warren and Tadic, 1970) 
Quercus  marylandica (Warren and Tadic, 1970) 
Quercus  mongolica (Warren and Tadic, 1970) 
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Quercus  myrsinaefolia (Warren and Tadic, 1970) 
Quercus  petraea (Warren and Tadic, 1970) 
Quercus  phillyreoides (Warren and Tadic, 1970) 
Quercus  prinus (Warren and Tadic, 1970) 
Quercus  robur (Warren and Tadic, 1970) 
Quercus  rubra (Warren and Tadic, 1970) 
Quercus  variabilis (Warren and Tadic, 1970) 
Raphanus  sativus (Warren and Tadic, 1970) 
Reseda  luteola (Warren and Tadic, 1970) 
Rhoeo  discolor (Warren and Tadic, 1970) 
Rhamnella  franguloides (Warren and Tadic, 1970) 
Rhamnus  dahaurica (Warren and Tadic, 1970) 
Rhamnus  frangula (Warren and Tadic, 1970) 
Rhamnus  purshiana (Warren and Tadic, 1970) 
Rhapis humilis (Warren and Tadic, 1970) 
Rheum  rhaponticum (Warren and Tadic, 1970) 
Rhododendron indicum (Warren and Tadic, 1970) 
Rhododendron micranthum (Warren and Tadic, 1970) 
Rhododendron mucronulatum (Warren and Tadic, 1970) 
Rhododendron pulchrum (Warren and Tadic, 1970) 
Rhododendron schlippenbachii (Warren and Tadic, 1970) 
Rhododendron sp. (Warren and Tadic, 1970) 
Rhododendron yedoense (Warren and Tadic, 1970) 
Rhus chinensis (Warren and Tadic, 1970) 
Rhus  coriaria (Warren and Tadic, 1970) 
Rhus  cotinus (Warren and Tadic, 1970) 
Rhus  succedanea (Warren and Tadic, 1970) 
Ribes  aureum (Warren and Tadic, 1970) 
Ribes  fasciculatum var. chinense (Warren and Tadic, 1970) 
Ribes  grossularia (Warren and Tadic, 1970) 
Ribes  nigrum (Warren and Tadic, 1970) 
Ricinus  communis (Warren and Tadic, 1970) 
Robinia  pseudoacacia (Warren and Tadic, 1970) 
Rosa multiflora  (Warren and Tadic, 1970) 
Rosa  canina (Warren and Tadic, 1970) 
Rosa  centifolia (Warren and Tadic, 1970) 
Rosa  davurica (Warren and Tadic, 1970) 
Rosa  hybrida (Warren and Tadic, 1970) 
Rosa  maximowicziana (Warren and Tadic, 1970) 
Rosa  rugosa (Warren and Tadic, 1970) 
Rubus  caesius (Warren and Tadic, 1970) 
Rubus  crataegifolius (Warren and Tadic, 1970) 
Rubus  idaeus (Warren and Tadic, 1970) 
Rubus  microphyllus (Warren and Tadic, 1970) 
Rumex  sp. (Warren and Tadic, 1970) 
Saintpaulia ionantha (Warren and Tadic, 1970) 
Salix fragilis (Warren and Tadic, 1970) 
Salix nigra (Warren and Tadic, 1970) 
Salix  alba (Warren and Tadic, 1970) 
Salix  babylonica (Warren and Tadic, 1970) 
Salix  caprea (Warren and Tadic, 1970) 
Salix  caroliniana (Warren and Tadic, 1970) 
Salix  humboldtiana (Warren and Tadic, 1970) 
Salix  integra (Warren and Tadic, 1970) 
Salix  interior (Warren and Tadic, 1970) 
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Salix  koreensis (Warren and Tadic, 1970) 
Salix  koriyanagi (Warren and Tadic, 1970) 
Salix  matsudana var. tortuosa (Warren and Tadic, 1970) 
Salix  pseudo-lasiogyne (Warren and Tadic, 1970) 
Salix  subfragilis (Warren and Tadic, 1970) 
Salix  triandra (Warren and Tadic, 1970) 
Salvia  pratensis (Warren and Tadic, 1970) 
Salvia  splendens (Warren and Tadic, 1970) 
Sambucus  ebulus (Warren and Tadic, 1970) 
Sambucus  latipinna (Warren and Tadic, 1970) 
Sambucus  nigra (Warren and Tadic, 1970) 
Sambucus  pubens (Warren and Tadic, 1970) 
Sambucus  racemosa (Warren and Tadic, 1970) 
Sambucus  sieboldiana (Warren and Tadic, 1970) 
Sambucus  williamsii (Warren and Tadic, 1970) 
Sassafras alibidum (Warren and Tadic, 1970) 
Schlumbergera russelliana (Warren and Tadic, 1970) 
Securinega  suffruticosa (Warren and Tadic, 1970) 
Sedum  alboroseum (Warren and Tadic, 1970) 
Serissa  foetida (Warren and Tadic, 1970) 
Sesamum indicum (Warren and Tadic, 1970) 
Setaria  glauca (Warren and Tadic, 1970) 
Setaria  viridis (Warren and Tadic, 1970) 
Shiia  sieboidii (Warren and Tadic, 1970) 
Smilax  china (Warren and Tadic, 1970) 
Solanum  melongana (Warren and Tadic, 1970) 
Solanum  nigrum (Warren and Tadic, 1970) 
Solanum  tuberosum (Warren and Tadic, 1970) 
Solanuni  lycopersicum (Warren and Tadic, 1970) 
Sonchus  arvensis (Warren and Tadic, 1970) 
Sonchus  oleraceus (Warren and Tadic, 1970) 
Sophora  japonica (Warren and Tadic, 1970) 
Sorbaria  sorbifojia var. stellipila (Warren and Tadic, 1970) 
Sorbus  alnifolia (Warren and Tadic, 1970) 
Sorbus  commixta (Warren and Tadic, 1970) 
Sorbus  intermedia (Warren and Tadic, 1970) 
Spinacea  oleracea (Warren and Tadic, 1970) 
Spiraea  prunifolia (Warren and Tadic, 1970) 
Spiraea  salicifolia (Warren and Tadic, 1970) 
Spiraea  thunbergii (Warren and Tadic, 1970) 
Spiraea  trichocarpa (Warren and Tadic, 1970) 
Spiraea  vanhouttei (Warren and Tadic, 1970) 
Stachys  annua (Warren and Tadic, 1970) 
Staphylea  trifolia (Warren and Tadic, 1970) 
Stellaria media (Warren and Tadic, 1970) 
Stemona  japonica (Warren and Tadic, 1970) 
Stephania  aphalantha (Warren and Tadic, 1970) 
Styrax  japonica (Warren and Tadic, 1970) 
Symphoricarpos albus (Warren and Tadic, 1970) 
Symplocos  pilosa (Warren and Tadic, 1970) 
Syringa  josikaea (Warren and Tadic, 1970) 
Syringa  oblata (Warren and Tadic, 1970) 
Syringa  vetutina (Warren and Tadic, 1970) 
Syringa  vulgaris (Warren and Tadic, 1970) 
Tamarix  sp. (Warren and Tadic, 1970) 
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Tamarix  juniperina (Warren and Tadic, 1970) 
Taraxacum  officinale (Warren and Tadic, 1970) 
Taraxacum  vulgare (Warren and Tadic, 1970) 
Taxodium  distichum (Warren and Tadic, 1970) 
Taxus sp. (Warren and Tadic, 1970) 
Thuja  occidentalis (Warren and Tadic, 1970) 
Tilia cordata (Warren and Tadic, 1970) 
Tilia  americana (Warren and Tadic, 1970) 
Tilia  amurensis (Warren and Tadic, 1970) 
Tilia  caroliniana (Warren and Tadic, 1970) 
Tilia  europaea (Warren and Tadic, 1970) 
Tilia  japonica (Warren and Tadic, 1970) 
Tilia  mandshurica (Warren and Tadic, 1970) 
Tilia  miqueliana (Warren and Tadic, 1970) 
Tilia  platyphyllos (Warren and Tadic, 1970) 
Toona  sinensis (Warren and Tadic, 1970) 
Torreya  nucifera (Warren and Tadic, 1970) 
Tradescantia reflexa (Warren and Tadic, 1970) 
Tricumis63 cucumeroides (Warren and Tadic, 1970) 
Trifolium  pratense (Warren and Tadic, 1970) 
Trifolium  repens (Warren and Tadic, 1970) 
Trifolium  sp. (Warren and Tadic, 1970) 
Tropaeolum  majus (Warren and Tadic, 1970) 
Ulmus  alata (Warren and Tadic, 1970) 
Ulmus  americana (Warren and Tadic, 1970) 
Ulmus  campestris (Warren and Tadic, 1970) 
Ulmus  carpinifolia (Warren and Tadic, 1970) 
Ulmus  fulva (Warren and Tadic, 1970) 
Ulmus  japonica (Warren and Tadic, 1970) 
Ulmus  laciniata (Warren and Tadic, 1970) 
Ulmus  laevis (Warren and Tadic, 1970) 
Ulmus  parvifolia (Warren and Tadic, 1970) 
Ulmus  pumila (Warren and Tadic, 1970) 
Ulmus  thomasii (Warren and Tadic, 1970) 
Verbascum  thaspus (Warren and Tadic, 1970) 
Viburnum  awabuki (Warren and Tadic, 1970) 
Viburnum  dilatatum (Warren and Tadic, 1970) 
Viburnum  sargenti (Warren and Tadic, 1970) 
Viburnum  sieboldii (Warren and Tadic, 1970) 
Vicia  faba (Warren and Tadic, 1970) 
Vigna  sinensis (Warren and Tadic, 1970) 
Vinca  rosea (Warren and Tadic, 1970) 
Vitis  vinifera (Warren and Tadic, 1970) 
Weigela  coraeensis (Warren and Tadic, 1970) 
Weigela  decora (Warren and Tadic, 1970) 
Weigela  florida (Warren and Tadic, 1970) 
Weigela  hortensis (Warren and Tadic, 1970) 
Wikstroemia insularis (Warren and Tadic, 1970) 
Wisteria  floribunda (Warren and Tadic, 1970) 
Wisteria  japonica (Warren and Tadic, 1970) 
Wisteria  sinensis (Warren and Tadic, 1970) 
Xanthoxylum americanum (Warren and Tadic, 1970) 
Zea mays (Warren and Tadic, 1970) 

                                                 
63 This name may be an error for Trichosanthes cucumeroides 
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Zelkova  serrata (Warren and Tadic, 1970) 
Zingiber  officinale (Warren and Tadic, 1970) 
Zinnia elegans (Warren and Tadic, 1970) 
Zizyphus  jujuba (Warren and Tadic, 1970) 
Zoysia  japonica (Warren and Tadic, 1970) 
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7. Guava moth (Coscinoptycha improbana) 

7.1. INTRODUCTION 
Guava moth was first detected in New Zealand in 1999, on mandarins (Citrus unshui) in 
Northland, however anecdotal records suggest that it had been present since 1997 (Froud and 
Dentener, 2002). Following the submission of specimens to MAF, a preliminary investigation 
was initiated. This investigation concluded that eradication was not warranted nor feasible 
(Stephenson, 2001). 
 
Guava moth has since become widespread in Northland but has not been found in other 
regions (Jamieson et al., 2004; MAF Biosecurity New Zealand, Incursion and Diagnostic 
Centres unpublished data). It is now considered a serious of pest of macadamia (Macadamia 
integrifolia) and feijoa (Acca sellowiana) in Northland (Jamieson et al., 2004). 
 
This species is included in this risk analysis as it is an example of a species where its arrival 
in New Zealand may have been the result of wind dispersal from Australia although there are 
other potential pathways as well. 

7.2. PEST INFORMATION  
Published information on guava moth is extremely limited. Its life cycle and host range is 
poorly understood (Jamieson et al., 2004). Some information can be inferred from other 
members of the family Carposinidae. 

7.2.1. Taxonomy 
Scientific name: Coscinoptycha improbana Meyrick 1881 
 
Class:    Insecta 
Order:  Lepidoptera 
Superfamily:  Copromorphoidea 
Family:  Carposinidae 
Common names: guava moth, fruit driller caterpillar 
 
(taxonomy follows Nielsen and Common, (1991) and Hoare (2001). 
 
Coscinoptycha is a monospecific genus in the family Carposinidae. The Carposinidae is a 
worldwide family with the largest number of species in Asia/ Pacific, including Australia 
(Nielsen and Common, 1991). New Zealand has 25 indigenous members of the Carposinidae, 
all endemic (Dugdale, 1988). The family has a low profile for pests, with only 2 other species 
of the family being regarded as significant pests, the peach fruit moth (Carposina sasakii) in 
Japan, Korea and China and the raspberry bud moth (Heterocrossa rubophaga) in New 
Zealand (Froud and Dentener, 2002). 

7.2.2. Distribution 
Coscinoptycha improbana, the guava moth, is native to Australia. It occurs in Queensland, 
New South Wales, the Australia Capital Territories, Victoria, Tasmania and Norfolk Island 
(CSIRO, 2005; Common, 1990; Holloway, 1977). Holloway (Holloway, 1977) mentions 
collecting guava moth in New Caledonia, but a later publication which documents the moth 
flora of New Caledonia (Holloway, 1979) does not mention guava moth.. Therefore the status 
of guava moth in New Caledonia is uncertain, but for this risk analysis it is assumed that it is 
present there although it is not known to what extent or even if it is permanently established. 



 

220  • Pest risk analysis for six moth species  MAF Biosecurity New Zealand 

 
Guava moth has established in New Zealand (Northland) (Jamieson et al., 2004) but has not 
been reported anywhere else in the world outside its native range. 

7.2.3. Morphology 
There is limited information available on the morphology of guava moth. 
 
Adults are similar to New Zealand species of Heterocrossa (Hoare, 2001). They are whitish 
with brown markings (Froud and Dentener, 2002) with a wingspan of approximately 17-18 
mm in both sexes (Robert Hoare, pers. comm. May 2006). 
 
Figure 19. Guava moth adult female (photo from Lisa Jamieson, Hort Research) 

 
Figure 20. Guava moth eggs (photo from Lisa Jamieson, Hort Research) 
 

 
Larvae of the Carposinidae are typically dull whitish and have setae but are not densely hairy 
(Common, 1990). Photographs in Froud and Dentener (2002) suggests that the larvae are 
pinkish or brown in colour. 
 
Figure 21. Guava moth larva (photo from Lisa Jamieson, Hort Research) 

 
 

7.2.4. Life cycle 
The life cycle of guava moth is poorly described, and most of the information available is 
from research conducted following its detection in New Zealand. The life cycle is summarised 
in figure 22. 
Figure 22. Life cycle of guava moth 
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Eggs are usually laid on ripening fruit, although they have been observed on fruit stalks 
(Jamieson et al., 2004). In the laboratory, larvae burrow directly into the fruit from the egg 
with larval entry holes directly under the egg case, but this stage of the life cycle hasn’t been 
observed in the field (Jamieson et al., 2004). 
 
The number of larval instars is uncertain but likely to be 4-5 (Froud and Dentener, 2002). 
Larvae develop inside the fruit and leave via an exit hole when the fruit falls to the ground 
(Froud and Dentener, 2002). This type of life cycle is typical of the family, with all known 
Carposinidae larvae being internal feeders in fruits, flower buds and spikes, bark and galls 
(Common, 1990). 
 
Pupation most commonly occurs directly under the fallen fruit, but can occur among debris, 
leaf litter and loose soil (Jamieson et al., 2004). Pupation has been reported up to 410 mm 
from the fruit and up to 40-60 mm deep in litter, although these figures are the exception 
rather than the rule, with the majority pupating within about 30 mm of the fruit that they 
emerged from (Jamieson et al., 2004). 
 
Life cycle timing is not reported in detail. Under laboratory conditions (field-collected larvae 
reared to pupation at 21°C) the mean pupation time was 14.1 days. In Northland, suitable 
hosts are available year-round (Froud and Dentener, 2002) and larvae can be detected year-
round (Jamieson et al., 2004). Seasonal fluctuations in host fruit availability mean that larvae 
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are found in different hosts at different times of the year, for example in plums from January 
to March and feijoa from March until June (Jamieson et al., 2004). 
 
Little is reported about the adult moths but it is noted that Carposinidae adults are nocturnal, 
resting on tree trunks during the day (Common, 1990; Nielsen and Common, 1991). It is not 
reported whether or not they feed although they have a well developed proboscis so can be 
expected to do so (Robert Hoare, pers. comm. May 2006). 

7.2.5. Dispersal 
Larvae develop inside fruit and travel minimal distances (<0.5 m) in search of pupation sites 
(Jamieson et al., 2004). There is little information on adult flight although Carposinidae are 
typically night-flying (Common, 1990). Flight distances are not reported, but it is assumed 
that natural dispersal occurs almost entirely at the adult stage. 
 
Because guava moth occurs on Norfolk Island and New Caledonia as well as mainland 
Australia, it has significant dispersal capabilities. However the records for Norfolk and New 
Caledonia are 20th century, and it is not explicitly stated whether guava moth is considered to 
be native throughout this range, or whether it may have been introduced via human activities. 
Therefore it is uncertain whether the ability of guava moth to colonise oceanic islands is due 
to long distance adult flight or human transport of life stages associated with goods such as 
fruit and nursery stock. However both Norfolk Island and New Caledonia do have vagrant 
Lepidoptera arriving regularly from Australia (Holloway, 1977; Holloway, 1979). 

7.2.6. Host range 
The host range reported for guava moth in Australia includes 4 families, Celastraceae, 
Cunoniaceae, Myrtaceae and Rutaceae (Common, 1990). In New Zealand the reported host 
range has been widened to include the Proteaceae and Rosaceae (Froud and Dentener, 2002). 
Reported hosts are not taxonomically related but are mainly (but not exclusively) species with 
fleshy fruit. A full list of reported hosts is given in table 25. 
 
Table 25. Reported hosts of guava moth 
 
Common 
name 

Scientific name Family Notes Reference 

guava Psidium sp. Myrtaceae P. guajava reported (Froud 
and Dentener, 2002) 
although P. cattleianum 
much more common in NZ. 
Detected from July until 
November in Jamieson et al. 
(2004). 

(Common, 1990; Froud 
and Dentener, 2002; 
Jamieson et al., 2004) 

feijoa Acca sellowiana Myrtaceae Detected from March until 
June in Jamieson et al. 
(2004). 

(Common, 1990; Froud 
and Dentener, 2002) 

macadamia Macadamia 
integrifolia 

Proteaceae Detected from January until 
November in Jamieson et al. 
(2004). 

(Froud and Dentener, 
2002) 

loquat Eriobotrya 
japonica 

Rosaceae Detected from September 
until December in Jamieson 
et al. (2004). 

(Froud and Dentener, 
2002) 

plum Prunus domestica Rosaceae Detected from January until 
March in Jamieson et al. 
(2004). 

(Froud and Dentener, 
2002) 

peach Prunus persica Rosaceae Detected in March and April 
and also December in 

(Froud and Dentener, 
2002) 
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Common 
name 

Scientific name Family Notes Reference 

Jamieson et al. (2004). 
nashi pear Pyrus pyrifolia Rosaceae Reported to occur from 

December to March in 
Jamieson et al. (2004). 

(Froud and Dentener, 
2002) 

mandarin Citrus unshui Rutaceae “satsuma” and “encore”. 
Detected on “satsuma” from 
May until August and 
“encore” in October and 
November in Jamieson et al. 
(2004).  

(Froud and Dentener, 
2002; Jamieson et al., 
2004) 

lemon Citrus limon Rutaceae  (Froud and Dentener, 
2002) 

“citrus fruit” Citrus spp. Rutaceae species not stated (Common, 1990) 
red olive plum Cassine australis Celastraceae Australia (Common, 1990) 
white cherry, 
crab apple 

Schizomeria ovata Cunoniaceae Australia (Common, 1990) 

7.2.7. Pest significance 
Guava moth is not regarded as a significant pest in its native range, although it is known to 
feed on fruit such as Citrus spp. in home gardens (Common, 1990). 
 
In New Zealand, guava moth has become a serious pest of macadamia and feijoa in Northland 
(Jamieson et al., 2004). Other commercial crops, such as satsuma mandarin, plum and nashi 
are also hosts for this species, although the extent to which they are affected is not reported. 
 
Guava moth has not been found on fruits of any indigenous plant species. Surveys conducted 
in 2002 found no larvae in fruits of puriri (Vitex lucens), karaka (Corynocarpus laevigatus), 
titoki (Alectryon excelsa) and poroporo (Solanum aviculare) (Jamieson et al., 2004). In the 
same survey a single moth was detected in a pheromone trap in native forest, but this trap was 
near a subtropical orchard and there was no evidence that guava moth was established on 
native plants in the area. 

7.3. RISK ASSESSMENT 

7.3.1. Likelihood of entry by country 
Guava moth has only been recorded from Australia, New Caledonia and New Zealand 
(Common, 1990; Holloway, 1977). In Australia it is recorded from New South Wales, 
Queensland, Tasmania, Victoria, the Australian Capital Territory and Norfolk Island (CSIRO, 
2005). 
 
The direct sea transit time to New Zealand from Sydney is 3.3 days (at 16 knots) (Pedlow et 
al., 1998). Actual times for commercial shipping vary from approximately 2-7 days (The 
New Zealand Shipping Gazette, 2005). Direct transport from Australia to New Zealand is 
common (The New Zealand Shipping Gazette, 2005). New Caledonia is closer to New 
Zealand than Sydney but the range of actual transit times listed between Auckland and 
Noumea (New Caledonia) is also 2-7 days (The New Zealand Shipping Gazette, 2005). 
Norfolk Island lies about halfway between New Zealand and New Caledonia. 
 
Air transit times between New Zealand and areas with guava moth are generally less than 
4 hours (although some will be longer if guava moth occurs further north in Queensland) (Air 
New Zealand, 2006). Flight times from Australia to New Zealand are consistently shorter than 
travel from New Zealand to Australia. A range of air transit times are reported in table 26. 
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Table 26. Approximate air transit times from Australia to New Zealand (Air New Zealand, 2006) 
 
Port Time (hours:minutes) 
Norfolk Island 1:45 – 1:55 
Noumea 2:35 – 3:00 
Melbourne 3.20 – 4:00 
Sydney 3:00 – 3:30 
Brisbane 3:30 – 3:50 
Cairns 4:40 – 5:30 
 
Country of origin is recorded for imported goods but not state, so it is uncertain what 
proportion of Australian goods come from areas with guava moth. Therefore when volumes 
of goods from Australia are quoted, not all these goods are definitely from guava moth areas. 
However the most common ports listed in freight schedules between Australia and New 
Zealand are ports in areas where guava moth occurs (The New Zealand Shipping Gazette, 
2005). 
 
The status and distribution of guava moth in New Caledonia is uncertain, but for this risk 
analysis it is assumed that it is present there to some extent. 
 
Conclusion 
Guava moth could enter New Zealand from Australia (including Norfolk Island) or 
New Caledonia. 

7.3.2. Summary of pathways 
Of the six species in this risk analysis, guava moth is the only one considered unlikely to 
occur as a hitchhiker pest. The pathways therefore differ significantly from those considered 
for other species. Because guava moth is most unlikely to be a hitchhiker species, overall 
there is a smaller range of pathways on which it is likely to arrive and these are mostly 
defined more narrowly than for the hitchhiker pest analyses. 
 
Pathways considered are: 
• passengers, baggage and unaccompanied personal effects; 
• vessels and aircraft; 
• wind. 
 
Within these pathways, some different factors are considered compared to the other species. 
For example, fresh fruit carried by yachts is considered under vessels and aircraft. 
 
There are no recorded interceptions of guava moth on any pathway. 
 
A general scheme for arrival of guava moth via human activities is given in figure 23. A 
separate diagram for wind dispersal is given in this section. 
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Figure 23. Pathway diagram for arrival of guava moth (human-assisted pathways) 

 

7.3.3. Passengers, baggage and unaccompanied personal effects 
Just over 1.8 million passengers from Australia entered New Zealand in the year ended June 
2005 (approximately 42 percent of arrivals), the vast majority by air (year ended June 2005 
migration data from Statistics New Zealand, 2005). Of these, approximately half were 
New Zealanders returning from travel to Australia and just under half were Australian 



 

226  • Pest risk analysis for six moth species  MAF Biosecurity New Zealand 

residents visiting New Zealand. Just under 16 000 passengers entered New Zealand from 
New Caledonia during the same period (table 27). 
 
At the time of guava moth arrival in New Zealand (prior to 1999 and most likely during or 
prior to 1997) it is likely that the number of arrivals were lower. The overall trend for short-
term arrivals and departures has been increasing for at least the last decade. For example the 
total number of arrivals in the year ended June 1996 was 2 532 800 (compared to 4 292 801 in 
the year ended June 2005) (Statistics New Zealand, 2005). The numbers of permanent and 
long-term migrants have remained largely constant over the last decade. 
 
Table 27. Arrivals from Australia and New Caledonia for the year ended June 2005 (Statistics 
New Zealand, 2005) 
 

 short term 
visitors 

short term 
departures (NZ 
residents) 

permanent and long-
term arrivals total 

Australia 874 860  919 334  13 742    1 807 936  
New Caledonia 10 376  5 396   15 772  
total all countries 2 403 768  1 809 894  79 139    4 292 801  

 
Although the data presented here are for the whole of Australia, guava moth occurs only in 
some areas. The proportion of Australia where guava moth occurs is uncertain, however it 
covers all mainland states and territories except Western Australia, South Australia and the 
Northern Territory, as well as Norfolk Island, and covers major population centres such as 
Sydney, Melbourne and south-eastern Queensland. 
 
The distribution on New Caledonia is not reported. 
 
Flight times depend on the type of aircraft and weather conditions but direct air transport 
times from parts of Australia with guava moth and New Caledonia range from just under 2 to 
4 hours (Air New Zealand, 2006). Sea transit times for commercial container shipping from 
some Australian ports with guava moth range from approximately 2-7 days (The New 
Zealand Shipping Gazette, 2005). Times for other sea vessels (such as cruise ships and 
yachts) are not reported but are expected to be highly variable. 

7.3.3.1. Reasons for including this pathway. 
Guava moth is considered to be a species with a low likelihood for deliberate introduction, as 
it does not have particularly desirable features (e.g. large, showy, economic uses). Internet 
searches of live insects for purchase did not show any sites selling guava moth (1 May 
2006).Therefore any introduction associated with passengers or their personal effects is most 
likely to be accidental. 
 
Although guava moth is unlikely to be transported deliberately by passengers, it is associated 
with fruit, which is carried by air passengers. 
 
Note: the first stage of the risk assessment considers the likelihood of entry in the absence of 
biosecurity measures, which is commonly inferred by considering the types and quantities of 
biosecurity hazards intercepted (although interception records need to be interpreted with 
some caution as outlined in the uncertainty summary section 11.2.2). In the case of measures 
on the passenger pathway, the biosecurity measures in place are considered to have a 
significant impact in reducing the type and quantity of material before it reaches the border, 
that is, many passengers know that certain goods are prohibited and do not attempt to bring 
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them into New Zealand. Therefore while, in principle, likelihood of entry for each life stage is 
assessed in the absence of the current measures, in reality this separation is not particularly 
meaningful for this pathway. 

7.3.3.2. Likelihood of entry via lifestage – eggs 
Eggs are usually laid on developing fruit or on the fruit stalk (Jamieson et al., 2004). 
 
The likelihood of passengers carrying the types of plant material that would contain eggs of 
guava moth is uncertain. While plant material is a relatively frequent seizure at the border 
(MAF, 2006) not all of this material would be suitable material for guava moth to lay eggs on, 
that is, host species that contain developing fruit and fruit stalks. It is assumed that ripe fruit 
would not contain eggs since larvae from eggs laid on ripe fruit would not have time to 
develop before the fruit fell. The lack of information on guava moth makes it difficult to draw 
definite conclusions about how much arriving fruit would contain guava moth eggs, but it is 
considered that only a very small proportion of the plant material arriving at the New Zealand 
border would contain guava moth eggs. 
 
For overseas aircraft arrivals in the year ended June 2005 there were 7.1 seizures of “fruitfly 
host material” per 1000 passengers (MAF, 2006). Comparative figures for material such as 
cut flowers and nursery stock are not available, but they make up a much smaller proportion 
of material seized. Seizures do not necessarily reflect what would be arriving in New Zealand 
if the current border measures were not in place. 
 
Because little is reported about the life cycle timing, it is uncertain how long the egg stage 
lasts and whether eggs would hatch in transit. In the case of air transport, it is expected that 
eggs would arrive without hatching. In the case of sea transport, whether they would hatch or 
not is uncertain. However following hatching, larvae burrow directly into the fruit, so if eggs 
hatched in transit they are expected to occur as “larvae” on arrival. 
 
Conclusion statement on likelihood of entry as eggs via passengers and personal effects: 
 
Given that: 
• 42 percent of passenger arrivals (nearly 1 880 000 people) and 17 percent of permanent 

and long-term migrants in 04/05 were from Australia, with 15 000 from New Caledonia; 
• eggs are assumed to survive the air transport time without hatching, but whether they 

would hatch or not is uncertain for sea transit; 
and taking into account that: 
• only a small proportion of plant material carried by arriving passengers is likely to be the 

developing fruit of guava moth host species; 
it is concluded that the likelihood of importation of guava moth as eggs via air and sea 
passengers is negligible. 

7.3.3.3. Likelihood of entry via lifestage – larvae 
Guava moth larvae are associated with fruit for their entire development except for a very 
short period when they leave the fruit to seek a pupation site (most commonly directly below 
the fruit) (Jamieson et al., 2004). Therefore they are only considered likely to arrive in fruit. 
The life cycle of guava moth means that larvae can be present at any time of year, although 
they will occur in different hosts at different times of the year. 
 
Larvae are known to be associated with ripe fruit which is commonly carried by passengers. 
However guava moth is generally regarded as a home garden pest, not a pest of commercial 
crops (Common, 1990) which suggests that commercially grown fruit carried by passengers is 
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much less likely than homegrown fruit to contain guava moth. There is no information on 
guava moth in New Caledonia apart from its presence (Holloway, 1977). 
 
Seizure information at the border gives an indication of the proportion of passengers carrying 
fruit. While “fruit” isn’t a category that is reported on, “fruitfly host material” (fruit of certain 
species) is reported on; in the year ended June 2005 there were 7.1 seizures of fruitfly host 
material per 1000 passengers (includes declared and undeclared material) (Wedde et al., 
2006). The seizures indicate that despite fruit being a prohibited import via this pathway, that 
many passengers carry fruit. 
 
It is not reported exactly how long developing larvae remain inside fruit. Due to the short 
transit times, it is assumed that only a very small proportion of larvae in fruit carried by air 
would emerge in transit. In the case of sea transit, especially cruise ships and private yachts, 
whether or not emergence in transit would occur is uncertain, but larvae emerging during 
transit are assumed to pupate (and are therefore considered under “pupae”). Under these 
circumstances, unless the fruit was carried onto land by a passenger, larvae would not 
technically “arrive”. 
 
Conclusion statement on likelihood of entry as larvae via passengers and personal 
effects: 
 
Given that: 
• 42 percent of passenger arrivals (nearly 1 880 000 people) and 17 percent of permanent 

and long-term migrants in 04/05 were from Australia, with 15 000 from New Caledonia; 
• passengers are known to carry fruit relatively frequently; 
• larvae are assumed to survive the air transport time without emerging from the fruit, but 

whether or not emergence in transit would occur is uncertain for sea transit; 
and taking into account that: 
• an uncertain proportion of the fruit carried by passengers is expected to be homegrown 

fruit of host species; 
it is concluded that the likelihood of importation of guava moth as larvae via air and sea 
passengers (including private shipping) is not negligible*. 
 
*the risk assessment assumes that the current measures to prevent the entry of fruit via this 
pathway are not in place 

7.3.3.4. Likelihood of entry via lifestage – pupae 
Because guava moth pupates within a very short distance of where the host fruit has fallen 
(Jamieson et al., 2004), it is assumed that it is unlikely to contaminate objects used and stored 
outside, that is, it is not considered to be a hitchhiker pest. 
 
The only situation where pupae are expected to contaminate imported goods is where infested 
fruit were carried by passengers and the larvae exited the fruit and pupated during transit. 
Because the air transit times are short, this scenario is considered extremely unlikely to occur 
during air transport. However sea transport, especially via cruise ships and private yachts is 
slower and it is considered possible for this scenario to occur. 
 
Since guava moth is generally regarded as a home garden pest, not a pest of commercial crops 
(Common, 1990), commercially grown fruit carried by passengers is much less likely than 
homegrown fruit contain guava moth. There is no information on guava moth in New 
Caledonia apart from its presence (Holloway, 1977). 
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Exact numbers of private yachts and cruise ships arriving in New Zealand are not reported as 
they are not separated from figures for commercial cargo (MAF, 2006). However Northland, 
which has fewer than 50 vessel clearances a month for most of the year has over 100 
(sometimes several hundred) per month in October, November and December when yachts 
from the South Pacific travel to NZ to avoid the cyclone season (MAF, 2006). Some of these 
would have visited ports in areas with guava moth. 
 
It is unknown what would happen if larvae emerged from fruit which was not on the ground 
(e.g. in baggage or a galley) although it is known to pupate in sawdust under laboratory 
conditions (Froud and Dentener, 2002). 
 
In order for pupae to “arrive” either they would have to be transported off the vessel with 
other goods, or they would have to emerge close enough to land for the adults to fly (arriving 
not as pupae but adults). 
 
Conclusion statement on likelihood of entry as pupae via passengers and personal 
effects: 
 
Given that: 
• larvae that emerge during transit are expected to pupate; 
and taking into account that: 
• pupae are only likely to arrive via sea passenger pathways such as cruise ships and private 

yachts; 
• commercially grown fruit is much less likely to carry guava moth than home-grown fruit; 
• in order to “arrive” pupae would have to be carried onshore with passenger baggage or 

emerge while close enough to land for adults to fly; 
it is concluded that the likelihood of importation of guava moth as pupae via passengers 
is negligible. 

7.3.3.5. Likelihood of entry via lifestage – adults 
The adult stage of guava moth is not considered to be associated with fruit. Adult guava 
moths are mobile and based on the behaviour of other Carposinidae, rest on tree trunks (non-
host) material during the day (Common, 1990). This behaviour may result in them 
contaminating inanimate objects carried by passengers. However there is no particular reason 
why adult guava moths would become associated with the types of objects carried by 
passengers. 
 
Because they are mobile (flying at night), adults transported by sea are not likely to alight on 
items and remain with them until they arrived in New Zealand, unless they became trapped. 
Whether adults transported by air would remain with the transported item is uncertain. 
 
Adult moths of various species are known to survive transit to New Zealand from Australia 
via both air and sea (MAF Quarantine Service, unpublished data; Stu Rawnsley pers. comm. 
May 2006). In the absence of detailed survival information for guava moth adults, it is 
assumed they are capable of surviving transit times via air and sea. While their lifespan in 
uncertain, they are considered capable of feeding, so are more likely to survive long enough to 
breed in New Zealand than adult moths that don’t feed. 
 
Guava moth adults may also arrive if larvae and pupae were transported to New Zealand with 
passenger goods on a vessel and the adults emerge from the pupae when they are close 
enough for the adults to fly to land. 
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Conclusion statement on likelihood of entry as adults via passengers and personal 
effects: 
 
Given that: 
• 42 percent of passenger arrivals (nearly 1 880 000 people) and 17 percent of permanent 

and long-term migrants in 04/05 were from Australia, with 15 000 from New Caledonia; 
• adults moths of various species are known to survive air and sea transport to 

New Zealand; 
• guava moth can be carried to New Zealand as larvae or pupae associated with passenger 

goods on vessels and but not “arrive” on land in New Zealand until adults emerge and fly 
to land; 

• adult lifespan is uncertain but they are considered capable of feeding; 
and taking into account that: 
• there is no particular reason for adult guava moth to be associated with most items carried 

as passenger baggage; 
• adults moths are mobile and unlikely to stay associated with an items carried as passenger 

baggage; 
it is concluded that the likelihood of importation of guava moth as adults via air and sea 
passengers and baggage is not negligible. 
 
Comments 
While not negligible the likelihood of arrival of adults is considered very small and much 
lower then the likelihood of arrival as larvae. 

Assessment of measures 
Because guava moth is now established in New Zealand and not under control, measures are 
not warranted at the border. Therefore these are not examined further. However it is noted that 
the most likely method for guava moth to arrive in New Zealand via this pathway is as larvae 
in fruit carried by passengers, and this pathway has significant measures in place. 

7.3.4. Vessels and aircraft 
Sea vessels arriving in New Zealand include commercial cargo shipping, cruise ships and 
yachts. Aircraft primarily consists of commercial passenger and cargo aircraft (refer to table 
28). 
 
Table 28. Numbers of vessels and aircraft arriving in New Zealand in 2005 (Shipping data from 
NZ Customs, aircraft data from the Biosecurity Monitoring Group) 
 

Type number from Australia 
(% of total) 

number from New 
Caledonia 

total 

small sea craft (mainly yachts) 125 (18%)  74 (11%)  695 (calendar year 2005) 
All vessels excluding small 
sea craft and military 

2 088 (37%) 131 (2%) 5 635 (calendar year 2005) 

military and research vessels 24 (67%) 3 (8%) 36 (calendar year 2005) 
Commercial aircraft 17 179 (60%) 169 (0.6%) 28 695 (12 months ended 

June 2005) 
 
Although the data presented here are for the whole of Australia, guava moth occurs only in 
some areas. The proportion of Australia where guava moth occurs is uncertain, however it 
covers all mainland states and territories except Western Australia, South Australia and the 
Northern Territory, as well as Norfolk Island, and covers major population centres (and ports) 
such as Sydney, Melbourne and south-eastern Queensland. The distribution on New 
Caledonia is not reported. 
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Flight times depend on the type of aircraft and weather conditions but direct air transport 
times from parts of Australia with guava moth and New Caledonia range from just under 2 to 
4 hours (Air New Zealand, 2006). Sea transit times for commercial container shipping from 
some Australian ports with guava moth range from approximately 2-7 days (The 
New Zealand Shipping Gazette, 2005). Times for other sea vessels (such as cruise ships and 
yachts) are not reported but expected to be highly variable. 
 
The length of stay in NZ for vessels is variable. Container ships frequently spend no more 
than 24 hours in port (although they may visit more than one port in NZ), while bulk carriers 
commonly spend 3-5 day (Justin Downs pers. comm.) Cruise ships and yachts can spend 
much longer. 
 
Aircraft are often on the ground in New Zealand for only a few hours. 

7.3.4.1. Reason for including this pathway. 
Guava moth has never been detected on vessels and aircraft, but live adult moths of other (or 
undetermined) species are sometimes detected (Stu Rawnsley pers. comm. May 2006; MAF 
Quarantine Service, unpublished data). The association between adult moths and vessels and 
aircraft is a result of night-flying moths being attracted to lights at air and sea ports. Since 
guava moth adults are night-flying and attracted to light, they are potentially associated with 
vessels and aircraft. 

7.3.4.2. Likelihood of entry via lifestage – eggs 
Eggs are usually laid on developing fruit or on the fruit stalk (Jamieson et al., 2004). There is 
no particular reason that developing fruit containing guava moth eggs would become 
associated with vessels and aircraft, therefore this pathway is not considered further here. 
 
The exception would be if vessels had potted plants on board, these plants were of host 
species, the plants were large enough that they were able to produce fruit and they had been 
close enough to an area with guava moth for adult females to lay eggs on the plant. Overall, 
the likelihood of this scenario occurring is considered to be very small, since the proportion of 
vessels that have such plants is likely to be extremely low, however if vessels did have 
fruiting host plants, they would be a significant risk. Such plants are also likely to be a risk for 
many other species. 
 
Therefore it is noted here that while potted plants on board vessels are not considered to be a 
significant factor in this risk analysis, the risk associated with potted plants is a factor to be 
considered if potted plants are found on vessels. 

7.3.4.3. Likelihood of entry via lifestage – larvae 
Guava moth larvae are associated with fruit for their entire development except for a very 
short period when they leave the fruit to seek a pupation site (most commonly directly below 
the fruit) (Jamieson et al., 2004). Therefore they are only considered likely to arrive in fruit. 
The life cycle of guava moth means that larvae can be present at any time of year, although 
they will occur in different hosts at different times of the year. 
 
Larvae are known to be associated with ripe fruit which is commonly carried in the galleys of 
sea vessels. However guava moth is generally regarded as a home garden pest, not a pest of 
commercial crops (Common, 1990) which suggests that commercially grown fruit is much 
less likely than homegrown fruit contain guava moth. It is considered likely that the vast 
majority of fruit in galleys of vessels will be from commercial sources. 
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Unless the fruit was carried from the vessel galley to land by a person the larvae would not 
arrive in New Zealand. 
 
Conclusion statement on likelihood of entry as larvae via vessels and aircraft: 
 
Given that: 
• 38 percent of vessels and 60 percent of aircraft come from Australia and New Caledonia; 
• larvae are expected to survive transit to New Zealand in fruit; 
and taking into account that: 
• fruit from commercial sources is much less likely to contain guava moth; 
• larvae would not arrive unless the fruit was carried to shore; 
it is concluded that the likelihood of importation of guava moth as larvae via vessels and 
aircraft is negligible. 

7.3.4.4. Likelihood of entry via lifestage – pupae 
Because guava moth pupates within a very short distance of where the host fruit has fallen 
(Jamieson et al., 2004), it is assumed that it is unlikely to contaminate objects used and stored 
outside, that is, it is not considered to be a hitchhiker pest. 
 
The only situation where pupae are expected to contaminate imported goods is where infested 
fruit were carried on vessels and the larvae exited the fruit and pupated during transit. 
 
However guava moth is generally regarded as a home garden pest, not a pest of commercial 
crops (Common, 1990) which suggests that commercially grown fruit is much less likely than 
homegrown fruit contain guava moth. It is considered likely that the vast majority of fruit in 
galleys of vessels will be from commercial sources. 
 
Unless they were carried from the vessel galley to land by a person the pupae would not arrive 
in New Zealand. 
 
Conclusion statement on likelihood of entry as pupae via vessels and aircraft: 
 
Given that: 
• 38 percent of vessels and 60 percent of aircraft come from Australia and New Caledonia; 
• pupae are expected to survive transit to New Zealand; 
and taking into account that: 
• fruit from commercial sources is much less likely to contain guava moth; 
• pupae would not arrive unless larvae emerged from fruit in transit, then pupated and then 

pupae were carried to shore; 
it is concluded that the likelihood of importation of guava moth as pupae via vessels and 
aircraft is negligible. 

7.3.4.5. Likelihood of entry via lifestage – adults 
The adult stage of guava moth is not considered to be associated with fruit. Adult guava 
moths are mobile and based on the behaviour of other Carposinidae, rest on tree trunks (non-
host) material during the day (Common, 1990). This behaviour may result in them being 
attracted to lights at air and sea ports and occurring on vessels and aircraft. 
 
Because they are mobile (flying at night), adults transported by sea are not likely to alight on 
vessels and aircraft and remain with them until they arrived in New Zealand, unless they 
became trapped. In the case of cargo ships, this scenario is known to occur when they are 
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loaded at night under lights and adult moths of other (or undetermined) species are trapped in 
the hold. There are only 6 records of live adult moths recorded on ships in the Biosecurity 
Monitoring Group interceptions database (dating back to 1991).  However ships with live 
moths arrive in New Zealand on a number of occasions every year (estimated as 
approximately 5 per year), most commonly ships from Brisbane (Stu Rawnsley pers. comm. 
May 2006), which is within the native range of guava moth. 
 
There are 10 records of live adult moths recorded on aircraft in the Border Monitoring Group 
interceptions database (dating back to 1991). It is uncertain whether these records reflect the 
actual frequency of moths occurring on aircraft, for example there are no database records 
since 2000, however MAFWatch reported a live moth found in an aircraft galley in June 2005 
(MAF Quarantine Service, unpublished data). 
 
It is unknown whether guava moth is among the species found in the hold of vessels and 
aircraft. It has never been recorded, although not all moths found are identified. In order for 
guava moth to occur on vessels and aircraft, populations would have to occur close enough to 
air and sea ports for the adults to be attracted to the lights and fly onto the vessels and aircraft. 
Without knowing the distance that moths can fly or where guava moth populations occur, it is 
not certain whether this scenario is likely to occur or not. 
 
Adults could also be present on vessels as a result of larvae being present on vessels e.g. 
larvae present in fruit pupate then emerge on the vessel. It is not known how frequently this 
scenario would occur or how close vessels would have to be to shore for this to result in 
adults arriving. 
 
The arrival of live adult moths of various species indicates that some moth species are capable 
of surviving transit to New Zealand, however specific details for guava moth are not known. 
In the absence of detailed survival information for guava moth adults, it is assumed they are 
capable of surviving transit times via air and sea. While their lifespan in uncertain, they are 
considered capable of feeding, so are more likely to survive long enough to breed in 
New Zealand than adult moths that don’t feed. 
 
Conclusion statement on likelihood of entry as adults via vessels and aircraft: 
 
Given that: 
• 38 percent of vessels and 60 percent of aircraft come from Australia and New Caledonia; 
• adult moths of various species are known to survive air and sea transport to New Zealand; 
• adult lifespan is uncertain but they are considered capable of feeding; 
and taking into account that: 
• it is unknown whether guava moth populations are ever close enough to air and sea ports 

to result in guava moth occurring on vessels and aircraft via flight; 
• it is unknown how frequently fruit containing larvae would be present on vessels 

(resulting in pupae that emerge on vessels); 
• only a very small proportion of the total aircraft and vessel arrivals are known to contain 

live moths; 
it is concluded that the likelihood of entry of guava moth as adults via vessels and 
aircraft is not negligible. 
 
Comment 
Although considered not negligible, the likelihood of entry is considered to be small, but 
because it is such a high volume pathway, the likelihood of infrequent events occurring is 
increased. 
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7.3.4.6. Assessment of measures 
Because guava moth is now established in New Zealand and not under control, measures are 
not warranted at the border. Therefore these are not examined further. However it is noted that 
there are a range of measures in place on this pathway. 

7.3.5. Wind/natural dispersal 
Natural dispersal of Lepidoptera from Australia is known to occur for a number of taxa. Fox 
(1978) records 22 moth species as migrants arriving naturally in New Zealand and also 
suggests that all non-endemic indigenous moths in New Zealand arrived by flying across the 
Tasman in periods of strong westerly winds. Tomlinson (1973) estimated that suitable wind 
conditions for trans-Tasman insect migration would occur about 21 times a year 
 
Fox (1978) suggested criteria that would indicate whether or not specimens of Australian 
moths found in New Zealand had arrived in NZ by flying across the Tasman Sea. 
 
1. Species is known to be Australian. 
2. Specimens first detected after a period of prolonged and strong northwest winds. 
3. Specimens first detected at the same time as smoke from Australian bushfires. 
4. Species is a known migratory species. 
5. Specimen first detected at the same time as other known migrant species. 

7.3.5.1. Reasons for including this pathway. 
Guava moth is not among the species recorded as migratory by Fox (1970; 1975; 1978). 
However wind was suggested as a likely arrival pathway when guava moth was first detected 
in New Zealand (Stephenson, 2001). 
 
A general scheme for arrival of guava moth by wind is given in Figure 24. 
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Figure 24. Pathway diagram for arrival of guava moth (wind dispersal) 

 

7.3.5.2. Likelihood of entry via lifestage – eggs, larvae and pupae 
Eggs, larvae and pupae are not expected to arrive in New Zealand via trans-Tasman wind 
currents and are not considered further here. 

7.3.5.3. Likelihood of entry via lifestage – adults 
Little is known about the flight ability and behaviour of guava moth, therefore any assessment 
here has a high degree of uncertainty. 
 
Adult guava moths are mobile and based on the behaviour of other Carposinidae, rest on tree 
trunks (non-host) material during the day (Common, 1990). Little is recorded about their 
flight behaviour, but New Zealand and Australian Carposinidae are not recorded as migratory 
species. No carposinid species were recorded by Fox (1970; 1975; 1978) among the species 
arriving in New Zealand on the wind from Australia. The New Zealand species of carposinid 
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moths are all endemic. Based on this information, there is no indication that carposinid moths 
have previously been blown to New Zealand from Australia. 
 
The distribution of guava moth on Norfolk Island and possibly New Caledonia as well as 
mainland Australia gives some indication that it is capable of long distance dispersal. While it 
cannot be ruled out that guava moth was introduced to both places via the transport of fruit or 
live plants, both islands also have a number of migrant species from Australia (Holloway, 
1977; Holloway, 1979). Guava moth is not listed as a migrant or vagrant species, but it is not 
unlikely that it is one on Norfolk Island and New Caledonia. 
 
While their lifespan in uncertain, they are considered capable of feeding, so are more likely to 
survive long enough to breed in New Zealand than adult moths that don’t feed. 
 
Conclusion statement on likelihood of entry as adults via natural dispersal: 
 
Given that: 
• adult moths of various species are known to arrive in New Zealand by flying across the 

Tasman; 
• conditions allowing trans-Tasman migration of Lepidoptera are expected to occur on a 

number of occasions every year; 
• a number of other Australian species were reported as established in New Zealand at 

around the same time as guava moth; 
• adult lifespan is uncertain but they are considered capable of feeding; 
and taking into account that: 
• guava moth is not recorded as a migrant species, nor are other Australian carposinid 

moths; 
• little is known about the flight capabilities of guava moth or other Carposinidae; 
it is concluded that the likelihood of the arrival of guava moth as adults via trans-
Tasman wind currents is not negligible. However a high degree of uncertainty is 
acknowledged. 

7.3.5.4. Assessment of measures 
There are no measures against arrival by wind and measures are not discussed further here. 

7.3.6. Likelihood of establishment 
In most cases the likelihood of establishment via different pathways does not differ in 
pathway-specific ways but rather by the arriving life stage. Therefore the likelihood of 
establishment is discussed first by life stage and then any specific differences for pathways 
are discussed. 
 
Guava moth has previously shown itself to be capable of establishing in New Zealand. 

7.3.6.1. Establishment – via arrival as eggs 
The likelihood of arrival as eggs was assessed as negligible for all pathways, so the likelihood 
of establishment from eggs is not considered in detail here. However it is noted that if eggs 
occurred on developing fruit that was no longer attached to growing plants, larvae hatching 
any burrowing into these fruits would be unlikely to develop as the fruit would not continue to 
provide a suitable environment for establishment. 

7.3.6.2. Establishment – via arrival as larvae 
A general scheme for the establishment of guava moth via larvae arriving in fruit is given in 
figure 25. 
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Figure 25. Establishment of guava moth from arriving larvae in fruit 

 

In order for a population to establish from arriving larvae, either multiple larvae would have 
to arrive at once, or there would need to be multiple arrivals of single larvae within a 
restricted physical area and time period (the exact physical area and time period for this 
scenario to occur is unknown). 
 
Numbers of eggs from 1-20 are laid on individual fruit, but it is not reported whether multiple 
larvae develop to maturity in the same fruit (Jamieson et al., 2004). Therefore it may be 
possible for a population of guava moth to establish from a single infested fruit, but it is much 
more likely to occur from the arrival of several infested fruit, for example if a number of fruit 
were taken from one infested plant and brought to New Zealand by an air passenger or were 
in a yacht galley. 
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In order to complete development, larvae would have to remain with the fruit and the fruit 
would have to remain in a condition suitable for the larvae until they were ready to pupate. 
This scenario is most likely to occur if the fruit is picked ripe and the larva is near maturity, It 
is expected that mature fruit are more likely to be transported, rather than very immature fruit 
with young larvae. 
 
Once larval development was completed, larvae exit the fruit and seek pupation sites. Because 
guava moth pupates within a very short distance of where the host fruit has fallen (Jamieson 
et al., 2004), it is unknown what would happen if larvae emerged from fruit which was not on 
the ground (e.g. in baggage or a galley) although it is known to pupate in sawdust under 
laboratory conditions (Froud and Dentener, 2002). If infested fruit was disposed of in 
situations other than landfill, it is expected to be possible for guava moth to pupate and reach 
adulthood. Since little is known about mortality, it is difficult to know how likely this 
scenario is to occur.  
 
Once adults emerged from the pupae they would have to find a mate and a host plant. The 
likelihood of this scenario occurring is discussed in the section on establishment via arrival as 
adults. 
 
Founder size is an important factor in establishment, but with limited information on the 
number of individuals that are likely to arrive, mortality and emergence (for example whether 
pupal emergence is synchronised with weather conditions as it is for fall webworm (Gomi, 
2000) it is not possible to make any specific comment about guava moth. However the 
general principles of founder size and population establishment are considered here, and if 
further information becomes available this can be used to inform a reassessment. 
 
The number of individuals required for a particular likelihood of establishment is variable for 
different insects. For example, Liebhold and Bascompte (2003) reported in a case study on 
gypsy moth in North America that a population with 107 males detected had a 50 percent 
probability of establishment. Since gypsy moth is most commonly transported as egg masses, 
it is uncertain how this number translates to a required number of eggs or egg masses to 
achieve a similar probability of establishment. However this information does imply that a 
relatively large founder population size is required for gypsy moth. In contrast, Berggren 
(2001) found that for Roesel’s bush cricket (Metrioptera roeseli) at last nymph stage, a 
founder population size of 32 individuals gave close to 100 percent probability of the 
population persisting for 3 years (the completion of the experiment). Successful establishment 
of arthropods (from studies on the release of biological control agents) has been recorded 
from introduction of fewer than 20 individuals (Berggren, 2001, Hee et al., 2000, Simberloff, 
1989). In an experiment with chrysomelid beetles, Grevstad (1999) observed that out of 20 
introductions of a single gravid female, one persisted to at least 3 generations (the completion 
of the experiment). 
 
There is unlikely to be a precise threshold above which establishment is certain and below 
which it is impossible (Simberloff, 1989). However despite variability in the absolute 
numbers reported, all these studies consistently indicate an increasing likelihood of 
establishment for an increasing founder population size. For introductions of smaller numbers 
of individuals, establishment was less likely, but for repeated introductions of small numbers 
of individuals establishment still occurred on some occasions. In terms of optimising gorse 
thrips (a biological control agent) releases, Memmott et al. (1998) suggested that a number of 
smaller introductions would be more likely to lead to successful establishment than a smaller 
number of larger introductions. 
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In terms of considering the likelihood that an arriving pest will establish, these examples 
illustrate two important principles: 
• the larger the founder population size for a particular organism, the more likely that 

organism is to establish; 
• the more frequently an organism is introduced, even if only in small numbers, the more 

likely that organism is to establish. 
 
Even if the likelihood of establishment is considered very low for a single introduction of a 
particular species, establishment is still a likely consequence of small numbers of individuals 
arriving on a regular basis. 
 
Conclusion statement on likelihood of establishment from arriving larvae: 
 
Given that: 
• guava moth is known to have successfully established in New Zealand (although the 

pathway and life stage involved is uncertain); 
• larvae are transported inside their food source (fruit) so do not need to locate a host on 

arrival; 
and taking into account that: 
• small numbers of larvae are expected to arrive at any one time; 
it is concluded that the likelihood of establishment of guava moth from the arrival of 
larvae is not negligible. 

7.3.6.3. Establishment – via arrival as pupae 
The likelihood of arrival as pupae was assessed as negligible for all pathways, so the 
likelihood of establishment from pupae is not considered in detail here. However it is noted 
that if pupae arrived they would have no specific requirements to enable them to survive and 
emerge. If this scenario occurred, the likelihood of establishment would be similar to the 
likelihood of establishment for arriving adults, with the difference that the adults that emerged 
in New Zealand are expected to be in better condition than those that emerged overseas and 
travelled to New Zealand. 

7.3.6.4. Establishment – via arrival as adults 
A general scheme for arrival of guava moth as adults is given in figure 26. 
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Figure 26. Establishment of guava moth from adults 

 

In order for arriving adults to establish a population, either multiple adults would have to 
arrive at once, or there would need to be multiple arrivals of single adults within a restricted 
physical area and time period (the exact physical area and time period for this scenario to 
occur is unknown). There were two pathways where the arrival of adults was assessed to be 
not negligible, associated with vessels (especially the hold of cargo ships) and via trans-
Tasman flight. In both cases, if the conditions were present to allow one adult moth to enter, 
there are likely to be more moths. 
 
The exception would be if a female moth arrived having already mated. It is unknown what 
period of time elapses between mating and egg-laying, so it is unknown whether a single 
mated female guava moth could arrive. 
 
Once mated, the female guava moth would have to find a host plant with developing fruit on 
which to lay her eggs. A number of the reported host species are common in suburban and 
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rural gardens (Webb et al., 1988) and some are commercial species to some extent. However 
the areas where such species are grown commercially are limited (HortResearch, 2004). 
 
Hosts for guava moth are available all year round, but at any one time only a small proportion 
of the host range has developing fruit at the right stage (Jamieson et al., 2004), meaning that 
only a small proportion of the host range is “available” at any one time. Limited host 
availability would reduce the likelihood of adult guava moths finding a suitable host. Without 
more detailed data on host distribution, female flight distances or information on how they 
select host plants, the effect of host availability on establishment is difficult to determine, 
however it is expected to reduce the likelihood of establishment. 
 
The effect of founder population size and introduction frequency has been considered for 
larvae. The same factors would apply to adult moths and so are not discussed in detail here. 
 
Conclusion statement on likelihood of establishment from arriving adults: 
 
Given that: 
• guava moth is known to have successfully established in New Zealand (although the 

pathway and life stage involved is uncertain); 
• many of the host plants are comparatively common species in urban and rural areas in 

New Zealand; 
• host plants with the right development stage (developing fruit) are available all year 

round; 
and taking into account that: 
• small numbers of adults are expected to arrive at any one time; 
• only a small proportion of the host species are expected to be “available” at any one 

time; 
it is concluded that the likelihood of establishment of guava moth from the arrival of 
adults is not negligible. 

7.3.6.5. Comments on establishment for specific pathways 

Vessels and aircraft 
Vessels and aircraft are usually confined to very specific areas when they are in New Zealand, 
which effectively reduces the areas where guava moth is likely to arrive. The likelihood of 
detecting guava moth early is greater if it arrived via this pathway compared to other 
pathways. 

Sea and air passengers (carrying smuggled fruit) 
Passengers arriving at major parts can rapidly travel throughout New Zealand, so fruit that 
they carry could end up virtually anywhere in New Zealand. Transport within New Zealand 
reduces the likelihood that guava moth would be detected early if it arrived via this pathway. 

Trans-Tasman wind currents 
Tomlinson (1973) identified areas considered most likely to receive wind arrivals of insects 
from Australia (which include Tasman Bay, just north of Hamilton, parts of Taranaki and the 
Manawatu Gorge), although whether these predictions are reflected in true arrivals is not 
certain. (Fox, (1978) mainly reported detections from the west coast of the North Island). 
Because the likely areas for arrival are poorly known and often some distance from main 
population centres, arrivals via this pathway are less likely to be detected early than, for 
example, arrivals via vessels. 



 

242  • Pest risk analysis for six moth species  MAF Biosecurity New Zealand 

7.3.6.6. Assessment of measures for the post-border detection of guava moth 
Because guava moth is now established in New Zealand and not under control, measures (that 
is, surveillance) are not warranted. Therefore measures are not examined further. 

7.3.7. Spread 
While it is reported only from Northland at present, climate modelling has suggested that 
guava moth is likely to be capable of establishing in the warmer coastal regions of the North 
Island and possibly parts of the South Island (for example coastal Nelson and Marlborough) 
(Froud and Dentener, 2002). 
 
Guava moth has shown some ability to spread. During April 2000 surveys (of feijoa fruit) at 
49 sites around Whangarei did not detect any guava moth (Froud and Dentener, 2002). 
However during April-June 2003, pheromone trap surveys indicated that guava moth was 
present at several sites in Whangarei and as far south as Whangarei Heads (Jamieson et al., 
2004), suggesting that it had spread within that time. 
 
There are no formal restrictions on the domestic movement of fruit or other potential vectors 
and adults are capable of flight (although unknown distances). Therefore there are not 
expected to be any internal barriers to the further spread of guava moth. One limit may be that 
some of the host species, such as macadamia, guava and feijoa become less common further 
south, however they still occur commonly south of the current range of guava moth. 
 
Conclusion statement on likelihood of spread of guava moth following establishment: 
 
Given that: 
• guava moth has already been documented expanding its range within Northland; 
• climate modelling suggests that guava moth is capable of establishing in the warmer 

coastal regions of the North Island and possibly parts of the South Island (for example 
coastal Nelson and Marlborough); 

• there are no formal restrictions on the movement of potential vectors within New Zealand; 
and taking into account that: 
• little is known about the adult flight capabilities of guava moth or other Carposinidae; 
it is concluded that the likelihood of spread of guava moth following establishment is not 
negligible. 

7.3.8. Consequences 
At the time it was first detected, guava moth had not been reported as a commercial pest 
although it was known to be a pest in home gardens (Stephenson, 2001). However since it has 
established in New Zealand it has become a problem and caused significant losses in some 
commercial orchards and there is significant concern in the tree crops industry about its 
impact (New Zealand Treecrops Association, 2002). 
 
Both macadamia and feijoa are currently species of limited importance, with relatively small 
areas planted and limited export value (Table 29 (HortResearch, 2004)). However 
cumulatively the reported hosts make up several million dollars of export value and the 
impact could become greater in the future. Organic production is considered to be particularly 
badly affected, for example New Zealand macadamia growers have an advantage over 
Australian and Hawaiian growers in that they can produce macadamia nuts organically (New 
Zealand Treecrops Association, 2002). The main effect is expected to be on the development 
of the affected crops in future rather than the existing markets. 
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Table 29. Hectares planted and export values of crops affected by guava moth (HortResearch, 
2004) 

 1996 ha planted 1996 export value ($000) 2002 ha planted 2004 export value 
($000) 

feijoa 138 (in 1996) not reported 198 200 
lemon 330 not reported 364 2100 
macadamia not reported not reported 358 not reported 
mandarin 637 not reported 911 4700 
nashi 313 2004 119 287 
peach 756 not reported 808 not reported 
plum 303 not reported 394 100 
 
Because of the impact of this species in New Zealand, Western Australia has recognised 
guava moth as a quarantine pest on New Zealand stonefruit (DAFF, 2005). It does not appear 
to be regarded as a regulated pest elsewhere (e.g. USA see website 
http://www.invasivespecies.org/pestlistsearch.cfm). However its increasing profile as a pest 
may alter this situation. 
 
Guava moth has not been found on indigenous plant species and is not regarded as an 
environmental pest at this stage. 
 
There are no known human health impacts associated with guava moth. 
 
Social impacts of introduced species are often difficult to estimate and for guava moth they 
are largely unknown. There may be some impact associated with changes to the species and 
techniques used in home gardens. The magnitude of this impact is expected to be small for 
guava moth and for most individual plant species, although when there are other pests arriving 
as well the effect is expected to be cumulative. 
 
Conclusion statement on the consequences of guava moth establishment: 
 
Given that: 
• guava moth has become a significant pest of a number of commercial horticultural species 

in New Zealand; 
• the New Zealand experience has raised the profile of guava moth as a pest overseas and it 

is now recognised as a regulated pest in at least one area overseas; 
and taking into account that: 
• individually the species affected are mostly not major horticultural crop species; 
• there have been no records of guava moth feeding on indigenous plant species; 
it is concluded that consequences of guava moth establishment are not negligible. The 
main effects are expected to be on economic values. 
 

7.3.9. Review of pathways as the means of guava moth arrival in New Zealand 

7.3.9.1. Passenger pathway as a means for guava moth arrival in New Zealand 
The purpose of this section of the risk analysis is to consider whether the arrival of guava 
moth in New Zealand could have been via the passenger pathway. Since guava moth arrived 
in New Zealand some time prior to 1997 this assessment  should include consideration of the 
factors operating at that time, such as passenger volumes, measures on the pathway and 
slippage with those measures in place. Much of this information is not readily available. 
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Passenger volumes have steadily increased (Statistics New Zealand, 2005), so at the time 
guava moth arrived in New Zealand there would have been overall fewer passenger arrivals 
from areas with guava moth. 
 
In the absence of any measures, the likelihood of guava moth arriving via this pathway is 
considered not negligible, specifically, the arrival as larvae in fruit carried by passengers. 
100 percent x-ray screening of air passenger baggage was not introduced until 2001 (MAF, 
2006), so it is assumed that the efficacy of air passenger screening was lower, and therefore 
the slippage higher, than it is now. 
 
Although passenger numbers were lower in the past, measures were less stringent. Arrival of 
guava moth may have resulted from smuggled fruit brought to New Zealand by air and sea 
passengers from Australia or New Caledonia. Passengers who may have imported fruit 
includes the passengers on yachts, which mostly arrive first in Northland (NZ Customs 
Service, unpublished data). The total volumes of air passengers, however, are much greater 
than those on yachts, and overseas visitors (and returning New Zealanders) do travel to 
Northland, so the air passenger pathway also cannot be ruled out. Because passenger volumes 
from Australia are much greater than from New Caledonia, guava moth is far more likely to 
have come from Australia. 

7.3.9.2. Vessel and aircraft pathway as a means for guava moth arrival in New Zealand 
Passenger and cargo volumes have steadily increased, so at the time guava moth arrived in 
New Zealand there would have been overall fewer aircraft and vessels arrivals from areas 
with guava moth. 
 
In the absence of any measures, the likelihood of guava moth arriving via this pathway is 
considered small but not negligible, specifically, the arrival of adult moths in the hold of 
ships. However the majority of vessels and aircraft arrive in Auckland (MAF, 2006) while the 
original detection of guava moth was in Northland.  
 
The exception is overseas yachts, the majority of which arrive first in Northland. However 
apart from being associated with fruit (covered in the passenger section), live moths are not 
necessarily expected to be associated with yachts as they don’t experience the same types of 
loading conditions as container ships. Therefore the arrival of guava moth in Northland is not 
considered to have occurred via the vessel and aircraft pathway. 

7.3.9.3. Trans-Tasman flight as a means for guava moth arrival in New Zealand 
When guava moth is considered against the indicators for migratory species described in Fox 
(1978) there are some suggestions that it may have arrived in this way, but the evidence is not 
particularly strong. 
 
1. Species is known to be Australian 
 
Yes, mainland Australia and Norfolk Island which is significantly closer to New Zealand than 
the Australian mainland. 
 
2. Specimens first detected after a period of prolonged and strong northwest winds 
 
The exact date of arrival of guava moth is uncertain. Although specimens were not collected 
until 1999 (Hoare, 2001; Froud and Dentener, 2002 ) it is considered to have been in New 
Zealand since 1997 (Jamieson et al., 2004; Froud and Dentener, 2002). Tomlinson (1973) 
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suggested that conditions suitable for trans-Tasman insect dispersal occur on average 21 times 
a year. 
 
3. Specimens first detected at the same time as smoke from Australian bushfires 
 
No information is reported. 
 
4. Species is a known migratory species 
 
Guava moth is not recorded as a migratory species and nor are other carposinid moths. 
 
5. Specimen first detected at the same time as other known migrant species 
 
Hoare (2001) states that guava moth was one of several Australian Lepidoptera first formally 
recorded in New Zealand in 1999, suggesting a major invasion event in the previous one or 
two seasons. Guava moth probably arrived in 1997 or earlier (Jamieson et al., 2004) and there 
were fewer new Australian species recorded during the period 1994-1997 (Hoare, 2001) 
however it is unknown whether the reports reflect actual arrivals or collection effort. 
 
Based on these criteria, there is some information that suggests guava moth could have 
arrived by flying across the Tasman Sea, but the evidence is limited. 
 
If guava moth arrived in this way, this raises the question of why it hadn’t established 
previously, since conditions for trans-Tasman migration occur frequently and some species 
arrive on a regular basis (Fox, 1978). The answer partly lies in the host range of guava moth, 
it hasn’t been reported from any New Zealand native species and there are comparatively few 
indigenous species with large fleshy fruits of the kind that guava moth develops in. However 
since European colonisation hosts species have been available. The effect of founder 
population size and frequency of introduction is discussed in the section on likelihood of 
establishment. However that the fact that guava moth had not established previously suggests 
that if it did arrive by wind, arrival wasn’t a particularly frequent event. 
 

7.4. GUAVA MOTH SUMMARY 

7.4.1. Life stage arriving 
Guava moth may have arrived as larvae carried in fruit or as adults flying across the Tasman 
under specific wind conditions. 

7.4.2. Nature of association 
Guava moth is the only species considered in this analysis that is not considered to be a 
hitchhiker species. Eggs and larvae are associated only with host plant fruit. Pupae are usually 
formed within a few centimetres of the fallen fruit. 

7.4.3. Most important pathways 
It is uncertain but possible that guava moth may have arrived naturally, via wind. Illegally 
imported fruit (most likely from a home garden rather than commercial) may also have been 
the source of guava moth in New Zealand. 

7.4.4. Most important areas of origin 
Guava moth is most likely to have arrived in New Zealand from Australia, either mainland or 
Norfolk Island. 
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7.4.5. Establishment 
Guava moth had successfully established in New Zealand by 1999. 

7.4.6. Consequences 
Guava moth has become a significant pest on some crops in Northland, although these are 
mainly crops that have a small area planted and export value. It is considered to affect future 
development of these crops. 

7.4.7. Conclusions 
It is possible that guava moth arrived naturally and also possible that it arrived carried in 
illegally imported fruit. It is noted that the main pathway for illegal fruit imports (air 
passengers) now has considerably more stringent measures on it than at the time guava moth 
arrived in New Zealand. 
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8. Painted apple moth (Teia anartoides) 

8.1. INTRODUCTION 
Painted apple moth is a polyphagous lymantriid moth native to Australia. It was first detected 
in New Zealand in 1983 when a small number of live pupae and many eggs were found in 
Dunedin on container packaging material recently imported from Australia (Harris, 1988). 
The pupae and eggs were removed and there is no evidence that this arrival resulted in the 
establishment of a population. 
 
The next reported detection of painted apple moth was in May 1999 when a population was 
detected in Glendene (Flynn, 1999). In September 1999 another population was found 15 km 
away in Mt Wellington. It was estimated that painted apple moth population in Mt Wellington 
had been present for at least a year prior to detection (Flynn, 1999).  
 
Following this detection the potential impacts of painted apple moth on New Zealand were 
assessed and a response was initiated in 1999 that included ground and aerial spraying, 
removal of host vegetation, release of sterile male moths and vegetation movement controls, 
as well as extensive monitoring. This population was declared to be eradicated in 2006 (MAF, 
2006a), but there have been detections of male moths in traps outside the area where the 
control was undertaken (MAF Biosecurity New Zealand, Investigation and Diagnostic 
Centres, unpublished data). Based on a combination of evidence from ground surveys, 
mtDNA testing and isotope tracing, it was concluded that these were highly likely to be new 
arrivals rather than coming from an established population (Technical Advisory Group 
minutes, February 2006). These interceptions suggest that painted apple moth continues to 
cross the border into New Zealand. 
 
Painted apple moth was detected once at the New Zealand border (on the exterior of a sea 
container in 1994) (L. Kumarasinghe pers. comm. March 2006). There has only been one 
other detection that has been associated with imported goods (the post-border detection on 
container packaging in 1983) (Harris, 1988). This information indicates an association with 
the sea container pathway, but the limited interceptions are not enough to draw conclusions on 
the full range pathways of entry for painted apple moth into New Zealand.   Therefore the 
pathways for painted apple moth entry into New Zealand are considered uncertain. 
 
Apart from its (temporary) establishment in Auckland, painted apple moth has not been 
reported anywhere else in the world outside its native range in Australia. Largely because it 
hadn’t previously established outside its native range, it is a poorly known species, with most 
information on painted apple moth based on work done in New Zealand since it was found in 
1999. 
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8.2. PEST INFORMATION  

8.2.1. Pest taxonomy 
Scientific name: Teia anartoides Walker 1855 
Synonyms: Orgyia anartoides (Walker); Teia pusilla Butler; Orgyia phineus 

Herrich-Schäffer 
 
Class:    Insecta 
Order:  Lepidoptera 
Superfamily:  Noctuoidea 
Family:  Lymantriidae 
Common names: Painted apple moth (PAM) 
 
(taxonomy follows Dugdale, 1988; Edwards, 1996; Nielsen and Common, 1991; Riotte, 
1979). 
 
The genus Teia has 2 species and the closely related Orgyia (in which Teia was formerly 
included) also has two species in Australia (Riotte, 1979). There are at least 70 named species 
of Lymantriidae native to Australia, with many others undescribed (Edwards, 1996). 
New Zealand has no native members of the Lymantriidae, and no other lymantriids are 
currently established in New Zealand (Dugdale, 1988)  
 
Lymantriidae is a family with a circumboreal distribution with representatives on all 
continents except Antarctica, but it is absent from certain oceanic islands (Schaefer, 1989). 
The family includes well-known pest species such as the gypsy moth (Lymantria dispar) and 
the nun moth (L. monacha). 

8.2.2. Geographical range 
Teia anartoides, the painted apple moth, is native to Australia. It occurs in all mainland states 
except Western Australia and the Northern Territory, as well as Tasmania (CSIRO, 2005a; 
Riotte, 1979). Riotte (1979) describes the distribution as Tasmania to northern Queensland. 
The distribution map below is based on records from the Australian National Insect 
Collection (figure 27). 
 
Figure 27. Distribution of painted apple moth in Australia (CSIRO 2005b) 

 
The only known populations established in New Zealand were in Auckland (Flynn, 1999). 
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8.2.3. Morphology 

8.2.3.1. Eggs 
Eggs are white or greyish and laid on the cocoon and about 1mm in diameter (Phillips, 1992; 
Riotte, 1979) (figure 28). 
 
Figure 28. Painted apple moth egg mass, recently laid (image from MAF Biosecurity 
New Zealand) 

 

8.2.3.2. Larvae 
Larvae are solitary, reaching about 30 mm when fully grown (Gellatley, 1983). They are 
densely covered with brown hairs, with four brush-like tufts of white hairs on the back and 
two forward-pointing, horn-like tufts of black hairs behind the head (Phillips, 1992) (figure 
29).   
 
Figure 29. Painted apple moth larva (image from MAF Biosecurity New Zealand) 

 

8.2.3.3. Pupae 
Pupae are hairy and reddish-brown, encased in a flimsy silken cocoon that incorporates hairs 
from the caterpillar’s body (Phillips, 1992). Cocoons are approximately 20-30 mm long 
(Harris, 1988) (figure 30). Female pupae are larger than males (Riotte, 1979). 
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Figure 30. Painted apple moth cocoon (image from MAF Biosecurity New Zealand) 

 

8.2.3.4. Adult 
The male moth has a wingspan of about 25 mm and is coloured brown, black and orange 
(Gellatley, 1983) (figure 32). The female is densely covered with pale brown hairs, about 
10mm long and very plump and round (Phillips, 1992). Females are flightless with only 
rudimentary legs and antennae (Gellatley, 1983) (figure 31). 
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Figure 31. Painted apple moth adult female (image from Alan Flynn, MAF Biosecurity 
New Zealand) 

 
 
Figure 32. Painted apple moth adult male (image from CSIRO Entomology 
http://www.ento.csiro.au/gallery/moths/Teiaanartoides/teia_anartoides_01) 

 

8.2.4. Life cycle 
The life cycle of painted apple moth is illustrated in figure 33. Painted apple moth has a 
variable number of generations (one to four) per year, depending on temperature (Gellatley, 
1983; Kean et al., 2003; Phillips, 1992). Modelling predicted that in Auckland there would 
have most commonly been three generations per year (Kean et al., 2003). In Australia, all 
stages of the life cycle can be found at any time of the year, although caterpillars are 
particularly abundant in spring (Phillips, 1992). Painted apple moth is not known to undergo 
diapause (Kean et al., 2003). 
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Figure 33. Life cycle of the painted apple moth 

 
 
The egg stage lasts for a variable length of time depending on conditions (Charles et al., 
2007). Charles et al. (2007) reported means ranging from 7.8 days to 37.1 days, depending on 
temperature, under laboratory conditions. However at both temperature extremes there was 
increased egg mortality and it is uncertain how these timings relate to field conditions. Harris 
(1988) reported 7-10 days to emergence (although not stated, this is probably a laboratory 
rather than a field time). 
 
Following hatching, larvae disperse by crawling or ballooning (Kean et al., 2003). They are 
reported as being solitary, never aggregating even when very young (Phillips, 1992). 
 
Male larvae typically develop through five instars, with females having six (Kean et al., 
2003). Larval development times are also longer for females, with Charles et al. (2007) 
reporting means from 20 to 50 days for females, compared with 16.3 to 36.5 days for males 
(different means represent different temperatures under laboratory conditions). Suckling et al. 
(2004a) report larval development times of approximately 15 days at 25oC for males. 
 
There is limited information on pupation sites for painted apple moth. Gellatley (1983) states 
that pupae are formed on or near the food plants, while Phillips (1992) comments on pupae 



 

MAF Biosecurity New Zealand Pest risk analysis for six moth species • 255 

formed amongst the needles of pine trees (Pinus spp.). Painted apple moth pupae have been 
reported on inanimate objects - “near a container supported by a steel frame and which had 
held glass” (Harris, 1988). The pupae were on the frame. Records from the surveys conducted 
as part of the painted apple moth programme in Auckland have indicated a range of sites 
where painted apple moth can pupate including on the host plants, on non-host plants, on 
fences and on a letterbox (Flynn, 1999; Flynn, 2000). 
 
The duration of the pupal stage is also dependent on temperature. In contrast with the larval 
stage, females have a shorter pupation time than males, with means ranging from 6 to 
11.7 days, while males ranged from 8.6 to 19.7 days (different means represent different 
temperatures under laboratory conditions) (Charles et al., 2007). Suckling et al. (2004a) 
reported pupation times for males at  25oC as 8-10 days. These are laboratory ranges and field 
reports are of somewhat longer duration. Gellatley (1983) and Phillips (1992) both report the 
pupal stage being as short as two weeks in the field. Phillips (1992) comments that pupae 
formed in late autumn and winter do not emerge until the following summer. This comment 
suggests that some degree of pupal diapause may occur, although experimental work has not 
confirmed the occurrence of diapause (Kean et al., 2003). 
 
Data are not available on adult lifespan in the field. However because adult lymantriids 
typically do not feed (Common, 1990), a long lifespan would be unlikely. In a laboratory 
study, more than 70 percent of males survived at least 8 days (Suckling et al., 2004b), 
although how this survival time relates to the lifespan in the wild is uncertain. Females 
emerge from their cocoons with their eggs fully developed and complete oviposition within 
24 hours of mating (Charles et al., 2007). The female lays her eggs on or very near her cocoon 
as she is largely immobile (Gellatley, 1983; Harris, 1988). 
 
Although there are seasons when certain lifestages are considered to be particularly abundant, 
there is no clear seasonality for painted apple moth.  

8.2.5. Dispersal 
The literature is somewhat ambiguous on the dispersal abilities of painted apple moth. Some 
references state that first instar larvae balloon (Suckling et al., 2002)  while others specify that 
first instar larvae crawl rather than balloon (Harris, 1988; Phillips, 1992). Observations in the 
field support ballooning of at least several hundred metres for some larvae (Flynn, 1999) This 
risk analysis assumes that ballooning does occur; if it is later concluded that larvae do not 
balloon, aspects of this analysis will need to be re-evaluated. 
 
Ballooning distances for painted apple moth are not well studied but are probably comparable 
to those of gypsy moths. While not all gypsy moth larvae disperse by ballooning (Zlotina et 
al., 1999), given standard weather conditions and flat terrain the majority of those dispersing 
do not travel more than a few hundred metres downwind (Mason and McManus, 1981). Much 
greater distances have been reported but these are considered to be the exception rather than 
the rule (Baranchikov and Sukachev, 1989; Mason and McManus, 1981). 
 
Later instar larvae are capable of crawling but the distance they travel is uncertain. 
Observations in the field suggests that mature larvae may travel around 70 metres (Ian Gear, 
pers. comm. June 2006) but information confirming this distance has not been found. Since 
they are known to pupate on inanimate objects (Flynn, 1999; Flynn, 2000), the transport of 
these objects is a likely route for human-assisted dispersal. 
 
Female painted apple moth are flightless and crawl only short distances (often only onto the 
outside of their cocoon), which means that this life stage is not significant for dispersal. The 
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distances that male moths can fly is uncertain although Suckling (2003) reported irradiated 
male painted apple moth flying 10.5 km as part of a study on the use of sterile insect 
techniques and Suckling et al.. (2004b) reported irradiated males flying up to 5km. 
 
Any life stage can disperse when the material on which they occur is transported by humans. 
Immobile life stages (pupae, eggs and adult females) are particularly likely to be transported 
in this way. 

8.2.6. Host range 
Painted apple moth is a polyphagous species that feeds on a broad range of plant taxa (Burnip 
et al., 2003; Flynn, 1999; Flynn, 2000; Gellatley, 1983; Kay, 2003; Phillips, 1992; Smith, 
1974). A full list of reported host plants is given in Appendix F. In Australia, painted apple 
moth feeds on introduced and native species, including radiata pine (Pinus radiata), apple 
(Malus x domestica), roses (Rosa spp.), geraniums (Geranium or Pelargonium spp.) and 
gladioli (Gladiolus spp.) (Gellatley, 1983; Phillips, 1992; Riotte, 1979). Native Australian 
hosts are most commonly legumes (Fabaceae) especially Acacia (Flynn, 1999), although other 
Australian native species such as Duboisia (Solanaceae) (Smith, 1974) and Exocarpus 
(Santalaceae) are also eaten (Riotte, 1979). 
 
In New Zealand, painted apple moth was reported feeding in the field on a number of species 
not previously recorded as hosts including silver wattle (Acacia dealbata), A. floribunda, 
Schinus molle and the native species kowhai (Sophora microphylla), ribbonwood 
(Plagianthus regius) and karaka (Corynocarpus laevigatus) (Burnip et al., 2003; Flynn, 1999; 
Flynn, 2000). Host range testing has produced variable results, with some species being 
reported as hosts from one provenance and non-hosts from another (Burnip et al., 2003). 
However it has shown other species to be potential hosts, such as several native brooms 
(Carmichaelia spp.) and Clianthus maximus (Burnip et al., 2003; Kay, 2003).  The diversity 
and extremely broad taxonomic range of the known hosts in Australia (conifers, dicotyledons 
and monocotyledons) and the broadening of the known host range reported following 
establishment in New Zealand suggests that painted apple moth is capable of surviving and 
developing on other species that are not yet reported as hosts, so the currently reported host 
lists should not be considered in any way complete. 

8.2.7. Pest significance 
Painted apple moth is reported as a minor pest in Australia (Gellatley, 1983; Phillips, 1992; 
Smith, 1974). While it is known to feed on a number of species of commercial significance 
such as radiata pine and apple (Gellatley, 1983; Phillips, 1992), it is seldom considered a 
problem on these species. Apart from the population in Auckland it hasn’t established 
anywhere else outside its native range which makes it difficult to predict its likely impact as a 
pest elsewhere. 
 
The hairs of painted apple moth are known to cause skin irritation (urticaria) in sensitive 
individuals (Common, 1990). 
 
For the pest significance of painted apple moth in New Zealand see section 8.3.11 
(consequences). 

8.3. RISK ASSESSMENT 

8.3.1. Likelihood of entry by country 
Painted apple moth has only been recorded in Australia and New Zealand. In Australia it is 
recorded from New South Wales, Queensland, South Australia, Tasmania, Victoria and the 
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Australian Capital Territory (CSIRO, 2005b; Riotte, 1979). The exact distribution within the 
states is uncertain although figure 27, based on specimens from the Australian National Insect 
Collection (CSIRO, 2005b), suggests that it is mainly in the south and east and is not more 
than about 200km inland. 
 
Direct sea transit times to New Zealand from Australia are given in table 30. Actual times 
vary from approximately 2-7 days (The New Zealand Shipping Gazette, 2005). Direct 
transport from Australia to New Zealand is common (The New Zealand Shipping Gazette, 
2005). 
 
Only a small proportion of goods from Australia are thought to be shipped to New Zealand 
via ports in other countries (i.e. transhipped). Transhipping is not considered to be a 
significant factor for painted apple moth arrival in New Zealand. 
 
Table 30. Direct sea transit times to New Zealand (Pedlow et al., 1998) 
 
Port Time (at average 16 knots) 
Sydney to Auckland 3.3 days 
Sydney to Dunedin 3.3 days 
Hobart to Wellington 3.4 days 
 
Not all goods from Australia come from areas with painted apple moth, but because only 
country of origin is recorded and not state, the proportion of goods from areas without painted 
apple moth is uncertain. However the most common ports listed in freight schedules between 
Australia and New Zealand occur within the range of painted apple moth (The New Zealand 
Shipping Gazette, 2005). 
 
Conclusion 
Painted apple moth is only likely to enter New Zealand from Australia. 
 

8.3.2. Summary of pathways 
Painted apple moth spends a significant proportion of its life cycle not in association with host 
plants. Only during the larval stages is it consistently associated with host plants. Pupation 
can occur on food plants but is also common on non-host material. Therefore painted apple 
moth is defined as a hitchhiker species, that is, a species that is sometimes associated with a 
commodity but does not feed on the commodity or specifically depend on that commodity for 
the completion of its life cycle in some other way. 
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Table 31. Summary of interception records for painted apple moth (includes border interceptions 
and post-border records that can be traced to a specific import pathway) 
 
Pathway Number of records Comments 
Sea container 1 Egg mass found on a sea container door in 1994. Border 

interception. 
Container packaging 1 Group of pupae and eggs found on metal frame supporting 

glass in a container in 1983. Post-border interception. 
 
There are few interception records and these do not give enough information to draw 
conclusions on the full range pathways of entry for painted apple moth into New Zealand 
(table 31). Because painted apple moth is a hitchhiker species, there is a wide range of 
commodities and pathways on which it could occur. To avoid an analysis on potentially 
dozens of commodities, these have been grouped into six categories: 
• containers (air and sea containers, loaded and empty but not including contents); 
• live plant material; 
• packaging materials; 
• passengers (air and sea), including accompanied and unaccompanied personal effects; 
• vehicles (new and used) including machinery; 
• other commodities (including container contents). 
 
Some additional potential pathways (such as wind and military transport) are discussed. 
 
A general scheme for the arrival of painted apple moth in New Zealand is given in Figure 34. 
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Figure 34. Pathway diagram for arrival of painted apple moth (all pathways) 

 

8.3.3. Containers 
Nearly 575 000 sea containers landed in New Zealand in the year ended December 2005 
(table 32) (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, Quancargo 
database). About 1/3 of these were empty. This figure may be an underestimate as the figures 
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for empty containers in Quancargo are not particularly accurate (Carolyn Whyte pers. comm. 
May 2006). 
 
Of the sea containers that arrived in 2005, approximately 27 percent (just over 155 000) were 
from Australia (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished 
data). It is not reported which ports they came from, so it is uncertain what proportion of these 
came from areas with painted apple moth. The proportion of Australia where painted apple 
moth occurs is comparatively small, however it covers all states and territories except 
Western Australia and the Northern Territory, and covers major population centres such as 
Sydney, Melbourne and south-eastern Queensland. The container origin recorded reflects the 
final port of loading and does not reflect where the containers were packed or the origin of the 
container contents (Carolyn Whyte, pers. comm. August 2005).  
 
Table 32. Sea containers imported into New Zealand in the year ended December 2005 
 

Country of port of 
loading 

Loaded 
containers Empty containers All containers 

AUSTRALIA 118 569 37 245 155 814 
All countries 377 565 197 210 574 775 

 
Numbers of air containers are not known. There is information for approximate numbers of 
containers handled by Air New Zealand. In the year ended December 2005, 54 904 air 
containers (unit load devices – ULDs) were handled by Air New Zealand at Auckland 
(47_803), Wellington (787) and Christchurch (6341) airports (Greg Sullivan, Air 
New Zealand, pers. comm. May 2005). Of these, just over 45 percent (25 123 UDLs) were 
from Australia. This number includes only the airlines handled through Air New Zealand and 
not others, so it is not a total figure. For Auckland, 82 percent of flights are handled by Air 
New Zealand with the remainder handled by Menzies (number of flights does not necessarily 
correlate with numbers of air containers). 
 
Containers spend variable lengths of time in a country and in transit and are used and stored in 
a range of conditions. In a survey of sea container movement in 2001/2002, the mean length 
of stay in New Zealand for sea containers was 41 days (range = 5-186 days; MAF, 2003e). 
Air container movement hasn’t been formally surveyed, however they are known to be more 
restricted in their movements than sea containers. Overall there are fewer facilities handling 
air containers and the majority of these are within the airport vicinity. For example, there are 
52 companies handling air freight near Auckland: 50 of these are within the general area 
surrounding Auckland airport and 2 are in an industrial area of Auckland (Nikola Merrile, 
pers. comm. February 2007). Under some circumstances air containers may travel greater 
distances, such as inter-city (Dave Goulter, pers. comm. March, 2007). The definition “air 
containers” also include “baggage cans”, which are air containers specifically used for airline 
baggage. These usually remain within about 200 metres of the aircraft (Dave Goulter, pers. 
comm. March, 2007). It is uncertain how air containers are handled overseas, but it is likely to 
be similar to New Zealand (P.Hallett, pers. comm. Mar 2007). 
 
Air containers and sea containers are quite different in their structure, with air containers in 
general being smoother and therefore less likely to harbour exterior contaminants (although 
they are variable in structure, some are effectively only a structure on which boxes are 
stacked). Air containers have a flat bottom for moving on rollers and in the pilot survey for a 
1999 study on air container contaminants, none of the contaminants found were on the lower 
surface (Gadgil et al., 2001). 
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Painted apple moth has been detected once on the exterior of a sea container (Lalith 
Kumarasinghe, pers. comm. Mar 2006). However not all detected organisms are identified 
and more frequent painted apple moth contamination of containers cannot be ruled out on the 
basis of there being few interceptions. 
 
In a 1999 study, 23 percent of air containers had internal contaminants, while fewer than 
2 percent had external contaminants (Gadgil et al., 2001). No live lepidopteran life stages 
were found associated with the 991 air containers examined in 1999. Eight dead Lepidoptera 
(four only identified no further than “moths”) were reported inside air containers, but the life 
stage was not stated. Plant material was a relatively common contaminant, with nearly half of 
the contaminants found being defined as “plant foliage” (Gadgil et al., 2001). There were 
several detections of Acacia spp., a painted apple moth host (Flynn, 1999; Flynn, 2000). 
Typically, because of the differences in handling, the contamination rates for air containers 
used for cargo are higher than contamination rates for those used for baggage (Dave Goulter, 
pers. comm. March 2007). 
 
Sea containers have surfaces which provide more shelter for organisms and also tend to spend 
longer periods of time either at a port or outside a port. 39 percent of sea containers had 
external contaminants (including live organisms but also other contamination such as small 
amounts of soil, dried leaves and dead organisms) in a 1997/8 survey, with more than 
60 percent of these being on the underside (Gadgil et al., 2000) Painted apple moth was not 
detected. 
 
A survey conducted in 2001/2002 (MAF, 2003e) of just over 11,000 sea containers found 
much lower levels of external contamination than the previous survey (4.4 percent for loaded 
sea containers and 2 percent for empty sea containers). Substantial differences between the 
two surveys mean that it is difficult to compare the results, in particular, the 2001/2002 survey 
did not look at the underside of the sea containers and the differing definitions of “soil” (the 
most common contaminant in the 2001/2002 survey). Live organism contamination levels in 
the two surveys were similar for the sides of the container (0.1 percent), but most live 
organisms were found on the underside in the 1998/1999 survey (Gadgil et al., 2000). Painted 
apple moth was not detected although host material (Acacia sp.) was detected. 
 
Direct air transport times from parts of Australia with painted apple moth range from 3-
5 hours. Because this time is well below the period of time that all life stages of painted apple 
moth can survive without food, further details on air transit times are not presented here. 
 
Sea transit times from some Australian ports with painted apple moth are presented in table 
30 (see section 8.3.1). Some, but not all, sea transport is direct (for example see The 
New Zealand Shipping Gazette, 2005). Again, these direct transit times are less than the 
survival periods for all life stages so transit time is not considered to be significant factor in 
this risk analysis. 

8.3.3.1. Reasons for including container pathway. 
There has been one interception of painted apple moth associated with a sea container arriving 
in New Zealand (Lalith Kumarasinghe, pers. comm. Mar 2006). This record is the only 
reported time painted apple moth has ever been detected at the border. No specific 
information been found in the literature that documents a link between either air or sea 
containers (as opposed to container contents) and painted apple moth. The container pathway 
is included because there have been a number of field detections of painted apple moth in 
New Zealand (MAF Biosecurity New Zealand, Investigation and Diagnostic Centres, 
unpublished data), suggesting that it has crossed the border on a number of occasions (more 
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than 5) in the last decade. However there has not been a confirmed interception associated 
with any pathway since the interception on sea container in 1994 (MAF Biosecurity New 
Zealand, Investigation and Diagnostic Centres, unpublished data). The choice of pathways to 
examine for this risk analysis can therefore not be based on interception data. 
 
Painted apple moth spends a significant proportion of its life cycle off its host plants and is 
potentially associated with a wide range of items. The primary factor that determines whether 
painted apple moth becomes associated with an item is considered to be the item’s proximity 
to a larval population. Painted apple moth is therefore regarded as a “hitchhiker” pest. Air and 
sea containers are known to be associated with a wide range of hitchhiker pests, including 
some moth species (MAF, 2003e; Gadgil et al., 2000; MAF Quarantine Service, unpublished 
data). 

8.3.3.2. Likelihood of entry by lifestage – eggs 
Eggs are laid either on, or very close to, the female cocoon as the female moth is largely 
immobile (Gellatley, 1983; Harris, 1988). For this reason, eggs are not considered likely to 
become associated with a container unless there is a female moth pupating on it, therefore 
eggs are considered together with other life stages in the section “pupae”. 

8.3.3.3. Likelihood of entry by lifestage – larvae 
Because of the multivoltine nature of painted apple moth, life stages overlap significantly and 
an obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 

Newly-hatched larvae 
Following hatching, a proportion of painted apple moth larvae disperse by ballooning (Flynn, 
1999; Suckling et al., 2002). This dispersal behaviour would result in larvae landing on a wide 
range of objects, including containers, not just host plants. However given that larvae need to 
feed they are not likely to remain with the container unless host plants were encountered or 
they became trapped. 
 
The time to starvation for newly hatched painted apple moth larvae is not reported. Gypsy 
moth in North America belongs to the same family and has a similar dispersal strategy 
(flightless females, first instar larvae ballooning) and in gypsy moth, neonate (unfed) larvae 
survived up to 5.8 days with an average of 4.3 days without food (Stockhoff, 1991). 
Assuming that time to starvation for painted apple moth larvae is similar, most painted apple 
moth larvae would be able to survive air transit times and a smaller proportion would be able 
to survive sea transit times, but only if they landed on the sea container just prior to loading. 
 
Conclusion statement on likelihood of entry as newly-hatched larvae via containers: 
 
Given that: 
• just over 27 percent of total container imports are from Australia; 
• newly-hatched larvae are passively dispersed and can land on a wide variety of objects; 
• a proportion of newly hatched larvae are assumed to be capable of surviving the transit 

time; 
and taking into account that: 
• newly-hatched larvae are unlikely to remain on containers unless trapped; 
• time to starvation for newly hatched larvae is assumed to be close to the direct sea transit 

times; 
it is concluded that the likelihood of importation of painted apple moth as newly-
hatched larvae via containers is negligible. 
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Older larvae 
Little is reported about the behaviour of painted apple moth larvae. It is uncertain whether 
they use resting locations that are not on the host plant or how frequently they migrate to new 
host plants. It is therefore uncertain how commonly painted apple moth larvae would be found 
on items which are not host material and whether they would do so frequently enough to 
justify the consideration of resting locations in this risk analysis. Because the larvae need to 
feed, it is assumed that they are not likely to crawl onto, and remain with, items that are not 
host material (such as containers) unless they become trapped. If it is found that larvae are 
frequently found on non-host material, this section of the risk analysis will require 
reassessment. 
 
Containers could become contaminated with painted apple moth larvae when they are 
contaminated with host foliage that contains painted apple moth larvae. As the foliage withers 
larvae are likely to leave, seeking fresh host material. 
 
Because they are both mobile and fragile, larvae are more likely to be damaged or killed in 
transit than less mobile life stages. Times to starvation for older larvae are not reported. 
 
Conclusion statement on likelihood of entry as older larvae via containers: 
 
Given that: 
• just over 27 percent of total sea container imports are from Australia; 
• a proportion of larvae are assumed to be capable of surviving the transit time; 

and taking into account that: 
• there is no particular reason to suppose that older painted apple moth larvae would be 

associated with containers; 
• larvae are not likely to stay associated with items that are not host material unless they 

become trapped; 
it is concluded that the likelihood of importation of painted apple moth as larvae via 
containers is negligible. 

8.3.3.4. Likelihood of entry by lifestage – pupae and associated life stages (adult females and egg 
masses) 

There is limited information on pupation sites for painted apple moth, however it is known to 
pupate on host plants, non-host plants and inanimate objects (Flynn, 1999; Flynn, 2000; 
Harris, 1988; Phillips, 1992). Painted apple moth has been reported pupating on a metal item 
(Harris, 1988) and the 1994 egg mass detection on a sea container would have resulted from a 
female pupating on that container. 
 
Observations in the field suggest that mature larvae may travel around 70 metres (Ian Gear, 
pers. comm. June 2006) but information confirming this distance has not been found. The 
distance that painted apple moth larvae can crawl is therefore uncertain, but this distance is an 
important factor in whether an item becomes contaminated with painted apple moth pupae. In 
the absence of documented information for this figure, or information for a related species, 
this number is described as the “maximum crawling distance”. Items that are further than the 
maximum crawling distance from where painted apple moth larvae are feeding are not likely 
to become contaminated with painted apple moth pupae. If a container was within the 
maximum crawling distance of a painted apple moth population, there is a likelihood that it 
will contain painted apple moth pupae. 
 
When a container is contaminated with painted apple moth host foliage, the contamination 
suggests that the container has been within relatively close proximity to a painted apple moth 
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host species and therefore indicates an increased likelihood of association with painted apple 
moth. It is also possible that foliage (of both host and non-host species) could carry pupae into 
containers as painted apple moth sometimes pupates on foliage although this scenario is 
considered less likely than larvae crawling onto containers and pupating. 
 
The pupal stage length for painted apple moth is variable and influenced by temperature. The 
minimum times quoted are around 6 days under high temperatures in the laboratory (Charles 
et al., 2007), with minimum field times reported to be around 2 weeks (Gellatley, 1983; 
Phillips, 1992). Under cooler conditions pupation can take weeks or even months (Charles et 
al., 2007; Phillips, 1992). The minimum times are longer than the reported transit times by sea 
and air, so painted apple moth would certainly be capable of surviving the transit time without 
emerging in transit (depending on how long it had been on the container prior to loading). 
 
Females that emerged during transit would stay with their cocoon, and are also expected to 
survive the transit conditions. If a group of pupae of mixed sex was on a sea container or 
within a single shipload, the males are expected to be able to locate the females and mate in 
transit and the females are expected to be able to lay their eggs. It is uncertain whether this 
scenario would occur on an air container as air contaminants are more likely to be internal. 
The length of time that adult females survive is not reported but they are reported to lay eggs 
within 24 hours of mating (Charles et al., 2007). The egg stage is reported to last a variable 
length of time; laboratory means from 7.8 to 37.1 days were reported at different temperatures 
(Charles et al., 2007). 
 
The ability of the painted apple moth to continue its life cycle in transit means that the 
effective time that painted apple moth can persist alive on a container in transit is longer than 
the survival period for the individual life stages, increasing the likelihood that painted apple 
moth will arrive in New Zealand in a viable condition. 
 
There is no information about the likelihood of painted apple moth surviving conditions in 
transit, but it is known that survival is possible under some circumstances, since one recorded 
interception was of live pupae (Harris, 1988). Adult moths of various species are capable of 
surviving air and sea transport from Australia (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group unpublished data, Stu Rawnsley pers. comm. May 2006) and egg masses 
of Asian gypsy moth, another lymantriid moth, are known to survive transit to New Zealand 
from east Asia by sea. 
 
Conclusion statement on likelihood of entry as pupae and associated life stages via 
containers: 
 
Given that: 
• just over 27 percent of total sea container imports are from Australia; 
• containers (especially sea containers) are likely to provide suitable pupation sites for 

painted apple moth; 
• the time that painted apple moth can persist alive on goods exceeds sea transit times, at a 

minimum by a few days but under certain conditions by weeks or months; 
and taking into account that: 
• pupae are only likely to get onto containers stored within the maximum crawling 

distance of a population of painted apple moth; 
it is concluded that the likelihood of importation of painted apple moth as pupae (and 
the associated life stages adult females and eggs) via containers is not negligible. 
 
Comments 
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There is virtually no information on which to base an estimate of how frequently painted 
apple moth pupae would arrive associated with air and sea containers. However containers are 
considered to be one of the main pathways of concern for painted apple moth arrival. Due to 
differences in use and storage conditions for air containers (i.e. mostly remaining at airports), 
these are considered less likely to be associated with painted apple moth than sea containers. 

8.3.3.5. Likelihood of entry by lifestage – adults 
Adult females are largely immobile (Gellatley, 1983; Harris, 1988) and are therefore unlikely 
to become associated with containers unless they pupated on them. For this reason, adult 
females are considered together with other life stages in the section “pupae” and are not 
considered further in this section. 
 
Adult males fly in search of females. The distances that male moths can fly is uncertain 
although Suckling (2003) reported irradiated male painted apple moth flying up to 10.5 km as 
part of a study on the use of sterile insect techniques and Suckling et al. (2004b) reported 
irradiated males flying up to 5km. There is no particular reason why adult male moths would 
become associated with a container, unless there was a female present on the container. 
Because they are mobile, adults are not likely to alight on containers and remain with them 
until they arrived in New Zealand, unless they became trapped.  
 
The reported lifespan of adult males (more than 70 percent of a laboratory population 
surviving at least 8 days) (Suckling et al., 2004b) indicates that male painted apple moth 
would be capable of surviving the time taken to travel to New Zealand by air or sea. Transit 
conditions are likely to vary depending on the type of transportation and the port of origin. 
The ability of painted apple moth adults to survive transit conditions is uncertain, however 
adult moths of other species are known to have survived transit conditions on aircraft and 
ships from Australia (MAF Biosecurity New Zealand, Biosecurity Monitoring Group 
unpublished data, Stu Rawnsley pers. comm. May 2006). However because they are both 
mobile and fragile, adult males are more likely to be damaged or killed in transit than less 
mobile life stages. 
 
Conclusion statement on likelihood of entry as adult males via containers: 
 
Given that: 
• just over 27 percent of total sea container imports are from Australia; 
• survival times for adult male painted apple moth exceed transit time for air and sea 

transport; 
and taking into account that: 
• there is no particular reason for adult male painted apple moth to become associated with 

containers or to remain with containers; 
it is concluded that the likelihood of importation of painted apple moth as adult males 
via containers is negligible. 

8.3.3.6. Current measures on containers entering New Zealand 
All loaded and most empty sea containers entering New Zealand are recorded in MAF’s 
Quancargo database. These data include: the port of loading and, if the contents are defined as 
risk goods, the contents of the container. It does not identify the origin of the container 
contents, where the contents were loaded onto the container or where the container had been 
previously. A New Zealand Customs Service database, CUSMOD, has additional data on the 
origins of imported goods. 
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The level of inspection and treatment that sea containers receive depends on various criteria, 
such as whether they are accompanied by a quarantine declaration, whether they have been in 
a country with giant African snail or whether they contain prohibited packaging materials 
(MAF, 2003b, MAF, 2003d, MAF, 2004). 
 
Under the current import health standard (IHS) for sea containers (MAF, 2003b), all sea 
containers are required to be accompanied by a quarantine declaration stating that they are 
free of contaminants. Containers are inspected by an accredited person during normal 
container handling and discharge, and depending on the risk profile of the contents, a 
proportion of containers receive inspection by MQS officers. The underside of a container is 
unlikely to be inspected as part of this inspection process. 
 
The criteria for designating a sea container “high risk”, especially for 6-sided inspection, are 
not likely to identify containers likely to be contaminated with painted apple moth. 
Furthermore, the main factor that leads to a container becoming contaminated with painted 
apple moth is storage within the maximum crawling distance of where larvae are feeding. 
Whether or not a container has been within this distance of a painted apple moth population 
cannot be determined from the available information. 
 
There are no data on the efficacy of sea container inspection (whether 6-sided or standard). It 
is uncertain whether either standard or 6-sided inspection would detect painted apple moth life 
stages on a container, especially pupae, the most likely life stage to occur. In particular, 
standard inspection would be unlikely to detect painted apple moth pupae on the lower 
surface of a sea container. 
 
There is no formal procedure for inspection of air containers (as opposed to air container 
cargo) for contaminants although accredited persons and sometimes quarantine officers 
inspect air containers for contaminants during handling. 
 
Conclusion statement on the impact of current measures on the likelihood of entry 
associated with containers: 
 
Given that: 
• it is not possible to determine exactly which containers are the highest risk for painted 

apple moth contamination; 
• containers are known to be associated with the transport of a range of hitchhiker pests, 

including moth pupae; 
• the standard inspection of sea containers is likely to have little chance of detecting 

painted apple moth contaminating the lower surface of a sea container; 
and taking into account that: 
• there has only been one reported painted apple moth interception on a container, and 

none during the last 10 years; 
it is concluded that, taking into account the current measures, the likelihood of entry of 
painted apple moth pupae (and the associated life stages adult females and eggs) via 
containers is not negligible. 
 
Comment 
Use and storage conditions suggest that air containers are less likely to be contaminated than 
sea containers. 
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8.3.4. Fresh plant material 
Most fresh plant material imported is fresh fruit and vegetables. While some of the species 
imported from Australia are reported as hosts (e.g. pear, Pyrus spp.), painted apple moth life 
stages are considered no more likely to contaminate the plant parts imported (fruit as opposed 
to foliage) than they are to contaminate other commodities. Therefore fruit and vegetables are 
considered under “general commodities”. 
 
Other fresh plant material is imported as cut flowers and foliage (MAF, 2002b) or nursery 
stock (MAF, 2005b). Only a small proportion of the material permitted for import as cut 
flowers and foliage or nursery stock is known to be painted apple moth host material from 
Australia, although the known host range for painted apple moth is not considered to be 
complete. 
 
For cut foliage there are three reported host genera (see appendix X) permitted for import 
from Australia (Gladiolus, Grevillea and Rosa (MAF, 2002b) but there are no records of 
imports of these species in the last year (MAF Quarantine Service unpublished data). Again, 
non-host foliage is considered no more likely than any other type of commodity to be 
contaminated and is included under general commodities. 
 
Because of the wide range of known hosts (see appendix F) and the way that data on imports 
are stored it is difficult to determine how much nursery stock imported is host material. 
Nursery stock of some host species has been imported from Australia in the last five years, for 
example Acacia, Callistemon and Photinia (MQS, Quancargo database). 
 
In general the volumes for this pathway are low, even though nursery stock and cut flowers/ 
foliage of host species is permitted to be imported from Australia. 
 
Nursery stock is perishable and not likely to be stored for any length of time before transit. 

8.3.4.1. Reasons for including fresh plant material pathways. 
There have been no interceptions of painted apple moth associated with cut flowers and 
foliage or nursery stock. However a number of species permitted for import are reported hosts 
of painted apple moth. 
 
There have been a number of field detections of painted apple moth in New Zealand (MAF 
Biosecurity New Zealand, Investigation and Diagnostic Centres, unpublished data), 
suggesting that it has crossed the border on a number of occasions (more than 5) in the last 
decade. However there has not been a confirmed interception associated with any pathway 
since the interception on container in 1994 (MAF Biosecurity New Zealand, Investigation and 
Diagnostic Centres, unpublished data). The choice of pathways to examine for this risk 
analysis can therefore not be based on interception data. 

8.3.4.2. Likelihood of entry by lifestage – eggs 
Eggs are laid either on, or very close to, the female cocoon as the female moth is largely 
immobile (Gellatley, 1983; Harris, 1988). For this reason, eggs are not considered likely to 
become associated with imported goods, even host plant material, unless there is a female 
moth pupating on them, therefore, eggs are considered together with other life stages in the 
section “pupae”. 
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8.3.4.3.  Likelihood of entry by lifestage – larvae 
Because of the multivoltine nature of painted apple moth, life stages overlap significantly and 
an obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 
 
Little is reported about the behaviour of painted apple moth larvae. For example while it is 
reported that they disperse by ballooning (Flynn, 1999; Suckling et al., 2002), it is not 
reported what proportion balloon and what proportion remain on the nearest host to the 
pupation site. It is reported that they do not aggregate (Phillips, 1992), but it not reported 
whether they hide in any way or use resting locations that are not on the host plant. 
 
Transit conditions are likely to vary depending on the type of transportation. The ability of 
larvae to survive transit conditions is uncertain, although lepidopteran larvae have survived 
transit by air (for example the Hyphantria species reported in passenger baggage (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished data). The ability of 
painted apple moth larvae to tolerate starvation is uncertain but is not considered to be a factor 
for larvae transported to New Zealand on live host material. 
 
In the absence of detailed information on the environmental tolerances of larvae and the 
conditions they would be exposed to, it is assumed that at least a proportion of larvae are 
capable of surviving the transit conditions 
 
Because they are both mobile and fragile, larvae are more likely to be damaged or killed in 
transit than less mobile life stages, however in the case of nursery stock and cut flowers and 
foliage, they would be transported on comparatively fragile material, so damage in transit is 
not considered to be a significant factor for this pathway. 
 
Conclusion statement on likelihood of entry as larvae via fresh foliage pathways: 
 
Given that: 
• larvae are more commonly associated with host plant foliage than any other material; 
• a proportion of larvae are assumed to be capable of surviving the transit conditions; 
and taking into account that: 
• volumes of known host material on this pathway are generally low; 
it is concluded that the likelihood of importation of painted apple moth as larvae via 
nursery stock and cut flowers and foliage is not negligible. 

8.3.4.4. Likelihood of entry by lifestage – pupae and associated life stages (adult females and egg 
masses) 

There is limited information on pupation sites for painted apple moth, however it is known to 
pupate on host plants, non-host plants and inanimate objects (Flynn, 1999; Flynn, 2000; 
Harris, 1988; Phillips, 1992). It is not reported exactly where on the host plant painted apple 
moth pupates but in at least some cases pupation is reported among the foliage (Phillips, 
1992). 
 
The pupal stage length for painted apple moth is variable and influenced by temperature. The 
minimum times quoted are around 6 days under high temperatures in the laboratory (Charles 
et al., 2007), with minimum field times reported to be around 2 weeks (Gellatley, 1983; 
Phillips, 1992). Under cooler conditions pupation can take weeks or even months (Charles et 
al., 2007; Phillips, 1992). The minimum times are much longer than the reported transit times 
by air from Australia, so painted apple moth would certainly be capable of surviving the 
transit time without emerging in transit. 
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Females that emerged during transit would stay with their cocoon. If a group of pupae of 
mixed sex was within a consignment, it is uncertain whether the males would be able to locate 
the females and mate in transit; this would depend on the packaging, but if they were within a 
single box it is expected that this would occur. If mated, females are expected to be able to lay 
their eggs in transit. The length of time that adult females survive is not reported but they are 
reported to lay eggs within 24 hours of mating (Charles et al., 2007). The egg stage is reported 
to last a variable length of time; laboratory means from 7.8 to 37.1 days were reported at 
different temperatures (Charles et al., 2007). 
 
The ability of painted apple moth to continue its life cycle in transit means that the effective 
time that painted apple moth can persist alive in transit is longer than the survival period for 
the individual life stages, increasing the likelihood that painted apple moth will arrive in New 
Zealand in a viable condition. 
 
There is no information about the likelihood of painted apple moth surviving conditions in 
transit, but it is known that survival is possible under some circumstances, since one recorded 
interception was of live pupae (Harris, 1988). Adult moths of various species are capable of 
surviving air and sea transport from Australia (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group unpublished data, Stu Rawnsley pers. comm. May 2006) and egg masses 
of Asian gypsy moth, another lymantriid moth, are known to survive transit to New Zealand 
from east Asia. 
 
Conclusion statement on likelihood of entry as pupae and associated lifestages via fresh 
foliage pathways: 
 
Given that: 
• pupae are known to be associated with host plants, including host foliage; 
• the time that painted apple moth can persist alive on goods, exceeds transit times by 

weeks or months; 
and taking into account that: 
• volumes on this pathway are generally low; 
it is concluded that the likelihood of importation of painted apple moth as pupae via 
nursery stock and cut flowers and foliage is not negligible. 

8.3.4.5. Likelihood of entry by lifestage – adults 
Adult females are largely immobile (Gellatley, 1983; Harris, 1988) and are therefore unlikely 
to become associated with a host plant material unless she pupated on it. For this reason, adult 
females are considered together with other life stages in the section “pupae” and are not 
considered further in this section. 
 
Adult males fly in search of females. The distances that male moths can fly is uncertain 
although Suckling (2003) reported irradiated male painted apple moth flying up to 10.5 km as 
part of a study on the use of sterile insect techniques and Suckling et al. (2004b) reported 
irradiated males flying up to 5km. There is no particular reason why adult male moths would 
become associated with host plant material, unless there was a female present on the material. 
Because they are mobile, adults are not likely to alight on host plants and remain with them 
until they arrived in New Zealand, unless they became trapped.  
 
The reported lifespan of adult males (more than 70 percent of a laboratory population 
surviving at least 8 days) (Suckling et al., 2004b) indicates that male painted apple moth 
would be capable of surviving the time taken to travel to New Zealand by air or sea. Transit 
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conditions are likely to vary depending on the type of transportation and the port of origin. 
The ability of painted apple moth adults to survive transit conditions is uncertain, however 
adult moths of various species are capable of surviving air transport from Australia (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group unpublished data, Stu Rawnsley 
pers. comm. May 2006). Because they are both mobile and fragile, adult males are more 
likely to be damaged or killed in transit than less mobile life stages. However in the case of 
nursery stock and cut flowers and foliage they would be being transported on comparatively 
fragile material, so damage in transit is not considered to be a significant factor for this 
pathway. 
 
Conclusion statement on likelihood of entry as adults via fresh foliage pathways: 
 
Given that: 
• survival times for adult male painted apple moth exceed transit time for air and sea 

transport; 
and taking into account that: 
• volumes on this pathway are generally low; 
• there is no particular reason for adult male painted apple moth to become associated with 

host foliage or to remain with host foliage; 
it is concluded that the likelihood of importation of painted apple moth as adult males 
via nursery stock and cut flowers and foliage is negligible. 

8.3.4.6. Current measures on fresh foliage pathways 
A range of different levels of measures are applied to nursery stock and cut flowers and 
foliage, depending on the species and the pests known to occur on that species. These are set 
out in the nursery stock (MAF, 2005b) and cut flowers and foliage standards (MAF, 2002b). 
 
For cut flowers and foliage, the host taxa imported from Australia have a requirement for 
visual inspection of a sample of the consignment (based on the total size of the consignment) 
(MAF, 2002b). If organisms are found, a range of treatment options can be used (MAF, 
2005a). In the first instance, the recommended treatment is either: 

spray with pestigas (pyrethrum + CO2) at 4.4 g/m3 and hold for 10 minutes followed by 
spraying with ECO2 Fume (phosphine + CO2) at 700 ppm a.i./m3 and hold for 15 hours 
at a minimum of 15oC) 
OR 
methyl bromide fumigation (48 g/m3 for 2 hours at 10-15oC, rate lower for higher 
temperatures) 
OR 
two different insecticide treatments 

 
There is little information on which to base an assessment on the efficacy of the inspection for 
cut flowers and foliage. A survey (by the Biosecurity Monitoring Group) was conducted on 
this pathway in late 2006 but the results were not available when this analysis was done. At a 
later stage, the implications of the survey results for this analysis will be considered 
separately, but will not be included in this analysis. Depending on the results of this survey, 
the conclusions of this section of the risk analysis may require reconsideration. 
 
The efficacy of the treatments is not evaluated in detail here as the pathway is considered 
overall to be of lower risk than some of the others considered here. However some 
considerations are: 
• the insecticides listed have varying reported levels of efficacy as quarantine treatments on 

Lepidoptera. A detailed analysis of the available knowledge on efficacy is given in the 
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Import Risk Analysis for Wollemia nobilis nursery stock from Australia (Ormsby, 2007). 
This analysis suggests that in some cases the insecticides listed a suitable for risk 
mitigation on this pathway, but for others there is minimal efficacy information; 

• the methyl bromide rates are known to be effective for other moth species, for example 
the most resistant life stage of codling moth Cydia pomonella (Yokoyama et al., 1990); 

• painted apple moth larvae and cocoons are not considered to be difficult to detect visually 
on the types of material imported as fresh flowers and foliage. 

 
For nursery stock the minimum level is “basic”, with additional measures applied to some 
species from some countries (MAF, 2005b). For the purpose of this risk analysis this 
minimum level is considered as some painted apple moth host species can be imported under 
this category. Additional measures will be applied to some nursery stock depending on other 
pests reported in association with that plant species, but these are not considered here. 
 
The requirements are that all material imported as nursery stock be free from soil and 
extraneous material, and undergo various treatments for different pest groups prior to arrival 
in New Zealand. For insects the options (summarised) are: 

methyl bromide fumigation (48 g/m3 for 2 hours at 10-15oC, rate lower for higher 
temperatures) 
OR 
hot water treatment combined with insecticide dip 
OR 
2 different insecticide treatments 

 
On arrival, all nursery stock undergoes a minimum period of 3 months post-entry quarantine 
(MAF, 2005b). 
 
The efficacy of these treatments is not evaluated in detail here as the pathway is considered 
overall to be of lower risk than some of the others considered here. However some 
considerations are: 
• the methyl bromide rates are known to be effective for the most resistant life stage of 

codling moth (Cydia pomonella) (Yokoyama et al., 1990); 
• the insecticides listed are broad spectrum insecticides that active both on contact and 

ingestion, and 5 of the 11 are listed in the 2004 Agrichemical manual (AgriMedia, 2004) 
as suitable for other lepidopteran species at either the rates listed or at lower rates than the 
rates listed in the standard; 

• temperatures as prescribed in the hot water treatment are reported as effective against 
some insects but not others (Frontline Biosecurity, unpublished report, January 2002); 

• painted apple moth larvae and cocoons are not considered to be difficult to detect visually 
on the types of material imported as nursery stock. 

 
Conclusion statement on the impact of current measures on the likelihood of entry via 
nursery stock: 
 
Given that: 
• some painted apple moth host species are permitted to be imported; 
and taking into account that: 
• overall volumes are very low; 
• nursery stock is subject to treatment (fumigation, insecticide, hot water) and post-entry 

quarantine; 
• painted apple moth life stages are likely to be conspicuous; 
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it is concluded that the likelihood of importation of painted apple moth via nursery stock 
is negligible. 
 
A conclusion on the impact of the current measures for cut flowers and foliage is 
deferred until the results of the survey have been evaluated. 

8.3.5. Packaging materials 
A wide variety of materials is used as packaging to prevent damage to goods in transit. These 
can include peat, bark, straw, sacking, wood (treated or untreated), paper, plastic and metal. 
Also included in this category are crates and cartons into which goods such as fresh produce 
are packed, and material used to stabilise cargo within the container such as dunnage and 
wedges. 
 
Just over 377 000 loaded containers a year arrive in New Zealand, just over 30 percent 
(118_000) from Australia. Precise volumes for air containers are not available (see container 
section for further discussion). Approximately 50 percent of sea containers contain wood 
packaging (MAF, 2002a). Figures for other sorts of packaging are not available but it is 
assumed that most containers would contain some form of packaging. 
 
Packaging materials are known to be associated with hitchhiker pests (MAF, 2002a; IPPC, 
2002; Pasek, 2000). Attention has recently been focused on untreated wood packaging which 
has been associated with many interceptions and some significant incursions overseas (Pasek, 
2000). 
 
A particular concern with packaging materials is that they are re-used and so the true origin of 
packaging can be difficult to determine (IPPC, 2002). A container arriving in New Zealand 
from Australia may have packaging that was previously in China or North America for 
example. 

8.3.5.1. Reason for inclusion of packaging material pathway 
There is only one interception of painted apple moth associated with imported goods and this 
was on container packaging (Harris, 1988). The interception was in Dunedin in 1983 and was 
of five pupae and some eggs on a metal frame that supported glass in a container from 
Australia. The pupae were viable and when kept in the laboratory, adults emerged, mated, laid 
eggs and then the eggs hatched. Painted apple moth is not reported to have established in 
Dunedin. 
 
This record was one of only two interceptions of painted apple moth associated with any 
pathway, and there have been none since 1994, despite a number of field interceptions in New 
Zealand (MAF Biosecurity New Zealand, Investigation and Diagnostic Centres, unpublished 
data). The choice of pathways to examine for this risk analysis can therefore not be based on 
interception data. 
 
Painted apple moth spends a significant proportion of its life cycle off its host plants and is 
potentially associated with a wide range of items. The primary factor that determines whether 
painted apple moth becomes associated with an item is the item’s proximity to a larval 
population. Painted apple moth is therefore regarded as a “hitchhiker” pest. 

8.3.5.2. Likelihood of entry by lifestage – eggs 
Eggs are laid either on, or very close to, the female cocoon as the female moth is largely 
immobile (Gellatley, 1983; Harris, 1988). For this reason, eggs are not considered likely to 
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become associated with container packaging unless there is a female moth pupating on the 
material, therefore eggs are considered together with other life stages in the section “pupae”. 

8.3.5.3. Likelihood of entry by lifestage – larvae 
 
Because of the multivoltine nature of painted apple moth, life stages overlap significantly and 
an obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 

Newly-hatched larvae 
Following hatching, a proportion of painted apple moth larvae disperse by ballooning (Flynn, 
1999; Suckling et al., 2002). This dispersal behaviour would result in larvae landing on a wide 
range of objects, not just host plants. They would be unlikely to land on container packaging 
that was inside a container; although this scenario is theoretically possible if the container is 
open. Larvae are most likely to become associated with container packaging if packaging is 
stored outside. However given that larvae need to feed they are not likely to stay associated 
with container packaging unless they become trapped inside the container. 
 
The time to starvation for newly-hatched painted apple moth larvae is not reported. Gypsy 
moth in North America belongs to the same family and has a similar dispersal strategy 
(flightless females, first instar larvae ballooning) and in gypsy moth neonate (unfed) larvae 
survived up to 5.8 days with an average of 4.3 days without food (Stockhoff, 1991). 
Assuming that time to starvation for painted apple moth larvae is similar, most painted apple 
moth larvae would be able to survive air transit times and a smaller proportion would be able 
to survive sea transit times, but only if they landed on the container packaging just prior to 
loading. 
 
Conclusion statement on likelihood of entry as newly-hatched larvae via packaging 
materials: 
 
Given that: 
• approximately 118 000 loaded sea containers and an unknown number of air containers, 

most of them containing packaging material, were imported from Australia in the last 
year; 

• newly-hatched larvae are passively dispersed and can land on a wide variety of objects; 
• a proportion of newly-hatched larvae are assumed to be capable of surviving the transit 

time; 
and taking into account that: 
• newly-hatched larvae are unlikely to remain on container packaging unless trapped; 
• time to starvation for newly-hatched larvae is assumed to be close to the direct sea transit 

times; 
it is concluded that the likelihood of importation of painted apple moth as newly-
hatched larvae packaging materials is negligible. 

Older larvae 
Little is reported about the behaviour of painted apple moth larvae. For example, it is 
uncertain whether they use resting locations that are not on the host plant or how frequently 
they migrate to new host plants. It is therefore uncertain how commonly painted apple moth 
larvae would be found on items which are not host material, and whether they would do so 
frequently enough to justify the consideration of resting locations in this risk analysis. 
Because the larvae need to feed, it is assumed that they are not likely to crawl onto, and 
remain with, items that are not host material (such as container packaging stored outside) 
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unless they become trapped. If it is found that larvae are frequently found on non-host 
material, this section of the risk analysis will require reassessment. 
 
Because they are both mobile and fragile, larvae are more likely to be damaged or killed in 
transit than less mobile life stages. Times to starvation for older larvae are not reported. 
 
Conclusion statement on likelihood of entry as older larvae via packaging materials: 
 
Given that: 
• approximately 118 000 loaded sea containers and an unknown number of air containers, 

most of them containing packaging material, were imported from Australia in the last 
year; 

• a proportion of larvae are assumed to be capable of surviving the transit time; 
and taking into account that: 
• there is no particular reason to suppose that older painted apple moth larvae would be 

associated with container packaging; 
• larvae are not likely to stay associated with items that are not host material unless they 

become trapped; 
it is concluded that the likelihood of importation of painted apple moth as larvae via 
packaging materials is negligible. 

8.3.5.4. Likelihood of entry by lifestage – pupae and associated lifestages (adult females and egg 
masses) 

There is limited information on pupation sites for painted apple moth, however it is known to 
pupate on host plants, non-host plants and inanimate objects (Flynn, 1999; Flynn, 2000; 
Harris, 1988; Phillips, 1992). Painted apple moth has been reported pupating on a metal frame 
supported goods in a container (Harris, 1988) and it is reasonable to assume that other 
container packaging would contain suitable pupation sites. 
 
Observations in the field suggest that mature larvae may travel around 70 metres (Ian Gear, 
pers. comm. June 2006) but information confirming this distance has not been found. The 
distance that painted apple moth larvae can crawl is therefore uncertain, but this distance is an 
important factor in whether an item becomes contaminated with painted apple moth pupae. In 
the absence of documented information for this figure, or information for a related species, 
this number is described as the “maximum crawling distance”. Items that are further than the 
maximum crawling distance from where painted apple moth larvae are feeding are not likely 
to become contaminated with painted apple moth pupae. If packaging material was within the 
maximum crawling distance of a population of painted apple moth larvae, there is a likelihood 
that it will contain painted apple moth pupae. 
 
The pupal stage length for painted apple moth is variable and influenced by temperature. The 
minimum times quoted are around 6 days under high temperatures in the laboratory (Charles 
et al., 2007), with minimum field times reported to be around 2 weeks (Gellatley, 1983; 
Phillips, 1992). Under cooler conditions pupation can take weeks or even months (Charles et 
al., 2007, Phillips, 1992). The minimum times are longer than the reported transit times by 
sea, so painted apple moth would certainly be capable of surviving the transit time without 
emerging in transit (depending on how long it had been on the container prior to loading). 
 
Females that emerged during transit would stay with their cocoon, and are also expected to 
survive the transit conditions. If a group of pupae of mixed sex was on packaging in a 
container, the males are expected to be able to locate the females and mate in transit and the 
females are expected to be able to lay their eggs. The length of time that adult females survive 
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is not reported but they are reported to lay eggs within 24 hours of mating (Charles et al., 
2007). The egg stage is reported to last a variable length of time; laboratory means from 7.8 to 
37.1 days were reported at different temperatures (Charles et al., 2007). 
 
The ability of painted apple moth to continue its life cycle in transit means that the effective 
time that painted apple moth can persist alive on container packaging in transit is longer than 
the survival period for the individual life stages, increasing the likelihood that painted apple 
moth will arrive in New Zealand in a viable condition. 
 
There is no information about the likelihood of painted apple moth pupae surviving 
conditions in transit, but it is known that survival is possible under some circumstances, since 
one recorded interception was of live pupae (Harris, 1988). Adult moths of various species are 
capable of surviving air and sea transport from Australia (MAF Biosecurity New Zealand, 
Biosecurity Monitoring Group unpublished data, Stu Rawnsley pers. comm. May 2006) and 
egg masses of Asian gypsy moth, another lymantriid moth, are known to survive transit to 
New Zealand from east Asia. 
 
Conclusion statement on likelihood of entry as pupae and associated lifestages via 
packaging materials: 
 
Given that: 
• approximately 118 000 loaded sea containers and an unknown number of air containers, 

most of them containing packaging material, were imported from Australia in the last 
year; 

• container packaging is likely to provide suitable pupation sites for painted apple moth; 
• the time that painted apple moth can persist alive on goods, exceeds sea transit times, at a 

minimum by a few days but under certain conditions by weeks or months; 
and taking into account that: 
• pupae are only likely to occur on container packaging stored within the maximum 

crawling distance of a population of painted apple moth; 
it is concluded that the likelihood of importation of painted apple moth as pupae via 
packaging materials is not negligible. 
 
Comments 
There is virtually no information on which to base an estimate of how frequently painted 
apple moth pupae would arrive associated with container packaging. However pupae and 
associated life stages on packaging is considered to be one of the main pathways of concern 
for painted apple moth arrival. 

8.3.5.5. Likelihood of entry by lifestage – adults 
Adult females are largely immobile (Gellatley, 1983; Harris, 1988) and are therefore unlikely 
to become associated with container packaging unless pupating on the packaging. For this 
reason, adult females are considered together with other life stages in the section “pupae” and 
are not considered further in this section. 
 
Adult males fly in search of females. The distances that male moths can fly is uncertain 
although Suckling (2003) reported irradiated male painted apple moth flying up to 10.5 km as 
part of a study on the use of sterile insect techniques and Suckling et al. (2004b) reported 
irradiated males flying up to 5km. There is no particular reason why adult male moths would 
become associated with container packaging, unless there was a female present on the 
container. Because they are mobile, adults are not likely to alight on container packaging and 
remain with it until it arrived in New Zealand, unless they became trapped.  
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The reported lifespan of adult males (more than 70 percent of a laboratory population 
surviving at least 8 days) (Suckling et al., 2004b) indicates that male painted apple moth 
would be capable of surviving the time taken to travel to New Zealand by air or sea. Transit 
conditions are likely to vary depending on the type of transportation and the port of origin. 
The ability of painted apple moth adults to survive transit conditions is uncertain, however 
moths of various species are capable of surviving air and sea transport from Australia (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group unpublished data, Stu Rawnsley 
pers. comm. May 2006). Because they are both mobile and fragile, adult males are more 
likely to be damaged or killed in transit than less mobile life stages. However because they are 
both mobile and fragile, adult males are more likely to be damaged or killed in transit than 
less mobile life stages. 
 
Conclusion statement on likelihood of entry as adults via packaging materials: 
 
Given that: 
• approximately 118 000 loaded sea containers and an unknown number of air containers, 

most of them containing packaging material, were imported from Australia in the last 
year; 

• survival times for adult male painted apple moth exceed transit time for air and sea 
transport; 

and taking into account that: 
• there is no particular reason for adult male painted apple moth to become associated with 

container packaging or to remain with container packaging unless trapped; 
it is concluded that the likelihood of importation of painted apple moth as adult males 
via packaging materials is negligible. 

8.3.5.6. Current measures on container packaging 
There is a range of measures on packaging materials imported into New Zealand. While there 
are no measures specifically for painted apple moth, some of the measures are expected to 
affect the likelihood of painted apple moth arrival. 
 
Some forms of packaging material are restricted. Restricted packaging material is defined as: 
soil, peat, raw green or contaminated moss, used sacking material, hay, straw, chaff and any 
packing material contaminated with the above (MAF, 2003b). How these packaging materials 
are handled will depend on the type of packaging material and contamination, for example the 
whole container could be fumigated if live insects were detected but in other the cases the 
restricted packaging might be removed and destroyed (Suzanne Brangwin, MQS pers. comm. 
February 2006). 
 
Wood packaging (materials such as cases, crates and pallets and wood used to separate, brace, 
protect or secure cargo in transit) is not defined as “restricted” but due to international 
requirements an increasing proportion of the wood packaging entering New Zealand has been 
subject to treatment such as fumigation with methyl bromide (Mike Ormsby pers. comm.). 
New Zealand is currently implementing ISPM 15 (IPPC, 2002), which will require that all 
wood packaging has undergone specified treatment (kiln drying or methyl bromide 
fumigation). A new import health standard has been developed based on ISPM 15 and was in 
the process of being implemented when this analysis was written (MAF, 2006b). 

8.3.5.7. Efficacy of treatments on painted apple moth pupae 
There is little detailed information on the efficacy of the specified treatments for painted apple 
moth. Lepidoptera are not among the taxa identified as “practically eliminated” in wood 
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packaging by the specified treatments (IPPC, 2002), but it is unclear whether they are not 
mentioned because the treatments are not known to be effective or that they were not among 
the main taxa of concern when the standard was developed. 
 
Methyl bromide is widely used for killing Lepidoptera including fall webworm adults, larvae 
and pupae (CAB International, 2002) and Asian gypsy moth (USACHPPM, 1994). In the 
absence of any information suggesting that painted apple moth would be unusually resistant, 
it is assumed that methyl bromide would also be effective against painted apple moth. 
 
Detailed information on the heat tolerance of painted apple moth has not been found. The 
specified heat treatment (56oC for 30 minutes) has been tested against diapausing egg masses 
of gypsy moth (both the Asian and European strains) and reported to be 100 percent effective 
(significantly shorter periods, as little as 5 minutes, were effective) (Frontline Biosecurity, 
unpublished report, July 2001). In general the thermal mortality thresholds for Lepidoptera 
are consistent with those for other invertebrates, such as longhorn beetles (Cerambycidae), 
with temperatures greater than 50oC being fatal to nearly all insects (Frontline Biosecurity, 
unpublished report, January 2002) so it is reasonable to assume that the specified heat 
treatment would be effective for painted apple moth. 
 
Under ISPM 15 the treatments are only required to be applied once in the life of the wood 
packaging (IPPC, 2002), that is, the purpose of the treatment is to remove organisms that 
become associated with the packaging when it is live wood, and not hitchhiker pests that 
become associated with the packaging during use and storage. The ISPM 15 treatment means 
that if there are painted apple moth pupae under the bark of a harvested tree and this tree is 
turned into wood packaging, the pupae will be treated before the packaging arrives in New 
Zealand, and available information suggests that this treatment would be effective. However 
if the pupae become associated with the packaging following treatment, for example if it was 
stored outside a warehouse near a tree, the packaging would not be treated before arrival in 
New Zealand and would only be treated on arrival if contamination was detected. 
 
Conclusion statement on the impact of current measures on the likelihood of entry for 
painted apple moth associated with packaging materials: 
 
Given that: 
• some forms of packaging which may be associated with painted apple moth are restricted; 
• ISPM 15 recommended treatments for wood packaging are expected to be effective on 

painted apple moth; 
and taking into account that: 
• wood packaging is only treated once under ISPM 15, therefore there will be no effect on 

painted apple moth that contaminates the packaging during use and storage; 
• other forms of packaging have no specific treatment unless live organisms are detected; 
it is concluded that, taking into account the current measures, the likelihood of entry of 
painted apple moth pupae via container packaging is not negligible. 

8.3.6. Passengers, baggage and unaccompanied personal effects 
Just over 1.8 million passengers from Australia entered New Zealand in the year ended June 
2005 (approximately 42 percent of arrivals), the vast majority by air (year ended June 2005 
migration data from Statistics New Zealand, 2005). Of these, approximately half were 
New Zealanders returning from travel to Australia and just under half were Australian 
residents visiting New Zealand (table 33). 
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Unaccompanied personal effects are most commonly household goods brought by new 
migrants (or New Zealanders returning from living overseas) and are usually imported by sea 
container. In the year ended June 2005 there were just under 14 000 permanent or long-term 
migrants from Australia  (Statistics New Zealand, 2005). Arrivals from Australia make up 
approximately 17 percent of permanent or long-term migrants (table 33). A survey (by the 
Biosecurity Monitoring Group) was conducted on this pathway in 2006 but the results were 
not available when this analysis was done. The report on this survey contains further 
information on the types and volumes of goods on this pathway. 
 
Table 33. Arrivals from Australia year ending June 2005 (Statistics New Zealand, 2005) 

 short term 
visitors 

short term 
departures (NZ 
residents) 

permanent and long-
term arrivals total 

Australia 874 860  919 334  13 742    1 807 936  
total 2 403 768  1 809 894  79 139    4 292 801  

 
Although the data here are for the whole of Australia, painted apple moth occurs only in some 
areas. The proportion of Australia where painted apple moth occurs is comparatively small, 
however it covers all mainland states and territories except Western Australia and the 
Northern Territory and covers major population centres such as Sydney, Melbourne and 
south-eastern Queensland. 
 
Direct air transport times from parts of Australia with painted apple moth range from 3-5 
hours (Air New Zealand, 2006). Because this time is well below the period of time that all life 
stages of painted apple moth can survive (without food), further details on air transit times are 
not presented here. 
 
Sea transit times from some Australian ports with painted apple moth are presented in table 1 
(see section 8.3.1). Some, but not all sea transport is direct (for example see The New Zealand 
Shipping Gazette, 2005). Again, these direct transit times are less than the survival periods for 
all life stages so transit time is not considered to be significant factor in this risk analysis. 

8.3.6.1. Reasons for including passengers and personal effects pathways. 
Painted apple moth is considered to be a species with a low likelihood for deliberate 
introduction, as it does not have particularly desirable features (e.g. large, showy, economic 
uses). Internet searches of live insects for purchase did not show any sites selling painted 
apple moth (9 Mar 2006). Therefore any introduction associated with passengers or their 
personal effects is most likely to be accidental. 
 
Painted apple moth spends a significant proportion of its life cycle off its host plants and is 
potentially associated with a wide range of items. The primary factor that determines whether 
painted apple moth becomes associated with an item is the item’s proximity to a larval 
population. Painted apple moth is therefore regarded as a “hitchhiker” pest. Some of the items 
carried either with accompanied baggage or household goods are associated other 
“hitchhiker” pests, so they are considered to be a potential painted apple moth pathway.  
 
There have been a number of field detections of painted apple moth in New Zealand (MAF 
Biosecurity New Zealand, Investigation and Diagnostic Centres, unpublished data), 
suggesting that it has crossed the border on a number of occasions (more than 5) in the last 
decade. However there has not been a confirmed interception associated with any pathway 
since the interception on a sea container in 1994 (MAF Biosecurity New Zealand, 
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Investigation and Diagnostic Centres, unpublished data). The choice of pathways to examine 
for this risk analysis can therefore not be based on interception data. 
 
Note: the first stage of the risk assessment considers the likelihood of entry in the absence of 
biosecurity measures, which is commonly inferred by considering the types and quantities of 
biosecurity hazards intercepted(although interception records need to be interpreted with 
some caution as outlined in the uncertainty summary section 11.2.2). In the case of measures 
on the passenger pathway, the biosecurity measures in place are considered to have a 
significant impact in reducing the type and quantity of material before it reaches the b order, 
that is, many passengers know that certain goods are prohibited and do not attempt to bring 
them into New Zealand. Therefore, while in principle likelihood of entry for each life stage is 
assessed in the absence of the current measures, in reality this separation is not particularly 
meaningful for this pathway. 

8.3.6.2. Likelihood of entry by lifestage – eggs 
Eggs are laid either on, or very close to, the female cocoon as the female moth is largely 
immobile (Gellatley, 1983; Harris, 1988). For this reason, eggs are not considered likely to 
become associated with items unless there is a female moth pupating on the item. For this 
reason, eggs are considered together with other life stages in the section “pupae”. 

8.3.6.3. Likelihood of entry by lifestage – larvae 
Because of the multivoltine nature of painted apple moth, life stages overlap significantly and 
an obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 

Newly-hatched larvae 
Following hatching, a proportion of painted apple moth larvae disperse by ballooning (Flynn, 
1999; Suckling et al., 2002). This dispersal is passive and would result in larvae landing on a 
wide range of objects (including the types of objects carried by passengers or with household 
goods) not just host plants. However given that larvae need to feed they are not likely to stay 
associated with non-host items unless they become trapped. 
 
The time to starvation for newly-hatched painted apple moth larvae is not reported. Gypsy 
moth from North America belongs to the same family and has a similar dispersal strategy 
(flightless females, first instar larvae ballooning) and in gypsy moth neonate (unfed) larvae 
survived up to 5.8 days with an average of 4.3 days without food (Stockhoff, 1991). 
Assuming that time to starvation for painted apple moth larvae is similar, most painted apple 
moth larvae would be able to survive air transit times but a much smaller proportion would 
survive the sea transit time. 
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Conclusion statement on likelihood of entry for newly-hatched larvae via passengers and 
personal effects pathways: 
 
Given that: 
• 42 percent of passenger arrivals (880 000 people) and 17 percent of permanent and long-

term migrants in the year ended June 2005 were from Australia; 
• newly-hatched larvae are passively dispersed and can land on a wide variety of objects; 
• newly-hatched larvae are assumed to be able to survive the air transit time; 
and taking into account that: 
• only a small proportion of passenger baggage and household goods are likely to have 

painted apple moth larvae land on them; 
• newly-hatched larvae are unlikely to remain with the types of items transported as 

passenger baggage and household goods; 
• time to starvation for newly-hatched larvae is assumed to be close to the direct sea transit 

times; 
it is concluded that the likelihood of importation of painted apple moth as newly-
hatched larvae via passengers and personal effects is negligible. 

Older larvae 
Little is reported about the behaviour of painted apple moth larvae. For example, it is 
uncertain whether they use resting locations that are not on the host plant or how frequently 
they migrate to new host plants. It is therefore uncertain how commonly painted apple moth 
larvae would be found on items which are not host material, and whether they would do so 
frequently enough to justify the consideration of resting locations in this risk analysis. 
Because the larvae need to feed, it is assumed that they are not likely to crawl onto, and 
remain with, items that are not host material unless they become trapped. If it is found that 
larvae are frequently found on non-host material, this section of the risk analysis will require 
reassessment. 
 
Items could become contaminated with painted apple moth larvae when they are 
contaminated with host foliage that contains painted apple moth larvae. As the foliage withers 
larvae are likely to leave, seeking fresh host material. Outdoor furniture and camping gear is 
considered to be the most likely to be contaminated. 
 
Larvae may also occur on foliage and be inadvertently be carried by passengers carrying live 
foliage. Passengers are commonly found to be attempting to bring live foliage into New 
Zealand, either as cut flowers or nursery stock. For example during an eight week survey 
period at Auckland International Airport, 8703 items defined as “fresh flowers and foliage” 
were seized (Wedde et al., 2006). While fresh foliage is prohibited and inspected for on this 
pathway, in the absence of these measures it is reasonable to assume that passengers would be 
importing live foliage. 
 
It is assumed that if painted apple moth larvae were present on foliage brought into New 
Zealand, the larvae would be capable of surviving the transit times and conditions. 
 
Because they are both mobile and fragile, larvae are more likely to be damaged or killed in 
transit than less mobile life stages. 
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Conclusion statement on likelihood of entry for older larvae via passengers and personal 
effects pathways: 
 
Given that: 
• 42 percent of passenger arrivals (880 000 people) and 17 percent of permanent and long-

term migrants in the year ended June 2005 were from Australia; 
• a proportion of passengers would carry live foliage to New Zealand if they could; 
• larvae are assumed to be able to survive transit times and conditions on live foliage; 
and taking into account that: 
• only a small proportion of passenger baggage and household goods are likely to contain 

painted apple moth larvae; 
• larvae or not likely to stay associated with items that are not host material unless they 

become trapped; 
it is concluded that the likelihood of importation of painted apple moth as larvae via 
passengers and personal effects is not negligible. The most likely way that live larvae 
would be transported on this pathway is on live foliage*. 
 
*the risk assessment assumes that the current measures to prevent the entry of live foliage via 
this pathway are not in place 

8.3.6.4. Likelihood of entry by lifestage – pupae and associated lifestages (adult females and egg 
masses) 

There is limited information on pupation sites for painted apple moth, however it is known to 
pupate on host plants, non-host plants and inanimate objects (Flynn, 1999; Flynn, 2000; 
Harris, 1988; Phillips, 1992). 
 
Observations in the field suggest that mature larvae may travel around 70 metres (Ian Gear, 
pers. comm. June 2006) but information confirming this distance has not been found. The 
distance that painted apple moth larvae can crawl is therefore uncertain, but this distance is an 
important factor in whether an item becomes contaminated with painted apple moth pupae. In 
the absence of documented information for this figure, or information for a related species, 
this number is described as the “maximum crawling distance”. Items that are further than the 
maximum crawling distance from where painted apple moth larvae are feeding are not likely 
to become contaminated with painted apple moth pupae. A wide range of items, including 
those made of wood and metal, are likely to contain painted apple moth pupae if they are 
within the maximum crawling distance of where painted apple moth larvae are feeding. 
Examples of the types of items imported with passenger baggage and household effects most 
likely to contain painted apple moth pupae are used tents and garden furniture. 
 
The pupal stage length for painted apple moth is variable and influenced by temperature. The 
minimum times quoted are around 6 days under high temperatures in the laboratory (Charles 
et al., 2007), with minimum field times reported to be around 2 weeks (Gellatley, 1983; 
Phillips, 1992). Under cooler conditions pupation can take weeks or even months (Charles et 
al., 2007; Phillips, 1992). The minimum times are longer than the reported transit times by sea 
and air, so painted apple moth would certainly be capable of surviving the transit time without 
emerging in transit (depending on how long it had been on the item prior to loading). 
 
Females that emerged during transit would stay with their cocoon, and are also expected to 
survive the transit conditions. If a group of pupae of mixed sex was on an item or within a 
single consignment, for example a household goods container containing garden furniture, the 
males are expected to be able to locate the females and mate in transit, and the females are 
expected to be able to lay their eggs. The length of time that adult females survive is not 
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reported but they are reported to lay eggs within 24 hours of mating (Charles et al., 2007). 
The egg stage is reported to last a variable length of time; laboratory means from 7.8 to 37.1 
days were reported at different temperatures (Charles et al., 2007). 
 
The ability of the painted apple moth to continue its life cycle in transit means that the 
effective time that painted apple moth can persist alive on goods in transit is longer than the 
survival period for the individual life stages, increasing the likelihood that painted apple moth 
will arrive in New Zealand in a viable condition. 
 
There is no information about the likelihood of painted apple moth pupae surviving 
conditions in transit, but it is known that survival is possible under some circumstances, since 
the one recorded interception was of live pupae and eggs (Harris, 1988). Adult moths of 
various species are capable of surviving air and sea transport from Australia (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group unpublished data, Stu Rawnsley 
pers. comm. May 2006) and egg masses of Asian gypsy moth, another lymantriid moth, are 
known to survive transit to New Zealand from east Asia. 
 
Conclusion statement on likelihood of entry for pupae and associated lifestages via 
passengers and personal effects pathways: 
 
Given that: 
• 42 percent of passenger arrivals (880 000 people) and 17 percent of permanent and long-

term migrants in the year ended June 2005 were from Australia; 
• some items carried as baggage and unaccompanied personal effects are likely to provide 

suitable pupation sites for painted apple moth, particularly those used outdoors; 
• the time that painted apple moth can persist alive on goods exceeds both air and sea transit 

times, at a minimum by a few days but under certain conditions by weeks or months; 
and taking into account that: 
• pupae are only likely to contaminate a items used and stored within the maximum 

crawling distance of a population of painted apple moth; 
it is concluded that the likelihood of importation of painted apple moth as pupae via 
passengers, baggage and unaccompanied personal effects is not negligible. 

8.3.6.5. Likelihood of entry by lifestage – adults 
Adult females are largely immobile (Gellatley, 1983; Harris, 1988) and are therefore unlikely 
to become associated with an item unless pupating on the packaging. For this reason, adult 
females are considered together with other life stages in the section “pupae” and are not 
considered further in this section. 
 
Adult males fly in search of females. The distances that male moths can fly is uncertain 
although Suckling (2003) reported irradiated male painted apple moth flying up to 10.5 km as 
part of a study on the use of sterile insect techniques and Suckling et al. (2004b) reported 
irradiated males flying up to 5km. There is no particular reason why adult male moths would 
become associated with the types of objects carried by passengers or with household goods, 
unless there were females present on the objects. Because they are mobile, adults are not 
likely to alight on items and remain with them until they arrived in New Zealand, unless they 
became trapped.  
 
The reported lifespan of adult males (more than 70 percent of a laboratory population 
surviving at least 8 days) (Suckling et al., 2004b) indicates that male painted apple moth 
would be capable of surviving the time taken to travel to New Zealand by air or sea. Transit 
conditions are likely to vary depending on the type of transportation and the port of origin. 
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The ability of painted apple moth adults to survive transit conditions is uncertain, however 
adult moths of various species are capable of surviving air transport from Australia (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group unpublished data, Stu Rawnsley 
pers. comm. May 2006). However because they are both mobile and fragile, adult males are 
more likely to be damaged or killed in transit than less mobile life stages. 
 
Conclusion statement on likelihood of entry for adults via passengers and personal 
effects pathways: 
 
Given that: 
• 42 percent of passenger arrivals (880 000 people) and 17 percent of permanent and long-

term migrants in the year ended June 2005 were from Australia; 
• survival times for adult male painted apple moth exceed transit time for air and sea 

transport; 
and taking into account that: 
• there is no particular reason for adult male painted apple moth to be associated with most 

items carried as passenger baggage and household goods; 
• adults moths are mobile and unlikely to stay associated with an items carried as baggage 

and household effects; 
it is concluded that the likelihood of importation of painted apple moth as adult males 
via passengers, baggage and unaccompanied personal effects is negligible. 

8.3.6.6. Current measures on passengers and personal effects pathways 
Air and sea passenger baggage and personal effects arriving by air and sea are subject to a 
range of biosecurity measures on arrival. These are not described in detail here but are 
outlined in MAF Quarantine Service standards (MAF, 1999; MAF, 2005c, MAF, 2005d). 
There are no measures specifically for painted apple moth but many of the items identified as 
risk goods for these pathways are those likely to be associated with painted apple moth life 
stages, such as live foliage, outdoor equipment (e.g. tents), wooden items and outdoor 
furniture. 
 
The efficacy of these measures at detecting painted apple moth is uncertain and will vary, for 
example depending on whether the dog teams are operating when a particular flight arrives. 
 
A recent survey of the baggage of 8230 passengers at Auckland International Airport found 
that 2 percent of passengers had risk items that were not detected by routine biosecurity 
screening (Wedde et al., 2006). Of these, only one passenger had fresh flowers/ foliage, while 
none had tents or outdoor equipment other than footwear. No other items particularly likely to 
be contaminated with painted apple moth were detected in the slippage survey. 
 
These data suggest that the current measures considerably reduce the likelihood of painted 
apple moth arriving via this pathway. 
 
A slippage survey for unaccompanied personal effects was undertaken by the Biosecurity 
Monitoring Group in 2006, but the results were not available when this analysis was done. At 
a later stage, the implications of the survey results for this analysis will be considered 
separately, but will not be included in this analysis. The following section discusses some 
aspects of the efficacy of the current measures, but a final conclusion is deferred until the 
results of this survey are available and can be incorporated into this analysis. 
 
Unaccompanied personal effects must be accompanied by a quarantine declaration which 
identifies the goods and specifically asks about “used camping, garden and sporting 
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equipment”. Approximately 40 percent of personal effects consignments were inspected 
(13861 out of 34503) (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, 
unpublished data). 
 
For household goods inspections, inspectors are directed: 
 

8.10.3 … Note: Inspectors shall pay particular attention to outdoor furniture and 
equipment from Australia, North America, Europe and identified Gypsy Moth 
areas, e.g. Japan, Korea, Pacific Russia Coast. 

 
The items targeted by the inspection are also the most likely goods to carry painted apple 
moth. There is some uncertainty about whether all consignments containing outdoor furniture 
would be identified via the quarantine declaration, for example, whether the individual filling 
out the declaration would interpret outdoor furniture as “equipment”. While inspectors are 
directed to pay particular care to inspection outdoor furniture, if it is not identified as outdoor 
furniture in the declaration, it may not be inspected at all. See Appendix C for a comparison 
with the list supplied on the declaration as part of the “Slow the Spread” programme for 
gypsy moth in North America. 
 
Conclusion statement on impact of measures in the likelihood of entry for painted apple 
moth via passengers and accompanied baggage: 
 
Given that: 
• types of risk goods targeted on this pathway include the goods most likely to be 

contaminated with painted apple moth; 
• slippage rates for accompanied passenger baggage were reported as about 2 percent in a 

recent survey, and nearly 50 percent of the risk items detected were footwear, not likely to 
contain painted apple moth; 

and taking into account that: 
• this is a high volume pathway on which almost any organism could potentially occur; 
it is concluded that the current measures significantly reduce the likelihood of entry of 
painted apple moth. With the current measures in place, the likelihood of entry of 
painted apple moth via passengers and baggage is negligible. 
 
A conclusion on the impact of the current measures for unaccompanied personal effects 
pathway is deferred until the results of the survey have been evaluated. 

8.3.7. Vehicles and agricultural/ forestry equipment 
The vehicles and machinery pathway is described in more detail in the Import risk analysis: 
Vehicle and Machinery (MAF Biosecurity New Zealand, 2007). 
 
Motor vehicles include cars, buses, utility vehicles, vans, trucks, buses, motorcycles and 
trailers. In 2004 New Zealand imported 272 000 vehicles, of which just over 60 percent were 
used (NZ Customs Service, unpublished data, December 2004). While nearly 9 percent (about 
21200) of our total vehicle imports came from Australia in 2004 (and in 2005, 24 percent of 
new vehicle imports), less than 1 percent (1057) of used vehicle imports come from Australia 
(NZ Customs Service, unpublished data, December 2004). 
 
Although the data here are for the whole of Australia, painted apple moth occurs only in some 
areas. The proportion of Australia where painted apple moth occurs is comparatively small, 
however it covers all states and territories except Western Australia and the Northern 
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Territory, and covers major population centres such as Sydney, Melbourne and south-eastern 
Queensland. 
 
Machinery (e.g. bulldozers, tractors and forestry equipment), also imported either new or 
used, is covered by a different import health standard (MAF, 1998). Both new and used 
machinery was considered with vehicles as part of the Import risk analysis: Vehicle and 
Machinery and is also considered together with vehicles here. In the year ended June 2005, 
4145 items defined as “used machinery” were imported (MAF Quancargo database). The 
most commonly imported machinery items are excavators and forklifts. Further detail is 
available in MAF Biosecurity New Zealand (2007). 
 
Used vehicles spend months or years in urban or rural areas, as does used machinery. Some 
vehicles and machinery will be stored outdoors, others indoors. Motor vehicles for export 
(both new and used) usually spend some time at the port in a variety of circumstances prior to 
loading. New cars from Japan are sometimes stored outdoors prior to export either near 
factories or ports. In some cases storage can be near areas with significant vegetation and for a 
period of some months (John Bain, unpublished report to MAF, November 1998; Paul Hallett 
pers. comm. May 2006). It is not reported whether this occurs in Australia. 
 
Vehicles travel to New Zealand via sea transport, either in containers or as breakbulk cargo. 
Transit times from some ports in Australia are reported in table 30 (section 8.3.1). 
Some, but not all sea transport is direct (for example see The New Zealand Shipping Gazette, 
2005). Direct sea transit times are less than the known survival periods for all life stages 
(larvae are uncertain) so transit time is not considered to be significant factor in this risk 
analysis. 
 
Following arrival and biosecurity clearance, all used vehicles are subsequently subject to a 
more detailed physical inspection at LTNZ-approved compliance testing centres. These 
inspections may take place many months after importation (Justin Downs pers. comm. 
September 2005). There is no formal process for dealing with any biosecurity contaminants 
found during this process, nor are there any published data on the frequency with which 
biosecurity contamination is found at compliance centres (this issue is discussed further in 
MAF Biosecurity New Zealand, 2007). 
 
New vehicles are not subject to either formal biosecurity inspection or LTNZ mechanical 
inspection but on arrival in New Zealand there is sometimes informal inspection of shipments 
by quarantine officers. On occasion stevedores unloading vehicles report contamination of 
new vehicles.  If an inspector considers that a vehicle or machine has been contaminated it 
will be treated as a used vehicle and be subject to the requirements of the import health 
standard (MAF, 2001). 
 
Once a vehicle has arrived in New Zealand (in the case of used vehicles, following 
mechanical inspection) it can go anywhere in New Zealand without restriction (apart from 
that imposed by the roading network). 

8.3.7.1. Reasons for including vehicles pathway. 
There have been a number of field detections of painted apple moth in New Zealand (MAF 
Biosecurity New Zealand, Investigation and Diagnostic Centres, unpublished data), 
suggesting that painted apple moth has crossed the border on a number of occasions (more 
than 5) in the last decade. However there has not been a confirmed interception associated 
with any pathway since the interception on container in 1994 (MAF Biosecurity New 
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Zealand, Investigation and Diagnostic Centres, unpublished data). The choice of pathways to 
examine for this risk analysis can therefore not be based on interception data. 
 
Painted apple moth spends a significant proportion of its life cycle off its host plants and is 
potentially associated with a wide range of items. The primary factor that determines whether 
painted apple moth becomes associated with an item is the item’s proximity to a larval 
population. Painted apple moth is therefore regarded as a “hitchhiker” pest. Vehicles are 
known to be associated with a wide range of hitchhiker pests, including moth species in at 
least 24 families (MAF Biosecurity New Zealand, 2007). 

8.3.7.2. Likelihood of entry by lifestage – eggs 
Eggs are laid either on, or very close to, the female cocoon as the female moth is largely 
immobile (Gellatley, 1983; Harris, 1988). For this reason, eggs are not considered likely to 
become associated with vehicles unless there is a female moth pupating on the item, therefore 
eggs are considered together with other life stages in the section “pupae”. 

8.3.7.3. Likelihood of entry by lifestage – larvae 
Because of the multivoltine nature of painted apple moth, life stages overlap significantly and 
an obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 

Newly-hatched larvae 
Following hatching, a proportion of painted apple moth larvae disperse by ballooning (Flynn, 
1999; Suckling et al., 2002). This dispersal behaviour would result in larvae landing on a wide 
range of objects, including vehicles, not just host plants. However given that larvae need to 
feed, they are not likely to stay associated with vehicles unless they become trapped. 
 
The time to starvation for newly-hatched painted apple moth larvae is not reported. Gypsy 
moth from North America belongs to the same family and has a similar dispersal strategy 
(flightless females, first instar larvae ballooning) and in gypsy moth neonate (unfed) larvae 
survived up to 5.8 days with an average of 4.3 days without food (Stockhoff, 1991). 
Assuming that time to starvation for painted apple moth larvae is similar, a proportion of 
would be able to survive sea transit times, but only if they landed on the vehicle just prior to 
loading. 
 
Conclusion statement on likelihood of entry as newly-hatched larvae via vehicles: 
 
Given that: 
• just under 9 percent of total vehicle imports are from Australia; 
• newly-hatched larvae are passively dispersed and can land on a wide variety of objects; 
• a proportion of newly-hatched larvae are assumed to be capable of surviving the transit 

time; 
and taking into account that: 
• only a small proportion (<1 percent) of used vehicles, are imported from Australia; 
• newly-hatched larvae are unlikely to remain on vehicles unless trapped; 
• time to starvation for newly-hatched larvae is assumed to be close to the direct sea transit 

times; 
it is concluded that the likelihood of importation of painted apple moth as newly-
hatched larvae vehicles is negligible. 
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Older larvae 
Little is reported about the behaviour of painted apple moth larvae. For example, it is 
uncertain whether they use resting locations that are not on the host plant or how frequently 
they migrate to new host plants. It is therefore uncertain how commonly painted apple moth 
larvae would be found on items which are not host material, and whether they would do so 
frequently enough to justify the consideration of resting behaviours in this risk analysis. 
Because the larvae need to feed, it is assumed that they are not likely to crawl onto, and 
remain with, items that are not host material (such as vehicles) unless they become trapped. If 
it is found that larvae are frequently found on non-host material, this section of the risk 
analysis will require reassessment. 
 
Vehicles could become contaminated with painted apple moth larvae when they are 
contaminated with host foliage that contains painted apple moth larvae. As the foliage withers 
larvae are likely to leave, seeking fresh host material.  
 
Because they are both mobile and fragile, larvae are more likely to be damaged or killed in 
transit than less mobile life stages. Times to starvation for older larvae are not reported. 
 
Conclusion statement on likelihood of entry as older larvae via vehicles: 
 
Given that: 
• just under 9 percent of total vehicle imports are from Australia; 
• a proportion of larvae are assumed to be capable of surviving the transit time; 
and taking into account that: 
• only a small proportion (<1 percent) of used vehicles, are imported from Australia; 
• there is no particular reason to suppose that older painted apple moth larvae would be 

associated with vehicles; 
• larvae or not likely to stay associated with items that are not host material unless they 

become trapped; 
it is concluded that the likelihood of importation of painted apple moth as larvae via 
vehicles is negligible. 

8.3.7.4. Likelihood of entry by lifestage – pupae and associated lifestages (adult females and egg 
masses) 

There is limited information on pupation sites for painted apple moth, however it is known to 
pupate on host plants, non-host plants and inanimate objects (Flynn, 1999; Flynn, 2000; 
Harris, 1988; Phillips, 1992).  
 
Observations in the field suggest that mature larvae may travel around 70 metres (Ian Gear, 
pers. comm. June 2006) but information confirming this distance has not been found. The 
distance that painted apple moth larvae can crawl is therefore uncertain, but this distance is an 
important factor in whether an item becomes contaminated with painted apple moth pupae. In 
the absence of documented information for this figure, or information for a related species, 
this number is described as the “maximum crawling distance”. Items that are further than the 
maximum crawling distance from where painted apple moth larvae are feeding are not likely 
to become contaminated with painted apple moth pupae. If a vehicle was within the maximum 
crawling distance of a painted apple moth population, there is a likelihood that it will contain 
painted apple moth pupae. Both used and new vehicles could be contaminated with painted 
apple moth depending on where they were stored; it is uncertain whether vehicles in Australia 
are ever stored close to environments likely to contain painted apple moth populations. 
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The pupal stage length for painted apple moth is variable and influenced by temperature. The 
minimum times quoted are around 6 days under high temperatures in the laboratory (Charles 
et al., 2007), with minimum field times reported to be around 2 weeks (Gellatley, 1983; 
Phillips, 1992). Under cooler conditions pupation can take weeks or even months (Charles et 
al., 2007, Phillips, 1992). The minimum times are longer than the reported transit times by sea 
and air, so painted apple moth would certainly be capable of surviving the transit time without 
emerging in transit (depending on how long it had been on the item prior to loading). 
 
Females that emerged during transit would stay with their cocoon, and are also expected to 
survive the transit conditions. If a group of pupae of mixed sex was on a vehicle or within a 
single consignment, for example a ship loaded with cars, the males are expected to be able to 
locate the females and mate in transit, and the females are expected to be able to lay their 
eggs. The length of time that adult females survive is not reported but they are reported to lay 
eggs within 24 hours of mating (Charles et al., 2007). The egg stage is reported to last a 
variable length of time; laboratory means from 7.8 to 37.1 days were reported at different 
temperatures (Charles et al., 2007). 
 
There is little information about the likelihood of painted apple moth pupae surviving 
conditions in transit, but it is known that survival is possible, since pupae survived transit to 
arrive in New Zealand in 1983 (Harris, 1988). Adult moths of various species are capable of 
surviving sea transport from Australia (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group unpublished data, Stu Rawnsley pers. comm. May 2006) and egg masses 
of Asian gypsy moth, another lymantriid moth, are known to survive transit to New Zealand 
from east Asia. 
 
The ability of painted apple moth to continue its life cycle in transit means that the effective 
time that painted apple moth can persist alive on a vehicle in transit is longer than the survival 
period for the individual life stages, increasing the likelihood that painted apple moth will 
arrive in New Zealand in a viable condition. 
 
Conclusion statement on likelihood of entry as pupae and associated lifestages via 
vehicles: 
 
Given that: 
• just under 9 percent of total vehicle imports are from Australia (about 21200 vehicles in 

2004 and 24 percent of new vehicle imports in 2005); 
• vehicles are likely to provide suitable pupation sites for painted apple moth; 
• the time that painted apple moth can persist alive on goods exceeds sea transit times, at a 

minimum by a few days but under certain conditions by weeks or months; 
and taking into account that: 
• only a small proportion (<1 percent) of used vehicles, are imported from Australia; 
• pupae are only likely to contaminate vehicles stored within the maximum crawling 

distance of a population of painted apple moth; 
it is concluded that the likelihood of importation of painted apple moth as pupae via 
vehicles is not negligible. 
 
Comment 
Because of the volume of vehicles (especially used) from Australia, compared to the volume 
of containers, the likelihood of arrival on vehicles is considered to be much lower than the 
likelihood of arrival on containers, container packaging or container contents. This is different 
from the situation for the other moth species considered likely to arrive on vehicles (Asian 
gypsy moth, fall webworm and white spotted tussock moth). 
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8.3.7.5. Likelihood of entry by lifestage – adults 
Adult females are largely immobile (Gellatley, 1983; Harris, 1988) and are therefore unlikely 
to become associated with a vehicle unless pupating on packaging. For this reason, adult 
females are considered together with other life stages in the section “pupae” and are not 
considered further in this section. 
 
Adult males fly in search of females. The distances that male moths can fly is uncertain 
although Suckling (2003) reported irradiated male painted apple moth flying up to 10.5 km as 
part of a study on the use of sterile insect techniques and Suckling et al. (2004b) reported 
irradiated males flying up to 5km. There is no particular reason why adult male moths would 
become associated a vehicle, unless there was a female present on the vehicle. Because they 
are mobile, adults are not likely to alight on vehicles and remain with them until they arrived 
in New Zealand, unless they became trapped.  
 
The reported lifespan of adult males (more than 70 percent of a laboratory population 
surviving at least 8 days) (Suckling et al., 2004b) indicates that male painted apple moth 
would be capable of surviving the time taken to travel to New Zealand by air or sea. Transit 
conditions are likely to vary depending on the type of transportation and the port of origin. 
The ability of painted apple moth adults to survive transit conditions is uncertain, however 
moths of various species are capable of surviving sea transport from Australia (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group unpublished data, Stu Rawnsley 
pers. comm. May 2006). However because they are both mobile and fragile, adult males are 
more likely to be damaged or killed in transit than less mobile life stages. 
 
Conclusion statement on likelihood of entry as adults via vehicles: 
 
Given that: 
• just under 9 percent of total vehicle imports are from Australia; 
• survival times for adult male painted apple moth exceed transit time for sea transport; 
and taking into account that: 
• only a small proportion (<1 percent) of used vehicles, are imported from Australia; 
• there is no particular reason for adult male painted apple moth to be associated with most 

vehicles; 
• adults moths are mobile and unlikely to stay associated with vehicles; 
it is concluded that the likelihood of importation of painted apple moth as adult males 
via vehicles is negligible. 

8.3.7.6. Current measures on vehicles pathway 
The import requirements for used vehicles and equipment are set out in the following MAF 
Biosecurity Authority import health standards: 
• Import Health Standard for used buses, cars, motor cycles, trucks, utility vehicles and 

vans from any country, dated 11 September 2001; 
• Import Health Standard for treated used vehicles imported into New Zealand,  BMG-STD- 

HTVEH, September 2003; 
• Import Health Standard for forestry and agricultural equipment from any country, dated 

18 March 1998. 
 

These outline several options for inspection and treatment (these are explained in greater 
detail in the Import risk analysis: Vehicle and Machinery, MAF Biosecurity New Zealand, 
2007). Currently all used vehicles are visually inspected and decontaminated if required. 
Visual inspection involves internal and external inspection, including removal of hubcaps, 
lifting seats etc, but does not involve removing or dismantling anything in the engine 
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compartment that would require the use of tools (MAF, 2006c). There is a wide range of 
potential contaminants and individual tolerance levels for each have not been set, so an 
arbitrary figure of 97 percent has been set for efficacy of visual inspection all contaminants 
(MAF, 2003a). 
 
The decontamination technique used depends on the type of contamination detected. 
Decontamination treatments used are direct hand removal of small contaminants (Japan only), 
pressure wash, internal vacuuming, fumigation with methyl bromide and, since December 
2006, heat treatment (Auckland only). Vehicles detected with lymantriid life stages are 
fumigated (in the case of vehicles inspected in Japan all visible life stages are removed and 
then the vehicle is fumigated on arrival in New Zealand) (MAF, 2005a, MAF, 2006c). 
 
Inspection of used machinery and equipment is more complicated, depending on the structure 
of the machinery, and usually requires some partial dismantling (MAF, 2006c). There are 
additional requirements for inspection and treatment of used equipment over and above those 
required for other vehicles (such as removal or heat treatment for used cables and winches).  
 
There are currently no IHS or mandatory inspection and treatment requirements for new 
vehicles and equipment.  However, if on arrival an inspector considers that a vehicle or piece 
of equipment has been contaminated, the vehicle will be treated as a used vehicle.  In practice 
such contamination is rarely picked up.  
 
There is no direct information to suggest the level of efficacy of visual inspection for painted 
apple moth. There are no documented interceptions of painted apple moth life stages on 
vehicles and only two associated with any form of imported goods. Therefore the actual level 
of contamination is unknown and without knowing the level of contamination it is very 
difficult to calculate the efficacy of a control measure. 
 
While slippage surveys can give an indication of efficacy for the pathway, it is seldom 
possible to conduct surveys with large enough sample sizes to determine the efficacy of visual 
inspection for individual species. This is particularly the case with hitchhiker species that are 
considered to occur at low frequency but where the actual frequency is unknown. Therefore 
efficacy of visual inspection for detecting painted apple moth is expected to remain unknown 
for the foreseeable future. 
 
Information on the overall efficacy of inspection for all contaminants is available and is the 
best estimate for the efficacy of inspection for painted apple moth. However the actual 
efficacy for painted apple moth may be higher or lower than this figure. For example, the 
detection of lymantriid egg masses is a focus in training for inspectors so they may be more 
likely to detect them than some other contaminants. Conversely, for contaminants that occur 
most commonly in sites that cannot be visually inspected, the efficacy will be lower than 
average. Too little is known about painted apple moth pupation to know where it would 
pupate on a vehicle. 
 
There are two components to the efficacy of visual inspection. The first is whether there are 
visually detectable contaminants being missed and at what rate. The second is whether there 
are contaminants that cannot be detected by visual inspection, such as those that are hidden. 
 
A survey of 541 vehicles that had received biosecurity clearance conducted in 2005 indicated 
that efficacy for the detection of visually detectable contaminants was ~73 percent (Wedde et 
al., 2006). In comparison, the current target for inspection is 97 percent (see MAF Biosecurity 
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New Zealand, 2007 for more detail on the survey results). The most common contaminant 
was dried foliage but a number of live arthropods were also detected. 
 
A survey of 300 cleared vehicles and machinery (that is, inspected and passed by visual 
inspection) conducted using a videoscope found that 51 percent of the vehicles and machinery 
had contaminants that would not have been detected by visual inspection (Biosecurity 
Monitoring Group, 2006). Again, material such as dried foliage was more common, but 
eleven vehicles were found to contain live arthropods and twelve, egg sacs (these were mainly 
spiders) (Biosecurity Monitoring Group, 2006). 
 
These results indicate that both in terms of visually detectable material and non-visually 
detectable material the efficacy of inspection is not at the level currently required (97 
percent). This finding is not unexpected as vehicles are complex structures and the inspection 
conditions (physical conditions and available time) are challenging. The efficacy of visual 
inspection for painted apple moth remains uncertain, but based on these results, inspection for 
painted apple moth cannot be assumed to be achieving the 97 percent target. 
 
Conclusion statement on the impact of current measures on the likelihood of entry of 
painted apple moth associated with vehicles: 
 
Given that: 
• frequency of contamination with painted apple moth are uncertain but it is considered 

that only a small proportion of vehicles would be contaminated; 
and taking into account that: 
• overall efficacy of inspection for visually detectable contaminants is estimated to be about 

73 percent; 
• vehicles are known to have contaminants that cannot be visually detected (51 percent of 

vehicles in a recent survey);  
• sample sizes for surveys are too small to indicate the efficacy of visual inspection for 

detecting painted apple moth or other low-frequency contaminants; 
• there is no inspection or treatment for new vehicles, even if they have been stored for 

extended periods outdoors prior to export; 
it is concluded that the likelihood of entry of painted apple moth via vehicles, taking into 
account the current measures, is not negligible. 

8.3.8. Commodities general – sea and air 
A great variety of commodities are imported into New Zealand. Apart from some specific 
cases where there are special circumstances that affect that pathway (e.g. live host plant 
material, items used in the outdoors such as cars, both covered separately), the likelihood of 
painted apple moth contamination for different commodities is not particularly dependent on 
the nature of the commodity. 
 
Rather, the likelihood of contamination by painted apple moth is related to where and when 
that commodity is stored. The conditions most likely to result in contamination with painted 
apple moth are if a commodity is stored within the maximum crawling distance of a 
population of painted apple moth while larvae are seeking sites for pupation, especially if the 
commodity is stored outdoors. 

8.3.8.1. Wood products 
New Zealand imports a wide range of wood products, including raw wood products such as 
sawn timber and wood packaging as well as processed products such as plywood, furniture 
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and paper. A significant volume of these products come from Australia. For example, 11 
percent of sawn timber imported into NZ is from Australia (4267 m3) (MAF, 2006d). 
 
Painted apple moth can be associated with trees, including some timber species, at all stages 
of its life cycle. However raw wood products undergo processing such as debarking and kiln 
drying before they are imported into New Zealand. This processing is likely to remove or kill 
a significant proportion of the painted apple moth life stages present. The main risk from 
wood products is therefore similar to that for any other commodity or even containers – that 
is, contamination during storage and transport. 

8.3.8.2. Fresh produce and live plant material of non-host species 
Fresh fruit and vegetables as well as cut foliage and nursery stock for non-host species are 
also considered under this category as while they have a likelihood of being contaminated in 
the field, the likelihood is considered comparable to that of other items from painted apple 
moth areas. They are also handled during processing which increases the likelihood of 
detection and removal of painted apple moth life stages. Once packed are unlikely to become 
contaminated during transport and storage. 

8.3.8.3. Bulk cargo 
A wide range of goods are transported as bulk cargo (sometimes known as breakbulk). Bulk 
cargo refers to commodities that are not transported in containers (or sometimes transported in 
containers and sometimes not). These commodities include bulk steel, vehicles (considered 
separately), grain and fertiliser. In some cases these types of goods are in the open for longer 
periods and will therefore have a greater likelihood of becoming associated with organisms 
such as painted apple moth. Commodities are also sometimes transported in open containers 
(such as flatracks). Transport in open containers is also expected to result in an increased 
likelihood of association with hitchhiker organisms. 

8.3.8.4. Other 
The only record of painted apple moth associated with imported goods was a consignment of 
glass from Australia (although the painted apple moth was on the frame supporting the glass) 
(Harris, 1988). There is no reason to consider that glass would have an intrinsically higher 
likelihood of painted apple moth contamination than any other commodity. However this 
detection does indicate that the conditions required for painted apple moth contamination 
occurred at some point in the handling of the glass prior to export. 
 
Apart from this single post-border interception, there has been no information that suggests 
that the generic risk of glass would be different from that of any other product from the parts 
of Australia where painted apple moth occurs. As with vehicles, containers, wood products 
etc, it is where and how the product is used and stored prior to export and whether there is a 
population of painted apple moth nearby that determines the likelihood of contamination 

8.3.8.5. Reason for inclusion of these pathways 
There have been a number of field detections of painted apple moth in New Zealand (MAF 
Biosecurity New Zealand, Investigation and Diagnostic Centres, unpublished data), 
suggesting that it has crossed the border on a number of occasions (more than 5) in the last 
decade. However there has not been a confirmed interception associated with any pathway 
since the interception on container in 1994 (MAF Biosecurity New Zealand, Investigation and 
Diagnostic Centres, unpublished data). The choice of pathways to examine for this risk 
analysis can therefore not be based on interception data. 
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Painted apple moth spends a significant proportion of its life cycle off its host plants and is 
potentially associated with a wide range of items. The primary factor that determines whether 
painted apple moth becomes associated with an item is the item’s proximity to a larval 
population. Painted apple moth is therefore regarded as a “hitchhiker” pest and it could 
theoretically be associated with any item that was nearby. 

8.3.8.6. Likelihood of entry by lifestage – eggs 
Eggs are laid either on, or very close to, the female cocoon as the female moth is largely 
immobile (Gellatley, 1983; Harris, 1988). For this reason, eggs are not considered likely to 
become associated with items unless there is a female moth pupating on them, therefore, eggs 
are considered together with other life stages in the section “pupae”. 

8.3.8.7. Likelihood of entry by lifestage – larvae 
Because of the multivoltine nature of painted apple moth, life stages overlap significantly and 
an obvious season where larvae are present is not well defined in the way it may be for a 
univoltine species such as gypsy moth. 

Newly-hatched larvae 
Following hatching, a proportion of painted apple moth larvae disperse by ballooning (Flynn, 
1999; Suckling et al., 2002). This dispersal behaviour would result in larvae landing on a wide 
range of objects, not just host plants. They would be unlikely to land on goods that were 
inside a container; although this scenario is theoretically possible if the container is open. 
Larvae are most likely to become associated with goods if they are stored outside. However 
given that larvae need to feed they are not likely to stay associated with non-host material 
unless they become trapped. 
 
The time to starvation for newly hatched painted apple moth larvae is not reported. Gypsy 
moth in North America belongs to the same family and has a similar dispersal strategy 
(flightless females, first instar larvae ballooning) and in gypsy moth neonate (unfed) larvae 
survived up to 5.8 days with an average of 4.3 days without food (Stockhoff, 1991). 
Assuming that time to starvation for painted apple moth larvae is similar, most painted apple 
moth larvae would be able to survive air transit times and a smaller proportion would be able 
to survive sea transit times, but only if they landed on goods just prior to loading. 
 
Conclusion statement on likelihood of entry as newly-hatched larvae via other 
pathways: 
 
Given that: 
• the total volume of goods from Australia that fall into this category is uncertain, but 

Australia is a major trading partner (e.g. approximately 27 percent of containers come 
from Australia); 

• newly-hatched larvae are passively dispersed and can land on a wide variety of objects; 
• a proportion of newly-hatched larvae are assumed to be capable of surviving the transit 

time; 
and taking into account that: 
• newly-hatched larvae are unlikely to remain on non-host material unless trapped; 
• time to starvation for newly-hatched larvae is assumed to be close to the direct sea transit 

times; 
it is concluded that the likelihood of importation of painted apple moth as newly-
hatched larvae on “other commodities” is negligible. 

Older larvae 
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Little is reported about the behaviour of painted apple moth larvae. For example, it is 
uncertain whether they use resting locations that are not on the host plant or how frequently 
they migrate to new host plants. It is therefore uncertain how commonly painted apple moth 
larvae would be found on items which are not host material, and whether they would do so 
frequently enough to justify the consideration of resting locations in this risk analysis. 
Because the larvae need to feed, it is assumed that they are not likely to crawl onto, and 
remain with, items that are not host material unless they become trapped. If it is found that 
larvae are frequently found on non-host material, this section of the risk analysis will require 
reassessment. 
 
Because they are both mobile and fragile, larvae are more likely to be damaged or killed in 
transit than less mobile life stages. Times to starvation for older larvae are not reported. 
 
Conclusion statement on likelihood of entry as older larvae via other pathways: 
 
Given that: 
• the total volume of goods from Australia that fall into this category is uncertain, but 

Australia is a major trading partner (e.g. approximately 27 percent of containers come 
from Australia); 

• a proportion of larvae are assumed to be capable of surviving the transit time; 
and taking into account that: 
• there is no particular reason to suppose that older painted apple moth larvae would be 

associated with non-host material; 
• larvae are not likely to stay associated with items that are not host material unless they 

become trapped; 
it is concluded that the likelihood of importation of painted apple moth as larvae via 
“other commodities” is negligible. 

8.3.8.8. Likelihood of entry by lifestage – pupae and associated lifestages (adult females and 
pupae) 

There is limited information on pupation sites for painted apple moth, however it is known to 
pupate on host plants, non-host plants and inanimate objects (Flynn, 1999; Flynn, 2000; 
Harris, 1988; Phillips, 1992) Painted apple moth has been reported pupating on a metal frame 
that supported goods in a container (Harris, 1988) and it is reasonable to assume that a wide 
range of imported goods would provide suitable pupation sites. 
 
Observations in the field suggests that mature larvae may travel around 70 metres (Ian Gear, 
pers. comm. June 2006) but information confirming this distance has not been found. The 
distance that painted apple moth larvae can crawl is therefore uncertain, but this distance is an 
important factor in whether an item becomes contaminated with painted apple moth pupae. In 
the absence of documented information for this figure, or information for a related species, 
this number is described as the “maximum crawling distance”. Items that are further than the 
maximum crawling distance from where painted apple moth larvae are feeding are not likely 
to become contaminated with painted apple moth pupae. If goods were stored within the 
maximum crawling distance of a painted apple moth population, there is a likelihood that they 
will contain painted apple moth pupae. 
 
The pupal stage length for painted apple moth is variable and influenced by temperature. The 
minimum times quoted are around 6 days under high temperatures in the laboratory (Charles 
et al., 2007), with minimum field times reported to be around 2 weeks (Gellatley, 1983; 
Phillips, 1992). Under cooler conditions pupation can take weeks or even months (Charles et 
al., 2007, Phillips, 1992). The minimum times are longer than the reported transit times by 
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sea, so painted apple moth would certainly be capable of surviving the transit time without 
emerging in transit (depending on how long it had been on the goods prior to loading). 
 
Females that emerged during transit would stay with their cocoon, and are also expected to 
survive the transit conditions. If a group of pupae of mixed sex was on a consignment of 
goods, the males are expected to be able to locate the females and mate in transit, and the 
females are expected to be able to lay their eggs. The length of time that adult females survive 
is not reported but they are reported to lay eggs within 24 hours of mating (Charles et al., 
2007). The egg stage is reported to last a variable length of time; laboratory means from 7.8 to 
37.1 days were reported at different temperatures (Charles et al., 2007). 
 
The ability of painted apple moth to continue its life cycle in transit means that the effective 
time that painted apple moth can persist alive on goods in transit is longer than the survival 
period for the individual life stages, increasing the likelihood that painted apple moth will 
arrive in New Zealand in a viable condition. 
 
There is no information about the likelihood of painted apple moth pupae surviving 
conditions in transit, but it is known survival is possible under some circumstances, since the 
one recorded interception was of live pupae (Harris, 1988). Adult moths of various species are 
capable of surviving air and sea transport from Australia (MAF Biosecurity New Zealand, 
Biosecurity Monitoring Group unpublished data, Stu Rawnsley pers. comm. May 2006) and 
egg masses of Asian gypsy moth, another lymantriid moth, are known to survive transit to 
New Zealand from east Asia. 
 
Conclusion statement on likelihood of entry as pupae and associated lifestages via other 
pathways: 
 
Given that: 
• the total volume of goods from Australia that fall into this category is uncertain, but 

Australia is a major trading partner (e.g. approximately 27 percent of containers come 
from Australia); 

• a wide range of non-host material is likely to provide suitable pupation sites for painted 
apple moth; 

• the time that painted apple moth can persist alive on goods exceeds sea transit times, at a 
minimum by a few days but under certain conditions by weeks or months; 

and taking into account that: 
• pupae are only likely to occur on goods stored within the maximum crawling distance of a 

population of painted apple moth; 
it is concluded that the likelihood of importation of painted apple moth as pupae via 
“other commodities” is not negligible. 
 
Comments 
There is virtually no information on which to base an estimate of how frequently painted 
apple moth pupae would arrive associated with these other goods. However this pathway is 
considered to be one of the main pathways of concern for painted apple moth arrival. 

8.3.8.9. Likelihood of entry by lifestage – adults 
Adult females are largely immobile (Gellatley, 1983; Harris, 1988) and are therefore unlikely 
to become associated with an item unless pupating on it. For this reason, adult females are 
considered together with other life stages in the section “pupae” and are not considered 
further in this section. 
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Adult males fly in search of females. The distances that male moths can fly is uncertain 
although Suckling (2003) reported irradiated male painted apple moth flying up to 10.5 km as 
part of a study on the use of sterile insect techniques and Suckling et al. (2004b) reported 
irradiated males flying up to 5km. There is no particular reason why adult male moths would 
become associated with the items included in this category, unless there were females present 
on the items. Because they are mobile, adults are not likely to alight on goods and remain 
with them until they arrived in New Zealand, unless they became trapped.  
 
The reported lifespan of adult males (more than 70 percent of a laboratory population 
surviving at least 8 days) (Suckling et al., 2004b) indicates that male painted apple moth 
would be capable of surviving the time taken to travel to New Zealand by air or sea. Transit 
conditions are likely to vary depending on the type of transportation and the port of origin. 
The ability of painted apple moth adults to survive transit conditions is uncertain, however 
adult moths of other species are known to have survived transit conditions on aircraft and 
ships from Australia (MAF Biosecurity New Zealand, Biosecurity Monitoring Group 
unpublished data, Stu Rawnsley pers. comm. May 2006). However because they are both 
mobile and fragile, adult males are more likely to be damaged or killed in transit than less 
mobile life stages. 
 
Conclusion statement on likelihood of entry as adults via other pathways: 
 
Given that: 
• the total volume of goods from Australia that fall into this category is uncertain, but 

Australia is a major trading partner (e.g. approximately 27 percent of containers come 
from Australia); 

• survival times for adult male painted apple moth exceed transit time for air and sea 
transport; 

and taking into account that: 
• there is no particular reason for adult male painted apple moth to become associated with 

the types of goods included in this section or to remain with those goods unless trapped; 
it is concluded that the likelihood of importation of painted apple moth as adult males 
via “other commodities” is negligible. 

8.3.8.10. Current measures on other pathways 
There is a wide range of measures on commodities imported into New Zealand, but none of 
the commodities included in this group have any measures specifically for painted apple 
moth. Certain commodities have measures that are likely to have some impact on painted 
apple moth if it is contaminating the commodity, for example the inspection requirements for 
fresh produce. 
 
Overall the current measures are not considered to have a great effect of the likelihood of 
introduction of painted apple moth although a high degree of uncertainty is acknowledged. 

8.3.9. Painted apple moth additional pathways (military, vessels, wind) 
Painted apple moth spends a significant proportion of its life cycle off its host plants and is 
potentially associated with a wide range of items. The primary factor that determines whether 
painted apple moth becomes associated with an item is the item’s proximity to a larval 
population. Painted apple moth is therefore regarded as a “hitchhiker” pest. 
 
There are a range of pathways covered for some other moth species which are also potential 
pathways for painted apple moth. An initial investigation of these pathways suggests that they 
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are possible but that further investigation is not warranted at this time. These are summarised 
here. 

8.3.9.1. Military 
NZ does not have a military presence in Australia. However as with fall webworm and Asian 
gypsy moth, the types of equipment used in military operations could be vectors for painted 
apple moth if they were in areas where painted apple moth is present. For more information 
about how military equipment could become contaminated with painted apple moth, see the 
sections on vehicles, containers and passengers/personal effects. These sections cover the 
equipment most likely to be affected. 
 
MQS is sometimes involved in the clearance of military equipment that has been in Australia 
as part of joint exercises (Sue Gould pers. comm. December 2005). If these exercises are in 
painted apple moth areas, then painted apple moth should be considered as one of the species 
that may contaminate equipment. 
 
Additionally, if painted apple moth establishes in areas outside the current reported range and 
the new range includes areas where military operations are occurring, painted apple moth will 
need to be considered in the clearance of if equipment and vehicles from these operations. 

8.3.9.2. Vessels 
Vessels are an important pathway for Asian gypsy moth, another lymantriid species. The key 
factor in the dispersal of Asian gypsy moth by vessels is the strong flight ability of the female 
moths, which fly onto vessels and lay eggs. Because painted apple moth females are 
flightless, this is not an issue with painted apple moth. There is a likelihood of painted apple 
moth males flying on to vessels, but since they are primarily attracted to female moth 
pheromones, it seems unlikely that they would commonly fly onto vessels. 
 
There is also a likelihood of ballooning larvae landing on vessels and then arriving in 
New Zealand. In the case of Asian gypsy moth, the likelihood of this scenario was assessed as 
negligible (see Asian gypsy moth analysis, section 5.3.8). Less is known about painted apple 
moth, for example ballooning distances and time to starvation, but it is assumed that these are 
similar to the European strain of gypsy moth (which belongs to the same family and has a 
similar dispersal strategy (flightless females, first instar larvae ballooning). In this case the 
only difference would be the shorter transit time from Australia to New Zealand. It is 
theoretically possible for a proportion of larvae to survive the transit time on vessels if they 
landed on the vessel just prior to departure. There is no information about whether painted 
apple moth population occur within ballooning distances of Australian ports or whether 
neonate larvae can survive transit conditions. Currently the likelihood of painted apple moth 
arriving on this pathway is considered possible but of negligible significance. Further 
information on the ability of painted apple moth to tolerate starvation or other transit 
conditions may alter this conclusion and warrant reconsidering this pathway. 

8.3.9.3. Wind 
A number of species are considered to have arrived in New Zealand via wind currents from 
Australia (1500km to the west of New Zealand). Examples of this type of dispersal include 
Puccinia rust species (Viljanen-Rollinson and Cromey, 2002) and adult Lepidoptera (Fox, 
1970; Fox, 1975; Fox, 1978). 
 
Painted apple moth is considered an unlikely species to arrive in this way either as larvae or 
adults. Although some spiders that disperse by silk are known to travel hundreds of 
kilometres and survive months without food, moth larvae are not considered capable of this 
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kind of dispersal, and ballooning distances are considered to be mostly in the order of a few 
hundred metres (Bell et al., 2005). The usual reported distances for European gypsy moth 
(which belongs to the same family and has a similar dispersal strategy with flightless females, 
first instar larvae ballooning) are less than a kilometre and the earlier reports of figures of tens 
or over 100 kilometres that are sometimes quoted are not substantiated (Baranchikov and 
Sukachev, 1989; Bell et al., 2005; Mason and McManus, 1981). The time to starvation of 
neonate European gypsy moth (less then 6 days) (Stockhoff, 1991) also suggests that extreme 
long distance dispersal is probably not significant. It is assumed that survival times and 
dispersal distances are similar for painted apple moth. 
 
This conclusion is also supported by the fact that the NZ flora has no native lymantriids 
(Dugdale, 1988) suggesting that dispersal by lymantriids from Australia has not been 
significant in the development of the NZ moth fauna. Nor are there any lymantriid species 
considered to be vagrant in New Zealand (Dugdale, 1988) and lymantriid species were not 
detected among the species arriving naturally in New Zealand reported by Fox (1970; 1975; 
1978). 
 
In the case of adult painted apple moth, adult females are flightless so only males could 
potentially travel long distances in wind currents, although there is no evidence that males 
would be capable of doing so. The lifespan of male painted apple moths in the wild is 
uncertain although at least 8 days is reported under laboratory conditions (Suckling et al., 
2004b). Lymantriids typically don’t feed (Common, 1990). The selection pressure against 
males dispersing across the Tasman would be strong, as any male that survived the journey 
would be extremely unlikely to find a mate. It is therefore highly unlikely that the male 
painted apple moths detected in New Zealand arrived naturally. However there is no 
conclusive evidence that would rule out this possibility completely. 

8.3.9.4. Likelihood of establishment (all pathways) 
In most cases the likelihood of establishment via different pathways does not differ in 
pathway-specific ways. Therefore the likelihood of establishment is discussed first by life 
stage and then any specific differences for pathways are discussed. A general scheme for 
painted apple moth establishment in figure 35. 
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Figure 35. Establishment of painted apple moth from arriving group of pupae 

 
 
Painted apple moth has previously shown itself to be capable of establishing in New Zealand. 
 
One factor that can influence the likelihood of establishment is surveillance, which increases 
the likelihood of detecting a population early, while it is still possible to eradicate. 
Surveillance can be considered as a biosecurity measure that reduces likelihood of 
establishment rather than likelihood of entry. Therefore, in this analysis surveillance is 
excluded from the assessment of likelihood of establishment (as measures are excluded from 
an assessment of likelihood of entry. The effect of surveillance in reducing the likelihood of 
establishment is then assessed separately. 
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8.3.9.5. Establishment – via arrival as eggs 
Eggs are laid either on, or very close to, the female cocoon as the female moth is largely 
immobile (Gellatley, 1983; Harris, 1988). For this reason, eggs are not considered likely to 
arrive on items unless female moths pupate on the items, therefore establishment from eggs is 
considered together with other life stages in the section “pupae”. 

8.3.9.6. Establishment – via arrival as larvae 
In order for a population to establish from arriving larvae, either multiple larvae would have 
to arrive at once, or there would need to be multiple arrivals of single larvae within a 
restricted physical area and time period (the exact physical area and time period for this 
scenario to occur is unknown). The arrival of larvae is assessed as negligible for all pathways 
(with the current measures in place), indicating that although the arrival of larvae is possible, 
it is extremely low. Establishment via larvae is therefore not considered further here. 

8.3.9.7. Establishment – via arrival as pupae 
Pupae are considered to be the most likely life stage to arrive overall. A single pupa of painted 
apple moth arriving in New Zealand will be unable to establish a population, although a male 
may be detected in a trap. Isotope tracing technology can help indicate whether trapped 
individuals are most likely to have fed (i.e. spent their larval stage) in the location detected or 
overseas (Isotrace New Zealand Limited, unpublished report, June 2005). This means that 
individuals from pupae or adults that were transported can be more easily distinguished from 
an established population. 
 
The immobility of females, combined with the short lifespan (and probably shorter period of 
reproductive viability) suggest that adults are much more likely to find a mate if several 
individuals arrive at once, as opposed to a number of introductions of single individuals. 
 
Although first instar larval dispersal means that painted apple moth populations are less likely 
to be clustered than a species such as fall webworm, it is known that multiple pupae have 
arrived before. The Dunedin detection in 1983 was of five pupae (Harris, 1988). 
 
The actual size of founder population required for successful introduction of painted apple 
moth is uncertain. The number of individuals required for a particular likelihood of 
establishment is variable for different insects. For example, Liebhold and Bascompte (2003) 
reported in a case study on gypsy moth (European strain) in North America that a population 
with 107 males detected had a 50 percent probability of establishment. Since gypsy moth is 
most commonly introduced as egg masses, it is uncertain how this number translates to a 
required number of eggs or egg masses to achieve a similar probability of establishment. 
However this information does imply that a relatively large founder population size is 
required for gypsy moth. In contrast, Berggren (2001) found that for Roesel’s bush cricket 
(Metrioptera roeseli: at last nymph stage) a founder population size of 32 individuals gave 
close to 100 percent probability of the population persisting for 3 years (the completion of the 
experiment). Successful establishment of arthropods (from studies on the release of biological 
control agents) has been recorded from introduction of fewer than 20 individuals (Berggren, 
2001; Hee et al., 2000; Simberloff, 1989). In an experiment with chrysomelid beetles, 
Grevstad (1999) observed that out of 20 introductions of a single gravid female, one persisted 
to at least 3 generations (the completion of the experiment). 
 
There is unlikely to be a precise threshold above which establishment is certain and below 
which it is impossible (Simberloff, 1989). However despite variability in the absolute 
numbers reported, all these studies consistently indicate an increasing likelihood of 
establishment for an increasing founder population size. For introductions of smaller numbers 
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of individuals, establishment was less likely, but for repeated introductions of small numbers 
of individuals establishment still occurred on some occasions. In terms of optimising gorse 
thrips (a biological control agent) releases, Memmott et al. (1998) suggested that a number of 
smaller introductions would be more likely to lead to successful establishment than a smaller 
number of larger introductions. 
 
In terms of considering the likelihood that an arriving pest will establish, these examples 
illustrate two important principles: 
• the larger the founder population size for a particular organism, the more likely that 

organism is to establish; 
• the more frequently an organism is introduced, even if only in small numbers, the more 

likely that organism is to establish. 
 
Even if the likelihood of establishment is considered very low for a single introduction of a 
particular species, establishment is still a likely consequence of small numbers of individuals 
arriving on a regular basis. 
 
Once a female has mated, she lays her eggs on, or in very close proximity to, her cocoon. In 
most cases, the cocoon is expected to be on non-host material, therefore larvae would need to 
disperse in order to find a host plant. 
 
There is a great deal of uncertainty surrounding the ballooning behaviour of painted apple 
moth larvae. Observations made in the field at Mt Wellington, as part of the first delimiting 
survey suggested that the average distance dispersed was approximately 350 m (Flynn, 1999). 
This distance is comparable to what is reported to be the usual dispersal distances for 
European gypsy moth (Mason and McManus, 1981). It is assumed that painted apple moth 
shows similar dispersal patterns to the European gypsy moth, with most dispersal in the order 
of a few hundred metres but with longer distances possible (Mason and McManus, 1981). 
However the longer distances (>1km) are unlikely to be a small proportion of the population 
that regularly disperses longer distances, but is far more likely to be unusual weather events 
that results in greater dispersal distances on occasion (as described in Hoare, 2001; DOC, 
2001). Therefore if one larva disperses a kilometre and lands on a host plant, there are likely 
to be more. 
 
Even at the lower estimates for dispersal distances, host species are likely to occur within 
dispersal distance of where painted apple moth are hatching, whether in urban or rural areas. 
For example Australian brush wattle (Paraserianthes lophantha) is a common naturalised 
species, especially north of the Waikato (Webb et al., 1988). 
 
For any single incursion the likelihood of there being a suitable host species within the 
distance a larva can balloon is high. However host distribution is patchy and they often occur 
as single trees or small groups. Because the larvae are primarily dispersed passively, the 
likelihood of larvae finding a host is not the same as the likelihood of a host species occurring 
within the dispersal distance but is much lower, reducing the overall likelihood of 
establishment. 
 
Conclusion statement on the likelihood of establishment for painted apple moth entering 
New Zealand as pupae: 
 
Given that: 
• painted apple has previously established a population in New Zealand; 
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• host species are common and likely to occur within the distance that a larvae usually 
balloon; 

and taking into account that: 
• larvae are passively dispersed; 
• introductions are expected to be of comparatively small numbers of individuals; 
it is concluded that the likelihood of establishment of painted apple moth from pupae is 
not negligible. 

8.3.9.8. Establishment – via arrival as adults 
Adult females are largely immobile (Gellatley, 1983; Harris, 1988) and therefore the 
likelihood of establishment is considered as part of establishment form pupae. 
 
A single adult male is incapable of establishing a population but could be detected in a trap. 
Isotope tracing technology can help indicate whether trapped individuals are most likely to 
have fed (i.e. spent their larval stage) in the location detected or overseas (Isotrace New 
Zealand Limited, unpublished report, June 2005). This means that individuals from pupae or 
adults that were transported can be more easily distinguished from an established population. 
However it cannot be determined whether adult males detected arrived as pupae or adults. 

8.3.9.9. Comments on establishment for specific pathways 

Containers 
A movement survey of sea containers conducted in 2001/2002 (MAF, 2003e) indicated that 
while the majority of containers (84 percent) were unloaded within the urban area in which 
they arrived, 68 percent were subsequently shipped elsewhere. As with vehicles, this 
movement within New Zealand has the effect of reducing the chances of a population of 
painted apple moth that establishes from sea containers being detected. Nonetheless, 
containers spend a significant proportion of their time in transitional facilities and in the 
vicinity of ports. Therefore, there are fewer areas overall where painted apple moth is likely to 
establish via the container pathway. 

Live plant material 
Live plant material (nursery stock and cut flowers/ foliage) is the only pathway where pupae 
are not necessarily the most likely life stage to arrive and establish. Life stages arriving on 
live plant material are more likely to find suitable conditions (particularly food plants) 
compared with other pathways, but the increased risk of establishment may be counteracted 
by the low numbers of individuals likely to arrive via this pathway. The handling that nursery 
stock and cut flowers and foliage undergo probably increases the chances of detection. 

Packaging materials 
As for entry via this pathway, the likelihood of establishment via this pathway is variable and 
is affected by where the packaging material goes and how it is used and stored following 
arrival in New Zealand. There is little information about what happens to packaging in 
New Zealand. 
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Passengers and effects 
The types of items that are most likely to arrive contaminated via this pathway are also items 
that are likely to be used in close proximity to host vegetation, for example camping grounds 
and gardens. Larvae hatching from eggs laid on cocoons that were on garden furniture or on a 
tent in a camping ground are more likely to find a host plant than those emerging on a 
container at a port. The likelihood of establishment via this pathway is considered similar to 
that for vehicles. 

Vehicles 
The likelihood of establishment from an imported vehicles will depend on where the vehicle 
goes and how it is used and stored following arrival in New Zealand. Following clearance, 
vehicles can be sent anywhere in New Zealand. This reduced the likelihood of detecting a 
population of painted apple moth while it is still possible to eradicate it. 

Other commodities 
As for entry via this pathway, the likelihood of establishment via this pathway is variable and 
is best determined not by that nature of the commodity but by how that commodity is used 
and stored. Likelihood of establishment is increased if an item is used and stored outdoors, as 
well as not undergoing further processing on arrival. 

8.3.9.10. Current measures for the post-border detection of painted apple moth 
Surveillance can be considered as a biosecurity measure that reduces likelihood of 
establishment rather than likelihood of entry. Surveillance increases the likelihood of early 
detection in time for effective containment and eradication (Wilson et al. 2004), that is, 
surveillance contributes to the reducing the likelihood of establishment. 
 
There are different kinds of surveillance with differing levels of specificity and surveillance 
programmes are typically a balance of different surveillance types. Species-specific active 
surveillance (for example based on the pheromones of a particular species) is useful to deal 
with known risks, and has been used to detect populations at a much earlier stage of invasion 
(Wilson et al, 2004). More generalised surveillance, such as high-risk site surveillance or light 
trapping, is able to deal with a much wider range of species including those that have not 
previously identified as species of concern. It has different disadvantages, for example the 
need to filter out the vast majority of detected organisms (those that are already known to be 
present). 
 
Passive surveillance in the form of identification enquiries from the public is generally 
considered to be much less effective than active surveillance as incursions are detected later 
when they are less likely to be eradicable (Wilson et al, 2004). However this type of 
surveillance has shown its value for detecting some moth incursions. Passive surveillance, 
particularly reports form the general public, detected the initial incursions of fall webworm 
(Bennett and Bullians, 2003), painted apple moth (Flynn, 1999, Harris, 1988) and white-
spotted tussock moth (Hosking, 2003). Its usefulness will depend on a range of factors 
including the general appearance of the species in question (large, hairy and colourful species 
are much more likely to be reported) and the quality of awareness material (Alan Flynn, 
December 2006, pers. comm.). Surveillance via the general public has the same disadvantages 
as other general surveillance; filtering out the important records from species that are already 
well known and the resources required for such a programme. 
 
There is no pheromone-based trapping in place for painted apple moth (and no commercially 
available pheromone). The high risk site surveillance programme, which consists of intensive 
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ground searches of vegetation in high risk areas, is based around ports and areas with many 
transitional facilities. Searches are conducted along transects in areas which are both “risk site 
areas” (near likely sites for pest arrival) and “vegetation rich areas” (MAF, 2007). It has the 
advantage that it can detect any visible life stage as well as symptoms such as defoliation, but 
covers a smaller total area. 
 
The pathway on which painted apple moth entered New Zealand would have a substantial 
effect on the likelihood of a new population being detected. Entry on pathways such as sea 
containers are far more likely to result in painted apple moth populations that are within the 
surveillance network. Painted apple moth arriving on pathways such as passengers, 
unaccompanied personal effects or vehicles is less likely to be detected early. 
 
Conclusion statement on the impact of current surveillance on reducing the likelihood of 
establishment of painted apple moth: 
 
Given that: 
• high risk site-surveillance targets likely sites for painted apple moth transported on 

containers; 
and taking into account that: 
• painted apple moth is not targeted by a specific pheromone trap-based surveillance 

programme; 
• painted apple moth populations that entered New Zealand on pathways such as military, 

passengers, unaccompanied personal effects or vehicles are more likely to occur outside 
the areas covered by surveillance programmes; 

it is concluded that the likelihood of establishment of painted apple moth is not 
negligible. 
 
Comment 
The likelihood of painted apple moth forming a population that is too large or widespread to 
establish before being detected is reduced by the surveillance programme. However the costs 
and consequences of detecting populations of species such as painted apple moth, even if the 
populations detected are eradicable, are still significant. 

8.3.10. Spread 
One established painted apple moth is highly likely to spread. Based on the thermal 
requirements, painted apple moth is considered capable of establishing throughout coastal 
areas of New Zealand and some areas inland (especially in the North Island). It would be 
restricted by cold inland in the South Island and would not have as many generations per year 
in southern areas as it did in Auckland (Charles et al., 2007). Host plants are common in most 
regions of New Zealand (Webb et al., 1988). 
 
Natural dispersal (via larval ballooning) is likely to be slow. As discussed in the sections in 
dispersal and establishment, little is known about the ability of larvae to disperse, but based 
on estimates in the delimiting survey (Flynn, 1999) and more detailed information on the 
European gypsy moth (Mason and McManus, 1981), natural spread is likely to be on the 
order of a few hundred metres per generation. 
 
However all the pathways considered for the arrival of painted apple moth are also pathways 
for domestic spread. Likely domestic pathways for the spread of painted apple moth have no 
have no biosecurity measures in place. 
 



 

MAF Biosecurity New Zealand Pest risk analysis for six moth species • 305 

Conclusion statement on likelihood of spread of painted apple moth following 
establishment: 
 
Given that: 
• the domestic equivalents of significant international pathways (e.g. vehicles, containers, 

passengers carrying outdoor equipment, movement of vegetation) currently have no 
biosecurity measures on them; 

and taking into account that: 
• dispersal via larval ballooning is likely to average a few hundred metres per generation; 
it is concluded that the likelihood of spread of painted apple moth following 
establishment is not negligible. 

8.3.11. Consequences 
Following the detection of painted apple moth in New Zealand an initial (simplified) 
economic impact assessment (EIA) was conducted (MAF, 2000), followed by a more detailed 
assessment to examine the range of impacts (MAF 2002c). The initial assessment gave a 
conservative estimate of $48 million over a 20 year period. The reassessment estimated in the 
range from $58 million to $356 million over a 20 year period. These costs were based on 
impacts on urban households, golf courses and schools (increased spraying to control), public 
land in urban areas (some increased spraying, some removal and replacement), plantation 
forestry (production losses and spray expenditure) and apple orchards (increased spraying) 
(MAF, 2002c). Impacts on soil and watershed conservation, native vegetation, human health 
and market access were not included in the assessment, as either the impacts were thought to 
be low or there was too much uncertainty. 
 
Laboratory testing and field observations have produced contradictory results and varying 
conclusions about the level of impact of painted apple moth on a range of host species 
(Burnip et al., 2003; Flynn, 1999). Painted apple moth has been reported feeding on some 
native species in the field (Flynn, 2000) and in host range tests (Burnip et al., 2003; Kay, 
March 2003). Laboratory tests indicated that painted apple moth development was slower on 
native host species than preferred hosts such as Acacia but significant defoliation of kowhai 
and karaka has been reported in the field (Burnip et al., 2003). The laboratory results suggest 
that painted apple moth is less likely to become a serious pest in native forests, but doesn’t 
rule out significant impacts on native species, especially on populations growing in close 
proximity to more preferred hosts. There is some uncertainty regarding the application of 
laboratory host range testing to field situations when dealing with polyphagous insects; the 
Wapshere protocols used to test biological control agents are designed for species with limited 
host ranges (Burnip et al., 2003). The extent to which painted apple moth would feed on and 
become a pest of indigenous and commercially important species if it established remains 
uncertain. Because it has such a diverse host range, it is difficult to predict which species will 
be palatable. 
 
Because Australia is the only country where painted apple moth is currently established, it is 
expected that painted apple moth would be regarded as a quarantine pest by a number of 
major trading partners. Although information about likely impacts of painted apple moth is 
limited, a number of species of lymantriid moths are known to be significant pests and it is 
expected that some countries would impose measures if painted apple moth was detected on 
exported New Zealand goods. 
 
Costs and impacts for control of painted apple moth need to include not just direct impacts of 
defoliation and control costs, but also the effect of increased pesticide use resulting from 
painted apple moth control. While the costs of control are less than the cost of allowing 
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painted apple moth to establish, there are still environmental, human health and social impacts 
from a control programme (MAF, 2003a). 
 
This impact may be diminished by the use of isotrace technology, which can help distinguish 
between adults that have emerged from newly arrived pupae and adults from an established 
population (Isotrace New Zealand Limited, unpublished report, June 2005).  
 
Conclusion statement on the consequences of painted apple moth establishment: 
 
Given that: 
• the EIA estimated damage in the range between $58 million and $356 million;  
• painted apple moth is capable of feeding on native species; 
• the EIA values exclude the impact on native species, human health and market access; 
• eradication programmes, even if successful, have significant costs and consequences; 
and taking into account that: 
• there is still considerable uncertainty over the impact of painted apple moth on indigenous 

species; 
it is concluded that consequences of painted apple moth establishment are not negligible. 
 
Comments 
There is considerable uncertainty over the size of impact that an established painted apple 
moth population would have. The impact has been considered significant enough to warrant a 
major programme for its eradication. Painted apple moth fits the definition of a “high 
consequence hazard” (MAF, 2006e). 
 

8.4. PAINTED APPLE MOTH SUMMARY 

8.4.1. Life stage arriving 
Painted apple moth is most likely to get onto transported items such as containers or goods 
when larvae crawl away from their host plant seeking pupation sites. Males emerge from their 
pupae and fly seeking females, but adult females are immobile. They remain on or beside 
their cocoons, mate and lay their eggs there. Larvae that emerge from the egg masses then 
disperse to seek host plants. 
 
Therefore the life stages likely to be associated with transported items and to arrive in New 
Zealand are pupae, adult females and egg masses. 

8.4.2. Nature of association 
Painted apple moth is essentially a hitchhiker pest. Larvae use a wide range of objects as 
pupation sites including sea containers, wooden fences and metal packaging. The nature of the 
object, (for example is it wood or metal) is not particularly useful in determining whether it is 
likely to contain painted apple moth pupae, adult females or egg masses. Use and storage 
conditions prior to export are a key factor in determining whether imported objects have 
painted apple moth on them. 

8.4.3. Most important pathways 
It is likely that painted apple moth occurs on a wide range of transported items including 
containers, container packaging and some goods imported from Australia, but at low levels. 
Available information is of little help in narrowing pathways down and giving a more precise 
answer about which containers, which goods, which times of year and which locations are the 
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most likely to result in painted apple moth entering New Zealand. Pathways are summarised 
in table 34.  
 
Table 34. Pathways of entry and establishment for painted apple moth and likelihood of entry on 
these pathways with current measures in place 
 
Pathway Likelihood of entry with 

current measures 
Comments 

Containers – air not negligible Considered much less likely than sea containers 
Containers – sea not negligible Likely to be one of the more important pathways.  
Fresh plant material – nursery 
stock 

negligible  

Live plant material – cut 
flowers and foliage 

uncertain Awaiting results of survey for this pathway 

Packaging materials not negligible Likely to be one of the more important pathways. 
Passengers and passenger 
baggage 

negligible  

Personal effects uncertain Awaiting results of slippage survey for this pathway 
Vehicles – used not negligible Considered less likely than other pathways due to 

lower volumes on this pathway 
Vehicles – new not negligible Use and storage conditions prior to export influence 

likelihood of contamination. In some cases, the 
likelihood of entry will be negligible, but if new 
vehicles are stored outdoors for significant periods 
prior to export then they are expected to become 
associated with various organisms and if in close 
proximity to painted apple moth populations  

Additional pathways not negligible Likelihood is variable depending on the commodity. 
Some commodities are expected to be comparable 
to sea containers and packaging materials. Use and 
storage conditions prior to export rather than the 
specific nature of the commodity influence likelihood 
of contamination. 

 

8.4.4. Most important areas of origin 
Painted apple moth only occurs in Australia so is only likely to arrive in New Zealand from 
Australia. 

8.4.5. Establishment 
Painted apple moth has been shown to be capable of establishing in Auckland and is also 
considered to be capable of establishing throughout lowland New Zealand. Hosts plants are 
common and there are no seasonal barriers. 

8.4.6. Consequences 
Painted apple moth fits the definition of a high consequence pest. While there is some 
uncertainty, particularly around impacts on native plants, it is expected to have a significant 
impact on New Zealand if established. An incursion followed by successful eradication would 
also have significant consequences for New Zealand, although less than if it permanently 
established. 

8.4.7. Conclusions 
Painted apple moth is classified as a high consequence pest. It occurs at low levels on a range 
of pathways from Australia. A number of these pathways have large volumes of imported 
items. The available information is of very limited use in narrowing down the most likely 
origins and pathways. The difficulty in narrowing down entry pathways presents significant 
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challenges for risk management. Recommendations for risk management are given in section 
12. 
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8.6. APPENDIX F: PAINTED APPLE MOTH HOST PLANTS 
 

Genus Species Common name Source Notes 

Acacia dealbata silver wattle (Burnip et al, 2003; Flynn, 
1999; Flynn, 2000)   

Acacia decurrens green wattle (Burnip et al, 2003)   

Acacia filicifolia   (Flynn, 2000; Riotte, 
1979)   

Acacia floribunda   (Flynn, 1999; Flynn, 2000)   

Acacia longifolia   (Flynn, 2000; Riotte, 
1979)   

Acacia mearnsii black wattle 
(Burnip et al, 2003; Flynn, 
1999; Flynn, 2000; Kay, 
2003) 

survivorship 76% 

Acacia pycnantha   (Flynn, 2000; Riotte, 
1979)   

Acer  pseudoplatanus sycamore (Burnip et al, 2003)   

Agathis  australis kauri (Kay, 2003) feeding, moulting but no 
pupation 

Albizia spp.   (Common, 1990)   
Arctotheca calendula capeweed (Flynn, 2000)   

Avicennia resinifera   (Kay, 2003) feeding, survivorship 
46% 

Begonia spp.   (Flynn, 1999; Gellatley, 
1983)   

Brachyglottis repanda kangiora (Kay, 2003) feeding, moulting but no 
pupation 

Brassica     (Flynn, 2000)   
Buddleja davidii kuddleia (Burnip et al, 2003)   

Carmichaelia appressa prostrate broom (Kay, 2003) feeding but minimal 
weight gain 

Carmichaelia arenaria   (Kay, 2003) feeding but minimal 
weight gain 

Carmichaelia astonii   (Kay, 2003) feeding with moderate 
weight gain 

Carmichaelia carmicaeliae pink broom (Kay, 2003)   

Carmichaelia curta   (Kay, 2003) feeding but minimal 
weight gain 
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Genus Species Common name Source Notes 

Carmichaelia hollowayii whaupaku (Kay, 2003) feeding but minimal 
weight gain 

Carmichaelia kirkii climbing broom, 
scrambling broom (Kay, 2003) feeding but minimal 

weight gain 
Carmichaelia ramosa       

Carmichaelia stevensonii cord broom, 
weeping broom (Kay, 2003) feeding with moderate 

weight gain 

Carmichaelia williamsonii (??)   (Kay, 2003) 
feeding but minimal 
weight gain. Name 
possibly an error for C. 
williamsii 

Carmichaelia williamsii yellow flowered 
broom (Burnip et al, 2003)   

Chamaecytisus palmensis tree lucerne (Burnip et al, 2003)   
Citrus limon lemon (Burnip et al, 2003)   
Clianthus  maximus kakabeak (Burnip et al, 2003)   

Coprosma lucida karamu, shining 
karamu (Kay, 2003) feeding but no moulting 

Coprosma robusta karamu (Kay, 2003) feeding but no moulting 

Corynocarpus  laevigatus karaka (Burnip et al, 2003; Kay, 
2003) survivorship 6% 

Cotoneaster spp.   
(Common, 1990; Flynn, 
1999; Flynn, 2000; 
Gellatley, 1983) 

  

Cupressus  spp. cypress pine (Common, 1990; Flynn, 
2000; Gellatley, 1983)   

Cytisus multifloris   (Flynn, 2000)   
Cytisus scoparius broom (Burnip et al, 2003)   
Dacrycarpus dacrydioides kahikatea (Kay, 2003) feeding but no moulting 
Dacrydium cupressinum rimu (Kay, 2003) feeding but no moulting 

Dahlia spp.   (Common, 1990; Flynn, 
2000)   

Duboisia leichardtii   (Smith,  1974)   

Duboisia myoporoides   (Flynn, 2000; Smith, 
1974)   

Dysoxylum spectabile kohekohe (Kay, 2003) feeding but no moulting 

Exocarpus cupressiformis   (Common, 1990; Flynn, 
2000; Riotte, 1979)   

Eucalyptus  spp. gum tree (Common, 1990; Flynn, 
1999; Flynn, 2000)   

Gardenia spp.   (Common, 1990; Flynn, 
2000)   

Geranium spp. geranium (Flynn, 1999; Flynn, 2000; 
Gellatley,  1983)   

Gladiolus  spp. gladioli (Flynn, 2000; Gellatley, 
1983)   

Grevillea spp.   (Flynn, 1999; Flynn, 2000)   

Hardenbergia violacea   (Common, 1990; Flynn, 
2000; Riotte, 1979)   

Hebe stricta   (Kay, 2003) feeding but no moulting 

Indigophora sp.   (Common, 1990; Flynn, 
2000; Riotte, 1979) Australian native 

Juglans regia walnut (Burnip et al, 2003)   
Kunzea ericoides kanuka (Kay, 2003) feeding but no moulting 
Lantana     (Flynn, 2000)   



 

MAF Biosecurity New Zealand Pest risk analysis for six moth species • 315 

Genus Species Common name Source Notes 
Larix decidua larch (Burnip et al, 2003)   
Larix kaempferi larch (Burnip et al, 2003)   
Leptospermum scoparium manuka (Kay, 2003) feeding but no moulting 

Lonicera japonica climbing 
honeysuckle (Burnip et al, 2003)   

Lotus sp.   (Flynn, 2000)   

Lupinus sp.   (Common, 1990; Flynn, 
2000; Riotte, 1979)   

Malus x domesticus apple 
(Burnip et al, 2003; Flynn, 
1999; Flynn, 2000; 
Gellatley, 1983) 

  

Medinilla sp. nr. magnifica Javanese 
rhododendron (Flynn, 1999; Flynn, 2000)   

Musa acuminata banana fruit (Flynn, 2000)   

Myoporum  laetum ngaio (Kay, 2003) feeding, moulting but no 
pupation 

Nothofagus  alpina   (Kay, 2003) feeding, survivorship 
44.5% 

Nothofagus  antarctica   (Kay, 2003) feeding, survivorship 
46% 

Nothofagus  betuloides   (Kay, 2003) survivorship 68% 

Nothofagus  dombeyi   (Kay, 2003) feeding, survivorship 
43% 

Nothofagus  fusca red beech (Burnip et al, 2003; Kay, 
2003) survivorship 8% 

Nothofagus  fusca x solandri   (Kay, 2003) feeding but no moulting 
Nothofagus  glauca   (Kay, 2003) survivorship 4% 
Nothofagus  nitida   (Kay, 2003) survivorship 84% 
Nothofagus  obliqua   (Kay, 2003) survivorship 60% 

Nothofagus  solandri cliffortioides mountain beech (Kay, 2003) survivorship 36% 

Nothofagus  solandri solandri   (Burnip et al, 2003; Kay, 
2003) survivorship 18% 

Nothofagus  truncata hard beech (Kay, 2003) feeding but no moulting 
Olearia furfuracea tanguru (Kay, 2003) feeding but no moulting 
Olearia rani taraheke, ngungu (Kay, 2003) feeding but no moulting 

Paraserianthes lophantha brush wattle (Burnip et al, 2003; Flynn, 
1999; Flynn, 2000)   

Passiflora edulis passionfruit (Flynn, 1999; Flynn, 2000)   
Pelargonium sp.   (Flynn, 1999; Flynn, 2000)   
Photinia arbutifolia   (Flynn, 1999; Flynn, 2000)   

Photinia spp. red robin (Flynn, 1999; Riotte, 
1979)   

Phyllocladus trichomanoides tanekaha / celery 
pine (Kay, 2003) feeding but no moulting 

Pinus radiata pine tree 
(Common, 1990; Flynn, 
1999; Flynn, 2000; Riotte, 
1979) 

  

Pittosporum tenuifolium kohuhu, tawhiri, 
black matipo (Kay, 2003) feeding but no moulting 

Plagianthus regius ribbonwood (Burnip et al, 2003; Flynn, 
2000)   

Planchonella novo-zelandia   (Kay, 2003) feeding, moulting but no 
pupation 

Platanus acerifolia plane tree (Flynn, 2000)   
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Genus Species Common name Source Notes 
Podocarpus totara totara (Flynn, 2000; Kay, 2003) feeding but no moulting 
Populus nigra poplar (Burnip et al, 2003)   

Primula spp.   (Common, 1990; Flynn, 
2000)   

Prumnopitys ferruginea miro (Kay, 2003) feeding but no moulting 
Prunus Shimidsu Zakura flowering cherry (Burnip et al, 2003)   

Prunus spp. cherry and apricot (Common, 1990; Flynn, 
1999; Flynn, 2000)   

Pseudopanax arboreum five finger (Kay, 2003) feeding but no moulting 

Pseudotsuga menziesii Douglas fir (Burnip et al, 2003; Kay, 
2003) survivorship 50% 

Pseudotsuga menziesii 'resistant'   (Kay, 2003) survivorship 24% 

Pyrus spp. pear tree (Flynn, 1999; Flynn, 2000; 
Riotte,  1979)   

Quercus robur oak (Burnip et al, 2003)   

Robinia pseudacacia   (Kay, 2003) feeding survivorship 
42% 

Rosa  spp. roses (Flynn, 2000; Gellatley,  
1983; Riotte, 1979)   

Salix fragilis crack willow (Burnip et al, 2003)   

Salix spp.   (Common, 1990; Flynn, 
1999; Flynn, 2000)   

Sambucus  nigra elderberry (Burnip et al, 2003)   
Schinus molle pepper tree (Flynn, 1999; Flynn, 2000)   
Sesbania     (Flynn, 2000)   
Solanum mauritianium woolly nightshade (Flynn, 2000; Kay, 2003) feeding damage noted 
Sonchus  kirkii prickly sow thistle (Burnip et al, 2003)   

Sophora microphylla kowhai 
(Burnip et al, 2003; Flynn, 
1999; Flynn, 2000; Kay, 
2003) 

survivorship 10% 

Sophora molloyi kowhai (Burnip et al, 2003)   
Sophora prostrata kowhai (Burnip et al, 2003)   
Sophora tetraptera kowhai (Burnip et al, 2003) survivorship 84% 

Tamarix japonica plumosa   (Flynn, 2000; Riotte,  
1979)   

Tamarix spp. saltcedar (Common, 1990; Flynn, 
2000; Riotte,  1979)   

Ulex  europaeus gorse (Burnip et al, 2003)   
Ulmus sp. elm (Flynn, 2000)   
Virgilia  divaricata Cape virgilia (Flynn, 1999; Flynn, 2000)   

Vicia  faba broad bean (Common, 1990; Flynn, 
2000)   
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9. White-spotted tussock moth (Orgyia thyellina) 

9.1. INTRODUCTION 
White-spotted tussock moth was first detected in New Zealand in 1996 (MAF, 2002b). In 
response an eradication programme was initiated. It was declared eradicated in 1998 and has 
not been detected post-border in New Zealand since then. 
 
It is not known how white-spotted tussock moth arrived in New Zealand but there have been a 
number of interceptions of this species on used vehicles imported into New Zealand from 
Japan (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished data). 
The range of pathways by which this species could arrive have not been assessed. 
 
Apart from its (temporary) establishment in New Zealand, white-spotted tussock moth has not 
been reported anywhere else in the world outside its native range. Largely because it hadn’t 
previously established outside its native range, it is a poorly known species, with most 
published information related to its unusual life cycle and genetics rather than its potential as 
a pest. Despite the incursion in New Zealand, information useful for risk assessment of this 
species is very limited; Gninenko and Gninenko (2002) included this species in a series of 
assessments for risk through the maritime trade but considered that there was not enough 
information to assign a score for any of the criteria. 
 

9.2. PEST INFORMATION  

9.2.1. Pest taxonomy 
 
Scientific name: Orgyia thyellina Butler 1881 
Synonyms:  Notolophus thyellina (Butler) 
 
Class:    Insecta 
Order:  Lepidoptera 
Superfamily:  Noctuoidea 
Family:  Lymantriidae 
Common names: white-spotted tussock moth 
 
The genus Orgyia has just over 50 species and occurs worldwide (Schaefer, 1989), including 
Australia (Riotte, 1979). The genus includes some highly polyphagous species such as the 
rusty tussock moth (O. antiqua) and white-marked tussock moth (O. leucostigma), although 
many temperate Orgyia species feed only on deciduous trees (Schaefer, 1989). 
 
New Zealand has no native members of the Lymantriidae, and no other lymantriids are 
currently established in New Zealand (Dugdale, 1988). Lymantriidae is a worldwide family 
with representatives on all continents except Antarctica, but it is absent from certain oceanic 
islands (Schaefer, 1989). The family includes well-known pest species such as the gypsy 
moth (Lymantria dispar), the nun moth (L. monacha) and the Douglas fir tussock moth  
(O .pseudotsugata) (Schaefer, 1989). 

9.2.2. Geographical range 
White-spotted tussock moth is reported to be native to Japan, Korea, China, Taiwan and the 
Russian Far East (Gninenko and Gninenko, 2002; Hoare, 2001; Hosking et al., 2002; Je Ho 
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Ko, 1969; Walsh et al., 1999) although the exact distribution is not reported in detail. In Japan 
it is reported from Hiratsuka (near Tokyo) (Sato, 1978) and Hirosaki, in the north of Honshu 
(Kimura and Masaki, 1977). It has previously been established in New Zealand (eastern 
suburbs of Auckland) (Hoare, 2001; Hosking et al., 2002), but has not been reported 
anywhere else in the world outside its native range.  

9.2.3. Morphology 
Little information on the morphology of white-spotted tussock moth is available and it is not 
described in detail here. Photographs of eggs, pupae and adult females are given in Kimura 
and Masaki (1977), while photographs of males and winged females and notes on 
identification are given in Hoare (2001). 
 
Hoare (2001) notes that white-spotted tussock moth in New Zealand is only likely to be 
confused with painted apple moth (Teia anartoides), suggesting that it is superficially similar 
to other lymantriid moths. The wingspan of male and winged females is approximately 30-
35mm (Hoare, 2001). White-spotted tussock moth life stages are shown in figures 36 to 40. 
 
Figure 36. White-spotted tussock moth egg mass on old cocoon (image: MAF Biosecurity New 
Zealand) 

 
 
Figure 37. White-spotted tussock larva (image: MAF Biosecurity New Zealand) 
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Figure 38. White-spotted tussock moth brachypterous (wingless) female (image: MAF 
Biosecurity New Zealand) 

 
 
Figure 39. White-spotted tussock moth macropterous (winged) female (image: MAF Biosecurity 
New Zealand) 

 
 
Figure 40. White-spotted tussock moth male (image: MAF Biosecurity New Zealand) 

 

9.2.4. Life cycle 
White-spotted tussock moth is a multivoltine species with an unusual life history. It shows the 
common sexual dimorphism seen in other lymantriids, with flying males and flightless 
females, but there is also seasonal dimorphism (Kimura and Masaki, 1977; Sato, 1977). The 
life cycle is illustrated in Figure 41. 
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Figure 41. Life cycle of white-spotted tussock moth 

 
 
Larvae hatch from eggs in spring (in New Zealand September-November) (Ministry of 
Forestry, unpublished report, 1997). Males pass through 5 instars and females 6 before 
pupating (Sato, 1977). The choice of pupation site is one example of seasonal dimorphism 
among the female larvae (Kimura and Masaki, 1977). Under laboratory conditions, those who 
underwent their larval development in long-day conditions pupated directly on their food 
plants, while those who underwent their development under short-day conditions pupated on 
the cage. In the field, pupation is reported to occur on “permanent” objects such as fences and 
the walls of buildings (Kimura and Masaki, 1977; Ministry of Forestry, unpublished report, 
1997), as well as in bark crevices and the rolled leaves of vegetation (Yokoyama and 
Kurosawa, 1933). Male pupation sites are not reported but are assumed in this risk analysis to 
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be similar to female sites (i.e. under long day conditions, on foliage, under short day 
conditions, on inanimate objects). 
 
The range of times that pupae persist before emergence is not reported but based on 
laboratory rearing experiments an estimate of 1 week is given for late summer in Hirosaki, 
northern Japan (Kimura and Masaki, 1977) (about 23oC). 
 
When the adults emerge, the females are either winged (macropterous) or with much reduced 
wings and flightless (brachypterous) (Kimura and Masaki, 1977; Sato, 1977). Whether the 
females are winged or not depends on the daylength conditions at the larval stage. The long-
day larvae developed into macropterous females, the short-day larvae developed into 
brachypterous females (Kimura and Masaki, 1977).  
 
Macropterous females and males from the same conditions mostly emerged during the 
afternoon (Sato, 1978). Brachypterous females emerged throughout the day, with the greatest 
number emerging in the morning, with males emerging throughout the day. 
 
Females are reported to be most attractive on the first day following emergence, while males 
are most active 2-3 days following emergence (Sato, 1978). Although not reported, adult 
lifespan is expected to be similar to other lymantriids, 1-2 weeks maximum (Leonard, 1981). 
Females lack functional mouthparts (Gries et al., 1999) so are incapable of feeding (it is not 
stated whether or not males have functional mouthparts). 
 
Females lay a single egg mass (Kimura and Masaki, 1977). Macropterous females (i.e. those 
that developed under long-day conditions) generally lay non-diapause eggs, which hatch 
within 2 weeks at 25oC (Kimura and Masaki, 1977). Brachypterous females (i.e. those that 
developed under short-day conditions) generally lay fewer eggs that are noticeably larger, 
heavier and with a thicker chorion (Sato, 1977). These eggs are diapause eggs requiring a 
period of chilling to complete development and moist air for hatching (Kimura and Masaki, 
1977). Diapausing eggs are commonly laid on the female cocoon, but eggs have not been 
observed laid on cocoons in the summer, eggs laid in summer are more commonly laid on the 
leaves of food plants (Kimura and Masaki, 1977). 
 
While photoperiod, female wing type and egg diapause are closely correlated, they are not 
inseparably associated (Kimura and Masaki, 1977). In laboratory experiments, a small 
proportion of winged females (2/175 and 1/69) laid diapausing eggs, with similar proportions 
of wingless females (2/175 and 0/93) laying non-diapause eggs (Kimura and Masaki, 1977). 
A single egg mass generally contained only one egg type, but occasionally a small number of 
larvae hatched early from a diapausing egg mass. 
 
In the field there are typically 1-2 non-diapause generations over late spring and summer, 
followed by a diapause generation initiated in autumn that doesn’t hatch until the following 
spring. 

9.2.5. Dispersal 
Little information is available on the dispersal of white-spotted tussock moth. 
 
A recent (2005), comprehensive review of arthropod ballooning (Bell et al., 2005) did not list 
white-spotted tussock moth. However the ballooning of first instar larvae is typical of a 
number of lymantriid moths (Bell et al., 2005; Common, 1990). Given that diapausing eggs 
are laid on cocoons and these cocoons are formed on inanimate objects such and fences and 
building (Kimura and Masaki, 1977; Ministry of Forestry, unpublished report, 1997) larvae 
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will need to disperse to find host plants. Ballooning of larvae from diapausing egg masses was 
observed in Auckland in 1996 when white-spotted tussock moth was temporarily established 
in New Zealand (John Bain, pers. comm. February 2007). Therefore it is considered that this 
generation (i.e. the larvae that hatch from diapausing egg masses), at least, would balloon and 
in this risk analysis it is assumed that ballooning is similar to that reported in the European 
gypsy moth. Further information on ballooning may alter the conclusions of this risk analysis. 
 
The flight abilities of males and winged (macropterous) females are not reported. 
Macropterous females are routinely captured in light traps (Kimura and Masaki, 1977) so they 
are actively flying at night, but how readily they fly and the distances they travel are not 
stated. 
 
Any life stage can disperse when the material on which they occur is transported by humans. 
Immobile life stages (pupae, eggs and brachypterous adult females) are particularly likely to 
be transported in this way, for example the recorded interceptions on vehicles are mainly egg 
masses. 

9.2.6. Host range 
White-spotted tussock moth is a polyphagous species that feeds on a diverse range of plant 
taxa (Hoare, 2001; Hosking et al., 2002; Ministry of Forestry, unpublished report, 1997). 
 
In its native range it is most commonly regarded as a pest of fruit trees (Hoare, 2001; Sato, 
1977) such as mulberry (Morus spp.), pear (Pyrus spp.), apple (Malus spp.), cherry and plum 
(both Prunus spp.). However the recorded host range is much wider, including elm (Ulmus 
spp.), walnut (Juglans spp.), persimmon (Diospyros spp.), willow (Salix spp.), oak (Quercus 
spp.), box elder (Acer negundo) and kakabeak (Clianthus puniceus) (Hoare, 2001; Ministry of 
Forestry, unpublished report, 1997). In the laboratory it has been reported feeding on radiata 
pine (Pinus radiata), larch (Larix decidua), red and silver beech (Nothofagus fusca, N. 
menziesii) and a eucalypt (Eucalyptus nitens) although only late instar larvae were reported to 
feed on radiata pine and feeding on the two beech species was limited (Ministry of Forestry, 
unpublished report, 1997). 
 
Gypsy moth in North America is reported to show marked differences in feeding depending 
on population levels; when the density is high, larvae feed on species that they do not feed on 
when densities are low (Leonard, 1981). It is not known whether outbreaks occur with white-
spotted tussock moth, and if they do, if the host range is altered during outbreaks. It is 
considered likely that if outbreaks occur, during outbreaks the host range seen in the field will 
differ to some extent from the host range observed under normal population levels.  

9.2.7. Pest significance 
White-spotted tussock moth is regarded as a pest in its native range (Je Ho Ko, 1969; Sato, 
1977) but the limited information on this species (and the focus on publishing information on 
the life cycle and genetics rather than ecology and control techniques) suggests that it is not 
considered a particularly problematic species. 
 
Apart from the population in Auckland is hasn’t established anywhere else outside its native 
range which makes it more difficult to predict its significance as a pest. 
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9.3. RISK ASSESSMENT 

9.3.1. Likelihood of entry by country 
White-spotted tussock moth is reported to be native to Japan, Korea, China, Taiwan and the 
Russian Far East (Hoare, 2001; Hosking et al., 2002; Je Ho Ko, 1969; Walsh et al., 1999) 
although the exact distribution is not reported in detail. There is almost no information about 
its distribution or population levels in these countries. For example, it is not reported whether 
white-spotted tussock moth occurs in Hong Kong, which is on a similar latitude to Taiwan. 
 
For the purpose of this risk analysis it is assumed that white-spotted tussock moth is present 
throughout Japan, Korea, China and Taiwan, as not only is the distribution within these 
countries uncertain, but trade figures are reported for the whole country and not by region. It 
is also assumed that white-spotted tussock moth occurs in some proportion of the Russian Far 
East, and where data are quoted as “Russia” only, these are included in the figures. The 
exception to this pattern of reporting by country only is Hong Kong, which is reported 
separately from the rest of China. It is assumed that white-spotted tussock moth does not 
occur in Hong Kong as it is unlikely to provide much suitable habitat. If white-spotted tussock 
moth is found in Hong Kong (or any other country not listed here) the figures in this section 
will need to be reassessed. 
 
The likelihood of white-spotted tussock moth being transported to New Zealand from any 
particular country is dependent on a number of factors. All other factors being equal, greater 
volumes of passengers, goods, containers and vessels will mean a greater likelihood of white-
spotted tussock moth introduction. 
 
In the year ended June 2005, nearly 500 000 passengers (including long-term and permanent 
migrants) entered New Zealand from countries with white-spotted tussock moth (year ended 
June 2005 migration data from Statistics New Zealand, 2005), 11.5 percent of the total 
arrivals (table 35). 
 
Table 35. Passenger arrivals from countries with white-spotted tussock moth in the year ended 
June 2005 
 

  short term visitors 
short term 
departures (NZ 
residents) 

permanent and long-term 
arrivals total 

Taiwan 27 616 12 147 678 40 441  
Japan  163 169  18 543  3 672    185 384  
China 83 934  49 166  4 629    137 729  
South Korea 113 902  15 304  1 907    131 113  
totals 388 621 95 160 10 886 494 667 
all country totals 2 403 768  1 809 894  79 139    4 292 801  

 
In 2005, nearly 90 000 sea containers were imported from countries with white-spotted 
tussock moth (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, Quancargo 
database). approximately 15 percent of total sea container imports (table 36). 
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Table 36. Sea container imports from countries with white-spotted tussock moth in the year 
ended December 2005 
 

  
Loaded 
containers Empty containers Grand Total 

China  48 343 1 602 49 945 
Japan  11 315 6 710 18 025 
Republic of Korea  10 786 3 531 14 317 
Taiwan  5 977 724 6 701 
Russian Federation  159 15 174 
total: white-spotted tussock moth countries 

76 580 12 582 89 162 
total: all countries 377 565 197 210 574 775 

 
For some pests, differing transit times from different countries are considered to affect the 
likelihood of introduction from the different countries (MAF, 2002a). The importance of 
differing sea transit times depends on the life stage and is discussed further under specific 
pathways. Since diapausing egg masses can survive for months, no country can be completely 
excluded from this analysis based on transit time. 
 
Air transit times from all countries with white-spotted tussock moth are less than 48 hours 
(Air New Zealand 2006) and the differences between countries are not considered to be 
significant for this risk analysis. 
 
Direct sea transit times to New Zealand from ports in some countries with white-spotted 
tussock moth are given in table 37 (note that these are direct times and in many cases the 
actual times are much longer as many ships don’t necessarily travel directly to New Zealand 
(The New Zealand Shipping Gazette 2005). 
 
Table 37. Direct sea transit times to New Zealand (Pedlow et al., 1998) 
 
Port Time (at average 16 knots) 
China (Shanghai) 13.4 days 
Japan (Yokohama) 12.5 days 
 
The greater the population levels of white-spotted tussock moth in an area, the greater the 
likelihood that there will be white-spotted tussock moth life stages contaminating a 
transported item. White-spotted tussock moth outbreaks are not reported, but Douglas fir 
tussock moth (another Orgyia species) is reported to have massive population outbreaks 
(Schaefer, 1989). If outbreaks of white-spotted tussock moth occurred, a greater likelihood of 
introduction would be expected during outbreaks. 
  
Conclusion 
Taiwan has passenger and trade volumes typically an order of magnitude lower than Japan, 
South Korea and China, with passenger and trade volumes from Russia lower still which 
suggests that white-spotted tussock moth is less likely to arrive from Taiwan and the Russian 
Federation than other countries with white-spotted tussock moth. 
 
There is not enough available information on the distribution and population levels of white-
spotted tussock moth to suggest whether or not there are significant differences in the 
likelihood of white-spotted tussock moth arriving from Japan, China and Korea. While the 
Russian Far East ports are known to have particularly high levels of Asian gypsy moth, there 
is no evidence to suggest that the high population levels of Asian gypsy moth also occur for 
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white-spotted tussock moth. Since the species have quite different life histories, it is probably 
not valid to apply the information on Asian gypsy moth population levels to white-spotted 
tussock moth. 
 
No country can be excluded from this risk analysis based on transit time. 

9.3.2. Summary of pathways 
The only pathway that white-spotted tussock moth has ever been intercepted on is the vehicles 
pathway, specifically, used vehicles imported from Japan. Since white-spotted tussock moth 
hasn’t been intercepted post-border since the eradication was completed, there is no evidence 
that there is a currently active pathway that does not have adequate measures in place (in 
contrast with painted apple moth and fall webworm for example). However there is currently 
no specific trapping for white-spotted tussock moth in New Zealand. While there is general 
surveillance of high risk sites and caterpillars are distinctive and therefore more likely to be 
detected and reported by the public (as occurred with fall webworm in 2003 for example), 
there is not the same degree of confidence that there would be if specific surveillance was 
conducted. 
 
The biology of white-spotted tussock moth suggests that the most likely time in the life cycle 
for white-spotted tussock moth to become associated with an item is when late instar larvae 
crawl looking for pupation sites. This scenario is considered most likely to occur in autumn. 
Although it is not a closely-related species, this scenario is very similar to what occurs with 
fall webworm (Hyphantria cunea). It is also similar to what occurs with painted apple moth, 
although painted apple moth lacks the marked seasonal differences. The critical factor for 
items becoming associated with white-spotted tussock moth, fall webworm and painted apple 
moth is whether items occur close enough to a population for the larvae to crawl onto the 
items and pupate. 
 
For white-spotted tussock moth, as in the case of fall webworm, it is the life stage that 
overwinters in a diapause state that is transported (even though for white-spotted tussock 
moth it is egg masses and for fall webworm it is pupae). The transit time is not a significant 
factor for this diapause life stage. While there may be significant differences in the 
environmental tolerances of these life stages that affects the likelihood of arrival in New 
Zealand, there is not enough information available to do this comparison. 
 
White-spotted tussock moth is a hitchhiker pest (i.e. associated with pathways that are not 
specifically host material). It is likely that other pathways known to be associated with 
hitchhiker pests are viable pathways for white-spotted tussock moth. In particular, the 
pathways for white-spotted tussock moth are expected to be very similar to those for fall 
webworm, including the seasonal variation. 
 
Because of the strong similarities with transport of fall webworm and because there are few 
interception records, it is expected that the results of a detailed analysis of white-spotted 
tussock moth will effectively duplicate the results for fall webworm, while adding little 
additional information. For this reason, the full range of possible pathways is not examined in 
detail. Each pathway is identified and summarised only. The exception is vehicles, because 
there are ongoing interceptions of white-spotted tussock moth on used vehicles. 
 
Measures that reduce the likelihood of arrival of fall webworm (and painted apple moth) 
should also reduce the likelihood of arrival for white-spotted tussock moth. 
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If there are post-border interceptions and the need to improve border measures for white-
spotted tussock moth is identified, the full range of viable pathways should be considered. 
 
A general scheme for the arrival of white-spotted tussock moth in New Zealand is given in 
Figure 42. 
 
Figure 42. Pathway diagram for arrival of white-spotted tussock moth (all pathways) 

 

9.3.3. Vehicles and machinery 
The vehicles and machinery pathway is described in more detail in the Import risk analysis: 
Vehicle and Machinery (MAF Biosecurity New Zealand, 2007). 
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Motor vehicles include cars, buses, utility vehicles, vans, trucks, buses, motorcycles and 
trailers. In 2004 New Zealand imported 272 000 vehicles, of which just over 60 percent were 
used. Approximately 78 percent of these come from countries reported as having white-
spotted tussock moth. Of the vehicles from countries with white-spotted tussock moth, all of 
the used vehicles and 98 percent of the total number came from Japan (NZ Customs Service, 
unpublished data, December 2004). 
 
Machinery (e.g. bulldozers, tractors and forestry equipment), also imported either new or 
used, is not usually classified with vehicles and is covered by a different import health 
standard (MAF, 1998). Both new and used machinery was considered with vehicles as part of 
the Import risk analysis: Vehicle and Machinery and is also considered together with vehicles 
here. In the year ended June 2005, 4145 items defined as “used machinery” were imported 
(MAF Quancargo database). The most commonly imported machinery items are excavators 
and forklifts. Further detail is available in MAF Biosecurity New Zealand (2007). 
 
Used vehicles spend months or years in urban or rural areas, as does used machinery. Some 
vehicles and machinery will be stored outdoors, others indoors. Motor vehicles for export 
(both new and used) usually spend some time at the port in a variety of circumstances prior to 
loading. New cars from Japan are sometimes stored outdoors prior to export either near 
factories or ports. In some cases storage can be near areas with significant vegetation and for a 
period of some months (John Bain, unpublished report to MAF, November 1998; Paul Hallett 
pers. comm. May 2006).  
 
Vehicles travel to New Zealand via sea transport, either in containers or as breakbulk cargo. 
Transit times from some ports in countries with white-spotted tussock moth are reported in 
table 37 (section 9.3.1).  
 
Following arrival and biosecurity clearance, all used vehicles are subsequently subject to a 
more detailed physical inspection at LTNZ-approved compliance testing centres. These 
inspections may take place many months after importation (Justin Downs pers. comm. 
September 2005). There is no formal process for dealing with any biosecurity contaminants 
found during the LTNZ inspection process, nor are there any published data on the frequency 
with which biosecurity contamination is found at compliance centres (this is discussed further 
in MAF Biosecurity New Zealand (2007). 
 
Once a used car has undergone mechanical inspection it can go anywhere in New Zealand 
without restriction (apart from that imposed by the roading network). 
 
White-spotted tussock moth has been detected on used vehicles imported from Japan 
(Armstrong et al., 2003; MAF Biosecurity New Zealand, Biosecurity Monitoring Group, 
unpublished data) (table 38). Japanese used vehicles are the only goods that white-spotted 
tussock moth has been reported as intercepted on. It is difficult to put a reliable figure on the 
frequency of interception and the actual frequency of contamination is effectively unknown. 
 
Armstrong et al. (2003) tested 152 suspected lymantriid interceptions collected over a period 
of just under 2 years (September 2000 to June 2002). Of these, two samples (both egg masses) 
were determined to be white-spotted tussock moth, while 124 were reported to be Asian 
gypsy moth. 
 
The Border Monitoring Group’s interceptions database lists 6 interceptions of white-spotted 
tussock moth on used vehicles imported from Japan; 2 in 1998, 2 in 1999, 1 in 2001 and 1 in 
2005 (MAF Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished data). 
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These are likely to be separate from the interceptions reported in Armstrong et al. (2003) as 
only one of the records from the interceptions database was from the correct date range. 
 
Table 38. Recorded interceptions of white-spotted tussock moth on used vehicles imported from 
Japan 
 

Date of interception Life 
stage Viability Comments 

December 1998 egg live 3 or 4 egg masses in different locations 
on the same vehicle 

December 1998 egg live   
February 1999 egg live   

September 1999 multiple mixed 
Live egg mass, with non-viable larval 
and pupal material and hatched eggs 
also present  

2000-2002 egg not 
reported Identification established by DNA testing 

2000-2002 egg not 
reported Identification established by DNA testing 

November 2001 egg dead   
November 2005 egg live   

 
The number of interceptions cannot be taken to indicate the actual number of white-spotted 
tussock moth arrivals at the border in New Zealand on vehicles. Interceptions data are not 
collected in a way that is designed for use in characterising arrival pathways (Brockerhoff et 
al., 2006). Not all interceptions of lymantriid moths (and other organisms) on vehicles are 
even documented. In particular, there are very few records from 2002-2005 in the interception 
data available, due to a change in reporting requirements. Therefore the numbers of 
interceptions cannot be taken in any way to represent even the true level of detection for 
vehicles, let alone the true level of contamination. Some of the of issues related to the 
reliability of interception data are discussed in relation to Asian gypsy moth egg mass 
detections on vehicles in section 5.3.7 and 11.2.2. 

9.3.3.1. Likelihood of entry via lifestage – eggs 
The type of eggs laid depend on the season, specifically the daylength the female parent is 
exposed to as a larva (Kimura and Masaki, 1977). 

Non-diapausing eggs 
Under long day conditions non-diapausing eggs are laid by winged females capable of flight 
(macropterous). These eggs are most commonly reported to be laid on foliage (Kimura and 
Masaki, 1977). It is not reported whether winged females exclusively lay eggs on host foliage 
or whether they also lay on non-host material. If they only lay eggs on host foliage, then it 
would be unlikely that non-diapausing egg masses would occur on vehicles entering New 
Zealand, however this likelihood remains uncertain. If winged females were trapped on 
vehicles or were on vehicles where no host foliage was present (see section on adults) it is 
uncertain whether they would lay eggs on vehicles. 
 
Because they are used and stored outside, often for years, used vehicles are more likely to be 
contaminated with foliage than new vehicles, however, at the time of arrival in New Zealand 
most of the foliage would be old and very unlikely to support viable white-spotted tussock 
moth eggs. Only a small minority of the foliage would have contaminated the vehicles 
recently enough to still contain viable white-spotted tussock moth eggs (for example if there 
was a population of white-spotted tussock moth at the port of loading). 
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Non-diapausing eggs are reported to hatch within 2 weeks at 25oC (Kimura and Masaki, 
1977). While this period may be longer under different conditions and the effects of travelling 
through the tropics are uncertain, only very recently laid egg masses are expected to arrive in 
New Zealand without having hatched in transit. 
 
Conclusion statement on likelihood of entry of non-diapausing egg masses associated 
with vehicles: 
 
Given that: 
• used vehicles will have been used outdoors and also often stored outdoors and some are 

likely to be contaminated with foliage; 
• the non-diapausing egg stage lasts for around 2 weeks at 25oC, slightly longer than the 

direct transit time from countries with white-spotted tussock moth; 
• the minimum and maximum times for the non-diapausing egg stage are not reported, nor 

are effects of temperature on development; 
• 78 percent of vehicles arriving in New Zealand are from countries with white-spotted 

tussock moth; 
and taking into account that: 
• egg masses are only expected to arrive before hatching if they were laid within a few days 

of the vehicle being transported and transit is direct; 
• most new vehicles are unlikely to become contaminated with foliage; 
it is concluded that the likelihood of importation of white-spotted tussock moth as non-
diapausing eggs via vehicles is negligible. 

Diapausing eggs 
Under short day conditions, diapausing eggs are laid by females with only rudimentary wings, 
incapable of flight (brachypterous) (Kimura and Masaki, 1977). These eggs are commonly 
reported to be laid on the female cocoon (Kimura and Masaki, 1977), as with painted apple 
moth. The oviposition site is limited by the immobility of the female moth, and therefore 
depends on the site selected for pupation by the female larvae. The distance (average or 
maximum) that mature larvae crawl is not reported. 
 
In the absence of any estimates for this figure, or information for a related species, this 
number is described as the “maximum crawling distance”. Items that are further than the 
maximum crawling distance from where white-spotted tussock moth larvae are feeding are 
not likely to become contaminated with white-spotted tussock moth pupae and therefore 
diapausing egg masses. If a vehicle was within the maximum crawling distance of a white-
spotted tussock moth population, there is a likelihood that it will contain white-spotted 
tussock moth egg masses. Both used and new vehicles could be contaminated with white-
spotted tussock moth depending on where they were stored; it is uncertain whether they are 
ever stored close to environments likely to contain white-spotted tussock moth populations. 
 
The relationship between flightless females and diapausing eggs is not considered to be 
totally consistent, with a small proportion of winged females laying diapause egg masses in 
the laboratory (Kimura and Masaki, 1977). It is uncertain whether winged females lay 
diapausing eggs in the field, nor is it reported where these eggs would be laid. Further 
information on winged females laying diapausing egg masses may alter the conclusions of 
this risk analysis, for example if a proportion of winged females laid diapausing egg masses 
on inanimate objects, or if some egg masses on old foliage were diapausing. 
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It is reported in the laboratory that larvae that develop into brachypterous females most 
commonly pupated on inanimate objects (Kimura and Masaki, 1977), and similar behaviour is 
reported in the field (Ministry of Forestry, unpublished report, 1997). This behaviour could 
lead to vehicles serving as pupation sites and then having egg masses laid on them. The 
detection of a spent pupal case with one of the detected egg masses supports this conclusion. 
 
The detection dates of the egg masses detected at the border (September to February) suggest 
that they are most likely to be diapausing eggs, supporting the conclusion that the egg masses 
most likely to arrive on vehicles are diapausing egg masses. 
 
Diapausing egg masses are most likely to contaminate a vehicle in the autumn (Northern 
Hemisphere), however they could arrive in New Zealand at any time between the Northern 
Hemisphere autumn and late spring. The main arrival times is estimated to be from September 
to May, although more detailed information on the life cycle timing in the native range of 
white-spotted tussock moth would provide a more accurate date. 
 
The factors that control the breaking for diapause in white-spotted tussock moth are unknown 
and initial attempts in the laboratory to break diapause using a range of temperature regimes 
failed  (Ministry of Forestry, unpublished report, 1997), suggesting that the breaking of 
diapause is not entirely dependent on temperature, although it may still be factor. 
 
Because eggs can persist in the diapause state for months, eggs are capable of surviving the 
transit time to New Zealand. While detailed data on the environmental tolerances of eggs are 
not available, in the diapause experiments eggs survived conditions including 9 days at -10oC 
and 1 month at 4oC. High humidity appears to be important for successful eclosion (Ministry 
of Forestry, unpublished report, 1997). The arrival of live egg masses in New Zealand, and 
the greater proportion of live egg masses compared to dead, indicates that white-spotted 
tussock moth is capable of surviving the transit conditions to New Zealand. 
 
Conclusion statement on likelihood of entry of diapausing egg masses associated with 
vehicles: 
 
Given that: 
• used vehicles will have been used outdoors and also often stored outdoors and are known 

to become contaminated with organisms, including white-spotted tussock moth egg 
masses; 

• eggs can persist for many months in the diapause state; 
• diapausing eggs are known to be capable of surviving the conditions in transit to 

New Zealand; 
• 78 percent of vehicles arriving in New Zealand are from countries with white-spotted 

tussock moth; 
and taking into account that: 
• egg masses are only expected to occur on vehicles if the occur within the maximum 

crawling distance of a white-spotted tussock moth population; 
• most new vehicles are unlikely to be in close proximity to white-spotted tussock moth 

populations; 
• there is uncertainty about the ability of winged females to lay diapausing eggs; 
it is concluded that the likelihood of importation of white-spotted tussock moth as 
diapausing eggs via vehicles is not negligible. 
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Comment 
While the available data are inadequate to determine the frequency of white-spotted tussock 
moth arrival, both the interception data and the biology suggest that white-spotted tussock 
moth is less likely to contaminate vehicles than Asian gypsy moth. It is uncertain whether 
new vehicles are ever stored close to environments that contain white-spotted tussock moth 
populations and the likelihood of entry on new vehicles is considered substantially lower then 
the likelihood of entry on used vehicles. 

9.3.3.2. Likelihood of entry via lifestage – larvae 
Because of the multivoltine nature of white-spotted tussock moth, life stages overlap 
significantly and an obvious season where larvae are present is not well defined in the way it 
may be for a univoltine species such as gypsy moth. 
 
Little is reported about larval behaviour. Larvae balloon, at least those from diapausing egg 
masses (John Bain, pers. comm. February 2007), and therefore may land on a vehicle, or may 
crawl onto a vehicle if it is within crawling distance of a population. However given that they 
need to feed, they would be unlikely to remain with a vehicle unless trapped or looking for a 
pupation site. Larval material was once detected on a vehicle at the New Zealand border; the 
larval material was associated with a pupal case. 
 
The starvation tolerance and environmental tolerances of larvae are not reported, nor have live 
white-spotted tussock moth larvae been intercepted at the border so it is uncertain whether or 
not they are capable of surviving the transit time and conditions in transit to New Zealand. 
 
Conclusion statement on likelihood of entry of larvae associated with vehicles: 
 
Given that: 
• used vehicles will have been used outdoors and also often stored outdoors and are known 

to become contaminated with organisms; 
• 78 percent of vehicles arriving in New Zealand are from countries with white-spotted 

tussock moth; 
and taking into account that: 
• there is no particular reason to suppose that larvae would be associated with vehicles; 
• larvae are not likely to stay associated with items that are not host material unless they 

become trapped; 
• the ability of larvae to survive transit is uncertain; 
it is concluded that the likelihood of importation of white-spotted tussock moth as larvae 
via vehicles is negligible. 

9.3.3.3. Likelihood of entry via lifestage – pupae 
In the field, pupation is reported to occur on “permanent” objects such as fences and the walls 
of buildings (Kimura and Masaki, 1977; (Ministry of Forestry, unpublished report, 1997), as 
well as in bark crevices and the rolled leaves of vegetation (Yokoyama and Kurosawa, 1933). 
Although not specifically stated, there are likely to be sites suitable for pupation on vehicles, 
but how frequently pupation occurs on vehicles is uncertain. There has been one interception 
of an old pupal case of white-spotted tussock moth on a vehicle. 
 
Evidence from the laboratory suggests that it more likely to be larvae that develop into 
wingless females that pupate on inanimate objects (Kimura and Masaki, 1977), although there 
is not enough information on pupation sites to draw strong conclusions. 
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As discussed in the section on eggs, the distance that larvae crawl in search of pupation sites 
is uncertain. The detection of a white-spotted tussock moth pupal case and diapausing egg 
masses on vehicles indicates that on some occasions larvae crawl onto vehicles to pupate. 
Pupation on vehicles is only expected to occur if the vehicle occurs within the maximum 
crawling distance of a white-spotted tussock moth population. Both used and new vehicles 
could be contaminated with white-spotted tussock moth depending on where they were 
stored; it is uncertain whether they are ever stored close to environments likely to contain 
white-spotted tussock moth populations. 
 
The range of times that pupae persist before emergence is not reported but based on 
laboratory rearing experiments an estimate of 1 week is given for late summer in Hirosaki, 
northern Japan (Kimura and Masaki, 1977) (about 23oC). Since the minimum transit times 
reported (table 37) are longer than the reported pupation time, if this time is used as a guide, 
pupae are not likely to arrive in New Zealand but would emerge in transit.  
 
Development rates are affected by temperature (Matsuki et al., 2001) and under cooler 
conditions the pupal stage is likely to last longer. However given that the ships traveling to 
New Zealand must pass through the tropics, that transit times are often longer than the 
reported minimum because ships visit several ports before arriving in New Zealand and that 
viable pupae would only occur on a vehicle if they contaminated it just prior to loading, the 
proportion of pupae contaminating vehicles that arrive viable is likely to be very small. 
 
The environmental tolerances of white-spotted tussock moth pupae and their ability to survive 
transit conditions are not known. 
 
Conclusion statement on likelihood of entry of pupae associated with vehicles: 
 
Given that: 
• used vehicles will have been used outdoors and also often stored outdoors and are known 

to become contaminated with organisms, including white-spotted tussock moth; 
• 78 percent of vehicles arriving in New Zealand are from countries with white-spotted 

tussock moth; 
and taking into account that: 
• pupae are only expected to occur on vehicles if they are within the maximum crawling 

distance of a white-spotted tussock moth population; 
• most new vehicles are unlikely to be in close proximity to white-spotted tussock moth 

populations; 
• limited information is available on pupation times, but based on available information, 

pupation times are shorter than the minimum transit to New Zealand so pupae are not 
expected to arrive in New Zealand; 

it is concluded that the likelihood of importation of white-spotted tussock moth as pupae 
via vehicles is negligible. 

9.3.3.4. Likelihood of entry via lifestage – adults 
Wingless females are largely immobile and are not expected to occur on a vehicle unless they 
pupated on it. 
 
The flight distances of males and winged females are not reported, so it is uncertain how close 
to a white-spotted tussock moth population a vehicle would have to be to become 
contaminated with adult male and winged female white-spotted tussock moth. Because they 
are mobile, adult male and winged female white-spotted tussock moth are not likely to alight 
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on vehicles and remain with them until they arrived in New Zealand, unless they became 
trapped. 
 
Although not reported, adult lifespan is expected to be similar to other lymantriids, 1-2 weeks 
maximum (Leonard, 1981). However since females are reported to be most attractive at 1 day 
old and males most active at 2-3 days (Sato, 1978), the period of reproductive viability is 
expected to be less than the reported lifespan. 
 
Given the transit times (table 37), reproductively viable adults are unlikely to arrive in 
New Zealand as a result of directly contaminating a vehicle. However they could arrive as a 
result of pupae contaminating vehicles and emerging in transit. 
 
If more than one pupa occurred on a vehicle or a number of vehicles in a shipment were 
contaminated, it is possible that males and females could occur together in transit. Where the 
females were wingless, it is expected that they could mate and lay diapausing eggs on the 
vehicle. Where the females are winged there is less certainty about what would occur as 
winged females are reported to lay eggs more frequently on host foliage. 
 
The likelihood of eggs occurring on a vehicle as a result of these events occurring is included 
under the likelihood of diapausing eggs arriving. 
 
Transit conditions are likely to vary depending on the type of transportation and the country 
of origin. The ability of adults to survive transit conditions is uncertain, although since 
lymantriids typically do not feed they would not require food (Common, 1990). However 
because they are both mobile and fragile, adults are more likely to be damaged or killed in 
transit than less mobile life stages. 
 
Conclusion statement on likelihood of entry of adults associated with vehicles: 
 
Given that: 
• used vehicles will have been used outdoors and also often stored outdoors and are known 

to become contaminated with organisms, including white-spotted tussock moth; 
• 78 percent of vehicles arriving in New Zealand are from countries with white-spotted 

tussock moth; 
and taking into account that: 
• adults moths are mobile and unlikely to stay associated with an object; 
• survival times for adult white-spotted tussock moth are likely to be less than direct sea 

transit times for countries with white-spotted tussock moth (based on survival of other 
lymantriids); 

• pupae (that emerge in transit) are only likely to contaminate a vehicle stored within the 
maximum crawling distance of a population of white-spotted tussock moth; 

it is concluded that the likelihood of importation of white-spotted tussock moth as adults 
via vehicles is negligible. 

9.3.3.5. Current measures on vehicles 
The import requirements for used vehicles and equipment are set out in the following MAF 
Biosecurity Authority import health standards: 
• Import Health Standard for used buses, cars, motor cycles, trucks, utility vehicles and 

vans from any country, dated 11 September 2001; 
• Import Health Standard for treated used vehicles imported into New Zealand,  BMG-STD- 

HTVEH, September 2003; 
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• Import Health Standard for forestry and agricultural equipment from any country, dated 
18 March 1998. 
 

These outline several options for inspection and treatment (these are explained in greater 
detail in the Import risk analysis: Vehicle and Machinery, MAF Biosecurity New Zealand, 
2007). Currently all used vehicles are visually inspected and decontaminated if required. 
Visual inspection involves internal and external inspection, including removal of hubcaps, 
lifting seats etc., but does not involve removing or dismantling anything in the engine 
compartment that would require the use of tools (MAF, 2006a). There is a wide range of 
potential contaminants and individual tolerance levels for each have not been set, so an 
arbitrary figure of 97 percent has been set for efficacy of visual inspection all contaminants 
(MAF, 2003a). 
 
The decontamination technique used depends on the type of contamination detected. 
Decontamination treatments used are direct hand removal of small contaminants (Japan only), 
pressure wash, internal vacuuming and fumigation with methyl bromide and, since December 
2006, heat treatment. Vehicles detected with lymantriid life stages are fumigated (in the case 
of Japan-inspected details all visible life stages are removed and then the vehicle is fumigated 
on arrival in New Zealand) (MAF 2005a, MAF 2006a). 
 
Approximately 55 percent of used vehicles are inspected (and if necessary treated) in Japan, 
with the remainder inspected on arrival in New Zealand. Vehicles inspected/treated in Japan 
must be shipped within 10 days of inspection or be externally reinspected (including 
underside inspection only during the AGM flight season) and must be stored at least 3 metres 
from uninspected/ untreated vehicles. The reinspection requirements are intended as a 
measure to reduce the likelihood of re-contamination between inspection and shipping, but the 
figures are not derived from scientific assessment of dispersal abilities of any particular 
species. 
 
Inspection of used machinery and equipment is more complicated, depending on the structure 
of the machinery, and usually requires some partial dismantling (MAF 2006a). There are 
additional requirements for inspection and treatment of used equipment over and above those 
required for other vehicles (such as removal or heat treatment for used cables and winches).  
 
There is currently no IHS or mandatory inspection and treatment requirements for new 
vehicles and equipment.  However, if on arrival an inspector considers that a vehicle or piece 
of equipment has been contaminated, the vehicle will be treated as a used vehicle.  In practice 
such contamination is rarely picked up.  
 
There is no direct information to suggest the level of efficacy of visual inspection for white-
spotted tussock moth. There are no documented instances of white-spotted tussock moth egg 
masses being detected on used vehicles following clearance. White-spotted tussock moth is 
known to have entered New Zealand and formed a population temporarily, but this incursion 
was prior to the introduction of visual inspection on imported used vehicles. 
 
It is unlikely to be possible to conduct surveys with large enough sample sizes to determine 
the efficacy of visual inspection for white-spotted tussock moth, even if the actual frequency 
of contamination was known, at least with currently available technology. The efficacy of 
visual inspection for detecting white-spotted tussock moth is therefore uncertain and expected 
to remain so. 
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Information on the overall efficacy of inspection for all contaminants is available and is the 
best estimate for the efficacy of inspection for white-spotted tussock moth. However the 
actual efficacy for white-spotted tussock moth may be higher or lower than this figure. For 
example, the detection of lymantriid egg masses is a focus in training for inspectors so they 
may be more likely to detect them than some other contaminants. Conversely, if egg masses 
were in particularly difficult locations they may be less likely to be detected than 
contaminants in other locations. 
 
There are two components to the efficacy of visual inspection. The first is whether there are 
visually detectable contaminants being missed and at what rate. The second is whether there 
are contaminants that cannot be detected by visual inspection, such as those that are hidden. 
 
A survey of 541 vehicles that had received biosecurity clearance conducted in 2005 indicated 
that efficacy for the detection of visually detectable contaminants was ~73 percent (Wedde et 
al., 2006). In comparison, the current target for inspection efficacy is 97 percent (see MAF 
Biosecurity New Zealand, 2007 for more detail on the survey results). The most common 
contaminant was dried foliage but a number of live arthropods were also detected, although 
no lymantriids. 
 
A survey of 300 cleared vehicles and machinery (that is, inspected and passed by visual 
inspection) conducted using a videoscope found that 51 percent of the vehicles and machinery 
had contaminants that would not have been detected by visual inspection (MAF Biosecurity 
New Zealand, 2006). Again, material such as dried foliage was more common, but eleven 
vehicles were found to contain live arthropods and twelve, egg sacs (these were mainly 
spiders, no lymantriids were detected). 
 
These results indicate that both in terms of visually detectable material and non-visually 
detectable material the efficacy of inspection is not at the level currently required 
(97 percent). This finding is not unexpected as vehicles are complex structures and the 
inspection conditions (physical conditions and available time) are challenging. The efficacy of 
visual inspection for white-spotted tussock moth remains uncertain, but based on these results, 
inspection for white-spotted tussock moth cannot be assumed to be achieving the 97 percent 
target. 
 
The recent surveys are backed up by reports from US military inspections of vehicles 
returning from Germany during the early 1990s which suggested that visual inspection was 
not effective in detecting egg masses of gypsy moth. Vehicles that had previously been 
intensively inspected for Asian gypsy moth (with no egg masses found) were later found to 
have newly-hatched Asian gypsy moth larvae on them, suggesting that there had been 
undetected egg masses on the vehicles (USACHPPM, 1994). Less is known about sites for 
egg masses on vehicles for white-spotted tussock moth but similar difficulties would be 
expected. 
 
Conclusion statement on the impact of current measures on the likelihood of entry of 
white-spotted tussock moth associated with vehicles: 
 
Given that: 
• lymantriid life stages (a proportion of which are white-spotted tussock moth) are regularly 

detected and removed from used vehicles; 
• there are only two known instances of lymantriid (in this case Asian gypsy moth) egg 

masses being detected on previously cleared vehicles; 
and taking into account that: 
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• overall efficacy of inspection for visually detectable contaminants is estimated to be about 
73 percent; 

• vehicles are known to have contaminants that cannot be visually detected (51 percent of 
vehicles in a recent survey);  

• sample sizes for surveys are too small to indicate the efficacy of visual inspection for 
detecting white-spotted tussock moth;  

• intensive visual inspection is not considered to adequately detect Asian gypsy moth on 
used military vehicles in the USA; 

• there is no inspection or treatment for new vehicles, even if they have been stored for 
extended periods outdoors prior to export; 

it is concluded that the likelihood of entry of white-spotted tussock moth egg masses via 
vehicles, taking into account the current measures, is not negligible. 

9.3.4. Additional pathways 
If there are post-border interceptions and the need to improve border measures for white-
spotted tussock moth is identified, the full range of viable pathways should be considered. 
These are summarised here. 

9.3.4.1. Containers 
Both air and sea containers were considered to be pathways for fall webworm and also 
painted apple moth. In general sea containers are more likely to be contaminated, especially 
externally (MAF, 2003b, Gadgil et al., 2000, Gadgil et al., 2001). There is very little 
information available for air containers. Containers are also considered to be a pathway for 
white-spotted tussock moth. 
 
The most likely life stage of white-spotted tussock moth to arrive associated with containers is 
diapausing egg masses. Containers are only likely to become contaminated if used and stored 
close enough to a white-spotted tussock moth population for larvae to crawl onto the 
container and pupate. 
 
Biological differences between fall webworm, painted apple moth and white-spotted tussock 
moth may affect the likelihood of arrival and the efficacy of current measures but there is not 
enough information available to make this level of detailed assessment. For both fall 
webworm and painted apple moth, the current measures were not considered adequate to 
lower the likelihood of arrival to a negligible level. 
 
The likelihood of white-spotted tussock moth arriving associated with containers is uncertain 
but expected to be similar to that for fall webworm arrival. 

9.3.4.2. Fresh plant material (fresh produce, live foliage) 
Fresh produce, nursery stock and cut flowers/ foliage were considered to be pathways for fall 
webworm and painted apple moth in the absence of the current measures. 
 
New Zealand currently does not import fresh produce (including cut flowers and foliage) of 
host species from any countries with white-spotted tussock moth. Fresh plant material is 
therefore not considered a viable pathway. If, in the future, fresh produce imports are 
considered from countries with white-spotted tussock moth, or white-spotted tussock moth is 
reported to occur in new areas, the significance of this pathway will need to be reassessed. 
 
In the case of nursery stock, volumes are very low, but host material can be imported from 
countries with white-spotted tussock moth (MAF, 2005b). Nursery stock is the only pathway 
where diapausing egg masses are not considered the most likely life stage to arrive. Non-
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diapausing egg masses, larvae and the pupae of winged females are known to occur on 
foliage. Male pupation sites are not reported but are assumed to occur on foliage at the same 
time that female pupae do. All these life stages are assessed to have a non-negligible 
likelihood of entry in the absence of the current measures. Although not negligible, the 
likelihood of entry is low because the volumes are so low. 
 
Biological differences between fall webworm, painted apple moth and white-spotted tussock 
moth may affect the efficacy of current measures but there is not enough information 
available to make this level of detailed assessment. For both fall webworm and painted apple 
moth, the current measures were considered adequate to lower the likelihood of arrival to a 
negligible level. The likelihood of white-spotted tussock moth arriving associated with fresh 
produce is uncertain but expected to be similar to that for fall webworm and painted apple 
moth arrival. 

9.3.4.3. Military 
NZ does not have a military presence in any countries where white-spotted tussock moth is 
reported. However as with fall webworm, Asian gypsy moth and painted apple moth, the 
types of equipment used in military operations could be vectors for white-spotted tussock 
moth if they were in areas where white-spotted tussock moth is present. For more information 
about how military equipment could become contaminated with white-spotted tussock moth, 
see the sections on vehicles and military pathways for fall webworm. 
 
Therefore at present military equipment is not considered a viable pathway for white-spotted 
tussock moth. If circumstances change, for example white-spotted tussock moth establishes in 
areas outside the reported range, or used military equipment was imported from a country 
with white-spotted tussock moth, military equipment could become a viable pathway for 
white-spotted tussock moth. 

9.3.4.4. Packaging materials 
The packaging materials used to prevent damage to goods in transit are well recognised as a 
pathway for many pests, including hitchhiker species. Although the absolute values are very 
difficult to determine due to the lack of interception data, in relative terms, packaging 
materials are considered to be one of the most likely arrival pathways for fall webworm and 
painted apple moth. Since white-spotted tussock moth contaminates items in the same way as 
fall webworm and painted apple moth and also comes from countries with high volumes of 
trade to New Zealand, this pathway is also a likely pathway for white-spotted tussock moth. 
 
The most likely life stage of white-spotted tussock moth to arrive associated with packaging 
materials is diapausing egg masses. Packaging materials are only likely to become 
contaminated if used and stored close enough to a white-spotted tussock moth population for 
larvae to crawl onto the materials and pupate. 
 
Biological differences between fall webworm, painted apple moth and white-spotted tussock 
moth may affect the likelihood of arrival and the efficacy of current measures but there is not 
enough information available to make this level of detailed assessment. For both fall 
webworm and painted apple moth, the current measures were not considered adequate to 
lower the likelihood of arrival to a negligible level. 
 
The likelihood of white-spotted tussock moth arriving associated with packaging materials is 
uncertain but expected to be similar to that for fall webworm arrival. 
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9.3.4.5. Passengers, baggage and unaccompanied personal effects 
As with fall webworm, there is no particular reason that the white-spotted tussock moth 
would be considered a desirable species and deliberately imported. While it is prohibited for 
passengers to bring in live plant material, passengers do attempt to do so. Host foliage 
brought in to New Zealand in this way may contain live life stages of white-spotted tussock 
moth. A number of items carried as passenger baggage and unaccompanied personal effects 
are known to carry other hitchhiker pests and are considered a viable pathway for species such 
as fall webworm. Examples include tents and used garden furniture. 
 
Non-diapausing egg masses, larvae and the pupae of the “summer generation” of white-
spotted tussock moth are the most likely life stages to infest host foliage. Diapausing egg 
masses are the most likely life stage to occur as hitchhikers on items like tents and garden 
furniture. 
 
Biological differences between fall webworm, painted apple moth and white-spotted tussock 
moth may affect the likelihood of arrival and the efficacy of current measures but there is not 
enough information available to make this level of detailed assessment. 
 
In the cases of fall webworm and painted apple moth the measures on the passenger baggage 
pathway are considered to lower the likelihood of arrival to a negligible level. The likelihood 
of white-spotted tussock moth arriving associated with passengers and passenger baggage is 
uncertain but expected to be similar to that for fall webworm arrival. 
 
A conclusion on the likelihood of entry via unaccompanied personal effects is deferred as at 
the time of writing the results of the survey conducted by the Biosecurity Monitoring Group 
were not available. At a later stage, the implications of the survey results for white-spotted 
tussock moth will be considered separately, but will not be included in this analysis. 

9.3.4.6. Vessels 
Vessels (specifically ships) are an important pathway Asian gypsy moth, another lymantriid 
species. The key factor in the dispersal of Asian gypsy moth by vessels is the strong flight 
ability of the female moths, which fly onto vessels and lay eggs. Although the distances that 
white-spotted tussock moth females fly are not reported, flight onto vessels could feasibly 
occur with the winged females of white-spotted tussock moth. However under most 
circumstances the eggs that they lay are expected to be non-diapausing, which means they are 
unlikely to arrive in New Zealand prior to hatching. 
 
Diapausing eggs (which would be expected to arrive prior to hatching) are laid by wingless 
females which would be highly unlikely to find their way onto a vessel except on cargo such 
as cars which is included under other pathways). 
 
Assuming that white-spotted tussock moth larvae balloon similar distances to gypsy moth, 
there is also a likelihood of ballooning larvae landing on vessels and then arriving in 
New Zealand. In the case of Asian gypsy moth, this likelihood was assessed as negligible (see 
section 5.3.8 for more details). It is assumed that white-spotted tussock moth is comparable to 
Asian gypsy moth in this case, although this likelihood would need to be reassessed if further 
information on white-spotted tussock moth ballooning or larval survival in the absence of 
food suggested it was not similar to that reported for gypsy moth. 
 
Vessels are therefore not considered a viable pathway for white-spotted tussock moth. 
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9.3.4.7. General commodities air and sea 
For both fall webworm and painted apple moth it was considered that a number of other 
commodities could become contaminated and provide a means of entry for these species. 
These commodities included wood products, scrap metal, fresh fruit and vegetables, glass and 
wallpaper. The likelihood of contamination for these products was not considered to relate to 
the type of product, but how and where these products were stored prior to being sent to New 
Zealand. The likelihood of contamination is not something that could necessarily be inferred 
from the type of product, so they were all considered together. 
 
In the case of white-spotted tussock moth, a similar situation is expected to occur. Any goods 
stored close enough to a white-spotted tussock moth population for larvae to crawl onto the 
materials and pupate could become contaminated, especially those stored outdoors. 
 
Biological differences between fall webworm, painted apple moth and white-spotted tussock 
moth may affect the likelihood of arrival and the efficacy of current measures but there is not 
enough information available to make this level of detailed assessment. For both fall 
webworm and painted apple moth, the current measures were not considered adequate to 
lower the likelihood of arrival to a negligible level. General commodities, such as those 
mentioned in this section, are considered to be a pathway for the entry of white-spotted 
tussock moth. The likelihood of white-spotted tussock moth arriving associated with general 
commodities is uncertain but expected to be similar to that for fall webworm arrival. 

9.3.5. Likelihood of establishment 
The NZ established population of white-spotted tussock moth was only in eastern suburbs of 
Auckland (Hosking et al., 2002). Detailed climate modelling is not available and it is difficult 
to determine the potential range in New Zealand. However the reported native range of white-
spotted tussock moth is quite broad and the broad native range does suggest that it is a 
versatile species capable of establishing in a wider area than just the initial area of infestation. 
 
In most cases the likelihood of establishment via different pathways does not differ in 
pathway-specific ways except in the case of the live foliage pathway. Therefore the likelihood 
of establishment is discussed first by life stage and then any specific differences for pathways 
are discussed. A general scheme for the establishment of white-spotted tussock moth is given 
in figure 43. 
 



 

MAF Biosecurity New Zealand Pest risk analysis for six moth species • 341 

Figure 43. Establishment of white-spotted tussock moth from arriving diapausing egg masses 

 

9.3.5.1. Establishment – via arrival as eggs 
Diapausing egg masses have been assessed as the most likely life stage to arrive via vehicles 
and other pathways. Diapausing egg masses are most likely to arrive from September to May. 
 
There is little information on the number of individuals that would arrive at once as 
diapausing egg masses. Egg mass size is reported to be 400-600 eggs although there is no 
recent information on egg mass size (Yokoyama and Kurosawa, 1933) and it is uncertain 
whether this figure refers to diapausing or non-diapausing egg masses. At least one of the 
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white-spotted tussock moth interceptions on a used vehicle was of multiple egg masses (MAF 
Biosecurity New Zealand, Biosecurity Monitoring Group, unpublished data). 
 
While the factors that induce diapause are well documented (Kimura and Masaki, 1977), the 
breaking of diapause has been less well studied. Initial attempts in the laboratory to break 
diapause using a range of temperature regimes failed (Ministry of Forestry, unpublished 
report, 1997), suggesting that the breaking of diapause is not entirely dependent on 
temperature, although it may still be factor. Moist air is known to be a significant factor for 
hatching of diapausing (but not non-diapause) eggs (Kimura and Masaki, 1977). 
 
Without understanding the breaking of diapause, it is difficult to predict what would occur 
when diapausing egg masses were transported to New Zealand from the Northern 
Hemisphere. 
 
With a bivoltine species such as white-spotted tussock moth there is expected to be more 
flexibility in the life cycle to adjust to the season shift between hemispheres than with a 
univoltine species. Depending on when egg masses arrived and when they hatched, the 
generation that followed could be either non-diapausing or diapausing.  
 
Following hatching, larvae will need to disperse in order to locate a food plant. Because 
diapausing egg masses are typically laid on inanimate objects, this dispersal is a normal stage 
in the life cycle and larvae are presumable adapted to dispersing and locating host plants, 
although ballooning is not specifically reported for white-spotted tussock moth (Bell et al., 
2005). It is assumed in this risk analysis that white-spotted tussock moth shows similar 
ballooning behaviour to the European gypsy moth, a related species which also has immobile 
females and diapausing egg masses laid on inanimate objects. If further information on 
ballooning in white-spotted tussock moth becomes available this information may alter the 
conclusions of this risk analysis. 
 
In the European gypsy moth64 most dispersal is in the order of a few hundred metres but 
longer distances are possible (Mason and McManus, 1981). Liebhold et al. (1992) calculated 
that the dispersal data of Mason and McManus (1981) suggested an average rate of spread of 
2.5 km per year. The longer distances (>1km) are unlikely to be a small proportion of the 
population that regularly disperses longer distances, but is far more likely to be unusual 
weather events that results in greater dispersal distances on occasion (as described in Hoare, 
2001 and DOC, 2001). Therefore if one larva disperses a kilometre and lands on a host plant, 
there are likely to be more. It is unknown how dispersal patterns in New Zealand would differ 
from those seen in continental North America, although given climatic differences it is 
expected that there would be differences in wind-borne dispersal. 
 
Even at the lower estimates for dispersal distances, host species are likely to occur within 
dispersal distance of where white-spotted tussock moth larvae are hatching, whether in urban 
or rural areas. Pear, apple, cherry and plum are not just commercially grown, but are common 
domestic garden species. Other reported hosts such as oak, elm and willow are grown in 
gardens and widely used as amenity species in urban and rural areas. More than 10 willow 
species are naturalised, some very widely (Webb et al., 1988). 
 
Therefore, for any single incursion the likelihood of there being a suitable host species within 
the distance a larva can balloon is high. Host distribution is patchy and they often occur as 
single trees or small groups. Because the larvae are primarily dispersed passively, the 
likelihood of larvae finding a host is not the same as the likelihood of a host species occurring 
                                                 
64 from North America 
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within the dispersal distance but is much lower, reducing the overall likelihood of 
establishment. 
 
Founder size is an important factor in establishment, but with limited information on egg 
mass size, emergence (for example whether all larvae in an egg masses emerge at once) and 
mortality it is not possible to make any specific comment about white-spotted tussock moth. 
However the general principles of founder size and population establishment are considered 
here, and if further information becomes available it can be used to inform a reassessment. 
 
The number of individuals required for a particular likelihood of establishment is variable for 
different insects. For example, Liebhold and Bascompte (2003) reported in a case study on 
gypsy moth in North America that a population with 107 males detected had a 50 percent 
probability of establishment. Since gypsy moth is most commonly transported as egg masses, 
it is uncertain how this number translates to a required number of eggs or egg masses to 
achieve a similar probability of establishment. However this information does imply that a 
relatively large founder population size is required for gypsy moth. In contrast, Berggren 
(2001) found that for Roesel’s bush cricket (Metrioptera roeseli) at last nymph stage, a 
founder population size of 32 individuals gave close to 100 percent probability of the 
population persisting for 3 years (the completion of the experiment). Successful establishment 
of arthropods (from studies on the release of biological control agents) has been recorded 
from introduction of fewer than 20 individuals (e.g. Berggren, 2001; Hee et al., 2000; 
Simberloff, 1989). In an experiment with chrysomelid beetles, Grevstad (1999) observed that 
out of 20 introductions of a single gravid female, one persisted to at least 3 generations (the 
completion of the experiment). 
 
There is unlikely to be a precise threshold above which establishment is certain and below 
which it is impossible (Simberloff, 1989). However despite variability in the absolute 
numbers reported, all these studies consistently indicate an increasing likelihood of 
establishment for an increasing founder population size. For introductions of smaller numbers 
of individuals, establishment was less likely, but for repeated introductions of small numbers 
of individuals establishment still occurred on some occasions. In terms of optimising gorse 
thrips (a biological control agent) releases, Memmott et al (1998) suggested that a number of 
smaller introductions would be more likely to lead to successful establishment than a smaller 
number of larger introductions. 
 
In terms of considering the likelihood that an arriving pest will establish, this illustrates the 
two important principles: 
• the larger the founder population size for a particular organism, the more likely that 

organism is to establish; 
• the more frequently an organism is introduced, even if only in small numbers, the more 

likely that organism is to establish. 
 
Even if the likelihood of establishment is considered very low for a single introduction of a 
particular species, establishment is still a likely consequence of small numbers of individuals 
arriving on a regular basis. 
 
Conclusion statement on likelihood of establishment from arriving egg masses: 
 
Given that: 
• founder population sizes from egg masses are likely to be in the hundreds; 
• recorded hosts are common in urban and rural areas of New Zealand; 
• white-spotted tussock moth has previously established in New Zealand; 
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and taking into account that: 
• there is limited information on egg mass size, hatching and mortality; 
• larvae are passively dispersed; 
it is concluded that the likelihood of establishment of white-spotted tussock moth from 
the arrival of diapausing egg masses is not negligible. 
 
Comment 
The likelihood of non-diapausing egg masses arriving via any pathway was assessed as 
negligible so the likelihood of establishment from non-diapausing egg masses is not assessed 
in detail here. However it is worth noting that the time of arrival and hatching would be June 
to August and conditions are unlikely to be particularly suitable for white-spotted tussock 
moth development, especially since the most common reported hosts are deciduous trees 
which would be leafless at the main time of entry for non-diapausing egg masses. Factors 
such as founder population size and host location have been considered under diapausing egg 
masses. They may differ for non-diapausing egg masses but there is not enough information 
on the differences to justify assessing it separately from diapausing egg masses. 

9.3.5.2. Establishment – via arrival as larvae 
In order for a population to establish from arriving larvae, either multiple larvae would have 
to arrive at once, or there would need to be multiple arrivals of single larvae within a 
restricted physical area and time period (the exact physical area and time period for this 
scenario to occur is unknown). The arrival of larvae is assessed as negligible for all pathways 
(with the current measures in place), indicating that although the arrival of larvae is possible, 
it is extremely low. 
 
Larvae could arrive either associated with host foliage or accidentally carried on inanimate 
cargo such as vehicles. There are differences in the likelihood of establishment for larvae 
arriving via these different means, larvae arriving on host foliage will have a food source 
available on arrival, whereas larvae that arrive associated with inanimate objects will have to 
disperse in order to find food. This dispersal is expected to increase mortality and reduce the 
likelihood of establishment. However since foliage is seldom transported in large volumes, 
even larvae arriving on live foliage may have to disperse and find a new food source. 
 
Larvae are mainly present in the Northern Hemisphere summer, so their arrival time in New 
Zealand is unlikely to coincide with suitable conditions for development, especially since the 
most common reported hosts are deciduous trees which would be leafless at this time. 
 
Further discussion on the effect of founder population size and the ability of larvae to locate 
hosts is included under diapausing egg masses. 
 
Conclusion statement on likelihood of establishment from arriving larvae: 
 
Given that: 
• recorded hosts are common in urban and rural areas of New Zealand; 
and taking into account that: 
• larvae are only expected to arrive during the New Zealand winter, when conditions are 

least suitable for development; 
• the need for larvae to disperse to locate host material is likely to increase mortality; 
it is concluded that the likelihood of establishment of white-spotted tussock moth from 
the arrival of larvae is negligible. 
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9.3.5.3. Establishment – pupae and adults 
Pupae and adults arrival singly are incapable of establishing populations and are currently 
unlikely to be detected as there is no trapping programme for white-spotted tussock moth at 
present. However if more than one pupa occurred on a commodity or a number of 
commodities in a shipment were contaminated, it is possible that males and females could 
occur together in transit. Where the females were wingless, it is expected that they could mate 
and lay diapausing eggs on or near the female cocoons. Where the females are winged there is 
less certainty about what would occur as winged females are reported to lay eggs more 
frequently on host foliage. 
 
Therefore establishment following arrival as pupae or adults is expected to be equivalent to 
establishment following the arrival of egg masses. Establishment is considered more fully in 
the section on establishment via egg masses. 

9.3.5.4. Comments on establishment for specific pathways 

Containers 
A movement survey of sea containers conducted in 2001/2002 (MAF, 2003e) indicated that 
while the majority of containers (84 percent) were unloaded within the urban area in which 
they arrived, 68 percent were subsequently shipped elsewhere. As with vehicles, this 
movement within New Zealand has the effect of reducing the chances of a population of 
white-spotted tussock moth that establishes from sea containers being detected. Nonetheless, 
containers spend a significant proportion of their time in transitional facilities and in the 
vicinity of ports. They do not get spread around as much as vehicles and there are fewer areas 
overall where white-spotted tussock moth is likely to establish via the container pathway than 
via vehicles. 

Military 
Military equipment arrives in New Zealand via different ports to other items and spends most 
of its time within fairly well defined areas. Because of the association of military vehicles and 
equipment with a limited range of sites, white-spotted tussock moth established via the 
military pathway is considered more likely to be detected early, although military sites are not 
generally associated with main population centres, reducing the likelihood of detection. 

Nursery stock 
Nursery stock is the only pathway where pupae are not necessarily the most likely life stage to 
arrive and establish. Life stages arriving on nursery stock are more likely to find suitable 
conditions (particularly food plants) compared with other pathways, but the suitable 
conditions for establishment may be counteracted by the low numbers of individuals likely to 
arrive via this pathway. The handling that nursery stock undergoes probably increases the 
chances of detection. 

Packaging materials 
As for entry via this pathway, the likelihood of establishment via this pathway is variable and 
is affected by where the packaging material goes and how it is used and stored following 
arrival in New Zealand. There is little information about what happens to packaging in 
New Zealand. 

Passengers and effects 
The types of items that are most likely to arrive contaminated via this pathway are also items 
that are likely to be used in close proximity to host vegetation, for example camping grounds 
and gardens. Females emerging from pupae or larvae emerging from diapausing egg masses 
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on garden furniture or on a tent in a camping ground are more likely to find a host plant than 
those emerging on a container at a port. The likelihood of establishment via this pathway is 
considered similar to that for vehicles. 

Vehicles 
As with most pathways, the most likely life stage to lead to establishment is pupae. The 
likelihood of establishment from an imported vehicles will depend on where the vehicle goes 
and how it is used and stored following arrival in New Zealand. Following clearance, vehicles 
can be sent anywhere in New Zealand. This reduced the likelihood of detecting a population 
while it is still possible to eradicate it 

Other commodities 
As for entry via this pathway, the likelihood of establishment via this pathway is variable and 
is best determined not by that nature of the commodity but how that commodity is used and 
stored. Likelihood of establishment is increased if an item is used and stored outdoors, as well 
as not undergoing further processing on arrival. 

9.3.5.5. Current measures for the post-border detection of  white-spotted tussock moth 
Surveillance can be considered as a biosecurity measure that reduces likelihood of 
establishment rather than likelihood of entry. Surveillance increases the likelihood of early 
detection in time for effective containment and eradication (Wilson et al. 2004), that is, 
surveillance contributes to the reducing the likelihood of establishment. 
 
There are different kinds of surveillance with differing levels of specificity and surveillance 
programmes are typically a balance of different surveillance types. Species-specific active 
surveillance (for example based on the pheromones of a particular species) is useful to deal 
with known risks, and has been used to detect populations at a much earlier stage of invasion 
(Wilson et al, 2004). More generalised surveillance, such as high-risk site surveillance or light 
trapping, is able to deal with a much wider range of species including those that have not 
previously identified as species of concern. It has different disadvantages, for example the 
need to filter out the vast majority of detected organisms (those that are already known to be 
present). 
 
Passive surveillance in the form of identification enquiries from the public is generally 
considered to be much less effective than active surveillance as incursions are detected later 
when they are less likely to be eradicable (Wilson et al, 2004). However this type of 
surveillance has shown its value for detecting some moth incursions. Passive surveillance, 
particularly reports form the general public, detected the initial incursions of fall webworm 
(Bennett and Bullians, 2003), painted apple moth (Flynn, 1999, Harris, 1988) and white-
spotted tussock moth (Hosking, 2003). Its usefulness will depend on a range of factors 
including the general appearance of the species in question (large, hairy and colourful species 
are much more likely to be reported) and the quality of awareness material (Alan Flynn, 
December 2006, pers. comm.). Surveillance via the general public has the same disadvantages 
as other general surveillance; filtering out the important records from species that are already 
well known and the resources required for such a programme. 
 
There is no pheromone-based trapping in place for white-spotted tussock moth, although 
pheromones were used during the response (Gries et al., 1999). The high risk site surveillance 
programme, which consists of intensive ground searches of vegetation in high risk areas, is 
based around ports and areas with many transitional facilities. Searches are conducted along 
transects in areas which are both “risk site areas” (near likely sites for pest arrival) and 
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“vegetation rich areas” (MAF, 2007). It has the advantage that it can detect any visible life 
stage as well as symptoms such as defoliation, but covers a smaller total area. 
 
The pathway on which white-spotted tussock moth entered New Zealand would have a 
substantial effect on the likelihood of a new population being detected. Entry on pathways 
such as sea containers are far more likely to result in white-spotted tussock moth populations 
that are within the surveillance network. White-spotted tussock moth arriving on pathways 
such as passengers, unaccompanied personal effects or vehicles is less likely to be detected 
early. 
 
Conclusion statement on the impact of current surveillance on reducing the likelihood of 
establishment of white-spotted tussock moth: 
 
Given that: 
• high risk site-surveillance targets likely sites for white-spotted tussock moth transported 

on containers; 
and taking into account that: 
• white-spotted tussock moth is not targeted by a specific pheromone trap-based 

surveillance programme; 
• white-spotted tussock moth populations that entered New Zealand on pathways such as 

military, passengers, unaccompanied personal effects or vehicles are more likely to occur 
outside the areas covered by surveillance programmes; 

it is concluded that the likelihood of establishment of white-spotted tussock moth is not 
negligible. 
 
Comment 
The likelihood of white-spotted tussock moth forming a population that is too large or 
widespread to establish before being detected is reduced by the surveillance programme. 
However the costs and consequences of detecting populations of species such as white-
spotted tussock moth, even if the populations detected are eradicable, are still significant. 

9.3.6. Spread 
The ability of white-spotted tussock moth to spread is uncertain as apart from the eradicated 
population in Auckland is hasn’t established outside its native range. This assessment is 
therefore based on the limited biological information available for white-spotted tussock moth 
and some assumptions based on related species. 
 
There has been no climate-based distribution modelling for white-spotted tussock moth in 
New Zealand but the reported native range of white-spotted tussock moth includes areas in 
the subtropics (Taiwan) through to areas that experience severe winters. The broad native 
range suggests that white-spotted tussock moth is a species with broad tolerances that would 
be capable of establishing over a much wider area than the small area of Auckland previously 
occupied. Host plants are common in most regions of New Zealand (Webb et al., 1988). 
 
Liebhold et al (1992) calculated that the natural rate of spread for gypsy moth65 would be 
about 2.5 km per year based on ballooning distance. However the actual rate of spread was 
consistently higher than this figure. They attributed the actual rate of spread to a combination 
of larval ballooning and human dispersal of gypsy moth life stages. Asian gypsy moth is 
considered capable of spreading much faster than gypsy moth in North America (which is of 

                                                 
65 in North America 
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European origin) because as well as larval ballooning and spread by human activities, the 
adult females are capable of sustained flight. 
 
It is expected that spread of white-spotted tussock moth would involve a combination of 
spread by larval ballooning, adult female flight (for generations where females are winged) 
and human movement of objects with white-spotted tussock moth on them. Larval ballooning 
distances for white-spotted tussock moth are assumed to be comparable to the distances 
estimated for gypsy moth, but there is not enough information to make useful assumptions on 
the female flight distances. It is expected that spread via larval ballooning and female flight 
will be incremental and over shorter distances while spread via human activities will be less 
frequent but sometimes over much greater distances and largely unpredictable. The domestic 
equivalents of significant international pathways (e.g. vehicles, containers, packaging 
materials) currently have no measures on them and there are also no domestic restrictions on 
the movement of host plant material. 
 
Conclusion statement on likelihood of spread of white-spotted tussock moth following 
establishment: 
 
Given that: 
• white-spotted tussock moth has a broad native range and is likely to be able to establish 

over a much wider area than it previously occupied in New Zealand; 
• the domestic equivalents of significant international pathways (e.g. vehicles, containers, 

passengers carrying outdoor equipment) currently have no pest management measures on 
them; 

and taking into account that: 
• distances for natural dispersal via larval ballooning and female flight are uncertain; 
it is concluded that the likelihood of spread of white-spotted tussock moth following 
establishment is not negligible. 

9.3.7. Consequences 
Apart from the population in Auckland white-spotted tussock moth hasn’t established 
anywhere else outside its native range. Because it hasn’t established elsewhere, it is more 
difficult to predict its significance as a pest if it does establish. It is known that it feeds on 
species that are commercially important in New Zealand, and it is also capable of feeding on 
valued amenity species and New Zealand native species (Ministry of Forestry, unpublished 
report, 1997; Hoare, 2001). However the actual level of impact that would occur on these 
species is not certain and difficult to predict. Impacts on a wide range of economic, 
environmental, cultural and social values cannot be ruled out. 
 
Following the detection of white-spotted tussock moth in New Zealand, an economic impact 
assessment (EIA) was conducted, which was then reviewed in 1996 (NZIER, 1997). The 
information in this section is primarily based around the 1996 review. 
 
The control programme (assuming it eradicated white-spotted tussock moth) was estimated to 
have a benefit of $23.4 million (present value) (NZIER, 1997). Costs were based on impacts 
on commercial forestry (additional spray costs) and amenity and ornamental trees. Impacts on 
commercial horticulture, soil and watershed conservation, native vegetation, human health 
and market access were not included in the assessment. The reassessment included a wider 
range of costs but estimated the benefit to be lower. However it identified that the benefits of 
the programme in eradicating tussock moth were still likely to outweigh the costs. It also 
highlighted the uncertainty resulting from a lack of information on white-spotted tussock 
moth. 
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Overseas information is also limited in its usefulness because white-spotted tussock moth has 
not established outside its native range and predicting behaviour of a species in a new area 
based on the native range is not necessarily reliable. 
 
The level of impact will depend on a range of factors, some of which are difficult to predict. 
For example, gypsy moth in North America is reported to show marked differences in feeding 
depending on population levels; when the density is high, larvae feed on species that they do 
not feed on when densities are low (Leonard, 1981). If this change in the plant species eaten 
also occurs for white-spotted tussock moth, it means that whether a plant species is eaten will 
only partly depend on its palatability as recorded in the laboratory; it will also depend on 
other factors such as whether conditions are favourable to outbreaks, while the overall level of 
impact may depend on how frequently outbreaks occur. However the known host range can 
indicate the areas most likely to be affected. 
 
In the laboratory white-spotted tussock moth feed well on several commercial forestry species 
including radiata pine and larch (Ministry of Forestry, unpublished report, 1997). However it 
was later identified that early instar larvae could not survive on radiata pine, reducing the 
likelihood of serious impacts on commercial forestry (NZIER, 1997).  
 
Commercial horticultural species such as apple, cherry, plum, pear and persimmon are host 
species and so some level of impact is expected on these species if white-spotted tussock 
moth established where they were being grown. Pest management programmes will be in 
place where these species are grown commercially and the most likely impact would be an 
increase in pesticide use and pest control costs, although it is possible that the programmes 
already in place would be adequate to address white-spotted tussock moth (NZIER, 1997). 
 
Garden and amenity species are also likely to be affected, as a wide range of amenity species, 
including oak, elm, box elder and willow are known hosts. These species as well as the 
commercial horticultural species mentioned above are commonly grown in home gardens. 
Types of impacts may include control costs and replacement costs for damaged plants 
(NZIER, 1997). Willows are also valued for erosion control and serious outbreaks are likely 
to have some impact on their use for this purpose, although as with amenity use, there are a 
wide range of alternative species available. 
 
While valued in some situations, some willow species are regarded as problem species (Webb 
et al., 1988). Damage to these species may therefore be perceived as a benefit, although an 
alternative scenario is that these species act as a reservoir for the white-spotted tussock moth 
to build up to high levels, increasing damage to native species. 
 
A small number of native species were reported as hosts in the field or in the laboratory, 
including kakabeak and two beech species. Others tested in the laboratory and found to be 
unsuitable as hosts included kauri (Agathis australis), totara (Podocarpus totara) and Hebe 
(Ministry of Forestry, unpublished report, 1997). It is very difficult to predict the impact of 
white-spotted tussock moth on native plants in the wild. Kakabeak, while common in 
cultivation, is endangered in the wild (C. puniceus is classified as Nationally Critical, while 
the related C. maximus is Nationally Endangered (Hitchmough, 2002) and even a low level of 
damage to wild populations would be a significant threat. The beech species tested were less 
suitable hosts and whether white-spotted tussock moth would establish in beech forest without 
having other hosts nearby is uncertain. The native environments most likely to be affected are 
those in close proximity to introduced host vegetation such as forest fragments in urban areas. 
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There is no information to suggest that other countries have measures in place against white-
spotted tussock moth. However, following the incursion in Auckland a survey was conducted 
for white-spotted tussock moth in Canada (none were found) (CFIA, 2002). This survey 
suggests that other countries are concerned about white-spotted tussock moth and if it 
established in New Zealand and was later intercepted on goods entering countries where it 
was not present, quarantine measures may be imposed, although the likelihood of this 
scenario is uncertain. 
 
A consideration of the costs and impacts of an incursion of white-spotted tussock moth needs 
to include not just direct impacts of defoliation and control costs, but also the effect of the 
control programme. If an eradicable population of white-spotted tussock moth is found, an 
assessment will need to be made of whether eradication is justified and feasible and a control 
method determined. Although the costs and risks of an eradication campaign may be deemed 
lower than the costs and risks of allowing a poorly-studied polyphagous pest to establish, 
there are still financial, environmental, human health and social impacts from a control 
programme that need to be considered (Glare and Hoare, 2003). 
 
Conclusion statement on the consequences of white-spotted tussock moth establishment: 
 
Given that: 
• white-spotted tussock moth is capable of feeding on major forestry, amenity and 

horticultural species; 
• white-spotted tussock moth is capable of feeding on some native species although the 

extent of this feeding is uncertain; 
• eradication programmes, even if successful, have significant costs and consequences; 
and taking into account that: 
• few countries have quarantine regulations for white-spotted tussock moth; 
• there is still little information on which to base an assessment of the magnitude of impact; 
it is concluded that consequences of white-spotted tussock moth establishment are not 
negligible. 
 

9.4. WHITE-SPOTTED TUSSOCK MOTH SUMMARY 

9.4.1. Life stage arriving 
The most likely life stage to arrive in a viable condition is diapausing egg masses. 
 
Diapausing egg masses are mostly laid by wingless (brachypterous) females on the outside of 
their pupal cocoons. White-spotted tussock moth therefore gets onto transported items when 
late instar larvae crawl onto these items and pupate. In this way it is similar to painted apple 
moth and fall webworm. 

9.4.2. Nature of association 
White-spotted tussock moth is essentially a hitchhiker pest. Larvae use a range of objects as 
pupation sites including vehicles and walls. However there is only limited information on 
choice of pupation sites in the literature. Use and storage conditions prior to export are likely 
to be a key factor in determining whether imported objects have white-spotted tussock moth 
on them. 
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9.4.3. Most important pathways 
The only pathway on which white-spotted tussock moth has been recorded is used vehicles 
from Japan. 
 
There are no records of white-spotted tussock moth on other pathways and also no evidence 
that it is arriving without being detected, as there have been no recorded incursions since 
eradication was completed in 1998 (although there is no surveillance programme in place). 
Based on its biology, it would be possible for white-spotted tussock moth to get onto other 
types of transported items such as sea containers and new vehicles, if they are stored in areas 
close to where populations of larvae occur. 

9.4.4. Most important areas of origin 
White-spotted tussock moth is native to eastern Asia and is reported from the same countries 
as Asian gypsy moth. Distribution is not reported in detail. There is little information on 
which to separate likelihood of entry from different countries, except for Japan, because most 
used vehicle imports are from Japan. 

9.4.5. Establishment 
White-spotted tussock moth is known to be capable of establishing in Auckland. Its wide 
native range suggests a broad climatic tolerance and it is likely to be capable of establishing in 
other areas of New Zealand. It is a polyphagous species and host species are common in New 
Zealand. Its multivoltine life cycle means that it has a greater ability to overcome the seasonal 
change between northern and southern hemispheres than a univoltine species such as Asian 
gypsy moth. 

9.4.6. Consequences 
White-spotted tussock moth is likely to be classified as a “high consequence hazard” although 
there is more uncertainty about white-spotted tussock moth when compared to the others in 
this analysis. Consequences are difficult to predict for poorly known species which haven’t 
previously been reported establishing outside their native range. White-spotted tussock moth 
has a wide host range, including commercially important species and has shown some ability 
to feed on native species. Impacts on a wide range of economic, environmental, cultural and 
social values cannot be ruled out. 

9.4.7. Conclusion 
White-spotted tussock moth is likely to have similar entry pathways to fall webworm and 
painted apple moth, although only from east Asia. However the only pathway it has been 
detected on is used vehicles from Japan. There is no evidence that it is now arriving without 
being detected, as there have been no recorded incursions since eradication was completed in 
1998 (although there is no surveillance programme in place). 
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9.6. APPENDIX G: HOST LIST FOR WHITE-SPOTTED TUSSOCK MOTH 
Ranking A = lots of feeding as measured by presence of frass 
Ranking B = quite good feeding but not as much as A 
Ranking C = little feeding 
Ranking D = none or virtually no feeding 
 
Genus Species Source Notes 
Acacia melanoxylon NZ trials (Ministry of Forestry, 

unpublished reports, 1997) 
Ranking C and D 

Acer negundo Ministry of Forestry, unpublished 
reports, 1997 

field observation, tree heavily 
defoliated 

Actinidia deliciosa NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

little feeding, larvae all died 

Agathis australis NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

Ranking C and D 

Alectryon excelsus Ministry of Forestry, unpublished 
reports, 1997 

NZ field observation? 

Alnus japonica (Je Ho Ko, 1969) Korea 
Betula sp. (birch) Ministry of Forestry, unpublished 

reports, 1997 
common name listed only, NZ 
field observation? 

Callistemon sp. Ministry of Forestry, unpublished 
reports, 1997 

some uncertainty about host 
status, common name only 
listed, possibly field 
observation 

Castanea crenata (Je Ho Ko, 1969) Korea 
Celtis sinensis (Je Ho Ko, 1969) Korea 
Citrus grandis x reticulata 

(grapefruit) 
Ministry of Forestry, unpublished 
reports, 1997 

NZ field observation? 

Citrus limon NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

little feeding, some larvae 
survived 

Citrus reticulata NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

some feeding, most larvae 
survived 

Clianthus puniceus NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

little feeding, larvae all died, NZ 
field observation? 

Cyathodes fasciculata NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

little feeding, larvae all died 

Dacrycarpus dacrydioides NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

little feeding, most larvae died 

Diospyros kaki (Je Ho Ko, 1969) Korea 
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Genus Species Source Notes 
Diospyros sp. NZ trials (Ministry of Forestry, 

unpublished reports, 1997) 
some feeding, most larvae 
survived 

Dodonea viscosa NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

little feeding, some larvae 
survived 

Eucalyptus nitens NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

Ranking C and D 

Eucalyptus regnans NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

less feeding than on E. nitens 

Feijoa sellowiana NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

some feeding, most larvae 
survived 

Fragaria sp. NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

some feeding, most larvae 
survived 

Gaultheria sp. NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

little feeding, most larvae died 

geranium   Ministry of Forestry, unpublished 
reports, 1997 

common name listed only, NZ 
field observation? 

Juglans sinensis (Je Ho Ko, 1969) Korea 
Kennedia sp. (coral pea) Ministry of Forestry, unpublished 

reports, 1997 
common name listed only, NZ 
field observation? 

Kunzea ericoides NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

little feeding, some larvae 
survived 

Larix decidua NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

Ranking A in one trial, in 
another little feeding and most 
larvae died 

Larix kaempferi (Je Ho Ko, 1969) Korea 
Leptospermum scoparium NZ trials (Ministry of Forestry, 

unpublished reports, 1997) 
little feeding, some larvae 
survived 

Malus pumila (Je Ho Ko, 1969) Korea 
Malus sp. ("apple") (Traut and Clarke, 1996) Korea 
Malus x domestica NZ trials (Ministry of Forestry, 

unpublished reports, 1997) 
lots of feeding, most larvae 
survived, NZ field observation? 

Melicope sp. NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

some feeding, most larvae 
survived 

Metrosideros sp. NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

little feeding, most larvae died 

Morus spp. (Je Ho Ko, 1969) Korea 
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Genus Species Source Notes 
Nothofagus fusca NZ trials (Ministry of Forestry, 

unpublished reports, 1997) 
Ranking B 

Nothofagus menziesii NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

Ranking B 

Pinus radiata NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

only later instar larvae. Ranking 
A 

Polygonum cuspidatum (Kimura and Masaki, 1977) In Japan. Species known in NZ 
as Reynoutria japonica (Webb 
et al., 1988) 

Populus alba (Je Ho Ko, 1969) Korea 
Populus sp. NZ trials (Ministry of Forestry, 

unpublished reports, 1997) 
little feeding, some larvae 
survived 

Prumnopitys taxifolia NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

  

Prunus avium NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

some feeding, most larvae 
survived. NZ field observation? 

Prunus persica (Je Ho Ko, 1969); Ministry of 
Forestry, unpublished reports, 
1997 

Korea, NZ field observation? 

Prunus serrulata (Je Ho Ko, 1969) Korea 
Prunus x domestica Ministry of Forestry, unpublished 

reports, 1997 
NZ field observation? 

Pseudotsuga menziesii NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

Ranking B 

Pyrus pyrifolia NZ trials (Ministry of Forestry, 
unpublished reports, 1997) 

some feeding, most larvae 
survived 

Pyrus serotina (Je Ho Ko, 1969) Korea 
Quercus acutissima (Je Ho Ko, 1969) Korea 
Quercus aliena (Je Ho Ko, 1969) Korea 
Quercus dentata (Je Ho Ko, 1969) Korea 
Quercus sp. Ministry of Forestry, unpublished 

reports, 1997 
NZ field observation? 

Rhododendron mucronulatum (Je Ho Ko, 1969) Korea 
Rosa spp. (Je Ho Ko, 1969); NZ trials 

(Ministry of Forestry, unpublished 
reports, 1997) 

Korea, in trials, lots of feeding, 
all larvae survived, NZ field 
observation? 

Rosa spp. (Je Ho Ko, 1969) Korea 
Rubus idaeus NZ trials (Ministry of Forestry, 

unpublished reports, 1997) 
lots of feeding, all larvae 
survived 

Salix spp. (Je Ho Ko, 1969); Ministry of 
Forestry, unpublished data, 1997 

Korea, NZ field observation? 
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Genus Species Source Notes 
Sophora sp. NZ trials (Ministry of Forestry, 

unpublished reports, 1997) 
some feeding, most larvae died 

Ulmus davidiana (Je Ho Ko, 1969) Korea 
Wisteria sp. Ministry of Forestry, unpublished 

reports, 1997 
common name listed only, NZ 
field observation? 

Zelkova serrata (Je Ho Ko, 1969) Korea 
 
Ranking A = lots of feeding as measured by presence of frass 
Ranking B = quite good feeding but not as much as A 
Ranking C = little feeding 
Ranking D = none or virtually no feeding 
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10. Gum-leaf skeletoniser (Uraba lugens) 
 

10.1. INTRODUCTION 
Gum-leaf skeletoniser was first detected in New Zealand in 1997 at Mt Maunganui although it 
was retrospectively determined to be have been present since 1992 (MAF Biosecurity 
New Zealand, PPIN database). The population at Mt Maunganui was controlled with the last 
sign of gum-leaf skeletoniser presence in October 2000 (Ross, 2003). The Mt Maunganui 
population is considered to be eradicated. 
 
In 2001 gum-leaf skeletoniser was detected in Auckland. The Auckland population was not 
considered feasible to eradicate (Ross, 2003). Gum-leaf skeletoniser is now considered 
widespread in the greater Auckland region (MAF Biosecurity New Zealand, 2006). 
 
Initial investigations on gum-leaf skeletoniser for this risk analysis have suggested strong 
similarities with other species in terms of arrival pathways. The following is therefore not a 
complete assessment but only summarises some key points. 
 

10.2. BASIC BIOLOGY AND DISTRIBUTION 
 
Scientific name: Uraba lugens Walker 
Synonyms:  Roeselia lugens (Walker) 
   Coesa viduella Walker 
   Toxoloma australe Felder 
   Selca obscura Swinhoe 
 
Class:    Insecta 
Order:  Lepidoptera 
Superfamily:  Noctuoidea 
Family: classifications vary: e.g. Nolidae (Hoare, 2001), Noctuidae 

subfamily Nolinae (Dugdale, 1988; Nielsen and Common, 1991) 
Common names: gum-leaf skeletoniser 
 
The gum-leaf skeletoniser is native to Australia and is found in all states except the Northern 
Territory (CSIRO, 2007, figure 44). In Australia, it is known to have outbreaks that result in 
severe defoliation of eucalypts (Eucalyptus and Corymbia spp.) (Elliott et al., 1998). 
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Figure 44.  Distribution of gum leaf skeletoniser in Australia (source of image: CSIRO, 2007) 

 
Eggs are laid on the leaves of eucalypt trees. Egg masses have different arrangements and 
numbers of eggs depending on whether the population is a “lowland” or “highland” 
population (Elliott et al., 1998). Larvae are covered with numerous stinging hairs (Common, 
1990) and reach about 20 mm in length (Elliott et al., 1998). Pupae are well-camouflaged with 
a cocoon incorporating fragments of materials from their surroundings (Herbison-Evans and 
Crossley, 2004). Adult moths are silvery-grey with a wingspan of 20-30 mm (MAF 
Biosecurity New Zealand, 2007) and are considered to be poor fliers (Elliott et al., 1998). 

10.2.1. Life cycle and dispersal 
The life cycle of the gum-leaf skeletoniser is summarised in figure 45. 
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Figure 45. Life cycle of gum-leaf skeletoniser 

 

 
There are two main stages of the life cycle at which dispersal occurs; when the adult female 
flies to locate host plants on which to lay her eggs and when larvae crawl to locate new food 
sources or pupation sites. 
 
The literature reports that pupation mainly occurs at the base of host trees, either on the trunks 
or in leaf litter on the ground nearby (Campbell, 1963; Harris, 1974; Strelein, 1988). Pupae 
are also reported on the trunks higher up and on leaves and twigs on the tree (figure 46), but 
pupation on these sites is less common (Harris, 1974). However other sources indicate 
pupation can occur on inanimate objects such as walls (figure 47; Toni Withers, unpublished 
report March 2003; Herbison-Evans and Crossley, 2004; Ross, 2003). 
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Figure 46. Gum-leaf skeletoniser cocoon on a twig. Photo: courtesy of Merlin Crossley 

 
 
Figure 47. Gum-leaf skeletoniser cocoons on concrete wall (left-hand cocoon partially removed 
to show pupa) Photo: courtesy of the Macleay Museum, University of Sydney 

 

10.2.2. Host range 

Gum-leaf skeletoniser is primarily recognised as feeding on eucalypts (Eucalyptus and 
Corymbia spp.) but has a wider host range than just these genera. At the time when 
eradication feasibility was assessed in Auckland it was considered to feed only on eucalypts 
and Lophostemon spp. (Ross 2003). Since that time is has been recognised on a wide range of 
other species, both in the same family as eucalypts (Myrtaceae) and in other families. 
Reported hosts in New Zealand include Agonis flexuosa, Angophora floribunda, Eucalyptus 
cinerea, E. globulus, E. nitens, E. nicholii, E. obliqua, pohutukawa (Metrosideros excelsa), 
Syzygium paniculatum, Tristaniopsis laurina (all Myrtaceae) as well as silver birch (Betula 
pedula), European beech (Fagus sylvatica), Liquidambar styraciflua and oak (Quercus spp.) 
(MAF Biosecurity New Zealand, PPIN database). 

Not all hosts are equally palatable and nor is gum-leaf skeletoniser equally damaging on all 
hosts. There are substantial differences in larval mortality and growth rates on different 
eucalypts, for example, larval mortality is lower on E. obliqua, E. nicholii and E. nitens 
foliage than on foliage of E. botryoides, E. laevopinea and C. maculata (Potter and Stephens, 
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2005). While gum-leaf skeletoniser does feed on pohutukawa in the wild, all records are for 
pohutukawa trees growing in very close proximity to eucalypts. 

10.3. ENTRY PATHWAYS FOR GUM-LEAF SKELETONISER 
New Zealand does not import raw wood and imports little if any eucalypt foliage, which 
means that gum-leaf skeletoniser is most likely to arrive as a hitchhiker, that is, associated 
with items that are not host material, either as a result of directly pupating on transported 
items or as pupae on dead leaves that contaminate transported items. Pupae are reported to be 
well camouflaged as larvae incorporate fragments of bark, leaf litter and other materials into 
their cocoons (figure 46, figure 47) (Campbell, 1963; Harris, 1974; Herbison-Evans and 
Crossley, 2004). 
 
Gum-leaf skeletoniser has been detected once at the New Zealand border. The interception 
was of a dead larva on used machinery from Australia (MAF Biosecurity New Zealand, 
Biosecurity Monitoring Group, unpublished data). There is also a post-border record of a live 
larva on a vehicle in September 2005 (MAF Biosecurity New Zealand, Biosecurity 
Monitoring Group, unpublished data). The origin of this larva is uncertain. Because gum-leaf 
skeletoniser is established in New Zealand the presence of the larvae could have resulted from 
local contamination but it could have also arrived from Australia; the origin of the vehicle on 
which the larva was intercepted on it unknown. 
 
In terms of this risk analysis, gum-leaf skeletoniser is therefore very similar to species such as 
painted apple moth and fall webworm, for three reasons: 
• transported items are most likely to become contaminated by late instar larvae crawling 

onto the items and pupating; 
• it has established in New Zealand (once or twice66) so it is known to have crossed the 

border undetected at least as frequently as it has been detected at the border; 
• it comes from Australia, a country already covered in this risk analysis. 
 
Therefore the factors that result in transported items becoming contaminated with gum-leaf 
skeletoniser are likely to be where the items are used and stored (i.e. close enough to a 
population of gum-leaf skeletoniser to crawl onto the items and pupate), rather than any 
intrinsic property of the items. 
 
Any analysis of the pathways of arrival will therefore look very similar to those for painted 
apple moth and fall webworm, especially as, like painted apple moth, gum-leaf skeletoniser is 
an Australian species. Although it has a wider range in Australia than painted apple moth, the 
pathway information is still applicable. While fall webworm is a Northern Hemisphere 
species, it is also most likely to be transported as well-camouflaged pupae. 
 
Further analysis has not been conducted. If more detailed interception data were available 
further analysis would be useful, not just for gum-leaf skeletoniser but also for other moths 
that become associated with goods in a similar way. However given the very limited 
interception records, a more detailed analysis is likely to add little to that already considered 
for painted apple moth, fall webworm and white-spotted tussock moth. 
 
The location of the original infestation of gum-leaf skeletoniser around the Mt Maunganui 
golf course has prompted suggestions that this introduction was associated with golfing 
equipment.  This scenario is possible although it is also noted within the approximate area of 
                                                 
66 Depending on whether the Mt Maunganui and Auckland incursions are considered to be related. The population in Auckland could be a 
separate incursion from the Mount Maunganui incursion, but it could certainly have resulted from spread from the Mount Maunganui 
population during the 1990s. 
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the infestation there are 2 camping grounds, several transport businesses as well as many 
other businesses and private homes (however it is uncertain exactly what would have been 
there at the time of original arrival) (Wises New Zealand, 2006). 

10.4. SUMMARY 
An initial investigation suggests that gum-leaf skeletoniser is most likely to arrive in New 
Zealand as a hitchhiker. 
 
There are limited interception records to support this conclusion. However like painted apple 
moth and fall webworm, gum-leaf skeletoniser has been detected post-border in New Zealand 
at least as, if not more frequently than in has been detected at the border. Without interception 
data, further analysis will add little to what has already been discussed for painted apple moth 
and fall webworm. 
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11. Key assumptions and uncertainties 
11.1. SPECIES SPECIFIC ASSUMPTIONS AND UNCERTAINTIES 

11.1.1. Asian gypsy moth (Lymantria dispar) biology 
There is a large body of literature on gypsy moth based on work in North America, where the 
gypsy moth (originally introduced from Europe) is an introduced species. There is much less 
information available on gypsy moth in Asia. Information on Asian gypsy moth comes from a 
number of different countries such as Japan, the Russian Federation (far eastern Russia) and 
China. 
 
The key uncertainties in relation to the available information on Asian gypsy moth are: 
• the applicability of published data on European and North American forms of gypsy moth 

to the Asian form; 
• the applicability of information on Asian gypsy moth from one country to another, in 

particular, published data from mainland populations to Japan (where populations are 
mostly considered a different subspecies). 

 
Key information based on the gypsy moth in North America includes: 
• information on dispersal patterns and distances; 
• information on outbreak frequency; 
• starvation tolerances for larvae. 
 
Another factor to consider is that much of the experimental work has been conducted under 
laboratory conditions and there is sometimes uncertainty how this will relate to conditions in 
the field. 
 
Where assumptions are made about Asian gypsy moth based on information on gypsy moth 
from North America and Europe, one particular country with Asian gypsy moth or laboratory 
experiments, this has been stated in the text. 

11.1.1.1. Impact of seasonal inversion on likelihood of establishment 
When initial concerns were raised about Asian gypsy moth in the early 1990s, there were 
indications that a significant proportion of eggs (25 percent) were capable of hatching without 
undergoing chilling (Walsh, 1993), compared with less then 1 percent for the European gypsy 
moth in North America. However later experimental work hasn’t confirmed this. While in 
general Asian gypsy moth67 eggs did begin hatching after a short time period, both forms 
were able to hatch after being kept at constant temperatures of 15 oC and 20 oC, although 
Asian gypsy moth began hatching more rapidly  Keena (1996) also noted a lot of variability 
within and between strains and evidence for adaptation to shorter chilling times (or no 
chilling) was observed in the laboratory. Limited information is available for populations 
from other regions. 
 
Exactly what temperature regimes eggs would have been exposed to on arrival in 
New Zealand and what impact this has on development and hatching is not known. 
Likelihood of establishment after entry will be affected both by the way the eggs respond to 
atypical temperatures experienced during transit to New Zealand and host availability. For 
example, arrival too early in the NZ spring (or late winter) may mean eggs have had 

                                                 
67 from Nadhodka in far eastern Russia 
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inadequate development time prior to chilling and don’t develop properly. Arrival too late 
into the New Zealand autumn may mean that there is limited host material available and that 
what is available is not in ideal condition. 
 
There is currently inadequate information to determine exactly which arrival periods pose the 
greatest risk and whether there are arrival periods where the risk of establishment would be 
negligible.  
 
More detailed information on the ability of egg masses arriving in New Zealand to hatch and 
host availability at various times may allow more effective targeting of measures by time 
period. However a significant body of research is likely to be required before this could occur. 

11.1.2. Fall webworm (Hyphantria cunea) biology 

11.1.2.1. Strain differences 
The majority of the research on fall webworm has been conducted on the black-headed strain 
of the species, because it is this strain that has become established beyond its native range. 
However this risk analysis is intended to cover both the black-headed and the red-headed 
strains of fall webworm and it has been assumed that biological information based on the 
black-headed strain is relevant to both.  
 
Unless otherwise stated, information in this risk analysis is based on the black-headed strain. 
If there is any suggestion that the strains differ for a particular trait, this difference has been 
noted. 
 
The assumption of information on one strain being relevant to other strains is less important 
for fall webworm than for gypsy moth because the fall webworm strain that has had most 
research conducted on it is the strain considered to be more likely to enter New Zealand based 
on the post-border interceptions. Detections of the red-headed strain in new areas or new 
information on the strains may alter the recommendations and conclusions of this risk 
analysis. 

11.1.2.2. Egg-laying on inanimate objects 
Little detailed information is available about where eggs are laid in the wild, although they are 
reported to be laid on host foliage (Warren and Tadic, 1970). In the laboratory it is reported 
that females also lay eggs on the cage (Kay, 2004; Warren and Tadic, 1970). Egg-laying on 
inanimate objects in the wild is not reported in the literature, however an egg mass collected 
from an imported used vehicle has recently been identified through DNA testing as being fall 
webworm (Karen Armstrong, pers. comm. February 2006). The specimen was collected at the 
Auckland wharf in October 2000, from the tyre wall of a vehicle. 
 
It is known that unmated females lay eggs (although these are unviable) (Warren and Tadic, 
1970) and that under laboratory conditions eggs are laid on a variety of surfaces, even though 
in the wild egg masses are reported to be laid on host foliage (Kay 2004; Warren and Tadic, 
1970). The most likely explanation for this find would therefore appear to be that a female 
emerged from a pupa on a vehicle and either was trapped there (e.g. a vehicle in a container) 
or was in a location with no host plants (e.g. the hold of a bulk carrier carrying cars). 
 
This risk analysis has assumed that fall webworm eggs are not commonly laid on inanimate 
objects in the wild, and therefore that eggs are only likely to arrive on foliage. The detection 
of a fall webworm egg mass on a vehicle suggests that further consideration needs to be given 
to where fall webworm egg masses are laid in the wild.  
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Even if eggs are laid on inanimate objects in the wild, it is still uncertain how much difference 
it would make to the conclusions of this risk analysis. Firstly, eggs are a short-lived life stage. 
Warren and Tadic (1970) reported ranges from 5 to 23 days from a range of countries and 
environmental conditions, while Gomi (1996) reported a mean of just over 15 days for two 
different Japanese populations at 20oC under laboratory conditions. Based on the reported 
transit times (The New Zealand Shipping Gazette, 2005, Pedlow et al., 1998) it would be 
possible for eggs to arrive before hatching from some countries with fall webworm (such as 
Japan), but only if they were laid just prior to the goods or containers being transported to 
New Zealand. 
 
Secondly, there is no evidence that neonate larvae have any specific adaptation to locate food 
plants if they are laid on inanimate objects. Larvae of fall webworm are not reported as 
ballooning, nor are other members of the Arctiidae (Bell et al., 2005; Nielsen and Common, 
1991). It is therefore uncertain whether larvae hatching from eggs laid on inanimate objects 
would survive. 
 
If further information suggests that eggs are consistently laid on inanimate objects under field 
conditions and that larvae hatching from them are able to survive, the likelihood of fall 
webworm arrival as eggs will need to be reconsidered. 

11.1.2.3. Larval crawling distance 
A key conclusion of this risk analysis is that transported goods, containers and packaging are 
most likely to become contaminated with fall webworm when late instar larvae crawl seeking 
pupation sites. However the information on how far larvae crawl (average distances or 
maximum distances) is very limited. Therefore it is uncertain how far goods and containers 
need to be from a fall webworm population (or from host plants) in order to avoid becoming 
contaminated. An estimate of 33 metres has been used as a maximum, based on the 100 feet 
distance that larvae were reported crawling when in search of food (Warren and Tadic, 1970). 
More accurate information on the distances that larvae crawl seeking pupation sites will 
provide critical information for ensuring that transported goods are not contaminated 
with fall webworm. 

11.1.2.4. Pupation sites 
The literature contains limited information on pupation sites for fall webworm. While it is 
reported that fall webworm pupates on a range of objects, the factors that determine site 
selection are not reported. 
 
More detailed information on site selection may allow some types of imported goods, or 
some locations on imported items, to be ruled out as pupation sites. It would allow 
inspections to better target the most likely locations on goods, containers and packaging 
and therefore increase the likelihood of detecting fall webworm at the border. 

11.1.3. Guava moth (Coscinoptycha improbana) biology 

11.1.3.1. Geographical range 
Holloway (1977) mentions collecting guava moth in New Caledonia, but guava moth is not 
mentioned in Holloway (1979) which documents the moth fauna of New Caledonia. The 
status of guava moth in New Caledonia is therefore uncertain, but for this risk analysis it is 
assumed that it is present there. However new information on the range of guava moth is not 
expected to significantly alter the conclusions of this risk analysis. 
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11.1.3.2. Life cycle 
Biological information on guava moth is limited and prior to its detection in New Zealand 
there was virtually no research published. A number of assumptions have been made about 
various stages in the life cycle. These have been stated in the text but are not individually 
here, apart from numbers of larvae in fruit and adult dispersal (see below). 

11.1.3.3. Numbers of larvae in a single fruit. 
In order for a population to establish from arriving larvae, either multiple larvae would have 
to arrive at once, or there would need to be multiple arrivals of single larvae within a 
restricted physical area and time period (the exact physical area and time period for 
establishment to occur is unknown). It is reported that 1-20 eggs are laid on individual fruit, 
but it is not reported whether multiple larvae develop to maturity in the same fruit (Jamieson 
et al., 2004). If multiple larvae can develop to maturity in the same fruit that will affect the 
likelihood of establishment via the arrival of infested fruit. 

11.1.3.4. Adult dispersal 
It is known that adult guava moths are capable of flight and have a fully developed proboscis, 
but apart from this information there is very little known. Therefore the ability of guava moth 
adults to fly from Australia to New Zealand is based on a number of assumptions – that they 
are capable of sustained flight in favourable wind conditions, that they feed and that they 
survive long enough in a reproductively viable condition to be capable of breeding when they 
arrive in New Zealand. These assumptions are also made when considering the likelihood of 
adult arrival via vessels and aircraft. 
 
This risk analysis has not identified guava moth as a priority species for further research, but 
further information on the dispersal capabilities of the adult moths would improve the 
understanding of how guava moth arrived in New Zealand. 
 

11.1.4. Painted apple moth (Teia anartoides) biology 

11.1.4.1. Larval dispersal 
The literature is somewhat ambiguous on the dispersal abilities of painted apple moth. Some 
references report first instar larval ballooning (MAF, 2005; Suckling et al., 2002); and some 
specify that first instar larvae crawl rather than balloon (Harris, 1988, Phillips, 1992). 
Observations in the field support ballooning of at least several hundred metres for some larvae 
(Flynn, 1999). This risk analysis assumes that ballooning does occur and that distances are 
comparable to those reported for gypsy moth in North America with most dispersal in the 
order of a few hundred metres but with longer distances possible (Mason and McManus, 
1981).  If it is later concluded that larvae do not balloon or that distances are significantly 
different from gypsy moth, then aspects of this analysis will need to be re-evaluated. 

11.1.4.2. Larval survival without food 
Assuming that first instar larvae disperse via ballooning, they are expected to frequently land 
on inanimate objects. However because the larvae need to feed, it is assumed that they are not 
likely to remain on these items unless they became trapped.  
 
The time to starvation for newly hatched painted apple moth larvae is not reported. The 
European strain of gypsy moth belongs to the same family and has a similar dispersal strategy 
(flightless females, first instar larvae ballooning) and in this species neonate (unfed) larvae 
survived up to 5.8 days with an average of 4.3 days without food (Stockhoff, 1991). 
Assuming that time to starvation for painted apple moth larvae is similar, most painted apple 
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moth larvae would be able to survive air transit times and a smaller proportion would be able 
to survive sea transit times, but only if they landed on the container just prior to loading. 
 
If it is found that first instar larvae frequently remain on non-host material or if they are 
shown to be capable of surviving longer periods without food than gypsy moth, this will 
increase the likelihood of painted apple moth larvae arriving in New Zealand. 

11.1.4.3. Larval crawling distance 
A key conclusion of this risk analysis is that transported goods, containers and packaging are 
most likely to become contaminated with painted apple moth when late instar larvae crawl 
seeking pupation sites. However no published or unpublished information has been located on 
how far larvae crawl (either average or maximum distances). Therefore it is uncertain how far 
goods and containers need to be from a painted apple moth population (or from host plants) in 
order to avoid becoming contaminated. An estimate of 70 metres has been given, based on 
observation during field surveys (Ian Gear, pers. comm. Jun 2006) but information 
confirming this estimate has not been found. 
 
More accurate information on the distances that larvae crawl seeking pupation sites will 
provide critical information for ensuring that transported goods are not contaminated 
with painted apple moth. 

11.1.4.4. Pupation sites 
The literature contains limited information on pupation sites for painted apple moth. Most of 
the available information is based on the 1999 field surveys (Flynn, 1999; Flynn, 2000), as 
well as the two detections of painted apple moth associated with imported items, a container 
exterior (Lalith Kumarasinghe, pers. comm. Mar 2006) and a metal frame supporting glass in 
a container, (i.e. container packaging) (Harris, 1988). 
 
More detailed information on site selection may allow some types of imported goods, or 
some locations on imported items, to be ruled out as pupation sites. It would allow 
inspections to better target the most likely locations on goods, containers and packaging 
and therefore increase the likelihood of detecting painted apple moth at the border. 

11.1.5. White-spotted tussock moth (Orgyia thyellina) biology 

11.1.5.1. Geographical range 
The range of white spotted tussock moth is not particularly well documented. For the purpose 
of this risk analysis it is assumed that white spotted tussock moth is present throughout Japan, 
Korea, China and Taiwan, as well as some proportion of the Russian Far East. White spotted 
tussock moth is not reported from Hong Kong and trade figures from Hong Kong are reported 
separately from the rest of China. It is therefore assumed that white spotted tussock moth does 
not occur in Hong Kong as it is unlikely to provide much suitable habitat. If white spotted 
tussock moth is found in Hong Kong (or any other country not listed here) the trade volume 
figures in this section will need to be reassessed. 

11.1.5.2. Dispersal and spread 
A recent (2005), comprehensive review of arthropod ballooning (Bell et al., 2005) did not list 
white spotted tussock moth. However the ballooning of first instar larvae is typical of a 
number of lymantriid moths (Bell et al., 2005; Common, 1990). Given that diapausing eggs 
are laid on cocoons and that these cocoons are formed on inanimate objects such as fences 
and buildings (Kimura and Masaki, 1977; Ministry of Forestry, unpublished report, 1997) 
larvae will need to disperse to find host plants. Ballooning of larvae from diapausing egg 
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masses was observed in Auckland in 1996 when white-spotted tussock moth was temporarily 
established in New Zealand (John Bain, pers. comm. February 2007). Therefore it is 
considered that this generation, at least, would balloon and in this risk analysis it is assumed 
that ballooning is similar to that reported in the European gypsy moth. Further information on 
ballooning may alter the conclusions of this risk analysis. 
 
Apart from the eradicated population in Auckland, white spotted tussock moth hasn’t 
established outside its native range. Compared to a species such as fall webworm, which has 
become widespread outside its native range, the ability of white-spotted tussock moth to 
spread is much less certain.  
 
Further information on ballooning and dispersal in general may alter the conclusions of this 
risk analysis. 

11.1.5.3. Pupation sites 
Pupation sites are only reported for female white spotted tussock moth, probably because 
differences in pupation sites relate to the other seasonal differences in female biology which 
have been well studied (flight capability and whether the eggs laid are diapausing). Male 
pupation sites are not reported but are assumed in this risk analysis to be similar to female 
sites (i.e. under long day conditions, on foliage, under short day conditions, on inanimate 
objects). 

11.1.6. Gum-leaf skeletoniser (Uraba lugens) 
An initial assessment of the biology of gum-leaf skeletoniser suggested that the pathways for 
entry would be similar to those reported for painted apple moth and fall webworm, that is, 
gum-leaf skeletoniser becomes associated with transport pathways when mature larvae crawl 
onto items and pupate. For both fall webworm and painted apple moth there was insufficient 
information on choice of pupation sites to narrow down the likely arrival pathways in any 
useful way. Partly because pupae are so well-camouflaged, even less is known about the 
choice of pupation sites for gum-leaf skeletoniser then for fall webworm and painted apple. 
Within this risk analysis there was therefore little benefit in considering this species in detail. 
However this work does not constitute a full risk analysis for gum-leaf skeletoniser. If a full 
risk analysis is required at a later stage the biology and likely pathways will need to be 
considered in more detail. More detailed information on pupation site selection would be 
critical for more meaningful analysis of pathways for gum-leaf skeletoniser.  

11.2. GENERAL ASSUMPTIONS AND UNCERTAINTIES 

11.2.1. Geographical ranges 
This risk analysis is based on currently available information on the geographical range of the 
species studied. As these species have all shown themselves capable of arriving and 
establishing in New Zealand to some extent, it is expected that they will also arrive and 
establish in other countries. The establishment of these species in new geographical areas will 
have significant implications for the results of this risk analysis. 
 
If any of the species considered in this risk analysis arrive in countries where they have not 
been previously recorded, factors such as the types of trade, the volumes of trade and the 
transit times from these countries will need to be incorporated into the risk analysis if it is 
being used to inform decisions on the management of these species. 
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11.2.2. Interception data 
There are significant limitations in the interception data available. In particular, the available 
interception data cannot be taken to indicate true contamination rates. The clearest indicators 
of these limitations are with fall webworm and painted apple moth. Based on post-border 
records, it is likely that fall webworm has entered New Zealand (i.e. crossed the border 
without being detected by any biosecurity measures) on a minimum of 5 or 6 separate 
occasions, but has been detected at the border only three times (and those interceptions were 
not the most likely life stages to be transported). Painted apple moth is likely to have entered 
New Zealand a minimum of 8 times and has been detected at the border once. 
 
Without the post-border detections, particularly the results of the trapping programmes, the 
interception data would suggest that there was no particular problem with arrivals of fall 
webworm or painted apple moth. Therefore significant caution needs to be exercised in 
interpreting the results of interception data for these species and for similar species, and the 
interpretation of interception data and the relationship between interception records and the 
actual rate of arrival remains a key area of uncertainty in this risk analysis. 
 
There are some pathways where there are no recorded interceptions and where there is real 
uncertainty about whether the lack of interceptions results from a lack of association with the 
pathway or whether this simply reflects that organisms are not found, identified or recorded. 
Examples include vessels from Japan (for Asian gypsy moth) and air containers (Asian gypsy 
moth, fall webworm, painted apple moth and white-spotted tussock moth). 
 
One reason for a lack of interceptions for some species is that not all species are equally easy 
to detect. For example, Asian gypsy moth has egg masses that are usually 15 – 40 mm long 
and contain up to 1000 eggs or more (Humble and Stewart, 1994), whereas nun moth (see 
section 12.3.1) lays much smaller egg masses (about 40 eggs) deep in cracks in bark or other 
substrates (Keena et al., 1998). The two species are therefore not equally detectable.  
 
Even where there are significant numbers of recorded interceptions (for example, Asian gypsy 
moth on used vehicles from Japan), there are still a number of important caveats to consider 
when interpreting interception data. For example: 
• not all interceptions are documented, even on pathways where there are high levels of 

inspection; 
• not all interceptions are identified, even where the interception would be possible to 

identify; 
• identification to species (or even generic or family) level may not be possible, for example 

due to specimens that are damaged or a lack of information on how to identify certain 
taxa; 

• it is not always reported who did the identifications and how these were done, so the 
reliability of the identifications can be uncertain in some circumstances; 

• some records are for single items (such as vehicles) with multiple organisms, egg masses 
or life stages, while other records list each organism, egg mass or life stage as a separate 
interception. 

 
Therefore data that indicate frequent interceptions show a clear association between a species 
and a pathway and provide some insight into the relative proportions of life stages and times 
of arrival, but they do not represent an accurate estimate of the total numbers of organisms 
arriving on a particular pathway. 
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11.2.3. Life cycle in transit. 
Another area of uncertainty is the ability of organisms to continue their life cycle in transit. 
Eggs and pupae will continue development in transit unless conditions are unfavourable and 
may emerge in transit. Under some circumstances this may result in life stages arriving that 
wouldn’t otherwise be expected to survive transit (early instar larvae and adults). There is 
some evidence this has happened with Asian gypsy moth eggs on used vehicles. 
 
It is expected that organisms progressing from one life stage to another will have a minimal 
effect on the overall likelihood of entry for a species, but it may affect the likelihood of entry 
for specific life stages (for example non-feeding adults that don’t live long enough to survive 
transit). 
 
In most cases there is too little interception data to make predictions about when, and on 
which pathways, organisms not otherwise expected to arrive might be arriving because of 
emergence in transit. The only pathway where this has been considered specifically is for 
Asian gypsy moth on vehicles because (a) there is evidence of recently hatched live larvae 
having arrived and (b) because pupae have been found associated with used vehicles and the 
transit times are close to the development times for pupae so emergence in transit is likely. 
 
If later evidence suggests this process occurs on other pathways, the likelihood of entry for 
some life stages will need to be reconsidered. However it is not expected to substantially 
affect the results of the risk analysis. 

11.2.4. Pathways 

11.2.4.1. Trade patterns and volumes 
This analysis is based on currently available information on trade volumes. The available 
information differs for different pathways, for example there is more information about the 
origin and volume of sea containers compared to air containers. Because this analysis is not 
quantitative, unless new information substantially contradicts the information available here, 
or there are substantial changes in volume, new information is not expected to alter the 
conclusions of this risk analysis. 
 
Substantial changes in trade patterns, such as large volumes of new types of goods or large 
increases or decreases in trade from particular countries are expected to alter the conclusions 
of this risk analysis, 

11.2.4.2. Air containers 
There is significantly less information available for air containers when compared to sea 
containers. In general an assumption has been made that the likelihood of arrival for the moth 
species studied is lower on air containers than for sea containers. This assumption is based on: 
• lack of interception data; 
• contamination levels reported in surveys; 
• use and storage conditions; 
• overall volumes. 
 
Relying on the absence of interception data to indicate a lack of contamination has significant 
drawbacks (see section on uncertainties surrounding interception data). While surveys can be 
used to give a picture of contamination rates and the types of contaminants occurring, they are 
not necessarily large enough to indicate contamination levels for particular species, 
particularly lower frequency contaminants such as the moth species considered here. 
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Therefore the risk associated with air containers area remains a significant uncertainty and 
warrants further investigation. 

11.2.4.3. Bulk cargo 
A wide range of goods are transported as bulk cargo (sometimes known as breakbulk). Bulk 
cargo refers to a wide range of commodities that are not transported in containers (or 
sometimes transported in containers and sometimes not). These commodities include bulk 
steel, vehicles (considered separately), grain and fertiliser. In some cases these types of goods 
are in the open for longer periods and will therefore have a greater likelihood of becoming 
associated with organisms such as painted apple moth. Commodities are also sometimes 
transported in open containers (such as flatracks). Transport in open containers is also 
expected to result in an increased likelihood of association with hitchhiker organisms. Further 
information on the types of organisms associated with bulk cargo compared to goods in 
closed containers would clarify the significance of the method of transport for the spread of 
hitchhiker pests such as painted apple moth and Asian gypsy moth. 

11.2.4.4. Transit conditions 
Transit conditions are not always known in detail and therefore assumptions have been made 
on a number of occasions about the ability of a species to survive the transit conditions. 
Where assumptions have been made the assumptions have been identified in the text. 
 
In the case of species where the biology is well known and where the initial likelihood of 
association is known, detailed information about transit conditions will be useful for 
determining the likelihood of arrival. However when the initial levels of association are 
poorly understood (as is generally the case in this risk analysis) or when the environmental 
tolerances of a species are not well documented, this information is not expected to 
significantly alter the outcomes of the risk analysis. 

11.2.4.5. Assessing the likelihood of entry on pathways in the absence of measures 
This risk analysis has attempted to separate out the likelihood of arrival in the absence of 
measures from the likelihood of arrival with the current measures in place. This means that if 
measures on a particular pathway change in the future, it will be much easier to reassess the 
impact of these measures on the moth species in this risk analysis. 
 
There are some drawbacks to this approach, because the fact that measures exist affects the 
likelihood of certain types of pests and contaminants occurring on a pathway. A good 
example of this effect is in the passenger/ passenger baggage pathway. Understanding that 
certain goods pose a risk to New Zealand is considered to discourage people from importing 
certain goods. The presence of detector dogs and x-rays is also considered to discourage 
people from attempting to import goods that they know are prohibited. Therefore the volumes 
of prohibited goods detected at the border would not necessarily be the same as the volume of 
prohibited goods that would be carried to New Zealand if the current measures were not in 
place. 
 
Therefore the assumption that the measures do not affect the likelihood of arrival is expected 
to be incorrect. However this approach is still used because there is no alternative approach 
available that would have the advantage of making reassessment simpler when measures are 
changed. 

11.2.5. Measures efficacy 
A generic issue across a range of measures is a paucity of information on efficacy. Much of 
the literature relates to general pest management treatments, rather than quarantine treatments 
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which demand a higher level of security because failure of the measure can result in the 
establishment of a high consequence exotic pest. In addition, methods for assessing mortality 
in the literature vary widely. Test insects that have been reared in a laboratory for several 
generations may differ from wild-type organisms, for instance in losing the ability to 
diapause, which could have a significant impact on the results of any trials. The results of 
laboratory tests may therefore not be applicable to a field situation. However, the biggest 
issue is the lack of efficacy data for quarantine treatments against many species.  Organisms 
such as ants, spiders and moths have not been subject to much research in this area. 
 
Because of this uncertainty, a number of assumptions have been made. Not all are listed 
individually here, but they are identified in the text. Examples include assumptions that 
recommended rates for fumigants such as methyl bromide are effective for all the moth 
species considered. 
 
Another key assumption is that overall estimates of efficacy, such as the results of surveys, 
can be used in considering efficacy for individual species. An example of the weakness of this 
assumption is considered in the discussion of the efficacy of visual inspection of used vehicles 
for Asian gypsy moth compared to fall webworm (sections 5.3.7 and 6.3.8). This is a 
particular concern for hitchhiker pests which occur at comparatively low frequencies and 
where there are little or no data on which to base an estimate of the specific contamination 
rate for that species. 
 
For most of this analysis, the aspects of efficacy that are most important are (a) the ability to 
identify which items are most likely to have live moth life stages on them and (b) the ability 
to visually detect these moth life stages. Compared to treatments such as fumigation or heat 
treatment, where experiments can be used to determine whether or not the treatments work, it 
is very difficult to establish the efficacy of detection methods (i.e. visual, profiling) for 
hitchhiker organisms that are comparatively infrequent contaminants of transported items. 
Some of the recommended risk mitigation measures will address this difficulty, but it is likely 
to remain an important area of uncertainty for some time in the future. 

11.2.6. Establishment 
Every entry of a particular moth species will not necessarily result in establishment. Whether 
or not establishment occurs will depend on a number of factors such as how many individuals 
arrive, where they arrive, weather conditions at the time of arrival, the proximity of host 
vegetation and many other factors both predictable and unpredictable. 
 
The actual number of arriving organisms required for establishment of any of the species in 
this analysis is uncertain. While as a general rule it is considered that the larger the founder 
population size, the greater the likelihood of establishment, there is unlikely to be a precise 
threshold above which establishment is certain and below which it is impossible (Simberloff, 
1989). However it is theoretically possible to set limits around the numbers of arriving 
organisms or the total number of arrivals that might be considered “acceptable” because they 
are unlikely to result in establishment. For some species there will also be times of year when 
establishment is less likely and it is also theoretically possible to determine different pest 
tolerances for different times of year. 
 
Some of the biological information is available for some species, for example, degree-day 
accumulation for painted apple moth has been determined and used for the management of the 
Auckland incursions (Kean et. al., 2003). The requirements for fall webworm and Asian 
gypsy moth have also been studied overseas (for example see Matsuki et al. 2001; Gomi et 
al., 2003; Ito et. al. 1968). However other information, such as species-specific information on 
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the likelihood of establishment for different introduction sizes, has been less well studied for 
these types of species, with the exception of some recent work on gypsy moth (Liebhold and 
Bascompte, 2003). 
 
Setting these types of limits requires both species-specific biological information and 
knowledge of the actual frequency of that species on the full range of pathways on which it 
occurs. For hitchhikers, determining the frequency with which the species occurs on pathways 
is particularly difficult because they can occur on so many pathways. Some of the 
recommended risk mitigation measures will begin to address this area of uncertainty, but the 
true frequency of arrival is likely to remain uncertain 

11.2.6.1. Establishment of Northern Hemisphere species 
Three of the species in this risk analysis are Northern Hemisphere species. All these species 
have demonstrated that they are capable of overcoming the seasonal shift when crossing the 
equator and establishing in New Zealand. 
 
In each case it is known to have occurred only once, but the results of this risk analysis 
suggest these species have probably arrived in New Zealand many more times than they have 
established. A more detailed understanding of the factors that allow Northern Hemisphere 
species to establish in the Southern Hemisphere is expected to improve our understanding of 
which goods pose the greatest risk, for example by identifying times of year when a particular 
species is most likely to establish, and whether there are times that it would be incapable of 
establishment. 

11.2.7. Impact 
Predicting the impact of newly arrived species, and even established pests, has a number of 
major challenges. Not all are listed here but several areas of uncertainty for impact assessment 
have been highlighted in this analysis and are discussed below. 
 
Host ranges are often incomplete, especially for poorly known species. All of the species in 
this analysis apart from Asian gypsy moth and fall webworm have been found on new hosts in 
New Zealand. The host range expansion of gum leaf skeletoniser is particularly significant; in 
Australia it was reported from three genera in one family, but from New Zealand it has now 
been reported from about six families. Host range testing has answered some questions but 
not all species can be tested. On the other hand, while most of the species in this analysis have 
extensive host lists, not all host plants are equally palatable. Therefore a reliable prediction of 
impact requires not just information on which plant species are hosts, but how palatable those 
host species are. 
 
Outbreaks are well documented in gypsy moth in North America and elsewhere and are 
associated with the greatest impacts. Whether or not Asian gypsy moth has outbreaks in New 
Zealand will depend at least partly on the hosts available and will affect the level of impact in 
New Zealand. Less is known about outbreaks of the other species in this analysis; again, if 
they occur in New Zealand outbreaks will affect the level of impact. 
 
Quantification of non-market values is problematic. For the economic impact assessments 
reviewed for this analysis there were certain types of impacts that were difficult to quantify or 
to translate into dollar figures, in particular impacts on the environment, on Maori and on 
social or cultural values. While there are methodologies for assessing non-market values, 
these have seldom been used in a biosecurity context. 
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The impact of each moth in this analysis has been considered separately but there are overlaps 
in the host ranges of some species, as well as other pests and diseases not considered in this 
analysis. For example, some of the species of eucalypt (Eucalyptus and Corymbia spp.) on 
which gum leaf skeletoniser is found (MAF Biosecurity New Zealand, PPIN database) have 
also been shown to be palatable to Asian gypsy moth (Matsuki et al., 2001). Host testing of a 
number of Southern Hemisphere species for suitability for both Asian gypsy moth and fall 
webworm showed a high level of consistency in the suitability ranking for the two moths 
(Kay, 2004). The establishment of multiple new species may have cumulative effects that are 
not easy to predict or measure. 
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12. Trends in Lepidoptera arrival and naturalisation 
12.1. LEPIDOPTERA NATURALISATION RATE 
Do the recent arrivals of high impact moth species reflect a real increase in new incursions, 
and if so, why? 
 
Prior to 1986 there had been 90 adventive Lepidoptera species recorded in New Zealand 
(excluding deliberate introductions for biological control but including wind-blown arrivals 
from Australia) (Hoare, 2001). In the period 1986-2001 a further 22 species were recorded as 
adventive. However the available information (dates recorded for 89 species) doesn’t give a 
strong indication of a particular trend in Lepidoptera naturalisation (figure 48). While date of 
first detection is a useful indicator for date of arrival, a species can be present but undetected 
for some time, especially if it is not particularly conspicuous. Therefore the date of first 
detection would not necessarily indicate if a trend was present. 
 
Figure 48. Date of first record for adventive moth species (89 species recorded in Hoare (2001) 
and Dugdale (1988)) 
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*Note that the records for 1999 onwards are incomplete as the paper this was based on was published in 2001. These figures include guava moth 
(Coscinoptycha improbana), gum-leaf skeletoniser (Uraba lugens), painted apple moth (Teia anartoides) and white-spotted tussock moth (Orgyia thyellina), 
but not Asian gypsy moth (Lymantria dispar) or fall webworm (Hyphantria cunea). 
 
It is well documented that the majority of new Lepidoptera arrivals in New Zealand come 
from Australia and arrive in New Zealand naturally, via trans-Tasman wind currents (Hoare, 
2001). Species that were likely windblown arrivals from Australia have been reported 
relatively frequently since the late nineteenth century (Fox, 1978). 
 
Separating the species that arrived naturally on wind currents from those accidentally 
imported via trade is not straightforward and it is therefore difficult to get an impression of 
long-term trends. If there is a general increase in establishments, then the increase is more 
likely to reflect increasing availability of introduced plants, especially Australian (Hoare, 
2001), since the most windblown arrivals from Australia have probably been blown to New 
Zealand on many occasions before. 
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A more detailed breakdown of the available data also does not indicate any obvious changes 
in arrival patterns. Australian species clearly dominate and European and cosmopolitan 
species have decreased overall, while Asian species have increased (table 39). Considering 
that fall webworm and Asian gypsy moth are also considered to have arrived from Asia, the 
increase in arrivals from Asia is probably significant, reflecting a major increase in trade from 
this region. 
 
Table 39. Origin of established adventive Lepidoptera in New Zealand (all data from Hoare,  2001) 
 

Origin pre 1986 % pre 1986 1986-2001 % 1986-2001 
Australia 49 54 18 82 
Asia 0 0 2 9 
European or Cosmopolitan 37 41 2 9 
North America 1 1 0 0 
Pacific 1 1 0 0 
South Africa 1 1 0 0 
Unknown 1 1 0 0 
  90  22  

 
*Note that Asian gypsy moth and fall webworm were first detected after 2001 so they are not included. Both the species have been assessed as most likely 
to have arrived from Asia. 
 
While overall figures on Lepidoptera naturalisation do not show any clear trends, an obvious 
conclusion from this risk analysis is that the main pathway for Lepidoptera arrival in New 
Zealand (windblown from Australia) is only considered a viable pathway for one of the six 
high-impact species in this analysis. The remaining five species are all most likely to have 
arrived as hitchhiker pests, associated with items that are not host material for the species, 
such as vehicles and containers. 
 
The significance of the pathways associated with hitchhiker pests in this analysis does suggest 
a problem managing these types of pathways. This is backed up by information suggesting 
that many of the recent incursion responses and major pest arrivals are also species that are 
considered as hitchhiker pests, such as clover root weevil (Sitona lepidus), red imported fire 
ant (RIFA, Solenopsis invicta) and didymo (Didymosphenia geminata) (MAF Biosecurity 
New Zealand, 2007b). 
 
In conclusion: 
• the majority of adventive Lepidoptera arrive in New Zealand via wind currents from 

Australia; 
• there is no clear trend of increased Lepidoptera naturalisation; 
• 5 out of 6 of the species considered in this risk analysis did not arrive in New Zealand via 

wind currents from Australia, but are most likely to have arrived as hitchhiker pests. 
 
Therefore, while there is no specific pattern in Lepidoptera naturalisation overall, there is a 
clear indication that there is a pattern to the recent, high impact moth arrivals that is consistent 
with other recent high impact arrivals. 

12.2. FREQUENCY OF ARRIVAL FOR HIGH IMPACT MOTHS 
The difficulties with managing hitchhiker pests are well illustrated by the moth species in this 
risk analysis. Although there have been a substantial number of incursions of these species 
over the last decade, no evidence has been found that there are obvious, unmanaged pathways 
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that have particularly high contamination levels. Asian gypsy moth on vehicles gives a good 
illustration (table 40). 
   

Table 40. Asian gypsy moth interceptions 1998-2001 by total volume of imported vehicles (used 
vehicle figures from NZ Customs Service, interceptions figures from MAF Biosecurity 
New Zealand, Biosecurity Monitoring Group) 
 

Year Total used cars 
imported68 

Total Asian gypsy 
moth interceptions 

on used cars 

Percentage of 
vehicles 

contaminated 
1998 107 466 17 0.016 
1999 137 648 147 0.11 
2000 115 647 29 0.025 
2001 135 947 42 0.031 

 
Significant problems have been identified with these interception records (see the vehicles 
section under Asian gypsy moth), and interception figures cannot be taken as reflecting the 
actual contamination levels. However even accounting for the inaccuracies in the interception 
figures, they do illustrate the nature of the problem with hitchhiker pests. Even though there 
are more interception records for Asian gypsy moth on vehicles than for any of the other moth 
species on any pathway, the maximum contamination level indicated by these figures is 
0.11 percent or about one vehicle out of 900. Since the interceptions in table 40 include all 
Asian gypsy moth interceptions (live and dead and all life stages) the actual numbers of viable 
gypsy moth egg masses arriving is less than this figure. A previous estimate of the 
contamination rate with viable egg masses gave rates of one vehicle in 6502 or 2149 for 1998 
and 1999 respectively (MAF, 2000a). 
 
Painted apple moth provides another example of the proportion of contaminated items. In the 
year ended April 2006 there were 6 detections of male painted apple moth in traps (MAF 
Biosecurity New Zealand, Incursion and Diagnostic Centres, PPIN database). Based on a 
combination of evidence from ground surveys, mtDNA testing and isotope tracing, it was 
concluded that these were highly likely to be new arrivals rather than coming from an 
established population (Technical Advisory Group minutes, February 2006).  The exact 
number of containers that arrived from areas with painted apple moth during this period 
cannot be determined as only country of origin is reported for sea containers and limited data 
is available on air container volumes. However nearly 166 000 sea containers are reported to 
have arrived in New Zealand from Australia in 2005. These figures suggest that the total 
proportion of containers with painted apple moth is approximately 0.004 percent, or one in 
about 28 000. 
 
For a number of reasons this figure is not considered to be particularly accurate – the painted 
apple moth detections are males only and it is uncertain what number of female moths have 
arrived, or what proportion of male moths arrive and are not detected. The time period for the 
painted apple moth detections is not exactly the same as the period for the sea container 
numbers. This number is also just for sea containers, not air containers, vehicles or breakbulk 
goods. However it does indicate the scale of the challenge in managing painted apple moth. 
 
This risk analysis has not identified a single, specific pathway with high contamination levels, 
but has identified that a number of pathways are likely to have comparatively small levels of 
contamination. Real levels of contamination for viable life stages of any one species on any 
                                                 
68 At this time there was 100 percent inspection on the pathway so the total number of cars imported equals the total number of cars 
inspected. 
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one pathway are expected to fall in the range of 1 out of 1000 to 1 out of 100 000 – in some 
cases even less. 
 
In the case of sea containers (only one pathway) a contamination rate of 1 in 100 000 for a 
particular pest would result in that pest arriving at the border approximately 5 or 6 times a 
year on sea containers based on current trade volumes, that is, despite the contamination 
levels initially appearing to be a small number, the species is expected to arrive on a number 
of occasions in any one year, unless it is treated at the border. 
 
The situation is further complicated because so far this analysis has mostly looked at one 
species at a time. In reality, multiple species are arriving on any individual pathway. For 
example, used vehicles from Japan were identified as a pathway for Asian gypsy moth, fall 
webworm and white-spotted tussock moth. A number of other moth species have also been 
intercepted on used vehicles including the nun moth (Lymantria monacha) (Armstrong et al., 
2003) (see Import risk analysis: Vehicle and Machinery, MAF Biosecurity New Zealand, 
2007a, and the section below for further discussion).  
 
The complexities of treating high volume pathways with low levels of high risk pest 
contamination are not examined in detail here but warrant further consideration. Specific 
management actions for the moth species in this risk analysis (and hitchhiker moth species in 
general) are considered in the next chapter. 
 
In conclusion: 
• there is not enough information to determine what proportion of transported items are 

contaminated with viable life stages of any of the moth species considered in this analysis, 
or to determine contamination levels of moth species in general; 

• overall proportion of imported items that are actually contaminated with viable life stages 
of the 5 moth species that have arrived as hitchhiker pests are considered to be very small 
(i.e. somewhere below 0.1 percent); 

• for any given year the total number of imported items that are potentially contaminated is 
very large (e.g. 166 000 sea containers from Australia, 160 000 used cars from Japan); 

• even with very small contamination rates as considered here, those contamination rates are 
likely to mean that these species arrive every year on a number of occasions. 

12.3. OTHER MOTH SPECIES 
It cannot be assumed that the most likely species to arrive over the next 10 years will be the 
same as the last 10 years. Relatively small changes in use and storage conditions overseas 
(e.g. changes in proportions of goods from different ports, new facilities in slightly different 
areas) could change which species arrive. 
 
One purpose of this risk analysis is to consider approaches that can be used to manage future 
risks from other moth species, both those that are known pests and those that are largely 
unknown. A complete assessment of species is outside the scope of this analysis but some 
examples are given below. These examples are largely based on easily accessible internet 
literature and more detailed assessments based on thorough research of scientific literature 
may differ. 

12.3.1. Nun moth (Lymantria monacha; Lymantriidae) 
This species is native to Eurasia and feeds primarily on conifers. It is sometimes regarded as a 
pest in its native range and is reported as capable of killing host trees (Keena et al, 1998). It is 
capable of feeding on both radiata pine (Pinus radiata) and Douglas fir (Pseudotsuga 
menziesii) and is considered to be a serious threat to plantation forestry in New Zealand 
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(Withers and Keena, 2001). It has a similar life cycle to the gypsy moth, with a single 
generation per year and overwintering egg stage (Kolk and Starzyk, 1996). 
 
The usual place for egg laying is bark crevices, where eggs are laid in small clusters rather 
than the large masses seen with gypsy moth (Keena et al, 1998). When natural substrates are 
not available the nun moth will lay its eggs in plastic or metal cracks and will readily use 
spaces between the wood on pallets (Melody Keena, pers. comm. February 2007). Female nun 
moths are capable of flight but flight ability doesn’t necessarily mean they fly frequently. For 
example in a study of lymantriid  moths attracted to light in far eastern Russia, the trapped 
males outnumbered females 20:1 (Wallner et al, 1995) while Keena et al (1998) reported that 
while females can fly, they commonly remain on tree trunks attracting males. 
 
It is uncertain how frequently egg masses of nun moth occur on items that are transported to 
New Zealand. There is only one reported interception, of a larva on a Japanese used vehicle 
(instar and viability not reported). This record was identified from DNA testing of 
interceptions over a period of just under 2 years. Whether the lack of interceptions means that 
nun moth seldom occurs on imported items or whether it reflects the fact that egg masses are 
smaller and well-hidden in cracks, and therefore less conspicuous, than for gypsy moth is 
uncertain. 
 
Further analysis of the likelihood of nun moth entry and establishment in New Zealand is 
warranted. However, based on information in this risk analysis, without detailed and reliable 
information on the factors that influence where egg masses are laid, it will be difficult to 
narrow down the pathways on which nun moth is most likely to arrive. 

12.3.2. Douglas fir tussock moth (Orgyia pseudotsugata; Lymantriidae)  
Douglas fir tussock moth is a North American lymantriid species that undergoes outbreaks 
and can severely defoliate Douglas fir trees (Anonymous, 1999). This is another species with 
largely immobile females that lay eggs on or near their cocoons. Eggs are the overwintering 
life stage and larvae disperse by ballooning. Because the cocoons are typically formed on 
Douglas fir foliage, the likelihood of the Douglas fir tussock moth being transported 
(especially as a hitchhiker) is reduced and therefore so is the likelihood of this species 
entering New Zealand. 

12.3.3. Painted pine moth (Orgyia australis; Lymantriidae) 
This species is reported to be difficult to distinguish from painted apple moth in the field 
(Phillips, 1992). It is another poorly known Australian lymantriid . It has a wide host range 
that includes radiata pine, Queensland kauri (Agathis robusta), Acacia, Grevillea, Macadamia 
and Pelargonium (Common, 1990). There is limited information on the life cycle but pupae 
are reported to be formed among the leaves of host plants (Herbison-Evans et al, 2005). 
Pupation site appears to be a key difference compared with painted apple moth as pupae 
occurring on host plant foliage are much less likely to arrive than pupae formed on a wide 
range of inanimate objects. However information is limited and this conclusion is not certain. 

12.3.4. Spilosoma (Arctiidae) 
There has been one detection of a Spilosoma species in a fall webworm trap (January 2005 
(MAF,, 2006). No evidence of an established population has been found despite searches. 
Spilosoma comes from the same family as fall webworm. It is a widespread genus, for 
example occurring in North America, Japan and Australia. 
 
One detection of Spilosoma has recently been reported at the New Zealand border. This 
detection was a dead pupa on a used vehicle from Japan (Karen Armstrong pers. comm. 
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February 2006). There are several Spilosoma species that occur in Japan. Among these is the 
mulberry tiger moth (Spilosoma imparilis), a polyphagous species which forms larval 
colonies similar to those of fall webworm. This species has one generation per year and 
overwinters as larvae in nests among dried leaves (FFPRI, 2000b). 
 
There are also 6 species of Spilosoma in Australia, with most feeding primarily on herbaceous 
plants (Nielsen and Common, 1991). The black and white tiger moth (Spilosoma glatignyi) is 
native to southern Australia, including Tasmania. It is a polyphagous species and is reported 
to defoliate seedlings of radiata pine (Common, 1990) and is regarded as a pest of radiata pine 
plantations in South Australia (Herbison-Evans and Crossley, 2005). It is also reported to 
have urticating hairs (Nielsen and Common, 1991). Pupae are reported to occur under bark or 
logs or in crevices. In other species (such as fall webworm and gypsy moth), this type of 
pupation behaviour has led to the species pupating on a wide range of other items and being 
transported through human activities.  
 

12.4. REFERENCES 

Anonymous (1999), Orgyia pseudotsugata (Lymantriidae) 
http://www.forestry.ubc.ca/fetch21/FRST308/lab5/orgyia_pseudotsugata/tussock.html, 2006, 
9 December 

Armstrong, K F; McHugh, P; Chinn, W; Frampton, E R; Walsh, P J (2003) Tussock moth 
species arriving on imported used vehicles determined by DNA analysis. New Zealand Plant 
Protection 56 16-20. 

Common, I F B (1990) Moths of Australia. E. J. Brill, The Netherlands; Melbourne 
University Press, Australia; 

Dugdale, J S (1988) Lepidoptera - annotated catalogue and keys to family-group taxa. Fauna 
of New Zealand 14, 262 pp. 

FFPRI (2000b) Spilosoma imparilis Butler. http://www.ffpri-
hkd.affrc.go.jp/group/konchu/Zukan/HTML/Lepi_Hitori-e.htm 2009 11 December. Hokkaido 
Research Centre, Forestry and Forest Products Research Institute, Entomology Laboratory, 
Japan. 

Fox, K J (1978) The transoceanic migration of Lepidoptera to New Zealand- a history and a 
hypothesis on colonisation. The New Zealand Entomologist 6(4): 368-380. 

Herbison-Evans, D; Crossley, S (2005), Spilosoma glatignyi http://www-
staff.it.uts.edu.au/~don/larvae/arct/glatig.html, 2006, 8 December 

Herbison-Evans, D; Crossley, S; Chew, P. (2005) Orgyia australis http://www-
staff.it.uts.edu.au/~don/larvae/lyma/australis.html, 2006, 9 December 

Hoare, R J B (2001) Adventive species of Lepidoptera recorded for the first time in New 
Zealand since 1988. New Zealand Entomologist 24 23-47. 

Jamieson, L E; Dymock, J J; Dawson, T; Froud, K J; Seldon, D S; Suckling, D M; Gibb, A R 
(2004) Guava moth in New Zealand- distribution, hosts, life cycle observations and 
discussion of pest management options. New Zealand Plant Protection 57 13-19. 



 

MAF Biosecurity New Zealand Pest risk analysis for six moth species • 387 

Keena, M A; Shields, K; Torsello, M. (1998) Pest alert. Nun moth: potential new pest 
http://www.na.fs.fed.us/spfo/pubs/pest_al/nunmoth/nun_moth.shtm, 2006, 9 December 

Kolk, A; Starzyk, J R (1996) Nun moth (Lymantria monacha L.). In Kolk, A; Starzyk, J R 
(ed) Atlas skodliwych owadow lesnych (The atlas of forest insect pests). Multico Warszawa; 
Poland. English translation available online http://www.forestpests.org/poland/nunmoth.html 

MAF (2000a) Used cars, vans and utility vehicles from Japan: An assessment of this pathway 
as a means by which Gypsy Moth may enter New Zealand. MAF Biosecurity Authority; 
New Zealand. 

MAF (2006), May, Biosecurity Incursion Response Update, 
http://www.biosecurity.govt.nz/pest-and-disease-response/surveillance-risk-response-and-
management/response-and-management/incursion-update, 2006, 9 December 

MAF Biosecurity New Zealand (2007a). Import risk analysis: Vehicle and Machinery. MAF 
Biosecurity New Zealand, Ministry of Agriculture and Forestry, Wellington, New Zealand. 

MAF Biosecurity New Zealand (2007b). Pests and diseases list, 
http://www.biosecurity.govt.nz/pest-and-disease-response/pests-and-diseases-watchlist 
accessed 30 May 2007. 

Nielsen & Common (1991) in Naumann, I D; Carne, P B; Lawrence, J F; Nielsen, E S; 
Spradbery, J P; Taylor, R W; Whitten, M J; Littlejohn, M J  The insects of Australia: a 
textbook for students and research workers. Melbourne University Press; Australia. (second 
edition). pp 817-915 

Phillips, C (1992) September, Forest insects: Tussock Moths 
http://www.forestry.sa.gov.au/privateforestry/insect_fact_sheets/Fact_Sheet_html/FHS%2005
%20Tussock%20moths.htm, 2005, 9/06 

Wallner, W, E.; Humble, L, M.; Levin, R, E.; Baranchikov, Y N; Carde, R T (1995) Response 
of adult Lymantriid moths to illumination devices in the Russian far East. Journal of 
Economic Entomology 88(2): 337-342. 

Withers, T M; Keena, M A (2001) Lymantria monacha (nun moth) and L. dispar (gypsy 
moth) survival and development on improved Pinus radiata. New Zealand Journal of Forestry 
Science 31(1): 66-77. 



 

388  • Pest risk analysis for six moth species  MAF Biosecurity New Zealand 

13. Analysis of measures to mitigate biosecurity risk 
This chapter: 
1. considers a range of possible risk management goals and measures; 
2. discusses generic issues around their feasibility and efficacy; 
3. concludes whether they are realistic options for managing risk associated with a wide 

range of transported items and imported goods. 
 
It does not contain a detailed assessment of feasibility: if these recommendations lead to a 
review of Import Health Standards feasibility will be a component of those reviews. 
 
Because most of the pathways have more than one species on them, and because similar 
measures are being recommended for most of the species, measures are not separated out by 
the different moth species. Unless otherwise stated, the discussion applies to Asian gypsy 
moth, painted apple moth, fall webworm and white-spotted tussock moth, but not to gum-leaf 
skeletoniser or guava moth (which are established in New Zealand). Where there are specific 
differences by species these are noted in the text. 
 
While this discussion of measures is based specifically around the four species listed above, 
there are a number of other moth species of concern to New Zealand. Examples of these are 
given in the previous section. It cannot be assumed that the most likely species to arrive over 
the next 10 years will be the same as the last 10 years. A number of the measures proposed 
will also address future and unknown risks from other moth species, as well as the current 
species of concern. 

13.1. GOAL OF RISK MANAGEMENT 
Three different risk management goals are given below. The preferred goal is identified and 
the reasons that is it preferred are outlined. 

13.1.1. Maintain risk at the current level 
The last 10 years have seen a number of significant incursions and a similar number of 
incursions over the next ten years would not be considered acceptable. However both border 
management and trade volumes and patterns have changed substantially over this time and it 
is not possible to define the current level of risk based on the last 10 years. Because so many 
pathways are involved and there have been changes in both trade volumes and measures on 
these pathways, it cannot necessarily be assumed that maintaining the current measures for 
the next 10 years will have a similar number of incursions to the last 10 years – there may be 
more or fewer incursions (although this analysis has indicated that there is unlikely to be a 
substantial decrease). Most correctly, the current level of risk should be seen as the level of 
risk under the current import regime. It is therefore the most recent information on incursions 
that is most useful in defining the current level of risk. 
 
In the year ended April 2006, surveillance detected painted apple moth males in traps on 6 
separate occasions. Based on a combination of evidence from ground surveys, mtDNA testing 
and isotope tracing, it was concluded that these were highly likely to be new arrivals rather 
than coming from an established population (Technical Advisory Group minutes, February 
2006). In 2005, fall webworm males were detected in traps on 3 occasions, again these were 
considered most likely to have arrived in New Zealand as pupae rather than being from and 
established population, based on ground surveys and isotope tracing (in this case DNA testing 
was unable to help establish the likely origin). While these incursions are not known to have 
resulted in establishment, the incursions do indicate that these moths are continuing to enter 
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New Zealand as hitchhiker pests (and that similar species are also likely to arrive). Since the 
more frequently an organism is introduced, even if only in small numbers, the more likely it is 
to establish, the suspected ongoing arrives indicates that further establishments are likely. 
 
While it cannot be assumed that maintaining the current levels will see a similar number of 
incursions to the last decade, these incursions indicate the consequences of maintaining risk 
management measures at a level that allows continuing entry of high consequence moths as 
hitchhiker pests. 
 
There have been six separate incursion responses for “hitchhiker” moths in the last decade 
(two for gum-leaf skeletoniser). One of these concluded eradication was not feasible and the 
species concerned is now fully established (gum-leaf skeletoniser). There are ongoing costs 
associated with its management. While the other species have been successfully eradicated, 
eradication has been achieved at significant cost, both direct spending and in terms of impacts 
on the control area. 
 
While this approach would have the initial benefit of not imposing additional costs or 
restrictions on imported goods, it is expected to result in ongoing economic, social and 
environmental costs to New Zealand as a whole. 
 
Based on the consequences of the previous incursions and the ongoing likelihood of further 
incursions and establishments, maintaining risk management at the current level is not 
recommended. 
 
This goal is referred to in the risk management measures section as “status quo”. 

13.1.2. Minimise risk so that it is negligible (near zero) 
Achieving this goal would mean that there are unlikely to be further incursions (and therefore 
responses and/ or establishments) of the kinds of species considered in this analysis. The goal 
does not equate to “no new moth species arrived or established” because the majority of new 
moth arrivals and establishments are windblown from Australia. However the recent incursion 
responses have all been for species for which arrival by wind is extremely unlikely. While it is 
still possible that there would be an incursion of one of the species considered here, this 
would only occur as a result of exceptional circumstances. 
 
Because not every entry results in establishment, it is theoretically possible to establish an 
acceptable threshold for entry that would be highly unlikely to result in establishment. The 
available information has not suggested what this level would be. General patterns of 
invertebrate establishment indicate that small numbers of individuals are capable of 
establishment and that regular arrivals of small numbers of individuals will increase the 
likelihood of establishment. However there are significant differences across taxa. There is 
currently not enough information on the species here to suggest a threshold, therefore at 
present it is considered that in order to achieve this goal, entry must be reduced as close to 
zero as possible. 
 
This approach would have significant benefits in terms of cost reduction for post-border work 
(particularly incursion response) and in terms of the impact of either the control programme 
or the establishment of these species. However it is likely to place additional costs on a wide 
range of pathways. 
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Given the costs of the incursions of the last decade, minimising the risk is the recommended 
risk management goal for these species (i.e. Asian gypsy moth, fall webworm, painted apple 
moth and white-spotted tussock moth). 
 
This goal is referred to in the risk management measures section as “minimise”. 

13.1.3. Reduce risk but not to a negligible (near zero) level 
Achieving this goal would reduce the likelihood of further incursions of the kinds of species 
considered in this analysis. In effect, it is expected that there would be incursions, but fewer 
than have been seen over the last decade. Where the consequences of an incursion are small 
and/ or eradication is economical and easy to achieve, this may be a suitable goal.  
 
Because of the impacts of the pests involved and the costs and consequences of even a 
successful eradication, this is not the recommended risk management goal for the species in 
this analysis. However it can be a useful compromise where there are no measures available 
that would achieve the desired goal, or where there are serious practical constraints on 
implementing the available measures. 
 
This goal is referred to in the risk management measures section as “reduce”. 

13.2. RISK MANAGEMENT MEASURES 
A number of the risk management measures are not pathway-specific, but can be applied to a 
range of different pathways. These are presented in detail only once under a list of generic 
recommendations, but under each relevant pathway the measures are summarised and the 
priority for that pathway is given. A number of these recommendations would also be useful 
for other species that occur at low frequencies on a range of high volume pathways, including 
other high consequence moth species such as nun moth. 
Risk management measures are broadly prioritised for each pathway. The priority categories 
are listed in table 41. Table 1 is not a categorisation of the actual risks but an indication of 
where effort can be most effectively directed to reduce risk. 
 
Table 41. Priority categories for recommendations for measures on moth species 
 
Priority Explanation 
High Implementation is considered necessary to reduce the ongoing risk associated with the most 

important pathways for arrival of Asian gypsy moth, fall webworm, painted apple moth and white-
spotted tussock moth 

Moderate Implementation will reduce the risk on pathways which are currently considered less significant for 
arrival of Asian gypsy moth, fall webworm, painted apple moth and white-spotted tussock moth 

Low Implementation is likely to provide useful but non-essential information (i.e.  “nice to know”) 
Long term Implementation is not currently possible but may be in future 
 

13.2.1. Generic recommendations 
The measures proposed here are either suitable for a range of pathways or are general 
measures which are not applied on a pathway by pathway basis. 

13.2.1.1. Interception data– awareness, identification, recording, analysis, use in profiling 
The following section outlines the need for systems to ensure that intercepted organisms are 
identified and recorded, and how these data can be directly used to reduce incursions of 
species such as fall webworm and painted apple moth. 
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The ability to make specific and feasible recommendations on mitigation measures for 
particular pathways has been hampered by a lack of appropriate information. The types of 
information available in the literature are not necessarily useful for establishing the nature of 
the relationship between a pest and a particular pathway, particularly when the pest is a 
hitchhiker. The critical information for establishing this relationship is a record of actual 
interceptions on the pathway for an extended period. Currently the level of identification done 
and the way that the observations and actions of quarantine officers at the border are captured 
does not meet these needs. In particular, the current system does not adequately support the 
collection of information that could reduce or prevent repeated arrivals of species such as 
painted apple moth and fall webworm. 
 
It is likely that quarantine officers have already intercepted and treated species such as fall 
webworm and painted apple on some occasions, but that specimens have not been identified 
and that therefore the information is not captured and cannot be used for future risk 
management. 
 
Therefore, a key recommendation for all pathways is to make better use of information on 
interceptions so that pest detection events can be used to better inform management at the 
border. Rather than being a new approach, this strategy is a way of adding considerable value 
to the systems that are currently in place, such as the inspection that is currently done by 
quarantine officers and accredited persons and the profiling system used to identify the 
highest risk containers. 
 
The top priority recommendations from this analysis are to (1) increase identifications 
for priority organisms, specifically suspect moth pupae and (2) to capture the data in a 
more usable way. 
 
For example, currently there is no funding that would allow identification of pupae that are 
suspected to be fall webworm or painted apple moth (or other species which may enter as 
pupae). It is likely that quarantine officers already intercept and treat painted apple moth and 
fall webworm on some occasions, but that the suspect organisms have not been identified and 
the information is not available to other quarantine officers and cannot otherwise be used for 
future risk management. Unless the identification of moth pupae and the appropriate capture 
of interception data are supported, none of the other actions required to achieve the goal 
(“reduce”) can be undertaken. 
 
The focus that has been placed on lymantriid egg masses has increased awareness among 
quarantine officers and the resulting detections have yielded useful results (for example the 
results of DNA testing egg masses detected on vehicles (Armstrong et al, 2003) and the body 
of experience that indicates the most likely sites for gypsy moth egg masses on vehicles). 
Providing information on the risks associated with moth pupae to those who are conducting 
inspections, supporting the identification of the detected organisms and appropriately 
capturing these data are expected to result in increased detections of species such as painted 
apple moth and fall webworm. Awareness alone would not achieve the same benefits because 
the information needs to be available to those staff conducting inspections, monitoring the 
pathway, reviewing standards, writing risk analyses, conducting surveillance and managing 
incursions. 
 
A more robust method for recording information on the organisms that are detected 
and identified would provide critical information for risk management on all pathways. 
The types of questions that this information can help answer include: 
a) which pathways are the most important; 
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b) where on transported items these organisms are most likely to occur; 
c) whether there are seasonal patterns; 
d) whether there are specific countries, ports or commodities more commonly associated with 

the species of concern; 
e) whether there are any other factors that allow better prediction of contaminated items. 
 
While such an approach would be beneficial for all pathways, it is more useful on some 
pathways than others and is therefore a higher priority for some pathways than others. The 
priority for each pathway is consider in the specific recommendations for each pathway and 
summarised in table 42 at the end of this chapter. 
 
Better use of interception information would allow measures to be targeted in a way that 
would reduce the likelihood of entry and establishment, but would be less restrictive than 
blanket measures. The usefulness of this approach varies between pathways. The more 
difficult it is to know that past history of an imported item, the less useful this approach will 
be. For example, used vehicles come from a wide range of sources and those purchasing the 
vehicles for export have very limited information on the vehicle history. However for new 
vehicles there is a much clearer supply chain which enables the vehicle to be traced from the 
factory to New Zealand. Therefore interception records for new vehicles can be used to 
predict which new vehicles are most likely to have pests on them, but interception records for 
used vehicles have much less predictive value because not enough is known about vehicle 
histories. 
 
In the case of fall webworm, painted apple moth and white-spotted tussock moth, the presence 
of one of these species on an item (for example a container, a vehicle, container packaging or 
particular goods) indicates that that item was within a short distance, probably less than 
100 metres of a population of the larvae feeding on a host plant. That is, while hitchhiker 
arrivals may appear to be random, the presence of these species on transported items is not a 
random event but relates specifically to conditions in which that item was used and stored 
prior to its arrival in New Zealand. Therefore (a) where there is one individual of the species 
there are likely to be more on the same container and (b) other items that have been in the 
same conditions (e.g. containers from the same exporter) are also likely to be contaminated. 
The presence of particular organisms on particular items can therefore be used to inform risk 
profiling and the issuing of alerts. 
 
For Asian gypsy moth, because adult females can travel long distances before laying eggs and 
because eggs can persist for long periods, the connection between the history of an item and 
the likelihood of egg masses being present is less clear. However local conditions during use 
and storage (e.g. lighting at night) are still an important factor in determining whether 
particular items become contaminated. Therefore this approach also has some value for Asian 
gypsy moth but on a different scale compared to fall webworm or painted apple moth. 
 
In some cases, particularly species that occur at low frequencies, even the identification of 
dead organisms provides valuable information. For example, any indication of where 
organisms such as fall webworm and painted apple moth are likely to occur would help those 
conducting inspections. The presence of a dead fall webworm pupa on a commodity would 
indicate that that commodity had been within a short distance of a population of larvae at 
some time. Tracing the history of the particular item with fall webworm may show where the 
fall webworm got on to that item and this information could be used to determine whether 
other commodities from the same source could be contaminated. 
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Note that this management approach also has an advantage that it will help manage risks not 
just from the species considered in this analysis but also similar moth species that haven’t yet 
been detected in New Zealand but are a known or potential threat (e.g. nun moth and Douglas 
fir tussock moth which would both be expected to have significant impacts on commercial 
forestry). 
 
New technologies have added to the usefulness of both border and post-border detections of 
organisms. There is now additional information that can be derived from intercepted 
organisms. 

DNA analysis 
The development of DNA tests for a number of moth species including Asian gypsy moth and 
fall webworm has provided valuable information for the management of moth incursions. 
Recent uses include indicating that the Asian gypsy moth in Hamilton as most likely to have 
originated from Japan (Ross, 2005) and identifying egg masses on vehicles (Armstrong et al, 
2003). Increased use of this technology is likely to be essential if the recommendation to 
improve identification and recording is to be implemented. Further development of this 
technology, for example, in developing tests for other species or to give a more precise area of 
origin is expected to support the goal of reducing moth incursions. 

Isotrace 
Isotope tracing has provided useful information for understanding pathways of arrival for 
moth species. It uses variations in stable isotope composition (for example for hydrogen-2 and 
carbon-13) to determine the likely region in which an organism grew (specifically, where it 
fed) (Isotrace New Zealand, unpublished report, June 2005). It provides a different dimension 
to the DNA testing, since DNA testing can indicate the original source of a population while 
isotrace can indicate the immediate origin of an individual. It has been used to help determine 
that some recent detections of fall webworm and painted apple moth were most likely to have 
travelled to New Zealand as pupae rather than being from established populations. Further 
validation and refinement of this technology, for example to give more precise indications of 
regions of origin, could provide further valuable information. For example, it could be used to 
clarify questions raised by transhipping by indicating where an intercepted organism got onto 
a container. 
 
Recommendations 
• Support increased identifications for priority organisms (specifically, suspect moth pupae 

but also other life stages) and develop methods to collect, store and manage the data in a 
more effective way – high priority (highest priority recommendation in this analysis). 
− this approach also includes making further use of new technologies to get more 

information out of detections, such as DNA testing and isotope tracing. 

13.2.1.2. Targeted surveys 
Like other hitchhiker species, the moth species considered in this analysis occur at 
comparatively low frequencies across a wide range of pathways. The low frequency of 
occurrence means that surveys for these species require large sample sizes in order to give 
meaningful results. Therefore surveys are not the ideal way to gather data on the species in 
this analysis and cannot, on their own, provide the necessary information for the management 
of the moth species considered in this analysis. However, if the frequency problem is 
considered in the experimental design, useful results can be obtained from targeted surveys. In 
particular, where moths are occurring in locations that are not likely to be seen during routine 
handling (e.g. the underside of sea containers) targeted surveys are likely to be needed. 
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Note that this measure also has an advantage that it will help understand risks not just from 
the species considered in this analysis but from a wide range of pests. However because of the 
very low frequencies of some pest species on imported items, surveys cannot be expected to 
identify all the potential pest species associated with a particular pathway, only those most 
likely to arrive. 
 
Recommendations 
• Conduct targeted surveys for some pathways (these are stated under the pathway 

recommendations). Survey design and analysis needs to consider the problem of low 
frequency, high consequence pests on high volume pathways and, on their own, targeted 
surveys cannot provide the necessary information for the management of the moth species 
considered in this analysis. 

• Conduct specific reviews for the moth species in this analysis after surveys of pathways 
(slippage surveys) are completed to determine whether the survey has added any 
additional information useful for the management of the moth species in this analysis. 

13.2.1.3. International cooperation 
International cooperation has assisted in the development of better ways to manage issues 
such as ballast water and wood packaging. Cooperative approaches have been used to a 
limited extent for sea containers, in the form of a small joint programme between 
New Zealand, Papua New Guinea and the Solomon Islands to ensure empty containers 
returning to New Zealand are clean (Nendick et al, 2006). International cooperation has been 
an important part of the approach for ships visiting ports in far eastern Russia during the flight 
season for Asian gypsy moth. 
 
The development of broader international approaches to dealing with hitchhiker pests on 
some of the pathways in this analysis is likely to provide benefits that could not be achieved 
by New Zealand working alone. Approaches could include sharing information on 
interceptions or overseas outbreaks and the development of joint standards or accreditation 
schemes. 
 
Because of the international concern about Asian gypsy moth and other lymantriids, these 
species may be a useful starting point for developing these approaches. In the longer term, 
cooperative, international approaches are likely to provide the best chance for successful 
management of hitchhiker pests. 
 
Recommendations 
• Develop and expand multi-country approaches to managing pests on certain pathways. 

Where this is considered particularly important for particular pathways, this are stated 
under the pathway recommendations. The priority for this is high but is a long-term goal. 

13.2.1.4. Surveillance 
Surveillance has been an integral part of managing the threat for species such as Asian gypsy 
moth for many years. Passive surveillance, particularly reports form the general public, 
detected the initial incursions of fall webworm (Bennett and Bullians, 2003), painted apple 
moth (Flynn, 1999, Harris, 1988) and white-spotted tussock moth (Hosking, 2003). Asian 
gypsy moth was detected as a result of an active surveillance programme using pheromone 
traps (Ross, 2005), as were the later detections of painted apple moth and fall webworm 
(MAF Biosecurity New Zealand, Incursion and Diagnostic Centres, PPIN database). The 
painted apple moth and fall webworm trapping has demonstrated that these species have 
entered New Zealand even though there are few recorded interceptions and this evidence has 
been critical for this risk analysis. 
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Recent technological developments have added to the usefulness of surveillance, as there are 
now additional questions that can be answered when there is a detection. For example, it now 
easier to distinguish between recent arrivals and established populations. What surveillance is 
unable to do at present, and is unlikely to do in the near future, is determine arrival pathways 
for species detected. For hitchhiker species that can arrive on multiple pathways, additional 
information such as interception data is critical. 
 
There are different kinds of surveillance with differing levels of specificity and surveillance 
programmes are typically a balance of different surveillance types. Species-specific active 
surveillance (for example based on the pheromones of a particular species) is useful to deal 
with known risks, and has been used to detect populations at a much earlier stage of invasion 
(Wilson et al, 2004). More generalised surveillance, such as high-risk site surveillance or light 
trapping, is able to deal with a much wider range of species including those that have not 
previously identified as species of concern (MAF, 2007). It has different disadvantages, for 
example the need to filter out the vast majority of detected organisms (those that are already 
known to be present). 
 
Passive surveillance in the form of identification enquiries from the public is generally 
considered to be much less effective than active surveillance as incursions are detected later 
when they are less likely to be eradicable (Wilson et al, 2004). However this type of 
surveillance has shown its value for detecting some moth incursions. Its usefulness will 
depend on a range of factors including the general appearance of the species in question 
(large, hairy and colourful species are much more likely to be reported) and the quality of 
awareness material (Alan Flynn, December 2006, pers. comm.). Surveillance via the general 
public has the same disadvantages as other general surveillance; filtering out the important 
records from species that are already well known and the resources required for such a 
programme. Programmes of this kind need to be adequately resourced and managed to get the 
greatest benefit. 
 
Surveillance is a valuable part of any biosecurity system and is particularly valuable where 
detection and treatment at the border are not considered to reduce the risk to a negligible 
level. It is also important where the consequences of establishment are particularly high. 
Surveillance increases the likelihood of early detection in time for effective containment and 
eradication (Wilson et al. 2004), that is, surveillance contributes to the reducing the likelihood 
of establishment. However surveillance does not contribute to reducing the likelihood of entry 
and the costs and consequences of detecting populations of species such as Asian gypsy moth, 
even if the populations detected are eradicable, are still significant.  
 
If the recommended goal of reducing entry to a level where further establishment was 
unlikely could be achieved, enhanced surveillance for these species would not be required. 
However reducing the likelihood of entry both for known species and other potential pest 
species is likely to take time, so enhanced surveillance is recommended. 
 
Recommendations 
• Enhanced surveillance for Asian gypsy moth, fall webworm and painted apple moth – 

high priority, at least until some of the other recommended measures are implemented. 
• Enhanced surveillance for white-spotted tussock moth – moderate priority. 
• Continue general surveillance (both active general surveillance such as high risk site 

surveillance and surveillance via public enquiries) and ensure that it is adequately 
resourced. 
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13.2.1.5. Current detection and treatment methods 
Without knowing exactly what moths are most likely to occur on and where they are likely to 
occur it is difficult to suggest treatments from the currently available options, especially for 
fall webworm, painted apple moth and white-spotted tussock moth, where there are very few 
interceptions. For example, it is unknown whether they are likely to occur on the inside or 
outside of a sea container. However if the previous recommendations are implemented – 
allowing a more accurate determination of what is likely to be contaminated – the information 
gathered will also address the question of where the moths occur and will therefore allow 
treatment methods to be selected. 
• For many pathways, visual inspection will continue to play an important role in risk 

management for these moth species in the short term. Increased use of methodologies 
other that treat concealed organism, such as heat treatment and fumigants, is 
recommended as visually locating small, cryptic organisms is not a practical approach. 
The effectiveness of current techniques and technologies should be improved by better 
targeting (i.e. improved identification of which items are most likely to be contaminated) 
and improved information on efficacy is required. 

 
Current treatment methods used to treat imported items and their known efficacy in relation to 
moths are listed below. None of these treatments can be applied to all of the vessels, 
containers, packaging materials and commodities entering New Zealand each year, due to a 
range of practical and logistical issues. If the most likely items are better identified using 
interception data, these methods could be used to treat the highest risk items. 
 
A generic issue across the range of measures is a paucity of information on efficacy.  Much of 
the literature relates to general pest management treatments, rather than quarantine treatments 
which demand a higher level of security because failure of the measure could result in the 
establishment of a high consequence exotic pest. In addition, methods for assessing mortality 
in the literature vary widely. Test insects that have been reared in a laboratory for several 
generations may differ from wild-type organisms, for instance in losing the ability to 
diapause, which could have a significant impact on the results of any trials. The results of 
laboratory tests may therefore not be applicable to a field situation. However, the biggest 
issue is the lack of efficacy data for quarantine treatments against many species.  Organisms 
such as ants, spiders and moths have not been subject to much research in this area. 

Visual inspection 
Imported commodities are subject to a varying degree of inspection either by quarantine 
officers or accredited persons. The recent incursions and lack of interception records show 
that the current level of inspection is not sufficient to detect enough occurrences of the moth 
species in this analysis to reduce the risk to a level where there are likely to be no further 
incursions. Without more information on the degree of contamination and where the moths 
(especially pupae) occur, it is not possible to determine what level of inspection is necessary 
to meet the required standard and how effective it is likely to be. 
 
Once it is possible to determine which commodities and other transported items are most 
likely to be contaminated, it will be possible to determine whether visual inspection is a 
suitable way of detecting these types of moth species or whether other approaches are 
required. 
 
More intensive inspection methods are used for sea containers from specific places of origin 
that are considered to be high risk for Asian gypsy moth and used vehicles. These are specific 
to particular pathways and so are discussed under those pathways. 
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Fumigation 
Fumigation is not currently used to treat transported items for the moth species under 
consideration apart from vehicles and containers on which lymantriid egg masses have been 
visually detected. The fumigant used is methyl bromide. For a number of reasons, fumigation 
is not an option for treating all commodities and other imported items. These include practical 
and logistical limits to the amounts that can be treated without severely affecting New 
Zealand’s ability to trade, New Zealand’s commitment to reducing methyl bromide use and 
the wide range of commodities and items imported (not all of which can be treated with 
methyl bromide). Note that alternative fumigants are discussed in section 13.2.1.6 (new 
technologies). 
 
Methyl bromide fumigation is recommended as a quarantine treatment for vehicles and other 
items contaminated with Asian gypsy moth and fall webworm overseas (USACHPPM 1994, 
CAB International 2002b) but specific information on efficacy has not been found. Methyl 
bromide is known to be effective on the most resistant life stage of the codling moth Cydia 
pomonella (Yokoyama et al, 1990). 
 
There are a considerable range of responses to fumigants amongst arthropod species.   
Factors affecting the rate of mortality and therefore any treatment regime include: 
• temperature: lower dosages are required at higher temperatures due to the organisms’ 

increased metabolic activity and the physical properties of the gas; 
• development stage: the treatment regime must kill the most tolerant stage of the target 

species; 
• resistance within populations: strains resistant to phosphine and a lesser extent methyl 

bromide have been observed in stored product pests (Bond,  1984), although resistance is 
not reported for the moth species under consideration; 

• sorption by the treated product and leakage, affecting the concentration of gas free to act 
against the invertebrates being treated.  To ensure appropriate treatment when the sorption 
and leakage rates are not known, the treatment regime should be specified as a 
concentration x time product (Bond, 1984). 

 
Fumigation could be used to treat the highest risk commodities and containers if these could 
be better identified (using interception records), meaning the total amount to be treated was 
much smaller. Again, there are questions that would need to be answered in relation to 
efficacy, but because it is known that methyl bromide is effective on the most resistant life 
stages of related organisms and overseas is currently used for two of the moth species 
considered here, it would be reasonable to gather efficacy data as part of operations, rather 
than delay its use until efficacy had been proven. 

Heat treatment 
Heat treatment is used to treat a number of imported items but it is so far at a relatively small 
scale. It is not currently used to treat imported containers or as a routine treatment for the 
moth species in this analysis however its use has been increasing (for example with ISPM 15). 
Wider use will require the further development of infrastructure and there are issues that 
would need to be addressed such as the thermal tolerance of certain goods and ensuring that 
the required temperatures are reached in all locations where the moths are likely to occur. 
 
Heat treatment has the advantage of treating both internal and external contaminants including 
those that are not visible in standard visual inspection procedures.  It is also a relatively rapid 
process.  
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The unpublished results of small-scale laboratory trials, indicate that diapausing eggs of both 
Asian and European gypsy moths were killed when exposed for as little as 5 minutes at 55ºC. 
Temperatures lower than this were not tested (Hosking, 2001). Since diapausing life stages 
are typically the most resistant to adverse conditions, it is assumed that larvae, pupae and 
adults would also be killed by this regime. Heat is used as a quarantine treatment against 
codling moth. Even after exposure to thermal conditioning, 100 percent kill of 5th instar larvae 
(the most heat resistant life stage) is obtained after 3 minutes at 52ºC (Yin et al, 2006). Both 
diapausing and non-diapausing larvae are killed by treatment at 50ºC for 5 minutes or 52ºC 
for 2 minutes (Wang et al, 2004), while treatment at 45ºC for 45 minutes without thermal 
conditioning results in kill of all life stages (Neven, 2005). There is no reason to assume that 
other moth species will be significantly more heat tolerant than these species.  
 
Heat treatment is discussed in further detail in section 4.5.2 of the Import risk analysis: 
Vehicle and Machinery (MAF Biosecurity New Zealand 2007a). Information obtained from 
work on vehicles is likely to be useful for determining whether heat treatment has potential as 
a biosecurity measure for other commodities. 
 
Recommendations 
• Improve the effectiveness of current techniques and technologies by better targeting (i.e. 

improved identification of which items are most likely to be contaminated) and improved 
information on efficacy. 

• Continue to use visual inspection and fumigation for risk management for these moth 
species, although more efficacy information is required and these measures are not equally 
suitable for all pathways. 

• Further develop and implement the use of heat treatment. While heat treatment is not 
currently a routine treatment for the moth species in this analysis it is known to be 
effective on a range of insect species including diapausing egg masses of Asian gypsy 
moth. Further development of heat treatment for moth species is recommended (see also 
the recommendations for used vehicles). 

13.2.1.6. New technologies 
There are some technologies in various stages of development that show promise for detection 
of some moth species, as treatments for transported items contaminated with moth life stages 
or to improve general management for these species. None of them are at the point where they 
could be implemented. However further research into new technologies will be required if the 
“minimise” goal is to be achieved in the longer term. 

Detector dogs 
Dogs can be trained to detect a range of non-visible biosecurity contaminants by smell and are 
an important means of managing biosecurity risk associated with the international mail and 
passenger pathways, particularly in detecting food and plant material. Dogs have been 
previously shown to be capable of detecting egg masses of gypsy moth in North America 
(Wallner and Ellis, 1976). Trials have been conducted by the Biosecurity Detector Dog 
Programme, which demonstrated that the MAF detector dogs are capable of detecting and 
indicating the presence of Asian gypsy moth (Ken Glassey, pers. comm. August 2005; Janet 
Williams pers. comm. December 2005). The use of dogs in a wharf environment poses a 
number of operational issues, including wharf safety and short working periods. These 
practical issues, as well as information on locations of moths occurring on containers and 
cargo, need further consideration before dogs could be used to prevent the arrival of species 
such as Asian gypsy moth or painted apple moth. 
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While not immediately available as a risk management measure, detector dogs have some 
potential for the detection of species such as Asian gypsy moth and further investigation is 
recommended. 

Electronic detection 
The possibility of using electronic sensing technology to detect snakes and spiders, and 
facilitate targeted treatment has been investigated (Braggins and Goldson, 2002). Not all 
arthropods would be suitable for detection in this way, for example, spiders generally do not 
excrete volatile compounds. Whether moth pheromones would be detectable using this 
technology is currently uncertain. There are also potential species-specificity issues if 
pheromones are used (as with surveillance based on pheromone trapping). 
 
This technology is only likely to be useful for moths occurring inside containers or other 
enclosed spaces so the question of where moths are occurring would need to be established 
before further investigation of this technology for detecting moth species. 

Camera-based inspection tools 
The use of closed-circuit television (CCTV) cameras has been proposed as an alternative to 
six-sided inspection for sea containers, Currently there is no information on efficacy and it 
hasn’t been tested in New Zealand, although it is used in Australia (Tariro Mavengere, pers. 
comm. December 2006). Further information from Australia may clarify whether it is 
potentially useful for moths. Without knowing where moths occur on containers, it is not 
possible to consider whether it will be effective for species such as fall webworm, but there 
may be potential for Asian gypsy moth, where most recorded interceptions on sea containers 
are on the underside. 

Residual insecticide application 
Residual insecticide and repellent application could be a useful measure to prevent some 
transported items becoming contaminated with life stages of moth species, such as gypsy 
moth egg masses. Different formulations can enhance the persistence of the insecticides for 
example products with permethrin as an active ingredient have been formulated with a 
polymer that enables it to remain effective for two years. This product is registered for use in 
the USA against gypsy moth larvae (for example on trees and around homes) (Eradicoat, 
2006) and is also active against other groups such as cockroaches (Patterson Research Inc, 
unpublished report, 1996). It is not known whether such a system could be practically 
implemented on items such as sea containers or ships, and its routine use in international 
transport is unlikely to be something that one country could implement alone. However 
residual insecticide use has potential and warrants further investigation. 

Automated insecticide treatments 
One of the difficulties associated with the use of insecticides and repellents as a risk 
mitigation measure is the need for contact between the chemical and the pest. Development of 
technologies that vaporise the chemical so that it diffuses effectively may overcome this 
problem. For instance, automated dispensers vaporise and disperse pyrethrins in domestic 
situations (RoboCan, 2006). This technology has been used to develop a unit that can be used 
in sea containers (Innovair Group Ltd, unpublished report, 2006). Efficacy tests have been 
conducted on a range of insects including ants, flies and cockroaches in empty and loaded 
containers and initial results look promising. It has not been tested against any Lepidoptera 
species. 
 
Automated insecticide treatments are most likely to be useful treating organisms that are 
mostly in enclosed spaces such as on the inside of the containers. It also has potential for 
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larger enclosed spaces such as the holds of ships. It is unlikely to be useful for treating 
exterior organisms. For the moth species considered here, the locations where they occur need 
to be clarified before determining whether this method will be useful. Further trials on the use 
of this technology are recommended. 

Automated washing 
Pressure washing is sometimes used for cleaning imported items, such as sea containers and 
vehicles, but it is mostly done manually. An automated washing process has the potential to 
produce more consistent results more cheaply. 
 
Automated washing has been tested for sea containers (Dentener and Bradfield, June 2002) 
but is not currently being used operationally. However it is currently used to pre-clean 
vehicles prior to MAF Quarantine Service inspection at one facility in Japan (Toy and 
Glassey, 2006). 
 
The automated container washing test used sterile painted apple moth egg masses laid on 
cocoons on steel brackets attached on the underside of sea containers (Dentener and 
Bradfield, June 2002). All 17 egg masses attached to large steel brackets were removed by the 
washing, but only 10 out of 15 of the egg masses on small brackets were removed. The results 
indicate that there is some potential to use this method to treat egg masses on the underside of 
sea containers but some questions remain. As well as the issue with remaining painted apple 
moth egg masses on small brackets, it also needs to be determined whether there are 
differences with painted apple moth egg masses, which are typically laid on the cocoon, and 
Asian gypsy moth egg masses, which are laid directly onto the container surface. 
 
Of 12801 vehicles externally cleaned at the Jevic facility in Japan using their automated wash 
machine in the 13 month period from May 2005-May 2006, 1709 (13 percent) were 
subsequently directed for decontamination for external contaminants (Jevic Ltd, unpublished 
data). This figure is comparable with the results of a small data recording exercise undertaken 
by MAF Quarantine Service. During the period 12-20 March 2006, inspectors recorded all 
contaminants by hazard group on inspected vehicles.  During this period 150 vehicles were 
cleaned with the automated washing machine prior to MAF inspection and 22 (15 percent) 
required further decontamination. A total of 2507 vehicles were subject to external inspection 
by MAF Quarantine Service officers in Japan over this period.  Of these 705 or 28 percent 
required further decontamination (MAF unpublished data). Note however, that the figures are 
not comparable since the overall figures include some vehicles that had not been pre-cleaned 
at all, whilst others had been pressure washed.  Furthermore these data provide a very brief 
snapshot and are not necessarily representative of the situation over a wider time period. The 
efficacy of automated decontamination on Asian gypsy moth egg masses is unknown. Of the 
vehicles directed for treatment, none of these had life stages of Asian gypsy moth, however it 
is not known whether any of the treated vehicles had gypsy moth before they were treated and 
since there is so much uncertainty around the actual contamination rate the data cannot be 
taken as evidence that automated washing is effective against Asian gypsy moth. 
 
There is potential for this technique to treat items for Asian gypsy moth egg masses and it 
warrants further investigation. One factor that will need to be considered, especially for 
complex structures such as vehicles, is whether there are particular locations on the structure 
that are not effectively treated during washing. Without knowing more about where the other 
moth species (such as fall webworm and painted apple moth) occur, it cannot be determined 
whether this method will be effective against these species. 

Alternative fumigants 
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The use of alternative fumigants may address some of the issues with methyl bromide, 
although there are still practicality issues if all containers and commodities require treatment. 
Some examples of alternatives are discussed briefly but details of their advantages and 
disadvantages are not considered in detail here. Alternative fumigants are most likely to be 
useful if other recommendations to enable better identification of high risk containers, 
packaging and commodities are implemented. 

Ethanedinitrile 
The Australian CSIRO Stored Grain Research Laboratory has developed and patented the 
chemical (C2N2 ) as a fumigant to replace methyl bromide. It appears to be effective against 
both adult and juvenile life stages of timber beetles (Dowsett et al, 2004, Ren et al, 2003). 
Further verification and development work is required before it can be used as a quarantine 
treatment, but it is considered to have significant potential and to warrant further 
investigation. Trials using this fumigant are being conducted in New Zealand (Ken Glassey, 
pers. comm. December 2006). 

Sulphuryl fluoride  
Sulphuryl fluoride is non-flammable, non-corrosive and is an established structural fumigant. 
It has good dispersion and penetration qualities and is thus useful in treatment of wood 
contaminants.  It is has been tested against a wide range of pest taxa with eggs considered the 
most difficult life stage to kill (Bell and Savvidou, 1999) and has been recently tested in New 
Zealand for treating export logs and found to give control against some insect and fungal 
species (Zhang, 2006). Efficacy against the moth species in this analysis is not known but it 
has been tested and shown to be effective against eggs of the Mediterranean flour moth 
(Ephestia kuehniella) (Bell and Savvidou, 1999) and diapausing larvae of the codling moth 
(Cydia pomonella) (Zettler and Arthur, 2000). Given that gypsy moth, white-spotted tussock 
moth and to some extent painted apple moth are transported as egg masses, further 
information on efficacy against egg masses will be critical for its usefulness. Trials using this 
fumigant are being conducted in New Zealand (Ken Glassey, pers. comm. December 2006). 

Methyl iodide 
Methyl iodide is used as a soil fumigant overseas and has been tested as a structural fumigant 
and as a commodity fumigant for fresh produce (Waggoner et al, 2000). It is known to be 
effective against diapausing codling moth and grain moth (Sitotroga cerealella) larvae, as 
well as a range of other insect species (Waggoner et al, 2000; Zettler and Arthur, 2000). 
Efficacy against the moth species considered in this analysis is not known. Methyl iodide has 
been tested in New Zealand as a soil sterilant (MAF, 2006b). 
 
Recommendations 
• Support further investigation of the technologies listed here – high priority (because the 

recommended goal cannot be achieved unless new technologies are developed). Specific 
recommendations for techniques consider useful for specific pathways are given under the 
pathway recommendations below. 

• Review recent moth detections in New Zealand and progress on risk management for high 
impact moth species in five years. By this time it is expected that substantial progress on 
information management and technological developments will have been made and 
therefore the “minimise” goal will be more achievable. 

13.2.1.7. Research 
A number of key questions in this risk analysis cannot be answered from the available 
information in the scientific literature. Key areas of uncertainty and the assumptions made 
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have been identified in section 11. Research is required to address these assumptions and 
uncertainties. 
 
Critical areas of uncertainty are: 
• average and maximum distances that larvae of painted apple moth and fall webworm 

crawl seeking pupations sites (also expected to be useful information for a number of 
other Lepidoptera species); 

• factors that influence pupation site selection for Lepidoptera and for painted apple moth 
and fall webworm in particular. 

 
Research to clarify these areas of uncertainty is recommended as a high priority. 
 
Research to address the other areas of uncertainty in section 11 is also recommended (as a 
moderate priority). Areas of uncertainty where research will provide considerable benefit 
include the following: 
• effect of unusual temperature regimes on Asian gypsy moth hatching (also for other 

diapausing species, but particularly important for univoltine species). Resolving this 
uncertainty is expected to be particularly useful for ships and containers where egg masses 
may leave New Zealand without hatching depending on the conditions that they 
experience; 

• measures efficacy. There is limited information on the efficacy of available measures for 
the species considered in this analysis. 

 
Recommendations 
• Conduct research to address uncertainty about the distances that larvae (especially of 

painted apple moth and fall webworm) crawl seeking pupation sites and the factors that 
influence the choice of pupation sites – high priority. 

• Conduct research to address other areas of uncertainty highlighted in section 11, including 
Asian gypsy moth hatching under unusual temperature regimes and measures efficacy – 
moderate priority. 

13.2.1.8. Review 
It is recommended that recent moth detections in New Zealand and progress on risk 
management for high impact moth species be reviewed in five years. By this time it is 
expected that substantial progress on information management and technological 
developments will have been made and therefore the “minimise” goal will be more 
achievable. 

13.2.2. Containers - air 
The available information does not suggest that there is a significant likelihood of entry on air 
containers for the moth species considered. However it is noted that if the moth species 
considered were arriving associated with air containers, even if they were being detected 
during handling by Accredited Persons, the current system would not necessarily allow them 
to be identified and recorded. Therefore it is possible that there is an undetected problem.  
 
The recommendation for air containers is that the current measures remain the same. Because 
of the uncertainty around information on intercepted organisms, at this stage it is considered 
that that this is achieving the “reduce” goal, but there is not enough confidence to state 
whether or not the “minimise” goal is being achieved. 
A more robust method for identifying and recording detected organisms on this pathway 
would provide more confidence that risks are adequately managed. 
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Recommendations 
• Improve identification and recording for intercepted organisms associated with air 

containers. Use this information in conjunction with the current management approaches 
to better target profiling and risk management measures – moderate priority. 

13.2.3. Containers – sea 
The available information suggests that there is a significant risk of entry (and establishment) 
on sea containers for all the moth species under discussion here. 
 
For Asian gypsy moth it is noted that most of the reported interceptions have been on the 
lower surface of sea containers, and that several interceptions were from containers that came 
from countries not considered to have Asian gypsy moth. That is, the sea containers had been 
in a location with Asian gypsy moth, but they travelled to New Zealand indirectly from that 
location. This suggests that risk management to achieve the “minimise” goal for Asian gypsy 
moth would have to visually inspect or treat the lower surface of the container and would 
have to apply to all sea containers that have been in countries with Asian gypsy moth within 
the previous 1-2 years, not just those coming directly from countries reported to have Asian 
gypsy moth. If this information is not available, then in order to achieve the goal, all sea 
containers would have to be treated, even though the proportion of containers that is actually 
contaminated is small. 
 
Six-sided inspection is carried out on sea containers considered “high risk” for Asian Gypsy 
Moth.  If egg masses are found they are manually removed and the container fumigated with 
methyl bromide. Very few containers currently fall into the high risk category, for example, of 
approximately 6700 six-sided inspections of sea containers conducted in the first 6 months of 
2005, none were for Asian gypsy moth (Carolyn Whyte pers. comm. September 2005). There 
are no specific data on its efficacy. 
 
The available information suggests that painted apple moth, fall webworm and white-spotted 
tussock moth are likely to be associated with sea containers to some extent (separate from an 
association with the goods or packaging in the containers). Available information (either 
literature or interception data) does not suggest where on sea containers these species are most 
likely to occur. Therefore proposed measures to achieve the “minimise” goal would have to 
treat or inspect the entire container inside and out. 
 
It is known that sea containers have been in locations with Asian gypsy moth, but travel to 
New Zealand indirectly from that location are sometimes contaminated with diapausing Asian 
gypsy moth egg masses. Since for fall webworm and white-spotted tussock moth the life 
stages most likely to occur on sea containers are also diapausing and can persist for some 
months, indirect transport to New Zealand is also consider likely to occur for these species. 
Therefore, in order to achieve the goal, all sea containers that have been in countries with fall 
webworm and white-spotted tussock moth since the previous autumn (or if this information 
was not available, all containers) would need treatment, even though the proportion of those 
containers that are contaminated is small. 
 
The shorter period of survival and lack of diapause for painted apple moth means it is 
uncertain whether sea containers coming from countries other than Australia would ever have 
viable painted apple moth life stages on them. 

13.2.3.1. Use of interception data in sea container profiling 
The link between interceptions, identification, reporting and reducing risk is outlined in more 
detail in the section on generic measures. Essentially, the presence of these species on 
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containers does not result from random events. If live or dead life stages of fall webworm, 
painted apple moth or white-spotted tussock moth are found on sea containers (or items in 
these containers), interceptions indicate that other containers from the same source are more 
likely to be contaminated. This approach should be considered in the development of risk 
profiles and the designation of particular containers, commodities and sources as “high risk” 
until proven otherwise. 
 
Because Asian gypsy moth can travel much further, the link between particular sites and 
Asian gypsy moth egg masses is less strong than with the other species. For example, a 
female that laid an egg mass on a sea container could have easily flown a kilometre or much 
more (up to 100 km) from the host plant and site of pupation. However there will still be sites 
within a given region where items are particularly likely to become contaminated (e.g. close 
to powerful lights) and sites where items are much less likely to become contaminated and it 
is therefore still potentially possible to use interception information to better profile risk. 
 
Improving identification and recording of interceptions and using this for risk management is 
considered a high priority. This approach would add considerable value to the systems that are 
currently in place, such as the inspection that is currently done by quarantine officers and 
accredited persons and the profiling system used to identify the highest risk containers. 

13.2.3.2. Targeted surveys of sea containers 
A survey of containers, packaging and commodities from south-eastern Australia is 
recommended. Without any recent interceptions of painted apple moth it is difficult to narrow 
down the most important items to be surveyed or where surveys need to be focused and the 
problems posed by the likely low levels of contamination will need to be considered. If there 
are any recorded border interceptions prior to commencing the survey, these records can then 
be used to help target the survey more effectively. 

13.2.3.3. International cooperation for sea container management 
Improving practices for how sea containers are used and stored would reduce the likelihood of 
contamination for all of the species considered here. Developing and implementing new 
technologies on moth pests associated with sea containers is likely to require some degree of 
international cooperation. This is a longer term recommendation that will rely on information 
gathered as a result of improved identification and recording systems. 

13.2.3.4. Detection and treatment of organisms associated with sea containers 

Visual inspection 
Six-sided inspection is currently used for sea containers considered high risk for Asian gypsy 
moth egg masses – specifically those that have been in far eastern Russia. If egg masses are 
found the container is fumigated with methyl bromide. Six-sided inspection is time-
consuming because sea containers must be loaded onto special stands for inspection. 
 
Six-sided inspection could be used for other sea containers identified as likely to contain 
Asian gypsy moth egg masses, but there are practical limits to the number of containers that 
can be inspected in this way. The wider usefulness of six-sided inspection therefore depends 
on an improved ability to identify the most likely containers to be contaminated, or using 
different approaches such as changes to port infrastructure or the CCTV system used in 
Australia. 
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There is no information on the efficacy of six-sided inspection for detecting gypsy moth or 
other species – but if it was to be more widely used the efficacy could be determined using 
surveys. 

13.2.3.5. New technologies for sea container management 
Some of the new technologies outlined in the generic recommendations section are expected 
to be useful for sea containers. These include heat treatment, automated insecticide treatment, 
automated washing and alternative fumigants. 
 
Recommendations 
• Improve identification and recording for interceptions associated with sea containers. Use 

this information to enhance the current systems that are already in place, for example to 
give better target profiling and risk management measures – high priority. 

• Continue to use six-sided inspection and treatment on those sea containers that are 
identified as high risk based on profiling and interception data – high priority. 

• Conduct a slippage survey on selected south-eastern Australian commodities and 
associated containers and packaging – high priority. 

• Develop international approaches to reducing the risk associated with sea containers – 
long term but high priority. 

• Continue to work on development of new technologies that have potential for reducing the 
risk associated with sea containers, particularly heat treatment, automated insecticide 
treatment, automated washing and alternative fumigants – long term but high priority. 

13.2.4. Fresh plant material 

13.2.4.1. Nursery stock. 
The current management regime is considered to be achieving the recommended goal 
“minimise” for this pathway. Recording and identifying detected organisms on this pathway 
would provide useful information for reducing further arrivals of both the species considered 
in this analysis and moth species with similar life histories. However this information is not 
considered critical and is a lower priority than other recommendations for preventing the entry 
and establishment of the moth species in this analysis. Future risk analyses for the host 
species recorded in this analysis should include a consideration of these moths. 

13.2.4.2. Cut flowers and foliage 
Due to the low volumes of host material for the moth species considered here, this pathway is 
not a priority for preventing the entry and establishment of the moth species in this analysis. 
A survey has been conducted although the results were not available at the time of writing this 
analysis and any review of the cut flowers and foliage standard (MAF, 2002b). Information 
from this current analysis should be considered in any review of the cut flowers and foliage 
import health standard. 
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Recommendations 
• Improve identification and recording for both pathways. Use this information in 

conjunction with current management approaches to better target risk management 
measures – low priority. 

• Consider these moth species in the review of the cut flowers and foliage standard – 
when survey completed – moderate priority. 

13.2.5. Military 
There is currently limited New Zealand military activity in areas where the moth species 
considered here occur. The combination of very low volumes with the type of inspection 
applied to military cargo means that this pathway is not considered to be of concern for moth 
arrivals at present. However there are no specific data to indicate the efficacy of treatment on 
the military pathway. 
 
The USA experience when military vehicles were in areas with gypsy moth outbreaks (with 
flying females), was that visual inspection was not adequate to detect egg masses. Therefore if 
there are military operations in areas where species such as Asian gypsy moth and fall 
webworm are known to be present, further consideration should be given to how returning 
cargo is treated, especially vehicles and other items used and stored outdoors. 
 
Recording and identifying detected organisms on this pathway would provide useful 
information for reducing further arrivals of the species considered in this analysis as well as 
moth species with similar life histories. However this information is not considered critical 
and given a low priority. The priority would need to be reviewed if there were large 
deployments in countries that have Asian gypsy moth, fall webworm, painted apple moth or 
white-spotted tussock moth. 
Recommendations 
• Improve identification and recording for organisms associated with military 

transport. Use this information in conjunction wit the current management 
approaches to better target profiling and risk management measures – low priority. 

13.2.6. Packaging materials 
The available information suggests that there is a significant risk of entry (and establishment) 
on packaging materials for all the moth species under discussion here, in particular, fall 
webworm and painted apple moth. Despite the risk identified by this analysis, there has been 
only one recorded interception of the moth species considered here associated with packaging 
materials. There is also limited information in the literature. 
 
The lack of records means that narrowing down which packaging material is most likely to be 
contaminated is very difficult. It is not known whether the type of packaging material, the 
origin of the container, the type of associated goods or other factors can indicate which 
packaging materials are likely to be contaminated and which are not. Therefore, as with sea 
containers, all packaging materials from countries where the moth species of concern are 
present would need to be treated in order to achieve the “minimise” goal. 
 
Sea containers that have been in locations with Asian gypsy moth, but travel to New Zealand 
indirectly from that location are sometimes associated with diapausing Asian gypsy moth egg 
masses. Indirect transport to New Zealand is also likely to occur for fall webworm and white-
spotted tussock moth on sea containers (because they are species which undergo diapause) but 
it is uncertain whether this occurs for painted apple moth (which is not known to undergo 
diapause). It is not known whether the issue of indirect transport to New Zealand occurs with 
packaging materials but sea container experience suggests it is possible. Therefore it is 
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uncertain whether the recommended goal could be achieved only by treating packaging 
material from the known ranges of the moths, or whether material from all countries would 
need to be treated. 
 
Due to the numbers of containers containing packaging material, there are major practicality 
issues when recommending treatments for all packaging material. Approximately 50 percent 
of sea containers contain wood packaging (MAF, 2002a) and it is likely that the majority of 
the approximately 377 000 loaded sea containers that arrived in the last year contain some 
form of packaging. It is also not known whether the packaging associated with air containers 
and bulk cargo is associated with the moth species in this analysis. 
 
With the current trade volumes, infrastructure and available technology there are no feasible 
ways to achieve the “minimise” goal for packaging materials. Achieving the goal would 
require a dramatic reduction in trade volumes. This approach is not considered feasible due to 
the serious economic consequences and is not considered further in this analysis. The 
recommended goal for packaging materials is therefore to reduce the likelihood of entry 
and establishment for these moths, but to accept that there are still likely to be some 
incursions. 
 
Technological developments may provide ways to achieve the “minimise” goal in future and 
any future reassessment of this analysis should consider whether new technologies make the 
“minimise” goal feasible. 
 
There are a number of measures that can be implemented to achieve the “reduce” goal for 
packaging materials. Packaging materials can be treated at the same time as the container that 
they occur in and the goods they are protecting, so the information for packaging materials 
closely overlaps that for sea containers and general commodities. However it is also noted that 
packaging material associated with air containers and bulk cargo may also need to be 
considered. 

13.2.6.1. Use of interception data for packaging materials 
The link between interceptions, identification, reporting and reducing risk is outlined in more 
detail in the section on generic measures. Essentially, the presence of these species on 
imported items does not result from random events. If live or dead life stages of fall 
webworm, painted apple moth or white-spotted tussock moth are found on packaging material 
associated with imported commodities, interceptions indicate that other items from the same 
source are also likely to be contaminated. This approach should be considered in the 
development of risk profiles and the designation of particular containers, commodities and 
sources as “high risk”. 
 
Because Asian gypsy moth can travel much further, the link between particular sites and 
Asian gypsy moth egg masses is less clear than for the other species. For example, a female 
that laid an egg mass could have easily flown a kilometre or much more (up to 100 km) from 
the host plant and site of pupation. However there will still be sites within a given region 
where items are particularly likely to become contaminated (e.g. close to powerful lights) and 
sites where items are much less likely to become contaminated and it is therefore still 
potentially possible to use interception information to better profile risk. 
 
Improving identification and recording of interceptions and using this for risk management is 
considered a high priority. 
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13.2.6.2. Targeted surveys for packaging materials 
Containers, packaging and commodities from south-eastern Australia are recommended for a 
slippage survey. Items likely to be used and stored outside and associated packaging material 
and containers are considered more likely to be contaminated with painted apple moth so 
these are recommended for inclusion, however without any recent interceptions of painted 
apple moth it is difficult to narrow down the most important items to be surveyed. 

13.2.6.3. International cooperation for packaging materials management 
Improving practices for how packaging materials are used and stored would reduce the 
likelihood of contamination for all of the species considered here. This is a longer term 
recommendation that will rely on information gathered as a result of improved identification 
and recording systems. 

13.2.6.4. Treatments for packaging materials 
There is no currently available treatment that can be used to treat all packaging materials but 
fumigation can be used if high risk packaging, containers and commodities can be better 
identified. 

13.2.6.5. New technologies for packaging materials management 
Some of the new technologies outlined in the generic recommendations section are expected 
to be useful for packaging materials. These include heat treatment, automated insecticide 
treatment and alternative fumigants. 
 
Recommendations 
• Improve identification and recording for interceptions associated with packaging 

materials. Use this information in conjunction with the current management 
approaches to better target profiling and risk management measures – high priority. 

• Treat those materials that are identified as high risk based on profiling and 
interception data (both fumigation and heat treatment recommended but both 
require further information on efficacy) – high priority. 

• Conduct a slippage survey on selected south-eastern Australian commodities and 
associated containers and packaging – high priority. 

• Develop international approaches to improving use and storage practices for 
packaging materials – long term. 

• Continue to work on development of new technologies that have potential for 
reducing the risk associated with packaging materials – long term but high priority. 

13.2.7. Passengers, baggage and unaccompanied personal effects. 

13.2.7.1. Passengers and passenger baggage 
The current management regime is considered to be achieving the recommended goal 
(“minimise”) for this pathway. Recording and identifying detected organisms on this pathway 
would provide useful information for reducing further arrivals of both the species considered 
in this analysis and moth species with similar life histories. However this information is not 
considered critical and is a lower priority than other recommendations for preventing the entry 
and establishment of the moth species in this analysis. 

13.2.7.2. Unaccompanied personal effects 
A conclusion on the effectiveness of the measures on the unaccompanied personal effects 
pathway is deferred until the results of the slippage survey are available. Once the results of 
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this survey have been incorporated into this analysis, measures will be recommended if 
necessary. 
 
Recommendations 
• Improve identification and recording for both pathways. Use this information in 

conjunction with current management approaches to better target profiling and risk 
management measures – low priority. 

• Consider the results of the unaccompanied personal effects survey in relation to 
these moth species and determine whether review is necessary – when survey 
completed – moderate priority. 

13.2.8. Vehicles 

13.2.8.1. Used vehicles 
The available information suggests that there is a significant risk of entry for the moth species 
in this analysis from imported used vehicles and that this pathway is likely to be the most 
important single pathway especially when both entry and establishment are considered. The 
current risk management regime (visual inspection followed by specified treatment) is not 
considered to be adequate to achieve the “minimise” goal, because of the difficulties of 
detecting the moth species in this analysis on large complex structures such as vehicles, 
particularly species such as fall webworm that actively seek protected and hidden sites. 
 
Available information does not suggest that it is possible to narrow down which used vehicles 
are most likely to carry moth life stages such as Asian gypsy moth egg masses or fall 
webworm pupae (that is, using interception records and other information to inform 
profiling). Most profiling on other pathways uses country of origin as a major factor, but the 
majority of used vehicles come from just one country (Japan). Another important factor used 
in profiling is the time of year present, but used vehicles are present for years in the same 
country prior to export. 
 
 Used vehicles are a different pathway compared to new vehicles and ships, or even sea 
containers. In the case of Asian gypsy moth, a decade of interception data has been unable to 
rule out any particular vehicle type or any other subgroup of imported used vehicles. This is 
because it is use and storage conditions that affect the likelihood of egg masses occurring and 
not any intrinsic property of the vehicle. 
 
For the other species, there are too few interceptions to draw any conclusions at all about 
which pathways are most likely to carry moth life stages. However the biology indicates again 
that use and storage conditions are particularly important for species such as fall webworm 
and white-spotted tussock moth, which are only likely to occur on vehicles stored within a 
comparatively short distance of a population. The use and storage conditions for vehicles are 
so complex and variable (for example where vehicles have been and how frequently they are 
parked outdoors, under trees or near streetlights) that it is unlikely that the required 
information for accurate assessments will be available in the foreseeable future. The lack of 
use and storage history means that all used vehicles would need to be treated. The current 
system acknowledges this problem in that all vehicles receive intervention (i.e. inspection 
followed by treatment if contamination is detected). However inspection does not meet the 
efficacy required to achieve the goal, nor can it deal with organisms that are likely to be 
hidden, such as fall webworm. 
 
The Import risk analysis: Vehicle and Machinery (MAF Biosecurity New Zealand 2007a) 
considered a range of biosecurity measures that can be used to deal with the full range of 
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organisms associated with used vehicles, including moths. The recommendations for 
treatment given there draws on work in this analysis. It outlines two packages of measures for 
management of the wide range of hazards known from the pathway. Of these, the 
recommended package of measures is considered to achieve the minimise goal for the moth 
species considered in this analysis. The alternative package is not expected to achieve the 
minimise goal but would achieve the “reduce” goal. Full details of the packages are not 
repeated here. 

13.2.8.2. New vehicles 
New vehicles are considered to be of much lower risk, but depending on the conditions in 
which they are stored prior to export, some new vehicles are also likely to contain life stages 
of the moths considered in this analysis. At present it is not known which vehicles are likely 
to be contaminated and which are not, but there are likely to be consistent patterns with 
different factories, locations and manufacturers. 
 
With the current information on contamination of new vehicles it is not possible to determine 
which are the most likely to be contaminated, which means that all new vehicles would need 
to be treated to achieve the required goal. Since the risk from new vehicles is considered to be 
much lower, treating new vehicles is a much lower priority than treating used vehicles. It 
would also have more significant issues around implementation as new vehicles currently 
receive no treatment. 
 
However an approach based around identifying which vehicles are most likely to be 
contaminated and then either treating those or requiring system improvements to reduce the 
likelihood of contamination is a feasible way to substantially lower the risk. For example, 
information on how long a new vehicle has been stored prior to export will give a good 
indication of how likely it is to contain organisms such as gypsy moth egg masses. It is 
uncertain at this stage whether it would achieve the “minimise” goal, so after such a system 
had been in place for a set period, it would be necessary to review the goal and measures. 
 
More detail on these recommendations is given in the Import risk analysis: Vehicle and 
Machinery (MAF Biosecurity New Zealand 2007a). 

13.2.9. Vessels and aircraft 
Asian gypsy moth and guava moth are the only species in this analysis where vessels and 
aircraft were identified as a likely pathway for arrival. Guava moth is now regarded as 
established in New Zealand, so only measures effective against gypsy moth are considered in 
detail here. However it is noted that the information on guava moth is relevant to other moth 
species not considered in this analysis. Therefore where this analysis has highlighted a 
likelihood of guava moth arriving by a particular pathway, species with similar biology are 
also likely to be capable of arriving on this pathway. Therefore this information should be 
considered if these pathways are being reviewed. 
 
The likelihood of Asian gypsy moth arrival on aircraft was considered to be negligible, that is, 
the “minimise” goal is considered to be being achieved for aircraft. 
 
For shipping, there was considered to be a significant likelihood of entry although, the 
likelihood of entry for Asian gypsy moth on ships was considered lower than for some other 
pathways (for example, used vehicles and containers). The main concerns were the lack of 
efficacy information for the inspections on ships from far eastern Russia and the lack of 
inspection for ships from other countries where Asian gypsy moth is present. 
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13.2.9.1. Russian vessels 
In the case of ships from far eastern Russia, the current regime is considered to be achieving 
the “reduce” goal and may be achieving the “minimise” goal. Without more information on 
efficacy of visual inspection followed by manual removal it cannot be determined whether the 
management is meeting the goal. In particular, the efficacy information required is for 
inspections run by the Russian State Plant Quarantine Agency, since they inspect and treat the 
majority of ships in this category. 
 
The requirement for uncertified ships to be inspected 8km offshore may be more stringent 
than necessary in some circumstances and it is likely to be possible to inspect ships in port 
under certain circumstances. The suitability of this approach would depend on: 
• port proximity to large areas of vegetation; 
• weather conditions at the time; 
• time of year; 
• other relevant information. 
 
Vessels would still be required to wait until quarantine officers were ready to conduct the 
inspection before entering the port. 
 
There are relatively few vessels that fit in this category and that would therefore be affected 
by such a change. It is noted that if this approach was implemented and reduced the costs for 
ships from far eastern Russia that there may be an increase in volume, and also that this 
approach may be more complex to administer as it would require a decision to be made for 
each vessel in this category. At this stage reassessing the measures for Russian ships is 
considered a lower priority than some of the other recommendations. 

13.2.9.2. Vessels from other countries with Asian gypsy moth 
While the available information suggests that there is a significant risk of entry (and 
establishment) for the Asian gypsy moth via shipping from countries other than Russia, there 
are no reported interceptions and limited published information. Where available, records 
from trapping at ports provide some indication of the most likely ports of concern, although 
much of this information is not published, nor does presence at ports necessarily imply that 
ships become contaminated, as to some extent contamination will depend on factors such as 
lighting conditions. What limited trapping data there are apply to Japan only and not mainland 
China, Korea (North or South) or Taiwan. 
 
Therefore in order to achieve the “minimise” goal, all ships that had visited ports in these 
countries would need to be treated. This would also require that there was a treatment that 
achieved the required level of efficacy. Currently the only treatment in use for Asian gypsy 
moth egg masses on ships is visual inspection followed by manual removal of detected egg 
masses. Since the efficacy of this technique is not known and there is no related information 
that can be used to determine efficacy, at this stage this treatment cannot be considered to be 
suitable for meeting the “minimise” goal. There are no treatments in use for similar species 
that could be easily adapted for Asian gypsy (some techniques with potential for development 
will be discussed below). 
 
The recommended goal for shipping from countries with Asian gypsy moth (apart from far 
eastern Russia) is therefore to reduce the likelihood of entry and establishment for these 
moths, but to accept that this reduction will take some time to achieve. 
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Technological developments and new biological information may provide ways to achieve the 
“minimise” goal in future and any future reassessment of this analysis should consider 
whether new technologies make the “minimise” goal feasible.  

Increased ship inspection 
In 2005, about 2400 vessels (excluding military vessels and small sea craft) arrived in New 
Zealand directly from ports in countries with Asian gypsy moth. This figure does not include 
vessels that had been in countries with Asian gypsy moth within the last 1-2 years but then 
visited other ports on the way to New Zealand. Even if only vessels that had visited these 
ports during the flight season were included, inspecting all of these vessels would not be 
feasible with the current trade volumes, infrastructure and available technology. 
 
One possible approach would be to subject all vessels that had been in a port within the range 
of Asian gypsy moth within the previous 1-2 flight seasons to be subject to a low degree of 
inspection (i.e. whatever was practical to implement). The alternative is to do more intensive 
inspections of a subset of these ships. In either case, the support systems (identification and 
recording) would be needed to ensure that information was captured so that it could be used to 
more effectively identify which ships are most likely to be contaminated. 
 
The latter option (more intensive inspection of a subset) is considered more likely to detect 
Asian gypsy moth if it is present. If the first option was implemented and there were no 
recorded interceptions of Asian gypsy moth, there would be more uncertainty whether the 
level of inspection was inadequate or whether there were no gypsy moth egg masses present. 
 
The efficacy of ship inspections for detecting Asian gypsy moth will need to be determined in 
order to justify the use of this technique as a biosecurity measure (either based on overseas 
information or, preferably, based on information from New Zealand). However because the 
technique is currently in use internationally, it is known to decrease the risk to some extent 
and there are no other options, it is appropriate to use it and gather information on efficacy as 
part of its use, rather that not using it because the efficacy is unknown. 
 
Recommendations 
• Review offshore inspection requirement – low priority. 
• Inspect a subset of ships coming from other countries where Asian gypsy moth is 

known to occur – moderate priority. 
• Improve identification and recording for interceptions associated with ships. Use this 

information to better target profiling and risk management measures – moderate 
priority. 

13.2.10. Other commodities 
The available information suggests that there is a significant risk of entry (and establishment) 
for the moth species in this analysis on a number of other imported commodities (excluding 
those discussed above) for all the moth species under discussion here. Despite the predicted 
arrivals, there are comparatively few reported interceptions and limited information in the 
literature. 
 
This problem means that narrowing down which commodities are most likely to be 
contaminated is very difficult. It is not known whether the type of commodity, the origin of 
the commodity, the type of associated packaging material or other factors can indicate which 
items are likely to be contaminated and which are not. Therefore, as with sea containers and 
packaging materials, all goods from countries where the moth species of concern are present 
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would need to be treated in order to achieve the “minimise” goal even though the proportion 
of those goods that are contaminated is small. 
 
Due to the volumes of imported commodities, there are major practicality issues when 
recommending treatments for all imported commodities. Approximately 377 000 loaded sea 
containers enter New Zealand every year, as well as goods in air containers and transported as 
bulk cargo. With the current trade volumes, infrastructure and available technology there are 
no feasible ways to achieve the “minimise” goal for all imported commodities. Achieving the 
goal would require a dramatic reduction in trade volumes. This approach is not considered 
feasible due to the serious economic consequences and is not considered further in this 
analysis. The recommended goal for commodities (other than those considered elsewhere 
in this analysis) is therefore to reduce the likelihood of entry and establishment for these 
moths, but to accept that there are still likely to be some incursions. 
 
Technological developments may provide ways to achieve the “minimise” goal in future and 
any future reassessment of this analysis should consider whether new technologies make the 
“minimise” goal feasible. 
 
There are a number of measures that can be implemented to achieve the “reduce” goal for 
other commodities. Goods in containers can be treated at the same time as the container that 
they occur in and the packaging material protecting them, so the information for other 
commodities closely overlaps that for sea containers and packaging material. However it is 
also noted that commodities associated with air containers and bulk cargo will also need to be 
considered. 

13.2.10.1. Use of interception data 
The link between interceptions, identification, reporting and reducing risk is outlined in more 
detail in the section on generic measures. Essentially, the presence of these species on 
imported items does not result from random events. If live or dead life stages of fall 
webworm, painted apple moth or white-spotted tussock moth are found on imported 
commodities, the detection indicates that other items from the same source are also likely to 
be contaminated. This information should be considered in the development of risk profiles 
and the designation of particular containers, commodities and sources as “high risk”. 
 
Because Asian gypsy moth can travel much further, the link between particular sites and 
Asian gypsy moth egg masses is less clear than for the other species. For example, a female 
that laid an egg mass could have easily flown a kilometre or much more (up to 100 km) from 
the host plant and site of pupation. However there will still be sites within a given region 
where items are particularly likely to become contaminated (e.g. close to powerful lights) and 
sites where items are much less likely to become contaminated and it is therefore still 
potentially possible to use interception information to better profile risk. 
 
Improving identification and recording of interceptions and using the interception records for 
risk management is considered a high priority. 

13.2.10.2. Targeted surveys 
Containers, packaging and commodities from south-eastern Australia are recommended for a 
slippage survey. Items likely to be used and stored outside and associated packaging material 
and containers are considered more likely to be contaminated with painted apple moth so 
these are recommended for inclusion, however without any recent interceptions of painted 
apple moth it is difficult to narrow down the most important items to be surveyed. 
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13.2.10.3. International cooperation 
Improving practices for some commodities identified as high risk would reduce the likelihood 
of contamination for all of the species considered here. This is a longer term recommendation 
that will rely on information gathered as a result of improved identification and recording 
systems. 

13.2.10.4. Treatment 
There is no currently available treatment that can be used to treat all imported commodities 
but fumigation can be used if high risk commodities can be better identified. 

13.2.10.5. New technologies 
Some of the new technologies outlined in the generic recommendations section are expected 
to be useful for various imported commodities. These include heat treatment, automated 
insecticide treatment and alternative fumigants. 
 
Recommendations 
• Improve identification and recording for interceptions associated with commodities. 

Use this information in conjunction with the current management approaches to 
better target profiling and risk management measures – high priority. 

• Treat those goods that are identified as high risk based on interception data – high 
priority. 

• Conduct a survey on selected south-eastern Australian commodities and associated 
containers and packaging – high priority. 

• Develop international approaches to improve use and storage practices for 
commodities identified as high risk – long term but high priority. 

• Continue to work on development of new technologies that have potential for 
reducing the risk associated with packaging materials – long term but high priority. 

13.3. SUMMARY 

13.3.1. Goal of risk management 
• The recommended goal for Asian gypsy moth, fall webworm, painted apple moth and 

white-spotted tussock moth is to reduce the likelihood of entry to a level where further 
establishments (and potential incursion responses) of these species are not likely to occur. 
Defining this level more precisely is not currently possible. 

• Because it is not possible to narrow down which items are most likely to carry these moth 
species, and which are not, achieving this goal would mean treating all the identified risk 
goods (including, for example, 500 000+ sea containers per annum). With the currently 
available techniques and technologies this approach is not possible for all pathways, 
although it is possible for some. 

• For those pathways where this goal cannot be achieved, a progressive approach to 
reducing the risk is suggested as an alternative. This approach would mean that incursions 
are still expected to occur but there would be fewer over time. 

13.3.2. Generic recommendations 
• Support increased identifications for priority organisms (in particular pupae and other life 

stages that may be moths), develop methods to collect, store and manage the data in a 
more effective way and use to inform future risk management such as profiling – high 
priority (highest priority recommendation in this analysis). 

• Conduct targeted surveys on some pathways (these are stated under the pathway 
recommendations). Survey design and analysis needs to consider the problem of low 
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frequency, high consequence pests on high volume pathways. Targeted surveys, on their 
own, cannot provide the necessary information for the management of the moth species 
considered in this analysis or other species that are considered a threat. 

• Continue to develop and expand multi-country approaches to managing pests on certain 
pathways. Where this approach is considered particularly important for particular 
pathways, this is stated under the pathway recommendations. The priority for this is high 
but it is a long-term goal. 

• Enhance surveillance (using a combination of surveillance approaches) for the moth 
species in this analysis. If the recommended goal of reducing entry to a level where 
further establishment was unlikely could be achieved, enhanced surveillance for these 
species would not be required. However because further incursions of these, or other, 
species are expected, enhanced surveillance is necessary to increase the likelihood that 
incursions will be detected while they are still eradicable. Surveillance is an important part 
of overall biosecurity management but is not considered as a substitute for measures to 
reduce the entry of the moths considered in this analysis, because there are substantial 
costs and consequences of repeated incursions and eradications, even when the 
eradications are successful. 

• Continue to use and refine current management approaches. For many pathways, visual 
inspection will continue to play an important role in risk management for these moth 
species in the short term. Increased use of methodologies that treat concealed organisms, 
such as heat treatment and fumigants, is recommended, as visually locating small, cryptic 
organisms is difficult and not generally a practical approach. The effectiveness of current 
techniques and technologies should be improved by better targeting (i.e. improved 
identification of which items are most likely to be contaminated) and improved 
information on efficacy is required. 

• Conduct further investigation on the technologies listed here, as the preferred risk 
management goal cannot be achieved unless new technologies are developed. Where these 
are considered directly relevant to particular pathways these are listed under the pathway. 
− Dogs; 
− electronic detection; 
− camera-based inspection; 
− residual insecticide; 
− automated insecticide; 
− automated washing; 
− alternative fumigants. 
 

• Undertake research to address uncertainty in a range of areas. Important areas for research 
include larval behaviour in seeking sites for pupation, Asian gypsy moth hatching and 
measures efficacy. 

 
Many of the measures listed above will also reduce the risk associated with other moth 
species. 
 
It is also recommended that recent moth detections in New Zealand and progress on risk 
management for high impact moth species be reviewed in five years. By this time it is 
expected that substantial progress on information management and technological 
developments will have been made and therefore the goal of having no further establishments 
will be more achievable. 

13.3.3. Recommendations by pathway 
Table 42. Summary of recommendations, by pathway 
 



 

416  • Pest risk analysis for six moth species  MAF Biosecurity New Zealand 

Priority Pathway Proposed measure 
High used vehicles Measures are proposed in the Import Risk Analysis: 

vehicles and machinery and are currently under review. 
High new vehicles Measures are proposed in the Import Risk Analysis: 

vehicles and machinery and are currently under review. 
High packaging materials Improve identification and recording for interceptions 

associated with packaging materials. Use this information in 
conjunction with the current management approaches to 
better target profiling and risk management measures. 
 
Treat those materials that are identified as high risk based 
on profiling and interception data. (note this treatment is in 
addition to ISPM 15 requirements that do not address 
recontamination issues). 
 
Conduct a slippage survey on selected south-eastern 
Australian commodities and associated containers and 
packaging. 
 
Develop international approaches to improving use and 
storage practices for packaging materials – long term. 
 
Continue to support the development of new technologies 
that have potential for reducing the risk associated with 
packaging materials – long term 

High other commodities Improve identification and recording for interceptions 
associated with imported commodities. Use this information 
in conjunction with the current management approaches to 
better target profiling and risk management measures. 
 
Treat those goods that are identified as high risk based on 
profiling and interception data. 
 
Conduct a slippage survey on selected south-eastern 
Australian commodities and associated containers and 
packaging. 
 
Develop international approaches to improving use and 
storage practices for commodities identified as high risk – 
long term 
 
Continue to support the development of new technologies 
that have potential for reducing the risk associated with 
imported commodities – long term 

Moderate air containers Improve identification and recording for interceptions 
associated with air containers. Use this information in 
conjunction with the current management approaches to 
better target profiling and risk management measures. 

Moderate cut flowers and foliage Consider these moth species in the review of the cut flowers 
and foliage standard – incorporating survey results when 
available 

Moderate unaccompanied personal effects Consider the results of the unaccompanied personal effect 
survey in relation to these moth species and determine 
whether review is necessary – incorporating survey results 
when available. 

Moderate ships Improve identification and recording for interceptions 
associated with ships. Use this information in conjunction 
with the current management approaches to better target 
profiling and risk management measures. 
 
Inspect a subset of ships coming from other countries where 
Asian gypsy moth is known to occur (as well as continuing 
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Priority Pathway Proposed measure 
current approach for ships visiting ports in far eastern 
Russia during the flight season). 

Low cut flowers and foliage, nursery 
stock 

Improve identification and recording for both pathways. Use 
this information in conjunction with the current management 
approaches to better target risk management measures. 

Low military Improve identification and recording for interceptions 
associated with military transport. Use this information in 
conjunction with the current management approaches to 
better target risk management measures. 

Low unaccompanied personal effects Improve identification and recording for interceptions 
associated with unaccompanied personal effects. Use this 
information in conjunction with the current management 
approaches to better target profiling and risk management 
measures. 

Low passengers and passenger 
baggage 

Improve identification and recording for interceptions 
associated with passengers and passenger baggage. Use 
this information in conjunction with the current management 
approaches to better target profiling and risk management 
measures. 

Low ships Review requirement for offshore inspection of ships that 
have visited far eastern Russian ports 
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