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The overall density of Pyura at Whareana Bay was assessed to be less than 20% coverage.  It 
was noted that many of the Pyura were found as single animals throughout much of the area, 
with higher densities of the sea squirt occurring in locations were water pooled during low 
tide (i.e., rock pools, crevices and channels). 
 
Three monitoring plots were established at Whareana Bay, in areas that were representative of 
the Pyura density at this site (Figures 7 and 8).  All Pyura were cleared from within these 
plots once measurements were complete.  Four bags of Pyura were removed from Whareana 
Bay. 
 

 

 
Figure 8: Monitoring Plots 1, 2 and 3 (from top to bottom left), and bags of Pyura 
removed from the Whareana Bay elimination site (bottom right). 
 
 

The Bluff – Elimination Site 
The Bluff on Ninety Mile Beach was visited twice, firstly on 12 August then again on 
9-10 September.  The fieldwork conducted in August was between midday and early evening 
to include a low tide at 4.10 pm of -1.55 m tide height (tide data sourced from 
http://www.niwa.co.nz/, accessed 10 August 2010).  Further visits to The Bluff in September 
were between midday and early evening to include low tides at 3.24 pm (-1.60 m tide height) 
and 4.10 pm (-1.60 m tide height).  In planning for the clearance attempt in September the 
seven day forecast for swell and wave conditions was taken into account 
(www.swellmap.com), with swell and sea conditions noted as being relatively slight when 
coinciding with this spring low tide at The Bluff. 
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The Pyura population on the rocky outcrop on the northern side of The Bluff extended over 
an area of approximately 15,116 m2 (Figure 9).  The area to the western extremities of The 
Bluff, including the feature known as The Gut, were examined for Pyura populations in 
September, but no Pyura were found.  The outer part of the reef in this area is extremely 
exposed with large stands of Durvillaea kelp.  The rocks on the southern side of The Bluff 
closest to the beach were also examined in September shortly after low tide.  The habitat 
appeared to be identical to that on the less exposed, northern part of The Bluff (where heavy 
infestations of Pyura occur); however no adult or juvenile Pyura were found in this southern 
area.  It is therefore most likely that Pyura is currently confined in its distribution to the 
northern part of The Bluff platform, between the beach and The Gut (Figure 9).  The overall 
Pyura density was estimated at less than 20%, with patches up to 60% coverage in some 
places. 
 
The attempt to clear Pyura from the Bluff on August 12 occurred in the area where the sea 
squirt had been identified during the delimiting survey in October 2009.  However, as the tide 
receded, reconnaissance of the wider area showed that the Pyura population was more 
extensive than previously estimated (Figure 10 and 11 bottom right).  The attempt to remove 
Pyura from The Bluff continued until approximately 5.30 pm when the incoming tide and low 
light conditions made it unsafe to proceed any further.  A second attempt to clear the 
remaining Pyura from The Bluff was made over a two day period in early September during 
spring tide conditions. 
 
Four monitoring plots were established on The Bluff within the area where Pyura was able to 
be removed in August and September (Figure 10 and 11).  Plots 1 and 2 established in August 
were positioned on the mid-tide rock platform, while Plots 3 and 4 established in September 
were set up on the lower shore in areas of numerous mature Pyura.  All Pyura was cleared 
from within these plots once measurements were complete.  Four bags of Pyura were 
removed from The Bluff in August, while a total of 18 bags of Pyura were removed over the 
two field days in September (including four bags of Pyura from Plot 3 and five bags from 
Plot 4).  The monitoring plots established and cleared in the August site visit were revisited in 
September where one small Pyura was found to have been missed and was subsequently 
removed from Plot 1, while five small to medium Pyura were apparently missed and thus 
were removed from Plot 2.  It was estimated that 95% of the known population at The Bluff 
was removed in total during this stage of the treatment programme. 
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Figure 11: Monitoring Plots 1 and 2 (top left and right), Plot 3 (bottom left) and Plot 4 
(middle right), and locations of additional Pyura populations that were unable to be 
cleared during the first site visit in August 2010 (bottom right).  (Photos (bottom left, 
middle right): R. Grace). 
 
 

6. Discussion 
6.1. Pyura Infestations at Treatment Sites 
The monitoring methodology adopted for the pilot treatment programme allowed for a more 
accurate estimation of the extent of Pyura populations at the treatment sites compared to the 
estimation technique used during the delimiting survey in October 2009.  Differences were 
detected in the extent of these population compared to the estimates made during the 
delimiting survey. 
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The population at Parengarenga Harbour covered some 2,000 m2 more than previously 
described.  Whareana Bay had a much more extensive Pyura population that was found in 
patches totalling 2,545 m2 and spread over a wider area of 10,000 m2, in comparison to the 
10 m2 population reported previously (which was still present and easily identified from 
photographs from the delimiting survey).  The Pyura population at The Bluff also extended 
over a much greater area than previously thought, including large areas of low density 
(5-10%) Pyura occurring at the lower limit of the intertidal zone which were likely to be 
submerged for the majority of the time.  The population at The Bluff had the most widespread 
coverage compared to the other treatment sites, spreading over more than 15,000 m2.  While it 
may be possible that these populations have expanded since the delimiting survey, the 
differences in population extent is more likely related to a greater area of Pyura being 
exposed at very low tide during the 2010 treatment stage compared to the delimiting survey in 
2009. 
 
The density of Pyura (as indicated by percent coverage) was largely the same as previously 
reported; with a medium density (20-60%) of the sea squirt at most sites.  Over the wider 
extent of the sites, densities were low (<20%) with higher density patches (20-80%) forming 
around areas of standing water or moisture (i.e., rock pools, natural rock channels, damp 
coralline turf).  It was, however, difficult to estimate Pyura coverage without transect or 
quadrat measurements taken for the entire population as the presence of Pyura is extremely 
patchy and appears to be dependent to a large degree on the physical structure of the rocky 
shore or predation.  At The Bluff, for instance, Pyura mainly occurred in pools on the upper 
platform, while lower down the platform they would occur in damp crevices and on the lower 
shore large specimens were found over extensive areas often covered in red and green algae.  
Some of these Pyura aggregations on the lower shore at The Bluff were heavily predated by 
native seastars (Stichaster australis) (Figure 12).  Scattered individuals of Pyura were also 
found throughout the study areas.  The highest densities of Pyura overall were found at The 
Bluff occurring in areas at the lowest extent of the intertidal zone that was submerged almost 
continuously with the exception of spring low tides.   
 

 
Figure 12: Native seastars (Stichaster australis) feeding on Pyura populations at The 
Bluff (Photos: R. Grace). 
 
The changes in Pyura population extent and density have implications for current clearance 
attempts and for future stages.  As described in the previous section, The Bluff could not be 
completely cleared of Pyura during the August 2010 field operations.  The additional attempt 
to clear The Bluff of Pyura included clearance of areas throughout much of the overall 
population distribution.  Dr Roger Grace, who supervised the removal work in September, has 
suggested that a team of six fieldworkers would likely need two very low (or spring low) tides 
and suitable weather to effectively clear the remaining Pyura from the lower rocks of The 
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Bluff.  Very low tides allow approximately two hours either side of dead low tide for 
clearance work to proceed.  Furthermore, it was noted that there may still remain an unknown 
population in shallow water beyond low tide and possibly on rocks to be exposed at extreme 
low tides to the north of the main platform at The Bluff (Appendix B). 
 

6.2 Methodology Assessment 
The pilot treatment approach and design was developed by MAFBNZ, with independent, 
expert advice from members of the Pyura TAG.  The monitoring design was intended to be a 
practical, versatile and reliable sampling method for implementation by non-scientists in the 
field, while still producing scientifically robust and precise results to determine the success of 
the pilot treatment.  Factors taken into consideration for the monitoring design included: 

• Simplicity of design –the method was designed to be easily carried out by local 
community members who may not have extensive experience or qualifications in 
environmental monitoring. 

• Limited timeframe for data collection – the rapid method of data collection was designed 
to fit within the period of low tide (approximately 2-4 hours). 

• Size of Pyura aggregations – populations at the treatment sites ranged in size from  
10-3,000 m2 (based on the information obtained during the delimiting survey in 2009), 
thus monitoring plots are designed to fit within the boundaries of these populations. 

 
The monitoring methodology in based on the basic principles of the Before-After-Control-
Impact (BACI) design (Bernstein & Zalinski 1983).  Hence, Pyura population density is 
estimated before the ‘impact’ (i.e., clearance) in August 2010 and after the clearance, in 2011.  
Temporal changes in population density will also be compared between area where clearance 
has occurred (impact plots) and the uncleared plots at Parengarenga Harbour (control plots).  
The comparison of the rate of Pyura resettlement between plots at Elimination Sites and the 
cleared plots at the Scientific Control Site should also provide information as to whether 
complete clearance versus partial clearance influences the recolonisation of this species. 
 
Many sampling designs include replicate samples collected from random positions throughout 
a study site.  Such designs are usually aimed at producing a general description of the 
biological assemblages present over a range of habitat types at one site, for which a number of 
statistical analyses are used to examine the data (e.g., Underwood 1992).  However, such a 
detailed description of the Pyura population was not required in MAFBNZ’s reasoning to 
determine the success of the pilot treatment programme. 
 
Monitoring plots were subjectively placed to be representative of the Pyura community 
within each area.  The habitat and population under investigation is largely homogenous and 
is concentrated in areas of known Pyura distribution, thus sampling quadrats were not 
required to be randomly placed nor independent, regardless of the type of sampling design.  
The limited extent of some Pyura populations (i.e., small area of high density populations at 
Whareana Bay) also means that the collection of replicate samples was not feasible.  
However, the final monitoring design still allows for the magnitude of change in the Pyura 
population to be calculated using comparisons of mean coverage per plot (e.g., Underwood 
1992). 
 
Furthermore, the examination of quadrats within a fixed plot should also reduce ‘edge effects’ 
that could otherwise influence the calculation of overall density (i.e., reduces the chance of 
underestimating densities if randomly-placed quadrats fall on the boundary of the population).  
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Generalisation of the results to the rest of the coastline should, however, be made with 
caution. 
 
The collection of data over 2-3 sampling periods has allowed for temporal replication, thus 
changes over time can be robustly calculated.  Some spatial replication has also been included 
in the design as several monitoring plots were able to be established at each site. 
 
With regard to the estimation of percent coverage of Pyura, it was difficult to use the pictorial 
representations supplied in the field guide.  This was largely owing to the extremely patchy 
and variable distribution of Pyura which was not comparable to the even distribution depicted 
in the guide.  Therefore, estimates of percent cover expressed here should be interpreted with 
caution.  As an alternative, it may be beneficial to use the photographs taken of the 
monitoring plots during Stage One to create a more realistic comparison for guidance in 
estimating percent cover for future stages. 
 
To conclude, this monitoring design has been developed to obtain the maximum amount of 
detail required to adequately inform on the success (or otherwise) of the pilot treatment.  The 
data collected is adequate for simple univariate statistical analyses using mean coverage 
values, and possibly some non-parametric multivariate statistical analysis, to determine 
whether the local elimination of Pyura from isolated sites is feasible in the Northland coastal 
environment. 
 

6.3 Operational Logistics, and Health and Safety  
This section highlights the logistical and operations matters that were noted during the first 
stage of the treatment programme, which should be considered during further field operations. 
 
Access to sites should be adjusted to suit current environmental conditions, i.e., vehicles for 
muddy terrain or alternative access routes during rough seas.  Vessels and vehicles should be 
suitable for carrying the required number of team members, equipment and heavy bags of 
Pyura (if removed from the site). 
 
The ability to undertake clearance in the shallows is constrained by site conditions (i.e., health 
and safety considerations related to sea state and vessel access).  Low tide limits and other 
environmental conditions can hinder the ability of fieldworkers to access and detect Pyura.  
For instance, some Pyura at The Bluff is situated on rocks that are separated from the shore 
by waist-deep water. 
 
MAFBNZ carried out iwi liaison via an iwi contact throughout the response and operational 
liaison with local iwi/hapu, private landowners, the Department of Conservation and other 
relevant groups/individuals prior to the programme.  These relationships were essential for 
establishing local capabilities for accessing sites and for conveying local knowledge about 
environmental constraints or considerations. 
 

6.4 Recommendations 
There are a range of recommendations for the implementation of further stages of the pilot 
treatment programme that could aid in easier and more accurate field operations, such as: 

• If time allows, increasing the number of monitoring plots at each site would allow for 
additional spatial replication in the sampling design. 



Ministry of Agriculture and Forestry  Pyura Treatment Programme – Stage One Report • 24 

• A waterproof substance for adhering to the rock substrate could aid in relocating 
monitoring plots during future stages (i.e., epoxycrete). 

• Paint scrapers (specifically 5-in-1 tools) were one of the most effective means of 
removing Pyura from rock substrates and from crevices in particular.  A tillers broad flat 
chisel about 100 mm wide also appeared to be a good tool for this task.  Where areas of 
flat rock are covered in Pyura, a garden spade may be a useful tool for scraping the 
animals off large areas more quickly (R. Grace, Appendix D). 

• Two additional days with six field team members may be sufficient for clearance of the 
remaining Pyura from The Bluff. 

• Vessels used for accessing the east coast sites should have appropriate safety equipment, 
such as VHF radio, flares and fire extinguisher. 

• Establishing a means of communication between the vessel’s skipper and the team 
onshore would be beneficial for ensuring contact can be made with the vessel in a timely 
manner. 

• Pre-site planning should include assessing tide and sea swell information to establish 
optimal tide and sea conditions. 

 

7. Conclusions 
The pilot treatment programme for locally eliminating Pyura from high value sites in 
Northland was implemented in August and September 2010.  Local field personnel were 
engaged for the programme, and were enthusiastic and capable team members.  This enabled 
almost complete clearance of Pyura from Whareana Bay and for 95% clearance of the known 
population from The Bluff.  Four monitoring plots were established at Parengarenga Harbour 
and The Bluff, and three plots at Whareana Bay. 
 
The extent of Pyura populations was greater than previously estimated at all sites, in 
particular at Whareana Bay and The Bluff.  The extensive population at The Bluff meant that 
clearance of this site was not possible given the resources and timeframe available during the 
August 2010 field operations.  Additional clearance attempts were made at The Bluff in 
September 2010, with greater success in removing the majority of Pyura; although some of 
the population still remains.  Recommendations are proposed for a further attempt to remove 
Pyura from the Bluff and some additional health and safety considerations are made for 
further stages of the programme. 
 

8. References 
Beaumont, J.; Oliver, M.; MacDiarmid, A. (2008) Mapping the values of New Zealand’s 
coastal waters.  1. Environmental values.  Biosecurity New Zealand Technical Paper No.: 
2008/16.  Ministry of Agriculture and Forestry.  Wellington. 
 
Bernstein, B. B.; Zalinski, J. (1983) An optimum sampling design and power tests for 
environmental biologists.  Journal of Environmental Management 16: 35-43. 
 
Hayward, B. W.; Morley, M. S. (2009) Introduction to New Zealand of two sea squirts 
(Tunicata, Ascidiacea) and their subsequent dispersal.  Records of the Auckland Museum 
46: 5-14. 
 



Ministry of Agriculture and Forestry  Pyura Treatment Programme – Stage One Report • 25 

MAF Biosecurity New Zealand Pyura Response Technical Advisory Group Report (2010) 
Ministry of Agriculture and Forestry.  Wellington. 23 March 2010. 
 
McClary, D. M.; Phipps, C.; Hinni, S. (2008) Reproductive behaviour of the Clubbed 
Tunicate, Styela clava, in northern New Zealand waters.  BRP 186/2005.  MAF Biosecurity 
New Zealand Technical Paper No.: 2009/01.  Prepared for BNZ Post-clearance Directorate by 
Golder Associates (NZ) Limited. 34 pp. 
 
Underwood, A. J. (1992) Beyond BACI: the detection of environmental impacts on 
populations in the real, but variable, world.  Journal of Experimental Marine Biology and 
Ecology 161: 145-178. 
 

9. Data Management 
Data collected during Stage One of the project included coordinates of Pyura observations, 
fieldwork details (dates, times, personnel involved), percent coverage data for monitoring 
plots and quadrats, and photographic records of pre-cleared quadrats, monitoring plots and the 
treatment sites.  All data is stored at Golder Associates (NZ) Ltd and MAFBNZ.  Reference 
photos used for percent cover analysis are also presented in Appendix D.  The reference 
photos are labelled with location name, plot number and quadrat number. 
 



 

Appendix A – Report Limitations 
  



 

 
This Document has been provided by Golder Associates (NZ) Ltd (“Golder”) subject to the 
following limitations: 
(i). This Document has been prepared for the particular purpose outlined in Golder’s 
proposal and no responsibility is accepted for the use of this Document, in whole or in part, in 
other contexts or for any other purpose.  
 
(ii). The scope and the period of Golder’s Services are as described in Golder’s proposal, 
and are subject to restrictions and limitations.  Golder did not perform a complete assessment 
of all possible conditions or circumstances that may exist at the site referenced in the 
Document.  If a service is not expressly indicated, do not assume it has been provided.  If a 
matter is not addressed, do not assume that any determination has been made by Golder in 
regards to it. 
 
(iii). Conditions may exist which were undetectable given the limited nature of the enquiry 
Golder was retained to undertake with respect to the site.  Variations in conditions may occur 
between investigatory locations, and there may be special conditions pertaining to the site 
which have not been revealed by the investigation and which have not therefore been taken 
into account in the Document. Accordingly, additional studies and actions may be required.   
 
(iv). In addition, it is recognised that the passage of time affects the information and 
assessment provided in this Document.  Golder’s opinions are based upon information that 
existed at the time of the production of the Document.  It is understood that the Services 
provided allowed Golder to form no more than an opinion of the actual conditions of the site 
at the time the site was visited and cannot be used to assess the effect of any subsequent 
changes in the quality of the site, or its surroundings, or any laws or regulations.   
 
(v). Any assessments made in this Document are based on the conditions indicated from 
published sources and the investigation described. No warranty is included, either express or 
implied, that the actual conditions will conform exactly to the assessments contained in this 
Document. 
 
(vi). Where data supplied by the client or other external sources, including previous site 
investigation data, have been used, it has been assumed that the information is correct unless 
otherwise stated. No responsibility is accepted by Golder for incomplete or inaccurate data 
supplied by others. 
 
(vii). The Client acknowledges that Golder may have retained subconsultants affiliated with 
Golder to provide Services for the benefit of Golder.  Golder will be fully responsible to the 
Client for the Services and work done by all of its subconsultants and subcontractors.  The 
Client agrees that it will only assert claims against and seek to recover losses, damages or 
other liabilities from Golder and not Golder’s affiliated companies.  To the maximum extent 
allowed by law, the Client acknowledges and agrees it will not have any legal recourse, and 
waives any expense, loss, claim, demand, or cause of action, against Golder’s affiliated 
companies, and their employees, officers and directors. 
 
(viii). This Document is provided for sole use by the Client and is confidential to it and its 
professional advisers. No responsibility whatsoever for the contents of this Document will be 
accepted to any person other than the Client.  Any use which a third party makes of this 
Document, or any reliance on or decisions to be made based on it, is the responsibility of such 
third parties.  Golder accepts no responsibility for damages, if any, suffered by any third party 
as a result of decisions made or actions based on this Document.



 

Appendix B – Field Notes on Monitoring and Elimination 
Trial 9-10 September 2010. 
 
  



 

Appendix C – Pyura Elimination Trial: Field Guide 
  



 

Appendix D – Monitoring Plot Data 
 




