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$ FOREWORD

Remarkably, forest managers were thinking about the sustainability of the
supply of timber from forests in Germany in 1713. Since then, the concept
of what constitutes “sustainable forest management”, and its objectives,

has evolved. Sustainable forest management now recognises the diverse
range of values, goods and services provided by forests and forest ecosystems.

The Montreal Process provides a framework of criteria and indicators for countries to report
internationally on progress towards achieving sustainable forest ecosystem management for both
planted and natural forests.

This is New Zealand’s third national report under the Montreal Process. The report is a
valuable contribution to our understanding of sustainable forest management, and it includes
information on the full set of seven criteria, and 54 of the indicators. The report provides an
overview of the current state of New Zealand's forests and covers a range of the environmental,
commercial, social and cultural issues associated with those forests.

This report is an opportunity to acknowledge the achievements and developments in the period

since the last report in 2008. These include:

¢ asignificant focus by both Government and industry on the health and safety of workers in
the forestry industry;

a b0 percent increase in sustainable harvesting;

the standing volume of plantation forests has increased due to an increase in the average age
of the estate;

* improvements in the quality of the data relating to both the forests and their wider
ecosystems;

improving the understanding of threats to natural forests and control options;

efforts to improve the management of wilding pines;

e the ongoing focus on biosecurity;

e $12.27 million being committed to forestry innovation projects under the Primary Growth
Partnership Programme, of which $6 million was from industry; and

e the introduction of a forest growers' levy which was expected to raise $8.2 million for
industry-good activities in 2014.

The Montreal Process, and this report, provides an important benchmark against which we can
demonstrate our progress in future years, and contribute to the international understanding of
sustainable forest management.

ol e

Hon Jo Goodhew
Associate Minister for Primary Industries
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EXECUTIVE SUMMARY:
THE STATE OF NEW ZEALAND'S FORESTS

The Montreal Process criteria and indicators
provide a common framework for members to
monitor and report on trends in progressing
towards sustainable forest management. This is
New Zealand’s third national report, following
previous reports in 2008 and 2003. This report
includes comment on all 54 indicators, and is an
assessment as at mid-2014.

New Zealand has a total of 10.1 million hectares!
of forests?, covering 38 percent of the land area
(Figure 1.1A). This includes 8.0 million hectares
of indigenous forests and 2.1 million hectares of
plantation forests. These forests are fundamentally
different in their biological characteristics,
management objectives, and respective roles in
fulfilling the needs of New Zealand society.

Indigenous forests

The Crown is the major indigenous forest owner.
Through the Department of Conservation, it
manages about 5.2 million hectares (76 percent)
of New Zealand’s tall indigenous forests for
conservation of biodiversity, heritage and
recreational purposes. The bulk of this Crown-
owned forest resource is protected in perpetuity
in national parks, scenic reserves and other
conservation areas (Figure 1.1B).

Plantation forests
New Zealand’s plantation forests are dominated
by one species; radiata pine (Pinus radiata),

1 This report uses satellite imagery-based estimates of forest
areas comprising tall indigenous forest, regenerating indigenous
forest, and the gross plantation forest area and a broader
definition of what constitutes a forest than used previously.

For plantation forests, the satellite imagery-based estimates
are of gross areas to better match international reporting
requirements. Previous reports used net stock areas, which are
also used at times (and clearly identified) in this report.

2 The definition of forest is woody vegetation of at least 1 hectare
that will exceed 30 percent canopy cover and 5 metres height
at maturity. This results in the inclusion of a significant area of
regenerating indigenous forest.

which accounts for 90 percent of the planted
area. Ninety-four percent of the plantation forest
estate is in some form of private ownership, with
the principal management objective being the
commercial production of timber.

Following a period of expansion of the plantation
forest estate through to the early 2000s, there
has been a small decline in net area of about

3 percent. This reflects, in part, the conversion
of plantations to more profitable agricultural land
uses. Large areas of plantation forest have shifted
from listed companies to various forms of private
ownership over the last decade.

Criterion 1 Conservation of Biological
Diversity

The area of publicly owned indigenous forest
protected by legislation has increased by

3.7 percent since 2006, and the majority of tall
indigenous forests (76 percent) remains in public
ownership.

Measuring and monitoring the health of
indigenous forest (and non-forest) ecosystems
across New Zealand continues to be a focus. Over
the last decade, a national biodiversity monitoring
and reporting programme has been developed to
assess whether the ecological integrity of public
conservation lands is being maintained.

Since 2007, 12 threatened taxa have improved

in status as a result of successful species
management, and 59 have worsened in status. No
taxa were found to have become extinct since the
previous threat status assessment.

Criterion 2 Maintenance of productive
capacity of forest ecosystems

For both indigenous and plantation forests, harvest
levels are well within the limits for sustaining the
resource.
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Standing volumes in plantation forests have increased
steadily over recent years and this growth is expected
to continue as more forestry plantings approach
maturity. Harvested volumes have also increased, but
at a slower rate, as much of the forest is still in its first
rotation.

The area of indigenous forest with approved plans or
permits for sustainable timber production declined by
26 percent between 2007 and 2013, and currently
stands at 84 000 hectares. Recent analysis suggests
that about 250 000 hectares of privately owned
indigenous forests have the potential to be managed
for sustainable timber production.

Criterion 3 Maintenance of forest
ecosystem health and vitality

Annual economic losses from diseases affecting
plantation forests are estimated at $83 million;
slightly more that the estimate for 2008 of

$82 million. In 2013, less than one percent of the
total plantation forest area was affected by insects,
and about ten percent of the total plantation forest
area was affected by diseases. The diseases involved
mostly affect growth and wood quality.

Despite ongoing control efforts, possums, ungulate
and other vertebrate pests significantly affect
indigenous forests. However, understanding of the
distribution, abundance and impact of possums in
New Zealand indigenous forests has improved greatly
since 2005 and the more recent implementation of a
biodiversity monitoring and reporting programme. It
is estimated that 81 percent of the indigenous forest
area is affected by possums.

Criterion 4 Conservation and maintenance
of soil and water resources

In 2011, the government issued a National Policy
Statement for Freshwater Management, and
amendments in 2014 provide direction to local
government on the management of water resources.

New Zealand has a number of documents that
address the mitigation of impacts from plantation
forestry operations on soils and water. Since 2008,
two new documents have been published: the New
Zealand Forest Road Engineering Manual, and

the New Zealand Standard NZS AS 4708:2014
Sustainable Forest Management. Updates have been
completed on the New Zealand Environmental Code
of Practice for Plantation Forestry, and the Standards

and Guidelines for the Sustainable Management of
Indigenous Forests. These documents are supported
by, and widely promoted by, the industry.

Criterion 5 Maintenance of forest
contribution to global carbon cycles

Forest carbon stocks increased between 1990 and
2012 by 7.4 percent to 3 298 million tonnes of
carbon. Of this total, 86.2 percent was in indigenous
forests and 13.8 percent in plantation forests.

About 7 percent (57.83 petajoules) of New Zealand’s
primary energy supply comes from forest biomass.
This has increased 44 percent since 2008.

Criterion 6 Maintenance and enhancement
of socioeconomic benefits of forests to
meet the needs of societies

Production from New Zealand’s plantation forests

has increased significantly since 2008. A total of
30.5 million cubic metres of roundwood was harvested
in the year ended March 2014. This represented 6
percent of the estimated standing volume of plantation
forests of 494 million cubic metres.

The majority (57 percent) of this production was
exported as logs or chips. The remainder was
processed into sawn timber (4.1 million cubic metres
sawn), panel products (1.9 million cubic metres),
pulp (1.5 million air dried tonnes), and paper and
paperboard (0.7 million tonnes).

Production from indigenous forests was 24 000 cubic
metres, or less than 0.1 percent of the total harvest.

The harvesting and processing of wood products

generated:

e export earnings from logs and wood products of
$5.2 billion for the year ended June 2014;

e work for 17 415 employees in forestry and first-
stage processing for the year ended February 2013;

e a contribution to gross domestic product (GDP) from
forestry and logging plus wood and paper products
of $3848 million for the year ended December
2013, or 2.6 percent of total GDP.

Employment has declined over the past decade,

due to a combination of increasing productivity,
restructuring within the sector, and changes in market
and foreign exchange conditions. Longer term, there
is potential for additional employment as plantings in
the 1990s mature, and new uses for wood and fibre
are commercialised.



Forestry workers experienced an inflation-adjusted
15.7 percent increase in real earnings between 2010
and 2014.

Health and safety in the industry has been a
challenge, and reducing the number of fatalities and
serious injuries is a high priority for both government
and industry.

Debate is growing on how to recognise environmental
services, including from forests, and how New Zealand
can maintain its natural capital through policy actions
and initiatives. Although environmental services
remain largely unpriced, targeted grants support

the treatment of erosion-prone land. Also, eligible
landowners may participate in the New Zealand
Emissions Trading Scheme.

Criterion 7 Legal, institutional and
economic frameworks for sustainable
forest management

New Zealand has a well-established and robust legal
framework supporting the sustainable management
of natural and physical resources, including forests.
This framework focuses on protecting the status of

THE STATE OF NEW ZEALAND'S FORE

indigenous forests and managing all land uses in an
integrated fashion.

The commercial forestry taxation regime has been
stable since 1991. The New Zealand Government is
open to foreign investment and regulations are liberal
by international standards. New Zealand has a liberal
trade policy, and it engages in trade liberalisation
forums and is a party to several regional bilateral and
plurilateral trade agreements.

New Zealand's property transfer system provides a
secure, transparent system for protecting the rights of
individual and multiple owners. The system is defined
in legislation, providing certainty for investment in the
industry. There are clear provisions of redress for both
contractual and property issues.

Research and technologies for sustainable plantation
forest management are extensive and continue to

be developed. A range of new funding mechanisms
and initiatives have been implemented that span the
forestry value chain. These include the collaborative
National Science Challenges, contestable research
funds and business-led co-funding programmes such
as the Primary Growth Partnership.




4 - SUSTAINABLE MANAGEMENT OF NEW ZEALAND'S FORESTS

Assessed trend of selected indicators

A summary of New Zealand’s performance is commercial, social and cultural components of
provided below. Fifteen key indicators have been sustainable forest management in New Zealand.
selected from across the seven Montreal Process “Traffic lights” show the trend since 2008 as
criteria to cover range of the environmental, neutral (), positive (£4) or negative V) changes.
Trend Indicator
v Indicator 1.1.a Area and percent of forest by forest ecosystem type, successional stage, age class, and forest

ownership or tenure

v Indicator 1.2.b Number and status of native forest-associated species at risk, as determined by legislation or
scientific assessment

Indicator 2.d Annual harvest of wood products by volume and as a percentage of net growth or sustained
yield

Indicator 3.a Area and percent of forest affected by biotic processes and agents (e.g. disease, insects,
invasive species) beyond reference conditions

Indicator 4.2.a Proportion of forest management activities that meet best management practices or other
relevant legislation to protect soil resources

Indicator 4.3.a Proportion of forest management activities that meet best management practices, or other
relevant legislation, to protect water related resources

Indicator 5.a Total forest ecosystem carbon pools and fluxes

Indicator 6.1.a Value and volume of wood and wood products production, including primary and secondary
processing

Indicator 6.1.c Revenue from forest based environmental services

v Indicator 6.3.a Employment in the forest sector
v Indicator 6.3.h Average wage rates, annual average income and annual injury rates in major forest
Injuries employment categories

Indicator 6.3.h Average wage rates, annual average income and annual injury rates in major forest
Wages employment categories

Indicator 7.1.a Legislation and policies supporting the sustainable management of forests

Indicator 7.2.a Taxation and other economic strategies that affect sustainable management of forests

Indicator 7.3.a Clarity and security of land and resource tenure and property rights

Indicator 7.4.h Development and application of research and technologies for the sustainable management
of forests



Key forestry statistics?

Tall indigenous forest
Regenerating indigenous forest
Plantation forests — gross area
— TOTAL forest area
Plantation forests - net stocked area

- roundwood removals

- log exports

Forest Stewardship Council (FSC) certified plantation forest (sourced from FCS website)
— gross area
- net stocked area

FSC certified indigenous forest

Privately owned (tall) indigenous forest

Privately owned indigenous forest under sustainable forest management plans and permits
(under the Forests Act 1949)

Department of Conservation (DOC)
- tall indigenous forest
- regenerating indigenous forest
— TOTAL forest area

Queen Elizabeth Il (QEII) National Trust covenanted forest area
Nga Whenua Rahui Fund covenanted forest area

TOTAL protected forest area (DOC + QEIl + Nga Whenua Rahui)

3 Forestry statistics are generally as at March 2014.
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6.8 million hectares
1.2 million hectares
2.1 million hectares

10.1 million hectares

1.7 million hectares
30.3 million cubic metres

17.1 million cubic metres

1.5 million hectares
1.1 million hectares
12 000 hectares

1.65 million hectares
84 000 hectares

5.2 million hectares
0.4 million hectares

5.5 million hectares

64 000 hectares
142 000 hectares

5.7 million hectares

am— (]
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Figure 1.1A: Distribution of different types of forest
Note: The thin lines mark administrative regions.
Source: Land Cover Database.

@ Mangrove Forest
@ Indigenous Forest
B Plantation Forest
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Figure 1.1B: Distribution of public conservation land in New Zealand

Note: The majority of public conservation land is found in the central North Island and west of the mountain range traversing the South Island. The thin
lines mark administrative regions.

Source: Land Cover Database.

@ Indigenous Forest on conservation estate
@ Other conservation estate lands
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INTRODUCTION

Forests are home to 70 percent of the world’s
terrestrial animals and plants, providing the essential
components of food, clothing and shelter. Forests are
renewable resources and rich, resilient ecosystems.
When managed sustainably, they can provide

society with essential goods and services — timber,
medicine, food, water and employment — and conserve
biodiversity, for generations to come.

The 1987 report of the World Commission on
Environment and Development, Our Common Future
(the Brundtland Report), highlighted the urgency of
progressing sustainable development without depleting
natural resources or harming the environment. Five
years later, the United Nations General Assembly
sought a report on progress made towards sustainable
development and convened the United Nations
Conference on Environment and Development
(UNCED) in 1992, at Rio de Janeiro (the Earth
Summit). The objectives were to build on the hopes
and achievements of the Brundtland Report in order
to respond to global environmental problems, and to
agree major treaties on biodiversity, climate change
and forest management.

One of those agreements was the Principles for
Forest Management. Along with Agenda 21 and
the Rio Declaration, it was adopted by more than
178 countries, including New Zealand. The guiding
objective of the Principles is:
...to contribute to the management,
conservation and sustainable development of
forests and to provide for their multiple and
complementary functions and uses (United
Nations General Assembly, 1992).

The Preamble to the Principles for Forest Management

states that:
Recognizing that the responsibility for forest
management, conservation and sustainable
development is in many States allocated among
federal/national, state/provincial and local levels
of government, each State, in accordance with
its constitution and/or national legislation,
should pursue these principles at the
appropriate level of government (United Nations
General Assembly, 1992).

Among other things, the Principles state that:
...forest resources and forest land should be
sustainably managed to meet the social,
economic, ecological, cultural and spiritual
needs of present and future generations...

and

The provision of timely, reliable and accurate
information on forests and forest ecosystems is
essential for public understanding and informed
decision-making and should be ensured.

Following UNCED, Canada convened an International
Seminar of Experts on Sustainable Development of
Boreal and Temperate Forests in 1993 at Montreal.
The seminar focused on criteria and indicators (C&I)
and how they can help define and measure progress
towards sustainable development of forests.

The Montreal Process

The Montreal Process was subsequently formed in
Geneva, Switzerland in June 1994. The Montreal
Process is the Working Group on Criteria and
Indicators (C&l) for the Conservation and Sustainable
Management of Temperate and Boreal Forests.

Membership of the Working Group is voluntary. The 12
member countries are Argentina, Australia, Canada,
Chile, China, Japan, the Republic of Korea, Mexico,
New Zealand, the Russian Federation, the United
States of America and Uruguay. Together, these
countries hold 90 percent of the world's temperate
and boreal forests and 49 percent of all the world’s
forests, and are the source of 49 percent of the world’s
roundwood production.

European countries with temperate and boreal
forests work as a region under the framework of the
Ministerial Conference on the Protection of Forests in
Europe.

Criteria and indicators

The Montreal Process C&I provide a common
framework for member countries to monitor,
assess and report on trends in forest conditions
with respect to the full range of forest values and,
in turn, on national progress towards sustainable



forest management (SFM). They represent a holistic
approach to forest management, and provide
information essential to the focusing of policies and
research that promote SFM.

Seven criteria characterise the essential components
of SFM, while 54 indicators provide a way to measure
those components. The C&I are not performance
standards.

The Montreal Process C&I are not static. The Working
Group, with important input from the science-based
Technical Advisory Committee, periodically reviews
and refines the C&l to reflect new research findings,
advances in technology, and an increased capability to
measure indicators. The result is a contemporary and
agreed international C&I framework that can continue
to enable member countries to report progress towards
SFM. This report uses the third edition of the C&l
published in 2009 by the Montreal Process Working
Group.

Why is New Zealand involved in the
Montreal Process?

There is ever-increasing understanding of the
valuable role of forests in providing a wide range of
environmental services, both within the forests and
also as part of the sustainable management of the
wider landscape. It is important for New Zealand
to demonstrate its achievements in promoting
sustainable forest management.

New Zealand participates in the Montreal Process,
and applies the agreed Montreal Process C&I for the
sustainable management of all its indigenous and
plantation forests as part of this. New Zealand finds
the holistic approach to Montreal Process C&l an
effective means for reporting the many environmental
services of forests, as well as how these interact.

Domestically New Zealand’s experiences in the

Montreal Process and the preparation of country

reports have allowed:

¢ more effective communication on the status of
efforts towards sustainable forest management;

* monitoring of the trends in the status of the
indicators in order to focus domestic policy
development and research initiatives towards
areas of weakness, or a weak evidence base, in
sustainable forest management;

¢ education of the public about sustainable forest
management and the different environmental
services provided by forests;
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¢ demonstration of how C&l-based reporting can
be the basis for other forms of natural resource
management.

The Montreal Process also attracts an international
audience with an interest in assessing sustainable
forest management and contributes to the dialogue
on global sustainable forest issues. In addition, the
Montreal Process has collaborated effectively with
other C&I-based organisations such as Forests Europe
and the International Tropical Timber Organization
(ITTO) on addressing these issues. This report,

New Zealand’s Third Country Report on the Montreal

Process Criteria and Indicators is New Zealand’s

contribution to the wider value proposition for the

Montreal Process, including by:

e fulfilling international obligations and the
expectations that arose from the United Nations
Conference on Environment and Development
(1992), and in particular from the Principles for
Forest Management;

e participating in subsequent developments, including
agreements in the United Nations Forum on Forests
and progress in regional and global discussions
and forest reporting under the Food and Agriculture
Organization of the United Nations (FAQO);

¢ demonstrating a national commitment to sustainable
forest management for all forests;

¢ demonstrating the sustainability of the country’s
plantation forests and wider timber harvesting
policies;

e building, through the collaborative approach to the
Montreal Process, enduring relationships with the
countries, organisations and individuals that are
also interested in sustainable forest management
and that can, individually and collectively, be key
influencers of international forest policy;

e being an authoritative and respected participant in
international forestry processes.

New Zealand’s ability to report on criteria
and indicators

This report includes comment on all 54 indicators.
Some of these comments are comprehensive, both
qualitatively and quantitatively; others are more
descriptive. Where data are not available for inclusion
in this report, the indicator reports endeavour to
describe what information has nevertheless been
collected.
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The distinction between New Zealand’s commercial
plantation forests and its largely protected indigenous
forests is a special feature of the New Zealand

forest estate. This fundamental difference in the
management of the forests is also reflected in the
availability of data to support the Montreal Process
criteria and indicators. In most instances, more
detailed information is available on plantation forest
than on indigenous forest. Recent national monitoring
programmes and international reporting are resulting
in better information for indigenous forests.

Quality of information and trends against
indicators

This is New Zealand’s third national report and

is an assessment as at mid-2014. The quality of
information used for each indicator was assessed
against its availability and coverage, and expressed as
high, medium or low.

Trends have been assessed against the positions
described in the 2008 New Zealand report, and
for revised indicators for Criterion 7, on the basis
of available information. For some indicators,
quantitative data enable these assessments to be
made; for others, qualitative evaluation has been
required. In some instances, negative trends are
associated with better information and enhanced
understanding of the indicator. For all indicators,
“traffic light” symbols have been used to express
these trends, showing neutral ("), positive (£4) and
negative \4 changes.

Natural forest or indigenous forest

The Montreal Process Working Group uses the term
“natural forests”. The New Zealand reporting uses the
term “indigenous forests”. The use of “indigenous” is
consistent with New Zealand’s Resource Management
Act 1991 and Forests Act 1949. The former refers to
“...indigenous vegetation” and “...indigenous fauna”,
while the latter uses the word “indigenous” to mean

a species of flora or fauna “...that occurs naturally in
New Zealand or arrived in New Zealand without human
assistance” (section 2(1)).

Co-ordinating agency and contributors

The Ministry for Primary Industries (MPI) has taken
responsibility for co-ordinating information gathering
and for writing this report. MPI is seen as the
appropriate agency as it leads government involvement
in domestic and international sustainable forest
management.

Other government departments that contributed to
the compilation of the report were the Department of
Conservation and the Ministry for the Environment.
MPI acknowledges the contributions made by these
organisations.

Review

A draft report was externally reviewed by the

Ministry for the Environment and the Department of
Conservation. However, responsibility for the contents
of the final report lies with MPI.
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CRITERION 1:
CONSERVATION OF BIOLOGICAL DI

Forests, and particularly indigenous forests, support a substantial proportion of the planet’s biological
diversity and terrestrial species. Biological diversity enables an ecosystem to respond to external
influences, to recover after disturbances and to maintain essential ecological processes.

Human activities and natural processes can impact adversely on biological diversity by altering and
fragmenting habitats, introducing invasive species, or reducing the population or ranges of species.
Conserving the diversity of organisms and their habitats supports forest ecosystems and their ability to
function, reproduce and remain productive.

Table 1.1 lists the indicators covered in this section.

Table 1.1: Indicators for Criterion 1 — quality of information and trends

Criterion 1: Conservation of biological diversity i_

Ecosystem diversity

1.1a Area and percent of forest by forest ecosystem type, successional stage, M/H v
age class, and forest ownership or tenure

1.1b Area and percent of forest in protected areas by forest ecosystem type, M/H A
and by age class or successional stage

lLlc Fragmentation of forests M/H >
Species diversity

12.a Number of native forest-associated species M >

1.2.b Number and status of native forest-associated species at risk, as M v
determined by legislation or scientific assessment

1.2.c Status of on site and off site efforts focused on conservation of species M/H A
Genetic diversity

1.3.a Number and geographic distribution of forest-associated species at risk of Indig. L/M Indig A
losing genetic variation and locally adapted genotypes Exoti )

xotic H Exotic
1.3.b Population levels of selected representative forest-associated species to M >

describe genetic diversity

1.3.c Status of on-site and off-site efforts focused on conservation of genetic
diversity

L/M A

KE

L =low Neutral [
M = medium Positive A\
H = high Negative W
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Key changes since 2008 are the:

e use of satellite imagery, which continues to improve
resource data on the forest estate;

e development of a National Biodiversity Monitoring
and Reporting Programme to assess the ecological
integrity of public conservation lands;

e application of the New Zealand Threat Classification
System, which indicates that 12 threatened taxa
have improved in status, but the status of 59 taxa
has worsened;

¢ new technologies for reducing and eradicating
mammalian pests and preventing their reinvasion of
sensitive habitats, which are creating opportunities
to reintroduce endangered fauna and flora to areas
they formerly occupied;

¢ enhancement of efforts to understand genetic
diversity of iconic species.

Recent satellite-based estimates put New Zealand’s
total forest area* at 10.1 million hectares or

38 percent of the total land area. This consists

of tall indigenous forest (6.8 million hectares),

'Coastal Pohutakawa, Bay of Islands. Photo: lan Platt.

4 Includes all land within the forest margin, irrespective of whether or
not it contains trees. For plantation forests, this includes harvested
areas that will be replanted.

regenerating forest (1.2 million hectares) and exotic
plantations (2.1 million hectares). Tall indigenous
and regenerating forest area has declined slightly
over recent decades. The area of plantation forest
expanded steadily through the 1990s but has since
declined slightly due to conversion to more profitable
agricultural land uses, notably dairy farming. While
most indigenous forests remain in public ownership,
plantation forests are now largely privately owned.

Qver 70 percent of tall indigenous forests are
protected by legislation or covenant and managed

for the protection of indigenous biodiversity by the
Department of Conservation, the Queen Elizabeth

[I National Trust and the Nga Whenua Rahui Fund.
The latter is a contestable government fund providing
protection for indigenous ecosystems on Maori land.
The area of publicly owned indigenous forest protected
by legislation has increased by 3.7 percent since
2006.

Publicly owned indigenous forests typically occur

in large (> 500 hectares) blocks. Conversely small
indigenous forest fragments (< 10 hectares) occur
mostly on private land. Recent studies on the value

of small forest fragments for preserving indigenous
biodiversity suggest that, to maximise the retention of
indigenous biodiversity, forest fragments need to be
fenced to exclude farm stock and game animals; and
introduced pests such as brushtail possums, mustelids
and rats need to be reduced to low levels.

New Zealand's indigenous forests are characterised
by a high degree of endemism. Human settlement
introduced a large number of exotic plant and animal
species, many of which have had detrimental effects
on the indigenous biota. While the major biodiversity
losses associated with early human settlement have
been stemmed, indigenous biodiversity has continued
to decline over the last century. Over the last decade,
the Department of Conservation has developed a
National Biodiversity Monitoring and Reporting
Programme to assess whether the ecological integrity
of public conservation lands is being maintained.

The risk of extinction of resident native taxa is
assessed on a three-yearly basis® by expert panels
convened by the New Zealand Department of

5 The interval between assessments has recently been raised to
5 years.



Conservation. Threat rankings are based on the
estimated size of the national population and
predicted population trends. Since the last threat
status assessment, 12 threatened taxa have
improved in status as a result of successful species
management, and 59 have worsened in status.

New technologies for reducing and eradicating
mammalian pests and preventing their reinvasion

of sensitive habitat are creating opportunities to
reintroduce endangered fauna and flora to areas they
formerly occupied. “Mainland Islands” use intensive
multi-pest control or exclusion to reduce pest mammal
populations, as well as detailed biodiversity monitoring
to assess the extent to which ecological restoration
goals are being achieved. Fenced sanctuaries that
exclude the full range of pest mammals are often
community-led forest restoration projects. Together
with expanding the numbers of near-shore, pest-free
island sanctuaries, they are allowing an increasing
number of people to see and interact with rare and
endangered flora and fauna.

The understanding of genetic variation in indigenous
forest-associated species remains limited. Most
studies focus on rare or endangered taxa. The most
comprehensive account comes from studies of
threatened avifauna. Low levels of genetic diversity
are present in most threatened endemic birds, and in
other plant and animal groups that have been studied.
In the commercial forestry sector, the dominance of a
single exotic species, radiata pine, creates biotic risks
that are exacerbated when it is grown in large-scale
monoculture. The ability to counter these risks through
breeding programmes relies on the preservation of
genetic diversity. Changes to forest ownership and
institutional frameworks over recent decades may be
placing some of the existing radiata pine gene pool at
risk.

The Department of Conservation’s National
Biodiversity Monitoring and Reporting Programme
provides information on the population status of
selected forest-associated species or species groups
(weeds, ungulates, possums, palatable tree species,
birds) that are considered to influence the diversity
(including genetic diversity) of forests on public
conservation land. Indigenous plant species greatly
outnumber exotic weeds in number and abundance
in forests on conservation land, and this has not
changed over recent years. Introduced ungulates and
brushtail possums are widespread in forests. Both are
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less abundant in beech than in non-beech forests.
Palatable tree species such as kamahi, mahoe and
broadleaf are regenerating across public conservation
lands, although there are local sites where pest
mammals are preventing their regeneration. Population
size structures of these palatable indicator species
have been maintained over the last decade. However,
mortality rates have exceeded recruitment, so current
regeneration patterns may not be maintained. Results
also show that indigenous forests support at least
twice as many native bird species as introduced ones,
in both beech and non-beech forests.

Efforts to understand and maintain the genetic
diversity of iconic species such as kiwi, tuatara and
kauri have gathered pace over recent decades and are
now widely supported. However, little or nothing is
known about the genetic variability of most endemic
species, and few are being actively managed to ensure
genetic diversity is retained.

Young kauri forest, Waipoua, Northland. Photo: lan Platt.
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INDICATOR 1.1 ECOSYSTEM DIVERSITY

Maintenance of the variety and quality of forest ecosystems is necessary for the conservation of
species. Without sufficient habitat size, adequate connectivity, necessary structural diversity and
appropriate protection and management measures, species may decline and become vulnerable
to extinction.

These indicators provide information on the areas and extent of ecosystem types, forest area
under formal protection, and the effects of fragmentation.

Indicator 1.1.a Area and percent of forest by forest ecosystem
type, successional stage, age class, and forest ownership or
tenure

Recent satellite-based estimates put the total forested area® of New Zealand at a little over

10 million hectares, composed of tall indigenous forest (6.8 million hectares), regenerating forest
(1.2 million hectares) and plantation forest (2.1 million hectares). Tall indigenous and regenerating
forest area has declined slightly (< 1 percent] over recent decades. Plantation forests expanded
steadily through to the early 2000s, but have since shown a small (about 3 percent] decline as
some existing plantations are converted to more profitable agricultural land uses, notably dairy
farming. While most tall indigenous forests (76 percent]) remain in public ownership, large areas of
plantation forest have shifted from publicly listed companies to various forms of private ownership
over the last decade.

Quality of Progress v
information: against indicator:

Rationale

This indicator provides information on the areas and extent of forest ecosystem types, including
successional stage, age class and the nature of tenure or ownership. The sustainability and
stability of forest ecosystems may depend on their size and diversity. If these are not maintained,
forest may become vulnerable to habitat degradation and loss. Tenures or ownership types may
have a variety of management regimes associated with them - each with a different impact on
biological diversity.

6 Includes all land within the forest margin, irrespective of whether or not it contains trees. For plantation forests, this includes
harvested areas that will be replanted, forest roads and infrastructure.




Before human settlement, most of New Zealand below
the climatic treeline was forested. The arrival of Maori,
about 750 years ago, precipitated widespread forest
destruction. This, combined with a second wave of
forest clearance by European settlers in the 19th and
20th centuries, resulted in the loss of about three-
quarters of the original forest cover.

Forest area by forest type

The most recent estimate of forest area’ is a little over
10 million hectares, or 38 percent of New Zealand'’s
total land area of 26.8 million hectares. This

includes tall indigenous forest (6.8 million hectares),
regenerating forest (1.2 million hectares) and
plantation forest (2.1 million hectares) (Table 1.2).
These figures are higher than previously reported,
largely because they are based on a broader definition
of what constitutes forest® than has traditionally been

7 Produced by the Land Use and Carbon Analysis System (LUCAS) for
the NZ Greenhouse Gas (GHG) inventory.

8 Woody vegetation of at least 1 hectare in extent that will exceed
30 percent canopy cover and 5 metres height at maturity. For
plantation forests, the area reported is the gross forest area and
includes harvested areas awaiting replanting.
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used by the forest industry and government agencies.

More detailed mapping of indigenous forests
(Shepherd et al, 2005) based on satellite imagery
from 1999-2003 highlights the dominance of beech
and other broadleaved species, and the extent to
which some areas of New Zealand now have little
remaining indigenous forest cover (Figure 1.1A, Table
1.3).

The Land Use and Carbon Analysis System (LUCAS)
analyses show that tall indigenous forest area has
declined slightly (< 1 percent) over recent decades,
but that it remains the predominant forest cover in
New Zealand. Regenerating forest, much of which is
dominated by the indigenous species manuka and
kanuka, has also shown a slight decline over the same
period largely as a result of agricultural intensification
or transition to other forest species. Plantation forests
expanded steadily through to the 2000s, but over the
last decade have declined a little (about 3 percent) as
some existing plantations have been converted to more
profitable agricultural land uses, notably dairy farming
(Figure 1.2).

Table 1.2: Forest area and percentage by forest class (2012)

Area (000 ha)' % forest area % total land area
Tall indigenous forest 6 833 67.3 25.5
Regenerating forest 1234 12.1 4.6
Plantation forest 2 094 20.6 7.8
TOTAL 10 161 100.0 31.9

Note 1: Gross area.
Source: Ministry for the Environment, 2014.

Table 1.3: Indigenous forest area and percentage by forest class (1999-2003)

Indigenous forest class

Podocarp

Broadleaved

Beech
Podocarp-broadleaved
Beech/broadleaved
Podocarp-broadleaved/beech
Kauri

Coastal

Unspecified indigenous
Subalpine scrub

TOTAL

Source: Shepherd et al, 2005.

Area (000 ha)

% total indigenous forest area

65.2 1.0
348.3 53
2184.4 33.3
1246.5 19.0
98.1 1.5
1831.8 27.9
91.6 14
5.2 0.1
501.0 7.6
193.1 2.9
6 565.2 100.0
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Mangroves are found around the coasts of the

northern half of the North Island. There is one species
(Avicennia marina) that forms a shrub or small tree.
Estimates based on satellite imagery put the area of
mangrove communities at about 28 000 hectares,
increasing at a rate of about 60 hectares per annum.
Most mangrove communities do not attain forest
status (as per the definition). Whether this is the result
of environmental constraints or human activity is not
clear.

Current estimates based on grower surveys® put the
net stocked area of plantation forest at a little over
1.7 million hectares. Radiata pine is the predominant
species grown for timber in New Zealand and, together
with Douglas-fir, makes up 96 percent of the total
plantings (Table 1.4). Over the last decade, the area
of radiata pine forest has declined by 4.7 percent

(76 700 hectares), eucalypt forests have declined by
38 percent (13 400 hectares), other exotic hardwood
species by 35 percent (6800 hectares) and other

9 National Exotic Forest Description.

exotic softwoods by 13 percent (3700 hectares).
Conversely the area of Douglas-fir has increased
marginally (2.4 percent), and there has been a
substantial (about 70 percent) increase in cypress
plantings, albeit from a low base (Figure 1.3).

Forest area by age class

Information on forest age (Figure 1.4) is only available
for plantation forests. These have an average area-
weighted age of 16.8 years. Thirty percent of the
plantation forest estate is aged between 16 and 20
years, and only 5.6 percent is older than 30 years.

Forest area by ownership

In 2013, 5.18 million hectares (76 percent) of

New Zealand’s tall indigenous forests were in public
ownership and managed on behalf of the State by

the Department of Conservation. The remaining

1.65 million hectares were in private (including Maori
tribal) ownership.

The ownership of plantation forests over the last
decade has changed substantially (Table 1.5). In

Figure 1.2: Changes to New Zealand’s forest area since 1990
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Table 1.4: Plantation forest area (net stocked) and percentage by species or species group (2013)

Area (000 ha)'

Radiata pine
Douglas-fir

Cypresses

Other exotic softwoods
Eucalypts

Other exotic hardwoods
TOTAL

% Total plantation forest area

1553.7 89.9
106.5 6.1
10.1 0.6
23.6 1.4
22.0 1.3
12.6 0.7
1728.5 100.0

Note 1: Net stocked area. Excludes 51 900 hectares of harvested area awaiting replanting.

Source: Ministry for Primary Industries, 2014a.
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particular, large areas of forest previously owned by Sources of information

public companies have been transferred to private Landcare Research New Zealand Ltd (2012).
ownership. Private owners include private companies, New Zealand Land Cover Database. Version 3. http://
partnerships, pension funds, individuals and trusts, Iris.scinfo.org.nz/layer/304-lcdb-v30-land-cover-database-
as well as Maori trusts and incorporations. “Central version-3/#. Accessed 26 May 2015.

government” forests are predominantly government-
owned forests on Maori leasehold land that are
managed by the Ministry for Primary Industries (Crown
Forestry).

Ministry for Primary Industries (2013). National
Exotic Forest Description as at 1 April 2012. Ministry
for Primary Industries; Wellington, www.mpi.govt.nz/
document-vault/3951. Accessed 20 July 2015.

Figure 1.3: Changes to plantation forest area (net stocked) between 2003 and 2013
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Figure 1.4: Plantation forest area (net stocked) by age class and species
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Tahle 1.5: Plantation forest area by ownership category (2003-2012)

Ownership category' 2003
Area % of
(000 ha)? total area*
NZ-registered public company 829 45.4
Privately owned 852 46.6
State-owned enterprise 42 2.3
Local government 58 3.2
Central government 45 2.5
TOTAL 1827 100.0

2007 20122
Area % of Area % of
(000 ha)? total area* (000 ha)?® total area*
244 13.7 16 0.9
1421 79.4 1591 92.5
32 1.8 13 0.7
56 3.1 46 2.7
37 2.1 54 3.1
1790 100.0 1720 100.0

Notes: 1. Ownership is based solely on the ownership of the forest, irrespective of the ownership of the land.

2. The latest year for which these data are available.
3. Net stocked plantation production forest area.
4. Totals may not add due to rounding.

Sources: Ministry of Agriculture and Forestry, 2004 and 2008; Ministry for Primary Industries, 2013.

Ministry for Primary Industries (2014a). National
Exotic Forest Description as at 1 April 2014. Ministry
for Primary Industries; Wellington. http://www.mpi.govt.
nz/news-and-resources/statistics-and-forecasting/forestry/.
Accessed 6 July 2015.

Ministry for Primary Industries (2014b). New Zealand
country report for the Global Forest Resources
Assessment 2015. Report prepared by the

New Zealand Ministry for Primary Industries for the
United Nations Food and Agriculture Organization
(unpublished).

Ministry for the Environment (2012). LUCAS

New Zealand Land Use Map 1990-2008. Version 11.
http://koordinates.com/layer/4316-lucas-new-zealand-land-use-
map-1990-2008-v011/#. Accessed 26 May 2015.

Ministry for the Environment (2014). New Zealand’s
greenhouse gas inventory 1990-2012. hitp://www.mfe.
govt.nz/publications/climate/greenhouse-gas-inventory-2014/
index.html. Accessed 26 May 2015.

Ministry of Agriculture and Forestry (2004). A
National Exotic Forest Description as at 1 April 2003.
Ministry of Agriculture and Forestry; Wellington. http:/
maxa.maf.govt.nz/mafnet/publications/nefd/national-exotic-
forest-2003/. Accessed 20 July 2015.

Ministry of Agriculture and Forestry (2008). A
National Exotic Forest Description as at 1 April 2007.
Ministry of Agriculture and Forestry; Wellington. hitp:/
maxa.maf.govt.nz/mafnet/publications/nefd/national-exotic-
forest-2007/index.htm. Accessed 20 July 2015.

Shepherd, JD; Ausseil, A-G; Dymond, JR (2005).
EcoSat Forests: a 1:750,000 scale map of indigenous
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Further reading
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In New Zealand, indigenous forests cover about 8 million hectares or 30 percent of the total land
area. Over 70 percent of these forests are protected by national legislation. In the seven-year period
(2006-2013) for which data are available, the area of indigenous forests in public ownership increased

by 3.7 percent.

Quality of
information:

Rationale

Progress

against indicator:

This indicator provides information on the area and extent of forest by ecosystem type, age class or
successional stage protected to safeguard biological diversity and representative examples of forest
ecosystem types. This indicator will also help identify forest types of conservation value that are in
need of protection. The level of formal protection given to forests is a reflection of the importance

society places on their conservation.

Forest area in protected areas by
forest type
New Zealand's protected areas are defined by national
legislation. This legislation includes the Wildlife
Act 1953, Reserves Act 1977, Queen Elizabeth the
Second National Trust Act 1977, National Parks Act
1980, Conservation Act 1987 and the Crown Forest
Assets Act 1989. The Department of Conservation is
the lead government agency charged with conserving
New Zealand’s natural and historical heritage.
Conservation is defined in the Conservation Act 1987,
as:
... the preservation and protection of natural
and historic resources for the purpose of
maintaining their intrinsic values, providing for
their appreciation and recreational enjoyment

by the public, and safeguarding the options for
future generations (section 2(1)).

Recent estimates of New Zealand’s forest cover put
the total area of indigenous forest at about 8 million
hectares, or 30 percent of the total land area. This

is split between tall indigenous (85 percent) and
regenerating (15 percent) forests. Over 70 percent

of these forests are protected under legislation
administered by the Department of Conservation, the
Queen Elizabeth Il National Trust and the Nga Whenua
Rahui Fund (Table 1.6). The latter is a contestable
Ministerial fund established in 1991 to provide
funding for the protection of indigenous ecosystems on
Maori land. Its scope covers the full range of natural
diversity originally present in the landscape.

Table 1.6: Forest area protected to safeguard biological diversity and representative examples of forest ecosystem types

Agency providing protection Forest type Area (000 ha)
Department of Conservation Tall indigenous forest 5181
Regenerating forest 358
Tall indigenous plus regenerating forest 5539
Nga Whenua Rahui Fund Tall indigenous forest 116
Regenerating forest 26
Tall indigenous plus regenerating forest 142
Queen Elizabeth Il National Trust Indigenous forest 64
ALL AGENCIES All indigenous forests 5745

Sources: Department of Conservation (undated); Nga Whenua Rahui Fund (undated); Queen Elizabeth |1 National Trust (undated).
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Table 1.7: IUCN classification of tall indigenous forests managed by New Zealand’s Department of Conservation

IUCN category

Indigenous forest area (000 ha)

2006 2008 2013
la Strict Nature Reserve: protected area managed mainly for science. 160 160 158
Ib Wilderness Area: protected area managed mainly for wilderness protection. 37 37 36
Il Natlongl Park: protected area managed mainly for ecosystem protection and 1947 1947 1966
recreation.
I Natural Monument: protected area managed mainly for conservation of specific 1424 1 444 1573
natural features.
% Habitat/Species Management Area: protected area managed mainly for
' . . 19 19 19
conservation through management intervention.
TOTAL FOREST AREA WITHIN PROTECTED AREAS 3587 3607 3752
v Protected Landscape/Seascape: protected area managed mainly for landscape/ 4 4 6
seascape conservation and recreation.
Vi Managed Resource Protected Area: protected area managed mainly for the na 0 10
sustainable use of natural ecosystems. o
Unclassified 1404 1392 1413
TOTAL FOREST AREA 4995 5003 5181

Source: Department of Conservation, 2005.

Tall indigenous forests in public ownership (that is,
those managed by the Department of Conservation)
are also classified using the International Union

for Conservation of Nature (IUCN) protected

area categories (Table 1.7). This allows the level

of legislative protection to be assessed against
internationally recognised criteria. In the seven-year
period (2006-2013) for which data are available,
the area of publicly owned indigenous forest
protected by legislation increased by 3.7 percent.
The Parliamentary Commissioner for the Environment
has called for conservation lands to be reclassified
to better reflect their indigenous biodiversity values.
If this occurs, the area estimates for some [UCN
categories are likely to increase substantially.

Forest area in protected areas by age class
or successional stage

New Zealand does not have the data available to
report on this part of the indicator.

Sources of information

Department of Conservation (2005). The application
in New Zealand of the IUCN system of management
categories for protected natural areas. Report prepared
for the New Zealand Committee of International Union
for Conservation of Nature and the New Zealand
Conservation Authority. Department of Conservation;
Wellington.

Department of Conservation (undated). Land
administered by the Department of Conservation. GIS
database layer.

Ministry for Primary Industries (2014). New Zealand
country report for the Global Forest Resources
Assessment 2015. Report prepared by the

New Zealand Ministry for Primary Industries for the
United Nations Food and Agriculture Organization
(unpublished).

Nga Whenua Rahui Fund (undated). Database of land
protected under the Nga Whenua Rahui programme.

Parliamentary Commissioner for the Environment
(2013). Investigating the future of conservation:
The case of stewardship land. Parliamentary
Commissioner for the Environment; Wellington.

Queen Elizabeth I National Trust (undated). Database
of land protected by QEIl covenants.

Further reading

Cieraad, E; Walker, S; Barringer, J; Price, R (2013).
Indigenous cover remaining and biodiversity protection
in New Zealand'’s land environments: an update using
LCDB3 and current information on protected areas.
Report (LC 1380) prepared by Landcare Research

for the New Zealand Department of Conservation
(unpublished).

Walker, S; Price, R; Rutledge, D; Stephens, RTT;
Lee, WG (2006). Recent loss of indigenous cover in
New Zealand. New Zealand Journal of Ecology 30:
169-177.
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The extent of fragmentation in New Zealand’s indigenous forests showed little change between 2000
and 2012. Most tall indigenous forests occur in large (> 500 hectares) tracts of land that are in public
ownership. Small indigenous forest fragments are mainly found on privately owned land. The value of
forest fragments for preserving indigenous biodiversity has been the subject of several studies over
recent decades. To maximise the retention of indigenous biodiversity in these fragments, both farm
stock and introduced pests such as brushtail possums and rats need to be excluded.

Progress
against indicator:

Quality of
information:

Rationale

This indicator provides information on the extent to which forests are being fragmented over time by
human activities and natural processes. Fragmentation may lead to the isolation and loss of species
and gene pools, degraded habitat quality, and a reduction in the forest’s ability to sustain the natural
processes necessary to maintain ecosystem health.

Forest fragmentation has been linked to the loss of
indigenous biodiversity, increased establishment of
invasive species, and changes to the way in which
ecosystems function. Two factors stand out. The first
is that, as forests become more fragmented, the ratio
of forest edge to core forest area increases. Forest-
edge habitats are more prone to summer drying,
damage from severe winds, and invasion by fauna and
flora from the adjacent non-forest communities. Many
forest-associated species struggle to survive in the
uncertain forest-edge environment. The second factor
is the effect that the loss of continuous habitat has
on the ability of species to forage, to reproduce and
to disperse. Where forest fragments are sizable and

in close proximity to one another, these effects may
not be large. However, as the size of the fragments
reduces and the distance between fragments
increases, species with larger home ranges are forced
to forage beyond their primary habitat and those with

limited ability to disperse become isolated within their
fragments and are no longer able to contribute to the
wider gene pool.

The New Zealand Land Cover Database (LCDB)
enables changes to the fragmentation of tall
indigenous forests!® to be assessed between 2000
and 2012 (Tables 1.8 and 1.9). The results show
little change over this period. However, they show a
marked difference between publicly owned indigenous
forests that are managed for conservation purposes,
and those in private ownership. The vast majority
(about 93 percent) of indigenous forest land in public
ownership is contained in tracts that are larger than
500 hectares. Away from the conservation estate,
this figure drops to about 62 percent. Conversely
most (about 80 percent) of small indigenous forest
fragments are found on privately owned land.

10 Includes LCDB indigenous forest and broadleaved-hardwood forest
classes.

Table 1.8: Number of tall indigenous forest fragments

Size of Conservation land
fragment

2000 2008 2012 2000
(ha)
<10 13 487 13 145 13130 54 021
10-50 2563 2573 2574 8 862
50-100 556 568 568 1047
100-500 688 678 682
> 500 339 334 333
TOTAL 17 663 17 299 17 287 64 834

Source: Ministry for Primary Industries analysis.

Non-conservation land

All forest land

2008 2012 2000 2008 2012
53 995 54 423 67 508 67 140 67 553
8 851 8 845 11425 11424 11419
1036 1055 1603 1604 1623
736 733 1438 1414 1415
153 153 493 487 486

64 770 65209 82 467 82 069 82 496
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Tahle 1.9: Percentage of tall indigenous forest area

Size of Conservation land
fragment

2000 2008 2012 2000
(ha)
<10 0.6 0.6 0.6 9.8
10-50 1.3 1.3 1.3 11.6
50-100 0.9 1.0 1.0 5.0
100-500 4.1 4.1 4.1 11.6
> 500 93.1 93.1 93.1 62.0
TOTAL 100.0 100.0 100.0 100.0

Source: Ministry for Primary Industries analysis.

The value of small forest fragments for preserving
indigenous biota in what are nowadays often

highly developed landscapes has been the focus

of several studies over recent decades. A survey

of isolated kahikatea (Dacrycarpus dacrydioides)
stands on farmland in the Waikato Basin (Figure
1.5) demonstrated that, even in unfenced remnants,
much of the original native flora had managed to
survive (Smale, 2004; Smale et al, 2005). Fencing
to exclude stock allowed a diverse native understorey
to re-establish over several decades (Figure 1.6).
Most adventive species within the forest fragments
were pasture grasses or herbs and, within 20 years of
removing grazing, these had been largely suppressed

Non-conservation land

Figure 1.5: Grazed kahikatea forest fragments
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by taller native vegetation. A small group of persistent
invasive weeds, notably privet, barberry, ivy and
tradescantia, had the potential to hinder indigenous
recovery if not adequately controlled. Remnant size
did not affect the rate or success of the recovery. The
best predictor was the length of time since the forest
fragment had been fenced to exclude stock.

In a similar study of forest fragments dominated by
tawa (Beilschmiedia tawa) in the central Waikato,
excluding stock enabled a dense thicket of native
saplings to develop in the understorey within 15
years (Dodd et al, 2011; Innes, 2009; Innes et al,
2010). However, where pest herbivores, notably
brushtail possums, were not also culled, regeneration
of palatable canopy species such as mangeao
(Litsea calicaris) was suppressed in favour of less
palatable sub-canopy tree species. Where fragments
had been fenced for 3040 years, soil was less
compacted, litter decomposition rates increased,
and invertebrate densities were up to 100 times
those found in unfenced fragments. The downside
of these changes was a significant increase in ship
rat numbers, presumably attracted by the enhanced
supply of seeds, invertebrates, lizards and nesting
birds. To maximise indigenous biodiversity in these
forest fragments, both farm stock and pests such as
brushtail possums and rats need to be excluded.

Focusing on broad species groups, however, does

not tell the full story. For example, a study of beetle
assemblages in Waikato kahikatea forest fragments
(Harris and Burns, 2000) concluded that they had

a rich indigenous beetle fauna and represented
important refuges in the pastoral landscape. This
contrasts with a study of ground beetles (Coleoptera,
Carabidae) in forest fragments in a similar agricultural



landscape in the lower North Island (Lévei and
Cartellieri, 2001). Here botanically diverse and well-
maintained forest fragments were found to contain
few carabid species compared with a nearby large
forest tract. Increased risk of predation in small forest
patches and the limited dispersal ability of endemic
carabids were cited as likely causes of the reduction in
species richness.

Sources of information

Dodd, M; Barker, G; Burns, B; Didham, R; Innes, J;
King, C; Smale, M; Watts, C (2011). Resilience of
New Zealand indigenous forest fragments to impacts
of livestock and pest mammals. New Zealand Journal
of Ecology 35: 83-95.

Harris, R J; Burns, BR (2000). Beetle assemblages
of kahikatea forest fragments in a pasture-dominated
landscape. New Zealand Journal of Ecology 24-:
57-67.

Innes, J (2009). Forest fragments need fencing and
pest control. Open Space 75: 15-17.

Innes, J; King, CM; Bridgman, L; Fitzgerald, N;
Arnold, G; Cox, N (2010). Effect of grazing on ship
rat density in forest fragments of lowland Waikato,
New Zealand. New Zealand Journal of Ecology 34:
227-232.

Landcare Research New Zealand Ltd (2012).

New Zealand Land Cover Database. Version 3. http:/
Iris.scinfo.org.nz/layer/304-Icdh-v30-land-cover-database-
version-3/#. Accessed 26 May 2015.

Lovei, GL; Cartellieri, M (2001). Ground beetles
(Coleoptera, Carabidae) in forest fragments of the
Manawatu, New Zealand: Collapsed assemblages?
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Journal of Insect Conservation 4: 239-244,

Ministry for the Environment (2004). New Zealand
Land Cover Database. Version 2. Ministry for the
Environment; Wellington.

Smale, M (2004). Fencing kahikatea remnants is
worthwhile. Open Space 61: 20-21.

Smale, MC; Ross, CW; Arnold, GC (2005). Vegetation
recovery in rural kahikatea (Dacrycarpus dacrydioides)
forest fragments in the Waikato region, New Zealand,
following retirement from grazing. New Zealand
Journal of Ecology 29: 261-269.

Further reading

Burns, BR; Floyd, CG; Smale, MC; Arnold, GC (2011).
Effects of forest fragment management on vegetation
condition and maintenance of canopy composition in a
New Zealand pastoral landscape. Austral Ecology 36:
153-166.

Didham, RK; Barker, GM; Costall, JA; Denmead, LH;
Floyd, CG; Watts, CH (2009). The interactive effects
of livestock exclusion and mammalian pest control on
the restoration of invertebrate communities in small
forest fragments. New Zealand Journal of Zoology 36:
135-163.

Ewers, RM; Thorpe, S; Didham, RK (2007).
Synergistic interactions between edge and area effects

in a heavily fragmented landscape. Ecology 88:
96-106.

McGlone, M; Affeld, K (2012). Pressures on
indigenous biodiversity, with particular reference to
private land. Landcare Research Contract Report
LC870. Prepared for the Ministry for the Environment
by Landcare Research. Ministry for the Environment;
Wellington.

Paul, T; Hock, B; Payn, T (2007). Montreal Process
reporting on forest fragmentation in New Zealand —
current status and research. In Riitters, K; Estreguil,
C (eds) International research to monitor sustainable
forest spatial patterns: proceedings of the 2005
IUFRO World congress symposium. General Technical
Report SRS-e106. USDA Forest Service, Southern
Research Station; Asheville, NC; pp 9-24.

Smale, MC; Dodd, MB; Burns, BR; Power, IL (2008).
Long-term impacts of grazing on indigenous forest
remnants on North Island hill country, New Zealand.
New Zealand Journal of Ecology 32: 57-66.
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INDICATOR 1.2 SPECIES DIVERSITY

The greatest and most readily recognisable aspect of biological diversity is the variety of species
and their population levels. A key objective for the conservation of biological diversity is to slow
down the rate of population decline, and species depletion and extinction due to human factors.
Changes in species population levels and distribution may also provide an early warning of
changes in ecosystem stability and resilience, as will increases in the number of invasive, exotic

forest-associated species.

New Zealand’s indigenous forests are characterised by a high degree of endemism. Human
settlement introduced a large number of exotic plant and animal species, many of which have had

detrimental effects on the indigenous biota. While the major biodiversity losses associated with

early human settlement have been stemmed, indigenous biodiversity has continued to decline
over the last century. Over the last decade, the Department of Conservation has developed a
National Biodiversity Monitoring and Reporting Programme to assess whether the ecological
integrity of public conservation lands is being maintained.

Quality of
information:

Rationale

Progress

against indicator:

This indicator provides information on the health of forest ecosystems through the number of
native forest-associated species. Knowledge of the number of native forest-associated species
highlights the importance of certain forest types in meeting conservation objectives and in
understanding the relationships species have within ecosystems. The loss or addition of species
in an ecosystem can provide valuable insights into the overall health and productivity of that

system.

New Zealand is an archipelago in the southwest
Pacific with a long isolation from major landmasses
and a strongly endemic indigenous biota. It was one
of the last places on earth to be settled by humans.
Birds rather than mammals were the dominant
terrestrial vertebrates, and slow-growing evergreen
forests without any major influence from natural

fire predominated below the climatic treeline. The
arrival of first Polynesian, and later European,
settlers precipitated widespread reductions in forest
cover and major losses of indigenous biodiversity.
Notwithstanding these effects, much of the forest
landscape and species composition of New Zealand
still bears a pre-human imprint.

New Zealand's remaining indigenous forests are

now largely conserved from clearance or significant
modification under a statutory framework that applies
to forests on both private and public lands. The
conservation of remaining indigenous forest remains

a core objective of Government policy, with the

New Zealand Biodiversity Strategy published in 2000.
There is also a suite of private initiatives and private-
public accords. While the major biodiversity losses
have been stemmed, indigenous biodiversity has
continued to decline.

A concerted effort has been made to provide a
coherent nation-wide picture of New Zealand’s
biological diversity. For terrestrial groups of plants
and animals, this information is updated by specialist
groups, as part of the Department of Conservation’s
triennial assessment!! of changes to the conservation
status of indigenous taxa (Table 1.10).

This information covers all terrestrial ecosystems,
not just forests. Points to note are the high levels
of endemism found in most groups, and the much
greater degree of taxonomic uncertainty associated

11 The interval between assessments has recently been increased to
five years.
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Tahle 1.10: Number of indigenous species, described species and introduced species

Estimated number

Species of indigenous that have been
species described

Il:/loc;isvz:;tgverworts and 1184 1122

Ferns and fern allies 233 210

Conifers 24

Flowering plants 2912 2193

Invertebrates c. 40 000 c. 19400

Amphibians 4

Reptiles (terrestrial) 100

eshwater s 17

Terrestrial mammals 3

Note 1: Includes species and subspecies.

Number of taxa’

Percentage of Number of

described described species . Number. i
. introduced species
species that known to be . .
. in the wild
are endemic threatened
35 45 36
45 12 52
100 0 40
85 223 2 453
c. 66 255 2 246
100 3 3
100 20 1
57 42 37
100 3 32

Source: Data are sourced from the New Zealand Threat Classification Series lists (2008-2011) compiled by specialist groups for the Department of Conservation.

with the invertebrates. For flowering plants it is also
worth noting that, while natural ecosystems now
contain an almost equal number of indigenous and
introduced species, these are but a small fraction of
the total number of introduced plant species present
in cultivation (Figure 1.7).

Measuring and monitoring the health of indigenous
forest (and non-forest) ecosystems across New Zealand
continue to be a focus for New Zealand’s Department
of Conservation. Over the last decade, the department
has developed a National Biodiversity Monitoring and
Reporting Programme (NBMRP)!? to assess whether
the ecological integrity of public conservation lands
is being maintained. Ecological integrity is the ability
of the indigenous biota, abiotic features and natural
processes to function in sustainable communities,
habitats and landscapes. It encompasses all levels
and components of biodiversity, and can be assessed
at a local, regional or national scale. The system
uses information from vegetation and animal surveys,
expert-driven threat listings of ecosystems, and land
tenure and management information to assess (i)

the status and trend of indigenous dominance on
conservation land, and (ii) the effectiveness of weed
and pest management on the status of native and
introduced species. The NBMRP also provides (i) an
early warning of threats to native species, and (ii) a
basis for prioritisation for management intervention.
From an operational standpoint, the system is still in
its infancy. As the temporal and spatial coverage of

12 Previously termed the Natural Heritage Management System.

the monitoring data increases, our understanding of
the importance of ecosystems in meeting conservation
objectives, and of the relationships species have
within ecosystems, is expected to improve.

The value of understanding the relationships

species have within ecosystems has recently been
demonstrated in what has been termed the “Battle
for Our Birds”. Beech species, which are a dominant
component of many New Zealand indigenous forests,
flower and fruit heavily in some years and not in
others. Flowering and fruiting in abundance is
termed masting. Mast years are triggered by above-
average temperatures the previous summer and can
therefore be predicted. They generally occur every

Figure 1.7: Percentage of indigenous and introduced species of
flowering plants present in New Zealand

Indigenous plant species
10%

Introduced plant species
- naturalised 8%

Introduced plant species
— in cultivation 82%

Sources: Hitchmough, 2013; Bellingham, et al, 2013.
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four to six years. A heavy mast can produce about

50 million seeds (250 kilograms) per hectare. In years
without mast, native bird and animal populations

can tolerate the low levels of rats and stoats that are
present. During a mast year, rat, mice and later stoat
numbers increase dramatically, which has devastating
consequences for the native species. Larger hole- or
ground-nesting birds such as kiwi, kaka and whio are
highly susceptible to stoat predation. Smaller species
such as mohua, orange-fronted kakariki, bellbird,
riflemen and robin are sensitive to both rats and
stoats, as are the two New Zealand bat species.

Increased predation associated with a beech mast

in the year 2000 badly affected mohua populations
throughout the South Island. On Mt Stokes in the
Marlborough Sounds, the population that was being
monitored was wiped out. The news is similarly bad for
the orange-fronted kakariki. In the past decade, rats
and stoats have wiped out some breeding strongholds
and reduced other local populations by up to 85
percent. Fewer than 400 birds now remain in three
subalpine beech forest catchments in Canterbury (the
Hawdon, Poulter and Hurunui).
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Based on temperature records, the 2013/14 summer
was predicted to be a major mast flowering season for
beech. Monitoring at locations throughout the South
Island confirmed very heavy seed falls in the northern
South Island and southeastern Otago, and moderate
seed falls in eastern Fiordland and west Otago beech
forests. Data from seed monitoring sites and rat
tracking tunnels were analysed to determine where
the highest predator impacts would occur in spring
2014. Predators in these areas were targeted using
aerially applied 1080 poison baits during the spring
and summer of 2014/15. In total, predator control
was applied over about one-third (700 000 hectares)
of beech-dominated forests.

Mast seeding is also a breeding cue for some
indigenous bird species, most notably the kakapd, an
endangered flightless parrot. Nesting in the southern
South Island population of kakapd occurs only when
the podocarp species rimu (Dacrydium cupressinum)
and pink pine (Halocarpus biformis) have abundant
fruiting years (Harper et al, 2006).
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Inventory of Biodiversity. Volumes 1-3. Canterbury
University Press; Christchurch.
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The New Zealand Threat Classification System uses a nationally agreed set of criteria to assess
the risk of extinction of resident native taxa. Rankings are based on the estimated size of the
national population and predicted population trends. The number of populations, the number of
mature individuals in the largest population, and the area occupied by the taxon are also taken
into account when assessing the threat status. Since the last threat status assessment, 12
threatened taxa have improved in status as a result of successful species management, and 59

have genuinely worsened in status.

Quality of
information:

Rationale

Progress
against indicator: v

This indicator provides information on the number and status of forest-associated species at risk
or in serious decline. As a result, these species may require specific action or intervention to
ensure their survival. The number of species at risk and their status is a measure of the health of
forest ecosystems and their ability to support species diversity.

The New Zealand Threat Classification System
(Townsend et al, 2008) developed by the Department
of Conservation uses a set of nationally agreed
categories and criteria to assess the risk of extinction
for 23 groups of land, freshwater and marine
organisms that are present in the New Zealand region.
Assessments are revised every three years!3 by a series
of expert panels, and the results published in the

New Zealand Threat Classification Series (for example,
Hitchmough, 2013) and other refereed publications.

The Threat Classification System uses a standardised
process to allocate a threat ranking to resident
native taxa (Figure 1.8). This is a qualitative process
undertaken by expert panels. Rankings are based on
the estimated size of the national population and
ongoing or predicted population trends (Table 1.11).
The total number of populations, the number of
mature individuals in the largest population, and the
total area occupied by the taxon are also taken into
account. Taxa for which information is insufficient
to determine a threat ranking are classed as data
deficient.

A summary of the most recent assessment of the
conservation status of New Zealand'’s land biota

13 The interval between assessments has recently been increased to
five years.

(Table 1.12) shows a high degree of knowledge of
the threat status of vertebrate groups (amphibians,
birds, mammals, reptiles) and vascular plants
(ferns, conifers, flowering plants), but much less
understanding of the lower plant (mosses, liverworts,
hornworts) and the invertebrate groups that make up
the bulk of the indigenous land biota. It also omits

Figure 1.8: Structure of the New Zealand Threat Classification
System
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Table 1.11: Primary criteria for assessing threatened, at risk and not threatened taxa

Population trend

> 10% increase
Stable (+ 10%)
10-30% decline
30-50% decline
50-70% decline

> 70% decline

<250

250-1000

NV/Naturally
Uncommon (NU)

NE/NU

Nationally
endangered (NE)

Source: Redrawn from Townsend et al, 2008.

Total number of mature individuals

1000-5000

NU/ Relict

NV/NU

Nationally vulnerable (NV)

NE

Nationally critical (NC)

5000-20 000

NU/Recovering

NU/Relict

20 000-100 000

Not Threatened

NU (Range Restricted)

Declining

Relict

>100 000

Table 1.12: Summary of threat rankings for land biota in the New Zealand region between 2008 and 2011

Status

Nationally critical
Nationally endangered
Nationally vulnerable

Total threatened

Declining
Recovering

Relict

Naturally uncommon
Total at risk

Total threatened and
at risk

Data deficient

Extinct since human
arrival

Migrant
Vagrant
Coloniser

Not threatened

Introduced and
naturalised

Total species assessed

Total extant indigenous
species assessed

Estimated number of
indigenous species

% of indigenous species
assessed

Mosses,
liverworts
& hornworts

31
10

4
45

122
125

170

131

45

36

390

354

1184

30

Source: Hitchmough, 2013.

Ferns and .
. Conifers
fern allies

9 0

3 0

2 0
14 0
4 0

0 0

1 0
34 3
39 3
53 3
1 0

0 0

0 0

1 0

0 0
155 19
52 40
262 62
210 22
233 24
90 92

Flowering
plants

146
59
70

275

98

12

590
707

982

76

11
17
1254

2453

4801

2340

2912

80

Invertebrates  Amphibians

115
58
68

241

45

102
924
1078

1319

1169

7

0

12

0
1803

2246

6556

4310

¢. 40,000

1

w N O

o o o =

o o o o

1

100

Reptiles
(terrestrial)

27

11
10
51

68

22

101

100
100

100

Terrestrial &
freshwater
birds

10
10
19
39

18
37

76

54

50

29

37

254

107

107

107

Terrestrial
mammals

32

36

100
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two major groupings: the fungi and the lichens. As
for the species estimates in the previous section, this
information covers all terrestrial ecosystems, and not
just forests.

Since the previous threat status assessment
(Hitchmough et al, 2007), 12 threatened taxa have
genuinely improved in status as a result of successful

species management, and 59 have worsened in status.

The status of many more taxa has changed for better
or worse as a result of improvements in our knowledge
of them, changes in the interpretation of information
about them, or changes to the categories and criteria

following revisions to the Threat Classification System.

No taxa were found to have become extinct since the
previous threat status assessment, but some that are
believed to have been extinct for many decades or

even centuries were added to the list of extinct taxa.

Sources of information
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(2007). New Zealand Threat Classification System
lists — 2005. Department of Conservation; Wellington.

Townsend, AJ; de Lange, PJ; Duffy, CAJ; Miskelly,
CM; Molloy, J; Norton, DA (2008). New Zealand
Threat Classification System manual. Department of
Conservation; Wellington.

Further reading

de Lange, PJ; Rolfe, JR; Champion, PD; Courtney,
S P; Heenan, PB; Barkla, JW; Cameron, EK;
Norton, D A; Hitchmough, RA (2013). Conservation
status of New Zealand indigenous vascular plants,
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Botany 49: 305-327.
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Department of Conservation; Wellington.
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by Landcare Research. Ministry for the Environment;
Wellington.
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A; Hitchmough, RA (2013) .Conservation status of
New Zealand frogs. New Zealand Threat Classification
Series 5. Department of Conservation; Wellington.
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S; Hitchmough, RA (2013). Conservation status

of New Zealand bats, 2012. New Zealand Threat
Classification Series 6. Department of Conservation;
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Scofield, P; Taylor, GA (2013). Conservation status

of New Zealand birds, 2012. New Zealand Threat
Classification Series 4. Department of Conservation;
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New Zealand fantail.
== ANl TWIEEIEIAEE 2O T we v



CRITERION 1: Conservation of Biological Diversity - 31

New technologies for reducing and eradicating mammalian pests and preventing their reinvasion

of sensitive habitat are creating opportunities to reintroduce endangered fauna and flora to areas
they formerly occupied. “Mainland Islands” are being created using intensive, multi-pest control to
reduce pest mammal populations, and detailed biodiversity monitoring is undertaken to assess the
extent to which ecological restoration goals are being achieved. Fenced sanctuaries that exclude the
full range of pest mammals are encouraging community-led forest restoration projects. Together
with the expansion in the numbers of near-shore, pest-free island sanctuaries, they are allowing an
increasing number of people to see and interact with rare and endangered flora and fauna.

Quality of
information:

Rationale

Progress
against indicator:

This indicator provides information that describes on site (or in situ) and off site (or ex situ) efforts
to conserve species diversity. Some forest species and habitats may have declined to such an extent
that intervention is required to safeguard them for the future.

The arrival of Europeans in New Zealand led to an
influx of exotic plants and animals. These included

a suite of mammals, most of which had few or no
natural enemies in this country, that multiplied rapidly
and have caused major damage to forests and forest-
associated species. Deer, goats and pigs depleted
forest understories and impeded regeneration.
Australian brushtail possums caused widespread
damage to forest canopies. By far the greatest threat
to the indigenous fauna came from stoats, feral cats,
rats, mice and possums, which decimated populations
of vulnerable endemic species throughout the forests
of mainland New Zealand. Historically, these threats
have been countered to some extent by sequestering
endangered species, particularly birds, on predator-
free offshore islands.

The development of increasingly sophisticated
technologies for reducing and eradicating mammalian
pests and preventing their reinvasion of sensitive
habitat, and an increasing public desire to “restore
the dawn chorus” have led to a number of initiatives
to reintroduce iconic indigenous fauna to areas they
formerly occupied, and where the public can see and
interact with them.

The Department of Conservation pioneered the
concept of “Mainland Islands” in the mid-1990s. Six
sites were established, covering 11 500 hectares of

largely forested land, with a further 8000 hectares
monitored as reference areas (Figure 1.9). While a
range of ecological criteria was used to select the
sites, the greatest weighting was given to the potential
to recover threatened species (Saunders, 2000).

At each site, intensive, multi-pest control is used

to drastically reduce the density of pest mammals,
and detailed biodiversity monitoring is undertaken to
assess the extent to which ecological restoration goals
are being achieved. A recent audit of the programme
concluded that pest mammal control at Mainland
Island sites has been reasonably successful, that as a
result some native bird and plant species have done
very well, and that some of the bird translocations
have led to the establishment of new viable
populations. Similar, local initiatives are now found in
many parts of New Zealand.

The development of predator-proof fencing that can
exclude the full range of pest mammals is encouraging
an increasing number of community-led projects
aimed at restoring forested habitats to their former
glory. The largest of these is the Maungatautari
Ecological Island Trust, which has built a 47-kilometre
predator-proof fence around a 3400-hectare block

of old-growth indigenous forest in the central

North Island (Figure 1.10), eradicated all the pest
mammals except mice within the fenced area, set up
a network of tracks for people to explore this pest-
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free wilderness, and begun to reintroduce threatened
native species such as kiwi, kaka, takahé and tuatara.
Other initiatives using predator-proof fences include
the Karori Wildlife Sanctuary, which occupies a former
water supply catchment in Wellington City, and the
Orokonui Ecosanctuary just north of Dunedin.

The other notable effort to conserve species diversity
is the restoration of near-shore islands that the public
are able to visit. The long-standing example is Kapiti
Island (1965 hectares) which lies about 5 kilometres
off the west coast of the southern North Island. This
was established as a nature reserve in 1897. Goats
were eradicated from the island in 1928, followed

by cats, deer, sheep, cattle, pigs and dogs. Possums
were eradicated between 1980 and 1986 in the
first-ever successful operation of its kind. The last of
the mammalian pests, kiore and Norway rats, were
finally eradicated in 1996 using an aerially applied
anticoagulant poison. Kapiti Island is now home to a
number of rare and endangered bird species, including
little spotted kiwi, stitchbird or hihi, kokako, takahg,
brown teal, kaka and saddleback. Public access is

Figure 1.9: Location of Mainland Island sites established by the
Department of Conservation
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carefully controlled by the Department of Conservation
to minimise the opportunity for pests to reinvade.

The other high-profile example of a near-shore island
sanctuary is Tiritiri Matangi Island, a 220-hectare
scientific reserve in the Hauraki Gulf, 28 kilometres
north of Auckland City. Tiritiri Matangi is now managed
by the Department of Conservation, assisted by
volunteers and a community group, the Supporters of
Tiritiri Matangi. The island was set aside as a reserve
in the mid 1970s. Restoration of the indigenous plant
communities began in the mid 1980s, and since that
time 15 new fauna species have been re-established
there: 11 bird, 3 reptile and 1 invertebrate species.
Some of these species have now reached population
levels that can sustain “harvest” for translocation

to other restoration projects. The island has also

been used as a research site by tertiary education
institutions, with over 70 postgraduate research
projects completed to date (Galbraith and Cooper,
2013).

The ability to eradicate pest mammals from island
sanctuaries has also been applied to a number of
offshore islands in the New Zealand region and
elsewhere. The largest of these, Campbell Island, was
successfully rid of Norway rats during the winter of
2001. Rats had been present since before 1840 and
had successfully eliminated all native land birds and
most of the smaller seabirds from the 113-square-
kilometre main island. In just under a month, 120
tonnes of cereal bait containing the anticoagulant
toxin brodifacoum were spread across the island

by four helicopters. In 2005, after several checks
including using specially trained dogs, Campbell
Island was declared rat free. The removal of rats
from the main island allowed the reintroduction of
the Campbell Island teal, which had previously been
restricted to nearby rat-free Dent Island.
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Figure 1.10: Maungatautari Ecological Island Trust fence. Photo: lan Payton.
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INDICATOR 1.3 GENETIC DIVERSITY

Genetic diversity is the variation of genes within populations and species. As the ultimate source
of biological diversity at all levels, it is important for the functioning of healthy forest ecosystems.
Threats to gene pools come from climate change, catastrophic events, and human activities and
pressures.

Loss of genetic variation reduces the ability of species to adapt to environmental change; and for
society to maximise the potential benefits available from forest species - for example, for medicines
and other bio-resources. High levels of genetic diversity within populations are usually a measure of
their greater potential for survival. The loss of genetic variation within species also results in forest
ecosystems that are less resilient to change.

Understanding of genetic variation in indigenous forest-associated species remains limited. Most
studies focus on rare or endangered taxa. The most comprehensive account comes from studies of
threatened avifauna. Low levels of genetic diversity are present in most threatened endemic birds,
and in other plant and animal groups that have been studied. The dominance of a single exotic
plantation species, radiata pine, creates biotic risks, which are exacerbated when it is grown in
large-scale monoculture. The ability to counter these risks through breeding programmes relies on
the preservation of genetic diversity. Changes to forest ownership and institutional frameworks over
recent decades may be placing some of the existing radiata pine gene pool at risk. Similar issues
surround other plantation species, notably Douglas-fir, the eucalypts and the cypresses. Most exotic

non-tree forest-associated species are not at risk in this way.

Quality of information:

Progress against indicator:

Rationale

Indigenous Exotic
species

species

v

This indicator provides information on the number and distribution of forest-associated species

at risk of losing genetic variation across their population. This erosion in genetic variation makes
species less able to adapt to environmental change and more vulnerable to extinction. Some local
populations with unique gene pools may also risk being swamped by larger populations introduced

intentionally, by accident, or by natural processes.

Indigenous species
Understanding of genetic variation within and between

populations of indigenous species is still in its infancy.

Based on the handful of botanical studies that have
been done, low genetic diversity appears to be a
feature of New Zealand’s indigenous tree species. This
is thought to result from bottlenecks associated with
repeated glaciations during the Pleistocene.

Most studies of genetic variability in indigenous
species have focused on rare or endangered taxa, with
the aim of ensuring that conservation efforts target
the full range of genetic diversity. Examples include

the endemic root parasite Dactylanthus taylorii, which
typically occurs in small, isolated populations and

is threatened by possums and rats that browse the
inflorescences (Ecroyd, 1996). Genetic analysis across
the species range identified four populations as the
most genetically distinct at the national level, and
recommended that these be targeted for management
(Faville et al, 2000). More recently the genetic
variability of all known populations of the endangered
tree daisy Olearia gardneri was assessed to determine
the most appropriate conservation measures for this
species. Despite considerable emphasis on “eco-



sourcing” in plant recovery programmes, the study
concluded that this might not be the best strategy for
0. gardneri, due to its breeding system and population
size (Barnaud and Houliston, 2010).

By far the most comprehensive account of genetic
variation in indigenous species comes from studies
of New Zealand’s threatened avifauna (Jamieson,
2009). Historically, populations of endemic birds
have declined as a result of hunting and habitat

loss (Worthy and Holdaway, 2002), and continue

to decline as a result of introduced predators. Low
genetic diversity is a feature of most of New Zealand's
threatened endemic birds, with small island
populations typically containing less diversity than
their larger mainland counterparts (Boessenkool et al,
2007).

Low levels of genetic diversity in historical and recent
specimens of the takahé (Porphyrio hochstetteri), a
large flightless rail, suggest a dramatic population
decline in the period before European settlement, and
provide molecular support for the hypothesis that the
species was hunted to extinction over most of its range
by early Maori (Grueber and Jamieson, 2011).

This contrasts with the kakapo (Strigops habroptilus),
a large flightless nocturnal parrot, which was still
relatively common in southern New Zealand at

the time of European settlement but which is now
critically endangered. Here the mainland population,
which had higher levels of genetic variation, has been
driven to near extinction by introduced predators,
while the island population, which exhibits very
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low levels of genetic variability, is being intensively
managed to try to ensure the survival of the species
(Robertson, 2006).

Similar reductions in genetic diversity have been
demonstrated for species such as the saddleback
(Philesturnus carunculatus), mohua (Mohoua
ochrocephala) and kokako (Callaeas cinerea), all

of which are threatened by mammalian predation
(Innes et al, 2010). However, not all of the endemic
avifauna follow this pattern. A recent study of genetic
diversity in the stitchbird or hihi (Notiomystis cincta),
an endangered honeyeater, found the sole remaining
island population retained high levels of genetic
diversity relative to other New Zealand avifauna with
similar histories of decline (Brekke et al, 2011).

The challenge for conservation managers is to balance
the short-term risks to threatened species, which for
the fauna tend to be predator-related, against the
longer-term requirement to maintain genetic diversity
in order to maximise the ability of species to respond
to future challenges (Jamieson et al, 2008).

Exotic species

The commercial forestry sector in New Zealand is
based almost entirely on exotic plantations that are
dominated by a single species, radiata pine. In its
natural range, this species is restricted to five discrete
populations: three in coastal California and two on
small islands off the coast of Mexico. Since the

early 1950s, radiata pine has been the subject of a
large and intensive breeding programme (Burdon et
al, 2008; Dungey et al, 2009), which has provided
substantial genetic gains and received strong uptake
from the New Zealand forest industry (Burdon, 2010).

The dominance of a single exotic species creates
biotic risks, which are exacerbated when that species
is grown in large-scale monoculture. The risks take
two main forms. The first is that pests or diseases that
may or may not be present in the native environment
become established and run rampant. The second
occurs when species are grown outside the climatic or
edaphic range of their native environment. For radiata
pine, which comes from a winter-rainfall environment
but which is grown on summer-moist sites in

New Zealand, this increased risk is from fungal
diseases such as the foliar pathogen Dothistroma
septosporum, which first infected New Zealand
plantations in the early to mid-1960s.
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During the 1980s, forest industry and research
organisations established the Radiata Pine Breeding
Cooperative to manage the tree breeding and own the
genetic resources of radiata pine (Burdon, 2008).
This was superseded in 2000 by the Radiata Pine
Breeding Company, which now owns and manages

the genetic resource, including that of the original
landrace populations that underpin the main, elite and
production populations used by today’s forest industry.

The large-scale shift of plantation forests from public
to private ownership since the 1980s has resulted in
a loss of institutional knowledge of stands covenanted
to protect genetic resources, and created incentives
to prioritise short-term financial returns over issues
concerned with the longer-term security of the
industry. The change from forestry to more profitable
agricultural land uses, notably dairy farming, has also
been responsible for the loss of some covenanted
stands.

For researchers, the shift from bulk funding to a

more contestable model, in which funding outcomes
are heavily influenced by the forest industry, has
constrained their ability to investigate issues that

are not seen as immediate priorities by the industry.
On the regulatory front, continued strengthening of
biosecurity requirements is making it more difficult to
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import new or replacement genetic material. Despite
these concerns, the general view in the forest industry
is that, with radiata pine now entering its fourth
generation of breeding, there remains more than
enough genetic diversity for new selections against
disease (J Butcher, personal communication, 2014).
Similar issues surround other plantation species,
notably Douglas-fir, the eucalypts and the cypresses
(Dungey et al, 2012a, 2012b). Most non-tree exotic
forest-associated species are not at risk in this way.

The challenge for both government regulators and
industry representatives is to balance the requirement
for industry profitability against the need to maintain
the genetic diversity of the key forestry species in
order to maximise the ability of researchers to respond
to future challenges.
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Boessenkool, S; Taylor, SS; Tepolt, CK; Komdeur, J;
Jamieson, 1G (2007). Large mainland populations of
South Island robins retain greater genetic diversity
than offshore island refuges. Conservation Genetics 8:
705-714.

Brekke, P; Bennett, PM; Santure, AW; Ewen, JG
(2011). High genetic diversity in the remnant island
population of hihi and the genetic consequences of
re-introduction. Molecular Ecology 20: 29-45.

Burdon, RD; Carson, MJ; Shelbourne, CJA (2008).
Achievements in forest tree genetic improvement
in Australia and New Zealand 10: Pinus radiata in
New Zealand. Australian Forestry 71: 263-280.

Burdon, RD (2008). Breeding radiata pine - historical
overview. New Zealand Journal of Forestry 52: 4-6.
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New Zealand Journal of Forestry Science 40: 115~
122,

Butcher, J (2014) Personal communication: Radiata
Pine Breeding Company.

Dungey, HS; Brawner, JT; Burger, F; Carson, M;
Henson, M; Jefferson, P; Matheson, AC (2009). A new
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Dungey, HS; Russell, JH; Costa e Silva, J; Low, CB;
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Ecroyd, CE (1996). The ecology of Dactylanthus
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of Ecology 20: 81-100.

Faville, MJ; Holzapfel, AS; Gemmill, CEC (2000).
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New Zealand. Science and Research Internal Report
173. Department of Conservation; Wellington.
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Jamieson, I1G (2009). Loss of genetic diversity and
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Journal of Ecology 32: 130-137.
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The National Biodiversity Monitoring and Reporting Programme (NBMRP], recently implemented
by the Department of Conservation, is providing improved information on the population status of
selected forest-associated species or species groups (weeds, ungulates, possums, palatable tree
species, birds) that are considered to influence the diversity (including genetic diversity) of forests
on public conservation land. Indigenous plant species greatly outnumber exotic weeds in number
and abundance in forests on conservation land, and this has not changed over recent years.
Introduced ungulates and brushtail possums are widespread in forests. Both are less abundant
in beech than in non-beech forests. Palatable tree species such as kamahi, mahoe and broadleaf
continue to regenerate across public conservation land, although there are local sites where

pest mammals are preventing their regeneration. While the population size structures of these
palatable tree species have been maintained over the last decade, mortality rates have exceeded
the rate of recruitment, so current regeneration patterns may not be maintained. Results also
show that indigenous forests support at least twice as many native bird species as introduced

ones, in both beech and non-beech forests.

Quality of
information:

Rationale

Progress
against indicator:

This indicator provides information on the population status of selected forest-associated
species that are considered to reflect the genetic diversity present in forest ecosystems. Some
forest species support or rely heavily on particular forest structures, patterns, associations and
processes and can therefore be used to describe the status of genetic diversity in forests as a

whole.

Most indigenous forest species occupy a small
proportion of their former range, owing to the large-
scale forest clearance in New Zealand following first
Polynesian and later European settlement. The main
exceptions to this are the beech forests in the South
Island, which still occur over a large part of their pre-
settlement range.

The Department of Conservation’s recently
implemented National Biodiversity Monitoring

and Reporting Programme (see Indicator 1.2.a)
provides information on the population status

of selected forest-associated species or species
groups (weeds, ungulates, possums, palatable tree
species, birds) that are considered to influence the
diversity (including genetic diversity) of forests on
public conservation land. Data are obtained from a
nationally representative set of permanent plots that
was established in 2002-2007 and re-measured in
2009-2014 (Allen et al, 2009; Payton et al, 2004).14
Results from a partial re-measurement of the plot

14 These plots were initially established to estimate biomass carbon
stocks for New Zealand'’s greenhouse gas inventory.

network provide the first national-scale assessment of
the trends in the diversity of New Zealand’s indigenous
forest ecosystems (MacLeod et al, 2012).

Trends in the population status of the influential
introduced species (see also discussion on these
species as invasives under Indicator 3.a), as assessed
from results across the NBMRP plot network, show the
following:

¢ Indigenous plant species greatly outnumber exotic
weeds in forests on public conservation land.
Although weeds are widespread, most occur at
low frequency. The number and abundance of
weed species did not change significantly between
measurements. Forests in national parks had fewer
weed species than those on other types of public
conservation land. Plots closer to grasslands or
settlements had a higher percentage and number of
weed species than those further away (Table 1.13).

¢ Introduced ungulate (deer, goats) populations - a
serious threat to indigenous species diversity
because they can substantially alter the structure
and composition of forests, and have no natural
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Table 1.13: Number and frequency of weed species on indigenous forest plots

Number of indigenous species
Number of weed species

Percentage of plots with weeds

Mean number of weed species per plot

Mean percentage of weed species per plot

(n=328)
Source: MaclLeod et al, 2012.

predators — were mostly at low abundances
compared with those observed from the 1950s

to 1970s (Forsyth et al, 2011). This is likely to
be due to the sustained effects of commercial

and recreational hunting and Department of
Conservation control measures. In the most recent
measurement!S of the NBMRP plot network,
ungulates were present at 75 percent of the
sampling locations.

e Australian brushtail possums - originally introduced
to establish a fur trade, and primarily arboreal
browsers — were present at 80 percent of forest
sampling locations on the NBMRP plot network. As
with ungulates, possums have strong preferences for
broadleaved tree species, and have little impact on
beech or podocarp canopies (Payton, 2000).

The NBMRP also measures changes in the indigenous
species affected by introduced species. Kamahi
(Weinmannia racemosa) is an important indicator in
this regard. It is used to assess the status and trend
of palatable tree species because it forms forest
canopies throughout much of New Zealand and is
highly palatable to both ungulates and possums.
Death of adult trees in this species has been
attributed to possums (Rogers and Leathwick, 1997)
and failure of regeneration to ungulates (Payton et al,
1984). At a national scale, the size class structure

of kamahi in New Zealand forests did not change
between 2002-2007 and 2009-2012, and this
pattern was consistent between beech and non-beech
forests. However, for kamahi and other palatable tree
species such as mahoe and broadleaf, mortality rates
have exceeded recruitment over the last decade, so
current regeneration patterns may not be maintained
(Bellingham et al, 2014).

15 Data for animal (ungulate, possum, bird) populations were not

recorded during the initial measurement of the NBMRP plot network.

2002-2003 2009-2012
704 731
122 127
40.5 32.6
1.7(x0.5) 1.5(x0.4)
3.4(£0.9) 3.1(x0.9)

Results from the assessment of forest bird community
composition show that indigenous forests support at
least twice as many native bird species as introduced
ones. This pattern is consistent across forest types
(beech versus non-beech) and does not differ
between national park and other conservation land.
Encouragingly, the most abundant and widespread
species in indigenous forests include some of

New Zealand’s main avian pollinators and seed
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dispersers (bellbird, taT, silvereye) and cavity nesting
birds such as tomtits, riflemen and kakariki, which

are susceptible to mammalian predation. Of concern

is the relatively low occupancy estimates for kereri
(about 35 percent), New Zealand’s primary large-

seed disperser, and mohua or yellowhead (about

5 percent), a cavity nesting species known to be highly
susceptible to mammal (rat, stoat) predation.

Sources of information

Allen, RB; Wright, EF; MacLeod, CJ; Bellingham, PJ;
Forsyth, DM; Mason, NWH; Gormley, AM; Marburg
AE; MacKenzie, DI; McKay, M (2009). Designing

an inventory and monitoring programme for the
Department of Conservation’s Natural Heritage
Management System. Landcare Research Contract
Report LCO809/153. Prepared for the Department of
Conservation by Landcare Research. Department of
Conservation; Wellington.

Bellingham, PJ; Richardson, SJ; Gormley, A M;
Husheer, SW; Monks, A (2014). Department

of Conservation biodiversity indicators: 2014
assessment. Landcare Research Contract Report
LC1957. Prepared for the Department of Conservation
by Landcare Research. Department of Conservation;
Wellington.

Forsyth, DM; Thomson, C; Hartley, LJ; MacKenzie,
DI; Price, R; Wright, EF; Mortimer, JAJ; Nugent, G;
Wilson, L; Livingstone, P (2011). Long-term changes
in the relative abundances of introduced deer in

Australian brushtail possum.

New Zealand estimated from faecal pellet frequencies.
New Zealand Journal of Zoology 38: 237-249.

MaclLeod, CJ; Affeld, K; Allen, RB; Bellingham, PJ;
Forsyth, DM; Gormley, AM; Holdaway, RJ; Richardson,
SJ; Wiser, SK (2012). Department of Conservation
biodiversity indicators: 2012 assessment. Landcare
Research Contract Report LC1102. Prepared for the
Department of Conservation by Landcare Research.
Department of Conservation; Wellington.

Payton, IJ (2000). Damage to native forests. In
Montague, T (ed) The brushtail possum: biology,
impact and management of an introduced marsupial.
Manaaki Whenua Press; Lincoln.

Payton, |J; Newell, CL; Beets, PN (2004).

New Zealand carbon monitoring system indigenous
forest and shrubland data collection manual. Prepared
for the Ministry for the Environment by Landcare
Research and Forest Research. Ministry for the
Environment; Wellington.

Payton, J; Allen, RB; Knowlton, JE (1984). A post-fire
succession in the northern Urewera forests, North
Island, New Zealand. New Zealand Journal of Botany
22: 207-222.

Rogers, GM; Leathwick, JR (1997). Factors
predisposing forests to canopy collapse in the southern
Ruahine Range. New Zealand Biological Conservation
80: 325-338.
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Efforts to understand and maintain the genetic diversity of iconic species such as kiwi, tuatara
and kauri have gathered pace over recent decades and are now widely supported. However, little
or nothing is known about the genetic variability of most endemic species, and few are being

actively managed to ensure genetic diversity is retained.

Quality of
information:

Rationale

Progress

against indicator:

This indicator provides information that describes on site (or in situ) and off site (or ex situ)

efforts to conserve genetic diversity within species. Some species have suffered from a loss

of genetic variability due to population decline and a reduction in their former range and

distribution. Continued loss of genetic variability will threaten the viability of these species and

may accelerate a decline that may lead ultimately to extinction.

The Department of Conservation is the central
government agency charged with protecting

New Zealand’s indigenous flora and fauna. Strategies
for conserving individual species or species groups
are published in Threatened Species Recovery Plans.
These specify the steps that need to be taken to
prevent extinction and return the species to a non-
threatened state. Recovery plans are primarily used
by departmental staff to allocate resources and guide
work programmes. They also provide a framework for
initiatives with tangata whenua, community interest
groups, landowners, researchers and members of the
public. The following examples provide a glimpse of
efforts to conserve the genetic diversity of several
iconic New Zealand species.

Kiwi (Apteryx spp.) are nocturnal forest dwellers. Until
recent decades, their decline went largely unnoticed.
The current recovery plan (2008-2018), which is the
third since 1991, covers all five formally described
species and the recognised variations within these.
Since 1991 the conservation focus has shifted from
research (first plan) and raising public awareness
(second plan), to increasing management efforts to
halt the decline in genetic diversity in each of the taxa
(third plan). Funding for kiwi protection from public
and private sources, including corporate sponsorship,
has increased significantly over recent years. Despite
this, much remains to be done. Populations of the
three most abundant species are either confirmed
(brown kiwi, A. mantelli) or assumed (great spotted

kiwi, A. haastii; tokoeka, A. australis) to be still be
in overall decline. Although declines of the critically
endangered rowi (A. rowi) and Haast tokoeka have
been arrested, their low numbers mean they remain
vulnerable. Little spotted kiwi (A. owenii) are extinct
on the mainland, but are increasing in numbers

on several offshore islands and in predator-free
sanctuaries on the mainland.

Today about 70 community groups actively protect
kiwi over a combined area of 50 000 hectares, and
Department of Conservation recovery programmes
protect another 70 000 hectares of kiwi habitat.

In addition to predator control, kiwi eggs from
populations of the most critically endangered taxa
are harvested from the wild, and the chicks reared
in predator-free surroundings. When large enough
to fend off predators, the birds are returned to their
original habitat. Despite the ongoing decline of some
taxa, there are positive signs: there is strong public
awareness of and engagement with the plight of the
kiwi; the research programme has provided a sound
basis for their management; and population trends
are generally positive where effective conservation
management is being applied.

The tuatara (Sphenodon punctatus) is the sole survivor
of an order of reptiles that flourished during the age

of the dinosaurs, some 200 million years ago. Before
humans arrived, it was found throughout mainland
New Zealand, but today survives only on a small
number of offshore islands. During the past 100
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years, tuatara populations have become extinct on 10
of these islands. There is good evidence to link the
decline of tuatara with the presence of rats. On islands
where rats are present, tuatara numbers are low and
there are few if any juveniles in the population. In
addition to preying on eggs and juvenile tuatara, rats
compete for the invertebrates, lizards and nesting
seabirds on which tuatara feed. Researchers have
developed captive breeding techniques and identified
the role of temperature in determining the sex of
hatchlings. Populations removed from islands during
rat eradication campaigns have been boosted using
these techniques, and show renewed vigour when
returned to their predator-free island homes. New
breeding populations are also being established on
predator-free islands, including some where the public
are able to see and interact with the reptiles.

At the time of European settlement, kauri (Agathis
australis) was a dominant tree species in the lowland
forests of northern New Zealand. As a result of
excessive timber extraction during the 19th and early
20th centuries, mature stands of the species are now
largely restricted to publicly owned reserve land. Giant
individual trees (for example, Tane Mahuta, Te Matua
Ngahere), some of which are over 1000 years old and

...II|I i/

Eéuri diéback, Pakiri.
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exceed 4.5 metres in diameter, are accorded special
status and have become major tourist attractions.

Kauri dieback was first observed on Great Barrier
Island in the early 1970s (Gadgil, 1974). Symptoms
included yellowing foliage, canopy thinning and
occasional tree death. Affected trees frequently had
lesions on the lower trunk and main roots, which bled
copious quantities of resin. The causal agent is a
previously unknown species of Phytophthora, currently
referred to as Phytophthora taxon Agathis or PTA.
These are fungus-like microorganisms that live in the
soil and are spread through the movement of soil and
water. Over the last decade, surveys have identified
PTA at numerous sites throughout Northland,
Auckland and, most recently, the Coromandel
Peninsula. This has led to concerns over the continued
survival of iconic kauri trees, the loss of genetic
variability within the species, and the flow-on effects
for kauri-dominated ecosystems that support flora and
fauna not found elsewhere.

The response of national and regional government
agencies has been to establish a joint management
agency team to co-ordinate efforts to limit the further
spread of the disease, and to research options for




treating infected or threatened trees. While it is
premature to say whether efforts to contain the disease
have been successful, recently published research
(Horner and Hough, 2013) suggests that phosphite,'¢
which is used to combat other Phytophthora diseases,
is an effective agent against PTA.

These are but three examples of an ever-increasing
number of on site and off site programmes aimed
at conserving the genetic diversity of New Zealand'’s
endemic flora and fauna. However, the positive note
sounded here needs to be balanced against the
realisation that little or nothing is known about the
genetic variability of most endemic species, and
that only a very small percentage are being actively
managed to ensure genetic diversity is retained.

Sources of information

Beever, RE; Waipara, NW; Ramsfield, TD; Dick, MA;
Horner, 1J (2009). Kauri (Agathis australis) under
threat from Phytophthora? Proceedings of the 4th
meeting of the International Union of Forest Research
Organisations (IUFRO) Working Party S07.02.09,
26-31 August 2007. USDA Forest Service General
Technical Report PSW-GTR-221; Monterey, California;
pp 74-85.

Department of Conservation Threatened Species
Recovery Plans (1991-2014). http://www.doc.govt.nz/
publications/science-and-technical/products/series/threatened-
species-recovery-plans/. Accessed 6 July 2015.

Gadgil, PD (1974). Phytophthora heveae, a pathogen
of kauri. New Zealand Journal of forestry Science 4:
59-63.

16 Phosphorous acid.
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Horner, 1J; Hough, EG (2013). Phosphorous acid
for controlling Phytophthora taxon Agathis in kauri:
glasshouse trials. New Zealand Plant Protection 66:
242-248.

Waipara, NW; Hill, S; Hill, LMW; Hough, EG; Horner,
[J (2013). Surveillance methods to determine tree
health, distribution of kauri dieback disease and
associated pathogens. New Zealand Plant Protection
66: 235-241.

Further reading

Colbourne, R (2002). Incubation behaviour and egg
physiology of kiwi (Apteryx spp.) in natural habitats.
New Zealand Journal of Ecology 26: 129-138.

Colbourne, R; Bassett, S; Billing, T; McCormick,
H: McLennan, J; Nelson, A; Robertson, H (2005).
The development of Operation Nest Egg as a tool
in the conservation management of kiwi. Science
for Conservation 259. Department of Conservation;
Wellington.

Hay, JM; Sarre, SD; Lambert, DM; Allendorf,

FW (2010). Genetic diversity and taxonomy: a
reassessment of species designation in tuatara
(Sphenodon: Reptilia). Conservation Genetics 11:
1063-1081.

Ramstad, KM; Paine, G; Dunning, DL; Geary, AF;
Keall, SN; Nelson, NJ (2009). Effective partnerships
between universities and indigenous communities: a
case study in tuatara conservation in Aotearoa. Journal
of the Royal Society of New Zealand 39: 229-231.
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CRITERION 2:

MAINTENANCE OF PRODUCTIVE CAPACITY OF
FOREST ECOSYSTEMS

Many communities depend on forests directly or indirectly for a wide range of forest-based goods and services.
The sustainable provision of these services is clearly linked to the productive capacity of the forest. If this
capacity is exceeded, there is a risk of ecosystem decline or collapse.

For forests to be sustainable, it is necessary to understand the levels at which goods and services may be
extracted or used without undermining the functioning of forest ecosystems and processes. The nature of
goods and services provided by forests change over time due to social and economic trends, and technological
developments. Change in the productive capacity of forests may be a signal of unsound forest management

practices or other agents that are affecting forest ecosystems in some way.

Table 2.1 lists the indicators covered in this section.

Table 2.1: Indicators for Criterion 2 — quality of information and trends

Criterion 2: Maintenance of productive capacity of forest ecosystems Quality of information Trend
24 Area and percent of forest land and net area of forest land available for wood H
’ production
oh Total growing stock and annual increment of both merchantable and non- M/H
’ merchantable tree species in forests available for wood production
2.c Area, percent and growing stock of plantations and native and exotic species L/H
Annual harvest of wood products by volume and as a percentage of net growth or
2.d . ) M/H
sustained yield
2.e Annual harvest of non-wood forest products L/M
L =low Neutral
M = medium Positive

H = high Negative W
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Key changes since 2008 are:

e a decrease of about 3 percent in the area of
plantation forests available for wood production;

* an increase in the standing volume of wood in
plantation forests to about 512 million cubic
metres, reflecting an increase in the average age;

e the publication of a new set of regional and national
wood availability forecasts;

¢ the ongoing development in the use of indigenous
plant extracts in skincare and medicinal products.

The total forest area available for wood production

is 1.9 million hectares. This is dominated by the
plantation forest estate, which contributes 1.7 million
hectares. These statistics have changed little over

the last decade. While the area of plantation forests
decreased by 3 percent between 2007 and 2013,
the estimated standing volume has increased by 18
percent to 512 million cubic metres over this period
—as a result of the increasing area-weighted average
age.

In 2014, radiata pine accounted for 90 percent of
the plantation forest estate (by area); the next most
common species was Douglas-fir at 6 percent. Total
harvested volume was 30.3 million cubic metres, up
from 20 million cubic metres in 2007.

The area of indigenous forest available for wood
production under approved plans and permits declined
by 26 percent between 2007 and 2013, and currently
stands at 84 000 hectares. Total harvested volumes,

which fluctuated between 16 000 and 18 000 cubic
metres annually between 2007 and 2012, increased
to 26 000 cubic metres in 2013. Recent analysis
suggests that about 250 000 hectares of privately
owned indigenous forests have the potential to be
sustainably managed for timber production with an
annual sustainable yield of about 300 000 cubic
metres, over 90 percent of which would be from
beech species. Estimates of the area of indigenous
plantations range from 100 to 2500 hectares. Most
are small and many may not have been established for
the sole purpose of producing timber.

Non-wood forest products industries are not well
developed in New Zealand. On a national basis,
trapping and hunting of introduced brushtail possums
and deer for pelts, fibre and meat, and honey
production are still the main focus. The number of
animals harvested varies considerably from year to
year in line with market conditions. The harvesting
and exporting of sphagnum moss, which has been a
significant factor in the economy of the West Coast of
the South Island, has declined over recent years.

New non-wood forest product industries based on the
use of indigenous plant extracts for skincare and other
medicinal purposes continue to develop. Research
trials and small-scale production of edible mycorrhizal
fungi and ginseng are being developed in some
production forests. Maori also traditionally harvest
medicinal herbs.

N
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The total area of forest land and the area of forest land available for wood production have
decreased slightly over the last decade. This is largely the result of plantation forests being
converted to more profitable agricultural land uses following harvest.

Quality of
information:

Rationale

Progress
against indicator:

This indicator measures the availability of forest land for wood production compared with the
total forest area of a country. It provides information that will help assess the capacity of forests

to produce wood to meet society’s needs.

Indigenous forests

Recent analyses of satellite imagery put the area

of tall indigenous forest in New Zealand at about
6.8 million hectares. A further 1.2 million hectares
are classified as regenerating forest. With one
exception,'” all publicly owned indigenous forests
are protected for the conservation of indigenous
biodiversity. Analysis of privately owned indigenous
forests (Griffiths and Wooton, 2012) indicates that
about 360 000 hectares of tall forest classes contain
targeted commercial species (rimu, tawa, and red

17 The exception is a 12 000-hectare block of beech forest in western
Southland.

and silver beech) and that in over 70 percent of this
area, volumes are likely to be sufficient to support
commercial harvesting. Currently about 23 percent
of these forests have approved sustainable forest
management plans and permits.

Privately owned indigenous forests harvested for
timber are managed under the Forests Act 1949 (Part
3A, amended 1993), which specifies provisions and
procedures for their sustainable management. These
provisions are administered by the Ministry for Primary
Industries, which approves sustainable management
plans and permits and enforces compliance.

Table 2.2: Areas and percentages of forest land available for wood production (000 hectares)

Total plantation forest area’

Area available for wood production
Percentage available for wood production
Total indigenous forest area?

Area available for wood production®
Percentage available for wood production
Total forest area

Area available for wood production

Percentage available for wood production

2003 2007 2013
1827 1826 1780
1827 1826 1780
100 100 100
8080 8071 8 067
79 113 84

1 1 1
9907 9897 9 847
1906 1939 1864
19 20 19

Notes: 1. Net stocked forest area plus harvested areas awaiting replanting at 31 March 2003, 2007 and 2013.

2. Includes regenerating forest.

3. Area under approved sustainable forest management plans and permits at 1 April 2003, 2007 and 2014.
Sources: 1. Ministry of Agriculture and Forestry, 2004, 2008; Ministry for Primary Industries, 2013.
2. New Zealand Land Use Map 1990-2008. (Data on post 2008 indigenous forest area changes provided by the Land Use and Carbon Analysis System

(LUCAS) team at the Ministry for the Environment.)
3. Ministry for Primary Industries, 2014b.
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Plantation forests

Data on plantation forest areas available for wood
production are based on grower surveys and reported
annually in the National Exotic Forest Description.
This publication records net stocked forest area,
including harvested areas awaiting restocking. All
plantation forests in Table 2.2 are considered to be
available for wood production. Some additional areas
have been planted primarily to protect highly erodible
soils.

The area of plantation forest peaked at 1.84 million
hectares in 2006, and since then has declined by
about 3 percent.

Sources of information

Griffiths, A; Wooton, M (2012). Assessment of private
indigenous forest land in New Zealand. Ministry for
Primary Industries; Christchurch (unpublished).

Ministry for Primary Industries (2013). National
Exotic Forest Description as at 1 April 2012. Ministry
for Primary Industries; Wellington, www.mpi.govt.nz/
document-vault/3951. Accessed 20 July 2015.

Ministry for Primary Industries (2014). National Exotic
Forest Description as at 1 April 2013. Ministry for
Primary Industries, Wellington. http://www.mpi.govt.nz/
news-resources/publications.aspx?title=National_Exotic_Forest_
Description. Accessed 6 July 2015.

Ministry for Primary Industries (2014a). New Zealand
country report for the Global Forest Resources
Assessment 2015. Report prepared by the

New Zealand Ministry for Primary Industries for the
United Nations Food and Agriculture Organization
(unpublished).

Ministry for Primary Industries (2014b). Statistics of
areas of approved and registered sustainable forest
management plans and permits. Ministry for Primary
Industries; Christchurch (unpublished).

Ministry for the Environment (2012). LUCAS

New Zealand Land Use Map 1990-2008. Version 11.
http://koordinates.com/layer/4316-lucas-new-zealand-land-use-
map-1990-2008-v011/#. Accessed 26 May 2015.

Ministry of Agriculture and Forestry (2004). National
Exotic Forest Description as at 1 April 2003. Ministry
of Agriculture and Forestry; Wellington. http:/maxa.maf.
govt.nz/mafnet/publications/nefd/national-exotic-forest-2003/.
Accessed 20 July 2015.

Ministry of Agriculture and Forestry (2008). National
Exotic Forest Description as at 1 April 2007. Ministry
of Agriculture and Forestry; Wellington. http:/maxa.maf.
govt.nz/mafnet/publications/nefd/national-exotic-forest-2007/

index.htm. Accessed 20 July 2015.
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CRITERION 2: Maintenance of productive capacity of forest ecosystems - 49

Despite a 3 percent reduction in the area available for wood production, between 2007 and 2013
the standing volume of plantation forests has increased by 18 percent. Recent estimates suggest
that the standing volume of indigenous forests has remained stable over the last decade at a little
over 3200 million cubic metres. The potential for sustainable harvest of timber from privately
owned indigenous forests is conservatively estimated to be 300 000 cubic metres per annum,
most of which is red or silver beech.

Quality of Progress
information: against indicator:

Rationale

This indicator measures the growing stock and annual increment of forest area available for wood
production to meet society’'s needs. The annual increment and growing stock can be related to the
volume harvested each year to provide a means to demonstrate the sustainable management of

forest resources.

Plantation forests Total standing volume is the volume of wood contained
Despite a small reduction in the area available for in stems of all age classes. It includes some non-
wood production over the last decade, the standing recoverable volume (commonly about 15 percent), but
volume of New Zealand's plantation forests, as excludes bark.

estimated by the National Exotic Forest Description,
has increased by an average of 9 million cubic
metres per annum. The increase in standing volume
is reflected in the average age of plantation forest
stands, which has increased from 13.7 to 16.4 years

over the same period (Table 2.3). given in Table 2.4.

Radiata pine (90 percent) and Douglas-fir (6 percent)
are the main plantation species in New Zealand. The
mean annual increments for these species over the
New Zealand plantation forest estate, as estimated by
the National Exotic Forest Description yield tables, are

Table 2.3: Stem volume and stand age in plantation forests available for wood production

2003 2007 2013
Area available for wood production! 1827 1 826 1780
Total standing volume? 398 434 512
Area-weighted average age® 13.7 14.8 16.4
Notes: 1. Net stocked forest area (000 ha) plus harvested areas awaiting replanting at 1 April 2003, 2007 and 2013.
2. Total stem volume (million m?, under bark).
3. Age (years).
Sources: 1. Ministry of Agriculture and Forestry, 2004, 2008.
2. Ministry for Primary Industries, 2014a.
Table 2.4: Mean annual increment of total recoverable volume (cubic metres per hectare)
Stand age (years) 25 30 35 40
Radiata pine 17.6 19.2 20.0 20.2
Douglas-fir 11.8 13.1 13.9 14.8

Source: Ministry of Forestry, 1996.
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Tahle 2.5: Mean annual increment (cubic metres per hectare) for indigenous timber species

Species Botanical name

Kauri Agathis australis

Rimu Dacrydium cupressinum
Red beech Fuscospora® fusca

Mountain beech Fuscospora’ cliffortioides

Silver beech Lophozonia' menziesii
Tawa Beilschmiedia tawa

Notes: 1. Formerly the genus Nothofagus.
2. Not specified whether total or total recoverable volume.
3. Total recoverable volume.
Sources: 1. G Stewart, 1991.
2. J Wardle, 1984.
3. P Wardle, 1991.

Indigenous forests

Current estimates suggest that, at a national scale,
wood volumes in indigenous forests have remained
stable over the last decade at a little over 3200
million cubic metres. Broadleaved species (notably
the southern beeches) contribute 88 percent of

this volume, and coniferous species (notably the
podocarps) the remaining 12 percent (Beets et

al, 2009). The potential for sustainable harvest of
timber from indigenous forests in private ownership
is conservatively estimated at about 300 000 cubic
metres per annum standing volume, of which about
200 000 cubic metres would be sawlog quality. At
least 90 percent of this timber is red or silver beech
(Griffiths and Wooton, 2012; KPMG, 2013). Current
indigenous wood removals are predominantly silver
beech, with lesser amounts of red beech, hard beech
and rimu.

Limited data on annual increment are available for the
main indigenous timber species (Table 2.5).
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CRITERION 2: Maintenance of productive capacity of forest ecosystems - 51

The National Exotic Forest Description continues to provide comprehensive data on exotic
plantation forests, including details on area, and growing stock by species or species groups.
There is no consolidated assessment of indigenous plantation area or standing volume.

Quality of
information:

Rationale

Progress
against indicator:

This indicator provides information on the nature and extent of plantation forests. Changes in the
area of plantation reflect society’s present and future needs or the impact of competing land uses
on forest cover. The use of both native and exotic plantation species may enhance the range and

quantity of goods and services available.

Exotic plantations

Almost all of New Zealand’s timber production comes
from exotic plantation species. Radiata pine and
Douglas-fir predominate, and together account for over
95 percent of the total area and the total standing
volume (Table 2.6).

While the area of exotic plantations in New Zealand
has declined over the last decade (see Indicator
1.1.a), the standing volumes of the two main species
have continued to increase: radiata pine by 27 percent
and Douglas-fir by 54 percent (Figure 2.1). These
increases are a result of the maturing of the new
plantings in the mid-1990s.

Indigenous plantations

Estimates of the total area of indigenous plantations
range from 100 to 2500 hectares. The largest areas
were established by the former New Zealand Forest
Service following logging of old growth indigenous
forests. They were primarily indigenous conifers (kauri,
rimu and totara). Most of these historical plantings
are on land that is now managed by the Department
of Conservation, and are therefore unlikely to be
harvested. Most present-day plantings are small

(< 1 hectare) and have been established for a mix of
pUrposes.

Tahle 2.6: Area and growing stock of exotic plantation species or species groups (as at 2013)

Species or species group Area (ha)
Radiata pine 1553700
Douglas-fir 106 500
Cypresses? 10 100
Other softwoods? 23 600
Eucalypts* 22 000
Other hardwoods® 12 600
TOTAL 1728 500'

Notes: 1. Excludes 51 900 hectares that have been harvested and await replanting.

2. Cupressus macrocarpa, C. lusitanica, and other Cupressus species.

Percentage of Growing stock Percentage of total

total area (million m3) growing stock
89.9 469.5 91.7

6.1 29.2 5.7

0.6 1.2 0.2

1.4 5.4 1.1

1.3 4.1 0.8

0.7 2.7 0.5
100.0 512.1 100.0

3. Pines (other than radiata), firs (other than Douglas-fir), larches and redwood.

4. All Eucalyptus species.

5. Broadleaved trees including Tasmanian blackwood, walnut, oak, poplar, willow, paulownia, birch, alder and elm.

Source: Ministry for Primary Industries, 2014.
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Figure 2.1: Change in the standing volume of plantation forest species or species groups hetween 2003 and 2013
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Sources: Ministry for Primary Industries, 2012-2014, National Exotic Forest Description; Ministry of Agriculture and Forestry,

2003-2011, National Exotic Forest Description.
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