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AEBAR 2015

PREFACE

This, the 2015 edition of the Aquatic Environment and Biodiversity Annual Review, expands and updates previous
editions. It summarises information on a range of issues related to the environmental effects of fishing and aspects of
marine biodiversity and productivity relevant to fish and fisheries. This review is a conceptual analogue of the Ministry’s
annual Fisheries Assessment Plenary reports. It summarises the most recent data and analyses on particular aquatic
environment issues and, where appropriate, assesses current status against any specified targets or limits. Whereas the
Fisheries Assessment Plenary reports are organised by fishstock, the Aquatic Environment and Biodiversity Annual
Review is organised by issue (e.g. protected species bycatch, benthic impacts), and almost all issues involve more than
one fishstock or fishery.

Several Fisheries Assessment Working Groups (FAWGs) contribute to the Fisheries Assessment Plenary, but only two
generally contribute to the Aquatic Environment and Biodiversity Annual Review. These are the Aquatic Environment
Working Group (AEWG) and the Biodiversity Research Advisory Group (BRAG). A wide variety of research is summarised
in the Aquatic Environment and Biodiversity Annual Review, and some of this is peer-reviewed through processes other
than the Ministry’s science working groups. In particular, the Department of Conservation funds and reviews research on
protected species, and the Ministry of Business, Innovation and Employment funds a wide variety of research, some of
which is relevant to fisheries. Where such research is relevant to fisheries it is considered for inclusion in the review.

Continual future expansion and improvement of this review is anticipated and additional chapters will be developed to
provide increasingly comprehensive coverage of the issues. A new chapter is included this year for the common dolphin,
and the appendix summarising aquatic environment and marine biodiversity research since 1998 has been updated. Data
acquisition, modelling, and assessment techniques will also progressively improve, and it is expected that reference
points to guide fisheries management decisions will be developed. Both will lead to changes to the current chapters. We
hope the condensation of the information from previously scattered reports into this annual review will continue to
assist fisheries managers, stakeholders and other interested parties to understand the issues, locate relevant documents,
track research progress and make informed decisions.

This revision has been led by the Science Group within the Directorate of Fisheries Management of the Ministry for
Primary Industries (primarily Martin Cryer, Rohan Currey, Anne Rose Galland, Rich Ford, Mary Livingston, and Nathan
Walker) but has relied critically on the input of members of the AEWG and BRAG, as well as the Department of
Conservation’s Conservation Services Technical Working Group and individuals who were commissioned to assist. | would
especially like to recognise and thank the large number of research providers and scientists from research organisations,
academia, the seafood industry, environmental NGOs, Maori customary, DOC and MPI, along with all other technical and
non-technical participants in present and past AEWG and BRAG meetings for their substantial contributions to this
review. My sincere thanks to each and all who have contributed.

| am pleased to endorse this document as representing the best available scientific information relevant to those aspects
of the environmental effects of fishing and marine biodiversity covered, as at December 2015.

",

\"a w0l Wac,

Pamela Mace
Principal Advisor Fisheries Science
Ministry for Primary Industries
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AEBAR 2015: Introduction

1 INTRODUCTION

1.1 CONTEXT AND PURPOSE

This document contains a summary of information and
research on aquatic environment issues relevant to the
management of New Zealand fisheries. It is designed to
complement the Ministry’s annual Reports from Fisheries
Assessment Plenaries (e.g., the November Plenary, MPI
2015b, and the May plenary, MPI1 2015a) and emulate those
documents’ dual role in providing an authoritative
summary of current understanding and an assessment of
status relative to any overall targets and limits. However,
whereas the Reports from Fisheries Assessment Plenaries
have a focus on individual fishstocks, this report has a focus
on aquatic environment fisheries management issues and
biodiversity responsibilities that often cut across many
fishstocks, fisheries, or activities, and sometimes across the

responsibilities of multiple agencies.

This update has been developed by the Science Team
within the Fisheries Management Directorate of the
Regulation and Assurance branch, Ministry for Primary
Industries (MPI). It does not cover all issues but, as
anticipated, includes more chapters than previous editions.
As with the Reports from Fisheries Assessment Plenaries, it
is expected to change and grow as new information
becomes available, more issues are considered, and as
feedback and ideas are received. This synopsis has a broad,
national focus on each issue and the general approach has
been to avoid too much detail at a local, fishery, or fishstock
level. For instance, the benthic (seabed) effects of mobile
bottom-fishing methods are dealt with at the level of all
bottom trawl and dredge fisheries combined rather than at
the level of a target fishery that, although it might be locally
important, might contribute only a small proportion of the
total impact. The details of benthic impacts by individual
fisheries will be documented in the respective chapters in
the May or November Report from the Fisheries
Assessment Plenary, and linked there to the fine detail and
analysis in Aguatic Environment and Biodiversity Reports
(AEBRs), Fisheries Assessment Reports (FARs), and Final
Research Reports (FRRs). Such sections have already been
developed for several species in the Fishery Assessment
Plenary Reports, and others will follow.

The first part of this document describes the legislative and
broad policy context for aquatic environment and
biodiversity research commissioned by MPI, and the
science processes used to generate and review that
research. The second, and main, part of the document
contains chapters focused on various aquatic environment
issues for fisheries management. Those chapters are
divided into five broad themes: protected species; non-
QMS (mostly fish) bycatch; benthic effects; ecosystem
issues (including New Zealand’s oceanic setting); and
marine biodiversity. A third part of the review includes a
number of appendices for reference. This review is not yet
comprehensive in its coverage of all issues or of all research
within each issue, but attempts to summarise the best
available information on the issues covered. Each chapter
has been considered by the appropriate working group at
least once.

1.2 LEGISLATION

The primary legislation for the management of fisheries,
including effects on the aquatic environment, is the
Fisheries Act 1996. The main sections setting out the
obligation to avoid, remedy, or mitigate any adverse effect
of fishing on the aquatic environment are sections 8, 9, and
15, although sections 10, 11, and 13 are also relevant to
decision-making under this Act (Table 1.1). The Ministry
also administers the residual parts of the Fisheries Act 1983,
the Treaty of Waitangi (Fisheries Claims) Settlement Act
1992, the Fisheries (Quota Operations Validation) Act 1997,
the Maori Fisheries Act 2004, the Maori Commercial
Aquaculture Claims Settlement Act 2004, the Aquaculture
Reform (Repeals and Transitional Provisions) Act 2004, the
Driftnet Prohibition Act 1991, and the Antarctic Marine
Living Resources Act 1981. Other Acts are relevant in
specific circumstances: the Wildlife Act 1953 and the
Marine  Mammals Protection Act 1978 for protected
species; the Marine Reserves Act 1971 for “no take” marine
reserves; the Conservation Act 1987; the Hauraki Gulf
Marine Park Act 2000; the Resource Management Act 1991
for issues in coastal marine areas that could affect fisheries
interests or be the subject of sustainability measures under
section 11 of the Fisheries Act; and the
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Table 1.1: Sections of the Fisheries Act 1996 relevant to the management of the effects of fishing on the aquatic environment.

Fisheries Act 1996

s8 Purpose —

(1) The purpose of this Act is to provide for the utilisation of fisheries resources while ensuring sustainability, where

(2) “Ensuring sustainability” means —

(a) Maintaining the potential of fisheries resources to meet the reasonably foreseeable needs of future generations: and

(b) Avoiding, remedying, or mitigating any adverse effects of fishing on the aquatic environment:

“Utilisation” means conserving, using, enhancing, and developing fisheries resources to enable people to provide for their social,
economic, and cultural well-being.

s9 Environmental Principles.

associated or dependent species should be maintained above a level that ensures their long-term viability;
biological diversity of the aquatic environment should be maintained:

habitat of particular significance for fisheries management should be protected.

s11 Sustainability Measures. The Minister may take into account, in setting any sustainability measure, (a) any effects of fishing on
any stock and the aquatic environment;

s15 Fishing-related mortality of marine mammals or other wildlife. A range of management considerations are set out in the Fisheries
Act 1996, which empower the Minister to take measures to avoid, remedy or mitigate any adverse effects of fishing on associated or
dependent species and any effect of fishing-related mortality on any protected species. These measures include the setting of catch

limits or the prohibition of fishing methods or all fishing in an area, to ensure that such catch limits are not exceeded.

and Continental Shelf
(Environmental Effects) Act 2012 for issues outside the

Exclusive Economic Zone
Territorial Sea. These Acts are administered by other
agencies and this leads to a requirement for the Ministry
for Primary Industries to work with other government
departments (especially the Department of Conservation
and through the Natural Resource Sector!) and with
various territorial authorities (especially Regional Councils)
to a greater extent than is required for most fisheries stock

assessment issues.

lie various layers of
(see
http://www.legislation.govt.nz/). It is beyond the scope of

Under the primary legislation

Regulations and Orders in Council

this document to summarise these.

In addition to its domestic legislation, the New Zealand
government is a sighatory to a wide variety of International
Instruments and Agreements that bring with them various

1 The Natural Resources Sector is a network of
government agencies established to enhance
collaboration. Its main purpose is to ensure a strategic,
integrated and aligned approach is taken to natural
resources development and management across
government agencies. The network is chaired by MfE’s

International Obligations (Table 1.2). Section 5 of the
Fisheries Act requires that the Act be interpreted in a
manner that is consistent with international obligations
and with the Treaty of Waitangi (Fisheries Claims)
Settlement Act 1992.

1.3 POLICY SETTING

1.3.1 OUR STRATEGY 2030 AND MPI’S
STATEMENT OF INTENT 2014/19

The Ministry for Primary Industries is the principal adviser
to the
aquaculture, fisheries, forestry, and food industries, animal

Government on agriculture, horticulture,
welfare, and the protection of New Zealand’s primary
industries from biological risk. MPI’s Strategic Intentions

(Formerly called Statement of Intent, SOI), document is an

Chief Executive. The Sector aims to provide high-quality
advice to government and provide effective
implementation and execution of major government
policies through coordination and integration across
agencies, management of relationships, and alignment of
the policies and practices of individual agencies.
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important guiding document for the short to medium term.
That for 2015-20 is available on the Ministry’s website at:

http://www.mpi.govt.nz/document-vault/9602

Table 1.2: International agreements and regional agreements to which New Zealand is a signatory, that are relevant to the management of the effects of
fishing on the aquatic environment.

International Instruments

Convention on the Conservation of Migratory Species of
Wild Animals (CMS). Aims to conserve terrestrial, marine
and avian migratory species throughout their range.
Agreement on the Conservation of Albatrosses and Petrels
(ACAP). Aims to introduce a number of conservation
measures to reduce the threat of extinction to the
Albatross and Petrel species.

Convention on Biological Diversity (CBD) Provides for
conservation of biological diversity and sustainable use of
components. States accorded the right to exploit
resources pursuant to environmental policies.

United Nations Convention on the Law of the Sea
(UNCLOS) Acknowledges the right to explore and exploit,
conserve and manage natural resources in the State’s
EEZ...with regard to the protection and preservation of
the marine environment including associated and
dependent species, pursuant to the State's
environmental policies.

Convention on the International Trade in Endangered
Species of Wild Fauna and Flora (CITES). Aims to ensure
that international trade in wild animals and plants does
not threaten their survival.

United Nations Fishstocks Agreements. Aims to lay down
a comprehensive regime for the conservation and
management of straddling and highly migratory fish
stocks.

International Whaling Commission (IWC) Aims to provide
for the proper conservation of whale stocks and thus
make possible the orderly development of the whaling
industry.

Wellington Convention Aims to prohibit drift net fishing
activity in the convention area.

Food and Agriculture Organisation — International Plan of
Action for Seabirds (FAO-IPOA Seabirds) Voluntary
framework for reducing the incidental catch of seabirds in
longline fisheries.

Food and Agriculture Organisation — International Plan of
Action for Sharks (FAO —IPOA Sharks) Voluntary
framework for the conservation and management of
sharks.

Noumea Convention. Promotes protection and
management of natural resources. Parties to regulate or
prohibit activity likely to have adverse effects on species,
ecosystems and biological processes.

Food and Agriculture Organisation - Code of Conduct for
Responsible Fisheries Provides principles and standards
applicable to the conservation, management and
development of all fisheries, to be interpreted and
applied to conform to the rights, jurisdiction and duties of
Sates contained in UNCLOS.

The Strategic Intentions document (SI) sets out the

Ministry’s strategic direction for the coming 5 vyears,

Regional Fisheries Agreements

Convention for the Conservation of Southern Bluefin
Tuna (CCSBT) Aims to ensure, through appropriate
management, the conservation and optimum
utilisation of the global Southern Bluefin Tuna fishery.
The Convention specifically provides for the exchange
of data on ecologically related species to aid in the
conservation of these species when fishing for
southern bluefin tuna.

Convention for the Conservation of Antarctic Marine
Living Resources (CCAMLR). Aims to conserve,
including rational use of Antarctic marine living
resources. This includes supporting research to
understand the effects of CCAMLR fishing on
associated and dependent species, and monitoring
levels of incidental take of these species on New
Zealand vessels fishing in CCAMLR waters.
Convention on the Conservation and Management of
Highly Migratory Fish Stocks in the Western and Central
Pacific Ocean (WCPFC). The objective is to ensure,
through effective management, the long-term
conservation and sustainable use of highly migratory
fish stocks in accordance with UNCLOS.

South Tasman Rise Orange Roughy Arrangement. The
arrangement puts in place the requirement for New
Zealand and Australian fishers to have approval from
the appropriate authorities to trawl or carry out other
demersal fishing for any species in the STR area
Convention on the Conservation and Management of
High Seas Fishery Resources in the South Pacific Ocean
(a Regional Fisheries Management Organisation,
colloquially SPRFMO) has recently been negotiated to
facilitate management of non-highly migratory
species in the South Pacific.

primarily through implementation of Our Strategy 2030
(Page 4). This strategy was agreed by Cabinet in August
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2011 and sets out MPI’s vision of “growing and protecting
New Zealand” and defines the focus and overall approach
of the organisation. The strategy includes four focus areas
and outcomes: maximising export opportunities; improving
sector productivity; increasing sustainable resource use;
and protecting from biological risk. Seven specific
organisational priorities have been developed to focus
resources on: smart regulation; operational excellence;
international access; provenance and traceability; precision
production and investment; enduring relationships; and

integrated information, insight and knowledge.

Aspects of the strategy specific to fisheries in the Sl include
supporting the understanding of sustainable limits to
natural resource use as part of Medium-Term Objective 5
The primary sector maximises the use and productivity of
natural resources within environmentally sustainable limits
and is resilient to adverse climatic and biosecurity events.
The primary industries are reliant on natural resources to
provide significant economic benefits to New Zealand. How
we all use and manage these natural resources affects New
Zealand’s future prosperity and the natural capital that
underpins New Zealand’s production systems. There SI
notes a growing demand for more support for the primary
sector’s market claims about product attributes that help
capture premium prices, including assurances about
sustainability in fishing. For these claims to be effective,
be

transparent, verifiable information.

they need to underpinned by science-based,

Another role s

certification of fisheries by, for example, the Marine

important supporting  third-party
Stewardship Council as part of Medium-Term Objective 1
Export success is enhanced by the integrity of primary sector
products and increasing the use of New Zealand’s unique
culture and brand. New Zealand’s export sectors derive
significant benefits (including lower market access costs)
and competitive advantage from New Zealand’s reputation
for safe and suitable food, favourable animal and plant
health status and market assurances. To leverage these
advantages, MPI needs new ways of assisting New Zealand
exporters to access and succeed in international markets
and gain additional export value from the New Zealand
brand, including its Maori dimension.

To provide relevant information to fulfil these roles, MPI
contracts the following types of research (relevant to this
document):
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aquatic environment research to assess the effects
of fishing on marine habitats, protected species,
non-target species of fish, and to understand
habitats of special significance for fisheries;

marine biodiversity and productivity research to
increase our understanding of the systems that
and productive

support resilient ecosystems

fisheries, including their trophic linkages.

1.3.2 FISHERIES 2030

New Zealand’s Quota Management System (QMS) forms
the overall framework for management of domestic
http://www.fish.govt.nz/en

fisheries (see

nz/Commercial/Quota+Management+System/default.htm

Within that framework, Fisheries 2030 provides a long-term
After
endorsement by Cabinet, it was released by the Minister of
Fisheries in September 2009. It can be found on the MPI
website at:

goal for the New Zealand fisheries sector.

http://www.fish.govt.nz/en-

nz/Fisheries+2030/default.htm?wbc purpose=bas

(noting that the Ministry of Fisheries merged with the
Ministry of Agriculture and Forestry on 1 July 2011 and
became the Ministry for Primary Industries on 30 April 2012.
This URL and other links in this document have been checked
for this edition, but will eventually change as MPI’s systems
are progressively developed).

Fisheries 2030 sets out a goal to have New Zealanders
maximising benefits from the use of fisheries within
environmental limits. To support this goal, major outcomes
for Use (of fisheries) and Environment are specified. The
Environment outcome is the main driver for aquatic
environment research: The capacity and integrity of the
aquatic environment, habitats and species are sustained at
levels that provide for current and future use. Fisheries 2030
states that this means:

Biodiversity and the function of ecological systems,
including trophic linkages, are conserved

Habitats of special significance to fisheries are
protected

Adverse effects on protected species are reduced
or avoided

Impacts, including cumulative impacts, of activities
on land, air or water on aquatic ecosystems are
addressed.
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At the time this edition went to press, MPl had commenced
initial public and stakeholder engagement on a review of
New Zealand’s fisheries management system to ensure it
remains fit-for-purpose and maintains sustainable fisheries
current and future (See:

for generations

http://www.mpi.govt.nz/law-and-policy/legal-

overviews/fisheries/fisheries-management-system-
review/). Fisheries 2030 may be modified once that review
has been completed.

1.3.3 FISHERIES PLANS

Fisheries planning processes for deepwater, highly
migratory species, inshore finfish, inshore shellfish and
freshwater fisheries use objective-based management to
drive the delivery of services, as described in Fisheries 2030
and affirmed in the SOI and Our Strategy 2030. The
planning processes are guided by five National Fisheries
Plans, which recognise the distinctive characteristics of
these fisheries. Plans for Deepwater and Highly Migratory
species were approved by the Minister in September 2010
and a suite of three plans for inshore species was released
in prototype form in July 2011. These plans establish
management objectives for each fishery, including those
related to the environmental effects of fishing. All are

available on the Ministry’s websites.

Deepwater and middle depth fisheries:
http://www.fish.govt.nz/en-
nz/Consultations/Archive/2010/National+Fisheries+Plan+f
or+Deepwater+and+Middle-Depth+Fisheries/default.htm

Highly migratory species (HMS) fisheries:
http://www.fish.govt.nz/en-
nz/Consultations/Archive/2010/National+Fisheries+Plan+f

or+Highly+Migratory+Species/default.htm

Inshore fisheries (comprising finfish, shellfish, and
freshwater fisheries):

http://www.fish.govt.nz/en-
nz/Fisheries+Planning/default.htm

These pages are being progressively updated and

consolidated and some more recent documents have been
made available at MPI’s publications page at:
http://www.mpi.govt.nz/news-and-

resources/publications/.

Certain research areas (aquatic environment, marine

amateur fisheries, and marine biodiversity and

productivity) are not covered by fisheries plans or span

multiple fisheries and plans. Antarctic and other
international fisheries research is also excluded from fish
plans as it is beyond their spatial scope. These areas are
administered by the science team and subject to the
general drivers in, Table 1.2 and Fisheries 2030, or by more
specific objectives in, for example, National Plans of Action
(NPOAs, for seabirds and sharks) or Threat Management

Plans (TPMs, for sea lions and Maui/Hector’s dolphins).

1.3.4 OTHER STRATEGIC DOCUMENTS

A number of strategies or reviews have been published that
potentially affect fisheries values and research. These
include: the New Zealand Biodiversity Strategy (2000,
currently being refreshed and updated by DOC); the
Biosecurity Strategy (2003, followed by its science strategy
2007); the MPA Policy and Implementation Plan (2005);
MTfE’s discussion paper on Management of Activities in the
EEZ (2007, now translated to the Exclusive Economic Zone
and Continental Shelf (Environmental Effects) Act 2012);
MRST’s Roadmap for Environment Research (2007); the
Revised Coastal Policy Statement (2010); the National Plan
of Action to Reduce the Incidental Catch of Seabirds in New
Zealand Fisheries (2004, revised and updated by MPI in
2013); and the New Zealand National Plan of Action for the
Conservation and Management of Sharks (2008, a revision
is currently under consultation). Links to these documents
are provided in Appendix 17.8 because they provide some
of the broad policy setting for aquatic environment issues
and research across multiple organisations and agencies.

In 2012, the Natural Resource Sector cluster formed a
Marine Director’s Group to improve data sharing and
information exchange across key agencies with marine
environmental responsibilities, particularly MPI, DOC, MfE,
EPA, LINZ, MBIE. The Marine Director’s Group is chaired by
MPI and DOC and a substantial amount of cross-agency
work has been initiated to: summarise relevant marine
information held by different agencies and current marine
research investment; identify knowledge and funding gaps;
and to develop a long-term Marine Research Strategy for
New Zealand.

1.4 SCIENCE PROCESSES

11

1.4.1 RESEARCH PLANNING

Until 2010 the Ministry of Fisheries ran an iterative planning
process to determine, in conjunction with stakeholders and



AEBAR 2015: Introduction

subject to government policy, the future directions and
priorities for fisheries research. Subsequently, the Ministry
has adopted an overall approach of specifying objectives for
fisheries in Fisheries Plans and using these plans to develop
associated implementation strategies and required
services, including research. These services are identified in

Annual Operational Plans that are updated each year.

For deepwater fisheries and highly migratory stocks (HMS),
the transition to the new research planning approach is well
advanced because fisheries plans for these areas have been
approved by the Minister. Research for these fisheries are
already being developed using Fisheries Plan and Annual
Operating Plan processes as primary drivers, and, as
necessary, Research Advisory Groups (RAGs) to develop the
technical detail of particular projects. The Ministry’s
website contains more information on this approach,
developed during the Research Services Strategy Review,
at: http://www.fish.govt.nz/NR/rdonlyres/04D579E5-
6DCC-42A6-BF68-

9CAB800D6392/0/Research Services Strategy Review R
eport.pdf

(see Section 5.2, pages 14 to 21) and in summary
at:http://www.fish.govt.nz/NR/rdonlyres/432EA3AQ-AEA7-
41DD-8E5C-DODCA9A3BI6B/0/RSS letter.pdf.
terms of reference for Research Advisory Groups are in

Generic

Appendix 17.5. For inshore fisheries, the three Fisheries
Plans (inshore finfish, shellfish, and freshwater) are still
under development, so a transitional research planning
process was established for 2010 and developed slightly in
2011. This included the following steps:

the
information needs using:

e |dentification  of main

management
e  Fisheries Plans or Fisheries Operational Plans
where available

Any relevant Medium Term Research Plan
Fishery managers’ understanding of decisions
likely to require research information in the
next 1-3 years.

Technical discussions as required (i.e., tailored to
the needs of the different research areas) to
consider:

e The feasibility and utility of each project
e The likely cost of each project
[ )

Any synergies or overlaps with work being

conducted by other providers (including
industry, CRIs, MBIE, Universities, etc.)
Stakeholder meetings as required to discuss

relative priorities for particular projects
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The process for aquatic environment research (other than
aspects driven by the specific needs of fishery managers,
including services specified in fisheries planning
documents) followed essentially these same steps, working
particularly closely with the Department of Conservation

(DOC) on protected species issues.

The Ministry runs a separate planning group to design and
prioritise its research programme on marine biodiversity.
Given its much broader and more strategic focus, the
Biodiversity Research Advisory Group (BRAG) has both peer
review and planning roles and therefore differs slightly in
constitution from the Ministry’s other working and
planning groups.

1.4.2 CONTRIBUTING WORKING GROUPS

The main contributing working groups for this document
are the Ministry’s Aquatic Environment Working Group
(AEWG) and Biodiversity Research Advisory Group (BRAG).
The Department of Conservation’s Conservation Services
Programme and National Plan of Action Seabirds Technical
(CSP/NPOA-TWG,

http://www.doc.govt.nz/conservation/marine-and-

Working Group see

coastal/commercial-fishing/marine-conservation-

services/meetings-and-project-updates/) also considers a

wide range of DOC-funded projects related to protected
species, sometimes in joint meetings with the AEWG. The
Ministry’s Fishery Assessment Working Groups occasionally
consider research relevant to this review. Terms of
reference for AEWG and BRAG are periodically revised and
updated (see Appendix 17.1 and 17.3 for the 2013 Terms of

Reference for AEWG and BRAG, respectively).

AEWG is convened for the Ministry’s peer review purposes
with an overall purpose of assessing, based on scientific
information, the effects of fishing, aquaculture, and
enhancement on the aquatic environment for all New
Zealand fisheries. The purview of AEWG includes: bycatch
and unobserved mortality of protected species, fish, and
other marine life; effects of bottom fisheries on benthic
biodiversity, species, and habitat; effects of fishing on
biodiversity, including genetic diversity; changes to
ecosystem structure and function as a result of fishing,
including trophic effects; and effects of aquaculture and
fishery enhancement on the environment and on fishing.
Where possible, AEWG may explore the implications of any
effects, including with respect to any standards, reference
points, and relevant indicators. The AEWG is a technical

forum to assess the effects of fishing or environmental
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status and make projections. It has no mandate to make
management recommendations or decisions. Membership
of AEWG is open (attendees for 2014 are listed in Appendix
17.2).

The two main responsibilities of BRAG are: to review,
discuss, and convey views on the results of marine
biodiversity research projects contracted by the Ministry;
and to discuss, evaluate, make recommendations and
convey views on Medium Term Biodiversity Research Plans
Both tasks
hitherto been undertaken in the context the strategic goals
in the New Zealand Biodiversity Strategy (2000) and the
Strategy for New Zealand Science in Antarctica and the

and constituent individual projects. have

Southern Ocean (2010), but the focus of the programme
has more recently been aligned with more recent strategic
documents. BRAG also provides advice and oversight of
some large cross-government projects such as NORFANZ,
BIOROSS, Fisheries and Biodiversity Ocean Survey 20/20;
and International Polar Year (IPY) Census of Antarctic
Marine Life (IPY-CAML).

Following consideration at one or more meetings of

appropriate working groups, reports from individual

13

projects are also technically reviewed by the Ministry
before they are finalised for use in management and/or for
public release. Fisheries Assessment Reports, FARs, and
Aquatic Environment and Biodiversity reports, AEBRs, are
also subject to editorial review whereas Final Research
Reports, FRRs, and Research Progress Reports, RPRs, are
not. Finalised FARs, AEBRs, historical FARDs (Fisheries
Assessment Research Documents) and MMBRs (Marine
Biodiversity and Biosecurity Reports), and some FRRs can
be found in the Document library
http://fs.fish.govt.nz/Page.aspx?pk=61&tk=209.

recent reports are available from the MPI website at:

at:
More

http://www.mpi.govt.nz/news-

andresources/publications/.

1.5 REFERENCES

Ministry for Primary Industries (2015). Fisheries Assessment Plenary, May
2015: stock assessments and stock status. Compiled by the
Fisheries Science Group, Ministry for Primary Industries,
Wellington, New Zealand. 1475 p.

Ministry for Primary Industries (2015). Fisheries Assessment Plenary,
November 2015: stock assessments and stock status. Compiled
by the Fisheries Science Group, Ministry for Primary Industries,
Wellington, New Zealand. 533
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2 RESEARCH THEMES COVERED IN THIS DOCUMENT

The Ministry has identified four broad categories of
research on the environmental effects of fishing (

Figure 2.1:): incidental capture and fishing-related mortality
of protected species; bycatch of non-protected species,
primarily non-QMS fish; modification of benthic habitats
(including seamounts); and various ecosystem effects
(including fishing and non-fishing effects on habitats of
particular significance for fisheries management and
trophic relationships). This edition also includes the effects
of aquaculture on the environment and wild-capture
fisheries within the ecosystem effects theme, although this
structure may be reconsidered in future. Other emerging
issues (such as the genetic consequences of selective
fishing) are not dealt with in detail in this edition but it is
anticipated that those that turn out to be important will be
dealt with in future iterations. A fifth theme for this
document is MPI research on marine biodiversity. The
research has been driven largely by the Biodiversity
Strategy but has strategic importance for fisheries in that it
provides for better understanding of the ecosystems that
support fisheries productivity.

Our understanding is not uniform across these themes and,
for example, our knowledge of the quantum and
consequences of fishing-related mortality of protected
species is much better developed than our knowledge of
the consequences of mortalities of non-target fish, bottom
trawl impacts, or land management choices for ecosystem
processes or fisheries productivity. Ultimately, the goal of
research described in this synopsis is to complement
information on fishstocks to ensure that the Ministry has
the information required to underpin the ecosystem
approach to fisheries management envisaged in Fisheries
2030. Stock assessment results have been published for
many years in Fisheries Assessment Reports, Final Research
and the Annual

Reports, Report from the Fishery

Assessment Plenary (“the plenary”). Collectively, these
provide a rich and well-understood resource for fisheries
managers and stakeholders. In 2005, an environmental
section was included in the hoki plenary report as part of
the characterisation of that fishery and to highlight any
particular environmental issues. Similar, fishery-specific
sections have since been developed for several other
fisheries and included in the plenary, but work on

environmental issues has otherwise been more difficult to
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access for fisheries managers and stakeholders. The
Ministry explored better ways to document, review,
publicise, and integrate information from environmental
assessments with traditional fishery assessments, including
annual publication of this document. This will rely heavily
on studies that are published in Aquatic Environment and
Biodiversity Reports and Final Research Reports but, given
the overlapping mandates and broader scope of work in
this area, also on results published by other organisations
and in the scientific literature. The integration of all this
work into a single source document analogous to the
Report from the Fishery Assessment Plenary has advanced
considerably since the first edition in 2011 but it will take
time for all issues to be included.



AEBAR 2015: Research Themes

THEME RESEARCH QUESTIONS CURRENT WORK
1.PROTECTED e How many of each NZ-breeding protected |e Estimation of annual bycatch of
SPECIES species are caught and killed in our fisheries | protected species by fishery
® Marine mammals (and out of zone)? * Abundance and productivity of
® Seabirds * How many unobserved deaths are caused? key seabird populations
* Turtles e What is the likely effect of fishing-related |e Abundance and productivity of
® Protected fish mortality on protected species populations? | Hector’s & Maui’s dolphins
® Corals * Which species/populations are most at risk? |e Semi-quantitative risk assessment

® Which fisheries cause the most risk and for all seabirds
where can the most cost-effective s Semi-quantitative risk assessment
reductions in risk be gained? for all marine mammals
* What mitigation approaches are most s Full quantitative risk assessment
successful and in what circumstances? for selected populations
* What levels of bycatch would lead to * Modelling to assess links between
different population outcomes? bycatch and population outcomes
2. OTHER * How much non-target fish is caught and « Continued monitoring cycle for
BYCATCH discarded in our fisheries? deepwater and highly migratory
* Non-QMS fish & e What is the effect of that bycatch? * Risk assessment for tier 3
invertebrates e What do trends in bycatch show? deepwater species and all sharks
3. BENTHIC ® What seabed habitats occur where in our » Testing of habitat classifications
EFFECTS TS/EEZ and how much of each is affected |e Monitoring the recovery rate of

e Distribution of
habitats & trawling

e Effects of trawling
on each

by trawling or shellfish dredging?

e How sensitive is each habitat to disturbance
and what do we lose (or gain) when each is
disturbed?

e What are the likely consequences of
different management approaches?

some key inshore habitats

* Assessment of relative sensitivity
of habitats

s Mapping of deepwater and inshore
trawl footprints

» Development of a risk assessment

4. ECOSYSTEM

EFFECTS

e Trophic studies

e Habitats of
significance

® Ecosystem
indicators

e Land-use effects

e Climate variability

e Climate Change

* System productivity

e How do the ecosystems that support our
fisheries function?

e What are the key predator-prey or
synergistic relationships in these systems?

® Are our fisheries affecting food webs or
ecosystem services?

® What changes are occurring in the
ecosystems that support our fisheries?

e What is “habitat of particular significance
for fisheries management™?

* How do fisheries and/or land management
affect fish habitat and fisheries production?

e Habitat of significance:
Marlborough Sounds blue cod
habitat

* Monitoring and indicators of
environmental change for
deepwater fisheries

s Much of the more strategic work
in this theme is conducted under
the biodiversity programme (see
below)

5. MARINE

BIODIVERSITY

® Characterising NZ
biodiversity

* Functional ecology

* Genetic diversity

* Ocean climate

® Metrics & indicators

® Threats & mpacts

* Ross Sea

* What are the key drivers of pattern in New
Zealand’s marine biodiversity?

e How does biodiversity contribute to the
resilience of ecosystems to perturbation and
climate change?

e What are the major risks and opportunities
from ocean-climate variability and trends?

e What drives genetic connectivity within
species?

e What do we need to measure and monitor to
assessrisks and change?

e How are biota adapted to polar conditions
and what is their sensitivity to perturbation?

* Climate change risk & opportunity
for the seafood industry

¢ SPRFMO benthic habitats

* Genetic connectivity between New
Zealand and the Louisville Ridge

¢ Ocean acidification modelling

* Experimental response of shellfish
to warming and acidification

* Monitoring surface plankton

* BPA biodiversity

¢ Sublethal effects of OA on fish
productivity

¢ Coralline and macroalgae habitats

Figure 2.1: Summary of themes in the Aquatic Environment and Biodiversity Annual Review 2014.
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CURRENT STATE OF KNOWLEDGE

® Aggregate “on deck” bycatch of seabirds (and approximate species composition), marine mammals, and
large sharks known reasonably well for offshore trawl and longline fisheries, but less well for inshore
fisheries (where observer coverage has historically been low).

¢ Incidental, cryptic, or unobserved mortality very poorly known (and difficult to assess).
* Factors affecting fishing related mortality are well known for most seabirds and marine mammals.

* Knowledge of population abundance is increasing for some key seabird species and well known for sea
lions, but poorly known or dated for other seabirds, some species of dolphins, fur seals, and most sharks.

e Semi-quantitative risk assessments have been completed for almost all seabirds and marine mammals.

¢ Fully quantitative risk assessments have been completed for five seabird populations, Hector’s / Maui’s
dolphins, and sea lions.

¢ Impact of fishing-related mortality on most protected species remains uncertain because of some key
knowledge gaps.

* Some methods of mitigating bycatch have been formally tested.

* Bycatch and discards are monitored and reported using observer records for the main deepwater and
highty migratory fisheries.

® Bycatch and discards for inshore vessels remain poorly known.

* Some mitigation approaches have been assessed (e.g., for scampi trawl).

* Modelled predictions are available of the distribution of seabed habitats at a broad scale using
classifications (BOMEC) and at finer scale for seamounts and some biogenic habitats.

¢ Excellent understanding of the distribution of bottom trawling in offshore waters, good understanding in
coastal waters, but poorunderstanding for most shellfish dredge fisheries.

* Good understanding of the effects of trawling on some nearshore and deepwater habitats.

® General understanding of the effects of trawling on biogeochemical processes.

» General understanding of the relative sensitivity of different habitats.

® Tools to design candidate spatial management measures have been developed and tested (including for
High Seas fisheries)

* The nature and variability in the diets of key commercial species in the Chatham Rise ecosystem are
reasonably well understood.

® A preliminary trophic model of the Subantarctic ecosystem suggests a low productivity system
supporting a simple food chain with high transfer efficiencies.

o The distribution of spawning, pupping. egg-laying, and juveniles ofkey species has been describedin
public atlases.

¢ Land-based effects on fish habitat and coastal biodiversity have been reviewed and documented.

* Basic monitoring of ecosystem change over time (through fish-based indicators calculated from trawl
survey data and acoustic time series of mesopelagic biomass) has started.

® Ocean climate variability and historical change are reasonably well understood.

® Broad reviews have been completed of the impacts of climate variability on fisheries (especially
recruitment). but the likely impacts of ocean climate change or acidification remain poorly known.

o This theme has links and synergies with MBIE, DOC, universities and the MPI biodiversity programme.

e Taxonomy and ID Guides have been produced and specimens recorded in National Collections.

* Biodiversity surveys completed on local scale (Fiordland, Spirits Bay, seamounts) and larger fishery
scale (Norfolk ridge, Chatham Rise, Challenger Plateau, BOI).

* Measures and indicators for marine biodiversity measures and ecosystem have been developed.

» Predictive modelling techniques have been applied and habitat classification methods improved

® Productivity in benthic communities has been measured.

e Specimens from New Zealand have been genetically assessed and entered into the barcode of life.
¢ Seamount connectivity, land-sea connectivity, and endemism have been studied.

* Two measures of marine conditions and marine biodiversity have been evaluated as tier 1 statistics
® Demersal fish trophic studies on the Chatham Rise have been completed.

o A multidisciplinary study of longterm (1000 years) changes to NZ shelf ecosystemsis complete.

e Latitudinal gradient project, ICECUBE and 2 large scale surveys in the Ross Seahave been conducted.
e The MPI Marine Biodiversity Research Programme theme has links and synergies with MBIE, DOC,
MIE, universities and MPI AEWG programmes

Figure 2.1: continued: Summary of Themes in the Aquatic Environment & Biodiversity Review 2015
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THEME 1: PROTECTED SPECIES
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3 NEW ZEALAND SEA LION (PHOCARCTOS HOOKERI)

Scope of chapter

Area
Focal localities

Key issues

Emerging issues

MPI Research (current)

NZ Government Research
(current)

Links to 2030 objectives

Related chapters/issues

This chapter outlines the biology of New Zealand (or Hooker’s) sea lions (Phocarctos
hookeri), the nature of fishing interactions, the management approach, trends in key
indicators of fishing effects and major sources of uncertainty.

Southern parts of the New Zealand EEZ and Territorial Sea.

Areas with significant fisheries interactions include the Auckland Islands Shelf, the
Stewart/Snares Shelf and Campbell Plateau.

Improving estimates of incidental captures in some trawl fisheries (e.g. scampi),
improving estimates of SLED post-exit survival, improving understanding of interaction
rate and improving understanding of the demographic processes underlying recent
population trends.

Assessing potential impacts of resource competition and/or resource limitation through
ecosystem effects on NZ sea lion population viability. The role of fisheries impacts in light
of declines in population size. Estimation of interactions given low numbers of observed
captures in fisheries using SLEDs.

PR0O2013-01 Estimating the nature & extent of incidental captures of seabirds, marine
mammals & turtles in New Zealand commercial fisheries; PRO2012-02 Assess the risk
posed to marine mammal populations from New Zealand fisheries; PRO2014-02
Quantitative risk assessment for New Zealand sea lions; SEA2014-12 New Zealand sea lion
stable isotope analysis.

Joint funding with Deep Water Group; New Zealand sea lion population project (Campbell
Islands).

Joint funding with DOC: Independent expert panel workshop (to support the development
of PRO2014-02, Quantitative risk assessment for New Zealand sea lions).

DOC Marine Conservation Services Programme (CSP): INT2014-01 Observing commercial
fisheries; INT2013-03 I/dentification of marine mammals, turtles and protected fish
captured in New Zealand fisheries; POP2014-01 New Zealand sea lion population project
(Auckland Islands); MIT2014-01 Protected species bycatch newsletter.

NIWA Research: SA123098 Multispecies modelling to evaluate the potential drivers of
decline in New Zealand sea lions; TMMA103 Conservation of New Zealand's threatened
iconic marine megafauna.

Objective 6: Manage impacts of fishing and aquaculture.

Strategic Action 6.2: Set and monitor environmental standards, including for threatened
and protected species and seabed impacts.

See the New Zealand fur seal chapter.

Note: This chapter has been partially updated (capture estimates) for the AEBAR 2015

All marine mammal species are designated as protected

3.1 CONTEXT

Management of fisheries impacts on New Zealand (NZ) sea
lions is legislated under the Marine Mammals Protection
Act (MMPA) 1978 and the Fisheries Act (FA) 1996. Under
s.3E of the MMPA, the Minister of Conservation, with the
concurrence of the Minister for Primary Industries (MPI;
formerly the Minister of Fisheries), may approve a
population management plan (PMP). Although a NZ sea
lion PMP was proposed by the Department of
Conservation (DOC) in 2007 (DOC 2007), following

consultation DOC decided not to proceed with the PMP.

18

species under s.2(1) of the FA. In 2005, the Minister of
Conservation approved the Conservation General Policy,
which specifies in Policy 4.4 (f) that “Protected marine
species should be managed for their long-term viability and
recovery throughout their natural range.” DOC’s Regional
Conservation Management Strategies outline specific
policies and objectives for protected marine species at a
regional level. New Zealand’s sub-Antarctic islands,
including Auckland and Campbell islands, were inscribed

as a World Heritage area in 1998.



AEBAR 2015: Protected species

The Minister of Conservation gazetted the NZ sea lion as a
threatened species in 1997. In 2009, DOC approved the
New Zealand sea lion species management plant: 2009—
2014 (DOC 2009). It aims: “To make significant progress in
facilitating an increase in the New Zealand sea lion
population size and distribution.” The plan specifies a
number of goals, of which the following are most relevant
for fisheries interactions:

“To avoid or minimise adverse human interactions on the
population and individuals.

To ensure comprehensive protection provisions are in place
and enforced.

To ensure widespread stakeholder understanding, support
and involvement in management measures.”

In the absence of a PMP, the Ministry for Primary
Industries manages fishing-related mortality of NZ sea
lions under s.15(2) of the FA. Under that section, the
Minister “may take such measures as he or she considers
are necessary to avoid, remedy, or mitigate the effect of
fishing-related mortality on any protected species, and
such measures may include setting a limit on fishing-
related mortality.”

Management of incidental captures of NZ sea lion aligns
with Fisheries 2030 Objective 6: Manage impacts of fishing
and aquaculture. Further, the management actions follow
Strategic Action 6.2: Set and monitor environmental
standards, including for threatened and protected species
and seabed impacts.

The relevant National Fisheries Plan for the management
of incidental captures of NZ sea lions is the National
Fisheries Plan for Deepwater and Middle-depth Fisheries
(the National Plan). Under the National
Deepwater the objective most

Deepwater
Plan, relevant for

management of NZ sea lions is Management Objective 2.5:

! The species management plan differs from the draft
Population Management Plan in that it is quite broad in
scope; providing a framework to guide the Department of
Conservation in its management of the NZ sea lion over
the next 5 years. The draft population management plan
focused on options for managing the extent of incidental
mortality of NZ sea lions from fishing through establishing
a maximum allowable level of fishing-related mortality
(MALFiRM) for all New Zealand fisheries waters.

19

Manage deepwater and middle-depth fisheries to avoid or
minimise adverse effects on the long-term viability of
endangered, threatened and protected species.

Specific objectives for the management of incidental
captures of NZ sea lion is outlined in the fishery-specific
chapters of the National Deepwater Plan for the fisheries
with which NZ sea lions are most likely to interact
(Ministry of Fisheries 2010). These fisheries include trawl
fisheries for arrow squid (SQU1T and SQUET), southern
blue whiting (SBW) and scampi (SCI). The SBW chapter of
the National Deepwater Plan is complete and includes
Operational Objective 2.2: Ensure that incidental New
Zealand sea lion mortalities, in the southern blue whiting
fishery at Campbell Island (SBW6I), do not impact the long
term viability of the sea lion population and captures are
The
chapter in the National Deepwater Plan for arrow squid is

minimised through good operational practices.

under development, while the chapter for scampi is nearly
finalised.

Currently, MPI limits the actual or estimated mortality of
sea lions in the SQU6T trawl fishery based on tests of the
likely performance of candidate mortality limit control
rules (and, hence, mortality limits) using an integrated
2010).
Candidate rules are assessed against the following two

population and fishery model (Breen et al

criteria:

a. A rule should provide for an increase in the
sea lion population to more than 90% of
carrying capacity?, or to within 10% of the
population size that would have been
attained in the absence of fishing, and that
levels must be attained with 90%

100-year

these

certainty, over 20-year and
projections.

A rule should attain a mean number of
mature mammals that exceeded 90% of
carrying capacity in the second 50 years of

100-year projection runs.

2 Carrying capacity in this instance applies to the current
range. For managing the SQU6T fishery, carrying capacity
refers to the maximum number of NZ sea lions that could
be sustained on the Auckland Islands.
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These management criteria were developed and approved
in 2003 by a Technical Working Group comprised of
MFish, DOC,
environmental groups.

squid industry representatives, and

Likely performance is also assessed against two additional
criteria proposed by DOC:

a. Arule should maintain numbers above 90% of
the carrying capacity in at least 18 of the first
20 years.

b. A rule should lead to at least a 50% chance of

an increase in the number of mature animals

over the first 20 years of the model

projections.

In March 2014, the Minister of Conservation, Nick Smith,
and the Minister for Primary Industries, Nathan Guy,
their Threat
Management Plan which will look at all possible threats to

announced intention to develop a
New Zealand sea lions. The TMP for New Zealand sea lions
is being developed by DOC and MPI. The TMP is needed
because New Zealand’s sea lion population is declining
and the reasons for their decline are unclear. The plan will
review all threats to sea lions and explore measures to
ensure their survival.

3.2 BIOLOGY

3.2.1 TAXONOMY

The NZ sea lion (Phocarctos hookeri, Gray, 1844) is one of
only two species of otariid (eared seals, including fur seals
and sea lions) native to New Zealand, the other being the
NZ fur seal (Arctocephalus forsteri, Lesson, 1828). The NZ
sea lion is New Zealand’s only endemic pinniped.

3.2.2 DISTRIBUTION

Before human habitation, NZ sea lions ranged around the
North and South Islands of New Zealand. Pre-European
remains of NZ sea lions have been identified from at least
47 archaeological sites, ranging from Stewart Island to
North Cape, with most occurring in the southern half of
the South Island (Smith 1989, 2011, Childerhouse & Gales
1998, Gill 1998. Analysis of Holocene remains indicated
that breeding populations once occurred around NW
Nelson and that prehistoric mainland colonies were
genetically distinct from contemporary NZ sea lions,

though became extinct shortly after the arrival of
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settlers (Collins et al 2014a, 2014b).

Subsistence hunting on the mainland and subsequent

Polynesian

commercial harvest from outlying islands of NZ sea lions
for skins and oil resulted in population decline and
contraction of the species’ range (Gales 1995,
Childerhouse & Gales 1998, Nagaoka 2001, 2006).
Currently, most NZ sea lions are found in the New Zealand
Sub-Antarctic, with individuals ranging to the NZ mainland
and Macquarie Island.

NZ sea lion breeding colonies® are highly localized, with
most pups being born at two main breeding areas, the
Auckland Islands and Campbell Island (Wilkinson et al
2003, Chilvers 2008). At the Auckland Islands, there are
three breeding colonies: Enderby Island (mainly at Sandy
Bay and South East Point); Dundas Island; and Figure of
Eight Island. On Campbell Island there is one breeding
colony at Davis Point, another colony at Paradise Point,
plus a small number of non-colonial breeders (Wilkinson
et al 2003, Chilvers 2008, Maloney et al 2009, Maloney et
al 2012). Breeding on the Auckland Islands represents 71—
87% of the pup production for the species, with the
remaining 13—-29% occurring on Campbell Island (based on
concurrent pup counts in 2003, 2008 and 2010; see
Section 3.2.5).

Although breeding is concentrated on the Auckland Islands
and Campbell Island, some births have been reported
from the Snares and Stewart Islands (Wilkinson et al 2003,
Chilvers et al 2007), though there have been no recorded
births of sea lions at the Snares Islands in 15 years (L.
Chilvers, pers comm). Twenty-five sea lion pups were
captured and tagged around Stewart Island during a DOC
recreational hut and track maintenance trip in March
2012, and 26 pups were tagged at Stewart Island in March
2013 (L. Chilvers, pers comm). Breeding also is taking place
on the New Zealand mainland at the Otago Peninsula,
mainly the result of a single female arriving in 1992 and
giving birth in 1993 (McConkey et al 2002).

3 DOC (2009) defines colonies as “haul-out sites where 35
pups or more are born each year for a period of 5 years or
more.” Haul-out sites are defined as “terrestrial sites
where NZ sea lions occur but where pups are not born, or
where fewer than 35 pups are born per year over 5
consecutive years.”
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On land, NZ sea lions are able to travel long distances and
climb high hills, and are found in a variety of habitats
including sandy beaches, grass fields, bedrock, and dense
bush and forest (Gales 1995, Augé et al 2012). Following
the end of the females’ oestrus cycle in late January, adult
and sub-adult males disperse throughout the species’
range, whereas dispersal of females (both breeding and
non-breeding) are more restricted (Marlow 1975,
Robertson et al 2006, Chilvers & Wilkinson 2008).

3.2.3 FORAGING ECOLOGY

Foraging studies have been conducted on lactating female
NZ sea lions from Enderby Island (Chilvers et al 2005a,
2006, Chilvers & Wilkinson 2009, Chilvers et al 2013), as
well as throughout the Auckland Islands and the Otago
Peninsula (see Augé et al 201143, b, 2013 and Chilvers et al
2011), and Leung et al (2012, 2013a, 2014a) have
investigated foraging in juvenile NZ sea lions from Enderby
Island, Auckland Islands in contrast with juvenile animals
from Otago Peninsula (Leung et al 2013b) and in mother-
yearling pairs from Enderby Island (Leung et al 2014b).
Work also is underway at Campbell Island under NIWA
project Conservation of New Zealand's threatened iconic
marine megafauna. These show that females from
Enderby Island forage primarily within the Auckland
Islands continental shelf and its northern edge, and that
individuals show strong foraging site fidelity both within
and across years. Satellite tagging data from lactating
females showed that the mean return distance travelled
per foraging trip is 423 + 43 km (n = 26), which is greater
than that recorded for any other sea lion species (Chilvers
et al 2005a). While foraging, about half of the time is
spent submerged, with a mean dive depth of 130 + 5 m
(max. 597 m) and a mean dive duration of 4 + 1 minutes
(max. 14.5 minutes; Chilvers et al 2006). Both juvenile (2-5
years old) female and male sea lions foraged to the north
of the Auckland Islands, but mean distance travelled per
foraging trip was shorter in females (99 + 12 km, n = 19)
compared to males (184 + 25 km, n = 12), and the mean
maximum distance from the colony for males (93 £10 km)
was about twice that for females (51 + 5 km. Leung et al
2012). A study of seven dependent yearling NZ sea lions
Leung et al (2013a) found that dive depth was negatively
related with animal mass (lighter sea lions dived to greater
depths: overall mean dive depth 35 m), but in juvenile (2-5
years old) NZ sea lions, diving ability (dive depth, dive
duration and bottom time per dive) improved with both
mass and age and 5 year old male NZ sea lions had similar
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dive capability to adult females (Leung et al 2014a). NZ sea
lions, like most pinnipeds, may use their whiskers to help
them capture prey at depths where light does not
penetrate (Marshall 2008, Hanke et al 2010). Leung et al
(2014b) found no evidence that yearling NZ sea lions were
developing foraging skills through observational learning
of maternal behaviours in a study of seven mother-
yearling partnerships at Enderby Island.

Studies conducted on female NZ sea lions suggest that the
foraging behaviour of each individual falls into one of two
distinct categories, benthic or meso-pelagic (Chilvers &
Wilkinson 2009). Benthic divers have fairly consistent dive
profiles, reaching similar depths (120 m on average) on
consecutive dives in relatively shallow water to
presumably feed on benthic prey. Meso-pelagic divers, by
contrast, exhibit more varied dive profiles, undertaking
both deep (> 200 m) and shallow (< 50 m) dives over
deeper water. Benthic divers tend to forage further from
their breeding colonies, making their way to the north-
eastern limits of Auckland Islands’ shelf, whereas meso-
pelagic divers tend to forage along the north-western
edge of the shelf over depths of approximately 3000 m
(Chilvers & Wilkinson 2009). (2014),

employing fatty acid (FA) analyses of blubber samples,

Meynier et al

found that FA profiles were different in benthic-diving and
meso-pelagic-diving lactating NZ sea lions suggesting a
different utilisation of prey resources, and that while prey
species taken were similar across both dive types, the
proportion of particular prey differed between the two
dive categories. Further, Meynier et al (2014) found that
the body condition index (BCI: the residual between the
measured and predicted body mass from the mass-length
regression provided by Childerhouse et al (2010b)) was
significantly greater in meso-pelagic divers compared to
benthic divers.

The differences in dive profiles have further implications
for the animals’ estimated aerobic dive limits (ADL; Gales
& Mattlin 1997; Chilvers et al 2006), defined as the
maximum amount of time that can be spent underwater
without increasing blood lactate concentrations (a by-
product of anaerobic metabolism). If animals exceed their
ADL and accumulate lactate, they must surface and go
through a

recovery period in order to aerobically

metabolize the lactate before they can undertake
subsequent dives. Chilvers et al (2006) estimated that
lactating female NZ sea lions exceed their ADL on 69% of
all dives, a much higher proportion than most other

otariids (which exceed their ADL for only 4-10% of dives;
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Chilvers et al 2006). NZ sea lions that exhibit benthic diving
profiles are estimated to exceed their ADL on 82% of
dives, compared with 51% for

(Chilvers 2008).

meso-pelagic divers

Chilvers et al (2006) and Chilvers & Wilkinson (2009)
suggested that the long, deep diving behaviour, the
propensity to exceed their estimated ADL, and differences
in physical condition and age at first reproduction from
animals at Otago together indicate that females from the
Auckland
physiological limits. However, Bowen (2012) suggested a

Islands may be foraging at or near their

lack of relationship between surface time and anaerobic
diving would seem to indicate that ADL has been
underestimated. Further, given a number of studies of
diving behaviour were conducted during early lactation
when the demands of offspring are less than they would
be later in lactation, Bowen (2012) considered it unlikely
that females are operating at or near a physiological limit.

Adult females at Otago are generally heavier for a given
age, breed earlier, undertake shorter foraging trips, and
have shallower dive profiles compared with females from
the Auckland Islands (Table 3.1). Any observed differences
habitat (including prey
availability) comparing the Auckland Islands and the Otago

may reflect differences in
peninsula, a founder effect, or a combination of these or
other factors. Similarly, Leung et al (2013b) compared
foraging characteristics in juvenile (2-3 years old) female
NZ sea lions at Enderby Island and Otago Peninsula.
Overall, females at Otago were heavier (3 year old mean
96 kg) than females at Enderby (3 year old mean 72 kg),
and exhibited shorter mean foraging trip distance (19 km
at Otago, 103 km at Enderby), shallower mean dive depth
(15 m at Otago, 69 m at Enderby) and shorter mean dive
duration (1.8 min at Otago, 3.2 min at Enderby). Leung et
al (2013b) concluded that the Auckland Islands are less

optimal habitat compared to Otago.

Table 3.1: Comparison of selected characteristics between adult female NZ sea lions from the Auckland Islands and those from the Otago peninsula
(Chilvers et al 2006, Augé et al 2011a, 2011b, 2011c). Data are means + SE (where available).

Characteristic

Reproduction at age 4

Average mass at 8—13 years of age
Foraging distance from shore
Time spent foraging at sea

Dive depth

Dives estimated to exceed ADL

NZ sea lions are generalist predators with a varied diet
that prey (NZ fur
Arctocephalus forsteri), seabirds (yellow-eyed penguin

includes marine mammal seal

Megadyptes antipodes, blue penguin Eudyptula minor,

southern royal albatross Diomedea epomophora),

elasmobranchs (rough skate Raja nasuta), teleost fish (e.g.
spp.,  hoki
cod Pseudophycis bachus,

opalfish ~ Hemerocoetes Macruronus

novaezelandiae, red jack

mackerel Trachurus spp., barracouta Thyrsites atun),
cephalopods (e.g. octopus Enteroctopus zelandicus and
Macroctopus maorum, squid Nototodarus sloanii),
crustaceans (e.g. lobster krill Munida gregaria, scampi
Metanephrops challengeri) and other invertebrates (e.g.
salps) (Cawthorn et al 1985; Moore & Moffat 1992;
Bradshaw et al 1998; Childerhouse et al 2001; Lalas et al
2007; Moore et al 2008; Meynier et al 2009; Augé et al
2012; Lalas et al 2014; Lalas & Webster 2014). The three
main methods used to assess NZ sea lion diets involve
analyses of stomach contents, scats and regurgitate, and

the fatty acid composition of blubber (Meynier et al 2008).

Auckland Islands

102.0 + 7.7 km (max = 175 km)

129.4 +£5.3 m (max =597 m)
68.7 + 4.4 percent
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Otago
< 5% of females > 85% of females
112 kg 152 kg
4.7 £1.6 km (max = 25 km)
66.2 +4.2 hrs 11.8+1.5hrs

20.2 £ 24.5 m (max = 389 m)
7.1+ 8.1 percent

Stomach contents of by-caught animals tend to be biased
towards the target species of the fishery concerned (e.g.
the SQU6T fishery),
regurgitates are biased towards less digestible prey

squid in whereas scats and
(Meynier et al 2008). Stomach, scat and regurgitate
approaches tend to reflect only recent prey (Meynier et al
2008). By contrast, analysis of the fatty acid composition
of blubber provides a longer-term perspective on diets
ranging from weeks to months (although individual prey
species are not identifiable). This approach suggests that
the diet of female NZ sea lions at the Auckland Islands
tends to include proportionally more arrow squid and hoki
and proportionally fewer red cod and scampi than for
male NZ sea lions, while lactating and non-lactating
females do not differ in their diet (Meynier et al 2008;
Meynier 2010). Within a sample of lactating female NZ sea
lions, Meynier et al (2014) used fatty acid analyses to
show that the diet of benthic-diving and meso-pelagic-
diving animals consisted of similar prey, though different

mass contributions for each prey species.
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Previous assessments have identified considerable spatial
(comparing colonies) and temporal (inter-annual and
seasonal) variation in the diet composition of NZ sea lions.
For instance, jack mackerel and baracoutta were identified
as the main prey of the Otago Peninsula population (Augé
et al 2012), though were less prevalent in winter and
spring when inshore species dominated diet composition
(Lalas 1997) and were infrequent prey of the Auckland
Islands population (Childerhouse et al 2001; Stewart-
Sinclair 2013). A long-term diet assessment of the Sandy
Bay colony at the Auckland Islands (1994-95 to 2012-13)
identified a decrease in the occurrence of large-sized prey
(e.g. Enteroctopus zealandicus) and an increasing trend in
small-sized prey (e.g. opalfish, rattails and Octopus spp.)
(Childerhouse et al 2001; Stewart-Sinclair 2013).

3.2.4 REPRODUCTIVE BIOLOGY

NZ sea lions exhibit marked sexual dimorphism, with adult
males being larger and darker in colour than adult females
(Walker & Ling 1981, Cawthorn et al 1985). Cawthorn et al
(1985) and Dickie (1999) estimated the maximum age of
males and females to be 21 and 23 years, respectively, but
Childerhouse et al (2010a) reported a maximum estimated
age for females of 28 years (although the AEWG had some
concerns about the methods used and this estimate may
not be reliable). Females can become sexually mature as
early as age 2 and give birth the following year, most do
not breed until they are 6 years old (Childerhouse et al
2010a). Males generally reach sexual maturity at 4 years of
age, but because of their polygynous colonial breeding
strategy (i.e., males actively defend territories and mate
with multiple females within a harem) they are only able
to successfully breed at 7-9 years old, once they have
attained sufficient physical size (Marlow 1975, Cawthorn
et al 1985). Reproductive rate in females increases rapidly
between the ages of 3 and 7, reaching a plateau until the
age of approximately 15 and declining rapidly thereafter,
with the maximum recorded age at reproduction being 26
years (Breen et al 2010, Childerhouse et al 2010b, Chilvers
et al 2010). Chilvers et al (2010) estimated from tagged
sea lions that the median lifetime reproductive output of a
female NZ sea lion was 4.4 pups, and 27% of all females
that survive to age 3 never breed. Analysis of tag-resight
data from female New Zealand sea lions on Enderby Island
the
approximately 0.30-0.35 for prime-age females that did

indicates average probability of breeding is

not breed in the previous year (ranges reflect variation
relating to the definition of breeders) and 0.65-0.68 for
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prime-age females that did breed in the previous year
(MacKenzie 2011).

NZ sea lions are philopatric (i.e., they return to breed at
the same location where they were born, although more
than highly
synchronised and starts in late November when adult

so for females males). Breeding s
males establish territories (Robertson et al 2006, Chilvers
& Wilkinson 2008). Pregnant and non-pregnant females
appear at the breeding colonies in December and early
January, with pregnant females giving birth to a single pup
in late December before entering oestrus 7-10 days later
and mating again (Marlow 1975). Twin births and the
fostering of pups in NZ sea lions are rare (Childerhouse &
Gales 2001). Shortly after the breeding season ends in
mid-January, the harems break up with the males
dispersing offshore and females often moving away from
the rookeries with their pups (Marlow 1975, Cawthorn et

al 1985).

Pups birth weight is 8-12 kg and parental care is restricted
to females (Walker & Ling 1981, Cawthorn et al 1985,
Chilvers et al 2006). Females remain ashore for about ten
days after giving birth before alternating between foraging
trips lasting approximately two days out at sea and
returning for about one day to suckle their pups (Gales &
Mattlin 1997, Chilvers et al 2005). New Zealand pup
growth rates are lower than those reported for other sea
lion species, and may be linked to a relatively low
concentration of lipids in the females’ milk during early
lactation (Chilvers 2008, Riet-Sapriza et al 2012). Riet-
Sapriza et al (2012) also found that there was a temporal
(year and month) effect on milk quality, reflecting

individual sea lion characteristics and environmental
factors, and that maternal BClI was positively correlated
with milk lipid concentration, energy content and milk
protein concentration: lactating females in good condition
produced more energy-rich milk than did relatively lean
females. Pups are weaned after about 10-12 months

(Marlow 1975, Gales & Mattlin 1997).

3.2.5 POPULATION BIOLOGY

For NZ sea lions, the overall size of the population is
indexed using estimates of the number of pups that are
born each year (Chilvers et al 2007). Since 1995, the
Department of Conservation (DOC) has conducted mark-
recapture counts at each of the main breeding colonies at
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the Auckland Islands to estimate annual pup production
(i.e., the total number of pups born each year, including
dead and live animals; Robertson & Chilvers 2011). Pup
censuses have been less frequent for other colonies,
including the large population at Campbell Island
(Maloney et al 2012). For the Auckland Islands population,
the data show a decline in pup production from a peak of
3021 in 199798 to a low of 1501 + 16 pups in 200809
(Chilvers & Wilkinson 2011, Robertson & Chilvers 2011;
Table 3.2), with the largest single-year decline (31%)
occurring between the 200708 and 200809 counts. The
most recent estimate of pup production for the Auckland
Islands population was 1575 pups in 201314, of which 284
+ 7 were counted at Sandy Bay and 1141 + 12 were
counted at Dundas Island, using the mark-recapture
method. A direct ground count at Figure of Eight Island
resulted in 62 + 0.6 live pups (Childerhouse et al 2014). In
2013, an aerial survey made during the same time as the
ground surveys for Sandy Bay and Dundas Island resulted
in 349 (compared to 374) for Sandy Bay and 1398
(compared to 1491) for Dundas Island, dead pups
included. Due to the forested terrain no aerial survey was
made of Figure of Eight Island (Baker et al 2013,
Childerhouse et al 2013). Six counts were made at South
East Point in 2014 but

(Childerhouse et al 2014).

no pups were observed

Total NZ sea lion abundance (including pups, though not
including aerial surveys) at the Auckland Islands has been
estimated using Bayesian population models (Breen et al
2003, Breen & Kim 2006a, Breen & Kim 2006b, Breen et al
2010). Although other abundance estimates are available
(e.g. Gales & Fletcher 1999), the integrated models are
preferred because they take into account a variety of age-
specific factors (breeding, survival, maturity, vulnerability
to fishing, and the proportion incidentally captured by
fishing), as well as data on the re-sighting of tagged
animals and pup production estimates, to generate
estimates of the overall size of the NZ sea lion population
inhabiting the Auckland Islands (Table 3.2). The most
recent estimate of NZ sea lion abundance for the Auckland
Islands population was 12 065 animals (90% Cl: 11 160-13
061) in 2009. The integrated model suggested a net
decline at the Auckland Islands of 23% between 1995 and
2009, 29% the
population size in 1998 and 2009. No update currently is

or between maximum estimated

available.

For the Campbell Island population, minimum pup

production was estimated at 681 pups in 2010 (Maloney
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et al 2012). Pup production estimates at Campbell Island
appear to be increasing over time, although there have
been changes to the methodology (Maloney et al 2009).
Early pup mortality at Campbell Island has been relatively
high in all recent census years, including: 1998 (31%), 2003
(36%), 2008 (40%) and 2010 (55%, the highest recorded at
any NZ sea lion breeding site) (Childerhouse et al 2005,
Maloney et al 2009; Maloney et al 2012; McNally et al
2001). Maloney et al. (2012) hypothesised that the
observed increase in pup production is not expected to
continue with such high rates of pup mortality. Previous
estimates of total pup production were: 150 in 1992-93;
385 in 2003; and 583 in 2007-08 (Cawthorn 1993,
Childerhouse et al 2005, Maloney et al 2009). There were
also minimum pup counts of 51 in 1987-88, 122 in 1991-
92 and 78 (from a partial count) in 1997-98 (Moore &
Moffat 1990, McNally et al 2001, M. Fraser, unpubl. data
cited in Maloney et al 2009).

For the Otago Peninsula site, annual pup production has
ranged from O to 6 pups since the 1994-95 breeding
season, with five recorded in 2012-13 (two later died and
Klebsiella infection was the diagnosed cause of death for
one) and three recorded in 2013-14 (McConkey et al 2002,
Augé 2011, J. Fyfe pers comm). A modelling exercise
suggested that this population can expand to 9-22 adult
females by 2018 (Lalas & Bradshaw 2003), though the
maximum pup production of 6 pups in 2005-06 was not
exceeded in subsequent years. Sea lions at Otago are of
special interest because they highlight the potential for
establishing new breeding colonies, in this case from a
single pregnant female (McConkey et al 2002).

Sea lions have also been found at Stewart Island, where 25
pups DOC hut and
maintenance trip in March 2012. Increasing numbers of

were tagged during a track
pups were tagged in subsequent years including 26 in
2013 and 32 in 2014 (Chilvers 2014, L. Chilvers pers
comm). The latest count is thought to be a good estimate
of total pup production at Stewart Island in that season
(Chilvers 2014).

Established anthropogenic sources of mortality in NZ sea
lion include: historic subsistence hunting and commercial
harvest (Gales 1995, Childerhouse & Gales 1998); pup
entrapment in rabbit burrows prior to rabbit eradication
from Enderby Island in 1993 (Gales & Fletcher 1999);
human disturbance, including attacks by dogs, vehicle
strikes and deliberate shooting on mainland New Zealand
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Table 3.2: Pup production and population estimates of NZ sea lions from the Auckland Islands from 1995 to 2013. Pup production data are direct counts
or mark-recapture estimates from Chilvers et al (2007), Robertson and Chilvers (2011), Chilvers (2012a), and Childerhouse et al (2014), noting that counts
of dead pup began later in 2013 & 2014 and this is likely to have led to a negative bias in estimates for these years. Standard errors apply only to the
portion of pup production estimated using mark-recapture methods. Population estimates from P.A. Breen, estimated in the model by Breen et al 2010.
Year refers to the second year of a breeding season (e.g., 2010 refers to the 2009-10 season).

Year Pup production estimate Population size estimate
Mean Standard error (for mark recapture estimates)* Median 90% confidence interval

1995 2518 21 15675 14 732-16 757
1996 2 685 22 16 226 15238-17 318
1997 2975 26 16 693 15 656-17 829
1998 3021 94 16911 15786-18 128
1999 2 867 33 15091 13 932-16 456
2000 2 856 43 15248 14 078-16 586
2001 2 859 24 15 005 13 870-16 282
2002 2282 34 13 890 12 856-15 079
2003 2518 38 14 141 13 107-15 295
2004 2515 40 14 096 13 057-15 278
2005 2148 34 13 369 12 383-14 518
2006 2 089 30 13110 12 150-14 156
2007 2224 38 13199 12 231-14 215
2008 2175 44 12733 11 786-13 757
2009 1501 16 12 065 11 160-13 061
2010 1814 36
2011 15504 41
2012 1684 22

2013%** 1940 50

2014** 1575 19

*Calculated as the sum of standard errors associated with estimates for Sandy Bay and Dundas (estimates for other rookeries from direct
count rather than mark-recapture); **Field season began later in these years and pups that died early in the pupping period were unlikely to
have been included in pup production estimates

4 Due to extreme weather conditions there was some delay in making the 2010/11 pup count which may affect comparability
with previous years. However DOC’s analysis suggests any such effect is unlikely to be large (Chilvers & Wilkinson 2011).
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(Gales 1995); and incidental captures in fisheries (see
below).

In addition to the established effects, there are a number
of other anthropogenic effects that may influence NZ sea
lion mortality. However their role, if any, is presently
unclear. These include: possible competition for resources
between NZ sea lions and the various fisheries (Robertson
& Chilvers 2011, Bowen 2012); effects of organic and
inorganic pollutants, including polychlorinated biphenyls
(PCBs), dichlorodiphenyltrichloroethane (DDT) and heavy
metals such as mercury and cadmium (Baker 1999,
Robertson & Chilvers 2011); and impacts of eco-tourism.

Other sources of mortality include epizootics, particularly
Campylobacter that killed 1600 pups (53% of pup
production) and at least 74 adult females on the Auckland
Islands in 1997-98 (Wilkinson et al 2003, Robertson &
Chilvers 2011) and Klebsiella pneumoniae that killed 33%
and 21% of pups diagnosed pups at the Auckland Islands in
2001-02 and 2002-03, respectively (Wilkinson et al 2006)
and 55 % of pups between 2009 and 2014 (Roe et al
2014). A highly sticky strain of K. pneumoniae was isolated
from a number of pups that died in field seasons 2005-06
to 2009-10 (Roe 2011). In this period, disease-related
mortalities occurred late in the field season relative to the
period 1998-99 to 2004-05 and were still occurring up to
the end of sampling (Castinel et al 2007; Roe 2011). The
1998 epizootic event may have affected the fecundity of
the surviving pups, reducing their breeding rate relative to
other cohorts (Gilbert & Chilvers 2008), though their
pupping rate estimate for this cohort is likely to have been
negatively biased by particularly high tag shedding rate for
individuals tagged in that year (Roberts et al 2014). There
are also occurrences of predation by sharks (Cawthorn et
al 1985, Robertson & Chilvers 2011), starvation of pups if
they become separated from their mothers (Walker & Ling
1981, Castinel et al 2007), drowning in wallows and male
aggression towards females and pups (Wilkinson et al
2000, Chilvers et al 2005b).

26

Despite a historic reduction in population size as a result
of subsistence hunting and commercial harvest, the NZ sea
lion population does not display low genetic diversity at
microsatellite loci and thus does not appear to have
suffered effects of genetic drift and inbreeding depression
(Robertson & Chilvers 2011).

3.2.6 RELATING DEMOGRAPHIC RATES TO
DRIVERS OF POPULATION CHANGE

Demographic assessments have been conducted to
identify the proximate demographic causes of population
decline at the Auckland Islands. An assessment using
mark-resighting data from the Enderby Island sub-
population yielded estimates of average annual survival
for prime-age females of 0.90 for females that did not
breed and 0.95 for females that did breed (MacKenzie
2011). In another assessment, state space demographic
fitted

distribution observations and a long time series of mark-

models to pup production estimates, age
resighting observations were developed using NIWA's
demographic modelling software SeaBird to estimate year-
varying survival, probability of pupping and age-at-first-
pupping (Roberts et al 2014). This study concluded that
low pupping rate (including occasional years with very low
rate), a declining trend in cohort survival to age 2 and to
age 5 since the early 1990s and relatively low adult
survival (age 6-14) since 1999-00 explain declining pup
production at Sandy Bay since the late 1990s. In addition,
very low pup survival estimates were obtained for all years
since 2004-05, which will compromise breeder numbers
and pup production resulting from births at Sandy Bay in
the immediate future (Figure 3.1) (Roberts et al 2014). The
demographic causes of population change will be further
examined in a quantitative risk assessment of potential
threats to NZ sea lions in 2014-15.
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Figure 3.1: Annual estimates of cohort-specific survival to age 2 (top-left), survival at age 6-14 (top-right), probability of puppers pupping (bottom-right)
and non-puppers pupping (bottom-right) of female NZ sea lions at Sandy Bay; survival estimates confounded with tag loss and likely to be lower than true

values; points are median estimates, bars are 95%Cl (Roberts et al., 2014).

A correlative assessment was then conducted to identify
the causes of varying demographic rates at Sandy Bay, for
which hypothetical models developed with expert
consultation were used as a framework for testing
relationships between demographic rate estimates,
biological observations (e.g. diet composition, maternal
body condition or pup mass) and candidate drivers of
population change (e.g. changes in prey availability,
disease-related pup mortality or direct fishery-related

mortalities) (Roberts & Doonan 2014).

Climate indices including Inter-decadal Pacific Oscillation
(IPO) and sea surface height (SSH) were well-correlated
with the occurrence of an array of key prey species in scats
(Childerhouse et al 2001; Stewart-Sinclair 2013). A weak,
though significant positive correlation was identified
between maternal body condition and pup mass in
seasons prior to 2004-05. In this time period, pup mass at
3-weeks appeared to have been a good predictor of
cohort-specific survival to age 2, though there was no
relationship with cohorts born 2004-05 to 2009-10, for
which survival estimates were consistently low despite
high pup mass (Figure 3.2). A correlation between cohort
survival to age 2 and the rate of pup mortalities attributed
to K. pneumonia infection late in the field season (Castinel
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et al 2007, Roe 2011) was consistent with disease-related
mortality affecting a decline in pup/yearling survival after
2004-05. Survival at ages 2-5 (juveniles) or age 6-14
(adults) were not well correlated with estimated captures
or interactions in the Auckland Islands Southern arrow
squid trawl fishery (SQU6T) and estimated captures are
relatively low in other commercial fisheries around the
Auckland Islands (Thompson et al 2011). However, from
1998-99 to 2003-04 survival at age 6-14 was negatively
correlated with the survival of pups born in the previous
year, consistent with the high energetic costs of lactation
compromising maternal survival.

In most cases observations were available for a short time
period and longer series would be required to identify a
causative relationship. However, broad changes in diet
composition (e.g. an increased prevalence of small sized-
prey species), reduced maternal body condition and
depressed pupping rates, are all consistent with a
sustained period of nutritional stress negatively affecting
the productivity of NZ sea lions at the Auckland Islands. In
addition, disease-related mortality of pups since 2005-06
(Roe 2011) has caused a decline in pup/yearling survival,
which may further compromise breeder numbers at the

Auckland Islands in immediate future.
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Figure 3.2:

regression line shown for correlations significant at the 5% level.

3.2.7 CONSERVATION BIOLOGY AND THREAT

CLASSIFICATION

Threat classification is an established approach for
identifying species at risk of extinction (IUCN 2010). The
risk of extinction for NZ sea lions has been assessed under
two threat classification systems, the International Union
for the Conservation of Nature (IUCN) Red List of
Threatened Species (IUCN 2010) and the New Zealand
Threat Classification System (Townsend et al 2008).

In 2008, the IUCN updated the Red List status of NZ sea
lions, listing them as Vulnerable, A3b® on the basis of a
marked (30%) decline in pup production in the last 10
years, at some of the major rookeries (Gales 2008). The

> Ataxon is listed as ‘Vulnerable’ if it is considered to be
facing a high risk of extinction in the wild. A3b refers to a
reduction in population size (A), based on a reduction of >
30% over the last 10 years or three generations
(whichever is longer up to a maximum of 100 years (3);
and when considering an index of abundance that is
appropriate to the taxon (b; IUCN 2010).
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IUCN further recommended that the species should be
reviewed within a decade in light of what they considered
to be the current status of NZ sea lions (i.e., declining pup

production, reducing population size, severe disease
outbreaks).
In 2010, DOC wupdated the New Zealand Threat

Classification status of all NZ marine mammals (Baker et al
2010). In the revised list, NZ sea lions had their threat
classification increased from At Risk, Range Restricted® to
Nationally Critical under criterion C7 with a Range
Restricted qualifier based on the recent rate of decline
(Baker et al 2010).

6 A taxon is listed as ‘Range Restricted’ if it is confined to
specific substrates, habitats or geographic areas of less
than 1000 km? (100 000 ha); this is assessed by taking into
account the area of occupied habitat of all sub-
populations (Townsend et al 2008).

7 Ataxon is listed as ‘Nationally Critical’ under criterion C if
the population (irrespective of size or number of sub-
populations) has a very high (rate of) ongoing or predicted
decline; greater than 70% over 10 years or three
generations, whichever is longer (Townsend et al 2008).
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3.3 GLOBAL UNDERSTANDING OF FISHERIES

INTERACTIONS

Reviews of fisheries interactions among pinnipeds globally
can be found in Read et al (2006), Woodley & Lavigne
(1991), Katsanevakis (2008) and Moore et al (2009).
Because NZ sea lions are endemic to New Zealand, the
global understanding of fisheries interactions for this
species is outlined under state of knowledge in New
Zealand. For related information on fishing interactions for
NZ fur seals, both within New Zealand and overseas, see
the NZ fur seal chapter.

NEW

3.4 STATE OF

ZEALAND

KNOWLEDGE IN

NZ sea lions interact with some trawl fisheries resulting in
incidental capture and subsequent drowning of the sea
lion. These interactions are confined to trawl fisheries in
Sub-Antarctic waters (Figure 3.3); particularly the
Auckland Islands arrow squid fishery (SQU6T), but also the
Auckland lIslands scampi fishery (SCI6A), other Auckland
Islands trawl fisheries, the Campbell Island southern blue
whiting (Micromesistius australis) fishery (SBW6I) and the
Stewart-Snares shelf fisheries targeting mainly arrow squid
(SQUIT; Thompson & Abraham 2010, Thompson et al
2011, 2013).8NZ sea lions forage to depths of up to 600 m
(Table 3.1) and overlap with trawling at up to 500 m depth
for arrow squid, 250-600 m depth for spawning southern
blue whiting, and 350-550 m depth for scampi (Tuck 2009,
Ministry of Fisheries 2011). There is seasonal variation in
the distribution overlap between NZ sea lions and the
target species fisheries (

Table 3.3). Breeding male sea lions are ashore between
November and January with occasional trips to sea, then
migrate away from the Auckland Island area (Robertson et
al 2006). Breeding females are in the Auckland Island area
year round, ashore to give birth for up to 10 days during
December and January and then dividing their time
between foraging at sea (~2days) and suckling their pup
ashore (~1.5 days; Chilvers et al 2005a). The SQU6T fishery

8 See the Report from the Fisheries Assessment Plenary,
May 2011 (Ministry of Fisheries 2011) for further
information regarding the biology and stock assessments
for these species.

currently operates between February and July, peaking
between February and May, whereas the SQUIT fishery
operates between December and May, peaking between
January and April, before the squid spawn. The SBW®6I
fishery operates in August and September, peaking in the
latter month, when the fish aggregate to spawn. The SCI6A
fishery may operate at any time of the year but does not
operate continuously.

3.4.1 QUANTIFYING FISHERIES
INTERACTIONS

Since 1988, incidental captures of NZ sea lion have been

monitored by government observers on-board a
proportion of the fishing fleet (Wilkinson et al 2003).
Between 1995 and 2012, observers observed an overall
average of 10-42% of trawl tows each year (Table 3.4). In
the SQUGT fishery, observer effort was generally around
20-40% in the same period, but reached almost 100%
during the 200001 season (Table 3.4). Observer coverage
in non-squid trawl fisheries operating adjacent to
Auckland Islands was 0-15% in scampi fisheries, and 4—
66% in other target fisheries (e.g., jack mackerel, orange
roughy and hoki) (Table 3.6). In the Campbell Island
southern blue whiting fishery, observer coverage was 27—
76%, compared with 8-50% observer coverage in Stewart-
Snares shelf trawl fisheries (primarily targeting squid, but
also hoki, jack mackerel and barracouta; Table 3.4).
Unobserved trips tended to report NZ sea lion captures at
a lower rate than observed trips across all observed
fisheries. Fishers reported 177 NZ sea lion captures
between 1998-99 and 2008-09, compared with 196
captures reported by observers over the same period

(Abraham & Thompson 2011)°.

9 As part of its data reconciliation processes, MPI has
identified that less than 2% of observed protected species
captures between 2002 and 2015 were not recorded in
the Centralised Observer Database (COD). Steps are being
taken to update the database and estimates of protected
species captures and associated risks.

Note that no observed captures of New Zealand sea lions
have been identified as absent from COD.
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Table 3.3: Monthly distribution of NZ sea lion activity and the main trawl fisheries with observed reports of NZ sea lion incidental captures (see text for

details).
NZ sea lions Sep Oct Nov | Dec | Jan Feb Mar Apr | May | Jun Jul Aug
Dispersed at sea or
Breeding males P At breeding colony Dispersed at sea or at haulouts
at haulouts
Breedin At breedin
8 At sea 8 At breeding colony and at-sea foraging and suckling
females colony
New Pups At breeding colony
Non-breeders Dispersed at sea, at haulouts, or breeding colony periphery
Major fisheries Sep Oct Nov | Dec | Jan Feb Mar Apr | May | Jun Jul Aug

Cook Strait, west coast

Hoki trawl Chatham Rise and Stewart-Snares Shelf
South Island, Puysegur
Stewart-
Squid Auckland Islands and Stewart-Snares Shelf
Snares Shelf
Southern blue Pukaki Rise and Bounty
whiting Campbell Rise Islands
Scampi Auckland Islands

The number of NZ sea lion captures reported by observers
has been used in increasingly sophisticated models to
estimate the total number of captures across the entire
fishing fleet in each fishing year (Smith and Baird 2007b,
Thompson and Abraham 2010, Abraham and Thompson
2011, Abraham et al in prep.). This approach is currently
being applied using information collected under DOC
project INT2014-01 and analysed under MPI project
PRO2013-01. Estimates for the SQU6T and Campbell
Island fisheries were generated using Bayesian models,
whereas those for Auckland Islands scampi fisheries, other
Auckland Islands traw! fisheries, and the Stewart-Snares
shelf fisheries were generated using ratio estimates (see
Tables Table 3.5, Table 3.6, and Table 3.7, and detailed
information in Thompson et al 2013, Abraham et al in
prep.). Captures comprise the number of NZ sea lions
brought on deck (both dead and alive), and necessarily
exclude the unknown fraction of animals that exit trawls
through Sea Lion Exclusion Devices (SLEDs), as well as
those individuals that were decomposed upon capture or
that climbed aboard vessels (Smith & Baird 2007b,
Thompson & Abraham 2010, Thompson et al 2013).
Interactions are defined as the number of sea lions that
would be predicted to have been caught if no SLEDs had
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been used the SQU6ET fishery), with a

corresponding strike rate (the estimated number of

(i.e., in

interactions per 100 tows) (Thompson et al 2013). For
trawl fisheries that do not deploy SLEDs, the number of
interactions is equivalent to the number of estimated
captures.

In the years since SLEDs were introduced in the SQU6T
fishery in 2001-02, both the observed and estimated
numbers of NZ sea lion captures have generally declined
(Table 3.5). The same trend is present in the mean
estimated number of interactions, however these
estimates have become increasingly uncertain with the
most recent interaction estimates being effectively
unbounded. Observed and estimated numbers of NZ sea
lion captures in the Campbell Island southern blue whiting
fishery increased after 2004-05 reaching 21 individuals
observed caught in 2012-13 (Table 3.7) and SLEDs were
voluntarily introduced to that fishery in response to the
relatively high level of captures in that year. For the
Auckland Islands scampi and other target fisheries, and
the Stewart-Snares shelf trawl fisheries, the observed and
estimated numbers of NZ sea have

fluctuated without trend (Table 3.6).

lion captures
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Capture rate is defined as the number of NZ sea lions
caught per 100 tows. Strike rate is defined as the number
of NZ sea lions that would be caught per 100 tows if no
SLEDs were fitted. Models suggest that the interaction
rate of female NZ sea lions (equivalent to the capture rate
were no SLEDs fitted) is influenced by a number of factors,
including year, distance e from the rookery, tow duration,
and change of tow direction (Smith & Baird 2005).
Conversely, the interaction rate of male NZ sea lions is
influenced by year, the number of days into the fishery
(males leave the rookeries soon after mating whereas
females remain with the pups), and time of day (Smith &
Baird 2005).

3.4.2 MANAGING FISHERIES INTERACTIONS

For NZ sea lions, efforts to mitigate incidental captures in
fisheries have focused on the SQU6T fishery. Spatial
and/or temporal closures have been put in place, SLEDs
were developed by industry, codes of practice were
introduced, and mortality limits imposed. In 1982 the
Minister of Fisheries established a 12 nautical mile
exclusion zone around the Auckland Islands from which all
fishing activities were excluded (Wilkinson et al 2003). In
1995, the exclusion zone was replaced with a Marine
Mammal Sanctuary with the same controls on fishing
(Chilvers 2008). The area was subsequently designated as
a Marine Reserve in 2003. In addition to these area-based
measures, mitigation devices in the form of SLEDs were
introduced in the SQU6T fishing fleet in 2001-02 (Figure
3.4), with widespread and standardised use by all the fleet
since 2004/05. The use of SLEDs is not mandatory, but
almost all tows now include a certified SLED because this is
required by the current industry body (the Deepwater
Group) and is necessary to receive the discount factor on
tows applied by MPI. SLED deployment is monitored by
MPI observers. In 1992, the Ministry adopted a fisheries-
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related mortality limit (FRML; previously referred to as a
maximum allowable level of fisheries-related mortality or
MALFIRM) to set an upper limit on the number of NZ sea
lions that could be incidentally drowned each year in the
SQU6T trawl fishery (Chilvers 2008). If this limit is reached,
the fishery may be mandatorily closed for the remainder
of the season. Mandatory closures have occurred seven
times (1996 to 1998, 2000, and 2002 to 2004) since this
plan was first adopted in 1993 (Table 3.8; Robertson &
Chilvers 2011).

NZ sea
incidentally caught during fishing were usually retained in

Before the widespread use of SLEDs, lions
trawl nets and hauled on board, allowing observers to gain
an accurate assessment of the number of NZ sea lions
being captured on observed tows in a given fishery. This
enabled a robust estimation of the total number of NZ sea
lions killed. However, following the introduction of SLEDs,
the number of NZ sea lions interacting with trawls and the
proportion of those surviving are considerably more
difficult to estimate. Since the introduction of SLEDs,
therefore, estimates of the number of NZ sea lions
interacting with trawls to monitor performance against
any mortality limits set have had to be made using a
predetermined strike rate. Using a predetermined strike
rate enables the FRML to be converted into a number of
tows for management purposes. The rate of 5.65%
assumed by MPI for the SQU6T fishery is based on rates
observed on vessels without SLEDs from 2003-04 to 2005-
06 and
implementation

is also assumed as part of the fishery

within an integrated management
procedure evaluation model (named the BFG model after
its authors, see Section 3.4.3). A strike rate of 5.89 is
currently assumed, reflecting a slight increase in the long-
term average estimated from the model. The most recent
strike rates are given in Table 3.4 (see also Thompson et al

2013).
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Figure 3.3: Distribution of trawl fishing effort and observed NZ sea lion captures, 2002-03 to 2013-14 (http://data.dragonfly.co.nz/psc/ Data Version
v2015003). Fishing effort is mapped into 0.2-degree cells, with the colour of each cell indicating the amount of effort (number of fishing events). Observed
fishing events are indicated by black dots, and observed captures are indicated by red dots. Fishing is only shown if the effort could be assigned a latitude

and longitude, and if there were three or more vessels fishing within a cell. In this case, 94.2% of the effort is shown.
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Table 3.4: Sea lion captures in all modelled commercial trawl fisheries (squid, scampi and other targets around the Auckland Islands, Campbell Island southern blue whiting, and Stewart-Snares shelf trawl) in New Zealand’s
Exclusive Economic Zone between 1995 and 2014 (http://data.dragonfly.co.nz/psc/ Data version v20150003). Annual fishing effort (total number of tows), observer coverage (percentage of tows observed), number of
observed sea lion captures (both dead and alive), observed capture rate (captures per 100 tows), the estimation method used (model, ratio estimate, or both combined), the number of estimated sea lion captures,
estimated interactions, and estimated strike rate (with 95% confidence intervals, c.i.). Interactions are defined as the number of sea lion that would have been caught if no Sea Lion Exclusion Devices (SLEDs) had been used,

with a corresponding strike rate (the estimated number of interactions per 100 tows)(see Thompson et al (2013) and Abraham et al. (in prep) for details).

. Fishing effort Observed captures Estimated captures Estimated interactions Estimated strike rate
IShing year All effort % observed Number Rate Method Mean 95% c.i. Mean 95% c.i. Mean 95% c.i.
1995-96 10075 10 16 1.5 Both 143 81-239 143 81-234 14 0.8-2.4
1996-97 10954 15 28 1.7 Both 152 102-225 152 101-224 14 0.9-2.1
1997-98 9972 14 14 1 Both 74 45-116 74 43-118 0.7 0.5-1.2
1998-99 10 566 16 6 0.4 Both 31 19-46 31 17-48 0.3 0.2-0.4
1999-00 9049 23 28 1.4 Both 87 60-125 87 58-129 1 0.7-1.4
2000-01 8928 39 46 13 Both 59 51-70 82 58-111 0.7 0.6-0.8
2001-02 9946 19 23 1.2 Both 62 44-83 92 60-137 0.6 0.4-0.8
2002-03 8311 19 11 0.7 Both 31 21-44 59 35-90 0.4 0.3-0.5
2003-04 10021 23 21 0.9 Both 59 41-81 221 120-384 0.6 0.4-0.8
2004-05 11083 23 14 0.5 Both 51 34-73 187 93-339 0.5 0.3-0.7
2005-06 9303 21 14 0.7 Both 49 33-71 172 85-332 0.5 0.4-0.8
2006-07 6724 24 15 0.9 Both 42 28-61 116 55-237 0.6 0.4-0.9
2007-08 6534 33 8 0.4 Both 30 20-43 137 38-514 0.5 0.3-0.7
2008-09 6 664 27 3 0.2 Both 20 10-33 114 24-478 0.3 0.2-0.5
2009-10 5522 34 15 0.8 Both 45 30-64 160 51-563 0.8 0.5-1.2
2010-11 6 455 31 6 0.3 Both 27 16-41 87 25-316 0.4 0.2-0.6
2011-12 5466 42 1 0.0 Both 12 5-21 58 11-253 0.2 0.1-0.4
2012-13 5581 64 25 0.7 Both 32 27-39 109 53-313 0.6 0.5-0.7
2013-14 4701 59 3 0.1 Both 10 5-16 52 14-184 0.2 0.1-0.3
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Table 3.5: Sea lion captures in the Auckland Islands squid trawl fishery between 1995 and 2014 (http://data.dragonfly.co.nz/psc/ Data version v20150003). Annual fishing effort (total number of tows), observer coverage

(percentage of tows observed), number of observed sea lion captures (both dead and alive), observed capture rate (captures per 100 tows), the estimation method used (model, ratio estimate, or both combined), the
number of estimated sea lion captures, estimated interactions, and estimated strike rate (with 95% confidence intervals, c.i.). Interactions are defined as the number of sea lion that would have been caught if no Sea Lion
Exclusion Devices (SLEDs) had been used, with a corresponding strike rate (the estimated number of interactions per 100 tows) (see Thompson et al (2013) and Abraham et al. (in prep) for details).

e Fishing effort Observed captures Estimated captures Estimated interactions Estimated strike rate
Fishing year All effort % observed Number Rate Method Mean 95% c.i. Mean 95% c.i. Mean 95% c.i.
1995-96 4 466 12 13 2.4 Model 128 67-222 128 66-218 2.9 1.6-4.8
1996-97 3716 19 28 3.9 Model 140 91-213 140 89-212 3.8 2.5-5.6
1997-98 1441 22 13 4.2 Model 59 32-101 59 30-102 4.1 2.4-6.8
1998-99 402 39 5 3.2 Model 14 46204 14 46844 3.5 2.1-5.8
1999-00 1206 36 25 5.7 Model 69 45-106 70 42-110 5.8 4.0-8.6
2000-01 583 99 39 6.7 Model 39 39-40 62 39-89 10.6 8.7-13.4
2001-02 1648 34 21 3.7 Model 42 29-62 73 42-116 4.4 3.0-6.7
2002-03 1466 29 11 2.6 Model 18 13-28 47 24-80 3.1 1.9-4.9
2003-04 2 594 31 16 2 Model 39 26-59 203 100-366 7.8 4.0-14.0
2004-05 2 693 30 9 1.1 Model 30 17-51 168 73-330 6.1 2.8-11.7
2005-06 2 459 22 10 1.8 Model 26 15-43 154 65-316 6.1 2.7-12.3
2006-07 1317 41 7 1.3 Model 15 9-26 91 30-214 6.8 2.4-15.6
2007-08 1265 47 5 0.8 Model 12 6-21 132 22-527 9.4 1.8-39.8
2008-09 1925 40 2 0.3 Model 7 2-15 114 12-531 5.3 0.7-24.5
2009-10 1188 26 3 1 Model 12 5-26 133 18-560 10.8 1.9-44.8
2010-11 1583 35 0 0 Model 4 0-10 70 5-323 4 0.3-17.9
2011-12 1281 44 0 0 Model 2 0-6 48 2-243 3.5 0.3-16.5
2012-13 1027 86 3 0.3 Model 4 3-6 58 7-263 5.3 0.8-24.5
2013-14 737 84 2 0.3 Model 2 2-4 37 4-167 5.0 0.7-22.8

* SLEDs introduced.
A SLEDs standardised and in widespread use.
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Table 3.6 Sea lion captures in trawl fisheries targeting scampi and targeting other species adjacent to the Auckland Islands between 1995 and 2013
(http://data.dragonfly.co.nz/psc/ Data version v20150003). Annual fishing effort (total number of tows), observer coverage (percentage of tows
observed), number of observed sea lion captures (both dead and alive), observed capture rate (captures per 100 tows), the estimation method used
(model or ratio estimate), and the number of estimated sea lion captures (with 95% confidence interval, c.i.)(see Thompson et al (2013) and Abraham et al
(in prep) for details).

Fishing effort Observed captures Estimated captures
Fishing year
All effort % observed Number Rate Method | Mean | 95% c.i.

Auckland Islands scampi

1995-96 1306 5 2 3.1 Ratio 10 4-18
1996-97 1224 15 0 - Ratio 6 4-14
1997-98 1107 12 0 - Ratio 6 1-13
1998-99 1254 2 0 - Ratio 8 2-16
1999-00 1383 5 0 - Ratio 8 2-16
2000-01 1417 6 4 4.8 Ratio 12 6-21
2001-02 1604 9 0 - Ratio 9 3-18
2002-03 1351 11 0 0.0 Ratio 7 2-15
2003-04 1363 12 3 1.8 Ratio 10 5-18
2004-05 1275 0 0 NA Ratio 8 2-16
2005-06 1331 9 1 0.9 Ratio 8 3-16
2006-07 1328 8 1 1.0 Ratio 8 3-17
2007-08 1327 7 0 0 Ratio 8 2-16
2008-09 1457 4 1 1.6 Ratio 10 3-18
2009-10 940 10 0 0.0 Ratio 5 1-11
2010-11 1401 15 0 0.0 Ratio 7 2-15
2011-12 1247 10 0 0.0 Ratio 7 2-15
2012-13 1093 12 0 0.0 Ratio 6 1-12
2013-14 850 6 0 0.0 Ratio 5 1-11
Auckland Islands other

1995-96 406 6 1 4 Ratio 2 1-6
1996-97 296 4 0 - Ratio 1 0-4
1997-98 684 17 1 0.8 Ratio 3 1-8
1998-99 525 10 1 1.8 Ratio 3 1-7
1999-00 750 13 0 - Ratio 3 0-8
2000-01 578 7 0 - Ratio 2 0-7
2001-02 589 4 0 - Ratio 2 0-7
2002-03 543 13 0 - Ratio 2 0-6
2003-04 289 17 0 - Ratio 1 0-4
2004-05 170 7 0 - Ratio 1 0-3
2005-06 39 15 0 - Ratio 0 0-1
2006-07 38 5 0 - Ratio 0 0-1
2007-08 147 45 0 - Ratio 0 0-2
2008-09 121 50 0 - Ratio 0 0-2
2009-10 77 66 0 - Ratio 0 0-1
2010-11 131 37 0 - Ratio 0 0-2
2011-12 57 30 0 - Ratio 0 0-1
2012-13 60 43 0 - Ratio 0 0-1
2013-14 203 23 0 - Ratio 1 0-3
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Table 3.7 Sea lion captures in Campbell Island southern blue whiting (SBW) and in Stewart-Snares shelf trawl fisheries between 1995 and 2014

(http://data.dragonfly.co.nz/psc/ Data version v20150003). Annual fishing effort (total number of tows), observer coverage (percentage of tows

observed), number of observed sea lion captures (both dead and alive), observed capture rate (captures per 100 tows), the estimation method used
(model or ratio estimate), and the number of estimated sea lion captures (with 95% confidence interval, c.i.) (see Thompson et al (2013) and Abraham et

al (in prep) for details).

Fishing effort

Observed captures

Estimated captures

Fishing year All effort | % observed Number | Rate Method | Mean | 95% c.i.
Campbell Island SBW

1995-96 474 27 0 0 Model 0 0-3
1996-97 641 34 0 0 Model 0 0-3
1997-98 963 29 0 0 Model 1 0-5
1998-99 788 28 0 0 Model 1 0-5
1999-00 447 52 0 0 Model 0 0-3
2000-01 672 60 0 0 Model 0 0-2
2001-02 980 28 1 0.4 Model 4 1-11
2002-03 599 43 0 0 Model 0 0-3
2003-04 690 34 1 0.4 Model 3 1-9
2004-05 726 37 2 0.7 Model 5 2-12
2005-06 521 28 3 2.1 Model 10 3-22
2006-07 544 32 6 3.5 Model 15 6-29
2007-08 557 41 2 0.9 Model 8 5-14
2008-09 627 20 0 0 Model 1 0-7
2009-10 550 43 11 4.7 Model 24 15-37
2010-11 886 39 6 1.7 Model 15 8-24
2011-12 592 77 0 0 Model 1 0-3
2012-13 693 100 21 3 Model 21 21-22
2013-14 588 100 2 0.3 Model 1 1-1
Stewart-Snares (mainly squid)

1995-96 3423 8 0 - Ratio 3 0-7
1996-97 5077 10 0 - Ratio 4 0-9
1997-98 5777 10 0 - Ratio 5 1-10
1998-99 7597 16 0 - Ratio 6 1-12
1999-00 5263 23 3 0.3 Ratio 7 3-11
2000-01 5678 43 3 0.1 Ratio 6 3-10
2001-02 5125 18 1 0.1 Ratio 5 1-10
2002-03 4348 16 0 - Ratio 3 0-8
2003-04 5085 21 1 0.1 Ratio 5 1-9
2004-05 6 206 24 3 0.2 Ratio 7 4-12
2005-06 4 950 19 1 0.1 Ratio 5 1-9
2006-07 3494 24 1 0.1 Ratio 3 1-7
2007-08 3238 36 1 0.1 Ratio 3 1-6
2008-09 2534 31 0 - Ratio 2 0-5
2009-10 2 765 43 1 0.1 Ratio 2 1-5
2010-11 2451 36 0 - Ratio 1 0-4
2011-12 2 289 50 1 0.1 Ratio 2 1-4
2012-13 2735 68 1 0.1 Ratio 2 1-4
2013-14 2323 63 0 - Ratio 1 0-3

*SLEDs introduced in that year
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Figure 3.4: Diagram of a NZ sea lion exclusion device (SLED) inside a trawl net. Image courtesy of the Deepwater Group.

The current management regime for the SQU6T fishery
provides for a “discounted” strike rate to apply to all tows
when an approved SLED is used (because SLEDs allow
some NZ sea lions to escape and survive their encounters
with trawl nets; Thompson & Abraham 2010, see Table
3.8). The SLED discount rate is a fisheries management
setting and should not be confused with the actual survival
of NZ sea lions that encounter a trawl equipped with a
SLED, but the discount mechanism is duplicated in the BFG

simulations. The current discount rate of 82% means that
the strike rate is reduced from 5.89% to 1.06% so that, for
every 100 tows using an approved SLED, 1.06 NZ sea lions
are presumed killed. Ideally, the discount rate would be
equal to the survival rate of NZ sea lions that encounter a
trawl in circumstances that would be fatal if no SLED were
fitted. This survival rate is the product of the proportion of
animals that exit a trawl with a SLED and their post-exit
survival.

Table 3.8: Maximum allowable level of fisheries-related mortality (MALFiRM) or fisheries-related mortality limit (FRML) from 1991 to 2014. Note,
however, that direct comparisons among years of the limits in Table 3.8 are not possible because the assumptions underlying the MALFiRM or FRML

changed over time.

Year MALFiRM or FRML | Discount rate Management actions

1991-92 16 (female only)

1992-93 63

1993-94 63

1994-95 69

1995-96 73 Fishery closed by MFish (4 May)
1996-97 79 Fishery closed by MFish (28 March)
1997-98 63 Fishery closed by MFish (27 March)
1998-99 64

1999-00 65 Fishery closed by MFish (8 March)
2000-01 75 Voluntary withdrawal by industry
2001-02 79 Fishery closed by MFish (13April)
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2002-03 70
2003-04 62 (124) 20%
2004-05 115 20%
2005-06 97 (150) 20%
2006-07 93 20%
2007-08 81 35%
2008-09 113 (95) 35%
2009-10 76 35%
2010-11 68 35%
2011-12 68 35%
2012-13 68 82%
2013-14 68 82%

In 2004, the Minister of Fisheries requested that the squid
fishery industry organisation (Squid Fishery Management
Company), government agencies and other stakeholders
with
collaboratively to develop a plan of action to determine

an interest in sea lion conservation work
SLED efficacy. In response, an independently chaired
working group (the SLED Working Group) was established
to develop an action plan to determine the efficacy of
SLEDs, with a particular focus on the survivability of NZ sea
lions that exit the nets via the exit hole in the SLED. The
group undertook a number of initiatives, most notably the
standardisation of SLED specifications (including grid
spacing) across the fleet (DOC CSP project MIT 2004/05 -
Clement and Associates Ltd. 2007) and the establishment
of an underwater video monitoring programme to help
understand what happens when a NZ sea lion exits a SLED.
White light and infra-red illuminators were tested. Sea
lions were observed outside the net on a number of
occasions, but only one fur seal and one NZ sea lion were
observed exiting the net via the SLED (on tows when white
light illumination was used). The footage contributed to
understanding of SLED performance, but established that
video monitoring was only suitable for tows using mid
water gear, as the camera view was often obscured on
tows where bottom gear was used (Middleton & Banks
2008). The SLED Working Group was disbanded in early

2010.

The original “MALFIRM” was calculated using the potential
biological removal approach (PBR; Wade 1998) and was
used from 1992-93 to 2003-04 (Smith & Baird 2007a).
Since 2003-04 the FRML has been translated into a
maximum permitted number of tows after which the
SQU6T fishing season may be halted by the Minister
regardless of the observed NZ sea lion mortality. This
approach has been taken because NZ sea lion mortality
can no longer be monitored directly since the introduction
of SLEDs.
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Fishery closed by MFish (29 March), overturned by High Court

Fishery closed by MFish (22 March), overturned by High Court FRML increased
Voluntary withdrawal by industry on reaching the FRML

FRML increased in mid-March due to abundance of squid

Lower interim limit agreed due to the decrease in pup numbers

3.4.3 MODELLING POPULATION-LEVEL
IMPACTS OF FISHERIES INTERACTIONS

The population-level impact of fisheries interactions has
been assessed for the Auckland Islands via a management
procedure evaluation model for the SQU6T fishery (see
below). The impact of fisheries interactions for all NZ sea
lion populations (and other marine mammal populations)
will be assessed as part of the marine mammal risk
assessment project (PRO2012-02). The goal of this project
is to assess the risk posed to marine mammal populations
from New Zealand fisheries by applying a similar approach
to the recent seabird risk assessment (Richard et al 2011).
In this approach, risk is defined as the ratio of total
estimated annual fatalities due to mortality in fisheries, to
the level of PBR (Wade 1998). The results of this project
should be available in 2014. Note that the PBR approach
was recently also used to identify the level of fishery
interactions that would cause adverse effects on the
Campbell Island subpopulation (Roberts et al 2014).

Since 2000,

procedure evaluation model having both population and

an integrated Bayesian management
fishery components has been used to assess the likely
performance of a variety of management control rules,
each of which can be used to determine the FRML for a
given SQU6T season (Breen et al 2003, Breen & Kim
2006a, Breen & Kim 2006b, and Breen, Fu & Gilbert 2010).
The model underwent several iterations. An early version,
2000-01,

deterministic, partially age-structured population model

developed in was a relatively simple

with density-dependence applied to pup production
(Breen et al 2003). An updated version called the Breen-
Kim model was built in 2003 to render it fully age-
structured and to incorporate various datasets supplied by
DOC (Breen & Kim 2006a, 2006b). This model was further
revised in 2007-08 to incorporate the latest NZ sea lion
data to address various model

population and



AEBAR 2015: Protected species

uncertainties and called the BFG model (after its authors,
Breen, Fu & Gilbert 2010). In 2009, the model was again
updated to incorporate the low NZ sea lion pup counts
observed in 2008-09 (and thus better reflect the observed
variability in pup survival and pupping rates), as well as
incidental captures in fisheries other than SQU6T. The BFG
model was re-run in 2011 using the same underlying data
and structure as in 2009 to evaluate the effect of different
model assumptions about the survival of NZ sea lions that
exit trawl nets via SLEDs (see below). Additional details on
the NZ sea lion population model can be found in Breen et
al (2010).

The BFG model incorporates various population dynamics
observations (tag re-sighting observations, pup births and
mortality, age at maturity) as well as incidental captures
and catch-at-age data from the SQU6T trawl fishery. The
model was projected into the future by applying the
observed dynamics and a virtual fishery model that is
managed in roughly the same way as the real SQU6T
fishery. A large number of projections were run and used
to assess the likely performance of a wide range of
different management control rules against the four
performance criteria described in Section 3.1: Context
(two MFish criteria and two DOC criteria). For each set of
runs the population indicators were summarised and the
rules compared in tables. The BFG model is sensitive to
several key assumptions (see Sources of uncertainty,
below).

SLEDs are effective in allowing most NZ sea lions to exit a
trawl but some are retained and drowned and others may
not survive the encounter. An experimental approach to
assessing non-retained fatality rate involved intentionally
capturing animals as they exited the escape hole of a SLED
between 1999-2000 and 2002-03. Cover nets were added
over the escape holes of some SLEDs and sea lions were
restrained in these nets after they exited the SLED proper.
An underwater video camera was deployed in 2001 to
assess the behaviour and the likelihood of post-exit
survival of those animals that were retained in the cover
nets (Wilkinson et al 2003, Mattlin 2004). The low number
of captures filmed and the inability to assess longer term
survival meant that this approach could not be used to
determine likely survival rates (e.g., Roe 2010).

Necropsies were conducted on animals recovered from
the cover net trials and on those incidentally caught and
recovered from vessels operating in the SQU6T, SQU1T
and SBW6I fisheries. Although all of the NZ sea lions
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returned for necropsy died as a result of drowning rather
than physical trauma from interactions with the trawl gear
including the SLED grid; (Roe & Meynier 2010, Roe 2010),
necropsies were designed to assess the nature and
severity of trauma sustained during capture and to infer
the survival prognosis had those animals been able to exit
the net (Mattlin 2004). However, problems associated
with this approach limited the usefulness of the results.
For example, NZ sea lions had to be frozen on vessels and
stored for periods of up to several months before being
thawed for 3-5 days to allow necropsy. Roe & Meynier
(2010) concluded that this freeze-thaw process created
artefactual lesions that mimic trauma but, particularly in
the case of brain trauma, could also obscure real lesions.
Further, two reviews in 2011 concluded that the lesions in
retained animals may not be representative of the injuries
sustained by animals that exit a trawl via a SLED (Roe &
Meynier 2010, Roe 2010). As a result of these reviews, the
use of necropsies to further infer the survival of sea lions
interacting with SLEDs was discontinued.

Notwithstanding the limitations of the necropsy data in
assessing trauma for previously frozen animals, it was
possible to determine that none of the necropsied animals
sustained sufficient injuries to the body (excluding the
head) to compromise survival (Roe & Meynier 2010, Roe
2010). Any head trauma, most likely due to impacts with
the SLED grid, could not be ruled out as a potential
contributing factor (Roe & Meynier 2010, Roe 2010). In
likelihood of a NZ sea
experiencing physical trauma sufficient to render the

order to quantify the lion
animal insensible (and therefore likely to drown) after a
collision with a SLED grid, a number of factors need to be
assessed. These include the likelihood of a head-first
impact, the speed of impact, the angle of impact relative
to individual grid bars and relative to the grid plane, the
location of impact on the grid, head mass, and the risk of
brain injury for a given impact speed and head mass. The
effect of multiple impacts also needs to be considered.
Estimates for each of these factors were obtained from a
number of sources, including necropsies (for head mass),
video footage of Australian fur seals interacting with Seal
Exclusion Devices (SEDs) (for impact speed, location and
body orientation) and biomechanical modelling of impacts
on the SLED grid (for the risk of brain injury).

In the absence of sufficient video footage of NZ sea lion
interacting with SLEDs, footage of fur seals (thought to be
in the
Tasmanian small pelagic mid-water trawl fishery has been

Australian fur seals) interacting with SEDs
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used (Lyle 2011). The SEDs are similar, but not identical, to
the New Zealand SLEDs in that both have sloping steel
grids to separate the catch from pinnipeds and guide the
latter toward an escape hole in the trawl. The angle of
slope and the number of sections in the steel grids are
variable (either two or three sections, depending on the
vessel). Lyle & Willcox (2008) conducted a camera trial
between January 2006 and February 2007 to assess the
efficacy of the SED and documented 457 interactions for
about 170 individual fur seals. Lyle (2011) reanalysed the
footage to estimate impact speed, impact location across
the SED grid and body orientation at the time of impact.
The situation faced by NZ sea lions in a squid trawl is not
identical to that faced by the fur seals studied by Lyle and
co-workers, but these are closely related otariids of similar
size and, in the absence of specific data, Australian fur
seals are considered a reasonable proxy to estimate
impact speed, impact location and body orientation.

The risk of brain injury was assessed by biomechanical
testing and modelling. Tests using an artificial “head form”
(as used in vehicular “crash test” studies) were used to
assess the likelihood of brain injury to NZ sea lions
colliding with a SLED grid (Ponte et al 2010, 2011). In an
initial trial (Ponte et al 2010), the head form (weighing 4.8
kg) was launched at three locations on the SLED grid at a
speed of 10 m.s? (about 20 knots). This was considered a
“worst feasible case” collision representing the combined
velocities of a sea lion swimming with a burst speed of 8
m.s* (after Ray 1963, Fish 2008) and a net being towed at
2 m.s?t (about 4 knots). A head injury criterion (HIC, a
predictor of the risk of brain injury) was calculated based
on criteria validated against human-vehicle impact studies
and translated into the probability of mild traumatic brain
injury (MTBI) for a given collision, taking into account
differences between human and sea lion head and brain
masses. MTBI is assumed to have the potential to lead to
insensibility or disorientation and subsequent death
through drowning for a NZ sea lion experiencing such an
injury at depth. Ponte et al (2010) calculated that a
collision at the stiffest part of the SLED grid at this highest
feasible speed had a very high risk of MTBI, especially for
smaller sea lions (female and small, immature males). This
provides an upper bound for the assessment of risk but
Ponte et al (2010) also imputed risk at speeds below the
maximum tested (10 m.s™).

In a follow-up study, after a research advisory group
meeting with other experts, Ponte et al (2011) tested a
wider variety of impact locations on the grid and various
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angles of impact relative to the bars and to the plane of
the grid and combined these to produce a HIC “map” for a
SLED grid. This HIC map can be used to estimate the risk of
MTBI for a collision by a sea lion at any given speed,
location, and orientation used to model the risk of MTBI.

The data collected from the footage of Australian fur seal
SED interactions (Lyle 2011) and the biomechanical
modelling (Ponte et al 2010, 2011) were combined in a
simulation-based probabilistic model to estimate the risk
of a sea lion suffering a mild traumatic brain injury when
striking a SLED grid (Abraham 2011). The simulation
involved selecting an impact location on the SLED grid
(from the fur seal data), selecting a head mass (from NZ
sea lion necropsy data) and an impact speed (from the fur
seal data), calculating the head impact criterion (HIC)
(from the HIC map), scaling the HIC to the head mass and
impact speed and calculating the expected probability of
mild traumatic brain injury, MTBI. Both 45° and 90° degree
impacts were considered, with the former, reflecting the
angle of a grid when deployed, adopted as the base case.
The head masses used may be at the lower end of the
range of head masses for NZ sea lions, due to the possible
bias in those that were caught and necropsied. Impact
speeds were drawn from the distribution of speeds
observed for fur seals colliding with SEDs (2-6 m.s) and
these are broadly consistent with the combined tow speed
and observed swimming speeds of NZ sea lions in the wild
(Crocker et al 2001). Different scaling of HIC values was
assessed to gauge sensitivity.

For the base case, the simulation results indicated there
was a 3.3% chance of a single head-first collision resulting
in MTBI with a 95 percentile of 15.7% risk of MTBI
(Abraham  2011).
parameters resulted in up to 6.2% probability of a single

Sensitivities  modulating  single
collision resulting in MTBI. One sensitivity trial involving
changes in multiple parameters resulted in a 10.9%
probability of MTBI. This scenario considered impact
speeds 20% above those measured for fur seals, multiple
collisions with the grid, and the least favourable values of
scaling exponents used in scaling the test HIC values and
calculating MTBI from the HIC (Abraham 2011). These
results are probabilities of MTBI resulting from a single
head first collision but, because each individual can have
multiple interactions with the grid while in a trawl, and
some of these will not be head-first. Using Australian
observations, Abraham (2011) estimated the number of
head-first collisions per interaction as 0.74, leading to an
estimated probability of MTBI for a NZ sea lion interacting
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with a trawl of 2.7%. Single parameter sensitivity runs
increased this to up to 4.6% and the multiple parameter
sensitivity using the scenario described above increased it
to 8.2% (Abraham 2011). Assuming synergistic interaction
between successive head-first strikes (each collision
carrying 5 times more risk than previous ones) did not
appreciably increase the overall risk because few fur seals
had multiple head-first collisions. These results indicate
that the risk of mortality for NZ sea lions interacting with
the SLED grid is probably low, although some remaining
areas of uncertainty were identified (see below).

3.4.4 PBR ASSESSMENT FOR CAMPBELL
ISLAND POPULATION

Following an unprecedented number of incidental
captures of NZ sea lions in the Campbell Rise Southern
blue whiting fishery (SBW6I) in 2013, the Deepwater
Group requested an expedited audit to assess whether or
not the fishery was still in conformance with the Marine
Standard

interactions below the level that would cause adverse

Stewardship Council Fisheries (i.e. were

effects on sea lion population size). A review was
conducted of PBR guidelines and relevant scientific
literature to inform the selection of appropriate PBR
parameter values for the Campbell Island sub-population
(Roberts, Roux & Ladroite, 2014). The PBR is a standard
approach to defining a safe level of human related
mortalities of marine mammals, which was originally
developed for the US Marine Mammals Protection Act
(Wade 1998). Itis calculated as:

PBR = Ny X "M%/, % Fy

where R4 IS the population growth rate at very low
population size with only natural morality operating, Nppin
is a “minimum” estimate of the total population size and
Fg is a recovery factor applied to account for uncertainty
or biases that may otherwise lead to overestimation of the
PBR and so hinder recovery to an optimum sustainable
population (OSP) level. The value of Fr may also be
adjusted to meet different population management
objectives.

The latest pup census at Campbell Island (681 pups in
2009-10; Maloney et al, 2012) was taken as a robust lower
estimate of total pup production. A matrix modelling
analysis was conducted to estimate plausible pup to whole
of population multipliers of 4.5 and 5.5, which were
applied to the pup census estimate to calculate Np,ip
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values of 3 065 and 3 746. The rate of increase in pup
counts from a time series of pup censuses was used as an
approximation to whole of population growth rate for
estimating a credible lower limit of Ry,4,. Values of 0.06,
0.08 and 0.10 were used in PBR calculations, with the
upper and lower limits considered as plausible bounds for
this parameter used in a sensitivity analysis. The Auckland
Islands and Campbell Island sub-populations are likely to
constitute demographically independent populations
(DIPs) and so, according to the latest guidelines on PBR
assessment, may be assessed as separate stocks (Moore &
Merrick 2011). Therefore the recovery factor (Fg) of 0.5
was used for stocks of a threatened species with unknown
(or not declining) population trajectory. The latest PBR
guidance literature recommends a more conservative Fy
of 0.1 for stocks of an endangered species and is the lower
limit that might be considered for declining populations of

a threatened species (Roberts, Roux & Ladroite 2014).

Previous to 200506 the annual number of captures was
very low, though capture rate appears to have increased
since, with the greatest number of captures in 2012-13
(Table 3.7). Running means of capture levels (3 and 5-year)
were also calculated for comparison with PBR estimates.
For an Fgr of 0.5, and the selected estimates of Np,n
(3,065) and R4, (0.08) the calculated PBR was 61.
Estimated captures did not exceed the PBR in any year
when the default Fy of 0.5 was used, regardless of which
other parameter values used. When the lower Fy of 0.1
was used, the calculated PBR of 12 was exceeded in two
years when using a 3-year running mean of captures and
in one year with a 5-year running mean of captures. When
a Fp of 0.2 was used, the calculated PBR of 25 was not
exceeded in any year. There has been a very strong bias
towards males in observed captures (Thompson et al
2013). An array of female-only PBRs was estimated by
halving the PBR for all animals and was not exceeded by
female captures in any vyear regardless of which
combination of parameter values was used (Roberts, Roux

& Ladroite 2014).

3.4.5 SOURCES OF UNCERTAINTY

There are several outstanding sources of uncertainty in
modelling the effects of fisheries interactions on NZ sea
lions at the Auckland Islands, including uncertainty relating
to the Bayesian management procedure evaluation model
(the BFG model, Breen et al 2010), uncertainty in the
modelling of strike rate (Thompson et al 2013) and
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uncertainty relating to the biomechanical modelling
(Ponte et al 2010, 2011, Abraham 2011, Lyle 2011).

The BFG model is sensitive to several key parameters.
Some relate mostly to uncertainty about the productivity
of the NZ sea
population growth rate, abundance relative to carrying

lion population (including maximum
capacity, maximum rate of pup production, and density
dependence), whereas others relate to how the fishery
works and is managed (including strike rates and the
survival of NZ sea lions that interact with SLEDs but are not
retained in the net). Conclusions drawn from the BFG
model results are sensitive to prior assumptions about
how fast this NZ sea lion population is able to grow. The
maximum population growth rate (lambda, A) for this
population of NZ sea lions is not known. Fitting the model
to the observed data with an uninformative prior led to an
estimated maximum rate of less than 1% per year. Thisis a
very low maximum growth rate for a pinniped (some
suggest a default value of 12% per year, Wade 1998), so a
prior of 8% was applied to the base model. In a sensitivity
run, the model was fitted using a prior of 5% per year, and
the results were more consistent with the observed data
than when 8% was used. An independent review in 2013
(details below) identified that the survival parameter for
late stage juveniles and the first two years of life was
pushed up against its upper bound (implying that higher
survival rates than the imposed upper limit of 95% would
fit the model better). A model using a limit of 99% instead
of 95% estimated much higher survival for these animals
and was able to estimate lambda, A, for the population as
6.8% with relatively little impact from its prior. This model
was considered plausible as a base case by the review
panel but has not been fully reviewed by AEWG.

The estimated abundance of NZ sea lions relative to the
carrying capacity of mature individuals at the Auckland
Islands (K) is another source of uncertainty. When the
model is run in the absence of fishing, the median
numbers of mature animals after 100 years was only
94.4% of K as estimated from the model. Although the
population is not presently near K, over this timescale, the
population would normally be expected to approach K.
This is thought to be an artefact of the parameterisation of
survival rates in the model, which renders the model
conservative when assessing performance against K
(Breen et al 2010).

A review of life-history traits such as pup mass, pup
survival or female fecundity found no evidence for density
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dependent responses in the Auckland Islands population
(Chilvers 2012b). However a number of indicators of
nutritional stress have been identified during the period of
population decline, including a temporal shift in diet
composition to small-sized prey (Childerhouse et al 2001,
Stewart-Sinclair 2013), low pupping rate/delayed age at
first pupping (Childerhouse et al 2010b, Roberts et al
2014), low pup/yearling survival rate (Roberts et al 2014)
and reduced maternal condition (Riet-Sapriza et al 2012;
Roberts & Doonan 2014) — all of which are common
density dependent responses. These responses have
become more apparent as the population has decreased
in size indicating that changes in carrying capacity may
have occurred.

Ecological principles suggest that, as numbers in a

population decline or as key resources increase,
individuals compete less with one another for resources.
Less competition may result in NZ sea lions growing faster
as well as having lower mortality rates and higher rates of
pup production and survival. The effect of this type of
response is that populations tend to recover from events
that reduce their numbers, and populations with strong
density dependence recover more strongly than those
with weak density dependence. In the BFG model, the
shape of the density dependent response was “hard
wired” in the model and assumed to occur entirely in the
mortality rate of pups. The actual strength of this response
is unknown, and there was no information to support a
strong preference for any of the assumed values used in
sensitivity runs. This means the base model results may be

either conservative or optimistic.

The maximum rate of pup production for this population is
not known but can be estimated in the population model.
Other modelling conducted for DOC (albeit using different
2010)
maximum rate of pup production is <0.28 pups per mature
adult per year (Gilbert & Chilvers 2008), a level thought to
be below that required to replace the population (Breen et
al 2010). When this value is fixed in the BFG model, the
fitting procedure does not converge successfully. The BFG

assumptions, Breen et al suggests that the

model authors progressively increased the fixed value until
overall fitting was successful at 0.315 pups per mature
adult per year. Thus, the BFG model estimates, and can
accommodate, only maximum rates of pup production
that are roughly 15% higher than those estimated by
direct modelling.
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In addition to sources of uncertainty for inputs in the BFG
model, there are other sources of uncertainty relevant to
the management of fisheries interactions. For example,
the estimated strike rate has varied considerably over
time, and the model estimates of both the number of
interactions and strike rates for recent vyears are
effectively unbounded (Thompson et al 2013, Table 3.4).
Although year on year variation in strike rate is unlikely to
appreciably affect the conclusions from the simulations, if
the long-term average strike rate is higher or lower than
that assumed within the fishery component of the
simulations, or if the strike rate or catchability has
increased since the introduction of SLEDs, then there may
be some bias. If NZ sea lion catchability has increased, as a
result of the increased average tow duration in the SQU6T
fishery since the introduction of SLEDs (Table 3.9), or by
some other factor, then this would make the simulations
optimistic.

There are a number of possible sources of uncertainty
relating to the biomechanical modelling (Ponte et al 2010,
2011, Abraham 2011, Lyle 2011). The use of linear

acceleration, as opposed to rotational (angular)

the
underestimate the risk of MTBI, although this was thought

acceleration, in biomechanical modelling may
to be accounted for at least in part by sensitivity analysis
of the scaling of HIC values. The testing used an artificial
“head form” based on human anatomy, so the effect of NZ
sea lion scalp thickness and skull morphology is unknown,
although differences in head and brain masses are
accounted for. Potential effects of differences in the angle
of the head on impact (relative to the neck) were not
tested. Impact speeds, locations and orientations of NZ
sea lions may differ from those of Australian fur seals,
although the fur seal data were considered to be a

reasonable proxy by a Research Advisory Group. The head

mass values used may be lower than average for NZ sea
lions; this would mean risk is likely to be overestimated.
This approach assesses risk associated with collisions with
the grid of a SLED and cannot be used to assess other
sources of mortality resulting, for example, from an animal
being retained in a net long enough for them to exceed
their dive limit before reaching the surface after escaping
from either the SLED or the front of the net. Such sources
of cryptic mortality have always existed, are presently
unquantified and are not reflected in the estimated overall
survival rate of encounters with trawls.

The Breen-Fu-Gilbert model was reviewed by a diverse,
independent panel of experts in July 2013 (Bradshaw,
Haddon & Lonergan 2013). The panel found that the
model was correctly implemented and appeared to be an
acceptable basis for continued development. However,
the panel also noted that some of the assumptions of the
model included unknown and unaccounted for
uncertainty, and some of these were potentially important
for the assessment of risk (i.e., the chance of meeting the

agreed management criteria). Key among these were:

post-exit SLED mortality of sea lions (i.e., cryptic
mortality)

the nature and strength of the density-dependent
response

the relationship between tow length and the
chance of sea lion captures

The panel made several suggestions for further testing and
modification of the model and expected these to resolve
many of the issues identified. Specific recommendations
included consideration of a female-only model and an
assessment of the sensitivity of outputs to the choice of

Table 3.9: Tow duration in the SQUET fishery (based on trawl fishing targeting SQU in statistical areas 602 and 618). Years are calendar years. Data from

MPI databases.

Mean tow duration

Year No. of tows

(hours)
1995 4014 3.7
1996 4474 3.6
1997 3719 3.8
1998 1446 3.2
1999 403 3.5
2000 1213 3.5
2001 583 3.3
2002 1647 3.8
2003 1467 4.1
2004 2598 5.0
2005 2 693 4.7
2006 2462 6.3

Less than 4 hours

43

Percentage of tows

Between 4 & 8 hours More than 8 hours

64.2 335 2.2
64.3 34.2 1.5
62.7 33.7 3.7
74.4 24.7 0.9
73.0 24.3 2.7
70.3 27.0 2.7
72.9 26.6 0.5
59.8 38.8 1.4
52.4 44.0 3.6
36.7 53.6 9.7
43.7 48.6 7.7
26.0 49.6 24.3
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2007 1317 7.3
2008 1265 6.2
2009 1925 6.5
2010 1190 7.9
2011 1585 6.8
2012 1283 6.6
2013 1027 7.1
2014 737 6.9

time series of incidental captures, including pre-1980
estimates. Where no data exist, and are likely to be
difficult to obtain, the
acknowledgement of all

panel suggested explicit
subjective judgements and
assumptions in the model and its predictions. The panel
concluded that, until the model has been modified, tested
and re-run, it would not be possible to test explicitly
whether the current limits upon the SQU6T fishery will
succeed in meeting the agreed management criteria. MPI
these comments and

is working through

recommendations.

3.4.6 POTENTIAL INDIRECT THREATS

In addition to sources of uncertainty associated with direct
fisheries interactions, there is the possibility that indirect
fisheries effects may have population-level consequences
for NZ sea lions. Such indirect effects may include
competition for food resources between various fisheries
and NZ sea lions (Robertson & Chilvers 2011). In order to
determine whether resource competition is present and is
having a population-level effect on NZ sea lions, research
must identify if there are resources in common for NZ sea
lions and the various fisheries within the range of NZ sea
lions, and if those resources are limiting. Diet studies have
demonstrated overlap in the species consumed by NZ sea
lions and those caught in fisheries within the range of NZ
sea lions, particularly hoki and arrow squid (Cawthorn et al
1985, Childerhouse et al 2001, Meynier et al 2009). A
recent study focused on energy and amino acid content of

3.5 [INDICATORS AND TRENDS

Population size
(most recent model estimate)*°

18.9 46.3 34.8
20.4 58.7 20.9
21.1 51.4 27.5
16.4 37.4 46.2
24.7 42.8 32.4
23.5 49.3 27.3
18.7 49.4 31.9
17.8 51.5 30.7

prey determined that the selected prey species contained
all essential amino acids and were of low to medium
energy levels (Meynier 2010). This study concluded that
given low energy densities of prey, sea lions may be able
to sustain energy requirements, but not necessarily store
energy reserves and, thus, sea lions may be sensitive to
factors that negatively affect trophic resources. Meynier
(2010) also developed a bio-energetic model and used it
to estimate the amount of prey consumed by NZ sea lions
at 17 871 tonnes (95% Cl 17 738-18 000 t) per year. This is
equivalent to ~30% of the tonnage of arrow squid, and
~15% of the hoki harvested annually by the fisheries in the
Sub-Antarctic between 2000 and 2006 (Meynier 2010).
Comparison of the temporal and spatial distributions of
sea lion prey, sea lion foraging and of historical fishing
extractions may help to identify the mechanisms whereby
resource competition might occur (Bowen 2012). The
effects of fishing on sea lion prey species are likely to be
complicated by food web interactions and multispecies
models may help to assess the extent to which resource
competition can impact on sea lion populations, such as
those currently being developed by NIWA. In addition,
multispecies models may provide a means for
simultaneously assessing multiple drivers of sea lion
population change (a review of potential causes is given in
Robertson & Chilvers 2011) which may be a more effective
approach than focussing on single factor explanations for

the recent observed decline in NZ sea lions (Bowen 2012).

12 065 animals (including pups < 1 yr old) at the Auckland Islands (90% Cl: 11 160-13 061) in 2009

1 575 pups at the Auckland Islands in 2013141!

10 Breen et al (2010).
1 Childerhouse et al (2014)
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681 pups at Campbell Island in 20102

32 pups tagged at Stewart Island in 201413

3 pups at the Otago Peninsula in 201314
Population trend Estimated abundance at the Auckland Islands:
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Estimated pup production at the Auckland Islands, Campbell Island and minor colonies:

12 Robertson & Chilvers (2011), Maloney et al (2012)
13 Chilvers (2014)
14 Fyfe pers. comm.
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15 A taxon is listed as ‘Nationally Critical’ under criterion C if the population (irrespective of size or number of sub-
populations) has a very high (rate of) ongoing or predicted decline; greater than 70% over 10 years or three generations,
whichever is longer (Townsend et al 2008).

16 A taxon is listed as ‘Range Restricted’ if it is confined to specific substrates, habitats or geographic areas of less than
1000 km? (100 000 ha); this is assessed by taking into account the area of occupied habitat of all sub-populations
(Townsend et al 2008).

17 Baker et al (2010)

18 A taxon is listed as ‘Vulnerable’ if it is considered to be facing a high risk of extinction in the wild. A3b refers to a
reduction in population size (A), based on a reduction of > 30% over the last 10 years or three generations (whichever is
longer up to a maximum of 100 years (3); and when considering an index of abundance that is appropriate to the taxon
(b; IUCN 2010)

19 Gales (2008)

20 For more information, see: http://data.dragonfly.co.nz/psc/.
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4 NEW ZEALAND FUR SEAL (ARCTOCEPHALUS FORSTERI)

Scope of chapter

This chapter outlines the biology New Zealand fur seals (Arctocephalus forsteri), the

nature of any fishing interactions, the management approach, trends in key indicators of
fishing effects and major sources of uncertainty

Area
Focal localities

All of the New Zealand EEZ and territorial sea.
Areas with significant fisheries interactions include waters over or close to the continental

shelf surrounding the South Island and southern offshore islands, notably Cook Strait,

West Coast South Island, Banks Peninsula, Stewart-Snares shelf, Campbell Rise, and the
Bounty Islands, plus offshore of Bay of Plenty-East Cape. Interactions also occur off the
west coast of the North Island.

Key issues

Improving estimates of incidental bycatch in some fisheries, and assessing the potential

for populations to sustain the present levels of bycatch.

Emerging issues
MPI Research (current)

Improving data and information sources for future ecological risk assessments.
PR0O2010-01 Estimating the nature & extent of incidental captures of seabirds, marine

mammals & turtles in New Zealand commercial fisheries; PRO2012-02 Assess the risk
posed to marine mammal populations from New Zealand fisheries.

NZ Government Research
(current)

DOC Marine Conservation Services Programme (CSP): INT2014-01 To understand the
nature and extent of protected species interactions with New Zealand commercial fishing

activities; INT2013-03 To determine which marine mammal, turtle and protected fish
species are captured in fisheries and their mode of capture; INT2013-04 To review the
data collected by fisheries observers in relation to understanding the interaction with
protected species, and refine efficient protocols for future data collection; MIT2014-01
Protected species bycatch newsletter.

Links to 2030 objectives

Objective 6: Manage impacts of fishing and aquaculture.

Strategic Action 6.2: Set and monitor environmental standards, including for threatened
and protected species and seabed impacts

Related chapters/issues

See the New Zealand sea lion chapter.

Note: This chapter has been partially updated (capture estimates) for the AEBAR 2015

4.1 CONTEXT

Management of fisheries impacts on New Zealand (NZ) fur
seals is legislated under the Marine Mammals Protection
Act (MMPA) 1978 and the Fisheries Act (FA) 1996. Under
s.3E of the MMPA, the Minister of Conservation, with the
concurrence of the Minister for Primary Industries
(formerly the Minister of Fisheries), may approve a
population management plan (PMP). There is no PMP in

place for NZ fur seals.

In the absence of a PMP, the Ministry for Primary
Industries (MPI) manages fishing-related mortality of NZ
fur seals under s.15(2) of the FA “to avoid, remedy, or
mitigate the effect of fishing-related mortality on any
protected species, and such measures may include setting
a limit on fishing-related mortality.”
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All marine mammal species are designated as protected
species under s.2(1) of the FA. In 2005, the Minister of
Conservation approved the Conservation General Policy,
which specifies in Policy 4.4 (f) that “Protected marine
species should be managed for their long-term viability and
recovery throughout their natural range.” DOC’s Regional
Conservation Management Strategies outline specific
policies and objectives for protected marine species at a
regional level. Baker et al (2010) list NZ fur seals as Not
Threatened in 2009, and the IUCN classification is Least
Concern (Goldsworthy & Gales 2008).
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In 2004, DOC approved the Department of Conservation
Marine Mammal Action Plan for 2005-2010" (Suisted &
Neale 2004). The plan specifies a number of species-
specific key objectives for NZ fur seals, of which the
following is most relevant for fisheries interactions: “To
control/mitigate fishing-related mortality of NZ fur seals in
trawl! fisheries (including the WCSI hoki and Bounty Island
southern blue whiting fisheries).”

Management of NZ fur seal incidental captures aligns with
Fisheries 2030 Objective 6: Manage impacts of fishing and
aquaculture. Further, the management actions follow
Strategic Action 6.2: Set and monitor environmental
standards, including for threatened and protected species
and seabed impacts.

All National Fisheries Plans except those for inshore
shellfish and freshwater fisheries are relevant to the
management of fishing-related mortality of NZ fur seals.

Under the National Deepwater Plan, the objective most
relevant for management of NZ fur seals is Management
Objective 2.5: Manage deepwater and middle-depth
fisheries to avoid or minimise adverse effects on the long-
term viability of endangered, threatened and protected
species.

Specific objectives for the management of NZ fur seal
bycatch are outlined in the fishery-specific chapters of the
National Deepwater Plan for the fisheries with which NZ
fur seals are most likely to interact. These fisheries include
hoki (HOK), southern blue whiting (SBW), hake (HAK) and
jack mackerel (JMA). The HOK chapter of the National
Deepwater Plan (completed in 2010) includes Operational
(00) 2.11: Ensure that
mammal captures in the hoki fishery are avoided and

Objective incidental marine
minimised to acceptable levels (which may include
standards) by 2012. The SBW chapter (2011) includes
002.3: Ensure that incidental New Zealand fur seal
mortalities, in the southern blue whiting fishery at the
Bounty lIslands (SBW6B), do not impact the long term
viability of the fur seal population and captures are
minimised through good operational practices. The HAK
plan (active from 2013-14) includes 002.4: Ensure that

1 DOC has confirmed that the Marine Mammal Action Plan
for 2005—-2010 still reflects DOC’s priorities for marine
mammal conservation.

incidental marine mortalities in hake fisheries are
mitigated and minimised. The JMA plan (active from
2013-14) includes 002.2: Ensure that incidental marine
mammal captures, particularly common dolphins, do not
impact the long term viability of the population and
are minimised

captures through good operational

practices.

Management Objective 7 of the National Fisheries Plan for
Highly Migratory Species (HMS) is to “Implement an
ecosystem approach to fisheries management, taking into
This
comprises four components: Avoid, remedy, or mitigate

account associated and dependent species.”

the adverse effects of fishing on associated and
dependent species, including through maintaining food
chain relationships; Minimise unwanted bycatch and
maximise survival of incidental catches of protected
in HMS fisheries,

approach; Increase the level and quality of information

species using a risk management
available on the capture of protected species; and
of HMS and their
ecosystems, comprising predators, prey, and protected

Recognise the intrinsic values

species.

The Environment Objective is the same for all groups of
fisheries in the draft National Fisheries Plan for Inshore
Finfish, to “Minimise adverse effects of fishing on the
aquatic environment, including on biological diversity”. The
draft National Fisheries Plans for Inshore Shellfish and
Freshwater have the same objective, but are unlikely to be
relevant to management of fishing-related mortality of NZ
fur seals.

4.2 BIOLOGY

4.2.1 TAXONOMY

The NZ fur seal (Arctocephalus forsteri (Lesson 1828)) is an
otariid seal (Family Otariidae — eared seals, including fur
seals and sea lions), one of two native to New Zealand, the
other being the New Zealand sea lion (Phocarctos hookeri
(Gray,1844)).

4.2.2 DISTRIBUTION

Pre-European archaeological evidence suggests that NZ fur
seals were present along much of the east coasts of the
North Island (except the less rocky coastline of Bay of
Plenty and Hawke Bay) and the South Island, and, to a
lesser extent, on the west coasts, where fewer areas of
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suitable habitat were available (Smith 1989, 2005, 2011).
A combination of subsistence hunting and commercial
harvest resulted contraction of the species’ range and in
population decline almost to the point of extinction (Smith
1989, 2005, 2011, Ling 2002, Lalas 2008). NZ fur seals
became fully protected in the 1890s and, with the
exception of one year of licensed harvest in the 1950s,
have remained protected since.

Currently, NZ fur seals are dispersed throughout New
Zealand waters, especially in waters south of about 409S
to Macquarie Island. On land, NZ fur seals are distributed
around the New Zealand coastline, on offshore islands,
and on sub-Antarctic islands (Crawley & Wilson 1976,
Wilson 1981, Mattlin 1987). The recolonisation of the
coastline by NZ fur seals has resulted in the northward
expansion of the distribution of breeding colonies and
haulouts (Lalas & Bradshaw 2001), and breeding colonies
are now present on many exposed rocky areas (Baird
2011). The extent of breeding colony distribution in New
Zealand waters is bounded to the north by a very small
(space-limited) colony at Gannet Island off the North
Island west coast (latitude 38°S), to the east by colonies of
unknown sizes at the Chatham Islands group, to the west
by colonies of unknown size on Fiordland offshore islands,
and to the south by unknown numbers on Campbell
Island. Outside New Zealand waters, breeding populations
exist in South and Western Australia (Shaughnessy et al
1994, Shaughnessy 1999, Goldsworthy et al 2003), with
smaller colonies in Tasmania (Gales et al 2010).

The seasonal distribution of the NZ fur seals is determined
by the sex and maturity of each animal. Males are
generally at the breeding colonies from late October to
late January then move to haulout areas around the New
Zealand coastline (see Bradshaw et al 1999), with peak
density of males and sub-adult males at haulouts during
July—August and lowest densities in September—October
(Crawley & Wilson 1976). Females arrive at the breeding
colony from November and lactating females remain at
the colony (apart from short foraging trips) for about 10
months until the pups are weaned, usually during August—
September (Crawley & Wilson 1976).

4.2.3 FORAGING ECOLOGY

Most foraging research in New Zealand has focused on
lactating NZ fur seals at Open Bay Islands off the South
Island west coast (Mattlin et al 1998), Otago Peninsula
(Harcourt et al 2002), and Ohau Point, Kaikoura (Boren
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2005), using time-depth-recorders, satellite-tracking, or
very-high-frequency transmitters. Individual females show
distinct dive pattern behaviour and may be relatively
shallow or deep divers, but most forage at night and in
depths shallower than 200 m. At Open Bay Islands, dives
were generally deeper and longer in duration during
autumn and winter. Females can dive to at least 274 m
(for a 5.67 min dive in autumn) and remain near the
bottom at over 237 m for up to 11.17 min in winter
(Mattlin et al 1998). Females in some locations undertook
longer dive trips, with some to deeper waters, in autumn
(in over 1000 m beyond the continental shelf; Harcourt et
al 2002).

The relatively shallow dives and nocturnal feeding during
summer suggested that seals fed on pelagic and vertical
(for
Nototodarus sloanii). Conversely, the deeper dives and

migrating prey species example, arrow squid,
increased number of dives in daylight during autumn and
winter suggested that the prey species may include
benthic, demersal, and pelagic species (Mattlin et al 1998,
Harcourt et al 2002). The deeper dives enabled seals to
forage along or off the continental shelf (within 10 km) of
the colony studied (at Open Bay Islands). These deeper
dives may be to the benthos or to depths in the water

column where spawning hoki are concentrated.

Methods to analyse NZ fur seal diets have included
investigation of freshly killed animals (Sorensen 1969),
scats, and regurgitates (e.g. Allum & Maddigan 2012). Fish
prey items can be recognised by the presence of otoliths,
bones, scales, and lenses, while cephalopods are indicated
by beaks and pens. Foraging appears to be specific to
individuals and different diets may be represented in the
scats and regurgitations of males and females as well as
juveniles from one colony. These analyses can be biased,
however, particularly if only one collection method is
used, and this limits fully quantitative assessment of prey
species composition.

Dietary studies of NZ fur seals have been conducted at
colonies in Nelson-Marlborough, west coast South Island,
Otago Peninsula, Kaikoura, Banks Peninsula, Snares
Islands, and off Stewart Island, and summaries are
provided by Carey (1992), Harcourt (2001), Boren (2010),

and Baird (2011).

NZ fur seals are opportunistic foragers and, depending on
the time of year, method of analysis, and location, their
diet includes at least 61 taxa (Holborow 1999) of mainly
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fish (particularly lanternfish (myctophids) in all studied
colonies except Tonga Island (in Golden Bay, Willis et al
2008), as well as anchovy (Engraulis australis), aruhu

(Auchenoceros punctatus), barracouta (Thrysites atun),

hoki  (Macruronus novaezelandiae), jack mackerel
(Trachurus spp.), pilchard (Sardinops sagax), red cod
(Pseudophycis bachus), red gurnard (Chelidonichthys

kumu), silverside (Argentina elongate), sprat (Sprattus
spp.) and cephalopods (octopus (Macroctopus maorum),
squid (Nototodarus sloanii, Sepioteuthis bilineata)). For
example, myctophids were present in Otago scats
throughout the year (representing offshore foraging), but
aruhu, sprat, and juvenile red cod were present only
during winter-spring (Fea et al 1999). Medium-large arrow
Jack

mackerel species, barracouta, and octopus were dominant

squid predominated in summer and autumn.
in winter and spring. Prey such as lanternfish and arrow
squid rise in the water column at night, the time when NZ
fur seals exhibit shallow foraging (Harcourt et al 1995,

Mattlin et al 1998, Fea et al 1999).

Recent foraging and dietary studies include one on male
fur seal diets by Lalas & Webster (2014) and one on
lactating females by Meynier et al. (2013). Arrow squid
was the most important dietary item in fur seal scats and
regurgitations sampled from male fur seals at The Snares
during February 2012 (Lalas and Webster 2014). Meynier
et al (2013) assess the trophic and spatial overlap between
fur seals from two different South Island locations with
local fisheries using analyses of dietary fatty acids, stable
isotope signals, and telemetry. Lactating females from the
east coast rookery at Ohau Point fed on oceanic prey in
summer and females from the west coast rookery at Cape
Foulwind fed on benthic or coastal prey over the
continental shelf in summer and winter. The west coast
females spent 50% of their at-sea time in winter in and
near the Hokitika Canyon, where the winter spawning hoki
fishery operates.

4.2.4 REPRODUCTIVE BIOLOGY

NZ fur seals are sexually dimorphic and polygynous
(Crawley & Wilson 1976); males may weigh up to 160 kg,
whereas females weigh up to about 50 kg (Miller 1975;
Mattlin 1978a, 1987; Troy et al 1999). Adult males are
much larger around the neck and shoulders than females
and breeding males are on average 3.5 times the weight of
breeding females (Crawley and Wilson 1976). Females are
philopatric and are sexually mature at 4-6 years, whereas
males mature at 5-9 years (Mattlin 1987, Dickie & Dawson
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2003). The maximum age recorded for NZ fur seals in New
Zealand waters is 22 years for females (Dickie & Dawson
2003) and 15 years for males (Mattlin 1978a).

NZ fur seals are annual breeders and generally produce
one pup after a gestation period of about 10 months
(Crawley & Wilson 1976). Twinning can occur and females
may foster a pup (Dowell et al 2008), although both are
rare. Breeding animals come ashore to mate after a period
of sustained feeding at sea. Breeding males arrive at the
establish
November. Breeding females arrive at the colony from late

colonies to territories during October—
November and give birth shortly after. Peak pupping

occurs in mid December (Crawley & Wilson 1976).

Females remain at the colony with their newborn pups for
about 10 days, by which time they have usually mated.
Females then leave the colony on short foraging trips of 3—
5 days before returning to suckle pups for 2—4 days
(Crawley & Wilson 1976). As the pups grow, these foraging
trips are progressively longer in duration. Pups remain at
the breeding colony from birth until weaning (at 8-12
months of age).

Breeding males generally disperse after mating to feed
and occupy haulout areas, often in more northern areas
(Crawley & Wilson 1976). This movement of breeding
adults away from the colony area during January allows for
an influx of sub-adults from nearby areas. Little is
described about the ratio of males to females on breeding
colonies (Crawley & Wilson 1976), or the reproductive
success. Boren (2005) reported a fecundity rate of 62% for
a Kaikoura colony, based on two annual samples of
between about 5 and 8% of the breeding female
population. This rate is similar to the 67% estimated by
Goldsworthy & Shaughnessy (1994) for a South Australian
colony.

Newborn pups are about 55 cm long and weigh about 3.5
kg (Crawley & Wilson 1976). Male pups are generally
heavier than female pups at birth and throughout their
growth (Crawley & Wilson 1976, Mattlin 1981, Chilvers et
al 1995, Bradshaw et al 2003b, Boren 2005). Pup growth
rates may vary by colony (see Harcourt 2001). The
proximity of a colony to easily accessible rich food sources
will vary, and pup condition at a colony can vary markedly
between years (Mattlin 1981, Bradshaw et al 2000, Boren
2005). Food availability may be affected by climate
variation, and pup growth rates probably represent
variation in the ability of mothers to provision their pups
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from year to year. The sex ratio of pups at a colony may
vary by season (Bradshaw et al 2003a, 2003b, Boren
2005), and in years of high food resource availability, more
mothers may produce males or more males may survive
(Bradshaw et al 2003a, 2003b).

4.2.5 POPULATION BIOLOGY

Historically, the population of NZ fur seals in New Zealand
was thought to number above 1.25 million animals
(possibly as high as 1.5 to 2 million) before the extensive
sealing of the early 19th century (Richards 1994). Present
day population estimates for NZ fur seals in New Zealand
are dated, few and highly localised. In the most
comprehensive attempt to quantify the total NZ fur seal
population, Wilson (1981) summarised population surveys
of mainland New Zealand and offshore islands undertaken
in the 1970s and estimated the population size within the
New Zealand region at between 30,000 and 50,000
animals. Since then, several authors have suggested a
population size of ~100,000 animals (Taylor 1990, see
Harcourt 2001), but this estimate is very much an
approximation and its accuracy is difficult to assess in the

absence of comprehensive surveys.

Fur seal colonies provide the best data for consistent
estimates of population numbers, generally based on pup
production in a season (see Shaughnessy et al 1994). Data
used to provide colony population estimates of NZ fur
seals have been, and generally continue to be, collected in
an ad hoc fashion. Regular pup counts are made at some
discrete populations. A 20 year time series of Otago
Peninsula colony data is updated, maintained, and
published primarily by Chris Lalas (assisted by Sanford
(South Island) Limited), and the most recent published
estimate is 20 000—-30 000 animals (Lalas 2008). Lalas &
MacDiarmid (submitted) applied a logistic growth model,
using established parameters, to 13 years of pup
production estimates from colonies at Oamaru south to
Slope Point, and indicated the 2009 population was at 95%
of the asymptote of 19 600 animals (plausible range of 13
000-28 800). In this region, 90% of the population growth
occurred over 24-27 years; and the growth rate was faster

in seasons up to 1998, than in later years.

Similar population growth rates occurred at Kaikoura,
where the population expanded by 32% per annum over
the years 1990-2005 (Boren et al 2006). An estimate of
600 pups was reported for 2005 (Boren 2005), 1508 (s.e. =
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28) pups were estimated for 2009, and 2390 (s.e. = 226)
pups for 2011 (L. Boren, DOC, pers. comm.).

Since 1991, the has

monitored New Zealand fur seal pup production at three

Department of Conservation

breeding colonies on the West Coast, at Cape Foulwind,
Wekakura Point, and Taumaka (Open Bay Islands) (see
Best 2011). A DOC-commissioned project is underway to
compile the tag, measurement, and mark-recapture data
from these colonies and create a New Zealand fur seal
database. The data have been made available by the
scientists who complete the fieldwork, most recently Hugh
Best the
programme, DOC Regional and District staff, Tai Poutini

who coordinates population  monitoring
Papatipu Runanga, and the trustee owners of Taumaka me
Popotai. Once the database has been through a quality
assurance process, it will be made publically available. The
pup production estimates for these colonies are derived
using direct counts of dead pups and mark recapture
methodology undertaken in the last week of January each
year. At Taumaku Island, the largest of the Open Bay
Islands and the most southern of these three colonies,
approximately 800 pups are marked each year, and the
first 100 pups of each sex are weighed and measured. At
Cape Foulwind, approximately 200 pups are marked each
year, and the first 50 of each sex are weighed and
measured. At the most northern of the three colonies,
Wekakura Point, approximately 500 pups are marked and

75 of each sex are weighed and measured.

Other studies of breeding colonies generally provide
estimates for one or two seasons, but many of these are
more than 10 years old. Published estimates suggest that
populations have stabilised at the Snares Islands after a
period of growth in the 1950s and 1960s (Carey 1998) and
increased at the Bounty lIslands (Taylor 1996), Nelson-
Marlborough region (Taylor et al 1995), Kaikoura (Boren
2005), Otago (Lalas & Harcourt 1995, Lalas and Murphy
1998, Lalas 2008, Lalas and MacDiarmid (submitted)), and
near Wellington (Dix 1993).

For many areas where colonies or haulouts exist, count
data have been collected opportunistically (generally by
Department of Conservation staff during their field
activities) and thus data are not often comparable because
counts may represent different life stages, different
assessment methods, and different seasons (see Baird
2011). Known breeding locations (as at October 2012) are
summarised in the NABIS supporting lineage document for
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the “Breeding colonies distribution of New Zealand fur
seal” layer?.

Baker et al (2010a) conducted an aerial survey of the
South Island west coast from Farewell Spit to Puysegur
Point and Solander Island in 2009, but their counts were
quite different, i.e. lower than ground counts collected at
a similar time at the main colonies (Melina and Cawthorn
2009). This discrepancy was thought to be a result mainly
of the survey design and the nature of the terrain.
However, the aerial survey confirmed the localities shown
by Wilson (1981) of potentially large numbers of pups at
sites such as Cascade Point, Yates Point, Chalky Island, and
Solander Island.

Population numbers for some areas, especially more
isolated ones, are not well known. The most recent counts
for the Chatham Islands were collected in the 1970s
(Wilson 1981), and the most recent reported for the
Bounty Islands were made in 1993-94. Taylor (1996)
reported an increase in pup production at the Bounty
Islands since 1980, and estimated that the total population
was at least 21 500, occupying over 50% of the available
area. Information is sparse for populations at Campbell
Island, the Auckland Islands group and the Antipodes
Islands

Little is reported about the natural mortality of NZ fur
seals, other than reports of sources and estimates of pup
mortality for some breeding colonies. Estimates of pup
mortality or pup survival vary in the manner in which they
were determined and in the number of seasons they
represent, and are not directly comparable. Each colony
will be affected by different sources of mortality related to
habitat, location, food availability, environment, and year,
as well as the ability of observers to count all the dead
pups (may be limited by terrain, weather, or time of day).

Reported pup mortality rates vary: 8% for Otago Peninsula
pups up to 30 days old and 23% for pups up to 66 days old
(Lalas and Harcourt 1995); 20% from birth to 50 days and
about 40% from birth to 300 days for Taumaka Island,
Open Bay Islands pups (Mattlin 1978b); and in one year,

2 The NABIS lineage document as well as layer details and
associated metadata are available online:
http://www2.nabis.govt.nz/LayerDetails.aspx?layer=Breedi

ng colonies distribution of New Zealand fur seal
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3% of Kaikoura pups before the age of 50 days (Boren
2005). Starvation was the major cause of death, although
stillbirth, suffocation, trampling, drowning, predation, and
human disturbance also occur. Pup survival of at least 85%
was estimated for a mean 47 day interval for three Otago
colonies, incorporating data such as pup body mass
(Bradshaw et al 2003b), though pup mortality before the
first capture effort was unknown. Other sources of natural
mortality for NZ fur seals include predators such as sharks
and NZ sea lions (Mattlin 1978b, Bradshaw et al 1998).

Human-induced sources of mortality include: fishing, for
example, entanglement or capture in fishing gear; vehicle-
related deaths (Lalas & Bradshaw 2001, Boren 2005,
Boren et al 2006, 2008); and mortality through shooting,
bludgeoning, and dog attacks. NZ fur seals are vulnerable
to certain bacterial diseases and parasites and
environmental contaminants, though it is not clear how
life-threatening these are. The more obvious problems
include tuberculosis infections, Salmonella, hookworm
enteritis, phocine distemper, and septicaemia (associated
with abortion) (Duignan 2003, Duignan & Jones 2007).
Low food availability and persistent organohalogen
compounds (which can affect the immune and the

reproductive systems) may also affect NZ fur seal health.

Various authors have investigated fur seal genetic
differentiation among colonies and regions in New
Zealand (Lento et al 1994; Robertson & Gemmell (2005).
Lento et al (1994) described the geographic distribution of
mitochondrial cytochrome b DNA haplotypes. Robertson &
(2005)

differentiation (consistent with homogenising gene flow

Gemmell described low levels of genetic
between colonies and an expanding population) based on
genetic material from NZ fur seal pups from seven
colonies. One aim of the latter work is to determine the
provenance of animals captured during fishing activities,
through the identification and isolation of any colony

genetic differences.

4.2.6 CONSERVATION BIOLOGY AND THREAT
CLASSIFICATION

Threat classification is an established approach for
identifying species at risk of extinction (IUCN 2010). The
risk of extinction for NZ fur seals has been assessed under
two threat classification systems: the New Zealand Threat
Classification System (Townsend et al 2008) and the
International Union for the Conservation of Nature (IUCN)
Red List of Threatened Species (IUCN 2010).
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In 2008, the IUCN updated the Red List status of NZ fur
seals, listing them as Least Concern on the basis of their
large and apparently increasing population size
(Goldsworthy & Gales 2008). In 2010, DOC updated the
New Zealand Threat Classification status of all NZ marine
mammals (Baker et al 2010b). In the revised list, NZ fur
seals were classified as Not Threatened with the qualifiers
increasing (Inc) and secure overseas (SO) (Baker et al
2010b).

4.3 GLOBAL UNDERSTANDING OF FISHERIES

INTERACTIONS

NZ fur seals are found in both Australian and New Zealand
waters. Overall abundance has been suggested to be as
high as 200 000, with about half of the population in
2008).
However, this figure is very much an approximation, and

Australian waters (Goldsworthy and Gales
its accuracy is difficult to assess in the absence of

comprehensive surveys.

Pinnipeds are caught incidentally in a variety of fisheries
worldwide (Read et al 2006). Outside New Zealand waters,
species captured include: NZ fur seals, Australian fur seals,
and Australian sea lions in Australian trawl and inshore
fisheries (e.g., Shaughnessy 1999, Norman 2000); Cape fur
seals in South African fisheries (Shaughessy and Payne
1979); South Amercian sea lions in trawl fisheries off
Patagonia (Dans et al 2003); and seals and sea lions in
United States waters (Moore et al 2009).

4.4 STATE

VAW \ID)

OF

KNOWLEDGE IN NEW

NZ fur seals are attracted to feeding opportunities offered
by various fishing gears. Anecdotal evidence suggests that
the sound of winches as trawlers haul their gear acts as a
cue. The attraction of fish in a trawl net, on longline hooks,
or caught in a setnet provide opportunities for NZ fur seals
to interact with fishing gear, which can result in capture
and, potentially, death via drowning

Most captures occur in trawl fisheries and NZ fur seals are
most at risk from capture during shooting and hauling
(Shaughnessy & Payne 1979), when the net mouth is
within diving depths. Once in the net some animals may
have difficulty in finding their way out within their
maximum breath-hold time (Shaughnessy & Davenport
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1996). The operational aspects that are associated with NZ
fur seal captures on trawlers include factors that attract
the NZ fur seals, such as the presence of offal and
discards, the sound of the winches, vessel lights, and the
presence of ‘stickers’ in the net (Baird 2005). It is
considered that NZ fur seals are at particular risk of
capture when a vessel partially hauls the net during a tow
and executes a turn with the gear close to the surface. At
the haul, NZ fur seals often attempt to feed from the
codend as it is hauled and dive after fish that come loose
and escape from the net (Baird 2005).

Factors identified as important influences on the potential
capture of NZ fur seals in trawl gear include the year or
season, the fishery area, gear type and fishing strategies
(often specific to certain nationalities within the fleet),
time of day, and distance to shore (Baird & Bradford 2000,
Mormede et al 2008, Smith & Baird 2009). These analyses
did not include any information on NZ fur seal numbers or
activity in the water at the stern of the vessel because of a
lack of data. Other influences on NZ fur seal capture rate
(of Australian and NZ fur seals) may include inclement
weather and sea state, vessel tow and haul speed,
increased numbers of vessels and trawl frequency, and
potentially the weight of the fish catch and the presence
of certain bycatch fish species (Hamer and Goldsworthy
2006). This Australian study found similar mortality rates
for tows with and without Seal Exclusion Devices (see also
Hooper et al 2005). The use of fur seal exclusion devices is
not required in NZ fisheries.

The spatial and temporal overlap of commercial fishing
grounds and NZ fur seal foraging areas has resulted in NZ
fur seal captures in fishing gear (Mattlin 1987, Rowe
2009). Most fisheries with observed captures occur in
waters over or close to the continental shelf. Because the
topography around much of the South Island and offshore
islands slopes steeply to deeper waters, most captures
occur close to colonies and haulouts. Locations of captures
by trawl vessels and surface longline vessels are shown in
Figure 4.1 and Figure 4.2.Winter hoki fisheries attract NZ
fur seals off the west coast South Island and in Cook Strait
between late June and September (

Table 4.1). In August—October, NZ fur seals are caught in
southern blue whiting effort near the Bounty Islands and
Campbell Island. In September—October captures may
occur in hoki and ling fisheries off Puysegur Point on the
southwestern coast of the South Island. Captures are also
reported from the Stewart-Snares shelf fisheries that
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operate during summer months, mainly for hoki and other
middle depths species and squid, and from fisheries
throughout the year on the Chatham Rise though captures
have not been observed east of longitude 180° on the
Chatham Rise.

Captures were reported from trawl fisheries for species
such as hoki, hake (Merluccius australis), ling (Genypterus
blacodes), squid, southern blue whiting, Jack mackerel,
and barracouta (Baird & Smith 2007, Abraham et al
2010b). Between 1 and 3% of observed tows targeting
middle depths fish species catch NZ fur seals compared
with about 1% for squid tows, and under 1% of observed
tows targeting deepwater species such as orange roughy

H >100 events
+ >20 obs events

B 10 - 49 events
- 5-19 obs events
e Observed captures

(Hoplostethus atlanticus) and oreo species (for example,
Allocyttus niger, Pseudocyttus maculatus) (Baird & Smith
2007). The main fishery areas that contribute to the
estimated annual catch of NZ fur seals (modelled from
observed captures) in middle depths and deepwater trawl
fisheries are Cook Strait hoki, west coast South Island
middle depths fisheries (mainly hoki), western Chatham
Rise hoki, and the Bounty Islands southern blue whiting
fishery (Baird & Smith 2007, Thompson & Abraham 2010).
Captures on longlines occur when the NZ fur seals attempt
to feed on the fish catch during hauling. Most NZ fur seals
are released alive from surface and bottom longlines,
typically with a hook and short snood or trace still
attached.

1 -4 events
1 - 4 obs events

Figure 4.1: Distribution of trawl fishing effort and observed NZ fur seal captures, 2002-03 to 2013-14 (for more information see MPI data analysis at
http://data.dragonfly.co.nz/psc/ data version v20150003). Fishing effort is mapped into 0.2-degree cells, coloured to represent the amount of effort.

Observed fishing events are indicated by black dots, and observed captures are indicated by red dots. Fishing effort is shown for all tows with latitude and

longitude data, where three or more vessels fished within a cell.
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H >100 events
» >20 obs events

10 — 49 events
-+ 5-19 obs events -

1 -4 events
1 — 4 obs events

® Observed captures

Figure 4.2: Distribution of surface longline fishing effort and observed NZ fur seal captures, 2002-03 to 2013-14 (for more information see MPI data
analysis at http://data.dragonfly.co.nz/psc/ data version v20150003). Fishing effort is mapped into 0.2-degree cells, coloured to represent the amount of
effort. Observed fishing events are indicated by black dots, and observed captures are indicated by red dots. Fishing effort is shown for sets with latitude
and longitude data, where three or more vessels and three or more companies or persons fished within a cell. For these years, 89.4% of the effort is

shown

4.4.1 QUANTIFYING FISHERIES
INTERACTIONS

Observer data and commercial effort data have been used
to characterise the incidental captures and estimate the
total numbers caught (Baird & Smith 2007, Smith & Baird
2009, Thompson & Abraham 2010, Abraham & Thompson
2011). This approach is currently applied using information
collected under DOC project INT2013-01 and analysed
under MPI project PRO2013-01 (Thompson et al 2011,
Thompson et al 2012, Abraham et al in prep.). The
analytical methods used to estimate capture numbers
across the commercial fisheries have depended on the
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quantity and quality of the data, in terms of the numbers
of observed captures and the representativeness of the
observer coverage. Initially, stratified ratio estimates were
provided for the main trawl fisheries, starting in the late
1980s, after scientific observers reported 198 NZ fur seal
deaths during the July to September west coast South
Island spawning hoki fishery (Mattlin 1994a, 1994b). In the
following years, ratio estimation was used to estimate NZ
fur seal captures in the Taranaki Bight jack mackerel
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fisheries and Bounty Platform, Pukaki Rise, and Campbell
Rise southern blue whiting fisheries, based on observed
catches and stratified by area, season, and gear type
(Baird 1994).3

In the last 10 years, model-based estimates of captures
have been developed for all trawl fisheries in waters south
of 40° S (Baird & Smith 2007, Smith & Baird 2009,
Thompson & Abraham 2010, Abraham & Thompson 2011,
Thompson et al 2011, Thompson et al 2012, Abraham et al
in prep.). These models use the observed and unobserved
data in an hierarchical Bayesian approach that combines
season and vessel-season random effects with covariates
(for example, day of fishing year, time of day, tow
duration, distance from shore, gear type, target) to model
variation in capture rates among tows. This method
compensates in part for the lack of representativeness of
the observer coverage and includes the contribution from
correlation in the capture rate among tows by the same
vessel. The method is limited by the very large differences
in the observed and non-observed proportions of data for
the different vessel sizes; most observer coverage is on
larger vessels that generally operate in waters deeper than
200 m. The operation of inshore vessels in terms of the
location of effort, gear, and the fishing strategies used is
also relatively unknown compared with the deeper water
fisheries although changes to reporting requirements
means that data are now improving and inshore trawl
effort (not including flatfish trawl effort) is now able to be
included in the modelling (Thompson et al 2012, see also
description of the Trawl Catch Effort Return, TCER, in use
since 2007-08, in Chapter 9 on benthic effects).

3 As part of its data reconciliation processes, MPI has
identified that less than 2% of observed protected species
captures between 2002 and 2015 were not recorded in
Centralised Observer Database (COD). Steps are being
taken to update the database and estimates of protected
species captures and associated risks.

Accordingly, some estimates of protected species captures
or risk in this fur seal chapter may have a small negative
bias. Updated estimates will be reviewed by the Aquatic
Environment Working Group in the second quarter of
2016.
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Since 2005, there has been a downward, then relatively
flat trend in estimated capture rates and annual estimated
NZ fur seal captures in trawl fisheries (Smith & Baird 2009,
Thompson & Abraham 2010, Abraham & Thompson 2011,
Thompson et al 2011, Thompson et al 2012, Abraham et al
in prep., Figure 4.3). This may reflect efforts to reduce
bycatch (see Section 4.4.2) combined with a reduction in
fishing effort since the late 1990s. Coupled with this
decrease in effort is an increase in the percentage of tows
observed, especially since 2007. In 2012-13, about 15% of
the 83 722 tows were observed, with a capture rate of
0.92 fur seal per 100 tows, to give an annual mean total of
398 captures (95% c.i. 236—713) (Table 4.2, Figure 4.3).
Most annual captures are generally observed in Cook
Strait. Note these capture rates include animals that are
released alive; 13% of 1122 observed trawl captures in the
2002-03 to 2012-13 fishing years were recorded as alive
by the observer.

Ratio estimation was used to calculate total captures in
longline fisheries by target fishery fleet and area (Baird
2008) and by all fishing methods (Abraham et al 2010b).
NZ fur seal captures in surface longline fisheries have been
generally observed in waters south and west of Fiordland,
but also in the Bay of Plenty and off East Cape. Estimated
surface longline captures range from 299 (95% c.i. 199-
428) in 2002-03 to 32 (14-55) in 2006—07 (Table 4.2).
These capture rates include animals that are released
alive; 5% of observed surface longline captures from 2002-
03 to 2012-13 (Abraham et al in prep).

Captures of NZ fur seals have also been recorded in other
fisheries; 12 in setnets, 2 in bottom longline fisheries and 1
from purse seine fisheries from 2002-03 to 2012-13
(Abraham et al in prep). Captures associated with
recreational fishing activities are poorly known (Abraham
et al 2010a).
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Table 4.1: Monthly distribution of NZ fur seal activity and the main trawl and longline fisheries with observed reports of NZ fur seal incidental captures.

NZ fur seals

Sep Oct | Nov | Dec | Jan

Feb | Mar | Apr | Mayl Jun | Jul | Aug

Dispersed at

Breeding males sea or at At breeding colony Dispersed at sea or at haulouts
haulouts
) At breedi ) . )
Breeding females At sea corleoenymg At breeding colony and at-sea foraging and suckling
New Pups At sea At breeding colony

Non-breeders

Dispersed at sea, at haulouts, or breeding colony periphery

Major fisheries Sep Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug
Hoki trawl Chatham Rise and Stewart-Snares Shelf Cook Strait, west coast
South Island, Puysegur
. Stewart-
Squid Auckland Islands and Stewart-Snares shelf
Snares Shelf
Southern blue Pukaki Rise and Bounty
whiting Campbell Rise Islands
Scampi Mernoo Bank (Chatham Rise) and Auckland Islands

Southern bluefin
tuna longline

SouthWest SI
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Table 4.2: Fishing effort and observed and estimated NZ fur seal captures in trawl and surface longline fisheries by fishing year in the New Zealand EEZ
(Abraham et al in prep. and see MPI data analysis at http://data.dragonfly.co.nz/psc/). For each fishing year, the table gives the total number of tows or

hooks; the observer coverage (the percentage of tows or hooks that were observed); the number of observed captures (both dead and alive); the capture
rate (captures per hundred tows or per thousand hooks); the estimation method used (model or ratio); and the mean number of estimated total captures

(with 95% confidence interval). For more information on the methods used to prepare the data, see Abraham and Thompson (2011).

Fishing year

Fishing effort

Observed captures

Estimated captures

All effort % observed Number Rate Method Mean 95% c.i.

Trawl fisheries

1998-1999 153412 4.7 190 2.62 Ratio 1591 1454-1744
1999-2000 139057 5.5 203 2.65 Ratio 1539 1400-1 693
2000-2001 134 243 6.8 170 1.87 Ratio 1490 1348-1 649
2001-2002 127 883 6 157 2.03 Ratio 1273 1164-1394
2002-2003 130172 6.7 68 0.78 Model 891 539-1 470
2003-2004 120 868 6.5 84 1.07 Model 1070 647-1737
2004-2005 120447 7.2 200 2.32 Model 1476 935-2 358
2005-2006 109 950 6.0 143 2.16 Model 912 574-1 495
2006-2007 103 316 7.7 73 0.92 Model 541 339-877
2007-2008 89 526 10.1 141 1.56 Model 777 476-1 362
2008-2009 87551 11.2 72 0.73 Model 539 312-972
2009-2010 92 888 9.7 72 0.8 Model 475 277-871
2010-2011 86 090 8.6 73 0.98 Model 420 246-720
2011-2012 84 422 10.8 82 0.9 Model 436 261-764
2012-2013 83839 14.8 118 0.95 Model 421 259-746
2013-2014 85091 15.4 158 1.21 Model 387 270-586
Surface longline fisheries

1998-1999 6855124 18.9 102 0.08 Ratio 138 120-160
1999-2000 8 258 537 10.4 42 0.05 Ratio 67 54-83
2000-2001 9 698 805 10.8 43 0.04 Ratio 64 51-83
2001-2002 10833533 9.1 44 0.04 Ratio 75 61-93
2002-2003 10770 488 20.4 56 0.03 Ratio 185 148-230
2003-2004 7 386 484 21.8 40 0.03 Ratio 139 112-171
2004-2005 3679765 21.3 20 0.03 Ratio 71 54-91
2005-2006 3690 869 19.1 12 0.02 Ratio 57 41-77
2006-2007 3739912 27.8 10 0.01 Ratio 56 41-73
2007-2008 2246 139 18.8 10 0.02 Ratio 42 30-55
2008-2009 3115633 30.1 22 0.02 Ratio 55 42-69
2009-2010 2995 264 22.2 19 0.03 Ratio 67 51-86
2010-2011 3188179 21.2 17 0.03 Ratio 58 43-76
2011-2012 3100177 23.5 40 0.05 Ratio 95 77-114
2012-2013 2 876 932 19.5 21 0.04 Ratio 80 62-100
2013-2014 2546 764 304 56 0.07 Ratio 103 88-121
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Figure 4.3: Observed captures of NZ fur seals (dead and alive) in trawl fisheries, the capture rate (captures per hundred tows) and the mean number of
estimated total captures (with 95% confidence interval) by fishing year for regions with more than 50 observed captures since 2002-03: (a) New Zealand’s
EEZ; (b) the Cook Strait area; (c) the East Coast South Island area; (d) the Stewart Snares shelf area; and (e) the subantarctic area; and (f) the West Coast
South Island area (Abraham et al in prep. and see MPI data analysis at http://data.dragonfly.co.nz/psc/ data version v20140131). Percentage effort

included in the estimation is shown when it was less than 100%. For more information on the methods used to prepare the data, see Abraham and
Thompson (2011).
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4.4.2 MANAGING FISHERIES INTERACTIONS

The impact of fishing related captures on the NZ fur seal
population is presently unknown. However, fishing
interactions are considered unlikely to have adverse
population-level consequences for NZ fur seals given: the
scale of bycatch relative to overall NZ fur seal abundance;
the apparently increasing population and range; and the
level of management based on the NZ and IUCN threat
status of the species. The consequences of fishing related
mortality for some individual colonies may be more or less

severe.

Management has focused on encouraging vessel
operators to alter fishing practices to reduce captures, and
monitoring captures via the observer programme. A
marine mammal operating procedure (MMOP) has been
developed by the deepwater sector to reduce the risk of
marine mammal captures and is currently applied to
trawlers greater than 28 m LOA and is supported by
annual training. It includes a number of mitigation
measures, such as managing offal discharge and refraining
from shooting the gear when NZ fur seals are congregating
around the vessel. Its major focus is to reduce the time
gear is at or near the surface when it poses the greatest
risk. MPI, via observers, monitors and audits vessel
performance against this procedure (see the MPI National
Deepwater Plan for further details). Action planned for
2013-14 included work with the deepwater industry to
increase communication with Cook Strait and west coast
South Island inshore skippers about fisheries and marine
mammal interactions (MPI 2014). Research into methods
to minimise or mitigate NZ fur seal captures in commercial
fisheries has focused on fisheries in which NZ fur seals are
more likely to be captured (trawl fisheries, see Clement
and Associates 2009). Finding ways to mitigate captures
has proved difficult because the animals are free
swimming, can easily dive to the depths of the net when it
is being deployed, hauled, or brought to the surface during
a turn, and are known to actively and deliberately enter
nets to feed. Further, any measures also need to ensure
that the catch is not greatly compromised, either in terms
of the amount of fish or their condition. Possible fish loss
is one potential drawback of using seal exclusion devices
(see Rowe 2007). Adhering to current risk mitigation
methods (e.g. MMOP) will help to minimise the level of
impacts, however rates may fluctuate depending on fleet
deployment, NZ fur seal abundance and local feeding

conditions.
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4.4.3 MODELLING POPULATION-LEVEL
IMPACTS OF FISHERIES INTERACTIONS

The uncertainty about the size of the NZ fur seal
population has restricted the potential to investigate any
effects that NZ fur seal deaths through fishing may have
on the population as a whole or on the viability of colonies
or groups of colonies. The provenance of NZ fur seals
caught during fishing is presently unknown, although
proposed genetic research potentially could identify which
animals belonged to a specific colony (Robertson and
Gemmell 2005).

In response to the requirements for the Marine
Stewardship Council certification of the hoki fishery (one
target fishery contributing to NZ fur seal mortality), expert
knowledge about NZ fur seals and their interactions with
trawl gear (including some comparisons of annual capture
estimates) have been used for an expert-based qualitative
ecological risk assessment (ERAs). The results of this study

have not been reviewed by the AEWG or DOC’s CSP-TWG.

The impact of fisheries interactions on NZ fur seal
populations (and other marine mammal populations) is
being assessed in the marine mammal risk assessment
project PRO2012-02. Berkenbusch et al. (2013) describe
data
and Abraham et al.

relevant marine mammal available for risk

assessment, (in prep.) present
methods and results of a Delphi survey using a fully
Bayesian approach to estimate consensus from multiple
expert opinions. Four models were developed for each
marine mammal species, for the proportion of a species
within New Zealand waters, the species population size,
for Rmax, and for discrete spatial distribution within New
Zealand waters. Full results for NZ fur seals will be

reported in this section on completion of the work.

4.4.4 SOURCES OF UNCERTAINTY

Any measure of the effect of NZ fur seal mortality from
commercial fisheries on NZ fur seal populations requires
adequate information on the size of the populations at
different Although
information about where the main NZ fur seal breeding

colonies. there is reasonable
colonies exist, the size and dynamics of the overall
populations are poorly understood. At present, the main
sources of uncertainty are the lack of consistent data on:
by

demographic parameters; and at-sea distribution (which

abundance colony and in total, population

would ideally be available at the level of a colony or wider
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geographic area where several colonies are close
together) (Baird 2011). Collation and analysis of existing
data, such as that for the west coast South Island, would
fill some of these gaps; there is a 20-year time series of
pup production from three west coast South Island
colonies, a reasonably long data series from the Otago
Peninsula, and another from Kaikoura. Maximum benefit
could be gained through the use of all available data, as
shown by the monitoring of certain colonies of NZ fur seals
in Australia to provide a measure of overall population
stability (see Shaughnessy et al 1994, Goldsworthy et al

2003).

Fur seals may forage in waters near a colony or haulout, or
may range widely, depending on the sex, age, and
individual preferences of the animal (Baird 2011). It is not
known whether the NZ fur seals around a fishing vessel
are from colonies nearby. Some genetic work is proposed
to test the potential to differentiate between colonies so

4.5 |INDICATORS AND TRENDS

Population size

Population trend
thought to be increasing.

Threat status
IUCN: Least Concern, in 2008°.

Number of interactions” | 398 estimated captures (95% c.

that in the future NZ fur seals drowned by fishing gear may
be identified as being from a certain colony (Robertson &
Gemmell 2005).

The low to moderate levels of observer coverage in some
fishery-area strata add uncertainty to the total estimated
captures. However, the main source of uncertainty in the
level of bycatch is the paucity of information from the
inshore fishing fleets which use a variety of gears and
methods. Recent increases in observer coverage enabled
fur seal capture estimates to include inshore fishing effort.
Further increases in coverage, particularly for inshore
fisheries, would provide better data on the life stage, sex,
and size of captured animals, as well as samples for fatty
acid or stable isotope analysis to assess diet and to
determine provenance. Information on the aspects of
fishing operations that lead to capture in inshore fisheries
would also be useful as input to designing mitigation
measures.

Unknown, but potentially ~100 000 in the New Zealand EEZ*.
Increasing at some mainland colonies but unknown for offshore island colonies. Range is

NZ: Not Threatened, Increasing, Secure Overseas, in 2010°.

: 236-713) in trawl fisheries in 2012-13

110 estimated captures (95% c.i.: 65—171) in surface-longline fisheries in 2012-13
114 observed captures in trawl fisheries in 2012-13
21 observed captures in surface-longline fisheries in 2012-13

Trends in interactions Trawl fisheries:
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4 Taylor (1990), Harcourt (2001).
5> Baker et al (2010b).
5 Goldsworthy & Gales (2008).

7 For more information, see: http://data.dragonfly.co.nz/psc/.
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5 HECTOR’S DOLPHIN (CEPHALORHYNCHUS HECTORI

HECTORI) AND MAUI DOLPHIN (C. H. MAUI)

Scope of chapter
Area

Focal localities
Key issues

Emerging issues
MPI Research (current)

NZ Government Research
(current)

Other Research?®

Links to 2030 objectives

Related chapters/issues

This chapter outlines the biology of Hector’s dolphin (Cephalorhynchus hectori hectori)
and Maui dolphin (C. h. maui), the nature of any fishing interactions, the management
approach, trends in key indicators of fishing effects and major sources of uncertainty.

All of the New Zealand EEZ and territorial sea.

Areas with significant fisheries interactions include waters over or close to the continental
shelf surrounding the South Island and the west coast of the North Island.

Improving estimates of incidental capture in set net and trawl fisheries, and assessing the
potential for populations to sustain the present levels of incidental capture.

Improving data and information sources for future assessments of residual risk.
PR0O2009-01C Abundance, distribution and productivity of Hector's (and Maui's) dolphins
(ECSI survey); PRO2012-02 Assess the risk posed to marine mammal populations from
New Zealand fisheries; PRO2013-01 Estimating the nature & extent of incidental captures
of seabirds, marine mammals & turtles in New Zealand commercial fisheries; PRO2013-06
Abundance & distribution of WCSI Hector’s dolphins; PRO2013-08 Reanalysis of aerial line
transect surveys where best practice analysis was not used; PRO2013-09 Population
viability of Maui’s dolphins.

DOC Marine Conservation Services Programme (CSP): MIT2012-03 Review of mitigation
techniques in set net fisheries; INT2013-01 To understand the nature and extent of
protected species interactions with New Zealand commercial fishing activities; INT2013-03
To determine which marine mammal, turtle and protected fish species are captured in
fisheries and their mode of capture; INT2013-04 To review the data collected by fisheries
observers in relation to understanding the interaction with protected species, and refine
efficient protocols for future data collection; Additional conservancy-level work including
aerial and boat surveys in Taranaki, genetic sampling and necropsies of recovered
animals.

Otago University: Long term study of Hector’s dolphins at Banks Peninsula, including
distribution and abundance, survival rates, reproductive rates, movements, feeding
ecology.

Auckland University: Population monitoring of Maui’s dolphins and population genetics of
Hector’s and Maui’s dolphins.

Massey University: Necropsy of recovered Hector’s / Maui’s dolphins.

Objective 6: Manage impacts of fishing and aquaculture.

Strategic Action 6.2: Set and monitor environmental standards, including for threatened
and protected species and seabed impacts

See the New Zealand sea lion and New Zealand fur seal chapters.

Note: Only minor edits have been made to this chapter since AEBAR 2013.

1 Du Fresne et al (2012) recently compiled a bibliography of all Hector’s and Maui’s dolphin research completed since

2003 (available online: http://www.doc.govt.nz/documents/science-and-technical/drds332entire.pdf)
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5.1 CONTEXT

Hector’s and Maui dolphin? (Cephalorhynchus hectori),
comprising the South Island sub-species referred to as
Hector’s dolphin (C. h. hectori) and the North Island sub-
species known as Maui dolphin (C. h. maui), is endemic to
the coastal waters of New Zealand. Like most other small
cetaceans, the species is at risk of fisheries related
mortality (e.g. Read et al 2006; Reeves et al 2013; Geijer &
Read 2013).

Hector's and Maui’'s dolphin was gazetted as a
“threatened species” by the Minister of Conservation in
1999 and is defined as a “protected species” according to
part 1, section 2(1) of the Fisheries Act 1996 and section
2(1) of the Marine Mammals Protection Act (MMPA) 1978.
Management of fisheries impacts on Hector’s and Maui
dolphins is legislated under both these acts. The MMPA
(1978) the of

management plan for any protected species, within which

allows for approval a population
a maximum allowable level of fishing-related mortality
may be imposed. For threatened species, this level
“should allow the species to achieve non-threatened
status as soon as reasonably practicable, and in any event
within a period not exceeding 20 years” (MMPA 1978, p.
11). If a population management plan has been approved,
the Fisheries Act (1996) requires that all reasonable steps
be taken to ensure that the maximum allowable level of
fishing-related mortality is not exceeded, and the Minister
may take other measures necessary to further avoid,
remedy, or mitigate any adverse effects of fishing on the
relevant protected species. In the absence of a population
management plan, “the Minister may, after consultation
with the Minister of Conservation, take such measures as
he or she considers are necessary to avoid, remedy, or
mitigate the effect of fishing-related mortality on any

protected species, and such measures may include setting

2 |n this document, ‘Hector’s dolphin(s)’ refers to the
South Island subspecies (Cephalorhynchus hectori hectori),
while ‘Maui’s dolphin(s)’ refers to the North Island
subspecies (C. hectori maui). ‘Hector’s and Maui’s
dolphin(s)’ refers to both subspecies collectively (C.
hectori). This approach is taken to avoid confusion and
enable distinction between the South Island subspecies
and the species as a whole.
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a limit on fishing-related mortality” (Fisheries Act 1996, p.
66).

The latest DOC Marine Mammal Action Plan® (DOC MMPA;
Suisted & Neale 2004) stated that actions required
include:

“Prepare species plans for both Hector’s and
Maui’s dolphins”

“Consider preparation of Population Management
Plans (PMP) for Hector’s and Maui’s dolphins in
accordance with the legal process and the species
plans.”

However, to date no population management plan (PMP)
has been produced for Hector’s or Maui dolphin and no
maximum allowable level of fishing-related mortality has
been set. A draft threat management plan (TMP) for
Hector’s and Maui dolphin was developed jointly by the
Department of Conservation (DOC) and the Ministry of
Fisheries (MFish) in 2007. The TMP is not a statutory
document, but a management plan identifying human-
induced threats to Hector’s and Maui dolphin populations
and outlining strategies to mitigate those threats. The
stated goals of the TMP (DOC & MFish 2007) are:

e  “To ensure the long-term viability of Hector’s and
Maui’s dolphins is not threatened by human
activities; and

“To further reduce impacts of human activities as
far as possible, taking into account advances in
technology and knowledge, and financial, social

and cultural implications.”

These goals were re-stated in the Review of the Maui
dolphin TMP consultation paper published in 2012 (MPI &
DOC 2012). The review of the Maui portion of the TMP
provided a comprehensive overview of information
relating to the biology, distribution, threats to, and
management of Maui dolphins. To inform the review of
the Maui TMP,

quantitative risk assessment was conducted using an

dolphin a spatially-explicit, semi-

expert panel, to identify, analyse and evaluate all threats
to Maui dolphins (Currey et al 2012). The process involved

3 DOC has confirmed that the Marine Mammal Action Plan
for 2005—-2010 still reflects DOC’s priorities for marine
mammal conservation.
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expert panellists mapping dolphin distribution, identifying
and characterising threats, scoring the likely impact of
each threat, and subsequent quantitative analysis to
estimate risk posed by threats. The results of this process
are described in the relevant sections below.

5.2 BIOLOGY

5.2.1 TAXONOMY

Hector’s and Maui dolphin is one of four species in the
genus Cephalorhynchus, which are all restricted to cool,
temperate, coastal waters in the southern hemisphere. On
the basis of morphological differences,
which

Hector’'s and Maui dolphin was divided into two sub-

and genetic

information indicated reproductive isolation,
species; Hector’s dolphin around the South Island (41BES to
47mS) and Maui dolphin, on the west coast of the North
Island (36°S to 40°S; Baker et al 2002). The reproductive
isolation of the Maui subspecies is supported by a more
recent genetic analysis with a larger sample size (Hamner
et al 2012a) despite genetic analyses having located four

Hector’s dolphins off the WCNI (Hamner et al 2014).

5.2.2 DISTRIBUTION

Hector’s dolphins are most frequently sighted on the west
coast of the South Island (WCSI) between Jackson Bay and
Kahurangi Point (Brager & Schneider 1998, Rayment et al
2011a), on the east coast (ECSI) between the Marlborough
Sounds and Otago Peninsula (Dawson et al 2004,
MacKenzie & Clement 2014) and on the south coast (SCSI)
between Toetoes Bay and Porpoise Bay and in Te Waewae
Bay (Bejder & Dawson 2001, Dawson et al 2004). Current
population densities are lower in the intervening stretches
of coast, e.g. Fiordland (Brager & Schneider 1998), Golden
Bay (Slooten et al 2001) and the south Otago coast (Jim
Fyfe, personal communication), resulting in a fragmented
distribution. There is significant genetic differentiation
among the west, east and south coast populations, with
little or no gene flow connecting them (Pichler et al 1998;
Pichler 2002; Hamner et al 2012a). The observed levels of
genetic divergence over such small distances are unusual
among cetaceans, especially considering the absence of
geographical barriers (Pichler et al 1998). These genetic
differences are thought to result from individuals having
small home ranges and high philopatry (Pichler et al 1998,
Brager et al 2002, Rayment et al 2009b). For example, the
mean lifetime alongshore home range of the 20 most
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frequently sighted dolphins at Banks Peninsula was 49.7
km (SE = 5.29; ranging from 13.60 km to 101.43 km for
individual dolphins) for the period 1985 to 2006 (Rayment
et al 2009b).

Satellite tagging of three Hector’s dolphins off the Banks
Peninsula in 2004 indicated maximum distances between
locations of 50.9 to 66.5 km over deployments lasting
from four to seven months (Stone et al 2005). For photo
identified dolphins, Rayment et al (2009a)
distances between extreme sightings for 53 dolphins
ranging from 9.34 km to 107.38 km for the period 1985 —
2006.

reported

Genetic testing of dolphins off the WCNI since 2001 has
identified a small number of Hector’s dolphins located
within the contemporary distribution of Maui dolphin in
the WCNI area as far north as the Manukau Harbour.
These results raise the possibility of at least occasional
long distance dispersal by Hector’s dolphins (Hamner et al
2012b). Although some of these dolphins were found in
association with Maui dolphins there is currently no
evidence of interbreeding (Hamner et al 2014). Some of
the Hector’s dolphins sampled on the WCNI could not be
unambiguously assigned to one of the three Hector’s
dolphin populations leading Hamner et al (2014) to raise
the possibility that they may represent a hitherto
unsampled population of Hector’s dolphins or indicate
interbreeding between the ESCI and WCSI populations.

Maui dolphins are most frequently sighted between
Maunganui Bluff and New Plymouth (Slooten et al 2005;
Du Fresne 2010; Hamner et al 201243, b). Research surveys
since 2003 have sighted Maui dolphins between Kaipara
Harbour and Kawhia (Slooten et al 2005, Du Fresne 2010;
Hamner et al 2012a, b). Historical samples from strandings
and museum specimens have allowed genetic
identification of Maui dolphins on the WCNI from
Dargaville to Wellington (DOC Sightings Database 2013;
DOC Incident Database 2013, Hamner, pers. comm.);
however there are doubts as to the provenance of a
record of a Maui dolphin attributed to the Bay of Islands

(Hamner, pers. comm.).

There are reported public sightings of Hector’s and Maui
dolphins from all around the North Island coast, including
the Bay of Islands, Hauraki Gulf, Coromandel Peninsula,
Hawkes Bay, Wairarapa and Kapiti Coast (Baker 1978,
Cawthorn 1988, Russell 1999, DOC Incident Database
2013). Pichler & Baker (2000) reported genetic analysis of
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samples of Hector’'s and Maui dolphins dating back to
1870 and suggest that abundance has declined and
geographic range has contracted over the past 140 years.
It has also been suggested that Maui dolphin’s range has
contracted off the west coast of the North Island in recent
history coincident with a decline in abundance (MPI &
DOC 2012).

Small scale movements by Maui dolphins over up to 80 km
of coastline have been revealed by repeated genetic
sampling of the same individuals (mean distance between
the two most extreme locations for the six individuals
sampled at least three times = 35.5 km; SE = 4.03 km;
Oremus et al 2012).

Hector’s and Maui densities are highest close to the coast
throughout the year. Brager et al (2003) used resource
selection models to show that Hector’s dolphins have a
preference for shallow, turbid waters. During systematic
aerial surveys on the South Island west coast (Rayment et
al 2011a), east coast (MacKenzie & Clement 2014, Figure
5.2 and Figure 5.3), at Banks Peninsula (Rayment et al
2010), in Cloudy and Clifford Bays (DuFresne & Mattlin
2009) and on the North Island west coast (Slooten et al
2005) most sightings were in water depths less than 100 m
(e.g. Figure 5.2 and Figure 5.3). Occasional sightings are
made beyond the 100 m isobath (e.g. DuFresne & Mattlin
2009, MacKenzie & Clement 2014). Varying bathymetry
among these locations meant that all sightings were within
6 n.mi. offshore of the South Island west coast (Rayment
et al 2011a), yet extended at least out to 20 n.mi. from the
coast at Banks Peninsula (MacKenzie & Clement 2014). In
both these areas, distance offshore best explained dolphin
distribution, possibly due to declining prey availability with
increasing distance from the coast (Rayment et al 2010,
2011a). At Banks Peninsula, there was a significant
with
proportion of dolphins close to shore in summer than
winter (Rayment et al 2010, MacKenzie & Clement 2014),
a conclusion consistent with nearshore boat-based surveys

seasonal difference in distribution, a greater

(e.g. Dawson & Slooten 1988, Brager 1998) and passive
acoustic monitoring (Rayment et al 2009a). However, the
furthest offshore sighting distances were similar in
summer and winter (Rayment et al 2010, MacKenzie &
Clement 2014). From analysis of passive acoustic data,
Dawson et al (2013a) suggested that dolphins use of an
inner harbour site in Akaroa Harbour was greater than
expected in winter, and that habitat selection was affected
by time of day and state of the tide. No such seasonal

difference in dolphin distribution was detected during
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aerial surveys on the South Island west coast (Rayment et
al 2011a).

The highest density of Maui dolphins occurs inshore
(within 4 n.mi. of the coast) between Manukau Harbour
and Port Waikato (Slooten et al 2005, MPI & DOC 2012,
Oremus et al 2012). Sightings are occasionally made
beyond 4 n.mi. from the coast, extending at least to 7
n.mi. offshore (Du Fresne 2010, Thompson & Richard
2012). Sightings of Maui dolphins have been made in three
North Island harbours (Kaipara, Manukau and Raglan; see
review in Slooten et al 2005). Passive acoustic monitoring
of these three harbours, in addition to Kawhia Harbour,
revealed a low-level of episodic use of Kaipara and
Manukau Harbours (Rayment et al 2011b).

A map of Maui dolphin distribution* was developed as part
of the Maui dolphin risk assessment (Currey et al 2012).
The distribution was generated via generalised additive
modelling (Thompson & Richard 2012) of systematic
survey data (Ferreira & Roberts 2003, Slooten et al 2005,
2006, Scali 2006, Rayment & du Fresne 2007,
Childerhouse et al 2008, Stanley 2009, Hamner et al
2012a) and modification to incorporate expert panel
feedback regarding the alongshore, offshore and inshore
extent (Figure 5.1; see Currey et al 2012 for further
details).

4 The map of Maui’s dolphin distribution was produced
using data that included sightings of unknown sub-species
identity (e.g. from aerial surveys). Hector’s dolphins have
been detected off the North Island West Coast. However,
they comprised just 4 of the 91 animals genetically
identified within the area of mapped distribution since
2001 (two living females, one dead female, one dead
male; Hamner et al 2012a, 2013). The two living Hector’s
dolphins were found in association with Maui’s dolphins
and three of four dolphins were found in or near Manukau
Harbour, close to the core of Maui’s dolphin distribution
(Figure 5.1). Given that the proportion of Hector’s
dolphins is likely to be small and there was no evidence to
suggest that their inclusion would bias the distribution, the
risk assessment proceeded with this map on the basis that
it provided the best estimate of Maui’s dolphin
distribution available.
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5.2.3 FORAGING ECOLOGY

Miller et al (2013) investigated the diet of Hector’s and
Maui dolphins through the examination of diagnostic prey
remains in the stomachs of 63 incidentally captured and
beach-cast animals. They concluded that Hector’s dolphins
take a wide variety of prey throughout the water column
(in total 29 taxa were recorded), but that the diet is
dominated by a few mid-water and demersal species,
particularly red cod (Pseudophycis bachus), ahuru
(Auchenoceros punctatus), arrow squid (Notodarus sp.),
sprat (Sprattus sp.), sole (Peltorhamphus sp.) and stargazer
(Crapatulus sp.). Prey items ranged from an estimated
0.5-60.8 cm in length, but the majority were less than 10
cm in length, indicating that the juveniles of some species
were targeted (Miller et al 2013). The diets of dolphins
from the South

significantly different, due largely to the importance of

Island west and east coasts were

javelinfish (Lepidorhynchus denticulatus) on the west
coast, and a greater consumption of demersal prey species
on the east coast (Miller et al 2013). Only two samples
were derived from the west coast of the North Island,
containing only red cod, ahuru, sole and flounder
(Rhomboselea sp.; Miller et al 2013). The stomachs of the
six smallest dolphins in the sample (standard length under
90 c¢cm) contained only milk, while the next largest (99 cm
standard length) contained milk and remains of arrow
squid (Miller et al 2013). Milk was not found in the
stomachs of any dolphins longer than 107 cm (Miller et al
2013).

Hector’'s dolphins have been observed foraging in
association with demersal trawlers at Banks Peninsula,
presumably targeting the fish disturbed but not captured
by the trawl net (Rayment & Webster 2009). Dolphins are
occasionally seen foraging near the sea surface on small
fish including sprat, pilchard (Sardinops neopilchardus) and
yellow-eyed mullet (Aldrichetta forsteri; Miller et al 2013),
sometimes in association with white-fronted terns (Sterna
striata; Brager 1998). The seasonal changes in distribution
of Hector’s dolphins at Banks Peninsula described above
are presumed to be in response to seasonal movements of
their prey species (Rayment et al 2010), many of which
migrate into shallower nearshore waters in the summer

months (Paul 2000).
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5.2.4 REPRODUCTIVE BIOLOGY

Incidentally captured and stranded Hector’s dolphins have
provided information on the life history and reproductive
parameters of the species. Males reach sexual maturity
between six and nine years of age, and females have their
first calf between seven and nine years old (Slooten 1991).
Examination of the ultrastructure of the teeth from these
necropsied animals revealed that females live to at least
19 years (n = 33) and males (n = 27) to at least 20 (Slooten
1991). Photo-ID studies have provided additional data and
revealed that the calving interval is two to four years
(Slooten 1990) and that longevity is at least 22 years
(Rayment et al 2009b; Webster et al 2009). Gormley
(2009) extended these analyses, estimating mean female
fecundity of Hector’s dolphins off Banks Peninsula at 0.205
female offspring per capita per annum (SD = 0.050) and
mean age at first reproduction at 7.5 years (SD = 0.42).

Calves are typically born during spring and early summer,
with neonatal length estimated to be 60—75 cm (Slooten &
Dawson 1994). Calves stay with their mothers for at least
one year, more usually two, and the mother does not
appear to conceive again until the calf is independent
(Slooten & Dawson 1994). Application of the growth
models produced by Webster et al (2010) to the diet data
obtained by Miller et al (2013) suggests that weaning
occurs between one and two years of age. Growth is rapid
and asymptotic length is reached in 5-6 years (Webster et
al 2010). Sexually mature adults usually fall within the
range 119-145 cm total length and at maturity females
are approximately 10 cm longer than males (Slooten &
Dawson 1994; Webster et al 2010). In a sample of 66
female and 100 male known age Hector’s dolphins, the
maximum total length measurements were 145 cm and
132 cm respectively (Webster et al 2010). Maui dolphins
are significantly longer than Hector’s dolphins, with a
maximum recorded total length of 162 cm (Russell 1999).

Hector’s and Maui dolphins are typically found in small
groups of 1-14 individuals (Slooten et al 2006, Rayment et
al 2010, 2011b, Oremus et al 2012). Mean group sizes
appear to be larger when estimated from boat based
surveys (e.g. Webster et al 2009, Oremus et al 2012)
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Figure 5.1: Maui dolphin distribution modelled from systematic survey data collected between 2000 and 2012 and modified to incorporate expert panel
feedback (Currey et al 2012). The inset depicts the modelled distribution prior to modification (Thompson & Richard 2012).
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Figure 5.2: The distribution of all on-effort sightings of Hector’s dolphins during the summer survey of the ECSI between 28 January and 13 March 2013.
Reproduced from MacKenzie & Clement (2014).
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Figure 5.3: The distribution of all on-effort sightings of Hector’s dolphins during the winter survey of the ECSI between 1 July and 18 August 2013.
Reproduced from MacKenzie & Clement (2014).
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compared with aerial surveys (e.g. Slooten et al 2006,
Rayment et al 2010) possibly due to the species’ boat-
positive behaviour (e.g. Dawson et al 2004). Webster et al
(2009) found that Hector’s dolphin groups were highly
segregated by sex, with 91% of groups of up to five
individuals being all male or all female. Using molecular
sexing techniques, Oremus et al (2012) found no evidence
of sexual segregation in groups of fewer than eight Maui
dolphins. The social organisation of Hector’s dolphin
groups is characterised by fluid association patterns, with
little stability over periods longer than a few days (Slooten
1993).
behaviour (Slooten 1990) and the relatively large testis

et al Together with observations of sexual
size of males (Slooten 1991), this suggests that Hector’s
dolphins have a promiscuous mating system, in which
males seek encounters with multiple females rather than
attempting to monopolise them (Slooten et al 1993).

These
dolphins, like many other small cetaceans (Perrin & Reilly

life-history characteristics mean that Hector’s

1984), have a low intrinsic population growth rate. Using
matrix population models, asymptotic population growth
rate for Hector’s dolphins was estimated to be —4.2 to
+4.9% per year for survivorship schedules based on other
mammals (Slooten & Lad 1991). The authors considered
that a growth rate of 1.8% was a plausible “best case”
scenario for Hector’s dolphin (Slooten & Lad 1991).
Estimates of the intrinsic rate of increase from matrix
models are sensitive to the particular parameters chosen
(Slooten & Lad 1991, Gormley et al 2012, Baker et al
2013).

5.2.5 POPULATION BIOLOGY

The earliest survey-based abundance estimate for Hector’s
and Maui dolphin (3408 animals with a suggested range of
3000 to 4000) was obtained via small boat-based strip
transects surveys (Dawson & Slooten 1988, Table 5.1).
These surveys were primarily focused on assessing
alongshore distribution rather than abundance.
Consequently survey effort was concentrated within 800
m of shore and calibrated with a limited number of 5 n.mi.
offshore transects. Nationwide line transect surveys of
Hector’s and Maui dolphin were carried out between 1997
and 2004 (Dawson et al 2004, Slooten et al 2004, 2006).
These resulted in a population estimate for Hector’s
dolphin around the South Island and offshore to 4 n.mi. of
7270 (CV = 16%,; Slooten et al 2004) and for Maui dolphin
of 111 (CV = 44%,; Slooten et al 2006; The expert panel’s
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assessment of mortalities can be treated as testable
hypotheses (Currey et al 2012) and evaluated using new
information. Roe et al s (2013) finding that 2 of 3 Maui
dolphins tested in the period 2007 to 2011 had died as a
result of Toxoplasma gondii infection, possibly as a result
of run off from terrestrial sources, indicates that the panel
results (Table 5.3) may have underestimated mortality
from this source. Roe et al (2013) note that toxoplasmosis
may have other effects beyond direct mortality and could
be an important cause of neonatal loss.

The panel process resulted in estimated numbers of Maui
dolphin mortalities from commercial set net fisheries of
2.33 (95% Cl: 0.02-4.26)
disaggregation of the estimates indicating that Maui

per annum, with spatial
dolphins are exposed to the greatest level of risk from set
net fisheries in the area of the northern Taranaki coastline
out to 7 n.mi. offshore, and at the entrance to the
Manukau Harbour. Subsequent interim  measures
restricted set net fishing within 2 n.mi. of the Taranaki
coast and required full observer coverage of set net fishing
to 7 n.mi. No Maui dolphins have been captured or
sighted by observers in the Taranaki set net fishery to

date.
Conservation biology and threat classification

Threat classification is an established approach for
identifying species at risk of extinction (IUCN 2013). The
risk of extinction for Hector’s and Maui dolphin has been
assessed under two threat classification systems: the New
Zealand Threat Classification System (Townsend et al
2008) and the International Union for the Conservation of
Nature (IUCN) Red List of Threatened Species (IUCN 2013).

The IUCN classifies Maui dolphin as Critically Endangered
under criteria Adc,d and C2a(ii) due to an ongoing and
projected decline of greater than 80% over three
generations, and there being fewer than 250 mature
individuals remaining (Reeves et al 2013a). Critically
Endangered is the most threatened status before “Extinct
in the Wild”. Hector’s dolphin is classified by the IUCN as
Endangered under criterion A4d due to an ongoing and
projected decline of greater than 50% over three
generations (Reeves et al 2013b).
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Table 5.1). Further aerial surveys focused on assessing
seasonal and annual variation in distribution around Banks
Peninsula (Rayment et al 2010) and in distribution and
abundance in Cloudy and Clifford Bays (DuFresne &
Mattlin 2009)°. There have also been a number of photo-
ID mark-recapture estimates focused on sub-populations
of Hector’s dolphin (Bejder & Dawson 2001, Gormley et al
2005, Turek et al 2013; Table 5.1) and genotype mark-
recapture estimates of abundance for Maui dolphin and
Hector’s dolphins in Cloudy Bay (Hamner et al 2012b,
2013, Baker et al 2013,Table 5.1). The genetic mark-
recapture data vyielded estimates of average annual
population change for Maui dolphin of -0.13 (i.e. a 13%
decrease p.a.; 95% Cl = -0.40 to +0.14) for the period 2001
— 2007 (Baker et al 2013), and -0.03 (95% CI = -0.11 to
+0.06) for the period 2001 — 2011 (Hamner et al 2012b).
Population trends have also been inferred for Maui
dolphins via other methods, including linear regression of
the natural logarithm of abundance estimates obtained
using a variety of survey methods over the period 1985 to
2011 (-0.032; 90% Cl = —0.057 to —0.006 for aerial and
boat surveys; —0.037; 90% Cl = —0.042 to —0.032 for boat
surveys alone; Wade et al 2012). Analysis of the Maui
dolphin risk assessment expert panel’s mortality scores
yielded an estimated rate of population decline of 7.6%
per annum (95% Cl = 13.8% decline to 0.1% increase;
Currey et al 2012). Across methods, estimates of Maui
dolphin population trends indicate a high probability that
the population is declining, with mean or median
estimates suggesting a rate of decline at or above 3% per
annum (Currey et al 2012, Hamner et al 2012b, Wade et al

2012, Baker et al 2013).

Recently, MPI-funded survey programmes (PRO2009-01A,
PRO2009-01B, PRO2009-01C) were conducted to assess
abundance and distribution of the SCSI and ECSI
populations of Hector’s dolphin (Clement et al 2011,
MacKenzie et al 2012, MacKenzie & Clement 2014).The
SCSI programme involved two aerial surveys undertaken
during March 2010 and August 2010 between Puysegur
Point and Nugget Point and out to the 100 m depth

5> There is uncertainty as to how sightings in the area
viewed by more than one observer were treated in the
analysis. This will be investigated under project PRO2013-
08.

contour (PRO2009-01A, Clement et al 2011)°.
dolphin groups were sighted during summer/autumn

Seven

surveys and ten groups were observed in winter. Sightings
data pooled across seasons were analysed using mark-
recapture distance sampling (MRDS) with helicopter-based
dive cycle observations used to correct for availability bias.
SCSI Hector’s dolphin abundance was estimated to be 628
dolphins (CV = 38.9%, 95% Cl = 301-1,311, Clement et al
2011).

The ECSI program involved an initial design phase
(PRO2009-01B, MacKenzie et al 2012) followed by two
aerial surveys conducted over summer 2012-13 and
winter 2013 between Farewell Spit and Nugget Point and
offshore to 20 n.mi. (covering about 42 677 km2;
PRO2009-01C; MacKenzie & Clement 2014). A total of 354
dolphin groups were sighted in the summer, along 7156
km of transect lines, and 328 dolphin groups were sighted
in the winter, along 7276 km of transect lines (Figures 5.2
and 5.3). Sightings data were analysed using MRDS and
density surface modelling techniques to yield estimates of
density and total abundance. The estimates of ECSI
Hector’s dolphin abundance were 9130 dolphins (CV =
19%, 95% Cl = 6342—13144) in summer 2012-13 and 7456
dolphins (CV = 18%, 95% Cl = 5224-10 641) in winter 2013
(MacKenzie & Clement 2014). These estimates were
obtained via model averaging four sets of MRDS results for
each season; from two different data sets using different
truncation distances and two methods of estimating
availability (helicopter-based dive cycle and survey aircraft
circle-backs). These estimates do not include harbours and
bays that were outside of the survey region. This work has
been subject to international peer review.

Hector’s dolphin is one of very few dolphin species for
which estimates of survival are available. For long lived
species, a long time-series of data is required to robustly
estimate survival. The long term photo-ID study at Banks
Peninsula has facilitated several survival rate estimates
since its inception in 1984 (Slooten et al 1992, Cameron et
al 1999, Du Fresne 2004, Gormley et al 2012). The most
recent analysis utilises the most data and is therefore
arguably the most powerful. Survival rate was estimated

6 There is uncertainty as to how sightings in the area
viewed by more than one observer were treated in the
analysis. This will be investigated under project PRO2013-
08.
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as 0.863 (95% Cl = 0.647 — 0.971) for the period 1986—
1988, prior to the designation of the Banks Peninsula
Marine Mammal Sanctuary, and 0.917 (95% Cl = 0.802 —
0.984) from 1989-2006 after the designation (Gormley et
al 2012). Given the reproductive parameters detailed
above, these survival rate estimates equate to a mean
estimated population growth rate of 0.939 (95% Cl =0.779
—1.025) pre-sanctuary and 0.995 (95% ClI = 0.927 — 1.048)
post-sanctuary (Gormley et al 2012). In the post-sanctuary
scenario, most of the uncertainty in the population growth
estimate is due to uncertainty in the estimate of fecundity
(Gormley et al 2012).

Annual survival of Maui dolphin has been estimated from
the genotype mark-recapture data (Hamner et al 2012b,
Baker et al 2013). The most precise estimates come from
the longest data series, 2001 — 2011, yielding survival rates
of 0.83 from a Pradel model (95% CI = 0.75 — 0.90) and
0.84 from a POPAN model (95% Cl = 0.75 — 0.90\, Hamner
etal 2012b).

Fisheries mortality is known to be a serious threat to
Hector’s and Maui dolphins (DOC & MFish 2007, MPI &
DOC 2012, see below). There is no evidence to suggest
that any of the other known or potential threats to
Hector’s and Maui dolphin cause mortalities on the order
of tens or hundreds of individuals per year. There has
been one confirmed death due to boat strike since 1921, a
Hector’s dolphin calf in Akaroa harbour in 1999 (Stone &
Yoshinaga 2000, DOC Incident Database 2013).

Other known sources of mortality include predation by
sharks (e.g. Cawthorn 1988), disease (e.g. Roe et al 2013)
and separation of calves from their mothers (DOC Incident
Database 2013), possibly exacerbated by extreme weather
conditions (DOC & MFish 2007, MPI & DOC 2012).

The presence of tourist vessels has been demonstrated to
cause behavioural changes (Bejder et al 1999, Martinez et
al 2012). There are potential negative effects due to
bioaccumulation of organochlorines and heavy metals
(reviewed by Slooten & Dawson 1994). Stockin et al (2010)
reported elevated levels of PCBs and organochlorine
pesticides in the tissues of Hector’s and Maui dolphins but
noted that no PCB concentrations were over the threshold
considered to have immunological and reproductive
effects. Additionally, both sub-species face pressures
placed on coastal habitat through activities such as

aquaculture, seabed mining, dredging and tidal energy
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installations (DOC & MFish 2007, Currey et al 2012, MPI &
DOC 2012).

A comprehensive list of the threats posed to Maui
dolphins was produced as part of the spatially-explicit,
semi-quantitative risk assessment (Currey et al 2012). The
expert panel was asked to identify, analyse and evaluate
all potential threats to Maui dolphins. Working from a
previously established list of 47 potential threats to
Hector’s dolphins from the Hector’'s and Maui dolphin
TMP (DOC & MFish 2007), the expert panel assessed 23
threats potentially relevant to Maui dolphins (i.e., present
within their established distribution) in terms of whether
these were likely to affect population trends within the
next five years (Table 5.2). For each of these threats, the
expert panel provided estimates of the number of Maui
dolphin mortalities per year (Table 5.3).

The expert panel’s assessment of mortalities can be
treated as testable hypotheses (Currey et al 2012) and
evaluated using new information. Roe et al 's (2013)
finding that 2 of 3 Maui dolphins tested in the period 2007
to 2011 had died as a result of Toxoplasma gondii
infection, possibly as a result of run off from terrestrial
sources, indicates that the panel results (Table 5.3) may
have underestimated mortality from this source. Roe et al
(2013) note that toxoplasmosis may have other effects
beyond direct mortality and could be an important cause
of neonatal loss.

The panel process resulted in estimated numbers of Maui
dolphin mortalities from commercial set net fisheries of
2.33 (95% ClI: 0.02-4.26)
disaggregation of the estimates indicating that Maui

per annum, with spatial
dolphins are exposed to the greatest level of risk from set
net fisheries in the area of the northern Taranaki coastline
out to 7 n.mi. offshore, and at the entrance to the
Manukau Harbour. Subsequent interim measures
restricted set net fishing within 2 n.mi. of the Taranaki
coast and required full observer coverage of set net fishing
to 7 n.mi. No Maui dolphins have been captured or
sighted by observers in the Taranaki set net fishery to

date.

5.2.6 CONSERVATION BIOLOGY AND THREAT
CLASSIFICATION

Threat classification is an established approach for
identifying species at risk of extinction (IUCN 2013). The
risk of extinction for Hector’s and Maui dolphin has been
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assessed under two threat classification systems: the New
Zealand Threat Classification System (Townsend et al
2008) and the International Union for the Conservation of
Nature (IUCN) Red List of Threatened Species (IUCN 2013).

The IUCN classifies Maui dolphin as Critically Endangered
under criteria Adc,d and C2a(ii)’ due to an ongoing and
projected decline of greater than 80% over three
generations, and there being fewer than 250 mature
individuals remaining (Reeves et al 2013a). Critically
Endangered is the most threatened status before “Extinct
in the Wild”. Hector’s dolphin is classified by the IUCN as
Endangered under criterion A4d® due to an ongoing and
projected decline of greater than 50% over three
generations (Reeves et al 2013b).

7 Ataxon is listed as ‘Critically Endangered’ if it is
considered to be facing an extremely high risk of
extinction in the wild. Adc,d refers to a reduction in
population size (A), based on an observed, estimated,
inferred, projected or suspected reduction of > 80% over
any 10 year or three generation period (whichever is
longer up to a maximum of 100 years (3); with the
reduction being based on a decline in area of occupancy,
extent of occurrence and/or quality of habitat (c); or
actual or potential levels of exploitation (d; IUCN 2010).
C2a(ii) refers to a population size estimated to number
fewer than 250 mature individuals (C); with a continuing
decline, observed, projected, or inferred, in numbers of
mature individuals (2); and a population structure (a) with
at least 90% of mature individuals in one subpopulation (ii;
IUCN 2013).

8 A taxon is listed as ‘Endangered’ if it is considered to be
facing a very high risk of extinction in the wild. A4d refers
to a reduction in population size (A), based on an
observed, estimated, inferred, projected or suspected
reduction of > 80% over any 10 year or three generation
period (whichever is longer up to a maximum of 100 years
(3); with the reduction being based on actual or potential
levels of exploitation (d, IUCN 2013).
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Table 5.1: Abundance estimates for Hector’s and Maui dolphin. N = estimated population size. * applies to individuals more than 1 yr of age and includes
two individuals genetically identified as Hector’s dolphins. [Continued on next page]

Sampling
period
1984—
1985

1989-
1997
1995—-
1997
1997-
1998

1998—
1999

1999—-
2000

2000-
2001

2001-
2007
2004

2004—
2005

2006—
2009

2010

2010-
2011
2010-
2011

2011~
2012
2012—-
2013

Sub-
species
Hector’s
and Maui
dolphin
Hector’s
dolphin
Hector’s
dolphin
Hector’s
dolphin

Hector’s
dolphin

Hector’s
dolphin

Hector’s
dolphin

Maui
dolphin
Maui
dolphin

Hector’s
dolphin

Hector’s
dolphin

Hector’s
dolphin

Maui
dolphin
Hector’s
dolphin

Hector’s
dolphin
Hector’s
dolphin

Survey area

North and South
Islands

Banks Peninsula
Porpoise Bay

Motunau —
Timaru
(0—4n.mi.)
Timaru — Long
Point
(0—4n.mi.)
Farewell Spit —
Motunau

(0—4 n.mi.)
Farewell Spit —
Milford Sound
(0—4n.mi.)
Kaipara Harbour —
Tirua Point
Maunganui Bluff
— Pariokariwa
Point
(0—4n.mi.)

Te Waewae Bay

Cloudy and
Clifford Bays
(100 m contour)

Puysegur Point -
Nugget Point

(100 m contour)
Kaipara Harbour —
New Plymouth
Taiaroa Head —
Cornish Head
(Otago)

Cloudy Bay

Farewell Spit -
Nugget Point
(0-20n.mi.)

Survey
method
Small boat
based strip-
transect
Photo-ID

Photo-ID

Boat based
line-
transect
Boat based
line-
transect
Boat based
line-
transect
Aerial line-
transect

Biopsy

Aerial line-
transect

Photo-ID

Aerial line-
transect

Aerial line-
transect

Biopsy

Photo-ID

Biopsy

Aerial line-
transect

Analysis
method
Distance
sampling

Mark-
recapture
Mark-
recapture
Distance
sampling

Distance
sampling

Distance
sampling

Distance
sampling

Mark-
recapture
Distance
sampling

Mark-
recapture

Distance
sampling

Distance
sampling

Mark-
recapture
Mark-
recapture

Mark-
recapture
Mark-
recapture
distance
sampling

85

N

3408

1119
48

1198

399

285

5388

59

111

251
(autumn)
403
(summer)
951
(summer)

927
(autumn)
315
(winter)
188
(spring)
628

57*

42

272
9130

(summer)

7456
(winter)

cv

0.21

0.27

0.26

0.39

0.21

0.44

0.162

0.121

0.26

0.30

031

0.33

0.39

0.41

0.12

0.19

0.18

95% Cl

3000 - 4000
(range)

744 — 1682
44 - 55

848 — 1693

279-570

137-590

3613 - 8034

19-181

48 — 252

183 -343
280 —488

573 -1577

520-1651
173 -575
100 - 355

301-1311

49-71

19-92

236-323

6342 —
13144

5224 -
10641

Reference

Dawson &
Slooten 1988

Gormley et al
2005

Bejder &
Dawson 2001
Dawson et al
2004

Dawson et al
2004

Dawson et al
2004

Slooten et al
2004

Baker et al
2013
Slooten et al
2006

Green et al
2007

DuFresne &
Mattlin 2009

Clement et al
2011

Hamner et al
2012b

Turek et al
2013

Hamner et al
2013
MacKenzie &
Clement 2014
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Under the New Zealand Threat Classification System
(Baker et al 2010), Maui dolphin is classified as Nationally
Critical, the most threatened status, under criterion A(1),
with the qualifier Conservation Dependent (CD)°® and
Hector’s dolphin as Nationally Endangered, the second
most threatened status, under criterion C(1/1), with the
qualifier Conservation Dependent (CD)¥.

5.3 GLOBAL UNDERSTANDING OF FISHERIES

INTERACTIONS

Coastal cetaceans are impacted by incidental capture in
fisheries throughout the world (Read et al 2006, Read
2008, Reeves et al 2003). Read et al (2006) estimated that
global incidental captures of cetaceans exceeded 270 000
p.a. in the mid-1990s and that more than 95% of
incidental captures occurred in set nets. Hector’s and
Maui dolphins are endemic to New Zealand and hence
discussion of fisheries interactions for the species is
detailed below under state of knowledge in New Zealand.

5.4 STATE OF

KNOWLEDGE IN NEW

ZEALAND

It is widely accepted that incidental mortality in coastal
fisheries, notably set nets and to a lesser extent trawls, is
the most significant threat to Hector’s and Maui dolphins
(MFish & DOC 2007, Slooten & Dawson 2010, Currey et al
2012, see Table 5.3). Hector’'s and Maui dolphins have
been caught in inshore commercial and recreational set
net fisheries since at least the early 1970s (Taylor 1992).
Incidental mortalities have been documented throughout

9 A taxon is listed as ‘Nationally Critical’ under criterion
A(1) when evidence indicates that there are fewer than
250 mature individuals, regardless of population trend and
regardless of whether the population size is natural or
unnatural (Townsend et al 2008).

10 A taxon is ‘Nationally Endangered’ under criterion
C(1/1)when evidence indicates that the total population
size is 1000-5000 mature individuals and there is an
ongoing or predicted decline of 50-70% in the total
population due to existing threats, taken over the next 10
years or three generations, whichever is longer (Townsend
et al 2008).

the species’ range (Table 5.4). Beach cast carcasses are
frequently reported by members of the public, with the
greatest number of reports coming from the east coast of
the South Island (DOC Incident Database 2013, Table 5.4).
The numbers reported in the DOC Incident database are
not representative of the total magnitude or relative scale
of incidental capture (DOC Incident Database 2013,
Slooten 2013) because carcasses may not be reported by
fishers, may not wash ashore, may not be recovered or
may not show evidence of interaction with fishing gear.
Carcass reporting is also likely to be correlated with
proximity to major population centres and thoroughfares.
The information in the incident data base (Table 5.4)
provides only a biased indication of incidental captures. It
is clear from this information however that incidental
captures occur in all areas where Hector's and Maui
dolphins are found. Observer programmes, and potentially
video monitoring, are the only robust way to quantify
incidental captures (see below).

Incidental capture most frequently occurs in commercial
set nets targeting rig (Mustelus lenticulatus), elephant fish
(Callorhynchus milli) and school shark (Galeorhinus
australis, Dawson 1991, Baird & Bradford 2000), and in
recreational nets set for flounder (Rhomboselea sp.) and
moki (Latridopsis ciliaris, Dawson 1991).

Nineteen individual Hector’s dolphins were reported
caught in trawl fisheries between 1921 and 2008 (Table
5.4, DOC Incident Database 2013). The first report of
incidental capture in the commercial trawl fishery dates
back to 1973 (Baker 1978).
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Table 5.2: Characterisation of threats evaluated as relevant to Maui dolphins and likely to affect population trends within the next five years. Reproduced

from Currey et al (2012).

Threat class Threat

Fishing Commercial trawl
Commercial set net
Recreational set net
Recreational driftnet
Customary set net

Trophic effects

Vessel noise:
displacement, sonar

Vessel traffic Boat strike

Disturbance

Pollution Agricultural run-off
Industrial run-off
Plastics
Oil spills
Trophic effects
Sewage and stormwater
Disease Natural
Stress-induced
Domestic animal vectors
Small Stochastic and Allee
population effects
effects
Mining and oil Noise (non-trauma)
activities

Noise (trauma)
Pollution (discharge)

Habitat degradation

Mechanism

Incidental capture, cryptic mortality
Incidental capture, cryptic mortality
Incidental capture, cryptic mortality
Incidental capture, cryptic mortality
Incidental capture, cryptic mortality

Competition for prey, changes in
abundance of prey and predator species
Displacement from habitat, masking
biologically important behaviour
Physical injury/mortality

Displacement from habitat, masking
biologically important behaviour
Compromising dolphin health, habitat
degradation, trophic effects
Compromising dolphin health, habitat
degradation, trophic effects
Compromising dolphin health, ingestion
and entanglement

Compromising dolphin health, ingestion
(direct and prey) and inhalation
Changes in abundance of prey and
predator species

Compromising dolphin health, habitat
degradation, trophic effects
Compromising dolphin health

Compromising dolphin health
Compromising dolphin health
Increased susceptibility to other threats
Displacement from habitat, masking
biologically important behaviour
Compromising dolphin health

Compromising dolphin health

Displacement from habitat, reduced
foraging efficiency, trophic effects
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Type

Direct
Direct
Direct
Direct
Direct

Indirect

Indirect

Direct

Indirect

Indirect

Indirect

Both

Both

Indirect

Indirect

Both

Both

Both

Indirect

Indirect

Direct

Indirect

Indirect

Population component(s)
affected
Juvenile or adult survival

Juvenile or adult survival
Juvenile or adult survival
Juvenile or adult survival
Juvenile or adult survival

Fecundity, juvenile or adult
survival

Fecundity, juvenile or adult
survival

Juvenile or adult survival

Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival

Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival
Fecundity, juvenile or adult
survival
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Table 5.3: Estimated number of Maui dolphin mortalities per year, the risk ratio of estimated mortalities to PBR and the likelihood of exceeding PBR for
each threat, as scored by the expert panel. Individual threat scores were bootstrap resampled from distributions specified by the panel members and
aggregated to generate medians and 95% confidence intervals. Modified from Currey et al (2012).

Estimated mortalities

Threat Median
Fishing 4.97
Commercial set net fishing 2.33
Commercial trawl fishing 1.13
Recreational/customary set net fishing 0.88
Recreational driftnet fishing 0.05
Trophic effects of fishing 0.01
Vessel noise/disturbance from fishing <0.01
Mining and oil activities 0.10
Habitat degradation from mining and oil 0.03
activities
Noise (non-trauma) from mining and oil 0.03
activities
Noise (trauma) from mining and oil activities 0.01
Pollution (discharge) from mining and oil <0.01
activities
Vessel traffic 0.07
Boat strike from all vessels 0.03
Vessel noise/disturbance from other vessels 0.02
Pollution 0.05
Qil spills 0.02
Agricultural run-off <0.01
Industrial run-off <0.01
Sewage and stormwater <0.01
Trophic effects of pollution <0.01
Plastics <0.01
Disease <0.01
Stress-induced diseases <0.01
Domestic animal diseases <0.01
Total 5.27

There have been three known incidents of Hector’s
dolphins becoming entangled in buoy lines of pots set for
crayfish (Jasus edwardsii), all from Kaikoura (DOC & MFish
2007, DOC Incident Database 2013). Since the collation of
the data presented in Table 5.4, there have been seven
additional incidents of known incidental capture in
commercial set nets (five from the ECSI, one each from
WCSI and WCNI) and one incident of known incidental
capture in an unknown net from the WCSI. These
additional data are valid as of August 2013 (DOC Incident

Database 2013).

There are discrepancies between the data presented in
the DOC Incident Database (2013) and elsewhere in the
published literature. Dawson (1991) collated reports of
known incidental captures in Canterbury between 1984

Likelihood of

Risk ratio exceeding PBR

95% Cl Median 95% Cl Median percentage
0.28-8.04 71.5 3.7-143.6 100.0
0.02-4.26 33.8 0.3-74.3 88.9
0.01-2.87 16.7 0.1-48.5 88.9
0.02-3.14 12.8 0.3-50.9 88.7
0.01-0.71 0.7 0.1-10.9 41.3
<0.01-0.08 0.1 <0.1-1.2 4.7
<0.01-0.10 <0.1 <0.1-1.6 9.0
0.01-0.46 1.5 0.1-7.4 61.3
<0.01-0.17 0.4 <0.1-2.7 26.4
<0.01-0.23 0.5 <0.1-3.6 28.6
<0.01-0.13 0.2 <0.1-2.0 8.8
<0.01-0.13 0.1 <0.1-2.2 134
<0.01-0.19 1.0 0.1-3.1 47.8
<0.01-0.10 0.5 <0.1-1.6 17.9
<0.01-0.12 0.3 <0.1-1.9 14.4
<0.01-0.36 0.8 <0.1-5.9 40.2
<0.01-0.15 0.4 <0.1-2.4 20.4
<0.01-0.12 <0.1 <0.1-1.9 9.6
<0.01-0.11 <0.1 <0.1-1.7 7.6
<0.01-0.11 <0.1 <0.1-1.6 7.3
<0.01-0.06 <0.1 <0.1-0.9 2.1
<0.01-0.01 <0.1 <0.1-0.1 <0.1
<0.01-0.36 <0.1 <0.1-5.5 29.5
<0.01-0.35 <0.1 <0.1-5.2 20.7
<0.01-0.07 <0.1 <0.1-1.1 39
0.97-8.39 75.5 12.4-150.7 100.0

and 1988 based on interviews with fishers. The minimum
estimate of incidental captures in commercial set nets was
200 and in amateur nets was 24 (Dawson 1991), both of
which are appreciably higher than the numbers presented
in Table 5.4. These interview estimates were reviewed by
Voller (1992) who reported a total of 112 entanglements
in commercial nets from Timaru to Motanau in the period
1984 — 1988 and attributed the difference from Dawson’s
results to the assumptions made about information
provided by three individuals. There are a number of
reasons why the people who were interviewed multiple
times may have provided different information regarding
incidental captures.
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Table 5.4: Fishing related cause of death of Hector’s and Maui dolphins from 1921 to 2008 by region as listed in the DOC Incident Database (2013). ECSI =
East Coast South Island, WCSI = West Coast South Island, SCSI = South Coast South Island, WCNI = West Coast North Island. See footnotes for explanation
of probability categories as detailed in the database.

Cause of death ECSI WCSI SCSI WCNI Unknown population
Known entanglement?!! Commercial setnetset net 41 2 0 0 2
Recreational setnetset net 12 9 0 0 0
Unknown setnetset net 15 6 0 2 1
Trawl net 15 4 0 0 0
Probable entanglement!?> | Commercial setnetset net 0 0 0 0 0
Recreational setnetset net 0 0 0 0 0
Unknown setnetset net 1 4 0 0 0
Unknown net 8 4 1 1 0
Possible entanglement®? Commercial setnetset net 0 0 0 0 0
Recreational setnetset net 1 0 0 0 0
Unknown setnetset net 16 10 0 0 0
Unknown net 16 7 1 2 0

Table 5.5: Summary of observed inshore set net and trawl events, and Hector’s and Maui dolphin captures, 1997-2012 (see also Baird & Bradford 2000,
Blezard 2002, Fairfax 2002, Rowe 2009, 2010, Ramm 2010, 20123, 2012b). Observed fishing effort, measured in kilometres of net set, or number of trawl
tows. Fishing effort numbers are taken from linked fisher reports where possible. The inshore trawl effort is defined as being vessels less than 28 metres,
targeting flat fish (FLA, LSO, ESO, SFL, YBF, FLO, GFL, TUR, BFL, PAD) or inshore species (TAR, SNA, GUR, RCO, TRE, JDO, STA, ELE, LEA, QSC, MOK, SCH, SPO,
BCO, RSK, HPB, LDO). FMAs include areas within and outside Hector’s and Maui dolphin distribution (within: 3, 5, 7, 8 & 9; outside: 1, 2 & 10).

Fishing Set net Inshore trawl

year Areas Total effort | Total effort = Observed Observed | Areas (FMAs) Effort Observed Observed
(FMAs) (sets) (kms) effort (%) captures (tows) effort (%) captures

1997-98 3 214 260 0.87 8 3,5,7,10 403 0.5

1998-99 2 15 0.02

1999-00 2,3,9, 24 0.04

2000-01 3 535 24 0.08 0 2,3 47 0.08

2001-02 1,3,9 25 0.04

2002-03 1 1 0

2003-04 3 4 0.01

2004-05 3 2 0

2005-06 | 3,5,7,8 458 139 0.57 0 2,7,9 49 0.08

2006-07 | 3,5,7,8 413 167 0.69 1 1,3,57,8,9 260 0.46

2007-08 3,57, 821 295 1.4 1 1,3,7,8,9 102 0.22

2008-09 | 3,5,7,9 1829 504 2.41 1 1,3,57,8,9 1682 3.46

2009-10 | 1,3,5,7 1927 580 2.61 2 1,3,5,7 788 1.47

2010-11 2,3 514 174 0.81 0 1,2,57,8 744 1.52

2011-12 7,8,9 161 75 0.37 0 1,3,7 328 0.67

11 Animal was known (from incident report) to have been entangled and died.
12 As read from pathology report, or presence of net marks on body and a mention of this in incident report.

13 As read from pathology report, or presence of net marks on body and a mention of this in incident report.
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5.4.1 QUANTIFYING FISHERIES
INTERACTIONS

Prior to 2012,

sufficient coverage to yield a robust estimate of the rate of

the only observer programme with

incidental capture of Hector's dolphins in inshore
commercial set nets (Baird & Bradford 2000) was an
observer programme in Statistical Areas 018, 020 and 022
(FMA 3) on the east coast of the South Island in the 1997-
98 fishing year which observed 214 inshore set net events,
targeting shark species and elephant fish. Eight Hector’s
dolphins were caught in five sets, of which two were
released alive. Capture rates were most precise in area
022, where six of the catches were reported, following
observer coverage of 39% (Baird & Bradford 2000).
Capture rate was estimated at 0.064 dolphins per set (CV =
43%) in area 022 and 0.037 dolphins per set (CV = 39%) in
areas 020 and 022 combined (Baird & Bradford 2000). A
total of 16 dolphins (CV = 43%) were estimated caught in
area 022 with 18 dolphins (CV = 38%)* estimated caught
in areas 020 and 022 combined (Baird & Bradford 2000).
The authors stress that the preceding estimates are of
dolphins caught, and not necessarily of mortalities (Baird
& Bradford 2000). Note also that these estimates are from
statistical areas containing the Banks Peninsula Marine
Mammal Sanctuary, which at that time effectively
prohibited commercial set netting between Sumner Head
and the Rakaia River out to 4 n.mi. from the coast

(Dawson & Slooten 1993).

The spatial distribution of inshore set net and trawl fishery
effort is presented in Figure 5.4. The level of observation
of inshore set net fisheries since 1998 has been low (Table
5.5). Slooten & Davies (2012) used the observed set net
data from 2009-10 to estimate total captures on the ECSI
of 23 dolphins (CV = 0.21). This was the first published
capture estimate since extensive protection measures to
mitigate Hector’s dolphin risk were introduced in 2008
(see below). While this analysis has not been reviewed by
the AEWG, a similar analysis extrapolating a capture rate
estimated around Kaikoura across the ECSI was previously
AEWG and
unrepresentative nature of the observer coverage.

presented to an rejected given the

14 This was reported as either 16 or 18 dolphins in the
cited reference, but has been confirmed as 18 dolphins by
correspondence with the author (S. Baird pers.comm.).

In the 2012-13 year, the inshore set-net fishery operating
in Statistical Areas 022 and 024 was observed by human
observers and electronic monitoring. During that time, at
least two Hector’s dolphins were captured, with one
released alive. The percentage of observer coverage in this
fishery and estimated captures will be estimated under
PRO2013-01.%°

Hector’s dolphin captures in trawl nets include an
individual caught in a trawl targeting red cod
(Pseudophycis bacchus) in area 022 in 1997-98 (Starr &
Langley 2000) and the capture of three Hector’s dolphins
in a trawl in Cloudy Bay in 2006 (DOC & MFish 2007). Baird
& Bradford (2000) noted that the lack of information on
the depth and position of commercial trawl effort and low
observer coverage precluded any estimation of the total
number of Hector’s dolphins caught in trawl nets. While
there have been ongoing attempts to increase the level of
observer coverage in inshore trawl fisheries, it still remains
low (Table 5.5). A simple extrapolation using capture rate
and total fishing effort suggests that the number of
dolphins caught in trawl fisheries could be as high as the

number caught in set nets (Slooten & Davies 2012).

In addition to data gathered by human observers,
electronic monitoring of inshore set net and trawl fisheries
(McElderry et al 2007). The trial
monitored 89 set net events and 24 trawls off the

has been trialed

Canterbury coast in the 2003-04 fishing year. Two
Hector’s dolphin captures were recorded in the set nets
(McElderry et al 2007), reflecting a similar catch rate to
previous estimates. Observers and electronic monitoring
were deployed in the Timaru set net fishery in 2012-13
and observers were deployed again in 2013-14.

Until recently, no attempt to quantify total captures of
Maui dolphins in set nets or trawls using population-

15 As part of its data reconciliation processes, MPI has
identified that less than 2% of observed protected species
captures between 2002 and 2015 were not recorded in
Centralised Observer Database (COD). Steps are being
taken to update the database and estimates of protected
species captures and associated risks.

Note that no observed captures of Hector’s or Maui
dolphins have been identified as absent from COD.



AEBAR 2015: Protected species: Hector’s and Maui’s dolphin

specific observer data had been made. However, the likely
magnitude of fishing impacts on Maui dolphin over the
coming five years was estimated in a risk assessment
involving a panel of nine domestic and international
experts (Currey et al 2012). The panel attributed 95.5% of
the mortality risk to fishing-related activities and 4.5% to
non-fishing related threats, with captures in commercial
set nets assessed as posing the greatest risk (Table 5.3;
Currey et al 2012). The risk assessment was conducted

before the introduction of interim measures off the west
coast of the North in 2012 but,
introduction of interim measures, commercial set net

Island since the
vessels have been required to carry an MPI observer when
operating off the Taranaki coastline from 2 to 7 n.mi.
offshore between Pariokariwa Point and Hawera (i.e.
outside the existing set net closure area). There have been
no observed captures and no observations of dolphins in

this area over this period.

Figure 5.4: The distribution of set net (left) and trawl (right) fishing events 2007—08 to 2009—-10 (from www.fish.govt.nz/en-
nz/Commercial/About+the+Fishing+Industry/Maps+of+Commercial+inshore+Fishing+Activity/) to show the general spatial pattern of fishing activity. The

annual average number of events (start positions) is shown for each 1 n.mi. grid cell for events reporting coordinates (about 33% of set netting events,
almost 100% of trawl events). Black lines show general statistical areas. Fishing returns are subject to occasional errors in method codes and coordinates;

where possible, these errors have been corrected.
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5.4.2 MANAGING FISHERIES INTERACTIONS

Broadly, there are three potential solutions to managing
incidental captures: gear modifications, mortality limits
and spatial closures (Dawson & Slooten 2005). Gear
modifications aimed at reducing cetacean captures include
changing the way that fishing gear is deployed to reduce
the risk of entanglement (e.g. Hembree & Harwood 1987)
or adding acoustic alarms (pingers) to make its presence
more obvious (Dawson et al 2013b). Setting mortality
limits involves determining a level of mortality that is
sustainable (e.g. Wade 1998), and closing the fishery when
it is reached. Both these approaches have been used as
Hector’'s dolphin  management tools. Canterbury
fishermen voluntarily used pingers under a Code of
Practice (Southeast Finfish Management Company 2000),
and an annual mortality limit of three Hector’s dolphins
established for

(Hodgson 2002). Although the effectiveness of pingers has

was the Canterbury gillnet fishery
been demonstrated in some experimental trials for other
small cetaceans (e.g. Kraus et al 1997, Trippel et al 1999;
Bordino et al 2002, see review in Dawson et al 2013b),
cetaceans can become habituated to the presence of
pingers (Cox et al 2001) and fishers do not necessarily
deploy them correctly in real fisheries (Cox et al 2007;
Dawson et al 2013b). Further, a trial reporting that 10 kHz
pingers were avoided by Hector’s dolphins (Stone et al
1997) was analytically flawed and hence its conclusion is
not correct (Dawson & Lusseau 2005). While setting
mortality limits is an effective solution in some fisheries, it
requires sufficient observer coverage to provide credible
data on how many dolphins are caught, and hence when
the fishery should be closed. Baird & Bradford (2000), who
the data
programme, estimated that the level of observer coverage

analysed from the Canterbury observer
would need to be 56-83% (depending on the fisheries
area) to achieve a CV of 30% on the capture estimate, and
74-100% to achieve a CV of less than 20%. The third
solution, creation of spatial closures where harmful
activities are restricted or regulated, is the only
management approach for which there has been an
apparent associated improvement in a vital rate for
(2012)

estimated a 90% probability of increased annual survival

Hector's and Maui dolphins. Gormley et al
rate following the designation of the Banks Peninsula

Marine Mammal Sanctuary (see below).
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The first spatial closure implemented to mitigate the risk
of Hector’s dolphin incidental capture was designated at
Banks Peninsula in 1988 (Dawson & Slooten 1993).
Commercial set netting was effectively prohibited out to 4
n.mi. from the coast and recreational set netting was
subject to seasonal restrictions (Dawson & Slooten 1993).
A second was designated off the WCNI in 2003. All set nets
were prohibited to 4 n.mi. offshore (DOC & MFish 2007).
In 2008, a more extensive package of spatial closures was
implemented by the Minister of Fisheries (see review by
Slooten 2013), providing some protection in most of the
areas where Hector’s and Maui are found and largely
superseding the two existing discrete closures. The set net
restrictions on the WCNI were extended to 7 n.mi.
offshore between Maunganui Bluff and Pariokariwa Point
(including the entrances to the Kaipara, Manukau and
Raglan Harbours and the entrance to the Waikato River),
most set netting was prohibited within 4 n.mi. of the coast
on the ECSI and SCSI, and recreational set netting was
banned on the WCSI within 2 n.mi. of the coast and
commercial set netting was subject to a seasonal
restriction (Figure 5.5). Trawling was banned on the WCNI
Bluff and
Pariokariwa Point and 4 n.mi. offshore between Manukau

to 2 n.mi. offshore between Maunganui
Harbour and Port Waikato, and restricted within 2 n.mi.
offshore on the ECSI and SCSI*® (Figure 5.6). In 2012, the
set net restrictions on the WCNI were extended further
south, banning commercial and recreational set netting to
2 n.mi. offshore from Pariokariwa Point to Hawera and
requiring an MPI observer on any commercial set net
vessel operating between 2 and 7 n.mi. (Figure 5.5).

16 Detailed descriptions of the restrictions can be found at
http://www.fish.govt.nz/en-

nz/Environmental/Hectors+Dolphins
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All set netting prohibited
to 7 n.mi.offshore

All set netting prohibited
to 2 n.mi. offshore

Commercial set netting prohibited
2-7 n.mi. offshore unless an
MPI observer abeard (hatched area)
\_‘\ ;
\ J
| /
A
W / 4
Recreational set netting prohibited /;-’ v
; 4
o A
R

to 2 n.mi. offshore

Commercial set netting prohibited
to 2 n.mi. offshore 1st December to
28th February

All set netting prohibited to 4 n.mi. offshare
and throughout Te Waewae Bay.
Variations exist in the Marlborough Sounds,
around Cape Campbell, Kaikoura,
Banks Peninsula, Otago Peninsula and
from Fleming River to Slope Point.

Figure 5.5: Summary of restrictions on commercial and amateur set netting. For a full description of the restrictions, for example in NIWC harbours and

variations on ECS| and SCSI, see http://www.fish.govt.nz/en-nz/Environmental/Hectors+Dolphins.
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Trawling restricted within

2 n.mi. offshore
Only trawl nets with low headline
heights may be used

Figure 5.6: Summary of restrictions on trawling. For a full description of the restrictions see http://www.fish.govt.nz/en-
nz/Environmental/Hectors+Dolphins.
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Assessing the degree of coverage of Hector’s and Maui
dolphin distribution afforded by spatial management
measures is not straightforward as dolphin distributions
are dynamic. Aerial surveys can be used to provide a
broad-scale indication of dolphin distribution; however
they only provide a static picture, strictly relevant to the
time of the survey. Notwithstanding this limitation, it is
possible to gain an indication of the proportion of a
population that was within or outside a particular area at
the time of an aerial survey from the proportion of on-
effort sightings that were made inside or outside the area.
For example, Rayment et al (2010, Figure 5.7) conducted
aerial surveys of Hector’s dolphins at Banks Peninsula from
the coast to 15 n.mi. offshore over three summers and
winters. A significantly larger proportion of the population
was sighted inside the 4 n.mi. set net restriction in

summer (mean = 81%, SE = 3.60) than in winter (mean =
44%, SE = 3.60). Similar seasonal differences in distribution
were observed during the recent ECSI aerial surveys
(MacKenzie & Clement 2014, Figure 5.8). In the Banks
(BP) stratum, 45% of the
population and 26% of the local winter population were

Peninsula local summer
within the set net fisheries restriction zones. In the Clifford
and Cloudy Bay (CCB) stratum, 47% of the local summer
population and 14% of the local winter population were
within the set net fisheries restriction zones Although a
sizeable proportion of the sightings occurred within areas
closed to set net fishing during both surveys (Rayment et
al 2010, MacKenzie & Clement 2014), many sightings in
summer and most sightings in winter occurred outside
these areas.
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Figure 5.7: Transects and Hector’s dolphin sightings on (top) three summer surveys, and (bottom) three winter surveys around Banks Peninsula. Numbers
at the end of transect lines are the number of years each line was surveyed. Reproduced from Rayment et al (2010).
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Figure 5.8: The location of summer (red) and winter (blue) survey sightings in relation to fisheries restriction zones and marine mammal sanctuary (MMS)

boundaries around Clifford and Cloudy Bays (CCB, top) and Banks Peninsula (BP, bottom). Lines and associated percentages represent proportion of the
local population found within 4 n.mi. and 12 n.mi. in summer (red) and winter (blue). Reproduced from MacKenzie & Clement (2014).

5.4.3 MODELLING POPULATION-LEVEL
IMPACTS OF FISHERIES INTERACTIONS

A number of modelling exercises have aimed to assess the
effect of various proposed management approaches on
the future population trajectory of Hector’s and Maui
dolphins. Most of this work has been published in science
journals (Martien et al 1999, Burkhart & Slooten 2003,
Slooten 2007a, Slooten & Dawson 2010) using their
respective peer-review processes, but Davies et al’s (2008)
analysis was reviewed by the AEWG and published as a
research report.

The various models share some necessary similarities
given the available information:

Each assumes a particular form of population
model and uses this to project dolphin numbers
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forward and backward from a single population
estimate;

None of the models used the most recent survey
estimates of abundance and distribution in SCSI
and ECSI;

A single estimate of dolphin capture rate from the
ECSI is applied to historical fishing effort and
assumed future fishing effort to estimate fishing
related dolphin mortalities for all four populations.

Martien et al (1999)
(“Schaefer”) population model and projected numbers
back to 1970, and forward 200 years, from the 1985

abundance estimate published by Dawson & Slooten

employed a simple logistic

(1988). Three separate populations were modelled (WCNI,
WCSI and a population that included both ECSI and SCSI
(1991)
the back calculation

populations). Using Dawson’s estimates of
mortality from the ECSI

suggested a total of 7077 dolphins across the three

area,

populations in 1970, if maximum population growth rate
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was 4.4%, and 7957 if maximum population growth rate
was 1.8% per annum. Martien et al (1999) considered that
the 1985 estimate of abundance was likely to be a slight
underestimate (because transects to assess offshore
distribution extended only 5 n.mi. offshore), but suggested
that any resulting bias in the estimate of the level of the
population as a proportion of carrying capacity was likely
to be small. The ESCI population was projected to increase
for all combinations of parameters except when the
maximum growth rate was set to 1.8%.

Davies & Gilbert (2003) conducted a risk assessment for
Maui dolphins using a spatially and temporally stratified,
ECSI
Hector’s dolphins, a population thought to have similar

age-structured, Bayesian population model for
biological and productivity characteristics to Maui dolphin.
Estimated population productivity was highly uncertain
and largely driven by the priors. Strong assumptions were
needed to translate the ECSI model to a model for Maui
dolphin and to model population distribution and
abundance off the WCNI. Davies & Gilbert found the
probability of population decline to be high (50 to 90%)
assuming the distribution and intensity of fishing effort
pertaining at the time, but the predicted performance of
alternative management strategies was sensitive to
assumptions about movement, adult survival rate, and set
net catchability. In February 2003 the Ministry of Fisheries
introduced closures off WCNI to reduce the risk to Maui
dolphins.

Burkhart & Slooten (2003) developed a stochastic version
of the logistic model to include a wider range of
parameters, variation in fishing effort and population
(16
Using the same survey and mortality

growth, and smaller population units closed
populations).
estimates as Martien et al (1999) yielded similar estimates
of the total 1970 population size, but disaggregation of the
population into smaller units allowed a conclusion that
only the Banks Peninsula sub-population was likely to

increase.

Slooten (2007a) used the stochastic version of the logistic
model, the 1998—2003 series of abundance estimates, and
catch rates from a 1998 observer programme and
markedly higher estimate of 29 316
in 1970 (CV 0.26). (2007a)
projections under status quo management suggested that

concluded a

individuals Slooten’s
populations in many areas, including Banks Peninsula,
would decrease, but that the WCNI population would
increase. Middleton et al (2007) criticised the high level of
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confidence ascribed by Slooten (2007a) to her model
results without acknowledging that (i) these were
dependent on particular model assumptions and (ii) failed
to consider other relevant data. In response, Slooten
(2007b) gave more detail of her modelling choices,
that

overestimation of the impact of fishing, and pointed to

suggested they were unlikely to lead to
similarities between her results and those of other work
that was close to being finalised at the time (Davies et al

2008).

The modelling conducted by Davies et al (2008) built on
the work by Davies & Gilbert (2003) and comprised a
Bayesian age-structured population model for the Banks
(BP)
simulations for all four subpopulations under different

Peninsula subpopulation and 100-yr projection
assumed management regimes. The BP population model
was structured by age, area, and seasonally to account for
the behaviour of the dolphins and the fishery, had a
density-dependent calving rate (maximum one calf per
female every 2 vyears). It was fitted to an absolute
abundance estimate from the 1998-2000 surveys of the
South

abundance indices for 1990 to 1996 from mark-recapture

Island east coast, a time series of relative
analyses of dolphin re-sightings around Banks Peninsula,
an estimate of average annual adult survival rate 1985-—
2002, information on the age at first reproduction, the age
composition of entangled dolphins, the catch of dolphins
recorded by relevant observers, and the amount and
distribution of relevant commercial set net fishing since
1970. Sensitivity to key assumptions was explored by
fitting models based on alternative assumptions and by
omitting some data sets.

Because so few data were available on the dolphin
population and bycatch, Davies et al (2008) required
informative priors to fit their BP model. Even so, the
posterior distributions of most parameters were broad
and were sensitive to key assumptions, suggesting great
uncertainty in our understanding of historical dolphin
population dynamics and current population status.
Estimates of potential population growth rate ranged from
close to zero to the upper bound of what is biologically
feasible. The stochastic 100-year projections for each
subpopulation entail additional uncertainty, only some of
which could be captured in the simulations.

The AEWG agreed that:
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The outcomes of different management strategies
could not be predicted with any certainty and, for
all subpopulations and management strategies
modelled, future population increases and
decreases were both plausible.

Taking the modelling results at face value, all three
subpopulations of Hector’s dolphin were more
likely to decline than increase under set net fishing
effort pertaining at the time, and the decline could
be substantial. Conversely, under all alternative
strategies simulated, all three subpopulations of
Hector’s dolphins were more likely to increase
than decrease.

The results for ECSI, including BP, were likely to be
more reliable.

The predicted rates of increase or decrease of all
subpopulations were sensitive to the assumed
level of productivity.

For Maui dolphins, the management regime at
that time included substantial protection, and the
likelihood of continued decline depended strongly
on the assumed level of productivity.

The available data had been used in the best
possible way and had been found not to be
sufficient to support a definitive analysis.
However, the modelling provided helpful guidance
on areas where new information should be
collected to reduce our uncertainty.

If the risk analysis was to be communicated to
managers, it should be with appropriate caveats

around its shortcomings and uncertainty.

The AEWG could not agree whether it was reasonable to
adopt all the assumptions required but, consistent with
the Terms of Reference, the Chair of the AEWG decided
that the modelling could provide qualitative guidance to
managers as a risk assessment. He added that the
predicted rates of change for all Hector’'s and Maui
subpopulations were sensitive to the assumed level of
productivity but, except at the lowest level of productivity,
the differences between the predicted outcomes of
strategies other than status quo were modest. He noted
that, at the
projections suggested that the small SCSI subpopulation

lowest assumed level of productivity,
was more likely to decrease than increase under all
simulated management measures other than zero fishing
mortality, and that population was also quite likely to be

affected by depensation (increasingly low population
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productivity as abundance decreases, also called an Allee
effect).

The stochastic logistic model was used by Slooten &
Dawson (2010) to assess the effect of management
options developed for the Hector's and Maui Dolphin
Threat Management Plan (although the options evaluated
differed from the final proposals). The input data were
similar to those of Slooten (20073, b). Slooten & Dawson’s
(2010) population estimates for 1970 (their figure 1) were
similar to those reported by Slooten (2007a), but showed
some regional differences. Both Slooten (2007a) and
Slooten & Dawson (2010) suggested that the WCNI
population would increase under management pertaining
at the time, whereas the other three populations would
decline. Slooten & Dawson (2010) further suggested that
their option B (similar to the 2008 measures) would lead
to the ECSI and SCSI populations increasing on average,
whereas the WCSI population would continue to decline.

Slooten & Davies (2012) published a new estimate of 23
captures from the ECSI population between May 2009 and
April 2010 based on observer records (although their
description of the methods suggests that their reported
CV of 21% is greatly underestimated). They used this and
an estimate of 110-150 dolphins caught annually around
the South Island before 2008, including 35 to 50 dolphins
caught off the ECSI (Davies et al 2008) to update the two
most recent modelling approaches (Davies et al 2008 and
Slooten & Dawson 2010). Slooten & Davies (2012) found
the consistent predictions from all population models used
to date surprising, given the substantial differences in their
structural assumptions. They noted that all population
models indicated that substantial declines had occurred
and were likely to continue, and concluded that this
consistency should add confidence to the predictions
about the consequences of the different management
options. In addition, they also cited a number of reasons
why the conclusions might be optimistic, notably that
most only include incidental captures in commercial set
nets, as the other forms of fisheries-related mortality have
yet to be quantified (Davies et al 2008, Slooten & Dawson
2010, Slooten & Davies 2012).

The likely magnitude of human induced impacts on Maui
dolphin was estimated in a risk assessment workshop
(Currey et al 2012). Population projections based on the
estimated total mortalities indicated a 95.7% likelihood
that the population would decline if the threats remain at
the levels assessed to pertain before the introduction of
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the 2012 interim measures (Currey et al 2012). The
estimated human induced mortalities equate to a level of
impact 75.5 times (95% Cl = 12.4 to 150.7 times; Currey et
al 2012) higher than the estimated PBR (one dolphin every
10 to 23 years, Wade et al 2012).

The impact of fisheries interactions on Hector’s and Maui
(and
populations) will be assessed in the marine mammal risk

dolphin  populations other marine mammal
assessment project PRO2012-02. The goal of this project is
to assess the risk posed to marine mammal populations by
New Zealand fisheries by applying a similar approach to
the recent seabird risk assessment (Richard & Abraham.
2013a; b). In this approach, risk is defined as the ratio of
total estimated annual potential fatalities in fisheries to an
estimate of PBR. The draft literature review for this project
has been reviewed by the AEWG and the results of the risk

assessment should be available in 2015.

5.4.4 SOURCES OF UNCERTAINTY

None of the population modelling exercises presented
here has considered the most recent estimates of
abundance and descriptions of distribution for the SCSI

and ECSI populations.

The uncertainties and assumptions in the modelling by
Davies et al (2008), Slooten & Dawson (2010), and Slooten
& Davies (2012) were reviewed in detail by Slooten &
Davies (2012). The models incorporate uncertainties in
parameter distributions and hence population estimates
are presented with their estimated levels of precision. The
population viability analyses incorporated a distribution
for population growth rate based on a wide range of
values for maximum growth rate in Hector’s dolphin (e.g.
Slooten et al 2000) and the Bayesian population models
included a fully integrated parameter estimation of
fisheries-related mortality and reproductive rate (Slooten
& Davies 2012). Slooten & Dawson (2010) showed via
sensitivity analysis that the probability of recovery to half
the maximum population size was robust to uncertainty in
the catch rate (+ 0.25 times the assumed catch rate of
0.037 dolphins per set) used in the PVAs.

The AEWG discussed outstanding areas of uncertainty and
concluded that the following areas represented important
uncertainties in assessing the impacts of fishing on
Hector’s and Maui dolphins.
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CAPTURE ESTIMATES AND CAPTURE RATE

Increased observer coverage, using either observers or
electronic monitoring, for set net and inshore trawl
fisheries is needed to ensure representative estimates of
captures and capture rate. Observer effort needs to cover
a sufficiently high proportion of fishing effort so as to
enable the detection of rare events (particularly important
Maui dolphin),
representative coverage,

for to minimise the risk of non-
and to provide adequate
estimation precision to enable the assessment of trends in

capture rate in space and time.
CRYPTIC MORTALITY

The level of cryptic mortality associated with fisheries
interactions is unknown for Hector’s and Maui dolphins,
but may be non-trivial if estimates for other small
cetaceans are any indication (e.g. 58% of captured
porpoises falling out of a net before reaching the deck;
Kindt-Larsen et al 2012). Quantifying cryptic mortality will
with

assessments for Hector’s and Maui dolphins.

reduce uncertainty associated future  risk

DEMOGRAPHIC PARAMETERS

All the various risk analyses rely, at least in part, on
demographic data obtained from one part of one
This
assumptions as to how these data, and the resulting

population (i.e. Banks Peninsula). necessitates
parameter estimates, apply outside the Banks Peninsula
region. Obtaining additional demographic data from other
region(s) could enable any difference between regions to
be detected and

However, robust estimation of demographic parameters

reflected in future risk analyses.
will require long-term (more than 10 vyears) of data
collection to produce a time series of photographic or

genetic individual identifications.
POPULATION ESTIMATES FOR THE WCSI POPULATION

Recent estimates of abundance are available for all
populations of Hector’'s and Maui dolphins other than
WCSI (Clement et al 2011, Hamner et al 2012b, MacKenzie
& Clement 2014). Abundance was last estimated for the
WCSI population in 2000-2001 (Slooten et al 2004). An
updated abundance estimate for the WCSI population will
be obtained under project PRO2013-06.

POPULATION CONNECTIVITY AND MOVEMENT
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Ongoing photo-ID research (e.g. Brager et al 2002,
Rayment et al 2009b) and genetic recaptures (Oremus et
al 2012, Hamner et al 2012a, b, 2014) will improve
estimates of movements and dispersal (Rayment et al
2009b, Hamner et al 2012a, b, Pichler 2002). For example,
Hamner et al (2014) suggested that failure to protect the
habitat between the North and South Island will reduce
the likelihood of dispersal, possibly to the detriment of
Maui dolphin.

OTHER THREATS (NON-FISHING-RELATED, INDIRECT,
SUB-LETHAL, CUMULATIVE)

Uncertainty exists over the magnitude of impacts faced by
and Maui

hydrocarbon

Hector’s due to mining and
traffic,
anthropogenic noise, pollution, aquaculture and research
activities (DOC & MFish 2007, Currey et al 2012, MPI &

DOC 2012). Even if the impacts in isolation are sub-lethal,

dolphins

extraction,  tourism,  vessel

it is unknown whether the effects are cumulative, how
they might affect factors such as breeding success, and
whether they interact with the direct and indirect threats
due to fishing (DOC & MFish 2007, Currey et al 2012). Roe
et al (2013) identified infection with Toxoplasma gondii as
a factor potentially contributing to the population decline
of Hector’s and Maui dolphins, and recommend further
investigation of the source and route of entry of

pathogens into the coastal environment.

5.4.5 POTENTIAL INDIRECT THREATS

Miller et al (2013) note that red cod is targeted by the
inshore trawl fishery and its abundance is highly variable,
particularly around Banks Peninsula. Given that red cod
contribute most in terms of mass to the diet of Hector’s
dolphins on the ECSI, Miller et al (2013) suggest that
further research is required to investigate the effect on
Hector’s dolphin populations.
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5.5 [INDICATORS AND TRENDS

Population size

Population trend

Threat status

Number of

interactions®’

Trends in
interactions

Maui dolphins: 55 (95% Cl = 48-69) in 2010-2011.

ECSI Hector’s dolphins: 9130 (CV = 19%; 95% Cl = 6342—-13 144) in summer 2012-13 and 7456
(CV =18%; 95% Cl =5224-10 641) in winter 2013.

WCSI Hector’s dolphins: 5388(CV = 21%; 95% C| = 3613-8034) in 2000-01.

SCSI Hector’s dolphins: 628 (CV = 38.9%; 95% Cl = 301-1311) in 2011.

Maui dolphins: Declining. Consistent evidence from multiple methods.

ECSI Hector’s dolphins: Probably declining. Inconsistent evidence from abundance estimates, risk
analyses and demographic estimates of population growth rate.

W(CSI Hector’s dolphins: Probably declining, assuming ECSI estimates of capture rate and
productivity are applied to this area via risk analyses. There has been a substantial reduction in
commercial set net effort on the WCSI since 2008 which may have resulted in a reduction in
captures.

SCSI Hector’s dolphins: Unknown. Inconsistent evidence from abundance estimates and risk
analyses.

Maui dolphins:

NZ: Nationally Critical, Criterion A(1), Conservation Dependent in 2010

IUCN: Critically Endangered, Criteria Adc,d and C2a(ii) in 2013

Hector’s dolphins:

NZ: Nationally Endangered, Criterion C(1/1), Conservation Dependent in 2010

IUCN: Endangered, Criterion A4d in 2013

Maui dolphins: <1 per annum (Davies et al 2008), 4.97 per annum (95% Cl: 0.28-8.04; Currey et
al 2012)

ECSI Hector’s dolphins: 35 to 50 per annum (Davies et al 2008)

W(CSI Hector’s dolphins: 70 to 100 per annum (Davies et al 2008)

SCSI Hector’s dolphins: about 2 per annum (Davies et al 2008)

Possible reduction from 35 to 50 per annum (Davies et al 2008) to about 23 for ECSI (Slooten &
Davies 2012). No estimates for other areas.

17 For more information, see: http://data.dragonfly.co.nz/psc/.
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6 NEW ZEALAND SEABIRDS

Scope of chapter

Area

Focal localities

Key issues

Emerging issues

MPI Research (current)

NZ Government Research
(current)

Links to 2030 objectives

Related chapters/issues

This chapter focuses on estimates of captures and risk assessments conducted for
seabirds that breed in New Zealand waters. Also included are descriptions of the nature
of fishing interactions, the management context and approach, trends in key indicators
and major sources of uncertainty. It does not include detail on the biology or response
of individual seabird species other than those four taxa for which quantitative
population modelling has been conducted.

New Zealand EEZ and Territorial Sea (noting that many seabirds are highly migratory
and spend prolonged periods outside the NZ EEZ; on the high seas these effects are
considered by CCSBT, WCPFC, CCAMLR, SPRFMO, etc. and NZ capture estimates are
reported to those bodies).

Interactions with fisheries occur in many parts of the EEZ and TS as well as on the high
seas and in the EEZs of other nations.

Quantitative and semi-quantitative risk assessments can be improved through better
estimates of: incidental captures in fisheries that are poorly or un-observed; species
identity, especially of birds released alive; cryptic mortality rates; survival of birds
released alive; and the ability of seabird populations to sustain given levels of bycatch,
especially given fisheries interactions and captures outside the New Zealand EEZ and in
non-commercial fisheries. Consolidating qualitative and (semi) quantitative risk
assessments is a key challenge.

Assessing total fisheries impacts (i.e., including non-commercial and out-of-zone) and
fisheries impacts in the context of other factors influencing seabird survival and
reproduction, including other anthropogenic effects. Mortality caused by
superstructure strikes.

PR0O2013-01 Estimating incidental captures of protected species; PRO2012-07 Cryptic
mortality of seabirds in trawl and longline fisheries; PRO2012-10 Level 3 risk assessment
for Antipodean albatross; PRO2013-13 Global seabird risk assessment for NZ species;
PRO2013-17 Repeat level-3 risk assessment for southern Buller’s albatross; SEA2013-06
Distribution of black petrel; PRO2014-05 Reducing uncertainty in biological components
of the risk assessments for at-risk seabird species; PRO2014-06 Update of level-2
seabird risk assessment.

DOC Conservation Services Programme (CSP) projects: INT2014-01 Observing
commercial fisheries, INT2013-02 Identification of seabirds captured in New Zealand
fisheries, INT2013-03 Identification of marine mammals, turtles and protected fish
captured in New Zealand fisheries, POP2014-02 Seabird population research 2014-15,
POP2014-03 Protected fish population research, MIT2014-01 Protected species bycatch
newsletter, MIT2014-02 Improvement of tori line performance in small vessel longline
fisheries, MIT2014-03 Seabird liaison officer, POP2014-02 Seabird population research
2014-15

Objective 6: Manage impacts of fishing and aquaculture.

Strategic Action 6.2: Set and monitor environmental standards, including for
threatened and protected species and seabed impacts.

National Plan of Action (2013) to Reduce the Incidental Catch of Seabirds in New
Zealand Fisheries (MPI 2013)

Note: This Chapter has been partially updated (capture estimates) for the AEBAR 2015.
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6.1 CONTEXT

Seabird names and taxonomy in this document generally
follow that adopted by the Ornithological Society of New
Zealand (OSNZ 2010) except where a different classification
has been agreed by the parties to the Agreement for the
Conservation of Albatrosses and Petrels, ACAP, or the New
Zealand Threat Classification Scheme (NZTCS) classifies
multiple taxa within a single OSNZ species (There are
probably more than 10 000 bird species worldwide, but
fewer than 400 are classified as seabirds (being specialised
marine foragers). All but seven seabird taxa in New Zealand
are absolutely protected under s.3 of the Wildlife Act 1953,
meaning that it is an offence to hunt or kill them. Southern
black-backed gull, Larus dominicanus, is the only species
that is not protected. Black shag, Phalacrocorax carbo, and
subantarctic skua, Catharacta antarctica lonnbergi, are
partially protected, and sooty shearwater, Puffinus griseus,
grey-faced petrel, Pterodroma macroptera, little shag,
Phalacrocorax melanoleucos brevirostris, and pied shag,
Phalacrocorax varius, may be hunted or killed subject to
Minister’s notification. Of the 85 seabird taxa that breed in
New Zealand waters, 47 are considered threatened (by far
the largest number in the world). For albatrosses and
petrels, a key threat is injury or death in fishing operations,
if the
accidental or incidental death or injury took place in the

although the Wildlife Act provides defences

course of fishing pursuant to a permit, licence, authority, or
approval issued, granted, or given under the Fisheries Act
1996, as long as the interaction is reported. Commercial
fishers are required to complete a Non-Fish and Protected
Species Catch Return (NFPSCR, s11E of the Fisheries
(Reporting) Regulations 2001).

The Minister of Conservation may approve a Population
Management Plan (PMP) for one or more species under
s.14F of the Wildlife Act and a PMP can include a maximum
allowable level of fishing-related mortality for a species
(MALFIRM). Such a limit would apply to New Zealand
fisheries waters and would be for the purpose of enabling a
threatened species to achieve a non-threatened status as
soon as reasonably practicable, and in any event within a
period not exceeding 20 years, or, in the case of non-
threatened species, neither cause a net reduction in the
size of the population nor seriously threaten the
reproductive capacity of the species (s.14G). No PMPs are
in place for seabirds but, in the absence of a PMP, the
Minister for Primary Industries may, after consultation with
the Minister of Conservation, take such measures as they
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consider necessary to avoid, remedy, or mitigate the effect
of fishing-related mortality on any protected species
(s.15(2) of the Fisheries Act 1996).

Relevant, high level guidance from the 2005 statement of
General Policy under the Conservation Act 1987 and
Wildlife Act 1953 includes the following stated policies:

4.4 (f) Marine protected species should be managed for
their long-term viability and recovery throughout
their natural range.

4.4 (g) Where unprotected marine species are identified
as threatened, consideration will be given to
amending the Wildlife Act 1953 schedules to declare
such species absolutely protected.

4.4 (j) Human interactions with marine mammals and
other marine protected species should be managed
to avoid or minimise adverse effects on populations
and individuals.

4.4 (1) The Department should work with other agencies
and interests to protect marine species.

New Zealand is a signatory to a number of international

conventions and agreements to provide for the

management of threats to seabirds, including:

the United Nations Convention on the Law of the
Sea (UNCLOS);

the United Nations Fish Stocks Agreement (insofar
as it relates to the conservation of non-target,
associated and dependent species);

the Convention on Biological Diversity (CBD);

the Convention on Migratory Species (CMS);

the Food and Agriculture Organisation’s (FAQO)
International Plan of Action for Reducing the
Incidental Catch of Seabirds in Longline Fisheries

(IPOA);

e the FAO Code of Conduct for Responsible Fisheries
and the interpretive Best Practice Technical
Guidelines;

the Agreement on the Conservation of Albatrosses
and Petrels (ACAP)

Western & Central Pacific Fisheries Commission
(WCPFC)

Convention on the Conservation and Management
of High Seas Fishery Resources in the South Pacific
Ocean (SPRFMO).
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The ACAP agreement requires that parties achieve and
maintain a favourable conservation status for selected
albatross and petrel taxa. Under the IPOA-seabirds, New
Zealand developed a National Plan of Action (NPOA) to
reduce the incidental catch of seabirds in New Zealand
fisheries in 2004 (MFish & DOC 2004) and recently revised
NPOA-seabirds (MPI 2013) (http://www.fish.govt.nz/en-
nz/Environmental/Seabirds/default.htm). The scopes of the
2004 and 2013 NPOA are broader than the original IPOA to
facilitate a co-ordinated and

long-term approach to
reducing the impact of fishing activity on seabirds. The 2013
NPOA covers all New Zealand fisheries and has a long-term
objective that “New Zealand seabirds thrive without
pressure from fishing related mortalities, New Zealand
fishers avoid or mitigate against seabird captures and New
Zealand fisheries are globally recognised as seabird
friendly.” There are high-level subsidiary objectives related
to practical aspects, biological risk, research and
development, and international issues. Implementation is
largely through MPI fisheries plans (see below). More detail

isincluded in Section 6.4.3, Managing fisheries interactions.

Management of fishing-related mortality of seabirds is
consistent with Fisheries 2030 Objective 6: Manage impacts
of fishing and aquaculture. Further, the management
actions follow Strategic Action 6.2: Set and monitor
environmental standards, including for threatened and
protected species and seabed impacts.

All National Fisheries Plans except that for freshwater
fisheries are relevant to the management of fishing-related
mortality of seabirds.

Under the National Deepwater Plan, the objective most
relevant for management of seabirds is Management
Objective 2.5: Manage deepwater and middle-depth
fisheries to avoid or minimise adverse effects on the long-
term viability of endangered, threatened and protected
species.

Management objective 7 of the National Fisheries Plan for
Highly Migratory Species (HMS) is to “Implement an
ecosystem approach to fisheries management, taking into
account associated and dependent species”. This comprises
four components: Avoid, remedy, or mitigate the adverse
effects of fishing on associated and dependent species,
including through maintaining food-chain relationships;
Minimise unwanted bycatch and maximise survival of
incidental catches of protected species in HMS fisheries,
using a risk management approach; Increase the level and
quality of information available on the capture of protected
species; and Recognise the intrinsic values of HMS and their
ecosystems, comprising predators, prey, and protected
species.

The Environment Objective is the same for all groups of
fisheries in the draft National Fisheries Plan for Inshore
Finfish and the draft National Fisheries Plan for Inshore
Shellfish, to “Minimise adverse effects of fishing on the
aquatic environment, including on biological diversity”. The
draft National Fisheries Plan for Freshwater has the same
objective but is unlikely to be relevant to management of
fishing-related mortality of seabirds.
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Table 6.1: List of New Zealand seabird taxa, excluding occasional visitors and vagrants, according to the Ornithological
Society of New Zealand (OSNZ 2010) unless otherwise indicated (all taxa under the New Zealand Threat Classification
System are listed, ACAP taxonomy generally takes precedence). IUCN and New Zealand (DOC) classifications are shown
(http://www.iucnredlist.org/ and Robertson et al 2013 at http://www.doc.govt.nz/documents/science-and-

technical/nztcs4entire.pdf).

Common name

Wandering albatross
Antipodean albatross
Gibson's albatross

Southern royal albatross
Northern royal albatross
Black-browed albatross
Campbell black-browed albatross
Southern Buller's albatross
Northern Buller's albatross
White-capped albatross
Salvin's albatross

Chatham Island albatross
Indian yellow-nosed albatross
Grey-headed albatross

Light mantled sooty albatross
Flesh-footed shearwater
Wedge-tailed shearwater
Buller's shearwater

Sooty shearwater
Short-tailed shearwater
Fluttering shearwater
Hutton's shearwater
Kermadec little shearwater
North Island little shearwater
Subantarctic little shearwater
Northern diving petrel
Southern diving petrel
Subantarctic diving petrel
South Georgian diving petrel
Grey petrel

Black petrel

Westland petrel
White-chinned petrel
Kerguelen petrel

Southern Cape petrel

Snares Cape petrel

Antarctic fulmar

Southern giant petrel
Northern giant petrel

Fairy prion

Chatham fulmar prion

Lesser fulmar prion

Scientific name

Diomedea exulans
Diomedea antipodensis
Diomedea antipodensis gibsonii
Diomedea epomophora
Diomedea sanfordi
Thalassarche melanophris
Thalassarche impavida
Thalassarche bulleri
Thalassarche bulleri platei.
Thalassarche steadi*
Thalassarche salvini
Thalassarche eremita
Thalassarche carteri
Thalassarche chrysostoma
Phoebetria palpebrata
Puffinus carneipes

Puffinus pacificus

Puffinus bulleri

Puffinus griseus

Puffinus tenuirostris
Puffinus gavia

Puffinus huttoni

Puffinus assimilis kermadecensis
Puffinus assimilis haurakiensis
Puffinus elegans
Pelecanoides urinatrix urinatrix
Pelecanoides urinatrix
Pelecanoides urinatrix exsul
Pelecanoides georgicus t
Procellaria cinerea
Procellaria parkinsoni
Procellaria westlandica
Procellaria aequinoctialis
Lugensa brevirostris
Daption capense capense
Daption capense australe
Fulmarus glacialoides
Macronectes giganteus
Macronectes halli
Pachyptila turtur
Pachyptila crassirostris

Pachyptila crassirostris flemingi

110

DOC category

Non-Resident Native: Migrant
Threatened: Nationally Critical
Threatened: Nationally Critical
At Risk: Naturally Uncommon
At Risk: Naturally Uncommon
Non-Resident Native: Coloniser
At Risk: Naturally Uncommon
At Risk: Naturally Uncommon
At Risk: Naturally Uncommon
At Risk: Declining

Threatened: Nationally Critical
At Risk: Naturally Uncommon
Non-Resident Native: Coloniser
Threatened: Nationally

At Risk: Declining

Threatened: Nationally

At Risk: Relict

At Risk: Naturally Uncommon
At Risk: Declining
Non-Resident Native: Migrant
At Risk: Relict

At Risk: Declining

At Risk: Relict

At Risk: Declining

At Risk: Naturally Uncommon
At Risk: Relict

At Risk: Relict

Non-Resident Native: Coloniser
Threatened: Nationally Critical
At Risk: Naturally Uncommon
Threatened: Nationally

At Risk: Naturally Uncommon
At Risk: Declining
Non-Resident Native: Migrant
Non-Resident Native: Migrant
At Risk: Naturally Uncommon
Non-Resident Native: Migrant
Non-Resident Native: Migrant
At Risk: Naturally Uncommon
At Risk: Relict

At Risk: Naturally Uncommon

At Risk: Naturally Uncommon

IUCN category
Vulnerable
#Vulnerable
#Vulnerable
Vulnerable
Endangered
#Endangered
#Endangered
#Near

#Near

Near Threatened
Vulnerable
Vulnerable
Endangered
Vulnerable
Near Threatened
Least Concern
Least Concern
Vulnerable
Near Threatened
Least Concern
Least Concern
Endangered
#Least Concern
#Least Concern
#Least Concern
#Least Concern
#Least Concern
#Least Concern
Least Concern
Near Threatened
Vulnerable
Vulnerable
Vulnerable
Least Concern
#Least Concern
#Least Concern
Least Concern
Least Concern
Least Concern
Least Concern
#Least Concern

#Least Concern
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Common name

Scientific name

DOC category

IUCN category

Thin-billed prion

Pachyptila belcheri

Non-Resident Native: Migrant

Least Concern

Antarctic prion

Pachyptila desolata

At Risk: Naturally Uncommon

Least Concern

Salvin's prion

Pachyptila salvini

Non-Resident Native: Migrant

Broad-billed prion

Pachyptila vittata

At Risk: Relict

Least Concern

Blue petrel Halobaena caerulea Non-Resident Native: Migrant Least Concern
Pycroft's petrel Pterodroma pycrofti At Risk: Declining Vulnerable
Cook's petrel Pterodroma cookii At Risk: Relict Vulnerable
Cook's petrel Pterodroma cookii At Risk: Relict Vulnerable
Black-winged petrel Pterodroma nigripennis Not Threatened Least Concern
Chatham petrel Pterodroma axillaris Threatened Endangered
Mottled petrel Pterodroma inexpectata At Risk: Relict Near Threatened
White-naped petrel Pterodroma cervicalis At Risk: Relict Vulnerable
Kermadec petrel Pterodroma neglecta At Risk: Relict Least Concern
Grey-faced petrel Pterodroma macroptera gouldi | Not Threatened Least Concern

Chatham Island taiko

Pterodroma magentae

Threatened: Nationally Critical

Critically

White-headed petrel

Pterodroma lessonii

Not Threatened

Least Concern

Soft-plumaged petrel

Pterodroma mollis

Non-Resident Native: Coloniser

Least Concern

Wilson's storm petrel

Oceanites oceanicus

Non-Resident Native: Migrant

Least Concern

Kermadec storm petrel

Pelagodroma albiclunis

Threatened: Nationally Critical

New Zealand storm petrel

Pealeornis maoriana

Threatened: Nationally

Critically

Grey-backed storm petrel Garrodia nereis At Risk: Relict Least Concern
New Zealand white-faced storm Pelagodroma marina maoriana | At Risk: Relict #Least Concern
Black-bellied storm petrel Fregetta tropica Not Threatened Least Concern

White-bellied storm petrel

Fregetta grallaria grallaria

Threatened: Nationally

Least Concern

Yellow-eyed penguin

Megadyptes antipodes

Threatened: Nationally

Endangered

Northern blue penguin**

Eudyptula minor iredalei**

At Risk: Declining

#Least Concern

Southern blue penguin**

Eudyptula minor minor**

At Risk: Declining

#Least Concern

Chatham Island blue penguin**

Eudyptula minor

At Risk: Naturally Uncommon

#Least Concern

White-flippered blue penguin**

Eudyptula minor albosignata**

Threatened: Nationally

#Least Concern

Eastern rockhopper penguin Eudyptes filholi Threatened: Nationally Critical #Vulnerable
Fiordland crested penguin Eudyptes pachyrhynchus Threatened: Nationally Vulnerable
Snares crested penguin Eudyptes robustus At Risk: Naturally Uncommon Vulnerable
Erect-crested penguin Eudyptes sclateri At Risk: Declining Endangered

* OSNZ (2010) classify New Zealand white-capped albatross as a subspecies Thalassarche cauta steadi. Full species status is used here following ACAP.
** OSNZ (2010) classify a single species, little penguin Eudyptula minor. Multiple taxa are included here to reflect classification in the New Zealand Threat
Classification Scheme.

*** OSNZ (2010) classify a single species, white-fronted tern Sterna striata. Multiple taxa are included here to reflect classification in the New Zealand
Threat Classification Scheme.

# indicates that the IUCN classification is based on a broader definition of the species than listed in this table.

T Taxonomically Indeterminate in the New Zealand Threat Classification Scheme.

6.2 BIOLOGY

Taylor (2000) provided an excellent summary of the
characteristics, ecology, and life history traits of seabirds
(defined for the purpose of this document by the list in
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Table 6.1) which is further summarised here.

All seabirds spend part of their life cycle feeding over the

open sea. They have webbed feet, water-resistant
feathering to enable them to fully immerse in salt water,
and powerful wings or flippers. All have bills with sharp
hooks, points, or filters which enable them to catch fish,
cephalopods, crustaceans, and plankton. Seabirds can drink
saltwater and have physiological adaptations to remove

excess salt.

Most seabird taxa are relatively long-lived; most live to 20
years and 30—40 years is typical for the oldest individuals. A
few groups, notably albatrosses, can live for 50-60 years.
Most taxa have relatively late sexual maturity. Red-billed
gull and blue penguin have been recorded nesting as
yearlings and diving petrels and yellow-eyed penguins can
begin as 2-year-olds, but most seabirds start nesting only at
age 3-6 years, and some albatross and petrel taxa delay
nesting until 8-15 years old. In these late developers,
individuals first return to colonies at 2—6 years old. Richard
et al (2011) list values for several demographic parameters
that they used for a comprehensive seabird risk
assessment. Most seabirds, and especially albatrosses and
some petrels, usually return to the breeding colony where
they were reared, or nest close-by. Seabirds also have a
tendency to mate for long periods with the same partner,
and albatross pairs almost always remain together unless
one partner dies.

The number of eggs laid varies among families. Albatrosses
and petrels lay only one egg per year (sometimes nesting
every other year) and do not lay again that year if it is lost.
Other taxa such as gannets lay one egg but can replace it if
the egg is lost. Most penguins lay two eggs but some raise
only one chick and eject the second egg; replacement laying
is uncommon. Blue penguins, gulls, and terns lay 1-3 eggs
and can lay up to three clutches in a year if eggs are
damaged or lost. Shags lay 2—-5 eggs, can replace clutches,
and have several breeding seasons in a year. Incubation in
albatrosses and petrels lasts 40—75 days and chick rearing
50-280 days. In gulls and terns, incubation is completed in
20-25 days and chicks fledge in 20—40 days. In general, the
lower the potential reproductive output of a taxon, the
higher the adult survival rates and longevity.

Some seabirds such as shags, blue penguins, and yellow-
eyed penguins live their lives and forage relatively close to
where they breed, but many, including most albatrosses
and petrels, spend large parts of their lives in international

waters or in the waters of other nations far from their
breeding locations. They can travel great distances across
oceans during foraging flights and migratory journeys.

6.3 GLOBAL UNDERSTANDING OF FISHERIES

INTERACTIONS

Fishing related mortality of seabirds has been recognised as
a serious, worldwide issue for only about 20 years (Bartle
1991, Brothers 1991, Brothers et al 1999, Croxall 2008) and
the Food & Agriculture Organization of the United Nations
(FAQ) released its International Plan of Action for reducing
incidental catch of seabirds in longline fisheries (IPOA-
seabirds) in 1999 (FAO 1999). The IPOA-Seabirds called on
countries with (longline) fisheries that interact with
seabirds to assess their fisheries to determine if a problem
exists and, if so, to develop national plans (NPOA—seabirds)
to reduce the incidental seabird catch in their fisheries.
Lewison et al (2004) noted that, in spite of the recognition
of the problem, few comprehensive assessments of the
effects of fishing-related mortality had been conducted in
the decade or so after the problem was recognised. They
reasoned that: many vulnerable species live in pelagic
habitats,
expensive; capture data are sparse; and understanding of

making surveys logistically complex and
the potential for affected populations to sustain additional
mortality is poor. Soykan et al (2008) identified similar
questions in a Theme Section published in Endangered
Species Research, including: Where is bycatch most
prevalent? Which species are taken as bycatch? Which
fisheries and gear types result in the highest bycatch of
marine megafauna? What are the population-level effects

on bycatch species? How can bycatch be reduced?

There has been substantial progress on these questions
since 2004. Croxall et al (2012) reviewed the threats to 346
seabird taxa and concluded that: seabirds are more
threatened than other comparable groups of birds; that
their status has deteriorated faster over recent decades;
and that fishing-related mortality is the most pervasive and
immediate threat to many albatross and petrels. They listed
the principal threats while at sea as being posed by
commercial fisheries (through competition for food and
mortality associated with fishing gear) and pollution, and
those on land being alien predators, habitat degradation
and human disturbance. Direct exploitation, impacts of
aquaculture, energy generation operations, and climate
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change were listed as threats for some taxa or areas where
understanding was particularly poor.

Croxall et al (2012) categorise responses to the issue of
fishing-related mortality as:

using long-term demographic studies of relevant seabird
species, linked to observational and recovery data to
identify the cause of population declines (e.g. Croxall et al
1998, Tuck et al 2004, Poncet et al 2006);

risk assessments, based on spatiotemporal overlap
between seabird species susceptible to bycatch
and effort data for fisheries likely to catch them
(e.g. Waugh et al 2008b; Filippi et al 2010; Tuck et
al 2011);

working with multinational and international
bodies (e.g. FAO and RFMOs) to develop and
implement appropriate regulations for the use of
best-practice techniques to reduce or eliminate
seabird bycatch and;

(and
assist

working with fishers national fishery

organisations) to cost-effective

implementation of these mitigation techniques.

Seabirds are ranked by the International Union for the
Conservation of Nature (IUCN) as the world’s most
threatened bird grouping (Croxall et al 2012). Globally they
face a number of threats to their long term viability, both at
their breeding sites and while foraging at sea. Work at the
global level on reducing threats at breeding sites is a major
focus of the Agreement on the Conservation of Albatrosses
and Petrels (ACAP) and DOC is the lead New Zealand lead
agency. However, the key threat to seabirds at sea,
especially albatrosses and petrels, is incidental capture and
death in fisheries managed by MPI.

Some seabirds do not range far from their breeding or
roosting sites and incidental captures of these taxa can be
managed by a single jurisdiction. Conversely, conservation
of highly migratory taxa such as albatrosses and petrels
cannot be achieved by one country acting independently of
other nations which share the same populations. Because
of this, in recent years countries which share populations of
threatened seabirds have sought to take actions on an
international level (e.g. at ACAP) to complement policy and
actions taken within their own jurisdictions.

The ICES Working Group on Seabird Ecology agreed (WGSE
2011) that the three most important indirect effects of
fisheries on seabird populations were: the harvesting of
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seabird food; discards as food subsidies; and modification
of marine habitats by dredges and trawls. Many seabird
prey species are fished commercially (e.g., Furness 2003) or
can be impacted indirectly by fishing of larger predators.
These relationships are complex and poorly understood but
WGSE (2011) agreed that impacts on populations of
seabirds were inevitable. Fishery discards and offal have the
potential to benefit seabird species, especially those that
ordinarily scavenge (Furness et al 1992, Wagner & Boersma
2011). However, discarding can also modify the way in
which birds forage for food (e.g., Bartumeus et al 2010,
Louzao et al 2011), sometimes with farther-reaching
behavioural consequences with negative as well as positive
effects (including the “junk food hypothesis”, e.g., Romano
et al 2006; Grémillet et al 2008). Louzao et al (2011) stated
that discards can affect movement patterns (Arcos & Oro
1996), improve reproductive performance (Oro et al 1997,
1999) and increase survival (Oro & Furness, 2002; Oro et al
2004). Benefits for scavengers and kleptoparasitic taxa
(those that obtain food by stealing from other animals)
feeding on discards can also have consequent negative
impacts on other species, especially diving species, that
share breeding sites or are subject to displacement
(Wagner & Boersma 2011). Dredging and bottom trawling
both affect benthic habitat and fauna (see Rice 2006 and
the benthic effects chapter in this document) and WGSE
(2011) agreed that this probably affects some seabird
populations, although little work has been done in this area.

6.4 STATE OF KNOWLEDGE IN NEW ZEALAND

Before the arrival of humans, the absence of terrestrial
mammalian predators in New Zealand made it a relatively
safe breeding place for seabirds and large numbers of a
wide variety of taxa bred here, including substantial
numbers on the main North and South Islands. Today, New
Zealand’s extensive coastline, numerous inshore and
offshore islands (many of them predator free) and
surrounding seas and oceans continue to make it an
important foraging and breeding ground for about 145
seabird taxa, second only to the USA (GA Taylor,
Department of Conservation, personal communication).
Roughly 95 of these taxa breed in New Zealand (Figure 6.1
and Figure 6.2; Table 6.2), including the greatest number of
albatrosses (14), petrels (32), shags (13) and penguins (9) of
any area in the world (Miskelly et al 2008). More than a
third are endemic (i.e. breed nowhere else in the world),
giving New Zealand by far the largest number of endemic
seabird taxa in the world.
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Figure 6.1: (from Croxall et al 2012). Number of endemic breeding seabird taxa by country.

Some seabirds use New Zealand waters but do not breed
here. Some visit here occasionally to feed (e.g. Indian Ocean
yellow-nosed albatross and snowy wandering albatross),
whereas others are frequent visitors (e.g. short-tailed
shearwater and Wilson’s storm petrel), sometimes for
extended durations (e.g. juvenile giant petrels).

Taylor (2000) lists a wide range of threats to New Zealand

seabird taxa including introduced mammals, avian
predators (e.g., weka), disease, fire, weeds, loss of nesting
habitat, competition for nest sites, coastal development,
human disturbance, commercial and cultural harvesting,
volcanic eruptions, pollution, plastics and marine debris, oil
spills and exploration, heavy metals or chemical
contaminants, global sea temperature changes, marine
biotoxins, and fisheries interactions. Seabirds are caught in
commercial trawl, longline, set-net, and, occasionally, other
fisheries (e.g, annual assessments by SJ Baird from 1994 to
2005, Baird & Smith 2008, Waugh et al 2008a, b, Abraham
et al 2010b) as well as in non-commercial fisheries
(Abraham et al 2010a). New Zealand released its first
National Plan of Action to reduce the incidental catch of
seabirds (NPOA-seabirds) in 2004 and this was revised in
2013. This stated that there was, at that time, limited
information about the level of incidental catch and
population characteristics of different seabird taxa, and
that this made quantifying the overall impact of fishing
difficult. This situation had improved somewhat by the time

2013 NPOA-seabirds was published but, nevertheless, that

document seeks to ensure, among other things, that the
development of new mitigation measures, new observation
and monitoring methods, and relevant research are
encouraged and resourced. Seabird taxa caught in New
Zealand fisheries range in IUCN threat ranking from
critically endangered (e.g. Chatham Island shag), to least

concern (e.g. flesh-footed shearwater) (e.g., Vié et al 2009).

Different taxa and populations face different threats from
their
characteristics and foraging behaviours. Biological traits

fishing operations depending on biological
such as diving ability, agility, size, sense of smell, eyesight
and diet, foraging factors such as the season and areas they
forage, their aggressiveness, the boldness (or shyness) they
display in their attraction to fishing activity can all affect
their susceptibility to capture, injury, or death from fishing
operations. Some fishing methods pose particular threats
to some guilds or types of seabirds. For example, penguins
are particularly vulnerable to set net operations and large
albatrosses appear to be vulnerable to all forms of
longlining. The nature and extent of interactions differs
spatially, temporally, seasonally and diurnally between
sectors, fisheries and between fleets and vessels within
fisheries. In 2010-11 the taxa most frequently observed
caught in New Zealand commercial fisheries in descending
order were white-chinned petrel, sooty shearwater,

southern Buller’'s albatross, white-capped albatross,

Salvin’s albatross, and flesh footed shearwater, grey petrel,
Cape petrel species, storm petrels, and black petrel.
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Figure 6.2: (from Croxall et al 2012, supplementary material): The number of breeding and resident seabird species by country in each IUCN category
(excluding Least Concern). FST, French Southern Territories; SGSSI, South Georgia and South Sandwich Islands; FI(M), Falkland Islands (Malvinas); H&M,

Heard Island and McDonald Islands.

Table 6.2: (from Taylor 2000): Number of species (spp.) and taxa of seabirds of different families in New Zealand and worldwide in 2000. Additional taxa

may have been recorded since.

. World breeding NZ breeding NZ visitors,vagrants
Family Common name
N spp. N taxa N spp. N taxa N spp. N taxa

Spheniscidae Penguins 17 26 6 10 8 10
Gaviidae Divers, loons 4 6 — — — —
Podicipedidae Grebes 10 20 2 2 — —
Diomedeidae Albatrosses 24 24 13 13 7 7
Procellariidae Petrels, shearwaters 70 109 28 31 20 23
Hydrobatidae Storm-petrels 20 36 4 5 2 3
Pelecanoididae Diving petrels 4 9 2 4 — —
Phaethontidae Tropicbirds 3 12 1 1 1 1
Pelecanidae Pelicans 7 12 — — 1 1
Sulidae Gannets 9 19 2 2 1 1
Phalacrocoracidae Shags 39 57 12 13 — —
Fregatidae Frigatebirds 5 11 — — 2 2
Anatidae Marine ducks 18 27 — — — —
Scolopacidae Phalaropes 2 2 — — 2 2
Chionididae Sheathbills 2 5 — — — —
Stercorariidae Skuas 7 10 1 1 4 4
Laridae Gulls 51 78 3 3 - -
Sternidae Terns, noddies 43 121 10 11 8 8
Rynchopidae Skimmers 2 4 — — — —
Alcidae Auks, puffins 22 45 - — — -

Total 359 633 84 96 56 62

The management of fisheries to ensure the long-term
viability of seabird populations requires an understanding
of the risks posed by fishing and other anthropogenic
drivers. Several studies have already estimated the number
of seabirds caught annually within the New Zealand
Exclusive Economic Zone (EEZ) in a range of fisheries (e.g.,

Baird & Smith 2008, Waugh et al 2008a, b, Abraham et al
2010b). Seabirds that breed in New Zealand die as a result
of interactions with commercial or recreational fishing
operations in waters under New Zealand jurisdiction,
through interactions with New Zealand vessels or other
nations’ vessels on the High Seas and through interactions

115



AEBAR 2015: Protected species: Seabirds

with recreational or artisanal fishing

operations in waters under the jurisdiction of other states.

commercial,

In order to evaluate whether the viability of seabird
populations is jeopardised by incidental mortality from
commercial fishing, the number of annual fatalities needs
to be compared with the capacity of the populations to
replace those losses; this depends on the size and
productivity of each population. Unfortunately, sufficient
data to build fully quantitative population models to assess
risks and explore the likely results of different management
approaches are available for only very few taxa (e.g.,
Fletcher et al 2008, Francis & Bell 2010, Francis et al 2008,
Dillingham & Fletcher 2011). For this reason, broad seabird
risk assessments need to rely on expert knowledge (level-1)
or to be semi-quantitative (level-2) (Hobday et al 2007).
Rowe 2013 described a level-1 seabird risk assessment and
Baird et al (2006, updated by Baird & Gilbert 2010)
described a semi-quantitative assessment for seabird taxa
for which reasonable numbers of observed captures were
available. These assessments were based on expert
knowledge or were not comprehensive and could not be
used directly to quantify risk for all seabird taxa and
fisheries. More comprehensive and quantitative level-2 risk
assessments have since been conducted and are described
in more detail in Section 6.4.5.1.

6.4.1 SEABIRD DEMOGRAPHIC AND
DISTRIBUTION STUDIES

This section summarises the key results of project
PRO2006-01, Demographic, distributional and trophic
information on selected seabird species, initiated by the
Ministry of Fisheries (now MPI) to address some of the
major information gaps on the demographics and
distribution of seabird species commonly caught by
Other

demographic studies have been conducted by the

commercial fishing in New Zealand waters.
Department of Conservation or other parties and these are
noted where possible.

6.4.1.1 CHATHAM ISLAND ALBATROSS

The Chatham Island albatross breeds only at The Pyramid,
a small southern islet in the Chatham Island group (note
that a translocation project began in early 2014 transferring
chicks to the main Chatham Island with the hopes of
establishing a second breeding site). In order to index the

population size of the Chatham lIslands albatross, nest
counts are conducted on The Pyramid. The islet is divided
into 19 areas and, within each, every accessible nest site is
counted and its status recorded (Scofield et al 2008a, Fraser
et al 2009b, 2010b).

Nest counts have been conducted when the birds are in the
early stages of chick rearing. The total number of Chatham
Island albatross nest sites counted in the most recent trip
was 5245 (Fraser et al 2011). This result compared closely
with previous counts (which have ranged from 5194 to
5407 in late November and early December, Table 6.3)
indicating a stable number of occupied nests on The
Pyramid.

Chatham Island albatross have been banded on The
Pyramid since 1974 and, at each visit, the recaptures have
added to the growing number of known-aged birds. This
banding record enables an assessment of annual adult
mortality. A total of 304 banded Chatham Island albatross
were recaptured between 19 November and 2 December
2010 on The Pyramid and a further 50 new Chatham Island
albatross were banded during the 2010 trip (Fraser et al
2011).

To determine foraging movements and behaviour of
Chatham Island albatross during the incubation and early
chick rearing stages of the breeding season, GPS loggers
were applied to breeding birds for the duration of one
foraging trip. Where possible, birds were also tagged with a
geolocator logger to record activity (i.e. salt water
The
distributional range of Chatham Islands albatross during

immersion) during foraging trips. resulting
incubation and early chick rearing from these tracking
studies from November to December 2007-2009 are given

in Figure 6.3 (Fraser et al 2010b).

To track the birds on a longer time- scale during the non-
breeding season, geolocation loggers (GLS) were used.
These devices have a life span of up to about 6 years and
are intended to remain on the birds for at least one year.
They were applied to each banded bird’s leg using a plastic
band to which the loggers were attached with glue and a
cable tie.

116



AEBAR 2015: Protected species: Seabirds

Table 6.3: (from Fraser et al 2011) Counts of Chatham Island albatross nest
sites for the years: 2007 (19—-29 November); 2008 (22 November — 7
December); 2009 (9-12 December); and 2010 (24—-30 December).

2007 2008 2009 2010
Total nests 5247 5407 5194 5245
counted
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Figure 6.3: (from Fraser et al 2010b) Distributional range of Chatham
Island albatross during incubation and early chick rearing as derived from

tracking studies in November/December 2007-2009 (n=51 tracks).

%6.4.1.2 NORTHERN BULLER’S ALBATROSS AND
: NORTHERN GIANT PETREL AT THE
FORTY -FOURS, CHATHAM ISLANDS

The Forty-Fours, a small group of islands, are located about
35 km east of Chatham Island. They are home to the main
northern albatross

breeding populations of royal

(Diomedea sanfordi) and northern Buller's albatross
(Thalassarche nov sp.). A large colony of northern giant
petrel (Macronectes halli) also breeds at the Forty-Fours.
The northern Buller’s albatross nest estimate on the Forty-
Fours for 2007 was 15 238 (Scofield et al 2008b), for 2008
was 14 674 (Fraser et al 2009a), and for 2009 was 14 185
(Fraser et al 2010a). Fixed grids sampled each year also
confirmed the consistent population count (Fraser et al
2010a). Northern giant petrels nest mainly in the north-
eastern part of the island along the cliff tops, interspersed
with the northern royal albatross. Estimates of nests with
chicks in them (both alive and dead) were: 430 in November
2007 (Scofield et al 2008b); 349 in November 2008 (Fraser
et al 2009a); and 270 in December 2009 (Fraser et al
2010a). Ten geolocators were placed on five incubating
pairs of northern royal albatross in November 2007
(Scofield et al 2008b). Some of the geolocators have not yet

been removed from the birds and data are still to be
presented.

6.4.1.3 NORTHERN ROYAL ALBATROSS

The main breeding populations of northern royal albatross
are on the Forty-Fours and The Sisters which are small
island groups off the main Chatham Island. There is also a
small colony at Taiaroa Head, South Island. The islands
where northern royal albatross nest at the Chatham Islands
are privately-owned, and landing there is weather-
dependent. In order to monitor populations effectively,
counts are required immediately following egg-laying
(because this provides the most reliable estimates of the
numbers of breeding pairs), and at fledging but prior to any
chick departing each year (because this allows breeding
success to be estimated each year). Aerial photography is
the most cost-effective method of making these counts at
these times and locations. Aerial counts of nesting northern
royal albatross were made during each of the four breeding

seasons 2006—07 to 2009-10.

Three trips to the Chatham Islands were planned each year
during this study, with the primary objectives of each trip
being to take aerial photographs for population counts on
both the Forty-Fours and The Sisters. Trips were timed to
coincide with key events in the breeding seasons and were
planned for:

e Late November or early December (to count the
number of northern royal albatrosses at the
completion of egg laying);

e April (to count northern royal albatross chicks
shortly after hatching); and

e September (to count northern royal albatross

chicks just prior to fledging).

The November 2007 aerial survey was made just before the
field team arrived on the Forty-Fours to study northern
Buller’s albatross and northern giant petrels. A ground
count of breeding northern royal albatross was made at
about the same time of day as the aerial photography was
completed. This one-off exercise showed that aerial and
ground counts are broadly comparable and there is
probably little bias caused by birds being obscured to aerial
counting or the counting of non-breeding birds. Aerial
counts suggested that the estimated total number of
breeding pairs ranged from 5 388 to 5 744 (Table 6.4).
These estimates do not differ markedly from an estimate
made in the 1970s (Robertson 1998, cited in Scofield 2011).

117



AEBAR 2015: Protected species: Seabirds

At the small population that self-established on the
mainland of New Zealand at Taiaroa Head, banding as well
as monitoring of individuals has been carried out since
1938. Richard and Abraham (2013) estimated the overall
annual adult survival rate at 0.95 (95% c.i.: 0.941-0.959).

Estimates of other demographic rates were also obtained
during the estimation process. The mean age at first return
of juveniles to the colony was estimated at 4.81 years (95%
c.i.: 4.63-5.06), and the mean age at first breeding as 8.85
years (95% c.i.: 8.53-9.29).

Table 6.4: (from Scofield 2011) Aerial counts of northern royal albatross eggs and chicks at their key Chatham Islands nesting sites, 200607 to 2009-10.

200607
Eggs Chicks Eggs
Forty-Fours 1879 1018 2212
Big Sister 2128 871 2018
Middle Sister 1381 670 1371
Total 5388 2 559 5601
ALBATROSS ON BOUNTY

6.4.1.4 SALVIN’S
| ISLANDS

Salvin’s albatross (Thalassarche salvini) is endemic to New
Zealand, breeding only on the Bounty Islands and the
Western Chain of The Snares. The Bounty Islands are a
group of bare rocky islands/islets situated 659 km south-
east of New Zealand’s South Island. In October 2010, Baker
et al (2010a) completed an aerial survey of the Bounty
Islands to photograph all albatross colonies. This was the
first complete population survey of Salvin’s albatross on the
Bounty Islands. Photo montages were created from the
aerial photography and the number of nesting birds was
counted. From these data, Baker et al (2010a) estimated
the total count of nesting Salvin’s albatrosses in the Bounty
Islands in October 2010 to be 41 101 (95%c.i.: 40 69641
506).

This estimate may be biased high by the presence of
“loafers” (non-breeding birds ) as it was not possible to
ground truth the aerial photography or detect the
proportion of loafers within the colony from close-up
photography (because of the general lack of nest pedestals
resulting from low availability of nesting material on the
island). Conversely, the estimate maybe biased low because
aerial photography was not possible on some small areas of
steep cliff where albatross nests may have been missed

(Baker et al 2012).

A review of existing ground counts was reported by Amey
& Sagar (2013). To estimate population trends and examine
the accuracy of ground counts, whole-island surveys of
Salvin’s albatross breeding at Proclamation Island, Bounty
Islands, were undertaken during November in 1997, 2004,

2007-08 2008-09 2009-10
Chicks Eggs Chicks Eggs Chicks
1093 2 055 1036 2 692 1083
288 2081 496 1893 665

435 1316 483 1159 569
1816 5452 2 015 5744 2317

and 2011. These counts suggest that the numbers of
Salvin’s Albatross nests on Proclamation Island declined by
14% between 1997, and 2004, by 13% between 2004 and
2011, and overall by 30% between 1997 and 2011. Counts
of nests on Depot Island decreased by 10% between 2004
and 2011.

Baker et al (2014a) conducted a repeat aerial survey of the
Bounty Islands in October 2013. Using the same correction
factor applied to the 2010 counts, they estimated the total
annual breeding pairs at 39 995 (95% c.i.: 39 595 - 40 395)
compared to the corrected estimate for 2010 of 31 786
(95% c.i: 31430 —32 143).

6.4.1.5 SALVIN'S ALBATROSS ON SNARES

WESTERN CHAIN

In 2008, a 3-year study of Salvin’s albatrosses was initiated
at the Snares Western Chain. The three main objectives of
the Salvin’s albatross field work were:

e to estimate the breeding population size from
counts of occupied nests;

e to determine foraging locations and activity by
retrieving geolocator tracking devices deployed in
2008; and

e to estimate annual survival rates of banded adult
birds from recapture analyses.

Totals of 1195 and 1116 breeding pairs were counted on
Toru and Rima Islets during October 2008 (Charteris et al
2009) and September-October 2009, respectively (Carroll
et al 2010) (Table 6.5). Only Toru Island was sampled in
2010.
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Table 6.5: (from Sagar et al 2011) Numbers of Salvin’s albatross pairs breeding on Toru and Rima Isles, Western Chain, The Snares, 2008—2010. Failed
nests are those assessed to contain fresh egg fragments. No count was made on Rima Islet in 2010.

Islet Date Adult + egg
Toru 6—7 October 2008

2 October 2009

28-29 September 2010
Rima 16 October 2008

30 September 2009

In order to estimate the adult survival of Salvin’s albatross,
a total of 257 occupied nests were counted within a clearly-
defined study area established in October 2008 (Charteris
et al 2009). Within this area, 116 birds banded in previous
years were recaptured, and a further 20 breeding birds
were banded in the study area during October 2010.
Among the recaptured birds were 13 that had been banded
as chicks on Toru Islet during 1986, and 23 of the 123 birds
banded as breeding adults in 1995. These recapture rates
lead to an estimated adult survival probability of 0.967 for
Salvin’s albatross, one of the highest estimates for any
species of annual-breeding albatross (Sagar et al 2011).

Twenty-four of the 35 geolocation loggers deployed on
breeding birds during October 2008 were retrieved. Data
were processed by the British Antarctic Survey and a
preliminary assessment of the distribution of Salvin’s
albatrosses during the entire year is presented in Figure 6.4.
None of the 24 birds tracked was within the New Zealand
EEZ during April; 23 were in South American waters
between Tierra del Fuego and northern Peru and one was
in eastern Bass Strait and along the eastern coast of
Tasmania (Figure 6.4a). Birds began to return to New
Zealand waters during May and this continued throughout
June and July. The tracks of birds exiting South American
waters originated from either the Peruvian or southern
Chilean coasts. During this period, birds recently arrived in
New Zealand waters occurred primarily east of the

Obvious failed nest Total
828 70 898
783 51 834
780 49 829
279 18 297
265 17 282
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Chatham Islands, off Puysegur and on the Stewart- Snares
Shelf (Figure 6.4b). Eggs are laid starting in August and all of
the birds occurred within Australasian waters throughout
August to October, primarily on the Challenger Plateau, off
Puysegur, the Stewart-Snares Shelf, and Campbell Plateau
(Figure 6.4c). During this period these birds from the Snares
Western Chain occupy a relatively narrow longitudinal
range between 160°E and 175°E and appear to avoid, or be
excluded from, the area around the Bounty Islands, where
there is another colony of Salvin’s albatross. Beginning in
mid-October chicks hatch and, between November and
March, presumed successful breeders foraged primarily on
the Challenger Plateau, off Puysegur, the Stewart- Snares
Shelf, and Campbell Plateau (Figure 6.4d). There was some
movement across the Pacific in each of the months
between November and March with presumed failed
breeders leaving the New Zealand EEZ during the earlier
part of this period and presumed successful breeders
migrating east during March (Sagar et al 2011).

Further research has been recently conducted on the
Salvin’s albatross on the Snares Western Chain, under DOC
CSP project PRO2014-02. This research included a ground
based census, aerial survey (including ground truthing) and
collection of information on tagged birds. The final reports
for this research were not available at time of printing.
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a) April

b) June

c) September

d) December

Figure 6.4: (from Sagar et al 2011) Distribution of Salvin’s albatrosses Thalassarche salvini from the Snares Western Chain tagged with geolocators at four
times of the year: a) April, after the completion of their breeding season, b) June, showing their return tracks from South American waters to New Zealand
waters prior to egg laying, c) September, when their partners were incubating an egg, and d) December, the birds around New Zealand are presumed to
be foraging for food for themselves and their chick, whilst the birds crossing the Pacific and in South American waters are presumed to be failed breeders.

6.4.1.6 WHITE CAPPED ALBATROSS

Repeated population censuses of the white-capped
in the Auckland
conducted in the month of December between 2006 and
2010, and the month of January in 2012 and 2013, using
aerial photography (Baker et al 2007b, 2008a, 2009z,
2011a, 2013). These population censuses were carried out

albatrosses breeding Islands were

to estimate population size and track population trends.
Photo montages were created from the aerial photography
and counted by an observer. Counts of photo montages in
all years except 2006 were undertaken by one observer
only. Multiple counts of photomontages from the
December 2006 census to estimate counter variability
associated with miscounting and misidentifying white spots
on the ground as birds. Ground truthing was conducted to
determine the number of birds sitting or standing on nests,
the number of pairs (partners accompanying an incubating
bird), and the number of loafers present in the colony.

2006-2010: In 2010, the total count of nesting white-
capped albatrosses was estimated to be 72 635 (95%Cl 72
096-73 174), 4370 (4238-4502) and 117 (95-139) annual
breeding pairs, respectively, at Disappointment Island,
South West Cape and Adams Island, giving a total for these
sites of 76 913 (76 358-77 468) breeding pairs (Table 6.6).

The counts of nesting white-capped albatross over the
previous four years were significantly lower than the counts
taken in 2006, when a total of 117 197 breeding pairs were
present at the Auckland Islands. These differences in counts
may represent normal inter-annual variation in breeding
rather than indicating a decline in numbers due to fisheries
mortalities (Baker et al 2011a).

2011-13: Surveys suggested 99 776 breeding pairs in 2011
and 118 098 breeding pairs in 2012 and 95 278 in 2013.
However, evidence from a series of ‘close-up’ photographs
taken each year over the entire series indicates that the
number of non-breeding birds present in the colonies
differed somewhat between December and January. The
proportion was very low in December counts (1-2% of birds
present) to 7 and 15% for the January counts taken in 2012
and 2013, respectively. Estimated annual counts for all
three breeding sites in the Auckland Islands were adjusted
to account for the presence of non-breeding birds (Table
6.6). These adjusted figures were used as inputs into
models used for assessment of population trend. The
population size estimates computed from a TRIM model
indicate an average growth rate of - 3.16% per year (A =
0.9684 + 0.001); assessed by TRIM as moderate decline.
However, a simple linear trend analysis, as performed by
TRIM is not well suited to a data set with high inter-annual
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variability. Trend analysis using smoothing splines is more
appropriate to such data sets, and showed no evidence for
systematic monotonic decline over the 8 years of the study,

therefore providing support to the null hypotheses of no
trend (stability) in the total population. Full details are
provided by Baker et al (2013, 2014b).

Table 6.6: (after Baker et al 2013, 2014b) Aerial-photographic counts of breeding pairs of white-capped albatrosses on three islands in the Auckland

Islands group in December 2006—2013.

Year Adams Disappointment SW Cape

2006 - 110 649 6548
2007 79 86 080 4786
2008 131 91 694 5264
2009 132 70 569 4161
2010 117 72 635 4370
2011 178 93752 5846
2012 215 111312 6571
2013 184 89 552 5542

Total

6.4.1.7 WHITE-CHINNED PETREL ON
E ANTIPODES ISLANDS

In 2007, a 5-year study of white-chinned petrels (Procellaria
aequinoctialis) was initiated on Antipodes Island. Four
seasons of fieldwork have been completed (Sommer et al
2008, 2009, 2010). The objectives of the white-chinned
petrel field work were:

e to estimate the population trend from mark-
recapture in the three study areas;

e to determine foraging locations and activity; and

e to estimate burrow occupancy in a range of
habitats in order to increase the accuracy of a total
island population estimate.

Three study areas were established and all white-chinned
petrel burrows in each were checked at least three times

95% limits Adjusted for loafers
117 197 116 570-117 823 116 025
90 945 90 342-91 548 90 036
97 089 96 46697 712 96118
74 862 74 315-75 409 73 838
77 122 76 56777 677 76 119
99 776 99 144-100 408 92 692
118 098 117 411-118 785 102 273
95278 94 661-95 895 74 031

during each field trip to identify both birds. Identifying
white-chinned petrel burrows can involve a degree of
subjectivity because white-headed petrels, Pterodroma
lessoni, also nest on Antipodes Island. Although many
white-chinned petrel burrows have very large entrances,
and many white-headed petrel burrows have much smaller
entrances with steep tunnels, white-chinned petrel have
been found in burrows with entrances that have
characteristics somewhere between the two. Estimated
occupancy rates were similar in the years studied (Table
6.7). Overall, the number of burrows fluctuates between
years as new burrows are dug and the number of burrows
with unidentified eggshell remains varies (Sommer et al
2010).

Table 6.7: (from Sommer et al 2010) White-chinned petrel (WCP) study burrow occupancy between years.

Total "WCP" “WCP” burrows with % with breeding
Year Timing burrows counted breeding WCP WCP
2008 mid Jan to end Feb 280 71 25.4
2009 late Jan to end Feb 285 77 27.0
2010 mid Dec to early Jan 295 81 27.5

To determine the foraging area of breeding white chinned
petrels, 34 dataloggers (30 British Antarctic Survey, 4 Lotek)
were deployed on breeding white-chinned petrels in 2008
(Sommer et al 2008). Seventeen and 13 of these birds were
recaptured during the 2009 and 2010 field trips and their
dataloggers were removed (Sommer et al 2009, 2010). Data
from the 17 geolocators recovered during 2009 have been

processed and enable initial conclusions to be made of the
foraging movements of white-chinned petrels from the
Antipodes. In summary, these are:

e During the breeding season, the birds foraged
within the EEZ, mostly north of Antipodes Island
and to the east of the mainland (Figure 6.5a).
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There was movement of birds across the Pacific to
the coasts of Chile and Peru during February,
presumably by failed breeders (Figure 6.5b).

In the latter part of the breeding season (April and
May) the birds tended to forage south of Antipodes
Island.

In May, after breeding, all birds migrated across the
Pacific to forage off the west coast of South
America, remaining there until August (Figure 6.5c).
In September, the birds returned across the Pacific
to Antipodes Island from the coast of Peru for the
start of the new breeding season.

Occupancy was also estimated across a range of habitats
throughout the island using transects. These transects
varied in length and were measured by saving tracks on a
handheld GPS. All white-chinned petrel burrows within 1
m either side of the transect (i.e., a 2 m-wide strip in total)
were recorded (Table 6.8) and occupancy determined

using a stick or burrowscope. Habitat type and slope were
also recorded for each burrow (Sommer et al 2008, 2009,
2010).

Between December 2009 and January 2010, breeding
white-chinned petrels were estimated to have an average
density across all sampled habitats of 45 occupied
burrows.ha™. The total area of Antipodes Island is 2 025 ha
(Bell 2002) and, assuming all of this area is similarly suitable
to the sampled areas, a preliminary estimate of the total
population is 91 125 breeding pairs (Sommer et al 2010),
compared with 100 000 pairs estimated by Taylor (2000).
Habitat information (slope, aspect, vegetation) has been
recorded for each transect and a quantitative survey of the
extent of different habitat types over the entire area were
completed during the 2011 field season to allow a more
robust population estimate to be calculated, based on
burrow densities in different habitat types.

Table 6.8: (from Sommer et al 2010) Results of white-chinned petrel occupancy transects in various habitats spread throughout Antipodes Island.

No. transects Total burrows No. containing white-

chinned petrel breeding
(non-breeding)
59 (10)

20 247

No. containing | No. empty No. not used % burrows with
white-headed for occupancy breeding white-
petrel estimate chinned petrel

21 144 13 25.2
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c)June-August

Figure 6.5: (from Sommer et al 2010) Foraging locations of white-chinned petrels from the Antipodes, in a) December, b) February and in c) June-August,

after the end of the breeding season.
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56.4.1.8 GREY PETREL ON ANTIPODES ISLANDS

A 2-year study of grey petrels (Procellaria cinerea) on
Antipodes Island commenced during 2009 and was
completed during the period 19 March — 30 April 2010. The
objectives of the grey petrel field work were:

e to estimate the population trend from mark-
recapture analysis in the study areas;

e to determine foraging location and activity; and

e to estimate the total island population by

examining burrow occupancy in a range of habitats.

In 2009, a total of 69 burrows in Alert Bay, the Crater and
Crater Ridge containing grey petrels were marked as study
burrows (Sommer et al 2009). In addition, 64 grey petrel
burrows within the white-chinned petrel study areas were
used as study burrows (Sommer et al 2010).

To establish the foraging distribution of grey petrels, 27
geolocation dataloggers were deployed on breeding grey
petrels in 2009 (Sommer et al 2009). Eighteen of the 27
geolocators deployed were subsequently retrieved,
had dislodged from the

attachment to the petrel. Data from the geolocators are

although one datalogger

being processed by the British Antarctic Survey (Sommer et
al 2010).

Occupancy transects were carried out after peak egg-laying
in the study burrows. Because of the short daylight hours at
this time of year transects were limited to the northern half
of the island. Transects were conducted in all habitat types
on the coastal and inland slopes. A few transects were also
done on the flatter ground more usually associated with
white-chinned petrels. Transects were mapped and
measured by recording the position of the start and end of

each transect as well as each burrow with a hand held GPS.

Sommer et al (2010) estimated a breeding population of 48
960 pairs (96 pairs.ha® over 510 ha of suitable habitat).
Although two seasons of field work on grey petrels is
insufficient to allow an assessment of population trend over
this period, a comparison of population trend is possible
with reference to the earlier study of Bell (2002) who
reported a mean of 104 occupied grey petrel burrows ha
from a survey completed during April-June 2001. Assuming
the same 510 ha of suitable habitat on Antipodes Island,
Bell estimated a breeding population of 53 040 pairs, similar
to Sommer et al’s (2010) estimate.

6.4.1.9 FLESH-FOOTED SHEARWATER

Flesh-footed breed
around Australia and New Zealand and migrate to the

shearwaters, Puffinus carneipes,
northern hemisphere in the non-breeding season. In New
Zealand, they nest in burrows on islands around the North
Island and in Cook Strait. Of the breeding sites identified by
DOC staff (G. Taylor unpublished, cited in Baker et al in
prep) eight major breeding islands for the flesh-footed
shearwater were chosen for re-survey: Lady Alice, West
Chicken, Whatupuke and Coppermine (Hen and Chickens
Group); Green (Mercury Group), Ohinau (Ohena Sub Group
of Mercury Group), Karewa (Bay of Plenty) and Titi (Cook
Strait). In addition, it is estimated that Middle Island
(Mercury Group) held approximately 3000 pairs in 2003
(Waugh & Taylor 2012).

Baker & Double (2007) designed a survey methodology for
estimating population size and assessing long-term trends
for the flesh-footed shearwater. Surveys using this design
were undertaken at the eight major breeding areas by
Baker et al (2008b, 2009b, 2010b, in prep.). Field work was
focussed on visiting all of the eight sites at least once during
the 5 years of the study to estimate the number of pairs
breeding at each site. A few sites were visited annually to
estimate population trends. Baker et al (2008b, 2009b,
2010b, in prep.) searched these sites by locating ridgelines
and systematically searching from the ridgeline to the sea
or, where unsuitable terrain such as a cliff was
encountered, using a series of 2 m-wide search transects.
These search transects were established by following a
compass bearing downhill from the ridgeline. When
potential burrows were located, their location of that
colony from the start point of the search transect was
recorded, and the number of potential burrows
subsequently found 1 m either side of the transect line
counted. At some sites, colony transects were well marked
to permit follow-up surveys in future years. The origin
points for transects were randomly located along a central
line or ‘backbone’ which was run through the colony. In
practice, most colonies were centred on ridgelines or
located on steep slopes, and the backbone was located

along a ridgeline.

All colony areas, with the exception of those on Karewa,
were mapped by using transect data and a hand-held GPS.
On Karewa lIsland, the sensitive nature of the substrate
meant that sampling was curtailed to working from boards
laid on the surface along a sandy track used by DOC for park
management purposes. This access point was used as a long
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transect, with other shorter transects established either
side as permitted by the terrain encountered.

The density of potential burrows was scaled up to the
estimated area of each colony to derive an estimate of the
number of burrows for each colony (Table 6.9). Baker et al
(in prep) estimate the total count of burrows on the eight
islands surveyed to be 20 945 (95% c.i., 19 019 — 22 871),
notably fewer than Taylor’s (2000) estimate of 25 000-50
000 pairs. Baker et al (in prep) state that their estimates
generally accord with the indicative population estimates
developed by Graeme Taylor (cited in Baker et al in prep.)
with the exception of that for Coppermine and Ohinau
Islands. Baker et al’s (in prep.) estimate of 1425 occupied
burrows (1059-1791) for Coppermine is much lower than

Taylor’s indicative estimate of 10 000 (presumably breeding
pairs). In contrast, Baker et al’s (in prep.) estimate of 2071
occupied burrows (943-3200) for Ohinau greatly exceeds
Taylor’s indicative estimate.

Waugh et al (2014) assessed the feasibility of gaining
improved estimates of key flesh-footed shearwater

population parameters and investigated the at-sea
distribution of flesh-footed shearwaters. Study plots were
established at Lady Alice/Mauimua, Titi Island and Ohinau
Island, with burrow mapping by GPS and hand-drawn maps.
The occupancy of burrows and size of breeding population
at each colony was assessed. Occupancy as assessed by
burrow-scoping and through inspection of burrow contents

through study hatches.

Table 6.9: (from Baker et al in prep.) Estimated number of potential and occupied burrows for eight New Zealand islands surveyed 2007/08 to 2010/11.
Note that some colonies on Lady Alice and Coppermine were visited in all years, and for these colonies the highest estimate was used to derive the island
total. The number of occupied burrows can reasonably be considered an estimate of annual breeding pairs for each island.

Island No. Potential Lower 95% Cl
burrows
West Chicken 193 -2
Lady Alice 2763 2079
Whatupuke 2941 1767
Coppermine 2290 1924
Titi 2814 2201
Green 132 82
Ohinau 3883 2755
Karewa 5929 4420
Total 20945 19019

Analysis of island-wide population survey information,
collected from 2011-12 to 2013-14 compared with previous
surveys conducted from 2007-2010 (Baker et al 2008b,
2009b, 2010b, in prep) indicated a probable decline for the
population on Ohinau Island, and stable populations on
Lady Alice Island/Mauimua and Titi Island. Adult annual
survival was within the range reported for other
shearwaters, at 0.93 for Kauwahaia Island and 0.94 for
burrow-caught birds at Lady Alice/Mauimua (Waugh et al

2014).

Tracking of flesh-footed shearwaters using GPS loggers
showed that birds were foraging several hundreds of
kilometres from their breeding site over deep oceanic
waters to the east of the New Zealand region during
incubation. During early chick-rearing period, the flesh-
footed shearwaters contracted their range with a higher
concentration of activity in waters near the breeding site
and at zones of upwelling and relative high productivity
within 400 km of the breeding site. The overlap of foraging

Upper 95% No. Occupied | Lower 95% Upper
Cl burrows Cl 95% Cl

388 15 0 210
3447 921 237 1605
4115 1210 36 2 384
2 656 1425 1059 1791
3427 337 0 950
182 74 24 124
5011 2071 943 3200
7 438 2561 1052 4070
22871 8614 6 689 10 540

activity with trawl, longline and gillnet fisheries indicated
highest intensity of overlap when the breeding birds were
foraging close to the breeding site during early chick rearing
(Waugh et al 2014).

%6.4.1.10 WESTLAND PETREL

The Westland petrel, Procellaria westlandica, is endemic to
New Zealand and nests in burrows in dense rainforest near
Punakaiki, Westland. This species is poorly studied,
probably largely because they nest in burrows, inhabit
dense forest, and attend their nests only at night. As for the
flesh-footed

estimating population size and assessing long-term trends

shearwater a survey methodology for
for the Westland petrel was designed (Baker & Double
2007). Once a colony was located, Baker et al (2007b,
2008c, 2011b) estimated population size through a three
stage process. First, burrow densities were determined in
each colony by using 2 m-wide strip ‘colony transects’, and
mapped burrows along each transect. These transects
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differed from search transects in that they were confined
to identified colonies and were randomly placed within the
colonies. Second, the proportion of active nests per burrow
was estimated using burrow scopes and ‘inspection by
hand” (inserting an arm down burrows to determine
occupancy and feel for eggs, chicks, adult birds or nesting
material). Finally, the area of each colony was measured by
exploring the approximate boundaries on foot and mapping
the densely-inhabited area and this area multiplied by the
density to arrive at a population estimate for each colony.

Although Westland petrels breed throughout a 16 square
kilometre area near Punakaiki, which has been designated
as a Special Conservation Area, sampling effort was
concentrated on estimating the population in high density
areas, noting the challenges posed by the rugged terrain
and often adverse weather conditions (Baker et al 2007b,
2008c, 2011b). Baker et al (2007b, 2008c, 2011b) estimated
the number of potential burrows in all Westland petrel
colonies to total 6846 (95% c.i. 6389 — 7302) during the
period 2007 to 2011. Of these, an estimated 2827 (2143—
3510) were occupied. The rugged terrain and inclement
weather made it difficult to ensure that the permanent
transects were replicated exactly each year and hence
raises some doubts about the comparability of counts.

6.4.2 QUANTIFYING FISHERIES
INTERACTIONS

Information with which to characterise seabird interactions
with fisheries comes from a variety of sources. Some is
opportunistically collected, whilst other information
collection is targeted at specifically describing the nature
and extent of seabird captures in fisheries. This section is

focussed on the targeted information collection.

Many New Zealand commercial fisheries have MPI observer
coverage, much of which is funded by DOC's CSP
programme (e.g., Rowe 2009, 2010, Ramm 2011, 2012).

1 As part of its data reconciliation processes, MPI has
identified that less than 2% of observed protected species
captures between 2002 and 2015 were not recorded in
Centralised Observer Database (COD). Steps are being
taken to update the database and estimates of protected
species captures and associated risks.

Observers collect independent data on the number of
captures of seabirds, the number of fishing events
observed, and at-sea identification of the seabirds for these
fisheries. Commercial fishers are legally required to provide
effort data allowing estimation of the total number of
fishing events in a fishery. In combination these data have
been used for many years to assess the nature and extent
of seabird captures in fisheries (e.g., Abraham et al 2010b,
Abraham & Thompson 20093, 2010, 20113, b, Ayers et al
2004, Baird 1994, 1995, 1996, 1997, 1999, 20004, b, 20014,
b, 2003, 2004 a—c, 2005, Baird et al 1998, 1999, Baird &
Griggs 2004, Thompson & Abraham 2009)%. In this context,
“captures” include all seabirds observed by an observer to
be brought on-board a fishing vessel, whether reported as
live or dead, but exclude non-fishing-related events (e.g.,
birds striking the superstructure and landing on deck) and
decomposed carcasses. Specimens and photographs
(especially for birds released alive) are also collected
allowing verification of at-sea identifications (from
carcasses or photographs) and description of biological
characters (sex, age, condition, etc., available only from

carcasses).

In some fisheries observer data are temporally and spatially
well stratified, whilst in others data are only available from
a spatially select part of the fishery, or a limited part of the
year. Where sufficient observer data are available,
estimates of total seabird captures in the fishery are
calculated. The methods currently used in estimating
seabird captures in New Zealand fisheries are described in
Abraham & Thompson (2011a). In this context, captures
include all seabirds recovered on a fishing vessel except
birds that simply land on the deck or collide with a vessel’s
superstructure, decomposing animals, records of tissue
fragments, and birds caught during trips carried out under
special permit (e.g., for trials of mitigation methods).
Observer coverage has been highly heterogeneous in that
some fisheries and areas have had much higher coverage
than others. This complicates estimation of the total

Accordingly, some estimates of protected species captures
or risk in this seabird chapter may have a small negative
bias. Updated estimates will be reviewed by the Aquatic
Environment Working Group in the second quarter of
2016.
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number of seabirds captured, especially when estimates
include more than one fishery, because the distribution of
birds and captures is also heterogeneous (Figure 6.6).

Fisher-reported captures (on NFPSCR forms available since
1 October 2008) have not been used to estimate total
captures because the reported capture rates are much
lower than those reported by independent observers

(Abraham & Thompson 2011b) and the species
identification is less certain.
Abraham & Thompson (2011a) made model-based

estimates of captures in New Zealand trawl and longline
fisheries for the following taxa or groups: sooty shearwater
(Puffinus
aequinoctialis);

griseus); white-chinned petrel (Procellaria

white-capped albatross (Thalassarche
steadi); Salvin's albatross (Thalassarche salvini); southern
Buller's albatross (Thalassarche bulleri); other albatrosses;
and all other birds. The five individual species were chosen
because they are the most frequently caught in trawl and
longline fisheries. Captures of other albatrosses are mostly
Gibson’s or Antipodean wandering albatrosses or Campbell
Island albatrosses. The ‘other birds’ category includes many
taxa but grey, black, great-winged, and Cape petrels (both
sub-species but mostly Southern Cape petrels, Daption
capense capense), flesh-footed shearwater, and spotted
shag are relatively common observed captures (the latter
based on few observations that included 31 captures in one
event). Estimated captures up to and including the 2013—

14 year are shown in Table 6.10 to Table 6.15.

Observed captures of seabirds in trawl fisheries were most
common off both coasts of the South Island, along the
Chatham Rise, on the fringes of the Stewart-Snares shelf,
and around the Auckland Islands (Figure 6.7). This largely
reflects the distribution of the major commercial fisheries
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for squid, hoki, and middle-depth species which have
tended to have relatively high observer coverage. White-
capped, Salvin's, and southern Buller's have been the most
frequently observed captured albatrosses, and sooty
shearwater and white chinned petrel have been the other
species most frequently observed (Table 6.16). About 41%
of observed captures were albatrosses.

Observed captures of seabirds in surface longline fisheries
were most common off the southwest coast of the South
Island and the northeast coast of the North Island (Figure
6.8), again largely reflecting the distribution of the major
commercial fisheries (for southern bluefin and other tunas).
The charter fleet targeting tuna has historically had much
higher observer coverage than the domestic fleet. Southern
Buller's and white-capped have been the most frequently
observed captured albatrosses, and grey, white-chinned,
and black petrels have been the other species most
frequently observed (Table 6.17). About 80% of observed
captures were albatrosses.

Observed captures of seabirds in bottom longline fisheries
were most common off the south coast of the South Island,
along the Chatham Rise, scattered throughout the Sub-
Antarctic, and off the northeast coast of the North Island,
especially around the Hauraki Gulf (Figure 6.9). This
distribution largely reflects the distribution of the ling and
snapper longline fisheries that have received most observer
coverage; other bottom longline fisheries have had much
less coverage. Salvin’s and Chatham have been the most
frequently observed captured albatrosses, and white
chinned petrel, grey petrel, sooty shearwater, and black
petrels have been the other species most frequently
observed (Table 6.18). Only about 15% of observed
captures were albatrosses.
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Figure 6.6: All observed seabird captures in trawl, surface longline, and bottom longline fishing within the New Zealand region, between October 2012 and
September 2013. The colour within each 0.2 degree cell indicates the number of fishing events (tows and sets, darker colours indicate more fishing) and
the black dots indicate the number of observed events (larger dots indicate more observations). The coloured symbols indicate the location of observed
seabird captures, randomly jittered by 0.2 degrees. The 500 m and 1000 m depth contours are shown. http://data.dragonfly.co.nz/psc/ Data version
v20140131. See footnote 1.
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Table 6.10: Summary of observed and model-estimated total captures of all seabirds combined by October fishing year in traw! (effort in tows), surface
longline (effort in hooks) and bottom longline (effort in hooks) fisheries between 200203 and 2013-14. Observed and modelled rates are per 100 trawl
tows or 1000 longline hooks. Caps, observed captures; % obs, percentage of effort observed; % incl, percentage of total effort included in the model.
http://data.dragonfly.co.nz/psc/ Data version v2015001. Some of these estimates may have a small negative bias, see footnote 1.

Fishing effort Seabirds Model estimates

Year All effort Observed | % obs Caps Rate | Mean 95% c.i. % incl
2002-03 130173 6 840 5.3 269 3.93 3935 3 508-4 400 100.0
2003-04 120830 6 549 5.4 262 4.00 3268 2 904-3 667 100.0
2004-05 120 448 7714 6.4 483 6.26 4172 3 771-4 605 100.0
2005-06 109 939 6619 6.0 356 5.38 3695 3314-4 116 100.0
200607 103 318 7933 7.7 211 2.66 2 659 2 335-3018 100.0
2007-08 89524 9050 10.1 235 2.60 2243 1986-2 528 100.0
2008-09 87553 9805 11.2 469 4.78 2750 2 481-3 047 100.0
2009-10 92 888 9010 9.7 258 2.86 2410 2130-2 715 100.0
2010-11 86 089 7 445 8.6 380 5.10 2642 2391-2922 100.0
2011-12 84 421 9087 10.8 248 2.73 2127 1879-2 408 100.0
2012-13 83839 12 398 14.8 712 5.74 2534 2293-2817 100.0
2013-14 85091 13 096 15.4 512 3.91 2277 2041-2 542 100.0
Surface longline

2002-03 10770 488 2 195152 20.4 115 0.052 2235 1828-2776 100.0
2003-04 7 386 884 1607 304 21.8 71 0.044 1683 1351-2 255 100.0
2004-05 3679 965 783 812 21.3 41 0.052 785 629-989 100.0
2005-06 3690 709 705 945 19.1 37 0.052 844 674-1 068 100.0
2006-07 3739 882 1040948 27.8 187 0.180 827 696-990 100.0
2007-08 2 246 339 421900 18.8 37 0.088 539 429-676 100.0
2008-09 3115633 937 496 30.1 57 0.061 650 526-813 100.0
2009-10 2995 264 665 883 22.2 147 0.221 831 696-989 100.0
2010-11 3188179 674572 21.2 47 0.070 793 633-1 008 100.0
2011-12 3099977 728 190 23.5 65 0.089 853 682-1 079 100.0
2012-13 2876932 560 333 19.5 27 0.048 769 612-973 100.0
2013-14 2 546 764 773 527 30.4 37 0.048 660 523-835 100.0
Bottom longline

2002-03 37761953 10774 720 28.5 265 0.025 3015 2 534-3 602 100.0
2003-04 43 214 066 5060 025 11.7 54 0.011 2433 1996-3 005 100.0
2004-05 41839578 2 883725 6.9 30 0.010 2779 2 205-3 639 100.0
2005-06 37 145 583 3802951 10.2 41 0.011 2121 1686-2 766 100.0
2006-07 38126 940 2315772 6.1 58 0.025 2720 2 088-3 732 100.0
2007-08 41 499 499 3593511 8.7 40 0.011 2251 1785-2934 100.0
2008-09 37444720 4029 546 10.8 33 0.008 2 095 1666-2 732 100.0
2009-10 40438 801 2271123 5.6 56 0.025 2292 1825-2949 100.0
2010-11 40 899 106 1732775 4.2 29 0.017 2583 2 055-3 401 100.0
2011-12 37876333 2 100 831 5.5 10 0.005 2 137 1695-2 814 100.0
2012-13 32510529 398 388 1.2 3 0.008 1935 1558-2 494 100.0
2013-14 40 697 435 2750416 6.8 106 0.039 2138 1723-2 745 100.0
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Table 6.11: Summary of observed and model-estimated total captures of white-capped albatross by October fishing year in trawl (effort in tows), surface
longline (effort in hooks) and bottom longline (effort in hooks) fisheries between 200203 and 2013-14. Observed and modelled rates are per 100 trawl
tows or 1000 longline hooks. Caps, observed captures; % obs, percentage of effort observed; % incl, percentage of total effort included in the model.
http://data.dragonfly.co.nz/psc/ Data version v2015001. Some of these estimates may have a small negative bias, see footnote 1.

Fishing effort Seabirds Model estimates
Year All effort Observed | % obs Caps Rate Mean 95% c.i. % incl
2002-03 130173 6 840 53 85 1.24 761 622-917 100.0
2003-04 120 830 6 549 54 148 2.26 935 790-1 096 100.0
2004-05 120 448 7714 6.4 243 3.15 1225 1064-1 395 100.0
2005-06 109 939 6619 6.0 69 1.04 581 471-706 100.0
200607 103 318 7933 7.7 57 0.72 468 369-584 100.0
2007-08 89524 9050 10.1 42 0.46 339 262-427 100.0
2008-09 87553 9805 11.2 96 0.98 479 392-576 100.0
2009-10 92 888 9010 9.7 48 0.53 382 293-485 100.0
2010-11 86 089 7 445 8.6 40 0.54 371 286-468 100.0
2011-12 84 421 9087 10.8 67 0.74 392 312-491 100.0
2012-13 83839 12 398 14.8 126 1.02 415 330-516 100.0
2013-14 85091 13 096 15.4 71 0.54 345 264-439 100.0
Surface longline
2002-03 10770 488 2195 152 20.4 2 0.001 75 36-130 100.0
2003-04 7 386 884 1607 304 21.8 17 0.011 141 79-234 100.0
2004-05 3679965 783 812 21.3 3 0.004 33 15-62 100.0
2005-06 3690 709 705 945 19.1 2 0.003 31 13-59 100.0
2006-07 3739 882 1040948 27.8 28 0.027 48 36-65 100.0
2007-08 2 246 339 421900 18.8 4 0.009 39 18-71 100.0
2008-09 3115633 937 496 30.1 3 0.003 43 19-82 100.0
2009-10 2995 264 665 883 22.2 31 0.047 81 54-122 100.0
2010-11 3188179 674572 21.2 3 0.004 53 24-95 100.0
2011-12 3099977 728 190 23.5 8 0.011 157 82-271 100.0
2012-13 2876932 560 333 19.5 11 0.020 140 76242 100.0
2013-14 2 546 764 773 527 30.4 6 0.008 114 59-207 100.0
Bottom longline
2002-03 37 761953 10774 720 28.5 0 0.000 29 5-74 100.0
2003-04 43 214 066 5060 025 11.7 1 0.000 24 5-60 100.0
2004-05 41839578 2883725 6.9 0 0.000 31 6-79 100.0
2005-06 37 145583 3802951 10.2 1 0.000 23 5-56 100.0
2006-07 38126 940 2315772 6.1 0 0.000 33 6-86 100.0
2007-08 41 499 499 3593511 8.7 0 0.000 31 6-81 100.0
2008-09 37444720 4029 546 10.8 0 0.000 31 6-78 100.0
2009-10 40438 801 2271123 5.6 0 0.000 27 5-69 100.0
2010-11 40 899 106 1732775 4.2 0 0.000 37 7-97 100.0
2011-12 37876333 2100 831 55 2 0.001 34 8-86 100.0
2012-13 32510529 398 388 1.2 0 0.000 28 5-73 100.0
2013-14 40 697 435 2750416 6.8 0 0.000 32 6-83 100.0
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Table 6.12: Summary of observed and model-estimated total captures of Salvin’s albatross by October fishing year in traw! (effort in tows), surface
longline (effort in hooks) and bottom longline (effort in hooks) fisheries between 2002-03 and 2013-14. Observed and modelled rates are per 100 trawl
tows or 1000 longline hooks. Caps, observed captures; % obs, percentage of effort observed; % incl, percentage of total effort included in the model.
http://data.dragonfly.co.nz/psc/ Data version v2015001. Some of these estimates may have a small negative bias, see footnote 1.

Fishing effort Seabirds Model estimates
Year All effort Observed | % obs Caps Rate Mean 95% c.i. % incl
2002-03 130173 6 840 53 24 0.35 579 434-752 100.0
2003-04 120 830 6 549 54 11 0.17 436 306-594 100.0
2004-05 120 448 7714 6.4 37 0.48 691 522-892 100.0
2005-06 109 939 6619 6.0 9 0.14 449 322-602 100.0
200607 103 318 7933 7.7 14 0.18 403 290-538 100.0
2007-08 89524 9050 10.1 11 0.12 280 197-386 100.0
2008-09 87553 9805 11.2 37 0.38 336 250-446 100.0
2009-10 92 888 9010 9.7 40 0.44 397 297-517 100.0
2010-11 86 089 7 445 8.6 20 0.27 370 272-487 100.0
2011-12 84 421 9087 10.8 24 0.26 340 252-445 100.0
2012-13 83839 12 398 14.8 48 0.39 383 291-498 100.0
2013-14 85091 13 096 15.4 45 0.34 407 308-530 100.0
Surface longline
2002-03 10770 488 2195 152 20.4 1 0.000 62 27-112 100.0
2003-04 7 386 884 1607 304 21.8 0 0.000 47 19-88 100.0
2004-05 3679965 783 812 21.3 1 0.001 20 8-37 100.0
2005-06 3690 709 705 945 19.1 0 0.000 24 9-46 100.0
2006-07 3739 882 1040948 27.8 1 0.001 21 8-38 100.0
2007-08 2 246 339 421900 18.8 1 0.002 14 5-26 100.0
2008-09 3115633 937 496 30.1 3 0.003 20 8-35 100.0
2009-10 2995 264 665 883 22.2 1 0.002 21 8-39 100.0
2010-11 3188179 674572 21.2 0 0.000 14 5-28 100.0
2011-12 3099977 728 190 23.5 1 0.001 11 4-21 100.0
2012-13 2876932 560 333 19.5 0 0.000 10 3-21 100.0
2013-14 2 546 764 773 527 30.4 0 0.000 7 2-16 100.0
Bottom longline
2002-03 37 761953 10774 720 28.5 15 0.001 88 47-158 100.0
2003-04 43 214 066 5060 025 11.7 10 0.002 92 51-160 100.0
2004-05 41839578 2883725 6.9 0 0.000 97 42-195 100.0
2005-06 37 145583 3802951 10.2 1 0.000 78 30-174 100.0
2006-07 38126 940 2315772 6.1 22 0.010 132 59-314 100.0
2007-08 41 499 499 3593511 8.7 0 0.000 95 40-201 100.0
2008-09 37444720 4029 546 10.8 1 0.000 100 48-183 100.0
2009-10 40438 801 2271123 5.6 0 0.000 123 47-310 100.0
2010-11 40 899 106 1732775 4.2 2 0.001 114 56-216 100.0
2011-12 37876333 2100 831 55 0 0.000 134 54-306 100.0
2012-13 32510529 398 388 1.2 0 0.000 125 59-237 100.0
2013-14 40 697 435 2750416 6.8 6 0.002 209 97-450 100.0
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Table 6.13: Summary of observed and model-estimated total captures of Buller’s albatross by October fishing year in trawl (effort in tows), surface
longline (effort in hooks) and bottom longline (effort in hooks) fisheries between 2002—03 and 2013-14. Observed and modelled rates are per 100 trawl
tows or 1000 longline hooks. Caps, observed captures; % obs, percentage of effort observed; % incl, percentage of total effort included in the model.
http://data.dragonfly.co.nz/psc/ Data version v2015001. Some of these estimates may have a small negative bias, see footnote 1.

Fishing effort Seabirds Model estimates
Year All effort Observed | % obs Caps Rate Mean 95% c.i. % incl
2002-03 130173 6 840 53 6 0.09 116 58-197 100.0
2003-04 120830 6 549 54 9 0.14 131 73-218 100.0
2004-05 120448 7714 6.4 24 0.31 187 124-274 100.0
200506 109 939 6619 6.0 9 0.14 115 65-185 100.0
2006-07 103 318 7933 7.7 5 0.06 94 46-165 100.0
2007-08 89524 9050 10.1 18 0.20 125 79-191 100.0
2008-09 87553 9 805 11.2 18 0.18 106 64-171 100.0
2009-10 92 888 9010 9.7 11 0.12 95 53-161 100.0
2010-11 86 089 7 445 8.6 20 0.27 114 75-172 100.0
2011-12 84 421 9087 10.8 36 0.40 150 107-212 100.0
2012-13 83 839 12 398 14.8 59 0.48 133 98-188 100.0
2013-14 85091 13 096 15.4 36 0.27 112 75-167 100.0
Surface longline
2002-03 10770 488 2195 152 20.4 41 0.019 390 248-605 100.0
2003-04 7 386 884 1607 304 21.8 39 0.024 347 217-554 100.0
2004-05 3679965 783812 21.3 22 0.028 124 78-191 100.0
200506 3690 709 705 945 19.1 15 0.021 130 78-213 100.0
2006—-07 3739882 1040948 27.8 49 0.047 138 98-192 100.0
2007-08 2 246 339 421900 18.8 21 0.050 97 63-143 100.0
2008-09 3115633 937 496 30.1 30 0.032 117 77-176 100.0
2009-10 2995 264 665 883 22.2 69 0.104 168 128-226 100.0
2010-11 3188179 674572 21.2 28 0.042 128 83-188 100.0
2011-12 3099977 728 190 23.5 32 0.044 179 113-278 100.0
2012-13 2876932 560 333 19.5 10 0.018 130 77-209 100.0
2013-14 2 546 764 773 527 30.4 23 0.030 128 82-201 100.0
Bottom longline
2002-03 37761953 10774720 28.5 1 0.000 47 18-92 100.0
2003-04 43214 066 5060 025 11.7 0 0.000 44 18-84 100.0
2004-05 41839578 2883725 6.9 0 0.000 70 28-136 100.0
200506 37 145 583 3802951 10.2 0 0.000 59 22-119 100.0
2006-07 38126 940 2315772 6.1 0 0.000 72 27-140 100.0
2007-08 41 499 499 3593511 8.7 6 0.002 95 41-177 100.0
2008-09 37444720 4029 546 10.8 0 0.000 56 23-106 100.0
2009-10 40438 801 2271123 5.6 0 0.000 64 26-126 100.0
2010-11 40 899 106 1732775 4.2 0 0.000 76 31-148 100.0
2011-12 37876333 2100 831 55 3 0.001 68 28-133 100.0
2012-13 32510529 398 388 1.2 0 0.000 50 20-101 100.0
2013-14 40 697 435 2750416 6.8 3 0.001 59 26-112 100.0
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Table 6.14: Summary of observed and model-estimated total captures of white-chinned petrel by October fishing year in trawl (effort in tows), surface
longline (effort in hooks) and bottom longline (effort in hooks) fisheries between 2002—03 and 2013-14. Observed and modelled rates are per 100 trawl
tows or 1000 longline hooks. Caps, observed captures; % obs, percentage of effort observed; % incl, percentage of total effort included in the model.
http://data.dragonfly.co.nz/psc/ Data version v2015001. Some of these estimates may have a small negative bias, see footnote 1.

Fishing effort Seabirds Model estimates
Year All effort Observed | % obs Caps Rate Mean 95% c.i. % incl
2002-03 130173 6 840 5.3 13 0.19 130 83-191 100.0
2003-04 120830 6 549 5.4 18 0.27 112 75-160 100.0
2004-05 120448 7714 6.4 55 0.71 254 198-323 100.0
200506 109 939 6619 6.0 70 1.06 396 312-494 100.0
2006-07 103 318 7933 7.7 29 0.37 149 107-200 100.0
2007-08 89524 9050 10.1 60 0.66 233 183-293 100.0
2008-09 87553 9 805 11.2 104 1.06 344 284-413 100.0
2009-10 92 888 9010 9.7 74 0.82 286 226-357 100.0
2010-11 86 089 7 445 8.6 121 1.63 380 313-459 100.0
2011-12 84 421 9087 10.8 56 0.62 189 148-239 100.0
2012-13 83 839 12 398 14.8 276 2.23 426 386-475 100.0
2013-14 85091 13 096 15.4 105 0.80 185 158-217 100.0
Surface longline
2002-03 10770 488 2 195152 20.4 4 0.002 144 54-361 100.0
2003-04 7 386 884 1607 304 21.8 2 0.001 168 39-653 100.0
2004-05 3679965 783812 21.3 3 0.004 36 14-86 100.0
200506 3690 709 705 945 19.1 1 0.001 49 15-166 100.0
2006—-07 3739882 1040948 27.8 5 0.005 29 14-54 100.0
2007-08 2 246 339 421900 18.8 4 0.009 22 11-38 100.0
2008-09 3115633 937 496 30.1 3 0.003 22 10-39 100.0
2009-10 2995 264 665 883 22.2 3 0.005 27 13-47 100.0
2010-11 3188179 674572 21.2 6 0.009 29 15-50 100.0
2011-12 3099977 728 190 23.5 4 0.005 30 14-54 100.0
2012-13 2876932 560 333 19.5 1 0.002 34 14-67 100.0
2013-14 2546 764 773 527 30.4 1 0.001 25 10-49 100.0
Bottom longline
2002-03 37761953 10774720 28.5 132 0.012 487 313-797 100.0
2003-04 43214 066 5060 025 11.7 15 0.003 214 94-510 100.0
2004-05 41839578 2 883725 6.9 11 0.004 700 319-1 469 100.0
200506 37 145 583 3802951 10.2 13 0.003 322 124-870 100.0
2006-07 38126 940 2315772 6.1 12 0.005 728 303-1599 100.0
2007-08 41 499 499 3593511 8.7 10 0.003 441 181-1 016 100.0
2008-09 37444720 4029 546 10.8 1 0.000 388 148-904 100.0
2009-10 40438 801 2271123 5.6 1 0.000 354 138-832 100.0
2010-11 40 899 106 1732775 4.2 24 0.014 570 275-1 164 100.0
2011-12 37876333 2 100 831 5.5 1 0.000 342 122-934 100.0
2012-13 32510529 398 388 1.2 0 0.000 347 133-822 100.0
2013-14 40 697 435 2750416 6.8 34 0.012 444 210-919 100.0
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Table 6.15: Summary of observed and model-estimated total captures of sooty shearwaters by October fishing year in trawl (effort in tows), surface
longline (effort in hooks) and bottom longline (effort in hooks) fisheries between 2002—03 and 2013-14. Observed and modelled rates are per 100 trawl
tows or 1000 longline hooks. Caps, observed captures; % obs, percentage of effort observed; % incl, percentage of total effort included in the model.
http://data.dragonfly.co.nz/psc/ Data version v2015001. Some of these estimates may have a small negative bias, see footnote 1.

Fishing effort Seabirds Model estimates
Year All effort Observed | % obs Caps Rate Mean 95% c.i. % incl
2002-03 130173 6 840 53 120 1.75 1176 934-1 462 100.0
2003-04 120830 6 549 54 54 0.82 574 430-748 100.0
2004-05 120448 7714 6.4 74 0.96 613 469-793 100.0
200506 109 939 6619 6.0 169 2.55 1183 959-1 452 100.0
2006-07 103 318 7933 7.7 84 1.06 626 482-813 100.0
2007-08 89524 9050 10.1 82 0.91 505 391-647 100.0
2008-09 87553 9 805 11.2 152 1.55 679 555-824 100.0
2009-10 92 888 9010 9.7 43 0.48 348 255-471 100.0
2010-11 86 089 7 445 8.6 106 1.42 528 416-656 100.0
2011-12 84 421 9087 10.8 32 0.35 280 195-405 100.0
2012-13 83 839 12 398 14.8 104 0.84 318 243-426 100.0
2013-14 85091 13 096 15.4 125 0.95 364 292-463 100.0
Surface longline
2002-03 10770 488 2195 152 20.4 8 0.004 15 842 100.0
2003-04 7 386 884 1607 304 21.8 3 0.002 8 3-28 100.0
2004-05 3679965 783812 21.3 0 0.000 2 0-9 100.0
200506 3690 709 705 945 19.1 0 0.000 2 0-9 100.0
2006—-07 3739882 1040948 27.8 2 0.002 4 2-10 100.0
2007-08 2 246 339 421900 18.8 0 0.000 1 0-4 100.0
2008-09 3115633 937 496 30.1 0 0.000 1 04 100.0
2009-10 2995 264 665 883 22.2 0 0.000 1 0-5 100.0
2010-11 3188179 674572 21.2 0 0.000 1 0-5 100.0
2011-12 3099977 728 190 23.5 0 0.000 0 0-3 100.0
2012-13 2876932 560 333 19.5 0 0.000 1 0-5 100.0
2013-14 2 546 764 773 527 30.4 0 0.000 1 0-4 100.0
Bottom longline
2002-03 37761953 10774720 28.5 23 0.002 72 48-108 100.0
2003-04 43214 066 5060 025 11.7 17 0.003 102 51-196 100.0
2004-05 41839578 2883725 6.9 3 0.001 49 15-113 100.0
200506 37 145 583 3802951 10.2 3 0.001 24 8-51 100.0
2006-07 38126 940 2315772 6.1 1 0.000 30 5-83 100.0
2007-08 41 499 499 3593511 8.7 6 0.002 35 14-74 100.0
2008-09 37444720 4029 546 10.8 0 0.000 40 3-119 100.0
2009-10 40438 801 2271123 5.6 7 0.003 84 29-191 100.0
2010-11 40 899 106 1732775 4.2 0 0.000 34 2-99 100.0
2011-12 37876333 2100 831 55 0 0.000 31 2-92 100.0
2012-13 32510529 398 388 1.2 0 0.000 30 3-94 100.0
2013-14 40 697 435 2750416 6.8 0 0.000 20 1-57 100.0
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Figure 6.7: Map of trawl fishing effort and all observed seabird captures in trawls, October 2002 to September 2014. Fishing effort is mapped into 0.2-
degree cells, with the colour of each cell being related to the amount of effort (events). Observed fishing events are indicated by black dots, and observed
captures are indicated by red dots. Fishing is shown only if the effort could be assigned a latitude and longitude, and if there were three or more vessels
fishing within a cell. http://data.dragonfly.co.nz/psc/ Data version v2015001. See footnote 1.
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Table 6.16: Summary of seabirds observed captured in trawl fisheries 2002—-03 to 2013-14. Declared target species are: SQU, arrow squid; HOK+, hoki,
hake, ling; Mid., other middle depth species silver, white, and common warehou, barracouta, alfonsinos, stargazer; SCI, scampi; ORH+, orange roughy and
oreos; SBW, southern blue whiting; JMA, Jack mackerels; Ins., other inshore species for which one or more captures have been observed; tarakihi, red cod,
spiny dogfish, John dory, snapper; FLA, flatfishes. http://data.dragonfly.co.nz/psc/ Data version v2015001. See footnote 1.

Declared target species
Species or group sQu HOK+ Mid. SCl ORH+ SBW | IMA Ins. FLA Total
White-capped albatross 834 104 88 20 4 11 28 3 1092
Salvin's albatross 22 144 63 35 19 13 24 0 320
Southern Buller's albatross 97 104 32 8 3 1 2 1 0 248
Campbell albatross 2 8 0 1 0 2 0 0 13
Southern royal albatross 8 1 1 1 1 0 0 12
Chatham Island albatross 0 1 1 1 8 0 0 11
Southern black-browed 1 2 0 0 0 1 0 2 0
Gibson's albatross 0 0 0 1 0 0 1
Sooty albatross 1 0 0 0 0 0 1
Northern royal albatross 0 0 0 1 0 0 1
Albatross indet. 20 21 8 12 2 3 0 0 0 66
All albatrosses 985 385 193 77 39 21 13 55 3 1771
Sooty shearwater 659 278 156 37 3 11 1 0 1145
White-chinned petrel 706 83 85 75 1 26 5 0 981
Cape petrels 1 42 2 3 19 3 2 0 0 72
Flesh-footed shearwater 0 3 0 45 0 9 0 57
Grey petrel 1 1 0 3 42 0 0 47
Spotted shag 0 0 0 0 0 32 32
Westland petrel 2 19 3 0 1 2 0 27
Common diving petrel 5 11 2 2 2 2 0 0 24
Antarctic prion 17 0 0 0 0 0 17
Fairy prion 3 4 0 0 7 0 0 14
Giant petrel spp. 3 6 1 1 1 0 0 0 0 12
Black petrel 0 0 0 4 0 7 0 11
Grey-backed storm petrel 3 1 1 0 1 0 0 6
Fulmar prion 0 0 0 0 3 0 0 3
White-faced storm petrel 2 1 0 0 0 0 3
Black-bellied storm petrel 0 2 1 0 0 0 3
Short-tailed shearwater 0 0 0 1 1 0 0 2
Black-backed gull 0 0 0 0 0 1 1
White-headed petrel 1 0 0 0 0 0 1
Double-banded plover 0 1 0 0 0 0 1
Other bird indet. 110 26 10 2 3 5 2 7 0 165
All other birds 854 200 105 132 30 51 44 30 33 1479
All observed birds 1839 585 298 209 69 72 57 85 36 3250
|_Approx. proportion obs. 0.28 0.18 0.08 0.08 0.24 0.49 0.38 0.01 0.01 0.09
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Figure 6.8: Map of surface longline fishing