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AEBAR 2021

PREFACE

Aquatic Environment and Biodiversity Annual Reviews (AEBAR) have represented a significant annual
output of Fisheries New Zealand and its predecessors since 2011. The AEBAR is now more than 700
pages long and provides detailed summaries of the fisheries and scientific information available to
Fisheries New Zealand. It primarily addresses interactions between the seafood sector, biodiversity,
and the aquatic environment. The AEBAR is supported by more detailed reports and science papers
published on-line each year. The information contained within the AEBAR informs decision-making in
Fisheries New Zealand.

The AEBAR provides an environment-based analogue of Fisheries New Zealand’s annual Fisheries
Assessment Plenary reports. It includes the most recent data and analyses on particular aquatic
environment issues and, where appropriate, the current status against any specified targets or limits.
Whereas the Fisheries Assessment Plenary reports are organised by fish stock, the AEBAR is organised
by topic (e.g., protected species, bycatch, benthic impacts, etc.), and almost all topics involve more
than one fish stock or fishery.

Fisheries New Zealand Science Working Groups contribute substantially to the AEBAR. These are
primarily the Aquatic Environment Working Group (AEWG), the Antarctic Working Group (ANTWG),
and the Biodiversity Research Advisory Group (BRAG). Over time, constructive relationships with
industry, recreational, and environmental interests have been developed through the working groups
and it has become expedient to finalise AEBAR chapters through the Science Working Group
processes.

As more data are collected, more analyses are conducted, and more sophisticated models are
developed, the Fisheries New Zealand peer review processes have become increasingly more rigorous.
Research and science standards and the terms of reference for each working group have been
developed to ensure a high quality and consistent peer review process. A wide variety of relevant,
peer reviewed research that has not been contracted through Fisheries New Zealand is summarised
in the AEBAR. This work is included only when it meets the Fisheries New Zealand Research and
Science Information Standard.

Improvement of the AEBAR is ongoing and each chapter is reviewed annually and updated when new
research results or data become available. An appendix summarising aquatic environment, Antarctic,
and marine biodiversity research projects commissioned since 1998 is regularly updated for reference.
The status of each chapter is clearly stated in the first row of the overview table for each chapter.
Technical summary sheets are located at the start of each chapter.

The AEBAR 2021 has been led by the Science Group within the Directorate of Fisheries Science and
Information in Fisheries New Zealand. It has also relied on the input of members from the AEWG,
ANTWG, and BRAG working groups, as well as the Department of Conservation’s Conservation
Services Programme Technical Working Group (CSP-TWG) and other individuals who were
commissioned to assist. | would like to recognise and thank all members of the Aquatic Environment
Science Team (Mary Livingston, lan Tuck, Marco Milardi, Ben Sharp, Karen Lisa Tunley, William Gibson,
Josh van Lier, Suze Baird, Campbell Murray, Fabrice Stephenson and Jean Davis) for completing a
major milestone for our team. | also thank the Aquaculture and the Fisheries Management
Directorates at Fisheries New Zealand, and the large number of scientists from research organisations
(in particular Di Tracey, Phil Sutton and Matt Pinkerton from NIWA for their contributions to the
Climate Chapter), academia, the seafood industry, environmental NGOs, Maori customary teams at
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the Department of Conservation, and MPI, along with all other participants in numerous AEWG,
ANTWG, BRAG, and CSP-TWG meetings for their active participation and contributions to this review.

| am pleased to endorse this document as representing the best scientific information on the
environmental effects of fishing, marine biodiversity, and other environmental information available
to Fisheries New Zealand as at May 2022.

Philip Heath

Manager Aquatic Environment Team, Fisheries Science and Information Directorate, Fisheries New
Zealand

May 2022



AEBAR 2021

CONTENTS

L INTRODUCTION 1
1.1 CONteXt AN PUIDOSE 1
1.2 Legislation 2
1.3 PONCY SO NG 2
1.4 S ENCE PrOCES S S 6
1.5 RO O N S 7
2. Research Themes covered in this dOCUMENT 8
THEME 1: PROTECTED SPECIES 10
3. Spatially Explicit Fisheries Risk Assessment 11
TeCNNICal UMM AIY 1
3.1 oM Xt 17
3.2 MO NS 32
3.3 MO N UL 32
3.4 Alternative Implementations of the SEFRA Framework 47
3.5 RO O NS 49
4. New Zealand Sea Lion (Phocarctos hooKeri) 51
TeChNICal UMM AIY 51
4.1 M X 53
4.2 B0 OBy 54
4.3 Global Understanding of Fisheries Interactions. 70
4.4 State of Knowledge in New Zealand. 70
45 INAICators and TreNaS 95
4.6 RO O NS 97
5. New Zealand Fur Seal (Arctocephlaus fosteri) 103
TeCNICal UMM AIY 103
5.1 M X 105
5.2 BIO O Y 106
5.3 Global Understanding of Fisheries Interactions. 111
5.4 State of Knowledge in New Zealand. 111
5.5 INAiCators and TreNaS 121
5.6 RO O NS 122
6. Hector’s Dolphin (Cehphalorhynchus hectori hectori) and Maui Dolphin (C. h. maui) .. 127
TeChNICal UMM AIY 127
6.1 oM Xt 130
6.2 B0 O Y 131
6.3 FISNEries Nt raCt ONS 145
6.4 Spatially Explicit Multi-threat Risk Assessment 148
6.5 Hector’s and Maui Dolphin Demographic Population Models 164
6.6 Managing Fisheries andn Non-fisheriesRisk 172
6.7 INAICAtOrs AN TreNAS 178
6.8 RO O N S 178
7. New Zealand Common Dolphin (Delhinus delphis delphis) 186
TeCNNICal SUMIMAIY 186
7.1 oM XY 188
7.2 BIO O Y 189
7.3 Global Understanding of Fisheries INteractions. 195

7.4 State of Knowledge in New Zealand 196



AEBAR 2021

7.5 Indicators and Trends 206

7.6 RO O N S 207

8. New Zealand Seabirds 211
TeChNICal SUMMAIY 211

8.1 COM XY 214

8.2 BIO O Y 220

8.3 Global Understanding of Fisheries Interactions. 220

8.4 State of Knowledge in NeW Zealand 222

8.5 INdICAtors and TreNAS 304

8.6 RO O N S 306
THEME 2: NON-TARGET FISH AND INVERTEBRATE CATCH 317
9. Non-target Fish and Invertebrate Catch. 318
TeChNiCal SUMMAIY 318

9.1 oM XY 321

9.2 Global Understanding. 322

9.3 New Zealand OVerVieW 323

9.4 Information by FiShery Area. 325

9.5 INformation By FiSNeryY 333

9.6 INAICators and TreNOS 365

9.7 RO O N S 367

10. Chondrichthyans (Sharks, Rays and Chimaeras) 371
TeChNiCal SUMMAIY 371
10.1 COM XY 373
10.2 B0 OBy 374
10.3 Global Understanding of Fisheries Interactions 375
10.4 State of Knowledge of Fisheries Interactions in New Zealand 377
10.5 INdicators and TreNAS 380
10.6 RO O N S 390
THEME 3: BENTHIC IMPACTS . 395
11. Benthic (Seabed) IMPacts. 396
TeChNiCal SUMMAIY 396
111 oM XY 398
11.2 Global Understanding. 404
11.3 State of Knowledge in New Zealand 407
11.4 INAICators and TreNdS 424
11.5 RO O NS 425
THEME 4: ECOSYSTEM ERFECTS 431
12, Climate and OCeaNS. 432
TeCNICal SUMMAIY 432
12.1 COM XY 435
12.2 Indicators and TreNdS 439
12.3 Ocean Climate Trends and New Zealand Fisheries 459
12.4 RO O N S 462

13. Trophic and Ecosystem-Level Effects 468
TeCNICal SUMMAIY 468
13.1 M X 469
13.2 What Causes Trophic and Ecosystem-Level Effects? 475

13.3 What Types of Ecosystems are likely to be Most Affected? . 477
13.4 Over what Spatial Scales do Trophic and Ecosystem-Level Change Occur? . 480

13.5 How can Trophic and Ecosystem-Level Effects be Detected? 482

13.6 Discussion 487



AEBAR 2021

13.7 CONCIUSIONS 490
13.8 RO O N CS 490

14. Habitats of Particular Significance for Fisheries Management. 503
TeCNNICal UMM AIY 503
14.1 oM XY 504
14.2 Global UNderstanding. 505
14.3 State of Knowledge in NeW Zealand 508
14.4 INAICatOrs AN TrENOS 510
14.5 RO O NS 510

15. Land-Based Effects on the Coastal ENVirONmMeNt 514
TeCNICal UM AIY 514
15.1 oM Xt 515
15.2 Global UNderstanding. 517
15.3 State of Knowledge in NewW Zealan 519
15.4 INdicators and TreNOS o 522
15.5 RO O N S 524

16. Ecological Effects of Marine Aquaculture. 527
TeCNNICal UMM AIY 527
16.1 oM XY 529
16.2 RO O S 555

17 ANTAICHIC SO BN e, 564
TeCNNICal SUMMIAIY 564
17.1 oM XY 566
17.2 ROSS S ECOSY S M 572
17.3 Ecosystem Effects of Fishing in the Antarctic 576
17.4 INdicators and Tr NAS 589
17.5 RO O N S 594
THEME 5: MARINE BIODIVERSITY 602
18, BIOIV O S Y 603
TeCNICal UM AIY 603
18.1 N OTUC  OM 606
18.2 The Fisheries New Zealand Biodiversity Research Program._ 607
18.3 Marine Biodiversity Trends in New Zealand 607
18.4 Overall Progress in Fisheries New Zealand Marine Biodiversity Research 614
18.5 Evaluation of Research Effectiveness. 625
18.6 CoNnClUAING REMaATKS 629
18.7 RO O NS 629

19, APPENDICES 639
19.1 Glossary of Terms and ACrONYMS 639
19.2 Membership and Protocols for All Science Working Groups.__ 644
19.3 Terms of Reference for the Aquatic Environment Working Group (AEWG) for 2020 ... .. 646
19.4 Aguatic Environment and Biodiversity Funded and Related Projects. . 656
19.5 Appendices from Chapter 9 Fish and Invertebrate Bycatch_ .76

19.6 Appendices from Chapter 10 Chondrichthyans 768



1 INTRODUCTION

Status of Chapter

1.1 CONTEXT AND PURPOSE

Improving environmental performance and modernising
fisheries management is at the core of extensive reforms
that are currently underway in Fisheries New Zealand.
These include changes to the Fisheries Act, moving towards
electronic monitoring of commercial catch, and
management measures to further protect New Zealand’s
protected species from the effects of fishing. Underpinning
such reforms is the science required to inform
management decisions about environmental matters, to
identify risks and to optimise the use of new data streams
that will be generated in the coming years. The Fisheries
Science and Information Directorate is responsible for
identifying and ensuring that the science needs for fisheries
management both domestically and internationally are

met.

When the Quota (QMS)  was

introduced in 1986, most of the fisheries management

Management System

related research focused on collecting the data required for
stock assessment of key species in the QMS. In addition to
the collection of catch records, scientific surveys to
estimate fish abundance were conducted. Biological

research to investigate the age structure of fish
populations, their reproductive capacity, and natural
mortality was also undertaken. Concerns about the effects
of fishing on the environment, biodiversity, and climate
change as risks to sustainability were not part of the
dialogue at that time. Understanding the interactions
between the aquatic environment and fishing activity has
become increasingly important as New Zealand moves
towards a more ecosystem based approach to fisheries

management.

The Aquatic Environment and Biodiversity Annual Review
(AEBAR) is a key document that is updated each year to
provide transparency about research that has been
commissioned by Fisheries New Zealand. The AEBAR
complements Fisheries New Zealand’s annual reports from
Fisheries Assessment Plenaries. The Plenary documents
report on the assessments of individual fish stocks, and the
AEBAR reports on aquatic environment fisheries-related

This chapter has been updated for AEBAR 2021.

issues and biodiversity responsibilities. These often apply
across many fish stocks, fisheries, or activities, and
sometimes include the responsibilities of multiple agencies.

The AEBAR has
Environment Fisheries Science Team. It is updated and

been developed by the Aquatic
drafted each year with assistance from working group
members (primarily the Aquatic Environment Working
Group, AEWG and the Biodiversity Research Advisory
Group, BRAG) and selected research providers. As with the
reports from Fisheries Assessment Plenaries, it has already
grown substantially since its first publication in 2011 and is
expected to grow and evolve further as new information
becomes available and more issues are considered.
Fisheries New Zealand aims to update as many chapters as
possible each year. The need for an update is prioritised
when new information becomes available through Fisheries
New Zealand Science processes and for emerging topics.
This year, significant updates have been made to sections
within the Biodiversity, Seabirds, Antarctic, and Climate &
Oceans chapters. Other chapters have been updated to a
lesser extent. The status is provided at the start of each
chapter.

The AEBAR provides a national overview on each
environmental issue considered. For instance, the benthic
(seabed) effects of mobile bottom-fishing methods are
dealt with at the level of all such fisheries combined rather
than at the level of a target fishery. The details of
environmental issues for individual fisheries are
documented in selected chapters in the May or November
Report from the Fisheries Assessment Plenary (Fisheries

New Zealand 2021a, Fisheries New Zealand 2021b).

The first part of this document describes the legislative and
policy context for aquatic environment and biodiversity
research commissioned by Fisheries New Zealand, and the
science processes used to generate and review that
research. The second, and main part of the document,
contains chapters on key aquatic environment issues for
fisheries management. Those chapters are under six broad
themes: protected species, non-QMS bycatch (mostly fish),
benthic effects, ecosystem issues (including New Zealand’s



oceanic setting), marine biodiversity, and aquaculture. The
final part of the review includes appendices for reference.

1.2 LEGISLATION

The primary legislation for the management of fisheries,
including the effects of fishing on the aquatic environment,
is the Fisheries Act 1996 (Table 1.1). The main guidance to
avoid, remedy, or mitigate any adverse effect of fishing on
the aquatic environment is given in sections 8, 9, and 15,
although sections 10, 11, and 13 are also relevant to
decision-making under this Act (Table 1.2). Fisheries New
Zealand also administers a range of other acts on behalf of
the Ministry for Primary Industries (MPI) and there are
some acts administered by other agencies (Table 1.1) that
lead to a requirement for Fisheries New Zealand to work
with
Department of Conservation (DOC), the Ministry for the

other government departments (especially

Environment (MfE), the Natural Resources Sector!), and
with various territorial authorities (especially regional

councils) to a much greater extent than is required for most
fisheries stock assessments.

Various layers of Regulations and Orders in Council (see
http://www.legislation.govt.nz/) exist under the primary

legislation. It is beyond the scope of this document to
summarise these.

In addition to its domestic legislation, the New Zealand
government is a signatory to a wide variety of International
Instruments and Agreements that bring with them various
International Obligations (Table 1.3). 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 STRATEGIC
STRATEGY

INTENTIONS AND OUR

Fisheries New Zealand is the principal adviser to the
Government on fisheries and aquaculture. This is a business
unit located in the Ministry for Primary Industries that also
business have

includes other units which together

responsibilities for fisheries, agriculture, horticulture,
forestry, food safety, animal welfare, and the protection of
New Zealand’s primary industries from biological risk, i.e.,
biosecurity. MPI’s Strategic Intentions (formerly called
Statement of Intent, SOI) document is an important guiding
document for the short to medium term. This document is
available on the MPI website at:

https://www.mpi.govt.nz/dmsdocument/31056/direct.

Table 1.1: New Zealand Acts of environmental relevance to Fisheries New Zealand. * Denotes the Act of primary importance for the management of

fisheries.

Acts that Fisheries New Zealand administers

Fisheries Act 1996*

Fisheries Act 1983 (residual parts)

Treaty of Waitangi (Fisheries Claims) Settlement Act 1992
Fisheries (Quota Operations Validation) Act 1997

Maori Fisheries Act 2004

Maori Commercial Aquaculture Claims Settlement Act 2004

Aquaculture Reform (Repeals and Transitional Provisions) Act 2004

Driftnet Prohibition Act 1991
Antarctic Marine Living Resources Act 1981

Acts requiring Fisheries New Zealand to work with others
Wildlife Act 1953

Marine Mammals Protection Act 1978

Marine Reserves Act 1971

Conservation Act 1987

Hauraki Gulf Marine Park Act 2000

Resource Management Act 1991

Exclusive Economic Zone and Continental Shelf
(Environmental Effects) Act 2012

Environmental Reporting Act 2015

Table 1.2: Sections of the Fisheries Act 1996 relevant to the management of the effects of fishing on the aquatic environment and biodiversity.

Fisheries Act 1996

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 the Chief
Executive of the Ministry for the Environment.
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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.

s10 Information Principles
All persons exercising or performing functions, duties, or powers under this Act, in relation to the utilisation of fisheries resources
or ensuring sustainability, shall take into account the following information principles:

a. decisions should be based on the best available information,
b. decision makers should consider any uncertainty in the information available in any case,
c. decision makers should be cautious when information is uncertain, unreliable, or inadequate,

d. inthe absence of, or any uncertainty in, -information should not be used as a reason for postponing or failing to take any
measure to achieve the purpose of this Act.

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.

$13, 2b Total Allowable Catch. The Minister may set a TAC that enables the level of any stock whose current level is below that which
can produce the maximum sustainable yield to be altered within a period appropriate to the stock, having regard to the biological
characteristics of the stock and any environmental conditions affecting the stock;

$13, 2A b Total Allowable Catch. For the purposes of setting a total allowable catch under this section, if the Minister considers that
the current level of the stock or the level of the stock that can produce the maximum sustainable yield is not able to be estimated
reliably using the best available information, the Minister must have regard to the interdependence of stocks, the biological
characteristics of the stock, and any environmental conditions affecting the stock;

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.

Fisheries New Zealand’s broad approach was updated in e  Protection: New Zealand is protected from

2017 with a refresh of Our Strategy 2030. The new strategy
was called Our Strategy (Figure 1.1) and is available on the
website at:

Ministry’s http://www.mpi.govt.nz/about-

mpi/our-strategy/. The Ministry’s purpose is unchanged in

Our Strategy as “growing and protecting New Zealand” but
a new ambition is defined as “New Zealand is the most
trusted source of high value natural products in the world”.
Four key outcomes are also outlined:

e  Growth: New Zealand’s food and primary sector
grows the value of its exports;

e  Sustainability: New Zealand’s natural resources
are sustainable, in the primary sector;

biological risk and our products are safe for all
consumers; and

e  Participation: New Zealanders participate in the
success of the primary industries.

To provide relevant information to fulfil these roles in terms
of interaction with the environment, Fisheries New Zealand
commissions the following types of research:

e aquatic environment research to assess the effects
of fishing and aquaculture on marine habitats,
protected species, non-target species of fish and
other species caught by fishing, and to understand
habitats of special significance for fisheries;
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marine biodiversity research to increase our
understanding of the systems that support resilient
ecosystems, productive fisheries, and aquaculture,
including their trophic linkages and the effects of

ecosystem-scale

climate change. There is increasing focus on

studies that develop the

information needed for Ecosystem Based Fisheries
Management.

Table 1.3: 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 States
contained in UNCLOS.

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 speciesin 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 been
negotiated to facilitate management of non-highly
migratory species in the South Pacific.

Te Mana o te Taiao — Aotearoa New Zealand
Biodiversity Strategy 2020 and the Aichi Agreements
In August 2020 New Zealand launched a refreshed
biodiversity strategy for the protection, restoration,
and sustainable use of biodiversity, which has goals
and targets relevant to fisheries management.



1.3.2 FISHERIES PLANS

Fisheries planning processes for deepwater and middle-
depth species, highly migratory species, inshore finfish,
inshore shellfish, and freshwater fisheries use objective-
based management to drive the delivery of services. The
planning processes are guided by a series of National
which
characteristics of these fisheries. The first National Plans for

Fisheries  Plans, recognise the distinctive
deepwater and middle-depth fisheries and highly migratory
species fisheries were approved by the Minister in
September 2010 and a suite of three draft plans for inshore
species was released in 2020. Fisheries New Zealand is
currently reviewing the plans and is, or will be, consulting
on such reviews. Fisheries plans establish management
objectives for each fishery, including those related to the
environmental effects of fishing. All are available on the
Fisheries New Zealand’s website together with a wide
variety of other information on the management of these

fisheries.

Deepwater and middle-depth fisheries:
http://www.mpi.govt.nz/growing-and-

harvesting/fisheries/fisheries-management/deepwater-

fisheries/

Highly migratory species (HMS) fisheries:
http://www.mpi.govt.nz/growing-and-

harvesting/fisheries/fisheries-management/highly-

migratory-species/

Inshore fisheries (comprising finfish, shellfish, and
freshwater fisheries):
http://www.mpi.govt.nz/growing-and-
harvesting/fisheries/fisheries-management/inshore-

fisheries/

Antarctic and other international (high seas) fisheries are
not covered by fisheries plans but, rather, by the plans and
strategies of the respective international organisations
(CCAMLR, SPRFMO, WCPFC, CCSBT, etc.).

Figure 1.1. The four outcomes of the Ministry for Primary Industries Strategy, released in 2019.

1.3.3 OTHER STRATEGIC DOCUMENTS

A number of strategies or reviews have been published that
interface with aquaculture and fisheries values and
research requirements. These include: the Aquaculture
Strategy; Biosecurity Strategy (2003, followed by its science
strategy 2007 and more recently Biosecurity 2025); the
Marine Protected Area Policy and Implementation Plan
(2005); MfE’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); Fisheries 2030 (2009); MfE’s Roadmap
for Environment Science (2016); 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 in 2013 and 2020); the New
(2017
https://www.doc.govt.nz/globalassets/documents/conserv

Zealand Sea Lion Threat Management Plan

ation/native-animals/marine-mammals/nz-sea-lion-

tmp/nz-sea-lion-threat-management-plan.pdf); the
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Hector’'s and Maui Dolphin Threat Management Plan
Review (https://www.mpi.govt.nz/dmsdocument/34971);

and the New Zealand National Plan of Action for the
Conservation and Management of Sharks (2013); MfE and
Stats New Zealand Environmental Reporting Act 2015, Our
2019
(https://www.mfe.govt.nz/publications/environmental-

Marine Environment

reporting/our-marine-environment-2019); New Zealand’s

Biodiversity Action Plan 2016; and Te Mana o te Taiao -
Aotearoa New Zealand Biodiversity Strategy 2020.

In 2012, the Natural Resources Sector

https://www.mfe.govt.nz/about-us/who-we-

work/overview-who-we-work formed a Marine Directors’

Group to improve data sharing and information exchange
with
responsibilities, particularly Fisheries New Zealand, DOC,

across key agencies marine environmental

MfE, Environment Protection Agency, Land Information
New Zealand, Ministry of Business, Innovation, and
Employment, and Stats NZ. Another initiative between
business and government to address environmental issues
Aotearoa Circle

in New Zealand is the

https://www.theaotearoacircle.nz/.

1.4 SCIENCE PROCESSES

1.4.1 RESEARCH PLANNING

Fisheries New Zealand has adopted an approach of
specifying management objectives for fisheries in Fisheries
Plans and using these to develop implementation strategies
and required services, including research. Services specific
to a fisheries plan are identified in Annual Operational Plans
that are updated each year (available via the links in section
1.3.2). Alongside this process, and in close consultation with
fisheries managers and the Department of Conservation,
Fisheries New Zealand also develops a portfolio of research
on aquatic environment issues related to fisheries. This
portfolio is designed to meet information needs that span
multiple fisheries (e.g., incidental captures of seabirds
across multiple fisheries in multiple areas) as well as the
specified needs of individual fisheries plans. Also included
in the Aquatic Environment portfolio is work aimed at
addressing emerging issues (e.g., effects of climate change
on fisheries, ecosystem based fisheries management,
aquaculture) and emergencies (e.g., Kaikoura earthquake).
Marine biodiversity research has a much broader and more
strategic focus, and planning of such research is conducted
through the Biodiversity Research Advisory Group (BRAG)
chaired by Fisheries New Zealand in consultation with MBIE

research  programmes, science challenges, local

government initiatives, and DOC. Fisheries New Zealand
will produce a Medium Term Research plan for Aquatic
Environment research in 2022. The plan will set the
research direction for the next 5 years with a focus on
science that helps to deliver Ecosystem Based Fisheries

Management.

1.4.2 RESEARCH REVIEW AND
CONTRIBUTING WORKING GROUPS

Any research that is intended or likely to inform fisheries
management decision-making must be reviewed against
the requirements of the Research and Science Information
Standard for (RSIS, 2011)
(https://www.mpi.govt.nz/dmsdocument/3692-research-

New Zealand Fisheries

and-science-information-standard-for-new-zealand-

fisheries).

The main contributing working groups for this document
are Fisheries New Zealand’s Aquatic Environment Working
Group (AEWG), the Antarctic Working Group (ANTWG), and
the Biodiversity Research Advisory Group (BRAG). The
Department of Conservation’s Conservation Services
Programme Technical Working Group (CSP-TWG, see
http://www.doc.govt.nz/our-work/conservation-services-

programme/meetings-and-project-updates/) also

considers a wide range of DOC-funded projects related to
protected species, sometimes in joint meetings with the
AEWG. Fisheries New Zealand Fishery Assessment Working
Groups occasionally consider research relevant to this
review where there is particular relevance to a fishery.

Terms of reference for Fisheries New Zealand working

groups are periodically revised and updated (see
Appendices 19.1-19.7 for those working groups relevant to

this document).

The AEWG is convened for Fisheries New Zealand 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
the 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
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and on fishing. Where possible, the 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 status and make projections. It has no
mandate to make management recommendations or
decisions. Membership of the AEWG is open (and current
participants are listed in Appendix 19.2).

The ANTWG is convened with an overall purpose assess the
stock status and the effects of fishing for Antarctic fisheries.
The purview of the ANTWG includes: stock status of target
species, bycatch and unobserved mortality of protected
species, fish, and other marine life; effects on biodiversity
and benthic biodiversity, species, and habitat; and changes
to ecosystem structure and function as a result of fishing,
and including trophic effects. The ANTWG also provides
peer review of documents and papers submitted to the
scientific working groups of CCAMLR to aid and inform its
management. The ANTWG is a technical forum to assess
the stock status, effects of fishing or environmental status,
and make projections. It has no mandate to make
management recommendations or decisions. Membership
of ANTWG is open (and current participants are listed in
Appendix 19.2).

The two main responsibilities of the BRAG are: to review,
discuss, and convey views on the results of marine
biodiversity research projects contracted by the Fisheries
New Zealand; and to discuss, evaluate, and make
recommendations on annual fisheries research plans and
individual projects. Both tasks have evolved from the
strategic goals in both the New Zealand Biodiversity
Strategy (2000) and the Strategy for New Zealand Science
in Antarctica and the Southern Ocean (2010). More
recently, the programme has become aligned to research
on emerging issues such as climate change and ocean
acidification. The BRAG has provided advice and oversight
of some large cross-government survey projects such as
NORFANZ, BIOROSS, Fisheries and Biodiversity Ocean
Survey 20/20; and International Polar Year (IPY) Census of
Antarctic Marine Life (IPY-CAML). Membership of the BRAG

is open and current participants are listed in Appendix 19.2.

Following consideration at one or more meetings of
appropriate working groups, final reports from individual
projects are also technically reviewed by Fisheries New
Zealand 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
(discontinued Fisheries Assessment Research Documents),
and MBBRs
Biosecurity Reports), and some FRRs are in the Document
library at: http://fs.fish.govt.nz/Page.aspx?pk=61&tk=297.
More recent reports are available from the MP| website at:

(discontinued Marine Biodiversity and

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

resources/publications/.

1.4.3 REVIEW OF RESEARCH NOT FUNDED BY
FISHERIES NEW ZEALAND

Almost all research of direct relevance to management of
fish stocks is commissioned by Fisheries New Zealand and
reviewed through Fisheries New Zealand fishery
assessment working groups. This is a structured approach
to meet the requirements of the RSIS. However, research
on various aspects of the environmental effects of fishing is
also commissioned by a range of external organisations and
is commonly published in science journals. It is not always
clear that the requirements of the RSIS have been met in
these cases. Fisheries New Zealand working groups,
including the AEWG and BRAG, can provide an excellent
and well-informed forum to discuss such research, and
researchers are encouraged to bring their work on the
environmental effects of fishing to this forum for review
and assessment against the requirements of the RSIS. This
is particularly important if researchers wish their work to be
used to inform Fisheries Management processes. Whether
or not a working group has considered them, reports or
journal papers that are intended or likely to inform fisheries
management decision-making are technically reviewed by
the Fisheries New Zealand'’s fisheries science team before

they can be used.

1.5 REFERENCES

Fisheries New Zealand (2021a) Fisheries Assessment Plenary, May 2021:
stock assessments and stock status. Compiled by the Fisheries
Science Team, Fisheries New Zealand, Wellington, New
Zealand. 1782 p.

Fisheries New Zealand (2021b) Fisheries Assessment Plenary, November
2021: stock assessments and stock status. Compiled by the
Fisheries Science and Information Group, Fisheries New
Zealand, Wellington, New Zealand. 663 p.

Ministry of Fisheries (2011) Research and Science Information Standard
for New Zealand Fisheries. Ministry of Fisheries, Wellington,
New Zealand. 31 p.


http://fs.fish.govt.nz/Page.aspx?pk=61&tk=297
http://www.mpi.govt.nz/news-and-resources/publications/
http://www.mpi.govt.nz/news-and-resources/publications/

2 RESEARCH THEMES COVERED IN THIS DOCUMENT

Status of chapter

Fisheries New Zealand commisions five broad themes of
research that reflect our legislative responsibilities and
obligations outlined in Chapter 1:

Theme 1. Protected species

Theme 2. Non-target fish and invertebrate catch
Theme 3. Benthic impacts

Theme 4. Ecosystem effects

Theme 5. Marine Biodiversity

Each theme has several chapters that provides the latest
science available to Fisheries New Zealand Working Groups
on topics relating to the effects of fishing on the aquatic
environment, ecosystem scale effects and marine
biodiversity. Where topics overlap, crosslinks between
chapters are provided.

1. PROTECTED SPECIES

e CH. 3. SPATIALLY EXPLICIT FISHERIES RISK
ASSESSMENT: Describes the methodology
developed for advanced spatially explicit risk
assessment.

e CH.4. NEW ZEALAND SEA LION (PHOCARCTOS
HOOKERI): Describes the scientific information
that underpins the New Zealand sea lion Threat
Management Plan 2017.

e CH.5. NEW ZEALAND FUR SEAL
(ARCTOCEPHLAUS FOSTERI): Describes the
current state of knowledge about fur seals in New
Zealand waters.

e CH.6. HECTOR’S DOLPHIN
(CEHPHALORHYNCHUS HECTORI HECTORI)
AND MAUI DOLPHIN (C. H. MAUI): Describes
the scientific information that underpins the
Hector’s and Maui Dolphins Threat Management
Plan 2020.

e CH.7.NEW ZEALAND COMMON DOLPHIN
(DELPHINUS DELPHIS DELPHIS): Describes the

This chapter has not been updated for AEBAR 2021.

current state of knowledge about common
dolphins in New Zealand waters

CH.8. NEW ZEALAND SEABIRDS: Provides the
most recent risk assessment results and
demographic studies for seabirds affected by
fishing in New Zealand.

NON-TARGET FISH AND INVERTEBRATE CATCH

CH. 9. NON-TARGET FISH AND INVERTEBRATE
CATCH: Provides estimates of incidental capture
of fish and invertebrates (bycatch) and discard
rates.

CH.10. CHONDRICHTHYANS (SHARKS, RAYS
AND CHIMAERAS): Describes the target and non-
target catch of cartilaginous fish. Including
protected shark species.

BENTHIC IMPACTS

CH. 11. BENTHIC (SEABED) IMPACTS: Describes
the annual trawl footprint of fishing, the impacts
of fishing on the seabed, seabed habitat
classification and seabed recovery projects.

ECOSYSTEM EFFECTS

CH. 12. NEW ZEALAND’S CLIMATE AND
OCEANIC SETTING: Describes oceanic circulation
and productivity of the New Zealand region;
regime shifts and environmental trends.

CH.13. TROPHIC AND ECOSYSTEM-LEVEL
EFFECTS: The potential effects of fishing on
marine foodwebs are described.

CH. 14. HABITATS OF PARTICULAR
SIGNIFICANCE FOR FISHERIES MANAGEMENT:
Highlights habitats that could be considered of



particular significance to fisheries management
(e.g., spawning grounds; nursery grounds).

e (CH. 15. LAND-BASED EFFECTS ON FISHERIES:
Describes the main known threats of land based
activities on marine ecosystems (eg., nutrient
levels, sedimentation).

e CH.16. ECOLOGICAL EFFECTS OF MARINE
AQUACULTURE: Describes known and potential
ecological effects of current marine aquaculture
operations in New Zealand.

e (CH.17. ANTARCTIC SCIENCE RESEARCH:
Describes research that underpins New Zealand
engagement in the management of the Ross Sea
region and the Southern Ocean.

5.  MARINE BIODIVERSITY

e (CH. 18. MARINE BIODIVERSITY: This chapter
reports on research that has been driven largely by
the New Zealand Biodiversity Strategy (2000). In
recent years there has been a focus on the effects
of climate change on the seafood sector.

Research progress is not uniform across these themes; for
example, our knowledge of the quantum and consequences
of fishing-related mortality on protected species is much
better developed than our knowledge of the consequences
of catching non-target fish, bottom trawl impacts, or land
management choices for ecosystem processes or fisheries
productivity.

Ultimately, the goal of research described in AEBAR
complements information on fishstocks to ensure that the
Ministry has the information required to underpin progress
towards an ecosystem approach to fisheries management.
Stock assessment results have been published for many
years in Fisheries Assessment Reports, Final Research
Reports, and the Annual 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 first 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
access for fisheries managers and stakeholders. Fisheries
New Zealand continues to explore better ways to
document, review, publicise, and integrate information
from environmental assessments with traditional fishery
assessments, including annual publication of this
document. The AEBAR relies 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, results
published by other organisations and in the scientific
literature are also important. 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.



THEME 1: PROTECTED SPECIES
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Chapter 3. Snapshot of Chapter 3 -

Spatially Explicit Fisheries Risk Assessment (SEFRA)

1. THE METHOD IN BRIEF

* SEFRA is a method to estimate the risk to protected marine species posed by fishing (or other threats)

* Risk is represented as a ratio between the estimated mortality of a species across all fisheries and an estimate
of mortality that the species population can withstand while achieving a desired population outcome
(generally a stable or increasing population)

* This method is particularly useful in instances where data on observed fisheries mortality is very low (e.g., rare
species or low observer coverage), and thus cannot be used directly in risk assessment

* Detailed inputs can allow development of robust and tailored management options

* Uncertainty in model outputs can be evaluated and tracked (see 5.)

* The method can be used to estimate risks from multiple threats simultaneously (e.g., fishing, diseases, etc.)

2. ESTIMATING INTERACTIONS

* The SEFRA method uses the spatial distribution and abundance of a species, combined with the distribution
and intensity of fishing or other threats, as a way to estimate their overlap

* Where there is no overlap, there is no interaction. In overlap areas, the method can model the interactions
(e.g., captures or warp strikes) between species and fishing gear (see 3.)

Spatial distribution and abundance of the species

_|_

Spatial distribution and intensity of fishing/other threat

Y Overlap (areas where interactions can occur)

3. ESTIMATING CAPTURES

* The probability that an interaction will result in a capture
or death, termed ‘vulnerability; is estimated using fisheries
observer data. Vulnerability is estimated separately for
different types of fishing gear, and may be adjusted by

mitigation measures (e.g., tori lines)

* Fatal interactions that cannot be observed, i.e., ‘cryptic
mortality; are estimated by species/gear, from available data
or expert judgment
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4. ESTIMATING POPULATION RISK

* SEFRA compares the fatalities with a‘Population Sustainability Threshold’ (PST), to see whether the total
number of deaths pose a conservation risk to the population or not

* Population size, demography, growth rate, and natural mortality are used to define how much mortality
the population can withstand while still achieving a defined population outcome

* Population outcomes reflect policy targets and may vary between species

* If the mean estimated mortality from an activity/threat is higher than the population ability to
reproduce and increase, the SEFRA method assigns a very high risk to that interaction (risk ratio > 1)

* Risk values above 1 indicate that the defined population outcome will not be achieved

. Petrels

0 04 0.5 1 2
Risk Ratio (annual potential fatalities/population sustainability threshold)

Increasin

5. UNCERTAINTY AND EVALUATION

* Uncertainty derives from poorly-understood biological
inputs, low observer coverage, or poor fits between
observed and predicted capture rates

* Uncertainty can be traced through the modeling process

* Model outputs are carefully assessed using observed
values, before being accepted or used to inform
management options

Figure shows the comparison of the number of
seabird captures recorded by observers and
predicted by the model used to estimate the
number of annual potential fatalities (2006-17)

6. APPLICATIONS

* The SEFRA methodology has been applied to e.g., NZ sea lion (see Chapter 4), Hector’s and Maui
dolphin (see Chapter 6), and seabirds (see Chapter 8), risk assessments

* Similar methods could be applied to assess low-information fish stocks or the risk to sharks
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3 SPATIALLY EXPLICIT FISHERIES RISK ASSESSMENT (SEFRA)

Status of chapter
Scope of chapter

Area

Focal localities

Key issues

Emerging issues

MPI research (current)

NZ government research
(current)

Related chapters/issues

This chapter has not been updated for AEBAR 2021.

This chapter describes New Zealand’s Spatially Explicit Fisheries Risk Assessment method, which
has been designed to estimate fisheries impact and risk for non-target species, and to inform risk
management responses within a quantitative and statistically rigorous framework. The chapter
includes: i) a description of the conceptual and specific mathematical application of this method
to New Zealand seabird and marine mammal species; ii) a description of required data inputs and
potential pitfalls in the application of this specific method; and iii) a more general discussion of
other planned or in progress applications of the SEFRA framework, e.g., applied to non-target fish
or benthic invertebrates, for which the conceptual approach is the same but modified methods
will be developed in the implementation stage.

The SEFRA method can be applied at any spatial scale at which spatial data representing species
distributions and fishing effort distributions are available. The most fully developed
implementations, for New Zealand seabirds and marine mammals, have been applied at the scale
of the New Zealand EEZ.

Outputs from each implementation of the SEFRA method will identify different key locations at
which fisheries risk occurs, based on the spatial overlap between species distributions and the
fishing effort to which that species is most vulnerable.

To assess and manage fisheries risks across large numbers of potentially affected non-target
populations, fisheries managers are forced to make difficult decisions in the context of poor and/or
sparse information. Innovative methods are required to enable maximum use of available data in
a transparent and statistically rigorous framework. Application of the SEFRA method to the New
Zealand Seabird Risk Assessment (NZSRA) has been iteratively improved since the initial design of
the method in 2009. The updated NZSRA will constitute a ‘full” implementation of the method as
designed, providing a useful methodological template for other risk assessments.

The first application of the SEFRA method to the New Zealand Marine Mammal Risk Assessment
(NZMMRA) is now complete (Abraham et al. 2017), closely following the method template
provided by the NZSRA. Modified applications of the method are in development (for individual
protected species, global seabirds, non-target fish, and pelagic protected fish) or planned as future
work.

The current New Zealand Seabird Risk Assessment (NZSRA) is delivered under contract PRO-2014-
06. The current New Zealand Marine Mammal Risk Assessment (NZMMRA) is delivered under
contract PRO-2012-02. A customised user-driven query and simulation tool to inform risk
management is in development under contract PRO-2016-06. Cetacean spatial distribution
modelling to inform an improved MMRA is delivered under contract PRO-2014-01. A global seabird
risk assessment is in progress under contract PRO-2013-13. SEFRA implementations for particular
mammal or bird species are in progress under SEA2016-30, PRO2017-12, and PRO2017-10, and
PRO2017-19.

Risk assessment outputs are routinely used to inform the prioritisation of biological and population
monitoring research under the DOC Conservation Services Programme (CSP) and MPI protected
species programme research, to focus research efforts on populations or variables for which
uncertain parameter inputs have significant effects on risk estimation for species of interest.
Results of the NZMMRA are summarised in species-specific marine mammal chapters for NZ sea
lions, New Zealand fur seals, Hector’s and Maui dolphins, and common dolphins (i.e., Chapters 4—
7) Results of the NZSRA are included in New Zealand seabirds, Chapter 8. Future implementations
of the SEFRA framework may inform updates of these chapters and/or Chapters 9—-11.

31 CONTEXT level risk to non-target species arising from direct incidental
mortality in commercial fisheries. The SEFRA framework

3.1.1 SCOPE

combines an impact assessment to estimate the level of
incidental fisheries mortality with a biological assessment

The scope of the Spatially Explicit Fisheries Risk Assessment  of the associated effect on the population, as a function of
framework (hereafter SEFRA) is to assess the population-  population size and demographic parameters influencing
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population productivity. The SEFRA framework does not
address potential indirect fisheries effects, e.g., trophic
effects.

This paper outlines the conceptual and mathematical basis
for the application of the SEFRA framework to estimate
fisheries risk to seabirds and marine mammals, for which
the method is nearly identical. Other applications of the
framework, e.g., applied to non-target fish or benthic
invertebrates, are in progress but will require modifications
to the mathematical framework described below. These
will be described separately.

3.1.2 BACKGROUND

The SEFRA framework was developed initially with specific
reference to commercial fisheries impacts on New Zealand
seabirds. The scope and nature of the SEFRA framework
was designed to address the specific information needs of
fisheries managers charged with managing seabird impacts
by New Zealand fisheries, and with reference to the level
and quality of available data in New Zealand to inform the
risk assessment process. Risk assessments that carefully
consider management needs and data limitations in the
design stage are likely to be more effective than generic
templates applied universally for different kinds of threats
and for a wide range of management applications (such as
the templates described by Hobday et al. 2007).

The specific New Zealand seabird context is as follows:

At a global scale New Zealand has a
disproportionately high number of resident or
breeding seabird populations. For many of these
species, reliable demographic or population data
are unavailable, and are not feasible to obtain, for
example due to remote colony locations.

New Zealand seabirds are exposed to risk from a
wide variety of fishing methods. The quality and
availability of fisheries observer data useful to
estimate incidental capture rates varies greatly,
from relatively well-observed deepwater fisheries
(30-50% of fishing events observed) to very poorly
observed primarily inshore fisheries (often less
than 1% of fishing events observed).

Fisheries observer coverage is variable, and what
data is available is almost always spatially
unrepresentative of the whole, due to spatially
non-random distribution of observers and highly

14

variable vessel interaction rates with seabirds in
different locations. Direct estimation of seabird
impacts from observed capture rates without
reference to spatial overlap patterns therefore has
the potential to be dangerously biased.

Some seabirds have very low population sizes, or
are impossible for non-expert fisheries observers
to identify reliably at sea, so that observed capture
rates on a species-specific basis are not a reliable
means of estimating population-level risk.

Data availability and the needs of fisheries managers drove
the following decisions in the design and application of the
SEFRA framework to New Zealand seabirds:

The fundamental unit at which risk is assessed is per
seabird species or distinct population. Biological risk
assessment only makes sense with reference to units
that are biologically meaningful. Only subsequently
does it make sense to disaggregate and assign the
risk to particular fisheries or areas. Assessment
frameworks that assign risk on the basis of
administrative categories but do not relate these to
total risk at the species or population level (e.g.,
Campbell & Gallagher 2007) are inadequate for this
purpose.

The SEFRA method can be applied to every species of
seabird for which spatial distributions have been
estimated.

The risk assessment stage does not rely on species-
specific population models or monitoring studies;
these are unavailable for most species.

The impact assessment does not rely on the existence
of universal or representative fisheries observer data
to estimate seabird mortality. Fisheries observer
coverage is generally too low and/or too spatially
unrepresentative to allow direct estimation of
seabird bycatch at a species level. The SEFRA method
can be applied for any fishery for which some
observer data exists, and modifications of this
method (see Section 3.2 below) are useful even
where no observer data are available to estimate
capture rates.

The SEFRA framework assigns risk to each species in
an absolute sense, i.e., species are not merely ranked
relative to one another (e.g., as in the PSA approach;
Hobday et al. 2007, Waugh et al. 2008). An absolute
as opposed to a relative risk score is required to set
clear performance standards to meet conservation



goals, and to track changes in performance over time
arising from mitigation or management.

Risk is estimated as a function of population-level
impact and of biological parameters that are
generally available from published sources, reducing
reliance on new or location-specific population data
which are often unavailable. Risk can be estimated
even for species for which no estimate of population
size is available.

Both impact and risk are quantitative and objectively
scalable between fisheries or areas, so that risk at a
species level can be disaggregated and assigned to
different fisheries or areas based on their
proportional contribution to total impact. This allows
managers to identify risk hotspots to target
management interventions effectively, to track
location- or fishery-specific change over time, and to
equitably assign responsibility for necessary risk
management responses. It also provides tangible
incentive for the adoption of mitigation to reduce
impact on a location- or fishery-specific basis.

The estimation of risk for each species is quantitative
and repeatable without reference to subjective
interpretation or expert knowledge, enabling
managers to utilise a consistent decision framework
for necessary management action to meet
performance standards, and to track changing risk
over time.

The SEFRA framework allows explicit (Bayesian)
treatment of uncertainty, and does not conflate
uncertainty with risk (see Kaplan 1997). Because risk
is calculated from numerical inputs for which
confidence intervals are explicit, it is possible to track
the propagation of uncertainty from uncertain
parameter inputs and/or noisy data through to
output estimates of risk. The outputs distinguish
between situations where information is sufficient to
ascertain that impacts are unacceptably high (i.e,,
high impact, low uncertainty, requiring management
intervention) and those where information is
insufficient to estimate impacts reliably (i.e.,
unknown impact, high uncertainty, suggesting the
need for additional data collection). It is also possible
to identify the origins of the uncertainty (i.e., which
input parameters are most responsible for
uncertainty of the output estimates) to target new
research most effectively.

The SEFRA framework is designed to readily
incorporate new information. Assumptions in the
impact assessment stage are transparent and
testable; as new data become available or

15

assumptions change, the consequences for the
subsequent impact and risk calculations arise
logically without the need to revisit other
assumptions or repeat the entire risk assessment
process, which would otherwise constitute a major
and cost-prohibitive institutional burden to
managers.



3.1.3 ITERATIVE DEVELOPMENT OF THE
NEW ZEALAND SEABIRD RISK
ASSESSMENT

The SEFRA method was initially developed arising
from a New Zealand Ministry of Fisheries workshop
hosted 18—-19 February 2009 (described in Sharp et
al. 2011) to support the revision of New Zealand’s
National Plan of Action — Seabirds. Subsequent to
the workshop, application of the SEFRA method has
been updated and substantially improved in
multiple iterations of the New Zealand seabird risk
NZSRA),

productive collaboration between MPI scientists

assessment  (hereafter arising  from
and contracted research providers, with input from
the MPI Aquatic Environment Working Group and
the Seabird Stakeholder Advisory Group. Sequential
iterations of the seabird risk assessment from 2009—
15 are described in Waugh et al. (2009), Richard et
al. (2011), Richard & Abraham (2013b), Richard &

Abraham (2015), and Richard et al. (2017).

Cognisant  of structural or methodological
improvements that had not yet been actioned in
SEFRA implementations to date, the full method
framework was described here for the first time (in
2017) to guide future work. Subsequently, the first
SEFRA implementation fully consistent with the
method described herein was a single-species
assessment for Hector’s- Maui dolphins (Roberts et
al. 2019). A multi-species seabird implementation
consistent the framework is in development (D

Webber, in prep).

In the National Plan of Action — seabirds (NPOA-
Seabirds; Ministry for Primary Industries 2013), the
SEFRA method was adopted as the means by which
species-level risk to seabirds is assessed, and to
provide a performance metric by which risk-
reduction goals are defined and evaluated.

3.1.4 APPLICATIONS OF THE SEFRA
FRAMEWORK TO OTHER RISK
ASSESSMENTS

It is planned that variations on the SEFRA method
will be used in New Zealand to deliver risk
assessments across a wide range of direct fisheries

impacts. In addition to the New Zealand seabird risk
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assessment, the method has been or is being
applied also as follows:

e Waugh et al. (2012) applied a variation of
the SEFRA method to characterise risk to
multiple seabird species on a global scale
associated with tuna fishing effort under
the Commission for the Conservation of
Southern Bluefin Tuna (CCSBT).

e Currey et al. (2013) used a simplified
precursor to the SEFRA method to estimate
commercial trawl and set-net fishery risk to
Maui dolphins, as part of an expert
workshop to characterise risk to this
species from both fisheries and non-
fisheries threats. Outputs of this workshop
were subsequently used to evaluate the
relative efficacy of alternate risk-reduction
strategies and inform management.

e The first iteration of a New Zealand Marine
(hereafter
2017

Mammal Risk Assessment
NZMMRA) was completed in
(Abraham et al. 2017).

e A species-specific implementation of the
SEFRA method focused on Maui and
Hector’s dolphins is in progress (MPI
project SEA2016-30) to estimate fisheries
risk and inform the evaluation of
hypothetical risk management scenarios.

e The SEFRA framework will be adapted to
also address non-fishery threats in a multi-
threat risk assessment (PRO2017-12) to
inform the update of the Maui and Hector’s
dolphin Threat Management Plan in 2018.

e Species-specific implementations of the
SEFRA are planned for New Zealand sea
lions and fur seals once available satellite
telemetry has been analysed to estimate
spatial foraging distributions (PRO2017-
10).

e A Southern Hemisphere seabird risk
assessment is currently in progress to
assess risk to globally distributed New

Zealand  seabird species from all
commercial High Seas and EEZ fishing
effort.



e Adaptations of the SEFRA method are
being considered to evaluate harvest rates
for non-target and/or low information fish
species.

of this method are

considered to evaluate fisheries

Adaptations also being
risk to other
protected species and harvest rates for non-target
fish in other areas. The SEFRA method is also fully
compatible with a spatially explicit bottom fishing
impact assessment method described in Sharp et al.
(2009) and further developed (with simulations
including recovery from impacts and management
strategy evaluation) in Mormede & Dunn (2012).
The existence of comprehensive spatially explicit
risk assessments evaluating all fisheries impacts
simultaneously, and with the ability to evaluate
alternate management scenarios via management
strategy evaluation (MSE), will provide a powerful
tool to inform fisheries management.

3.1.5 CHAPTER OVERVIEW

This chapter describes the SEFRA framework at the

conceptual and methodological level, without
reference to one particular implementation of the
method. Section 3.2 outlines the mathematical
formulation a multi-species implementation of the
method, which applies a fully integrated Bayesian
model to estimate capture rates and risk across
different
simultaneously, as in the current NZSRA and
NZMMRA. Section 3.3 describes in detail the

structural and necessary

multiple  species  and fisheries

assumptions input

parameters to inform the model formulation
outlined in Section 3.2. Section O briefly describes
potential alternative applications of the method to
address different types of problems, or to
accommodate situations where the data are not
available to inform all of the standard inputs in the

fully integrated Bayesian modelling method.

Where appropriate, the method description is
illustrated with examples from one or more of the
existing SEFRA implementations listed above, or
where necessary from unpublished
implementations still in development. Because the
SEFRA method was first designed in the context of

the NZSRA, many of these examples are extracted or
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reproduced from Richard & Abraham (2015) or from
the unpublished subsequent iteration of the NZSRA
described in Chapter 8, but where alternative
methodological choices are best illustrated by other
existing risk assessments, these are cited in turn.
Results of the most recent NZSRA are included
separately in the seabird chapter of this AEBAR,
Chapter 8. Results of the NZMMRA are published
separately in Abraham et al. (2017).

3.2 METHODS

3.2.1 INTEGRATED BAYESIAN
MULTISPECIES IMPACT
ESTIMATION: MATHEMATICAL

OVERVIEW

Mathematical parameters and their support are
summarised in

Table 3.1.

13.2.1.1 OVERLAP

The SEFRA method estimates the encounter rate
between non-target species and fishing effort as a
function of the overlap (in space and time) between
mapped species distributions and mapped fishing
effort distributions. Every fishing event i is assumed
to be within the 2-dimensional space X (i.e., i € X)
and to occur at some time (i.e., i € T).

For each species s, at the location and time of every
fishing event i, Oy is the overlap parameter,
estimated as the product of the fishing intensity a;
and species probability density pg; at the location of
fishing event j, i.e.:

Osi = a; *ps;

(1)

where a; is a metric of fishing effort intensity (e.g.,
number of hooks, kilometres of net) assigned to
every fishing event i; and pg is the species
probability density at that location and time, i.e., the
probability that an individual of species s selected at
random from the population occupies that spatial
cell at the time of the fishing event; the sum of all
cells in the spatial domain must equal one.



Table 3.1: Mathematical variables and their support as utilised in equations (1) — (30).

Variable Support Description
Indices
i Fishing event index
s Species index
z Species group index
g Fishery group index (all fishing events i are assigned to a fishery group denoted g)
Covariates
a; a; >0 Fishing intensity per event (e.g., number of tows, number of hooks, length of nets)
Dsi pPsi =0 Species (individual) probability density
kg k,g=1 Cryptic mortality multiplier
Tyg 0<=mny,<1 Live release rate
L,g 0<L,<1 Live release survival rate
Derived quantities
Og; 05 =0 Species (individual) overlap
0, 0, =20 Species group density in space
0,9 0,=0 Species group density overlap
Qsg 4sg =0 Catchability
Hyg Hyg =0 Total fisheries related deaths multiplier
Ig I, =0 Fishery interactions
Dsgi Dggi = 0 Fisheries related deaths
Ug Us=>0 Species impact ratio
Rg Ry =0 Species risk ratio
PST, PSTs > 0 Population Sustainability Threshold
Data
Crgi Cprgi =20 Observable captures
C'gi C'hgi 20 Observed captures
Parameters
Uy v, =0 Fishery group vulnerability
v, v, >0 Species group vulnerability
Ng; Ng; =0 Available population size
Ny; Ng; =0 Biological population size
() =0 PST adjustment factor
Tmax Tmaxg = 0 Maximum population growth rate
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3.2.1.2 FISHERY GROUPS

All fishing events i are assigned to fishery groups g within
which the gear configuration and vessel behaviour is
assumed to be similar, such that species catchability and
vulnerability estimates for each species group can be
applied uniformly to all effort in the fishery group. The
overlap of a species with all fishing effort in the fishery
group is obtained by summing across all fishing events in

Osg = z Osgi
i

the group.

(2)

3.2.1.3 TOTAL OBSERVABLE CAPTURES

A capture is an event whereby an individual of the non-
target species in question is entangled or restrained by
fishing gear (alive or dead) and is unable to free itself under
its own power. Captures include animals that are killed and
their bodies recovered on board the vessel, plus animals
released alive, but exclude cryptic deaths (see below).
Observable captures include all captures that occur and
would be recorded if 100% of fishing events were observed.
Observed captures refer to only that subset of observable
captures that are actually recorded by fisheries observers.

Total observable captures C of each species per fishing
event in fishery group g is a product of the probability of
encounter per individual (proportional to overlap O), times
the probability of capture per encounter (g), times the
available population size at time t of fishing event i:

ngi = QSgosgi * Ng; = qsggsgi

where Cgg; = 0 is implied.

dsg = 0'is the catchability for species s in fishery
group g; (analogous to catchability in a fisheries
context, hence abbreviated g); and

Ng; = 0 is the available population size of species
s at time t, i.e., the biological population size N
adjusted to reflect the proportion of that
population that is within the spatial domain of the

assessment at the time of fishing event i.
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8sg; = 0 is the density overlap of species s with

fishing event i (see below).

Total observable captures in fishery group g is obtained by
summing across captures at all events:

ng = Z ngi
i

3.2.1.4 DENSITY OVERLAP

The overlap term O represents the probability or frequency
that a particular individual animal selected at random from
the population will encounter a fishing event of a particular
fishery group. In contrast, the density overlap 6 represents
the number or frequency of encounters for all individuals of
that species. Overlap is converted to a density overlap per
event by multiplying by species available population size:

gsgi = Osgi * N

where:

Ng; is the available population size, i.e., the
number of animals of species s that are present
within the spatial domain of the risk assessment at
the time t corresponding to fishing event i;

Note that where available population size is seasonally
variable (i.e., Ng; is not the same for all events i throughout
the year), density overlap 8;must first be calculated at the
level of fishing events as in equation (5) and only
subsequently summed across events in a fishery group. One
consequence is that relative values of O between species
reflect relative exposure to fishing effort per individual
animal, which scales directly with risk, whereas 6 values
reflect absolute encounter rates per species, which scales
with expected captures but not risk because 8 is
confounded with population size. For this reason, O rather
than 8 is used until such time as actual densities are
estimated across all species in a species group (equations

(8)=(9)).



23.2.1.5 IMPROVED CATCHABILITY
: ESTIMATION USING SPECIES
GROUPS

In its most rigorous application, the SEFRA method allows
fully quantitative estimation of species-level catchability,
applying Bayesian inference to estimate capture rates per
encounter for each combination of species x fishery group
(gsg), as a function of observable captures Cszand overlap
Osg,
are designed for application to data-poor problems; if

as in equation (3). However risk assessment methods

sufficient data existed to estimate catchability for every
species x fishery group combination individually, it is
unlikely that a risk assessment approach would be required
at all; instead captures could simply be estimated directly.
In New Zealand, direct estimation is used to estimate
captures of the most commonly caught seabirds by the
most well observed fisheries (Abraham & Richard 2017; see
http://data.dragonfly.co.nz/psc), but this approach is not
feasible for the majority of species and fishery groups. In
early iterations of the NZSRA (e.g., Richard et al. 2011)
application of the approach in equation (3) to species x
fishery group combinations for which there were few or no
observed captures yielded unacceptably unconstrained
answers: estimates of g5, and (s, sometimes varied by
more than two orders of magnitude, and extended into
biologically implausible bounds.

To better estimate q the dimensionality of the model can
be reduced by aggregating individual species s into species
groups z on the basis of common physical and behavioural
characteristics thought to affect capture rates, such that all
species in the group are assumed to have the same
catchability q,4.

C, = Z quOSi * Ng;
s

(6)

3.2.1.6  COMBINED DENSITY OVERLAP

To combine species within a species group, probability
density values for each species in the location of every
fishing event i (pg;) at time t are converted to actual animal
densities and summed across all species in the species
group z per fishing event, as follows:
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aZi = Z(psi * Nsi)
s

where:

0, is the actual density of all individuals of species
group z at the time and location of fishing event /;

Ny; is the available population size (see below) of
species s at the time t of the fishing event i.

The use of available population size Ng; in equations (5)
and (7) recognises that the number of individuals actually
present in the spatial domain of the risk assessment at the
moment of fishing event i may be different than the size of
the biological population N against which impacts are
evaluated.

Subsequently, the density overlap between species group z
and fishery group g (0, ) can be estimated simultaneously
across all fishing events i, by combining equations (1) and

D (@ir0a)

i

(7), as follows:

0,4

(8)

Note that density overlap @ is different from the previously
used overlap O in that it refers to the combined actual
density of all individuals rather than a probability
distribution per individual; this is necessary in order to
accurately reflect variable abundances across species when
summing distributions across multiple species in a species
group.
across all fishing events is then:

Total observable captures per species group

ng = QZgG)zg

9)
23.2.1.7 CRYPTIC MORTALITY AND TOTAL
: FISHERIES RELATED DEATHS

Especially for protected species such as seabirds and
marine mammals, not all observable captures result in
death, and conversely not all deaths arising from fishery
interactions result in an observable capture. Estimation of
fishery related deaths D4 from captures data is as follows:

Dsg = (ng * ksg) - (ng *Tsg * Lsg)



= ng

(ksg — (g * Lsg))
(10)
where:

kg is the cryptic mortality multiplier, ie., a
multiplier of the observed captures to account for
the additional individuals that die as a direct result
of their interaction with the fishing effort but are
not recovered on board the vessel and recorded
as captures; and

Tyg is the live release rate, i.e., the proportion of
captured individuals that are released alive; and

LSg is the live release survival rate, i.e., proportion

of live releases expected to survive.

To aid subsequent algebraic manipulation, it is useful to
combine these parameters (with uncertainty) into a total
fisheries related deaths multiplier denoted by » (kappa), to
facilitate conversion between total observable captures C
and total fishery related deaths D, as follows:

Dgg = Cog * 254

(11)

where 3, = (ksg - (rsg * Lsg))

3.2.1.8 SPECIES VULNERABILITY TO
: INTERACTION

Non-target species capture rates are modelled separately
within each of several broadly defined fishing methods. The
NZSRA defines four such fishing methods: trawls, bottom
longlines, surface longlines and set nets. The NZMMRA
includes also purse seines as a fifth method. Fishery groups
are nested subsets of fishing methods.

Within each such method-specific model, interaction rates
between species groups and fishery groups are estimated
at the level of interaction incidents rather than deaths or
captures in isolation. Interactions I, are defined as
captures (alive or dead) plus cryptic deaths, i.e.,

Izg = ng * kzg = Qdezgkzg
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(12)

Species vulnerability v is defined as the probability of

interaction per encounter with fishing effort (i.e,,
vulnerability v includes captures plus cryptic deaths, as
opposed to catchability g, which is the probability of

capture excluding cryptic mortality).

Vzg = Qngzg

(13)

Lg = 1,40,4

(14)

A major innovation first utilised in the third iteration of the
NZSRA (Richard & Abraham 2013b) was to split the
vulnerability parameter two

into parameters

Vyg
representing species group vulnerability v, and fishery-

group vulnerability v, separately, as follows:

Lg = v,1,0,

(15)

The species group vulnerability term v, reflects that some
species groups are more attracted to fishing vessels, or
otherwise more susceptible to capture or cryptic death
than other species groups. The structural assumption
imposed by splitting the vulnerability parameter in this way
is that the relative difference in species group vulnerability
will apply across all fishery groups within a broadly defined
fishing method (e.g., a bird species that aggressively
interacts with trawl fisheries will be more vulnerable to
capture in all trawls than is a less aggressive bird species,
reflected by a higherwv,, and this relationship will be
constant across trawl fishery groups).

Similarly, the fishery group vulnerability term v, reflects
that within each fishing method, some fishery groups will
be expected to capture or kill non-target species more
eg.,
mitigation uptake or offal discard practices, and this fishery

often than do other fishery groups, reflecting

group effect will apply across all species groups in common.



By separating the vulnerability term v, 4 into these separate

components, this model structure effectively allows
capture rates in data-limited species x fishery group
combinations to be informed or constrained by data from
species x fishery group combinations for which more data
are available (i.e., because of higher populations, or higher
capture rates, or higher levels of observer coverage). In the
example of the NZSRA, replacing the single-parameter
approach in equation (3) with the split-parameter approach
in equation (15) yielded substantially improved model

power.

Estimation is applied to interactions rather than captures
(i.e., vulnerability not catchability) on the assumption that
the inherent species group and fishery group properties
represented by the v, and v, terms affect the rate at which
the species will physically interact with fishing gear, but that
subsequent retention of corpses affecting the cryptic
mortality multiplier k,, (hence capture rate C,4) may
operate independently per combination of fishery x species
group. This formulation has significant implications for the
way that cryptic mortality multipliers are applied, especially
in poorly estimated fishery group x species group
combinations. Most or all of the factors affecting cryptic
mortality multipliers are by necessity estimated outside the
integrated model, using

input priors to represent

uncertainty (see below).

Re-expressing capture rates (for which fisheries observer
data are useful) in terms of vulnerability rather than
catchability yields:

1,040,

zg k

z9

(16)

23.2.1.9 BAYESIAN ESTIMATION OF
: CATCHABILITY

To estimate total observable captures and catchabilities
from available fisheries observer data, the most rigorous
application of the SEFRA method applies a Bayesian model
for each of the broadly defined fishing methods (e.g., trawl,
surface longline, bottom longline and set net), using data
from observed fishing events to estimate capture rates and
species vulnerability simultaneously across all species and
fishery groups within the fishing method.
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Total observable captures C,, are estimated across all
fishing events per fishery group on an annual basis. Because
protected species capture rates refer to relatively
infrequent events resulting in individual animal deaths, in
the NZSRA and NZMMRA total observable captures are

modelled using a Poisson distribution as follows:

Czg~ Poisson(ﬁzg)

(17)

Other error distributions may be appropriate for other
implementations of the SEFRA method, e.g., non-target fish
bycatch or benthic invertebrate impacts.

Modifying equation (16),

!
V050 54

X = ko,

2.

1

* €24

(18)

where the ‘ suffix is used to denote parameters referring
only to the observed subset of total fishing effort, as
follows:

/T'Zgi is the estimated observed captures of all
species in species group z associated with fishing
group g.

@',; is the observed density overlap of species
group z with observed fishing event i. This term is
functionally equivalent to the spatial overlap Ogg4
in equation (2), except transformed to represent
actual densities across all species in the group
rather than probability densities per species, and
restricted to observed events rather than all
events.

v, is the species group vulnerability for species
group z;

Vg is the fishery group vulnerability for fishery
group g;

k4 is the cryptic mortality rate for species group
zin fishery group g; and



€, IS an error term associated with the
combination of species group z and fishery group

g

3.2.2 RE-APPLYING MODELLED
VULNERABILITES TO SPECIES-LEVEL

IMPACT

An integrated Bayesian model fitted to fisheries observer
data as in Equation (18) is the best means by which
observed capture rates across all fisheries and species can
be used to estimate v, and Vg in a multi-species/multi-
fishery risk setting. Subsequently the split vulnerability
parameters v, and ygare re-combined with estimates of
the cryptic mortality multiplier k,4to estimate g4 as in
equation (12) (noting v, = v, for all species in group z), and
combined with live releases and live release survival as in
equations (10)—(11) to estimate total fishery-related deaths
(hereafter FRDs).

Isgi = vsvgosi * Ng;
(19)

_ stgosi * Ng;

sgi — T
(20)

17svgosi * Nsi
Dsgi = T *Hsg

(21)

In these equations impacts can be estimated per individual
fishing event (including un-observed fishing events) or
combined at any scale to yield spatially explicit estimates of
captures and FRDs (with uncertainty) on an individual
species and fishery basis, even for species and fisheries for
which captures data were insufficient to inform estimates
of species catchability on an individual basis. Model
diagnostics should include comparisons of observed vs.
expected numbers of observed captures, including on a
spatially disaggregated basis (e.g. Figure 3.9 below) to
inform evaluation of structural model assumptions and to
assess the accuracy of spatial data layer inputs.

3.2.3 FROM IMPACT TO RISK
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For protected species risk assessments, the estimation of
species level impact and risk is as follows. Alternative
approaches utilised in fish and benthic habitat risk
assessments will be developed separately.

23.2.3.1 BIOLOGICAL POPULATION SIZE

Fishery-related deaths on an annual basis are evaluated as
a proportion of the biological population size for each
species, Ns. To ensure that risk scores are biologically
meaningful, Ns is necessarily applied at the level of a distinct
biological population at the scale of a country or region (for
protected species) or a distinct stock (for non-target fish).
Where and when a proportion of the biological population
exists outside of the spatial domain of the risk assessment,
will differ from available

biological population Ng;

population Ng;.

13.2.3.2 IMPACT RATIO

Because individual deaths are additive, impacts can be
summed across groups, yielding total FRDs at the species
level:

D = ZDsg
g

(22)

The impact ratio U is defined as the proportion of the total
biological population killed by fishing effort each year,
either at a fishery group level or collectively for all fishery
groups at the species level:

—_s9
Usg = N_s
(23)
D
U, = Z Usg = Z 59
g g §
(24)

. Ug is therefore analogous to exploitation rate U in
fisheries.



Note that combining equations (3), (7) and (9) (where N =
N, i.e., neglecting or correcting for seasonal migrations that
change available population size) implies

Dy

-4 U
N

= qsgosg}fsg = Usg

(25)

Summing across all fishery groups as in equation (25) yields:

Us = Z qsgosg%sg
g

(26)

The power of this formulation is that so long as species
catchability g4 can be estimated by some means other
than equation (3) (and adjusting for variable seasonal
presence of the species in question within the spatial
domain) it becomes possible to estimate impact levels (and
subsequently risk), even for species for which both
population size Ny and total observable captures Cs4 are

unknown.

Equation (26) becomes very important in the application of
the SEFRA method to very rare species (because captures
are too rarely observed to estimate Csg4 with any statistical
power), or to species for which no observer data is available
to estimate capture rates, or to species for which
population size is unknown (e.g., seabirds for which
colonies are inaccessible to survey; deepwater fish; many
cetaceans). Alternative means of estimating q are under
development for application of the SEFRA method to
deepwater fish (Sibanda et al. 2016), analogous to similar
approaches applied overseas (Zhou et al. 2009, 2011). In
data-poor situations relative catchability g between species
can also be intuited from first principles and expert
knowledge (with uncertainty) or estimated by analogy with
more data-rich applications conducted for similar species
elsewhere.

3.2.3.3 RISK RATIO

Under the SEFRA framework, ‘risk’ is defined as the
estimated species-level fisheries impact as a proportion of
a defined impact sustainability threshold, i.e.,

=
S~
=
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(27)

Because intuitively the ability of a species to sustain impacts
is related to its biological productivity, the chosen threshold
Us will vary accordingly, i.e., analogous to a target
exploitation rate Umsy for fish or to PBR approaches
commonly applied to marine mammals (Wade 1998).
Where impacts are generally expressed as an annual
exploitation rate (i.e., fish) or a proportional spatial impact
per unit time (benthic habitats) we have adopted the term
‘Maximum Impact Sustainability Threshold” or MIST, first
proposed in the planned implementation of the SEFRA
method for fish (Roux et al. 2015).

Implicit in the choice of threshold Ug (MIST, or PST see
below) is a particular population outcome corresponding to
a particular level of impact; this relationship between
impact and population outcome is established via
simulations. Note that because under the SEFRA method
output estimates of impact and risk are themselves
uncertain, it is necessary that the chosen population
outcome used to define the impact threshold U
(corresponding to R, = 1) is expressed with reference to the

level of certainty with which the outcome will be achieved.

For protected species where impacts are more commonly
deaths
an alternative but mathematically

expressed as individual rather than annual

exploitation rate,

equivalent formulation of equation (27) is:

where:

Dy is total fishery related deaths from equation
(10), and

PST; is the Population Sustainability Threshold
expressed as a number of individual deaths per
year and defined with reference to a particular
population outcome (see below).

23.2.3.4 POPULATION SUSTAINABILITY
' THRESHOLD (PST)



For protected species, the SEFRA method defines an impact
threshold as a function of maximum population growth
rate T, , analogous to the PBR (‘potential biological
removals’) formulation of Wade (1998). Wade (1998)
defines PBR as:

PBR = Tmax * Nmin * f

N

where:

Tmax 1S the theoretical unconstrained maximum

population growth rate, reflecting biological

productivity;

Nmin is a conservative point estimate (20"
percentile) of total population size; and

fis a subjective ‘recovery factor’ defined to adjust
the threshold value to reflect management goals
on a per-species basis.

Early implementations of the NZSRA utilised variations on
the PBR formulation in the definition of risk, but
subsequently refined this approach to the extent that
referring to ‘PBR’ in the NZSRA is now misleading. From the
2017 iteration of the NZSRA and the first MMRA, we coin
the term ‘Population Sustainability Threshold” or PST,
defined as follows:

1
PST = E(p* Tmax * N

(30)
where:

@ (greek letter phi) is an adjustment factor
estimated by simulation and defined to ensure
that impacts equal to PST (i.e., R = 1) correspond
to a defined population stabilisation or recovery
objective.

The Tpnex term is estimated from biological and
demographic input parameters, the estimation of which
will be specific to different taxa, e.g., marine mammals vs.

seabirds (see Section 3.3, Model Inputs, below).

For seabirds, earlier iterations of the NZSRA estimated 75,4,
from field estimates of adult survival Sa and age at first

25

reproduction A, and applying the formulae of Niel &
Lebreton (2005), but required subsequent correction
arising from estimation bias inherent in this method
(Richard & Abraham 2013a, 2013b). Following recent
(2016) discovery of errors in simulations used to derive the
bias correction parameter, an updated approach was
reviewed and approved via the AEWG in 2016 whereby
Tmax 1S estimated by applying an allometric power
relationship between body mass M and taxonomic adult
survival Stax (see chapter 8). 1,4, and population size N are
in turn used to estimate a PST via equation (30).

Ideally within the SEFRA method, biological parameters
used in the derivation of 1;,,4, should be defined as inputs
to the fully
representation of uncertainty for each parameter) instead

integrated Bayesian model (including
of estimating 1,4, outside the model and defining a single
input distribution. In this way uncertainty from biological
input parameters propagates through the model, and
output uncertainty can be tracked back to its source
including uncertain biological inputs (see Section 3.3,

Model Inputs, below).

3.2.4 CONSTRAINING PARAMETER INPUTS
USING BIOLOGICAL MONITORING AND
OTHER AVAILABLE DATA

Under the SEFRA framework uncertainty is reflected
explicitly at every stage, (i.e., using ranges or distributions
for every input parameter) and propagates through interim
calculations through to output estimates of risk, wherever
possible via Bayesian models. A major strength of this
approach is that it becomes possible to use data sources
other than observed captures to constrain model input
parameters or impose priors, and this information then
affects subsequent estimation of vulnerability and risk via
the integrated model. Where model fits are in conflict with
input distributions (e.g., high population survival estimates
in conflict with high estimated fisheries mortality rates) the
integrated model is forced to estimate what combination of
parameter estimates is most plausible and revised
parameter estimates are reflected in modified posterior
distributions. In this way, where logical constraints on total
FRDs can be defined as a function of biological and
demographic data (e.g., adult survival S, see below)
population monitoring data serve to better estimate
population level risk (rather than risk scores being a
the

influence of non-captures data on model outputs will be

function of captures data only). Appropriately,

stronger for those species and fisheries for which captures



data are poor relative to population or demographic data
(as will be the case for example for well-monitored seabird
breeding colonies). Conversely, where capture rates are
better estimated than demographic parameters, model fits
based on captures can inform or constrain poorly informed
estimates of population parameters and/or help to direct
future population research.

23.2.4.1 CONSTRAINING SEABIRD
: CAPTURES USING ADULT
SURVIVAL

Iterative development of the NZSRA illustrates the power of
this approach. In previous iterations (up to Richard &
Abraham 2015) there were seabird species for which
fisheries risk was estimated to be very high, primarily as a
consequence of observed multiple-capture events despite
very low levels of observer coverage. This resulted in high
(and highly uncertain) estimates of impact and risk for these
species, for which the upper bound of the estimate
extended to levels that, if actualised, would cause certain
population decline. Nonetheless populations of some of
(e.g., Chatham
albatrosses) were observed to be approximately stable, and

these same species black petrels,
adult survival was high, suggesting that captures were

overestimated in the risk assessment.

This difficulty was overcome in the latest (2017) update of
the NZSRA by incorporating biological and population input
parameters affecting estimation of the PST (i.e., adult
survival, age at reproduction, population size) within the
integrated model and constraining total FRDs such that the
death
mortality suggested by the adult survival rate, i.e., [D < (1 —
S)]. Model fits with this constraint indicated (for Chatham
albatrosses) that vulnerability to capture was lower than

annual rate cannot exceed maximum annual

previously modelled, such that revised estimates of FRDs
are now consistent with population trend and mark-
recapture data. For black petrels, the updated model
suggests that population size N is likely to be higher than
previously estimated, and/or that live release survival is
significant (live release survival was not included in previous
iterations of the NZSRA). That the integrated model can use
observed capture rates to better estimate population
parameters, and vice versa, is a major strength of the
method, and provides tangible incentive to invest in
population monitoring. Before these data were combined
in an integrated model, there was no clear mechanism by
which seabird population time series data were used to
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inform seabird fisheries risk, and risk assessment outputs
were sometimes in conflict with population monitoring
data.

3.2.5 PSTVS. PBR

A key difference from the PBR approach of Wade (1998) is
that the conservative population point estimate N, has
been replaced with a realistic estimate of N. Because
Bayesian methods allow full statistical consideration of
uncertainty in the input estimate of N (and other input
parameters), the consequences of uncertain population
size are now reflected as uncertain risk estimate outputs.
Because N appears in equations at multiple stages in the
SEFRA method, utilising a biased estimator at the outset not
only affects the definition of a sustainable impact level; it
also affects estimates of available population size and
density overlap, hence capture rate (equations (6)—(9)) ,
and the estimation of vulnerability from observed captures
(equation (18)). For this reason it is preferable to adopt
realistic estimates of N (including uncertainty) in the risk
assessment stage; conservatism is better incorporated in
the choice of a population outcome affecting ¢ within the
PST formulation (equation (30)) or in the risk management
stage, distinct from risk assessment.

For the same reason, the PST formulation replaces use of
the recovery factor f with an alternate formulation that
the
uncertainty (a scientific consideration) and management

makes explicit distinction between statistical
risk aversion (a policy consideration). The previous use of f
in PBR in equation (29) effectively confused risk assessment
and risk management within a single term, such that it was
impossible when comparing PBR scores to distinguish
between a species with low biological productivity and a
less ambitious recovery factor (low 7,4, , high f) vs. a
species with higher productivity and a more ambitious
recovery factor (high %uax, low f). The PST formulation
effectively gets the f out of PBR so that species with
comparable risk scores in equation (28) can be expected to
have a comparable population outcome, irrespective of
management goals. Conservatism in the choice of an
appropriate reference outcome is more appropriately
addressed in the definition of ¢ in equation (30), which is
constant for all species within a particular assessment
model. Defining different management objectives for
different species is best addressed outside the risk
assessment, or by developing species-specific multi-threat

models. Lonergan (2011) in his critique of PBR and related



approaches makes this same argument for maintaining the
separation between risk assessment and risk management.

The ¢ parameter in equation (30) is a tuning parameter
selected with explicit reference to a population recovery or
stabilisation outcome, reflecting a policy decision. . For
multi-species protected species risk assessments such as
the NZSRA and NZMMRA, Fisheries New Zealand has
typically assigned a default value of ¢ = 0.5, which implies
a population reference outcome as follows: ‘for a
population in which the mean annual impact is equal to or
lower than PST (i.e., R < 1), the population will recover to
and/or stabilise at a mean equilibrium level at or above 75%
of its un-impacted status’ This formulation assumes a
logistic population growth curve (i.e. linear density
dependence); the implications of alternate forms of density

dependence can be explored via simulation.

In different risk assessments the ¢ parameter can be
adjusted such that R=1 corresponds to a different outcome
(i.e. the population stabilising at a higher or lower level)
reflecting other management objectives applied to
different kinds of taxa (e.g., for non-target fish vs. for

protected species).

SEFRA risk score outputs are commonly interpreted to
imply that R=1 is a maximum ‘acceptable’ risk threshold,
implying a policy objective. However, risk managers may
wish to define different policy objectives for different
species within the same multi-species SEFRA model, for
example reflecting different species’ threat status or
different levels of exposure to non-fishery threats. In this
case it is better to define maximum acceptable risk
thresholds for individual species outside of the SEFRA
model (rather than adjusting ¢ values separately for
different species inside the model). This ensures that
similar risk scores imply comparable population outcomes
for all species in the same assessment, irrespective of
species-specific policy goals. In contrast, single-species
assessments have no such limitation, so the ¢ parameter
may be adjusted to ensure that R=1 corresponds to a

specific policy goal.

Because SEFRA model
representation of uncertainty, it is possible (and in fact

outputs include full Bayesian
necessary) when setting risk reduction goals to specify not
only the risk reduction goal, but also how much certainty is
required that the goal will be achieved. For example in the
update of the Hector’s-Maui dolphin Threat Management

Plan in 2020, the risk reduction goal for Hector’s dolphins
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was defined as follows: “With 95% certainty, commercial
fisheries risk will be reduced and maintained at or below a
level that allows the population to achieve an equilibrium
level at or above 90% of its un-impacted status”. (i.e.in this
instance ¢ = 0.2). Note that the required level of certainty
is expressed with reference to impact (the numerator, D, in
equation 28) rather than with reference to PST (the
denominator). In practice this is achieved by choosing
which percentile of the estimated impact posterior is
compared against the PST when evaluating performance
against a risk reduction target, but this decision does not
affect the definition of PST.



responsible for an increasing proportion of species-level risk. Target fisheries with zero risk to all species (rounded to two decimal places) are not shown;
these include: albacore SLL, minor SLL, jack mackerel trawl, and grey mullet set net. Likewise, species for which mean total risk ratio rounds to zero are

Table 3.2: Mean species-level risk estimates, disaggregated by target fisheries. Highlighted cells (increasing yellow-red) identify fisheries that are
not shown.

= o

2| =

EN = 41 2| 2| = = = 2| E <

2 2 - = | @ a|l @ o - S a| T ©n

sl e 2 gl & = g ®| & g 8| =| 2| % =| 5| 2| zl§| £ x| g £
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Black petrel 437 0.20 0| 0.18 0.06 0.04| 0.22 0 0 0 0| 0.29| 0.03( 0.01 0 0 0| 0.01 0| 0.01 0 0 0 ol
Salvin's albatross 3598 0.30( 0.03 0 0| 0.01 0| 0.09 0 0 0 0 0| 0.12 0| 0.01] 0.01f 0.08 0| 0.09]| 0.02 0 0 0| 0.78
Flesh-footed shearwater 1451 0.29( 0.01 0| 0.04| 0.04 0.19 0 0 0 0| 0.02| 0.01 0.01 0 0 0| 0.03 0| 0.01 0 0 0 0| 0.67
Westland petrel 350 0.15[ 0.05 0| 0.01] 0.01 0| 0.02 0| 0.04 0| 0.01 0| 0.07| 0.01 0 0 0 0| 0.03 0] 0.01] 0.01 0| 0.48
Southern Buller's albatross 1369 0.03| 0.01 0 0 0 0| 0.02 0| 0.04 0.01 0 0| 0.14] 0.01f 0.01 0| 0.01] 0.05( 0.04 0 0 0 0| 0.39
Chatham Island albatross 425 0.01 0 0| 0.01] 0.01 0| 0.20 0.01 0 0 0 0| 0.02 0 0 0 0 0| 0.01]| 0.06 0 0 0| 0.36
New Zealand white-capped albatross 10915 0.15( 0.05 0 0 0 0 0 0| 0.01 0| 0.01 0| 0.04 0| 0.01 0| 0.01] 0.03 0.03 0 0 0 0| 0.35
Gibson's albatross 496 0 0 0 0 0 0 0 0| 0.07 0| 0.04 0.19 0 0 0 0 0 0 0 0 0 0 0| 0.34
Northern Buller's albatross 1628 0.01 0 0 0 0 0| 0.02 0| 0.03 0| 0.07 0| 0.03 0 0 0| 0.03 0| 0.02 0 0 0 0| 0.25
Antipodean albatross 364 0 0 0 0 0 0 0 0| 0.05 0| 0.02 0.10 0 0 0 0 0 0 0 0 0 0 0| 0.20
Otago shag 285 0.01| 0.13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0.14
Northern giant petrel 336 0 0 0| 0.02| 0.01] 0.01 0 0 0 0 0 0| 0.03 0 0 0| 0.01 0| 0.01] 0.01 0 0 0| 0.14
Spotted shag 3710 | 0.02| 0.06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0.09
Yellow-eyed penguin 287 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0.01| 0.04| 0.01| 0.08|
Campbell black-browed albatross 1980 0 0 0 0 0 0 0 0| 0.02 0| 0.01 0| 0.01 0 0 0 0 0 0 0 0 0 0| 0.08
White-chinned petrel 25626 0 0 0 0 0 0] 0.02 0.01 0 0 0 0| 0.01 0 0 0] 0.01] 0.01 0 0 0 0 0] 0.05
Northern royal albatross 716 0 0 0 0 0 0| 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0.04
Foveaux shag 207 0| 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0.04
Grey petrel 5526 0 0 0 0 0 0| 0.01 0| 0.01 0 0 0 0 0 0 0.01 0 0 0 0 0 0 0| 0.04
Southern royal albatross 848 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0.02
Snares Cape petrel 1601 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0.01
Little black shag 338 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0.01
Fishery group total -- all species 1.19( 0.38( 0.19| 0.14| 0.11] 0.41] 0.39| 0.03| 0.27| 0.02| 0.47| 0.34| 0.49| 0.02 0.03 0.02| 0.18| 0.09| 0.24| 0.10 0.02( 0.05| 0.02| 5.72

28



3.2.6 STANDARD RISK ASSESSMENT OUTPUTS

Data inputs and analytical pathways utilised in the current
NZSRA are shown in Figure 3.1.

A standard output of the NZSRA, showing risk (with
uncertainty) at the species level, is shown in Figure 3.2.
Note that species-level outputs are less useful to managers
charged with managing risks arising from particular
fisheries across multiple species simultaneously. Table 3.2
disaggregates species-level risk by fishery group, and
highlights those species for which individual fishery groups
are responsible for a substantial portion of species-level risk
(more than 0.1 PST). Managers concerned about the fate of
a particular bird species read across the row to identify

fishery groups generating risk to that species; managers Figure 3.1: Diagram of data inputs and calculation pathways utilised in the
current (2017) iteration of the NZSRA. The use of (realised) adult survival

responsible for a particular fishery read down a column to
P P Y estimates to constrain captures and fishery-related deaths is highlighted.

see what bird species are affected, and to what extent.

Figure 3.2: Standard species-level output of the NZSRA (from Richard et al. 2017). Species risk is shown on the x axis; the vertical line
at R=1 corresponds to the level of all human-induced mortality that the species can sustain while still meeting the population recovery

29



Because Table 3.2 disaggregates mean risk; the 2013 the NZSRA has included the results of sensitivities
representation of uncertainty is lost. For this reason Table  designed to track the propagation of uncertainty from input
3.2 should always be considered simultaneously with Figure ~ parameters through to resultant uncertainty of output
3.2 rather thaninisolation. New work is underway to create  estimates of risk; an example (from 2015) is shown in Figure
a customised query tool to disaggregate and estimate  3.3. These figures have proven to be highly valuable to
impact and risk, including uncertainty, according to any inform research prioritisation model inputs.

user-defined criterion without loss of information. Since

Figure 3.3: Example plot showing the propagation of uncertainty from uncertain input parameters through to output estimates of risk for at-risk species in
the NZSRA. Parameters contributing to high levels of output uncertainty become a priority for future research. Note that this figure derives from an out of
date version of the NZSRA (Richard et al. 2015) and is provided as an example only. Legend is as follows: TWL = vulnerability in trawl! fisheries; BLL =
vulnerability in bottom-longline fisheries; SLL = vulnerability in surface-longline fisheries; SN = vulnerability in set-net fisheries; CM = cryptic mortality; A =
age at first reproduction; S = adult survival; Ner = breeding population size; Ps = proportion breeding.
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Table 3.3: Species (vulnerability) groups and cryptic mortality groups used in the 2017 iteration of the NZSRA.

Common name Vulnerability group P group Cryptic mortality group

Gibson’s albatross
Antipodean albatross

Wandering albatrosses
Wandering albatrosses

Large albatrosses
Large albatrosses

Large albatrosses
Large albatrosses

Southern royal albatross
Northern royal albatross
Campbell black-browed albatross
New Zealand white-capped albatross
Salvin’s albatross

Chatham Island albatross
Grey-headed albatross
Southern Buller’s albatross
Northern Buller’s albatross
Light-mantled sooty albatross
Northern giant petrel

Grey petrel

Black petrel

Westland petrel
White-chinned petrel
Flesh-footed shearwater
Wedge-tailed shearwater
Buller’s shearwater

Sooly shearwater

Fluttering shearwater
Hutton’s shearwater

Little shearwater

Snares Cape petrel

Fairy prion

Antarctic prion

Broad-billed prion

Pycroft’s petrel

Cook’s petrel

Chatham petrel

Mottled petrel

White-naped petrel
Kermadec petrel

Grey-faced petrel

Chatham Island taiko
White-headed petrel
Soft-plumaged petrel
Commeon diving petrel

South Georgian diving petrel
New Zealand white-faced storm petrel
White-bellied storm petrel
Black-bellied storm petrel
Kermadec storm petrel

New Zealand storm petrel
Yellow-eyed penguin
Northern little penguin
White-flippered little penguin
Southern little penguin
Chatham Island little penguin
Eastern rockhopper penguin
Fiordland crested penguin
Snares crested penguin
Erect-crested penguin
Australasian gannet

Masked booby

Pied shag

Little black shag

New Zealand king shag
Otago shag

Foveaux shag

Chatham Island shag
Bounty Island shag
Auckland Island shag
Campbell Island shag
Spotted shag

Pitt Island shag

Subantarctic skua

Southern black-backed gull
Caspian tern

White tern

Royal albatrosses
Royal albatrosses

Campbell black-browed albatross
White-capped albatross

Salvin’s albatross
Chatham albatross

Grey-headed albatross

Buller’s albatrosses
Buller’s albatrosses

Light-mantled sooty albatross

Giant petrel

Grey petrel

Black petrel
Westland petrel
‘White-chinned petrel

Flesh-tooted shearwater

Shearwaters
Shearwaters

Sooty shearwater
Shearwaters
Shearwaters
Shearwaters

Cape petrel

Prions

Prions

Prions

Pterodroma petrels
Pterodroma petrels
Pterodroma petrels
Pterodroma petrels
Pterodroma petrels
Pterodroma petrels
Pterodroma petrels
Pterodroma petrels
Pterodroma petrels
Pterodroma petrels
Diving petrels
Diving petrels

Storm petrels

Storm petrels

Storm petrels

Storm petrels

Storm petrels
Yellow-eyed penguin
Blue penguins

Blue penguins

Blue penguins

Blue penguins
Crested penguins
Crested penguins
Crested penguins
Crested penguins
Boobies and gannets
Boobies and gannets
Solitary shags
Solitary shags
Solitary shags

Group foraging shags
Group foraging shags
Group foraging shags
Group foraging shags
Group foraging shags
Group loraging shags
Group foraging shags
Solitary shags

Gulls, terns & skua
Gulls, terns & skua
Gulls, terns & skua
Gulls, terns & skua
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Large albatrosses
Large albatrosses
Small albatrosses
Small albatrosses
Small albatrosses
Small albatrosses
Small albatrosses
Small albatrosses
Small albatrosses
Large albatrosses
Giant petrel
Black petrel
Black petrel
Black petrel
Black petrel
Shearwaters
Shearwaters
Shearwaters
Shearwaters
Shearwaters
Shearwaters
Prions

Prions

Prions

Prions

Prions

Prions

Prions

Prions

Prions
Shearwaters
Shearwaters
Shearwaters
Shearwaters
Shearwaters
Prions

Diving petrels
Diving petrels
Storm petrels
Storm petrels
Storm petrels
Storm petrels
Storm petrels
Large penguins
Small penguins
Small penguins
Small penguins
Small penguins
Small penguins
Small penguins
Small penguins
Small penguins
Shags

Shags

Shags

Shags

Shags

Shags

Shags

Shags

Shags

Shags

Shags

Shags

Shags

Shags

I'erns

Terns

Terns

Large albatrosses

Large albatrosses
Mollymawks & giant petrel
Mollymawks & giant petrel
Mollymawks & giant petrel
Mollymawks & giant petrel
Mollymawks & giant petrel
Mollymawks & giant petrel
Mollymawks & giant petrel
Mollymawks & giant petrel
Mollymawks & giant petrel
Medium-sized seabirds
Mecdium-sized scabirds
Medium-sized seabirds
Medium-sized seabirds
Medium-sized seabirds
Small-sized seabirds
Small-sized seabirds
Medium-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Medium-sized seabirds
Medium-sized seabirds
Medium-sized seabirds
Medium-sized scabirds
Medium-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Small-sized seabirds
Diving seabirds

Diving seabirds

Diving seabirds

Diving secabirds

Diving seabirds

Diving seabirds

Diving seabirds

Diving seabirds

Diving seabirds

Diving seabirds

Diving seabirds

Diving seabirds

Diving seabirds

Diving scabirds

Diving seabirds

Diving scabirds

Diving seabirds

Diving seabirds

Diving seabirds

Diving seabirds

Diving seabirds

Diving seabirds
Medium-sized seabirds
Medium-sized seabirds
Medium-sized seabirds
Medium-sized seabirds



3.3 MODEL INPUTS
3.3.1 STRUCTURAL INPUT: SPECIES

VULNERABILITY GROUPS

Conceptually, species vulnerability is the probability that an
individual animal encountering a fishing event will be
captured or fatally injured in that encounter. Vulnerability
includes both catchability (animals captured alive or dead)
and cryptic mortality. Species are assigned to species
vulnerability groups (hereafter species groups) within which
physical and behavioural characteristics are assumed to be
similar, such that a single vulnerability score (per fishery
group) can be assigned per species group. In this way
observed capture rates for abundant and/or commonly
observed species serve to inform the estimation of
catchability and vulnerability for all species in the same
group, even species which for captures are rarely or never
observed. Where species groups are not used (i.e., capture
rates for every species are modelled independently)
statistical estimation of the species vulnerability for rarely
captured species is unconstrained (such that for example in
Richard et al. (2011), vulnerability and total risk scores for
rare bird species varied by more than two orders of
magnitude). Species vulnerability groups currently applied
in the NZSRA are shown in Table 3.3. Species groups applied
in the NZMMRA are shown in Table 3.4.

Assigning species to species groups should be done with
care, informed by expert knowledge of species behaviour
influencing fishery interactions, to ensure that superficial
physiological or taxonomic similarity within the group does
not conceal significant behavioural differences between
species that result in real differences in vulnerability.

Group assignments should be examined with reference to
model diagnostics (e.g., Figures 3.6 and 3.9, below) and
redefined as necessary to improve model fits. For example
in Richard & Abraham (2013b) royal albatrosses and
wandering albatrosses were grouped together. In 2013,
visual examination of observed vs. expected capture
patterns for these species revealed that the model was
over-estimating capture rates for royal albatrosses and
under-estimating capture rates of wandering albatrosses,
evidently reflecting behavioural differences in the way
these species react to fishing vessels. When the species
group was subsequently split (Richard & Abraham 2015),
visual fits improved markedly and the model estimated a
significantly higher vulnerability for wandering albatrosses
than for royal albatrosses.
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Table 3.4: Species (vulnerability) groups used in the first (2017) iteration
of the NZMMRA.

Species group Common name

Whales Antarctic blue whale
Fin whale

Pygmy blue whale

Sei whale

Humpback whale
Southern right whale
Sperm whale

Bryde’s whale
Antarctic minke whale
Pygmy right whale
Dwarf minke whale
Pygmy sperm whale
Killer whale Type A
Long-finned pilot whale
Short-finned pilot whale
False killer whale
Cuvier’s beaked whale
Shepherd’s beaked whale
Southern bottlenose whale
Gray’s beaked whale
Spade-toothed whale
Dense-beaked whale
Andrews’ beaked whale
Hector’s beaked whale
Strap-toothed whale
Southern right whale dolphin
Bottlenose dolphin
Common dolphin
Dusky dolphin
Hourglass dolphin
Hector’s dolphin

Maui dolphin

Southern elephant seal
New Zealand sea lion
New Zealand fur seal

Blackfish

Beaked whales

Dolphins

Pinnipeds

3.3.2 FISHERY GROUPS

Non-target species capture rates are modelled separately
within each of several broadly defined fishing methods. The
NZSRA defines four such fishing methods: trawls, bottom
longlines, surface longlines, and set nets; the NZMMRA
defines also a fifth group, purse seines. All fishing effort is
assigned to fishery groups within which the gear
configuration and vessel behaviour is sufficiently consistent
that species vulnerability estimates can be estimated and
applied uniformly to all effort in the fishery group. Fishery
groups are nested subsets of fishing methods.

Fishery group assignments should be informed by expert
knowledge and based upon vessel characteristics known to
affect non-target species interactions and capture rates,
and defined with reference to variables universally stored



in fishing effort databases (or otherwise recoverable such
that all fishing events can be unambiguously assigned to
groups). Variables used to distinguish between fishery
groups are nearly always proxies for other underlying vessel
characteristics, such that the means by which fishery
groups are defined with reference to available data should
utilise specific expert knowledge and should be investigated
and iteratively adjusted with reference to the underlying

target species (as a proxy for gear configuration), and of on-
board offal processing capability (i.e., affecting seabird
attraction) (Table 3.5). As with the assignment of species to
species vulnerability groups, there is an inherent trade-off
between increased specificity in group assignments vs.
decreased statistical power arising from fewer observed
captures per group, such that fishery group assignments

should be made also with reference to the underlying

data.

To illustrate, in the seabird risk assessment, trawl fishery
groups are distinguished on the basis of vessel size and

availability of data (to ensure adequate data in each group).
For this reason groups in the NZMMRA are more broadly
defined than in the NZSRA (i.e., because there are fewer
marine mammal captures than seabird captures).

Table 3.5: Fishing methods and fishery groups used in current (2017) iteration of the NZSRA

Method

Trawl

Bottom longline (BLL)

Surface longline (SLL)

Set net

Trawl

Group

Small inshore <17m

Small inshore <28m
Southern blue whiting
Scampi

Mackerel

Squid

Large processor

Large fresher
Deepwater
Bluenose
Snapper

Ling and ribaldo

Other small BLL vessels
Large vessels without IWL
Large vessels with IWL
Swordfish

Other small SLL vessels
Large vessels

Set net

Small inshore <17m

Target species and vessel size

Targeting inshore species (including flatfish), or targeting middle-depth species
(principally hoki, hake, or ling) on vessels less than 17m length

Targeting inshore species (including flatfish), or targeting middle-depth species
(principally hoki, hake, or ling) on vessels more than 17m length and less than
28m length

Targeting southern blue whiting

Targeting scampi

Targeting mackerel (primarily jack mackerel species)

Targeting squid

Targeting middle-depth species, vessel longer than 28m, processing fish on
board

Targeting middle-depth species, vessel longer than 28m, with no processing on
board

Targeting deepwater species (principally orange roughy or oreos)
Targeting bluenose, and vessel less than 34m length

Targeting snapper, and vessel less than 34m length

Targeting ling or ribaldo, and vessel less than 34m length

Not targeting snapper, bluenose, ling or ribaldo, and vessel less than 34m
length

Vessel over 34m, without integrated weight line

Vessel over 34m, with integrated weight line

Targeting swordfish, and vessel less than 45m length
Not targeting swordfish, and vessel less than 45m length
Vessel 45m or longer

All set-net fishing

Targeting inshore species (including flatfish), or targeting middle-depth species
(principally hoki, hake, or ling) on vessels less than 17m length

Fishery group assignments utilised in the current iteration
of the NZSRA are shown in Table 3.5.
assignments utilised in the current
NZMMRA are shown in Table 3.6.

Fishery group
iteration of the

By its nature mitigation uptake is expected to reduce fishery
group vulnerability; therefore vessels consistently utilising
different mitigation configurations should be assigned to
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different fishery groups. For example, in Table 3.6 trawl
fishery vessels using Sea Lion Exclusion Devices (SLEDs) are
assigned to a different group from vessels not employing
SLEDs.

Where mitigation uptake is uneven or unverifiable across a
fleet, and/or not recorded in a standardised format in
fishing effort databases, fishery group vulnerability will be



poorly estimated and the effectiveness of the mitigation to

reduce species risk will not be quantifiable in risk
assessment outputs. Standardised mitigation reporting (in

contrast to qualitative recording e.g., in observer logbooks)

and the ability to verify uptake (e.g., via electronic
monitoring) will increase the utility of the SEFRA method to
detect mitigation efficacy and inform risk management
decisions.

Table 3.6: Fishing methaods and fishery groups used in the first (2017) iteration of the NZMMRA.

Method Fishery
Bottom longline BLL

Purse seine PS

Surface longline SLL

Set net SN

Trawl Pelagic trawl

Pelagic trawl (SLED)

Squid trawl

Squid trawl (SLED)
Inshore trawl
Other trawl

3.3.3 SPECIES INPUTS: SPATIAL
DISTRIBUTIONS

To inform the calculation of overlap between species and
(1) (2), the spatial
distribution of each species is mapped throughout the

fishing effort in equations and
spatial domain of the risk assessment. Species distribution
layers are defined such that the value in a particular cell
represents the probability that an individual animal,
selected at random from the population, is present in that
cell at the moment of the fishing event. For each species
the value of all cells sums to 1 across the spatial domain.

Because overlap is estimated per event (rather than based
on cell-aggregated summaries of fishing effort) cell size is
computationally unimportant but is necessarily consistent
across all species so that the resulting vulnerability
estimates are likewise comparable between species.

The New Zealand seabird and marine mammal risk
assessments utilise species distribution maps assembled
from multiple sources, including mapped distributions from
vessel-based and aerial surveys, satellite tracking data,
foraging ‘hotspots’ delineated using expert knowledge,
density gradients as a function of distance from breeding
colonies, and expert-based distributions assembled via
‘Delphi’ An
distribution, for Gibson’s albatross, is shown in Figure 3.4.

workshop  methods. example species

To map the distributions of species for which direct
observation and/or tracking is not feasible, spatial habitat
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Annual Effort Observed effort

37 567 65 157
1285 1481
2611 18 299
20557 4823
2 349 17 991
547 1645
1415 20913
799 8533
48 340 9522

29100 105 764

models may be employed using spatially comprehensive
environment data (e.g., SST, bathymetry, turbidity) as a
proxy for species distribution. Successful methods of
relating species distribution to underlying environmental
data include the application of subjectively defined Relative
Environmental Suitability models for widely distributed

Figure 3.4: Spatial distribution layer (derived from global tracking data) for
Gibson’s albatross. Capture events are also shown.



marine mammals (Kaschner et al. 2006, 2011) or the use of
sophisticated multivariate statistical methods such as
Boosted Regression Trees or State-Space modelling, fitted
to fisheries or trawl survey catch data (Leathwick et al.
2006, Pinkerton et al. 2010). Note however that by nature
spatial habitat models map the full range of the potential
species habitat, which may be substantially larger than the
actual realized distribution, especially where the actual
distribution reflects historical range contraction associated
with population decline, or complex behavioural patterns
or lifecycle movements that cannot be captured using
environmental proxies, as is often the case for marine
mammals and seabirds.

In general, fish or invertebrate distributions will more often
rely on environmental proxies, whereas protected species
distributions will more often rely on tracking or aerial
census. MPI is currently progressing work to improve
estimation of marine mammal distributions as inputs to the
NZMMRA (projects PRO2014-01 and PRO2017-10).

It is generally difficult to include statistical uncertainty in
spatial data represented as maps; early iterations of the
NZSRA either assumed that species distribution maps were
precisely known, or represented uncertainty as a simple
binary sensitivity between alternative maps. A superior
approach is to subjectively define a normal distribution
around the estimation of the overlap term Ogg in equation
(2), with a CV reflecting the degree of confidence in the
the
confidence assigned to animal distributions defined from

underlying spatial distributions. For example
tracking studies or aerial surveys >> habitat distribution
modelling >> maps derived from subjective expert
knowledge. By applying spatial uncertainty to the O, term
in equation (2) rather than the 6,5, term in equation (5),
spatial uncertainty from species maps is not confounded
with population size uncertainty affecting estimates of

actual species density.

23.3.3.1 SEASONALLY VARIABLE
: DISTRIBUTIONS

distributions for

(eg.
migratory species) can be used at whatever level of

Seasonally variable species
seasonal resolution the distribution data will support,
without loss of statistical power.

The NZSRA currently applies two spatial distributions per
year, i.e., breeding season and non-breeding season
distributions, with the duration of each season defined
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individually for each species at the scale of months. In
contrast, the CCSBT global risk assessment, which relied
primarily on electronic tracking data to define global
seabird distributions, split tracking data into four seasons
(summer/autumn/winter/spring) for all seabird species
alike.

Because catchability and vulnerability are estimated as a
function of overlap across all fishing events simultaneously
regardless of year or season, defining a higher number of
seasonal distributions does not result in a loss of statistical
power. The underlying assumption is that interaction rate is
proportional to encounter rate regardless of season (i.e.,
vulnerability is constant throughout the year). However
where seasonally variable animal behaviour results in
changed vulnerability (e.g., if nesting seabirds target fishing
boats more aggressively during the chick-rearing period)
then it may be useful instead to estimate vulnerability in
each season separately (i.e., using g, in place of g, in
equation (27)). Seasonally variable g should only be
considered where sufficient data are available in each
season to inform the estimation, and by testing the model’s
ability to discern seasonally variable vulnerability using
model diagnostics (Figures 3.6 and 3.9 below).

23.3.3.2 TRANSIENT ~ OR SEASONALLY
: ABSENT SPECIES

For highly migratory species that leave the spatial domain
of the risk assessment entirely (e.g., New Zealand seabirds
that leave the EEZ outside the breeding season), spatial
distribution layers are not modified and species overlap O
from equations (1) and (2) remains unchanged. Instead, the
changed encounter rate is reflected by recording the
proportional change to available population size as in
equation (5).

3.3.4 BIOLOGICAL POPULATION SIZE

Risk is necessarily estimated with reference to a biologically
meaningful estimate of population size N. Applications of
the SEFRA method in New Zealand to date have estimated
species level risk at the scale of the New Zealand breeding
population (i.e., not considering transient species and not
differentiating between local sub-populations) except in
particular instances where locally important sub-
populations have been specifically identified, and captures
can be unambiguously assigned to that local population. To
illustrate, in the NZSRA, since Richard & Abraham (2013b),

risk to the small mainland population of yellow-eyed



penguins is assessed separately from that to the large
Snares Island population, and in the NZMMRA risk is
estimated separately for Maui vs. Hector’s dolphins. Note
however that because vulnerability is an inherent property
of the species and is estimated at the species group level in
equation (18), there is no loss of statistical power if impact
and risk is subsequently disaggregated and applied at the
scale of smaller subpopulations. This option will be applied
to regional subpopulations of Hector’s dolphins in the
review of the Threat Management Plan (see Chapter 6), and
may be applied to other coastal marine mammal species in
the next iteration of the NZMMRA.

For protected species populations, input estimates of
biological population size N should utilise the most recent
available estimates, e.g., derived from population census,
mark-recapture, genetic mark-recapture, or other
methods. Because captures are estimated with reference
to the entire vulnerable population, estimates derived from
breeding colony census must be scaled upwards to also
include non-breeders, or, as in the NZSRA, the breeding and
non-breeding populations are estimated separately and
assigned their own spatial distributions, which are
subsequently combined. All input distributions are defined

using priors reflecting estimated uncertainty.

3.3.5 AVAILABLE POPULATION SIZE

The use of available population size N; in equations (5)-(7)
recognises that the number of individuals actually present
in the spatial domain of the risk assessment at the moment
of fishing event i may be different than the size of the
population N against which

biological impacts are

evaluated.

The means by which available population size is reflected in
the current NZSRA is by estimating, for every migratory
species, the proportion of breeding and non-breeding
seabirds that are present within the domain of the NZSRA
in the breeding and non-breeding seasons. To illustrate, for
a migratory bird species for which half of the population is
absent from New Zealand waters during the non-breeding
season, the available population N; = 0.5 N, and expected
number of captures associated with fishing events during
the non-breeding is correspondingly reduced. In situations
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where an entire population leaves the spatial domain of the
risk assessment on a seasonal basis, N;= 0 in that period.

Seasonal adjustments of this nature are necessary because
the estimation of vulnerability occurs across all fishing
events simultaneously. In the example of a migratory bird
that is seasonally absent, if the N; adjustment were not
used, the model would nonetheless ‘expect’ captures on
observed fishing events in the period when the bird is
absent, and the effect of the recorded zero capture events
would then depress the estimated vulnerability q,q, ,
leading to underestimation of capture rates and risk in the
period when the bird is once again present.

Where animals present in New Zealand are merely a subset
of a single globally distributed population (e.g., many
cetacean species) the notion of a ‘New Zealand population’
may have no biological meaning; in these instances risk
should be estimated with reference to the full global
population, for which the presence of only a subset of that
population in New Zealand waters at any given time is
represented by estimating a permanently lower available
population size N; (i.e., N; < N for all i).

Note also that in some instances it is possible to have an
available population size N; that is higher than the
biological population N, for example if biological risk is
evaluated with reference to a small local population, but
observed capture rates reflect the presence of abundant
transient individuals from other breeding populations
outside the spatial domain of the risk assessment. This was
the case for giant petrels in early iterations of the NZSRA
(Waugh et al. 2009, Richard et al. 2011) in which giant
petrel risk was artificially inflated because all captures were
originally assumed to originate from a very small local
population despite the presence of transient birds from an
abundant overseas population.

Proportional adjustments in available population sizes for
breeding and non-breeding populations in the current
NZSRA are shown in Table 3.7. Similarly, for wide-ranging
marine mammal species in the NZMMRA it is necessary to
estimate what proportion of the population is present in
the New Zealand domain at a given time.



Common name

Gibson’s albatross
Antipodean albatross
Southern royal albatross
Northern royal albatross
Campbell black-browed albatross
New Zealand white-capped albatross
Salvin’s albatross

Chatham Island albatross
Grey-headed albatross
Southern Buller’s albatross
Northern Buller’s albatross
Light-mantled sooty albatross
Northern giant petrel

Grey petrel

Black petrel

Westland petrel
White-chinned petrel
Flesh-footed shearwater
Wedge-tailed shearwater
Buller’s shearwater

Sooty shearwater

Fluttering shearwater
Hutton’s shearwater

Little shearwater

Snares Cape petrel

Fairy prion

Antarctic prion
Broad-billed prion
Pycroft’s petrel

Cook’s petrel

Chatham petrel

Mottled petrel

White-naped petrel
Kermadec petrel
Grey-faced petrel

Chatham Island taiko
White-headed petrel
Soft-plumaged petrel
Common diving petrel
South Georgian diving petrel
New Zealand white-faced storm petrel
White-bellied storm petrel
Black-bellied storm petrel
Kermadec storm petrel
New Zealand storm petrel
Yellow-eyed penguin
Northern little penguin
White-flippered little penguin
Southern little penguin
Chatham Island little penguin
Eastern rockhopper penguin
Fiordland crested penguin
Snares crested penguin
Erect-crested penguin
Australasian gannet
Masked booby

Pied shag

Little black shag

New Zealand king shag
Otago shag

Foveaux shag

Chatham Island shag
Bounty Island shag
Auckland Island shag
Campbell Island shag
Spotted shag

Pitt Island shag
Subantarctic skua

Southern black-backed gull
Caspian tern

White tern

Scientific name

Diomedea antipodensis gibsoni
Diomedea antipodensis antipodensis
Diomedea epomophora
Diomedea sanfordi
Thalassarche impavida
Thalassarche cauta steadi
Thalassarche salvini
Thalassarche eremita
Thalassarche chrysostoma
Thalassarche bulleri bulleri
Thalassarche bulleri platei
Phoebetria palpebrata
Macronectes halli

Procellaria cinerea
Procellaria parkinsoni
Procellaria westlandica
Procellaria aequinoctialis
Puffinus carneipes

Puffinus pacificus

Puffinus bulleri

Puffinus griseus

Puffinus gavia

Puffinus huttoni

Puffinus assimilis

Daption capense australe
Pachyptila turtur

Pachyptila desolata

Pachyptila vittata

Pterodroma pycrofti
Pterodroma cookii
Pterodroma axillaris
Pterodroma inexpectata
Pierodroma cervicalis
Pterodroma neglecta
Pterodroma macroptera gouldi
Pterodroma magentae
Pterodroma lessonii
Pterodroma mollis
Pelecanoides urinatrix
Pelecanoides georgicus
Pelagodroma marina maoriana
Fregetta grallaria grallaria
Fregetta tropica

Pelagodroma albiclunis
Pealeornis maoriana
Megadyptes antipodes
Eudyptula minor f. iredalei
Eudyptula minor f. albosignata
Eudyptula minor {. minor
Eudyptula minor f. chathamensis
Eudyptes chrysocome filholi
Eudyptes pachyrhynchus
Eudyptes robustus

Eudyptes sclateri

Morus serrator

Sula dactylatra

Phalacrocorax varius varius
Phalacrocorax sulcirostris
Leucocarbo carunculatus
Leucocarbo chalconotus
Leucocarbo stewarti
Leucocarbo onslowi
Leucocarbo ranfurlyi
Leucocarbo colensoi
Leucocarbo campbelli
Stictocarbo punctatus
Stictocarbo featherstoni
Catharacta antarctica lonnbergi
Larus dominicanus dominicanus
Hydroprogne caspia

Gygis alba candida
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Start

Oct
Sep
Nov
Jul
Sep
Apr
Nov

Nov
Feb
Oct
Sep

Nov
Oct
Oct

Mar
Sep
Aug
Sep
Mar
Sep
Sep
Apr
Oct
Jun

Aug
Jul
Jul
Jul
Jul

Oct

Nov
Nov

Sep
Sep

Sep
Sep

Breeding period

End

Biological N

24200
17 900

41 800
35200
81400
457 000
139 000
17 700
29100
52 500
62 600
32200
14 900
190 000
17900

12 100
922 000
40 400
149 000
1330 000
18 500 000
781 000
363 000
493 000
43 800
6420 000
3 170 000
1 490 000
8 440
1050 000
868

1 180 000
178 000
20200
839 000
58

993 000
13 300
2930000
208
5040 000
3550
242 000
175

834

6 540
21700
6740
21700
21700
203 000
13 300
137 000
403 000
147 000
775

16 000
4060
629
4390
3210
1190
412
7200
7090

46 900
1310
1620

6 800 000
3010
342

Table 3.7: Biological and seasonally adjusted (i.e., non-breeding season) available population sizes applied in the 2017 iteration of the NZSRA.

% staying in NZ

100
100
100
100
100

50

50
20

100
100
100
100
100
100
100
100
100

100
100

100
100



3.3.6 FISHING EFFORT DISTRIBUTIONS

Fishing effort is assigned to fishery groups as above and
mapped in space. Note that the mathematical estimation of
overlap in equation (1) is carried out for each individual
fishing event and multiplied by the density of the species
group in question at the particular location (equation (5)).
Because fishing effort is not summarised spatially before
calculating overlap, there is no need to consider the cell size
at which fishing effort distributions are aggregated, except
for display purposes.

An example fishing effort distribution is shown in Figure 3..
The intersection of the species and effort distributions
(Figures 3.4 and 3.5) to estimate overlap is illustrated in
Figure 3.6.

In New Zealand, most commercial fishing effort data are
reported using spatially precise start and end locations per
fishing event. However where fishing effort is reported only
within larger statistical areas, it is necessary to assign all
fishing events to specific points in space using logical
assumptions (e.g., effort randomly distributed within
statistical areas, or distributed as a function of proximity to
land or ports, etc.). Because spatial overlap influences both
the estimation of species and fishery group vulnerability
from observed capture rates (equation (18)) and also the

Figure 3.5: Fishing effort spatial distribution for the small (domestic) SLL
fishery group not targeting swordfish, 200506 to 2014-15.
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subsequent estimation of total captures including in
unobserved effort (equation (16)) it is worthwhile to
expend effort at the outset to define or model the
distribution of fishing effort as accurately as possible.

Translating individual fishing events into mathematical
estimates of overlap in equation (1) requires decisions
about the units in which effort is expressed, e.g., numbers
of deployments vs. length of trawls for trawl fisheries, or
numbers of hooks vs. numbers of deployments for
longlines. These decisions should be made with care,
utilising expert knowledge of seabird-fishery interactions,
and informed by exploration of the data to determine what
units of effort most effectively model observed capture

rates.

Standard units in which effort events are expressed in the
MMRA are shown in the legend of Table 3.6. Unsurprisingly
effort is expressed with reference to kilometres of net for
setnets, and numbers of hooks for longline fisheries; but for
trawl fisheries effort is expressed with reference to the
number of hauls only, independent of distance or duration
(suggesting that most protected species captures occur at

Figure 3.6: Overlap O of the distribution of Gibson’s albatross (Figure 3.4) with
the small (domestic) SLL fishery group (Figure 3.5). Black circles denote
observed fishing effort. Capture events are also shown. Captures are expected
to occur in space proportional to the intensity of the overlap in that location.
Examination of expected vs. observed patterns of capture events in space is a
primary diagnostic of model fit. This example fits poorly (i.e., captures occur
disproportionately in the north in an area of lower overlap), suggesting the
need to re-examine spatial inputs (species distributions) or model structural
assumptions (e.g., fishery group definitions).



the time of the set or haul, rather than the tow). In contrast,
the SEFRA method applied to fish or benthic impacts will by
necessity reflect duration or length of tow for trawl
fisheries, except perhaps for midwater or seamount trawl
fisheries in which fishers target individual acoustic marks in
a highly selective way. These decisions should be informed
by experts with knowledge of the operational factors
affecting vessel behaviour in the particular fisheries in
question, and tested with reference to the data.

23.3.6.1 PARTIALLY OBSERVED FISHING
: EVENTS

The SEFRA method estimates species and fishery group
catchability as a function of observed capture rates and
overlap on the observed subset of the fishing effort data
(equation (18)). Importantly, in some instances only a
subset of a particular fishing event may be observed,
effectively reducing observed fishing intensity a’i in
equation (1), (e.g., if a fisheries observer observes only a
portion of a longline haul coming on board the vessel, and
is off duty or occupied with other duties for the other
portion). For this reason it is important that observer
databases record what proportion of the event is observed,
and that observed capture events distinguish between ‘on
duty’ captures (i.e., caught during the observation period)
vs. ‘off duty’ captures reported independently by the
vessel. Whether off-duty captures are included in the
estimation of catchability (hence vulnerability and risk)
relies on assumptions about the reliability of vessel-
reported capture data when an observer is not present to
verify. Whether or not off-duty captures are used, accurate
estimation is only possible if on-duty vs. off-duty captures
are clearly distinguished in fishery databases (not merely in
observer comments), and the observed proportion of each
fishing event a@’i is recorded.

3.3.6.2 UNIDENTIFIED CAPTURES

Reliance on observed captures data creates a strong
imperative to ensure that taxonomic ID by fisheries
observers is accurate or subsequently verified by necropsy.
However because estimation of species catchability in
equation (18) occurs at the species group rather than the
individual species level, taxonomic resolution below the
level of species group is not required (except for example
where observer data is also used to inform species
distribution mapping). The taxonomic resolution and
reliability of observer data should thus be considered in the
stage at which species groups are being defined (i.e., there
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is no benefit in defining species groups at a finer level of
taxonomic resolution than the observed captures can
support).

3.3.7 YEARS" OBSERVED FISHING EFFORT
DATA USED TO ESTIMATE CATCHABILITY

Because risk assessment approaches are designed for
application to data-poor problems, there is an imperative in
the estimation of catchability and vulnerability to include as
much data as possible. At the same time, implicit in the
assignment of fishing events to fishery groups is the
underlying assumption that factors affecting capture rates
by all fishing events in the same group are similar (or at least
indistinguishable) within the fishery group. This assumption
is violated in situations where vessels have changed their
gear, or adopted mitigation measures, or otherwise
changed their at-sea behaviour in ways that would be
expected to change the probability of capture and/or
cryptic death per encounter with non-target species.

Decisions about which years’ data should be used in the
estimation of species and fishery group vulnerability in
equation (18) should be taken with care, with reference to
available data indicative of observed capture rates, and
informed by experts with relevant knowledge of fishery
gear and at-sea operations and the history of changed
practices affecting interactions with non-target species.
Where a step-change in capture rates is likely (i.e.,
corresponding to new gear technology or new imposed
regulations) data use should be restricted to the subset of
the historical data representing current practice, or fishery
data before and after the change should be assigned to
different fishery groups. In the latter instance it may be
possible to quantify the effect of the change on capture
rates empirically, by comparing vulnerability estimates
between the groups.

In the update of the NZSRA the AEWG considered as a
sensitivity suggestions that deepwater fishery groups
should be limited to fishing events post-2010, when new
mitigation requirements were imposed and revised offal
discard practices were widely implemented. For other
fishery groups at present there are not sufficient data to
evaluate whether or not capture rates have changed
sufficiently to warrant limiting the input fishery data in this
way. The time period over which observed capture rate
data is used to estimate vulnerability in the NZSRA are

shown in Table 3.5. Due to a lack of data, the current



NZMMRA uses the full time period from which data are
available.

13.3.7.1 TRACKING FISHERY
| PERFORMANCE AFFECTING
VULNERABILITY OVER TIME

Because of the imperative to include as much data as
possible, in the absence of an identifiable step change in
fishing practice the SEFRA method is not well suited for
tracking changing catchability over time (i.e., indicative of
mitigation uptake or voluntarily changed at-sea practices).
To detect change of this nature it is necessary to test
alternate structural assumptions, i.e., running sensitivities
using observer data from different time periods, and
of
vulnerability, and risk. (In contrast, changing spatio-

comparing the resulting estimates catchability,
temporal distributions of fishing effort are manifested in
overlap rather than vulnerability, so are immediately

apparent and easily tracked over time).

Furthermore because vulnerability estimation in equation
(18) is integrated across all fishery groups simultaneously
and informed by input priors that reflect information other
than observed capture rates, changes in the estimated
vulnerability can arise from multiple sources other than
observed changes in the capture rate in the fishery group in
question.

Where tracking changed performance over time in
particular fisheries or subsets of fisheries is an imperative,
it is necessary to develop dedicated tools for this purpose,
i.e., to define particular queries and run sensitivities in
which changed outputs arise only from the fishery in
question while other inputs are held constant. MPI is
progressing work to develop this capability (project
PRO2016-06 and SEA2016-30).

3.3.8 YEARS" FISHING EFFORT DATA TO
REPRESENT CURRENT EFFORT AND RISK

Once species and fishery group vulnerability have been
estimated by the model described in equation (18), there is
no longer an imperative to maximise the use of fishing
effort data in the subsequent estimation of current impact
on a species- and fishery-group-specific basis in equations
(5)—(9). Instead, it is important to use the best available
proxy for ‘current’ or expected future fishing effort.
Generally the recent past is considered the best proxy for
the immediate future, but where fishing effort trends are
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changing rapidly or future changes can be forecast (e.g.,
reflecting changed TACs, management boundaries or fleet
composition) it may be worthwhile to apply alternative
spatial effort

assumptions, or generate hypothetical

scenarios on a case by case basis.

As a default the NZSRA and NZMMRA use the most recent
three years’ fishing effort data to approximate the ‘current’
distribution of effort, and to estimate corresponding
‘current” impact and risk.

3.3.9 CRYPTIC MORTALITY

The modelling step of the SEFRA method in equation (18)
fits to data indicative of total observable captures. However
biological risk is a function of deaths, not captures; the
relationship between captures and FRDs is reflected in the
estimation of cryptic mortality and live release survival
rates in equations (10)—(11). Input parameters to inform
these equations are almost always highly uncertain. Often
some data may exist for the live release rate ry4, but data to
better estimate the cryptic mortality multiplier kg and live
release survival rate Lgg are by nature difficult to obtain,
generally requiring dedicated research projects. In the
absence of data, it is necessary to estimate these
parameters outside the model using expert knowledge,
reflecting uncertainty as input priors.

Scientists and other technical experts are often reluctant to
provide numerical estimates where the answers are highly
uncertain, citing lack of data. But failure to explicitly
consider cryptic mortality and live release survival within
protected species risk assessments constitutes an implicit
adoption of extreme values (0 or 1) with absolute certainty;
this approach is far less defensible than applying subjective
estimates with explicit priors reflecting actual uncertainty.
Inclusion of highly uncertain parameters based on expert
knowledge serves to illustrate for managers the real
consequences of the current lack of knowledge regarding
cryptic mortality, and creates positive incentives for fishers,
both to modify at-sea behaviour (e.g., improved protected
species handling protocols at sea to increase live release
survival) and to collect better data so that improved
performance is reflected in reduced risk. Furthermore, inan
integrated Bayesian multi-species model, ignoring these
parameters may force the model to adopt skewed
estimates of other important parameters in order to fit
model constraints. For these reasons inclusion of even
highly subjective parameter estimates in equations (10) and
(11) is essential.



Experts who may initially profess their inability to estimate
unknown parameters often find that collectively they
‘know’ far more than they expect, when confronted with
the consequences of failing to provide an estimate (i.e.,
many experts are reluctant to propose a ‘correct’ estimate
but quick to reject one that they ‘know’ to be ‘wrong’). To
highly
subjective estimates are best elicited in a structured

capture this tendency effectively, uncertain

workshop setting, or via Delphi methods (e.g., as used in the
2016 NZMMRA).

3.3.9.1 CRYTIC MORTALITY GROUPS

Similar to species vulnerability groups, species are assigned

to cryptic mortality groups, reflecting groups of species that
are expected to interact with fishing gear in similar ways
that will affect cryptic mortality rates. Cryptic mortality
groups are more broadly defined than species vulnerability
groups.

In the NZSRA, all seabird species are assigned to one of five
such groups on the basis of body mass (affecting the
amount of forward momentum with which they may be
expected to interact with trawl warps and/or wing length
that affects likelihood of warp entanglement) and also
diving ability; see Table 3.3.

In the NZMMRA, cryptic mortality groups reflect body size
and foraging behaviour affecting likely interactions with
(e.g.,
separately from large baleen whales because depredation

vessels large toothed whales are considered

behaviour may lead to substantially increased

entanglement risk in longlines). Cryptic mortality

parameters are applied at the level of the five broadly
defined fishing methods in Table 3.6.

3.3.9.2 INPUT PARAMETER

DISAGGREGATION FOR
IMPOROVED ESTIMATION OF
CRYTPIC MORTAILITY

Where protected species may interact with fishing vessels
in a variety of different ways, refined estimation of cryptic
mortality rates is greatly aided by disaggregating the input
parameters to distinguish between different types of
interactions, to make maximum use of available data. The
power of this approach is illustrated below with reference
to the NZSRA, for which the most recent iteration estimates
and applies different cryptic mortality parameters for each
fishery group.

3.3.9.2.1 SEABIRDS IN TRAWL FISHERIES

In the first application of cryptic mortality within the NZSRA,
Sharp et al. (2011) disaggregated the estimation of cryptic
mortality multiplier kg4 in trawl fisheries as follows.

- Captures and/or mortality events are assumed to

arise from three types of interaction:

O Net captures

O Surface warp strikes (bird resting or hovering at
surface  is  overtaken and  potentially
entangled/drowned by a moving warp)

O Aerial warp strikes (a flying bird strikes a warp
under its own forward momentum).

- Warp captures vs. net captures are
separately by fisheries observers; using these data the
estimated proportion of net captures can be
estimated separately for each cryptic mortality group
and fishery group, and applied to estimate group-
specific cryptic mortality rates, as follows:

0 For net captured birds:
= Live releases are recorded by fisheries
observers; these data are used to estimate

the live release rate, 1,4 — net.

recorded

* Live release survival Ly, — net is estimated
subjectively or requires dedicated research
projects (e.g., banding or radio-tracking of
live released birds)

* The cryptic mortality multiplier ks, —net
(reflecting drowned or injured birds that
drop out of the net uncounted) is estimated
subjectively  or  requires dedicated
observation.

0 For warp captured birds:

=  All warp captures are assumed to arise from
surface warp strikes.

= No warp captured birds are assumed to be
released alive (r;; — warp =0)

= The surface strike cryptic mortality multiplier
ksg —surf is estimated relative to
observed surface captures based on

dedicated research projects (e.g., ‘corpse

catchers) or warp strike observational
studies (e.g., Watkins et al. 2010, Abraham

2010)

= The aerial strike cryptic mortality multiplier
kg — air is estimated relative to surface
captures, applying surface: aerial warp strike
ratios and subjective estimates of the fate of
aerial warp strikes from dedicated
observational studies elsewhere (Watkins et
al. 2008). These could be productively



updated to also include use of more recent
data (e.g., Parker et al. 2013).

The sequence by which disaggregated cryptic mortality
parameters for trawl fisheries are combined to generate a
total fisheries related deaths multiplier x4 as in equation
(11) is displayed below in Figure 3.7.

Figure 3.7 Transition probabilities by which the total fisheries-related
deaths multiplier s (including live release survival as in equation (10)) is
estimated for seabirds in trawl fishery groups.

Cryptic mortality rates consistent with this framework (but

without incorporating live releases or distinguishing
between different trawl fishery groups) were adopted in
the 2013 iteration of the NZSRA (Richard & Abraham
2013b). The full framework was adopted in the 2017
iteration (summarised in Chapter 8). Importantly, the
disaggregated cryptic mortality parameters in equation (10)
including priors to represent uncertainty are incorporated
as separate inputs into the integrated Bayesian multi-
species risk model, rather than estimated outside the
model and summarised as a single multiplier x4 from
equation (11). In this way posteriors arising from the fitted
model will help to refine poorly estimated cryptic mortality
or live release parameters and/or to indicate where
dedicated research projects may be useful to reduce

uncertainty.

Utilisation of a ‘corpse catcher’ on trawl warps may provide
empirical data to better estimate the rate at which fatal
surface warp strikes result in an observed capture (i.e., p(C
| Dsurf in Figure 3.7).

3.3.9.2.2 SEABIRDS IN LONGLINE FISHERIES

From the 2013 iteration the NZSRA has applied a total
fisheries related deaths multiplier s, for all longline
fisheries, based on a single dedicated observational study
in surface longline fisheries (Brothers et al. 2010). This
approach can be substantively improved, e.g., by re-
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examining the Brothers et al. (2010) dataset to distinguish
between species cryptic mortality groups, and by applying
distinct assumptions regarding the fate of birds captured on
the set vs. the soak vs. the haul (i.e., ksg — set will be
higher than kg, — haul, and live releases would be applied
to haul-captured birds only). Furthermore, the use of these
data primarily from global high seas SLL fisheries to
estimate cryptic mortality in domestic SLL fishery groups,
and the extension of these results also to BLL fishery
groups, is untested.

From the 2017 iteration the NZSRA incorporates live
release rate (separately for BLL vs. SLL, using New Zealand-
specific data) and live release survival (subjectively
estimated with high uncertainty). A dedicated research
project is in the planning stages using dead geese and ducks
as proxies for large and medium seabirds caught on the set,

to better estimate k,, — set.

Pierre et al. (2015) make specific further recommendations
for improvement of cryptic mortality parameter estimation.

23.3.9.3 ESTIMATING CHANGING CRYPTIC
' MORTALITY OVER TIME

Because cryptic mortality multipliers have a direct and
potentially dramatic effect on total FRDs in equations (10)
and (11), but are not necessarily reflected in observed
capture events by which species vulnerability is estimated
in equation (18), it is plausible that changed fishery
practices affecting cryptic mortality and/or live release
rates may occur without any corresponding change in
observed capture rates, hence vulnerability and risk. If such
changes are likely then the factors underlying estimation of
cryptic mortality need to be examined in a temporally
rates don’t

explicit way, so that constant capture

potentially mask substantially changing death rates.

To illustrate, in trawl fisheries, seabird net captures will
accrue a fairly low fisheries-related deaths multiplier (likely
less than 2) because relatively few diving birds are thought
to drown but fall out of the net uncounted (kg4 — net is
low), and a substantial proportion of flying birds entrapped
by the meshes on the outside of the net are released alive
and may survive (r;g — net and Lg; — net are non-zero). In
contrast, warp captures may accrue a very high cryptic
mortality rate because: i) surface struck birds dragged
underwater and drowned on the warps are only recovered
if their bodies are subsequently impaled on a sprag or
otherwise entangled in the gear; ii) aerial warp strikes may



result in fatal injuries such broken wings, with no
mechanism for body recovery leading to a recorded
capture; and iii) there are no warp captured birds released
alive. For these reasons a capture on the warp implies a
higher number of actual deaths, hence greater risk, relative

to a capture in the net.

It is therefore possible that changes to seabird mitigation
and offal discard practices over time that have the effect of
shifting captures from the warp to the net could occur with
little to no observable change in estimated capture rate and
vulnerability, effectively disguising a substantial reduction
in total FRDs and species risk if changes to cryptic mortality
and total fisheries related deaths multipliers were
considered. This effect may have occurred in some New
Zealand deepwater fisheries, for which there is an
increasing trend in the proportions of net captures and of
live released birds since changed mitigation and offal

management practices began to be adopted from around

2005 (Figure 3.8). Itis likely that this trend reflects a shift in
the species composition of captured birds — away from
mollymawk species primarily caught on the warp, and
toward medium sized and diving birds, more often caught
in the net. The 2017 iteration of the NZSRA applies the
observed ratio of net: warp captures for different fishery
groups individually, and estimates group-specific fisheries-
related deaths multipliers at the level of each combination
of cryptic mortality species group x fishery group in Tables
3.3 and 3.5. This will have the likely effect of reducing FRD
multipliers for those (well-observed) fisheries and species
for which the proportion of net captures has increased
relative to warp captures, and increasing the uncertainty
associated with FRD multipliers for other poorly observed
fishery groups.

A similar modification should be considered in future to
distinguish between SLL and BLL fishery groups based on
the proportion of captures on the set vs. on the haul.
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Figure 3.1: Declining proportion of seabird captures on the warp vs. on the net, and increasing proportion of seabirds released alive, in the well-observed

squid fishery, corresponding to the implementation of changed practices from approximately 2003-05. Changes of this kind may result in significant

reduced cryptic mortality multipliers (hence total fishery-related deaths and risk) even while capture rates remain unchanged.

3.3.10 DEMOGRAPHIC
PARAMETERS

AND BIOLOGICAL

3.3.10.1 SPECIES BIOLOGICAL INPUTS

Biological parameters are derived from available data or
published proxies and defined as input distributions
reflecting uncertainty. The SEFRA method applied to
protected species requires sufficient biological parameter
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inputs to inform the estimation of rmax, for use in equation
(30). In the 2017 iteration of the NZSRA these include age
at reproduction and adult survival, both of which are in turn
derived from allometric relationships with body mass
(Chapter 8). In contrast the NZMMRA uses published
literature values for rmax,; other future applications of the
SEFRA framework (e.g., for non-target fish or benthic
invertebrates) will use alternative means of representing



intrinsic species productivity to derive a MIST as in equation
(29).

23.3.10.2 POPULATION DEMOGRAPHIC
: INPUTS

As described above, population monitoring data may be
used to define constraints on total fisheries-related deaths
within an integrated model (as in the 2016 NZSRA). In this
way the SEFRA method allows utilisation of all available
biological, demographic, and fisheries observer data to
of
simultaneously across all fishery groups and species groups.

inform  estimates fisheries impact and risk

It is important however to distinguish between the
taxonomic / ideal biological parameters affecting species
productivity and the estimation of rmex, (above) vs. actual/
realised parameters specific to the impacted population in
The
characteristics of the species and may legitimately be

question. former inputs represent intrinsic
sourced from published data from overseas populations, or
derived from allometric and life history relationships for the
species in question (as in the 2016 NZSRA), or estimated by
proxy

demographic parameters used to constrain fisheries

analogy with similar species. In contrast,
impacts must necessarily come from direct observations of
the particular impacted population, and must be both
reliable and current (i.e., reflective of the same time period
over which fisheries effort data are included in the risk
assessment). To illustrate, in the 2016 NZSRA, adult survival
S appears in both calculation pathways of Figure 3.1,
informing the estimation of rmax via the left-hand path and
constraining total fishery-related deaths via the right-hand
path. This model distinguishes between the ‘taxonomic’
(un-impacted ideal) adult survival Stax affecting estimation
of rmaxon the left, vs. the ‘actual/realised’ adult survival Sact

for the impacted population in question, to constrain
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impact estimates on the right. Using demographic
monitoring data to constrain impacts within the Bayesian
model is a powerful innovation but should applied
cautiously and only using quality data. Adoption of this
innovation within the SEFRA method creates powerful
incentive to fund and deliver population monitoring

research to better inform fisheries risk assessment.

Populations for which adult survival is used to constrain
total fishery-related deaths in the 2017 NZSRA, and the
source of demographic parameter estimates used to define
this constraint, are shown in Table 3.8.

3.3.11 MODEL DIAGNOSTICS

A primary means of testing spatial parameter inputs and
structural assumptions and evaluating model fit is to
examine spatial patterns of expected vs. observed captures
on a species- and fishery-group-specific basis, as in Figure
3.6. These maps should be produced and evaluated
routinely for every combination of species group x fishery
group that produces substantial risk for any at-risk species
(e.g., highlighted in Table 3.2). Where spatial fits are good,
observed captures should show the same spatial pattern as
the underlying observed overlap. Poor spatial fits should
prompt further investigation either of spatial data inputs
(i.e., animal distribution layers) or structural assumptions
(e.g., species and fishery group definitions, seasonal
variation in available population size), which may be
iteratively adjusted and re-evaluated until spatial fits
improve.

Similarly, expected vs. observed capture estimates should
be evaluated across all fishery group x species group
combinations simultaneously, as in Figure 3.9. Outliers
prompt further investigations.



Table 3.8: Realised adult survival Sacwal, Used to constrain total fishery related deaths in the integrated model of the 2017 NZSRA. Annual fishery-related
deaths are constrained to be less than 1 minus adult survival (D < (1-S)). This is a precautionary constraint, allowing that all deaths are attributable to
fisheries (i.e., neglecting natural mortality).
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Figure 3.9: Example model diagnostics plot showing observed vs. expected numbers of live captures (top) and dead captures (bottom) for each
fishery and species group combination in the 2016 NZMMRA.
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3.4 ALTERNATIVE

IMPLEMENTATIONS
THE SEFRA FRAMEWORK

OF

Alternate applications of the SEFRA method are currently
planned or in development. To the extent possible, these
will be developed to be conceptually and terminologically
consistent with the framework described above, noting
however that every individual risk assessment will be
customised to address the particular nature of the specific
problem and to make maximum use of the available data.
For these reasons individual risk assessments will develop
and apply different specific methodologies as required on a
case by case basis.

3.4.1 SPECIES-SPECIFIC SEABIRD AND
MARINE MAMMAL ASSESSMENTS

Where the multi-species marine mammal and seabird risk
assessments indicate that fisheries risk is likely to be
substantial for particular species of interest, separate
species-specific implementations may be warranted to
enable a more thorough understanding of available data.
Species-specific implementations are already in progress
for Maui and Hector’s dolphins (SEA2016-30 and PRO2017-
12) and for New Zealand sea lions in the Subantarctic
(PRO2017-10).
consideration also for New Zealand fur seals and for sea

Islands New projects are under
lions at newly established colonies on the New Zealand

mainland.

Focusing on a particular species allows structural decisions
to be tailored appropriately (i.e., using fishery group
definitions or seasonally variable spatial distributions that
are tailored to reflect interactions with only the species of
interest). These projects will also allow disaggregation of

species-level risk outputs to examine risk at a
subpopulation level, and to examine sensitivities or
evaluate risk management options (e.g., spatial

management vs. mitigation vs. effort transition between
fishery groups).

Single species SEFRA models also allow consideration of
additional data reflecting covariates that may be of
particular importance to some species but not to others. To
illustrate, project PRO2016-02 will expand on the SEFRA
framework to build a multivariate model predicting
captures of black petrels and flesh-footed shearwaters by
longline fisheries. As in the basic SEFRA method, capture
rates are primarily a function of encounter rate, estimated

via spatial overlap between species and fisheries. But the
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expanded model will also incorporate additional covariates
thought to particularly affect black petrel and flesh-footed
shearwater interactions with fisheries, e.g., moon phase,
time of day, and mitigation uptake. In a multi-species
model, the effects of these covariates would be diluted and
likely impossible to discern. The outputs of PRO2016-02 are
expected to provide insight into factors most responsible
for driving fisheries captures, to inform the design of risk
management options for these important species.

3.4.2 GLOBAL SEABIRD RISK ASSESSMENT

A global (southern hemisphere) seabird risk assessment is
in progress to estimate out-of-zone risk to globally
distributed New Zealand species. The methodological
framework is as described above; available global seabird
distributions are as utilised in Waugh et al. (2012). A
primary challenge of this work is the poor quality of
available observed captures data required to characterise
global fishing effort and define meaningful fishery groups
(reflecting different fishing behaviour and different levels of
mitigation uptake between fleets) and thereby estimate
fishery group vulnerability vg. Species group vulnerability v,
can usefully be applied by proxy from the same or similar
species in the NZSRA.

3.4.3 PELAGIC PROTECTED FISH SPECIES

For large, solitary, rare and/or protected fish species
generally captured in single-capture events (e.g., pelagic
sharks) it is likely that the most effective approach will apply
a nearly identical mathematical formulation to that
described above for seabirds and marine mammals, so long
as population abundance data are available. Genetic mark-
recapture methods or genetic half-sibling analyses may
prove useful to obtain an estimate of absolute population

size.

The primary challenge of a pelagic shark risk assessment
under this approach will be to adequately represent highly
dynamic spatial distributions in time; this may be
achievable by applying sophisticated multi-variate habitat
models (e.g., Leathwick et al. 2006, Pinkerton et al. 2010)
parameterised using habitat affinity data from satellite
tracked individuals, to define seasonal distributions and
adjust available population size on a seasonal basis to

reflect large-scale movements of pelagic fish species.

Where adequate population data are lacking and only
fisheries-dependent data are available to model spatial



distributions (e.g., many pelagic sharks), an alternative
approach such as that developed by Fu et al. (2016) may be
applied.

It is likely that any pelagic protected fish risk assessment
could also be usefully extended to marine reptiles (turtles).

3.4.4 NON-TARGET FISH (TRAWL FISHERIES)

An application of the SEFRA method is currently under
consideration for non-target fish species captured as
bycatch in deepwater trawl fisheries, and for low
information inshore fish stocks. Application of the method
framework to non-target fish would follow the conceptual
framework of the SEFRA method described above, but with
substantial modifications of the analytical pathways
outlined in equations (1)—(30), reflecting differences in data
availability to inform input parameterisation. Application of
the SEFRA method to protected species vs. bulk-capture
bycatch species follows a similar estimation formulation as
in equation 18, but the (relative) knowns and unknowns are
reversed. For protected species such as seabirds and
marine mammals, population size is generally known with
some degree of precision (e.g., from genetic methods,
breeding colony census) but capture events are sufficiently
rare as to make estimation of catchability and/or
vulnerability challenging; thus N and O are used to estimate
g. In contrast, for non-target fish species, N is unknown but
captures data are generally much richer; thus population
size must be estimated from catchability g, which must in
turn be estimated by other means (e.g., Zhou et al. 2009,

2011, Sibanda et al. 2016).

Because fishing gear is designed to retain fish, cryptic
mortality is unlikely to be as important for bulk captured
fish as for protected species, perhaps rendering the
distinction between vulnerability and catchability
unnecessary and eliminating the need for cryptic mortality
multipliers (except for example to reflect small fish escaping

through trawl meshes).

At least in trawl fisheries, because captures arise from
passive interaction with gear rather than active behavioural
attraction to fishing gear (as is the case with seabirds)
estimation of g will by necessity include parameters for
swept area and probably also a parameter for vertical
availability in the water column, distinct from catchability
parameters representing capture efficiency within the
swept area.
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Because fish are actively targeted, and because fish capture
and retention in trawls is determined by both species-
specific morphological and behavioural characteristics and
fishery-group specific gear performance and efficiency, the
structural assumptions behind the disaggregation of the
vulnerability / catchability parameter into its species-group-
specific and fishery-group-specific components is violated;
catchability will by necessity be estimated per fishery group
x species group combination (54 not gsqg).

Because schooling fish are captured in bulk, it will likely be
necessary to estimate catchability as the product of two
capture estimation models, one for probability of capture
per fishing event and a separate model for abundance in
those events in which the species is captured.

All of these modifications are under consideration by MPI
contracted scientists; preliminary progress is described in
Roux et al. (2015) and Sibanda et al. (2016). Subsequent
extension to non-target inshore fish will be considered as
one available method of the Low Information Stocks Project
(LISP), subject to limitations on the ability to accurately
estimate spatial distributions.

3.4.5 BENTHIC INVERTEBRATES
STRUCTURAL HABITATS

AND/OR

The SEFRA method is analogous to and fully compatible
with spatially explicit benthic impact assessment methods
for example as previously described in Sharp et al. (2009)
and developed further by Mormede & Dunn (2012). The
primary obstacle to full implementation of the SEFRA
method for benthic invertebrates is the inherent difficulty
of modelling benthic invertebrate spatial distributions given
the sparse and scale-dependent nature of available
environmental data to inform habitat models, and poor
captures data with which to estimate the relationship
between habitat and biology. For this reason the initial
implementation of the impact assessment in Sharp et al.
(2009) estimated impacts per spatial cell but without
reference to the taxonomic composition of the benthic
community; hence without an effective ‘population size’
there was no means of defining an impact threshold
analogous to the MIST of Roux et al. (2015). Availability of
improved high-resolution bathymetric and oceanographic
spatial data layers to inform spatial habitat models may
make full implementation of SEFRA method increasingly
feasible for benthic invertebrate taxa.



Because fishing gear is not designed to retain benthic
invertebrates, and damage to benthic habitats occurs
regardless of to what extent benthic material is retained,
modification of the SEFRA method for bottom fishing
impacts will focus exclusively on vulnerability rather than
catchability, using swept-area methods, thus eliminating
any need to consider cryptic mortality. Growth and
recovery factors analogous to the use of rmex can be used to
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Snapshot of Chapter 4 -

Chapter 4.

New Zealand sea lion (Phocarctos hookeri)

New Zealand sea lion 1. THE ISSUE IN BRIEF
(Phocarctos hookeri) * The New Zealand sea lion (Phocarctos hookeri) is a
pinniped, breeding only in New Zealand, classed as
‘Nationally vulnerable’ by the Department of Conservation
* The population of the main breeding colony at the
Auckland Islands has declined from a peak in 2000
¢ Like all marine mammals, NZ sea lions are protected under
the Marine Mammals Protection Act 1978 and the Fisheries
Act 1996. NZ sea lions are managed under a Threat
Management Plan (2017-2022)
* Potential threats to this species include human disturbance
(on the mainland), direct and indirect effects of fisheries (for
Threatened - adults and sub-adults, see boxes 4 and 5), diseases, and
Nationally vulnerable (DOC 2019) possible climate effects

2. DISTRIBUTION AND ABUNDANCE

* New Zealand sea lions were once present throughout New Zealand,
primarily in the southern regions, prior to human settlement

* Currently there are three recognised breeding colonies, on
the Auckland Islands, Campbell Island, and Stewart Island, and
recently established breeding sites on the Southland coast

* Population estimates are based on demographic models
informed by annual pup counts and mark-recapture data

* Sea lions can roam up to 200 km away from the colony
during foraging trips

Modeled foraging distribution of NZ
sea lions around the Auckland Islands

* The population at the main breeding colony at the Auckland Islands declined by
40% between 2000 and 2009. After 2009, pup mortality decreased, and the population
numbers appear to have stabilised at a lower level

* Populations are stable or increasing at most breeding locations

Auckland Islands colony female population
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3. FISHERIES INTERACTIONS

* Sea lions can enter trawl nets during
fishing operations, and may drown in the net

* Sea Lion Exclusion Devices (SLEDs) enable
sea lions to exit the net, reducing the risk of
drowning. They were developed, and
ultimately fully adopted from 2008. SLEDs are
used in trawl fisheries near the Auckland
Islands and Campbell Island

* Capture rates in relevant fisheries declined and stabilised
after the full adoption of SLEDs (see scheme above). Observer
coverage in squid fisheries has increased up to near 100%

* The Auckland Islands squid fishery is closed if the
regulated mortality limit for NZ sea lions is reached

Figures on left: fishing effort and observer coverage
(above) and observed captures of NZ sea lion (below) in the
Squid 6T trawl fishery 2003-2018

4. SEA LION CAPTURE TRENDS IN TRAWL FISHERIES

* Sea lion captures are estimated for different trawl fisheries using a risk assessment model (see Chapter 3)

Estimated NZ sea lion (females only) annual deaths 1993-2017 in trawl fisheries targeting

squid (red); scampi (green); and all other trawls (blue) around the Auckland Islands
* In the 1990s, relatively high captures are estimated to have occurred in trawl fisheries targeting squid.
Estimated captures declined over time, as the fishing effort decreased

* From around 2007, sea lion deaths in the squid fishery decreased further, ranging between 1 and 5

deaths per year, after the universal adoption of standardised SLEDs

¢ Cryptic deaths, i.e, sea lions that exit via the SLED but nonetheless die as a consequence of the interaction,
are estimated separately and included in the count of annual deaths (see figure above)

5. ONGOING RESEARCH
* Threat Management Plan (2017-2022) in place.
* Colony monitoring and pup counts are updated annually. SQU and SBW fisheries are highly observed.
Spatial risk assessment can be updated annually using fishing overlap with sea lion distribution
* Work is in progress to monitor the new breeding sites along the Southland coast, and investigate indirect
effects of fishing, diseases, and climate variability
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4 NEW ZEALAND SEA LION (PHOCARCTOS HOOKERI)

Status of chapter
Scope of chapter

Area

Focal localities

Key issues

Emerging issues

Fisheries New  Zealand

research (current)

New Zealand government
research (current)

Related chapters/issues

4.1 CONTEXT

Observer data and capture estimates have been updated for AEBAR 2021.

This chapter describes: the biology of New Zealand sea lions (NZSL; Phocarctos hookeri),
the nature and extent of potential interactions with fisheries, means of estimating
fisheries impacts and population-level risk, management of fisheries interactions, and
priorities for future work.

Auckland Islands, Campbell Island, and nearby sub-Antarctic waters over the continental
shelf. Stewart Island and nearby coastal waters. Otago and the Catlins Coast and nearby
coastal waters.

Areas with potential for significant fisheries interactions include the Auckland Islands
Shelf, the Campbell Plateau, Stewart Island, and the southern and south-eastern coasts
of the South Island.

Improved understanding of the effects of fishing in the context of non-fishery threats
and environmental variability; improved understanding of spatio-temporal distributions
affecting interaction rates with fishing effort, with a focus on the Dundas Island and
Figure of Eight Island breeding populations, and outside the summer season; improved
understanding of the risk factors and population consequences of Klebsiella
pneumoniae-infection and other causes of death for pups at the Auckland Islands and
Campbell Island; improved understanding of the causes and population consequences
of nutritional stress for the Auckland Islands and Campbell Island colonies; improved
understanding of potential anthropogenic barriers to growth of South Island mainland
and Stewart Island breeding populations; cryptic mortality in trawls employing Sea Lion
Exclusion Devices (SLEDs).

Improved means of estimating incidental captures and risk in poorly observed inshore
fisheries potentially interacting with South Island and Stewart Island colonies. Improved
understanding of the potential indirect effects of fishing on prey availability, in the
context of climate variability. Management of public interactions with recovering South
Island and Stewart Island populations.

PRO2017-08C Factors affecting New Zealand sea lion pup survival, PMM2018-05B
Estimate spatial distributions for South Island NZSL to assess potential fisheries overlap
and risk (including aquaculture). PMM2019-09: Update Campbell Island NZSL PST
(Population Sustainability Threshold) estimation; ZBD2018-05: Environmental variability,
regime shifts, and ecosystem function in the sub-Antarctic.

DOC Marine Conservation Services Programme (CSP): INT2017-02 Identification of
marine mammals, turtles and protected fish captured in New Zealand fisheries; INT2019-
01 Observing commercial fisheries; INT2019-03 Characterisation of marine mammal
interactions; POP2018-03 New Zealand Sea Lion: Auckland Islands pup count; MIT2014-
01 Protected species engagement project.

Chapter 5: New Zealand fur seals.

Conservation General Policy, which specifies in Policy 4.4 (f)

The management of fisheries impacts on New Zealand sea
lions is legislated under the Marine Mammals Protection
Act (MMPA) 1978 and the Fisheries Act (FA) 1996.

The Minister of Conservation gazetted the New Zealand sea
lion as a threatened species in 1997. All marine mammal
species are designated as protected species under s.2 (1) of
the FA. In 2005, the Minister of Conservation approved the
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that “Protected marine species should be managed for their
long-term viability and recovery throughout their natural
range.” The Department of Conservation’s (DOC) 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 Islands and Campbell Island, were

inscribed as a World Heritage area in 1998.



Fisheries New Zealand manages fishing-related mortality of
New Zealand sea lions under s.15 (2) of the FA. Under that
section, the Minister of Fisheries “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”.

The relevant National Fisheries Plan for the management of
incidental captures of New Zealand sea lions is the National
Fisheries Plan for Deepwater and Middle-depth Fisheries
Part 1A (the National Deepwater Plan). Under the National
Deepwater Plan, the objective most relevant for
management of New Zealand sea lions is Environmental
Outcome 8: Manage deepwater and middle-depth fisheries
to avoid, remedy, or mitigate the adverse effects of these
fisheries on the long-term viability of endangered,

threatened, and protected species.

Specific objectives for the management of incidental
captures of New Zealand sea lions will be outlined in the
fishery-specific chapters of the National Deepwater Plan for
the fisheries with which New Zealand sea lions are most
likely to interact. These fisheries include sub-Antarctic trawl
fisheries for arrow squid, southern blue whiting, and
scampi.

The New Zealand sea lion population is monitored by pup
counts at the main breeding colonies, the largest of which
are at the Auckland Islands. The number of sea lion pups
born at the Auckland Islands declined nearly 50% between
1998 and 2009 and appears to have stabilised thereafter. In
2014, following the third-lowest pup count on record, the
Minister of Conservation and the Minister for Primary
Industries requested that DOC and MPI work to develop a
New Zealand sea lion/rapoka Threat Management Plan
(TMP). The process to develop the TMP involved a number
of workstreams, including: a workshop to understand
causes of pup mortality for sea lions at the Auckland Islands;
two multi-day workshops, attended by a panel of
independent experts, to inform a multi-threat risk
assessment (Roberts 2015, Debski & Walker 2016); and
inaugural meetings of the New Zealand sea lion/rapoka
Forum and Advisory Groups in early 2017. The TMP was
finalised in 2017 (Department of Conservation & Ministry

for Primary Industries 2017).

The TMP reflects the female New Zealand sea lion
demographic population models and multi-threat risk
assessment for the Auckland Islands described by Roberts

& Doonan (2016) and recognises that no single identified

threat in isolation was responsible for the population
decline observed there since 2000. Population recovery
would benefit from mitigation of multiple threats at the
four main breeding sites (Department of Conservation &
Ministry for Primary Industries 2017). The TMP commits to
two objectives:

1) halt the decline of the New Zealand sea lion
population within 5 years and
2) ensure the New Zealand sea lion population is

stable or increasing within 20 years, with the
ultimate goal of achieving ‘Not Threatened’ status.

The TMP outlines a work programme toward achievement
of the plan’s objectives, to be reviewed every five years. An
overview of the TMP and identified workstreams, including
research priorities, are reproduced in Figures 4.1 and 4.2.

4.2 BIOLOGY

54

4.2.1 TAXONOMY

The New Zealand 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 New Zealand fur seal (Arctocephalus forsteri,
Lesson 1828). The New Zealand sea lion is New Zealand’s
only endemic pinniped, in terms of the breeding
distribution (noting that males haul out at Macquarie
Island—an Australian sub-Antarctic island—but there is no

breeding colony there).

4.2.2 HISTORICAL DISTRIBUTION

Before the arrival of humans in New Zealand, New Zealand
sea lions ranged around the North and South islands of New
Zealand and the Chatham Islands (Rawlence et al. 2016).
Pre-European remains of New Zealand 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 sea lions once occurred
around north-west Nelson, and that South Island and
Chatham Island subpopulations were genetically distinct
These
subpopulations became extinct shortly after the arrival of

from contemporary New Zealand sea lions.

Polynesian settlers (Collins et al. 2014a, 2014b, Rawlence et
al. 2016).


http://www.doc.govt.nz/Documents/conservation/marine-and-coastal/marine-conservation-services/meetings/sea-lion-pup-mortality-discussion-paper.pdf

Figure 4.1: Threat management and population recovery objectives specific to four different New Zealand sea lion breeding populations, from the New
Zealand sea lion Threat Management Plan (Department of Conservation & Ministry for Primary Industries 2017).
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Figure 4.2: Workstreams identified in the New Zealand sea lion Threat Management Plan (Department of Conservation & Ministry for Primary Industries
2017).
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Subsistence hunting on the South Island and subsequent
commercial harvest from outlying islands of New Zealand
sea lions for skins and oil resulted in population decline and
contraction of the species range (Gales 1995, Childerhouse
& Gales 1998, Nagaoka 2001, 2006). Despite the historic
reduction in population size and range contraction as a
result of subsistence hunting and commercial harvest, the
New Zealand 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).

4.2.3 CURRENT DISTRIBUTION

Currently, most New Zealand sea lions are found in the New
Zealand sub-Antarctic, with individuals ranging to the New
Zealand South Island and Macquarie Island. New Zealand
sea lion breeding colonies! are highly localised, with most
pups being born at the Auckland Islands and Campbell
Island (Wilkinson et al. 2003, Chilvers 2008). At the
Auckland Islands, there are three extant breeding colonies:
Enderby Island (at Sandy Bay), Dundas Island, and Figure of
Eight Island. On Campbell Island there is one breeding
colony at Davis Point, another colony at Shoal Point, and an
increasing number of non-colonial breeders (Wilkinson et
al. 2003, Chilvers 2008, Maloney et al. 2009, Maloney et al.
2012, McNutt et al. 2020). Breeding at the Auckland Islands
represents 68—79% of the pup production for the species,
with the remaining 21-32% occurring on Campbell Island
(based on concurrent pup counts in 2008, 2010, 2015,
2018, 2019, and 2020; see Figure 4.3). Numbers of breeding
sea lions at the new Stewart Island colony and at haul-out
sites on the South Island are comparatively low but may be
expected to increase steadily if these recolonisation events
continue successfully.

Intermittent sea lion pup sightings have been reported at
Port Pegasus, Stewart Island since the 1990s. In 2011, a pup
survey and tagging programme was initiated, with 16 pups
tagged. Breeding success at the Stewart Island location has
increased steadily since that time, with 55 pups tagged in
2018 in the standard survey area, plus another 7 pups
tagged outside the survey area (Boren 2018). In 2018, after
5 consecutive years with more than 35 pups being counted,
the Stewart Island population was officially recognised as
the third New Zealand sea lion breeding colony. The latest

1 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 New Zealand sea lions
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pup count for Stewart Island was 48 pups in 2020 (47 at Port
Pegasus and one at Ulva Island; DOC unpublished data).

Successful sea lion breeding has also been observed on the
Otago Coast, South Island, beginning with a single female
that arrived in 1992 and gave birth in 1993 (McConkey et
al. 2002). Pup production at this location increased slowly,
to 7 pups in 2013, followed by a more rapid increase, to 21
pups in 2020 (see Figure 4.3).

On land, New Zealand sea lions can travel long distances
and ascend hills. They are found in a variety of habitats
including grass fields, exposed rock, and dense bush and
forest; breeding colonies are usually on large sandy
beaches (Gales 1995, Augé et al. 2012), though not
everywhere, e.g., at Campbell Island. In early summer,
colonial breeding sea lions are spatially constrained in the
vicinity of colony locations. Following the end of the
females’ oestrus cycle in late January, adult and sub-adult
males disperse throughout the species range, whereas the
dispersal of females (both breeding and non-breeding) is
more restricted both during and subsequent to the
breeding season (Marlow 1975, Robertson et al. 2006,
Chilvers & Wilkinson 2008).

4.2.4 FORAGING ECOLOGY

Foraging studies have been conducted on known
populations of lactating female New Zealand sea lions, i.e.,
from Enderby Island, Dundas Island, and Figure of Eight
Island (all in the Auckland Islands group) (Chilvers et al.
2005b, 2006, 2013, Chilvers & Wilkinson 2009); Stewart
Island; and the Otago Peninsula (see Augé et al. 2011a,
2014, Chilvers et al. 2011). Leung et al. (2012, 2013b,
2014b) investigated foraging by juvenile New Zealand sea
lions at Enderby Island in contrast with juvenile animals at
Otago Peninsula (Leung et al. 2013a), and in mother-
yearling pairs at Enderby Island (Leung et al. 2014a). A
comprehensive analysis of spatial foraging patterns of
Auckland Islands females used all the available satellite
telemetry data to characterise spatial foraging patterns and
estimate spatial overlap, annual deaths, and population risk
from all Auckland Islands commercial trawl fisheries (Large
2019). This

distributions that primarily represent the summer foraging

et al assessment estimated foraging
of breeding-age females from the Sandy Bay colony on

Enderby Island. Further tracking is planned to collect data

occur but where pups are not born, or where fewer than 35 pups
are born per year over 5 consecutive years.’



from sea lions at Dundas Island and/or Figure of Eight
Island, and to prioritise tracking data outside summer
months. Analyses of satellite-tracked individuals from
Campbell Island is in preparation (Lea et al. in prep, Lea et
al. in press).

Previous analyses of sea lion foraging indicate that females
from Enderby lIsland forage primarily over 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 at the Auckland Islands shows 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. 2005b). While foraging, about half of
the time was spent submerged, with a mean dive depth of
130 £ 5 m (max. 597 m) and mean dive duration of 4 + 1
minutes (max. 14.5 minutes; Chilvers et al. 2006). Both
juvenile female and male sea lions foraged to the north of
the Auckland Islands, but the mean distance travelled per
foraging trip was shorter in females (99 + 12 km, n = 19)
compared with 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 New Zealand
sea lions (Leung et al. 2013b) found that dive depth was
negatively related with animal mass (lighter sea lions dived
to greater depths), but in juvenile (2-5 years old) New
Zealand sea lions, diving ability (dive depth, dive duration,
and bottom time per dive) improved with both mass and
age, and five-year-old male New Zealand sea lions had
similar dive capability to adult females (Leung et al. 2014b).
New Zealand sea lions, like most pinnipeds, may use their
whiskers to help them locate and capture prey at depths
where light does not penetrate (Marshall 2008, Hankel et
al. 2010). Leung et al. (2014a) found no evidence that
yearling New Zealand sea lions were developing foraging
skills

behaviours

observational of maternal
of

partnerships at Enderby Island.

through learning

in a study seven mother-yearling

A recent review of studies conducted on female New
Zealand sea lions suggests a continuum of foraging
behaviour between benthic foraging vs. mesopelagic
foraging modes (Roberts et al. 2018, Lea et al. in press). An
earlier study suggested that individual animals may tend to
specialise in one or the other foraging mode (Chilvers &
Wilkinson 2009). In that study benthic divers had fairly
consistent dive profiles, reaching similar depths (120 m on
average) on consecutive dives in relatively shallow water,
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presumably to feed on benthic prey. Mesopelagic divers, by
contrast, exhibited more varied dive profiles, undertaking
both deep (over 200 m) and shallow (less than 50 m) dives
over deeper water. Benthic divers tended to forage further
from their breeding colonies, making their way to the
north-eastern limits of Auckland Islands Shelf, whereas
mesopelagic divers tended to forage along the north-
western edge of the shelf over depths of approximately
3000 m (Chilvers & Wilkinson 2009). Meynier et al. (2014),
employed fatty acid analyses of blubber samples and found
that fatty acid profiles were different in primarily benthic
diving vs. primarily mesopelagic diving lactating New
Zealand sea lions, suggesting a different utilisation of prey
resources such that, though prey species taken were similar
for both dive modes, the proportion of particular prey
differed between the two modes. In addition, Chilvers
(2017) found that the composition of stable isotopes
obtained from both blood serum and whiskers differed
between benthic vs. mesopelagic foraging sea lions at the
Auckland Islands. Further, Meynier et al. (2014) found that
the body condition index (the residual between the
measured and predicted body mass from the mass-length
regression provided by Childerhouse et al. 2010a) was
significantly greater in meso-pelagic divers than in benthic
divers.

The differences in dive profiles have further implications for
the 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 byproduct of
anaerobic metabolism). If animals exceed their ADL and
accumulate lactate, they must surface and go through a
recovery period to aerobically metabolise the lactate
before they can undertake subsequent dives. Chilvers et al.
(2006) estimated that lactating female New Zealand sea
lions at the Auckland Islands 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, Chilvers et
al. 2006). Auckland Islands sea lions that exhibit benthic
diving profiles are estimated to exceed their ADL on 82% of
dives, compared with 51% for meso-pelagic divers (Chilvers
2008).

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 Islands may be foraging at or near their



physiological limits. However, Bowen (2012) suggested a
lack of relationship between surface time and anaerobic
indicate that ADL has been
underestimated. Further, given a number of studies of

diving would seem to

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 (Table 4.1).
differences may reflect differences in habitat (including

Islands These observed
prey availability) between the Auckland Islands and the
Otago Peninsula, a founder effect, or a combination of
these or other factors. Similarly, Leung et al. (2013a)
compared foraging characteristics in juvenile (2—3 years
old) female New Zealand 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. (2013a) concluded that the Auckland
Islands are a less optimal habitat compared with Otago.

Satellite telemetry studies collected data during the 2019—
20 summer field season to characterise the foraging
distribution and dive behavior of breeding females in the
Catlins coast mainland population (DOC unpublished data).
Similar work may continue in future field seasons.

New evidence from satellite tracked individuals at Campbell
Island (Lea et al. in press) and from analysis of sea lion prey
including a dedicated ocean survey (Roberts et al. 2018)
suggests that sea lions at the sub-Antarctic islands may
suffer from periods of low prey availability and may be
forced to forage at the limits of their physiological
capabilities by low prey availability over the shelf. This
would make these populations particularly susceptible to
environmental variability affecting availability of preferred
prey (Roberts et al. 2018).

The foraging of lactating females at Port Pegasus, Stewart
Island was recently characterised by Chilvers (2018),
describing their foraging characteristics as intermediate
between Auckland Islands and Otago Peninsula females
with respect to dive depth, dive duration, and body mass.
Satellite telemetry data indicated that nearly all foraging
was within 50 km of the tagging site at Port Pegasus
(Roberts 2017a).

Table 4.1: Comparison of selected characteristics between adult female New Zealand sea lions from the Auckland Islands and those from the Otago
Peninsula (Augé et al. 2011a, 2011b, Chilvers et al. 2006, Chilvers 2018, Roberts & Doonan 2016). Data are means + s.e. (where available).

Auckland Islands

19% of females
(95 % Cl =16 -23 %)

Characteristic

Reproduction at age 4

Average mass at 8—13 years of 112 kg

age

Foraging distance from shore 102.0+ 7.7 km
(max =175 km)

Time spent foraging at sea 66.2 £ 4.2 hrs

Dive depth 129.4+53 m
(max =597 m)

Dives estimated to exceed ADL 68.7 +4.4%

New Zealand sea lions are generalist predators with a varied
diet that includes marine mammal prey (New Zealand fur
seal Arctocephalus forsteri), seabirds (yellow-eyed penguin
Megadyptes antipodes, blue penguin Eudyptula minor,
southern

rockhopper penguin Eudyptes chrysocome,

southern royal albatross Diomedea epomophora),

elasmobranchs (rough skate Raja nasuta), teleost fish (e.g.,
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Stewart Island Otago Peninsula

Unknown > 85% of females

Unknown 152 kg

45.0+4.1km 4.7 +1.6km

(max =38 km) (max =25 km)

149+ 1.4 hrs 11.8+ 1.5 hrs

59.6+7.0 20.2+245m

(max =250 m) (max =389 m)

35.1+3.3% 7.1+£8.1%

opalfishes  Hemerocoetes  spp., hoki  Macruronus

novaezelandiae, red cod Pseudophycis bachus, jack

mackerels Trachurus spp., barracouta Thyrsites atun,

southern blue whiting  Micromesistius  australis);

cephalopods (e.g., octopus Enteroctopus zelandicus and
Macroctopus squid  Nototodarus

maorum, sloanii);

crustaceans (e.g., lobster krill Munida gregaria); 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, Morrison et al. 2017). The three main methods used
to assess New Zealand sea lion diets involve analyses of
stomach contents, scats, and regurgitate, and the fatty acid
composition of blubber (Meynier et al. 2008). Stomach
contents of incidentally captured animals tend to be biased
towards the target species of the fishery concerned (e.g.,
squid in the Auckland Islands squid fishery), whereas scats
and regurgitates are biased towards less digestible prey
(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). Fatty acid analysis suggests
that the diet of female New Zealand sea lions at the
Auckland Islands tends to include proportionally more
arrow squid and hoki and proportionally fewer red cod than
for male New Zealand sea lions, and that lactating and non-
lactating females do not differ in their diet (Meynier et al.
2008, Meynier 2010). Within a sample of lactating female
New Zealand 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.

Previous assessments have identified considerable spatial
(comparing colonies) and temporal (inter-annual and
seasonal) variation in the diet composition of New Zealand
sea lions. For instance, jack mackerel and barracouta 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-
(e.g.,
increasing trend in small-sized prey (e.g., opalfishes,

sized prey Enteroctopus zealandicus) and an
rattails, and Octopus spp.) (Childerhouse et al. 2001,

Stewart-Sinclair 2013).

Teeth from individual sea lions at the Auckland Islands that
were archived at Massey University and Te Papa Tongarewa
were used to estimate trophic histories over an extended
historical period. Graham et al. (2019) analysed 396
samples from the annual growth bands found in 22 sea lion
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teeth (19 females and 3 males) dating from 1935 to 2005.
Nitrogen isotope (615N) data indicate an animal’s trophic
ecology and changes in their foraging strategies. It was
found that the male sea lions consistently forage at a higher
trophic level than the females. The 615N values of the 19
females reveal aspects of their foraging ecology and
physiology. At a broad scale, there is considerable variation
between individuals, suggesting variable foraging
strategies. A maternal or lactation signal was observed in
almost all teeth samples. This signal occurs because as the
pup consumes the mother’s milk its isotope value will be
one trophic level higher than its mother. In general, the
lactation signal declined for most of the individuals in the
first year, and by year two it was only present in two
individuals born in 1943 and 1994. An increase in trophic
level occurs after age five, which coincides with the age at
first breeding, but again there is inter-individual variation.
The §13C dataset for female New Zealand sea lions shows
an overall decreasing temporal trend, with notable
decreases pre-1960 and post-1990. Changes in primary
productivity affect the §13C values at the base of the food
web and this signal has been shown to propagate up the
food web. Overall, in periods of higher productivity the
613C values increase (Laws et al. 1995, Schell et al. 1998,
Graham et al. 2010). This suggests that during the 1940—
60s and late 1990-early 2000s there was either a) a
decrease in productivity around the Auckland Islands where
the female sea lions forage (i.e., shift in ocean conditions)
and/or b) the females shifted their main foraging strategy
(e.g., benthic vs. mesopelagic related to available prey). A
higher sample size would be required from the earlier time
period to resolve the timing of these isotopic signals
because they may relate to ecosystem changes potentially

affecting fish stocks or other species.

4.2.5 REPRODUCTIVE BIOLOGY

New Zealand sea lions exhibit marked sexual dimorphism;
adult males are darker in colour and much larger 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,
(2010b)
maximum estimated age for females of 28 years. Females

respectively; Childerhouse et al. reported a
can become sexually mature as early as age two and may
give birth the following year. However, at the Auckland
Islands most females do not breed until they are six years
old (Childerhouse et al. 2010b, Roberts & Doonan 2016); at
Otago Peninsula most females breed by age four (Roberts
& Doonan 2016). Males generally reach sexual maturity at



age four, 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 to compete successfully with other
males (Marlow 1975, Cawthorn et al. 1985). At the
Auckland Islands, the 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
with  the age at
reproduction being 26 vyears (Breen et al. 2016,
Childerhouse et al. 2010a, Chilvers et al. 2010). Chilvers et
al. (2010) estimated from tagged sea lions that the median

thereafter, maximum  recorded

lifetime reproductive output of a female New Zealand sea
lion at the Auckland Islands was 4.4 pups, and 27% of all
females that survive to age 3 never breed. Analysis of tag-
resighting data from female New Zealand sea lions on
Enderby
breeding is approximately 0.30-0.35 for prime-age females

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

New Zealand sea lions are strongly philopatric (i.e., they
return to breed at the same location where they were born,
although more so for females than males). Breeding is
highly synchronised and starts in late November when adult
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 New Zealand 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).

Pup birth weight is 8-12 kg and is highly variable between
years; 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 at sea and returning for about one day to suckle
their pups (Gales & Mattlin 1997, Chilvers et al. 2005b).
New Zealand sea lion pup growth rates at the Auckland
Islands are lower than those reported for other sea lion
species and may be linked to a relatively low concentration
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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 body condition
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).

4.2.6 POPULATION BIOLOGY

For New Zealand 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). Moderately reliable
pup counts have been made at Auckland Islands colonies
since the 1960s (e.g., Falla et al. 1976, and see a review by
Childerhouse & Gales 1998, and summary of estimates in
table 1 of Breen et al. 2016), though these were
intermittent, and reliable counts were not made across all
known Auckland Islands colonies in the same year prior to
1995. Since 1995, DOC has conducted mark-recapture and
pup census counts at each of the main breeding colonies at
the Auckland Islands, using a consistent methodology, 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 1997-98
to alow of 1501 + 16 pups in 2008-09 (Chilvers & Wilkinson
2011, Robertson & Chilvers 2011; Table 4.2 and see Figure
4.3), with the largest single-year decline (31%) occurring
between the 2008 and 2009 counts.

Since 2009, estimated pup production at the Auckland
Islands appears to have stabilised, fluctuating without trend
between roughly 1600 and 1800 pups in most years. The
most recent estimate of pup production for the Auckland
Islands population was 1740 pups in 2020, of which 289
were at Sandy Bay and 1399 were at Dundas Island (Table
4.2 and Figure 4.3).

The total New Zealand sea lion population size (including
pups) at the Auckland Islands has been estimated using
Bayesian population models (Breen et al. 2003, 2016, Breen
& Kim 2006a, 2006b, Roberts & Doonan 2016). Although
other abundance estimates are available (e.g., Gales &



Fletcher 1999), for the Auckland Islands population,

estimates derived from the integrated models are
preferred because they take into account a variety of age-
specific factors (breeding, survival, maturity, fisheries
incidental captures), as well as data on the resighting of

tagged animals and pup production estimates (Table 4.3).

When using demographic models to predict future
population trends, the future trajectory of the Auckland
Islands population is highly dependent on the time period
of demographic rates used to generate forward
projections. For instance, negative population growth
(A=0.959; 95% credible interval 0.955-0.963) was

estimated when using the demographic rates for the period

of declining pup production (between 1999 and 2009). But
increasing (A = 1.087; 95% credible interval = 1.069-1.105)
(A 0.989; 95%
interval = 0.985-0.993) trajectories were produced when

or approximately stable credible
using demographic rates for the prior period of growth
(until 1999) or relatively stability (since 2009) was used

(Roberts 2019).

At locations outside the Auckland Islands, breeding sea
lions have only established more recently, so their expected
population trajectories may be generally characterised by
initial population growth followed by eventual stabilisation
habitat
alternating periods of population growth and decline

as populations approach local limits, or by

reflecting variable environmental conditions.

At Campbell Island, recorded pup production has grown
from very low levels in the early 1990s up to 734 pups in
2018 (Boren 2018) and was 595 pups in 2020 (although
note that comparability may have been affected by
exceptionally high pup mortality rate in the latest year; see
below) (McNutt et al. 2020). Estimates of pup production at
Campbell Island increased sharply in the period from 1990
to 2010 (i.e., including during the period of steepest decline
at the Auckland Islands) but there has been some variation
in the timing and methodology of these surveys, and one of
the breeding colonies has moved over time. The later
surveys in 2003, 2008, 2010, and 2015 were considered to
be of sufficient quality to inform a simple population
estimate (Roberts & Doonan 2016) and a comparable
methodology was used to estimate pup production in 2018,
2019, and 2020. Early pup mortality (i.e., in the first few
months of life) at Campbell Island has been relatively high
in all recent census years, including: 1998 (31%), 2003
(36%), 2008 (40%), 2010 (55%), 2015 (58%), 2018 (23%),
2019 (54%), and 2020 (81%, the highest recorded at any
New Zealand sea lion breeding site) (see McNally et al.
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2001, Childerhouse et al. 2005, Maloney et al. 2009, 2012,
Childerhouse et al. 2015a, Boren 2018, Foo & Weir 2019,
McNutt et al. 2020). Multiple consecutive years of high pup
mortality rates can be expected to have detectable impacts
on adult population size and future pup production as the
affected cohorts reach maturity and recruit into the
breeding population.

For the Otago coast, annual pup production has increased
from 0 in the 1995 breeding season to 21 in the 2020
season (Figure 4.3). Sea lions at Otago are of special interest
because they highlight the potential for establishing new
breeding colonies; the Otago coast breeding population
originated with a single pregnant female (McConkey et al.
2002). The TMP identifies that the viability of new colony
locations on the New Zealand South Island is of particular
importance for the restoration of New Zealand sea lions to
non-threatened status.

Sea lions have established at Stewart Island, where pup
census estimates have been made since 2011, about 3—4
months after the probable pupping period. Stewart Island
pup counts have increased from 16 pups in 2011 to 48 pups
in 2020 (Chilvers 2014, DOC unpublished data, Roberts &
Doonan 2016; Figure 4.3). From 2018, the Stewart Island
population was formally recognised as a new breeding
colony, after 5 consecutive years in which annual pup
production was estimated to have exceeded 35 births
(Department of Conservation & Ministry for Primary
Industries 2017).

4.2.7 THREATS TO SEA LIONS

Known anthropogenic sources of direct mortality to New
Zealand sea lions include, historically: subsistence hunting
and commercial harvest (Gales 1995, Childerhouse & Gales
1998); and pup entrapment in rabbit burrows prior to
rabbit eradication from Enderby Island in 1993 (Gales &
Fletcher 1999). On Stewart Island and the South Island, sea
lions encounter human disturbance (including attacks by
dogs), vehicle strikes, and deliberate shooting on South
Island New Zealand (Gales 1995). Incidental captures in
fisheries may affect both sub-Antarctic and mainland
populations (see section 4.4). Scientific research may also
pose a threat, e.g., there is a risk of accidental death arising
from the use of anesthesia (Lynch et al. 1999), and
disturbance and handling of animals may create other risks
to animal health. Other anthropogenic effects may
indirectly affect New Zealand sea lion populations, but for
which the actual level of impact is presently unclear, include
potential trophic competition between New Zealand sea



lions and fisheries (Robertson & Chilvers 2011, Bowen
2012, Roberts et al. 2018; see below); 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 casual or
organised eco-tourism.

Very high rates of pup mortality observed at Campbell
Island are mainly due to pups drowning in wallows (Lea et
al. 2018) or dying of exposure or starvation arising from
adverse weather conditions (McNutt et al. 2020). The
magnitude of these impacts may reflect that a substantial
proportion of Campbell Island sea lions may be breeding in
locations with sub-optimal conditions (i.e., muddy beach
substrate and high exposure to extreme weather events).
Similarly, high rates of pup mortality from holes and storms
are not typically observed elsewhere. Other sources of
natural mortality that may occur in all locations include
predation by white pointer 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), and male aggression towards females
and pups (Wilkinson et al. 2000, Chilvers et al. 2005a).

1 4.2.7.1 DISEASE

Epizootic diseases can be a significant threat to New
Zealand sea lion populations; for example, Campylobacter,
which is thought to have 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).

More recently, Klebsiella pneumoniae killed 33% and 21%
of new pups at the Auckland Islands in 2001-02 and 2002—
03, respectively (Wilkinson et al. 2006), and 55% of pups
2009 and 2014 2014). A
hypermucoviscous (highly-sticky) strain of K. pneumoniae

between (Roe et al
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). K. pneumoniae was found to have caused, on
average, 60% of pup deaths annually at Enderby Island
between 2013 and 2018 (Table 4.4, with likely more
continuing mortality following pup dispersal and the
cessation of the summer monitoring season (Michael et al.
2019)). By comparison, less common causes of pup death
over this time included starvation (14.8%), trauma or
asphyxiation (9.9%), and other infections (7%) (Michael et
al. 2019).

The 1998 epizootic event may also have affected the
fecundity of the surviving pups, reducing their breeding
rate relative to other cohorts (Gilbert & Chilvers 2008),
though the pupping rate estimate for this cohort is likely to
have been negatively biased by particularly high tag
shedding rates for individuals tagged in that year (Roberts
et al. 2014a).

Table 4.2: Pup census estimates for all known breeding populations of New Zealand sea lions since 1994-95. Years with no census estimates were left

blank (i.e., blanks do not necessarily indicate that no pups were born at that location in that year). See table 1 of Breen et al. (2016) for a summary of
counts from years prior to 1990 and the review by Childerhouse & Gales 1998. (Continued on next page)

Pupping season

Auckland Islands

Dundas Island Sandy Bay
1990 434
1991 429
1992 1934 489
1993 1870 432
1994
1995 1837 467
1996 2017 455
1997 2 260 509
1998 2373 477
1999 2 186 513
2000 2163 506
2001 2 148 562
2002 1756 403
2003 1891 488
2004 1869 507

Annual pup census estimate

Stewart
Island

Campbell
All Island

Otago
coast

2518
2 685
2975
3021
2867
2 856
2 859
2282
2516
2515

385
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Pupping season Annual pup census estimate
Auckland Islands Campbell Otago Stewart
Dundas Island Sandy Bay All Island coast Island
2005 1587 441 2148 4
2006 1581 422 2 089 7
2007 1693 437 2224 4
2008 1635 448 2175 583 6
2009 1132 301 1501 5
2010 1369 385 1814 681 6
2011 1089 378 1550 6 16
2012 1248 361 1684 6 25
2013 1491 374 1940 6 26
2014 1213 290 1575 4 32
2015 1230 286 1576 696 8 36
2016 1347 321 1727 15 31
2017 1549 349 1965 16 41
2018 1397 332 1792 734 18 55
2019 1295 319 1679 705 17 52
2020 1398 289 1740 595 21 48

Table 4.3: Pup production and population estimates of New Zealand sea lions from the Auckland Islands. Pup production data are direct counts or mark-
recapture estimates from Chilvers et al. (2007), Robertson & Chilvers (2011), Chilvers (2012a), and Childerhouse et al. (2014, 2015b, 2016), noting that
counts of dead pups began later in 2013 and 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. Mature female and total female population estimates are from the base case
model by Roberts (2019). Year refers to the second calendar year of a breeding season (e.g., 2010 refers to the 2009—10 season). (Continued on next

page)
Pup production estimate Mature female population size Total female population size
Standard error
Year Mean (for mark Median 95% confidence Median 90% confidence
recapture interval interval
estimates)*

1995 2518 21 3151 2 834-3 505 6920 6 373-7 552
1996 2 685 22 3369 3067-3 703 7027 6 559-7 560
1997 2975 26 3602 3317-3913 7183 6793-7 622
1998 3021 94 3819 3559-4 106 7 363 7 034-7 723
1999 2 867 33 3976 3746-4 232 7 544 7 247-7 848
2000 2 856 43 4098 38894328 7591 7 269-7 929
2001 2 859 24 3817 36404013 7218 6 925-7 515
2002 2282 34 3582 3426-3755 6863 6598-7 124
2003 2518 38 3391 3253-3545 6536 6 294-6 767
2004 2515 40 3239 3114-3381 6233 6 009-6 445
2005 2148 34 3096 2978-3231 5949 5740-6 146
2006 2 089 30 2952 2 839-3079 5662 5481-5 833
2007 2224 38 2813 2 704-2 936 5390 5224-5555
2008 2175 44 2 688 2 581-2 808 5129 4 966-5 295
2009 1501 16 2578 2 473-2 692 4931 4769-5 101
2010 1814 36 2484 2 379-2 596 4786 4 617-4 961
2011 1550 41 2 466 2373-2571 4733 4 575-4 898
2012 1684 22 2444 2 354-2 545 4681 4 530-4 834
2013%** 1940 50 2416 2328-2517 4626 4 479-4774
2014** 1575 19 2384 2292-2 486 4569 4424-4717
2015 1576 2355 2 262-2 457 4512 4 363-4 661
2016 1727 2327 2232-2 428 4 456 4 304-4 610
2017 1965 2299 2 202-2 402 4401 4 242-4 561
2018 1792 2271 21722377 4346 4181-4517
2019 1679 2244 2 141-2 355 4293 4120-4 473

2020 1740
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* Calculated as the sum of standard errors associated with estimates for Sandy Bay and Dundas Island (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.

*** Roberts & Doonan (2016) estimated 11 755 for the entire species.

Table 4.4: Annual proportions of necropsied New Zealand sea lion (Phocarctos hookeri) pups at Sandy Bay, Enderby Island at the Auckland Islands that
were attributed to Klebsiella pneumoniae infection, for field seasons between 2013-14 and 2017-18 (Michael et al. 2019).

Total necropsies

Field season

2013-14 69
2014-15 58
2015-16 33
2016-17 75
2017-18 49
Total 284

§4.2.7.2 INDIRECT/ TROPHIC EFFECTS
: OF FISHING

It is possible that indirect fisheries effects may have
population-level consequences for New Zealand sea lions.
Such indirect effects may include competition for food
resources between various fisheries and New Zealand sea
lions (Robertson & Chilvers 2011, Roberts et al. 2018). To
determine whether resource competition is present and is
having a population-level effect on New Zealand sea lions,
research has sought to identify if there are resources in
common for New Zealand sea lions and the various fisheries
within their preferred foraging range, and to what extent
those resources are limiting. Diet studies have revealed
some overlap in the species consumed by New Zealand sea
lions and those caught in fisheries within the range of New
Zealand sea lions, particularly hoki and arrow squid
(Cawthorn et al. 1985, Childerhouse et al. 2001, Meynier et
al. 2009). Meynier et al. (2014) analysed energy and amino
acid content of prey and determined that the selected prey
species contained all essential amino acids and were of low
to medium energy levels. 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 that roughly 17 871t of prey are consumed by
New Zealand sea lions at per year. This is about 30% of the
annual harvest of arrow squid, and about 15% of the hoki
harvested annually by the fisheries in the sub-Antarctic
between 2000 and 2006; note however that later research
suggests that squid and hoki do not constitute the major
portion of sea lion diet (Roberts et al. 2018)
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Number (and percentage) attributed to X
pneumoniaeinfection
48 (70%

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), but the
potential trophic effects of fishing on sea lions are likely to
be complicated due to complex food web interactions.
Multi-species models may help to assess the extent to
which resource competition can impact on sea lion
Roberts (2018)
abundance and distribution of sea lion prey species,

populations. et al. investigated the
including via a dedicated trawl survey, and suggested that
the Auckland Islands sea lion subpopulation has endured a
protracted period of nutritional stress, such that during
unfavourable periods this population may have been
limited by the availability of key prey. However, conclusions
regarding the extent to which this may reflect indirect
fisheries effects are inconclusive pending a more thorough
understanding of sea lion diet and foraging behaviour
under different environmental conditions, and the relative
impacts of other threats including episodic climate-induced
mortality events and/or disease.

54.2.7.3 CLIMATIC AND/OR FISHERIES-
E RELATED DRIVERS OF
NUTRITIONAL LIMITATION

Temporally coincident changes in annual abundance,
spatial distribution, and/or reproductive success have been
observed in different ecosystem components at sub-
Antarctic latitudes — including New Zealand sea lions,
Antipodean albatrosses, and demersal and pelagic fish
communities. These observations suggest that climatic
variability at decadal scales (sometimes labeled ‘regime
shifts’) may affect ecosystem productivity in these systems,
in turn affecting critical demograpbhic rates for sub-Antarctic



islands sea lions and resulting decadal-scale population
dynamics (see below). For instance, a retrospective analysis
of trawl survey data from the Campbell Plateau found
evidence for a decade-long period of very low hoki
abundance at depths foraged by New Zealand sea lions
(Roberts et al. 2018). Long-term shifts in the catch rates of
arrow squid around the Auckland Islands and the Stewart-
Snares shelves were estimated from commercial trawl data
and appear to be correlated with changes in primary
production through time (Hurst et al. 2012).

Fisheries New Zealand is progressing new research (project
ZBD2018-05) to investigate the evidence for regime shifts
in the marine ecosystem of the sub-Antarctic and adjacent
areas, likely climatic drivers, and potential ecological
consequences as reflected in the productivity of fish and
megafauna species. This project aims to identify climate
and productivity indices for monitoring changes to the
ecosystem that affect New Zealand sea lions and other focal
ecosystem components.

4.2.8 RELATING DEMOGRAPHIC RATES TO
DRIVERS OF POPULATION CHANGE

Over several years, various demographic assessments have
been conducted to identify the proximate demographic
causes of observed population and pup production trends
at the Auckland Islands (see MacKenzie 2011, Roberts et al.
2014a, Roberts & Doonan 2016, Roberts 2017b, Roberts
2019). Roberts et al. (2014a) concluded that that the
substantial decline in pup production between 1999 and
2009 was a consequence of low pupping rates during this
period (including occasional years with very low rates), a
declining trend in cohort survival to age two (pup survival)
and to age five (juvenile survival) since the early 1990s, and
relatively low adult survival (age 6—14) from 1999-2000 to
2010-11 (Figure 4.4.) In particular, very low pup survival
rates at the Sandy Bay colony in 2005-2007, if they are
indicative of similar processes occurring also at other
breeding locations (i.e., Dundas Island and Figure of Eight
Island), are likely to have compromised breeder numbers
and pup production in later years (Roberts & Doonan 2016).

The subsequent change in the observed pup production
trajectory (from declining in 1999-2009 to stable in 2009—
2019) appears to have been driven by increased juvenile
survival (ages 2-5) and increased adult survival (ages 6—14)
and by a slightly increased pupping rate, rather than by a
significant increase in pup survival, which remains lower
than was observed before the period of population decline
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(Roberts 2019). This work that further

improvement in the observed trend may not be possible

suggests

without an increase in pup survival rates. The extent to
which pup survival is affected by the disease K. pneumoniae
(see below) on an ongoing basis remains a priority for
future research. New modelling work was completed in
2020 (Edwards & Roberts 2021, Roberts et al. 2021) to
evaluate the extent to which pup morphometric data
(including mass and condition), collected annually by the
DOC field team at the Auckland Islands, can be used as a
covariate to improve demographic model predictions and
better
demographic rates affecting population trends (e.g., first
A
correlative assessment was conducted to identify the

understand potential drivers of observed

year survival of pups and annual pupping rate).

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 Interdecadal 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
from 1990-91 to 2004-05. In this time period, pup mass at
three weeks appeared to have been a good predictor of
cohort-specific survival to age two, 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 4.5). A correlation between cohort
survival to age two and the rate of pup mortalities
attributed to K. pneumonia infection late in the field season
(Castinel 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 years (juveniles) or ages
6—14 years (adults) were not correlated with the estimated
level of fishery interactions in the Auckland Islands arrow
squid (SQU 6T) trawl fishery (Thompson et al. 2011).
However, from 1998-99 to 2003-04 survival at ages 6—
14 years was negatively correlated with the survival of pups
born in the previous year, suggesting that the high



energetic costs of lactation may compromise maternal
survival (Roberts & Doonan 2014).

In most cases observations were available only for short
time periods 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 New Zealand 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 the immediate future. It has been
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suggested that nutritional stress can be expected to
predispose the population to higher rates of disease
mortality, such that pups in poorer condition may be
expected to have higher rates of death from disease.
However, preliminary blubber depth data up to the 2014
field season indicated that pups dying from Klebsiella
infection were in comparatively good condition relative to
pups dying from other causes (preliminary data from W.
Roe, unpublished, see Figure 4.6). As such, if poor body
condition once predisposed pups to death from Klebsiella
infection, then this no longer appears to be so. The relative
contributions of Klebsiella infection, nutritional stress, or
other factors potentially affecting first year mortality of
pups are unclear, these are being investigated in ongoing
research (e.g., Edwards & Roberts 2021, Roberts et al.
2021).
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Figure 4.3: Annual sea lion pup count estimates from breeding sites (DOC unpublished data, McNutt et al. 2020, Melidonis & Childerhouse 2020). Note
that the y-axis scale is different in each figure. Where count methodology was not consistent between adjacent years, annual point estimates are not

joined by solid lines in the figures (e.g., some years in the Stewart Island and Campbell Island figures). Note that because the location of the Campbell
Island breeding colony appears to be changing, it is possible that the 2020 pup production estimate is biased low (McNutt et al. 2020).
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Figure 4.4: Annual estimates of pup survival to age 1 year(top), annual survival at age 6—14 years (middle), and annual probability of pupping (bottom) of
female New Zealand sea lions at the Auckland Islands; points are point estimates; lines are median estimates and 95% c.i. (Roberts & Doonan 2016). Note
that terminal estimates of very high pupping rates (> 80%) may be implausible; it is likely that annual data collection favouring Sandy Bay rather than
Dundas Island is forcing the model to explain increased pop production as a consequence of increased pupping rate rather than increased female
population size at Dundas Island. Collecting mark-recapture data from Dundas Island would address this potential issue but will face logistical obstacles.
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Figure 4.5: Pup mass of females and demographic modelling estimate of cohort survival to age 2; survival estimates confounded with tag loss rate;
regression line shown for correlations significant at the 5% level.
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Figure 4.6: Blubber depth of necropsied Auckland Islands sea lion pups for which Klebsiella pneumoniae was or was not identified as the cause of death
based on histology and/or tissue culture (preliminary data from W. Roe unpublished). All bodies were sampled in February, in the 2006-07 to 2009—-10
and 2013-14 field seasons.
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4.2.9 CONSERVATION
CLASSIFICATION

THREAT STATUS

Threat classification is an established approach for
identifying species at risk of extinction (IUCN 2010). The
threat status of New Zealand 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 2015, the IUCN updated the Red List status of New
Zealand sea lions, listing them as Endangered, on the basis
of a projected decline in breeders over three generations
(calculated to be 32 years) exceeding a 50% reduction
(estimated to be 72%), assuming a linear extrapolation of
the observed rate of decline in pup production at the
Auckland Islands between 1997-98 and 2008—-09 (Chilvers
2015). In 2013, the New Zealand Threat Classification status
for New Zealand sea lions was changed from At Risk, Range
Restricted? to Nationally Critical under criterion C3 (with a
Range Restricted qualifier) based on the same observations
of declining population trend at the Auckland Islands (Baker
et al. 2016).

In 2019 the New Zealand Threat Classification status for
New Zealand sea lions was updated to Nationally
Vulnerable (Baker et al. 2019) reflecting that the formally
declining population trend at the Auckland Islands has been
approximately stable since 2010, and populations are

increasing or stable at all other locations.

4.3 GLOBAL UNDERSTANDING OF FISHERIES

INTERACTIONS

for this species is outlined under state of knowledge in New
Zealand.

4.4 STATE OF KNOWLEDGE IN NEW ZEALAND

Reviews of fisheries interactions among pinnipeds globally
can be found in Woodley & Lavigne (1991), Read et al.
(2006), Katsanevakis (2008), and Moore et al. (2009).
Because New Zealand sea lions are endemic to New
Zealand, the global understanding of fisheries interactions

2 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 subpopulations (Townsend et al. 2008).

3 A taxon is listed as ‘Nationally Critical’ under criterion C if the
population (irrespective of size or number of subpopulations) has
a very high (rate of) ongoing or predicted decline; greater than
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New Zealand sea lions interact with some trawl fisheries,
sometimes resulting in incidental capture and death of the
sea lion in the net. Observed trawl fishery interactions are
confined to sub-Antarctic waters (Figure 4.7); particularly
the two trawl fisheries around the Auckland Islands — the
arrow squid fishery (SQU 6T) and the scampi fishery
(SCI 6A). Male sea lions are caught in the southern blue
(SBW 6l) and
occasional mostly male captures occur at the Stewart-

whiting fishery near Campbell Island
Snares shelf in trawl fisheries targeting mainly arrow squid
(SQU 1T; Thompson & Abraham 2010, Thompson et al.
2011, 2013).*New Zealand sea lions can forage to depths
of 600 m but mainly overlap with trawling at depths of 180—
220 m for trawls targeting arrow squid, 250-600 m for
trawls targeting spawning southern blue whiting, and 350—
550 m for trawls targeting scampi (Tuck 2009, Fisheries
New Zealand 2020).

There is seasonal variation in the overlap between New
Zealand sea lions and the target species fisheries (Table 4.5)
Breeding male sea lions in the Auckland Islands area are
ashore between November and January with occasional
trips to sea, then migrate away from the area (Robertson et
al. 2006). Breeding females are in the Auckland Islands area
year-round, coming ashore for up to 10 days to give birth
during December and January and then alternately foraging
at sea (for about 2 days) and suckling their pup ashore
(about 1.5 days; Chilvers et al. 2005b). The SQU 6T fishery
currently operates between December and June, peaking
between February and May, whereas the SQU 1T fishery
operates between December and May, peaking between
January and April, before the squid spawn. The SBW 6l
fishery operates in August and September, peaking in the
latter month, when the fish aggregate to spawn. The SCI 6A
fishery typically operates between May and October.

70% over 10 years or three generations, whichever is longer
(Townsend et al. 2008).

4See Fisheries plenary report (Fisheries New Zealand 2020)
https://www.mpi.govt.nz/news-and-resources/science-

and-research/fisheries-research.
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Table 4.5: Monthly distribution of New Zealand sea lion activity and seasonal activity of trawl fisheries in which captures may occur.
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At sea
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New pups At breeding colony

Non-breeders

Major fisheries Sep Oct Nov Dec | Jan
. Stewart-
Squid
Snares shelf
Southern blue Pukaki Rise and
whiting Campbell Rise
Scampi Auckland Islands
4.4.1 DIRECT ESTIMATION OF FISHERIES
CAPTURES

Incidental captures of New Zealand sea lions are recorded
by fisheries observers and used to estimate total capture
rates including in unobserved fishing events.

From 2007 to 2017, in fisheries with low numbers of
observed captures, total captures were estimated using
simple ratio estimates; these included Auckland Islands
scampi (SCI 6A) fishery, other Auckland Islands trawl
fisheries, and the Stewart-Snares shelf fisheries (Thompson
et al. 2013, Abraham & Berkenbusch 2017). Observed
annual captures by target fishery are shown in Tables 4.6
and 4.7. Modeled total capture estimates for the Auckland
Islands trawl fisheries have subsequently been replaced by
spatially explicit estimation methods (Large et al. 2019; see
below).

Model estimates by Abraham & Berkenbush (2017) for the
Campbell Island and Snares-Stewart shelf fisheries are
given in Table 4.6. Observed and estimated New Zealand
sea lion captures and capture rates in the SBW 6l fishery
have been highly variable. Following the 2012—13 season in
which 21 male sea lion captures were observed in a very
short period (17 dead and 4 released alive), the fishing
industry took immediate action in consultation with the
Crown to mitigate sea lion mortalities including 100% use
of Sea Lion Exclusion Devices (SLEDs; see below). Since that
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time 100% of tows have been observed (Table 4.6); annual
captures have ranged from 2 to 6 sea lions (annual average
under 3).

For the SQU 6T and SBW 6l fisheries, in which the majority
of historical captures have been observed, early models
suggested that the rate at which sea lions interacted with
trawl nets was influenced by a number of factors, including
year, distance from the colony, tow duration, time of day,
and change of tow direction (Smith & Baird 2005).
Subsequently, Smith & Baird (2007a), Thompson et al.
(2013), and Abraham & Berkenbusch (2017) applied
Bayesian models using these and other categorical
covariates to estimate total capture levels thereafter, with
greater than 85% observer coverage since the 2012-13
fishing year.

For fisheries with observer coverage approaching 100%,
statistical captures estimation that simply scales up from
the observed to unobserved fishing effort became largely
unnecessary. However, early in the same period during
which observer coverage was increasing (i.e., 2001-02 to
2007-08), the SQU 6T fishery also transitioned to
widespread adoption of SLEDs, a mitigation device
designed to allow sea lions entering the trawl net to exit via
the SLED and survive. Unsurprisingly, following the
introduction of SLEDs to the SQU 6T fishery in 2001-02,
both the observed and estimated numbers of New Zealand

sea lion captures declined (Table 4.8 and 4.9). However,



since the universal adoption of a single ‘standard’” SLED
design in 2006—07, model estimates of interaction rates —
i.e., the number of sea lions entering the net but potentially
exiting again via the SLED — became increasingly uncertain
over time, because the interaction rate was confounded in
the model with a corresponding and inversely correlated
estimate of SLED efficacy, both of which were effectively
unobservable. In the most recent such models for Auckland
Islands sea lions (Abraham & Berkenbusch 2017), the
estimated interaction rates were effectively unbounded,
and model estimates in particular years became unstable as

new years of data were added. For this reason, from 2017
Fisheries New Zealand discontinued these models for
Auckland Islands sea lions and applied a new approach
under which interactions, captures, and deaths are
estimated separately, combining an application of the
spatial risk assessment (SEFRA) method described in
Chapter 3 with a separate means of estimating cryptic
mortality (i.e., unobservable deaths) as a function of the
observable captures in trawls employing SLEDs. The
outcomes of this new body of research are described

below.

Table 4.6: Sea lion captures in Campbell Island trawl fisheries targeting southern blue whiting (SBW) and in Stewart-Snares shelf trawl fisheries targeting
squid (SQU 1T) hoki, hake, ling and all other middle depth target species, between 2002-03 and 2019-20 (Protected species bycatch
(protectedspeciescaptures.nz)). 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 mean
number of estimated sea lion captures (with 95% confidence interval, c.i.) (see Thompson et al. 2013 and 2016 for details). Data for subsequent years
are provided by Fisheries New Zealand. * Standardised SLED designed in this year.

Fishing year Fishing Observed captures Estimated captures
All effort % observed | Number Rate Method | Mean 95% c.i.
Campbell Island/Antipodes Island/Pukaki Rise SBW
2002-03 638 43 0 0.0 Model 1 0-3
2003-04 740 33 1 0.4 Model 3 1-9
2004-05 870 39 2 0.6 Model 5 2-13
200506 624 35 3 1.4 Model 10 3-22
2006-07* 630 36 3 1.3 Model 15 6-30
2007-08 816 41 5 1.5 Model 8 5-14
2008-09 1185 25 0 0.0 Model 1 0-7
2009-10 1111 36 11 2.8 Model 24 15-37
2010-11 1171 37 6 1.4 Model 15 8-25
2011-12 951 70 0 0.0 Model 1 0-4
2012-13 790 100 21 2.7 Model 21 21-21
2013-14 785 100 2 0.3 Model 2 2-2
2014-15 666 100 6 0.9 Model 6 6-6
2015-16 437 100 3 0.7
2016-17 526 100 0 0.0
2017-18 455 100 2 0.4
2018-19 749 100 0 0.0
2019-20 348 100 1 0.3
Stewart-Snares shelf
2002-03 6978 15 0 0.0 Model 3 0-7
2003-04 7403 16 1 0.1 Model 4 1-8
2004-05 8377 21 3 0.2 Model 7 3-11
2005-06 7267 15 1 0.1 Model 4 1-8
2006—07 6218 20 1 0.1 Model 3 1-6
2007-08 5026 29 1 0.1 Model 3 1-6
2008-09 4268 29 0 0.0 Model 1 0-4
2009-10 4886 35 1 0.1 Model 2 1-5
2010-11 4312 29 0 0.0 Model 1 0-4
2011-12 4393 35 1 0.1 Model 2 1-4
2012-13 4212 70 1 0.0 Model 2 1-4
2013-14 4066 58 0 0.0 Model 1 0-3
2014-15 4045 56 1 0.0 Model 1 0-3
2015-16 2903 66 1 0.1
2016-17 3566 54 0 0.0
2017-18 3610 73 1 0.0
2018-19 4426 73 0 0.0
2019-20 4700 74 0 0.0
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Relatively high observed capture rates of sea lions in the  occurring. Observer coverage levels increased substantially
SQU 6T fishery before 2002, with moderate fishing inthe SQU 6T fishery in the years since the 2002—-03 season.
observer coverage and highly variable total effort, Observer coverage ranged from 28-45% between the
suggested that substantial numbers of captures may be  2002-03 and 2011-12 fishing seasons and achieved high

Figure 4.7: Spatial distribution of trawl fishing effort and observed New Zealand sea lion captures, 2002-03 to 2019-20
(https://protectedspeciescaptures.nz/PSCv6/). Fishing effort density is mapped into 0.2-degree cells, in blue and green. The corresponding level of
fisheries observer coverage is indicated by the superimposed black dots; observed captures are indicated in yellow or red.
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Table 4.7: Sea lion captures in Auckland Islands trawl fisheries, for trawls targeting scampi (SCl) and trawls targeting all species other than scampi and
squid, from 1992-93 to 2016—17 (from Large et al. 2019). Data for subsequent years are provided by Fisheries New Zealand. Columns denote annual
fishing effort (total number of tows), observer coverage (percentage of tows observed), and number of observed sea lion captures (combined for male
and female sea lions, including both live and dead captures). Corresponding estimates of total fisheries deaths are shown in Figure 4.11 and Table 4.9.

SCI trawl Other trawl

Fishing year
All effort Observed (%) Captures | All effort Observed (%) Captures
1992-93 835 18 3 195 18 0
1993-94 1314 21 0 308 7 0
1994-95 1349 4 0 492 7 0
1995-96 1312 5 2 411 6 1
199697 1227 16 1 296 4 0
1997-98 1109 12 0 688 17 0
1998-99 1255 2 0 525 10 0
1999-00 1383 5 0 751 13 0
2000-01 1419 6 4 577 7 0
2001-02 1603 10 0 590 4 0
2002-03 1351 11 0 532 13 1
2003-04 1363 12 3 289 17 0
2004-05 1275 0 — 169 7 0
2005-06 1331 9 1 38 16 0
2006-07 1328 8 1 38 5 0
2007-08 1327 7 0 146 45 0
2008-09 1457 4 1 120 50 0
2009-10 940 10 0 77 68 0
2010-11 1401 15 0 131 37 0
2011-12 1247 10 0 57 30 0
2012-13 1093 12 0 60 43 0
2013-14 850 6 0 203 23 0
2014-15 548 0 — 224 31 0
2015-16 1414 5 0 140 26 0
2016-17 1677 21 0 170 51 0
2017-18 1728 17 2 146 58 0
2018-19 1637 21 1 102 61 0
2019-20 1405 28 0 62 60 0

Table 4.8: Sea lion captures in Auckland Islands trawl fisheries targeting squid, shown separately for bottom trawl and midwater trawl gear configurations,
from 1992-93 to 2016—17 (from Large et al. 2019). Data for subsequent years are provided by Fisheries New Zealand. Columns denote annual fishing
effort (total number of tows), observer coverage (percentage of tows observed), and number of observed sea lion captures (separately for female and
male sea lions, including both live and dead captures. Corresponding estimates of total fisheries deaths are shown in Figure 4.11 and Table 4.9. This table
has not been updated for the 202122 edition due to the unavailability of the data at time of publication but will be updated in the subsequent edition.
(continued next page)

Bottom trawl effort Midwater trawl effort

Fishing year All effort | Observed (%) Femells bl All effort | Observed (%) Femells bl
captures | captures captures captures

199293 86 10 0 0 568 33 3 2
1993-94 0 — 2 1 3226 7 0 1
1994-95 0 — 1 2 2633 7 3 2
1995-96 721 0 0 0 3747 15 10 3
199697 0 — 2 7 2177 25 7 12
1997-98 242 19 2 2 1219 24 2 9
1998-99 89 33 1 0 313 41 3 1
1999-00 455 15 1 0 751 50 12 12
2000-01 173 99 6 4 410 99 16 13
2001-02* 498 21 2 0 1149 40 12 7
2002-03* 738 34 2 1 728 23 5 3
2003-04* 1452 17 3 1 1142 47 11 1
2004-05* 1375 21 5 2 1318 39 0 2
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Bottom trawl effort

Midwater trawl effort

Fishing year All effort | Observed (%) Sl RS All effort | Observed (%) Sl RS

captures | captures captures captures
2005-06* 1905 13 3 0 554 55 7 0
2006-07* 732 43 2 1 585 38 4 0
2007-08* 634 43 2 2 631 50 1 0
2008-09+ 1068 34 1 1 857 46 0 0
2009-10+ 1026 23 2 0 162 41 1 0
2010-11+ 1218 30 0 0 365 49 0 0
2011-12+ 973 34 0 0 308 78 0 0
2012-13+ 813 83 3 0 214 100 0 0
201314+ 477 83 2 0 260 87 0 0
2014-15+ 328 92 0 0 305 84 1 0
2015-16+ 822 87 0 0 543 100 0 0
201617+ 1090 67 2 0 204 78 1 0
2017-18+ 987 88 2 0 143 100 0 0
2018-19+ 712 96 3 4 94 88 0 0

* denotes years in which SLEDS were deployed on a variable proportion of trawls, in the absence of a standard design or systematic inspection and audit

programme.

+ denotes years in which SLEDs were deployed universally on all trawls, with a standard design and a systematic inspection and audit programme.

4.4.2 SPATIAL FISHERIES RISK ASSESSMENT
FOR AUCKLAND ISLANDS SEA LIONS

The widespread introduction of SLEDs in the SQU 6T trawl
fishery created the need for a new modelling approach in
which interactions, captures, and deaths, including cryptic
deaths, can be estimated separately, and under which
estimation of the interaction rate is not confounded by the
SLED efficacy rate. These terms are defined clearly here to
avoid confusion, noting that before the adoption of the new
modelling approach in 2019, the same terms may have
been applied in a less consistent way.

Captures are sea lions captured in nets and brought on deck
(both dead and alive). Captures necessarily exclude the
animals that exit trawls through the SLED, as well as bodies
that are recovered in a decomposed state hence presumed
to be already dead at the time that the body entered the
net (Smith & Baird 2007b, Thompson & Abraham 2010,
Thompson et al. 2013).

Interactions in the SQU 6T fishery are defined as the
number of sea lions that enter the net alive and would have
been captured if no SLED had been used. Until 2017
interactions were estimated using a statistical model fitting
to observed capture rates both before and after the
deployment of SLEDs, with an additional term to
approximate the presumed level of ‘SLED efficacy’, i.e., the
proportion of interactions in which the sea lion exits via the
SLED and survives (Thompson et al. 2013). For trawl

fisheries that do not deploy SLEDs, the number of estimated
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interactions is equivalent to the number of estimated
captures.

Deaths
animals released alive and presumed to survive) and also

include both observable captures (excluding
cryptic deaths, i.e., animals which are not recovered on
board the vessel or otherwise observable (i.e., ‘captured’)
even in the presence of a fisheries observer but are
nonetheless expected to die as a direct consequence of

their interaction with the fishing gear.

Prior to the introduction of SLEDs there was no feasible
mechanism by which sea lion bodies could be accounted for
if lost or unable to be observed, such that interactions =
captures and captures > deaths (i.e., cryptic deaths = 0).
After the successful introduction of SLEDs, the modelling
approach used previously became increasingly ill-suited to
estimating sea lion deaths due to uncertainties about the
rate at which sea lions were exiting via the SLED, and the
potential for cryptic mortality. From 2019 an adaptation of
the SEFRA approach outlined in Chapter 3, was used
instead, in which each of the critical rates are estimated
empirically. See Large et al. (2019) for a full description of
the spatial risk modelling for Auckland Islands sea lions; key
outputs of this work are summarised below.

54.4.2.1 SPATIAL FORAGING
: DISTRIBUTION MODELLING

Satellite telemetry data indicative of spatial foraging
patterns for Auckland Islands sea lions were compiled and
analysed to predict the most likely foraging track per trip



(i.e., removing implausible location outliers). Tracks were
then used to estimate the spatial density of female sea lions
(estimated separately for adults and juveniles). Due to the
high density of the available telemetry data, and the
spatial prey
information, the best fitting spatial models used simple

incomplete coverage of availability
geographic covariates (latitude, longitude, depth, and
distance to colony) rather than true habitat variables.
Groomed satellite telemetry data and the resulting
combined density layer, scaled for the relative abundance

of adults and juveniles, are shown in Figure 4.8.

Degrees Latitude

Note that to the extent that the three different breeding
colonies (Sandy Bay, Dundas Island, and Figure of Eight
Island) may exhibit distinct spatial foraging patterns, there
may be spatial biases in the estimated spatial density used
to inform the risk assessment, reflecting that the majority
of the data were collected at Sandy Bay. Furthermore, all
available data were collected in summer; the seasonal bias
will not affect estimation of fisheries risk in the squid fishery
(which occurs in summer) but may create additional
uncertainty with respect to fishing in other seasons (e.g.,
scampi trawl fisheries). Additional tracking studies are
planned to address these potential imbalances.
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Figure 4.8: Groomed and filtered fix locations for female sea lions tagged at three Auckland Islands breeding colonies (left) and estimated spatial density
(on a relative scale; all cell values sum to 1) of all female Auckland Islands sea lions (age 2+), as used in spatial risk models (right). Reproduced from Large

etal. (2019).

24.4.2.2 SEA LION CATCHABILITY IN
' COMMERCIAL TRAWL
FISHERIES

Under the SEFRA method, encounters between sea lions
and fishing effort are proportional to the spatial overlap
between the sea lion distribution and the distribution of
fishing effort. Catchability is the probability of capture per
encounter.

Catchability was estimated separately in eight different
trawl fishery groups, as follows. First, fishery groups were
divided by target fishery, i.e., squid target fisheries vs.
scampi target fisheries vs. ‘other deepwater trawl’. Next,
within the squid fishery, catchability was estimated
separately for ‘bottom trawl’ vs. ‘midwater trawl’ gear

configurations (noting that both gear configurations are
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actually deployed in contact with the sea floor, but the
length and headline height of the nets differs between
them). Finally, each squid fishery gear type was divided into
three categories relating to the deployment of SLEDs as
follows:

-no SLED deployed (all effort prior to the 2001 season) and
a declining proportion of effort thereafter

- non-standard SLED: SLEDs deployed during the years
2001-2007, during which the design of the SLED had not
been standardised and there was no systematic audit to
ensure proper deployment

- standard SLED: from 2008 onward, all fishing effort used a
standardised SLED design subject to verification under a
systematic inspection process (Cleal et al. 2007)



Sea lion catchability in these eight fishery groups is shown
in Figure 4.9. This figure indicates that catchability may be
highest in ‘other trawl’ fisheries (e.g., hoki trawl), but this
result is highly uncertain and has almost no contribution to
actual risk because spatial overlap is very low (i.e., there is
almost no fishing effort in this category occurring near the
Auckland Islands). Of the fisheries that do overlap with
Auckland Islands sea lions, catchability is estimated to be
highest in scampi trawls.

Comparing catchability estimates among squid fishery
groups reveals important patterns. In both the midwater
and bottom trawl gear configurations, the effectiveness of
SLEDs at reducing catchability is clear, but this effect was
only realised after SLED designs were standardised and
audited, from 2008. When catchability in midwater trawls
vs. bottom trawls is compared, it appears that without the
use of SLEDs, sea lions are more likely to be captured in
midwater gear, but, with SLEDs, captures are more likely in
bottom trawl gear. These results imply that in a given
encounter with fishing effort, a sea lion is more likely to
enter a midwater net than a bottom trawl net but is also
more likely to exit successfully from a midwater net via the
SLED. This may be related to the higher headline height of
midwater nets relative to bottom trawl nets; note however
that these indications are uncertain (the confidence
intervals overlap).

4.4.2.3 ESTIMATED CAPTURES,
: DEATHS, AND POPULATION-
LEVEL RISK OVER TIME

Because spatially resolved fishing effort data are available
from 1993, by applying the estimated catchabilities in
Figure 4.9 it is possible to estimate historical changes in
fisheries captures over time, including the effect of
changing effort levels, changing spatial fishing effort
patterns, and changing sea lion population sizes. Cryptic
mortality in trawls employing SLEDs is estimated separately
by Meyer (2019; see below); risk reflects fisheries deaths as
a proportion of population size, with an implied population
impact limit (which is a policy decision). Figures 4.10a and
4.10b. show that estimated sea lion deaths in the squid
fishery peaked in the early to mid-1990s, declined to a low
in 1999 reflecting greatly reduced fishing effort levels,
increased again as effort levels increased to a lower peak in
2006, then declined dramatically reflecting the universal
adoption of standardised SLEDs, which reduced sea lion
catchability from the 2009 season onward (Large et al.
2019). Cumulative impacts across all trawl fisheries are
shown in Figure 4.11 and Table 4.9. Note that the analysis
does not include the include the 1980s period of relatively
high squid fishery effort, when SLEDs were not used, and
annual mortalities were likely to be high relative to the
following, assessed period (Large et al. 2019).

These figures suggest that since the universal adoption of
standardised SLEDs by the squid fishery in 2008, scampi
target fisheries rather than squid target fisheries may now
be responsible for the largest proportion of commercial
fisheries risk to Auckland Islands sea lions; note however
that this conclusion is uncertain due to possible spatial and
seasonal biases in the spatial data informing this model.

Table 4.9: Estimated deaths of female Auckland Islands sea lions in trawl fisheries targeting squid, scampi, and other target species, from 1992-93 to
2016-17, from the SEFRA fisheries risk model by Large et al. (2019). Squid trawl fishery estimates combine both the midwater and bottom trawl fishery
groups and include cryptic mortality in trawls utilising SLEDs, as estimated by Meyer (2019). This figure has not been updated for the 2021-22 edition
due to the unavailability of the data at time of publication but will be updated in the subsequent edition.

Fishing year Squid trawl

Median 95% c.i.
1992-93 10 5-16
1993-94 82 61-108
1994-95 74 54-97
1995-96 83 62-108
1996-97 51 36-70
1997-98 28 18-39
1998-99 6 3-12
1999-00 19 12-28
2000-01 8 4-14
2001-02* 23 14-32
2002-03* 22 14-32
2003-04* 31 21-44
2004-05* 37 25-51

7

Scampi trawl Other trawl
Median 95% c.i. Median 95% c.i.
5 1-10 0 0-2
12 4-21 1 0-4
9 4-17 1 0-3
8 3-16 1 0-6
6 2-12 1 0-5
7 2-13 2 0-8
8 3-15 1 0-4
6 2-11 1 0-5
6 2-12 0 0-3
6 2-12 1 0-5
5 1-10 1 0-5
7 2-13 0 0-1
8 3-15 0 0-1



Fishing year Squid trawl Scampi trawl Other trawl

Median 95% c.i. Median 95% c.i. Median 95% c.i.
2005-06* 35 22-50 6 2-12 0 0-1
2006-07* 17 10-25 6 2-12 0 0-0
2007-08* 17 10-26 5 1-10 0 0-1
2008—-09+ 5 2-11 7 2-13 0 0-1
2009-10+ 4 1-8 2 0-6 0 0-1
2010-11+ 4 1-9 5 12-0 0 0-1
2011-12+ 3 0-6 3 1-8 0 0-1
2012-13+ 3 0-6 3 0-7 0 0-1
2013-14+ 1 0-4 2 0-6 0 0-1
2014-15+ 1 0-4 1 0-4 0 0-2
2015-16+ 2 0-6 3 1-8 0 0-1
2016-17+ 3 1-7 5 1-9 0 0-2

* denotes years in which SLEDS were deployed on a variable proportion of squid target trawls, in the absence of a standard design or systematic
inspection and audit programme.

+ denotes years in which SLEDs were deployed universally on all squid target trawls, with a standard design and a systematic inspection and audit
programme.

Figure 4.9: Estimated catchability of female New Zealand sea lions in commercial trawl fishery groups: ‘SQU_BT_NO_SLED’ = bottom trawls targeting
southern arrow squid without a sea lion exclusion device (SLED), ‘SQU_BT_NONSTAND_SLED’ = bottom trawls targeting squid with a SLED in the period
before SLED designs were standardised and universally audited; ‘SQU_BT_STAND_SLED’ = bottom trawls targeting squid with a SLED using a standardised
configuration; other groups containing ‘MW’ instead of ‘BT’, were as above except that a midwater trawl was used, ‘SCI’ = scampi trawl, ‘OTH’ = trawls
targeting all other species at the Auckland Islands. Posteriors for fishery groups targeting southern arrow squid are also shown in an embedded plot, with
the x-axis rescaled to make outputs easier to read. Reproduced from Large et al. (2019).
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Catchability

NO_SLED NONSTAND_SLED STAND_SLED

Figure 4.10a: Time series spatial risk model outputs for female Auckland Islands sea lions in the ‘bottom trawl’ fishery group targeting southern arrow
squid (SQUBT): total effort; spatial overlap per unit effort; population size (females only); catchability; annual deaths (females only); and risk ratio. Note

that the risk ratio in this model run assumed a calibration coefficient (¢) of 0.1. (Large et al. 2019).
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Catchability

NO_SLED NONSTAND_SLED STAND_SLED

Figure 4.10b: Time series spatial risk model outputs for female Auckland Islands sea lions in the ‘midwater trawl’ fishery group targeting southern arrow
squid (SQUBT): total effort; spatial overlap per unit effort; population size (females only); catchability; annual deaths (females only); and risk ratio. Note
that the risk ratio in this model run assumed a calibration coefficient (¢) of 0.1. (Large et al. 2019).
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Figure 4.11: Estimated annual deaths of female Auckland Islands sea lions in commercial trawl fisheries from 1992-93 to 2016-17, aggregated by target
species: ‘SQU’ = southern arrow squid, ‘SCI" = scampi, ‘OTH’ = trawls targeting all other species. (Large et al. 2019).

4.4.3 SEA LION EXCLUSION DEVICE (SLED)
DEVELOPMENT AND USE

In 2004, the Minister of Fisheries requested that Squid
Fishery Management Company, government agencies, and
other interested stakeholders work collaboratively to
develop a plan of action to determine 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 New Zealand 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; Cleal et al. 2007) and the
establishment of an underwater video monitoring
programme to help understand the fate of New Zealand sea
lions that exit the net via the 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 New Zealand 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 midwater gear, because the
camera view was often obscured on tows where bottom
gear was used (Middleton & Banks 2008, Middleton 2019a).

The SLED Working Group was disbanded in early 2010.

Figures 4.12 and 4.13 illustrate the SLED design and the way
in which New Zealand sea lions interact with the trawl gear
and the SLED itself.
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4.4.4 CRYPTIC MORTALITY OF SEA LIONS IN
TRAWLS WITH SLEDS

SLEDs are effective in allowing most New Zealand sea lions
to exit a trawl (see Figure 4.12), but occasionally a sea lion
does not exit and is drowned and retained in the net. These
are recorded as observed captures. However, there
remains some uncertainty about the fate of sea lions that
are not retained in the net, some of which may nonetheless
die as a consequence of the interaction. Interactions that
result in unobservable deaths are termed ‘cryptic
mortality’. Sources of cryptic mortality are best understood
by categorising four potential outcomes of a sea lion

entering a trawl:

i exits the net via SLED and survives (survivor);

ii. dies in net and is retained (observable capture);
dies in the net but the body is subsequently lost
without being recovered on the vessel (‘body non-
retention’);

exits the SLED but is at the limit of its ‘breath hold’
and drowns before reaching the surface (‘post-
escape drowning’).

Collectively, points iii and iv constitute cryptic mortality.
Previously, a fifth potential outcome had been defined, i.e.,
v) ‘exits the net but dies from head injuries sustained during
interaction with the SLED’ (‘mild traumatic brain injury’, or
MTBI). However, upon review of the process by which sea
lions interact in trawls with SLEDs, it was judged that the
effect of MTBI will be to affect the rate at which a sea lion
exits (or does not exit) the net, thereby affecting the
likelihood of other outcomes (e.g., capture or post-escape



drowning). Therefore, MTBI does not constitute a separate  cryptic mortality. In 2019, this information was integrated
outcome in itself (see Figure 4.13). into a Bayesian estimation model to estimate cryptic
mortality empirically (Meyer 2019), the results of which are

The following section describes research undertaken to ¢\ arised separately below.

estimate various components potentially contributing to

Figure 4.12: Diagram of a New Zealand sea lion exclusion device (SLED) inside a trawl net. Image courtesy of the Deepwater Group Ltd.
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Figure 4.13: State transition process for New Zealand sea lions interacting with trawl nets that have SLEDs deployed, as developed
under consultation with AEWG (November 2018). Boxes are categorical states; variables atop of arrows denote transition probabilities.
MTBI is ‘mild traumatic brain injury’. See section 4.4.4.4 for details.
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4.4.41  MILD

INJURY

TRAUMATIC  BRAIN

Sea lions may strike their heads on the SLED grid. To look
for evidence of injury arising from such collisions,
necropsies were conducted on animals recovered from
cover net trials (see below) and on those incidentally caught
and recovered from vessels operating in the SQU 6T,
SQU 1T, and SBW 6l fisheries. All several hundred New
Zealand sea lions 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).
associated with this approach limited the usefulness of the

However, problems
results. For example, 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).

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). However, the potential for head trauma arising from
impacts with the SLED grid could not be ruled out as a
potential contributing factor to an animal’s death (Roe &
Meynier 2010, Roe 2010).

Abraham
euphemistically

(2011)
referred

used biomechanical modelling,

to as ‘crash-test-dummy’

modelling, to quantify the likelihood of a sea lion
experiencing physical trauma sufficient to render the
animal insensible (and therefore likely to drown) arising
from a collision with a SLED grid. This work used video
footage of Australian fur seals interacting with comparable
trawl exclusion devices (Wilcox 2008, Lyle & Wilcox 2011)
to estimate (for sea lions) the likelihood of a head-first
impact, the speed of impact, the angle of impact relative to

individual SLED grid bars and relative to the grid plane, and
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the location of impact on the grid. The risk of MTBI was then
assessed by biomechanical testing and modelling across a
range of plausible and ‘worst-case’ impact scenarios (Ponte
et al. 2010, 2011) and combined in a simulation-based
probabilistic model (Abraham 2011). In the base case
model, 2.7% of sea lions entering the trawl were estimated
to experience MTBI; in the most extreme sensitivity the
estimate was as high as 8.2%. These results indicate that
rates of death by MTBI for New Zealand sea lions
It is
thought that animals affected by MTBI may be more likely

interacting with the SLED grid are likely to be low.

than uninjured animals to remain and drown in the net,
where they will be counted among observed captures
unless the body is subsequently lost from the net. For this
reason, MTBI may influence the rate at which sea lions exit
or drown, but MTBI is not in itself a source of cryptic
mortality.

4.4.42 BODY NON-RETENTION

From first principles and considering SLED design (Figure
4.12) it seems unlikely that body non-retention rates are
high, because:
i) the escape opening of SLEDs employed in
New Zealand fisheries is at the top of the
net, whereas drowned pinnipeds are
observed to be negatively buoyant;
forward-facing hoods are designed to
allow exit for actively swimming animals
and retain passive or inert bodies due to
the forward motion of the net; and
iii) hood floats are designed to close the
escape opening in the event that the
trawl net becomes inverted (turns upside
down) or when the net reaches the
surface of the water.

Preliminary results of SLED monitoring trials in overseas
the that
pinnipeds are likely to be lost, and thereby not counted

jurisdictions  support conclusion drowned
among observed captures, in trawls employing SLEDs.
Overseas researchers with first-hand knowledge of the
operation of these devices were consulted in the process of
the

representing assumptions about body non-retention as a

parameterising cryptic  mortality model (i.e.,

model input prior). Informed by expert input, the Aquatic
Environment Working Group estimated that between 1 and
10% of drowned sea lion carcasses may be subsequently



lost from the net (i.e., a uniform prior on pRetention of 0.90
—-0.99).

4.4.4.3 POST-ESCAPE DROWNING

Between 1999-2000 and 2002-03,
approach was taken to estimate interaction rates and SLED

an experimental

efficacy rates, by intentionally capturing animals as they
exited the escape hole of a SLED. Cover nets were added
over the escape holes of some SLEDs and sea lions were
restrained in these nets after they exited the SLED. 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). Due to low sample
sizes and ambiguous interpretation of necropsy results, this
work was judged to be inconclusive (Roe 2010). Re-analysis
of the video data in 2019 indicated that at least some of the
animals were conscious and active at the time that they
exited the net, but the number of observations was too low
to draw any quantitative conclusions.

In 2019, data on sea lion dive behavior and trawl
characteristics in the SQU 6T fishery were used to simulate
the outcome of dives in which sea lions interact with SLED-
equipped trawls, to estimate the probability of post-escape
drowning (Middleton 2019b). This study used electronic
telemetry data indicative of sea lion dive behavior under
‘normal’ foraging conditions to characterise critical rates
such as: i) how long a sea lion can remain conscious
underwater (euphemistically labeled ‘maximum breath-
hold” although pinnipeds actually expel their air before
diving; oxygen is stored in the blood); ii) descent speed; iii)
horizontal swimming speed; and iv) ascent speed. These
data were available from sea lions tagged specifically at the
Auckland Islands (Crocker et al. 2001, Chilvers et al. 2006).

The simulation tracked the fate of sea lions as they passed
through the net using a time step whereby every minute
underwater was subtracted from the animal’s remaining
‘breath-hold’ time (i.e., time at which the animal will run
out of oxygen and become unconscious). The study used
video data of Australian fur seals in nets equipped with
comparable exclusion devices, to estimate the likelihood in
each minute that an animal inside the net will exit via the
SLED (Lyle & Wilcox 2008). Animals that contribute to
cryptic mortality are those that: fail to exit before becoming
unconscious and drown and are retained in the net; exit the
net with sufficient time to reach the surface survive; exit
the net, but with too little conscious time remaining to
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reach the surface, and are presumed to drown outside the
net.

In the simulation base case, roughly 7% of animals exiting
the net are estimated to nonetheless drown, and the ratio
of total deaths to deaths that occur inside the net was
estimated at 1.4 (range 1.2-1.5 depending on what
proportion of the animals successfully exit, which varied
between bottom trawl and midwater trawl nets.) These
outputs were used to inform the definition of priors for the
Bayesian estimation of cryptic mortality from all sources
(Meyer 2019).

4.4.4.4  BAYESIAN ESTIMATION OF SEA LION
CRYPTIC  MORTALITY IN  TRAWLS
USING SLEDS

New research was completed in 2019 integrating all
available information indicative of the fate of sea lions that
enter trawls equipped with SLEDs, in a Bayesian modelling
framework (Meyer 2019). Models constructed under this
project used a state transition matrix of different possible
states for each sea lion that enters the net. The probability
of each state transition was estimated by fitting to observed
captures data or was influenced by the priors (which were
estimated outside the model or informed by expert
knowledge).

The state transition matrix used to estimate cryptic
mortality in sea lions is reproduced in Figure 4.13.
Transition probabilities were informed as follows:

the number of sea lions entering the net (annual
interactions) were estimated outside the model
(separately for midwater and bottom trawl fishery
groups) as a function of spatial overlap between
fishing effort and sea lion distribution (Large et al.
2019);

the probability of a sea lion suffering MTBI was
by
described above, mean pMTBI
Abraham 2011);

the probability that a sea lion exits the net was

informed modelling

0.027 (from

‘crash-test-dummy’

fitted to observed captures — mean pExit = 0.57
for bottom trawls and 0.88 for midwater trawls;
the probability that an exiting sea lion survives
(i.e., does not drown before reaching the surface)
was informed by simulation as described above
(Middleton 2019b) — mean pSurvive = 0.94 for
both bottom trawl and midwater trawl;



the probability that the body of a sea lion that
drowns in the net is retained was estimated by the
AEWG,
observations of comparable exclusion devices for

informed by expert discussion and

Australian fur seals (in which all drowned
carcasses were retained in the net). Mean
pRetention = 0.945 for both bottom trawl and

midwater trawl.

Combining these estimates, the model estimates that the
cryptic mortality multiplier is 1.15 in bottom trawls (95% c.i.
1.05-1.31) and 1.60 for midwater trawls (95% c.i. 1.20—
2.63). These estimates were used to convert estimated
captures to deaths in the risk assessment by Large et al.
(2019).

Note that the apparent higher catchability in bottom trawls
is offset by a lower cryptic mortality, suggesting sea lions
are less likely to enter a bottom trawl relative to a midwater
trawl, but also less likely to exit successfully via the SLED.
Because these two factors work in opposition, the actual
risk to sea lions per trawl event is similar between the two
gear types.

Sensitivity analyses conducted by Meyer (2019) indicate
that the model estimates of cryptic mortality are not highly
sensitive to expert-derived assumptions (reflected as priors
for the transition probabilities) within plausible ranges. The
parameter with the most ability to affect the cryptic
mortality multiplier is the probability that drowned
carcasses are retained in the net, but major changes are
required to this prior (e.g., assuming more than half of all
drowned carcasses are lost from the net) to have large
effects on the cryptic multiplier. High non-retention rates
are not consistent with known hydrodynamic principles or
observations of fur seal carcasses retained by comparable
exclusion devices in Australia.

4.4.5 MODELLING POPULATION-LEVEL
IMPACTS OF FISHERIES DEATHS

with used in the SEFRA

methodology (Chapter 3), Fisheries New Zealand has now

Consistent terminology
adopted the term ‘Population Sustainability Threshold’ or
PST to denote the number of anthropogenic deaths that a
population can sustain while still meeting a defined
population recovery or stabilisation outcome, evaluated via
simulations using a demographic population model. The
choice of reference outcome is a policy decision.
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For Auckland Islands sea lions, the likely effect of fisheries

impacts at different levels was estimated from a

demographic population model informed by mark-

recapture observations, annual pup census results,
estimated fisheries-related deaths, and the estimated age
distribution of lactating females, as described by Roberts &
Doonan (2016). The model also supported a quantitative
risk assessment to estimate the effects of non-fishery
threats (section 4.4.5.1 below). In 2017, additional model
project SEA2026-30,

incorporating the newest pup count data from Figure 4.3

runs were carried out under

(but not including all available mark-recapture data), and
were used to update management options for the
Operational Plan for the SQU 6T fishery in 2017 (Roberts
2017b).

The population projections by Roberts & Doonan (2016)
relied on the untestable structural assumption that future
demographic rates would approximate historically
observed rates from the preceding 20 years. This period
included the period of steepest population decline and
subsequent apparent stabilisation, but not the preceding
period of population growth. It is likely that changes in
demographic rates reflect changing environmental
conditions. Because it is not possible to anticipate what
environmental conditions are likely to prevail in the future,
with unknown potential consequences for sea lion
demographic rates, uncertainty of this nature is best

addressed with model sensitivities.

In 2019 the Auckland Islands sea lion demographic model
of Roberts (2017b) was updated with all available data
including mark-recapture information up to the 2018-19
field season (Roberts 2019). To address environmental
uncertainty, the updated model was structured to estimate
demographic rates separately based on periods of
historically increasing (1990 to 1998), decreasing (1999 to
2009), and stable pup production trajectories (2010 to
2019) and to simulate the effects of fisheries mortality on
population outcomes under these three regimes, reflecting
that it is likely that decadal-scale climatic variability affects
critical sea lion demographic rates, but future climate
conditions cannot be foreseen.

Models also incorporated estimates of SQU 6T fishery
related deaths, derived from the outputs of separate
research projects estimating historical fishery captures
(Large et al. 2019) and cryptic mortality levels relating to
the use of sea lion exclusion devices (Meyer 2019).



The base case model produced good fits to pup census,
mark-resighting, and age distribution observations. Model
estimates indicate that the observed change in pup
production trajectory in 2009 (from decreasing to stable)
was driven by increased annual survival at age groups 2—
5years and 6-14 years, and a slightly increased annual
pupping rate, rather than by improved first-year ‘pup’
survival, which was unchanged relative to the period of
decline.

The base model estimated a current population size of 4293
females in 2019 (95% ClI 4120-4473), which was
subsequently used in the estimation of the PST.

A new PST criterion was defined by Fisheries New Zealand,
SEFRA approach (Chapter 3). A calibration coefficient (¢) of
0.1 was selected as the base case value by Fisheries New
Zealand, such that annual impacts equal to the PST are
consistent with a stable population size at 95% of the un-
impacted level. At this level of ¢, a female-only PST of 26
individuals was estimated. In comparison, Large et al.
(2019) estimated 2.8 (median) or 5.4 (upper 95% Cl) actual
female deaths in the squid fishery from 2013 to 2017.

Assuming future fisheries mortality equal to the PST (at
¢ =0.1), i.e., 26 female deaths per year, model projections
estimated a mature female population size in 2025 of
between 95.0% (95% Cl = 94.7-95.2%) and 96.1% (95% Cl =
95.8-96.3%) of what would have occurred in the absence
of fishery mortality (depending on the future population
growth scenario). Under the ‘stable’ (recent) demographic
rate scenario, future deaths consistent with recent
estimated levels would result in a population size in 2025 of
between 99.0% (95% Cl = 99.0-99.1%) and 99.5%
(95% ClI = 99.5—99.5%) of un-impacted levels, depending on
whether the upper 95% Cl or median of recent annual
deaths was assumed, respectively.

Note that because this modelling framework does not
account for density dependence, these estimates of future
population status will be lower than would be estimated
from a generic application of the PST formulation using
Rmax (equation 30 in Chapter 3). In that formulation,
applying a value of (¢ = 0.1) yields an impacted population
that is 5% lower than the un-impacted population in the
long term (at equilibrium) because population productivity
increases to compensate as the population is reduced
below carrying capacity.
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4.45.1 MULTI-THREAT QUANTITATIVE
: RISK ASSESSMENT FOR
AUCKLAND ISLANDS SEA LIONS

In 2016 a quantitative risk assessment estimating the
potential impacts of both fisheries and non-fishery threats
to sea lions was undertaken to inform the development of
a Threat Management Plan for the species (Roberts &
Doonan 2016). On the advice of the AEWG, for purposes of
informing management, this model replaced the previous
‘BFG model’ that had been used and updated since 2000
(Breen et al. 2003, Breen & Kim 2006a, 2006b).

A panel of national and international independent experts,
supported by relevant subject matter advisors, was
convened to provide guidance on the level of threats to
New Zealand sea lions and review the demographic
assessment. The first of two workshops was held from 28
April to 1 May 2015. It built on previous discussions at a pup
mortality workshop held in 2014, but considered all threats
to all sea lion age groups. The initial stage of the risk
assessment model — the demographic assessment — was
completed in advance of the first workshop, for the panel
to review and provide recommendations for model
improvements (Debski & Walker 2016).

Separate demographic assessment models were developed
for females at the Auckland Islands and Otago Peninsula,
integrating information from mark-recapture observations,
pup census, and the estimated age distribution of lactating
females (Auckland Islands only). With respect to the
Auckland Islands assessment, good fits were obtained to all
three types of observation and the model structure and
parameter estimates appeared to be a good representation
of demographic processes that have affected population
decline there (primarily low pup survival and low adult
survival). The Otago Peninsula assessment made use of a
much smaller number of observations; however, the
assessment still produced good estimates of all key
demographic rates, with much higher pup survival relative
to the Auckland Islands population (Roberts & Doonan
2016).

A two-stage assessment of the effects of threats was
undertaken where the consequences of removing the
effects of a threat were estimated in terms of the
population growth rate of mature individuals in 2037. This
used threat-specific mortality estimates at age (provided by
MPI/DOC subsequent to two dedicated TMP workshops,

see Debski & Walker 2016), in which:



1.
assessed threats using the upper bound estimates of

‘triage’ projections were undertaken for all

threat-related mortality to screen out threats that
had little effect on projected growth rate;

2.
the best estimate of threat-specific mortality for all

‘best-estimate’ projections were undertaken using

threats that passed through the triage stage (Roberts
& Doonan 2016).

The triage of the risks posed to New Zealand sea lions was
conducted to limit the number of risks to be included in the
(MCMC)
modelling. To do this, a simple model was used to assess

more detailed Markov chain Monte Carlo

the upper bound, or worst case scenario, of the threat by
predicting the response of the population to that threat
being removed. The results of this triage are not considered
to be the best estimate of the risks posed to the New
Zealand sea lions, but a mechanism to reduce the list of the
threats to those that have the largest influence.

Triage model run projection outputs for the Auckland
Islands using the final model are shown in Figure 4.14 and
for the Otago Peninsula population in Figure 4.15. The black
line in Figures 4.14 and 4.15 indicates the estimated

historical trend and population projection based on
demographic parameters from the last 10 years. The
removal of each single threat is plotted separately.

The effects of removing the threats that act on pups (i.e., K.
pneumoniae, hookworm, wallows®) have a delayed effect
on the size of the mature population of sea lions. This is
because the pups that will survive still need time to mature
before they are included in the modelled mature female
population (Roberts & Doonan 2016, Debski & Walker
2016).

Removal of the upper bound of Klebsiella risk creates the
largest change in population size over the 20-year time
period (2017-37), however the population reacts more
quickly to the removal of the upper bound of estimated
trawl interactions because this acts directly on the mature
females. The ratio of mature female population in 2037
compared with 2017 is 1.30 when Klebsiella is removed,
and 1.24 when trawl interactions are removed (Roberts &
Doonan 2016). The independent panel considered that
some of the upper bounds used in the triage process were
unlikely to be realistic and should be treated with caution
(Debski & Walker 2016).

Figure 4.14: Triage projections of model estimated number of mature individuals (mature n) at the Auckland Islands during 1990-2037, using upper values
of threat mortality. The black dotted line indicates the estimated historical trend and population projection based on demographic parameters from the
last 10 years. The removal of each single threat is plotted separately as coloured lines. Reproduced from Roberts & Doonan (2016).

SWhere this report refers to this threat as ‘wallows’, this includes all types
of hole, drop, or barrier that either cause a sea lion pup to be separated
from its mother or to drown.
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Figure 4.15: Triage projections of model estimated number of mature individuals (mature n) at the Otago Peninsula during 1990-2037, using upper values
of threat mortality. The black dashed line indicates the estimated historical trend and population projection based on demographic parameters from the
last 10 years. The removal of each single threat is plotted separately as coloured lines except for the red line, which shows population growth at Amax

(assumed to be 0.12). Reproduced from Roberts & Doonan (2016).

For the Otago Peninsula model, the removal of upper
bounds of some threats produced a very rapidly growing
population, higher than the assumed maximum optimal
growth rate (Rmax) (Figure 4.15). This indicates that the
upper bounds used for set net and deliberate human
threats were probably unrealistically high (Roberts &
Doonan 2016, Debski & Walker 2016).

the Auckland
projections were undertaken for commercial trawl related

For Islands population, best-estimate
mortality, Klebsiella related mortality of pups, trophic
effects (food limitation), pups drowning in wallows, male
aggression, and hookworm mortality. These threats were

a continuation of

compared with the base
demographic rates since 2005 (A2037 = 0.961, 95% c.i.:
0.890-1.020). A positive growth rate was obtained only
with the alleviation of Klebsiella (A2037 = 1.005, 95% c.i.:
0.926-1.069). When assuming the most pessimistic view of

run

cryptic mortality (all interactions resulted in mortality and
associated death of pups), alleviating the effects of
commercial trawl related mortality resulted in an increased
population growth rate relative to the base run, but did not
reverse the declining trend (A2037 = 0.977, 95% c.i.: 0.902—
1.036) (Figure 4.16). The alleviation of trophic effects (food
limitation) had the next greatest effect (A2037 = 0.974, 95%
c.i.- 0.905-1.038), and all other threats had a minor effect
relative to the base run projection (increase in Az037 of less
than 0.01) (Figure 4.17, Roberts & Doonan 2016).
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For the Otago Peninsula population, similar effects were
estimated with the alleviation of any of the threats that
passed through triage: commercial set net fishery related
mortality, direct human mortality, pollution related
mortality, entanglement, and male aggression, relative to
the base run projection (A2037 = 1.070, 95% c.i.: 1.053—
1.087). Deliberate human mortality was estimated to have
the greatest effect on projected population
(A2037 = 1.093, 95% c.i.: 1.075-1.112) (Figure 4.18, Roberts

& Doonan 2016).

size

For the Auckland Islands population, model outputs suggest
that if demographic rates used to simulate forward
population trajectories (i.e., sampled from the previous 20-
year period) are accurate, then the TMP goals would be
difficult to achieve with the complete alleviation of a single
threat. In this context, the most effective approach to
meeting the goals of the TMP may be to spread the
management effort across the suite of key perceived
threats identified from this assessment.

The population projections are sensitive to assumptions
about what demographic rates are being realised in the
population, in the context of considerable environmental
variability on a decadal scale, with likely effects on critical
demographic rates driving population change. A high
priority is the development of tools for monitoring the
effects of environmental and management drivers on
threat-specific mortality and influential demographic rates



(Roberts & Doonan 2016). For example, research to
examine factors affecting pup survival (Edwards & Roberts
2021, Roberts et al. 2021) commenced in 2018, and
integrative ecosystems research to investigate decadal

scale climate variability potentially affecting sea lion
demographic parameters is being progressed under a
separate contract (ZBD2018-05).
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The assessment for some of the key threats to New Zealand
sea lions was hampered by incomplete information for
estimating threat-specific mortality, e.g., relating to the
causes of pup mortality during the entire first year of life
and of cryptic mortality. In addition, a lack of demographic
observations for the Campbell Island and Stewart Island
populations precluded the development of comprehensive
guantitative risk assessments for these populations
(Roberts & Doonan 2016).
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Figure 4.16: Female New Zealand sea lions population projections with alternative scenarios of: demographic rates affecting population growth (i.e.,
decreasing (top row), stable (middle row), or increasing (bottom row)); and future squid fishery-related deaths (i.e., zero future deaths (grey, shown in
all plots for reference), the average of the last five years of estimated deaths, or equal to the population sustainability threshold (PST) assuming alternative
values of ¢ (‘ph’, p. 25 equation 30) (all black)). Reproduced from Roberts (2019).
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Figure 4.17: Best-estimate projections of mature individuals (mature n) at the Auckland Islands in the period 1990-2037 for all other threat scenarios.
Lower black lines are with all threats (base run); upper black lines are with the ‘max growth’ scenario (1990-93 estimate of Surv0, 1990-98 estimates of
Survival 6-14 years of age, and 1990-99 estimate of PrP; red lines are with a threat alleviated. Reproduced from Roberts & Doonan (2016).

90



Aggression
[
F—
o
(]
c
E —
E 24
= L]
(=
i ! ! ! !
2000 2010 2020 2030
“ear
Entanglement
[
I~
=
=
=3
L=
=

2000 2010 2020 2030

“fear

Deliberate mortality

[
F—
[
e
3
&
=
T T T T
2000 2010 2020 2030
“ear
Setnet
[
I~
=T
[Fn}
=
E —
£ 2
= [an}
o .
- ____...-r-"'""r
o -
| | | |
2000 2010 2020 2030
“ear

Figure 4.18: Best-estimate projections of mature individuals (mature n) at the Otago Peninsula in the period 1990-2037 for all threat scenarios (from
Roberts & Doonan 2016). Black lines are with all threats (base run); red lines are with the threat alleviated. Reproduced from Roberts & Doonan (2016).

54.4.5.2 PBR (NOW PST) ASSESSMENT
' FOR CAMPBELL ISLAND
POPULATION

Following the 2013 season in which a hjgh number of New
Zealand sea lions were captured in the Campbell Rise
Southern blue whiting fishery (SBW 6l), a review was
conducted of potential biological removal (PBR) guidelines
and relevant scientific literature to inform the selection of
appropriate PBR parameter values for the Campbell Island
sub-population (Roberts et al. 2014b). The PBR is a
traditional 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). It is a precursor to the PST
formulation used for most New Zealand protected species;
like the PST, PBR relies on R4y to represent the species
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intrinsic population growth rate, but rather than full
Bayesian consideration of parameter and modelling
uncertainty it uses a conservative point estimate of
population size Np,;; and a recovery factor Fg that
provides for parameter bias correction as well as reflecting
policy decisions regarding the level of acceptable impact
(replacing the calibration factor phiin the PST formulation).
New work is planned to replace this PBR estimation with an
updated PST estimate consistent with the New Zealand

SEFRA framework.

The pup census at Campbell Island of 681 pups in 2010
(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 Ny, values of 3065



and 3746. 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 R,,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 sea lion breeding populations are likely to be
demographically independent, so were assessed as
separate subpopulations (Moore & Merrick 2011). A
default recovery factor (Fg) of 0.5 was applied, as is used in
the USA for stocks of a threatened species with unknown
(or not declining) population trajectory (Roberts et al.

2014b).

Prior to 2005—-06 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
4.6). Running means of capture levels (3 and 5-year) were
also calculated for comparison with PBR estimates. For Fg
of 0.5, and the selected estimates of Ny, (3065) and Ry
(0.08), the calculated PBR was 61. Estimated captures did
not exceed the PBR in any year when the default Fp of 0.5
was used, regardless of which other parameter values used.
When the lower Fg 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 Fy 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 year regardless of
which combination of parameter values was used (Roberts
et al. 2014b).

New work is planned by Fisheries New Zealand under
project PMM2019-09 to re-estimate a Campbell Island PST
incorporating updated demographic information.

4.4.6 MANAGING FISHERIES RISK

For New Zealand sea lions, efforts to mitigate incidental
captures in fisheries have historically focused on the
SQU 6T fishery.

Current management reflects previously designated spatial
In 1982 the Minister of Fisheries
established a 12-nautical mile exclusion zone around the

fisheries closures.

Auckland Islands from which all fishing activities are
excluded (Wilkinson et al. 2003); in 1995, the exclusion
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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.

From 1992, the Ministry adopted a maximum allowable
level of fisheries-related mortality (MALFiRM; later referred
to as a Fisheries Related Mortality Limit, FRML) to set an
upper limit on the number of New Zealand sea lions that
can be incidentally killed each year in the SQU 6T trawl
fishery (Chilvers 2008). If this limit is reached, the fishery is
closed for the remainder of the season. The original
MALFIRM was calculated using the ‘potential biological
removals’ approach (PBR; Wade 1998) and was used from
1992-93 to 2003—-04 (Smith & Baird 2007a). From 2003—-04
to 2017-18 the FRML was translated into a fishing effort
limit (maximum permitted number of tows) based on
assumptions about the interaction rate and SLED efficacy
rate, regardless of the number of observed New Zealand
sea lion captures. This approach was taken because since
the introduction of SLEDs, observed sea lion captures were
no longer a reliable index of the number of sea lions
interacting with the net, and there was uncertainty about
the survival rate of sea lions exiting the net via the SLED.

SLEDs were first deployed on some vessels in the SQU 6T
fishing fleet from around 2000. SLED use increased in
subsequent years through a development phase in which
SLED designs were trialed and modified, followed by a
phase in which a single design specification existed but was
not mandated or universally adopted on all fishing effort
the fleet. the Squid
Management Company in consultation with Fisheries New

across Subsequently Fishery
Zealand mandated a standardised SLED design that would
be required for the vessel to receive the ‘discount rate’
relative to the tow limit applied by the government (set to
ensure that estimated mortalities remained below the
designated FRML; see section 4.4.6.1, below). From the
2008 season the standardised model Mark 3/13 SLED
(Figure 4.12) has been universally employed by all vessels
in the SQU 6T fleet. SLED design consistent with these
specifications, and SLED deployment during fishing
operations, are audited and monitored by Fisheries New

Zealand Observers.

From 2017, advice to manage sea lion interactions in this
fishery was developed in consultation with the Squid 6T
Operational Plan Technical Advisory Group (SqOPTAG),
including  representatives  from  government and
stakeholder groups as well as technical experts and

advisors. Under an Operational Plan adopted in December



2017, Fisheries New Zealand set an FRML for sea lions in the
SQU 6T fishery based on estimation of a Population
Sustainability Threshold (PST) using a Bayesian population
dynamic model (Roberts & Doonan 2016). The PST
represents the maximum number of anthropogenic
mortalities that the population can sustain while still
achieving a defined population objective. For the Auckland
Islands sea lion population, the choice of population
objective underlying the PST was as follows: ‘Fisheries
mortalities will be limited to ensure that the impacted
it would
with 90%

confidence, over five years’. The choice of the population

population is no more than 5% lower than
otherwise be in the absence of fishing mortality,

objective is a policy decision.

The SQU 6T Operational Plan was updated in 2019
reflecting the outcomes of the new scientific approach
whereby interactions, captures, and deaths (including
cryptic mortality) are estimated directly and observed
captures are applied toward the adopted FRML without the
need for a proxy effort limit. The outputs of the new
scientific approach were reviewed and the implications for
advice to inform an updated management plan were
discussed via the SQOPTAG.

The four-year Squid 6T Operational Plan was adopted in
2019 and will remain in place until 30 September 2023°.
The Operational Plan defines a new FRML to reflect
updated population model outputs, including sensitivities
reflecting the likelihood that critical demographic rates for
Auckland Islands sea lions are affected by decadal scale
climatic variations (Roberts 2019, above). The plan also sets
a minimum observer coverage requirement of 90%, to
ensure that sea lion captures are recorded and SLEDs are
properly deployed.

4.4.6.1 MANAGEMENT SETTINGS IN
' THE SQUID 6T FISHERY

Before the widespread use of SLEDs, New Zealand sea lions
incidentally caught during fishing were usually retained in
trawl nets and hauled onboard, allowing observers to gain
an accurate assessment of the number of New Zealand sea
lion interactions on observed tows in a given fishery. This
enabled a robust estimation of the total number of New
Zealand sea lions killed by fishing. However, following the
introduction of SLEDs, the number of New Zealand sea lions

6 https://www.fisheries.govt.nz/dmsdocument/38189-

squid-6t-operational-plan-2019-2023
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interacting with trawls but exiting via the SLED was

unobservable, so the interaction rate was instead

estimated statistically. Subsequently, a management
setting meant to approximate the interaction rate, i.e., the
‘strike rate’ was set by the government (along with a second
setting, the ‘discount rate’ representing SLED efficacy, see
below) to inform a proxy estimate of potential sea lion
fatalities per 100 tows. This proxy estimate was then used
to set an effort limit (maximum number of tows) on the
operation of the fishery, to ensure that sea lion fisheries

mortalities remained below the FRML.

The ‘discount rate’ was a management setting that
approximated SLED efficacy, i.e., the proportion of sea lion
interactions in which the sea lion exits the SLED and
survives. The management regime for the SQU 6T fishery
provided that the discount rate would be applied to all tows
in which an approved Mark 3/13 SLED was used and
relevant requirements of the Operational Plan met (e.g.,
notification of intention to fish in SQU 6T and reporting
requirements). Discount rates applied between 2003-04
and 2018-19 are given in Table 4.10.

The SLED discount rate was a fisheries management setting
and should not be confused with the actual estimated
survival rate of New Zealand sea lions exiting the SLED; for
example, the discount rate could be set deliberately lower
than the actual estimated SLED efficacy rate, reflecting
cautious management in the presence of uncertainty.

From 2019 a new science approach was adopted under
which sea lion interactions, captures, and deaths (including
cryptic mortality) are estimated directly. Under this
approach it is now possible to evaluate performance
against the FRML using observed captures directly, without
the need for an effort proxy and associated SLED discount
rate. For this reason, the new Squid 6T Operational Plan
does not define a strike rate or discount rate; instead, total
captures are monitored by fisheries observers and
compared against the FRML as the season progresses.
Cryptic deaths are estimated as a proportion of observable
deaths, effectively adjusting the capture limit lower to
account for sea lion bodies that may not be counted by
fisheries observers.


https://www.fisheries.govt.nz/dmsdocument/38189-squid-6t-operational-plan-2019-2023
https://www.fisheries.govt.nz/dmsdocument/38189-squid-6t-operational-plan-2019-2023

Table 4.10: Maximum allowable level of fisheries-related mortality (MALFIRM) or fisheries-related mortality limit (FRML) from 1991 to 2020. Note that
direct comparisons among years of the limits in Table 4.10 are not possible because the assumptions underlying the MALFiRM or FRML changed over

Fishery closed by MFish (4 May)
Fishery closed by MFish (28 March)
Fishery closed by MFish (27 March)

Fishery closed by MFish (8 March)

Voluntary withdrawal by industry

Fishery closed by MFish (13 April)

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

New approach whereby deaths are estimated directly as a function of captures,

eliminating the need for an effort limit and discount rate setting

Roberts & Doonan 2014) —all of which are common density
dependent responses. However, there is no evidence of

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
1996-97 79
1997-98 63
1998-99 64
1999-00 65
2000-01 75
2001-02 79
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%
2014-15 68 82%
2015-16 68 82%
2016-17 68 82%
2017-18 38 75%
2018-19 38 75%
2019-20 52 N/A
4.4.7 KEY INFORMATION GAPS

The Roberts & Doonan (2016) model and subsequent
updates make no assumptions about the current status of
the Auckland
ecological carrying capacity. Previously a review of life-

Islands sea lion population relative to
history traits such as pup mass, pup survival, and female
fecundity found no evidence for density 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. 2010a, Roberts et al. 2014a), low
pup/yearling survival rate (Roberts et al. 2014a), and
reduced maternal condition (Riet-Sapriza et al. 2012,
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typical density dependent responses, such as poor pup
survival, being alleviated with decreasing population size
(Roberts 2019). The underlying environmental causes of
the apparent change is unknown; and it is unknown
whether similar changes can be expected in future, and on
For this reason, updates of the
Roberts (2019)
population trajectories under three different hypothetical

what time scales.

demographic model of estimated
climatic regimes corresponding to observed periods of
growth, decline, and stability in the annual pup production
trend, and additional work is underway under project
ZBD2018-05 to better understand potential climatic drivers
of ecosystem change including potential ‘regime shifts’
affecting sea lions. Analysis of factors affecting pup survival

and subsequent effects on demographic rates (e.g.,



Edwards & Roberts 2021, Roberts et al. 2021) may yield
additional insight.

The spatial risk model of Large et al. (2019) relies on a single
spatial foraging density layer informed by telemetry data
collected primarily in summer, and primarily from breeding
females at the Sandy Bay colony. The seasonal bias is
appropriate for summer fisheries (i.e., targeting squid) and

4.5 INDICATORS AND TRENDS

the sex and age bias is appropriate for a risk model
concerned primarily with modelling the effect of fisheries
on population reproductive output. However, the seasonal
bias toward summer may affect the accuracy of risk
estimates for winter fisheries such as scampi, and the
relative lack of data from the Dundas Island and Figure of
Eight Island colonies may introduce other biases. New data
collection is proposed to address these gaps.

Roberts & Doonan (2016) estimated 11 755 New Zealand sea lions including pups (immediately after

Populatio

n size pupping) across all populations.
It is estimated that there were: 1740 pups born at the Auckland Islands in 2019-20 (Melidonis &
Childerhouse 2020); 595 pups born at Campbell Island in 2019-20 (McNutt et al. 2020); 48 pups born at
Stewart Island in 2019-20 (47 at Port Pegasus and 1 at Ulva Island; DOC unpublished data); and 21 pups
born on the Otago coast in 2019-20 (DOC unpublished data).

Populatio | Estimated annual pup production at the Auckland Islands, Campbell Island, Stewart Island, and New

n trend Zealand South Island is shown below. Note that the y-axis scale varies in each plot.
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Threat
status
Number
of

captures

Trends in
observed
captures
(both
sexes)

Trends in
estimated
deaths
(females
only).
From
Large et
al. (2019).

New Zealand: Nationally Vulnerable, Criterion D(1)7, Range Restricted?®, in 2019°
IUCN: Endangered, A4bd®®, in 2015

3 observed captures in trawl fisheries in 2016—-17

8 observed captures in trawl fisheries in 2017-18

9 observed captures in trawl fisheries in 2018-19

1 observed capture in trawl fisheries in 2019-20

Ul
o

W Females
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Observed captures across all Auckland
Islands trawl fisheries (dead or alive)

Males
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2016/17
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2018/19

=

7 A taxon is listed as ‘Nationally Vulnerable’” under criterion D1 if it has a large population (5000-20 000 mature individuals) and a

moderate to high rate of ongoing or predicted population decline (-30 to -70%) over three generations.
8 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 subpopulations (Townsend et al. 2008).

9 Baker et al. (2019).

10 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% or more 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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5. New Zealand fur seal (Arctocephalus forsteri) -
) Technical Summary

Chapter

New Zealand fur seal 1.THE ISSUE IN BRIEF

(Arctocephalus forsteri) * The New Zealand fur seal (Arctocephalus forsteri) is a

pinniped, endemic to New Zealand

* NZ fur seals are attracted by fisheries operations, which
can result in incidental captures and, potentially, deaths
* The NZ fur seal is abundant and classified as ‘least
concern’by DOC (population levels are increasing)

e Like other marine mammals, the NZ fur seal is rotected
under the Marine Mammals Protection Act 1978 and the
Fisheries Act 1996 but, because of its favourable
conservation status, there is no Population Management

Not threatened (DOC 2019) Plan in place

2. CAUSES OF DEATH

e Current population estimates stand at nearly 100 000 individuals in the NZ Exclusive Economic Zone
and numbers are increasing

e Starvation, stillbirth, suffocation, trampling, drowning, natural predation, and human disturbance are
among the causes of pup mortality. Adult mortality causes include predation and fisheries interactions

3. INCIDENTAL CAPTURES - LOCATION

* Between 2002-03 and 2017-18, there were 1691
observed incidental captures of NZ fur seals in trawl
fisheries, 408 in surface longline fisheries, 58 in set net
fisheries, 2 in bottom longlines fisheries, and 1 in purse
seine fisheries

* The trawl fisheries mainly contributing to incidental
captures of NZ fur seals are hoki (winter) and southern
blue whiting (spring)

* The most common locations for incidental captures
have been near Campbell Island and the Bounty Islands,
as well as areas off the west coast of the South Island
and the Cook Strait

* Observed captures are limited in the inshore trawl
fishery, due to the low observer coverage

Map of NZ fur seal captures in NZ trawl fisheries between 2002 and 2018.
Yellow and red dots indicate NZ fur seal capture events, identified by observers and experts,
respectively. Blue shades represent the trawl fishing effort
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4. RISK ASSESSMENT

0 0.1 0.5 1 2 5

Risk Ratio (annual potential fatalities/population sustainability threshold)

The multi-species marine mammal risk assessment (2017, see also Chapter 7) showed that the risk posed
by fisheries to the NZ fur seal is comparable to that for several cetaceans, but has smaller uncertainty.
However, the level of this risk is unlikely to pose a threat to the NZ fur seal population sustainability

5. INCIDENTAL CAPTURES - HOKI TRAWL FISHERIES

The observer coverage on board hoki
trawl vessels has been increasing since
2003, reaching about 35% of the fishery
in recent years

Capture rates of NZ fur seal peaked from
2003 to 2005, but have since slowly
declined. Total capture numbers have
been stable (with small fluctuations) over
the last 10 years

Fishing effort (above) and observed captures (below) of NZ fur seals in NZ trawl fisheries

6. ONGOING RESEARCH

* Fishing interactions are considered unlikely to have adverse consequences for NZ fur seals at a national scale
* However, Fisheries New Zealand is trying to characterise the population structure and spatio-temporal
foraging distribution of NZ fur seals and estimate commercial fisheries overlap and risk
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5 NEW ZEALAND FUR SEAL (ARCTOCEPHALUS FORSTERI)

Status of chapter
Scope of chapter

Observer data and capture estimates have been updated for AEBAR 2021.

This chapter describes: the biology New Zealand fur seals (Arctocephalus forsteri); the
nature and extent of potential interactions with fisheries; management of fisheries
interactions; means of estimating fisheries impacts and population level risk; and
remaining sources of uncertainty, to guide future work.

The New Zealand EEZ and Territorial Sea, but primarily in coastal environments extending
to the continental slope.

Areas with the potential for 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, and the Bay of Plenty-East Cape. Interactions also
occur off the west coast of the North Island.

Improved means of estimating fisheries captures and and risk in poorly observed inshore
fisheries; improved understanding of population size, structure, and trend on a regional
basis; improved understanding of spatio-temporal distributions affecting encounter rates
between fur seals and fishing effort.

Improved ability to assess risk and apply risk management solutions on a regional sub-
population basis, or at finer spatial and temporal scales.

PMM2018-04A: Estimate spatial distributions for at-risk marine mammals to assess
fisheries overlap and risk: fur seal; PMM2018-07: Updated spatially explicit fisheries risk
assessment for New Zealand marine mammal populations

DOC Marine Conservation Services Programme (CSP): INT2015-02 To determine which
marine mammal, turtle and protected fish species are captured in fisheries and their mode
of capture; MIT2014-01 Protected species bycatch newsletter.

Chapter 3: Spatially Explicit Fisheries Risk Assessment (SEFRA); Chapter 4 New Zealand
Sea Lions.

Area

Key locations

Key issues

Emerging issues

MPI research (current)

New Zealand government
research (current)

Related chapters/issues

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,

5.1 CONTEXT

Management of fisheries impacts on New Zealand fur seals

is legislated under the Marine Mammals Protection Act
(MMPA) 1978 and the Fisheries Act (FA) 1996. Under s.3E
of the MMPA or s.14F of the Wildlife Act 1953, the Minister
of Conservation, with the concurrence of the Minister for
Oceans and Fisheries (formerly the Minister of Fisheries
and Minister for Primary Industries), may approve a
population management plan (PMP). There is no PMP in
place for New Zealand fur seals.

In the absence of a PMP, the Ministry for Primary Industries
(MPI1) manages fishing-related mortality of New Zealand 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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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. (2016) list New Zealand fur seals
as Not Threatened in 2009, and the IUCN classification is
Least Concern (Chilvers & Goldsworthy 2015).

In 2004, DOC approved the Department of Conservation
Marine Mammal Action Plan for 2005-2010, which still
reflects their need for marine mammal conservation
(Suisted & Neale 2004). The plan specifies a number of
species-specific key objectives for New Zealand fur seals, of
which the following is most relevant for fisheries
interactions: “To control/mitigate fishing-related mortality

of New Zealand fur seals in trawl! fisheries (including the



WCSI hoki and Bounty Island southern blue whiting
fisheries)”. Management of New Zealand fur seal incidental
captures aligns with Fisheries 2030 Objective 6: Manage
the
management actions follow Strategic Action 6.2: Set and

impacts of fishing and aquaculture. Further,
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 New Zealand
fur seals.

The relevant Fisheries Plan for the management of
incidental captures of New Zealand fur seals is the “National
Fisheries Plan for Deepwater and Middle-depth Fisheries
Part 1A” (the National Deepwater Plan). Under the National
Deepwater Plan, the objective most relevant for
management of New Zealand fur seals is Environmental
Outcome 8: Manage deepwater and middle-depth fisheries
to avoid, remedy or mitigate the adverse effects of these
the

threatened and protected species.

fisheries on long-term viability of endangered,

Specific objectives for the management of incidental
captures of New Zealand fur seals are outlined in the
fishery-specific chapters of the National Deepwater Plan for
the fisheries with which New Zealand fur seals are most
likely to interact. These fisheries include trawl fisheries for
hoki, hake, ling, jack mackerel, and southern blue whiting.
The chapters are being reviewed and updated in 2019.

Fisheries New Zealand works closely with the fishing
industry to increase awareness amongst the fishing fleet of
how to minimise interactions with fur seals and emphasises
the importance of adherence to the industry Marine
(MMOP). These
procedures aim to reduce the risk of interactions with

Mammal Operational Procedures

marine mammals by requiring that vessels:

¢ Minimise the length of time the fishing gear is on
the surface;

e Remove all pieces of dead fish from the net before
shooting the gear;

e Steam away from any congregations of marine
mammals before shooting the gear; and

e Appoint a crew member to watch for marine
mammal interactions every time the gear is shot or
hauled.
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Performance in relation to these procedures is audited by
Fisheries New Zealand Observers and reported in the
Deepwater Annual Review Report.

5.2 BIOLOGY

5.2.1 TAXONOMY

The New Zealand 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).

5.2.2 DISTRIBUTION

Pre-European archaeological evidence suggests that New
Zealand 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’s Bay) and the South Island, and,
to a lesser extent, on the west coasts, where fewer areas of
suitable habitat were available (Smith 1989, 2005, 2011). A
combination of subsistence hunting and commercial
harvest resulted in contraction of the fur seal range and in
a population decline almost to the point of extinction
(Smith 1989, Ling 2002, Smith 2005, Lalas 2008, Smith
2011). New Zealand 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 that
time.

Currently, New Zealand fur seals occur throughout New
Zealand waters, predominantly in waters south of 40° S and
as far south as Macquarie Island. On land, New Zealand fur
seals are distributed around the New Zealand coastline, on
offshore islands, and on subantarctic islands (Crawley &
Wilson 1976, Wilson 1981, Mattlin 1987). The
recolonisation of the coastline by New Zealand 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 New Zealand 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).

5.2.3 FORAGING ECOLOGY

Most New Zealand fur seal foraging research in New
Zealand has focused on lactating females at Open Bay
Islands off the South Island west coast (Mattlin et al. 1998),
Otago Peninsula (Harcourt et al. 2002), and Ohau Point,
(Boren 2005),
satellite-tracking,

Kaikoura using time-depth recorders,

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 dived to at least 274 m
(for a 5.67 min dive in autumn) and remained 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 observed
during summer suggests that seals feed on pelagic and
vertical migrating prey species (for example, arrow squid,
Nototodarus sloanii). Conversely, the deeper dives and
increased number of dives in daylight during autumn and
winter suggest that prey species at this time 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 studied colony (at Open Bay Islands). These deeper
dives may be demersal or to depths in the water column
where spawning hoki are concentrated.

Methods to analyse New Zealand fur seal diets have
included investigation of freshly killed animals (Sorensen
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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 modes appear to
vary between specific individuals, and distinct diets may be
apparent in the scats and regurgitations of males vs.
females vs. juveniles from the same 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 New Zealand fur seals have been
conducted at colonies in Nelson-Marlborough, on the west
coast South Island, at 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).

New Zealand 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 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
(Chelidonichthys
kumu), silverside (Argentina elongate), sprat (Sprattus

(Pseudophycis bachus), red gurnard
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 squid
predominated in summer and autumn. Jack mackerel
species, barracouta, and octopus were dominant in winter
and spring. Prey such as lanternfish and arrow squid rise in
the water column at night, the time when New Zealand 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 & 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.

5.2.4 REPRODUCTIVE BIOLOGY

New Zealand 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 & Wilson 1976).
Females are philopatric and are sexually mature at 4-6
years, whereas males mature at 5-9 years (Mattlin 1987,
Dickie & Dawson 2003). The maximum age recorded for
New Zealand fur seals in New Zealand waters is 22 years for
females (Dickie & Dawson 2003) and 15 years for males
(Mattlin 1978a).

New Zealand 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 colonies to establish territories during October—
November. Breeding females arrive at the colony from late
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
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about the ratio of males to females at 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
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).

5.2.5 POPULATION BIOLOGY

Historically, the population of New Zealand 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 New Zealand fur seals in New
Zealand are dated, few, and highly localised. In the most
comprehensive attempt to quantify the total New Zealand
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 New
Zealand 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 (2014) 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. =
28) pups were estimated for 2009, and 2390 (s.e. = 226)
pups for 2011 (L. Boren, DOC, pers. comm.).

Since 1991, the Department of Conservation has monitored
New Zealand fur seal pup production at three 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
(Roberts & Best 2016). The data have been made available
by the scientists who complete the fieldwork, most recently
by Hugh Best, who coordinates the population monitoring
programme, DOC Regional and District staff, Tai Poutini
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

I http://www2.nabis.govt.nz/LayerDetails.aspx?layer=Bree
ding%20colonies%20distribution%200f%20New%20Zealan
d%20fur%20seal.
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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 Islands (Taylor 1996), Nelson-
Marlborough region (Taylor et al. 1995), Kaikoura (Boren
2005), Otago (Lalas & Harcourt 1995, Lalas & Murphy 1998,
Lalas 2008, Lalas & MacDiarmid 2014), 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
the ‘Breeding colonies distribution of New Zealand fur seal’

layer?.

Baker et al. (2010) 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 (Mellina & 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 New
Zealand 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 & 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, 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 New Zealand fur seals include predators such
as sharks and New Zealand 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. New Zealand 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
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(which can affect the immune and the reproductive
systems) may also affect New Zealand 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) the of
mitochondrial cytochrome b DNA haplotypes. Robertson &
(2005)

differentiation (consistent with homogenising gene flow

described geographic distribution

Gemmell described low levels of genetic
between colonies and an expanding population) based on
genetic material from New Zealand 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.

In 2015-16, Gooday et al. (unpub., 2016) conducted trials
of unmanned aerial vehicle (UAV) technology combined
with thermal imaging in the Ohau Point fur seal colony, as
part of an investigation into non-invasive population
sampling. They found aerial surveys using a T320 19 mm
infrared camera were successful in detecting fur seals in
open areas and distinguishing them from rocks, but they
were unsuccessful in areas of high canopy cover (> 80%).
Ground surveys were also conducted using a higher
resolution Optris PL450™ infrared camera and detected
more fur seals than paired photographs during cooler times
of the day (morning and evening). In the Ohau Stream
where seal pups visit the waterfall, the Optris PL450™
detected pups hiding in the forested areas better than the
naked eye but was less effective when they were swimming
or if they had recently left the water. The Optris PL450™ is
currently under development to be mounted to the UAVY,
which is expected to increase aerial counts dramatically.
Gooday et al. (unpub., 2016) concluded that thermal
imagery has the potential to become an effective
and widely used tool for ecological population surveys.

5.2.6 CONSERVATION BIOLOGY AND THREAT
CLASSIFICATION

Threat classification is an established approach for
identifying species at risk of extinction (IUCN 2014). The risk
of extinction for New Zealand 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 2014).



In 2008, the IUCN updated the Red List status of New
Zealand fur seals, listing them as Least Concern on the basis
of their large and apparently increasing population size
(Chilvers & Goldsworthy 2015). In 2010, DOC updated the
New Zealand Threat Classification status of all New Zealand
marine mammals (Baker et al. 2016). In the revised list, New
Zealand fur seals were classified as Not Threatened with the
qualifiers increasing (Inc) and secure overseas (SO) (Baker
et al. 2016).

5.3

GLOBAL UNDERSTANDING OF FISHERIES
INTERACTIONS

New Zealand 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
Australian waters (Goldsworthy & Gales 2008). However,
this figure is very much an approximation, and 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: New Zealand 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 (Shaughnessy &
Payne 1979); South American sea lions in trawl fisheries off
Patagonia (Dans et al. 2003); and seals and sea lions in
United States waters (Moore et al. 2009).

5.4 STATE OF KNOWLEDGE IN NEW ZEALAND

New Zealand 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 set net provide
opportunities for New Zealand fur seals to interact with
fishing gear, which can result in capture and, potentially,

death via drowning

Most captures occur in trawl fisheries and New Zealand 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
1996). The operational aspects that are associated with
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New Zealand fur seal captures on trawlers include factors
that attract the New Zealand 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 New Zealand 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, New Zealand 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 New Zealand 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 New Zealand
fur seal numbers or activity in the water at the stern of the
vessel because of a lack of data. Other influences on New
Zealand fur seal capture rate (of Australian and New
Zealand 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 & 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 New Zealand
fisheries.

The spatial and temporal overlap of commercial fishing
grounds and New Zealand fur seal foraging areas has
resulted in New Zealand 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 Figures 5.1 and 5.2. Winter hoki
fisheries attract New Zealand fur seals off the west coast
South Island and in Cook Strait between late June and
September (Table 5.1). In August—October, New Zealand 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 south-western coast of the South Island.



Figure 5.1: Distribution of trawl fishing effort and observed New Zealand fur seal captures, 2002—-03 to 2019-20 (for more information see MPI data
analysis at https://protectedspeciescaptures.nz/PSCv6/, data version v11). 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 yellow and 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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Figure 5.2: Distribution of surface-longline fishing effort and observed New Zealand fur seal captures, 2002—03 to 2019-20 (for more information see
MPI data analysis at https://protectedspeciescaptures.nz/PSCv6/, data version v11). 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 yellow 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, 90.4%
of the effort is shown.
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Captures are also reported from the Stewart-Snares shelf
fisheries that 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 New Zealand fur seals compared
with about 1% for squid tows and under 1% of observed
tows targeting deepwater species such as orange roughy
(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 New Zealand 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 New Zealand fur
seals attempt to feed on the fish catch during hauling. Most
New Zealand fur seals are released alive from surface and
bottom longlines, typically with a hook and short snood or
trace still attached.

5.4.1 QUANTIFYING FISHERIES
INTERACTIONS

Observer data and commercial effort data have been used
to characterise fur seal incidental captures and estimate
the total catches (Baird & Smith 2007, Smith & Baird 2009,
Thompson & Abraham 2010, Abraham & Thompson 2011,
Abraham et al. 2017). 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. 2017). The
analytical methods used to estimate capture numbers
across commercial fisheries vary depending on the quantity
and quality of the data, i.e., total 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 New Zealand fur seal
deaths during the July to September west coast South
Island spawning hoki fishery (Mattlin 1994a, 1994b). In
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subsequent years, ratio estimation was used to estimate
New Zealand fur seal captures in the Taranaki Bight jack
mackerel 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).

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. 2017). These models use fisheries observer data and
fishing effort data in a hierarchical Bayesian model that
includes season and vessel-season random effects and
other 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
the of
representativeness of the observer coverage and includes

method compensates in part for lack
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 vessel behaviour is only poorly understood compared
with the deepwater fisheries. Nonetheless, following
changes to reporting requirements, data collection is
improving such that inshore trawl effort (not including
flatfish trawl effort) is now included in the captures
estimation modelling (Thompson et al. 2012, see also
description of the Trawl Catch Effort Return, TCER, in use

since 2007-08, in Chapter 11 on benthic effects).

Since 2005, there has been a downward, then relatively flat
trend in estimated capture rates and total annual estimated
captures of New Zealand fur seals in trawl fisheries (Smith
& Baird 2009, Thompson & Abraham 2010, Abraham &
Thompson 2011, Thompson et al. 2011, Thompson et al.
2012, Abraham et al. 2017; Figure 5.3). This may reflect
bycatch reduction efforts undertaken by vessels (see
Section 5.4.2) combined with a reduction in fishing effort
since the late 1990s. Simultaneous with this decrease in
effort is an increase in fisheries observer coverage,
especially since 2007. In 2014-15, about 17% of the 78 696
tows were observed, with a capture rate of 0.93 fur seals
per 100 tows, to give an annual mean total of 486 captures
(95% c.i.: 299-876) (Table 5.2, Figure 5.3).



Observed and estimated capture rates include animals that
are released alive; 13% of 1420 observed trawl captures in
the 2002-03 to 2014-15 fishing years were recorded as
released alive by the observer.

Ratio estimation was used to calculate total captures in
longline fisheries by target fishery fleet and area (Baird
2008) and across all fishing methods (Abraham et al.
2010b). New Zealand 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 200203 to 32 (14-55) in 2006—07
(Table 5.2). These capture rates include animals that are
released alive; 5.6% of observed surface-longline captures
from 2002-03 to 2014-15 were live releases (Abraham et
al. 2017).

Captures of New Zealand fur seals have also been recorded
in other fisheries; 39 in set nets, 2 in bottom-longline
fisheries and 1 from purse seine fisheries from 2002—-03 to
2014-15 (Abraham et al. 2017). Because observer data are
too sparse and/or unrepresentative to support the
estimation method, capture estimation models are not
produced for these fisheries. Captures associated with

recreational fishing activities are poorly known (Abraham et
al. 2010a)

5.4.2 MANAGING FISHERIES INTERACTIONS

The population level impact of direct fisheries mortalities
on the New Zealand fur seal population remains somewhat
uncertain. However, fishing interactions are considered
unlikely to have adverse consequences for New Zealand fur
seals at the scale of the entire New Zealand population on
the basis of the following evidence: i) the estimated level of
bycatch relative to overall New Zealand fur seal abundance;
ii) the apparently increasing population and range; and iii)
the low threat status assigned to this species by both the
New Zealand and IUCN threat classification processes.
However, fisheries impact and risk may be higher at the
scale of particular colonies or

affecting regional

subpopulations.

Management has focused on encouraging vessel operators

to alter fishing practices to reduce captures, and
monitoring captures via the observer programme. A marine
(MMOP)

developed by the deepwater sector to reduce the risk of

mammal operating procedure has been

marine mammal captures and is currently applied to
trawlers greater than 28 m LOA.

Table 5.1: Monthly distribution of New Zealand fur seal activity and the main trawl and longline fisheries with observed reports of New Zealand fur seal

incidental captures.

New Se | Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
Zealand fur p
Breeding Di At breeding colony Dispersed at sea or at haulouts
males o)
Breeding At sea At breeding At breeding colony and at-sea foraging and suckling
females colony
New pups At sea At breeding colony
Non- Dispersed at sea, at haulouts, or breeding colony periphery
breeders
Major Se Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
fisheries p
Hoki trawl Chatham Rise and Stewart-Snares Shelf Cook Strait, west coast South
Island, Puysegur
Squid Stewart-Snares Auckland Islands and Stewart-Snares shelf
shelf
Southern Pukaki and Bounty Islands
blue whiting | Campbell
Rise
Scampi Mernoo Bank (Chatham Rise) and Auckland Islands
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Southern South-west South Island
bluefin tuna

longline

Table 5.2: Fishing effort and observed and estimated New Zealand fur seal captures in trawl and surface-longline fisheries by fishing year in the New
Zealand EEZ (Abraham & Berkenbusch 2019, and see MPI data analysis at https://protectedspeciescaptures.nz/PSCv6/, data version v11). 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 & Berkenbusch 2019. Estimated captures for trawl fisheries are from a previous version of the data (2019v1).

Fishing year Fishing effort Observed captures Estimated captures
All effort % observed Number Rate Mean 95% c.i.
Trawl fisheries
2002-03 130119 53 68 0.99 927 646-1 307
2003-04 120 819 5.4 90 1.37 914 646-1 286
2004-05 120430 6.4 199 2.58 1579 1170-2123
2005-06 109 944 6 143 2.16 1019 734-1432
2006-07 103 314 7.7 74 0.94 660 469-916
2007-08 89 531 10.1 142 1.57 737 552-993
2008-09 87 549 11.2 72 0.74 493 353-682
2009-10 92 893 9.7 72 0.8 487 353-668
2010-11 86 078 8.7 73 0.98 551 374-819
2011-12 84418 111 83 0.89 452 323-632
2012-13 83 837 14.8 121 0.98 600 413-904
2013-14 85110 15.6 159 1.2 379 297-492
2014-15 78 765 17.2 127 0.94 479 352-653
2015-16 78 029 16.6 109 0.84 375 275-521
2016-17 78 173 17.6 79 0.58 — —
2017-18 74243 20.1 80 0.54 — —
2018-19 70924 19.6 65 0.47 - -
2019-20 65 994 23.6 60 0.38 - -
Surface-
longline
fisheries
2002-03 10 769 838 20.4 56 0.026 324 177-549
2003-04 7 386 429 21.8 40 0.025 189 105-308
2004-05 3682 695 21.3 20 0.026 101 51-178
2005-06 3691329 19.1 12 0.017 74 30-141
2006-07 3739912 27.8 10 0.01 54 22-105
2007-08 2 245 439 18.8 10 0.024 63 27-117
2008-09 3115633 30.1 22 0.023 81 42-140
2009-10 2995 264 22.1 19 0.029 109 54-193
2010-11 3188179 21.2 17 0.025 92 45-163
2011-12 3099 877 23.5 40 0.055 180 102-294
2012-13 2 876932 19.5 21 0.037 147 72-262
2013-14 2550814 30.7 57 0.073 196 120-300
2014-15 2413 386 30.1 37 0.051 165 93-273
2015-16 2358 541 13.7 3 0.009 65 16-146
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2016-17 2094 236 16.5 32 0.093 155 89-244

2017-18 2292 381 12.9 12 0.041 94 37-176
2018-19 2 056 736 9.4 47 0.243 267 140-468
2019-20 2000 759 9.8 14 0.071 185 89-341

(a)

Figure 5.3. Observed captures of New Zealand fur seals (dead and alive) in trawl fisheries, the capture rate (per hundred tows), and the amount of total
and observed effort 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
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al. 2017, and see MPI data analysis at https://protectedspeciescaptures.nz/PSCv6/, data version v11). 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 & Thompson (2011).

The management includes a number of mitigation
measures supported by annual training; these include
managing offal discharge, refraining from shooting the gear
when New Zealand fur seals are congregating around the
vessel, and the introduction of ‘trigger’ points whereby if
two fur seals are captured within 24 hours, or five seals over

seven days, then the following procedure is triggered:

Advise vessel manager
Record capture event including location of capture

in ship’s log

3. Ensure gear failures are addressed with the gear
either onboard or at a depth > 50 m

4. Report capture to Deepwater Group either

directly or via shore management.

The major focus of the MMOP 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). Research into methods to minimise
or mitigate New Zealand fur seal captures in commercial
fisheries has focused on fisheries in which New Zealand 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, bycatch rates are still expected to fluctuate
depending on fleet deployment, New Zealand fur seal
abundance, and local feeding conditions.

5.4.3 MODELLING POPULATION-LEVEL
IMPACTS OF FISHERIES INTERACTIONS

Uncertainty about the size of the New Zealand fur seal
population limits our ability to estimate the effects of direct
fisheries mortalities on fur seals at the scale of the New
Zealand population. Potential impacts on specific colonies
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are best addressed via spatially explicit methods (below).
The provenance of New Zealand fur seals caught during
fishing is presently unknown. Improved research to
understand foraging distributions in relation to colony
locations is in progress (PMM2018-04A). In addition,
genetics research may help to assign bycaught animals to a

specific colony (Robertson & Gemmell 2005).

5.4.4 MULTI-SPECIES MARINE MAMMAL RISK
ASSESSMENT

In 2017, the first iteration of a New Zealand Marine
(NZMMRA)
(Abraham et al. 2017) applying a partial implementation of
the Spatially Explicit Fisheries Risk Assessment (SEFRA)
method formerly applied for New Zealand seabirds and
described in Chapter 3.

Mammal Risk Assessment was complete

In the risk assessment outputs fur seals are the seventh-
highest at-risk species of marine mammal from New
Zealand commercial fisheries. Fisheries risk to fur seals is
attributable primarily to ‘other trawl’ fisheries (i.e.,
primarily targeting hoki and southern blue whiting), and
secondly to set net fisheries. Estimated annual potential
fishery-related deaths for fur seals by fishery group are
shown in Figure 5.4.

The estimated cumulative fisheries risk score for fur seals
ranges from approximately 0.2 to 0.6 (Figure 5.5),
consistent with colony observations indicating a general
trend of increasing population size in recent years. Note
that unlike the NZSRA, the NZMMRA does not utilise
the
assessment to inform or constrain total fishery related

population monitoring results directly in risk
deaths to be consistent with observed adult survival rates.
Introducing this constraint is a priority when a full
implementation of the SEFRA framework is delivered for all

marine mammal species (PMM2018-07).

An independent external review of the SEFRA method
(Lonergan et al. 2017) noted that the reliability and specific
applicability of the previous NZMMRA is limited by its
reliance on species spatial distributions derived from expert
knowledge in which animal densities are assigned to
discrete spatial blocks using a Delphi approach. The

reviewers recommended that the MMRA should be



updated using more reliable species spatial distributions as
these become available. Input data layers reflecting finer-
scale spatial and seasonal patterns are likely to be especially
important for coastal and/or colony-associated species
such as fur seals. Where sightings or satellite telemetry data
are available, it is likely that these can be used to
parameterise predictive spatial foraging models fitted to
continuous environmental variables using multivariate
statistical approaches, to estimate spatio-temporal species
distributions in a more rigorous way. This work has recently
been completed to improve available distribution models

for cetaceans (under contract PRO2014-01) and for Maui
and Hector’s dolphins (PRO2017-12). This work is in
progress for Auckland Island sea lions (PRO2017-09), for
Stewart Island/ South Island sea lions (PMM2018-04B); and
for New Zealand fur seals (PMM2018-04A). Because fur
seals show sex-specific movement patterns, it is likely that
this work will consider male and female distributions and
mortalities separately, given that male and female deaths
are likely to have very different implications for the
population response of harem-breeding mammals

Figure 5.4: Preliminary estimates of annual potential fishery-related deaths of fur seals by fishery group, as estimated by the 2016 New Zealand Marine

Mammal Risk Assessment (NZMMRA; Abraham et al. 2017).
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Figure 5.5: Cumulative fishery risk across all fishery groups as estimated by the 2016 New Zealand Marine Mammal Risk Assessment (NZMMRA; Abraham

et al. 2017). Taxonoic groups are colour coded.

5.4.5 SOURCES OF UNCERTAINTY

Any measure of the effect of New Zealand fur seal mortality
from commercial fisheries on New Zealand fur seal
populations requires adequate information on the size of
the populations at different colonies. Although there is

reasonable information about where the main New Zealand
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fur seal breeding colonies occur, colony size and population
dynamics are poorly understood. At present, the main
sources of uncertainty are the lack of consistent data on:
abundance by colony and in total; population demographic
parameters; and at-sea distribution (which would ideally be
available at the level of a colony or wider 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 New Zealand 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 New Zealand fur seals around a fishing vessel
are from colonies nearby. Some genetic work is proposed
to test the potential to differentiate between colonies so
that in the future New Zealand fur seals drowned by fishing

5.5 [INDICATORS AND TRENDS

Population size

Population trend
thought to be increasing.

Threat status

IUCN: Least Concern, in 2015.%

Number of interactions

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

New Zealand: Not Threatened, Increasing, Secure Overseas, in 2013.3

375 estimated captures (95% c.i.: 275-521) in trawl fisheries in 2015-16°

24 estimated captures (95% c.i.: 8-49) in surface-longline fisheries in 2015-16°
80 observed captures in trawl fisheries in 2017-18°

12 observed captures in surface-longline fisheries in 2017-18°

949.3 estimated annual potential fatalities (APF) (95% c.i.: 949.3—1 406.5)’

Trends in interactions® Trawl fisheries:

2Taylor (1990), Harcourt (2001).

3 Baker et al. (2016).

4 Chilvers & Goldsworthy (2015).

5 For more information, see: https://protectedspeciescaptures.nz/PSCv6/
7 Abraham et al. (2017).
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Hector’s and Maui dolphin -

Chapter 6: Technical Summary

Hector’s and Maui dolphins are found 1.THE ISSUE IN BRIEF

only in New Zealand * Hector’s and Maui dolphin (Cephalorhyncus hectori),
comprising the South Island subspecies referred to as Hector’s
dolphin (C. h. hectori) and the North Island subspecies known
as Maui dolphin (C. h. maui), are endemic to the coastal
waters of New Zealand.
* Hector’s and Maui dolphin are nationally vulnerable and
critical (DOC 2019), respectively, and protected under the
Marine Mammals Protection Act 1978 and the Fisheries Act
1996. Threats are managed through a Threat Management Plan
* Hector’s and Maui dolphins can drown when entangled in
Both at risk from multiple threats, fishing gear, and new research has identified other potential
including fishing and disease threats to their conservation, including diseases (see e.g, box 3)

2. DISTRIBUTION AND ABUNDANCE

Maui dolphin

North Island Dolphin abundance is Hector’s dolphin

63 individuals\ estimated from aerial surveys South Island / _
(model estimate and genetic census 14,594 individuals e
2015-2016) Dolphin distribution is (model estimate

estimated using spatial habitat 2016)
models fitted to survey data

3. MAIN THREATS

* A spatially explicit risk assessment
is used to estimate the risk from
different threats (see Chapter 3)

e Some risk of death comes from
fishing interactions (commercial set
Source nets and, to a lesser extent,
[ commercial trawl nets)

Predation

Toxoplasmosis Non-fishery o Experts estimate that mining and
oil exploration activities may also

Fishery affect Hector’s and Maui dolphin
Trawl net

* Toxoplasmosis, a parasitic
infection spread to native wildlife by
cats, has been recently highlighted
as a major threat (see box 6)

Deaths Deaths
Outputs of the multi-threat risk assessment model (Roberts et al. 2019). It is important to note that commercial
fisheries deaths (set net and inshore trawl) are based on fisheries observer data and have been estimated with
high certainty. Toxoplasmosis deaths have been estimated from necropsy results, which relies on the relative
detectability of dolphin carcasses that have died from various causes, resulting in uncertainty that may not be
reflected in the ranges above. All mortalities not accounted for in the remaining categories are in “other”




4. ONGOING MULTI-THREAT RISK ASSESSMENT

e Estimates different levels of risk to each subpopulation from multiple threats (including fishing, disease, etc.)
* Provides more accurate estimates than single-risk assessments

* Allows scientists to estimate when, where and how many e.g., fishing- or disease-related deaths occur

* Highlights e.g., the risk of Hector’s and Maui dolphin interactions with set nets or encounters with a disease

5. MAUI DOLPHIN AND FISHERIES INTERACTIONS

* Fishing gear and area
restrictions led to a
reduction in fisheries
interactions, and therefore
fishing-related Maui
dolphin deaths, since a
peak in 2000-2001

* Additional restrictions to
fishing have recently
been announced to
further reduce risk

* However, limiting fisheries
risk alone may not be
enough to halt the decline of
Maui dolphins (see box 6)

This figure shows historical decrease of set net fisheries effort (and its overlap with dolphins),
leading to a corresponding decline in risk of death due to entanglement (Roberts et al. 2019)

6. TOXOPLASMOSIS
200
T
- Solid lines = different toxoplasmosis scenarios ¢ The models demonstrate
% . Dashed lines = risk of fishing removed that risks from fishing and
S toxoplasmosis both need to
S 5o be managed to allow Maui
P dolphins to recover
2000 2010 2020 2030 2040 2050 2060

Maui dolphin population projections from an individual-based demographic model fitted to genetic
mark-recapture data (Cooke et al. 2019). Solid lines represent projections of population numbers under different
toxoplasmosis scenarios, dashed lines represent the effects of removing fisheries risks under each scenario

7. ONGOING RESEARCH

* Ongoing research is investigating the threat posed by toxoplasmosis, a disease to which some marine
mammals may be particularly sensitive

* For these species to recover, other potential threats (e.g. other diseases or climate change) and novel
technologies for population monitoring (aerial surveys through drones) are currently being assessed
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6 HECTOR’S

DOLPHIN  (CEPHALORHYNCHUS  HECTORI

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

Status of chapter
Scope of chapter

Area

Focal localities

Key issues

Emerging issues

Fisheries New
Zealand research
(current)

NZ  government
research (current)

This chapter has not been updated for AEBAR 2021.

This chapter briefly summarises: the biology, foraging ecology, population structure, abundance,
and spatial distribution of Hector’s and Maui dolphins (Cephalorhynchus hectori hectori and C. h.
maui); fisheries and non-fisheries threats to Hector’s and Maui dolphins; means of estimating
fisheries impacts and subpopulation level risk; population demographic modelling; management
of fisheries risk; and identified priority research questions, to guide future work.

West coast North Island; all coastal areas of South Island.

Hector’s and Maui dolphin habitat includes nearshore waters, mostly in locations with high water
turbidity, around the full extent of the South Island and the west coast of the North Island. Hector’s
and Maui dolphins are also occasionally sighted around the north and east coasts of the North
Island.

The following issues are identified as key areas for further investigation: improved estimation of
Hector’s and Maui dolphin spatio-temporal density affecting spatial overlap with fisheries in low-
dolphin-density locations, e.g., North Coast South Island (NCSI), South Coast South Island (SCSI),and
Kaikoura; estimation of population status and trajectory at subpopulation scales; improved
population size estimates for the North Coast South Island Hector’s dolphin subpopulation;
improved estimation of cryptic mortality in set nets; improved understanding of factors potentially
affecting dolphin catchability in different types of fishing gears (for example low-headline-height
trawl nets); options for fisheries mitigation.

The following issues are identified as areas of emerging importance for future work: Improved
carcass recovery and data capture from bycaught, beach-cast, and/or at-sea recovered carcasses
to better understand non-fishery causes of death including from disease; improved understanding
of the impact of toxoplasmosis on dolphin subpopulations; effects of other diseases such as
brucellosis; improved understanding of potential biases arising from the use of beach-cast
carcasses to understand threats; improved understanding of factors affecting reproductive success
in different subpopulations (e.g., effects of fishing or climatic variability on dolphin prey and/or
habitat); establishment of ongoing population monitoring for priority subpopulations; improved
understanding of dolphin movements affecting connectivity between subpopulations.
SEA2019-21 Characterisation of DOC Hector’s and Maui dolphin incidents data; SEA2019-22
Reanalysis of Banks Peninsula Hector’s dolphin demographic data; SEA2019-27 Hector’s dolphin
trawl-deployed acoustics  feasibility study, PR0O2019-11 Historical reconstruction and
characterisation of spatially explicit historical set net fishing; PMM2018-07 Updated spatially
explicit fisheries risk assessment for New Zealand marine mammal populations

DOC Marine Conservation Services Programme (CSP): INT2017-03 Identification of marine
mammal, turtle and protected fish captured in New Zealand fisheries; INT2018-03 Improvement in
observer photograph protocols and photograph curation; INT2019-03 Characterisation of marine
mammal interactions; POP2019-01 Investigation of electronic device options to assess distribution,
diving, and foraging behaviour of Hector’s dolphins; MIT2018-01 Protected species engagement
project; MIT2019-01 Dolphin dissuasive device mitigation in inshore fisheries. Additional work being
undertaken by DOC: Genetic sampling and necropsy (where suitable) of any retained Hector’s and
Maui dolphin carcasses; Validation of public sightings of Maui dolphins, and Hector’s dolphins at
the top of the South Island; Epigenetic aging of Hector’s and Maui dolphins; Abundance estimate
of Maui dolphins; Toxoplasmosis literature review; Toxoplasmosis research programme — currently
being defined; Analysis of North Coast South Island Hector’s genetic samples — not contracted at
present. At DOC conservancy level there is a programme to evaluate acoustic data collected from
C-pods.
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Other research?

Otago University: Long-term study of Hector’s dolphins at Banks Peninsula, including distribution,

abundance, survival, reproduction, movement, and feeding ecology. Abundance and distribution
of Hector’s dolphins on Otago coast, Porpoise Bay. Effects of tourism and aquaculture.

Auckland University: Population monitoring of Maui dolphins; genetics of Hector’s and Maui
dolphin subpopulations. Novel drone technologies for studying and monitoring dolphin

populations (NGO partnership).

Massey University: Necropsy of recovered Hector’s and Maui dolphin carcasses; disease threats to

dolphins.
Related
chapters/issues

6.1 CONTEXT

Hector’s and Maui dolphin ? (Cephalorhynchus hectori),
comprising the South Island subspecies referred to as
Hector’s dolphin (C. h. hectori) and the North Island
subspecies known as Maui dolphin (C. h. maui), is endemic
to the coastal waters of New Zealand. Like most other small
cetaceans, the species is vulnerable to fishing-related
mortality, particularly from set net fisheries (e.g., Read et
al. 2006, Reeves et al. 2020, Geijer & Read 2013), in
locations where fisheries and dolphins overlap.

Hector’s and Maui 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, s2(1)
of the Fisheries Act 1996 and s2(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 allows for the approval of
a population management plan for any protected species,
within which 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

Chapter 3 (SEFRA); Chapters 45 (sea lions and fur seals); Chapter 7 (common dolphins)

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
a limit on fishing-related mortality’ (Fisheries Act 1996,
p.66).

No population management plan has been produced for
either Hector’'s or Maui dolphins, and no maximum
allowable level of fishing-related mortality has been set.
Human-induced threats to Hector’s and Maui dolphins are
instead managed through a Threat Management Plan
(TMP); first developed jointly by the Department of
Conservation (DOC) and the former Ministry of Fisheries
(MFish) in 2007. The TMP is not a statutory document, but
a management plan identifying human-induced threats to
the populations and outlining strategies to mitigate those
threats. The TMP is reviewed approximately every 5 years.
A review of the Maui portion of the TMP undertaken in
2012 provided a comprehensive overview of information
relating to the biology, distribution, threats to, and
management of Maui dolphins (MPI & DOC 2012). This
review was informed by a spatially explicit, semi-
quantitative risk assessment conducted using an expert
panel, applying an early modification of the SEFRA method
(Chapter 3), to identify, analyse, and evaluate all threats to
Maui dolphins (Currey et al. 2012).

A full review of the TMP was undertaken in 2019, including
a comprehensive review of new science as well as a
collaborative stakeholder engagement process to inform
the policy aspects of the TMP, including articulation of a
vision statement and population-level goals and objectives.

1 Du Fresne et al. (2012) compiled a bibliography of all Hector's and Maui dolphin research completed since 2003

(http://www.doc.govt.nz/documents/science-and-technical/drds332entire.pdf).
2|n this document, ‘Hector’s dolphin(s)’ refers to the South Island subspecies (Cephalorhynchus hectori hectori), and ‘Maui dolphin(s)’

refers to the North Island subspecies (C. hectori maui). ‘Hector’s and Maui 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.



Stakeholder workshops were attended by iwi and hapg,

commercial and recreational fishing industry

representatives, fishers, scientific experts, dolphin
advocates and environmental NGOs, local government
representatives, dolphin tourism business representatives,
and interested members of the public. The review

proposed a new vision statement to guide the TMP:

New Zealand’s Hector’s and Maui dolphin populations are
resilient and thriving throughout their natural range.

To achieve this vision the review recommended adoption of
a set of long- and medium-term goals. One of the goals is
to:

Ensure known human-caused threats are managed within
levels that allow subpopulations to thrive and recover.

To operationalise this goal within the definition of the
Population Sustainability Threshold (PST; see Chapter 3),
population outcomes were proposed for Maui dolphins and
for each Hector’s dolphin subpopulation, corresponding to
a maximum impact that the subpopulation can sustain
while still achieving the defined objective. The population
outcomes thereby help to define specific measurable
metrics by which to reduce the impact of particular threats
(e.g., fishing).

Stakeholders discussed the need for population outcomes
to reflect the urgent conservation status of Maui dolphins
in particular, and to consider the specific circumstances of
small or isolated Hector’'s dolphin
that the choice of

population outcome itself is a policy decision, reflecting a

reproductively
subpopulations. Note however

societal value judgment not a scientific assessment.

The following population outcomes were proposed:

Maui dolphins: Human impacts are managed to
allow the population to increase to a level at or
above 95 percent of the maximum number of
dolphins the environment can support.

Hector’s dolphins: Human impacts are managed to
allow each subpopulation to increase to a level at

3 Note that with respect to particular impacts (e.g., fisheries),
where decision makers wish to ensure that a population objective
is achieved with high certainty, this is achieved by comparing the
upper 90t or 95t percentile of the impact estimate against the
PST, rather than by adjusting the definition of the PST itself. For
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or above 90 percent of the maximum number of
dolphins the environment can support.

A population outcome of 95 percent for Maui dolphins
(with high certainty, see footnote below) means that
human-induced deaths need to be as near as practicable to
zero.

The population of Hector’s dolphins is much larger than the
Maui dolphin population. Therefore, the level of impact
that Hector’s dolphin subpopulations can sustain will be
higher while still allowing the population to achieve a
defined population objective, expressed in terms of
maintaining average population size at or above a very high
proportion of the maximum number of dolphins the

environment can sustain?.

The 2019 review was informed by a more comprehensive
spatially explicit risk assessment including fisheries and
non-fishery threats to Hector’s and Maui dolphins, and
demographic population models for separate regional
subpopulations (Roberts et al. 2019a). The risk assessment
incorporated updated estimates of population size,
demographic parameters affecting population growth and
recovery potential (r™*), and improved estimates of the
distribution of the dolphins to better estimate spatial
overlap with threats, adapting methods described in
Chapter 3. This information was used to reassess the risk of
commercial fishing, recreational set net fishing, and non-
fishing-related threats for the Hector’s and Maui dolphin
local and subpopulations, and to evaluate the effectiveness
of current and new potential management measures and
monitoring programmes to address those threats. As at
June 2020, decisions on the revised Hector’s and Maui
dolphin Threat Management Plan are still pending.

6.2 BIOLOGY

6.2.1 TAXONOMY

Hector’s and Maui dolphin (also recognised as the South
and North Island Hector’s dolphin) are designated as
subspecies in acknowledgement of their common ancestral
current differences in

connections, but there are

example, in advice to inform the update of the dolphin TMP,
evaluation against the fisheries impact objective used the 95t
percentile estimate of fisheries impact.



morphology and genetics as a result of the North Island
dolphins being isolated from the South Island around the
time of the last glacial period about 15000 years ago
(Pichler et al. 2001, Baker et al. 2002). Due to the similar
appearance of both Hector’s and Maui dolphins, genetic
markers are the only way to identify which subspecies an
individual belongs to. The species is classified within the
Cephalorhyncus genus of dolphins, which includes three
the Southern
(Heaviside’s dolphin found off South Africa and Namibia,

other species found in Hemisphere
the Chilean dolphin found in the coastal waterways of Chile,
and the Commerson’s dolphin found in Argentina, the

Falkland Islands, and the Kerguelen Islands).

6.2.2 REPRODUCTIVE BIOLOGY

Information from incidentally captured or stranded
Hector’s dolphins indicates that Hector’s and Maui dolphins
reach sexual maturity around 5-9 years old. The dolphins
appear to live until at least their mid-20s based on mark-
recapture and necropsy data (Gormley 2009, Rayment et al.
2009b, Webster et al. 2009). These estimates are used in a
Bayesian assessment integrating information from ageing
and maturity data, and a novel invariant based on body
length at maturity relative to asymptotic length, which
indicated that the age at which 50% of animals are mature
is 6.91y (95% credible interval = 5.82-8.24) (Edwards et al.
2018).

Breeding occurs in summer, during which larger
aggregations of dolphins engage in high levels of activity
associated with their multi-mate breeding system (Slooten
et al. 1993). There is competition amongst males to mate
with the few females in oestrus, and males move between
different groups of dolphins to increase their mating
opportunities (Slooten 1991, Slooten et al. 1993). Females
give birth to a single calf during the summer and will come
into oestrus again about2 years later at around the time the
previous calf is weaned (Dawson 2019). Calves are born
large relative to the mother (neonatal length 60-75 cm;
Slooten & Dawson 1994). Calves grow rapidly in the first
few years and reach adult size at around five years old

(Webster et al. 2010).

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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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; similar patterns of
sex segregation are not apparent in Maui dolphins (Oremus
et al. 2012). Although often associated with mother-calf
pairs outside the breeding season, males play no role in calf
rearing, but females often form nursery groups, comprising
either a single mother-calf pair or small aggregations of
mother-calf pairs (Brager 1999, Webster et al. 2009,
Oremus et al. 2012).

6.2.3 FORAGING ECOLOGY

Miller (2014) and Miller et al. (2013) investigated the diet
and feeding ecology of Hector’s and Maui dolphins through
the examination of diagnostic prey remains in the stomachs
of 63 incidentally captured and beach-cast animals and
stable isotope analyses. 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 midwater and demersal species. The
diets of Hector’s dolphins from the South Island west and
east coasts were significantly different, due largely to the
high fish
denticulatus) on the west coast, and a greater prevalence

prevalence of javelin (Lepidorhynchus
of demersal prey species on the east coast (Miller et al.
2013). Nonetheless red cod (Pseudophycis bachus) was the
most abundant prey species by mass on both coasts. Red
cod comprised 37% of the total dietary mass and may be
particularly important to east coast South Island (ECSI)

females (60% of the dietary mass of 19 individuals). Five

other taxa — arrow squid (Nototodarus sp.), ahuru
(Auchenoceros punctatus), sprat (Sprattus sp.), sole
(Peltorhamphus  sp.), and  stargazer (Crapatulus

sp.) — together comprised 30% of the total dietary mass
from all 63 stomachs. 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 for the larger fish species,
predation focuses on juveniles. Weir (2018) reconstructed
the mean lengths of the main prey species compiled by
Miller et al. (2013) as follows: red cod: 17.9+10.1 cm; arrow
squid 17.149.4 cm; sprat 10.442.1 cm; stargazer 10.2+4.1
cm; ahuru 8.343.3 cm; and sole 4.4+4.0 cm.

Only two samples were derived from Hector’s and Maui
dolphins off the west coast North Island (WCNI), containing



red cod, ahuru, sole, and flounder (Rhomboselea sp.; Miller
et al. 2013).

The stomachs of the six smallest dolphins in the total
sample (standard length under 90 cm) contained only milk;
a single specimen (at 99 cm long) contained milk and
remains of arrow squid in the stomach; but specimens
longer than 107 cm did not contain milk (Miller et al. 2013).

Although demersal fish account for the majority of dolphin
diet by number and by mass, Hector’s dolphins are also
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).

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). New work is
underway under Fisheries New Zealand project SEA2019-
27

hydrophone arrays to better characterise Hector’s dolphin

to investigate options using vessel-deployed

interactions with trawl fishing operations.

6.2.4 DISTRIBUTION AND MOVEMENT

Historically, Hector’s dolphins were distributed throughout
the coastal waters around most of the South Island and
around large parts of the North Island. There are several
different Maori names for these dolphins depending on the
iwi or hapl in the region they were observed, with the
dolphins regularly appearing in local narratives around New
Zealand. This reflects the common presence of these
dolphins throughout coastal waters in pre-European times
(McGrath submitted).

Hector’s dolphins occur in highest densities off the west
coast of the South Island (WCSI) between Jackson Bay and
Kahurangi Point (Brdger & Schneider 1998, Rayment et al.
2011a), off the east coast (ECSI) between the Marlborough
Sounds and Otago Peninsula (Dawson et al. 2004,
MacKenzie & Clement 2014) and off the south coast (SCSI)
between Toetoes Bay and Porpoise Bay and in Te Waewae
Bay (Bejder & Dawson 2001, Dawson et al. 2004).
Population densities are lower in the intervening stretches
of coast, e.g., Fiordland (Brdger & Schneider 1998), in
Golden Bay (Slooten et al. 2001) and along the south Otago
coast (Jim Fyfe pers. comm.), suggesting a spatially
discontinuous distribution.
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There are clear genetic differences between Hector’s
dolphins in different locations, including over relatively
small distances (Pichler et al. 1998, Pichler and Baker 2000,
Hamner et al. 2012a, Hamner et al. 2016, 2017). Genetic
differentiation at this scale is unusual among cetaceans in
the absence of geographical barriers and reflects that
individual Hector’s dolphins are thought to have small
home ranges and high philopatry (Pichler et al. 1998, Brager
et al. 2002, Rayment et al. 2009b). Genetic analysis of
Hector’s dolphins from the North Coast South Island (NCSI)

and from Kaikoura highlight the importance of
understanding connectivity between smaller local
populations and larger neighbouring subpopulations

(Hamner et al. 2016, Baker et al. 2017).

Brager & Brager (2018) found that home range sizes are
likely to be population-specific and contingent on local
topographic and other environmental features. For
example, the deep-sea Kaikoura Canyon may constitute a
substantial dispersal barrier; evidence suggests that
dolphins tend not to cross the canyon, as reflected in
genetic differences between dolphins north and south of
the canyon (Weir and Sagnol 2015, Hamner et al. 2016,
Brager and Brager 2018. The ECSI populations off Kaikoura
compared with WCSI off

Westport-Greymouth and showed

and Moeraki populations
Jackson Bay also
significant differences in individual movement patterns,
based on photo-ID observations (Brager & Brager 2018).
Satellite tagging of three Hector’s dolphins near Banks
Peninsula in 2004 recorded maximum movements of 50.9
to 66.5 km over deployments lasting from four to seven
months (Stone et al. 2005). Rayment et al. (2009a), using
photo-ID records of 53 dolphins near Banks Peninsula,
recorded maximum distances between sightings of each
dolphin ranging from 9.3 km to 107.4 km for the period
1985-2006.
movements over 400 km (Hamner et al. 2014a) are

Rare observations of Hector's dolphin

considered to be exceptional behaviour.

Genetic testing of WCNI dolphins since 2001 has identified
a small number of Hector’s dolphins located within the
contemporary distribution of Maui dolphin as far north as
the Manukau These the
occurrence of at least occasional long distance dispersal by
Hector’s dolphins (Hamner et al. 2012b, Baker et al. 2016b).
Although some of these dolphins were observed in

Harbour. results confirm

association with Maui dolphins, to date there is no evidence
of successful interbreeding (Hamner et al. 2014b).



Presumed Maui dolphins sightings extend from Maunganui
Bluff to New Plymouth (Slooten et al. 2005, Du Fresne 2010,
Hamner et al. 2012a, 2012b; DOC 2020b). Research surveys
since 2003 are focused in areas of highest dolphin density
between Kaipara Harbour and Kawhia (Slooten et al. 2005,
Du Fresne 2010, Hamner et al. 2012a, 2012b).

Historical samples from strandings and museum specimens
have allowed genetic identification of Maui dolphins off the
WCNI from Dargaville to Wellington (DOC 2020a, Pichler
2002). Pichler & Baker (2000) reported genetic analysis of
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. Historical
strandings data also indicate that the geographical range of
Maui dolphins contracted from the 1970s to the 1990s
(Russell 1999), but most of these dolphins were not
genetically identified and so could also have included
Hector’s dolphins.

There are occasional reported public sightings of Hector’s
and/or Maui dolphins from all around the North Island,
including validated sightings (e.g., Baker 1978, Cawthorn
1988, Russell 1999, Freeman 2003, McGrath submitted).
The Department of Conservation maintains a website
encouraging the public to report sightings (DOC 2020b) and
uses a systematic validation process whereby scientific
experts contact each person reporting a sighting in the
North Island*. The locations of both validated and un-
validated sightings are shown in Figure 6.1. That even un-
validated sightings tend to cluster in locations where spatial
distribution models predict that the habitat is most suitable
(see below) further supports their credibility. It is typically
assumed that North Island sightings in locations outside the
known core Maui dolphin area are indicative of transient
animals from other locations rather than resident local
populations; i.e., as at June 2020 there are no confirmed
records of newborn calves in North Island locations outside
the known Maui dolphin subpopulation area. However
there remains the possibility that Maui or Hector’s dolphins
may expand their current distribution or disperse to

4 The DOC sightings confirmation process is described here:
https://www.doc.govt.nz/globalassets/documents/conserv
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recolonise suitable North Island habitats in future, e.g., in
Hawke Bay or the South Taranaki Bight near Whanganui.

6.2.5 HABITAT PREFERENCE AND SPATIAL
ABUNDANCE PATTERNS

Hector’s and Maui dolphins typically inhabit shallow waters
close to shore, including in harbours and bays and in open
coastal waters (e.g., Rayment et al. 2009a, Rodda and
Moore 2013, Derville et al. 2016, Brager & Brager 2018).
There are differences in daily and seasonal distribution
patterns in different locations (e.g., Dawson & Slooten
1988, Stone et al. 1995, Brager et al. 2003, Rayment et al.
2009b, Turek et al. 2013, MacKenzie & Clement 2014,
2016). Near Banks Peninsula, Hector’s dolphins are sighted
most frequently close to shore, but have also been
observed up to 22 nm offshore, especially in Pegasus Bay
over shelf waters shallower than 50 m depth (Brager et al.
2003; see Figure 6.5). In contrast, the WCSI Hector’s
dolphins generally have longer alongshore ranges, but are
usually found within approximately 6 nm of shore (Brager
et al. 2003, Rayment et al. 2011a, MacKenzie & Clement
2016, Brager & Brager 2018). Similar to the ECSI, highest
density areas are mostly within the 50 m depth contour
(Figure 6.5).

Maui dolphins are most abundant in inshore waters
between Manukau Harbour and Port Waikato. Most
sightings are concentrated within 4 nm of the coast
(Slooten et al. 2005, MPI & DOC 2012, Oremus et al. 2012);
with lower numbers of sightings out to 7 nm (Du Fresne
2010, Thompson & Richard 2012) and very occasional
sightings further offshore (Figure 6.5). Passive acoustic
monitoring using deployed hydrophones revealed a similar
pattern at the core of the Maui dolphin range near
Manukau Harbour, with the majority of detections
occurring within 4 nm, but occasional detections further
offshore to a maximum distance of 10 nm (Nelson &

Radford 2018).

ation/native-animals/marine-mammals/mauis-validation-
system.pdf



https://www.doc.govt.nz/globalassets/documents/conservation/native-animals/marine-mammals/mauis-validation-system.pdf
https://www.doc.govt.nz/globalassets/documents/conservation/native-animals/marine-mammals/mauis-validation-system.pdf
https://www.doc.govt.nz/globalassets/documents/conservation/native-animals/marine-mammals/mauis-validation-system.pdf

Figure 6.1: Locations of all reported public sightings of Hector’s or Maui
dolphins around the North Island. Yellow = validated summer sighting; Red
= validated winter sighting. Black cross = un-validated sighting. Sightings
locations are superimposed on outputs of a spatial habitat suitability
model, in which predictions were based on water turbidity and the
estimated prevalence of dolphin prey (from Roberts et al. 2019a; see
section 6.2.9).

Historically, Maui dolphins have been sighted in three
North Island harbours: Kaipara, Manukau, and Raglan
(Slooten et al. 2005; Scali 2006); but harbour sightings are
rare in recent decades (Rayment et al. 2011b, Derville et al.
2016). deployed
hydrophones in these three harbours, in addition to Kawhia

Passive acoustic monitoring  via
Harbour, revealed very occasional dolphin presence inside
harbours near the harbour mouths (Rayment et al. 2011b,
Wright & Treganza 2019). Distribution models fitted to
public sightings data also predict very low densities inside

harbours (Roberts et al. 2019a) as shown in Figure 6.3.

Numerous studies have reported an affinity for high-
turbidity water and avoidance of clear water by Hector’s
and Maui dolphins (e.g., Abel 1971, Baker 1972, Baker
1978, Brager & Brager 2018, Bradger et al. 2003, Derville et
al. 2016, Ferreira & Roberts 2003, Rayment et al. 2009a,
Russell 1999, Rodda & Moore 2013, Weir and Sagnol 2015,
Derville et al. 2016, Brager & Brager 2018; McGrath
submitted). These observations are reflected in the outputs
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of gquantitative habitat preference models fitted to boat-
based sightings (e.g., Brager et al. 2003, Derville et al. 2016,
Miller 2015) and aerial survey sightings, as described by
Roberts et al. (2019a). The dolphins’ preference for turbid
waters is also reported from direct behavioural
observations in which dolphins following boats were
typically observed to stop and turn back at the boundary
between turbid and clear waters, without reference to

depth or distance from shore (Russell 1999).

Dolphin distributions appear to shift further offshore during
the winter, most likely associated with seasonal changes in
the spatial extent of preferred turbid-water conditions and
seasonal shifts in the distribution of their preferred prey
(Miller 2015; Roberts et al. 2019a). Rayment et al. (2010)
conducted aerial surveys of Hector’s dolphins at Banks
Peninsula from the coast to 15 nm offshore over three
summers and winters. A significantly larger proportion of
the population was sighted inside the 4 nm setnet
restriction zone in summer (mean = 81%; s.e. = 3.60) than

in winter (mean 44%; s.e.=3.60). Similar seasonal
differences in distribution were observed during the ECSI
aerial surveys (MacKenzie & Clement 2014; Figure 6.2): in
the Banks Peninsula (BP) stratum, 45% of the local
population was observed inside the 4 nm set net exclusion
zone in summer, compared with only 26% for the winter
population. Similarly, in the Clifford Bay and Cloudy Bay
(CCB) stratum, 47% of the local summer population and
14% of the local winter population were within the 4 nm set
net fisheries exclusion zone (Miller 2015, Miller et al. 2013,
MacKenzie & Clement 2014, Brough et al. 2019). Similar
seasonal offshore movements were reported by Du Fresne
& Mattlin (2009) and MacKenzie & Clement (2014).

These observations, including seasonal inshore-offshore
movement patterns, largely consistent with the
of Maui

distribution models reflecting habitat preference functions

are

predictions and Hector's dolphin spatial
fitted to Hector’s dolphin aerial survey observations
(Roberts et al. 2019a), reproduced below in Figure 6.5. That
spatial predictions in the North Island are largely consistent
with independent observations (i.e., public sightings),
the

parameterised using aerial survey data in the South Island,

despite preference  functions having been
lends strength to the proposition that they reflect actual
behavioural or habitat drivers of distribution, rather than
incidental correlations. More systematic forms of model
validation could include withholding a spatially contiguous
portion of the data and using the remainder of the data to

predict into areas in which data were withheld (e.g., using



ECSI data to predict distributions on the WCSI, and vice
versa).

6.2.6 POPULATION SIZE

The population sizes of the different Hector's and Maui
dolphin subpopulations have been estimated by formal
surveys since the mid-1980s. Different survey methods
were used through time, including: boat-based surveys
(1985-2000), aerial surveys (since 2000) (section 6.2.6.2)
and genetic mark recapture (since 2001) (section 6.2.6.1).
Population estimates are summarised in Table 6.1. Aerial
height)
consistently produce higher population size estimates for

surveys (which are less sensitive to swell

this species compared with boat-based surveys in similar
areas (MacKenzie & Clement 2014, Slooten et al. 2004). For
example, the ECSI aerial survey in 2013 estimated 2-2.5

times as many dolphins within 4 nm of the coast
comparedwith boat-based surveys in 1997-2000 (Dawson
et al. 2004, MacKenzie & Clement 2014). Also note that the
wide uncertainty around survey-based population size
estimates (CV typically around 20%) hampers our ability to
detect population changes, unless that change is very large
(section 6.2.7). The most recent comprehensive abundance
estimates for Hector’s dolphins are from aerial surveys of
the coastal waters (excluding harbours and enclosed bays),
carried out separately for the east (ECSI), west (WCSI), and
south (SCSI) coasts of the South Island (14 849 animals, CV
11%, 95% Cl 11 923-18 492) (MacKenzie & Clement 2016).
The most recent estimate of Maui dolphin abundance (63
dolphins aged 1+, 95% CL 57-75) is based on the 2015-
2016 surveys of genetically identified individuals from the
west coast North Island (WCNI) (Baker et al. 2016b). There

were also two Hector’s dolphins genetically identified

Table 6.1: Survey abundance estimates for Hector’s and Maui dolphins by area and year. The results of the different surveys may not be directly
comparable due to differences in survey methods. Studies are organised by coastal region: ECSI = East Coast South Island, NCSI = North Coast South
Island, WCSI = West Coast South Island, SCSI = South Coast South Island, WCNI = West Coast North Island. (Continued on next page)

Re-analysis of Dawson &

Genetic capture recapture

Genetic capture recapture
Genetic capture recapture
Genetic capture recapture

Genetic capture recapture
Photo-ID, mark re-capture
Genetic capture recapture

Photo-ID, mark re-capture

Re-analysis of Mackenzie

Subpopulation Survey region | Years of Method
survey
WCNI Kaipara Harbour to 10 nm 1985 Boat strip transect
south of Whanganui; out to
0.43 nm*
Kaipara Harbour to 10 nm 1985
south of Whanganui; out to Slooten 1998
0.43 nm*
Kaipara Harbour to New 1998 Boat strip transect
Plymouth; out to 800 m from
shore
Paraparaumu and North Cape; 2001/02 Aerial transect
outto 10 nm
Not stated 2003
Maunganui Bluff to New 2004 Aerial transect
Plymouth; out to 10 nm
Not stated 2006
Baylys Beach to New Plymouth | 2010-2011
Kaipara Harbour to Mokau 2015-2016
River, Taranaki
Entire South Outto 20 nm 2010-2015 | Aerial line transects
Island
Outto 10 nm 1997-2000 | Boatand aerial line
transects
Out to 0.43 nm 1985 Boat, strip transects
WCSI Farewell Spit to Milford 2014/15 Aerial line transects
Sound; out to 20 nm
Farewell Spit to Milford 2000-2001 | Aerial line transects
Sound; out to 10 nm
ECSI Kaikoura coast 2014-2015
Kaikoura coast 2013
Cloudy Bay 2011-2012
Cloudy Bay and Clifford Bay; 2008-2009 | Aerial line transects
out to at least 16 nm
Banks Peninsula 1989-1997
Otago coast; out to 400m 2010-2011 | Boat line transect
ECSI & NCSI Farewell Spit to Nugget Point; 2012-2013
ECSI & NCSI outto 20 nm & Clement 2014

136

Abundance estimate
(95% confidence interval)
134

140 (46-280)
80

75 (48-130)

69 (38-125)
111 (48-252)

59 (19-181)
55 (48-69)
63 (57-75)

14 849 (11 923-18 492)
7270 (5303-9966)

3274
Summer: 5490 (3319-9079)
Winter: 5802 (3879-8679)
5388 (3613-8034)

480 (342-703)

304 (211-542)

272 (236-323)

Summer: 951 (573-1577)
Winter: 315 (173-575)
Spring: 188 (100-355)

1,119 (744-1,682)

42 (19-92)

Summer: 9728 (7001-13 517)
Winter: 8208 (4888-13 785)

Reference

Dawson & Slooten 1988

Martien et al. 1999

Russell 1999

Ferreira & Roberts 2003

Baker et al. 2013
Slooten et al. 2006

Baker et al. 2013
Hamner et al. 2014b
Baker et al. 2016b

MacKenzie & Clement
2016

Slooten et al. 2004;
Dawson et al. 2004
Dawson & Slooten 1988
MacKenzie & Clement
2016

Slooten et al. 2004

Hamner et al. 2016
Weir & Sagnol 2015
Hamner et al. 2013
Du Fresne & Mattlin 2009

Gormley et al. 2005
Turek et al. 2012

MacKenzie & Clement
2016



ECSI & NCSI Farewell Spit to Nugget Point; 2012-2013 | Aerial line transect Summer: 9130 (6342-13 144) MacKenzie & Clement
out to 20 nm Winter: 7456 (5224-10 641) 2014
Farewell Spit to Motunau; out 1998/99 Boat line transect 285 (137-590) Clement et al. 2001
to 20 nm
ECSI & SCSI Long Point, Fiordland to 1998/99 Boat line transect 399 (279-570) Du Fresne et al. 2001
Timaru; out to 20 nm
ECSI, NCSI, & Farewell Spit to Long Point; 1997-2000 | Boat line transect 1880 (1246-2843) Dawson et al. 2004
SCSI out to 20 nm
SCSI Long Point, Fiordland to 2018 Aerial line transects 332 (217-508) MacKenzie & Clement
Nugget Point; out to 20 nm 2019
Long Point, Fiordland to 2010 Re-analysis of Clement et 238 (113-503) MacKenzie & Clement
Nugget Point; out to 20 nm al. 2011 2016
Long Point, Fiordland to 2010 Aerial line transects 628 (301-1311) Clement et al. 2011
Nugget Point; out to 20 nm
Te Waewae Bay 2005/06 Photo-ID mark-recapture Summer: 580 (480-700) Rodda 2014
Winter: 380 (300-500)
Te Waewae Bay 2004/05 Photo-ID mark-recapture Summer: 403 (269-602) Green et al. 2007
Autumn: 251 (183—-343)
Porpoise Bay 1996-1997 | Photo-ID mark-recapture 48 (44-55) Bejder and Dawson 2001

* The 1985 estimates by Dawson & Slooten (1988) were adjusted upward by a factor of five to account for the assumed proportion of the population

occurring within sight of the coastal transect (out to 800 m) based on the proportion of all sightings in this zone along 5 nm transects off the South Island.

during the 2015-2016 Maui dolphin surveys. The research
programmes producing these estimates are described in
greater detail below.

There are a few recent genetic and photo-identification

mark-recapture estimates for local Hector’s dolphin
populations that are valuable for understanding local
population dynamics and areas of conservation concern.
These estimates are more accurate when dolphins have
small ranges with limited offshore dispersal allowing
greater chance of sampling most of the population e.g.,
Porpoise Bay and Kaikoura (Bejder & Dawson 2001, Weir &
Sagnol 2015, Hamner et al. 2016), but are less robust when
the populations range further offshore and become less
accessible e.g.,, Cloudy Bay (Hamner et al. 2017) as
highlighted by comparisons with aerial surveys with greater
coverage (Du Fresne & Mattlin 2009, MacKenzie & Clement

2014, MacKenzie & Clement 2016).

Differences in the offshore extent of survey sampling effort
may account for discrepancies between current aerial
survey based abundance estimates and earlier population
estimates from boat-based transect surveys (e.g., Dawson
& Slooten 1988, Dawson et al. 2004, Slooten et al. 2004,
2006) or from photo-ID mark-recapture studies focused on
particular local populations of Hector’s dolphins (Gormley
et al. 2005, Turek et al. 2013).

6.2.6.1 MAUI DOLPHIN GENETIC MARK-
RECAPTURE CENSUS
Beginhing in 2010-11, Maui dolphin populations have been
monitored with a boat-based census every 5 years, using
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genetic mark-recapture methods. The 2015-16 census
estimated an abundance of N = 63 animals (95% CL 57-75)
for the population of Maui dolphins at least one year old
(Baker et al. 2016b). These estimates are comparable to,
but slightly larger than the previous estimate of N =55 (95%
CL 48-69) based on comparable genotype surveys in 2010—
11 (Hamner et al. 2012b). The longer time series and higher
data
demographic models and improved estimation of survival

resolution mark-recapture informed updated
rate and population trend than presented previously
(Roberts et al 2019b, Cooke et al. 2018, 2019). A repeat
genetic mark-recapture census using the same method is
currently in progress (in 2020-21) by the University of
Auckland and Oregon State University, funded jointly by

DOC and Fisheries New Zealand.

26.2.6.2 HECTOR’S DOLPHIN AERIAL

SURVEY PROGRAMME

Beginning in 2010, a series of aerial surveys were
conducted under MPI contracts to estimate the abundance
and characterise the spatial distributions of the SCSI, ECSI,
and WCSI Hector’s dolphin subpopulations (Clement et al.
2011, MacKenzie et al. 2012, MacKenzie & Clement 2014,

2016; MacKenzie & Clement 2019); see Figure 6.2.

The initial SCSI aerial survey 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 contour (Clement et al. 2011). MacKenzie &
Clement (2016) reanalysed the SCSI survey data from 2014
and produced an annual average population estimate for
the SCSI of 238 (s.e. 94; 95% c.i. 113-503) based on revised



figures for availability. In early 2018 a repeat survey
successfully obtained a lower CV in the estimate of
population size by adopting higher sampling intensity in the
nearshore strata and in areas of high dolphin density in Te
Waewae Bay. The updated SCSI population size from
MacKenzie & Clement (2019) is 332 animals (95% c.i. 217—
508).

The ECSI aerial survey programme involved an initial design
phase (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 nm (covering about 42 677 km?; 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. MacKenzie & Clement (2016) reanalysed the

ECSI survey data from 2014 and produced an annual
average estimate for the ECSI of 8968 animals (s.e. 1377;
95% c.i. 6649-12096), based on revised figures for
availability. Note these estimates do not include harbours
and bays, which were outside the designated survey strata.

The WCSI aerial survey programme involved two separate
aerial surveys in summer 2014-15 and winter 2015
(MacKenzie & Clement 2016). The population within the
WCSI survey area (about 26 333 km? between Farewell Spit
and Milford Sound) was estimated at 5490 animals (CV =
26%; 95% c.i. 3319-9079) in summer and 5802 (CV = 21%;
95% c.i. 3879-8679) in winter. These estimates were
obtained by averaging the four sets of results for each
season; from two different datasets using different

truncation distances and two methods of estimating

Figure 6.2: Hector’s dolphin summer (left) and winter (right) sightings from the three separate abundance surveys: west coast (WCSI) completed in 2015,
east and north coast (ECSI) completed in 2013, and south coast (SCSI) completed in 2010. Black lines represent the paths of aerial survey transects.
Reproduced from Roberts et al. (2019a) using the outputs of MacKenzie & Clement (2016). Note that the SCSI survey was repeated in early 2018

(Mackenzie & Clement 2019).

availability (dive cycle and circle-backs). These estimates
are very similar to the previous 2000—-01 WCSI estimate of
5388 Hector’s dolphins by Slooten et al. (2004) (CV = 21%;
95% c.i. 3613-8034), even after accounting for differences
in offshore survey areas (MacKenzie & Clement 2016).

Arising from the reanalysis of the ECSI and SCSI survey data,
MacKenzie & Clement (2016) estimated the total Hector’s
dolphin population in coastal areas around the full South
Island (excluding sounds and harbours) at 14 849 animals
(CV = 11%; 95% c.i. 11 923-18 492). This estimate is
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approximately double the previous estimate from surveys
conducted in the late 1990s—early 2000s (7300; 95% c.i.
5303-9966) (Slooten et al. 2004), with the difference
primarily due to the substantial number of dolphins sighted
in offshore waters at distances greater than had been

extensively surveyed previously, especially in ECSI
(MacKenzie & Clement 2016).
Following discussion in the International Whaling

Commission (IWC) Sub-committee on Small Cetaceans, in
2015 the subcommittee agreed to an inter-sessional review



of the methods used in these abundance estimates
(International Whaling Commission 2016a). A formal
process was agreed whereby an Inter-sessional Expert
Group (IEG) reviewed the abundance methodology and
estimates produced by MacKenzie & Clement (2014, 2016)

(International Whaling Commission 2016b).

The IEG recognised that this study accounted for many
difficulties that also affect other small cetacean abundance
estimation studies using aerial surveys. It commended the
ambitious and often innovative work undertaken by the
authors to attempt to deal with all of those issues. After a
thorough review of the survey design, analyses, and results,
the IEG endorsed the abundance estimates and concluded
that the estimates accurately reflected the data, were
derived from appropriate data collection and analysis
methods, and represented the most current abundance
estimate for Hector’s dolphins around the South Island
(such that it would be reasonable to use them to inform a
management plan). The IEG also considered this study to be
a step forward in the development of survey methodology
more generally (International Whaling Commission 2016b).

In 2019 the aerial survey observations were used to
parameterise spatial habitat models to estimate the
seasonal spatial density of Hector’s and Maui dolphins, a
critical input to the spatial multi-threat risk assessment
used to inform the update of the TMP (Roberts et al.
2019a).

6.2.7 CHANGES IN POPULATION SIZE

Change in population size can be summarised in terms of
the direction of population change (i.e., increasing or
decreasing), or the annual rate of population change (A)
where A > 1 indicates population increase, and A < 1
indicates decline, which is used as a basis for the current
domestic and international threat classification status
rankings for both sub-species (Baker et al. 2019, Reeves et

al. 2020).

The use of survey-based population size estimates for
estimating population growth rate is hampered by changes
in survey methods through time, and by the low precision
of estimates (Table 6.1). A population model fitted to
estimates of Maui dolphin population size estimated a
slightly declining population size with reasonably high
precision (A = 0.98, 95% credible interval = 0.96-1.00)
(Roberts et al. 2019b). This assessment found that Maui
dolphin population change was primarily driven by female
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survival, which was estimated to be around 5% higher than

for males.

The rate of population change can also be inferred

indirectly with population simulations using prior
distributions of all required demographic rates, i.e., survival
and reproductive rate at age. A demographic assessment
fitted to photo-ID observations of Hector’s dolphins inside
the Banks Peninsula Marine Mammal Sanctuary (BPMMS)
found that their population trajectory is likely to be stable
since the establishment of the sanctuary (A = 1-00, 95% Cl =
0-93-1-05) (Gormley et al. 2012). More precise estimates of
calving interval were identified as the best way of reducing
uncertainty in population growth using this method

(Gormley 2009).

Population trajectory, and population status relative to
historical values, have also been estimated indirectly using
that
estimates of historical commercial fishery deaths (Martien
et al. 1999, Burkhart & Slooten 2003, Slooten 2007, Slooten
& Dawson 2010). The latest published analysis estimated

logistic population growth models incorporate

the population size of Hector’s dolphin in 2009 to be 27%
of the 1970 estimate, and that the Maui dolphin was the
most depleted subpopulation (Slooten & Dawson 2010).
However, these assessments used population abundance
estimates for the ECSI population that were later shown to
underestimate actual population size by a factor of 3-5
relative to comprehensive aerial survey derived estimates
of comparable areas. As a consequence these analyses have
greatly over-estimated the vulnerability of dolphins to
capture in commercial set nets (and, hence, historical
fishery-related deaths as a proportion of total population)
and will therefore estimate a lower status relative to un-
impacted levels than would be obtained with comparable
models using updated population estimates (J Roberts
unpublished data). The assessment by Slooten & Dawson
(2010) (and earlier iterations) is also inconsistent with the
outputs of the most recent spatial risk model (Roberts et al.
2019a), which found that the median estimates of
commercial fisheries deaths since 1992-93 would be
insufficient to prevent population recovery to 90% of un-
impacted levels, for both Hector’s and Maui dolphins.
However, current population trend and status depend also
on assumptions about non-fishery threats and will be
affected by assumptions regarding historical depletion,
including from recreational fisheries and from commercial
of the Quota
Management System (QMS), when effort levels were

fishing prior to the establishment

higher and less regulated. For example Lallemand et al.



(2008) reported that set net fishing effort over large
portions of the ECSI declined by more than 80% following
the establishment of the QMS in 1986, but spatially precise
effort location data are not available for this period.

Ongoing research under Fisheries New Zealand project
PRO2019-11 will estimate the spatial distribution of
historical set net fishing effort in the period prior to 1992—
93, for which effort data were unavailable to the spatial risk
model described by Roberts et al. (2019a). The historically
reconstructed effort data can then be used to estimate
population status for Hector’s dolphin subpopulations, by
applying the SEFRA modelling approach to historical fishing
effort patterns from the time when monofilament nets
were first employed.

6.2.8 SUBPOPULATION STRUCTURE

For purposes of the spatial risk assessment used to inform

the wupdate of the Hector's-Maui dolphin Threat
Management Plan (Roberts et al. 2019a), the South Island
Hector’s dolphin population is divided into four

subpopulations, corresponding to the east coast, south
coast, west coast, and north coast, as shown in Fig 6.3. The
existence of a genetically distinct NCSI population is
suggested based on genetic evidence (Baker et al. 2017),
but requires a higher sample size to be confirmed.

In the risk assessment by Roberts et al. (2019a), the Maui
dolphin subpopulation is presumed to occupy the area from
Taranaki in the south to Cape Reinga in the north. The area
from Taranaki southward to the Kapiti Coast is considered
to be a potential habitat for dolphins expanding their range,
and/or a transition zone for dolphins moving between the
WCNI subpopulation and the South Island. The remainder
of the North Island is presumed to have no current resident
population, but the fisheries risk assessment can still be
used to evaluate what the risk would be to any dolphins
occupying preferred habitats in those areas (see below).
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Figure 6.3: Boundaries designating Hector’s and Maui subpopulations for
purposes of spatial risk assessment (Robert et al. 2019a). The number of
animals in each subpopulation was estimated based on aerial surveys (for
Hector’s dolphins) or genetic census (for Maui dolphins). Subpopulation
zones with no known year round population (‘Taranaki to Kapiti’ and ‘other
North Island’) were assigned arbitrary low numbers of dolphins so that
potential risk to transient or future populations could be estimated in the
risk assessment.

6.2.9 SPATIAL DOLPHIN DENSITY ESTIMATION

The seasonal (summer and winter) spatial abundance of
Hector’s and Maui dolphins was estimated as part of the
spatial risk assessment of threats to Hectors and Maui
dolphins (Roberts et al. 2019a) (see section 6.4). The
primary spatial abundance information for predicting the
coastal abundance of Hector’s and Maui dolphins came
from a series of summer and winter aerial line-transect
surveys for estimating the abundance and spatial
distribution of Hector’s dolphins, conducted around the
South Island of New Zealand between 2010 and 2015
(MacKenzie & Clement 2014, 2016). Habitat models were
fitted to aerial survey observations (Figure 6.2) related to
candidate spatial habitat layers, including physical variables
(e.g., depth or turbidity) and biotic variables (e.g., the

modelled prevalence of key prey species).

The habitat model used to estimate the spatial density of
Hector’'s and Maui dolphins included satellite derived
seasonal turbidity and trawl survey derived prevalence of
ahuru (Auchenoceros punctatus) (a key prey species, Miller
et al. 2013) as predictors. The inclusion of turbidity as the
primary model term is consistent with the assessments by



Brager (1998), Torres et al. (2013), and Stephenson et al.
(2020), who all found water turbidity to be a strong
predictor of Hector’s and Maui dolphin presence and
abundance.

The aerial survey parameterised model could not be used
to estimate spatial density inside the harbours of the WCNI,
which were much more turbid than the South Island regions
where the model was fitted, and where physical features
such as sandbars or tidal mudflats may affect dolphin
distributions at scales smaller than the habitat model can
predict. For these reasons, the relative spatial density of
Maui dolphins in WCNI harbours was estimated using a
separate habitat preference model fitted to validated
public sightings data and an aerial survey of spatially
resolved boat density as a proxy for spatial public sighting
‘effort’, related to locational/habitat based variables. This
model also found turbidity to be the strongest predictor of
sightings density and estimated a very low relative
boat
density is high, but validated dolphin sightings are rare
(Figure 6.4).

abundance inside harbours, where recreational

Roberts et al. (2019a) give
methods, data, and assumptions underlying the spatial

a full description of the

dolphin density estimation. Section 6.5.6 below identifies
particular locations in which the spatial predictions may be
more uncertain, with implications for risk assessment
outputs.

The final spatial dolphin density estimate was obtained by
combining the habitat preference based estimate in the
South Island in coastal waters of the North Island with the
public sightings based estimate in WCNI harbours. Spatial
abundance was rescaled for each of the subpopulation
areas defined in Figure 6.3, using population size estimates
from aerial surveys (for Hector’s dolphins) or genetic mark-
recapture census (for Maui dolphins) as described above.
The composite spatial abundance predictions for Hector’s
and Maui dolphins are shown in Figure 6.4. The resulting
spatial density prediction achieved a high degree of
correspondence with spatial patterns of public sightings
and commercial fishery observer sightings of both Hector’s
and Maui dolphins (see Figure 6.5 and appendix 7 of
Roberts et al. 2019a), indicating that the habitat model
accurately represented the true habitat requirements of
both sub-species, despite being fitted primarily to Hector’s
dolphin observations.
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Figure 6.4: Estimated spatial density of Hector’s and Maui dolphins off the
west coast of the North Island from a predictive model fitted to boat-based
validated public sightings. From Roberts et al. (2019a).

6.2.10 THREATS TO HECTOR’S AND MAUI
DOLPHINS

6.2.10.1 FISHERIES BYCATCH

Fisheries bycatch, particularly in recreational and
commercial set net fisheries and to a lesser extent in
commercial trawls, is a known threat to Hector’s and Maui
dolphins. Hector’s and Maui dolphin bycatch is thought to
have increased rapidly with the widespread adoption of
monofilament set nets in the 1970s and 1980s and declined
thereafter (e.g., Dawson 1991, Dawson and Slooten 1993,
Martien et al. 1999, Duignan et al. 2003, Currey et al. 2012,
Abraham et al. 2017). Commercial and recreational set net
fishing remains a threat to dolphin populations in locations
where the spatial distribution of dolphins (e.g., Figure 6.5)
overlaps the spatial distribution of set net and trawl fishing

effort.

Observations and records of fisheries bycatch are

summarised in section 6.3. These observations may provide



valuable information about the nature of fisheries captures,
but fisher-reported bycatch rates in isolation are not a
reliable means of estimating total commercial fisheries
deaths, because it is likely that not all fishers will voluntarily
report all bycatch events. Government fisheries observers
are deployed on a proportion of commercial fishing vessels,
but historically observer coverage has been low in inshore
fisheries except in locations of particular concern (such as
the WCNI set net fishery since 2012, due to the urgent
conservation status of Maui dolphins). Where observer
coverage is low, it may not be representative of total fishing
effort in space and time, so it is necessary to correct for the
effects of potential coverage bias in the estimation of
fisheries risk. The SEFRA method (Chapter 3) is designed to
achieve this; the extent and magnitude of the fisheries risk
to dolphin subpopulations has been estimated using this
approach, described in section 6.4.

16.2.10.2 DISEASE

The awareness of disease as a potential serious threat to
Hector’s and Maui dolphins has emerged only recently,
since the last update of the TMP in 2012 (e.g., see Currey et
al. 2012).

There have been 5 Maui dolphin and 50 Hector’s dolphin
necropsies undertaken by veterinary pathologists at
Massey University. Analysis of samples collected from
beach-cast or entangled/bycaught Hector's and Maui
dolphins revealed that disease was a major cause of death,
followed by maternal separation (i.e., when a calf is
separated from its mother — this is a primary cause of calf
mortality), and then bycatch (Roe et al. 2013). Infectious
diseases, including brucellosis, pneumonia, toxoplasmosis,
and tuberculosis, were identified as the cause of death for
53% (n = 23/43) of dolphins where cause of death could be
determined

The main disease of concern for Hector’s and Maui dolphins
is toxoplasmosis. Toxoplasmosis is a disease caused by
infection with a single-celled parasite Toxoplasma gondii,
which is capable of infecting all bird and mammal species
and for which the domestic house cat (Felis catus),
including owned, stray, and feral cats, is the only definitive
host in New Zealand. It is thought that toxoplasmosis
oocysts in cat faeces are transmitted to the ocean via
waterways and accumulate up the marine food chain
through filter feeding animals (such as shellfish or small
pelagic fish that filter plankton) and then to dolphins
ingesting infected prey (Massie et al. 2010).
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Of the 31 non-fishery related deaths of non-calf dolphins,
recorded by the Massey University SoVS Pathology
Database between 2007 and 2018,
toxoplasmosis of which seven (78%) were females (ECSI =
5; WCSI = 2; WCNI = 2; see also Table 6.4 below). Based on
identification of toxoplasma in the tissues of bycaught and

nine died from

beach-cast dolphins, the majority (61%) were found to be
infected (Roe et al. 2013). Factors influencing whether or
not an infection causes disease (and/or becomes fatal) are
poorly understood, but are related to a number of factors
associated with the immune response of the host (reviewed
by Roberts et al. in review). Also, toxoplasma virulence is
known to be influenced by host and parasite genetics, e.g.,
some genetic strains of toxoplasma are more lethal than
others for certain host species (for example, California sea
otters (Miller et al. 2004; Kreuder et al. 2003; Conrad et al.
2005; Shapiro et al. 2019)). It may be that nutritional stress
or other factors influencing immune system function can
also cause dormant toxoplasma infections to become active
(see below). Worldwide, toxoplasmosis is recognised as a
threat to a wide range of marine and terrestrial wildlife
species, especially in parts of Australia and the Pacific
region (Roberts et al. in review, Barbieri et al. 2016; Work
et al. 2000). Notably, these are often locations where the
native fauna did not evolve in the presence of cats, as in
New Zealand. Further research to understand the effects of
toxoplasmosis on Maui and Hector’s dolphins is being
planned between agencies, led by the Department of
Conservation.

Of other diseases identified in necropsy results, pneumonia
was the second most common non-fishery related cause of
death for non-calf dolphins (13%, n = 4/?7?), followed by
brucellosis (6%, n =2/31, both females). Brucellosis is
associated with deaths and foetal loss in mammals, and an
analysis of Hector’s and Maui dolphins revealed 26%
(n=7/27) tested positive for Brucella (Buckle et al. 2017).
Like toxoplasmosis, dolphins can carry this disease without
it causing death, but, in addition to the two female Hector’s
dolphin deaths from brucellosis, there was also a neonate
Maui dolphin death. The form of Brucella that killed two of
the dolphins had the greatest similarity to Brucella
pinnipedialis — typically reported in seals, but it is likely that
there is a Pacific form of marine Brucella not yet fully
described. Since that study, in 2018, a female Maui dolphin
died from septicaemia after her near-term foetus died from
brucellosis and she was unable to birth the stillborn calf (Dr
Wendi Roe, Massey University, unpublished data).



Figure 6.5: Estimated spatial density of Hector’s and Maui dolphins in summer (top) and winter (bottom) used in the spatial multi-threat risk assessment
by Roberts et al. (2019a). Also shown are the 50 m and 100 m depth contours (in purple), the Territorial Sea boundary (in green), and the locations of
validated public sightings.[The DOC sightings confirmation process is described
at https://www.doc.govt.nz/globalassets/documents/conservation/native-animals/marine-mammals/mauis-validation-system.pdf.]

‘Normal’ or background infection levels of these diseasesin  diseases appear to disproportionately affect female
living dolphins is poorly known, as blood and/or tissue  dolphins, and that 2 of 9 toxoplasmosis deaths and 2 of 4
samples are required to test for Toxoplasma gondii and  Brucella-attributable deaths were of Maui rather than
Brucella infection. Although disease is normal within the  Hector’s dolphins, despite their much smaller population
marine environment, the presence of a specific cat borne  size.

disease is of concern, as is the fact that both of these
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Reflecting the results of the spatial risk assessment by
Roberts et al. (2019a) below, and the Maui dolphin
population model projections of Cooke et al. (2019) below,
toxoplasmosis in particular has been identified as a major
priority for further research and for conservation action.
The
Toxoplasmosis Action Plan outlining priorities to guide this

Department of Conservation has prepared a

work.

6.2.10.3 TROPHIC AND/OR CLIMATIC
: EFFECTS

To date (June 2020), there has been no formal assessment
of the potential indirect effects of fishing on Hector’s and
Maui dolphins, e.g., via trophic competition. All of the
dolphins” main prey species (e.g., Miller et al. 2013) are
either targeted or are regular bycatch of commercial
fisheries, but the average size of the fish appearing as prey
in dolphin stomachs is generally smaller than adult size
classes that are routinely targeted or selected by fishing
gear (Weir 2018). A rigorous evaluation of potential trophic
effects of fishing on prey availability for dolphins would
likely require spatially explicit estimates of fisheries
extractions at scales relevant to individual dolphin
movements and existing closed areas, considering both the
size selectivity of fisheries removals and the potential for

recruitment overfishing.

Climate change and/or climatic variability is likely to affect
dolphins, in particular because inter-annual changes in sea
temperature are likely to affect the distribution or
availability of prey species or influence terrestrial run-off
(Shears & Bowen 2017). It is not known how changes in
spatial patterns of water turbidity or prey distributions will
affect Hector’s and Maui dolphins. They have the ability to
disperse to other areas, and they have a varied diet so there
may be shifts in habitat use and range, but the species’
history of small ranges and high site fidelity may impose a
behavioural limit on their ability to move, which ultimately
may affect their reproductive success. Effects of climate
change are likely to be greater for subpopulations with
small home ranges.

Roberts et al. (2019a) estimated that for all suitable prey
species, the total abundance of available prey species was
many times lower in WCNI relative to suitable Hector’s
dolphin habitats around the South Island. Improved prey
abundance modelling considering also the size distribution
of the available prey may provide additional insight of the
extent to which Maui dolphins may confront a shortage of
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Weir (2018)
notes that their income breeding strategy and high

suitable prey relative to Hector’s dolphins.

energetic demands during pregnancy may make Hector’s
and Maui dolphins particularly vulnerable to factors that
reduce or temporarily disrupt their regular access to
preferred prey, potentially affecting their reproductive
success or susceptibility to disease.

6.2.10.4 OTHER ANTHROPOGENIC
: THREATS

Underwater noise can cause physical injury and disturbance
to dolphins. Noise exposure can be estimated using
underwater sound propagation modelling (e.g. McPherson
et al. 2019), but the actual effects of different levels and
types of sound on marine mammals are poorly understood
(Forney et al. 2017, Leunissen & Dawson 2018, Lucke et al.
2019). Disturbance may be short-term and/or episodic
(e.g., noise from seismic surveys, pile driving, drilling or
mining, research activities, or vessel traffic), but may have
a cumulative impact and/or a habitat displacement effect
with consistent or repeated exposure.

Boat strikes are not thought to be a major cause of death
but there has been one confirmed death, a Hector’s dolphin
calf in Akaroa harbour in 1999 (Stone & Yoshinaga 2000,
DOC 2020a). Commercial dolphin-watch tourism may have
negative effects on cetaceans (e.g., Martinez et al. 2012);
these activities are regulated by the Department of
Conservation.

Most marine pollutants have sub-lethal effects that may be
difficult to detect. By global standards, the levels of
pollutants such as DDT and PCBs in New Zealand waters are
low, but their coastal habitat and preferred fish prey may
make Hector’'s and Maui dolphins more exposed to
accumulating pollutants than offshore species (Stockin et
al. 2010; Jones et al. 1996, 1999) and Maui dolphins in
particular may be especially vulnerable, because their
spatial distribution is largely confined to turbid waters
affected by freshwater river plumes that are highly
contaminated (Hunt & Jones 2020).

6.2.10.5 NATURAL CAUSES OF DEATH

Hector’s and Maui dolphins are vulnerable to predation by
sharks and killer whales. Most predation events in New
Zealand are attributed to seven-gill sharks or white sharks
(Cawthorn 1988) but other large sharks may also prey upon
these small dolphins (Heithaus 2006). Because these are



naturally occurring events they are not managed as
‘threats’ but the spatial distribution of seven-gill and white
shark populations is non-uniform, so understanding the
level of risk from shark predation and patterns of overlap
between sharks and dolphins helps us to understand
cumulative threats to different dolphin subpopulations.

A major natural cause of death for Hector’s and Maui
dolphin calves is maternal separation (i.e.,, when a
dependent calf is separated from its mother). As a cause of
death in necropsied individuals, it is second only to disease
(Roe et al. 2013); the rate at which this occurs is possibly
exacerbated by extreme weather conditions (DOC & MFish

2007, MPI & DOC 2012).

6.2.11 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 or
projected decline of greater than 80% over three
generations, and there being fewer than 250 mature
individuals remaining (Reeves et al. 2020). Hector’s dolphin

is classified by the IUCN as Endangered under criterion A4d®

5 A'taxon 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). C2al(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).

6 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
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due to an ongoing or projected decline of greater than 50%
over three generations (Reeves et al. 2020).

Under the New Zealand Threat Classification System (Baker
et al. 2019), Maui dolphin is classified as Nationally Critical,
the most threatened status, under criterion A(1), with the
qualifier Conservation Dependent (CD)’. Hector’s dolphin
is classified as Nationally Vulnerable under criterion D(1/1),
with the qualifier Conservation Dependent (CD)2.

6.3 FISHERIES INTERACTIONS

6.3.1 DATA FROM RECOVERED CARCASSES

AND FISHER-REPORTED CAPTURES

Hector’s and Maui dolphins have been caught in inshore
commercial and recreational set net fisheries and in inshore
trawl fisheries since at least 1973 (DOC 2020a; Baker 1978).
Beach-cast carcasses are frequently reported by members
of the public; floating carcasses may be reported by fishers
or other boaters; fishers are also required to report
incidental captures. The Department of Conservation
maintains a Hector’s and Maui dolphin incident database in
which all such deaths are recorded including the cause of
death where this can be determined (DOC 2020a°). A
summary of known, probable, or possible fisheries deaths
from this database is shown in Table 6.2. Incidental
fisheries mortalities have been documented throughout
the species range but the greatest number of reports are
from the east coast South Island.

Nineteen individual Hector’s dolphins were reported
caught in trawl fisheries between 1973 and 2008, with
seven since 2008, in 13 separate capture incidents reported

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 (IUCN 2013).

7 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).

8 A taxon is ‘Nationally Vulnerable’” under criterion D (1/1)when
evidence indicates that the total population size is 5,000-20,000
mature individuals and there is an ongoing or predicted
population decline of 30-70% over three generations, (Townsend
et al. 2008).

°  https://www.doc.govt.nz/our-work/hectors-and-maui-

dolphin-incident-database/
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by fishers (Table 6.2; DOC 2020a). Hector’s dolphin
captures in trawl nets include an individual caught in a trawl
targeting red cod in Statistical Area 022 in 1997-98 (Starr &
Langley 2000), the capture of three Hector’s dolphins in a
trawl in Cloudy Bay in 2006 (DOC & MFish 2007), and the
capture of three dolphins in each of two separate inshore
trawl events north of Banks Peninsula, in December 2018
and February 2019. Further investigation of the trawl gear
configurations and vessel characteristics of fishing events in
which dolphins were captured may prove useful to evaluate
the extent to which gear design may affect dolphin
catchability.

There is evidence of frequent bycatch of Hector’s dolphins
in set nets at Banks Peninsula extending back to at least the
mid-1970s (Dawson 1991). Interviews with commercial
fishers, voluntary reports by recreational fishers, and
carcass retrieval indicated at least 230 deaths in set nets
between 1984 and 1988 (Dawson 1991). Two hundred of
these were reported by commercial fishers, who frequently
supplied carcasses for dissection. A further 24 mortalities
were reported by or attributed to amateur set net fishers.
Six net-marked carcasses were recorded as “unknown net”.
The highest number of Hector’s dolphin bycatch deaths
reported annually by Dawson (1991) was 95 animals, in the
1985/86 season. Total deaths declined in the following two
years (to 44 and 29 deaths, respectively), perhaps related
to declining total effort levels coincident with the
establishment of the QMS, as reported by Lallemand et al.
(2008).

The DOC incident database records at least 45 Hector’s or
Maui dolphins were caught in commercial set nets from
1921 to 2008, and 12 since 2008. In recreational set nets,
21 confirmed deaths were recorded for 1921-2008 and 5
since 2008. Note however that a number of beach-cast
carcasses were attributed to ‘unknown set nets’ or

‘unknown nets’ during these time periods; these will mostly
reflect beach-cast carcasses with net marks, that is, animals
that may have drowned in either recreational or
commercial nets. Incidental captures have most frequently
occurred 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).

There have been four known incidents of Hector’s dolphins
becoming entangled in buoy lines of pots set for crayfish
(Jasus edwardsii), all from Kaikoura (Dawson 1991; DOC &
MFish 2007, DOC 2020a).

Numbers of dolphin deaths recorded in the DOC incident
database are not representative of total fisheries bycatch
rates. 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 (Slooten 2013).
Spatial and seasonal detection bias will affect the
probability that carcasses will be reported, with carcasses
more likely to be reported in summer, in locations where
fishing occurs closer to shore, and closer to major
population centres and thoroughfares.

The information in the incident database (Table 6.2)
provides only a biased indication of incidental captures. Itis
clear from this information, however, that incidental
captures may occur in all areas where the distribution of
Hector’s and Maui dolphins overlaps with the distribution
of fishing effort. Where overlap occurs, the rate at which
dolphins are captured per unit of overlap (as a proxy for
encounter rate) can be estimated using fisheries observer
programmes, and potentially video monitoring (see below).

Table 6.2: Numbers of fishing-related deaths of Hector’s and Maui dolphins 1921-2008 and 2008-16 by cause of death and region as listed in the DOC
Incident Database (2017a). 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. (Continued next page)

Cause of death ECSI

From 1921 to June 2008

Known entanglement Commercial set net 41

10

(bycatch) Recreational set net 12
Unknown set net 15
Trawl net 15
Commercial set net 0

10 Animal was known (from incident report) to have been
entangled and died.
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Cause of death ECSI
Probable Recreational set net 0
entanglement!? Unknown set net 1
Unknown net 8
Possible entanglement!? | Commercial set net 0
Recreational set net 1
Unknown set net 16
Unknown net 16
From July 2008 to March 2020
Known entanglement’® | Commercial set net 11
Recreational set net 1
Trawl net
Probable
entanglement®* Recreational set net
Unknown set net 1
Possible entanglement®® | Commercial set net 1

6.3.2 DATA FROM FISHERIES OBSERVERS

Fisheries observers record incidental captures of protected
species including Hector’'s and Maui dolphins, on a
proportion of commercial set net and commercial trawl
fishing effort. These data are used to inform statistical
models to estimate total captures across all fishing effort.
Hector’s and Maui dolphin captures recorded by fisheries
observers are summarised in Table 6.3.

Because historical observer coverage in inshore fisheries
has often been very low, simply scaling up from observed
capture rate to estimate total captures yields estimates
with unknown biases and very wide statistical confidence

WCSI Scsl NCSI WCNI Unknown
subpopulation
0 0 0 0 0
4 0 0 0 0
4 1 0 1 0
0 0 0 0 0
0 0 0 0 0
10 0 0 0 0
7 1 0 2 0
0 0 1 0
1 0 0 0 0
0 0 0 0
0 0 0 1

1 0 1 0
0 0 0 0

intervals. For example 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. Furthermore estimates from
spatially blind models cannot be used to inform the design
of spatial protection to reduce dolphin captures. For these
reasons, to inform the update of the dolphin TMP, in 2019
these data were used in a spatially explicit risk assessment
that estimates captures as a function of the overlap
between dolphins and fishing effort, to correct for spatio-
temporal bias arising from heterogeneous animal and
fishing effort distributions, and non-representative fishing

observer coverage.

Table 6.3: Observed commercial fishery captures of Hector’s dolphin by fishing year from 1995-96 to 2016—17. All observed captures were from the east

coast of the South Island. (Continued next page)

Set net Inshore trawl
Fishing year Alive Dead Total Alive Dead Total
1995-96 0 0 0 0 0 0
1996-97 0 0 0 0 0 0
1997-98 2 6 8 0 1 1
1998-99 0 0 0 0 0 0
1999-00 0 0 0 0 0 0
2000-01 0 0 0 0 0 0
2001-02 0 0 0 0 0 0
2002-03 0 0 0 0 0 0
2003-04 0 0 0 0 0 0
2004-05 0 0 0 0 0 0

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

14 As read from pathology report, or presence of net marks on body and a mention of this in incident report.
15 As read from pathology report, or presence of net marks on body and a mention of this in incident report.
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6.3.3 ELECTRONIC MONITORING

In addition to data gathered by scientific observers,
electronic monitoring of inshore set net and trawl fisheries
has been trialled to detect dolphin captures. In the 2012—
13 year, the inshore set net fishery operating in Statistical
Areas 022 and 024 was observed simultaneously by
observers and electronic monitoring. During that time, at
least two Hector’s dolphins were captured, with one
released alive. McElderry et al. (2007) describe another
electronic monitoring trial that observed 89 set net events
and 24 trawls off the Canterbury coast in the 2003-04
fishing year. Two Hector’s dolphin captures were recorded
in the set nets, reflecting a similar catch rate to previous
estimates using data from observers. Observers and
electronic monitoring were also deployed simultaneously in
the Timaru set net fishery in 2012-13 (Archipelago Marine
Research Ltd 2013) and observers were deployed again in
2013-14. One confirmed and one probable capture of
Hector’s dolphins were observed. These trials illustrate the
potential to use electronic monitoring to increase observer
coverage in inshore fisheries for purposes of managing risk
to dolphins. New camera deployments are planned or
underway to further develop this capability.

6.4 SPATIALLY EXPLICIT MULTI-THREAT RISK

ASSESSMENT

In 2018-19 a team of New Zealand scientists collaborated
to produce a comprehensive spatially explicit multi-threat
risk assessment to Hector’s and Maui dolphins (Roberts et
al. 2019a), applying a customised adaptation of the SEFRA
method described in Chapter 3 of this volume.
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6.4.1 METHOD OVERVIEW

The spatial risk model was based on the SEFRA method, in
which an animal’s exposure to a particular threat, e.g., a
fishing method, in space and time is expressed a function of
the spatial overlap between the threat distribution and the
animal distribution. The likelihood of impact per unit
overlap, e.g., the probability of capture or death per
encounter with a fishing event, can then be estimated
empirically using fisheries observer data (for fishing threats)
or other data indicative of cause of death (for lethal non-
fishery threats). Because impacts are expressed in terms of
probability of death at the scale of individual animals and
individual threat events which are located in space, impacts
(deaths) are additive in space and also additive across
multiple threats to yield population-level risk at any spatial
scale. Risk is expressed as a ratio between a threat-specific
or cumulative estimate of deaths in the numerator and a
PST or in the
denominator. The PST reflects biological characteristics

‘Population Sustainability Threshold’

affecting the species’ ability to sustain impact, and also a
tuning factor that corresponds to a defined population
outcome (a policy decision). See Chapter 3 for a fuller
description of the SEFRA method.

56.4.1.1 COMMERCIAL FISHERIES RISK

Estimation of commercial fishery annual deaths and risk in
the Hector’s-Maui dolphin risk assessment was based on
the spatial overlap of fishing events with the estimated
summer/winter spatial abundance of Hector’s and Maui
dolphins (Figure 6.5). Two commercial fishery groups were
defined:
fisheries. For each method, annual deaths and risk were

inshore set net fisheries and inshore trawl

estimated at the sub-species (i.e., Hector's vs. Maui



dolphin) and subpopulation levels (e.g., ECSI, WCSI, as
shown in Figure 6.3).

This assessment included cryptic mortality and post-release
survival priors specific to observer-recorded Hector’s and
Maui dolphin captures in commercial set net and trawl
fisheries (see appendix 10 of Roberts et al. 2019a).

6.4.1.2 LETHAL NON-FISHERY THREATS

For demonstrably lethal non-commercial fishery threats
(but excluding recreational fishing), e.g., toxoplasmosis,
predation, and others, annual deaths were estimated using
a multi-threat extension of the SEFRA approach. Briefly, this
approach partitioned residual deaths (total annual deaths
minus commercial fishery deaths) in accordance with the
attributed primary causes of death from necropsy records
from 2007 to 2018 (see Table 6.4). The necropsy sample
excluded:

bycatch deaths
which comprised an unknown composition of

known/probable/possible

commercial fishery and recreational fishing deaths
and, for commercial fisheries, the standard SEFRA
approach was a more direct means;

calves — for which there were no estimates of
annual survival for estimating total annual deaths;
and

individuals for which a ‘poor’ confidence rating
was attributed to the diagnosed cause of death.

The resulting subset used in the risk assessment (Table 6.5)
was primarily composed of dolphins that were found
washed up dead on the beach (beach-cast), with a smaller
number of dead dolphins found floating at sea. The extent
to which this sample may be biased due to differential
carcass detection rates for different causes of death was
evaluated using sensitivities, and is discussed further
below.

The risk model estimated posterior distributions of annual
deaths for each of toxoplasmosis (the primary non-fishery
cause of death, and with an indirect anthropogenic origin),
predation events (considered to have a high potential for
undetected mortalities, tested via sensitivities), and an
‘other’ group of all other non-fishery causes of death (most
of  which
Subpopulation-specific estimates are shown in Table 6.6
and Figure 6.10.

may  constitute  ‘natural  mortality’).
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A “predation sensitivity” was undertaken to assess the
sensitivity of risk model estimates to assuming an arbitrary
ten-fold reduction in the detection probability of predation
events. This has the effect of increasing annual deaths from
predation and reducing the estimates of deaths from
toxoplasmosis and “other” non-fishery causes of death.

Exposure to toxoplasmosis and predation threats were
mapped in space, using estimates of the relative spatial
density of Toxoplasma gondii parasite oocysts (from the
combined outputs of a cat density model and a hydrological
model) and of predation by broadnose sevengill sharks
(Notorynchus cepedianus) (modelled from commercial set
net fishery catch and effort records). The estimated spatial
overlap of toxoplasmosis and predation mortalities with
Hector’s and Maui dolphins was then used to estimate
subpopulation-specific annual deaths for these non-fishery
causes of death.

6.4.1.3 NON-LETHAL THREATS

For non-lethal threats (potentially including lethal threats
that have not yet appeared in the necropsy records) that
can still be resolved spatially, an alternative approach was

taken. Spatial overlap with non-lethal threats was

presented in two different ways:

Mapping of relative overlap between spatial
dolphin abundance and spatial threat intensity.
This highlighted areas with a high density of
Hector’'s and Maui dolphins and high threat
intensity; and

Relative overlap statistic scaling for population
size. This highlighted populations for which the
threat intensity is high in the locations that
dolphins occur (i.e., where probability of death per
dolphin will be high, regardless of the relative
abundance of dolphins).

26.4.1.4 RECREATIONAL FISHERIES RISK

Because fisheries observer data are not available for
recreational fishing, the impact of recreational set net
fishing mortality was estimated on a relative rather than an
absolute scale, at the subpopulation level, using the
method applied to spatial, non-lethal threats (described
above). The full SEFRA approach could not be used for
recreational fishing, because there was no means by which
to estimate vulnerability to capture. Furthermore, necropsy
records attributed to probable and possible bycatch (Table
6.4) comprised an unknown composition of commercial



and recreational fishery deaths, precluding the use of the
same approach as used for toxoplasmosis and other lethal
non-fishery causes of death. This estimation of spatial
overlap between dolphins and recreational set net fishing
used seasonally resolved (summer/winter) estimates of the
relative spatial intensity of recreational netting effort based
on two nation-wide fisher surveys (Wynne-Jones et al.
2014, 2019). See section 6.4.4.2, below.

6.4.2 INTRINSIC

(RMAX)

POPULATION GROWTH

The spatial risk model developed for Hector’s and Maui
dolphins required a prior distribution of intrinsic population
growth rate (r™2%), the maximum growth rate that will
occur at small population size when resources are replete.
The r™M3% affects the Population Sustainability Threshold
(PST), reflecting the ability of the species to sustain and
recover from impact while meeting a defined population
objective.

The risk assessment used individual size at age and maturity
stage information to estimate an r™2% prior for Hector’s
dolphins (Edwards et al. 2018). This analysis followed the
approach of Dillingham et al. (2016), implemented by
Moore (2015), which uses an allometric invariant between
optimal generation time (the average age of a breeder

max opserved across a wide

during optimal growth) and r
range of vertebrate species. See Edwards et al. (2018) for a

detailed description of methods and sensitivity runs.

The assessment by Edwards et al. (2018) was updated with
supplementary ageing and maturity information. This
produced a Monte Carlo distribution of r™&* with median
of 0.050 and 95% credible interval of 0.029-0.071. This

max of

empirical estimate replaced a previous base case r
0.018 assumed by the most recent Maui dolphin multi-
threat assessment (Currey et al. 2012); the previous
estimate was based on an applied maximum longevity of 20
years (Slooten & Ladd 1991), which is now known to be an

underestimate for this species (e.g., Gormley 2009).

The revised estimate of r™@ for Hector’s dolphin is now
consistent with age at first reproduction, given the
relationship observed across other mammalian species
(Figure 6.6), and is at the low end of the cloud of values
defined by other cetacean species (in grey) indicating that
at this value of r™& Hector’s dolphins are still among the
slowest-reproducing cetaceans relative to their other life
history traits, but within plausible bounds.
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Figure 6.6: Comparative plot of r™* against age at first reproduction for a
variety of mammalian orders (Duncan et al. 2007). For Hector’s dolphin,
both the previous and updated values are shown (red points). The updated
value of r derived here for Hector’s dolphin is now consistent with that
expected from other mammals, given estimated age at first reproduction.
From Edwards et al. (2018).

At very small population sizes (relevant to Maui dolphin),
Allee effects may adversely affect realised population
(and
probability of extinction). The mechanisms from which

growth despite ample resources increase the
Allee effects arise all impact on individual survival and
reproduction and include an array of demographic, genetic,
social, and potentially anthropogenic mechanisms.
Population simulations were completed using an individual-
based model, accounting for demographic stochasticity and

max Of

inbreeding depression. This produced a mean r
approximately 0.045 for a starting population of 50
dolphins (under the latest estimate for Maui dolphins of 63
individuals). The prior used for assessing the population risk

of threats to Maui dolphins was adjusted accordingly.

Note that this assessment did not account for catastrophic
events or disruption to social systems that might occur at

small population size and that would further reduce r™2X,

6.4.3 COMMERCIAL FISHERY
DEATHS, AND RISK

OVERLAP,

26.4.3.1 SPATIAL FISHING EFFORT
: DISTRIBUTIONS

Spatial patterns of inshore set net and inshore trawl fishing
effort are shown in Figure 6.7. The risk assessment uses a
3-year average to indicate patterns of ‘current’ fishing
effort (i.e., 2014/15-2016/17 fishing years at the time that
the risk assessment was run).

In South Island, inshore trawl effort is highest off the ECSI
near Timaru. Other locations with concentrated trawl



fishing effort also appear in the NCSI in Golden Bay and
Tasman Bay and in the SCSI in Te Waewae Bay. Set net
fishing effort is most concentrated around Kaikoura
Canyon.

For the North Island, set net effort that overlaps the Maui
dolphin distribution is most concentrated inside WCNI
harbours and near New Plymouth. Inshore trawl effort is
highest offshore from Raglan and Kawhia harbours, beyond
the limits of the existing 2 nm closure.

6.4.3.2 ESTIMATED VS ACTUAL PATTERNS
' OF OBSERVED CAPTURES

The risk assessment model estimates dolphin captures in
space as a function of spatial overlap between dolphins and
fishing effort. All observed commercial fishery captures
from 1995/96 to 2016/17 were in ECSI set nets, located in
areas of high observed overlap near Kaikoura and the
Canterbury Bight, which corresponded well with model
(Figure 6.8). Good
predicted vs. observed patterns of observed captures

predictions agreement between
indicates that the estimated spatial density of dolphins was
a good approximation to the true density, and that
vulnerability to capture was relatively constant across
inshore set nets operating in different areas. A similar
comparison for trawl captures is not meaningful because
there has only been a single observed inshore trawl

capture.

26.4.3.3 ESTIMATED CAPTURES, DEATHS
: AND RISK

Commercial set net fisheries were estimated to Kkill
considerably more Hector’s and Maui dolphins than inshore
trawl fisheries (Table 6.6), despite considerably higher
effort levels and also higher overlap (because existing trawl
fishery closures are not as large as set net fishery closures).
This reflects that dolphin catchability is substantially higher
in set nets than in trawls: the model estimates that a
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dolphin is roughly 20—-30x more likely to be killed in a set
net than in a trawl in any given location.

The ECSI subpopulation had the greatest estimated number
of annual deaths from both commercial set nets (38.9
individuals per annum, 95% Cl = 18.6—88.3) and inshore
trawls (3.0 individuals per annum, 95% Cl = 0.1-15.6) for
the period 2014/15 to 2016/17 (Table 6.6). For the WCSI,
the estimated annual deaths are low from both commercial
set nets (0.3 individuals per annum, 95% Cl = 0.2—-0.7) and
inshore trawls (1.8 individuals per annum, 95% Cl = 0.1-
9.4), reflecting low effort.

The estimate of Maui dolphin commercial fisheries deaths
was 0.10 deaths per annum (95% ClI = 0.0-0.25) in
commercial set nets, and 0.02 deaths per annum (95% Cl =
0-0.05) in inshore trawl fisheries. No Maui dolphin captures
were observed in either fishery from 1995/96 to 2016/17
(or subsequently, to June 2020), with very high observer
coverage since 2013 (reflecting Ministerial directives arising
from the previous update of the Maui dolphin TMP; MPI &
DOC 2012).

For commercial set net fisheries, the median value of the
estimated risk ratio was below 1 for all subpopulations. This
result suggests that the best estimate of annual mortalities
in commercial fisheries did not exceed the PSTs0 between
2014/15 and 2016/17, suggesting that recent commercial
fishery mortality levels for set nets in isolation are most
likely not sufficiently high to suppress the equilibrium
population below 90% of carrying capacity (with over 50%
certainty). However the upper 95" percentile of the
fisheries deaths estimate did exceed the PSTgo for all
subpopulations except the WCSI, suggesting that it is
possible given current uncertainty that fisheries impacts
may exceed this level. Risk assessment outputs are typically
communicated with reference to both the median and the
90% or 95% confidence level. The level of certainty that
decision-makers require that the population objective will
be achieved is a policy decision.



Figure 6.7: Spatial patterns of commercial fishing effort density (2014/15-2016/17) for inshore set net and inshore trawl fisheries.
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Figure 6.8: Predicted and actual observed Hector’s dolphin captures in
commercial set nets in the ECSI subpopulation from 1995/96 to 2016/17.
The expected pattern of observed captures (as a function of observed
spatial overlap) is shown in green; actual observed captures are
superimposed in red. The posterior distribution of estimated observed
captures is displayed as the violin along the bottom with the median and
upper 90% quantile indicated by vertical lines within the violin.

6.4.3.4 ADJUSTING

FOR MULTIPLE-CAPTURE
TRAWL EVENTS

Fisheries observers have only recorded a single Hector’s
dolphin capture in inshore trawl fisheries. In contrast, there
have been 13 inshore trawl events in which Hector’s
dolphin captures were reported by fishers. Following two
fisher-reported multiple capture events in early 2019 in
which three individuals were reported captured on a single
trawl, the AEWG judged that observed captures (Table 6.2)
were indicative of the likelihood of a capture event, but that
the number of animals captured per event may be more
accurately reflected in the frequency of multiple-capture
events reported by fishers. In 13 such events, six captured
between 2 and 4 individuals; in total 25 animals were
captured (i.e., 1.92 individuals per positive capture event).
Assuming that on average two individuals are captured per
inshore trawl capture event, this would lead to a doubling
of the estimated annual deaths and risk from the risk model
(values shown in Table 6.6). These double trawl risk values
are shown as a sensitivity in appendix 17 of Roberts et al.
(2019a); on the advice of the AEWG these are the trawl risk
numbers that were used to inform the update of the
Hector’s and Maui dolphin TMP.

Table 6.4: Diagnosed primary cause of death of non-calf Hector’s and Maui dolphins by population, from necropsy information for WHAT TIME Period?.
Intermediate and full confidence rated diagnoses from Roberts et al. (2019a). ECSI = East Coast South Island, WCSI = West Coast South Island, SCSI =

South Coast South Island, WCNI = West Coast North Island.

Hector’s dolphin

Cause of death ECSI WCSI
Brucellosis
Deformity
Disease (other)
Miscellaneous
Pneumonia
Predation
Toxoplasmosis
Tuberculosis
Known bycatch
Probable bycatch
Possible bycatch
Unknown/Open

Total

O odURLPIWOIWINMOIO
Wik NOIOINIO R ININ O

w
w
=
S

Maui
dolphin
SCsl WCNI WCNI Total
0 0 1 2
1 0 0 1
0 1 0 7
0 0 1 5
0 0 0 4
1 0 1 2
0 0 2 9
0 0 0 1
0 0 0 5
0 0 0 6
0 0 0 1
0 0 0 12
2 1 5 55

153



Table 6.5: Necropsy observations used in the estimation of risk from non-fishery threats in the spatial risk model of Roberts et al. (2019a). ECS| = East
Coast South Island, WCSI = West Coast South Island, SCSI = South Coast South Island, WCNI = West Coast North Island.

Maui
Hector’s dolphin dolphin
Cause of death ECSI WCSI SCSI WCNI WCNI Total
Toxoplasmosis 5 2 0 0 2 9
Predation 0 0 1 0 1 2
Other 10 6 1 1 2 20
Total 15 8 2 1 5 31

Table 6.6: Spatial risk model estimates of annual deaths by threat and subpopulation based on data from 2014/15 to 2016/17. This model run assumed
that an average of two individuals were killed per inshore trawl capture event. The median and 95% credible intervals are shown.

Cause of death Subpopulation 50.0% 2.5% 97.5%
Set net MAUI 0.10 0.00 0.30
Set net NI 0.07 0.04 0.17
Set net TAKA 0.06 0.03 0.13
Set net NCSI 0.65 0.31 1.47
Set net WCSI 0.32 0.15 0.74
Set net ECSI 38.86 18.57 88.25
Set net SCSI 0.80 0.38 1.81
Inshore trawl MAUI 0.00 0.00 0.10
Inshore trawl NI 0.00 0.00 0.04
Inshore trawl TAKA 0.00 0.00 0.00
Inshore trawl NCSI 0.20 0.00 1.08
Inshore trawl WCSI 3.68 0.16 18.80
Inshore trawl ECSI 6.08 0.28 31.12
Inshore trawl SCSI 0.22 0.00 1.12
Toxoplasmosis MAUI 1.90 0.96 3.27
Toxoplasmosis NI 0.25 0.09 0.58
Toxoplasmosis TAKA 0.40 0.15 0.93
Toxoplasmosis NCSI 1.10 0.40 2.54
Toxoplasmosis WCSI 187.03 67.86 432.09
Toxoplasmosis ECSI 115.06 41.75 265.81
Toxoplasmosis SCSI 5.05 1.83 11.67
Predation MAUI 0.53 0.11 1.42
Predation NI 0.00 0.00 0.00
Predation TAKA 0.03 0.01 0.11
Predation NCSI 0.77 0.16 2.63
Predation WCSI 62.64 12.72 214.41
Predation ECSI 17.64 3.58 60.37
Predation SCSI 2.63 0.53 9.00
Other MAUI 4.06 2.65 5.99
Other NI 0.42 0.17 0.88
Other TAKA 0.56 0.23 1.16
Other NCSI 9.06 3.69 18.78
Other WCSI 232.05 94.49 480.99
Other ECSI 411.79 167.67 853.54
Other SCSI 14.05 5.72 29.13
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26.4.3.5 CHANGE IN FISHERIES RISK OVER
: TIME

Figure 6.9 illustrates temporal trends in commercial set net
fishing effort and spatial overlap per unit effort, and
resulting estimates of fisheries deaths and risk over time at
the subpopulation scale (Maui dolphins and Hector’s
dolphins). For Hector’s dolphins, estimated trawl risk has
declined steadily since 1992/93 due to reduced effort, but
in the commercial set net fishery an overall reduction in
effort has been offset by a general increase in overlap per
unit effort resulting in little change in risk through time
(Figure 6.9). This result was counterintuitive given the
establishment of spatial set net closures in 2008, but the
spatial risk model suggests that in places where Hector’s
dolphins are abundant, their distribution extends well
beyond these closures into areas where set net fishing is
ongoing. Nonetheless the median estimate of risk ratio was
below 1 in all years since 1992/93, indicating that (in the
absence of other anthropogenic mortality) the estimated
annual mortalities across the last 25 years are unlikely to
have been sufficient to prevent population recovery to or
stabilisation at levels above at least 90% of carrying
capacity.

For Maui dolphins, the estimated annual set net deaths and
risk ratios have declined steadily since 1992/93, due to
decreasing total effort and reduced spatial overlap per unit
effort, reflecting previous spatial fishery closures. Trawl
fishery estimates show similar trends.

26.4.3.6 SPATIAL PATTERNS OF FISHERIES
: RISK

Spatial distributions of model estimated fisheries deaths
are shown in Figure 6.10. The spatial patterns of captures,
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deaths, and risk are the same because all are proportional
to spatial overlap.

In the South Island the spatial risk model predicts that set
net deaths will occur mostly in Pegasus Bay north of Banks
Peninsula where there are large numbers of dolphins in
locations further offshore than the existing fisheries
closures, and also in Kaikoura, where dolphin numbers are
moderate to low, but fishing effort is highly concentrated.
The model predicts that trawl fishery deaths will be highest
near Timaru, where dolphins are abundant and fishing
effort is high.

In the North Island the spatial risk model predicts that set
net captures are most likely in low dolphin density
locations, because set net fishing has already been
eliminated from areas with high dolphin densities. Captures
are predicted to be most likely in WCNI harbours, due to
very high fishing effort (note however that the structural
assumptions underlying this prediction are untested). The
model also predicts captures in low dolphin-density
locations near New Plymouth, for similar reasons (but in
this instance model predictions of low but non-zero dolphin
presence are supported by sightings data). The model
predicts that trawl captures are most likely to occur near
Raglan and Kawhia harbours, where the estimated dolphin
distribution extends beyond the existing 2 nm trawl closure.

Using the risk spatial risk model described by Roberts et al.
(2019a) and a customised query interface (‘Risk Atlas’; D
Webber unpublished), in 2019 spatial risk estimate outputs
analogous to Figures 6.9 and 6.10 were used at the smaller
scales of subpopulations and local populations, and within
user-defined boundaries simulating the effects of various
spatial fishery closures, to evaluate alternate fisheries risk
reduction options under an updated Threat Management
Plan. These options are currently (June 2020) under
consideration.



Figure 6.9: Change in estimated fisheries deaths and risk to Hector’s dolphins over time arising from changes in effort and spatial overlap, for set net
(upper) and inshore traw! (lower). Note that trawl deaths depicted here reflect the x2 sensitivity whereby on average two animals are killed per capture

event. Risk score outputs in this model run applied a calibration coefficient (¢) of 0.2. [Continued over the page]
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Figure 6.9: Change in estimated fisheries deaths and risk to Maui dolphins over time arising from changes in effort and spatial overlap, for set net (upper)
and inshore trawl (lower). Note that trawl deaths depicted here reflect the x2 sensitivity whereby on average two animals are killed per capture event.

Risk score outputs in this model run applied a calibration coefficient (¢) of 0.2.
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Figure 6.10: Spatial patterns of estimated annual fisheries deaths (hence also capture and risk) for Hector’s dolphins (upper) and Maui dolphins (lower)
from 2014/15 to 2016/17. Violin plots below each map depict the model posterior estimates of deaths; median and 90* percentile estimates are marked
by vertical lines. Note that trawl deaths depicted here reflect the x2 sensitivity whereby on average two animals are killed per capture event.
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6.4.3.7 FACTORS AFFECTING STATISTICAL
: UNCERTAINTY IN FISHERIES RISK

The wide model posteriors of commercial set net fishery
deaths and risk ratios estimates primarily stem from vague
priors with respect to the cryptic mortality multiplier
(reflecting bodies that may drop out of the net without
being observable). In contrast, the posterior for set net
catchability was well estimated despite an uninformed
prior, indicating that existing set net observer data are
sufficient to inform relatively precise total captures
estimates. For this reason increased observer coverage
would lead to a relatively minor improvement in the

precision of set net risk ratio estimates.

In contrast, in trawl fisheries cryptic mortality has far less
influence, but trawl catchability is less well estimated,
reflecting that there has only been a single observed trawl
fishery capture. In locations where dolphins are abundant,
increased observer coverage or electronic monitoring of
trawl fishing effort can be expected to yield improved
precision in the estimation of trawl fisheries risk.

Note that because the estimation of dolphin catchability in
the spatial risk assessment uses only the data from
observed fishing events, for which geographical locations
are recorded by the fisheries observer, this part of
estimation of fisheries risk is not subject to potential bias
arising from non-representative fisheries observer
coverage or imprecise position reporting. However where
the catchability estimate is then applied to estimate total
deaths across the fishery including in un-observed fishing
events, these estimates will be affected by the accuracy

with which fishing effort locations are recorded.

In the spatial risk assessment by Roberts et al. (2019a), all
effort of
commercial fisheries risk (in Figure 6.7) are recorded

fishing locations representative ‘current’
precisely (with the exception of small vessel set net
fisheries operating inside WCNI harbours, for which
locations were estimated using data from a cellphone
tracking app; see Roberts et al. 2019a). Hence the
estimates of current fisheries risk (shown in Figures 6.10

and 6.13, and Table 6.6) will not be affected by bias arising

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

reference, been confirmed as
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from spatial effort reporting imprecision. However, inshore
trawl fishing effort locations have only been recorded
precisely since the introduction of new reporting forms in
2006 and 2007; fishing effort in earlier years was reported
to fisheries statistical areas, and the actual position
estimated subsequently. For this reason the year-specific
estimates from the 1990s and mid-2000s (as in the annual
time series in Figure 6.9, below) may be subject to greater
uncertainty than is shown.

6.4.3.8 RISK ASSESSMENT OUTPUTS

COMPARED WITH PRE-EXISTING
ESTIMATES OF COMMERCIAL
FISHERIES CAPTURES

Prior to 2012, the only observer programme with sufficient
coverage to yield a robust estimate of the rate of 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 to have been captured in Area 022, and 18
dolphins (CV = 38%)® dolphins captured in Areas 020 and
022 combined (noting these are captures not deaths, i.e.
not including cryptic mortality) (Baird & Bradford 2000).
These estimates are from Statistical Areas containing the
Banks Peninsula Marine Mammal Sanctuary (BPMMS),
which at that time effectively prohibited commercial set
netting between Sumner Head and the Rakaia River out to
4 nm from the coast (Dawson & Slooten 1993).

Using Risk Atlas, the risk assessment outputs by Roberts et
al. (2019a) can be queried within user-defined boundaries,
including estimates for previous fishing years. An extract
performed to replicate the boundary conditions of Baird &



Bradford (2000), i.e., estimating set net risk within
Statistical Areas 020 and 022 in the 1997/98 fishing year —
yielded a mean estimate of 16.4 set net captures (or 30.7
deaths (90% c.i. 14.1-54.8) including cryptic mortality). This
is very similar to the Baird and Bradford (2000) estimate of
18 captures (CV = 38%), which did not include cryptic
mortality.

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.

An extract from the model of Roberts et al. (2019a),
performed to replicate the boundary conditions of Slooten
& Davies (2012), yielded a mean estimate of 23.0 set net
captures (or 43.0 deaths (90% c.i. 23.9-74.3) including
cryptic mortality). This is very similar to the Slooten &
Davies (2012) estimate of 23 captures (CV =0.21), which did
not include cryptic mortality.

To inform the update of the Maui dolphin TMP in 2012, an
expert panel identified 23 threats potentially relevant to
Maui dolphins. For those threats that could be mapped
spatially, the spatial distribution of the resulting impact was
estimated by calculating the spatial overlap between the
threat and the spatial density of the dolphins. In the
absence of any empirical means of estimating the number
of dolphin deaths attributable to each threat, these were
estimated qualitatively via structured expert elicitation
(Currey et al. 2012). The expert panel workshop judged
that, in decreasing order of magnitude, the most important
threats to Maui dolphins were: commercial set nets (2.3
deaths per year); commercial trawls (1.1 deaths per year);
recreational set nets (0.9 deaths per year); mining and oil
activities (0.1 equivalent deaths per year); vessel traffic
(0.07 deaths or equivalent deaths per year); pollution (0.05
deaths or equivalent deaths per year); and disease < 0.01
deaths or equivalent deaths per year).

Notably, the expert panel estimates do not resemble the
model estimate fitted to necropsy data (Roberts et al.
2019a), e.g., as in Table 6.6. The most notable omission is
that disease was not recognised as a significant threat
among the assembled experts by Currey et al. (2012). It was
only subsequently that Roe et al. (2013) published the
result that 2 of 3 Maui dolphins necropsied and tested in
the period 2007-2011 had died as a result of Toxoplasma
gondii infection, suggesting that the expert panel may have
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underestimated mortality from this source. Currey et al.
(2012) reported that toxoplasmosis was not among the
threats considered by the expert panel because this
information was not available at the time of the risk
assessment workshop. Instead the assembled experts
estimated that 95% percent of annual deaths were likely to
be attributable to commercial or recreational fisheries.

6.4.4 NON-COMMERCIAL FISHERY THREATS

26.4.4.1 TOXOPLASMOSIS, PREDATION,
: AND OTHER LETHAL NON-
FISHERY THREATS

Updated necropsy observations used to inform the
estimation of non-fishery deaths are given in Table 6. and
6.5. Toxoplasmosis was the primary cause of death other
than entanglement in fisheries gear that was considered to
have an anthropogenic origin. Toxoplasmosis was first
identified as a major non-fishery threat for both Hector’s
and Maui dolphins towards the end of the 2012 TMP risk
assessment process (Roe et al. 2013). Prior information
affect both

Hector’s and Maui dolphins, and toxoplasmosis mortalities

suggests that toxoplasmosis mortalities
are geographically widespread around the South Island
(Roe et al. 2013). The spatial risk assessment estimated the
summer and winter relative densities of T. gondii oocytes in
coastal waters (Figure 6.11) as a function of the estimated
distribution of cats around New Zealand and rainfall or run-
off using an existing hydrology model (see appendix 9 of
Roberts et al. 2019a). Spatial overlap between toxoplasma
exposure densities and the spatial abundance of Hector’s
and Maui dolphins were then used to estimate relative risk
levels to different subpopulations in the spatial risk model.

Estimates of cause of death arising from the necropsy
observations fitted to the spatial risk model are shown in

Table 6.. For the purposes of model fitting, the total for
each cause of death were used (across all sub-areas). Of the
31 non-calf dolphins for which a primary cause of death
could be determined and that were not attributed to
9 deaths attributed
toxoplasmosis, 2 were attributed to predation, and the

bycatch mortality, were to
remainder were attributed to “other” non-fishery causes of
death (mostly constituting ‘natural mortality’). The sample
size of observations by sub-area were small, with the bulk

of sample coming from the ECSI (15) or WCSI (8), with a



similar composition of causes of death in these two areas.
Model estimated annual deaths from toxoplasmosis were
greater than those from commercial fisheries for all
subpopulations (Table 6.6 and Figure 6.10). This was the
case for the model run assuming an equal detection
probability of non-fishery causes of death and also for the
predation sensitivity model run, which assumed a 10-fold
reduction in the detection probability of predation deaths
(hence 10x more predation deaths occurring). Note
however that because exposure to both toxoplasmosis and
shark predation vary substantially in different locations, the
relative importance of different threats or natural causes of
death at the scale of particular subpopulations may be
more sensitive to assumptions about predation
detectability than are conclusions at the scale of the entire
species. The highest number of annual toxoplasmosis
deaths was estimated for the WCSI population (187.0
individuals per annum, 95% Cl = 67.9-432.1); this estimate
was lower for the predation sensitivity (106.8 individuals
per annum, 95% Cl = 32.7-284.4) under which predation
was responsible for a corresponding increased proportion

of non-fishery deaths.

Figure 6.11: Estimated relative coastal water density of Toxoplasma gondii
oocysts in winter (red = high density, blue = low density). From Roberts et
al. (2019a).
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For the WCNI where Maui dolphins occur (labelled “MAUI”
in Table 6.6),
toxoplasmosis (1.9 individuals per annum, 95% Cl = 1.0-3.0)

the estimated annual deaths from
were much higher than from either commercial set nets
(0.10 individuals per annum, 95% Cl = 0.0-0.25) or the
inshore trawl fishery (0.02 individuals per annum, 95% Cl =
0.0-0.05). The relatively high toxoplasmosis risk ratio for
Maui dolphins reflects very high estimates of T. gondii
oocyst densities around the North Island, particularly in
winter months, in the area south of Manukau Harbour
(Figure 6.11). The Waikato River in particular drains a very
large catchment with high domestic and feral cat densities.
The core of the Maui dolphin range is largely confined to
the area of freshwater influence from this and other WCNI
rivers (Hunt & Jones 2020).

Note that uncertainty arising from low sample size in the
necropsy data is reflected in the wide confidence intervals
around estimates of toxoplasmosis deaths (although for
Maui dolphins, even the lower bound of this statistical
uncertainty exceeds the upper bound of the estimated
commercial fishery deaths). Furthermore the comparability
of estimates of commercial fishery deaths and non-fishery
deaths, e.g.,, from toxoplasmosis, will potentially be
affected by biases associated with using a necropsy sample
primarily obtained from beach-cast individuals. Potential
sources of bias include threat-specific differences in the
timing and location of death which may affect the relative
likelihood of carcass recovery for necropsy. To illustrate,
deaths that occur in summer are more likely to be reported
by beachgoers, so may be over-represented in necropsy
results. All nine confirmed toxoplasmosis mortalities to
date were recovered in the period from September to
November (Roe et al. 2013; DOC 2020a).

26.4.4.2 RECREATIONAL FISHERIES RISK

The relative spatial threat posed by recreational set netting

to Hector's and Maui dolphin subpopulations was
estimated based on relative spatial overlap. The locations
of reported recreational set net fishing events were
compiled from the results of two nationwide recreational
fishing panel surveys (Wynne-Jones et al. 2014, 2019) and
manually assigned to named locations by Fisheries New
Zealand fisheries managers familiar with the operation of
these fisheries. Note that survey answers did not
distinguish between recreational set net, dragnet and
throw-net fishing effort; of these only set nets are thought
to pose a risk to dolphins. During data compilation, obvious

throw-net and drag-net effort was excluded, but it is likely



that the conflation of these three effort types nonetheless
creates additional noise within the data.

Locations around the North Island with the highest
recreational set net effort included the Hauraki Gulf and the
area from the Kapiti Coast northward to Wanganui. High
effort
included Golden Bay and Tasman Bay, and to a much lesser

recreational locations around the South lIsland
extent Banks Peninsula and the coastline adjacent to
Invercargill. The spatial distribution of recreational effort
used in the risk assessment is shown in figure A12 of

Roberts et al. (2019a).

For all subpopulations, recreational fisheries overlap was
estimated to be much higher in the summer period (Table
6.7). When scaled for population size, the highest overlap
(and hence the highest estimated encounter rate per
dolphin with recreational netting events) was estimated for
the ‘Taranaki to Kapiti’ (TAKA) sub-area. Despite the
absence of evidence of a resident dolphin population here,
these results indicate that any dolphin transiting this area is
more than three times as likely to encounter recreational
set net effort relative to dolphins in any established
subpopulation. The second highest relative risk was
estimated for the NCSI population (Golden Bay and Tasman
Bay); the lowest levels were estimated for the large
Hector’s dolphin populations of the ECSI and WCSI (Table
6.7), reflecting historical fishery closures in 2008 that
substantially reduced opportunities for recreational set
netting. The recreational set netting that remains in these
areas is confined to harbours and subject to seasonal
restrictions.

Potential risks to dolphins arising from illegal set net fishing
was also discussed. Spatial patterns of illegal set net
behaviour effort are inherently difficult to estimate, but it
is likely that where recreational set netting is uniformly
banned over large areas then illegal fishing behaviour will
also diminish, because uniform regulations become easier
to enforce.

6.4.4.3 NON-LETHAL OR HABITAT-
: DISRUPTIVE THREATS

With respect to aquaculture facilities, regions of relatively
high spatial overlap were limited to a small number of farms
off the ECSI (Pegasus Bay and Cloudy Bay) and NCSI (Golden
Bay and Tasman Bay). When scaling for population size, the
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highest overlap (i.e., highest likelihood of encounter per
dolphin) was estimated for the NCSI subpopulation,
However, the spatial extent of this overlap was small (Table
6.7).

Spatial oil spill risk is relatively high on the north coast of
the North Island, in Cook Strait, and off northern Banks
Of these
Peninsula has a high estimated density of Hector’s dolphins,

Peninsula. locations, only northern Banks
and so this location has the greatest threat to dolphins in
terms of number of dolphins that might be affected (if oil
spill events are consistent with the estimated spatial threat
intensity). When scaling for population size, the ECSI had

the greatest overlap with oil spill risk (Table 6.7).

The spatial cumulative underwater noise from vessel traffic
(using AIS data) and selected oil and gas seismic surveys
were estimated for the region to the west of the North
Island from noise modelling by McPherson et al. (2019)
(Figure 6.12). This modelling was supplemented by a review
of the potential impacts of petroleum and mineral
exploration and production on Hector’s and Maui dolphins
by Lucke et al. (2019), which illustrated the spatial
distribution of seismic surveys around New Zealand since
1960. The most intensive historical activity was to the west
of the North Island, including survey activity prior to 2010
in regions that would overlap with regions of moderately
high Hector’s and Maui dolphins (although not since 2010).

Lucke et al. (2019) concluded that seismic surveys and
offshore pile driving pose the greatest risk for auditory
impairment, but that the risk from lower frequencies
primarily emitted by seismic testing is lower if the probable
frequency-specific sensitivity of Hector’'s dolphin is
considered (i.e., because these dolphins have a high-
frequency auditory and vocalisation range; note however
that cetaceans often respond to sounds outside the
frequency range of their own vocalisations). Behavioural
reactions (i.e., spatial avoidance) were considered the most
probable responses to the assessed noise sources and
expected sound exposure levels, but scientifically-robust
data are lacking for assessing the behavioural responses of
Hector’s and Maui dolphins to sound. Elsewhere Leunissen
& Dawson (2018) and Leunissen et al. (2019) document
behavioural responses to pile driving / construction noise in
the that

displacement can occur.

inshore  environment, showing spatial



Table 6.7: Relative overlap between threats and Hector’s/Maui dolphins by threat, subpopulation and season. Rescaled as a proportion of the maximum
value for a respective threat across all subpopulations and both seasons. ECSI = East Coast South Island, SCSI = South Coast South Island, WCNI = West
Coast North Island, TAKA = South Taranaki and Kapiti Coast, WCSI = West Coast South Island, NI = All other coasts of the North Island, NCSI = North Coast
South Island.

Subpopulation Toxoplasmosis Predation Recreational Oil spill risk Aquaculture
netting
Summer
ECSI 0.15 0.16 0.04 0.95 0.12
SCSI 0.19 0.69 0.21 0.36 0.02
WCNI 0.20 0.23 0.16 0.08 0.00
TAKA 0.24 0.20 1.00 0.30 0.00
WCSI 0.48 1.00 0.02 0.01 0.00
NI 0.14 0.01 0.41 0.77 0.20
NCSI 0.06 0.29 0.29 0.19 1.00
Winter
ECSI 0.26 0.15 0.01 1.00 0.17
SCSI 0.34 0.68 0.02 0.38 0.01
WCNI 1.00 0.20 0.02 0.10 0.00
TAKA 0.82 0.22 0.09 0.34 0.00
WCSI 0.71 0.98 0.01 0.01 0.00
NI 0.73 0.01 0.05 0.67 0.20
NCSI 0.12 0.33 0.05 0.18 0.80

Figure 6.12: Estimated cumulative high-frequency noise in summer (left) and winter (right). Spatial estimates from noise modelling by McPherson et al.
(2019).
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Figure 6.13: Annual commercial fishery (set net and inshore trawl) and toxoplasmosis risk ratios for Hector’s dolphins by subpopulation area, under the
base case (equal detection probability) scenario for non-fishery causes of death. The median and 97.5% quantile are indicated as vertical lines within
each density. Dashed lines delineate threats for which differing methods were used to estimate annual risk ratio (above the line = based on proportions
in the necropsied sample; below the line = using fisheries observer data). Reproduced from Roberts et al. (2019a).

6.5 HECTOR’S AND MAUI DOLPHIN

DEMOGRAPHIC POPULATION MODELS

In 2018-19 Fisheries New Zealand commissioned two
separate demographic population assessments for Maui
dolphins, to inform the revised TMP for Hector’s and Maui
dolphins.

6.5.1 POPULATION-BASED MODELS

A Bayesian population model described by Roberts et al.
(2019b) was developed for Maui dolphins using the SeaBird
demographic software (e.g., Roberts & Doonan 2016)
integrating information from genetic “mark-recapture”
observations and a population size time series, also from
genetic biopsy (e.g., Baker et al. 2016b). Model runs made
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alternative assumptions of historical threat-specific
mortality from direct fishery interactions (set net and trawl)
and toxoplasmosis, as estimated by the spatial risk
assessment of Roberts et al. (2019a). Models estimated a
higher median annual non-calf (1+) survival probability for
females (~0.89) than for males (~0.83), consistent with
other assessments using the same data (e.g., Cooke et al.

2019).

Because current annual commercial fishery deaths are
estimated to be low relative to other causes of death,
model projections estimated only a minor effect of
alleviating estimated trawl and set net mortalities, even
when the upper 95% credible interval estimate of annual
deaths (from the spatial risk assessment) was assumed.
Where adult survival was estimated in a single time block
(i.e., assuming constant ‘background’ mortality with only



the fisheries deaths changing), this effect was insufficient
to stabilise or reverse a declining population trend. In
contrast, model runs alleviating toxoplasmosis deaths and
commercial fishery deaths simultaneously produced
increasing or stable population trends, depending on the
detection probability of toxoplasmosis deaths relative to

predation events (Figure 6.14)

6.5.2 INDIVIDUAL-BASED MODELS

Cooke et al. (2018) fitted an individual-based model to a
time series of genetic mark-recapture data (Baker et al.
2013, 2016b) to estimate survival and other demographic
(2019)
incorporate (from the spatial risk assessment by Roberts et

rates. Cooke et al. modified this model to
al. 2019a) priors for biological parameters and for empirical
estimates of time-varying annual commercial fisheries
exploitation rates. Cooke et al. (2019) then used this model
to simulate forward population trajectories for Maui
dolphins under four sets of structural assumptions, as

follows:

a) commercial fisheries deaths estimated by the
spatial risk assessment are accurate in an absolute
sense, there are no other anthropogenic deaths.
These model runs did not fit the observed

population trend.
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commercial fisheries deaths estimated by the
spatial risk assessment are accurate as a relative
index only; there are no other anthropogenic
deaths.
population trend but required that the catchability

These model runs fit the observed
of Maui dolphins per encounter with fishing effort
is roughly 10-20x higher than was estimated
empirically for Hector’s dolphins. Such a dramatic
difference in inherent characteristics between

subpopulations is considered implausible.

Commercial fisheries deaths estimated by the
spatial risk assessment are accurate, and there are
other (unspecified) anthropogenic causes of death
that are constant over time. These runs estimate
that 2.9-4.3 excess deaths per year are required
to best fit the observed population trend.

commercial fisheries deaths estimated by the

spatial risk assessment are accurate, and

toxoplasmosis is also present, at levels estimated
in the model based on WCNI necropsy results.
These
responsible for

runs suggest that toxoplasmosis is
2.8-4.1 deaths

comparable to all excess deaths required to best

per year,

fit the observed trend under group c) above.
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Figure 6.14: Maui dolphin population projections with alternative assumptions with respect to alleviating future threat-specific annual deaths (from
Roberts et al. 2019b). Current year (2019) is highlighted by vertical line. To the left of this line: black lines are the median and 95% Cl of MCMC estimates
of non—calf population trajectory; and census estimates are indicated by black points. To the right of the vertical line: black lines are the projected
population trajectory for a model continuing recent demographic rates. Projections alleviating threat-specific mortality are shown in red: median
estimates of annual set net and trawl deaths (top left); the upper 95% estimates of annual set net and trawl deaths (top right); the median fishery deaths

and toxoplasmosis, assuming equal detection probability of non—fishery causes of death (bottom right); and the median fishery deaths toxoplasmosis,
assuming 10-fold decrease in detection probability of predation mortality (bottom left). For all trajectories, the three lines represent median and 95% Cl

of MCMC estimates. (Continued next page)
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Figure 6.14: Maui dolphin population projections with alternative assumptions with respect to alleviating future threat-specific annual deaths (from
Roberts et al. 2019b). Current year (2019) is highlighted by vertical line. To the left of this line: black lines are the median and 95% Cl of MCMC estimates
of non—calf population trajectory; and census estimates are indicated by black points. To the right of the vertical line: black lines are the projected
population trajectory for a model continuing recent demographic rates. Projections alleviating threat-specific mortality are shown in red: median
estimates of annual set net and trawl deaths (top left); the upper 95% estimates of annual set net and trawl deaths (top right); the median fishery deaths
and toxoplasmosis, assuming equal detection probability of non—fishery causes of death (bottom right); and the median fishery deaths toxoplasmosis,
assuming 10-fold decrease in detection probability of predation mortality (bottom left). For all trajectories, the three lines represent median and 95% Cl
of MCMC estimates. (Continued)

Figure 6.15: Maui dolphin population projections from Cooke et al. (2019) simulating effects of alleviating toxoplasmosis on different time frames (median
and lower fifth percentile; solid lines) and eliminating commercial fisheries risk (dashed lines). This figure illustrates a model run under assumption set
‘d’ described in section 6.5.2, under which fisheries deaths are as estimated by Roberts et al. (2019a) and toxoplasmosis risk levels are estimated

independently using North Island necropsy results.

On this basis, the model described by Cooke et al. (2019)  risk is assumed to be constant in time beginning in 2000 and
suggests that one or more non-commercial fisheries threats  continuing until such time as risk reduction efforts begin to
may collectively be responsible for 3—4 Maui dolphin deaths  take effect, in either 2025 or 2030. The black line assumes
per year. Assuming that toxoplasmosis is the sole non-  noreduction in toxoplasmosis risk; the red and orange lines
commercial-fisheries threat, population projections under  assume that toxoplasmosis risk is reduced by half each
assumption set d) estimated that action to reduce the decade, beginning eitherin 2030 or 2025, respectively. The
impact of toxoplasmosis would need to be successful within  relative effect of also eliminating fisheries risk as estimated
5-10 vyears if Maui dolphins are to avoid the risk of by Roberts et al. (2019a) is also shown.

extinction (Figure 6.15). In these simulations, toxoplasmosis
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Note that all of these sets of model runs assumed that
excess deaths from all causes except commercial fisheries
are constant over time. However recreational fishing risk
may have been substantial prior to 2008 but mostly
eliminated thereafter, raising the possibility that at least a
portion of those 3—4 excess deaths attributed here to
toxoplasmosis were actually attributable to recreational
fishing and have already been eliminated. Such a hopeful
interpretation is consistent with the results of Roberts et al.
(2019b) in which adult survival was estimated to have
improved in the period after 2008. However this result is
highly uncertain, effectively fitting to a single data point
from the genetic census of Baker et al. (2016b) suggesting
a slight population increase between 2010 and 2015 (but
with overlapping confidence intervals). Results of a repeat
genetic census in 2020-21 will help to resolve these
uncertainties.

6.5.3 CHARACTERISATION OF DOLPHIN
DEATHS RECORDED IN DOC INCIDENTS
DATABASE

Further characterisation of beach-cast dolphins in the DOC

Hector’'s and Maui dolphin incidents database was
undertaken to search for patterns potentially indicative of
the nature and magnitude of lethal impacts on the
dolphins, and of potential biases arising from use of these
data to infer cause of death (Roberts in prep). This analysis
found evidence for strong seasonality in the proportion of
recovered carcasses attributed to different causes of death.
Causes of death showing strong seasonality included
entanglement mortalities in fishing gear (primarily in
summer), disease mortality (late winter/early spring),
neonate deaths (summer), and other mortality categories

(variable across seasons; Roberts, unpublished data).

Other patterns were suggestive of seasonal threats that
differentially affected dolphins by sex. Most significantly,
among non-calf beach-cast carcasses in late winter and
early spring months (August to October), and for which the
sex was determined, 29 of 35 carcasses were female (Figure
6.16). The corresponding proportion of females (0.83) was
significantly different from 0.50 (p < 0.001, 2-sided). This is
with  the which known
toxoplasmosis mortalities occurred date
(September-November). The female bias in mortalities

coincident period in all

have to
during early spring was evident from 2000 to 2020, but not
in the preceding period (Figure 6.17), potentially suggesting
a change over time in the impact of whatever threat is
responsible for this pattern. Increased carcass recovery
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rates in winter and early spring, and increased resourcing
for necropsy programmes, may help to identify and
understand the full range of threats affecting Hector’s and
Maui dolphins.

There was only tentative, non-significant evidence for
changes in the demographic composition of fishery
entanglement mortalities with the implementation of
different fishery area restrictions around New Zealand.
Fewer females were confirmed amongst incidental
mortalities since the implementation of wide-ranging
fishing restrictions in 2008—09, although a large component
of the mortalities during this period that were in the
database were not necropsied and sexed. Further analysis
of stored tissue samples to sex and, if possible, age these

animals may reveal important information.

The study by Roberts
rudimentary proxy for

(in prep) also developed a

seasonal carcass detection
probability, based on seasonal public beachgoer count
data. This suggested that carcass detection probability is
likely to be highly seasonal, such that threats that primarily
kill dolphins outside the summer period (e.g., diseases) will
be under-represented in the beach-cast sample of dolphins
relative to those that kill dolphins in summer (e.g., bycatch
and the separation of neonates from their mothers). This
conclusion highlights the importance in particular of
improving data collection to better understand whatever
threats are responsible for the preponderance of female
deaths in late winter/early spring. If seasonal detection bias
results in these carcasses being under-represented in the
beach-cast and necropsied sample, this may produce a
risk

negative bias in the associated threat-specific

estimates.

6.5.4 PREVIOUS DEMOGRAPHIC POPULATION
MODELS

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.
(Martien et al. 1999, Burkhart & Slooten 2003, Slooten
2007, Slooten & Dawson 2010, Davies & Gilbert 2003,
Davies et al. (2008).

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

e each assumes a particular form of population

model and uses this to project dolphin numbers



forward and backward from a single population
estimate;

none of the models used the most recent aerial
survey derived estimates of abundance and
distribution in SCSI and ECSI;

none of these models used spatially explicit
estimates of overlap with fisheries to estimate

encounter rate and capture rate per encounter,
instead a single estimate of dolphin capture rate
from the ECSI was applied to historical fishing effort
estimate fishing-related dolphin

levels to

mortalities in other subpopulations.
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Figure 6.16: Sex composition of adult Hector’s or Maui dolphins found beach-cast (dead on shore) since 1984/85, by month of reporting. This plot
excludes juveniles and individuals for which the sex was not determined, and a small number of records prior to 1984/85.
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Figure 6.17: Sex composition of Hector’s or Maui dolphins found beach-cast (dead on shore) in late winter and spring (August to November) by decade.
This plot excludes a small number of records prior to 1984/85. Reproduced from Roberts (2020).

In multiple rounds of review and discussion, the AEWG
identified that both forward and rearward population
projections using many of these models were reliant on
informative priors or strong structural assumptions, and
may be sensitive to input parameters that derive from
earlier analyses that may become dated, in particular if
input parameterisation was a function of population size, or
dependent on assumptions about population productivity
(rm=*). The AEWG noted that model estimates were likely to
be more reliable for local dolphin populations near Banks
Peninsula where most of the data was collected, but the
population size or spatial scale to which model outputs
could be safely applied was not always clear. The AEWG
concluded that if the outputs of these analyses were to be
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communicated to managers, it should be with appropriate
caveats.

6.5.5 BANKS PENINSULA
MARK-RECAPTURE

DEMOGRAPHIC

Demographic models and analyses based on an ongoing
mark-recapture database of dolphins sighted near Banks
Peninsula have produced a number of potentially valuable
publications to understand population dynamics of
Hector’s dolphins (e.g., Cameron et al. 1999, Du Fresne
2005; Gormley et al. 2012). In particular the conclusions of
Gormley et al. (2012) are frequently cited to infer fisheries
mortality rates before and after the establishment of a

spatial fisheries closure, but the spatial scale over which the



apparent demographic signals are indicative of actual
population dynamics has been unclear.

In 2020 MacKenzie & Roberts (in prep) analysed mark-
recapture data given in the appendix of Du Fresne (2005),
collected around Banks Peninsula from 1985 to 2002. The
purpose of the analysis was to evaluate the sensitivity of the
findings of Gormley et al. (2012) to alternative model
structures. Gormley et al. (2012) analysed data for the
period 1986—-2006, sourced from the same database as Du
Fresne (2005), and reported evidence of increased survival
from 1990 onwards, which was interpreted as evidence for
the beneficial effects of the Banks Peninsula Marine
Mammal Sanctuary. The data used by Gormley et al. (2012)
were unavailable for the reanalysis, hence the data from Du
Frense (2004) were used for the period 1986-2002.
Although the datasets are similar they are not identical for
the overlapping time periods.

MacKenzie & Roberts (in prep) found that survival
estimates could be sensitive to the model fit to the data,
and that the structure used by Gormley et al. (2012) had
greater support on the basis of leave-one-out information
criterion (LOOIC; Gelman et al. 2014). Importantly, the
survival estimates obtained by MacKenzie & Roberts (in
prep) were substantially higher than those by Gormley et
al. (2012) pre-1990, and slightly lower than Gormley's for
post-1990, suggesting an overall decline in survival or
occupancy from 1990 onwards. This is at odds with the
results of Gormley et al. (2012), (Figure 6.18), but in keeping
with the results of Cameron et al. (1999) who also
estimated higher pre-1990 survival than Gormley et al.
(2012).

The reversal of the apparent change in adult survival
relative to the assessment by Gormley et al. (2012) was
because different subsets of the mark-recapture data were
included in these different analyses over time. It appears
that the dataset available to the analysis by MacKenzie &
Roberts (in prep) included some dolphin re-sights that had
been used by Du Fresne (2005) but were reclassified or
otherwise excluded from later mark-recapture analyses by
Gormley et al. (2012).
report that data selection for inclusion in different analyses

Researchers at Otago University

has changed over time to more robustly estimate adult
survival rates for different subsets of the population.
However the nature and consequences of these changes
have not always been well documented.
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MacKenzie & Roberts (in prep) noted that clarification is
required on the following points to resolve conflicting
estimates of how Hector's dolphin survival may have
changed with the establishment of the BPMMS. Until that
time, the authors judged, and the AEWG concurred, that
any of the pre-1990 survival estimates from various sources
should be regarded as provisional and not yet verified for
use to inform management or policy decisions.

The following clarifications were requested:

details on the spatial distribution of survey effort
and dolphin sightings, and how that has changed
over time.

details on the number of individuals that have
been reclassified or otherwise excluded, and
which sightings are affected.

sensitivity of the estimated time series of survival
estimates to temporal changes in the spatial
distribution of survey effort.

sensitivity of any results to the spatial and
temporal sub-setting of the full dataset for
analyses.

The long-term mark-recapture data collected near
Banks Peninsula are currently (June 2020) being
analysed by researchers at Otago University. When
these analyses are complete they will provide a
significantly longer time series than has been available
for any previous analysis estimating Hector’s dolphin
adult survival rates.

6.5.6 KEY AREAS OF UNCERTAINTY IN THE
SPATIAL MULTI-THREAT RISK
ASSESSMENT

6.5.6.1 SPATIAL UNCERTAINTY

The following are identified as areas where the outputs of
the spatial multi-threat risk assessment may be more
uncertain than elsewhere.

Low dolphin density areas of Maui dolphin habitat.
The spatial estimates of dolphin density are most
accurate in locations with more dolphins and become
less reliable (in a proportional sense not an absolute
sense) in locations with very low dolphin densities. For
this reason, fisheries risk estimates may be more
uncertain in the following locations:



inside west coast North Island harbours —the models
estimate that dolphins enter the harbours very
infrequently, but it’s possible that these estimates are
wrong in either direction, including the possibility that
dolphins never penetrate the interior of these
harbours;

the northern and southern extreme of the Maui
dolphin distribution —the southern extreme is verified
by sightings data; the northern extreme is unverified;
The extreme offshore distribution of the Maui dolphin
distribution — the habitat model is well-specified and
verified by actual data out to around 10 to 12 nautical
miles offshore, but at further ranges it predicts a
uniformly low “background” density that never drops
to zero even at very far distances offshore. It is likely
that the model is overestimating the density of
dolphins at distances far offshore.

The Cape Egmont to Wellington “transition” zone.
Dolphin density estimates are assigned arbitrarily to
illustrate what risk dolphins would face if they were
resident in this area. It appears instead that dolphin
sightings in this area are of transient or dispersing
dolphins; actual densities are unknown.

e North coast South Island. The estimated spatial
distribution here is more uncertain than the east and
west coast South Island subpopulation distributions,
due to very few aerial survey observations.

e South coast South Island. The estimated spatial
distribution here is more uncertain than the east and
west coast South Island subpopulation distributions,
due to the absence of a key data layer in the spatial
model (representing availability of dolphin prey).

Figure 6.18: Comparison of estimated survival probabilities (mean and 95% c.i.) obtained from the data used by MacKenzie & Roberts (in prep; S1.p1, in
red) to those reported by Gormley et al. (2012; G2012, in blue). The Banks Peninsula Marine Mammal Sanctuary was established in 1989; horizontal lines
indicate the posterior mean of the mean survival probability from each assessment for the defined pre- and post-sanctuary periods.
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6.5.6.2 POPULATION UNCERTAINTY

At the scale of whole subpopulations, the west, east, and
south coast South Island subpopulations and Maui dolphin
populations are estimated using consistent methods for
which estimates of statistical uncertainty are thought to be
accurate and unbiased. However:

North coast South Island population size. Very little is
known about how many dolphins there are in the
north coast South Island subpopulation. Uncertainty
about population size means that estimates of total
deaths are also uncertain but estimates of risk (that is,

probability of death per individual animal) are
unaffected.
Local population sizes in other locations with low

population density may be poorly estimated by aerial
surveys.

6.5.6.3 FISHERIES RISK UNCERTAINTY

Set net catchability (probability of capture per encounter)
is well estimated. Trawl catchability is estimated with less
precision but is known to be much lower than for set nets
in an absolute sense. However:

Cryptic mortalities (unobservable captures) are

uncertain for set net fisheries.

The number of animals dying per trawl event is not
well estimated. Evidence suggests that trawl captures
may arise from social interactions that sometimes
involve more than one dolphin. The model run
currently used to inform the TMP assumes that each
trawl capture event kills two dolphins on average, but
this multiplier is uncertain.

Fishery groups. All set net fisheries are treated as a
single group, and all inshore trawl fisheries are treated
as a single group, for purposes of estimating
catchability. If some fishers use different gear, or have
consistently different behaviour in ways that affect
dolphin catchability, then this contrast will not be
reflected in local risk estimates. However, unless
fisheries observer coverage is also biased, the result

will be increased uncertainty but not systematic bias.

Harbour set nets. The risk assessment model treats
WCNI harbour set nets as if they have the same
probability of catching a dolphin as do set nets in
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offshore areas. This approximation may not be valid,
so the estimate of risk in harbours is more uncertain
than reflected numerically.

Recreational fisheries risk is not estimated

guantitatively. In areas where recreational fishing is
still permitted, this could be a substantial but
unquantified cause of death. In areas where
recreational fisheries previously occurred, but were
subsequently eliminated, this could cause a major
historical change in threat level that the model is

unable to estimate.

26.5.6.4 NON-FISHERIES RISK
: UNCERTAINTY

The use of beach-cast dolphin carcasses to estimate rates
of death relies on assumptions about the rate that
carcasses are recovered for necropsy and may be biased. As
a consequence:

Toxoplasmosis death estimates are more uncertain
than represented in the numerical estimates and
could be biased either high or low due to factors
affecting carcass detection rate.

A possible sex bias in toxoplasmosis deaths (if more
females are dying) may have important implications;
if the sex bias is real, then toxoplasmosis risk is higher
than estimated by Roberts et al. (2019a).

Brucellosis is grouped under ‘other’ causes of death in
Roberts et al. (2019a) hence effectively treated as a
component of natural mortality. If brucellosis risk is related
to anthropogenic causes or affects some subpopulations in
particular, then this treatment may underestimate the
importance of this threat.

Non-lethal habitat disruptive threats cannot be quantified:

Seismic risks from underwater sound are estimated in
the risk assessment in a relative sense only, and only
for Maui dolphins. Although the level of sound the
dolphins  experience has  been  estimated
guantitatively, it is unknown how this level of sound

may affect dolphins.



6.6 MANAGING

FISHERIES RISK

FISHERIES

AND

The following section describes management tools and
measures already in place to manage fisheries and non-
fisheries risks to Maui and Hector’s dolphins (as of June
2020). These measures do not reflect new management
under a revised TMP in 2020; options for such measures are
currently being considered by Ministers.

To reduce fisheries risk to Hector’s and Maui dolphins,

restrictions on commercial and recreational set net,
driftnet and trawl fisheries have been established under
both the Marine Mammals Protection Act 1978 and
Fisheries Act 1996. The first protected area designated for
this purpose was with the establishment of a sanctuary at
Banks Peninsula in 1988. In 2007, the Hector’s and Maui
dolphin Threat Management Plan (TMP) was developed by
DOC and the former Ministry of Fisheries and included
restrictions under the Fisheries Act. Subsequently four
additional Marine Mammal Sanctuaries were established in
2008; note however that spatially these later MMS
designations were wholly contained within the boundaries
of existing fisheries closures (below) so had the effect of
managing non-fishery risks rather than further reducing

fisheries risk.

6.6.1 MARINE MAMMAL SANCTUARIES

1) The Bank’s Peninsula Marine Mammal Sanctuary was
established in 1988, the first Hector’s dolphin sanctuary.
This region on the east coast of the South Island is a dolphin
hotspot and was subject to high levels of bycatch from
recreational and commercial set nets at least from the
1970s, until at least as recently as the mid-1980s (Dawson
1991, Dawson & Slooten 1993). The sanctuary was
extended in 2008 and now covers 389 km of coastline,
extending from the southern end of the Rakaia River mouth
to the northern end of the Waipara River mouth and out to
12 nm (22.2 km) offshore.

2) The Clifford and Cloudy Bay Marine Mammal Sanctuary
was established in 2008 and covers an area of 338 km of
coastline from Cape Campbell to a point 12 nm (22.2 km)
offshore in a direct line to Tory Channel, northeast South
Island. This region is an area with relatively high numbers of
Hector’s dolphins observed over 20 km offshore (Du Fresne
& Mattlin 2009, MacKenzie & Clement 2014, Hamner et al.
2017).
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3) The Catlins Coast Marine Mammal Sanctuary was
established in 2008, covering an area with small, genetically
isolated populations of Hector’s dolphins from Porpoise Bay
and Toetoes Bay, southeast South Island (Bejder & Dawson
2001, Hamner et al. 2012, MacKenzie & Clement 2018). The
sanctuary covers 161 km of coastline extending from Three
Brother’s Point offshore 5 nm (9.3 km) to a point 6.9 nm
(12.8 km) offshore from Bushy Point Beacon.

4) The Te Waewae Bay Marine Mammal Sanctuary was
established in 2008, covering 113 km of Southland
coastline. The boundaries encompass Te Waewae Bay from
Pahia Point to Sand Hill Point into shore. This sanctuary
covers the main habitat and most of the population of the
genetically distinct SCSI population of Hector’s dolphins
(Hamner et al. 2012, Rodda & Moore 2013, MacKenzie &
Clement 2019).

5) The West Coast North Island Marine Mammal Sanctuary
was established in 2008 and is the largest, covering
2164 km of coastline from Maunganui Bluff, Northland to
Oakura, Taranaki. In 2013, there was an amendment under
the Marine Mammals Protection Act 1988 to the activities
restricted within a portion of the sanctuary due to a new
abundance estimate and bycatch event off Taranaki. This is
the most complex of the protected areas; under the
Fisheries Act 1996, commercial and recreational set net,
driftnet, and trawl restrictions are in place with variations
by location. Protection also includes an intensive fisheries
observer programme for the set net fisheries in the
southern Taranaki region, and trawl fisheries between
Maunganui Bluff and Pariokariwa Point.

6.6.2 SPATIAL CLOSURES UNDER THE
FISHERIES ACT

In 2008, an extensive package of spatial closures was
implemented under the Fisheries Act to reduce fisheries
risk to dolphins, largely superseding the existing discrete
closures under the Marine Mammal Protection Act. In the
North Island these restrictions were extended further in
2012 and 2013. Current spatial fisheries closures are
depicted in Figures 6.19-6.22 and described below.

On the WCNI, the set net restrictions on were extended to
7 nm offshore between Maunganui Bluff and Pariokariwa
Point (including the entrances to the Kaipara, Manukau,
and Raglan harbours and the entrance to the Waikato
River). Trawling was prohibited to 2 nm offshore between
Maunganui Bluff and Pariokariwa Point, and to 4 nm



offshore between Manukau Harbour and Port Waikato. In
2012, the set net restrictions on the WCNI were extended
further south, banning commercial and recreational set
netting to 2 nm offshore from Pariokariwa Point to Hawera.
New requirements were also implemented requiring an
MPI observer on any commercial set net vessel operating
within 7 nm of shore. In 2013, the set net restrictions were
extended again, banning commercial and recreational set
netting between 2 and 7 nm from Pariokariwa Point to the
Waiwhakaiho River mouth.

On the ECSI and SCSI, most set netting was prohibited
within 4 nm of the coast, and trawling within 2 nm offshore
was limited only to trawl vessels employing nets with a low
headline height (generally targeting flatfish) on the
presumption that dolphin catchability using low headline

height gear is likely to be lower?’.

On the WCSI, recreational set netting was banned within
2 nm of the coast and commercial set netting was subject
to a seasonal restriction (Figure 6.20).

6.6.3 OPTIONS FOR FISHERIES RISK
MITIGATION

To date most management of fisheries risk to Hector’s and
Maui dolphins has emphasized spatial management, to
reduce the overlap between dolphins and fishing effort
distributions. Other options for gear modifications aimed at
reducing cetacean captures in set net fisheries 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 alert dolphins to the
presence of the gear (Dawson et al. 2013b). Some ECSI set
net fishermen use pingers under a voluntary Code of
Practice (Southeast Finfish Management Company 2000).
The effectiveness of pingers has 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); however their utility is
not universal, for example because cetaceans can become
habituated to their presence (Cox et al. 2001) or because
they are not always properly deployed (Cox et al. 2007,
Dawson et al. 2013b).

17 Detailed descriptions of the restrictions can be found at:
Ministry for Primary Industries. Protecting Hector’s and Maui
dolphins. Retrieved from https://www.mpi.govt.nz/protection-
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To address fisheries risk in trawl fisheries, Fisheries New
Zealand is progressing new research
SEA2019-27)
hydrophone arrays that can detect the vocalisations of the

(under project

to investigate options for deployed
dolphins during fishing operations, to better understand
interactions between dolphins and fishing gear. Outcomes
of this work will be used to inform further investigations of
potential trawl risk mitigation systems, e.g., to alert fishers

in real time to the presence of dolphins near the gear.

and-response/sustainable-fisheries/managing-our-impact-on-
marine-life/protecting-hectors-and-maui-dolphins.



Figure 6.19: Summary of restrictions on commercial and amateur set netting on the WCNI. For a full description of the restrictions, see: Ministry for
Primary Industries. Protecting Hector's and Maui dolphins. Retrieved from https://www.mpi.govt.nz/protection-and-response/sustainable-
fisheries/managing-our-impact-on-marine-life/protecting-hectors-and-maui-dolphins.
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Figure 6.20: Summary of restrictions on commercial and amateur set netting, and commercial trawling in the Challenger area (west coast) and north-east coast of the South Island. For a full description of the restrictions,
see: Ministry for Primary Industries. Protecting Hector’'s and Maui dolphins. Retrieved from https://www.mpi.govt.nz/protection-and-response/sustainable-fisheries/managing-our-impact-on-marine-life/protecting-
hectors-and-maui-dolphins.
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Figure 6.21: Summary of restrictions on commercial and amateur set netting, and commercial trawling in the south-east of New Zealand. For a full description of the restrictions, see: Ministry for Primary Industries.
Protecting Hector’s and Maui dolphins. Retrieved from https://www.mpi.govt.nz/protection-and-response/sustainable-fisheries/managing-our-impact-on-marine-life/protecting-hectors-and-maui-dolphins.
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Figure 6.22: Summary of restrictions on trawling. For a full description of the restrictions see: Ministry for Primary Industries. Protecting Hector’s and
Maui  dolphins.  Retrieved  from  https://www.mpi.govt.nz/protection-and-response/sustainable-fisheries/managing-our-impact-on-marine-
life/protecting-hectors-and-maui-dolphins.
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6.7 INDICATORS AND TRENDS

Population size

Population trend

Threat status

Number of fisheries
deaths (includes
cryptic deaths)

Trends in interactions

Maui dolphins:
55 (95% c.i.: 48-69) in 2010-1118
63 (95% c.i.: 57-75) in 2015-1619
ECSI Hector’s dolphins:
Annual median estimate: 8968 (s.e.: 1377; 95% c.i.: 6649—-12 096)
Seasonal estimate: 9728 (CV: 17%; 95% c.i.: 7001-13 517) in summer 2012-13 and 8208 (CV 27%; 95% c.i.:
4888-13 785) in winter 2013 (out to 20 nm)2°
WCSI Hector’s dolphins:
Annual estimate: 5388 (CV = 21%; 95% c.i.: 3613—-8034) in 200001 (out to 4 nm)2!
Annual median estimate: 5642 (s.e.: 936; 95% c.i.: 4085—-7792)
Seasonal estimate : 5490 (CV: 26%; 95% c.i.: 3319-9079) in summer and 5802 (CV: 21%; 95% c.i.: 3879—
8679) in winter (out to 20 nm) 20
SCSI Hector’s dolphins:
Annual median estimate: (95% c.i. = 217-508) in 20182
Seasonal estimates: 177 (CV: 37%; 95% c.i.: 88—358) in March 2011; 299 (CV: 47%; 95% c.i.: 125-714) in
August 201120
Maui dolphins: Declining over longer time period although some evidence of possible stabilisation from
2010/11 to 2015/16.
ECSI Hector’s dolphins: Unknown. Inconsistent evidence from abundance estimates, risk analyses and
demographic estimates of population growth rates.
SCSI Hector’s dolphins: Unknown. Population size estimated but too uncertain to discern trend
WCSI Hector’s dolphins: Unknown; Population estimated but too uncertain to discern trend
NCSI Hector’s dolphins: Unknown; population size unknown

Maui dolphins:

NZ: Nationally Critical, Criterion A(1), Conservation Dependent in 201322
IUCN: Critically Endangered, Criteria A4c,d and C2a(ii) in 201323
Hector’s dolphins:

NZ: Nationally Vulnerable, Criterion D(1/1), Conservation Dependent in 201823
IUCN: Endangered, Criterion A4d in 20132

Hector’s dolphin set net: 44 (21-80)

Hector’s dolphin trawl: 14 (1-43)

Maui dolphin set net: 0.10 (0-0.25)

Maui dolphin trawl: 0.02 ( 0-0.05)

Hector’s dolphin set net: stable

Hector’s dolphin trawl: decreasing

Maui dolphin set net: decreasing Maui dolphin trawl decreasing

[see Figure 6.9]
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Common dolphin (Delphinus delphi delphi) -

Chapter 7: Technical Summary

Common dolphin 1. THE ISSUE IN BRIEF

(Delphinus delphi delphi) * The common dolphin (Delphinus delphi delphi) is a

marine mammal species with a worldwide distribution

* Common dolphins are abundant and generally not
threatened worldwide. They are locally threatened in
some areas (e.g., the Mediterranean Sea)

* Like other marine mammals, common dolphins are
protected under the Marine Mammals Protection Act
1978 and the Fisheries Act 1996

* Tourism and fisheries are considered two of the greatest
Not threatened (Baker et al. 2019) potential threats to common dolphin in NZ waters

2. POTENTIAL THREATS

Potential threats to common dolphins include stranding, diseases, natural predation, toxins, habitat loss, ship
strikes, tourism-related disturbance, fishing mortality, and negative trophic interactions with fisheries

3. INCIDENTAL CAPTURES - LOCATION

* Between 2002-03 and 2017-18, there were 214
observed incidental captures of common dolphins in
trawl fisheries, two in surface longline fisheries, and six
in set net fisheries

* The main trawl fisheries contributing to incidental
captures of common dolphins are jack mackerel, as well
as inshore and midwater (mainly hoki) trawls. The jack
mackerel midwater trawl fishery contributed the most,
and captures mostly resulted in fatal events

* The most common location for incidental captures has
been the west coast of the North Island, with a hotspot
in the Taranaki Bight

e Observations are limited due to the complexity of the

inshore trawl fishery therefore we are uncertain about
capture levels

Map of common dolphin captures in NZ trawl fisheries between 2002 and 2018. Yellow and red dots
indicate common dolphin capture events, reported by observers and experts, respectively. Blue shades
represent the trawl fishing effort
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4. RISK ASSESSMENT

0 0.1 0.5 1 2 5
Commercial fisheries risk (annual fisheries deaths / Population Sustainability Threshold)

Incr

The 2016 multi-species marine mammal risk assessment (MMRA) estimated that commercial fisheries risk to
common dolphins may be high, but is highly uncertain, reflecting biological unknowns (uncertain population
size and population structure) and low observer coverage in inshore trawl fisheries. The New Zealand threat
status for common dolphins is‘not threatened’ (Baker et al. 2019). Improved population assessment will
reduce this uncertainty and inform a more reliable assessment of commercial fisheries risk to common
dolphins.

5. INCIDENTAL CAPTURES - JACK MACKEREL TRAWL FISHERIES

The observer coverage on board of jack
mackerel trawl vessels has been
steadily increasing since 2003, reaching
nearly full coverage in recent years

Captures of common dolphin have
been decreasing since 2003-04, due to
mitigation measures in fishing
operations, and have been negligible in
the last 3 years

Fishing effort (above) and observed captures (below) of common dolphin in NZ trawl fisheries

6. ONGOING RESEARCH

* Improved estimates on population size and structure of common dolphin in NZ to inform risk assessment
at smaller spatial scales
* Improved models of common dolphin spatial distribution, based on environmental and sighting data

lo/



7 COMMON DOLPHIN (DELPHINUS DELPHIS DELPHIS)

This chapter has not been updated for AEBAR 2021.

This chapter briefly describes: the biology of short-beaked common dolphins (Delphinus
delphis delphis); the nature and extent of potential interactions with fisheries;
management of fisheries interactions; means of estimating fisheries impacts and
population level risk; and remaining sources of uncertainty, to guide future work.

The New Zealand EEZ and Territorial Sea.

Areas where significant fisheries interactions are known to have occurred include waters
off the west coast of the North Island (including Taranaki Bight) and to a lesser extent
Cook Strait.

Improved means of estimating incidental captures and risk in poorly observed inshore
fisheries; improved understanding of population size and structure; improved
understanding of common dolphin spatio-temporal distributions affecting interaction
rates with fishing effort.

Improved ability to assess risk and apply risk management solutions on a regional
subpopulation basis, or at finer spatial and temporal scales

PRO2013-01 Estimation of Seabird and Marine Mammal Captures; PR02014-01
Improving information on the distribution of seabirds and marine mammals; PRO2017-
08A Research into the demographic parameters for at-risk marine mammals as identified
by the risk assessment (common dolphins).

DOC Marine Conservation Services Programme (CSP): INT2015-01 To understand the
nature and extent of protected species interactions with New Zealand commercial fishing
activities; INT2015-03 To determine which marine mammal, turtle and protected fish
species are captured in fisheries and their mode of capture.

Massey University: Skull morphometrics, growth and reproductive biology, diet and
nutritional ecology, fine-scale distribution and abundance, and mother-offspring
dynamics of common dolphins in New Zealand.

Auckland University: Impacts of tourism on dolphin behaviour examining and the
effectiveness of permit changes to the dolphins’ responses to swimmers and boats.
Chapter 3: Spatially Explicit Fisheries Risk Assessment (SEFRA); See also the JMA chapter,
page 557, of the Fisheries Assessment Plenary Volume 2 (MPI 2017)

7.1 CONTEXT

Short-beaked common dolphins (Delphinus delphis delphis)

Status of chapter
Scope of chapter

Area
Focal localities

Other than the Key issues

Emerging issues

MPI research (current)

NZ government research

(current)

Other research

Related chapters/issues

related mortality. Currently, a PMP does not exist for
common dolphins.

MPI manages fishing-related mortalities of common

were first described by Linnaeus in 1758 and have a
worldwide distribution. In New Zealand waters, this species
is protected under the Marine Mammal Protection Act
(MMPA) of 1978 and the Fisheries Act (FA) of 1996. All
marine mammals are protected under the s.2 (1) of the FA.
The ministers for the Department of Conservation (DOC)
and the Ministry for Primary Industries (MPI) can jointly
approve a population management plan (PMP) for one or
more species under s.14F of the Wildlife Act or s.3E of the
MMPA. This PMP can include a maximum allowable level of
fishing-related mortality of the species in New Zealand
waters and recommendations to the Minister of Fisheries
on 1) measures to mitigate fishing-related mortality and 2)
the standard of information to be collected on fishing-
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dolphins under s.15 (2) of the FA ‘to avoid, remedy, or
mitigate the effect of fishing-related mortality of any
protected species and such measures may include setting a
limit on fishing-related mortality.” The 2005 Conservation
General Policy administered by DOC specifies that
‘protected marine species should be managed for their long-
term viability and recovery throughout their natural range’.
The management of fisheries interactions with common
dolphins aligns with the 2030 objective 6 to ‘manage
impacts of fishing and aquaculture’ and Strategic Action 6.2
to ‘set and monitor environmental standards, including for
threatened and protected species and seabed impacts’.

Under the National Deepwater Plan, Objective 2.5 is most
relevant to the management of common dolphins in New



Zealand waters: ‘manage deepwater and middle-depth
fisheries to avoid or minimise adverse effects on the long-
term viability of endangered, threatened, and protected
species’ (Ministry for Primary Industries 2012). The National
Deepwater Plan contains information for fisheries to assess
and manage marine mammal interactions with the
deepwater fishing activity including a Marine Mammal
Operating Procedure (MMOP), which outlines specific
mitigation practices and proper handling of incidental
marine mammal captures (Ministry for Primary Industries
2012).

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’ (Ministry of
Fisheries 2010). The goals under this objective are as

follows:

1. Avoid, remedy, or mitigate the adverse effects of
fishing on associated and dependent species,
including through maintaining food chain
relationships.

2. Minimise unwanted bycatch and maximise
survival of incidental catches of protected species
in HMS fisheries using a risk management
approach.

3. Increase the level and quality of information

available on the capture of protected species.

The Draft National Fisheries Plan for Inshore Finfish states
that the objectives of all groups is to minimise the adverse
impact of fishing actives on the aquatic environment,
including on biological diversity’ (Ministry of Fisheries
2011).

7.2 BIOLOGY

7.2.1 TAXONOMY

Within the Delphindae family, common dolphin are a
member of the subfamily Delphininae (Perrin 1989). Based
on genetic and morphological differences, there are two
currently recognised species of common dolphins, the
short-beaked (Delphinus delphis) and the long-beaked (D.
capensis) (Rosel et al. 1994, Heyning & Perrin 1994). There
are two subspecies of the short-beaked common dolphin
(D. d. Delphis and D. d. ponticus), which is found only in the
black sea) and two subspecies of long-beaked common
dolphin (D. c. capensis and a nominal subspecies recognized
as D. c. tropicalis; Jefferson & Waerebeek 2002). Genetic
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and morphometric differences between common dolphin
populations in the South Pacific and those from other parts
of the world have cast uncertainty as to the taxonomic
identity of the New Zealand population of common
dolphins (Bell et al. 2002, Stockin 2008, Stockin & Visser
2005). Skull morphometry values from Australia and New
Zealand common dolphins fall between those reported for
short- and long-beaked common dolphins. However, initial
evidence suggests that the species in New Zealand waters
is a larger form of the short-beaked common dolphin found
elsewhere (Jordan et al. 2015, Jordan 2012, Bell et al. 2002).
For the remainder of this chapter, ‘common dolphin” will
refer to the short-beaked species — D. d. delphis.

7.2.2 DISTRIBUTION

Common dolphins are found worldwide in tropical,
subtropical, and temperate waters of the Pacific and
Atlantic oceans (Hammond et al. 2008, Evans 1994) (Figure
7.1). This species also occurs in confined seas such as the
Sea of Okhotsk and Sea of Japan as well as in small
subpopulations in places such as the Mediterranean and
Black Seas (Hammond et al. 2008). New Zealand waters
represent the southern-most limit of common dolphins.
Common dolphins are found around both the North and
South Island (Brager & Schnieder 1998, Gaskin 1968,
Berkenbusch et al. 2013, Constantine & Baker 1997)
(Figures 1.2 and 1.3). However, Gaskin (1968) suggests that
the distribution of common dolphins in New Zealand waters
is constrained to warmer waters (greater than ca. 14°C) and
is limited by the subtropical East Cape Current in the north
and the subtropical convergence in the south.

Common dolphins are frequently observed along the
northern and eastern coast of the North Island in the Bay of
Islands, Hauraki Gulf, Mercury Bay, and in small groups,
outside Wellington Harbour (Gaskin 1968, Constantine &
Baker 1997, Neumann & Orams 2005, O’Callaghan & Baker
2002). Similar to other populations, common dolphins in
New Zealand waters exhibit inshore and offshore daily and
seasonal movements (Meynier et al. 2008, Neumann
2001c, Stockin 2008). The seasonal distribution of common
dolphins is largely determined by the behaviour of their
prey. Common dolphins are known to forage on small
schooling fish that are strongly linked to sea surface
temperature (SST). As a result, both common dolphins and
their prey are found close to shore in the spring and
summer when SST is high and further offshore in the
autumn when SST drops (Neumann 2001, Stockin 2008,
Neumann 2001). This species is also known to adjust their



seasonal movements to take advantage of warmer water
during a La Nifia event (Neumann 2001).

Common dolphins are encountered in single and large
multi-species groups with both seabirds and other marine
mammals (hundreds to thousands) and found in waters
both nearshore and thousands of kilometres offshore, in
pelagic waters (Evans 1994). In New Zealand waters, they
are known to form large aggregations with approximately
10 seabird and seven cetacean species. Of the seabird

species, common dolphins are most often associated with
the Australasian gannet (Morus serrator). Associations with
other cetaceans include: bottlenose dolphins (Tursiops
(Stenella
Hector’s dolphin (Cephalorhynchus hectori hectori), Dusky
Minke
(Balaenoptera acutorostrata), Sei whale (Balaenoptera

truncatus), striped dolphins coeruleoaba),

dolphin  (Lagenorhynchus  obscurus), whale

borealis), and Bryde’s whales
(Stockin 2009).

(Balaenoptera brydei)

Figure 7.1: Worldwide distribution of short-beaked common dolphins (Delphinus delphis delphis) provided by the International Union for the Conservation
of Nature (IUCN) (Hammond et al. 2008). Magenta hatched areas indicate range.
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Figure 7.2: Distribution of short-beaked common dolphins (Delphinus delphis delphis) in New Zealand waters (from www.nabis.govt.nz).

7.2.3 FORAGING ECOLOGY

The diet of common dolphins has primarily been assessed
from the stomach contents of stranded and incidentally
captured animals. Studies on common dolphins worldwide
have documented the primary prey items as small
schooling epipelagic and mesopelagic fish such as mackerel,
sardines, and anchovies, as well as squid (Hammond et al.
2008, Young & Cockcroft 1994, Silva 1999, Bearzi et al.
2003, Pusineri et al. 2007, Overholtz 1991, Morizur et al.
1999). While there is abundant information on the diet of
common dolphins for many populations, there is relatively
little information for common dolphins in New Zealand
waters.

Although research has specifically identified the Hauraki
Gulf as an area extensively used for feeding, common
dolphins forage in waters all around New Zealand (Stockin
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et al. 2009a). In one study, common dolphins off the east
coast of the North Island were observed foraging on schools
of jack mackerel (Trachurus novaezelandiae), schools of
juvenile kahawai (Arripis trutta), yellow-eyed mullet
(Aldrichetta forsteri), flying fish (Cypselurus lineatus), and,
on one occasion, a school of parore (Girella tricuspidata),
and garfish (Hyporamphus ihi) (Neumann & Orams 2003).
The prevalent prey species from the stomach contents of
animals stranded around the New Zealand coastline (n=27)
and animals incidentally captured in the jack mackerel
fishery off the west coast of the North Island (n=10)
included arrow squid (Nototodarus sp.), anchovy (Engraulis
australis), jack mackerel (Trachurus spp.) (Meynier et al.
2008). In another study, pilchard (Sardinops neopilchardus),
and garfish (Hyporhamphus ihi) were the predominant prey
items found in the stomachs of nine New Zealand common
dolphin carcasses (n=9)
(Stockin et al. 2009b).

classified as ‘entanglement’


http://www.nabis.govt.nz/

Figure 7.3: Systematic and opportunistic sightings of short-beaked common dolphins (Delphinus delphis delphis) in New Zealand waters between 1970
and 2013. Data sources include Department of Conservation (DOC), Cawthorn (2009), opportunistic at-sea sightings (NIWA), and the Centralised Observer
Database (COD). (Sightings are indicative of the distribution only). Figure from Berkenbusch et al. (2013).
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The similarity in prey items found in the stomachs of
coastal and offshore animals provides further support
that common dolphins in New Zealand make daily
excursions  between  nearshore and  offshore
environments (Meynier et al. 2008). In addition, many of
the prey species (e.g., squid) found in the stomachs of
common dolphins are found in the deep scattering layer,
which migrates towards the surface at night (Hammond
et al. 2008, Neumann & QOrams 2003). Neumann &
Orams (2003) cite personal communication with S.
Morrison in which common dolphin were sighted by
crew members of squid boats during nocturnal fishing in
Mercury Bay suggesting that time of day may provide
important foraging opportunities for this species. The
ability of common dolphins to feed on small schooling
fish in shallow coastal waters during the day and on prey
in the deep scattering layer in pelagic waters at night
(Neumann 2001).

Acoustic research in New Zealand waters showed that

may indicate foraging plasticity
during the day the mesopelagic layer occupied waters
deeper than 200 m, then rapidly ascended to close to the
surface after sunset; throughout the night, this layer
dispersed downwards but remained in depths of less
than 200 m until dawn when the it descended to day
depths (McClatchie & Dunford 2003, O’Driscoll et al.
2009). O’Driscoll et al. (2013) found that schools of jack
mackerel ascended and dispersed at night and were seen
in depths of 10—-30 m before dawn.

To exploit a large range of prey species, common
dolphins exhibit a variety of foraging strategies. In New
Zealand waters, both individual and coordinated feeding
strategies have been documented (Neumann & Orams
2003). Individual foraging strategies include four types of
behaviour: high-speed pursuit (traveling at high velocity
in a zig-zag erratic fashion), fish-whacking (fish whacked
with  tail-fluke) tail-fluke
movement in shallow water) (Neumann & Orams 2003,

and kerplunking (rapid
Constantine & Baker 1997). Furthermore, coordinated
foraging strategies include: wall formation (driving fish
into shallower water), carouseling (herding fish against
the water surface), and bubble-blowing (startling herded
fish).

Common dolphins are often observed foraging in
association with other species (Neumann & Orams
2003). Rather than initiating feeding as a multi-species
group, research indicates that birds and cetaceans may
alert one another to prey by their presence and
behaviour (Neumann & Orams 2003).
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7.2.4 REPRODUCTIVE BIOLOGY

their little
information exists on the reproductive biology of

Despite global distribution, relatively
common dolphins. Most of the existing information
comes from studies on common dolphin populations in
the North Pacific, Eastern Tropical Pacific, or North
Atlantic and may or may not be applicable to the
population of animals in New Zealand waters. Male and
female age of sexual maturity for common dolphins in
the North Pacificis 10.5 years for males and 8.0 years for
females with lengths ranging 179-182 cm and 170.7-
172.8 cm, respectively (Ferrero & Walker 1995). In the
North Atlantic population, males reach sexual maturity
at 9.5 years and 213 cm and females at 8.3 years and 200
cm (Westgate & Read 2007). A later age of sexual
maturity for males may be the result of delayed breeding
until the testes are large enough to compete with other

males (Westgate & Read 2007).

Testes weight of sexually mature males ranges from
273.2t0 1190 g (Ferrero & Walker 1995). Male common
dolphins in the North Atlantic exhibit seasonal changes
in testes size with largest testes occurring in mid-July and
smallest in October (Westgate & Read 2007). The peakin
testes size corresponds with the timing of ovulation,
conception and parturition and changes five-fold
between maximum expansion and retraction. In mature
males, testes comprised 2.2—3% of their total body mass
(Westgate & Read 2007). Results from Westgate & Read
(2007) suggest common dolphins in the North Atlantic
engage in sperm competition as evidences by the
seasonal change in testes size. The slight sexual
dimorphism between sexes, in addition to seasonal
changes in testes size, indicate that males compete for
access to oestrous females and that females likely mate
with many males (Westgate & Read 2007). Given that
many common dolphins in temperate environments
exhibit reproductive seasonality, it is likely that the New
Zealand population of animals also exhibits a peak in
reproduction that may correspond to seasonally
abundant prey or optimal water temperatures.

Although gestation time for common dolphins in New
Zealand waters is unknown, the length of gestation for
this species is about 11 months for the North Pacific
11-12 months for the North Atlantic
population, and 11 months for the Black Sea population
(Westgate & Read 2007, Ferrero & Walker 1995, Gaskin
1972). Like all odontecetes, common dolphins give birth

population,



to a single calf, though one occurrence of a twin birth
was reported off the coast of Spain (Gonzalez et al.
1999). At parturition, Westgate & Read (2007) estimated
the length of neonate common dolphins in the North
Atlantic at 93.2 cm. Neonates nurse for approximately six
months and begin foraging at three to six months of age
(Brophy et al. 2009). Common dolphins in the North
Atlantic were found to have a minimum inter-birth
interval of two years (Westgate & Read 2007).

In New Zealand waters, calves are seen year-round in the
Hauraki Gulf, however, peak numbers are recorded in
late spring and early summer months of December and
January (Stockin et al. 2008). Common dolphins are
considered a social species, showing non-random
associations with other individuals. Sexual segregation in
which animals divide into ‘bachelor’ (adult males), and
‘nursery’ (adult females and calves) groups has been
observed in common dolphins in New Zealand waters
(Neumann 2001, Neumann et al. 2002, Viricel et al.
2008). Mixed-sex groups also occur though they are
usually associated with mating activities. The lack of
stability in group composition is known as a ‘fission-
fusion” society in which group composition changes

almost daily (Connor et al. 2000, Neumann 2001).

7.2.5 POPULATION BIOLOGY

The abundance of common dolphins is estimated at 4
000 000 worldwide with population estimates existing
for many regions: 370 000 in the western US; 3 000 000
in the Eastern Tropical Pacific; 30 000 off the eastern US;
96 000 in the Black Sea; 60 000 on the eastern Atlantic
continental shelf; 14 700 in the Alboran Sea; 75 000 in
the Celtic Sea Shelf; and 19 400 in the western
Mediterranean Sea (Jefferson et al. 2011, Hammond et
al. 2008).

Although there is currently no abundance estimate for
common dolphins in New Zealand waters, they are
considered the most abundant and widespread cetacean
recorded in the Hauraki Gulf, an important foraging and
nursery area, in the summer (O’Callaghan & Baker 2002).
Unlike common dolphins in other areas of New Zealand
waters, in the Hauraki Gulf, this species exhibits high site
fidelity (Stockin et al. 2008, 2014).

The maximum age of short-beaked common dolphins in
western North Atlantic teeth was estimated at over 30
years using teeth samples from 204 bycaught and
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stranded animals (Westgate & Read 2007). Similarly,
growth layers of teeth collected from 206 common
dolphins in New Zealand waters that were stranded or
bycaught in the midwater trawl fishery for jack mackerel
(T. novaezelandiae) estimated maximum age at over 20
years and 29 years for males and females, respectively
(Stockin et al. 2011, Murphy et al. 2014). Seven common
dolphins incidentally caught by New Zealand fisheries
and returned for autopsy were aged between 4 and 11
years (based on dentinel growth layers) (Duignan et al.
2003, 2004, Duignan & Jones 2005).

Microsatellite analyses of nearshore and offshore New
Zealand common dolphins suggest that these animals
have recently diverged (Stockin et al. 2014). In addition,
the presence of high genetic variation at the southern
limit of their distribution suggests that the overall
population in New Zealand waters may be expanding and
that there are fine-scale population level differences
(Stockin et al. 2014).

Common dolphin populations are subject to many
natural and anthropogenic threats that include but are
not limited to: stranding, disease, predation, toxins,
habitat loss, vessel-strike, recreational and commercial
fishing and tourism-based activities. The cumulative
impact of these threats on common dolphin populations
has not been assessed. Drivers of common dolphin
mortality include seasonal environmental variation,
commercial fisheries interactions, habitat degradation,
and disease

high-intensity acoustic disturbance,

(Murphy et al. 2013).

The Mediterranean Sea population of common dolphins
was greatly reduced due to five main factors: 1) habitat
loss, 2) prey depletion, 3) incidental captures by
and 4) immuno-suppression
chemical contamination, and 5) environmental
fluctuations (Bearzi et al. 2003). In addition, at least 840
000 animals were removed from the Black Sea by
hunters between 1946 and 1983, after which the
population further

fisheries, caused by

declined due to disease and
overfishing of prey species (Hammond et al. 2008).

In the absence of a population estimate for common
dolphins in New Zealand waters, the impact of natural
and human-induced effects cannot be accurately
determined. Two of the main known threats to common
dolphins in New Zealand waters are incidental capture by
fisheries and tourism-related impacts (Thompson et al.



2013, Neumann & Orams 2005, Meissner et al. 2015,
Constantine & Baker 1997, Stockin 2009). Fisheries-
related threats are discussed in detail in the Sections 7.3
and 7.4.

7.2.6 CONSERVATION BIOLOGY
THREAT CLASSIFICATION

AND

Common dolphins are currently listed as a species of
least concern under the International Union for the
Conservation of Nature (IUCN) Red List of Threatened
species with the exception of the Mediterranean
subpopulation, which is listed as

(Hammond et al. 2008).

‘endangered’

In 2010, the conservation status of New Zealand marine
mammals was reassessed using the 2008 version of the
New Zealand Threat Classification system (Baker 2010).
Based on several levels of criteria, common dolphins
were classified as ‘not threatened’” with the qualifiers
that the information was considered ‘data poor’, that the
species ‘secure overseas’, and that

was some

subpopulations were ‘threatened overseas’.

7.3 GLOBAL UNDERSTANDING OF

FISHERIES INTERACTIONS

Interactions between cetaceans and fisheries occur
worldwide. Cetaceans have been incidentally captured
by numerous types of fishing gear including trawl nets,
purse seine nets, and static nets such as driftnets or
gillnets (Reeves et al. 2005). Hall et al. (2000) state that
cetaceans are at greater risk of capture by midwater
trawls, which are towed faster than bottom trawls and
usually target fish and squid. As a result, cetaceans may
be captured when foraging in areas where fisheries using
such gear also operate.

Due to their high global abundance, interactions
between common dolphins and fisheries are not
unusual. The highest rates of interactions are associated
with fisheries that use trawl, purse seine, and drift nets.
Outside New Zealand, perhaps the most well-known
interaction occurs in the Eastern Tropical Pacific where
common dolphins are found in association with yellowfin
tuna (Thunnus albacares). In the 1960s, about 350 000
common dolphins were estimated to have been taken by
this purse seine fishery (Joseph 1994). However, due to

mitigation measures introduced in the 1970s, the rate of
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dolphin captures has been greatly reduced and is no
longer a conservation concern (Reeves 2003).

In addition to the Eastern Tropical Pacific, interactions
between common dolphins and fisheries are known to
occur in the north and south Atlantic and Pacific oceans.
Common dolphins were the most commonly caught
cetacean in the US shark and swordfish gillnet fishery
with an estimated mortality of 861 dolphins between
1996 and 2002 (Carretta et al. 2005). In the UK and the
French pelagic trawl fishery for bass, ca. 800 common
dolphins were taken annually (Hammond et al. 2008). In
addition, the pelagic pair-trawl fishery off southwest
England captured approximately 200 common dolphins
per annum, with most animals being captured at night
(de Boer et al. 2012). Male dolphins were at a greater risk
of capture in pair-trawls offshore whereas females and
calves were more vulnerable to gillnets close to shore (de
Boer et al. 2012). Other areas where interactions
between common dolphins and fisheries are known to
occur include:

e The North Sea, predominantly in gilinets (Reijnders
& Lankester 1990).

e  Off the coast of Africa, predominantly in gillnet and
purse seine fisheries (Maigret 1994, Jefferson et al.
1997).

e  Off the south coast of Australia, mostly in gillnets
or anti-shark netting (Kemper et al. 2005).

e Off the coast of Portugal, where 59% of 124
bycaught common dolphins were bycaught in
primarily gill and seine nets between 1975 and
1998 and where fisheries
responsible for up to 44% of strandings (Silva &
Sequeira 2003).

e The Mediterranean Sea, where dolphins have a
moderate (6—-30% of sightings) or strong (35-50%
of sightings) association with foreign purse seine

interactions were

tuna fishing, dolphin fish fishing activities, and
illegal drift nets for swordfish offshore (Vella 2005,
Tudela et al. 2005, Bearzi et al. 2008).

e The Black Sea, in pelagic trawl nets (Hammond et
al. 2008, Reeves & Notarbartolo di Sciara 2006).

The Mediterranean Sea subpopulation of common
dolphins has been declining since the 1960s and has
been subjected to the effects of illegal drift-netting and
other anthropogenic impacts (Reeves 2003, Forcada &
Hammond 1998, Piroddi et al. 2011). It is believed that
overfishing in the Mediterranean Sea has outcompeted



common dolphins for prey (Bearzi et al. 2003). Bearzi et
al. (2008) found that 10 active purse seine vessels were
responsible for removing 33% of the biomass and
suggested that they had the largest impact on dolphin
prey species.

To reduce mortality from incidental captures, many

countries  have put implemented monitoring
programmes to mitigate direct fisheries impacts to
common dolphins. For example, after the creation of the
US Marine Mammal Protection Act in 1972, observer
coverage in the purse seine fishery was increased to
100% to ensure compliance. The European Union has
also introduced legislation to establish observer
programmes for most fisheries (Hammond et al. 2008).
Other measures to reduce unwanted bycatch include:
modification of fishing gear and methods (acoustic
deterrents), input and output controls (limiting fishing
effort or capacity), compensatory mitigation (investing in
conservation projects), establishment of Marine
Protected Areas (MPAs), fleet communication (reporting
real-time observation of unpredictable bycatch
hotspots), industry self-policing (peer pressure from
within the industry), handling and release practices
(backing down and hand rescue procedures to release
dolphins), and changing gear (using alternative fishing
methods that results in lower bycatch) (Gilman & Lundin
2009).
7.4 STATE OF

KNOWLEDGE IN NEW

ZEALAND

Common dolphins and fisheries in New Zealand waters
often target the same fish species in the same areas.
Early reports to the International Whaling Commission
suggested that during June 1979 and April 1992,
common dolphins were captured in trawl nets, crayfish
pots, and purse seine nets (see Berkenbusch et al. 2013).
Scientific observer data show that the primary fishery in
New Zealand waters that is responsible for common
dolphin mortality has been the midwater trawl fishery
for jack mackerel species. Evidence from the early 1990s,
after the establishment of the government observer
programme, indicated that single and multiple captures
of common dolphins occurred in the trawl nets of
foreign-chartered trawlers targeting jack mackerel
species off the west coast of New Zealand, in Quota
Management Areas 7, 8 and 9 (61 animals between
1989-90 and 1992-93; see Baird 1994). This fishery
operated offshore in the north and south Taranaki Bight
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waters, mainly in the summer months of November to
April. During these years, observers reported a change in
this fleet from the use of bottom trawls with headline
heights of 5.2-9.8 m to midwater trawls with headline
heights of 20-45 m (MPI unpublished observer data).
The midwater trawls could be towed near the bottom
during the day and in the water column at night and thus
follow the movement of the jack mackerel schools.
Alternatively, both gear types were used, alternating
according to time of day.

Midwater nets were towed for 4—6 hrs and nets hauled
between 2330 and 0615 h were responsible for almost
all the dolphin captures, particularly in south Taranaki
Bightin 70-130 m depths (Baird 1994). These mortalities
resulted in the development of voluntary Codes of
Practice (COPs) by the company operating the vessels,
which aims to outline best practices to remedy, mitigate,
or avoid incidental captures (Rowe 2007) (see Baird
1994, Appendix 9). The COPs addressed several aspects
of the fishing operation thought to increase the
likelihood of capture, mainly: the practice of undertaking
a U-turn with the trawl doors up but the net in the water
near the surface; the timing of setting; and the vessel
lighting during night fishing activities. In addition, the
codes may include recommendation for gear
modifications and voluntary area closures (Rowe 2007).
The government response led to increased observer
coverage and provision for the necropsy of captured
animals. MPI observer data shows that 10 common
dolphins have been autopsied since 1994 (see also
Duignan et al. 2003, 2004, Duignan & Jones 2005).
However, capture incidents continued to occur until this
fleet of vessels ceased fishing in New Zealand waters in

the mid—late 1990s (Baird 1996).

Subsequently, midwater trawling for jack mackerels has

remained the main method and target fishery
responsible for common dolphin captures (based on
observer data) (see Abraham & Thompson 2011).
However, since the late 1990s, the observed common
dolphin captures have been almost entirely from a
different fleet of

operating mainly off the west coast of the North Island

large foreign-charted trawlers

during summer months (Thompson et al. 2013a).

These vessels use midwater nets with headline heights
of 30-60 m in depths of less than 200 m. The largest
capture event in this fishery caught nine dolphins in one
tow (Thompson et al. 2013a). Observer coverage



between 1995-96 and 2010-11 was at least 20% for
most fishing years but fluctuated considerably between
7 and 70% (Thompson et al. 2013a). The vessels are
required to follow Operational Procedures for mitigating
incidental captures of marine mammals as agreed by
guota owners (see Section 7.4.2 for a fuller explanation).

Headline depth of trawl nets (distance from the headline
to the surface) was found to be an important factor in
explaining common dolphin captures in this fishery
(Thompson et al. 2013). The majority of dolphin captures
occurred when headline depth was between 10 and 40
m; however, 50% of observed capture events and 54% of
common dolphins captured in large vessel mackerel
fishery occurred on the 10% of the observed trawls that
had a headline depth shallower than 30 m (Figure 7.4)
(Thompson et al. 2010). Thompson et al. (2013, 2010)
estimated that an increase of 21 m in headline depth
may reduce the number of common dolphin captures by
half. Longer tows caught more dolphins, as did tows in
darkness, and tows conducted in the waters off the north
Taranaki Bight. Of all shallow trawl tows (headline depths
shallower than 40 m), 69% occurred at night when the
fish migrate to the surface (Thompson et al. 2013).
Common dolphins are known to follow diel migrating
prey, which likely explains higher captures rates in
shallow waters at night. Table 7.1 shows common
dolphin captures in the jack mackerel fishery from 1989—
90 to 1994-95. Most common dolphin captures
occurred when conducting midwater trawls at night. The
number of captures between 1995-96 and 2001-02
fishing years ranged between zero and 31 animals

(Thompson et al. 2013). Captures have also been
reported occasionally from observed trawl fisheries that
targeted other middle depth species such as barracouta,
hoki and arrow squid, as well as trawl nets targeting
inshore species such as trevally and tarakihi (MPI
unpublished data). The distributions of the fishing effort
and observed captures for 2002-03 to 2015-16 are
shown for all trawl fisheries (Figure 7.5) and for jack
mackerel fisheries (Figure 7.6). During this time period
there were 150 observed captures of common dolphins
in trawl fisheries, 134 of which occurred in the jack
mackerel fishery (see Section 7.4.1, Tables 7.2 and Table
7.3).

There were no observed common dolphin captures by
the following New Zealand fisheries between 2002-03
and 2015-16: trawl (all except jack mackerel, hoki,
middle depth and inshore); surface longline (southern
bluefin, albacore and swordfish); bottom longline (ling,
snapper); set net (flatfish and mullet); and purse seine
(mackerel and skipjack tuna). There was a single
common dolphin observed caught in the bigeye surface-
longline fishery, in 2014-15. It should be noted that the
proportion of the commercial effort covered by
observers is highest in deepwater trawl fisheries, with
relatively small amounts of effort observed for inshore
trawl fisheries and fisheries using other types of fishing
gear (see Abraham & Thompson 2011). Between 1995—
96 and 2011-12 fishing years, observer effort in the
middle-depth, inshore, and flatfish trawl fisheries was
3.4%, 0.5% and 0.3%, respectively (Berkenbusch et al.
2013).

Figure 7.4: Headline depth versus the haul time for observed trawls in the large-vessel jack mackerel fishery. The catch weight is indicated by the size of
the circles. Tows where an observed common dolphin capture event occurred are filled (from Thompson et al. 2010).
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Table 7.1: Total and observed numbers of tows, observed number of dolphin mortalities and the number of events (tows) that incidentally caught
dolphins in the jack mackerel fishery around the North (NT) and South (ST) Taranaki Bights by gear type (MW: midwater and BT: Bottom Tow), and time
of day (D: Day and N: Night) for fishing years 1989-90 to 1994-95. Red bold numbers indicate that the species was confirmed as common dolphin
(Delphinus delphis delphis). Table reproduced from Baird (1994, 1996). [Continued on next page]

Fishing year Region Gear Time of day Effort Observed captures
Fishing tows % observed Mortality Events

1989-90 NT BT D 1191 48 0 0
NT MW D 41 0 0

NT BT N 173 0 0

NT MW N 28 0 0

ST BT D 1418 139 0 0

ST MW D 15 6 0 0

ST BT N 186 6 0 0

ST MW N 105 90 23 10

1990-91 NT BT D 603 2 0 0
NT MW D 53 0 0 0

NT MT N 72 0 0 0

NT MW N 63 0 0 0

ST BT D 676 47 0 0

ST MW D 147 110 0 0

ST BT N 84 12 0 0

ST MW N 146 73 0 0

1991-92 NT BT D 1523 101 0 0
NT MW D 361 4 0 0

NT BT N 279 36 2 2

NT MW N 500 3 5 3

ST BT D 618 74 1 1

ST MW D 151 3 0 0

ST BT N 95 7 5 1

ST MW N 146 15 16 5

1992-93 NT BT D 1759 135 0 0
NT MW D 21 3 0 0

NT BT N 438 22 0 0

NT MW N 156 16 0 0

ST BT D 588 112 0 0

ST MW D 51 0 0 0

1992-93 ST BT N 48 6 0 0
ST MW N 305 28 9 3

1993-94 NT BT D 1494 78 0 0
NT BT D 219 19 0 0

NT MT N 309 13 0 0

NT MW N 300 28 0 0

ST BT D 645 155 0 0

ST MW D 120 20 0 0

ST BT N 35 14 0 0

ST MW N 279 71 8 5

1994-95 NT BT D 391 17 0 0
NT MW D 399 80 0 0

NT BT N 93 9 0 0

NT MW N 258 74 0 0

ST BT D 198 41 0 0

ST MW D 228 73 6 3

ST BT N 27 13 0 0

ST MW N 147 74 15 3
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Table 7.2: Fishing and observed effort (number of tows), the number and rate of observed captures, and estimated mean from statistical models of
common dolphin (Delphinus delphis delphis) captures by all trawl fisheries by fishing year in the New Zealand EEZ (see MPI data analysis at
https://protectedspeciescaptures.nz/PSCv6/, data version v11). For each fishing year, the table gives the total number of fishing tows, the percentage of
tows that were observed; the number of observed captures (both dead and alive); the capture rate (captures per hundred tows); and the mean number
of estimated total captures (with 95% confidence interval). For more information on the methods used to prepare the data, see Thompson et al. 2010
and 2013).

Fishing year Effort Observed captures Estimated captures

Fishing tows % observed Number Rate Mean 95% cC.i.
2002-03 130119 53 21 0.31 271 146-440
2003-04 120819 5.4 17 0.26 239 129-396
2004-05 120430 6.4 22 0.29 221 123-367
2005-06 109 944 6.0 4 0.06 125 52-242
2006-07 103314 7.7 11 0.14 178 87-315
2007-08 89531 10.1 20 0.22 143 71-250
2008-09 87549 11.2 20 0.20 135 64-248
2009-10 92 893 9.7 4 0.04 137 55-266
2010-11 86078 8.7 9 0.12 155 75-274
2011-12 84418 111 5 0.05 108 41-210
2012-13 83837 14.8 17 0.14 116 52-218
2013-14 85110 15.6 30 0.23 118 61-208
2014-15 78 765 17.2 21 0.15 104 50-190
2015-16 78 029 16.6 7 0.05 3 2-7
2016-17 78 173 17.6 1 0.01 1 0-5
2017-18 74 243 20.1 1 0.01 0 0-4
2018-19 70924 19.6 0 0.00 - -
2019-20 65 994 23.6 0 0.00 - -

Table 7.3: Fishing and observed effort (number of tows) and the number, rate, and estimated mean for common dolphin (Delphinus delphis delphis)
captures by jack mackerel fisheries by fishing year in the New Zealand EEZ (see MPI data analysis at https://protectedspeciescaptures.nz/PSCv6/, data
version v11). For each fishing year, the table gives the total number of trawl tows, the number of tows observed and the percentage of tows that were
observed; the number of observed captures (both dead and alive); the capture rate (captures per hundred tows); and the mean number of estimated
total captures (with 95% confidence interval). For more information on the methods used to prepare the data, see Thompson et al. 2010 and 2013.

Fishing year Effort Observed captures Estimated captures

Fishing tows % Observed Number Rate Mean 95% c.i.
2002-0