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Executive Summary

This project was undertaken by CSIRO scientists working on one of the most complex fisheries
management issues: how to manage a fish stock at the national level when the species is part of a much
wider population, migrates across national boundaries, and is managed at the population level by an
international fisheries management organisation. The project work was undertaken between 2013 to 2016
using the fishery for tuna (Yellowfin Tuna (Thunnus Albacares), Bigeye Tuna (Thunnus obsesus),
Albacore (Thunnus alalunga)) and billfish (Swordfish (Xiphias gladius), Striped Marlin (Kajikia audax))
on the East coast of Australia as the example case study. Australia’s Commonwealth Harvest Strategy
Policy requires that fisheries within Australia’s territory are managed according to that policy, even if the
actual spatial population range (and international fisheries harvesting within) includes regions outside
Australia’s territory and international fisheries management protocols. Using state-of-the-art models and
population dynamics modelling the project explored (i) when and where the national management is
effective; (ii) where the current understanding is, and what remains uncertain, with respect to population
connectivity and structure between Australia’s and international waters; (iii) the cost and benefits of
different monitoring strategies to reduce these uncertainties; and (iv) how all this can be brought together
with the international management side of the problem given the clear feedback with the national
approach.

Background
Australia has a number of fisheries that harvest stocks that are located both inside and outside of the

Australian EEZ and are harvested by other nations. Many of these stocks are managed at the international
level in Regional Fisheries Management Organisations (RFMOs), but also at the national level within the
Commonwealth Harvest Strategy framework. A key strategic issue in these cases is how to accommodate
the interplay between national and international management processes and requirements, particularly
when there is a specific national management framework (such as an agreed harvest strategy) but also
advice given at the international level on appropriate harvesting levels that may or may not follow a
specific (and different) harvest strategy, and possibly with different target and limit criteria for key
sustainability indices than those employed at the national level.

This project was developed to address this key fisheries management challenge using the Eastern Tuna
and Billfish Fishery (ETBF) as the example case study. The ETBF is a long-line fishery operating on the
East Coast of Australia mainly targeting tuna (Albacore, Bigeye Tuna, Yellowfin Tuna) and billfish
(Striped Marlin, Swordfish). Both the tuna and billfish populations are known to extend well beyond the
Australian EEZ and are currently considered to form part of at least a wider Western Pacific Ocean
population, though specifics on connectivity between various regions is still a major source of uncertainty.
The tuna and billfish populations are currently assessed as an inter-connected single population across the
wider western and central Pacific and at the international level are managed under the auspices of the
Western and Central Pacific Fisheries Commission (WCPFC). The WCPFC considers the advice from the
stock assessments and meets to recommend suitable Conservation Management Measures (CMMs) such
as limits on spatial operations, capacity restrictions, or catch levels for member states.

A previous project used a detailed Management Strategy Evaluation (MSE) framework to explore the
potential performance of empirical harvest strategies for the various target species caught by the

ETBF with the targets of the Commonwealth harvest strategy policy forming the major performance
criteria. Arguably the most important factor influencing the performance of the various harvest strategies
was the level of connectivity between the part of the population harvested by the ETBF and the wider
western pacific population harvested by many different countries, the advice for which comes from the
WCPEFC. The level and form of connectivity between the localised ETBF fishery and the wider
populations is an ongoing source of both discussion (at national and international levels) and uncertainty,



and the recent introduction of the Coral Sea closed area has made this issue even more important as one
will now have to consider both meta-population and localised connectivity. This makes the ETBF a very
useful yet generic case study for the issue of the application of national harvest strategies to international
fisheries. This is because the key issues of EEZ-to-international waters connectivity, relative impact of the
various fisheries (national and international), and how to deal with potentially mismatched national and
international management recommendations and sustainability criteria are arguably likely to be key factors
in all such straddling stock examples.

At the national level, the project explored revisions to the currently used harvest strategies as applied to
the ETBF species and the project scientists will be actively engaged in the TTRAG thereby ensuring that
the project work is presented to this group, and feedback acted upon. Given that the process of
management advice occurs through the TTRAG and TTMAC structures, the project will thereby directly
assist managers in the ongoing management of the ETBF. The proposed workshop was envisaged as a
way of ensuring the key stakeholders are informed on how the national and international processes
interact, hopefully improving stakeholder understanding and buy-in at the national level. At the
international level, given that the harvest strategies are to be evaluated using the MSE and precautionary
approach, this ensures that any updates to the current harvest strategy — when presented at or viewed by
the international management organisations — are adjudged to be scientifically sound. This will aid
managers at the international level because the national management process is seen to be being carried
out according to the definitions of best practice from the international viewpoint.

Aims/objectives

1. Update and recondition spatially disaggregated operating models, also including the Coral Sea
closed area, for evaluation of existing and refined harvest strategies (HS) and evaluate the
implications for the SW Pacific stock of alternative future harvesting scenarios, using MSE.

2. Undertake a review of the existing data and knowledge on stock structure for the primary target
species and connectivity both within (Coral Sea closed area and outside) between the Australian
and international RFMO managed fisheries and using the MSE software complete a cost benefit
analysis of reducing that uncertainty.

3. With direct input from and consultation with both DAFF and AFMA, organise a stakeholder’s
workshop to discuss how all sectors, both commercial and recreational, fit into way the
international (i.e. other management, exploitation and stock structure) dynamics are dealt with,
outcomes from the stock structure review and cost-benefit analysis, and technical HS refinements.

Methodology

Project staff employed there long and detailed experience in constructing detailed simulation models for
the stock, fishery and the management process to develop appropriate models for the various species
targeted by the example case study fishery. The cost and benefit of various monitoring strategies and their
potential to reduce the current level of uncertainty in population processes was addressed using state-of-
the-art statistical design approaches. The government and stakeholder workshop was run by project staff
with a long history of attending and chairing such meetings.

Results/key findings

For the billfish species (Striped Marlin, Swordfish), spatial connectivity, uncertainty in key processes like
growth and maturity, and decisions being made in the full regional stock assessment still have a strong
effect on the future likely performance of the current management approach. For the tropical tuna (Bigeye
Tuna, Yellowfin Tuna), the yellowfin data are very noisy but suggest little impact on the stock by the
fishery which would suggest that applying the harvest strategy to this species would in turn have little



effect on the overall population. For bigeye the data are not informative enough to estimate local
population size and so we cannot assess whether the harvest strategy would be applicable or not. Both the
tropical tuna species were, in terms of the cost-benefit analysis, ideal candidates for using the recent
CSIRO-developed close-kin abundance estimation method, using parent-offspring or half-sibling matches
to estimate population size. For all species, recent genetic work has hinted at structure in the Pacific tuna
and billfish populations below current understanding and the cost and precision of current genetics also
makes this a clear and likely affordable priority for the region. The feedback between both national
fisheries management and research projects and the assessment and wider international management of the
South West Pacific stocks suggested that perhaps the key result of the project is that, even while having a
national management approach, active engagement at the international level is still vital for the national
approach to succeed.

Implications for relevant stakeholders

Revise and reassess research priorities for the key target stocks in the project. Continue with the regional
engagement in the international management arena at all levels.

Recommendations

The harvest strategy is still likely to be effective at managing the billfish stocks at the national level,
conditional on continued efforts to better define the target and limit reference points and understand local
population connectivity and productivity. The harvest strategy is still unlikely to be applicable to the tuna
species at present (at least for Yellowfin Tuna) but a wider South West Pacific stock structure research
program is strongly recommended given recent results for yellowfin tuna.

Keywords

[Management Strategy Evaluation, tuna, billfish, harvest strategies, RFMOs]



Introduction

Background

Australia has a number of fisheries that harvest stocks that are located both inside and outside of the
Australian EEZ and are harvested by other nations. Many of these stocks are managed at the
international level in Regional Fisheries Management Organisations (RFMOs), but also at the national
level within the Commonwealth Harvest Strategy framework. A key strategic issue in these cases is
how to accommodate the interplay between national and international management processes and
requirements, particularly when there is a specific national management framework (such as an agreed
harvest strategy) but also advice given at the international level on appropriate harvesting levels that
may or may not follow a specific (and different) harvest strategy, and possibly with different target and
limit criteria for key sustainability indices than those employed at the national level.

This project was developed to address this key fisheries management challenge using the Eastern Tuna
and Billfish Fishery (ETBF) as the example case study. The ETBF is a long-line fishery operating on
the East Coast of Australia mainly targeting tuna (Albacore, Bigeye Tuna, Yellowfin Tuna) and
billfish (Striped Marlin, Swordfish). Both the tuna and billfish populations are known to extend well
beyond the Australian EEZ and are currently considered to form part of at least a wider Western
Pacific Ocean population, though specifics on connectivity between various regions is still a major
source of uncertainty. The tuna and billfish populations are currently assessed as an inter-connected
single population across the wider western and central Pacific and at the international level are
managed under the auspices of the Western and Central Pacific Fisheries Commission (WCPFC). The
WCPFC considers the advice from the stock assessments and meets to recommend suitable
Conservation Management Measures (CMMs) such as limits on spatial operations, capacity
restrictions, or catch levels for member states.

A previous project (FRDC 2007/017) used a detailed Management Strategy Evaluation (MSE)
framework to explore the potential performance of empirical harvest strategies for the various target
species caught by the ETBF with the targets of the Commonwealth harvest strategy policy forming the
major performance criteria. Arguably the most important factor influencing the performance of the
various harvest strategies was the level of connectivity between the part of the population harvested by
the ETBF and the wider western pacific population harvested by many different countries, the advice
for which comes from the WCPFC. The level and form of connectivity between the localised ETBF
fishery and the wider populations is an ongoing source of both discussion (at national and international
levels) and uncertainty, and the recent introduction of the Coral Sea closed area has made this issue
even more important as one will now have to consider both meta-population and localised
connectivity. This makes the ETBF a very useful yet generic case study for the issue of the application
of national harvest strategies to international fisheries. This is because the key issues of EEZ-to-
international waters connectivity, relative impact of the various fisheries (national and international),
and how to deal with potentially mismatched national and international management recommendations
and sustainability criteria are arguably likely to be key factors in all such straddling stock examples.

At the national level, the project explored revisions to the currently used harvest strategies as applied
to the ETBF species and the project scientists will be actively engaged in the TTRAG thereby ensuring
that the project work is presented to this group, and feedback acted upon. Given that the process of
management advice occurs through the TTRAG and TTMAC structures, the project will thereby
directly assist managers in the ongoing management of the ETBF. The proposed workshop was
envisaged as a way of ensuring the key stakeholders are informed on how the national and
international processes interact, hopefully improving stakeholder understanding and buy-in at the
national level. At the international level, given that the harvest strategies are to be evaluated using the
MSE and precautionary approach, this ensures that any updates to the current harvest strategy — when
presented at or viewed by the international management organisations — are adjudged to be
scientifically sound. This will aid managers at the international level because the national management



process is seen to be being carried out according to the definitions of best practice from the
international viewpoint.

Need

Management of Australia’s Tropical Tuna fisheries is complex because of the cross-jurisdictional
nature of the stocks and governance through the Commonwealth Harvest Strategy Policy and Regional
Fisheries Management Organisations (RFMOs). Previous work (FRDC project 2007/017) has
indicated that uncertainty in the connectivity between the fish caught in the Australian fishery and the
wider region may make the harvest strategy (HS) unsuitable for use for the tuna species, in particular
Yellowfin Tuna. Currently the HS is not applied to the tuna species for precisely this this reason and
further work is required to explore if and how this issue can be resolved. Recent levels of total
allowable commercial catch (TACC) set by the current HS have the potential to increase risk to the
regional stock biomass for Striped Marlin, and the upcoming closure of the Coral Sea to long-lining
may combine with uncertain connectivity levels to increase localised risk to stock biomass for all
species, so the HS urgently needs to be re-evaluated using updated Management Strategy Evaluation
(MSE) models to ensure that the adopted HS meets the HS Policy guidelines and any Western and
Central Pacific Fisheries Commission Conservation Management Measures (CMMs).

Clarification of different policy settings and processes for development of CMMs by the RFMOs, and
their interaction with the Commonwealth Harvest Strategy Policy and implementation via the
Australian Fisheries Management Authority, is required for improved stakeholder understanding of
domestic HS management application. An evaluation of the costs and benefits of further stock
structure and connectivity research, and a detailed examination of the existing data, was required. This
provided transparent priorities and trade-offs for research focussed on the primary uncertainties
underpinning management arrangements of these valuable stocks. Additionally it also provided
confidence in the implementation of management advice based on MSE-tested HS.



Objectives

1. Update and recondition spatially disaggregated operating models, also including the Coral Sea
closed area, for evaluation of existing and refined harvest strategies (HS) and evaluate the
implications for the SW Pacific stock of alternative future harvesting scenarios, using MSE.

2. Undertake a review the existing data and knowledge on stock structure for the primary target
species and connectivity both within (Coral Sea closed area and outside) between the
Australian and international RFMO managed fisheries and using the MSE software complete a
cost benefit analysis of reducing that uncertainty.

3. With direct input from and consultation with both DAFF and AFMA, organise a stakeholder’s
workshop to discuss how all sectors, both commercial and recreational, interact with current
approaches to dealing with international management and stock structure, outcomes from the
stock structure review and cost-benefit analysis, and technical HS refinements.



Method

For the MSE work project staff built upon previous OMs for these species. This involved updating
both the input data and original structures of the previous OMs given changes in the WCPFC
assessments that underpinned them. For the tropical tuna (Bigeye Tuna, Yellowfin Tuna) it involved
the construction of standalone assessment models for the ETBF region, utilising the fishery data for
those species. For Swordfish, the MSE specifications are detailed in Appendix 1. For Striped Marlin
the MSE specifications are detailed in Appendix 2. For the tropical tuna (Bigeye Tuna, Yellowfin
Tuna) “localised” OMs and the cost-benefit analyses, the specifics are detailed in Appendix 3. For the
connectivity summary the details are given in Appendix 4.



Results, discussion and conclusions

Objective 1

For the billfish species MSE work the results are detailed in Appendix 1 (Swordfish) and Appendix 2
(Striped Marlin). For the tropical tuna (Bigeye Tuna, Yellowfin Tuna) the “localised” OM results are
found in Appendix 3. In all cases, given the current uncertainty over the permanency of the Coral Sea
closed area, this part of the objective was not explicitly explored for any species. Tagging and
commercial catch size data suggest that juvenile fish spend more time in this Coral Sea before growing
and moving into the main ETBF areas, but the two regions are still modelled as one in the WCPO
assessments.

Currently, the ETBF Harvest Strategy (HS) is implemented for the billfish species only. Given recent
updates in both the stock assessments used previously to condition the original Management Strategy
Evaluation (MSE) models, and a slight change in the index used in the HS, these MSE models were
rerun to assess whether the original expected performance of the HS had changed.

For Swordfish there are a number of general issues that came forth. In terms of the current stock
assessment, the migratory and general population (and productivity) structure does not cover the whole
range of likely spatial uncertainties. If the current assessment understanding is correct, and the recently
increased level of international effort is maintained, the HS will act to strongly reduce catches in the
ETBF, albeit ensuring the limit spawning stock biomass (SSB) level is not breached with significant
probability. If international effort doubled there is little chance of the HS avoiding SSB limit
violations, even with effective closure of the ETBF by the HS. There was also an apparent mismatch
between the target Catch Per Unit Effort (CPUE) level in the HS and the target SSB depletion level
(48% of the unfished level), both taken from a single year and assessment configuration.

For Striped Marlin key issues still outstanding from the previous MSE work were (a) scenarios where
the HS did not function (i.e. no apparent feedback in the system); (b) scenarios where the HS did
function, but the economic losses arising from catch reductions did not lead to any apparent
conservation gain; and (c) levels of international effort, conditional on connectivity scenarios, at which
the HS failed to function satisfactorily. The issue of HS functionality and adverse economic impact,
and the potential to increase risk to the stock, was seen to be resolved with the limit level breached at
levels well below the current stipulations of the Commonwealth Harvest Strategy Policy and CPUE
being able to be maintained at the target level. With respect to international effort, for lower
connectivity scenarios between ETBF and non-ETBF areas, the HS would actually still allow for
increased catches at target level catch rates but not necessarily for higher connectivity scenarios.

Issues common to both MSEs were:

e Impact of recent inclusion of large amounts of “Eastern” Pacific catch and effort (that is those
catches in the far north east of the Western and Central Pacific Fishery Commission area), and
whether catches in that region are from the same stocks as the ETBF species

e Continued limited understanding of migration, stock structure and regional productivity
e Potential mismatch between the target CPUE and SSB depletion level used in the revised HS
e Better summary statistics for demonstrating whether the HS is “working” or not

e Perhaps some additional graphical work to better explain the mechanics of the HS



For the tropical tuna, “localised” operating models (OMs) were conditioned for Yellowfin Tuna and
Bigeye Tuna using the catch composition and long-line CPUE data. For Yellowfin Tuna, while the
data were very noisy and the resultant fits similarly noisy, there is no strong evidence that the current
ETBF is having any notable impact on the stock. This reinforces the original decision not to
implement the HS for this species given there will be no feedback in the system. For Bigeye Tuna the
data are so noisy and, at times, contradictory that no stable estimates of local population abundance
could be obtained. It was therefore not possible to judge whether the HS would be effective or not for
bigeye tuna in the ETBF region.

Objective 2

Appendix 4 details the connectivity review as part of the project. For the billfish species (Striped
Marlin, Swordfish), localised movement across the ETBF and eastern zones around New Zealand and
the Pacific are observed, but with some fairly clear evidence of apparent residence in these areas.
Currently a single spawning stock is assumed in both the WCPO assessments but genetic analyses of
the wider Pacific region have shown structure below the levels assumed currently.

For the tropical tuna (Bigeye Tuna, Yellowfin Tuna) the vast majority of the tag recaptures released in
the ETBF area are recaptured in the same general region and not moving into the equatorial zone to the
North. Of the tens of thousands of tags released in the equatorial zone a miniscule fraction have been
recaptured in the ETBF zone — even accounting for lower effort levels and attrition over time this is
strongly suggestive of little movement between these zones. Satellite tags released on Yellowfin Tuna
in the PNG region have also shown very localised movement within this region. The most recent
genetic work on yellowfin tuna is perhaps the most revealing to date: for three sample locations
(eastern Pacific, Tokolau in the South Pacific, the ETBF region) there was effectively complete
genetic separation between all locations suggesting that, even for a limited number of sites within the
WCPO, the current assessment configuration is both spatially and reproductively incorrect, and that
there might well be several spawning sub-populations within the WCPO.

Appendix 3 details a summary of the cost-benefit analyses done looking at reducing the key current
uncertainties: local population abundance, wider connectivity, and general stock structure in the
WCPO. In terms of local abundance, when comparing traditional mark-recapture, genetic mark-
recapture and CKMR the clear winner was CKMR as it obviates the high cost of tagging huge
numbers of juvenile fish and releasing them, and the associated high attrition rates they incur before
entering the exploited sub-adult and adult population. For stock structure, given recent advances in
genetics and reductions in cost (as evidenced in the most recent yellowfin tuna analyses) these
methods are by far the most cost effective way of reducing current stock structure uncertainty within
the WCPO. With respect to connectivity, currently only archival tags are workable when it comes to
understanding inter-annual connectivity patterns, and pop-up tags rarely if ever last long enough
before deploying. Given current exploitation and expected return rates it would require a huge amount
of archival tags (with associated large costs) to definitely reduce the current uncertainty in
connectivity.

Objective 3

The ETBF HS workshop was held at CSIRO in Hobart on June the 2™ to the 4™ 2015 and attended by
various stakeholders and government department representatives. A report of that meeting can be
found in Appendix 5.



General conclusions

For the HS as currently applied to the billfish (Striped Marlin, Swordfish) species in the ETBF, the key
influences are still spatial: connectivity, regional productivity, reproductive structure, inclusion of
eastern regions catch and effort. However, there is also the issue of the revised CPUE targets (and
limits) as currently calibrated (via a single year and assessment realisation) to stock assessment SSB
depletion estimates. For Yellowfin Tuna: new derived “local” abundance estimates show little
apparent effect of the ETBF catches on the population, confirming previous work that showed little to
no feedback in the HS system and therefore little point in applying it. For Bigeye Tuna the data are not
informative enough and far too noisy to estimate local abundance so it is not feasible to assess whether
the HS would illicit feedback if applied for this species. Cost-benefit analyses focussed on
connectivity, stock structure and local abundance. The connectivity picture is still not entirely clear,
but it is hard to gauge exactly how one couches the benefits associated with further electronic tagging
work. For stock structure, given the initial Yellowfin Tuna results, genetic techniques are now at the
point of making a WCPO-wide structure analysis for the major species affordable, albeit with some
requirement for practical design in terms of sample locations. In terms of local abundance, when
comparing conventional, genetic and close-kin mark-recapture methods, the clear winner in terms of
cost-effectiveness and ability to provide robust estimates was CKMR, given it both obviates the need
to tag juveniles and release them (and the associate high cost thereof) as it focusses on genotyping
already-caught juveniles and permits estimation of the spawning population not the exploitable one.
The summary of the gamefish data given at the workshop also emphasised the additional data not
currently being used perhaps as much as it could be in relation to the billfish species (Striped Marlin,
Swordfish) in the ETBF in particular.

The workshop discussed a lot of the practical challenges involved in establishing a HS framework
within the WCPFC. The array of different priorities apparent for various members and/or fisheries
suggested that perhaps one might have several different harvest control rules in place for the various
fisheries/species under one overarching framework. The dependence of the MSE work in decisions
made at the WCPFC assessment level, as well as the potential for more localised research like the
recently published genetic structure work to strongly affect the assessment process, reinforces the idea
that continued engagement at all levels of the WCPFC is essential for assessing the efficacy of the
current HS as applied at the national level in the ETBF.



Implications

For the billfish (Striped Marlin, Swordfish) for which the HS is applied, the project did answer a key
outstanding question from the previous MSE work — that the HS could actually increase the risk to the
stock in future. The results from this project seemed to indicate that this was no longer the case and
that the HS should act to as maintain the sustainability of both the fishery (in terms of achieving the
economic targets) and the population (by not breaching the limit levels for the spawning stock). For
Swordfish, the current levels of uncertainty in connectivity and local productivity made this picture
less clear than for Striped Marlin, but the project did suggest ways in which to solve these issues in
future. For the tropical tuna (Bigeye Tuna, Yellowfin Tuna), in conjunction with recent genetic
connectivity work, the project demonstrated that local population abundance and productivity is poorly
understood — particularly for Bigeye Tuna. The project demonstrated that a combination of genetic
structure and novel close-kin mark-recapture could provide the basis for solving these issues. The final
implication of the project and the workshop was the need to continue to engage at all levels with the
WCPFEC - there is a clear feedback between not just the national management via the HS but also
national research projects and the WCPFC assessment and management process.



Recommendations

e  Work both nationally and within the WCPFC to better understand the apparently more detailed
stock structure within the target species of the WCPO.

¢ Continue to engage at all levels with the WCPFC to both improve stock assessment practices
(as they impact the MSE work very strongly) and to assist in developing the HS framework
being driven by Australia at the WCPFC



Extension and Adoption

e All results were presented at the TTRAG and project staff have attended various TTRAG

meetings over the course of the project to assist in communicating the project work to the key
national stakeholders.

e Continued engagement of project staff with SPC and WCPFC scientists and members to both
assist in improving the wider assessment side of the WCPFC and in terms of a better
understanding of stock structure and the MSE approach now being explored by not just
WCPFEC but all the tuna RFMOs at present.



Appendices



Appendix 1: Swordfish MSE Update



Swordfish MSE update

Introduction

It was beyond the scope of the current project to undertake a comprehensive re-evaluation of the
Swordfish (Xiphias gladius) HS. This analysis was intended as a quick check to ensure that the
adopted HS would still provide sensible management advice given the evolving understanding of the
Swordfish population biology, and minor changes to the HS since the original testing described in
Kolody et al. 2010. Specific objectives that we sought to address included:

e Update of the HS decision rule to reflect the new specification:
o New target and limit reference points (Campbell 2013)
o LOESS smoothing of the standardized CPUE before application of the HCR
o Revised size-class definitions
e Brief evaluation of the updated SW Pacific Swordfish assessment (Davies et al. 2013) with
respect to meeting the needs of the HS performance evaluation (in particular noting the
changed perception of stock connectivity revealed by satellite tags).
e Specification of a reference set of operating models from the new assessment for simulation
testing the HS.
® Evaluation of the management performance of the updated harvest control rule with the
new operating models, noting the request from TTRAG (2013) “...to determine at what
proportion [i.e. domestic vs: international fishing activity] will Australia’s catch of Swordfish
render the Harvest Strategy ineffective in the management of total fishing mortality in
Region 5 [the eastern Australian EEZ and adjacent international waters referred to as the
western region below].”

Recommendations for the next update of the Swordfish HS are provided.

Revised Reference Points and Harvest Control Rule

The HCR was updated in consideration of the revised reference points described in Campbell (2013)
and size category definitions shown in Table 1. The new Target Reference Point is a proxy for
Maximum Economic Yield (MEY), still based on the ETBF standardized commercial longline CPUE:

SSBt=1997,f=
TRP = 0.48 CPUEime,t=1997 ﬁ;’;?(’ =0.81,

where the CPUE time series (prime-sized fish) is scaled to have a mean of unity over the period
1997-2001 and SSBs- is the spawning biomass estimated to have occurred in the absence of fishing
in the reference case model reported in the Davies et al. (2013) stock assessment. SSBs-ois a
dynamic Bp concept that admits that biomass can change due to processes other than fishing (e.g.
recruitment variability). The corresponding Limit Reference Point was defined in Campbell (2013)
as:

SSBt=1997,f=
LRP = 0.2 CPUEyrime t=1997 s;#f;’;o = 0.34.

Note that the reference points are described in terms of the CPUE of prime-sized fish, which is a
conveniently observable quantity, which can easily be calculated in the context of operating models
and observed by the industry stakeholders. However it is not the same as spawning biomass. In this



document we present CPUE relative to the adopted CPUE reference points, and SSB relative to SSBo
(where SSBy is defined as the mean spawning biomass estimated to have occurred in the absence of
fishing over the period 1980-2008 in the stock assessment, calculated independently for each
operating model, and with different spatial assumptions as described below).

The TTRAG also adopted a smoothing function for the CPUE time series used in the HCR. The Visual
Basic code supporting the XL spreadsheet add-on (Peltier 2009) was converted to C++, and
incorporated into the MSE code. This smoothing function was primarily intended for the highly
variable tuna CPUE series, and has a trivial effect on the Swordfish HCR performance.

Table 1. The revised cut-points for size category definitions in the ETBF Harvest Strategy from Campbell (2014).

YFT BET ALB SWO STM
Cut-Off Processed Weights
Small-Prime 21.4 20.5 11.0 20.0 53.9
Prime-Large 40.5 40.0 17.8 68.0 73.9
DWT-to WWT ratio 0.85 0.84 1.00 0.726 0.726
Cut-Off Whole Weights
Small-Prime 25.2 24.4 11.0 27.5 74.2
Prime-Large 47.6 47.6 17.8 93.7 101.8
Number of Measured Fish
Small 112,356 56,387 14,086 65,339 10,107
Prime 223,816 112,373 28,484 129,371 20,102
Large 112,445 56,036 14,315 65,502 10,187
All Fish 448,617 224,796 56,885 260,212 40,396
Percentage of Measured Fish
Small 25.0% 25.1% 24.8% 25.1% 25.0%
Prime 49.9% 50.0% 50.1% 49.7% 49.8%
Large 25.1% 24.9% 25.2% 25.2% 25.2%

Swordfish Assessment Update

The most recent SW Pacific Swordfish assessment (Davies et al. 2013) provided the basis for the
updated Swordfish operating models. Many key features of the assessment were similar to the
previous assessment (Kolody et al. 2008), and remain broadly compatible with the needs of the ETBF
operating model, but there are important differences (summarized in Table 2), and limitations in the
context of the HS evaluation needs. Both approaches attempted to describe the uncertainty arising
from multiple levels of different assumptions and their interactions. This is sometimes referred to as
a structural uncertainty analysis, though “structural uncertainty” in this case is a misleading term, in
the sense that most of the model configurations are associated with different fixed parameter values
(which were not estimated in the stock assessment because the available data are not expected to
be very informative). For each model, the Maximum Posterior Density estimates were reported and
jointly used to represent the assessment uncertainty, while parameter estimation uncertainty
associated with individual models was largely ignored.



Table 2. Key Swordfish assessment differences between 2008 and 2013.

Feature

Kolody et al. 2008

Davies et al. 2013

Spatial domain (fig. 1)

Western area
Eastern area

140°E - 165°E
165°E - 175°W

140°E - 165°E
165°E - 130°W

Final year of data 2007 2011
Number of fisheries 11 14
Stock-recruit steepness (h) priors on h=0.4,0.65, 0.9 fixed h=0.65, 0.8, 0.95
Recruit spatial partition fixed 50% West, 50% East estimated
Number of models in 192 576
uncertainty grid (561 plausible)
SSBcurrent/SSBumisy 1.20-3.46 1.15-3.53
Feurrent/Fumsy 0.18-0.67 0.33-1.77
(lowest-highest)
Sensitivity to growth, maturity Low High

and natural mortality

The 2013 assessment was based on the full WCPFC management area south of the equator,

including a western sub-population in which the ETBF fishery is the dominant fishery in recent years,
and an eastern sub-population that encompasses the remainder. This is a substantial change from
2008, in which the Western and Eastern areas were roughly the same size, and it seemed reasonable
to assume that populations were of a similar magnitude. The 2013 assessment included a revision
to the spatial structure as informed by a compilation of recent electronic tagging results from
widespread, multinational releases (Evans et al. 2012). While tag sample sizes remain small (and
periods at liberty relatively short), the tags illustrated a migration corridor between New Zealand
and tropical waters as far east as French Polynesia. This connectivity clearly indicates that the
eastern population defined in the 2008 assessment was inappropriate. Furthermore, the CPUE
standardization undertaken in 2013 (including the addition of Spanish data) resulted in eastern
abundance trends that are plausibly consistent with the western abundance trends (and stationary
productivity assumptions), unlike 2008.
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Figure 1. Top panel: Stock assessment domain showing the West-East population regions, and North, Central, South
(N,C,S) fishery definitions. Bottom panel: catch history of the fleets. From Davies et al. (2103).

The assessment considered a range of movement rate assumptions linking the two areas, including
the preferred estimate of 0.11 per quarter (corresponding to the best diffusion rate estimate from
Evans et al. 2012, converted to an approximate quarterly bulk transfer co-efficient using the
relationship described in Kolody and Davies 2008), with alternative values of 0, 0.05 and 0.25 also
fit. This represents a good range of movement options in the context of diffusive mixing, however,
as Evans et al. (2012) note, there is a good chance that diffusive mixing is simply the wrong model
for describing the population connectivity. Despite the increased number of tag movement



observations, the possibility of a reasonably distinct, self-recruiting western population still cannot
be ruled out. Furthermore, large catches in the eastern equatorial region might be associated with
separate populations from the north or east Pacific, with minimal links to the main population. No
tag position estimates have been reported from that high catch region, but the closest observations
were from releases in the north-east Pacific (Abecassis 2012), one of which crossed into the
southern hemisphere. The zero migration option goes some way toward addressing the possibility
of a distinct Australian population, however, these assessment models assumed a shared spawning
population, and reported spatially aggregated reference points.

The 2008 and 2013 assessments both assumed a single spawning and recruitment process, however,
there were important differences. Both assessments explored 3 levels of Beverton-Holt steepness.
In 2008 this was attempted by using tightly constrained priors on the steepness values (h = 0.4, 0.65,
0.9), however in retrospect, it was evident that the priors were not adequately constraining, such
that the point estimates for the lower values were higher than the mode of the priors (and variable
among models). This was unintended, but it is generally expected that the lower steepness values
were unrealistic for Swordfish anyway. The 2013 assessment appropriately used higher, fixed values
(h=0.65, 0.8, 0.95).

There are concerns about the recruitment variability in the assessment that have implications for the
operating model. Davies et al. (2013) expressed the intent to not force the model to adhere too
closely to an imposed stock-recruitment relationship, with the comment: “A weak penalty was
applied to deviation from the SRR so that it would have negligible effect on the annual recruitment.”
However, in the end, recruitment deviations were actually tightly constrained with oz = 0.2 (0r = 0.6
is a common assumption in tuna assessments; oz = 0.4 was used in the 2008 Swordfish assessment).
This was required because “...model runs using a weaker prior revealed a very strong temporal trend
in the deviations in recruitment, essentially following the long-term trends in longline CPUE. The
penalty was used to mediate this effect in the model.” 1t was also noted that there was a very small
(unspecified) constraint on how the recruitment was divided between the two regions. The authors
judged this to be a satisfactory compromise, e.g. “Region-specific recruitments appear to be unique
and are consistent with the CPUE and size observations in each region.”

However, the 2013 assessment did not note (and hence the analysts may not have realized), that
there was a very strong negative recruitment correlation between regions (Pearson coefficient -0.83
for the reference case, -0.55 for the equivalent sensitivity run with no movement between the
western and eastern recruitment time series), and strong auto-correlation within regions (e.g. Figure
2). The 2013 assessment tended to estimate a period of poor recruitment during the early 2000s in
the western region, corresponding to the period of highest catches and declining CPUE. The eastern
region was estimated to have anomalously high recruitment during this period. This would be an
interesting biological phenomenon, but given the limited data which drive the estimates, it is likely
that the model is taking advantage of the recruitment spatial freedom to improve the fit to the CPUE
trends in a manner that Davies et al. sought to avoid at the aggregate level. We expect that there is
more uncertainty than the assessment suggests with respect to the extent that the CPUE decline
during the early 2000s is a result of CPUE noise, recruitment patterns, exploitation and migration.
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Figure 2. Spatial correlation in recruitment and population numbers in the reference case Swordfish assessment model
from Davies et al. (2013).



The assessment models provide reasonable agreement between predictions and observations,
including:

® Total catch data — the assessments assume that catch is known essentially without error
(though minor catch deviations are estimated, which improve the apparent fit to the CPUE).
There is no reason to think these data are particularly problematic, though some discarding
of small Swordfish is likely.

e The assessment provides an excellent fit to the core CPUE series (including the Australian
and New Zealand fleets, Figure 3). These data are probably over-fit given the difficulties in
standardizing commercial longline catch rates.

* The assessment provides a reasonable fit to the general characteristics of the size
composition data for some fleets, including the Australian fleet (Figure 4). The fit to the size
trend is not very good for some other fleets, which probably reflects a combination of: i) size
sampling biases, ii) non-stationary selectivity, due to changes in the spatial distribution and
targeting over time, including unknown gear configuration effects, and possibly iii) inability
to describe spatial and temporal variability in growth (including sex dimorphism).

® For completeness, tag data were included in the 2013 assessment, but there are so few
observations, that their influence is negligible.

Both assessments estimated a high degree of stock status uncertainty. The 2013 assessment
estimates a high probability that recent spawning biomass is likely to be above levels that can
sustain MSY (Figure 5), but a reasonable probability that over-fishing may be occurring (such that if
effort levels remained constant, the spawning biomass would eventually be expected to decline
below a level that could sustain MSY). The over-fishing probability was most clearly associated with
the (combined) growth, maturity and mortality assumptions (moderated through the interactions
with other assumptions). Two sets of assumptions (derived from CSIRO and NMFS age/maturity
studies) were used in both assessments. In the 2008 assessment, results were not very sensitive to
these assumptions. In 2013, the pessimistic status was associated with the relatively slow growth,
late maturity and low natural mortality options. The WCPFC and AFMA have funded a project to
reduce the growth and maturity uncertainties, which includes age estimates derived from otoliths
rather than fin spines, revisiting the maturity estimates and comparison of methods between the
two labs (Farley et al. 2014). The results should be available for the next Swordfish assessment.
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Figure 3. Exploitable ETBF SWO population in numbers (left panel), and predicted (exploitable numbers X selectivity)
and observed CPUE (scaled relative to the 1997-2011 mean) (right panel) from a range of assessment models adopted
for the reference case operating model. Red points indicate observed, standardized ETBF CPUE.
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Figure 4. Predicted (red points) and observed (grey lines) Swordfish catch length (left panel) and mass (right panel) from
the reference case assessment in Davies et al (2013). AU_1 is the ETBF.
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Figure 5. Stock status estimates from the grid of 561 assessment model point estimates presented in Davies et al.
(2013), partitioned by assessment model assumptions. Each panel shows the same points, but the grey scale indicates
the level of each indicated assumption (e.g. the 3 levels of steepness in the top right panel are indicated by white = 0.95,
grey = 0.65 and black = 0.8).



Overall, the 2013 Swordfish stock assessment admits a broad range of alternative plausible
assumptions (more thorough than most assessments) and forms a reasonable starting point for
testing the HCR. However, it would have been preferable to couple the assessment process to the
HS evaluation. Specific concerns that we have about the assessment include:

e Spatial uncertainties:
o No explicit consideration of a potentially independent stock in the Australian region
o No explicit consideration that the eastern equatorial region might represent an
extension of populations from the north and east Pacific.
e Stock-Recruitment uncertainties:
o Low variance on the aggregate stock recruit relationship
o Strong negative correlation in recruitment between areas
o Strong autocorrelation in recruitment within areas
® Potential over-fitting to the CPUE series.

Swordfish Reference Set Operating Models

The harvest strategy update used the same software as Kolody et al. (2010), with a few minor
modifications. The OM assumptions are listed in Table 2, with justifications detailed below. The
OMs consist of a mix of explicit conditioning (results adopted from the assessment models) and ad
hoc modifications to represent key uncertainties that we do not consider to be adequately
represented in the assessment model configurations.

From Figure 5 (and other summary plots shown in Davies et al. 2013), it is evident that the 561
assessment models span a large range of stock status uncertainty, which we want to represent
within the reference set operating model. The stock status is most clearly sensitive to the
growth/maturity/M, and steepness assumptions (i.e. the different shades of grey associated with
each assumption option have the least degree of overlap). The stock status appears to be less
sensitive to the data weighting and CPUE options (i.e. selecting either CPUE option results in a suite
of models that spans almost the full range of stock status uncertainty). The sensitivity to movement
is intermediate between these two groups, but it is a major structural uncertainty that needs special
attention in the context of the fishery performance. Accordingly, we chose to represent 3
dimensions of the assessment uncertainty grid in the OM (growth/maturity/M, steepness and
movement). Data weighting and CPUE options were fixed at the reference case assessment value
(though we recognize that there could be relevant interactions that are lost because of this
simplification). This reduces the number of assessment results to 96 (8 growth X 3 steepness X 4
movement) models. The movement and recruitment assumptions in the assessment were not
considered to provide an adequate representation of the uncertainties of the system, so some
additional ad hoc adjustments were made.

Of the 96 assessment models selected to be operating models, 72 involved non-zero migration
linking the western and eastern regions. The population estimates, and migration assumptions from
both areas of the assessment were adopted for the operating models in these cases, labeled SWC
(South-West-Central). In contrast, for the 24 assessment models where migration was set to zero,
an ad hoc adaptation was made to define an operating model population for the western area only
(SW). For technical reasons, the SW OM was still parameterized as two regions, but with the



population and stock-recruitment dynamics adopted from only the western region of the
assessment, and a high migration rate linking the two (effectively a single population on the relevant
time-scales).

At the spatially-aggregated level, the recruitment assumptions were the same as those in 2010, i.e.:

.= ;f—if;gtexp(r, ~-1o?),
T, =p T, +@,.1-p°
@ ~ lID Normal(u =0,0)
where:
R = total recruitment,
SSB = Spawning Stock Biomass,
a, 8 = parameters of the stock-recruitment relationship,
T = autocorrelated random normal deviate,
p = lag(1) auto-correlation co-efficient,
w = a random normal deviate,
or = the standard deviation for the recruitment deviates,

and subscript t corresponds to an annual recruitment frequency. Also as in 2010, cr = 0.6 and p =
0.7, were adopted, which introduces considerably greater recruitment variability than was assumed
in the assessment, and a broader challenge for the HS. An additional stochastic process was
introduced to partition R: into western and eastern regions (R:= Rewest + Rteast) in the two region SWC
scenarios:

R, . = Rptexp($, ) (1, exp({, )+ (1= 1)),
R..,=R —R

t,east t,west?®

where:

U = proportion of total (model-specific) recruitment over the period 1980-2004 estimated to
have been distributed to the western region, and

{ = an auto-correlated random normal deviate (equivalent to T above).

This ad hoc stochastic process yields quantitatively similar results to the estimates from the
reference case 2013 assessment in terms of the spatial and temporal correlations, however, we
emphasize that this correlation structure emerged from the stock assessment parameter estimation.
It was not imposed through a priori statistical assumptions and may reflect some unrelated
systematic problem within the assessment model (e.g. systematic errors in CPUE, selectivity or size
composition samples). The values adopted to govern these processes for the two area models were
o;=1.4and p;=0.7.



CPUE is the most important information in the harvest strategy and assessment (aside from the total
catch in mass). The assessment clearly has excellent agreement with the ETBF CPUE observations
(Figure 3). All of the models have a Root Mean Squared Error (indicator of agreement between
predictions and observations) between 0.10 — 0.17, with most models near the lower end of the
range. The fit suggests that the steep CPUE decline from 1997-2001 is consistent with the
population dynamics, with very little observation error. This level of agreement is better than we
could reasonably expect, so (as in 2010) we imposed a higher CV (ocpue = 0.20), with a substantial
auto-correlation (pcrue = 0.70), to ensure that the CPUE series was not unrealistically informative.

Selectivity for the ETBF and international fleet was adopted from the assessment model-specific
estimates. In the OM, all international fleets were aggregated, and assumed to have the selectivity
of the Spanish fleet in the central eastern region. This fleet was selected because it has large recent
catches, and some of the best size composition data with which to estimate selectivity. It can be
argued that it would be preferable to maintain the disaggregated fleet structure, but some of the
selectivity estimates in the assessment are dubious, and selectivity uncertainty has often been found
to be not very important in an MSE context (e.g. Butterworth et al. 2014).

Migration is parameterized differently in the assessments and operating models, but the two
processes are essentially identical, at least for a two area model with reasonably low migration. The
assessments have asymmetrical migration rates between regions, which estimate about 25% of the
population in the western region at equilibrium (it is not clear how these quantities were derived in
the assessment, but it seems like a reasonable first approximation given the relative size of the two
regions). The corresponding parameters for the OM (which match the movement analysis section of
the MFCL assessment .rep files) are listed in Table 3.

Table 3. OM migration parameters corresponding to the assessment model scenarios.

OM Parameter

Assessment oM West equilibrium East equilibrium Redistribution rate
scenario scenario Proportion Proportion
M1 SW-MO00* 0.5 0.5 0.5
M2 SWC-MO05 0.25 0.75 0.21
MO (ref) SWC-M11 0.25 0.75 0.32
M3 SWC-M25 0.285 0.715 0.41

* The OM consists of only the western sub-population from the assessment for scenario M0O (but is implemented as two
highly mixed areas for technical reasons)

Other differences between the 2010 and 2015 OMs included:

® Only one level of RBCC implementation error (ogscc = 0.05) was included in 2015 (in the
original iteration, implementation error was potentially more important because the
management was originally expected to operate on the basis of effort regulation).

® Only the more challenging level of size composition sampling error was adopted in 2015.
This was introduced to ensure that the harvest strategy does not have unrealistically
informative information about the population age structure. This error is intended to reflect



the net effect of several processes: biased size composition sampling, non-stationary fishery
selectivity, and potentially growth/sex composition variability, all with a temporally
correlated structure.

Key features of the 96 operating models are illustrated in Figure 6 - Figure 9, illustrating the
historical and projected dynamics if all fisheries were to stop in 2011 (HS CC_swo_00). Results are
partitioned by the 4 spatial/migration rate assumptions, and aggregated across the other 24 sets of
model assumptions (each with 100 stochastic replicates, such that each panel summarizes 2400
simulations). From these figures, we observe that:

* The difference between SW and SWC spatial scenarios are somewhat different, while the
differences within the SWC scenarios (migration rates 0.05, 0.11, 0.25) are much smaller.

e Within the 24 SW scenario, median SSB rebuilds to levels observed around 2001 (and 1970),
while projected upper and lower 10 percentiles in 2040 span a factor of two, roughly
encompassing the estimated historical SSB range prior to the fishery expansion in the mid
1990s (Figure 6). Median projected SSB appears to still be increasing in 2040, though the
upper and lower 10" percentiles appear to be stable, with only the most optimistic 10t
percentile reaching SSBo. Within the 72 SWC scenarios, the median projected SSB is closer
to the SSBy estimates (Figure 6) than the SW scenarios, but also appears to still be increasing
in 2040.

e The SW scenarios appear to go through substantial historical recruitment regime shifts
(Figure 7) which are not observed in the SWC scenarios (i.e. presumably because the
negative spatial correlation averages out at the aggregate level, resulting in relatively low
aggregate recruitment variability)

e The SWC scenarios predict that the median (and lower 10" percentiles) of ETBF total
biomass will increase to levels that are somewhat lower than pre-1990 levels, while the
eastern total biomass is generally predicted to increase to levels that are higher than recent
estimates (not seen since the 1960s) (Figure 8). To some extent, this reflects the
recruitment spatial distribution returning to the 1980-2008 mean. (This spatial comparison
is not meaningful for the SW scenario, because the abundance by region is essentially
identical by design).

® The SW and SWC scenarios are pessimistic in terms of the median CPUE.ime predictions.
Despite the fact that median spawning and total biomass are predicted to increase until
2040 in the absence of fishing, the SW scenarios predict that CPUEyime Will stabilize near the
CPUE target from 2015-2040, while the SWC medians stabilize somewhat below the target.
This suggests that there may be an unacceptable disconnect between CPUEime and SSB (i.e.
because CPUErime explicitly excludes the larger 25% of catch, which would presumably all be
mature). As such, it is not clear that CPUEime is the best choice for either the decision rule
or the reference points.

The results from 2010 were also pessimistic in predicting that, in the absence of fishing, CPUE prime
would stabilize near the CPUE target. However, the results are not directly comparable because the
targets and size-class definitions have changed.

At this time, we are not confident that the suite of operating models reflects the true uncertainty in
the Swordfish fishery (particularly spatial and recruitment dynamics), and we are reluctant to



describe the projections as probabilistic statements. However, the scenarios that are represented
do span a broad range of dynamics and provide guidance about situations in which the HS can be
expected to fall short of performance expectations. We focus on a qualitative description of the
performance in relation to i) the SW option and SWC option (with a mixing rate of 0.11), and ii) a
range of international effort scenarios. The international effort scenarios were defined to bracket a
plausible range of conceivable outcomes, including unlikely increases and decreases at the extremes.
The four scenarios assume that international effort will change linearly from 2010 levels to 0.5, 1.0,
2.0 and 4.0 X current during the first 5 years of the HS application, then remain constant. Figure 10
and Figure 11 show the basic performance characteristics of the adopted harvest strategy
(HS_SWO_100) for the SW-MO00 and SWC-M11 spatial scenarios and 4 levels of international effort,
in the absence of stochastic variability (recruitment, CPUE observation error, temporally-variable
bias in size composition sampling and TAC implementation error). These figures demonstrate the
best performance that could be expected for the harvest strategy given perfect information, and the
variability in outcomes that is due to deterministic differences among assessment models (initial
population structure, fishery selectivity and life history biology). Key points from these results:

® The adopted HS recommends almost continuous quota cuts out to 2040 for virtually all
scenarios, with larger cuts for the SWC scenarios than SW. This is what one would expect if
the CPUE,im. target is set near or below the level that can be achieved in the absence of
fishing. Hence any optimistic RBCC outcomes that arise in the stochastic simulations that
follow are due to chance (e.g. a series of above average recruitment or anomalously high
CPUE observation error).

® For the SW-MOO scenarios (Figure 10), the HS stabilized median CPUEyrime and SSB above the
target reference points, regardless of the international effort scenario.

® For the SWC-M11 scenarios (Figure 11), the HS maintained SSB above the SSB limit reference
point when international effort remains at current levels, while CPUEime generally remained
below the CPUE target.



Table 4. Definition of the Swordfish reference set operating model. Multiple options were evaluated with a fully
balanced design (e.g. all of the migration rate options were evaluated with all of the implementation error options). The
harvest strategy was evaluated with 46000 simulated projections (i.e. product of 96 assessment model scenarios, 100
stochastic replicates, 4 spatial-migration rate options, and 4 international effort options).

Source of
Uncertainty

Option 1

Option 2

Option 3

Option 4

Number of OM
grid elements

Model specifications (96) derived from the Davies et al. (2013) assessment model grid:

M These biological parameters were adopted from individual MULTIFAN-CL 8
Growth output files from the WCPFC stock assessment and do not represent a
Maturity balanced set of independent combinations.
Steepness 0.65 0.8 0.95 3
Movement 0 0.05 0.11 0.25
(redistribution) per (SW-M00) (SWC-MO5) (SwWc-m11) (SWC-M25)
quarter
Selectivity independent estimates from each assessment model 1
international fleet selectivity was assumed to be equal to the Spanish fleet in
the eastern region in all cases
N(2011) independent estimates from each assessment model 1
Specifications adopted on an ad hoc basis, that are not necessarily consistent with the assessment model assumptions:
Stochastic replicates 100 (errors 100
conserved among
models)
Recruitment W models 1
aggregate variation or=0.6; pr=0.7
and autocorrelation
WE models
or=0.2;,0r=0.24
Recruitment spatial W models 1
variation and oz=pr=NA
autocorrelation WE models
o;=1.4,p=0.7
CPUE variation/ ocpue=0.2 1
autocorrelation pcrue=0.7
(No Effort creep)
International fishing Linear 5 year Constant at Linear 5 year Linear 5 year 4
effort decline to remain current levels increase to increase to
stable at remain stable at remain stable
0.5 X current 2X current at 4X current
CV on N(2011,a=0) 0.5
CV on N(2011,a=1) 0.25
Size sample / 0.7/0.2/0.7
Distortion /
autocorrelation
RBC implementation 0.05 1
error sd(log))
Data Time Lag 6 months
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Figure 6. Relative spawning biomass comparison for the 96 SWO operating models, assuming that harvesting stopped

for all fisheries in 2011. Results are partitioned by spatial-migration rate assumptions, each consisting of 24 models with
100 stochastic projections. 1= SW-MO00, 2=SWC-M05, 3=SWC-M11, 4=SWC-M25. Red circles indicate the median,
shaded blue region bounds the upper and lower 80" percentiles, black lines indicate individual realizations, and red

broken lines indicate target and limit reference points.
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Figure 7. Recruitment time series for the 96 SWO operating models, assuming that harvesting stopped for all fisheries in
2011. Results are partitioned by spatial-migration rate assumptions, each consisting of 24 models with 100 stochastic

projections. 1= SW-MO00, 2=SWC-M05, 3=SWC-M11, 4=SWC-M25.



Projections for CC_swo_00 Projections for CC_swo_00 Projections for CC_swo_00 Projections for CC_swo_00
Kk g kkk By 222 Kk % Kk YhEK

*
o o o o
~ I ~ ~
2 2
o, | o o, | > o & w© |
2 2 g ¢ 2 = 22
- - 18] [ai]
a i = Q
= o = o = o = 5
= 249 = 24 a 2 m 2 A
2 s s t
IR L
m M o o= o oe
(= = o7 = ° c ©
L 4N} ) o
c c
o o o o
o T T T T T o T T T T T =3 T T T T T o T T T T T
1960 1980 2000 2020 2040 1960 1980 2000 2020 204 1960 1980 2000 2020 2040 1960 1980 2000 2020  204(
Projections for CC_swo_00 Projections for CC_swo_00 Projections for CC_swo_00 Projections for CC_swo_00
4Gk e preeen Pryren
o o o o
~ ~ 5 5
— — 2 @
DV e | Q| o v | @ w |
% . % - = - = -
& e s g
= o = o = o =S
S 2+ S 24 o 2 o 2
5 5 5 5
L L
[T 0 ., oo 0 e
= o 7 =T = © = ©
L 4N} 8 g
o o o °
(=] T T T T T o T T T T T o T T T T T o T T T T T
1960 1980 2000 2020 2040 1960 1980 2000 2020 204 1960 1980 2000 2020 2040 1960 1980 2000 2020  204(

Figure 8. SWO biomass (all ages, relative to 1998) in the western region (left 4 panels) and eastern region (right 4
panels) for the 96 SWO operating models, assuming that harvesting stopped for all fisheries in 2011. Results are
partitioned by spatial-migration rate assumptions, each consisting of 24 models with 100 stochastic projections. 1= SW-
MO0, 2=SWC-MO05, 3=SWC-M11, 4=SWC-M25.
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Figure 9. ETBF CPUEime for the 96 SWO operating models, assuming that harvesting stopped for all fisheries in 2011.
Results are partitioned by spatial-migration rate assumptions, each consisting of 24 models with 100 stochastic
projections. 1= SW-MO00, 2=SWC-M05, 3=SWC-M11, 4=SWC-M25.
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Figure 10. Adopted harvest strategy projections for the suite of 24 SWO operating models (SW-MO00) that assume the
western population is isolated, with all stochastic process and observation error removed. Results are partitioned by
panel for the assumed effort in the international fleet, which changes linearly over 5 years from current levels to the
scenario-specific level: 1=0.5,2=1.0, 3=2.0, 4=4.0 X current.
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Figure 11. Adopted harvest strategy projections for the suite of 24 SWO operating models (SWC-M11) that assume the
western and eastern populations mix with a quarterly migration rate of 0.11 and all stochastic process and observation
error removed. Results are partitioned by panel for the assumed effort in the international fleet, which changes linearly
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over 5 years from current levels to the scenario-specific level: 1= 0.5, 2=1.0, 3=2.0, 4=4.0 X current.



Swordfish Robustness Set Operating Models

As is evident in Figure 10 and Figure 11, the reference set of operating models is very pessimistic in
terms of future ETBF catches. Given our concerns about the representativeness of the reference set,
we arbitrarily defined two robustness scenarios, which should provide some contrasting insight into
how the HS will perform under more optimistic conditions :

1) SWC-M11-Pr50 - the 24 SWC OMs with migration rate = 0.11 were modified to have an
equal west-east equilibrium population split.

2) SWC-M11-Ga40 - the 24 SWC OMs with migration rate = 0.11 were modified to have 1.5X
the initial numbers and 1.5X future recruitment (with no change to HS targets or reference
points).

The first robustness scenario provides a contrasting example of how spatial complication can affect
the choice of a localized CPUE-based target and the performance of the harvest strategy, without
altering the productivity of the population. The second scenario provides an indication of how the
HS should behave under scenarios that are more productive than the reference set of models.

Swordfish Harvest Strategy Evaluation Results and Discussion

Figure 12 - Figure 15 show the key results of the simulation testing of the reference set of operating
models. The adopted HS (HS_SWO_100) predicts very different performance depending on the
spatial assumptions. Key points from these figures include:

¢ The SW-MOO (single spatial area) OM simulations suggest that:

o Changes in the international effort from 0.5 — 4 X current levels have a relatively
minor effect on the HS performance (because international effort is currently very
small in the western region).

o The projections mostly resulted in continuous catch declines without stabilizing by
2040 (Figure 12), with <10% of realizations supporting current catches in 2040.

o Median CPUE is estimated to increase slowly, reaching the target sometime after
2030 (Figure 13). The lower 10%™ percentiles never cross the CPUE limit proxy.

o Median SSB is predicted to increase slowly and continuously to 2040, remaining well
above the spawning biomass proxy target, though it may fluctuate substantially due
to the high recruitment variability (Figure 14, Figure 15). Greater than 90% of the
simulations result in SSB remaining consistently well above the SSB proxy limit
reference point.

e The SWC-M11 (two spatial area, migration rate 0.11 per quarter) simulations suggest that:

o Outcomes are much more sensitive to the international effort scenarios. Doubling
international effort is expected to cause a substantial population decline, including a
high probability of violating the SSB limit reference point by 2020. Quadrupling
international effort has a high probability of causing a population collapse.

o Median ETBF catches are projected to decline fairly continuously to 2040, regardless
of the international effort scenario (Figure 16).

o Median projected ETBF CPUErime is projected to stabilize around 2020, with slightly >
10% chance of exceeding the CPUE limit if international effort remains constant, and



~ 50% of projections exceed the CPUE limit if international effort doubles. (Figure
17).

o Median spawning biomass is predicted to stabilize below the target, if international
effort remains stable (Figure 18), with almost 90% of projections remaining above
the biomass limit. If international effort doubles, >50% of realizations result in
biomass declining below the SSB limit by 2020.

Results from the two spatial area models with higher and lower migration rates (SWC-MO05 and SWC-
M25) are qualitatively very similar to SWC-M11 (not shown).

Due to the time lags in data availability for the stock assessment, we note that there are up to 4
years (2011-2014) of CPUE, catch and RBCC recommendations for the ETBF that were not included in
the assessment model conditioning, and which might be informative about the plausibility of the
operating models (Figure 20). The envelope of CPUE projections from OMs SW-MOQO (Figure 13) and
SWC-M11 (Figure 17) encompass the CPUE observations (though they are near the upper part of the
range), but not the high catch and RBCC observations (Figure 12, Figure 16). This supports the
notion that that the OMs are unduly pessimistic, however, this comparison is only a rough indicator,
because the HCR application was not consistent over time (i.e. changing targets and size
composition cut-offs).

Figure 21 - Figure 28 illustrate HS performance against the more optimistic robustness set OMs:

e OMs SWC-M11-Pr50 (migration rates imposed that result in equal unfished equilibrium
abundance west and east), result in high predicted catch variability, with median ETBF catch
stabilizing above current levels if international effort remains constant (Figure 21), while
median CPUEime stabilizes considerably above the target CPUE (Figure 22), and median SSB
stabilizes below the SSB target, but with ~90% of SSB projections above the SSB limit (Figure
23).

® OMs SWC-M11-ga04 (initial numbers and future recruitment increased 50%), also result in
high predicted catch variability, with median ETBF catch stabilizing around or slightly below
current levels if international effort remains constant (Figure 25), while median CPUE prime
tends to remain somewhat above the target level (Figure 26) stabilizes considerably above
the target CPUE (Figure 22). Median SSB remains above the target level (and with a
doubling of international effort, ~90% of realizations result in SSB above the SSB target (note
however that the SSB target was not redined in relation to the increased productivity of the
scenario).

Given our lack of confidence in the current suite of operating models, it is difficult to say much about
the expected performance of the adopted Swordfish harvest strategy, but we note a few features of
the behaviour (some of which were also noted in 2010):

® There can be a substantial mismatch between the CPUEime and SSBy proxy reference points.
The mismatch is attributable to:



o  CPUEpime was not defined to describe SSB, as it explicitly excludes the larger 25% of
the population. Hence it is possible to have a long term increase or decrease in
older indivuals with no change in CPUEime

o the CPUE definition remains constant among OMs, while SSB varies with the
biological assumptions (growth, reproductive schedule, M)

0 CPUEpime is based on the ETBF region only, while SSB is summed over both regions

o The SSBo proxy reference points were an approximation

The HS has limited capacity to stabilize CPUEime at the CPUE target. This is not surprising
given the fact that the slope-to-target responsiveness parameter is fixed, while the
population productivity varies among OM scenarios, and ETBF population abundance is
affected by the spatial connectivity and international effort, which vary among scenarios.
The HS generally seems to be biologically conservative, sacrificing domestic catch due to the
actions of international effort. However, the capacity for the ETBF to compensate for
increasing international effort is limited.

With respect to the formulation of the Harvest Control Rule, we note that the LOESS
smoother applied to the CPUE series in the HCR did not make any obvious difference to the
performance of the HS (not shown). It was never really expected to make a big difference
for Swordfish and the somewhat arbitrary way in which the CPUE observation errors were
implemented in the OM means that this observation might not be representative of the real-
world application.
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Figure 12. Adopted harvest strategy catch (ETBF left 4 panels, international right 4 panels) projections for the 24 SWO

operating models (100 replicates each) that assume the western population is isolated. Results are partitioned by panel
for the assumed effort in the international fleet, which changes linearly over 5 years from current levels to the scenario-
specific level: 1=0.5, 2=1.0, 3=2.0, 4=4.0 X current.
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Figure 13. Adopted harvest strategy CPUE for the 24 SWO operating models (100 replicates each) that assume the
western population is isolated. Results are partitioned by panel for the assumed effort in the international fleet, which
changes linearly over 5 years from current levels to the scenario-specific level: 1=0.5, 2=1.0, 3=2.0, 4=4.0 X current.
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Figure 14. Adopted harvest strategy spawning biomass projections for the 24 SWO operating models (100 replicates
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3=2.0,4=4.0 X current.
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changes linearly over 5 years from current levels to the scenario-specific level: 1=0.5,2=1.0, 3=2.0, 4=4.0 X current.
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Figure 17. Adopted harvest strategy CPUE for the 24 SWO operating models (100 replicates each) that assume the
western and eastern populations are linked with a diffusion rate of 0.11/qtr. Results are partitioned by panel for the
assumed effort in the international fleet, which changes linearly over 5 years from current levels to the scenario-specific
level: 1=0.5,2=1.0, 3=2.0, 4=4.0 X current.
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Figure 18. Adopted harvest strategy spawning biomass projections for the 24 SWO operating models (100 replicates
each) that assume the western and eastern populations are linked with a diffusion rate of 0.11/qtr. Results are
partitioned by panel for the assumed effort in the international fleet, which changes linearly over 5 years from current
levels to the scenario-specific level: 1= 0.5, 2=1.0, 3=2.0, 4=4.0 X current.
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Figure 19. Adopted harvest strategy recruitment for the 24 SWO operating models (100 replicates each) that assume the
western and eastern populations are linked with a diffusion rate of 0.11/qtr. Results are partitioned by panel for the
assumed effort in the international fleet, which changes linearly over 5 years from current levels to the scenario-specific
level: 1=0.5,2=1.0, 3=2.0, 4=4.0 X current.
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Figure 21. Adopted harvest strategy catch (ETBF left 4 panels, international right 4 panels) projections for the
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Figure 22. Adopted harvest strategy CPUEime (ETBF left 4 panels) projections for the robustness set of OMs SWCPr50
(equilibrium population split 50% west and 50% east) (100 replicates each). Results are partitioned by panel for the
assumed effort in the international fleet, which changes linearly over 5 years from current levels to the scenario-specific
level: 1=0.5, 2=1.0, 3=2.0, 4=4.0 X current.
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Figure 23. Adopted harvest strategy spawning biomass projections for the robustness set of OMs SWCPr50 (equilibrium
population split 50% west and 50% east) (100 replicates each). Results are partitioned by panel for the assumed effort
in the international fleet, which changes linearly over 5 years from current levels to the scenario-specific level: 1=0.5,

2=1.0, 3=2.0, 4=4.0 X current.
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Figure 24. Adopted harvest strategy recruitment projections for the robustness set of OMs SWCPr50 (equilibrium
population split 50% west and 50% east) (100 replicates each). Results are partitioned by panel for the assumed effort
in the international fleet, which changes linearly over 5 years from current levels to the scenario-specific level: 1=0.5,

2=1.0, 3=2.0, 4=4.0 X current.
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Figure 25. Adopted harvest strategy catch (ETBF left 4 panels, international right 4 panels) projections for the
robustness set of OMs SWCGa40 (initial population and recruitment increased by 50%) (100 replicates each). Results are
partitioned by panel for the assumed effort in the international fleet, which changes linearly over 5 years from current
levels to the scenario-specific level: 1= 0.5, 2=1.0, 3=2.0, 4=4.0 X current.
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Figure 26. Adopted harvest strategy CPUE;ime (ETBF left 4 panels) projections for the robustness set of OMs SWCGa40
(initial population and recruitment increased by 50%) (100 replicates each). Results are partitioned by panel for the
assumed effort in the international fleet, which changes linearly over 5 years from current levels to the scenario-specific
level: 1=0.5, 2=1.0, 3=2.0, 4=4.0 X current.
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Figure 27. Adopted harvest strategy spawning biomass projections for the robustness set of OMs SWCGa40 (initial
population and recruitment increased by 50%) (100 replicates each). Results are partitioned by panel for the assumed
effort in the international fleet, which changes linearly over 5 years from current levels to the scenario-specific level: 1=
0.5, 2=1.0, 3=2.0, 4=4.0 X current.
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Figure 28. Adopted harvest strategy recruitment projections for the robustness set of OMs SWCGa40 (initial population
and recruitment increased by 50%) (100 replicates each). Results are partitioned by panel for the assumed effort in the
international fleet, which changes linearly over 5 years from current levels to the scenario-specific level: 1=0.5, 2=1.0,
3=2.0,4=4.0 X current.



Conclusions
1. The most recent Swordfish assessment (Davies et al. 2013) has important differences from

the previous one (Kolody et al. 2008, which was used in the original harvest strategy testing).
The assessment includes 561 alternative sets of model assumptions, which encompass a
broad range of stock status uncertainty and the new spatial structure recognizes population
connectivity that was not evident in 2008 (i.e. a migration corridor between New Zealand, at
least as far as south-eastern French Polynesia). Our biggest concerns about the assessment
relate to the representation of spatial and recruitment processes:

e The new PSAT tag tracks do not provide compelling evidence for a strong link
between Australia and New Zealand, and none of the assessment options explicitly
describe the possibility of a fully isolated ETBF spawning population. Furthermore,
tags released in the north-east Pacific have been observed moving closer to the
large equatorial catches reported in the assessment (>7000km from Australia), than
any of the south-west tag releases. Thus these equatorial catches might not be
associated with the population that spans the New Zealand — southern French
Polynesia region.

* The aggregate recruitment deviates in the new assessment were tightly constrained
to the stock recruit relationship, and show a strong negative spatial correlation, and
a strong auto-correlation within each spatial region, which estimate that
recruitment patterns during the development of the ETBF were far from average.
We attempted to approximate these error assumptions in the new operating model,
but it is not clear that either the estimates or the ad hoc approximations are
realistic.

2. Asuite of 96 (of the 561) assessment models were adopted for the reference set of
operating models, spanning most of the range of stock status uncertainty from the
assessment. These included 8 sets of growth/maturity/mortality assumptions, 3 stock
recruit steepness assumptions and 4 spatial/migration rate scenarios (8 X 3 X 4 = 96). These
operating models were derived differently depending on the assumed west-east migration
rate.

e The SW (western area only) OMs, were derived from 24 assessment specifications
with zero migration. Only the sub-population (and fishery catch) from the western
region were included in these scenarios to represent the possibility that the
Australian zone might be a largely isolated spawning population with independent
dynamics.

e The SWC (2 spatial region) OMs included 72 models using the full spatial structure,
with west—east migration rates of 0.05, 0.11 and 0.25 per quarter. Among the SWC



scenarios, the harvest strategy performance was reasonably insensitive to the
migration rate.

The reference set OM projections are very pessimistic about future ETBF catches, though
they suggest that the HS is likely to prevent a violation to the SSB limit reference point if
international effort does not increase too much.

The robustness set operating models, which were defined arbitrarily to be optimistic for the
ETBF, suggest that the HS will allow the ETBF to sensibly take advantage of higher
productivity than the reference set OMs allow, without representing a SSB risk.

Given the concerns about the current OM conditioning, we do not provide probabilistic
statements about the expected performance of the adopted HS. However, there are some
HS behaviour characteristics that are worth noting:

e The HS appears to provide reasonable feedback-based RBCC recommendations,
dropping ETBF catches in pessimistic situations (including high international effort)
and raising RBCCs in optimistic scenarios.

e However, the HS is unlikely to stabilize CPUE at the specified target level (even in the
absence of stochastic error),

* There is an inconsistency between the proxy CPUE and SSB reference point
definitions, that potentially has an important effect on the CPUE-based target
reference point, and hence the general behaviour of the HS.

Recommendations for future updates:
1) Explicit consideration of different population connectivity assumptions in the assessment

2)

3)

4)

model fitting assessment process. At a minimum this should include 3 options:

a. The whole SWC Pacific is a single population, with variable degrees of diffusive
mixing among sub-regions (consistent with the 2013 assessment assumption).

b. The region from Australia to western French Polynesia represents a single
population (as indicated by tags), excluding the equatorial north-east region.

c. ETBF population represents an essentially independent population including stock-
recruitment processes and migration (different degrees of mixing in the fisheries
might also be entertained).

The CPUE-based index in the “slope-to-target” part of the decision rule, and the CPUE-based
proxy reference points should probably be redefined to include the large size-class fish (as
these are probably more indicative of spawning biomass than the prime-sized fish.

Improved consistency among assessment model and operating model recruitment processes
(in terms of stock structure, aggregate annual variability, spatial partitioning and the
associated reference point calculations).

The 2013 assessment suggests that troublesome source-sink dynamics are plausible, and the
HS might need to use additional information from international fleets to account for it. If



there really is a strong inverse relationship in recruitment between west and east, its also
possible that there could be large interannual variation in migration east and west as well.

5) The stock structure connectivity issue might be resolved by employing next generation
genomics tools, as are currently being applied to some tuna populations.
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1 Introduction

Striped Marlin (Kajikia audax) is one of 5 key species commercially caught in the Eastern Tuna and
Billfish Fishery (ETBF). The Striped Marlin catches in the ETBF are managed via a Harvest Strategy
control rule which is used to recommend the annual Total Allowable Commercial Catch (TACC).
Full management strategy evaluation of a variety of harvest strategies was completed in 2009, and
the adopted harvest strategy implemented in 2011. In the report of the management strategy
evaluation (MSE) of the Striped Marlin harvest strategy (Kolody et al, 2010), it was noted that: 1)
the Western and Central Pacific Fisheries Commission (WCPFC) Striped Marlin stock assessment,
which was used to condition the operating models, was out of date and new biological data were
available to inform the stock assessment models, and 2) that the evaluation indicated that the
harvest strategy may have a higher risk of breaching the limit reference point than outlined in the
Commonwealth Harvest Strategy Policy guidelines. This updated management strategy evaluation
of the harvest strategy for Striped Marlin deals with both of these issues; it is based on an updated
stock assessment (Davies et al, 2012) and provides a re-evaluation of performance in general and
performance relative to the limit reference point in particular.



2 Background

This project builds upon earlier work completed in 2009 (Kolody et al, 2010) on Management
Strategy Evaluation (MSE) of a range of harvest strategies from which the Resource Assessment
Group (RAG) selected the adopted harvest strategy.

The Striped Marlin MSE in 2009 was based on data from the 2006 stock assessment. A generic
operating model, developed as part of the 2009 project, uses the outputs from stock assessments
to condition the model. In the case of Striped Marlin the stock assessment was out of date, and
new biological information had become available for use in the stock assessment.

In the 2009 evaluation of the harvest strategy for setting the TACC for Striped Marlin, it was
identified that the harvest strategy could potentially increase the risk to the stock. It has
subsequently been a high priority for the RAG and Management Advisory Committee (MAC) to
undertake an updated MSE of the harvest strategy using the most up to date data, and an updated
stock assessment.

In 2009 the ETBF RAG and MAC adopted the harvest strategy used to set the TACC for Striped
Marlin. In 2010 the harvest strategy was implemented to set the Striped Marlin TACC for 2011,
and has been used each year since. In 2013 the method for calculating the Catch Per Unit Effort
(CPUE) series used in the harvest strategy and the target reference point were changed and
therefore the 2014 TACC was set using a harvest strategy that is untested.

In 2012 the Western and Central Fisheries Commission (WCPFC), scheduled an updated stock
assessment for Striped Marlin (Davies et al, 2012), which included new biological information. The
software developed for the 2009 management strategy evaluation work has been reused here,
with the models updated with outputs from the most recent stock assessment.



3 The Striped Marlin 2012 stock assessment

The Secretariat of the Pacific Community’s Oceanic Fisheries Program Scientists provide stock
assessments for the WCPFC scientific committee meeting. The most recent Striped Marlin stock
assessment was presented in 2012 (Davies et al, 2012), and considerably updates the 2006 stock
assessment (Langley et al, 2006).

There were several major changes in the 2012 assessment compared with 2006:

® The Japanese catches between 1952-2011 were revised to be approximately 50% smaller than
those used in 2006, because of a data collation error in 2006 (i.e. two data sets for the Japanese
catch and effort data were provided, for different spatial aggregations, and both were
accidentally used in the 2006 stock assessment rather than just one).

® The CPUE series were revised and updated, and the Australian recreational catch size data were
included.

* New biological estimates for growth, length-weight and maturity at age (Kopf 2011) were
included.

® The assessment included a broader uncertainty analysis than the 2006 work and presented
results across 11 sensitivity models (based on the reference case model), and for a grid of 229
models which covered the cross-combination of uncertainties (e.g. alternative values for natural
mortality crossed with alternative values for steepness). In contrast, in the 2009 MSE project
only a single stock assessment model was available for conditioning the MSE operating model.

® Recent catch data since the last assessment (which only included data up to 2004) indicates that
the Australian longline catches are less than 10% of the total catch in the SW Pacific, and are no
longer the major catches in any of the assessment regions. Catches by non-Japanese and non-
Australian fleets are now dominating.

Some items in the 2012 assessment remained the same as in 2006:
® The stock assessment considers the SW Pacific stock to be separate from the Northern Pacific
and southern Eastern Pacific Ocean stocks.

® The spatial structure in the model remained the same as in 2006 — with a single spatially mixed
stock, with a regional component used only to specify selectivity for the different fisheries and
gears (Figure 1 from Davies et al 2012).

¢ The largest historical catches were taken out of the ETBF area by the Japanese fleet (Figure 2).
® Tag data were not included in the models.

® There is still large uncertainty in stock status associated with assumptions regarding CPUE and
selectivity, natural mortality and steepness.

® The decline in recruitment observed in the 2006 stock assessment is also observed in the 2012
stock assessment.



The SPC advice to the WCPFC in 2012 on Striped Marlin was:

® Current catches are below MSY but are approaching MSY
e Qverfishing is not occurring in the Striped Marlin stock

e Striped Marlin is approaching an over-fished state

The current conservation management method adopted by the WCPFC with respect to the SW
Pacific Striped Marlin stock is a vessel limit. The limit is equivalent to the maximum number of
vessels fishing for Striped Marlin in any one year within the period 2000 — 2004 (CMM 2006-04).
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Figure 1 The spatial structure of the stock assessment indicating catches over the history of the fishery: Note there
is one population with fisheries defined in 4 regions (from Davies et al, 2012)
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4 The ETBF Harvest Strategy

The ETBF harvest strategy (HS) adopted in March 2009, is based on a tree structure designed by
the ETBF HS working group and described in Davies et al (2008), and Kolody et al (2010). The input
data to the HS are the CPUE series for 3 size classes of fish (juvenile, Prime, Old), and the
proportion of old fish in the catch. The first and major component of the decision rule structure for
adjusting the TACC is the first stage which determines what adjustment is needed to reach the
target CPUE level (can be an increase or decrease in catch). The recent CPUE trend for Prime sized
fish splits the decision rule into the first set of branches. The second set of branching in the
decision rule tree structure is determined by the CPUE trend for Old fish, and the relative
proportion of old fish in the catch. The final stage of branching in the tree structure is based on
trends in the CPUE of juvenile fish. It is at the ends of these different branches that the TACC can
be further adjusted downward, by different amounts depending upon the branch, from the initial
calculation of the TACC at stage one. In adopting the HS the RAG and MAC agreed that a
maximum TAC change of 10% would be allowed, and the performance of this was tested in the
MSEs completed in 2009.

The tested and adopted HS has been used to set the TACC in the ETBF in 2011-2013, however,
changes to the input data used in the HS were introduced in 2013 (Campbell, 2013a) and the
target reference point was revised downwards (Campbell, 2013b). This new HS was used to set the
TACC in 2014 and these changes are currently untested, in terms of performance of the harvest
strategy using MISE. The changes involve smoothing of the CPUE series before use in the HS. This
has the potential to reduce the highs and lows that are normally seen in CPUE series, but may also
have the effect of slowing the responsiveness of the HS or damping TAC fluctuations, and the
effects on performance are unknown.

The original target that the ETBF HS aimed to reach is the average CPUE in the years 1998-2002.
The rationale was that this level of CPUE was considered economically optimal (Davies et al, 2008).
The target CPUE level was reviewed in 2013 (Campbell, 2013b) and changed by the Tropical Tuna
RAG (Anon 2013) to a lower target of 0.86 of the average 1998-2002. The review examined the
biomass trend in the 2012 stock assessment over the same period (1998-2002) relative to the
initial biomass. This was used as a comparison with the Commonwealth HS policy target of MEY
which can be estimated via a proxy related to MSY and is assumed to be equivalent to 0.48 of the
initial biomass (B0). The comparison was limited to the reference case model, and did not examine
all the models in the full structural uncertainty grid. A limit reference point was also introduced at
0.2 BO which in this case is assumed to equate to 0.36 of the standardized CPUE prime. The new
reference points are shown in the CPUE performance figures.

4.1 HS input data requirements

The ETBF HS input data requirements are the ETBF CPUE series for 3 size groups (juvenile, prime
and old), and the proportion of the old size group in the ETBF catch. Around 70% of the fish caught
are measured as part of the size data monitoring program. Logbook and observer data are used in
the CPUE calculations. These inputs are unchanged from the 2009 MSE work, except that the CPUE



series are now smoothed using a lowess function. The data inputs and methods are described in
Campbell (2013a), and the data inputs and methods are not reviewed here.



5 MSE steps and operating model conditioning

5.1 MSE steps

The operating models used for MSE are conditioned on the data outputs from the Striped Marlin
stock assessment models. The estimates from individual stock assessment models of the numbers
at age in each year, selectivity of the different fisheries, and natural mortality, steepness and
growth rates are used to define the values of the variables and parameters in the individual
operating models. The population numbers are then projected into the future, using these
population dynamics parameters. In the projections, for each annual loop, the HS decision rule is
used to set the TACC in the ETBF area, and data for the next HS decision are simulated. The
performance of the HS, relative to the Commonwealth HS Policy and guidelines performance
objectives, is then evaluated.

5.2 Operating model conditioning

The assessment model spatial structure is defined as a single area. For the operating models, the
spatial structure involves an ETBF and non-ETBF area, with hypotheses for connectivity between
them. The HS only operates in the ETBF area. Therefore some assumptions must be made to re-

partition the population into a suitable spatial framework in the OM.

® The operating model (OM) is a two area model representing the ETBF and non-ETBF areas. The
data from the stock assessment (estimates of numbers at age in each year 1950-2011) are
partitioned into the two areas based on the geographical surface area of the ETBF in the
assessment region (36% was used as the ETBF area in the first MSE OM'’s, and re-used here).

® Asingle selectivity vector (by age) is used in each of the OMs 2 areas. The stock assessment
areas 2 and 3 (Figure 1) cover the ETBF but also extend further east into the south-west Pacific
Ocean. The Australian longline and recreational fisheries selectivities are estimated for the 2
assessment areas and are quite different above and below 30S (the line between areas 2 and 3
in the stock assessment) (Figure 3). These selectivities are used in the OMs for the ETBF area. For
the non-ETBF area in the OM, the Japanese longline 2 fishery selectivity (‘LL2" as defined in the
stock assessment) is used. This fishery has taken the largest catches over the history of the
fishery, but in recent years the catches in areas 1 and 4 by non-Japanese fleets have increased
substantially (Figure 2).

® The stock assessment model assumes that there is a single well mixed population, and single
spawning population. Similarly, the OM assumes that there is a single spawning population (the
combination of mature fish from both the ETBF and Non-ETBF areas) and has fixed parameters
for distribution of recruits to the 2 areas in the OM.

® The OM allows for migration between the ETBF and non-ETBF areas, and different rates of
migration are explored, related to different connectivity hypotheses.

e Of the 229 stock assessment models examined in the full analysis of the grid of uncertainties,
only a subset of these are selected to cover the range of uncertainties in population size and



dynamics in the OMs. The set of 229 stock assessment models is a subset of the all the stock
assessment models run, because 21% were considered not plausible or failed converge.

The operating model is not re-conditioned to fit the historical data to the new spatial structure or
assumptions regarding selectivity, recruitment distribution and migration.

In the projections of the population into the future, the catch in the ETBF is determined by using
the HS decision rules that is being tested, and alternative scenarios for fixed non-ETBF effort are
examined.

Selectivity Aus fisheries

sel 6 = Northern, sel 7 = Southern
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Figure 3 Selectivity estimated in the reference case stock assessment model for the Australian longline fisheries in
area 2 (north of 30S) and area 3 (south of 30S)

5.2.1 Options and impacts of conditioning the OM using the stock assessment
outputs

The 2009 MSE work identified an inconsistency in the operating model data and the size
composition data from the ETBF. We have explored the consistency of the OM estimates of CPUE
and proportions for the 3 size classes used in the ETBF HS with the observed data over the years
where the data overlap (1999-2009). There are options in defining the OMs that can affect the
consistency between modeled and observed data, and three of these options are discussed below.
Inconsistencies remain, however it was not in the scope of this project to consider reconditioning
the operating models.

1) The CPUE series used in the stock assessment

One of the changes in the 2012 stock assessment models, compared with 2006, is that different
models used different CPUE series data, and conflicting CPUE series are no longer combined in the
one stock assessment model. There are 9 CPUE indices available for use in the stock assessment,
but only 5 are used in the grid analysis of structural uncertainty, in 4 combinations. Australian
longline CPUE indices were provided for the stock assessment for areas 2 and 3 by Campbell
(2012), and an Australian recreational fishery CPUE Series in area 3 was provided by Ghosn et al
(2012).

The stock assessment structural uncertainty grid includes 4 options for the CPUE used: 1) the
Japanese ‘LL1’ fishery CPUE series, 2) the Japanese ‘LL2’ CPUE series, 3) the Japanese ‘LL3’ CPUE
series or 4) the Japanese ‘LL2’ CPUE series and the Australian Longline CPUE in areas 2 and 3. The



stock assessment reference case uses the Japanese LL2 CPUE series only. This means that in the
structural uncertainty grid of models, only a subset of models use the Australian CPUE indices. The
choice of CPUE used in the stock assessment can affect the estimates for the selectivities in areas
2 and 3 for the Australian longline fishery (selectivities are discussed further below), and stock
structure may be affected because the stock assessment estimates of absolute abundance are
sensitive to the CPUE series used. These effects therefore also occur in the OMs. The CPUE factor
in the structural uncertainty grid contributes to the large uncertainty in stock status estimates.

2) Which selectivity from the stock assessment to use in the OM

The structural uncertainty grid in the stock assessment has 2 options for selectivity function
shapes, and selectivities are estimated for 12 longline and 2 recreational fisheries in each stock
assessment model. The shapes options are: 1) splines for all longline fisheries, 2) logistic function
for Japanese ‘LL3’ and Australian ‘LL3’. In the OM we have chosen a single selectivity to represent
the non-ETBF fisheries, and one to represent the whole of the ETBF area. The choice of which
longline fishery selectivity to use has impacts on the model estimates of the ETBF size and CPUE
data, and how well these match with the observed size and CPUE data from the ETBF. The
selectivities are also dependent on the stock assessment model, and which CPUE series is fit within
that model.

3) Differences in the conversion factors used in the ETBF data processing and in the stock
assessment model.

The operating model estimate of the proportion of the catch in each size class is dependent on the
cut-off sizes used. The cut-off weights are defined in the ETBF data processing and are processed
weight values. The stock assessment models and hence the operating models use whole weight,
and therefore the processed weights must be converted to whole weights. Regardless of the
conversion factors the observed ETBF proportions by size group would not change, but the
modeled proportions will be dependent upon whole weight cut-off values used. We have used the
stock assessment conversion factors to determine the whole weight cut-off values for use in the
operating model catch sampling algorithms. In the stock assessment, the authors use the following
processed weight to whole weight conversion and argue that these are the most appropriate
values currently available. They are derived from Japanese observer data collected in the 1990s.
It’s acknowledged that this factor is uncertain and will remain so until a conversion factor is
calculated from data collected on Australian longliners. The stock assessment conversion factors
are described in Davies et al, 2012 as:

Whole weight (kg) = 1.1788 x gilled-gutted weight (kg)®%%*.

The cut-off weights used, in combination with the selectivity curve, can affect the allocation of the
numbers of fish in the catch between the 3 size classes used in the ETBF HS. The steep selectivity
curves for the Australian longline fishery (especially the area 2 Australian longline selectivity), in
combination with a slight mismatch in conversion rates from processed weigh to whole weight can
make a difference to the partitioning of the catch into each of the size classes in the OM.



5.2.2 Fit to the observed data in the ETBF

We have explored the 3 main options in defining the OM to examine the impact on consistency
between observed and modeled CPUE and proportions in each size class.

The observed Australian longline CPUE series appears to track reasonably well with the modelled
estimate CPUE series for the available years of overlap for the operating model based on the stock
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Figure 4) where only the Japanese longline 2 CPUE is used and for model 004 which also uses the
Australian longline CPUE for areas 2 and 3 (Figure 5, Figure 6). This is a positive outcome given that
the Australian CPUE series is not used in the reference case stock assessment model.
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For the reference case and model 004 (

Figure 4 and Figure 6), when the Australian longline 3 selectivity is used, the match for the
proportion old size class (which is used in the HS) is good. However, for the other size groups, the
observed and modeled data show some inconsistencies. When selectivity Australian longline 2 is
used with model 004 (Figure 5) and the reference case (not shown, but very similar to model 004
results) all the proportions by size class show inconsistencies between observed and modeled
data. For the prime sized fish the trends in observed and modeled data appear similar, but the
proportions are different, for the available years of overlap. When using Australian longline 2 or 3
selectivities, the proportions of juvenile Striped Marlin in the ETBF area are too high compared



with the catch at size data observed in the ETBF. When the Australian lonline 2 selectivity is used,
the proportion old is too low (Figure 5).

The Australian longline 2 selectivity for area 2 is very steep and centers around 1 age class (Figure
7), and OMs using this selectivity show an inconsistency with proportion old size class. The
Australian longline 3 selectivity appears to be more representative of the ETBF catches, but
changes depending on the stock assessment model. The inconsistency in the juvenile and prime
proportions remain unresolved, however these proportions are not used in the HS, and the CPUE
series appear to be unaffected by this inconsistency.

In addition to these three main options in defining the OMs and the impact on consistency with
observed data, the size composition can also be affected within the OMs from a variety of reasons,
described below:

® The distribution of the numbers at age from the stock assessment to the operating model does
not represent the underlying spatial complexity of the stock by age or size

® Choosing a single selectivity for the ETBF and non-ETBF regions in the operating model, does not
account for the effects on stock structure created by the other fisheries in the stock assessment
models (in particular the recent increased fishing effort in areas 1 and 4, some of which is
targeting smaller fish).

® The cutoff sizes for the 3 size classes are not correct when applied in the OM: We explored the
weight-to- length and processed- weight to whole-weight conversions and could find no
reasonable alternative methods or inconsistencies that would resolve the problem.

® Lack of fit in the assessments to the Australian Length or weight data: The diagnostic plots from
the reference case stock assessment model don’t indicate any lack of fit to the Australian length
and weight data used in the stock assessments.

0.6 1.4
o 05 12—
c
g 04 = 1
o3 A~/ ~— S0 v
2 03 \/‘\/\f\ 2
802 2
g \ Bos AN
a

0.1 0.2

0 0

1997
1999
2001
2003
2005
2007
2009
1997
1999
2001
2003
2005
2007
2009



0.6 1.4

A
0.5 %A, 1.2
()]
1
-E 0.4 £
S 03 "
S W 0.6
2 0.2 S
oY © 04
[-%
0.1 0.2
0 0
~ (o)} i o L ~ ()] ~ ()] - o n N~ (o))
[e)] [e)] o o o o o [e2] [e)] o o o o o
(o)} (o)} o o o o o o)} (o)} o o o o o
— — N o N o N — — o (V] o (V] o
1.4
0.6
12 S\

2

©
»

1
0.8 / S~

CPUE OlId
o
o
N

Proportion Old
o
w

T~
02—~/
0.4 o1
0.2 0
N O 4 o0 o N
0 & & 8 8 & 3 8
- = &N N N N

1997
1999
2001
2003
2005
2007
2009

=== 0bserved Proportion

modelled CPUE observed CPUE

modelled Proportion
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Figure 5 Observed and modelled proportions and CPUE by size class for the OM where Australian longline CPUE
series are included, and estimated selectivity from area 2 (northern) is used in catch estimates in the ETBF.
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Figure 6 Observed and modelled proportions and CPUE by size group, for the stock assessment using the Japanese
longline 2 CPUE. Selectivity in OM is area 3, southern ETBF.
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Figure 7 Selectivities estimated in the reference case stock assessment model (top) and for the equivalent model
(004) using the Australian CPUE data (Bottom). Note the Australian longline3 (AUS LL3) selectivities (yellow) are
quite different for these 2 model runs. For the reference case model selectivity for AUS LL3 peaks at age 4 and then
drops for age 5 and is steady from age 6 onwards. In model 004 when the Australian CPUE data are used, the
selectivity is a logistic shape with selectivity near 1 for ages 4-10

5.2.3 Effects of inconsistencies

The inconsistency between the observed and modelled size data can have several impacts on the
HS evaluation. If the population becomes depleted and skewed in some age classes, then there
could be impacts on the CPUE series by age class. From the model runs examined in close detail,
there doesn’t appear to be evidence of this in the evaluation simulations. Since the AusLL3
selectivity gives reasonable consistency between proportion old observed and modelled, we use
this selectivity for the ETBF area in the OMs, and this component of the HS should operate as
anticipated.



6 MSE reference set

From the structural uncertainty grid of 229 stock assessment models, 14 were selected as a
representative set that covered the range of stock status results from the stock assessment, via
inclusion of models which varied by CPUE series, steepness and natural mortality parameter
values. The growth and weighting of the size data factors in the stock assessment didn’t have a
large impact on the range of stock status results, so these weren’t considered necessary to include
as a factor.

The Reference Set of OM and the projections have the following assumptions based on the
reference set used in 2009:

® 14 Maximum Posterior Density(MPD) estimates from the uncertainty grid of stock assessment
models (in 2009 only 1 estimate was available)

e Spatial split of the historical estimates of numbers at age: 36 % in ETBF and 64% in non-ETBF.

e Migration options: 20% and 1% per quarter

® Recruitment from a single spawning biomass — recruits are distributed 36% to ETBF and 64% to
non-ETBF

® Non-ETBF effort assumed to stay constant at most recent levels

e Selectivity in the non-ETBF area uses the JPN LL 2 selectivity estimated from the stock
assessment model.

e Selectivity in the ETBF uses Australian longline area 3 (AUS LL3) selectivity estimated in the stock
assessment models.

® Recruitment variability: sd (log)=0.6 autocorrelation rho=0.7, plus additional stochastic error on
the 2 youngest cohorts in the first year of projections: age0 sd(log)=0.5, age 1 sd(log)=0.25

e Size composition sampling errors: 1) 70% sampling, magnitude distortion 0 and autocorrelation
0, and 2) 70% sampling, magnitude distortion 0.2 and autocorrelation 0.7.

® CPUE observation error low sd(log)=0.2 rho 0.7

® I[mplementation error: 0 and 0.2

The reference set comprised: 14 MPD estimates, x 2 migration rates x 2 size composition sampling
errors x 2 implementation errors x 10 stochastic realizations per scenario = 1120 projections
models.

Since the catches of Striped Marlin in the ETBF have been less than the Total Allowable
Commercial Catch since implementation of the HS, the implementation error 0.2 is not included in
a reduced subset of the reference set (i.e. implementation error =0 only).



7 Results and Discussion

Results are examined to address the key issues of interest to the TTRAG on the Striped Marlin HS:
1) performance of the harvest strategy relative to the target and limit reference points, 2) impacts
of the new data inputs, 3) impacts of connectivity uncertainty on performance of the HS. A process
for managing any future changes to the harvest strategy is also discussed.

7.1 Performance of the adopted HS

The performance of the current ETBF HS is examined using the same stock indicators and status
measures examined in detail in 2009 (Kolody et al, 2010), which include trends in Spawning Stock
Biomass (SSB), CPUE for the Prime size fish, and Catch in the ETBF and non-ETBF area. The figures
show the 80™ percentile confidence interval of the operating model historical trajectories and
future projections estimates, from the full suite of models that were run (i.e. 1120 projections in
the reference set). The dotted points are the median of these trajectories, and the single thin
black line shows a randomly selected single trajectory. The vertical line indicates where the
projections begin. In addition to projections where the ETBF HS sets catches in the ETBF area, a
constant zero catch in the ETBF scenario is run, to provide a comparison of the impacts of the ETBF
HS on the status and indicator measures.

Under a constant zero catch in the ETBF scenario, with fishing in the non-ETBF area continuing at
recent effort levels, the Spawning Stock Biomass trajectories show a wide range of future results,
with the lower percentile of the range of trajectories higher than recent SSB levels in the operating
models, and the median SSB greater than the 1998 levels (Figure 8). This indicates that SSB would
increase under a zero catch in the ETBF scenario. We compare this against the adopted ETBF HS
performance for which median SSB also increases to approximately the 1998 level. The SSB in
1998 is used as a simple relative measure because in the original development of the HS these
conditions for the fishery were seen as optimal.

In Figure 9, the range of Prime CPUE indicator trajectories are shown for the reference set and the
reduced reference set (the reduced set does not include implementation error). In both cases the
median of the prime CPUE trajectories increases towards the new target reference point. The
lower percentile of the reference set of models rarely falls below the limit reference point in the
reduced reference set.

The median of the trajectories hides the variation in CPUE trends over the projection period, as
shown in the single trajectory “worm” (thin black line). The wide range of stochasticity and
uncertainty built into the reference set also affects the range of trajectories, so subsets of the
reference set of models are further explored. In the reduced set where the TAC implementation
error is not included (because ETBF catches are below the HS TACC) the mean CPUE recovery
trajectory reaches and goes above the target reference point, on average. The risk to the stock is
within the terms set in the harvest strategy policy definition of the being above the limit reference
point 90% of the time. Performance relative to this risk criterion can be influenced by the range of
uncertainties included in the reference set of models. The performance for the reference set and



reduced reference set relative to this risk measure resolves the key concern in the previous MSE of
performance of the HS.

In Figure 10, the trajectories for the HS catches in the ETBF and corresponding catches in the non-
ETBF area (based on continuation of current effort) are shown for the reduced reference set (i.e.
with no implementation error). The median of the trajectories in the ETBF indicates a slight long-
term decline, however the confidence intervals indicate that the HS will allow for higher catches
when conditions allow. This indicates that the feedback mechanism in the HS for Striped Marlin is
working. The non-ETBF area catches increase when the ETBF is managed under the HS and
assuming that there is a continuation of current levels of effort in the non-ETBF area. Catches of
Striped Marlin in the stock assessment area (ETBF and non-ETBF) have declined in recent years.

In summary, the HS evaluation using the reference set demonstrates that the ETBF HS for Striped
Marlin can respond to feedback from the stock conditions to set the TACC in the ETBF that will
increase catch rates near to the target levels. The modifications to the data inputs do not affect
the performance of the HS. The issue of the HS increasing the risk to the stock has been resolved
and risk under the reduced reference set examined here is within the guidelines of the
Commonwealth Harvest strategy Policy.
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Figure 8. SSB trajectories from the reference set of projection models for the zero constant catch scenario in the
ETBF area CC_stm_0 (left), and the adopted ETBF HS Striped Marlin_2013 (right). Red circles indicate median
projections, shaded blue region represents the 10'"-90%" percentiles of the distribution, and the thin black line
represents a random trajectory.
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Figure 9. Examination of HS performance relative to the target in CPUE Prime for the reference set (left) and for the
reduced reference set with no TAC implementation error (right). Red circles indicate median projections, shaded
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Figure 10. The HS catch trajectories in the ETBF (left) and Non-ETBF area (right) for the reduced reference set (no
implementation error). Red circles indicate median projections, shaded blue region represents the 10t"-90t"
percentiles of the distribution, and the thin black line represents a random trajectory.

7.2 Connectivity uncertainty

Stock structure and connectivity are unresolved uncertainties for Striped Marlin, and to account
for this the reference set of simulation models includes two migration rates. Figure 11 shows
CPUE catch rate trajectories in the ETBF and non-ETBF areas for these 2 migration rates (high 0.2,
or low 0.01 percentage migration per quarter). Under these simulation conditions, the low
migration rate scenarios (i.e. low connectivity to the non-ETBF area) indicate higher catch rates in



the ETBF. In the high migration rate scenarios (i.e. high connectivity between the ETBF and non-
ETBF), catch rates are lower.

The Tropical Tuna RAG has also been interested in threshold levels of catch in the non-ETBF area
at which the HS recommends TACC that impose economic restriction in the ETBF but have no
positive conservation effect. This is a difficult question to answer because of the lack of knowledge
in population structure and connectivity between the ETBF and non-ETBF areas.

The HS has previously been tested for robustness to the uncertainties in effort outside of the ETBF
(Kolody et al, 2010). Tests of the impacts of higher effort in the non-ETBF area are examined in
Figure 12, where the non-ETBF effort has been increased to a very high level of four times the
current level of effort. Under this rather extreme scenario, the Spawning stock biomass declines,
Catches in the ETBF are heavily reduced and catches in the non-ETBF are higher but constrained by
low catch rates. This extreme scenario demonstrates that the HS will respond to negative
conditions and cut catches to maintain or increase catch rates.
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Figure 11. CPUE performance of the HS for the reference set of models for High migration rate between the ETBF
and Non-ETBF area (left) and low migration (right). Red circles indicate median projections, shaded blue region
represents the 10™"-90™ percentiles of the distribution, and the thin black line represents a random trajectory.
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Figure 12. MSE results under the extreme scenario of four times the current effort in the non-ETBF area. SSB
trajectory (top left), CPUE Prime (top right), catch in the ETBF (bottom left) and catch in the non-ETBF (bottom
right). Red circles indicate median projections, shaded blue region represents the 10th-90th percentiles of the
distribution, and the thin black line represents a random trajectory.

7.3 Future changes to the Harvest Strategy

In some fisheries, a management procedure is defined which includes components on data
collection, specification of data processing, the specification of the HS decision rule, and rules to
follow if there are exceptional circumstances related to management or the stock indicators. As
part of this package, the frequency of review of the HS is specified. One of the aims of the
specification of a review period is that the HS is not “tinkered with” in the mean-time. The RAG
and MAC could consider fixing the HS for some period, setting exceptional circumstances that will
occur in the event of indications of stock collapse or incongruent management actions
(international or domestic), and set a review period, within which alternatives for the HS might be
explored, but not implemented unless MSE tested.



8 Conclusions

This work focuses on an updated management strategy evaluation of the current ETBF harvest
strategy for Striped Marlin. The operating models for the management strategy evaluation have
been updated using outputs from the most recent stock assessment of Striped Marlin in the
WCPFC (Davies et al, 2012) which included new biological information, updated catch data, CPUE
series including the Australian CPUE and size data from the Australian recreational fishery. Full
reconditioning of operating models was not considered in the scope of the project. The harvest
strategy has been re-evaluated relative to new target and limit reference points and other
performance measures.

Key results:

* The management strategy evaluation demonstrates that the feedback mechanism in the
harvest strategy is working. The HS can respond to improving or worsening conditions by
adjusting catches to increase catch rates.

* Anissue, identified in the original MSE work, of the HS increasing the risk to the stock has been
resolved and risk under the reduced reference set used here is within the guidelines of the
Commonwealth Harvest strategy Policy.

® An evaluation of the implications for the harvest strategy performance of different
assumptions regarding the connectivity of the stock between the ETBF and non-ETBF areas
was conducted. Results showed that if there is low connectivity then higher catch rates could
be achieved in the ETBF, than if there is high connectivity.

® The cut-off value of non-ETBF effort, at which the ETBF HS would cut catches for no
conservation effect on the stock or catch rate increases, was examined but would require
information on the connectivity with the broader SW Pacific stock. Catches in the non-ETBF
area have declined in recent years.

® The changes to the harvest strategy input data and reference points have been used in this
management strategy evaluation and do not appear to have any impact on performance
relative to the previous MSE work (Kolody et al, 2010). A process for incorporating future
changes is discussed.
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Feasibility of “local” assessments for Eastern tropical tuna
resources and the costs and benefits of reducing current
uncertainties

Currently, the tropical tuna species in the ETBF - Yellowfin Tuna and Bigeye Tuna - are
assessed as being part of a wider population and fishery covering the whole Western and
Central Pacific Ocean (WCPO). Fishery data (catch composition, total catch and effort),
mark-recapture data (where available and usable), and biological data (maturity, growth
etc.) are combined together in spatially explicit, highly complex integrated stock assessments
(Davies et al., 2014), run by the Secretariat of the Pacific Community (SPC) on behalf of the
Western and Cental Pacific Fisheries Commission (WCPFC).

Although the exact spatial stratifications have changed over time, the spatial areas defined
in these assessments are driven almost exclusively by specific fishery locations. As such, the
ETBF fishery is contained within one (or now two) of these regions along with the non-ETBF
long-line fishery. One issue that has existed for both species for some time is that the vast
majority of the catch and informative data on abundance is found in the equatorial regions.
The MULTIFAN-CL model structures explicitly model catchability commonality (with total
area scalings) across the main Japanese long-line fishery across the WCPO - the dominant
information source on abundance and trend over time. This means that “local” estimates of

tropical tuna abundance in the ETBF are heavily influenced by those from other regions.

Recent stock structure work for Yellowfin Tuna has cast extreme doubt on the current
assessment assumption of a single pan-WCPO Yellowfin Tuna spawning population (Grewe
et al., 2015; Aquila et al., 2015). Similar issues may exist for Bigeye Tuna, and a recently
developed FRDC project proposal will hopefully discover the extent of the structure in all the
ETBF main target species within the wider WCPO. At this stage, the ETBF Yellowfin Tuna
population is genetically distinct from the closest adjoining population in the equatorial region
in and around Tokolau. Indeed, existing tagging data also support low levels of connectivity

between the ETBF and the equatorial regions (see connectivity review in this report).

Even with the current assessment predictions for the size and trend in the abundance of
both Yellowfin Tuna and Bigeye Tuna, the issue of the impact of the ETBF fleet on those
populations has been a major reason for not implementing the current harvest strategy (HS)
for those species. With little impact on the population, there is little to no feedback through
the HS, and so changing TACs within the ETBF has little to no impact on the population
- irrespective of the trend therein. The worst-case scenario would be a continually reducing

ETBF catch, driven by a declining trend in the stock abundance, that has nothing at all to



do with the ETBF (or perhaps any fleet’s) catch levels.

There is, in theory, enough data and connectivity information to attempt to assess the
tropical tuna populations within the ETBF in isolation to the wider WCPO. The national
benefits would be a better more locally driven idea of the size of these populations and the
subsequent increase in understanding of ETBF impact (or lack of it) on the stock. This
would then feed into decisions as to whether to maintain the principle of not implementing
the ETBF HS for the tropical tuna or not. Additionally we also perform a cost-benefit analysis
of exisiting plausible methods for reducing the current uncertainty in both stock connectivity

and population size and status in the ETBF region.

Undertaking “local” assessments for tropical tuna
Current WCPO assessments for the tropical tuna have the following general structure:

e Age and length structured population models with a quarterly time-step
o A “box”-type spatial stratification with estimated quarterly movement rates

e Recruitment is estimated for each region and for each quarter, with total recruitment a

function of the overall spawning biomass

e Each fishery has its own selectivity function and set of catch composition data (by

length and/or weight)

e Data used in the estimation of parameters include: total catch, effort, CPUE, catch

composition, mark-recapture data

Obviously, for ETBF-specific assessments we remove the spatial element of the models and
we also reduce the complexity of some elements of the model, which reduces the number
of estimated parameters and does very little to reduce overall information content. For the

ETBF assessments we have the following:

e Age and length structured population models with a quarterly time-step
e Recruitment is estimated for each time-step as a function of the spawning biomass

e Assumed rates of natural mortality., maturity and growth are the same as those used
in the WCPO assessments

e CPUE from the ETBF and non-ETBF fleets are both used as abundance indices (i.e.

constant but estimated catchability)



e Catch composition by length and weight is converted into age composition data and
then used in the model, not converted within the model as growth is assumed constant

and known
e Mark-recapture data for both species is not used given known mixing issues

e The spatial extent of the data is a rectangle stretching from 10-40°S in latitude and
150-170°E in longitude.

What is obtained are estimates of spawning stock biomass (SSB), recruitment, and fishing
mortality (and impact) for both the ETBF and non-ETBF fisheries. The main aim was
to include the salient and informative structures and data used in the WCPO assessments,
while reducing what we would consider to be the extraneous complexities therein that add
little information for the very high number of additional parameters required. One major
difference is that we assume that both the ETBF and non-ETBF long-line fleets are potentially
abundance indices - in the WCPO assessments this is not the case, as ETBF catchability is
assumed to vary over time (Davies et al., 2014). The main reason for this is that, if the
ETBF catches do significantly impact the stocks in question, and a HS is to be explored,
assuming the ETBF CPUE not to be an index of abundance invalidates the HS right from
the beginning. There is no information that suggests one CPUE series is any better than the
other in terms of being an abundance index, and one could argue the ETBF series has more
scrutiny than its counterpart, so we feel this assumption is a priori plausible. Although we
do point out that the series is only used from 1997 onwards, as the analyses of these data
appear to suggest that the assumption of a continuous time-series prior to this year would be

unwarranted.

Yellowfin Tuna results

Figures 1 and 2 summarise the fits to the CPUE abundance indices and the catch composition
data, respectively, for Yellowfin Tuna and with the “local” ETBF assessment model. For the
composition data, a multinomial distribution was assumed (as with the WCPO assessments);
for the CPUE data an annual observation error is also imposed with a time-independent
additional process error also estimated. Weightings of these data sets were done according to

the currently accepted best practices outlined in Francis (2011).

Fits to the CPUE data (left of Figure 1) are very noisy for both series. The general trend
of both series is captured, but large process errors are estimated for both also - especially the
non-ETBF long-line series (a process error CV close to 0.4). The fits obtained in the “local”

assessment are of the same quality as those obtained for the WCPO assessments (Davies et
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Figure 1: Fits to the ETBF (LL AU, bottom left) and non-ETBF (LL all, top left) standardised
CPUE series and inferred age composition for the non-ETBF length (LL all LF; right, top
left) and weight (LL all WF; right, top right) frequency data, and the ETBF (LL AU WF;
right, bottom right) weight frequency data. The black circles are the data and the magenta

line the model-prediction at the mazimum likelihood estimate.

al., 2014), with respect to the non-ETBF series. Standardised CPUE is noisy across the whole
WCPO - even for those series assumed to be proportional to abundance - and this emphasises
this issue when we consider that this is the only information available in this region, once we

disconnect from the equatorial highly informative zones.

Fits to the composition data (right of Figure 1), weighted by catch and summarised across
all time periods for clarity, are generally fine, albeit with some apparent misfit at the youngest
and oldest ages where the least fish are caught. They are very comparable to the WCPO
assessment fits (Davies et al., 2014), as with the CPUE data, and we assumed a flexible

age-specific selecitivity model - free up to age 20 - to avoid overly constraining the model.

Figure 2 shows the historical estimates of the key population and fishery variables: SSB

(tonnes), recruitment (in thousands), and fishery impact. Fishery impact is define as follows:

1. Calculate the SSB-per-recruit at zero (SPRy) and annual (SPRg, ) estimates of ex-
ploitation rate ({7,) for each fishery, f

2. For each fishery, calculate ¢p, =1 — SPRO/SPRgf’y

3. This defines the fishery impact for each fishery
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Figure 2: Historical SSB (top left, tonnes) and recruitment (bottom left, thousands) with
mazximum likelihood estimate the black line and the grey envelope the approximate 95% CI.
On the right is the fishery impact variable for the ETBF (LLAU) and non-ETBF (LLall)

long-line fleets, respectively.

This notion of fishery-specific impact essentially calculates the proportional reduction in the
possible spawning stock biomass obtainable from one recruit over its lifetime by each fishery.
Values of zero obviously mean no impact; values close to one imply the fishery is taking pretty
much everything. The measure ignores the impact of the stock-recruit relationship, but is an

easy way too understand relative impact of each fishery on the spawning stock over time.

Clearly from Figure 2 there has been a large change in SSB over time (increase then decline)
from 1950 to the present. The recruitment trend is similar, though with an appearance of a
lag in the SSB change, relative to the SSB. This, coupled with low fishery impact estimates,
is strongly suggestive of regime-driven recruitment and abundance variation with little con-
nection to fishing effort - at least historically. To formalise this look at the plot on the left of
Figure 3, showing the correlation between recruitment and SSB (not the other way around)
with increasing lag effect on the SSB. If there is a strong stock-recruit relationship this should
peak at zero, and decrease afterwards. What we see is in fact a peak at a lag of around 10
quarters (2.5 years) coincident with the point at which the fish begin to hit 50-100% maturity.

This clearly shows that recruitment is driving the SSB trends and not the other way around.

This fundamentally changes any reading of stock status from Figure 2. Clearly, equilibrium
SSB with no fishing, By, is not stationary, and the By = Binitial type interpretation deeply

flawed. In this case we would be close to the limit reference level of 0.2 if we chose to follow
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Figure 3: On the left, the correlation between recruitment and SSB with a given lag applied
to SSB, and the lag is in quarters not years. On the left, SSB depletion under the dynamic
By paradigm, relative to the target (0.48, dotted magenta line) and limit (0.2, dotted red line)
levels of the current HSP.

that path. The correct interpretation is via the concept of dynamic By: the SSB we would
expect for the given estimate of current recruitment at zero fishing mortality. The right-hand
side of Figure 3 shows the dynamic interpretation of stock status, relative to the current HSP
target (0.48) and limit (0.2) levels and gives a very different picture. The depletion level has
stayed close to 1 historically and, only recently, as mean recruitment entered its lowest regime
observed, has depletion come down to around 0.75 given the increased level of fishery impact,
mostly from the non-ETBF fleet.

In summary, there is some information in the “local” fishery data with which to try and
estimate population size and status. However, it should be noted that the information is
highly uncertain, and alternative model formulations that could be considered plausible if
not as “best practice” as this one, gave answers between 50-300% different to this one in
terms of absolutes (though not depletion levels). With what we have at present, there is little
evidence that the local population exploited by the ETBF is very large or depleted even close
to the target levels of the HSP, and that the ETBF has minimal impact on the stock. A
final point that should be mentioned is that any current inferences on the state of the local
population are strongly dependent on the assumption that the non-ETBF CPUE is effectively
standardised. Given the very large targeting and time-area shifts this fishery has undergone

over time, it is always worth taking the results with a measure of uncertainty and potentially



bias well in excess of any confidence intervals shown.

Bigeye Tuna results

The same general model structure, mutatis mutandis in terms of life-history variables etc.,
was applied to the Bigeye Tuna data on the same spatial and temporal scales. Figure 4 shows
the standardised Bigeye Tuna CPUE for the ETBF (LL (AU)) and non-ETBF (LL (all))
long-line fleets in this region. For the main index, the non-ETBF LL (all) fleet, the series is
very noisy - more so than for the Yellowfin Tuna - with a general decline in CPUE of around
50-70% from 1969 to the present. For the much shorter ETBF series, while less noisy than
its counterpart, it is equally non-informative - a barely perceptible decrease over the 15 or so

years of its existence.
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Figure 4: Bigeye Tuna standardised CPUE for the non-ETBF (LL (all)) and ETBF (LL
(AU)) fleets.

Efforts to obtain a sensible model fit to the Bigeye Tuna data failed. The general problem

can be summarised as follows:

e The CPUE data are not very informative, but seem to prefer very low stock sizes, with

extremely high exploitation rates

e The catch frequency (length and weight) data, uncertain and in some cases showing



notable changes in characteristics over time, generally prefer very high stock sizes that

are simply not credible

e A range of plausible structures, catchability models (e.g. variable over time for ETBF),
data-weighting scenarios simply cause the model to “flip” between one of these two

constrasting scenarios

Given the poor mixing characteristics of the tagging data in this region they are also un-
suited to providing us with usable abundance information. So, the overall conclusion is that
- at present - the available data are either lacking in the requisite information, or contradict
each other in their information, making it very difficult to perform a “local” assessment for

this species.

Costs and benefits of reducing current uncertainties

At the start of the project, this is issue seemed to refer really to connectivity. As the project
developed it really became about three things: (i) connectivity, (ii) population structure, and
(iii) abundance. Issues (i) and (ii) both relate to spatial processes, but are very different in
terms of the tools available to study them, and sometimes in how the processes themselves
occur. One point to make is the relative importance of these issues with respect to stock
assessment and management. Often, it is abundance that is far more important than either
structure or connectivity when it comes to stock assessment, but the issues around where the

fish spend their time and reproduce are very important in a management sense.

Connectivity

The project has undertaken an extensive review of what the currently available data say with
respect to connectivity for all the major species and we will not reiterate the main conclusions
here. What we do focus on is either new data sources, or new methods using of existing data

streams, that might be useful in reducing the current level of uncertainty.

With respect to connectivity of highly mobile and migratory pelagic species such as those
in the ETBF, the major player is tagging data, though one could include other approaches
such as hard-parts micro-chemistry as well. There is a reasonable amount of existing tagging
data (conventional, archival, satellite) and it has informed the current state of understanding
- see the connectivity review chapter. It is the question one is fundamentally asking that

really informs the costs and benefits of particular tagging platforms.

Generally speaking, conventional tags are useful only in a qualitative sense when it comes



to movement. Restricted release locations and timings, together with highly heterogeneous
fishery effort over both space and time (biasing recapture interpretation). There is a school
of thought that simply including all this information in the assessments and then estimating
movement internally can avoid this trap, but simulation studies have shown this to be simply
asking far too much of the data. What conventional tags have told us to date are that some
fish do move between regions, and sometimes large distances, but a lot of them don’t seem

to do so.

Electronic forms of tagging data have been the most informative, as one might expect,
given we do not need to infer the dynamics between release and recapture; we have a full
history, albeit with errors and potential biases that need accounting for. Archival data have
the potential to be the most informative simply because of the number of things they can
measure and how long they can measure them for. Satellite tags struggle in this regard as
they really give information on location (and maybe local conditions) and are difficult to
keep running for multiple years. On the other hand, archival tags require fishery recapture
in general, so one needs enough of them to ensure enough are recaptured to be informative;

with satellite tags this is not the case.

Taking the simplest case of asking if fish from area A and area B ever mix into regions
other than those they were released into. At the most basic statistical level, if the hypothesis
was no mixing, then for each region one would want to have 20 tags that demonstrated no
mixing - so 40 in total. Simple releasing 20 in one zone and, in the result of no mixing being
seen, declaring that the regions do not mix totally misses the point that there could be total
mixing from the unobserved region. So 40 tags in total would give us the usual p-value of 0.05
in terms of rejecting the null hypothesis of mixing. For satellite/pop-up tags this is easy to
achieve. For archival tags we have to release enough so that the expectation is we will receive
40 returns. Taking the Yellowfin Tuna levels of fishing mortality and assuming very good
reporting rates that would take 500-1000 archival tags! Financially, and even logistically,
satellite tags win out every time if this is the question we are asking. If the question was
movement over longer time frames we then run into issues around diminishing returns for

releasing more and more satellite tags given their often more limited lifetimes.

Population structure

Outside of specific situations whereby archival tags could measure key biological triggers of
spawning behaviour, or where satellite tags could be linked with fishery surveys to validate
spawning activity, tagging data cannot generally tell us anything directly about stock struc-
ture. Although promising much historically, it is only recently that genetic techniques have

progressed to the kind of level required to undertake detailed, and informative, stock structure



analyses on the kinds of scale international fisheries occur at.

Structure and connectivity are coexistent processes in species like tuna and other scom-
brids. One can have no structure with a high degree of asymmetric connectivity (i.e. where
movement parameters across regions are relatively unconstrained and estimated as currently
assumed for all the WCPO assessments), or the opposite. Both are very important but really
structure has the added importance of relating to what the management units should be. At
the RFMO level maintaining the fishing mortality at or below F,s, and the spawning popu-
lation at or above By, is what drives management efforts, but stock structure (i.e. multiple
spawning populations within the designated “stock” being managed) complicates how this
works and - crucially - who is supposed to make it happen. One of the main questions of
this project is really about this wider issue: how do national and international management

processes work for trans-boundary fish populations?

The population of Yellowfin Tuna harvested by the ETBF has recently been thrown into
this situation by the clear detection of stock structure between the ETBF region in the West-
ern Pacific and around Tokolau in the Central Pacific (as well as with a control population
in the Eastern Pacific around Baja) (Grewe et al., 2015). Current assessments and attempts
at management action assume that the WCPO is a single spawning population for Yellowfin
Tuna (for all tropical species in fact; temperate stocks are assumed to be split at the equator).
If future analyses reveal this structure across the WCPO, which seems likely, this essentially
means that totally new assessment structures are required and further complicate an already
fraught management landscape. Population structure, by its very nature and given the man-
agement requirements of tuna RFMOs, will mean spatial management of the Yellowfin Tuna
will become the default approach for the WCPFC simply because adjusting total WCPO
catch, effort or capacity levels conditional on current assessments has no sound basis from

which we would expect it to every actually work.

To give an example of the likely costs involved in undertaking a wider stock structure project
let’s use the Yellowfin Tuna example. There are five major regions (and more sub-regions
to deal with tag release issues) in the current assessment structures. Now in reality, there
may be more or less regions when one deals with this stratification in terms of hypothesised
population structures - see the connectivity review. But let us take five for now. To be able say
anything statistically significant we need a minimum of 50 fish per region, and current costs sit
at around $40-50 per fish (taking 50 as the maxmimum). For a one-time sampling strategy
that would be 5 x 50 x 50 = $12,500 to genotype all the samples. Sample collection and
post-genotyping analyses have additional costs attached that vary by location and research

provider so we focus on the genotyping costs here.

This is easily scalable in terms of additional regions and species of interest, but it is clear
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that obtaining the kind of detailed genetic information from which to accurately categorise
stock structure is now quite cheap - and will get cheaper over time. We would argue this type
of study is an effective no-brainer given (a) the costs relative to large-scale tagging programs
(that cannot generally elucidate stock structure); (b) the fact that there is a current major
gap in the knowledge around stock structure in the WCPO for all species; and (c¢) that, at
least for Yellowfin Tuna, when looking for structure it appears to be there and with attendant

major assessment and management implications.

Abundance

One of the key outcomes of the tropical tuna related work in this project is actually how
weak the abundance information is, once it is uncoupled from the equatorial regions in the
WCPO assessments. Given the apparent lack of precise information for Yellowfin Tuna, or
any real consistent information for Bigeye Tuna, some form of tagging seems the only only

likely workable option.

The three main candidates are:

e Conventional mark-recapture (CMR): as with previous spaghetti tag-type programs in

not just the WCPO but all the various tuna tagging programs

e Genetic mark-recapture (GMR): similar to conventional mark-recapture, but using a
biopsy sample before release, and subsequent DNA scanning of fish in the future catch,

as the mark and recapture process.

e Close-kin mark-recapture (CKMR): a novel approach that uses DNA matches between
closely related animals (e.g. parent-offspring) to estimate the size (and survival rate) of

the adult population

Conventional mark-recapture

The advantages of this approach are twofold: (i) it has a long and fairly successful history
in pelagic applications, often yielding informative data on mortality rates and/or abundance,
and (ii) the models required to use the data are also well established. The main disadvantages
of conventional mark-recapture are its high release costs, and the problem of both recovering

tags from the fisheries and estimating the reporting rates thereof.

In a simplistic sense, in terms of costs, we need to separate into fixed and variable costs:
hiring the boat is a fixed cost, with tag purchase and labour time associated with releasing

them a variable one. The fixed costs usually dominiate - it is very expensive to charter a boat
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and staff it whether you are releasing 100 or 10,000 tags. But there is a variable cost involved
also as it takes time for well trained taggers to capture, tag and release animals. The follow
on costs are twofold: (i) establishing a tag return fund to pay for the returned tags from the
fishery, and (ii) establishing a tag-seeding or other detection program (like PIT tags) in the

various fisheries to estimate the reporting rates.

Genetic mark-recapture

The main advantages of CMR are also shared by GMR - it might not have a long history in
marine applications but it is the same data as CMR released form the same type of platform.
The additional advantage of GMR over CMR is the lack of a need for reporting rates or
any tag loss over time. For the same release numbers, pro rata, one will always get more
recaptures from GMR just because (a) if we find a tagged fish and test it we will never miss
it, and (b) the tag itself (DNA) is never lost by the fish.

The main disadvantage of GMR is that one has to also initiate the recapture sampling
process - the fishery can never see a tagged fish and know it to be tagged - so additional
sampling is in order to find them again. This comes with additional costs, albeit far lower

than for releasing them.

The obvious control variable for any such program is the expected CV in the target pop-
ulation variable - abundance or fishing mortality. The fundamental comparison is then, for
a given CV, which approach comes in cheapest? In the head-to-head comparison between
CMR and GMR this really is decided by the following trade-off: is the rate of information
(tag) loss from CMR arising from tag shedding and lack of reporting of tags enough when
compared to the higher costs of the DNA and recapture sampling required for GMR?

Close-kin mark-repcapture

CKMR is a novel approach, whereby the detection of closely related individuals can give us
information on the absolute abundance (and other variables) for the reproductive part of the
stock (Bravington et al., 2014). The first example, done for Southern Bluefin Tuna, used the
detection of parent-offspring pairs (POPs), given the sampling possibilities available for both
the juvenile and adult parts of the stock. Another approach, recently applied to Great White
sharks in Eastern Australia, uses the detection of half-sibling pairs (HSPs), to estimate adult

abundance and survival rates (Bravington et al., 2016).

We focus on the HSP approach for ETBF applications because: (i) we cannot guarantee to
be able to sample adult spawning fish, and (ii) the range of animals we do see - for example

between 1 and 3 years old for Yellowfin Tuna - makes the HSP approach more sensible as we
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can guarantee recent estimates of abundance and survival. The theory is moderately simple:

e Consider two juveniles ¢ and j

e The further apart their respective birth years (cohorts), ¢; and ¢;, the less likely they
are to be HSPs (parents less likely to still be alive)

e The bigger the adult abundance in the latest birth year, the less likely they are to be
HSPs (less likely to randomly find a half-sibling from a bigger pool of putative parents)

e A positive/negative growth rate in the adult population between their birth years makes

it less/more likely they will be HSPs (relates to previous point)

We can, in fact, formalise this into a probability of juveniles ¢ and j being HSPs, and we

assume a constant adult population size N and total mortality rate Z for simplicity:

dexp(—Z * 1)
Posp = — N

where 7 = |¢; — ¢;| is the number of years between the respective births of the two samples.
For teleosts, we would wish to avoid within-cohort comparisons (one gets over-representation
of HSPs and we also have to deal with full-sibling pairs too then). So, for a one-off sampling
approach, it is most efficient to sample M fish from one cohort and M fish from another - one
younger fish this length-range is well defined and is, in principle, feasible. Modern genetics
is now at the stage where we can definitively find HSPs, so we can just assume this part of
the process, and say we found R HSPs in this sample of 2M fish - more correctly in the M?

comparisons between the fish. Our estimate of population size, N , is then given by
AM? exp(—Z * )
R )

with a CV close to R™Y2. In practice we can, and should, include more of the life-history

N =

(and relative contribution of each age-class) in the calculations. However, the simple model

above will suffice in gauging roughly what sample sizes would be required.

Comparing across methods

It is difficult to include CMR at this stage because we have no a priori idea what tag loss
and reporting would be. We can compare GMR and CKMR though, and discuss scenarios for
which CMR is likely to be (a) feasible, and (b) comparable in cost to GMR. Using the most
recent estimates of Yellowfin Tuna abundance from the ETBF assessment model describer

herein, we look to obtain abundance estimates with a target CV of 25% for both approaches.

13



For GMR, the logistics of tagging tuna require us to tag from schools of very small fish - note
we ignore the potential mixing issues that go along with this process for now. That means
that we must tag enough fish for there to still be a large enough number in the exploitable
population as they move through the age-classes that dominate the main ETBF catches. With
current estimates of M and F (and ETBF-exploitable abundance) we would require 16,000
releases and 6,000 repeat biopsy samples to get an estimate of current exploitable abundance
at the target CV - so 22,000 samples in total. For CKMR, assuming we can target cohorts
that are - at most - two years apart, then we would require M = 4,000 samples of each

cohort, so 8,000 in total, to get an estimate of adult abundance at the target CV.

When it comes to relative genotyping costs, GMR is approximately $10 per fish; CKMR
using HSPs is around $25 per fish. As more fish are required to be genotyped for GMR
because of the high attrition rate and need to tag very small fish, even for much lower genetic
costs it still costs $220,000 versus $200,000 for CKMR. For GMR we also have to include the
costs of chartering the tagging boat and paying labour costs for taggers. So it is clear, for
this example, that CKMR, would be the best option relative to GMR.

Given tag loss and reporting issues, we would clearly have to tag a lot more fish for CMR
relative to the GMR numbers detailed here. This would very likely include additional charter-
ing and labour costs - both of which are high. Also, we would need to instigate a tag seeding
program and fund a tag awareness and return program for CMR, which both cost money.
As to whether these would offset the lack of a need to genotype samples, this is difficult to
say without a lot of detailed costings. One thing we can see is that previous CMR projects
across the tuna world have rarely fully delivered on their initial goals, and often come with

sometimes unassailable problems.

The last, and perhaps best argument for CKMR outside of costs, is exactly what it estimates,
relative to both CMR and GMR. At the international level, management of tuna stocks
generally interprets some form of the Kobe-type paradigm: (i) stocks should not be in an
over-fished state (SSB > Bpsy); and (ii) stocks should not be experiencing overfishing (F' <
Finsy). At the national level the Commonwealth Harvest Strategy Policy dictates that the
level of SSB depletion (relative to the unfished state), where a robust estimate of M EY
and MSY are not available, should have a target level of 0.48 and a limit level of 0.2. In
either of these management paradigms, the spawning population forms one (Kobe) or is the
primary (Commonwealth HSP) management index. Both CMR and GMR estimate ezploitable
abundance not spawning abundance; the latter must be inferred from the former using the
available life-history and assessment model structure. With CKMR we are able to estimate

what we are really interested in, namely the reproductive part of the population.
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Discussion & Conclusions

In this chapter we have explored two key issues relating to the implementation (or otherwise)

of the ETBF harvest strategy for the tropical tuna species:

1. In the light of recent results suggesting a “local” population of Yellowfin Tuna, are the
current data informative enough to assess the size and status of the populations, and
the ETBF’s impact thereon

2. What are the pros, cons, costs and benefits of various approaches with respect to re-
ducing the current levels of uncertainty in not just connectivity with the wider WCPO,

but stock structure and local abundance

In terms of the feasibility of “local” assessments for the tropical tuna species:

For the Yellowfin Tuna, the information content in the standardised long-line CPUE (both
ETBF and non-ETBF) and the catch composition data is not very strong, with the absolute
(not the relative) abundance highly dependent on which type of data weighting scheme on
follows. That being said, the estimated dynamics suggest that recruitment fluctuation, not
fishing effort, appears to the historically dominant cause of abundance variation, with low
impact from the non-ETBF fleet and little impact from the ETBF. For the Bigeye Tuna
the data are even more noisy, and the CPUE and catch composition say totally different
things to the degree that one cannot attain any kind of stable and sensible estimates of
absolute abundance In relation to reducing current uncertainties around connectivity and
structure, there is little hope that conventional tagging programs will increase the current
state of understanding along with their more direct use in stock assessments. Satellite tagging,
via pop-up tags for example, is still a more cost-effective platform relative to archival tags
if the focus is on getting decent sample sizes for shorter term (i.e. up to about 1 year)
movement patterns. Still the biggest remaining uncertainty is in relation to stock structure,
in terms of spawning populations and for all the major target species. Recent work has
shown that structure already exists between two close regions within the WCPO for Yellowfin
Tuna (Grewe et al., 2015), yet a contiguous spawning population is currently assumed for all
assessments and species. Current genetics, in terms of both costs and accuracy, is the clear
winner in terms of a platform likely to answer these questions at the lowest cost, and we
detailed some simple genotyping costing scenarios for the various species throughout the
WCPO region. If further analyses show that the smaller scale structure seen for Yellowfin
Tuna does indeed exist (and for other species too) the implications for the wider management
of the fisheries resources in the WCPO are immense. From both a research-for-management

and costing position, the future analysis of the genetic structure across both the region and
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the main species should be a high priority.

For yellowin tuna at least, given the apparent spawning isolation of the stock the ETBF
harvests, we can no-longer really rely on the current estimates of abundance from the WCPO
assessments. As demonstrated herein, the fishery data is not informative enough to allow
“local” assessments, so we explored what alternative data sources might be applicable, and
what they cost relative to each other. We explored three types of mark-recapture: conven-
tional (CMR), genetic (GMR), and close-kin (CKMR). Both CMR and GMR are largely
comparable in terms of release costs - CMR needs more releases due to tag loss and reporting
issues and requires tag reward/seeding projects for collection, but GMR costs more per-tag
because of genotyping of releases and recaptures. It is much easier to directly compare the
costs for GMR versus CKMR and, in this regard, the half-sibling pair approach to CKMR
(Bravington et al., 2016) was a clear winner for the Yellowfin Tuna example detailed. While
the costs for the genotyping of fish is higher for CKMR, the high loss of fish gene-tagged at
a necessarily very young age are such that they outweigh the costs of the CKMR approach.
For GMR you have to tag so many more fish to get the same number of recaptures at the
older ages in the fishery, relative to the CKMR approach, that it ends up costing more. We
note, however, that this is very much dependent on this particular example. The CCSBT
is currently undertaking a GMR program for estimating juvenile tuna abundance and here
the issues that affect the tropical tuna case do not apply: (i) there is no need to tag very
small fish and wait a number of years to recover them again; (ii) the recapture platform (the
tuna farms) is ideally for undertaking a large-scale resampling program; and (iii) the costs of
GMR relative to the current aerial survey are effectively the same, but we obtain absolute -

not relative - abundance.

Summing up, of all the remaining uncertainties pertaining to the main target species in
the ETBF, stock structure within the WCPO (and potentially beyond) and reliable data
for estimating abundance are the two most prominent ones. In relation to stock structure,
we have outlined some general approaches (and actual $ amounts) for the costing of the
genotyping of fish and how that should be structured across putative stock “units” to obtain
informative data. Relative to the costs of large-scale tagging programs, these costs are now
much lower thanks to advances in recent genotyping technology. In terms of abundance, using
the Yellowfin Tuna example of a local stock, we demonstrated that genetic mark-recapture
is preferable to conventional mark-recapture, and that close-kin mark-recapture is cheaper
than genetic mark-recapture in terms of obtaining abundance estimates with a pre-specified
precision. While it would take more work, we suspect this is true across all the target species
in the ETBF. If the stock structure work is completed in the near future, and we have a
better idea of the reproductive structure in the WCPO (and beyond), we suggest that close-

kin mark-recapture approaches will be a very informative source of abundance and survival
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data for the key reproductive part of the population age-structure.

17



References

Aquila, R. D., Perez, S. K. L., Catacutan, B. J. N., Lopez, G. V., Barut, N. C., and Santos,
M. D. 2015. Distinct Yellowfin Tuna (Thunnus albacares) stocks detected in Western and
Central Pacific Ocean (WCPO) using DNA microsatellites. PLoS ONE. 10(9): e0138292

Bravington, M. V., Grewe, P. G., and Davies, C. R. (2014) Fishery-independent estimate of
spawning biomass of Southern bluefin tuna through identification of close-kin using genetic
markers. FRDC-2007/034, Canberra, Australia.

Bravington, M. V., Skaug, H. J., and Anderson, E. C. (2016) Close-kin mark-recapture. Stat.

Sci. (in press)

Francis, R. I. C. C. 2011. Data weighting in statistical fisheries stock assessment models Can.
J. Fish. Aquat. Sci. 68: 1124-1138.

P.M. Grewe, P. Feutry, P. L. Hill, R. M. Gunasekera, K.M. Schaefer, D. G. Itano, D.W.
Fuller, S. D. Foster and C. R. Davies. 2015. Evidence of discrete Yellowfin Tuna ( Thunnus
albacares) populations demands rethink of management for this globally important resource.
Nat. Sci. Rep. 5: 16916.

Davies, N., Harley, S., Hampton, J., and McKechnie, S. Stock assessment of Yellowfin Tuna
in the Western and Central Pacific Ocean. WCPFC-SC10-2014/SA-WP-04.

18



Appendix 4: Stock structure and connectivity of the principal target
species of the Eastern Tuna and Billfish Fishery: a review of
research conducted and current understanding.

97



Stock structure and connectivity of the principal target species of the
Eastern Tuna and Billfish Fishery: a review of research conducted and
current understanding.

1. Introduction
Commercial fisheries within Australia target a number of pelagic species that have broad
distributions at the scale of ocean basins. Fisheries targeting these species comprise multiple fleets
from a number of nations, which fish both within and outside country Exclusive Economic Zones
(EEZ) across the range of these species. Because of the extensive distributions of pelagic species
harvested and the associated distribution of the fleets that target them, management of these
species often occur at both the national and regional level. Within Australia, there are five fisheries
associated with pelagic species that are managed at multiple scales; these include the Southern
Bluefin Tuna Fishery, Eastern Tuna and Billfish Fishery (ETBF), Western Tuna and Billfish Fishery
(WTBF), the Eastern Skipjack Tuna Fishery (ESTF) and the Western Skipjack Tuna Fishery (WSTF).
Management of these fisheries occurs at the national level within the Commonwealth Harvest
Strategy framework (with the exception of southern bluefin tuna which is managed under the
Southern Bluefin Tuna Fishery Management Plan) and also at the international level by Regional
Fisheries Management Organisations (RFMOs).

The largest fishery (by value) targeting pelagic species within Australian waters is the ETBF, which
operates along the east coast of Australia. The fishery primarily targets Yellowfin Tuna (Thunnus
albacares), Bigeye Tuna (Thunnus obesus), Albacore (Thunnus alalunga), Swordfish (Xiphias gladius)
and Striped Marlin (Kajikia audax). A number of other species are caught as byproduct and bycatch
(see Larcombe et al. 2011; Patterson et al. 2013) by the fishery. Populations of the main target
species are known to extend well beyond the Australian EEZ and those individuals occurring within
Australia’s EEZ are currently considered to form either part of a wider western and central Pacific
Ocean population or a Southern Hemisphere component of a western and central Pacific Ocean
population (Davies et al. 2011; Langley et al. 2011; Davies et al. 2012; Davies et al. 2013; Hoyle et al.
2012). At the international level, populations in the western and central Pacific Ocean are managed
under the auspices of the Western and Central Pacific Fisheries Commission (WCPFC), to which
Australia is a member and regularly contributes. Stock assessments for individual species are
conducted under the framework of the Commission and advice from stock assessments is
considered in the formulation of suitable Conservation Management Measures (CMMs) such as
limits on spatial operations, capacity restrictions, or catch levels for member states.

Although species in the western and central Pacific Ocean are considered to comprise either one
stock or two within each hemisphere under current regional management regimes, the degree of
connectivity across the regions at which they are assessed is still a major source of uncertainty
(Gunn et al. 2002; Gunn et al. 2005; Itano et al. 2008; Evans et al. 2013; Nikolic and Bourjea 2013).
Genetic studies conducted to date on the five species have primarily focused on determining the
level of genetic structure at the global level, focusing on potential structure between ocean basins
(Alvarado Bremer et al. 1998; Graves and McDowell 2003; Vifias et al. 2004; Montes et al. 2012).
Those that have investigated potential structure within the Pacific Ocean basin have been



inconclusive and generally limited by small sample sizes (Scoles and Graves 1993; Ward et al. 1994;
Rosel and Block 1996; Grewe and Hampton 1998; Reeb et al. 2000; Appleyard et al. 2001; Chiang et
al. 2006).

There is growing evidence from catch and tagging data that there is some degree of structure within
populations of some species in the Pacific Ocean (Evans et al. 2008; Evans et al. 2011; Evans et al.
2013; Hoyle et al. 2013; Kolody and Hoyle 2013) and that this structure may occur at levels higher
than previously thought. This has implications for any management measures put in place at both
domestic and regional scales. Without some knowledge of the degree to which populations are
connected management measures such as total allowable commercial catches (TACC) set under
domestic structures may not match regional management measures and may unintended economic
impacts on the domestic fishery if carried out independent of regional management (DAFF 2013).

Domestic harvest strategies for Commonwealth fisheries, including the ETBF, have been developed
and implemented by the Australian Fishery Management Authority (AFMA) under the
Commonwealth Harvest Strategy Policy and Guidelines developed by the Department of Agriculture,
fisheries and Forestry (DAFF; DAFF 2007). The harvest strategy developed for the ETBF aims to
provide a means by which assessments of each of the five principal species (Albacore, Bigeye and
Yellowfin Tunas, Swordfish and Striped Marlin) can be produced and a Recommended Biological
Commercial Catch (RBCC) determined. The RBCC is then used to set a TACC for each of the species.
In doing so, the harvest strategy aims to provide for rebuilding of overfished stocks, enable
sustainable development of emerging fisheries and reduce inter-annual variability in TACCs, thereby
providing stability to the fishing industry. There are however, a number of situations relevant to the
ETBF which complicate the implementation of harvest strategies for the key five species targeted by
this fishery: (1) prescription of management arrangements for highly migratory/straddling or joint
authority fisheries stocks; (2) maintenance of all species within multi-species fisheries at target
reference points; (3) uncertainty and variability in reference point definitions; and (4) quantification
of uncertainty and risk and associated setting of thresholds (DAFF 2007; Kolody et al. 2010).

An initial harvest strategy framework capable of being applied to for the five main target species was
finalised in 2006 (Figure 1.1; Davies et al. 2008) and was subsequently used to inform the setting of
total allowable effort for the 2009-11 fishing season in the ETBF. Following the development of the
framework, comprehensive evaluation in order to produce fully specified harvest strategies using a
detailed management strategy evaluation (MSE) framework was undertaken (Kolody et al. 2010).
Across all five species, the harvest strategy framework demonstrated sensitivity to population
connectivity, the effects of the non ETBF fleet (the wider western and central Pacific Ocean fleet) on
the overall population and lack of agreement between catch per unit effort time series for domestic
fleets with that used in broader stock assessments (Kolody et al. 2010). In the case of Bigeye and
Yellowfin Tunas, it was concluded that the ETBF is likely to have little effect on both species
populations, resulting in the harvest strategy being disconnected from the basic feedback principle
on which it was developed (Kolody et al. 2010). The preliminary nature of regional stock assessments
for both Albacore and Striped Marlin, which were used in the harvest strategy, also resulted in
substantive uncertainty in harvest strategy outputs. As a result of the sensitivities of the harvest
strategy framework and resulting unsuitability for use on the three tuna species, the framework is
currently only being used to set TACCs for Swordfish and Striped Marlin. Total allowable catches for
the three tuna species are instead, at present, based on historical catch levels.



A number of unresolved issues and associated recommendations were highlighted as a result of the
evaluation of the harvest strategy framework. These included: (1) better representation of the
fishery dynamics of the ETBF through the disaggregation of fisheries data to represent plausible
localised populations and evaluation of the characteristics of the ETBF data; (2) resolution of the
spatial connectivity of species populations between the ETBF and the broader western and central
Pacific Ocean; (3) updating of the MSE with more recent stock assessments for each of the species
and incorporation of the associated identified uncertainties in parameters and outputs; (4) thorough
testing of harvest strategies in order to identify sensitivities and ensuring these are accounted for in
a robust manner (Kolody et al. 2010).

Level 1: Adjust harvest levels based on status of CPUE-Prime Indicator
RBCj+; = RBCt*[1+[.Slope-to-Target couprime]
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Level 4: Assess status of Recruits

A. Stock T or Effort Creep
Is CPUERecuis high?
Yes: Level 1 affirmed
No: Reduce RBC by factor
B. SPR | (effort ereep) and/or Stock T
Is CPUERecits high?
Yes: Level 1 affirmed
No: Reduce RBC by factor
C. Unusal Transient Dynamics
Level 1 affirmed
D. SPR | (effort creep) or
Recruitment |
Is CPUEp,cruy; high?
Yes: Level 1 affirmed
No: Reduce RBC by factor

A, All Stable or Lightly Fished
Level 1 affirmed
B. SPR | (effort creep)
Is CPUEp s decreasing?
Yes: Reduce RBC by (1-(1- factor)?)
No: Level 1 affirmed
C. Recruitment | or transition state
Is CPUEgeepmit; decreasing?
Yes: Reduce RBC
No: Level 1 affirmed

D. SPR. | (effort ereep) and/or
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Is CPUEpscrus decreasing?
Yes: Reduce RBC by (1-(1- fﬁctor]l)
No: Reduce RBC by factor

A Failing Recruitment?
Is CPUERecits decreasing?
Yes: Reduce RBC by (1-(1- factor)’)
No: Level 1 affirmed

B. Unusal Transient Dynamics
Reduce RBC by (1-(1- facmr')z)

C. Failing Recruitment?
Is CPUE-Recruiis decreasing?
Yes: Reduce RB vy (1-(1- factor)’) C
No: Level 1 affirmed

D. General Stock Decline
Is CPUE-Recruits decreasing?
Yes: Reduce RBC by (1-(1- factor)’)
No: Reduee RBC by (1-(1- factor)?)

Figure 1.1. The decision tree which forms the basis of the harvest strategy for the ETBF. Taken from
Davies et al. (2007).

A recent review of the Commonwealth Fisheries Harvest Strategy Policy has also questioned the
relevance of harvest strategies for internationally managed multi-species fisheries such as the ETBF.
At present, the policy states that relevant management bodies will be negotiated with to ensure
sustainable management of fisheries. This will be done by ‘advocating this policy as an example of
best practice in setting sustainable catch levels’ with the context of any negotiations to be in line
with the government’s domestic legislation. In the case where catches or fisheries issues are not
decided by the relevant regional or international management body, ‘DAFF and AFMA will consult on
the management arrangements that will apply and AFMA will implement those arrangements’. The
pathway for which negotiation positions for setting international management arrangements and
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then domestic catches are not entirely clear as they are currently presented in the Policy. As a result,
there has been confusion associated with how and when a domestic harvest strategy should be
applied to shared internationally managed multi-species fisheries and what process this should
entail (DAFF 2013). Due to the lack of comprehensive understanding of the degree of connectivity of
fish caught in the ETBF to those in the wider Pacific Ocean there is also some ambiguity over the
effect of domestic catches on regional/international stocks and therefore the relevance of catch
level decisions made at the regional/international level to those made domestically (DAFF 2012;
DAFF 2013).

Within the context of an assessment of the suitability of harvest strategies for the main species
within the ETBF, there is a need to assess what information might be available and what current
understanding of the connectivity of species caught within the ETBF with the broader western and
central Pacific Ocean might be. This chapter outlines the current understanding of the stock
structure and degree of connectivity of the five main species caught within the ETBF based on
assessments of their population dynamics, genetics, movement and commercial catches throughout
the western and central Pacific Ocean (WCPO). The chapter provides summaries of:

1) Current understanding of the connectivity and stock structure of each species within the
western and central Pacific Ocean;

2) Knowledge gaps relating to the connectivity of each species in the western and central
Pacific Ocean;

3) Research and monitoring required addressing these priority knowledge gaps.



2. Current understanding of species connectivity and stock structure
2.1. Albacore (ALB)

2.1.1. The fishery
With the development of worldwide longline fisheries in the 1950s, catches of Albacore throughout
the south Pacific Ocean increased rapidly over the following decade, stabilising at around 30,000 mt
during the 1960s to 1980s (Miyake et al. 2004; Langley 2006). Troll and driftnet fisheries throughout
the region began in the 1980s resulting in further increases, with catches peaking at 50,000 mt in
1990 (Miyake et al. 2004). As drift net fishing decreased in the early 1990s, catches stabilised at
around 40,000 mt in the late 1990’s before climbing again to approximately 50,000 mt in 2001 with
the development of small-scale domestic longline fisheries throughout the region (Langley et al.
2006). Catches have continued to increase with recent catches in the order of 80,000 mt (Figure 2.1;
Hoyle et al. 2012)
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Figure2.1. Annual catches of Albacore in the south Pacific Ocean 1952 — 2011 (left) and the East
Australian Billfish Fishery1984 — 2012 (right). Reproduced from Hoyle et al. (2012) and Larcombe and
New (2013). TACC: total allowable commercial catch.

Albacore were initially caught off the east coast of Australia as byproduct by Japanese and domestic
longline vessels targeting Yellowfin and Bigeye Tunas (Ward 2007). During the 1980s and 1990s,
catches of Albacore by the Japanese fleet fluctuated between 1,000 - 2,000 mt, with domestic fleets
catching approximately 600 mt per year (Figure 2.1). With the departure of bilateral and joint
venture Japanese fleets in 1997, catches reduced to less than 1,000 mt. Catches remained at this
level until 2006, when in response to reduced Swordfish availability, high operating costs and market
demand for Albacore, a number of longline vessels started to specifically target Albacore (Ward
2007). Catches increased in response to over 2,500 mt, but have declined steadily since, as a result
of longline vessels targeting other species mainly due to market forces, management measures
which closed the main fishing area for Albacore to new entrants and a reduction in the fleet under
the 2006 ‘Securing our Fishing Future’ structural adjustment package implemented by the Australian
Fishing Management Authority (Sands et al. 2009; Larcombe et al. 2011).
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The most recent stock assessment for Albacore in the WCPO suggests that there is low risk that the
stock is currently being overfished and that there is no evidence that catches are causing
recruitment overfishing (Hoyle et al. 2012). Stock status indicators are highly sensitive to the growth
curve used in the model however, and growth variation observed throughout the WCPO (Williams et
al. 2012) introduces uncertainties to the model output as a result (Hoyle et al. 2012). Observed
declines in the catch rates of some domestic fisheries across the region suggest there may be some
localised residency of Albacore and subsequent localised depletion of the stock (Langley 2006).
Analysis of recent fishing patterns identified that there was a ‘notable risk’ of the adult biomass
being reduced to below the Limit Reference Point under current fishing effort levels by 2030 (Pilling
et al. 2014).

2.1.2. Biology
Albacore are distributed between approximately 50°N and 40°S across the Pacific Ocean (Sund et al.
1981; Collete and Nauen 1983), with distributions primarily concentrated in sub-tropical and
temperate regions (Figure 2.2; Murray 1994). Based on larval distributions and gonad examination,
spawning is generally accepted to occur in two separate areas in the Pacific Ocean on either side of
the equator (Figure 2.2), consistent with the distributions of two genetically distinct stocks (Takagi et
al. 2001). Spawning areas are distributed predominantly between 10 — 25° with spawning occurring
during the austral and boreal spring and summer months in areas where surface water temperatures
are greater than 24°C (Otsu and Uchida 1959; Nishikawa et al. 1985; Ramon and Bailey 1996; Farley
et al. 2013). In the South Pacific Ocean, spawning activity appears to be synchronised, peaking in
October — December with smaller, younger females having a shorter spawning season on average
than larger, older females (Farley et al. 2013). Spawning success appears to be related to regional
oceanographic conditions with stronger recruitment during La Nifia conditions (Langley 2006).
Females attain sexual maturity across a relatively narrow size range, with Albacore across the WCPO
sexually mature at lengths of 74 — 94cm fork length (FL).
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Figure 2.2. The distribution of total catches of Albacore in the south Pacific Ocean by 5° squares
1960 — 2011 in relation to the spatial domains of the 2012 stock assessment in the western and
central Pacific Ocean (left) and estimated spawning regions in the north and south Pacific Ocean
based on observations of larval distributions (right). Reproduced from Hoyle et al. (2012) and
Ueyanagi (1969).



Some regional variation in gonad development in mature Albacore has been observed, with fish in
easterly longitudes of the WCPO observed to have heavier gonads in relation to length than those in
the west (Farley et al. 2013). There is additionally some indication that Albacore in the east have
higher rates of maturity at length than those in the west (Farley et al. 2014). Individuals live to over
10 years with a maximum age of 14 years recorded (Farley et al. 2013). Longitudinal variability in
growth has also been observed, with faster growth rates and higher asymptotic lengths occurring in
fish in the eastern parts of the WCPO than those in the west, suggesting some spatial structure to
the population of Albacore at broad scales across the WCPO (Williams et al. 2012). Variability in
growth results in variability in estimations of age at sexual maturity with 50 % of females at 150°E
estimated to be mature at 4.5 years and 100 % at 7 years (Farley et al. 2014). As far as we are aware,
no genetic studies investigating the potential for structuring of the Southern Hemisphere population
of Albacore in the Pacific Ocean have been conducted to date.

2.1.3. Spatial dynamics
Albacore are one of four species of tuna considered to be truly ‘migratory’ (along with Southern
Bluefin Tuna Thunnus maccoyii, Pacific Bluefin Tuna T. orientalis and Atlantic Bluefin Tuna T.
thynnus), undertaking seasonal movements between spatio-temporally separated spawning and
foraging areas (Schaefer 2001). In the Southern Hemisphere, juveniles are thought to move south
away from the spawning grounds into the surface waters around New Zealand and the subtropical
convergence zone at around 40°S, where they are caught by longline, troll and driftnet fisheries at
around 1 year. As they grow, individuals disperse into lower latitudes, and are distributed
throughout waters north of 30°S as adults where they are caught by longline fisheries. Recent
investigations in the trophic ecology of Albacore also support latitudinal separation of age groups
(Parrish et al. 2015) and parasite species collected from individuals also support these movements
(Jones 1991). Seasonal trends in catch data suggest that as adults, Albacore migrate into sub-tropical
waters during summer, returning to tropical waters during winter (Langley 2004; Langley and
Hampton 2005; Hoyle et al. 2012) coincident with the seasonal oscillation in the location of the
20-28°C sea surface temperature isotherms (Langley 2006).

The details of these migrations, the pathways undertaken by individuals and any spatial variability in
movements however, are largely unknown. Minimal tagging data are available for the species and
what data are available, are limited both spatially and temporally (Labelle and Hampton 2003;
Domokos et al. 2007; Hoyle et al. 2012; Williams et al. 2015). Conventional tag returns from releases
conducted under scientific programs support connectivity between high and low latitudes and
suggest a degree of mixing across foraging regions and dispersion across the both the western and
eastern Pacific Ocean (Figure 2.3; Labelle and Hampton 2003). Areas in which tags were released
however, have been limited to a restricted region between 35 — 40°S and 140 — 160°W. Conventional
tag releases off the east coast of Australia via recreational fishers also support connectivity between
high and low latitudes (Figure 2.3). Although recaptures demonstrate some dispersion from release
sites primarily off New South Wales and Tasmania as far as the Solomon Sea and west of Fiji 73% of
tags released were recaptured within 200nm of their release site. Given the limited spatial
distribution of tag releases both within the ETBF and across the WCPO, it is unclear how temporally
and spatially representative movements described by conventional tag recaptures are. More
recently, additional deployments of a small number of conventional tags on Albacore have occurred
further west in waters off the west coast of New Zealand. To date, recaptures reported have been
extremely low, providing almost no further information on movements (A. Williams, Secretariat of
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the Pacific Community, pers. comm.). Small numbers of electronic tags have been released on
Albacore in the waters off American Samoa (Domokos et al. 2007), Tonga, New Caledonia and New
Zealand (Figure 2.4; Williams et al. 2015). All tags released have prematurely detached from tagged
individuals, resulting in deployment periods of less than 50 days and in association, limited
movements being recorded (Domokos et al. 2007; Williams et al. 2015).

120E 130E 140E 150E 180E 170E 180 170W 180 1S0W 180W  130W 120W 110W 100W S0V BOW

¥ .

105 0

501

205
50T

Central

SOE

405
Sor

/ e s South

L L 5 L L L L I L I L L L L L L
120E 130E 140E 150E 160E 170E 180 1T0W 160W 150W 140W 130W 120W 110W 100W SOW  BOW

0°8
ges 20° 5 10° S

s

a0° s

40° 5

140° E 150® E 160° E 170° E 1B0° E

Figure 2.3. Displacement of Albacore tagged with conventional tags by scientific programs in the
central South Pacific Ocean in relation to the spatial domains of the 2003 stock assessment in the
western and central Pacific Ocean (top) and off the east coast of Australia by recreational fishers
(bottom). Top figure reproduced from Labelle and Hampton (2003).

Recent investigations into the microchemistry of otoliths collected from mostly adult Albacore
observed similar otolith core chemistry in individuals from New Caledonia and New Zealand,
suggesting the possibility of mixing between larval pools or origins from areas of similar water
chemistry (McDonald et al. 2013). Otoliths derived from Albacore caught in waters around French
Polynesia were observed to contain quite different core chemistry suggesting that fish originated
from geographically distant regions to those captured in waters off New Caledonia and New Zealand
(McDonald et al. 2013). The locations of spawning sites or larval origins were not identified, but the
preliminary results observed suggest the potential for spatial structuring of the population.



2.1.4 Summary

® Fishery catches from Pacific Island domestic fleets suggest some localised residency of Albacore.
Catches of Albacore in the ETBF have demonstrated a declining trend since 2007. This trend has
been attributed to changing targeting practices, management measures and a reduction in the
fleet.

e There are two genetically distinct stocks of Albacore in the Pacific Ocean distributed on either
side of the equator. To date, finer scale investigations of genetic structure have not been
undertaken.

® Throughout the WCPO Albacore demonstrate broad longitudinal variation in growth rates and
gonad development. Preliminary investigation of otolith microchemistry also suggests some
spatial structuring of spawning sites.

e Asjuveniles, Albacore move from low latitudes into higher latitudes around New Zealand and
the subtropical convergence zone. As they grow, they move into waters north of 30°S.

® As adults, Albacore undertake seasonal migrations between low latitude spawning grounds and
higher latitude foraging grounds. The details of these migrations and the pathways undertaken
are largely unknown.

1 E T E B W E e WrE UE e e = " weE

Figure 2.4. Movements of Albacore tagged with pop-up satellite archival tags in the waters around
(a) New Caledonia, (b) Tonga and (c) New Zealand. Reproduced from Williams et al. (2015).

2.2 Bigeye tuna (BET)

2.2.1 The fishery
Large Bigeye Tuna have been specifically targeted by longline vessels in the WCPO for the sashimi
market from the inception of longline fisheries in the 1950s (Miyabe 1994; Hampton et al. 2005).
Throughout the 1950s, catches in the WCPO increased steadily to around 70,000 mt remaining at
about that rate until the early 1960s, after which catches declined to approximately 50,000 mt
(Figure 2.5). During the 1980s, longline catches ranged 44,000 — 62,000 mt, increasing through the
1990s to peak at 99,000 mt in 2004 (Davies et al. 2011). Subsequently, catches have ranged 67,000 —
77,000 mt (Davies et al. 2011).

With the development of the industrial purse seine fleet in the 1970s, catches of smaller juveniles
increased as individuals were caught as byproduct by vessels targeting Yellowfin Tuna (Miyabe
1993). In the mid-1990s, developments in the purse seine fishery resulted rapid increases in the
catches of juvenile Bigeye Tuna, mostly in association with purse seine vessels setting specifically on



floating objects. At the same time, the domestic fisheries of the Philippines and Indonesia were
increasingly catching Bigeye Tuna using a range of techniques (pole-and-line, ringnet, gillnet,
handline, seine net), adding to overall catches in the WCPO (Hampton et al. 2005; Davies et al.
2011). The accuracy of catches of Bigeye Tuna from the purse seine fishery still remain uncertain,
with catches reported on logsheets significantly under-estimated (Lawson 2008; 2009; 2010).
Catches from purse seine vessels were thought to have first exceeded 20,000 mt in 1982, increasing
to 40,000 — 50,000 mt, in the mid-1990s and peaking at 105,000 mt in 1997 Catches then remained
at over 60,000 mt until 2001 after which they have ranged 36,000 — 65,000 (Davies et al. 2011;
Harley et al. 2014). Coastal purse seine and pole and line fisheries around Japan are estimated to
catch around 1,000 mt each. Of the total catches in the WCPO, catches by the longline fishery
contribute 55 — 65 % (Hampton et al. 2005).
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Figure 2.5. Annual catches of Bigeye Tuna in the south Pacific Ocean 1952 — 2010 (left) and the East
Australian Billfish Fishery 1984 — 2012 (right). Reproduced from Harley et al. (2014) and Larcombe
and New (2013). Purse seine catches in the south Pacific Ocean have been corrected for grab sample
bias. LL: longline; PS: purse seine; PHID: Philippines and Indonesian domestic ; OTH: other; TACC:
total allowable commercial catch.

Japanese longline vessels specifically targeting Yellowfin and Bigeye Tunas started fishing off the east
coast of Australia in the 1950s. These vessels were joined by domestic longline vessels which were
targeting Yellowfin Tuna for canning in the 1960s, but also catching Bigeye Tuna as a byproduct
(Ward 2007). During the 1980s, longline operations increased with the establishment of air
freighting of fresh tuna to Japanese sashimi markets with catches ranging 600 — 800 mt, peaking in
1989 at just over 800 mt (Figure 2.5). Catches dropped substantially in the 1990s as a result of a
sharp drop in the number of vessels operating in the ETBF (as a result in highly variable catches of
Yellowfin Tuna). Rapid expansion of the fishery in both northern (where Bigeye and Yellowfin Tunas
were targeted) and southern Queensland waters (where Swordfish were targeted) in the late 1990s
resulted in a sharp increase in catches, with catches peaking at nearly 1,600 mt in 1997 and 1,300 mt
in 2001 (Ward 2007). During the 2000s catches declined to around 900 mt. The factors associated
with this decline are not clear, but it has been postulated that changes in abundance associated with
localised depletion, availability or catchability have all been postulated (Gunn et al. 2005; Ward
2007; Evans et al. 2008). Catches have subsequently reduced further to approximately 500 mt as a
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result of a reduction in the fleet under the 2006 ‘Securing our Fishing Future’ structural adjustment
package implemented by the Australian Fishing Management Authority (Larcombe et al. 2011).

Concerns over the representativeness of models used to assess Bigeye Tuna in the WCPO were
raised during a review of the 2011 assessment (lanelli et al. 2012; Harley et al. 2014). Of particular
note was the highly sensitive nature of the model to the addition of available tagging data,
particularly in relation to reporting rates included in the model. When fitted to tagging data from the
Coral Sea region, where a large number of tags were recaptured close to the area in which tags were
deployed (see section 2.2.3) and therefore includes a lot more tag returns than the model predicts,
reporting rates within the model reach the upper boundary allowed in the model. In this situation
reporting rates act similarly to a strong prior. The concern was that if the high reporting rate is an
artefact of inadequate mixing of tags throughout the assessment area (as would be the case if the
population demonstrates some semi-residence), biomass calculated by the model could be under-
estimated (Hoyle et al. 2013). Preliminary investigations of conventional tagging data included in the
stock assessment suggested that some form of semi-residence may be occurring in larger Bigeye
Tuna and that mixing is occurring at variable rates across the WCPO (Hoyle et al. 2013; Kolody and
Hoyle 2013).

A number of recommendations were put forward by the review and in response a number of
changes have been implemented into the assessment, including those related to data included in the
assessment, data analyses undertaken, regional structure and associated fisheries definitions,
implementation and testing of the stock assessment model and assessment of model output (Harley
et al. 2014 and associated references therein; SPC-OFP 2014). Of particular relevance is that the
number of spatial regions within the assessment model has increased and a new region
encompassing the Coral Sea included (Figure 2.6). The modifications implemented in the 2014 stock
assessment are considered to have improved the assessment and in particular, reduced the
previously observed increasing trend in recruitment and improved the fit to tagging data from the
Coral Sea region (Harley et al. 2014). Conclusions from the 2014 assessment support those put
forward in the previous assessment suggesting that the stock is currently being overfished and that
the stock is most likely at an overfished state (Davies et al. 2011; Harley et al. 2014).

2.2.1 Biology
Bigeye Tuna are distributed across the Pacific Ocean from approximately 40°N - 40°S in the west and
40°N - 30°S in the east (Figure 2.5; Calkins 1980; Sund et al. 1981). Based on observed distributions
of larvae, spawning is thought to occur in tropical and sub-tropical waters from the equator to 30°N
and 20°S with higher concentrations of spawning in the western and eastern Pacific Ocean than in
the central Pacific Ocean (Calkins 1980; Nishikawa et al. 1985; WPRFMC 2005). Spawning is thought
to occur year round in tropical waters with a peak in February — September (Sun et al. 2006) and
seasonally in sub-tropical waters of greater than 24°C (Miyabe 1994). In the north-west Coral Sea
region, Bigeye Tuna have been observed to spawn during the months October — November
(McPherson 1988). The size and age at maturity reported varies across the Pacific Ocean, with 50 %
of females mature at 102.7 cm FL and 2.2 — 2.4 years in the north western Coral Sea, 102.85 cm FL in
the western Pacific Ocean (Sun et al. 2013) and 135 cm in the central and eastern Pacific Ocean
(Schaefer et al. 2005). Whether or not this is reflective of differing growth and maturity rates across
the Pacific Ocean is unclear. Differences in fishing methods, fishing depths and classification
methods confound the ability to undertake direct comparisons (WPRFMC 2005; Farley et al. 2006).
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Individuals live to ages greater than 10 years, with the maximum recorded as 16 year (Farley et al.
2006). Growth appears to be variable between locations across the Pacific Ocean, however
restricted size ranges of samples and varying techniques in both aging and estimating growth curves
limit the ability to determine if spatial variability in growth does exist (Lehodey et al. 1999; Farley et
al. 2006). Catch data also demonstrate an increase in average size of Bigeye Tuna caught from the
western Pacific Ocean to the eastern Pacific Ocean. It is not clear if this is reflective of variability in
growth rates or the age composition of catches (Hampton et al. 2005).
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Figure 2.6. Distribution of total catches of Bigeye Tuna by fishery in the south Pacific Ocean by 5° x 5
squares 1990 — 2012 in relation to the spatial domains of the 2014 stock assessment in the western
and central Pacific Ocean. Different gear types are represented by blue: longline; green: purse seine;
red: pole and line; yellow: other. Taken from Harley et al. (2014).

More recent preliminary examination of the reproductive biology of Bigeye Tuna has reported
significant differences in the maturity ogives for individuals sampled in WCPO to those in the eastern
Pacific Ocean. Additionally, evidence of both latitudinal and longitudinal variation in growth has
been observed (Nicol et al. 2011). Further work is recommended to better resolve variability in the
reproductive dynamics and growth of Bigeye Tuna across the Pacific Ocean and the implications this
might have on current stock assessment (Nicol et al. 2011; WCPFC 2014).

Molecular analyses carried out to date have found no evidence to refute a single panmictic Pacific-
wide population of Bigeye Tuna based on mitochondrial DNA and microsatellite loci, although some
evidence for restricted gene flow between the south-eastern and north-western Pacific Ocean has
been reported (Grewe and Hampton 1998). Further analyses of much larger sample sizes are
required to determine if such population structure does occur within the Pacific Ocean.
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2.2.2 Spatial dynamics
Investigations into the regional connectivity of Bigeye Tuna in the western and central Pacific via
scientific tagging programs have largely focused on life stages that are predominantly caught by
commercial fisheries. Juvenile and subadult Bigeye Tuna have reported a mixture of long distance
dispersal and semi residence in areas close to tag release sites over periods of up to three years
(Figure 2.7; Hampton and Gunn 1998; Evans et al. 2008; Hoyle et al. 2013; Kolody and Hoyle 2013).
Displacements of conventional tags have been observed to vary substantially between areas of
deployments and also between size classes of Bigeye Tuna tagged. Conventional tags released in the
north-west Coral Sea have been recaptured at, on average, smaller distances than those released
elsewhere in the western and central Pacific Ocean (Figure 2.8) and smaller displacements have
been reported to be more prevalent amongst larger fish in comparison to smaller fish within fish of
40 - 80 cm in length (Hoyle et al. 2013; Kolody and Hoyle 2013). Median displacements of Bigeye
Tuna released in the Bismarck and Solomon Seas were close to 500km, whilst tags released further
east in the WCPO stock assessment area 4 (see Figure 2.5) varied from less than 1000 km to 2000 km
(Hoyle et al. 2013). Conventional tag releases from recreational fishers off the east coast of Australia
have yielded very few recaptures. Similarly to conventional tag releases in the Coral Sea, tagged fish
have demonstrated both localised and dispersive movements (Figure 2.7). It is difficult to infer
movement rates from conventional tags recaptured from Bigeye Tuna both from scientific and
recreational fishing programmes because they are released from relatively few locations are
dependent on tag recoveries (and reporting) from commercial fisheries, which have a non-random
distribution and in the case of those released by recreational fishers have very low recapture rates.

Subadult Bigeye Tuna tagged with archival tags in the northwest Coral Sea (Figure 2.9) have been
observed to undertake a range of movements including cyclical movements between the Coral Sea
and the greater western Pacific as well as residency within the northwest Coral Sea region (Clear et
al. 2005; Gunn et al. 2005; Evans et al. 2008). Individuals were also observed to move eastward into
the western Pacific Ocean, but whether or not this movement was part of a directed migration
further east or a cyclical movement east with return to the north west Coral Sea was unable to be
determined due to tag failure (Clear et al. 2005; Gunn et al. 2005). Movements of a latitudinal nature
was almost non-existent, although numbers of individuals tagged outside of the north-west Coral
Sea were very low and as a result linkages between equatorial regions and higher latitudes are
unclear. Residential behaviour has been described from similarly sized Bigeye Tuna elsewhere in the
Pacific, although this has been attributed to associative behaviour with topographical features or fish
aggregating devices (Schaefer and Fuller 2002; Musyl et al 2003). Conventional tag data however
also describes little latitudinal movement.

To date, the only detailed investigation of Bigeye Tuna movements throughout the WCPO as
provided by archival tags has been that from the north-west Coral Sea, so it is unclear whether or
not movements observed via conventional tags are representative of Bigeye Tuna populations
throughout the WCPO. Deployments of archival tags throughout the WCPO under the Pacific Tuna
Tagging Programme (Caillot et al. 2012) may provide further insights into the extent of movements
of Bigeye Tuna throughout the region and the degree to which conventional tagging collected to
date is representative of those movements. Initial analyses of these data have begun and it is
expected that these data will be published in the coming months (S. Nicol, Secretariat of the Pacific
Community pers. comm.).
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Preliminary investigation into the stable isotope signatures of otoliths collected from age-0 Bigeye
Tuna suggest spatial structuring of spawning populations with mixing decreasing as the distance
between location increases (WPRFMC 2014). Individuals collected from Hawaiian waters shared
signatures with those collected from waters around the Line Islands, but had no similarity with those
further west. Otolith signatures collected from waters around the Marshall and Solomon Islands
suggested local production dominated population with only small amounts of mixing with
populations further east, while signatures from otoliths collected around Indonesia and the
Philippines suggested no mixing with populations further east (WPRFMC 2014).

10N 20N 0

0
T

105

308

140E 150E 160E 170E 180 170w 1E0W 150W  140W

180 200 220 100 120 140 160 180 200 220

Figure 2.7. Displacements of conventional tag releases on Bigeye Tuna tagged in (a) the northwest
Coral Sea 1991 — 1992 as part of the Regional Tuna Tagging Programme. Arrowheads: longline vessel
recaptures; stars: purse seine and pole and line recaptures. (b) Release and recapture positions of
conventional tags deployed on Bigeye Tuna off the east coast by recreational fishers. (c) release
positions of Bigeye Tuna tagged with conventional tags from all tagging programs conducted in the
western and central Pacific Ocean 1989 — 2012. (d) recapture positions of conventional tags
deployed on Bigeye Tuna tagged from all tagging programs conducted in the western and central
Pacific Ocean 1989 — 2012. Reproduced from (a) Hampton and Gunn (1998); (c-d) Kolody and Hoyle
(2013).

14



Little is known of the dispersion of larval life stages or of the movements of adult Bigeye Tuna. The
occurrence of fisheries and the individuals that support those fisheries suggest that there is
movement away from lower latitudes into higher latitudes, although at what life stage this occurs is
largely unknown (Sund et al. 1981). Catch data from the ETBF suggest some seasonal movement of
adults with movements into higher latitudes with seasonal warming of these waters (Evans et al.
2008).
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Figure 2.8. Box plots of observed displacements and median displacement (red triangles) greater
than 182 days by release longitude by Bigeye Tuna during the Regional Tuna Tagging Programme
(RTTP, left panel) and the Pacific Tuna Tagging Program (PTTP, right panel). Taken from Hoyle et al.
(2013).

2.2.3 Summary

® Genetic analyses carried out to date have observed no significant genetic differentiation within
Bigeye Tuna throughout the Pacific Ocean.

e There is some evidence for broad longitudinal variation in the growth rates and maturity ogives
of Bigeye Tuna.

¢ Data from conventional tagging and archival tagging programs suggest semi-residency of
juvenile and subadult Bigeye Tuna in the northwestern Coral Sea. At the same time, large scale
movements have been recorded.

® Preliminary investigations into otolith stable isotopes suggest spatial structuring of spawning
populations with mixing decreasing as the distance between location increases.

® Almost nothing is known of dispersion of larvae or the movements of adults.
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Figure 2.9. Estimated tracks from juvenile and sub-adult Bigeye Tuna tagged with archival tags in the
northern Coral Sea 1999-2001. Inverted red triangles depict release locations, upright red triangle
depict recapture locations. The 95% Confidence interval associated with each position estimate is
represented by the pink hatching.

2.3 Swordfish (SWO)

2.3.1 The fishery
Swordfish are predominantly caught as bycatch by longline vessels targeting tuna species
throughout the WCPO, with the majority of historical catches taken by Japanese fleets (Davies et al.
2013). Across the WCPO, annual catches of Swordfish historically increased slowly from the 1950s to
around 2000 mt in the 1970s with catches remaining at about this level through to the mid 1990’s
(Figure 2.10; Kolody et al. 2008). During the second half of the 1990s, catches increased rapidly as
targeted fisheries developed in Australian and New Zealand waters and then declined shortly after
(see below). Catches by Japanese, Spanish and Chinese fleets increased in the south central Pacific
Ocean in the early 2000s, with the Spanish fleet recording the largest catches of all nations across
the WCPO in 2006 (Kolody et al. 2008; Davies et al. 2013).

Swordfish have been caught in Australian waters as bycatch by Japanese longline vessels targeting
tuna since the 1950s and by domestic longline vessels since the 1960s (Ward et al. 2000). During the
1980s, catches were relatively stable at around 500 mt before a rapid increase in the mid-1990s with
rapid expansion of the domestic fleet to specifically target Swordfish as access markets in the United
States for Swordfish improved (Ward et al. 2000; Ward 2007). Catches peaked in 1999 at over 2500
mt before declining progressively to just over 1500 mt in 2004 (Figure2.10). Increases in bait and fuel
prices and associated shift in targeting to Albacore resulted in further declines to just over 1000mt in
2006 (Ward 2007). A switch back from targeting Albacore to other species, including Swordfish
resulted in an increase in catches in 2007 and 2008, although catches were still limited, largely as a
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result of management measures which capped catches and a reduction in the fleet under the 2006
‘Securing our Fishing Future’ structural adjustment package implemented by the Australian Fishing
Management Authority (Sands et al. 2009). Catches have remained at 1000 — 1500 mt since. There is
some evidence of sequential depletion of localised populations in the ETBF with longline catch rates
declining over time in areas fished. As catch rates declined in inshore areas around topographic
features such as seamounts, effort expanded further offshore in response (Ward et al. 2000;
Campbell and Hobday 2003). It remains unclear however, the occurrence and extent of localised
depletion or if instead there is a general gradient in population density with higher densities of
Swordfish generally further offshore.

BP0 sworfsh catch

0 12000

Austraka
a {domestic and charter)
2 2500 ~ Japan
v = W ateral ang joint ventuie)
) & -_—
g § 2000 e
™ =
= 2 g 1500 —

& -]

8
= g !
5 S

o T T T T
1984 1588 1992 1986 2000 2004 2008 amz

10 200 2000 Notes: TACC Total allowable commercial catch.

Figure 2.10. Annual catches of Swordfish in the south-west Pacific Ocean 1952 — 2011 (left) and the
East Australian Billfish Fishery 1984 — 2012 (right). Taken from Davies et al. (2013) and Larcombe and
New (2013). TACC: total allowable catch.

The most recent stock assessment for Swordfish in the WCPO reported a decline in biomass across
the period 1997 to 2011 concurrent with increases in catches, declines in CPUE and declines in mean
sizes of fish caught (Davies et al. 2013). Uncertainties in the assessment are largely associated with
estimates of growth, maturity and mortality at age. Although a number of studies have been
conducted on the age, growth and reproductive biology of Swordfish, results and estimates
calculated have varied with little agreement on estimates of growth, maturity and mortality at age
(see Section 2.3.2.). As a result, assessments use two estimates of growth, maturity schedules and
mortality at age (Kolody et al. 2008; Davies et al. 2013). Based on the two estimates, overfishing of
Swordfish may or may not be occurring, but that current stock status is predicted to be above the
level supporting maximum sustainable yield and the stock is not in an overfished state (Davies et al.
2013). Reducing uncertainty in estimates of growth, maturity and mortality at age has been
identified as a high priority in the recommendations resulting from the stock assessment (Davies et
al. 2013) and research recently funded jointly through the Western and Central Pacific Fisheries
Commission and the Australian Fisheries Management Authority aims to re-examine growth and
maturity in Swordfish across the WCPO.
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2.3.2 Biology
Swordfish have a widespread geographical distribution throughout temperate, subtropical and
tropical regions in the Pacific Ocean (Figure 2.11). The distribution of individuals has been observed
to vary seasonal scales and has been associated with the seasonal extension and retraction of
warmer waters into higher latitudes and variability in prey distributions (Palko et al. 1981).
Latitudinal distribution appears to be reflective of the sexual dimorphism demonstrated by this
species and the size of individuals with fewer, smaller males occurring in colder, higher latitudes
than larger females (Palko et al. 1981). In waters close to the equator, spawning occurs throughout
the year, becoming more seasonally defined at higher latitudes (Figure 2.11; Palko et al. 1981; Young
et al. 2003). In the east Australian region, Swordfish at latitudes lower than 25°S demonstrate a
protracted spawning season with spawning occurring in waters with surface temperatures of greater
than 24°C between September and March with a peak in December to March (Young et al. 2003).

Swordfish 1950 - 2011

Figure 2.11. Distribution of total catches of Swordfish in the Pacific Ocean by gear type 1950 — 2011
by 5°x5° squares (left panel).Distribution of gonad indices of female Swordfish 2145 cm lower jaw to
fork length by 5°x5° squares (right panel). Reproduced from Mejuto et al. 2008 and Harley et al.
(2012).

Males reach sexual maturity at smaller sizes than females, with the Lso of males reported to occur at
approximately 85cm orbit to fork length (OFL) in the western Pacific Ocean (Young et al. 2003) and
approximately 105cm OFL in the eastern Pacific Ocean (De Martini et al. 2000). The Ls of females is
reported to occur at approximately 195cm OFL in the western Pacific Ocean (Young et al. 2003) and
approximately 145cm OFL in the eastern Pacific Ocean (De Martini et al. 2000). Subsequent review
of the results of the two studies found that differences in methodologies were largely responsible
for differences between the two studies and that direct validation of age should be a priority for the
species to reduce subjectivity in age determination (Young et al. 2008). Estimates of growth rates
suggest that males reach their maximum size at nine years, while females reach their maximum size
at 15 years. Individuals are thought to rarely attain ages of 25 years (Ward et al. 2000). Maximum
ages of 18 years in females and 15 years in males have been observed in Swordfish in the western
Pacific Ocean (Young and Drake 2004).
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Investigations of catches and molecular data have suggested some ocean basin scale population
structure to Swordfish stocks across the Pacific, Indian and Atlantic Oceans (Alvarado-Bremer et al.
2005; Reeb et al. 2000), but finer-scale structure within basins is less certain. Genetic studies on
Swordfish in the Pacific Ocean have found both little evidence of genetic differentiation in samples
collected across the basin (Rosel and Block 1996; Ward et al. 2001; Kasapidis et al. 2008) and some
evidence of population subdivision (Reeb et al. 2000). Subdivision that has been observed suggest
low levels of mitochondrial gene flow which appears to have a >-shaped pattern, with connectivity
of animals east-west in the Northern and Southern Hemispheres and connections across the
equatorial zone along the west coast of the Americas (Reeb et al. 2000). This is consistent with larval
distributions (Grall et al. 1983; Nishikawa et al. 1985) and the hypothesis of separate stocks in the
north and southwest Pacific Ocean (Sakagawa and Bell 1980).

2.3.3 Spatial dynamics
Analyses of declines in catch rates and anecdotal evidence from fishermen in the ETBF suggest that
Swordfish are in higher abundance near seamounts than in other areas of the ETBF. It is thought that
at least a portion of the population follows an annual migratory pattern, moving from spawning
grounds in the Coral Sea, south through the fishing grounds off south east Queensland, and then
south and east toward New Zealand, eventually returning to the spawning grounds off Australia’s
northern east coast. In the context of this scenario, higher densities of Swordfish near eastern
Australian seamounts may be the result of directed movement or attraction of individuals to the
seamounts or a retention of individuals at seamounts once encountered.

Conventional tagging of Swordfish has been limited to date with programs involving commercial
(Stanley et al 2000) and recreational fishers reporting very few recaptures (Figure 2.12).
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Figure 2.12. Conventional tag releases and recaptures from commercial fishing (left) and
recreational fishing (right) tagging programmes.
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Electronic tagging data (Figure 2.13) from the WCPO suggest some differences in the extent of
movement undertaken by Swordfish in different regions and in association some spatial structuring
of Swordfish across the WCPO region (Evans et al. 2012; Evans et al 2014). Movements observed
across the WCPO suggest that fish tagged east of 165° E are likely to move larger distances with
respect to both latitude and longitude than those tagged to the west of 165" E. At least some
Swordfish in tropical waters extending from around Vanuatu to French Polynesia appear to
undertake movements to waters around New Zealand. These movements are suggestive of directed
seasonal migrations between tropical spawning grounds and temperate foraging areas. How
temporally stable these movements are is unknown; current data derived from tag deployments are
limited by short attachment durations and small sample sizes (Evans et al. 2014).
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Figure 2.13. Estimated tracks from electronic tag deployments on Swordfish in the south Pacific
Ocean (left) and release and transmission positions of electronic tags deployed globally on
Swordfish. Reproduced from Evans et al. (2014) and Braun et al. (2015).

Movements observed also suggest a lack of connectivity between the southern and northern regions
of the WCPO and limited connectivity between the eastern and western parts of the Tasman and
Coral Seas in the south-western Pacific Ocean (Evans et al. 2014). Swordfish in the eastern Australian
region may represent a somewhat distinct population, although further tag deployments are
required from the eastern side of the Tasman Sea to determine the extent of any connectivity of
Swordfish across the Tasman and Coral Seas. Observations to date have not indicated movement
between the WCPO and the eastern Pacific Ocean, although data from boundary areas are lacking.
Little is known of the dispersion of larval life stages or of the movements of juvenile Swordfish in the
WCPO. It is generally thought that as juveniles grow, they move from tropical and subtropical
regions into higher latitude waters (Yabe et al. 1959; Palko et al. 1981).

2.3.4 Summary

e  Adult Swordfish exhibit seasonal latitudinal shifts in distributions associated with the seasonal
extension and retraction of warmer waters into higher latitudes.

e  Molecular analyses conducted to date are inconclusive in regards to within basin stock
structure, reporting both little evidence of genetic differentiation in samples collected across
the basin and some evidence of population subdivision.
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e  Data derived from tag deployments suggest at least some Swordfish in tropical waters
extending from around Vanuatu to French Polynesia appear to undertake movements to waters
around New Zealand potentially associated with directed migration between lower latitude
spawning grounds and higher latitude foraging grounds.

e  Tagging data also suggest a lack of connectivity between the southern and northern regions of
the WCPO and limited connectivity between the eastern and western parts of the Tasman and
Coral Seas in the south-western Pacific Ocean.

e Anecdotal evidence from fishermen in the ETBF suggest that Swordfish are in higher abundance
near seamounts than in other areas of the ETBF and catch data suggest semi residency of
Swordfish in these regions.

2.4 Striped Marlin

2.4.1 The fishery
Striped Marlin are predominantly caught by longline fisheries throughout the WCPO and are also
targeted by recreational game fishers, largely in the southwest Pacific Ocean (Davies et al. 2012). In
addition, individuals are caught incidentally in a number of fisheries including purse seine and
drifting gillnet fisheries (Bromhead et al. 2004). Expansion of Japanese longline fisheries in the 1950s
and 1960s resulted in massive increases in catches of Striped Marlin, with catches peaking in the
mid-1950s at more than 6,000 mt (Figure 2.14; Ueyanagi et al. 1989; Bromhead et al. 2004; Davies et
al. 2012). During the 1960s, catches varied between 2,000 and 4,000 mt before decreasing to around
1,500 mt and then increasing again to close to 4,000 mt. Changes in gear methods, targeting
practices and fishing areas to concentrate on tropical tunas resulted in a decline in catches in the
late 1960s before catches increased again in 1970 as Taiwanese and Korean fleets began to report
catches (Bromhead et al. 2004; Davies et al. 2012). During the mid-1970s through to the late 1990s
catches of Striped Marlin varied between 1,000 and 2,500 mt. In the late 1990’s, catches increased
to around 3,000 mt, largely associated with increased targeting of Striped Marlin by Australian and
New Zealand longline fleets. Catches have demonstrated a declining trend since (Davies et al. 2012).

Striped Marlin have been caught off the east coast of Australia as byproduct by Japanese and
domestic longline vessels targeting Yellowfinand Bigeye Tunas since the Japanese started fishing
these waters in the 1950s (Ward 2007). During the 1980s and 1990s catches of Striped Marlin by the
Japanese fleet largely fluctuated between 200 - 400 mt, with a peak of close to 600 mt in 1990.
Catches by the domestic fleet increased in the late 1990s as fishers started to target Striped Marlin
with catches peaking in 2001 at over 800 mt (Figure 2.14). Since 2001, catches have demonstrated a
consistent declining trend. Reasons for this trend and inter-annual variation in catches is largely
unknown, but may be related to recruitment, migration, changes in targeting practices and
substantive reduction in the domestic fleet under the 2006 ‘Securing our Fishing Future’ structural
adjustment package implemented by the Australian Fishing Management Authority (Larcombe et al.
2011). On the basis of catch time series spanning 1952 — 2012, the ETBF and adjacent seas of the
Coral Sea represent areas in which catches have been consistently higher than all other regions in
the WCPO (Harley and Williams 2013).

The most recent stock assessment of Striped Marlin in the WCPO suggests that the stock is currently
being fished at levels below maximum sustainable yield and that overfishing is not occurring. Recent
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trends in recruitment and spawning biomass however, suggest that the stock is approaching an
overfished state (Davies et al. 2012). Estimates of biomass produced by the model used are primarily
sensitive to assumptions associated with natural mortality, conflicts between the standardised CPUE
time series used, and to a lesser extent by the steepness of the stock-recruitment relationship
(Davies et al. 2012). Reducing the uncertainty in natural mortality rates and examining CPUE indices
of relative abundance for unrepresentative trends have been identified as top priorities in the
recommendations resulting from the stock assessment. Additionally, uncertainty in discard
mortalities resulting from fish tagged and released by recreational fisheries for Striped Marlin
(estimated at 1178 mt and 1459 mt annually in Australia and New Zealand respectively) needs to be
considered and inclusion of these mortalities in future stock assessments recommended (Davies et
al. 2012).
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Figure 2.14. Annual catches of Striped Marlin in the south-west Pacific Ocean 1952 — 2011 (left) and
the East Australian Billfish Fishery 1984 — 2012 (right). Reproduced from Davies et al. (2012) and
Larcombe and New (2013). TACC: total allowable catch.

2.4.2 Biology
Striped Marlin are distributed throughout equatorial to temperate waters in the Pacific Ocean from
45°N - 40°S, with highest catches of the species occurring in subtropical regions (Figure 2.15;
Bromhead et al. 2004). Based on observations of larvae and the occurrence of mature females,
spawning is thought to occur predominantly in the spring and summer months in each Hemisphere.
Within the Pacific Ocean, spawning has been identified to occur in the north west in a region
southeast of Japan and in the South China Sea, in the north east in the Gulf of California, in the south
east and in the southwest in the south Coral Sea (Figure 2.12; Hanamoto 1977; Nakamura 1983;
Nishikawa et al. 1985; Bromhead et al. 2004). More recently, larvae have been observed in the
waters around Hawaii (Hyde et al. 2006).

Age estimates for Striped Marlin have not been validated directly. Indirect validation of age suggest
that Striped Marlin mature at 2-3 years, whilst length at maturity varies between 140 — 180 cm (eye
to fork length; Skillman and Yong 1976; Nakamura 1985). Growth rates have been observed to be
higher in females than males, with females growing to a larger asymptotic size (Kopf et al. 2011).
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Growth also varies spatially with higher growth rates in Striped Marlin from WCPO than those from
waters around Hawaii and Mexico (Skillman and Yong 1976; Melo-Barrera et al. 2003; Kopf et al.
2005; Kopf et al. 2011). The extent to which these differences are due to varying techniques and
selectivity of fisheries from which samples were derived rather than natural variation however, are
unknown. Individuals have been estimated to live to a maximum of 6 — 12 years (Skillman and Yong
1976; Davie and Hall 1990; Melo-Barrera et al. 2003; Kopf et al. 2011). Little has been published on
the reproductive biology of Striped Marlin.
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Figure 2.15. Distribution of total catches of Striped Marlin in the south Pacific Ocean by 5° squares as
indicated by longline catches in the Western and Central Pacific Commission area 1952 — 2011 in
relation to the spatial domains of the 2013 stock assessment (left panel). Distribution of Japanese
longline catches 1970 — 2000 throughout the Pacific Ocean in relation to spawning grounds
identified by observations of larvae and mature females (right panel). Reproduced from Bromhead
et al. (2004) and Davies et al. (2013).

Molecular analyses conducted on Striped Marlin in the Pacific Ocean based on allozyme and
mitochondrial DNA variation have recorded significant variation between samples from the south-
western (Australia), north-central (Hawaii), north-eastern (Mexico) and south-eastern (Ecuador)
Pacific Ocean (Graves and McDowell 1994). Further analyses of larger sample sizes which included
samples from the additional sites of Japan, Taiwan and California using a combination of
mitochondrial DNA and microsatellite loci confirmed temporal stability of the degree of genetic
variability and recorded similar spatial genetic heterogeneity to that observed in earlier studies
(McDowell and Graves 2008). These results suggest the presence of at least four genetically discrete
groups that correspond with discrete spawning areas observed on the basis of larval distributions
and the presence of mature females (McDowell and Graves 2008). In particular, samples collected
off eastern Australia demonstrated long-term temporal stability and were clearly separated from all
other sample locations, supporting the hypothesis that Striped Marlin off the east coast of Australia
comprise a distinct genetic stock from those in the Northern Hemisphere, and from waters off
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Mexico and Ecuador (McDowell and Graves 2008). Molecular analyses to investigate the genetic
diversity of Striped Marlin on smaller scales within the WCPO have not been conducted to date.

2.4.3 Spatial dynamics
In general, Striped Marlin have been associated with waters of 22 — 26°C, with individuals moving
latitudinally as preferred isotherms shift seasonally (Hanamoto 1977; Ortega-Garcia et al. 2003;
Bromhead et al. 2004; Sippel et al. 2007). Adults are thought to move into lower latitude waters to
spawn in the spring and summer months, and then into higher latitude waters in the late summer
and autumn months to forage (Squire and Suzuki 1990). Little is known of the dispersion of larvae or
the movements of juveniles.

Movements of Striped Marlin as recorded by conventional tag returns from gamefish tag and release
programs describe a mixture of short and long distance dispersal across the WCPO (Figure 2.16). Of
those tags deployed off the east coast of the Australia 67% of all tags recorded displacements of <
200 nm. Most tag deployments to date have been of short duration with 90 % of all conventional
tags returned within one year (Oritz et al. 2003; Bromhead et al. 2004)

Figure 2.16. Displacements of conventional tags released on Striped Marlin by gamefishing tagging
programs off the east coast of Australia (top) and across the Pacific and Indian Oceans (bottom).
Reproduced by Bromhead et al. (2004).
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Striped Marlin tagged with electronic tags under differing research programs have demonstrated
displacements similar ns to those from conventional tags, with movements of fish tagged around the
waters of New Zealand describing connectivity with waters around New Caledonia, Fiji and Tonga
(Figure 2.17). Small numbers of tags have also described linkages waters around the Cook Islands
and French Polynesia (Domeier 2006; Sippel et al. 2011). The similar movements recorded by the
two tag types, suggests that there is some temporal stability in the connectivity between these
regions in the WCPO (Oritz et al. 2003; Bromhead et al. 2004).
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Figure 2.17. Estimated movements of 25 Striped Marlin tagged with electronic tags in waters to the
north and north-west of New Zealand (top) and estimated movements of 125 Striped Marlin tagged
with electronic tags in waters in the Pacific Ocean off Australia (red), New Zealand (green), Ecuador
(dark blue), Costa Rica and Panama (purple), Mexico (light blue), California (black) and Hawaii (dark
green; bottom). Black crosses on the top panel represent release locations. Reproduced from
Domeier (2006) and Sippel et al. (2011).

Both conventional tag returns and electronic tags suggest little eastward movement of Striped
Marlin tagged in waters off Australia, with the majority of movements recorded being latitudinal
rather than longitudinal, suggesting a degree of residency of Striped Marlin in this region (Oritz et al.
2003; Bromhead et al. 2004; Domeier 2006). Small numbers of conventional tags deployed in New
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Zealand waters have recorded westward movement of individuals into the western Tasman and
Coral Seas suggesting potential connectivity of individuals across the Tasman and Coral Seas (Oritz et
al. 2003; Bromhead et al. 2004). Care must be taken when describing the extent of potential
connectivity of Striped Marlin in the south west Pacific Ocean as tag deployments are limited by
short tag attachment durations and deployments across limited spatial areas. Average time at liberty
for electronic tags less than 100 days, with the longest deployment 259 days (Domeier 2006; Sippel
et al. 2007; Sippel et al. 2011). To date, there have been no recorded movements of Striped Marlin
between the WCPO and the eastern Pacific Ocean.

2.4.4 Summary

e  Catch data suggest annual latitudinal movements of adults in the spring and summer to low
latitude spawning areas and movements in the late summer and autumn to higher latitude
foraging areas.

e  Striped Marlin associate predominantly with waters of 21 — 24°C with individuals moving
latitudinally as preferred isotherms shift seasonally.

®  Molecular analyses carried out to date suggest the presence of at least four genetically discrete
groups that correspond with discrete spawning areas observed on the basis of larval
distributions and the presence of mature females. Analyses of samples collected off eastern
Australia demonstrated long-term temporal stability and were clearly separated from all other
sample locations.

®  Tagging data suggest semi-residence of Striped Marlin in waters off eastern Australia with
individuals tagged in these waters, in general, demonstrating lower displacement rates than
Striped Marlin tagged elsewhere and little longitudinal movement. Striped Marlin tagged off
New Zealand demonstrate higher displacement rates than those tagged off eastern Australia
and linkages with waters around New Caledonia, Fiji and Tonga and to a lesser extent the Cook
Islands and French Polynesia. The extent of connectivity with waters around the Cook Islands
and French Polynesia is unknown and is limited by low samples sizes and short duration tag
attachments.

2.5 Yellowfin Tuna

2.5.1 The fishery
Yellowfin Tuna are caught throughout the WCPO using a wide range of fishing gears including
longline which principally target adult Yellowfin Tuna, purse seine which primarily target juveniles,
pole and line, handline, gillnet, ringnet and others which target a range of sizes of fish. Fisheries
range in size from small scale artisanal fisheries to large distant water longline and purse seine
fisheries (Langley et al. 2011).

Yellowfin Tuna were first caught by Japanese longline vessels during the 1950s and 1960s for the
canning industry. After an initial increase in catches, catches stabilised during this period at just
below 100,000 mt (Figure 2.18; Miyake et al. 2004; Langley et al. 2011). During the 1970s, targeting
of Yellowfin Tuna shifted to the sashimi market, purse seining was introduced and an increase in
effort with the development of distant water fleets from Taiwan and the Republic of Korea and
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domestic fleets in the Philippines and Indonesia occurred. The industrial purse seine fishery quickly
began to dominate catches and has accounted for the largest proportion of catches in the WCPO
since the 1980s (Langley et al. 2011). Purse seiners target both free-swimming schools of Yellowfin
Tuna (unassociated schools) and schools associated with floating objects (associated schools). This
tendency of Yellowfin Tuna to associate with floating objects has been utilised by the fishery with
deployments of both fixed and floating artificial fish aggregating devices allowing for greater
reliability and efficiencies in fishing (Leroy et al. 2012). There is considerable uncertainty associated
with reported catches from the purse seine fleet and catches are thought to under-estimate actual
catch levels of Yellowfin Tuna (Lawson and Sharples 2011). Overall catches have increased from
around 100,000 to a peak of 650,000 mt in 2008 before declining to around 550,000 mt in 2009 and
2010 (Langley et al. 2011). Of these, catches by longline vessels peaked at 110,000 mt in the early
1980s before stabilising at around 70,000 — 80,000 mt where they have remained since (Langley et
al. 2011; Davies et al. 2014).
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Figure 2.18. Annual catches of Yellowfin Tuna in the western and central Pacific Ocean 1952 — 2012
(left) and the East Australian Billfish Fishery 1984 — 2012 (right). Reproduced from Davies et al.
(2014) and Larcombe and New (2013). TACC: total allowable catch.

Yellowfin Tuna have been caught in the waters off eastern Australia since the introduction of live
bait and pole fishing in the 1950s. Domestic longline vessels began targeting Yellowfin Tuna for
cannery operations in the 1960s and the introduction of purse seine vessels in the 1970s increased
catches further (Ward 2007). Catch rates throughout the 1980s were highly variable (Figure 2.18)
and resulted in many vessels either leaving the fishery or refocusing their targeting to other species.
Factors driving this variability are unknown, but have been associated with variable natural
abundance throughout the southern ETBF, local depletion and periodic immigration of juveniles
from other parts of the WCPO as abundance throughout the WCPO varies (Campbell 1999; Ward
2007). During the 1990s catch rates increased again with rapid expansion of longline vessels in the
northwest Coral Sea (Ward 2007). Shifts in targeting are most likely associated with variable catches
in the late 1990s and through the first half of the 2000s, with catches peaking at 3,096 mt in 2003
(Hender and Ward 2006). A decrease in fishing effort in the ETBF associated with market forces,
management measures and a reduction in the fleet under the 2006 ‘Securing our Fishing Future’
structural adjustment package implemented by the Australian Fishing Management Authority
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resulted in a decrease in overall catches. Catches have varied between around 1,000 — 2,000 mt
since with 1101 mt caught in 2012 (Figure 2.18; Patterson et al. 2013).

Similar concerns over the representativeness of models used to assess Yellowfin Tuna in the WCPO
as those raised during a review of the 2011 Bigeye Tuna assessment were put forward during the
review process (lanelli et al. 2012; Davies et al. 2014). In response to the recommendations put
forward by the review the same changes have been implemented into the assessment for Bigeye
Tuna have also been implemented for Yellowfin Tuna. These relate to data included in the
assessment, data analyses undertaken, regional structure and associated fisheries definitions,
implementation and testing of the stock assessment model and assessment of model output (Harley
et al. 2014 and associated references therein; SPC-OFP 2014). Of particular relevance is that the
number of spatial regions within the model used to assess Yellowfin Tuna has increased and a new
region encompassing the Coral Sea included (Figure 2.19). The modifications implemented in the
2014 stock assessment are considered to have improved overall outputs from the assessment by
reducing data conflicts and inconsistencies and uncertainties in recruitment estimates (Davies et al.
2014). Conclusions from the 2014 assessment support those put forward in the previous assessment
suggesting that depletion of Yellowfin Tuna in the WCPO has increased over time reaching 60% of
the unexploited biomass in 2012. The extent of depletion varies spatially with the greatest depletion
occurring in the western equatorial region (regions 4 and 8) and as a result this region is considered
to be fully exploited while all other regions are considered under-exploited (Davies et al. 2014).
Overall, it is considered that overfishing is not occurring and that the population is not in an
overfished state, but that any increase in fishing mortality would most likely increase depletion in
the western equatorial regions (Davies et al. 2014).
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Figure 2.19. Distribution of cumulative catches of Yellowfin Tuna by 5°x 5° squares 1990 — 2010 in
relation to the spatial domains of the 2014 stock assessment in the western and central Pacific
Ocean. Different gear types are represented by green: longline; blue: purse seine; red: pole and line;
yellow: other. Reproduced from Davies et al. (2014).
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2.2.1 Biology
Yellowfin Tuna have a pan-tropical distribution in the Pacific Ocean primarily between 30°N and 30°S
and extending to around 40° in both Hemispheres seasonally (Figure 2.19; Sund et al. 1981). They
are primarily distributed in waters where surface temperatures range 20 — 30°C, although have been
observed to occur in waters down to 15°C in low numbers (Sund et al. 1981). Catches throughout the
Pacific are highest in the western equatorial region (Figure 2.19) and variation in the distribution of
catches has been associated with the El Nifio Southern Oscillation (Lu et al. 2001). The distribution of
Yellowfin Tuna in south-eastern Australian waters has been associated with warm core eddies
formed from the East Australian Current. Such oceanographic features provide warm water habitat
suitable for individuals and also aggregate prey species at their productive edges, providing
concentrations of prey accessible to Yellowfin Tuna at the limits of their preferred temperature
habitat (Young et al. 2001).

Spawning, in general, occurs in tropical regions with waters warmer than 26°C, although has been
reported in waters as low as 22°C (Schaefer 1998) and larvae have been caught in waters of 24°C
(Boehlert and Mundy 1994). Spawning occurs essentially continuously throughout the year at
tropical latitudes, becoming progressively more seasonal at higher latitudes and restricted to the
summer months when surface water temperatures are above 24°C (McPherson 1991; Schaefer
1998; Itano 2000; Sun et al. 2005). Length at 50% maturity (Lso) varies spatially ranging 56.6 — 73.8
cm length to caudal fork (LCF) in males and 79.1 — 98.1 cm LCF in females in the EPO (Schaefer 1998)
and 98.13 — 112.54 cm LCF in females across the central and western equatorial Pacific (Itano 2000).
Individuals from Indonesia and the Philippines appear to have slower growth rates than those in the
wider WCPO and in association have been observed to have a Lsp smaller (93.86 cm) than that
observed elsewhere in the WCPO (Itano 2000; Hoyle et al. 2009). In the Coral Sea region, Lsg in
female Yellowfin Tuna has been reported as ranging 107.9 — 120.0 cm LCF, with fish caught by the
pole and line fishery maturing at smaller lengths compared to the longline fishery (McPherson 1991).
Males tend to dominate sex ratios in size classes greater than 130 cm (Schaefer 1998; Sun et al.
2005; Hoyle et al. 2009). Ageing studies on Yellowfin Tuna are limited generally. Within the Pacific
Ocean age estimates derived from counts of daily increments have been restricted to fish of less
than 3.4 years (Lehodey and Leroy 1999). The maximum time at liberty recorded by a game fish
tagging program conducted off eastern Australia is 7.3 years (NSW DPI 2005). This is higher than
maximum ages recorded by age and growth studies conducted in both the Atlantic (6.5 years) and
Indian Oceans (6 years), but less than the current maximum bound used in the stock assessment for
the Yellowfin Tuna in the WCPO which is 8+ years (Lessa and Duarte-Neto 2004; Filmalter et al. 2009;
Langley et al. 2011).

2.2.1 Spatial dynamics

An investigation into the population structure of Yellowfin Tuna in the western Coral Sea utilising
electrophoresis of four polymorphic loci has suggested some degree of structure both latitudinally
and longitudinally (Smith et al. 1988). Genetic data have revealed only minor levels of heterogeneity
in Pacific Ocean populations based on investigations of mitochondrial DNA and microsatellite loci
(Scoles and Graves 1993; Appleyard et al. 2001; Gunn et al. 2002), suggesting that there is sufficient
mixing and gene flow within the Pacific to prevent genetic differentiation. More recently, genetic
investigations utilising a larger number of microsatellite loci (Diaz-Jaimes and Uribe-Alcocer 2006),
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investigations into the microchemistry of otoliths (Itano et al. 2008; Wells et al. 2012) and those
utilising electronic tagging have documented evidence supporting population structure in Yellowfin
Tuna across the Pacific (Itano and Holland 2000; Schaefer et al. 2007). Similarly to Bigeye Tuna,
stable isotope signatures from otoliths suggest spatial structuring of spawning populations with
mixing decreasing as the distance between location increases. Otoliths collected from individuals
caught in the waters of the western Pacific Ocean showed no similarities with those collected from
individuals caught in the waters of the central Pacific Ocean (Wells et al. 2012). Investigations into
geographic variation in morphological features and life history characteristics have also suggested
limited mixing and a degree of structure to populations (Schaefer 1992; Schaefer 1998).

An investigation into the origins of Yellowfin Tuna caught off the east coast of Australia using otolith
microchemistry reported that the Coral Sea region was a major source of recruits to the fishery
within the ETBF, but that there were also linkages between Yellowfin Tuna across the western Pacific
Ocean with smaller associations with fish from Indonesia and the Solomon Islands (Gunn et al.
2002). It was concluded that in some years the majority of Yellowfin Tuna caught in the ETBF were
derived from localised spawning in the Coral Sea and in other years fish are derived from influxes of
fish from equatorial regions around Indonesia and the Solomon Islands (Gunn et al. 2002). This
supported previous assumptions made on the origin of recruits to the ETBF (Hampton and Gunn
1998; Campbell 1999).

Conventional tagging data throughout the Pacific have demonstrated that Yellowfin Tuna are
capable of extensive movements and so have the potential to mix across their range (Figure 2.20;
Itano and Williams 1992; Hampton and Gunn 1998; Hoyle et al. 2009; Kolody and Hoyle 2013). At the
same time, a large proportion of recaptures have been recorded close to release sites, suggesting
some degree of regional fidelity (Itano and Williams 1992; Hampton and Gunn 1998). Median
displacements of tags released on Yellowfin Tuna in the Bismarck and Solomon Seas and also the far
western Indonesia-Philippines area have been observed to be smaller than those released elsewhere
in the WCPO (Hoyle et al. 2013). In the Australian region, both conventional tags released in the
Coral Sea under the Regional Tuna Tagging Programme (Gunn and Hampton 1998) and by
recreational fishers demonstrate similar patterns with a large proportion of tag recaptures recorded
close to release sites. Of all tags recaptured from Yellowfin Tuna tagged by recreational fishers 78%
of recaptures were reported < 200 nm from their release location.

The vast majority of tags released on Yellowfin Tuna in the WCPO have been conventional tags, with
juveniles comprising the majority of individuals tagged. More recently both acoustic and archival
tags have been deployed on juvenile Yellowfin Tuna throughout the WCPO under the Pacific Tuna
Tagging Programme (Caillot et al. 2012) and may provide further insights into the extent of
movements of Yellowfin Tuna across a range of age groups (juvenile, sub-adult and adult)
throughout the region and the degree to which conventional tagging collected to date is
representative of those movements. Initial analyses of these data have begun (e.g. Scutt Phillips et
al. 2013; Leroy et al. 2014) and it is expected that these data will be published in the coming months
(S. Nicol, Secretariat of the Pacific Community pers. comm.). Preliminary results from the
deployment of archival tags in juvenile Yellowfin Tuna in the Solomon and Bismark Seas
demonstrate limited dispersal from the region, with only one individual of 12 recaptured moving out
of the region and into the greater western Pacific Ocean (Leroy et al. 2014).
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Juvenile Yellowfin Tuna tagged outside of Australian waters and recaptured in the ETBF have
exclusively been derived from the Solomon Sea region (Langley et al. 2011). Returns of tags
deployed on Yellowfin Tuna outside of Australian waters have been extremely low however, with
only four tags recaptured from the Pacific Tuna Tagging Program (Bruno Leroy, SPC, pers. comm).
Conversely, conventional tags deployed on juvenile Yellowfin Tuna in the north Coral Sea have been
observed to disperse the north and east, demonstrating some degree of mixing and connectivity
with these areas (Figure 2.20). Similar to conventional tag deployment elsewhere in the WCPO,
many tags released on Yellowfin Tuna in the ETBF under research and game fish tagging programs
describe limited dispersion with recaptures recorded within 500km from release sites suggesting
semi residency of individuals on the continental shelf region of eastern Australia (NSW DPI 2005).
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Figure 2.20. (a) Displacements of conventional tag releases on juvenile Yellowfin Tuna tagged in the
northwest Coral Sea 1991 — 1992. Arrowheads: longline vessel recaptures; stars: purse seine and
pole and line recaptures. (b) release and recapture positions of conventional tags released on
Yellowfin Tuna by recreational fishers off the east coast of Australia. (c) release positions of Yellowfin
Tuna tagged with conventional tags from all tagging programs conducted in the western and central
Pacific Ocean 1989 — 2012. (d) positions of recaptured conventional tags Yellowfin Tuna tagged with
conventional tags from all tagging programs conducted in the western and central Pacific Ocean
1989 — 2012. Reproduced from Hampton and Gunn (1998) and Kolody and Hoyle (2013).
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Very little is known of the movements of adult Yellowfin Tuna. To date, the only detailed
investigation of the movements of adults in the WCPO as provided by electronic tags has been that
off eastern Australia (Evans et al. 2011). Pop-up satellite archival tags deployed on adult Yellowfin
Tuna, similarly to tags deployed on juvenile Yellowfin Tuna also recorded a mixture of movements.
Although a number of Yellowfin Tuna undertook substantive movements (distances between release
and tag pop-up positions ranged 54.03 — 1,462.88km), all remained within the Coral and Tasman
Seas (Figure 2.22; Evans et al. 2011). Of 20 tags from which data were recovered, only five
individuals were observed to undertake movements of greater than 500km straight-line distance
between deployment and pop-up transmission positions. Individuals were observed in the 25 - 35°S
region throughout all months of the year and were only observed south of 35°S during late
summer/autumn. Larger scale movements were variable in nature and occurred in north-south and
east-west directions, demonstrating linkages of Yellowfin Tuna between the ETBF and the wider
western Pacific Ocean and also between the northern and far southern parts of the ETBF. This
movement behavior is compatible with that reported from conventional tagging studies of Yellowfin
Tuna conducted previously in the region (Pepperell and Diplock 1989; Hampton and Gunn 1998).
Although limited by short attachment durations of tags, a state-space behavioural switching model
identified an area of high residency in the region of the Tasmantid Seamount chain and the Lord
How Rise as well as the outer edge of the East Australian Current (Evans et al. 2011).
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Figure 2.22. Estimated tracks of adult Yellowfin Tuna tagged with electronic tags off the east coast of
Australia 2004, 2008-2009. Reproduced from Evans et al. (2011).
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2.2.2 Summary

Molecular analyses conducted to date are inconclusive in regards to within basin stock structure,
reporting both little evidence of genetic differentiation in samples collected across the basin and
some evidence of population subdivision.

Investigations into the microchemistry of otoliths have documented some evidence for
population structure, concluding that in some years the majority of Yellowfin Tuna caught in the
ETBF were derived from localised spawning in the Coral Sea and in other years fish are derived
from influxes of fish from equatorial regions around Indonesia and the Solomon Islands.

Data derived from tag deployments suggest Yellowfin Tuna are capable of undertaking large
scale movements but the majority of movements are limited, suggesting some regional fidelity.
Tagging data suggest semi residency of Yellowfin Tuna in continental shelf areas of the ETBF in
association with the East Australian Current, seamounts in the Tasmantid chain the Lord Howe
Rise region.
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3. Current key knowledge gaps relating to species connectivity and

movement in the western Pacific Ocean
Many of the knowledge gaps on the spatial dynamics and connectivity of the five species targeted in
the ETBF that were highlighted by the evaluation of the harvest strategy framework for the ETBF
(Kolody et al. 2010) and more recently highlighted in the review of the harvest strategy policy (DAFF
2013) still remain.

In general, Bigeye and Yellowfin Tunas, Swordfish and Striped Marlin appear to demonstrate some
degree of residency in the Coral and Tasman Sea region, with tagging studies predominantly
establishing small scale movements in individuals, with a smaller degree of larger scale movements
demonstrating connectivity with the wider western Pacific Ocean. The extent to which this
behaviour has been recorded across life stages however varies, with the majority of studies
conducted on Bigeye and Yellowfin Tunas restricted to juveniles and those conducted on Swordfish
and Striped Marlin restricted to adults. Knowledge of the movements of Albacore throughout the
ETBF and the degree of connectivity with the wider western Pacific Ocean is sparse with a lack of
tagging data resulting in high uncertainty in any interpretation of movement data collected.

In association, the extent to which localised residency within the ETBF occurs is unknown. Detailed
movements recorded by juvenile Bigeye Tuna tagged with electronic tags in the north and in the
south Coral Sea (Clear et al. 2005; Gunn et al. 2005; Evans et al. 2008), adult Swordfish in the south
Coral Sea (Evans 2010; Evans et al. 2012; Evans et al. 2013) and adult Yellowfin Tuna in the south
Coral Sea/north Tasman Sea (Evans et al. 2011), suggest that localised residency on scales smaller
than the ETBF may occur. Small sample sizes, limited deployment periods and the coarse resolution
of position estimates derived via geolocation, particularly those associated with latitude however,
limit the ability to determine spatial dynamics at these scales. As a result, residencies in particular
region have been restricted to observations of a number of months and it is unknown if such
residency behaviours occur over longer time scales.

It has been postulated that Swordfish spawn in the Coral Sea region (Young et al. 2003) and that
aggregations of Bigeye and Yellowfin Tunas in the northern Coral Sea are associated with spawning
(McPherson 1991). Examination of the gonads of female Yellowfin Tuna from the northern Cora Sea
region of the ETBF documented advanced stages of oocyte maturation, suggesting individuals were
spawning in the region during the months of October and November (McPherson 1991). Scombrid
larvae have been observed in plankton tows in the northern waters of the Great Barrier Reef (Leis
and Goldman 1984). The species identification of these larvae however, was not undertaken, so it
unclear if larvae were Yellowfin or Bigeye Tunas or other scombrid species known to occur in the
region (e.g. Longtail Tuna, Thunnus tonggol; Kawakawa or Mackerel Tuna, Euthynnus affinis; Spanish
Mackerels, Scomberomorus spp.). Preliminary analysis of the microchemistry of Yellowfin Tuna
otoliths support the hypotheses that the Coral Sea region is a major source of recruits to the fishery
within the ETBF, but that there are also linkages with Indonesia and the Solomon Islands (Gunn et al.
2002). Further analyses to establish the degree to which Yellowfin Tuna recruits are sourced from
within the Coral Sea region as opposed to recruits from outside the Coral Sea and their ongoing
residency within the Coral Sea has not been undertaken. Small Swordfish (of approximately 100cm
and thought to be first year recruits) are caught periodically in the ETBF in the southern Coral Sea
(CSIRO unpublished data), supporting the hypothesis that spawning may occur in proximal waters.
The origin of these recruits to the fishery however is unknown at present. For most species,
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identification of specific spawning areas, the degree of fidelity to spawning sites and the origin of
recruits within the ETBF are still largely unknown.

Mixing rates used in stock assessments for Albacore, Bigeye and Yellowfin Tunas and Striped Marlin
throughout the western and central Pacific Ocean assume relatively high and stable levels of
movement (Davies et al. 2011; Langley et al. 2011; Davies et al. 2012; Hoyle et al. 2012). A recent
investigation into the mixing rates of tags deployed on bigeye, skipjack and Yellowfin Tunas found
strong evidence for incomplete mixing after one quarter for Bigeye Tuna and after five quarters for
Yellowfin Tuna (Kolody and Hoyle 2013). Estimated periods of incomplete mixing were regarded as
minimums largely because observations (tags at liberty for extended periods of time) restricted the
ability to make inferences on mixing in relation to longer periods at liberty (Kolody and Hoyle 2013).
This suggested that rates of mixing used in stock assessments for these species may not be
appropriate and that mixing occurs on longer time scales than currently assumed. Recent
investigation of tagging data from Swordfish estimated a diffusive mixing rate across boundary
regions within the stock assessment of 0.11, although noted that the estimate was predicated on the
assumption that there was purely diffusive mixing, while it was recognized that the model was
inappropriate for describing more complicated population structure (Evans et al. 2012; Davies et al.
2013). A range of diffusive mixing rates were incorporated into the stock assessment in response
(Kolody and Davies 2008; Davies 2013). Semi-residency in Bigeye and Yellowfin Tunas has posed
problems for resolving issues with tag reporting rates within stock assessment models and has led to
recent restructure of spatial domains within stock assessments for these species within the WCPO.
Assessments however, still remain sensitive to assumptions associated with tagging data including
assumed mixing periods. More definitive rates of mixing across regions in the western and central
Pacific Ocean are required across all species.
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4. Research priorities addressing key knowledge gaps on connectivity
and movement of species in the western Pacific Ocean

4.1 Tagging programs
In nearly all species, information on movement and connectivity has been largely derived from
conventional tagging programs. Conventional tagging programs have several advantages over
electronic tagging programs in that they can provide valuable information for fisheries biology and
stock assessment beyond just movement (including estimation of growth rates, mortality and
abundance) and in relation to electronic tagging programs are considerably less expensive.
Conventional tagging however, is a fishery-dependent mark-recapture technique that depends
almost entirely on animal recaptures within fisheries. Because tag releases and fishing effort are not
randomly distributed through time and space, and tag mixing appears to be incomplete for the
WCPO tuna species examined, information from conventional tag returns is likely to be biased.
Reporting rates for conventional tag returns are also often low and may be inconsistent across
fleets, which can further bias the perception of movement (Hoenig et al. 1998; Pollock et al. 2001;
Polacheck et al. 2006). Even with large numbers of deployments, it is often logistically impossible to
release tags in a manner that is representative of the distribution of the population, particularly for
widespread species such as tunas and billfishes. Observations from limited and uneven deployments
have the potential to be misleading and may not be representative of the population as a whole.
Electronic tagging programs alternatively, can provide substantially more information on the
movement dynamics of individuals, are largely fisheries independent (archival tags still rely on
fisheries for tag returns) and can provide additional useful information on the behaviour and
physiology of individuals (e.g. Bestley et al. 2008, Bestley et al. 2010, Aranda et al. 2013). Their
expense however, often results in limited numbers of deployments and deployments across
restricted and uneven spatial distributions in relation to the distribution of the population being
studied. As a result, like many conventional tagging programs, there is the potential for such
programs to be biased in their description of movements and connectivity.

Further, many electronic tagging programs to date have been designed with biological or ecological
questions in mind and are subsequently not optimised for provision of data into stock assessments
(Sippel et al. 2015), resulting in a lack of uptake and integration. Closer collaborations between
researchers involved in stock assessments and tagging program in the design of electronic tagging
studies would serve to help to inform experimental designs for tagging programs and thereby
provide data more appropriate for integration into stock assessments. Deployment of an adequate
number of electronic tags within carefully selected regions across a species’ distribution can allow
for robust observations of dispersal and movement throughout regions. In particular, tag
deployments across a range of size groups within each of the main species within the ETBF and from
either side of boundary regions in the Tasman and Coral Seas across the latitudinal range of the ETBF
would be useful in determining the degree of movement across this boundary.

4.2 Biochemical analyses
Most analyses of the stable isotopes of otolith cores conducted to date aimed at discriminating the
origins, broad scale movements and fidelity to particular spawning regions by individuals caught in
the ETBF have been preliminary in nature and restricted to Yellowfin Tuna and Albacore. Across the
WCPO, these techniques have shown some promise in discriminating a degree of spatial structure in
both Bigeye and Yellowfin Tunas (Wells et al. 2012; WPRFMC 2014).
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Collection and analysis of otoliths from both juveniles and adults of each of the five species within
the ETBF and those from young of the year derived from carefully selected nursery areas across the
western and central Pacific Ocean would allow for investigation of origins of individuals and
potentially any regular migrations undertaken by individuals.

Signature fatty acids have recently been used to identify broad scale latitudinal differences in
Albacore and skipjack tuna diets (Parrish et al. 2015). Results from these analyses suggest that such
studies could potentially be used to examine region specific differences in habitat and the extent of
broad scale residency within regions on scales of weeks to months. More comprehensive
biochemical analyses could potentially be used to investigate broad scale latitudinal and longitudinal
residency in individuals from the five target species in the ETBF.

4.3 Molecular analyses
Molecular analyses to date have been unable to resolve fine-scale structure within populations in
the majority of species within the Pacific Ocean. This could be the result of a number of factors.
Firstly, only a small amount of gene flow (a few migrants per generation) may be sufficient to
obscure genetic differentiation between conspecific stocks (Hauser and Ward 1998). Secondly,
connectivity might be largely facilitated by larval dispersal, with larvae transported regularly
between regional and distant populations (Cowen et al. 2007; Cowen and Sponaugle 2009).
Identification of larval origins and dispersal pathways of all five species are largely unknown.
Spawning occurs over extended temporal and spatial scales and the patchy nature of surveys
conducted further precludes determination of these pathways (Grall et al. 1983). Thirdly, the
molecular markers investigated to date may not be sufficient to identify stocks with only a small
degree of isolation and finally, sample sizes required to resolve any structure within the population
may not have been adequate and larger sample sizes may be required (Kasapidis et al. 2008). New
genetic techniques (e.g. single nucleotide polymorphisms; Nielsen et al. 2009) show promise in
resolving structure in populations that may not have been possible using older, less sensitive
techniques (e.g. Wirgin et al. 2007; Narum et al. 2008). Collection and analysis of samples from both
juveniles and adults of each of the five species within the ETBF and those from carefully selected
areas across the western and central Pacific Ocean would allow for investigation of spatial structure
within populations across the WCPO and potentially resolve some of the issues associated with
spatial division of fisheries data and mixing within regional stock assessments.
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Summary of ETBF Harvest Strategy Workshop

The workshop was held on the 2nd and 3rd of June at CSIRO in Hobart. The attendess were:

Rich Hillary, Karen Evans, Campbell Davies, Ann Preece, Rob Campbell, and Cathy Dichmont
(CSIRO)

Trent Timmiss and Stephanie Johnson (AFMA)

Kelly Buchanan, James Larcombe and Jenny Baldwin (DAg)
Julian Pepperill (independent scientist)

Keith Sainsbury and Sean Tracey (IMAS)

Sandra Diamond (UWS)

Key topics on the agenda were:

e Updated Management Strategy Evaluation work for the tuna and billfish
e Connectivity and stock structure work
¢ Cost and benefits of reducing the current major uncertainties

e State of play of a Harvest Strategy initiative at the level of the Western and Central Pacific
Fishery Commission

¢ Summary of gamefish information

e Strategies for future engagement and research priorities

Management Strategy Evaluation work

Currently, the ETBF Harvest Strategy (HS) is implemented for Swordfish and Striped Marlin only.
Given recent updates in both the stock assessments used previously to condition the original
Management Strategy Evaluation (MSE) models, and a slight change in the index used in the HS,
the billfish (Striped Marlin, Swordfish) MSE models were rerun to assess whether the original
expected performance of the HS had changed.

For Swordfish, there are a number of general issues that came forth. In terms of the current stock
assessment, the migratory and general population (and productivity) structure does not cover the
whole range of likely spatial uncertainties. If the current assessment understanding is correct, and
the recently increased level of international effort is maintained, the HS will act to strongly reduce



catches in the ETBF, albeit ensuring the limit spawning stock biomass (SSB) level is not breached
with significant probability. If international effort doubled there is little chance of the HS avoiding
SSB limit violations, even with effective closure of the ETBF by the HS. There was also an
apparent mismatch between the target Catch Per Unit Effort (CPUE) level in the HS and the target
SSB depletion level (48% of the unfished level), both taken from a single year and assessment
configuration.

For Striped Marlin, key issues still outstanding from the previous MSE work were (a) scenarios
where the HS did not function (i.e. no apparent feedback in the system); (b) scenarios where the HS
did function, but the economic losses arising from catch reductions did not lead to any apparent
conservation gain; and (c) levels of international effort, conditional on connectivity scenarios, at
which the HS failed to function satisfactorily. The issue of HS functionality and adverse economic
impact, and the potential to increase risk to the stock, was seen to be resolved with the limit level
breached at levels well below the current stipulations of the Commonwealth Harvest Strategy
Policy and CPUE being able to be maintained at the target level. With respect to international effort,
for lower connectivity scenarios between ETBF and non-ETBF areas, the HS would actually still
allow for increased catches at target level catch rates but not necessarily for higher connectivity
scenarios.

Issues common to both billfish MSEs were:

e Impact of recent inclusion of large amounts of “Eastern” Pacific catch and effort (that is
those catches in the far north east of the Western and Central Pacific Fishery Commission
area), and whether catches in that region are from the same stocks as the ETBF species

¢ Continued limited understanding of migration, stock structure and regional productivity

e Potential mismatch between the target CPUE and SSB depletion level used in the revised
HS

e Better summary statistics for demonstrating whether the HS is “working” or not

e Perhaps some additional graphical work to better explain the mechanics of the HS

For the tropical tuna, “localised” operating models (OMs) were conditioned for Yellowfin Tuna and
Bigeye Tuna using the catch composition and long-line CPUE data. For Yellowfin Tuna, while the
data were very noisy and the resultant fits similarly noisy, there is no strong evidence that the
current ETBF is having any notable impact on the stock. This reinforces the original decision not to
implement the HS for this species given there will be no feedback in the system. For Bigeye Tuna
the data are so noisy and, at times, contradictory that no stable estimates of local population
abundance could be obtained. It was therefore not possible to judge whether the HS would be
effective or not for Bigeye Tuna in the ETBF region.

Connectivity and structure



The project has compiled an in-depth summary of the available information on this topic for the
main target species. For the billfish, localised movement across the ETBF and eastern zones around
New Zealand and the Pacific are observed, but with some fairly clear evidence of apparent
residence in this areas. Currently a single spawning stock is assumed in both Swordfish and Striped
Marlin assessments but genetic analyses of the wider Pacific region have shown structure below the
levels assumed currently.

For the tropical tuna the vast majority of the tag recaptures released in the ETBF area are recaptured
in the same general region and not moving into the equatorial zone to the North. Of the tens of
thousands of tags released in the equatorial zone a miniscule fraction have been recaptured in the
ETBF zone — even accounting for lower effort levels and attrition over time this is strongly
suggestive of little movement between these zones. Satellite tags released on Yellowfin Tuna in the
PNG region have also shown very localised movement of Yellowfin Tuna within this region. The
most recent genetic work on Yellowfin Tuna is perhaps the most revealing to date: for three sample
locations (eastern Pacific, Tokolau in the South Pacific, the ETBF region) there was effectively
complete separation between all locations suggesting that, even for a limited number of sites within
the WCPO, the current assessment configuration is both spatially and reproductively incorrect, and
that there might well be several spawning sub-populations within the WCPO.

Cost and benefits of reducing uncertainty

For the billfish the major remaining uncertainties are life-history parameters (particularly Swordfish)
and spatial dynamics; for the tropical tuna these are estimates of local abundance and a wider
understanding of stock structure. A current AFMA funded project is underway to resolve current
uncertainty in Swordfish growth and in association hopefully maturity metrics.

With respect to tuna abundance three methods that could be used to reduce uncertainty were
presented: conventional tagging, gene tagging and close-kin mark-recapture (CKMR) — the final
method uses matches between parents and offspring or half-siblings to estimate absolute abundance.
While gene tagging addresses many of the issues associated with conventional tagging (variable
reporting rates, tag shedding etc.), the prohibitive cost of sampling and releasing the 'tagged' fish
made it far more costly than the CKMR half-sibling option, in terms of obtaining the same precision
in abundance. The meeting also touched on the difference between connectivity (where electronic
tags are the best tool) and stock structure (where genetics are the standout method) and what
questions they related to in a management context. It was generally agreed that no one factor really
has precedence and that we need to know both better to achieve more representative assessment
(and operating) models at present. At least in relation to stock structure though, there was clear
agreement that current genetic technology was both powerful and cost-effective enough to permit
the kind of pan-WCPO study that would deliver a huge improvement to the current state of
knowledge about all the stocks and should be explored.

Harvest strategy initiative at WCPFC



Key attendees at the WCPFC Scientific Committee and Commission from the Department of
Agriculture discussed the state of the current initiative to develop a harvest strategy framework for
managing the WCPFC target species. While the political challenges were acknowledged, the
meeting did focus in more on what such a framework might look like operationally, and how
current (and future) research being discussed at the workshop might best be disseminated to assist
in the process. For the tropical tuna species (including skipjack) the multispecies element was
considered to be central to any approach for it to be implementable. It was also noted that the
various fisheries and members often have quite different priorities that a harvest strategy framework
might have to accommodate — this led to the notion of there being an over-arching harvest strategy
with potentially quite different harvest control rules (HCRs) depending on the context (species,
fishery etc.). Clearly, some of the stock structure work (both current and likely in the near future)
has the potential to complicate both the assessment and general management advice system at the
WCPEC for some species. In acknowledgement of this the group considered if someone could
attend, or at least prepare information papers for example, for upcoming meetings to mitigate this
risk as much as possible.

Gamefish data

An in-depth summary of the various data sets coming from the recreational fishing sector was given
to the group. There are a wide array of tagging (conventional, electronic), catch weights and CPUE
data for various ETBF and non-ETBF species. Most notably for Striped Marlin, these data represent
an underused but clearly informative additional resource, relative to the commercial data.
Continuation of some of the data sets was in doubt due to funding and the group agreed that it
would be good to maintain these kinds of (largely) uninterrupted time-series if at all possible.

General summary

For the HS as currently applied to the billfish species in the ETBF, the key influences are still
spatial: connectivity, regional productivity, reproductive structure, inclusion of eastern regions
catch and effort. However, there is also the issue of the revised CPUE targets (and limits) as
currently calibrated (via a single year and assessment realisation) to stock assessment SSB depletion
estimates. For Yellowfin Tuna: new derived “local” abundance estimates show little apparent effect
of the ETBF catches on the population, confirming previous work that showed little to no feedback
in the HS system and therefore little point in applying it. For Bigeye Tuna the data are not
informative enough and far too noisy to estimate local abundance so it is not feasible to assess
whether the HS would illicit feedback if applied for this species. Cost-benefit analyses focussed on
connectivity, stock structure and local abundance. The connectivity picture is still not entirely clear,
but it is hard to gauge exactly how one couches the benefits associated with further electronic
tagging work. For stock structure, given the initial Yellowfin Tuna results, genetic techniques are
now at the point of making a WCPO-wide structure analysis for the major species affordable, albeit
with some requirement for practical design in terms of sample locations. In terms of local
abundance, when comparing conventional, genetic and close-kin mark-recapture methods, the clear
winner in terms of cost-effectiveness and ability to provide robust estimates was CKMR, given it
both obviates the need to tag juveniles and release them (and the associate high cost thereof) and



permits estimation of the spawning population not the exploitable one. The summary of the
gamefish data also emphasised the additional data not currently being used perhaps as much as it
could be in relation to the billfish species in the ETBF in particular.

The workshop discussed a lot of the practical challenges involved in establishing a HS framework
within the WCPFC. The array of different priorities apparent for various members and/or fisheries
suggested that perhaps one might have several different harvest control rules in place for the various
fisheries/species under one overarching framework. The dependence of the MSE work in decisions
made at the WCPFC assessment level, as well as the potential for more localised research like the
current genetic structure work to strongly affect the assessment process, reinforces the idea that
continued engagement at all levels of the WCPFC is essential for assessing the efficacy of the
current HS as applied at the national level in the ETBF.
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