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Abstract

Australia’s Harvest Strategy Policy requires fiségmunder the control of the Australian
Commonwealth Government be managed by Harveste§iest (HS) that lead to

sustainable stocks and maximise economic produgctiarvest strategies are also
known as management strategies, management presednd harvest control rules.
They generally include the decision rule and theadad methods used to calculate
recommended future management actions (e.g. chéamgeasch or effort). The Australian

HS policy states that Management Strategy EvalodtidSE) should be used to test the
performance of alternative HS with respect to rislomass targets and limit reference
points.

The Eastern Tuna and Billfish Fishery (ETBF) opesain the East Coast of Australia.
The catch consists of five main species (yellowigeye, albacore, swordfish and
striped marlin). Using the agreed framework for hlaevest strategy for the ETBF, we
have evaluated a range of alternative HS spediicatusing simulation operating
models. These operating models were initialisedgupbpulation parameter estimates
from Western Central Pacific Fishery Commission (WAC) stock assessments. There
are inconsistencies between the intention of thesessments and our need for local
ETBF parameter estimates, and these issues aressiest We have attempted to
represent a range of plausible states and dynarhitbg target stocks without having to
produce ETBF specific stock assessments.

To evaluate whether a HS is likely to perform agigaged, it is tested in operating
models that encompass a wide range of uncertaiMiesncluded uncertainty in
assumptions about regional connectivity, migratees, non-ETBF effort, ETBF effort
creep, CPUE and recruitment variability and sangpéror (among others). In the case
of swordfish, we also included a wide range of sssent model uncertainty. This was
also possible, to a lesser extent, for bigeye anthwill be possible for other species as
results from future work on assessment model uaiceytbecome available. HSs are
evaluated against a more likely reference set oétainties, as well as a more extreme,
but plausible, “robustness” set of uncertainti€hese reference and robustness sets are
different for each species.

For each species, the performances of the vanaligidual HS are shown as trade offs
between biological risk and average catches arath cates. On the basis of these
comparisons, industry and management represergdtare selected a harvest strategy
specification for each species and these will b@emented in the ETBF in Nov 2009.
This paper reports on operating model developmedtts evaluations to date. The
results so far indicate that the performance oHBewill be determined by a number of



species-specific fishery characteristics (e.g.ksgtucture, life history parameters, and
the actions of international fleets), such thattfalean domestic actions may have
considerable capacity to effectively manage someeisp (swordfish and striped marlin),
while unilateral domestic management actions nighliargely ineffective for other
species (e.g. bigeye and yellowfin).

The paper illustrates the type of process that trbghundertaken if the WCPFC decides
to manage the Western Central Pacific Ocean fishersing Management Strategy
Evaluation.
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1. Introduction

Australia’s Harvest Strategy Policy requires fiseégmunder the control of the Australian
Commonwealth Government be managed by Harveste8test (HS) that lead to
sustainable stocks and maximise economic produgi{i#non., 2007). Harvest strategies
are also known as management strategies, manag@meedures and harvest control
rules. They generally include specification of @id®en rule and data and methods used
to calculate recommended future management ac{mgs changes to catch or effort).
We have used these terms interchangeably throughisudocument. For each Australian
commonwealth fishery, a HS framework has been dgeel (Campbell et al, 2007). The
framework specifies the structure of the decisiote,r but does not give detailed
specification of alternative HS, which must be ea&d in simulation models. The
Australian HS policy states that Management Stsategaluation (MSE) should be used
to test the performance of alternative HS with eeso risk, biomass targets and limit
reference points.

The Eastern Tuna and Billfish Fishery (ETBF) opesain the East Coast of Australia, on
stocks that are connected with southern, westedngagater Pacific Ocean stocks. The
catch consists of five main species (yellowfin, gyig, albacore, swordfish and striped
marlin). HS evaluation of these stocks has beemwtted using conditioned operating
models which are initialised using population pagten estimates from Western Central
Pacific Fishery Commission (WCPFC) stock assessnefttere are inconsistencies
between the intention of these assessments andemd for local ETBF parameter
estimates, and these issues are discussed.



In this paper we discuss the HS evaluation procsstertaken and the preliminary

results. There has been significant progress seperting results for swordfish in 2007

(Kolody et al, 2007). The technical side of thisjpct is intended to quantify the fishery

dynamics for the target species, and to illustridwe trade-off among management
objectives that result when different specificatiasf the HS framework are simulation

tested. However, it is ultimately the job of thehkries managers, ETBF Resource
Assessment Group and Management Advisory Commiitteeake the hard decision of

selecting the final HS (Kolody et al 2009a,b). e&hinical review is planned for later this
year, and HS implementation is expected from No®920he current research project
will finish in early 2010.

2. Methods

2.1  Process for developing and evaluating managemen  t strategies

The aim of a management strategy or harvest syratedgo agree on a method for
adjusting future catch or effort in a fishery, bdhgm agreed data and an agreed method
for analysis of that data. The process for develppand evaluating management
strategies involves several steps: 1) setting tbgs and performance measures, 2)
developing candidate HS, 3) developing operatinget®(OM), 4) simulation testing, 5)
HS selection and 6) implementation. Objectives pedormance measures for the ETBF
are specified in the HS policy and guidelines. Tlspgcify biological and economic
goals, and target and limit reference points. Hf® working group developed a
framework for HS to be used in the ETBF (Campbeklle2007), details within the HS
framework were not defined, and alternative valt@sthese give alternative HS for
evaluation. The current project has taken the H#néwork and candidate HS and
evaluated these using a conditioned operating métghative performance of these HS
are presented to industry and management to esalg@etion of a single rule that will be
used for adjusting future catches in the ETBF.

2.2 The ETBF HS Framework

The ETBF HS decision rule is a 4 level decisioe tieevel 1 of the rule makes the major
adjustment to the recommended biological catch foor year to the next, based on the
slope from recent standardised CPUE trends for eremed fish to the target CPUE
level. The recommended catch is potentially adgustewn in the next 3 levels of the
decision tree. The intention in the lower threeelsvis to detect trends in the status of
recruits and older aged fish that can indicate ghann population structure that may not
be evident in the standardised CPUE for prime sfidd These lower three levels use
catch rates for small fish and large fish and ttepeprtion of the catch that is large sized
fish, and measures current levels relative to tiolels for these. This is an empirical
decision rule that does not require a formal mdidsled stock assessment, but does
require catch, effort and size data and calculatioa standardised CPUE by size group.
In principle, the final recommendation from the idean tree could be an adjustment to



catch or effort, but in the case of the ETBF we making recommendations on future
catches.

2.3  Conditioned operating models

Using the agreed framework for the harvest strafegyhe ETBF, we have evaluated a
range of alternative HS specifications using coodéd operating models. Conditioning

an operating model is the process of developingeisothat are consistent with the

historical fisheries data and biological reseamhaf stock. The ETBF operating models
were initialised using population parameter estematrom Western Central Pacific

Fishery Commission (WCPFC) stock assessments.eTdrerinconsistencies between the
intention of these assessments and our need fat BBEBF parameter estimates, and
these are discussed. We have attempted to reprasearige of plausible states and
dynamics of the target stocks to characterise sointiee uncertainty associated with the
stock assessments as discussed below, howevess ib&yond the scope of the project to
produce 5 ETBF-specific stock assessments.

The generic operating model contains two areaswticrespond to population and fleet
dynamics in the ETBF and the non-ETBF. Informatiimm WCPFC stock assessments
for these species is used to partition the regigvestern Central Pacific Ocean (WCPO)
assessments into the 2 area operating model. @hdigning is different for each
species, depending on the spatial arrangementeirstthick assessment and information
about linkages between areas in the stock assessmka details of the partitioning are
discussed for each species.

2.4  Uncertainty and robustness

To evaluate whether a HS is likely to perform asigaged, it is tested in operating
models that encompass a wide range of uncertainidés included uncertainty in
assumptions about regional connectivity, migratiaies, non-ETBF effort, ETBF effort
creep, CPUE and recruitment variability and sangpbnror (among others). In the case
of swordfish, we also included a wide range of sssent model uncertainty. This was
also possible, although to a lesser extent, foey@guna and will be possible for other
species as results from work on assessment modeftamty become available. HSs are
evaluated against a more likely reference set oénainties, as well as a more extreme,
but plausible, “robustness” set of uncertaintieseSe reference and robustness sets are
different for each species. Only results from refiee sets are described here. The aim is
to find harvest strategies that perform well evelmew the underlying dynamics and
population parameters are not well known.

2.5 The MSE simulation loop

The many uncertainties that we wish to evaluateag8inst, lead to many operating
models. Each of these models is run many timegpgbcate stochastic variation (e.g. in
recruitment levels, CPUE observation errors andlemgntation errors). The models
project the population forward from the currentryga2030 and simulate the dynamics
of the fishery and the fleet, and simulate the datkected and implementation of the HS.
The end year was selected to give the model entiugh to demonstrate long term
performance (e.g. to distinguish whether the H&ajsable of using feedback to stabilize



the system in a satisfactory state, or if instapis likely). However, it is not expected
that the fishery would be managed until 2030 with@view, and the appropriate time
frames for evaluating risk have not yet been define

2.6 Performance measures

The Australian harvest strategy policy defines @anance measures. The limit reference
point is defined as 20% of initial (unfished) spawgnstock biomass levels. Biological
risk is a measure of the frequency of the spawbiognass being below 20% of initial
(unfished) spawning stock biomass levels. For thBEE CPUE has been identified as a
primary indicator of economic performance, becaaseninimum CPUE has to be
maintained for the fishery to be viable. Howewetal catches are also related to overall
economic returns for the fishery, and the relatigm¥etween catch and CPUE is one of
the most important management trade-offs underiderstion. Biomass targets are
expressed in the HS decision rules using the CRWE& ks a directly observable proxy.
The ETBF fishery developed rapidly in the late 1998nd the average standardised
CPUE over the years 1997-2001 was broadly recodragea desirable target.

3. Results

For each species there is a description of theatipgrmodel conditioning and the main
components that differ by species. From the WCPteCksassessments models we use
estimates of numbers at age, an estimate for aveanafished initial spawning stock
biomass (SSBO0), selectivity in the ETBF and non-ETBgion, stock recruit relationship
and parameters, natural mortality at age, matatityge, length-age relationship etc. The
details are not all specified here, but will bejsabto a technical review and specified in
papers prepared for that review.

The regional assessments cover different aredseifPacific Ocean, and are subdivided
in different ways for each species. The methodl usemake an approximation to an
ETBF and non-ETBF area is explained.

A range of HSs is evaluated for each species amdi¢hails of the specifications for the
thresholds and values used in the harvest stratege not discussed here. Constant
catch strategies have also been used in the siongatto contrast with the feedback
decision rule results, and zero catch simulatiangtbeen run to examine the population
dynamics for each species in the absence of fishing

In this paper, the main harvest strategy performat@de-offs are qualitatively

summarised in a graphical format that relates tkgeeted catch distribution to the
distribution of CPUE and an index of biomass rigkese trade-off plots summarize the
relative performance of harvest strategies overpégod 2009-2030. The relationship
between the trade-off plots and the more famili@etseries plots are illustrated for the
yellowfin tuna example.



3.1  Yellowfin: operating model and harvest strategy evaluation

The Yellowfin operating model was conditioned om th007 WCPFC regional stock
assessment results (Langley et al, 2007). Thea$satucture of the assessment covers
the whole Western and Central Pacific Ocean (FigureThe entire southern region is
assumed to be a distinct population in the cona#iboperating model, with the south-
west (region 5) corresponding to the ETBF compomérithe stock, and the south-east
(region 6) the non-ETBF component. The curreness®ent estimates that there is
relatively low mixing between the southern and egual regions (though movement
estimates are highly uncertain). Other key refezeset assumptions for yellowfin are:
* Non-ETBF Effort is assumed to remain constant @52vels because the
distant water fishing fleets are responsible fostaj the catch.
* The unfished ETBF region is assumed to have 72%hefoperating model
population and new recruitment.
* The migration linkage between the ETBF and non-ET&gions is assumed to
be an equal mix of scenarios with 1%, 20% and 606 quarter diffusive
mixing.

Main concerns related to the conditioning of theraging model for yellowfin:

* The migration and local-scale recruitment dynanaies poorly quantified in the
assessment. The spatial domain is large, and ianodynamics for the ETBF
may not be described appropriately (e.g. CPUE traniamight be driven by
migration dynamics within the East Australia cutremore than regional
recruitment dynamics).

» The bulk of the catch is removed from the tropar@a, which is part of the ETBF
region in the assessment, but this purse seinerfisk moved to the non-ETBF
region in the operating model. The impact of ttiepends on the extent and
nature of the connectivity among the regions, hetd is quite limited empirical
data available to address this question outsideaisessment. Potential future
impacts of the equatorial purse seiners are natidered.

* Quantification of the uncertainty in the assessmfamt yellowfin was not
comprehensive (a single assessment model was oseebtesent the current
population structure).

The operating model trends for predicted CPUE weaoasistent with the observed
standardised CPUE for yellowfin. If fishing was gped in both the ETBF and non-
ETBF areas, the operating models predict an avelbageass increase of about 50%,
which is higher than recent years and the late 490t lower than the 1950s and late
1980s.

Figure 2, 3 and Figure 4 illustrate the estimatattly CPUE and spawning biomass
trajectories for four ETBF Harvest Strategies thate selected to demonstrate a range of
options. There are 1200 trajectories summarisédase plots for yellowfin, for each HS.

“Tradeoff plots” summarize the average catch aretagye CPUE (or biomass risk) from
each time series trajectory, and plot the distrdrubf these averages against one another
(in this paper, the distribution is summarized bg tedians and upper and lowef"10



percentiles on each axis). Figure 5 is a “tradé-pfot that illustrates the estimated
relationship between Catch and CPUE for a rangdasfest Strategies. The operating
model is clearly suggesting that the ETBF fisheag hery little effect on the regional
population dynamics of yellowfin (within the rangécatches prescribed by the selected
HSs).

Figure 6 is a “trade-off” plot that illustrates thstimated relationship between Catch and
Biomass risk associated with the different hanstsitegies, and strongly suggests that
the ETBF does not represent a substantial rislkegoonal yellowfin populations (within
the range of catches prescribed by the selectedl H3& specific biomass risk definition
is described in the figure caption. We do not aersthis specific definition to be a very
good indicator of absolute risk, but it seems toabeonsistent measure of relative risk
that is reasonable for ranking HSs.

Primary conclusions about the yellowfin HS evaloias:
* Any choice of ETBF HS within the range of optioested is not likely to have a
substantial impact on the SW Pacific populatioresitsmated by the most recent
WCPFC assessment.

* As such, the yellowfin population is consideredbéothe lowest risk target species
from a stock conservation perspective.

* The current assessment and operating model auff@ient to resolve localized
fishery impacts (e.g. is there a Coral Sea sub-atipn or localised depletion
within the ETBF).

> P @ > e s
e@@ s+ |
a P o »
® :
a °@ § P 9 =

© Max=348801

| | | | | l |
120E 150E 180 150W 120W

Figure 1. Yellowfin tuna assessment model spatialoghain from Langley et al (2007 Figure 5).
Distribution of cumulative yellowfin tuna catch from 1990-2005 by 5 degree squares of latitude and
longitude and fishing gear; longline (L, blue), puse-seine (S, green), pole-and-line (P, grey) andhet
(z, dark orange). The grey lines indicate the spaai stratification. In the ETBF HS operating model,
area 5 is defined as the ETBF, area 6 as the non-BF.
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Figure 2. Yellowfin tuna estimated catch trajectores for four ETBF Harvest Strategies. Red circles
indicate median projections, shaded blue region repsents the 18 and 90" percentiles of the
distribution, and thin black lines represent two random trajectories.
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Figure 3. Yellowfin tuna estimated ETBF CPUE trajectories for four ETBF Harvest Strategies. Red
circles indicate median projections, shaded blue rgon represents the 18 and 90" percentiles of the
distribution, and thin black lines represent two random trajectories.
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Figure 6. Yellowfin tuna trade-off plot illustrati ng the estimated relationship between ETBF Catch

and biomass risk. Risk is defined as the proportio of stochastic projections in which spawning

biomass (SSB) drops below 20% of unfished levels.2B80) more than 10% of the time (3 or more

years). Dotted vertical lines show how specificvels of risk might be used to remove some candidate
HSs from further consideration. The broken red horzontal line indicates the 2007 catch level.
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3.2  Bigeye: operating model and harvest strategy ev  aluation

The Bigeye operating model is conditioned usingiltesfrom the 2008 regional stock
assessment (Langley et al., 2008). The assesses@intates relatively low mixing
between southern and equatorial regions. Therefotiee operating model the southern
region is assumed to be a distinct population, it south-west region (5) of the
WCPO corresponding to the ETBF component of thekstand the south east region (6)
to the non-ETBF component (Figure 7). Other kegnmaice set assumptions for bigeye
include:

* Non-ETBF Effort is assumed to decrease by 30% f&H87 levels by 2011
(corresponding to the implementation of the mosem WCPFC management
measure).

» The ETBF region is assumed to have 51% of the tipgrenodel population and
new recruitment.

* The migration linkage between the ETBF and non-ET&gions is assumed to
be an equal mix of scenarios with 1%, 20% and 60 quarter diffusive
mixing.

» Five different sensitivity trials for the BET asse®ent are represented in the
operating model (to encompass some of the stodkssiancertainty). This is
more extensive than for yellowfin, albacore andipstt marlin, but not
comprehensive.

Main concerns relating to the conditioning of thpei@ating model for bigeye:

* Migration dynamics are poorly quantified in theessament. The spatial domain is
large, and important dynamics for the ETBF maymdescribed appropriately.
Large fisheries in the tropical region are parthef ETBF region as defined in the
assessment model, but this fishery is moved toniwe-ETBF region in the
operating model.

* The models estimate that in the absence of fistliege will be a rapid recovery
in the spawning biomass, which seems too fast aigthtnbe based on poorly
guantified recent recruitment. The implications $bort-term projections (and HS
implementation) should be treated with appropréatation.

The predicted CPUE from the bigeye operating mgtielwed consistent trends with the
observed CPUE data from the ETBF. Constant catettegiies of O catch were run to
simulate the population dynamics in the absencdisbing. For bigeye, an average
biomass increase of about 50% is predicted, wtadhgher than recent years and the late
1970s, but lower than the 1950s and early 1980s.

A range of HS were evaluated and the results fanesof these HSs suggest that the
stock could be driven to a level of spawning biosnd&st would substantially increase the
risk of future declines in recruitment, which woudd inconsistent with the objectives of
the Commonwealth Harvest Strategy Policy.

14



Figure 8 illustrates the estimated relationshipMeen Catch and CPUE for a range of
Harvest Strategies. The operating model suggéststhe ETBF fishery has a small
effect on the regional population dynamics of begegyvithin the range of catches

prescribed by the selected HSs), relative to theEBBBF fleet. Median CPUE levels in

the ETBF appear to be below the target.

Figure 9 illustrates the estimated relationshipMeein Catch and biomass risk associated
with the different harvest strategies. The pladicates that the regional spawning
biomass of the bigeye stock is estimated to ofedhtd a level lower than the limit
reference point specified in the CHSP (even in #isence of the ETBF fishery
(CC_bet_0)). Even though the impact of the ETBIetfigself may be small, relative to
the other fleets, it can plausibly increase themaiss risk to the regional bigeye
population with catches near current levels (ifethe population is already near a
threshold, it may only take a small amount of adddl effort to exceed the threshold).

Primary conclusions about the bigeye HS evaluations
* Any choice of ETBF HS within the range of optiongrently tested is likely to
increase the risk to the already depleted regipopllation, as estimated by the
most recent WCPFC assessment.
* The current assessment and operating model auff@ient to resolve localized
fishery impacts (e.g. is there a Coral Sea subatipn), or localised depletions
within the ETBF.
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Figure 7. Bigeye tuna assessment model spatial daim from Langely et al (2008). Circles indicate
the distribution of cumulative bigeye tuna catch fom 1990-2006 by 5 degree squares of latitude and
longitude and fishing gear; longline (blue), purseseine (green), pole-and-line (grey) and other (dark
orange). The maximum circle size represents a cataf 40,000 mt. The grey lines indicate the spatial
stratification of the six-region assessment modelArea 5 is defined as the ETBF, Area 6 as the non-
ETBF.
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3.3  Albacore: operating model and harvest strategy evaluation

The OM is conditioned using the 2008 preliminargio@al stock assessment by Hoyle et
al. (2008). The spatial structure of the assessowmrers the whole southern hemisphere
Pacific Ocean (Figure 10). In the operating mottes population was partitioned into
an ETBF region and a non- ETBF region, with a digd point corresponding
approximately to 165E. Other key reference satrapsions for albacore:
* Non-ETBF effort is assumed to remain constant 8726vels.
* The ETBF region is assumed to have 20% of the tipgranodel equilibrium
population and new recruitment.
* The migration linkage between the ETBF and non-ET&gions is assumed to
be an equal mix of scenarios with 1% and 20% partqudiffusive mixing.
 The monitoring data currently available for alba&catoes not include size
composition, so the HS uses an aggregate CPUEg valililother species use
CPUE from 3 separate size classes (Campbell 2009).

Main concerns about the albacore operating model:

* The connection between the extreme SW and extrdnB&gific populations is
probably very weak, and this stock connectivityljpeon is poorly quantified.

* Fishery selectivity seems to vary substantially $8ason for albacore, and
possibly also in relation to shifting targeting. el&tivity is assumed to be
constant in the operating model.

* Only a single ‘preferred’ assessment model was t&dofor the operating model,
so the uncertainty is understated.

» The 2008 albacore assessment was considered pratymiwith substantive
revisions planned for 2009.

* Figure 11 illustrates the nature of the discrepemdietween the predicted and
observed albacore CPUE for the ETBF. This sugdhbstseither the assessment
model did not fit the CPUE series very well, or thestralian CPUE series are
not consistent with the distant water fishing setieat were used. This could
indicate changing catchability, in one or more loé fleets, in a way that is not
captured in the catch rate standardization. @night indicate that the relative
abundance trends differ by region in a way thapsmsannot be described by the
spatially aggregated model.

In the absence of any fishing, the spawning bionzass CPUE is estimated to almost
triple if fishing stops, which would result in bi@ss on average comparable to the period
from the 1970s to mid-1990s, but less than th#tenl1960s.

All of the HSs evaluated prescribe immediate caertuctions, and there is a large drop
in the CPUE in the first year of the projectior&his decline is related to the discrepancy
between predicted and observed CPUE, such thahtiel estimates the biomass to be
much lower in 2008 than the ETBF CPUE suggests.

Figure 12 illustrates the estimated relationshifwben Catch and CPUE for a range of
Harvest Strategies. The operating model suggkatsiie ETBF fishery has a relatively
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small effect on the regional population dynamicslbficore (within the range of catches
prescribed by the selected HSs), relative to the BBBF fleet.

Figure 13 illustrates the estimated relationshigwben Catch and Biomass risk
associated with the different harvest strategi@e plot indicates that the regional
albacore stock is estimated to already be in th@neof the limit reference point (even in
the absence of the ETBF fishery (CC_alb_0). Thearhpf the ETBF fleet is estimated
to elevate the biomass risk to the regional alapapulation, but not to the same extent
as with bigeye.

Primary conclusions about the albacore HS evalastio
 The assessment and operating model suggest tha ihesome risk to the
regional albacore population, irrespective of tidE fishery, but that the range
of HS options explored does not substantially dkettae risk.
* We consider the albacore results to be the lesiable of the five target species
for several reasons:
o The 2008 WCPFC assessment was preliminary withtdoinuncertainty
guantification and has been updated in 2009.
o0 The spatial domain of the assessment cannot red6N&F dynamics
adequately.
o There is a substantial inconsistency between tedigted and observed
ETBF CPUE time series which are the primary abuodandices in the
operating model and HS.
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3.4  Swordfish: operating model and harvest strategy evaluation

Conditioning of the swordfish operating model wasy@er because the swordfish

assessment was conducted with the requirementseohdrvest strategy evaluation in
mind (Kolody et al, 2008), and as such we are gdlyemore confident in these results.

The spatial structure in the assessment considteedivo western areas shown in Figure
14 and the two regions are adopted for the ETBFramdETBF regions in the operating

models. Other key reference set assumptions iffiet by species:

* Unlike the other species, non-ETBF Effort is assditwechange in relation to the
harvest strategy. This reflects the fact that Nealand has been the other major
fishery in the region in recent years, and it shawsimilar catch and effort
history to the ETBF, and seems to be operating mrsiilar economic
conditions.

* The ETBF region is assumed to have 50% of the tipgranodel equilibrium
population and new recruitment.

* The migration linkage between the ETBF and non-ET&gions is assumed to
be an equal mix of scenarios with 1% and 20% partqudiffusive mixing.

 The assessment had a strong emphasis on the @uaittif of uncertainty.
Fourteen different assessment models were usegbtesent alternative plausible
population dynamics in the operating models (ares¢h1l4 span the range of
uncertainty reflected in a full set of 192 models).

Main concerns about the swordfish operating model:

» Migration within the ETBF and non-ETBF regions rensapoorly quantified.
However, a number of conventional and electronys,tand consistency of catch
rates among fleets, provide some justification forating the SW Pacific
population as reasonably distinct from the SE (dadh) Pacific populations.

There is reasonable agreement between the predinttdbserved swordfish CPUE for
the ETBF, and the biomass is estimated to retupnael 990 levels if fishing stops.

Figure 15 illustrates the estimated relationshifwben Catch and CPUE for a range of
Harvest Strategies. In these figures the timesseasi split into 2 temporal groups, and
CPUE is in terms of the catch rates for the “fdt afeas in the ETBF. The target CPUE
in these units would be approximately 1000.

Figure 16 illustrates the estimated relationshigwben Catch and biomass risk
associated with the different harvest strategi8sice it is assumed that the non-ETBF
effort is managed the same as the ETBF effort ese¢hscenarios (unlike the other
species), these figures do not partition the sjgeeifect of the ETBF. However, given

that the ETBF has the largest catches in the redim largest fishing impact is also

attributable to the ETBF.

Main conclusions from the swordfish HS evaluatiomdate:

* For the level of effort from these HS evaluatedréhis a level of conservation
risk.
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3.5  Striped Marlin: operating model and harvest str  ategy evaluation

The most recent striped marlin stock assessmettieimegion is described in Langley et
al. (2006). The spatial structure consists ofvthele region shown in Figure 17. In the
operating model, this population was partitionet ian ETBF region and a non-ETBF
region, with a dividing point approximately corresiding to 165E. Other key reference
set assumptions for striped marlin:
* Non-ETBF effort is assumed to remain constant 8826vels.
e The ETBF region is assumed to have 36% of the dpgranodel equilibrium
population and new recruitment.
e The migration linkage between the ETBF and non-ET&gions is assumed to
be an equal mix of scenarios with 1% and 20% partqudiffusive mixing.

Main concerns about the striped marlin operatingl@ho

* Migration within the ETBF and non-ETBF regions i®oply understood.
However, given that the largest (reported) catdhage been from the ETBF
region, this might be less of a concern than ferdther target species.

* Only a single ‘preferred’ assessment model was t&dofor the operating model,
so the uncertainty is understated.

* The striped marlin assessment was considered pnalisnwhen it was produced,
and the data used are now several years out af date

The operating model results show that there isoreside agreement between the
predicted and observed striped marlin CPUE forBM8F. The biomass is estimated to
almost triple if fishing stops, with biomass retmg to levels seen around 1960 (but
lower than the 1950s).

Figure 18 illustrates the estimated relationshifpveen Catch and CPUE for a range of
Harvest Strategies. The operating model estimiuasthe ETBF fishery has a large
effect on the regional population dynamics of stipnarlin, such that relatively small

changes in current catches are predicted to halega effect on CPUE. Figure 19

illustrates the estimated relationship between ICated Biomass risk associated with the
different harvest strategies. The plot indicatest the regional striped marlin stock is
likely to be in the region of the limit referenceipt for the Commonwealth Harvest

Strategy Policy, and that it is the harvestinghe ETBF that is currently having the

dominant impact (i.e. CC_stm_0 indicates that thle would be reduced substantially if

the ETBF catch was zero while the non-ETBF efferhained constant at 2003 levels).
The projected impact of the current ETBF harveststiped marlin is estimated to be
higher than for any of the other target species.

Primary conclusions from the striped marlin HS aa#ibns to date:

* The HS simulations suggest that the ETBF is thenrflaet influencing the status
of the regional striped marlin population, and thatrent catches are maintaining
the biomass at a level close to the limit referepomt for the Commonwealth
Harvest Strategy Policy with a reasonably high le¥eisk.
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* These observations should be tempered, howevenolbgg that the WCPFC
assessment is preliminary, several years old, pothr spatial resolution and poor
uncertainty quantification.

* Nevertheless, the implications of these resultdrteebe carefully considered
because:

o While the spatial domain of the assessment doesesmive migration
dynamics between the ETBF and non-ETBF adequatily, most
substantial catches were taken out of the ETBForeghistorically by
Distant Water Fishing fleets). The assessment misdestimating that
either i) the ETBF population represents the bidlkthe population, and it
is considerably depleted (while non-ETBF regionsymat be depleted,
but represent only a small number of fish), orthi¢ population is well
mixed and depleted, such that the small catchéseie TBF are sufficient
to limit recovery of the spawning biomass of theoléregion.

o The short ETBF CPUE time series is consistent Withassessment even
though the Australian CPUE was not actually inctide the assessment
model.
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4. Discussion

For each species, the performances of the varmaligidual HS are shown as trade offs
between biological risk and average catches anthcates. The intention is to provide
managers and the fishing industry with the basiselect a feedback harvest strategy by
examining the trade off in performance betweendhmsnagement outcomes. On the
basis of these comparisons, fishery managers alidict a harvest strategy specification
for each species and these will be implementech@nBTBF in Nov 2009 under the
formal management plan for the fishery.

The harvest strategies evaluated are intended todwest to the uncertainties specified in
the operating models and underlying assessmentimddas means that the chosen HS
should perform reasonably well in terms of risk dindt reference points regardless of
whether the stock is productive or unproductivéne Teedback harvest strategies should
allow for higher catches to be taken if the stackroductive, and prevent catch rates and
the biomass from declining to very low levels. bngarison with constant future catch
scenarios, the adaptive feedback harvest strategées often able to sustain higher
catches (when the stock turned to be productive)educe the catches to lower the
biomass risk (when the stock turned out to be uhprtive). However, the HSs were
most effective for the simulation scenarios in whithe ETBF is one of the main
fisheries. If the ETBF fishery has only a mindifuence on the stock, then the HSs have
the potential to recommend management actionsvibatd have substantial affects on
the domestic fishery, without generating the inehdeduction in risk to the spawning
biomass of the regional population.

The key uncertainties that we have attempted torpurate in the operating models
cover a range of uncertainties in the stock assastsnincluding connectivity and
migration rates, international fleet operationgufe recruitment dynamics and others.
The assessment uncertainty for swordfish has deembst thoroughly represented (i.e.
12 separate assessment models were tested, wtanohexpthe stock status uncertainty
from 192 different model specifications), while prd single or very few assessment
models were used for the other species (1 for ydithp albacore and striped marlin; 5 for
bigeye). The operating models included three adéra scenarios for migration rates
that ranged from low mixing to rapid mixing betwet@ two areas. In addition, three
options for the international fleet future operasovere explored across the 5 species.
For yellowfin, albacore and striped marlin, constaatent effort in the non-ETBF area
were projected into the future. For swordfish, tte-ETBF area was managed by the
same HS rule operating in the ETBF, and, for bigdhe effort was incrementally
reduced down by 30% from recent levels (in an gitetm reflect the potential impact of
the WCPFC Conservation Management Measure for bigeya). In “robustness tests”
of the harvest strategies, these alternative suenare evaluated for each species in
combination with migration rates and other unceties. Stochastic variability in
recruitment levels, CPUE observation error and enmntation error were also
incorporated. Evaluating harvest strategies aceos@de range of plausible operating
models, has the potential to result in higher valiog absolute risk compared with more
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constrained evaluations. In our view, however,sitmore appropriate to consider the
relative performance of alternative strategies @watald under the same circumstances. It
is for this reason that we have discussed riskrims of relative risk.

The HS evaluations highlighted the stocks that roagrently be at risk, in terms of
having low biomass relative to historical levelsddhe effects of unilateral management
action (i.e. implementation of the HS on the ETBIR)these stocks varied by species.
Bigeye and striped marlin were both estimated tatbar close to limit reference points.
For striped marlin, although the assessment mad#ili being developed, it appears that
Australian management actions can significantlyantpghe stock biomass. For bigeye,
Australian management action would likely be leféscéive than if the HS were pursued
in a multilateral context. Albacore and swordfigipear to currently have a lower level
of biological risk than bigeye and striped marivith domestic management of albacore
having little further impact on relative risk (thgtu we have the least confidence in the
albacore OM for a number of reasons), and domestiordfish catches potentially
having an impact in terms of increasing risk. Oawel of confidence in these results
varies in relation to the level of developmentlud stock assessment and supporting data
sources. The range of results shown here illiegrdomestic management sensitivity to
connectivity, migration rates and the operationstd@rnational fleets.

Development of operating models that representBM8F and regional stocks was
complicated by the mismatch in spatial structureéhim underlying assessments and the
spatial scales required for Australia’s domestiaaggement needs. The spatial resolution
of the swordfish assessment was well matched wighneed to evaluate the ETBF HS
relative to the WCPO fisheries because the asse$swes developed with the MSE
work in mind. The assessments for the other speb@wvever, were not. The albacore
and striped marlin assessments have spatial paditior fisheries but have a single
population in each, covering large parts the Paclicean. The yellowfin and bigeye
assessments have spatial structure, but the Aastiféghery is included in a large spatial
area that also includes other fisheries. Therémgdd empirical information about the
connectivity between the ETBF area and the gree¢stern central Pacific stocks, which
differ by species. The partitioning of the stocksessment structure to the operating
model was based on estimates from the stock asemtsand other available data.
Planned additional work before completion of thisjgct includes evaluating HS using
alternative spatial partitioning from the WCPFC c&toassessments. These will be
robustness tests to evaluate whether the HS wiél ggasonable performance given the
uncertainty in the connectivity between the ETBH @neater Western Central Pacific
Ocean stocks.

These additional robustness tests are likely tadsdul for identifying how sensitive the
management outcomes are to assumptions about ¢myeé¢iowever, they might not
be very helpful for recommending a course of aciiorthe short term if the HSs are
sensitive to these results. Given that the WCPBs&ssments are all tailored to this
coarse spatial representation, we would expect thla¢r countries considering the
application of “in zone” management measures feirtdomestic fleets will confront a
similar problem of local vs: regional populationcertainty. Additional research to
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refine stock structure and movement assumptionddyaresumably help to refine these
issues.

While this process is being undertaken for the ETiBRery specifically, it illustrates the
general process that might be undertaken on a ersadle if the WCPFC decided to use
Management Strategy Evaluation to develop and sétemal harvest strategies for
regulating WCPFC fisheries. While the processate dhas indicated that an ETBF-based
HS might have limited capacity to influence thedibstock status of some species (due to
strong links with regional populations), it woul@ lexpected that a broader WCPFC-
based initiative, involving all fleets harvestingstock, would be more effective in
meeting the objectives of both regional and dorodiheries management.
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