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Executive Summary

The Australian Fisheries Management Authority (AFMA)otlgh its SPF Resource
Assessment Group (RAG) and the SPF Management Advisorgnttee (MAC) has
overseen the development of a draft harvest stradtagthe Commonwealth Small Pelagic
Fishery (SPF). At AFMA'’s request, the Draft HS hase subsequently evaluated for
consistency with the Commonwealth Harvest Strategjic® (HSP) and the policy
guidelines.

This HS review is presented in sub-sections that incatpaonsideration of SPF species’ life
history and biology; a qualitative review of the proposeaftDHS against the HSP and
Guidelines; a quantitative Management Strategy Evalugt®E) of the operation of the
proposed harvest strategy against the key Policy setiindie Commonwealth HSP; and an
initial evaluation of alternative industry based fishemonitoring options and their
implementation costs. The review conclusions, and rewmdations for improvement to the
proposed SPF harvest strategy, are then presented.

For the SPF, the combination of a developing fisheryicdif economic circumstances, high
levels of broad stakeholder interest and engagemeng padcity of scientific knowledge on
the target species makes for a complex operating envirgnnWithin the limited time and
resources available, the SPF RAG and MAC have worketitbayvercome these challenges,
and develop a Draft HS that balances these compleatop®al circumstances.

This review of the SPF Draft HS should be considerddigncontext. It is intended to build
on the work already done, and to provide further advice @fodmation to help refine the
Draft HS against key policy requirements, and fishery ifpeabjectives. The preliminary
guantitative MSE of the proposed HS has been valuabte has identified key areas for
further consideration and development.

The Draft HS has been designed to be explicitly premaarty on the basis of the SPF species
being important ecological species and due to scientifeertainty in assessments and key
biological and life history characteristics of thegttrspecies. Essentially, the Draft HS has a
Tiered framework that sets very small catches whigle Information is available at the
lowest Tier. In the top Tier, maximum catches of 20%hef median spawning biomass are
allowed when regular surveys and assessments are undeutakg the Daily Egg Production
Method (DEPM).

The analysis of key biological and life history chaeaistics of SPF target species suggests
they should be categorised into two broad groups. Téiealie moderately long-lived species
that inhabit shelf and slope waters (redbait, Peruvianrjedkerel, yellow tail scad, and jack
mackerel). The second group are shorter lived speciesirthabit shelf waters (blue
mackerel and Australian sardines). The Draft HS appeab® more targeted towards the
latter and the development of alternative harvestesly approaches specific to each of these
groups should be considered. The larger number of age lasd®e spawning biomass of
longer lived species could enable more appropriate hartrastgges to be developed. This
may also reduce the likelihood of highly variable TAC4 ttwuld result from application of
the DEPM based approach.

The review included a preliminary MSE, comprising stochasiit deterministic analyses to
evaluate the performance of the Draft HS at Tier lref&iey settings of the HSP. Stochastic
MSE analyses were performed to determine if the proposaft BS harvest proportions

were consistent with the overarching HSP objectives (iarvesting resources at or near
MEY, whilst keeping biomass abovei,B90% of the time). Deterministic MSE analyses
were performed to establish what harvest proportidghetpawning biomass would drive the
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resource to B (referred to asy), and what was the economic difference (expressed as
percentage of catch) between an MEY harvesting policy laadatches suggested by the
proposed HS. The analysis of risk quantified during th&M&s influenced by the scope of
uncertainty and stochasticity considered in the sinanati This was addressed by running
additional simulations which considered a number ofavasi of the base case scenarios. The
MSE simulations were only tested against the proxy setohgise HSP, rather than against
potentially more conservative targets as may be envisageer the policy for keystone or
key prey species. This was largely because no targetdbaneestablished for such species;
an issue that will need to be addressed for the SPF HS.

The Draft HS exploitation rates at Tier 1, in whicmaximum of 20% of median spawning
biomass can be harvested in a year, are conservative context of the biology and life
history of SPF target species, and the default settihggeoCommonwealth’'s HSP. Not
unexpectedly due to its conservative approach, applicatiotheo Draft HS led to the
biological policy objectives being exceeded, but performavasesub-optimal with respect to
the economic objectives. The spawning biomass ended up baimgged >> B for most
cases with negligible risk of dropping belowwB The proportion of the DEPM spawning
biomass that could be removed to achieyg(Buey) was therefore larger than allowed under
the Draft HS decision rules. In other words, a maggfessive’ harvest rate (i.e. larger Tier 1
harvest proportions) was possible for all SPF spedmiststill meeting the overarching HSP
objectives with respect to an MEY target. Under theppsed HS approach this potential
catch will be forgone as a consequence of greater stoiervation.

Importantly, the degree to which the resultant biomass vigher than B (more
precautionary) and the level of forgone catch, dependadadisit on the life history of the
different species. It was not clear that this wasnded by the Draft HS. The preliminary
MSE revealed application of the Draft HS has differ@md far more conservative results for
these shorter-lived (resultant biomass levels @ualy0%) than for the longer lived SPF
species (eg. resultant biomass levels about 55% for tgdbia¢ importance of having agreed
life history parameters for each species (especiallyramortality) was highlighted as a
result of the preliminary MSE.

Thus, there is a significant economic cost arising ftbenmore conservative approach being
adopted in the HS in light of the species key role enébosystem. The preliminary MSE
suggests that the conservative exploitation ratedikaly to result in substantially reduced
yields from stocks when compared to an MEY target (rangatgden a 10-50% reduction
depending on species) and thus are likely to adverselgcimgggregate profitability of the
commercial fishery over time. To some extent thisd@m¥ounded performance of the Draft
HS against the overarching HSP objectives of sustainahiiitl profitability. Consequently,
the likely trade-off between these objectives arisimgmfrimplementation of the Tier 1
decision rules warrants further consideration and joatibn in the HS. This issue was
discussed at some length during the presentation of reuelwmds at the SPF RAG and
MAC meeting (29-30 May 2008), where members reiterated theriemme of conservative
exploitation rates for key prey species. Nonethelesng the significant economic impacts
of such an approach, and the importance of pursuing ecorfaiency for Commonwealth
fisheries, the review suggests the rationale for adogghege conservative harvest levels
across the full range of SPF target species shouldaloke mmuch clearer. This should include
reference to the supporting literature and, where possild@antitative analysis of the costs
and benefits along the lines of the preliminary MSE coretucturing this review. This
would enable a more efficient and transparent approascha®f the most important elements
of the proposed HS. For each SPF species, the HS tegdtify and be explicit about the
reasons for departing from an MEY target for consermatgasons. If not targeting MEY,
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there is even more necessity for the HS to ensuremib& cost-effective research and
management strategy is in place for the fishery.

The HSP and Guidelines suggest that target stocks, managg@ei®o approximating ey,
are likely toenable healthy ecological function. It is not cleasnirthe draft HS that
maintaining stocks above this level will deliver substdmcological benefit, yet it is likely to
result in foregone yield and potential fishery profitc.the SPF target species are all
designated as keystone species, or as key prey spe@aefréigone yields arising from
conservative exploitation rates may be acceptable. Tieenains, however, an important
judgement to be made about the quantum of exploitation catésrget biomass reference
points, and whether or not they should be the samallfgspecies. This is not explicit in the
Draft HS. The proposed conservative HS approach suggesggsificantly greater premium
has been attached to ecological values, and posshiy fishing sectors, in the SPF context.
This raises the question whether the standard fisher@sgmgement research cost recovery
approach requiring 80% commercial industry funding is appropriate.

The concept of Tiers used in the draft HS to account featgr precaution at lower
information levels is consistent with the HSP andid@lines. The justification and
demonstration of the precaution adopted at the Tier 2 Igvabt clear in the Draft HS.
Further, a more obvious consideration of the likelgtsdo industry and government arising
from application of the HS at all Tier levels wilnprove the proposed HS. This is
particularly so for Tier 1 of the HS which should regent an efficient synergy between the
cost of gathering scientific information, and the sgest management confidence needed if
more aggressive exploitation rates are to be consideedilarly, details of the information
required to underpin decisions at Tiers 2 and 3; thésaufsobtaining and interpreting this
information, and the reasons why this level of knowledgeates to the catch quantities
proposed could be made clearer.

At the lower tiers the proposed HS also relies onédkeert judgement of the RAG to

determine harvest levels after consideration of relewatch and effort information. To

enable consistent and objective decision making theutl dze more information provided

about what specific information will be considered, aod lit will be interpreted to develop

catch recommendations in the absence of a clear @eaisie such as that proposed for
Tier 1.

The proposed HS suggests considerable weight is givarbsidg&ary management objectives
like “localised depletion”. Despite the significananagement responses, this term is not
well defined in the HS and subsequent RAG/MAC discussionh@t29 May meeting
illustrated different stakeholder interpretations of teisn. The definition and quantification
of localised depletion in the SPF HS context shouldl&efied to allow due consideration of
alternative management/mitigation strategies, includimgr tpotential impacts on stocks,
ecosystems, and/or stakeholder interests.

The Draft HS also includes management responses to aduinpscts on threatened,
endangered or protected species which may be better pladedHishery Management Plan,
or Bycatch Action Plan, and cross-referenced to the HS

The costs of regular DEPM based assessments for Keyasdet species are likely to be high
relative to the state of development and profitabilifytiee fishery. There is a question
whether the level of assessment confidence, and heoste generated by regular DEPM
assessments for Tier 1 species is warranted — parljculating the conservation buffer
provided when deliberately conservative exploitationsrare incorporated for Tier 1.
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For shared stocks the HSP advocates shared respoysbilitss jurisdictions. The proposed
SPF HS does not explicitly cater for this and has thenpiatéo disadvantage Commonwealth
operators and undermine the strength of SPF entitlemdhtsiay be more appropriate to
encourage shared management responsibility by reducing cdrcmsall jurisdictions
consistent with historic catch ratios.

The suggestion that the Draft HS should cater in advorgeossible mass mortality events
or similar dramatic environmental perturbations throughaghy@ication of more conservative
harvest settings should be reconsidered. This appt@acthe potential to further contribute
to reduced yields over time and yet may not be the nibsieat way to target this specific
risk — particularly for species other than sardine. suth events are considered a key
management risk, it may be more efficient to addressitthrough the use of meta-rules or
exceptional circumstance provisions within the HS thatdcapply if and when such an event
occurs.

The current information on SPF stocks is patchy on behasial and temporal basis. Efforts
should be taken to improve this situation but given thergf the fishery, the current Tier 1
HS will require a prohibitive budget if ongoing annual DEPMss r@quired for all stocks in
all regions, especially if it is conducted in additimnnormal fishing activities. It is possible
that aerial survey methods could be used for broad;sqalditative identification of the
timing and location of SPF aggregations to help target ooaatitative surveys.

There are well-developed, cost-effective acoustic nuistlod quantitative biomass estimation
used on international small pelagic species that coeldpplied to the SPF to augment or
replace the need for annual DEPMs. It should be a hightgrto develop a cost-effective,
scientifically rigorous research plan to be conductednfcommercial fishing vessels that
enables the collection of DEPM data and begins tleegss of developing quantitative
acoustic techniques. This should be an integral part of &yamtl form the basis of any
development of the fishery. In the short term, hoaveit is likely that DEPM will remain as
the primary research survey tool for SPF biomass etsimantil further development of
acoustic methods for Australian SPF species takes place.

The opportunity to enable higher catches in the very estalges of the development of the
fishery so that these methods can be developed and dttenation obtained should be
realised.
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Introduction

In December 2005, the Australian Government Minister foshéties, Forestry and
Conservation issued a Ministerial Direction to the Aal&in Fisheries Management
Authority (AFMA) under section 91 of the Fisheries Adisiration Act 1991 (FA Act). The

Ministerial Direction included a requirement for AFMA tievelop and implement harvest
strategies for Commonwealth fisheries in accordandé tie Commonwealth’s recently
developed Harvest Strategy Policy (HSP).

The HSP provides a consistent framework for applying an ewdeased, and precautionary
approach to setting ecologically sustainable and econtynefficient harvest levels on a

fishery-by-fishery basis. The Policy is intendedptovide the fishing industry with a more
certain operating environment by setting target and linfiéireace points for target species
and pre agreed decision rules to maintain fishing effortabchcat levels consistent with

agreed reference points. This approach is intended tmlute a new degree of stability for
the fishing industry, one which encourages business cowfiganvestment, and sustained
profitability for Commonwealth fisheries.

The Policy recognises that it is a significant chajéeeto develop harvest strategies consistent
with the Policy settings for small or developing fiseerwhich are typically data-poor and
have only basic or no formal stock assessments fercwrmore key target species. The
generally low Gross Value of Production (GVP) for sdidineries requires that harvest
strategies for these fisheries must be carefully dedigmensure that the costs of supporting
science are not prohibitive. This is particularly impottar developmental fisheries.

A draft harvest strategy has been developed by a smg@kpteam operating within the SPF

RAG process. This Draft HS has been presented at r&esudurce Assessment Group
meetings and, in line with the HSP objectives, is iéehto provide stakeholders and the
broader community with a high degree of confidence tR&t §pecies are being managed for
long-term biological sustainability and economic prduiitigy.

The stated objective of the SPF HS is for "The susbdnand profitable utilisation of the
Small Pelagic Fishery in perpetuity through the implewgon of a harvest strategy that
maintains key commercial stocks at ecologically snatae levels and, within this context,
maximises the economic returns to the Australian Conityl'. Certain characteristics of the
SPF suggest that alternatives to the default HSP setirggappropriate and the Draft HS
reflects strategies that have been successfully apipliether large fisheries for small pelagic
species (e.g. South Australian Sardine Fishery, USAfie&ardine Fishery). Nonetheless
there are other characteristics of the SPF that nitakeite different from other highly
variable and large scale fisheries for sardines andoares, and these pose some challenges
for HS development and cost effective implementaa®nequired by the HSP.

The SPF HS applies to the following key commercial sgefoiethe fishery:
« Jack mackerelsTfachurus declivis, T.murphyi, T.symmetricus
+ Blue mackerel$comber australasicys
+ Redbait Emmelichthys nitidys
« Australian sardineSardinops saggxn Commonwealth waters adjacent to NSW.

The draft SPF HS currently applies to the entire aredéishery (including Zone A off
Tasmania) and will be used to develop advice on Recommé@idiedjical Catch (RBC) and
Total Allowable Catches (TACs) for known stocks of tkey target (and future quota)
species. RBCs are to apply to SPF stocks throughoutrémgje, and will include mortality
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resulting from all types of fishing, including catches frother jurisdictions. In addition, the
Draft HS has been designed to be explicitly conser@ato account for the ecological
importance of these species.

During more recent SPF RAG and MAC consultation onDhneft HS, industry members
have raised concerns that a number of technical (e.gosedpTier 1 decay rules and
subsequent RBC reductions ), and cost-benefit issues remamesiolved. The pressing
deadline for completion of the HS has also made fcdif to clearly understand the
commercial implications of the proposed approach, includintgining additional scientific

advice on the likely catch limits imposed by decisionguta the lower catch tiers. It was
acknowledged at the most recent SPF RAG and MAC mesetirasthe proposed HS had
been evolving continuously and the latest version wasdatur further consideration and
discussion and had the advantage of containing matertavisaalready somewhat familiar
to RAG and MAC members.

Noting industry’s concerns about the potential impactsaasts of the proposed HS, and that
the HS will be central to the fishery's future developmendustry members identified the
need to seek independent advice on both technical and marg-fpaussed elements of the
Draft HS. Whilst affirming their confidence in the workr#oby SPF RAG and MAC to date
on the HS, industry nonetheless considered that suchviewrgorocess would provide
additional rigour to the HS development process, and ingptioe management basis for the
fishery in the medium to longer term.

AFMA recognised that Industry’s request tied in with thentmagement approach to
developing the SPF Harvest Strategy, in which industry anMA\Rre seeking a cost-
effective Harvest Strategy that minimises risksstwstainability and economic efficiency,
while enabling catch levels that promote the developmetiteofishery. AFMA (Dr Rayns)
accepted this rationale and agreed to grant additiona #&#md funding to facilitate an
independent review. AFMA then advised that final SPFRA@Gc@ on a preferred HS for
fishery must be submitted to the AFMA Board no latemtlts 26-27 June 2008 meeting.
SPFRAG welcomed AFMA'’s support to conduct a review and dgrealefer finalising its
advice on the Draft HS until late May 2008 at which time dutcomes of the independent
review could be considered.

In conducting this review, we fully recognise that the SP&it HS was work in progress and
was not yet in its final form. It is also recognisédttdue to the significant time constraints
involved, a review was not necessarily planned for tlaigesbf the development of the final
SPF HS. Nevertheless, the review and evaluatiorhefDraft HS are in line with the
requirements of the HSP and should provide all stakeholdéis a better and more
guantitative understanding of the implications of thafDiHS for the ecological sustainability
of the resource and economic viability of the fishery.

SPF Harvest Strategy Review Objectives

The agreed objectives for the SPF HS review are to:

+ Review available information on key biological charastars of the SPF stocks with
particular emphasis on recruitment variability.

« Assess whether the proposed maximum exploitation eaegppropriate in view of
the biological characteristics of the SPF stocks, ma®logical considerations, and
economic factors relating to the costs of informatgathering and efficiency of
harvesting.
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« Assess whether the Draft Harvest Strategy framewarkiges the SPF industry with
an appropriate and cost effective mechanism to facilitdarge scale investments
necessary for fishery development.

« Evaluate the Draft Harvest Strategy against the Comrealtiv Harvest Strategy
Policy and Guidelines in relation to both HSP standandsdasign criteria.

« Advise on a strategy to develop a cost effective, industsgd approach to acquiring
information relevant to stock assessment to supplementeplace the DEPM
approach.

Material and Methods

Review Methodology

The harvest strategy review has been conducted againstriie af reference and objectives
outlined above. Relevant literature and articles covérolggical data, daily egg production
assessments and alternative monitoring approachesdsemfo8PF consultative groups (MAC
and RAG), and other relevant material has been rediewS8imilarly, literature detailing
assessment, monitoring and management approaches being usebebymahagement
agencies for similar small pelagic species have also fes@wed.

The review outcomes are presented in sub-sectionsint@tporate consideration of SPF
species life history and biology; a qualitative reviewtltd proposed Draft HS against the
HSP and Guidelines; a quantitative Management Stratedydfiean (MSE) of the operation

of the proposed harvest strategy against the key Pdityngs of the Commonwealth HSP;
and an initial evaluation of alternative industry bafisdery monitoring options and their

implementation costs.

The review conclusions, and recommendations for imprometoethe proposed SPF harvest
strategy, are then presented.

SPF Species Biology and Life History
Characteristics reported in this report include:
The maximum agémax (years);

The rate of natural mortalityyl (yr'). In cases when maximum ages were reported
but formal estimates d¥l were notM was derived from the maximum age using the
formula M =-/n(0.01) A

The parameters of the von Bertalanffy growth equation:
La = I‘inf (1_ eXp(—K @_ l-O )))

where the units folt.

inf

andt, are cm and years respectively;

The age at 50% maturity for femaleg, (years);
The length at 50% maturity for femalés, (years);

Diet and depth preferences and habitat usage. Codes w@&yeeasto represent diet
preference, depth preference and habitat usage accordfiogponanetal (2000), and
are summarised in Table 1. The categories for diet, demthhabitat are necessarily
quite crude. This is to enable rough comparisons to be nmdegaspecies to allow
“similar” species to identified automatically with relee ease.
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These biological parameters were chosen because d€g)atle well-defined so that most
analysts will be estimating comparable quantities, (ig) first five are relatively easy to
estimate from data collected from a fishery, andl{eytare important when conducting stock
assessments, performing population projections and for genglosheries reference points.

Defining similar species

Methods to compare similarity of other species to §gtdeies were taken from Koopmetal
(2000). A brief description is given below.

The following formula is used to rank species in terimsow well they match a given target
species:
=W (=t /the) 0.2+ W H —H |+ w] &~ B[+ w d- (1)

m

where | ; measures the ‘difference’ between specesdj, and
t« . is the maximum age for species
h* is the value of the habitat code for spekies

Kk

e is the value of the depth code for spe&ies

d* is the value of the diet code for spedieand

W, , 5, IS the weight assigned to each piece of informatio

The value ofl determines the relative ‘similarness’ of spediesndj. Two species are
identical if | is zero while large values fdrindicate a major lack of similarity between two
species. The value fox, (the weight assigned to the maximum age) is sadlely(i.e. a 20%
difference in maximum age for two species thatideatical in terms of habitat and diet leads
to a value of 1 fof). The values assumed for,, w, and w, are essentially guestimates and

have been taken to be 0.2, 0.2 and 0.5.

SPF Harvest Strategy Evaluation

This section provides both a qualitative and quatiwe analysis of the proposed Small
Pelagic Fishery Harvest Strategy (SPF HS) agaimestréquirements of the Commonwealth
Harvest Strategy Policy and Guidelines. Whilstt#&P and guidelines provide flexibility for
the design and implementation of fishery specificviast strategies, there are nonetheless key
HSP objectives that must be achieved.

Similarly, the CommonwealthFisheries Management Act 199etails the legislative
objectives to be pursued by AFMA in its managen@nCommonwealth fisheries. Whilst
these legislative objectives have primacy overHB&®, the Policy is articulated in a way that
ensures the two are largely complementary.

Qualitative Evaluation

The HSP Guidelines provide detailed advice aboptyapy the HSP to the diverse range of
Commonwealth managed commercial fisheries. Theyfacused on providing detailed
technical and practical advice to stakeholders hred in the development and
implementation of harvest strategies. There isudiqular emphasis on developing harvest
strategies that best fit the Policy objectives sthileing tailored to the unique circumstances
of individual fisheries.
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The qualitative analysis reviews key elements of thg@gsed SPF harvest strategy against
the relevant HSP objectives, and against the recommeaqm@daches detailed in the HSP
guidelines. The recommended design criteria to be apptiedhe development of
Commonwealth harvest strategies are also explicithsidered.

The key technical elements of the proposed SPF HS, incltigéngpplication of exploitation
rates and related decision rules are then further dealagainst the Policy settings using a
guantitative Management Strategy Evaluation (MSE) ggsc

Quantitative Evaluation
Specification of different SPF ‘species’

The methods involve the use of a simple model of theksémd the fishery to explore the
outcome of a large number of simulations using diffe@BPM frequencies and harvest
proportions. The population model we used is described in App@nd The important
guantitative features of the model are the following:

1. Life history characteristics, i.e. natural mortalitrage, fecundity-at-age, weight-at-
age. These depend on the kind of fishery involved.

2. Recruitment characteristics — we used the so-called Mestidk recruitment
relationship illustrated in Figure 1. The main variablehis telationship is the kink,
which is the sharp ‘corner’ below which significant redoiesi in recruitment start to
occur, in direct proportion to declines in spawning bioma$ke base case model
assumes that this kink occurs at 20% of the pristine spaviaiomgass as is generally
accepted in international fisheries science and supportatiebgmpirical work of
Myerset al. (1995). Certain sensitivity tests have been run usinglkadé 40%, but
this is conservative and such an eventuality would atlynbe considered priori to
have a low probability. A further important variablethe simulations is the standard
deviation of deviations in the logarithm of recruitmenpatithe deterministic hockey
stick function. We use a base case value of 0.6. &igullustrates a time series of
recruitment with this degree of variability. In Figitehere is no serial correlation in
the time sequence of recruitmengsX 0.0). A sensitivity analysis was also run in
which there is serial correlation in recruitment fromar to year. For this, a
correlation value of 0.5 was used € 0.5). Figure 3 illustrates a time series of
recruitment with this degree of variability and ser@irelations.

3. Biomass characteristics, i.e. the current spawning l@enw the stock (fishery
dependent), the current spawning biomass as a % of thameripawning biomass
(30%, 48% or 75%). In this context, current means at thé ctahe simulation
period (the term ‘planning horizon’ is also used to desdrithe 20 year simulation
period).

4. Fishery characteristics, i.e. the selectivity-at-afjhe fishery (fishery dependent).

Table 11 details the essential characteristics of difterent fisheries which are used for the
computer simulations, i.e. Redbait (a), Redbait (lpk Jaackerel, Blue mackerel. The basis
for the distinction between Redbait (a) and Redbaitiglessentially that there is a level of
uncertainty about the natural mortality estimatesedlbait in the literature. Redbait (a) is
based on estimations from the catch curve derived frastelEn Zone A and has larger natural
mortality than Redbait (b), both for ages 4 and ab6w25(instead of 0.22) and for ages 3 and
below (0.6 instead of 0.22). Details of this are providechénlast section of Appendix 2.

Redbait (b) has a smaller natural mortality estiohdtem the maximum age through the
Hoenig method; it also has a slightly different moddhe onset of sexual maturity. The life
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history characteristics for Redbait (b), Jack mackeredl Blue mackerel is based on
information provided in the section on biology and lifstbry of SPF species. In addition it
is assumed that fish body weight is a cube of fisiytle and we used an assumed fishing
selectivity curve that was the same for each specidéss curve allows for some fishing of
recruits, at a selectivity that is 30% of the fullesgivity applied for age classes 1 to 10.

Note about biomass assumptionsfor the purposes of the simulation results presenteg her
the actual absolute biomasses relevant to each ofpg@es considered are not seen as
relevant to the discussion about the merits of Di&tharvest proportions. Thus, the actual
biomasses cited in output statistics presented herernud\meen deliberately set at actual best
estimates of biomass for each species, where suthebisates have been outlined for

example in some of the tables accompanying the Draft HS.

MSE Simulation Framework

The MSE section of the Draft HS review involved settipgspecific simulations to test the
performance of the proposed Tier 1 HS against the keyreggents of the HSP. The Dratft
HS proposes that key SPF species be managed through analyalsaof fishery data, and
indicators, as well as DEPM surveys. The most reD&RM survey is used to establish a
maximum TAC, where this TAC is expressed as a percenthgige anost recent DEPM
survey estimate of spawning biomass for the stock. Theepige that determines the
maximum permissible TAC decays (declines) over timdlestrated below:

Age of DEPM assessment (years) Maximum harvest rate as a
percentage of median spawning
biomass estimated from a DEPM
assessment
5 10
4 12.5
3 15
<2 17.5
2in30R3in5 20

For stocks assigned to Tier 2, absolute maximum TACesteblished. Annual assessments
are carried out using catch and effort information ad a&lcatch-at-age. For Tier 3, an
absolute maximum TAC of 500 MT is in place, although TACsalEnthan that may be
determined based on available information including biologstohcal catch and the spatial

area of a management zone.

The MSE is focused on two main issues:

« Are the harvest proportions in the above table comtistéh the key Policy objectives
enunciated in “Australian Government Department of Agiicel Fisheries and Forestry.
2007. Commonwealth Fisheries Harvest Strategy, Paiy Guidelines, September
2007”. In other words, do they typically drive the fishesyor close to Rey (for Byey
defined as the proxy4g and do they keep the population aboyg B0% of the time? If
not, how should the maximum harvest percentage and tag date be altered to achieve

these goals?
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« There is an implied ‘risk equivalence’ between differéequencies of DEPM surveys.
In other words, if DEPM assessments are only runyefgerr years instead of two years,
then the lesser knowledge about stock dynamics thatlkbhwesas compensated for by the
lower harvest percentages. The MSE tests whetheintpked risk equivalence holds,
and if not how should the maximum harvest percentagehandecay rate be altered to
achieve improved equivalence.

The MSE presents simulation outcomes for Tier 1 of H& derived from a modelling
framework which assumes that any species and area coimbigah be modelled using a
standard single species population approach. In constgubigimodel, certain assumptions
were made about fishing selectivity, which provides foratqtion of recruits of a particular
year class. Recruitment was related to spawning biowmiasa so-called ‘hockey-stick’
relationship, with a kink at 20% of pristine spawning biom@sgure 1). Risk and
uncertainty is built into this simulation frameworkrparily as error in the DEPM estimate of
spawning biomass (C.V. ~ 30%), errors in the stock assesdmeed spawning biomass
estimates (C.V. ~ 30%), and/or errors in the stock ass&® based estimates of a safe (MEY
based) harvest proportion (C.V. ~ 10%), as well as axiwity (i.e. random fluctuations) in
annual recruitment (log-recruitment deviations with an.®1D0.6). The simulation results
are presented in either deterministic or stochastimdbfor four species, denoted Redbait (a),
Redbait (b), Jack mackerel, and Blue mackerel.

The primary purpose of the deterministic analyses wasdablish (given the basic
assumptions about population dynamics):

(a) what harvest proportion of the spawning biomass would dnieedsource to 48%
of pristine (pMEY, a proxy for MEY); and

(b) what is the economic difference (as % of catch) betwan MEY harvesting
Policy and catches determined by the Draft HS.

The purpose of the stochastic analyses was to:

(a) determine whether certain overarching Policy objectives Kiarvesting resources
at MEY, keeping biomass above,B90% of the time) were consistent with the
Draft HS harvest proportions; and

(b) test for ‘risk equivalence’, meaning that biological riske (or are not if risk
equivalence is not achieved) equal regardless of the DigfjMency used.

It should be noted thatsk as evaluated during the MSE is influenced by the scope of
uncertainty and stochasticity considered in the sinanati This was addressed by running
additional simulations that included variants of thandard results presented. A key
additional factor was the possibility of 50% positive shim the DEPM based stock
assessment results. Other key variants were amptsu that at present stocks are in a very
depleted condition (15% of pristine), and that recruitnveas related to spawning biomass
via a so-called ‘hockey-stick’ relationship with a kink49©% of pristine spawning biomass
(instead of the more likely 20%). The most serious isdeatified here is firstly the
possibility that the resource is already in a heavilgreexploited state, and secondly the
possibility that there is positive bias in the DEPMdashspawning biomass estimate.

A quantitative evaluation of the Draft HS implies usingambiguous logic and mathematics
to simulate the HS. The proposed SPF Draft HS hayetdbeen specified unambiguously
and thus differs from the management procedure concépédefor example, in De Oliveira

and Butterworth (2004) - where the management procedureuisaanbiguous mathematical
formula for setting the TAC, with no provision for hamjudgement. The unambiguous
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mathematical characteristics of a management procdends itself to simulation testing.
Proponents of management procedures argue that stepsnigvibliman judgement cannot be
evaluated.

The key areas where the proposed HS relies on humamgundgre:

+ More frequent DEPMs are optional, if one wishes tovento a higher tier — this
suggests a decision based on human judgement that is noaldengo codification,
and hence quantitative investigation via computer simunigtio

« Other, CPUE and catch-at-size or catch-at-length bateck assessments are referred
to as providing some indication of resource trends, afaning the choice of a
TAC. The Draft HS emphasises that the harvestingepéages in terms of the most
recent DEPM survey estimate serve as a maximum TAZ antl TACs less than the
maximum may be chosen in the event that stock assetsseseaits suggest that this is
a preferred course of action. It is appreciated thasett@her decision making
processes cannot be specified unequivocally. Neverthglbsgsomes necessary to
make additional assumptions in order to pursue a quantieataleation of the Draft
HS.

In order to evaluate the Tier 1 characteristics ofDh&ft HS, the following two approaches
have been adopted:

1. Part | results are produced under the assumption that tkienoma TAC constraint
from the Tier 1 percentages are always active (i.e.nth&imum TAC is always
applied).

2. Part Il results are produced by simulating a parallelkséssessment process, which
could under certain circumstances (precisely defined) tea TAC which is smaller
than the maximum possible. The essential featurdseasimulated stock assessment
process we have used are (@) it is assumed that ttkeastEeEssment model provides an
annual absolute estimate of spawning biomass, (b) itsisn@sd that the Policy that
drives TAC decisions is an MEY harvesting Policy, i.ACT= a proportion pey of
the spawning biomass, whergep will drive the stock to Bey.

Implementation of the simulated stock assessment based MEYeséing Policy

The basic implementation of the proposed HS is desciibégpendix 2. We generate an
estimate of pey from its true value with error, with one value for leamulation which stays
the same from year 1 to year 20 of the simulation periblas is then applied to a projected
spawning biomass estimate for the forthcoming year. Téesasients are assumed to yield
an annual unbiased estimate of spawning biomass. In yeahscinthere is a DEPM survey,
the DEPM based spawning biomass estimate and the stoclsmassedased values are
combined to produce a single value. Although the principlenyidg their combination is
inverse variance weighting, since they are both sulpatietsame C.V., they are in effect just
averaged. A linear regression of annual spawning biomasasvéme (i.e. year) is then
carried out and the ‘projected spawning biomass for curreat’ yis calculated by
extrapolation from the linear regression. The TAC ‘projected spawning biomass for
current year’ x erroneous estimate Qkp.
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MSE Deterministic Analyses
Values of piey and prrasn for four representative species

Harvest proportion results for Redbait (a), Redbait Jagk mackerel and Blue mackerel:
pvey, the harvest proportion (of most recent DEPM) which dritlee stock to Bey and
Pcrask the harvest proportion (of most recent DEPM) whidkies the stock to extinction.

Exploration of pMEY and pCRASH for a broader class of fisheries

The calculation of the values ofiy was extended to consider all fisheries of the vaithy
general form where the uniform distributions, U(a,bbe ariors (this just means that for
variable, eg. natural Mortality (M), it is assumedittit could lie between, 0.2 and 0.8 with
equal probability):

1. Natural mortalities M (the age class independent natooaiality): U(0.2,0.8)

2. The von Bertalanffy parameter K in the length (L) ¢ &a) relationship L = Jl(1-€
K@T0): Y(0.15,0.30) (the other parameters ar@hd TO)

The von Bertalanffy parametes:TU(-1.5,0)

Hockey stick kink: U(0.2,0.4)

Somatic weights are assumed to be a perfect cubsholfigth (= E)

A plus group is assumed at age class 10, using 0 to indggdahef recruitment
Fishing selectivities at agea. S~ U(0,0.3) ; § for 1<a<4 ~ U(811) ; S, for a>4 =
1.00.

8. Fecundities-at-age,: ffo= 0.00 ; {, for 1<a<4 ~ U(f,,1) ; £, for a>4 = 1.00.

A large number of draws from each of these unifornriistions were made using a random
number generator in Excel, and the value gypwas calculated for each draw. A histogram
(posterior distribution) for y=y was built up from the set of all results. The fihatogram
gives an estimate of the probability distribution géy subject to the priors and assumptions
in 1-8 above. This is more efficient than, say, divideach variable into ten equally spaced
values on its assumed uniform range, and calculatingmzssble combination of values for,
say 7 variables (fGalculations required instead of 30 000).

HS Performance against MEY as reflected by the HSP, and agdimstdraft SPF HS.

A series of calculations were carried out for the faepresentative species under
deterministic conditions. Catch and biomass, as wasllcumulative catch under three
different conditions were considered:

Noohkow

* An MEY harvesting Policy using the true known value @é\p;

» 2/3 DEPM survey frequencies, under the assumption thaprity@osed harvesting
constraints are always applied; and

 1/5 DEPM survey frequencies, under the assumption thaprity@osed harvesting
constraints are always applied.

The critical output quantity is the cumulative catchaofishery managed solely by the
constraints of the Draft HS, expressed as a percenfaipe cumulative catch for the same
fishery managed by anyE harvesting Policy, a Policy which under deterministiaditions
leads to the fishery arriving atyBy at the end of the simulation period (which is 20 years
long in this document).

MSE Stochastic Analyses

The simulation framework used and described in Appendix 2 predaigange of output
statistics, as follows:
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1. Risk statistics, of which there are two, as discusseflppendix 3. These are the
‘once-off risk’ and the ‘percentage risk’, both expressddtive either to a B of Byo
(i.e. spawning biomass at 20% of pristine) @s B.e. spawning biomass at 30% of
pristine). Note, the HSP uses a percentage risk.

2. Biomass statistics: (a) the spawning biomass at tth@fa 20 year simulation period,
either in absolute terms, or relative to pristineywad as its standard deviation.

3. Catch statistics: The mean catch over a 20 year pigrmarizon, and the variation in
catch defined as the average absolute percentage chahgecatah.

The following notation for performance statistics isdugethe presentation of the stochastic
results:

freq ; this is the frequency of DEPM surveys assumetht®simulations

Pmax ; the maximum harvest proportion assumed for the T&x@dila (20% in the Draft
HS)

Ap ; the rate of decline per year for the harvest propodagsumed for the TAC formula
(2.5% in the Draft HS)

Bim ; the limit biomass used for calculating biologicakrjisspawning biomass at 20%
of pristine

K ; the pristine spawning biomass
Bstart; the first year spawning biomass in the simulations

Bstart / K ; the first year spawning biomass in the simulatidivéded by the pristine
spawning biomass

Bend S.D. ; the standard deviation of the last year spawningdse in the simulations
(i.e. year 20)

Benamean ; the mean of the last year spawning biomass mirttulations (i.e. year 20)

Bena / K ; the last year spawning biomass in the simulatingled by the pristine
spawning biomass

Percentage risk () ; the proportion of years across all simulatiora the spawning
biomass is < B, (see Appendix C definition of this measure of risk)

Once-off risk (Bm) ; the proportion of simulations in which there idestst one year in
which the spawning biomass is s.B(see Appendix C definition of this measure
of risk)

Percentage risk @) ; the proportion of years across all simulatioret thhe spawning
biomass is < B, where By is 30% of the pristine spawning biomagsote that
the use of B does not imply a proposal to set,B= Bso. The reason is that the
risks atB;m were very small, so small that this measure of risk did notigraan
adequate basis for discrimination between results for different variainthe
model, and/or different harvesting policies. A Bowever, more substantial
risks are encountered which are thus more useful for discriminatingtsesnd
drawing comparisons.

Once-off risk (Bo) ; the proportion of simulations in which there tdesmast one year in
which the spawning biomass is $oB

Mean catch ; the mean annual catch across all siondaand all years.
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S.D. catch ; the standard deviation of the catch aalbssnulations and all years

Catch mean % change ; the mean of the absolute pramerthange in catch from one
year to the next

There are numerous factors that give rise to riskhé management of a fishery. In the
simulation framework considered here, recruitmenthgsiicity and error in the spawning
biomass estimates from the DEPM are the main faetbish lead to risk.

For a number of variants of the models, a changengaced to a base case model. For the
purpose of this document, the base case analysis is daBrfetdows:

1. Recruitment variability (S.D. of log of deviations fraire deterministic model) = 0.6
as described above, and illustrated in Figure 2. Prdgtitaé means that there is a
32% chance that recruitment will deviate by more thawéen € and &° (0.55 and
1.82) of the deterministic value read off the hockey setktionship in Figure 1.

Recruitment serial correlation = 0.0
Uncertainty in DEPM spawning biomass estimates, logno8mial = 0.30%
Bias in DEPM spawning biomass estimates = 0%

a s> b

Kink in hockey stick recruitment, spawning biomass as %¥ristine = 20% (after the
work of Myerset al.(1995))

6. Spawning biomass at beginning of simulation period as % stinei= 48%

7. Spawning biomass at beginning of simulation period in MT: whikjust scale the
situation but does not alter the important performatetestcs

8. Maximum harvest proportion for 2/3 or 3/5 DEPM frequescie20%
9. Decay rate of harvest proportion for 2/3 to 1/5 DEP&fjfiencies in steps = 2.5%

10.Part Il (i.e. the simulated stock assessment progessnacted each year in the
simulations).

Results

Biological Parameters of SPF species

Redbait is distributed throughout the off western Cagaesicin south Africa, Australia, New
Zealand, St. Paul and Amsterdam islands, and inhabiting dep8& — 500 m (Froese and
Pauly, 2008). They grow to a maximum of 33.5 cm in Austiakaters and up to 49.3 cm in
south African waters (Welsford and Lyle, 2003). The maxmage recorded in Australian
waters is 21 years (Neiet al. 2008). Redfish mature at 2 — 4 years of age in Tasmanian
waters (Neiraet al. 2008). They are bathy-demersal and feed mainly on largplankton
(Froese and Pauly, 2008).

Jack mackerel is distributed throughout New Zealand anthem Australia, from Western
Australia to New South Wales, inhabiting depths of 27 — 460nmedé and Pauly 2008).
They grow to a maximum of 47.0 cm cm and live for a marmnaf 16 years in Australian
waters (Webb, B.F. and C.J. Grant, 1979). Jack mackeelrenat 2 — 4 years of age in
Tasmanian waters (Kailoket al. 1993). They are benthopelagic and feed mainly planktonic
crustaceans and small fish (Froese and Pauly 2008).

Yellowtail scad are distributed throughout New Zealamdl southern Australia, from
Western Australia to New South Wales, inhabiting depthi&2of 500 m (Froese and Pauly,
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2008). They grow to a maximum of 50 cm (Gonwiral. 1994) and a maximum age of 14
years in Australian waters (Stewart and Ferrell 20018lloMtail scad mature at 3 — 4 years
(Kailola et al, 1993). They are pelagic and feed mainly on small inbeates (Froese and

Pauly 2008).

Peruvian jack mackerels are distributed mainly throughwaieastern Pacific, New Zealand
and Australia, in depths of 0 — 400 m (Froese and Pauly 200&y grow to a maximum of
81 cm (Eschmeyest al. 1983) and live for up to 30 years (Fitch 1956) off the west cufast
the USA. Peruvian jack mackerels mature at 3 years oftémye 1973). They are a pelagic
species and feed on zooplankton (Froese and Pauly 2008).

Australian sardines are distributed throughout the ieali€ean, as well as aournd southern
Africa, inhabiting depths of 0 — 200 m (Froese and Pauly 20083}y gitow to a maximum of
21 cm (Whitehead 1985) and a maximum age of 7 years in Aastnalters (Whitehead
1985, Rogerst al. 2004). Australian sardines mature at 1 — 2 years (Rageak 2004).
They are pelagic and feed on zooplankton and phytoplanktoagéand Pauly 2008).

Blue mackerel are distributed throughout the westerrfi&cean, as well as some parts of
the eastern Pacific Ocean (eg Mexico) inhabiting deptH37of 200 m (Froese and Pauly
2008). They grow to a maximum length of 44 cm (Froese anty RA08) and a maximum
age of 7 years in Australian waters (Stewart and Fe2@€lll). Blue mackerel mature at 2
years in New Zealand (Ministry of Fisheries 2008). Theg pelagic and feed on
zooplankton and phytoplankton (Froese and Pauly 2008).

Similarity between SPF species

When basic biological characteristics of SPF spesiescompared to each other, the species
can be categorised into two broad groups (Table 2, Table R@dbait, Peruvian jack
mackerel, yellow tail scad and jack mackerel form oneugreharacterised as being
moderately long lived and whose depth distribution extenas the shelf and slope (Table
4). The other group consisting of blue mackerel and Alistraardines have identical key
biological characteristics to each other. Both &tslived species that inhabit shelf waters.
Blue mackerel and Australian sardines both feed on zddplanand both mature at about 2
year of age.

Similarity of ‘other species’to SPF species

Various stocks of herring and silver warehou were spengs similar to red bait (Table 5),
despite redfish being classified as demersal (bathy-daher# redfish was classified as
bentho-pelagic or pelagic, the similarity to thesecigsewould be even closer.

Herring, American plaice and horse mackerel were pleeiss most similar to Peruvian jack

mackerel (Table 6). Relative similarity to the flakfireflects identical maximum ages, and
not other key biological characteristics. For examfsfegrican plaice are a demersal species
that prey of invertebrates and fish. In comparisonuWRan jack mackerel are a pelagic

species that prey on zooplankton, however, both havaxammam age of 30 year, and inhabit

shelf and slope waters.

Yellowtail scad were most similar to King mackerel, Mae| icefish, black anglerfish and
scup (Table 7). Grey mullet, herring and Spanish sardere whe most similar species to
jack mackerel (Table 8).

Species similar to blue mackerel and Australian sam@ia@anorthern anchovy, gulf menhaden,
sprat and sardine (Table 9, Table 11), all short livedgpmefpecies that inhabit shelf waters
(apart from northern anchovy that also inhabit shelfsiople waters).
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In summary SPF species can be separated into two broaolsgr

1. Moderately long lived species that inhabit shelf and slogiers — redbait, Peruvian
jack mackerel, yellow tail scad, and jack mackerel; and

2. Short lived species that inhabit shelf waters — blue mackeceAustralian sardines.

When key biological characteristics were compared to fospecies’, the moderately long
live species were similar to herring, spotted warehou, A@erplaice, horse mackerel, grey
mullet, Spanish sardines, King mackerel, Mackerel icefiddick anglerfish and scup. The
short live group were similar to northern anchovy, gulf naeleim, sprat and sardines.

Qualitative SPF HS Review
Harvest Strategy Policy Objectives

The primary objective of the Commonwealth HSP is teues the sustainable and profitable
harvest from Commonwealth fisheries in perpetuity. Jia¢ed objective of the draft SPF HS
is consistent with this, being described as “The sustairaideprofitable utilisation of the
Small Pelagic Fishery in perpetuity through the implewsgon of a harvest strategy that
maintains key commercial stocks at ecologically snatae levels and, within this context,
maximise the economic returns to the Australian Comtyiuni

As outlined below, with respect to biological and sumthility goals, there is good overall

alignment between the overarching HSP objective and thaft BS objectives detailed above.
The Draft HS has recognised that some species harvestbi ifishery may be “keystone”

ecological species which might require special consiberas outlined in the HSP such as
higher biomass reference points and the need to activ@hage risks of localised depletion.
These sub-objectives are evident in the Draft HS.

The Draft HS is less clear in its alignment with th&RHwith respect to profitable utilisation
and maximising economic returns. Understandably, manycispd the Draft HS that
endeavour to ensure ecological sustainability, necéssave the potential to substantially
impact on catches and/or vessel operations in the fishdugtification of the purpose and
extent of the ecological requirements and an expigtement of the constraints that this
places on the sustainable utilisation of these resswtoeuld be much clearer in the final SPF
HS. A clear articulation of such sub-objectives, a&hneir explicit purpose, will make the
harvest strategy a more effective and strategic golatffor future management and
development of the fishery. If these sub-objectives an important part of the SPF
management environment but not well suited to inclusidharHS, they could be included in
the statutory management plan currently under developmein subordinate documents.

The key elements of the Draft SPF HS objective arensure sustainability of target stocks,
and to then ensure that these are harvested in thecostseffective and efficient manner
(insofar as this can be accounted for and controlledimihe HS framework). Despite this,
the likely total costs (and specific costs attributablentlustry or other stakeholders) arising
from application of the Draft HS at each of the thmemagement Tiers are not detailed in the
document, or available in supporting information. This iaraent deficiency in the Draft HS
and the development process to date, even though itsrétatme of the key objectives of the
HSP.

It will be difficult for the SPF HS to encourage busmesnfidence and certainty (another key
objective of the HSP) where even the Tier 1 levedaiesh and monitoring costs are unknown
and have not been evaluated. The HSP Guidelines notedtradmic efficiency implies that
the fish stock is protected and that the net returnditg)rof fishers are maximised. Whilst
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the Draft HS delivers well against stock protection itsn@enic performance is very difficult
to quantify without substantially more information aboutit@ring and assessment costs.

At its Feb 2008 meeting during discussion about the liketyscof future DEPM agreed that
costs are difficult to estimate and would be species agal specific...It is important that
these costs are made explicit and more transparehe iDEPM approach is to form the
cornerstone of Tier 1 assessments and exploitati@tsle

Based on input from research providers a cost for a r@dEBtM survey for one species in
one known spawning area has been estimated to be in ihayvaf $50,000 plus survey
vessel costs. Depending on the species, region aneéskelwsed, this could results in Tier 1
total reasearch costs between $0.6 m and $1.6 m per ydde 8. Please note that these
are very rough estimates that need to be refined by tearodsproviders.

Core Elements of the Policy - HSP Reference Points
In relation to stock reference points the Policy nexputhat harvest strategies seek to:

+ Pursue a target reference pointt{&) equivalent to Biomass at Maximum
Economic Yield (Bey)

« Maintain stocks above the limit reference point{Bat least 90% of the time

In doing this, harvest strategies are required to consiclesystem interactions - particularly
where the species in question are a keystone spedies efosystem.

Members of SPF MAC and RAG appear to largely agreeathatger term MEY based target
for SPF stock levels is desirable. In the short to omadierm, and noting that stocks are
currently considered healthy, some industry members demnesl it more important to
implement the Management Plan, allocate quota, anéngtautonomous adjustment of
fishing rights occur before focusing further on MEY basegets.

The current commercial environment is such that existiiggedr catch levels and TACs
where these are established are not being reached. iBhétide doubt that this is for
economic reasons not because of reduced stock abundaee.proposed conservative
exploitation rates suggested at Tier 1 of the HS should etisat all of the target species for
the fishery are maintained at high stock levels. Siigilsuch conservative harvest levels,
and ensuing high levels of spawning stock will ensurefigtaing mortality is very unlikely to
deplete stocks below the HSP limit reference pointemmften than one year in ten on
average, as required under the Policy. This is disdussaore detail in the MSE section of
this review.

Nonetheless the likely costs of regular DEPM baseésassents to maintain target species at
Tier 1 levels of harvest are likely to substantiadguce aggregate fishery profits. There is a
guestion whether this level of assessment confidenakhance cost, is warranted where
exploitation rates are deliberately conservative nnattempt to achieve broader ecosystem
management objectives. The added ecosystem benefitsiofaining stocks at a level
greater than Bey need to be well documented and quantified in order tayjustregone
yield and potential fishery profits.

Straddling stocks or Joint Authority managed fisheries

This aspect of the HSP does not strictly apply to thé B#tause it is not managed under a
joint authority or an international management boblevertheless, the SPF stocks do
straddle, and are managed by, different jurisdictions. aVhihere has been welcome
collaboration in recent research and managemenPbf<pecies across their range, there is
still a challenge to maintain the relative rights ofn@oonwealth SPF entitlement holders
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under the proposed SPF HS. The maintenance of stromgsacights should facilitate
improved stewardship of the resource by entitlement holders

The Draft HS suggests that recommended SPF TAC's wiltdleulated by subtracting
mortality arising from other measured sources of fishingtatity from the HS derived
RBC’s. It is not clear whether this refers only tormality from other Commonwealth
fisheries, or mortality arising from all other Statexl fishing sectors. A more appropriate
approach in the event that catches need to be reducadedsin the SESSF HS, is to
encourage shared management responsibility by reducing cdrcmsall jurisdictions
consistent with historic catch ratios. It is uncledrat the implications of previous allocation
decisions would have on this approach.

Technical Evaluation of HS using Management Strategy EvaluatiodSE)

There is no reference throughout the Draft HS to an M&IEess being carried out to date.
This is not surprising with respect to the tight deadlunager which AFMA has responded to
its HS development obligations. There is reference ingberd of the December 2006 SPF
RAG meeting to a MSE workshop in February 2007 howevee tiseno further reference to
this meeting being convened, or any outcomes from such @nme®n a related front there
is also a general absence of recorded discussion oiledatzanagement objectives for the
fishery. Such objectives could provide useful detail in ti@atato the overarching
sustainability and profitability objective, and would enablemare accurate evaluation
(ideally through MSE) of the various tradeoffs when bealagn objectives, or assessing
alternate objectives. For example should industry suglgassthey value catch stability over
a 5 year period with TAC changes of no more than 20% dona@mic reasons, rather than
highly variable maximum catches as set by the exploftaibe against DEPM results, this
may focus the MSE process and enable a more tailorédetiicient HS approach. The
guantitative evaluation of the Draft HS has been ootetl as part of this review and
highlights the potential variability of the TACs under suntapproach.

HSP Guidelines Section 4.1 - Efficient and Cost Effeetiv

The HSP and AFMA'’s legislative objectives require ceBective and efficient fisheries
management. The guidelines recommend that harvest gitsatand associated data
collection and evaluation processes be carefully eteduagainst this objective. It is not
clear from the Draft HS, or associated meeting recdhas this has been done explicitly for
the SPF HS. A realistic total, as well as industtyilautable cost estimate for supporting
science associated with each Tier level should beladai This would enable a more
objective assessment of the costs and benefits fbdreht research and monitoring
programmes, as well as the trade off in catches agaostss when moving from one Tier to
another.

AFMA'’s cost recovery Policy, as described in its CBsicovery Impact Statement (CRIS)
applies a beneficiary test to determine apportionmergsagfarch and monitoring costs. There
has been some discussion of this in relation to tbpqsed SPF HS during recent stakeholder
meetings — notably SPF MAC 4 in August 2006. The issue mtarfarther consideration in
that the proposed HS is deliberately conservative kmwvafor an ecological allocation
(presumably beyond that required to meet the standar@BlM applied for other stocks in
Commonwealth fisheries). This also results in tlzentenance of higher than normal (normal
being the suggested exploitation rates under the HSPddkssapproximating MEY) stock
status. This may also reflect a desire to accounefoeational and charter fishing interest in
SPF stocks due to their importance in sustaining produfisikeries for key predators like
marlin and tuna.
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Although the HSP states that HS must recognise the trapiportance of certain key
predator and prey species this is a difficult issue to gyamrguably the best expression of
a healthy ecosystem would be one in balance at a pothhe — say B. This suggests a
consistent exploitation rate for all commercial @pge unless there is an explicit reason for
preserving a greater portion of the stock, or allocatingraopoto another user group. The
Policy suggests that it is acceptable to harvest comahespecies to maintain populations
around Bg for example whilst for SPF species the draft approaggests populations be
maintained at higher values. In cost recovery terhis,dppears inconsistent and suggests
there is a significantly greater premium given to thei®nment, and possibly other fishing
sectors in the SPF context. This raises the questi@ther an alternative to the standard
fisheries management research apportionment of 80% indiustdyng should continue to
apply in the SPF.

In the section titled Key Operational Objectivestd HSP the Guidelines suggest that some
harvest strategies may maintain higher levels of spwokection than required by the HSP
reference points where it is cost effective and effitto do so. In the Draft HS, the basis for
maintaining higher biomass levels appears to be becausgpéloges are keystone species
ecologically; they are subject to high inter-annual alaility in spawning output and
productivity generally; and they are vulnerable to adverser@mmental impacts and mass
mortality events from time to time. As noted previgushere is a substantial economic
impact from the maintenance of the proposed conseevaxploitation rates and the real basis
for these should be made clearer. It is not clesn the Draft HS or supporting information
that such a conservative harvest approach is eithar eftective or efficient. A harvest
strategy with exploitation rates more aligned to tlodicky settings for some target species
may be more consistent with the HSP objectives.

Recognising that the SPF is to some extent a developmgryisthe HS should be structured
to enable orderly, sustainable and profitable fishery dewsdop. It is difficult to meet this
test when there is a real absence of informationhencosts of various monitoring and
assessment options. This is contrary to the inténthe HSP which seeks to allow an
informed judgment of the relative costs and benefitditdérent approaches. Whilst Tiers 2
and 3 refer to analysis of fishery dependent data om eatd effort, and age structure of the
catch, it is not clear what this entails, what intbea might be used to inform decision
making, and indeed what is the difference between thigsisalt Tier 2 and the dramatically
reduced catches underpinned by similar analysis at Tier 3.

There is very little explicit discussion about thedustry objectives for the HS, and how the
HS relates to these both for the fishery as it ptdseperates, and in a more strategic sense
as the fishery develops over time. The HS ideally vélpart of a strategic plan for the SPF
that offers a cost effective way to move forwardhweploitation rates up to the point where
they average around the agreed target reference pointee(@héhey may be).

HSP Guidelines Section 4.2 - Consistent with ESD prinesl

The key principles of Ecologically Sustainable Developn{&$D) are broadly recognised
as:

. inter and intra-generational equity;

. improvement in material and non material well being

. recognition of the global dimension of sustainable kbgraent;

. maintenance of ecological systems and protectiomdiersity; and
. application of precaution in decision making.
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The Draft HS is broadly consistent with these key ESinciples however the highly
precautionary nature of exploitation rates across sp&gbups makes it very conservative in
relation to the HSP target exploitation rates. Wlatsnservation focused, this attribute may
compromise performance against the ESD principle of iwgment in material and non
material well being (as previously discussed under ecanefficiency).

The Draft HS also relies heavily on an assessment agiprat Tier 1 that is relatively

untested in the species context of redbait, blue mackandl jack mackerel species. The
preferred DEPM method is also expensive relative to themuand likely near term GVP of

the fishery. For these reasons it is likely to undeenaggregate profitability of the fishery
and thus limit sustainable development.

The Draft HS explicitly addresses stakeholder and maragieconcerns about localised
depletion of SPF stocks. This is referred to both enliackground section of the SPF HS,
and catered for in the HS meta-rules.

It is unclear whether the concern relates to locdlsssystem impacts such as depletion in
the vicinity of a seabird rookery, whether it relatesctmcerns by stakeholders such as
recreational and charter fishers in relation tartb&n bait gathering needs and possible
impacts on abundance and/or catchability of popular recned species that prey on SPF
species, or whether it is a concern that heavy lochlikpletion may adversely impact on
stock sustainability or otherwise adversely impact stdgkamics. The management
objectives in relation to localised depletion shouldcclaeified to allow proper consideration
of mitigation strategies. Importantly, any type of iigh causes localised depletion by its
very nature, so it is very important to have a robust gumantitative definition of localised
depletion that can be easily measured and interpretexdtdier to trigger an appropriate
management response. This definition is missing frondtiaét HS.

In one specific meta-rule it is stated that “To mitegahe threat of localised depletion
SPFRAG also recommends that no more than 50% of amycatch limit be taken within a
single five degree square”. Given the localised naturéshbinfy for aggregated species, an
analysis of the spatial pattern of commercial cateveadd need to be undertaken to ascertain
the value of this rule and whether it is appropriate tdyapppcommercial fishing activities.

HSP Guidelines Section 4.3 - Decisions should be made withiprocess where the full
costs and benefits of alternative approaches are made.

This is a key aspect of the HSP guidelines and a revighednformation available suggests
that HS development and discussions to date have beeéequrete in this regard. It is a

particularly important design criterion for smaller @eveloping fisheries which may suffer

from an imbalance between harvest levels and resemmdhmanagement costs. As a
minimum, cost estimates for all of the supporting reseand data activities under the Draft
HS should be determined, and then considered alongside pdssilbkst levels at each Tier.

This will enable an informed evaluation of costs and fksnef alternate approaches,

appropriate Tier Levels and facilitate longer term busimdsnning.

Whilst a ratio of management expenses to GVP isagively simple measure of management
efficiency it may prove a useful first step in costeefively evaluating the suitability of
proposed SPF HS approaches. It may be useful to seplhisainto an industry recoverable
management cost ratio, and a total management costRor&M to benchmark the efficiency
of both industry and government expenditure.

This approach, particularly if it identifies the addi@brnformation cost, or foregone catch
value, arising from conservative harvest rates mayiafsom consideration of whether or not
there are some SPF HS management costs levied torinthest should more appropriately
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be levied against the public good (e.g. Broader Marine Rasdanding under AFMA’s
CRIS).

HSP Guidelines Section 4.4 — a high level of transparencyl@tision making.

This is a key element of the HSP guidelines with asbasiensuring due process and
administrative fairness in regulatory decision makiiidgpere are two suggested improvements
for the SPF HS development process. The first it titma structure and operation of the

research and assessment strategies being proposed to uktiegcision making are made

clearer to stakeholders through plain English descriptiofis should include reasonable

clarity on how information will be analysed to informc@#ons on catch levels at various

Tiers.

The second relates to the absence of detailed estiofataplementation cost for the various
SPF HS Tiers. This has also been an area of somessglisn within the RAG and MAC with
the RAG acknowledging at its February 2008 meeting that NDEBsts are difficult to
estimate and would be species and area specific. Auradecestimate of these costs is
essential to enable adequate stakeholder consideratwnfagritate informed decision
making. This is particularly important for a developnag¢rishery where current economic
pressures are significant and will remain an importargrdenhant of fisher behaviour.

HSP Guidelines Section 4.5 — A high level of confidenhattobjectives will be met.

With regard to sustainability and conservation objectiedsthe HSP the proposed
conservative approach to exploitation generally delivers banfidence that these objectives
will be met (but see quantitative evaluation of Redbhit

With regard to economic efficiency, the proposed appropattjcularly in the absence of
management cost information, warrants improvement. adoepting very conservative
exploitation rates, even at Tier 1 of the HS, iikely that substantial yield from the fishery
will be foregone. Whilst this may yet prove to be mhest appropriate approach, the basis for
adopting it should be made clearer. This is partibuleglevant where the HSP default
settings suggest lower biomass targets than those pbfursePF species.

The available information provides limited insightoithe explicit management objectives
of industry within the constraints of the HSP framewothkatil these are clearly articulated it
will be difficult to assess the suitability of theoposed HS approach, or to conduct detailed
MSE to quantify HS performance against these importahtrmore commercially focussed
management objectives.

HSP Guidelines Section 4.6 — Taking species life historpiaccount

The HS appears to recognise the biological and life lyistmatracteristics of target species for
the SPF although there are some important underlying assuns that should be further
examined. The proposed approach appears predominantly desgigoaigr for short lived
highly variable stocks like sardine. Whilst there is a gguafiinformation on life history and
key biological parameters of other SPF species sucledizait, blue mackerel, and jack
mackerels, it is known that they are significantlygenlived than sardine and adult stock
levels are less likely to be highly variable over a onéwo year period. These attributes are
discussed in more detail in the section on biology afed History characteristics of SPF
species.

There is also some reference to boom and bust cyatelsmass mortality events for SPF
species used to support the conservative exploitatites runderpinning the proposed HS.
Again these assumptions may be more relevant to sarditeanchovy than blue mackerel,
redbait, and jack mackerels. If further consideration sstggéis is a key management risk
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then it may be more cost effective to address it thrabghuse of meta-rules or exceptional
circumstance provisions within the HS. These could ap@lgdfwhen such an unlikely event
occurs rather than a consistent strategy of precautidarpinning the HS.

HSP Guidelines Section 5 — Economics and Harvest Strategies

This section of the HSP guidelines provides detailed advideeormportance of maintaining
stocks at levels that approximate Maximum Economic Y{@®KEY), and the challenges
therein. This issue and its relevance to the SPF H8sgboint in time are addressed in more
detail in the analysis of Core Elements of the HSRating the relatively low value of the
SPF, its developmental nature, and the current businiesatelfor the fishery, a detailed
analysis and estimate of yield levels that might eqtat®IEY is premature. The current
approach to adopt very conservative stock exploitatioaldewvhilst it has the potential to
significantly limit catches in the fishery, is likely ensure that stock levels of SPF species are
maintained well above the HSP reference points. ithgortant to understand that any stock
biomass either above or belowy& is sub-optimal for a MEY goal. Nevertheless, the
maintenance of high stock levels should ensure thataheition to an MEY based reference
point in the future (if this is deemed appropriate), willsi@plified and easier than if stock
are below their biomass target.

It should be recognised that under the current SPF fishimgitpeased system there is a risk
that fishery profits will be diluted through competitivehaviour of permit holders. Whilst

perhaps unlikely in the current economic climate, tek will increase substantially should
the fishery begin to realise significant profits throdgtiher efficiencies, or a change in key
economic variables. Whilst the proposed conservative aAdtriggers, and the high levels
of investment needed to capitalise on the fishery witigaie this risk, the importance of
ensuring more secure access rights for entitlement fisoldigh the allocation of Statutory

Fishing Rights under a Management Plan should not be undextsst.

HSP Guidelines Section 6 — Management Tools

The proposed SPF HS uses a range of contemporary nmagwigeools to meet its stated
objectives. In general terms these are consistetht twe HSP and guidelines. Whilst the
strategies and management instruments used under the H8 sbaelatively efficient, the
management objectives for the fishery are less cldaighter connection between the stated
management objectives (and any sub-objectives), and hewmanagement tools and
proposed decision rules will efficiently achieve thebgctives will be valuable.

The HSP Guidelines note that there shouldabstrong connection between the fishery’s
management objectives, the selection of appropriate management tools, teeatatyy and
supporting research and scientific work, and the available resourdé® nature of these
relationships could be made more explicit in the progpd+®.

HSP Guidelines Section 7 — Dealing with Different Levelsinformation, Assessments and
Data Poor Species.

The proposed HS approach recognises the limitation)@risam the paucity of scientific
understanding of most SPF species. Nonetheless gas tat there are a range of species
characteristics across the SPF that suggest life histad biology should be further
considered and incorporated in the proposed HS. In partic@ppears that SPF species can
be reasonably characterised into two key groups. Tskeidi the shorter lived and probably
more productive sardine and blue mackerel stocks; the secotiek igroup of species
comprising redbait, jack mackerels and scad. The consezgienaot including these key
biological differences in the stock specific harvesatsgies are further evaluated in the
guantitative MSE section of this review.
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Importantly the guidelines note that where informat®menerally good, but insufficient to
reliably estimate MSY or MEY based reference poirits, HSP specifies that certain stock
levels should be used as proxies for these referencespdihese are:

« For Bysy a proxy of equal to or greater than 40% of the unfished adutdss; and
an equivalent level of fishing mortality to maintain st®@@round this point.

Whilst a judgement on whether or not the supporting infoonati relation to SPF species is
generally good and thus whether these proxies should appdifficult there appears
significant scope to reconsider the target exploitatrates so that they are more
representative of the levels specified in the HSPe Ralicy explicitly recognises the need to
tailor key HS settings to each fishery and its unique agament objectives however the
chosen settings should be consistent with those d?akiey.

In the current management context of the SPF, haleesis that will be based on application

of both Tier 1 and two appear to apply. In qualitativentethese Tiers appear to operate
efficiently relative to each other with respect tonaging risk, and the cost of information

gathering. In absolute terms there is a significant gureas to whether ongoing application

of the DEPM approach is the most cost effective aficieit approach at Tier 1, and whether
the additional cost associated with a Tier 1 approadhedslan appropriate dividend in terms

of both stock protection and higher exploitation rates.

The catch levels suggested at Tier 3 appear very conseraat it is not clear how the level
of information, analysis and cost applied respectivaty Tiers two and three differ

substantially so as to justify the major differencealtowed catch between those Tiers.
Similarly the circumstances under which Tier 3 would kgeeted to apply are not clear. It
may be intended for previously unexploited species wheneetis very little or no data and
knowledge available.

In general, the use of Tiers within the HS is consistéth the Policy and guidelines. The
Tiers recognise that the management risk associatedawpidrticular harvest level of SPF
species increases as the level of knowledge on thosespeduces. Tiers one through three
manage this risk by a corresponding reduction in TAC thrduegyts.

HSP Guidelines Section 8 — Dealing with Uncertainty andsRi

The risk that the proposed SPF exploitation ratesealat result in stock depletion below the

standards required from the Policy appears very low. chbeen approach performs strongly
in this context however as discussed previously thegesgnificant trade off between this

performance and the subsequent reduction in available fyeh the fishery. This trade off

does not appear entirely consistent with the stated tolgscfor the draft SPF HS which

appear to place significant emphasis on economic perfaenaf the fishery.

The uncertainty inherent in applying the DEPM approachlfer 1 assessments is also not
explained clearly in the HS. The assumption is thatctitosen exploitation rates which vary
from 10 to 20% of estimated biomass depending on the age katullitg of assessments
implicitly account for errors and uncertainty in th@ssessments. Similarly the issues around
whether or not such surveys are likely to represent riree adult population of the target
species, and if not what correction may be applied¢owat for this are unclear.

The MSE section of this review provides more detailedyasigabf the performance of the
proposed HS with respect to balancing exploitationsraigainst adverse impacts on stock
sustainability.
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HSP Guidelines Section 9 — Dealing with High Variability

The Draft HS suggests that the life history charadiesi®f SPF species havéhé potential
for large, unpredictable inter-annual variations in availability and/or abundameel “high
inter-annual variations in biomass that are a characteristic of small pelaghes, and
incidences of mass mortality episodes that are fishing indepentlerffrom this, it is
suggested that thesPF fishery is vulnerable to boom and bust cycleEhese assumptions
are an integral part of the approach taken in the DraftyetSthe information supporting this
is not apparent for most of the species and some ohfbemation points to the opposite
conclusion — that recruitment is somewhat consisbeet time and the populations seem
reasonable stable. This is concerning and warrants a wlasbr investigation of the
evidence of “boom and bust” as a reason for taking @ monservative approach to the HS.

Information suggests that SPF species are highly dependeniceanic conditions and
associated production for both stock productivity and avatkabib the fishery. The
proposed approach recognises this at Tier 1 with harwestslset at a consistent proportion
of estimated Biomass depending on the assumed reliabflithge DEPM assessment. The
likely outcome of variability with respect to ocean eunts / temperatures is that there will be
considerable spatial fluctuations in the fishery. The tghid capture this spatial dynamic in
the DEPM and account for it in Draft HS is not cledkhilst the DEPM approach may be
quite suitable, the cost of the DEPM is substantal @ more cost effective approach to the
frequency / location of DEPM surveys (or alternateeasment approaches) to cater for spatial
and temporal variability in the stocks needs to be debemhi It is important that this
information is augmented by other population informatigrasticularly the age composition
of the stock.

HSP Guidelines Section 10 — Stock Rebuilding Strategies andkSRexovery Plans
Not applicable to the SPF.

HSP Guidelines Section 11 — Translating Recommended BiologicatR&4RBC) into Total
Allowable Catch/Effort

The Draft HS approach recognises the Policy requirenteensure that fishing mortality
from all sectors and jurisdictions be taken into accoumn setting TAC/TAE. Under the
proposed approach mortality from other sectors is subttdoom the RBC to give the TAC
for a particular stock. This effectively gives primacy datches from other fisheries or
sectors, both State and Commonwealth, and thus has teetipbto reduce the property
rights of SPF entitlement holders. Current catclggeast that this is not currently a major
issue however should the business environment change inothisther fisheries,
unconstrained catches in other jurisdictions may exatethis problem.

At the lower tiers the Draft HS also relies on gxpert judgement of the RAG to determine
harvest levels after consideration of relevant catwh effort information. There is very little
detail provided on what information will be considered, aod this will be interpreted to
develop catch recommendations in the absence of a cleiaioterule such as that proposed
for Tier 1. Whilst expert judgement is an important eleimef cost effective decision
making, there is a risk that unless the parameters fdn gudgements are adequately
explained such an approach may reduce the consistency aectivatyy of advice and
subsequent decision making. This in turn may undermine a kegtokj of the HSP that is
to increase the business certainty, transparency, doeémdfy of decision making.
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HSP Guidelines Section 12 — Developing Fisheries

In some respects the SPF is best characterised as aplegdishery, however in others it is
relatively stable. Nonetheless the key fishery charmtics of a paucity of quantitative stock
assessment information for most parts of the fishamgpmplete knowledge of stock
structure, including spatial boundaries, and evolving fishing ipesctand marketing
strategies that may substantially change the SPF bsg®nggsonment mean that many of the
approaches suggested for developing fisheries are relevant.

The Guidelines note that where there is a genuine paoichiological, life history or stock
structure information then precautionary initial catchisgttgood fishery independent and
fishery dependent information, and ongoing feedback are lkeyeats. These attributes are
present in the existing SPF Management Policy to vargagrees, and are similarly
represented in the Draft HS. The challenges of seitabtl cost effective fishery monitoring
remain and are further addressed later in this review. inipertance of collecting age and
size structure of exploited populations to assist inrdeteng unfished stock parameters is
key and is reflected in the suggested monitoring program asselire monitoring
requirement for any SPF fishing activity.

In general terms the proposed SPF harvest strategyssuikgood balance between the
developmental aspects of the fishery and the moréls$tad harvest sectors. The rationale
for highly conservative harvest levels at Tier 3 watsdurther explanation, particularly when
compared with the information requirements at Tier 2| g markedly higher exploitation
rates.

SPF MAC and RAG have identified the importance of atsgic research and monitoring
plan for the fishery. The nature of the informatioguieed, and how it relates to the stated
management objectives for the fishery (and can be nffagestly obtained) is an important
element of the Draft HS which could be better quartifie

Cost issues remain a key consideration in a developihgries context and the harvest
strategy should aim to ensure that the monitoring andgsssat regime for the HS allows for
the best possible dividend from the knowledge gained. ihigficult to ascertain under the
current proposed approach due to the lack of detailed wmfosmation on monitoring and
assessment costs, and how expert judgement is likbly &pplied to recommend catch levels
at Tiers two and three.

The suggest Draft HS meta-rule which allows fpoténtially higher catches for short periods
(few years) if conducted in conjunction with a significant research rpndg is an
acknowledgement of the developing nature of the fishényeéds to be accompanies by an
indication of the extent of the higher catches andirement of the research program. These
need to be developed and agreed at the RAG / MAC leuél adequate input from all
stakeholders.

HSP Guidelines Section 13 — Exceptional Circumstances

These are catered for in the Meta-rules section®fSfAF HS. The inclusion of meta-rules
and their content are a valuable part of the proposed agprddne opportunity for SPF RAG

and/or MAC members to request further consideration@fgplication of a decision rule is

sensible, as is the requirement that this consideragoavidence based. It is important to
recognise that there may be aspects of the proposedshatrategy that relate to legislation
and or Policy requirements outside of the scope of the,H8d that may still impact on

exploitation levels in the fishery. An avenue for doasideration of these is important.
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In addition to unspecified events catered for in Gendpgllication of the SPF HS Meta-

rules, there are a range of actions prescribed to mamageler ecological impacts of the
fishery. The suggested response to significant intersctwith threatened endangered or
protected species may be better detailed within the SPFddamt Plan or subordinate
documents such as the Bycatch Action Plan, and thers eedsrenced to the HS in the
context of possible reductions in the TAC for SPF tasgeties. The broader environmental
impacts described are by-catch management issues th#imedecision rules to manage the
harvest of key commercial species as envisaged by the HSP.

As discussed previously the true meaning of the term &mzhlilepletion could be described
more accurately, particularly if it is a subsidiargmagement objective for the fishery and is
likely to have significant impacts on vessel operationsSimilarly changes in age/size
structure as described in meta-rule number two may noealactvarrant a reduction in catch,
or another form of management intervention. Whilstl weénded, the real purpose of this
rule is unclear and it has the potential to undermirgnless confidence, transparency, and
objectivity in HS derived decision making.

HSP Guidelines Section 14 — Management Strategy Evaluation

Whilst both the HSP and guidelines recognise the importahseme form of Management
Strategy Evaluation in the development and refinem&htiosest strategies it should also be
acknowledged that extensive MSE can be a highly technical rasdurce intensive
undertaking. A key challenge in the development of marFMA’s harvest strategies has
been achieving a balance between the Policy requirenf@ntglSE, the large number of
harvest strategies being developed for a diverse rangéshadries, the short timeframe
available to AFMA and harvest strategy developers, aaditthited resources with which to
undertake MSE for these various HS.

The HSP suggests that “Harvest Strategies shouldrb®lly tested in order to demonstrate
that they are highly likely to meet the Core Elemafitthe Policy”. There is reference in the
record of the December 2006 SPF RAG meeting to a MSE wagrkshd-ebruary 2007
however there is no further reference to this meetinggbeonvened, or any outcomes from
such a meeting.

An initial quantitative MSE of the proposed SPF HS hasnbundertaken as part of this
review. This is not meant to replace the potentially endetailed MSE that might be
undertaken at the request of the RAG at some future tirhere is potential, however, for the
modelling framework that has been developed as part optbjsct to be adapted to a more
specific MSE.

HSP Guidelines Section 15 — Amending Harvest Strategies

The Policy acknowledges the developmental nature okbkbistrategies, particularly in their
initial stages. The Draft HS provides for a HS revieacpss within the first 12 months and
then every three years after that. The meta-rudgosealso makes provision for SPF MAC
and RAG members to seek a review of the applicationeofs@n rules on an evidentiary
basis. These are all sound initiatives that recogtserealities of applying new HS in a
diverse range of Commonwealth fisheries in a shaefriame.

It is hoped that this review process will also subsé#iptimprove the performance of the
final SPF HS against the Policy requirements and relefishery specific management
objectives.
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MSE Deterministic Analyses
Values of prey and perasw for the four representative species

The basic values of-pasy and mey for the four fisheries as defined are as given in Table 12
for the base case 20% hockey stick kink (for the stodkiitezent relationship). A sensitivity
test at a kink of 40% was also run — see Table 13.

For jack mackerel and blue mackerel the valuescpd4p and ey for the four fisheries (see
Table 12) are well in excess of the 20% which is the maxipermitted in terms of the Draft
HS. For Redbait (a and b) they exceed the 20% maximumitpesdnm terms of the Draft HS,
but the margin of error is not as large as in the o&gek mackerel and blue mackerel.

Note that based on its value of natural mortality, Redbéher (a) or (b), seems to be ‘non-
SPF like’, taking as the archetype for small pelagicghef world, anchovy and sardine
species. For these species, natural mortalities ysexadeed 0.5, while the published natural
mortality estimate for Redbait is in the order of 0.2%is has implications for the merits of
the Draft HS for something like Redbait, which providesaorupper constraint on the TAC
calculated as a percentage of the most reb&RM spawning biomass estimate (or the last
two in certain cases). The greater ‘memory’ in popariest with M < 0.5 (the higher number
of age classes in the spawning biomass) could mean thatosupsrvesting strategies could
be developed by using a longer data history (e.g. the last 8 peaspawning biomass
estimates) in the formula underlying the HS. This mag aeduce the likelihood of highly
variable TACs based on the DEPM method. However, olRedfbait, Jack mackerel and
Blue mackerel, Redbait (a or b) is alde species where it is most likely that the harvest
proportion constraints of the Draft HS will not becoamtivated. This is because Redbait (a
or b) has the smallest values @fep, so that when one pursues an MEY harvesting strategy,
there is a greater chance that the TAC will be Ikas allowed by the draft constraints of the
proposed HS.

The converse to this is that the Draft HS constranésmore likely to come into effect for the
more genuine SPF-like species with higher natural moesliwhere safe harvest proportions
(of spawning biomass) are apparently in excess of the prdpbarvest proportion
constraints.

Exploration of puey and perasn for a broader class of fisheries

The histogram of grasn and piey for the fisheries given by the set of uniform priorsired
in the Methods is presented in Figure 4. Figure 5 - Figureo® she relationship between
some of the individual variables in the list and thie@a of pey.

The histogram in Figure 4 has a mode which is smaller28&» However, Figure 5 - Figure
9 show that natural mortality is the crucial determinainpyey. By using a prior on M of
U(0.2,0.8) we have deliberately extended the analysis beglmndealm of what would
normally be considered a small pelagic species, i.ewatl for natural mortality values
smaller than 0.5. Under management by the Draft HSartelperforms closest to the HSP
with respect to the MEY target. This is mainly becarestbait b has an estimated natural
mortality which is smaller than 0.3, while for redbaitJack mackerel and Blue mackerel,
natural mortality is larger than 0.6 during part of thiér thistory.

Economic comparison between the two management objectives: M&pecified in the
HSP, and as proposed in the draft SPF HS

These results are presented in Table 14 - Table 17 and E@uréigure 13.
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The potential economic value (using gross catch as an apyatiomn) of the fishery under

Draft HS management compared to MEY management is eggresspercentage terms.
Draft HS based catches (i.e. catches in which the Bi&ftharvest proportions are always
enacted) as % of the MEY catches vary depending ofrefqaency of DEPM surveys, and
the initial resource abundance relative to pristine.r the four species considered, the
percentages are (see Table 14 - Table 17):

Redbait (a): 74% - 87.2%,
Redbait (b): 78.8% - 92.3%,
Jack mackerel: 47.4% - 58.0%,
Blue mackerel: 56.9% - 67.9%.

Particularly for the species with a high natural mdpg&M>0.5, i.e. Jack mackerel and Blue
mackerel), the proposed Draft HS suggests a substantiadlyced cumulative catch
compared to an MEY harvesting Policy (under the base canditions simulated). Further,
the biomass levels achieved for these species undBralfteHS are well above & stipulated
in the HSP, ranging from 53% for Redbait b, 56% for Redhai7% for Blue mackerel and
72% for Jack mackerel.

MSE Stochastic Analyses
Where Bstart = 0.48 K, Base Case, considering slightly déferHS proportions

Table 19 - Table 22 shows Part Il (i.e. dual stock assagsmre included in the simulations)
stochastic results for the base case where thelisp@wvning biomass is at 48% of the
pristine spawning biomass. Results are shown as arsttef 3/5, Y2 and 1/5 DEPM survey
frequencies.

This same set of results is repeated for two altem&ts harvest proportions, i.e.
Alternative HS I: Maximum proportion = 20%, decay rat2%
Alternative HS II: Maximum proportion = 25%, decayerat 2.5%

The stochastic results presented in Table 19 - Table Zrédte a number of features and
issues for the evaluation of the Draft HS:

« In all cases, despite the fact that the stock assstgmnocess is modelled with an MEY
harvesting Policy, the resource ends up at larger thanof§astine. The closest value
to 48% in the set is a spawning biomass of 51.5% of pri¢Reebait (b) # column in
Table 20).

« The biological risks, measured as the percentage oftheneesource falls below;8, are
very small. All values obtained for risk are less thén

When these results are considered in aggregate they subgeghe Draft HS is more
conservative than either (a) the stated objective of MiYb) a 10% risk level with respect
to Bim. Less conservative harvest proportions could be amed and the MSE suggests that
these could be constructed to nevertheless be morercatnge than the default settings of
the Commonwealth’s HSP. This is illustrated by thé tliee columns of each of Table 19 -
Table 22, which use harvest percentages 2.5% larger (e.g. #%&24d of 20%) than those
in the Draft HS. This statement needs to be seen in the context that the meafsusksare
subject to the size and scope of uncertainty built into the simulationl.mdtdés could be
expanded or increased, in which case risks may increase.
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Risk equivalence as described above can be assessed byiomspéachanges in risk for
different DEPM survey frequencies. The Draft HS risk3able 19 for B, are all smaller
than 0.05% and are thus not useful for such comparative gagpdRisks at 30% of pristine
are more useful, and for Redbait (a) the values are 0@OB7 and 0.008, suggesting a
degree of equivalence for the DEPM survey frequencies of/3/&nd 1/5. If anything, this
result points to the use of a slightly larger decag tatoffset the slightly larger risk at 1/5 of
0.008. Interestingly, the mean catches decline as theMDEequency declines. This
supports the performance of the proposed SPF HS wherelgsforesearch input, less value
can be extracted from the fishery at the same biolbg&la This applies for all Table 19 -
Table 22, although one needs to verify risk equivalence im eas®.

The use of maximum 20% and decay rate 2% gives risks at 8@¥stne of 0.009, 0.008
and 0.009, and the use of maximum 22.5% and decay rate 2.5%isgj#estr30% of pristine
of 0.017, 0.013 and 0.014, perhaps indicating the use of a srdattay rate to achieve
equivalence (Note this suggests a 1.3% to 1.7% chance a¢himg B, — the risk of
breaching B, would be much smaller).

The variation in the catch implied by the Draft HS@ansiderable, ranging from a mean of
19.2% (see Table 20 - 20% / 2% 1/5) to 47.8% (see Table 21 - 22.5% /1%5). It should
be noted that a HS that induces such a high degreeiabwgy in the TAC may substantially
undermine economic efficiency in that overcapitalisat@uld occur as companies/fleets
struggle to efficiently use the occasional large TAQ thight arise as a result of an unusually
large DEPM estimate. Related infrastructure and emplolyimgracts may also arise. In
some other fisheries where management procedures or deniés are applied (see for
example De Oliveira and Butterworth, 2004), an objectivg b&ato limit annual changes in
future TAC to a set percentage of current TAC. Suchpgmoach may be appropriate here.
For the Draft HS, the proposal is limited to the ed@sation that If two successive DEPM
assessments produce significantly different spawning biomass est8R&EBAG will, on the
merit of the assessments and all other supporting information, exdtsigudgement on
which assessment to use when deciding on an RBC for a particulaf stigkn that there is

a large element of judgement involved, this decision prdwessiot been modelled except for
the extent to which a stock assessment process hasibadated.

Table 19 - Table 22 shows a large variance in the resduoreass at the end of the
simulation period, with a C.V. of 30 — 40%. This is alyabypical result, and further
refinements of the HS may aim to narrow the boundshisnwhich has obvious spin-offs for
the reduction of risk.

Where Bstart = 0.48 K, Base Case, the role of the stock assest process

Table 23 compares the Part | and Il results as defined psdyjavhere Part | enacts the Draft
HS harvest proportion at all times, while for Par@alparallel stock assessment process is
assumed to occur. In some cases the stock assedsawsito a TAC which is smaller than
that which is given by exploitation rates proposed eDnaft HS.

Table 23 shows that the presence of the parallel stadsstment process makes very little
impact on the simulation results. This means thatiraft HS harvest proportion constraints
are usually active, and it is only very occasionally thamaller TAC is recommended from
the stock assessments.

Exploration of a number of variants to the base case
The following variants of the base case analysigpegsented for each of the four species:
1. Bstan: 0.15 K
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2. Bstan: 0.30K
3. Bstan: 0.75 K

4. p, the serial correlation of the log-recruitment dasiatfrom deterministic = 0.5
(instead of 0.0 in the base case)

5. DEPM survey biomass estimates are positively biased by 50%.
6. Kink in the recruitment relationship is at 40% of pristjnet 20% as in the base case).
The results are presented as follows:

Redbait (a) — Table 24
Redbait (b) — Table 25
Jack mackerel — Table 26
Blue mackerel — Table 27

Note that for these results (Table 24 - Table 27) a phetitiek assessment was included in
the simulations.

1. Bswat = 0.15 K; as one would expect the risks increase far \thriant because the
resource is in a very depleted condition at the efdhe simulation period.

2. Bsart=0.30 K; as for the above, the risks increase fonénignt compared to the base
case.

3. Bqart= 0.75 K; for obvious reasons, risks are reduced.

4. p, the serial correlation of the log-recruitment dawiatfrom deterministic = 0.5
(instead of 0.0 in the base case) ; this seems to prodreduetion in risk, but the
exact reasons for this were not elucidated in the arsalyse

5. DEPM survey biomass estimates are positively biased by 56fére we see an
increase in risks, since this leads to larger catchag b&ken overall.

6. Kink in the recruitment relationship is at 40% of pristfnet 20% as in the base case).
Larger risks are associated with this sensitivity test.

Where Bstart = 0.48 K, considering substantially different ig&portions

As a result of the results obtained using Alternali& | and Alternative HS 1l (see above),
additional stochastic results were produced using an afteenthat is substantially more
aggressive than the Draft HS, i.e.

Alternative HS Ill: Maximum proportion = 30%, decay rat&%.
The results of this set of simulations are presented in:

Redbait (a) — Table 28
Redbait (b) — Table 29
Jack mackerel — Table 30
Blue mackerel — Table 31

For these simulation runs, results are comparedre¢ tthfferent DEPM survey frequencies,
and bothwith and without the parallel stock assessment process.

Results for Redbait (a) with no parallel stock asses$sn or Redbait (b) with or without
stock assessments suggest that the stock would fallgtatlglibelow Bgs. All other cases

considered can cope with the more aggressive approach vestiag suggested by this
alternative to the Draft HS with the stock remaimnvgll above Bsat between 55% and 65%
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Bo. It would be advisable, however, to check this agaimsvéniants to the base case which
was not done during the simulations. Risk equivalenceotssatisfied suggesting that a
higher decay rate needs to be considered.

Harvest Strategy Research and Monitoring Costs

At Tier 1 the proposed draft SPF HS uses the daily egg produntethod (DEPM) to
estimate stock size prior to TAC recommendation @& S decision rules. Alternative
approaches have been discussed at meetings of the APkl MAC and one objective of
this review is toadvise on a strategy to develop a cost effective, industry based appooach
acquiring information relevant to stock assessment to supplement or replcBEPM
approach.

The discussion below considers international examplesacoustic and aerial surveys
conducted on small pelagic species, and provides an estmhatee costs involved in
implementing such an industry based monitoring programmiaéosPF.

Acoustic Surveys

Acoustic surveys are used throughout the world to estilmateass of many small pelagic
species. Acoustic methods have the advantage of toflelarge volumes of data very
cheaply, and the ability to estimate absolute biomessthe area sampled. Acoustic surveys
are ideal for species such as small pelagics that foatohily distributed, mobile schools
(Eversoret al. 1996).

Simrad ecosounders (models EK60 and EK 500) were most comquapment reported in
acoustic surveys for small pelagics. Ecosounders wsmnally operated at frequencies of
38 kHz and 120 kHz, however many surveys used multiple fregagewhich were analysed
simultaneously (eg Massg&t al, 2005). For example, the EK60 can operate seven echo
sounder frequencies simultaneously ranging from 18 to 710 kBtandard methods for
calibration of acoustic equipment were usually cited asgbthe standard sphere method
(Footeet al, 1987).

Acoustic Mark Composition

Acoustic surveys were nearly always accompanied by eithéonbeor mid-water trawling
(depending on behaviour of target species and time of dafjtain the species composition
of marks (eg Ohshimo, 2004). Ecotrace characteristicglsanbe used in conjunction with
trawl catches to identify species composition of m@Bestrandet al, 2004). RAG members
have suggested that dual Sabiki jigs have been successtetlermining species composition
of acoustic marks in the SPF.

The frequency of trawl shots varied in these studiesyweue usually determined by one of
two methods. The first was by spacing them at regularvals along the transects with the
number of sites determined by available resources. Tlagegyr is most appropriate for
broad-scale, multi-species surveys. Alternativedyitrshots can be conducted on an ad-hoc
basis, when ever a large school of fish are acoligtmaserved.

Once on-board, the trawl catches were separated intoespand the weight of each
component measured or estimated. Species compositiomsedsin analyses of biomass.
Biological samples can also be taken from thesel catghes.

Survey timing

Timing of the surveys was dependent on the aims of thvewand the biology or behaviour
of the target species. Some surveys estimate reemtit(eg Barange and Hamilton, 1997)
and so are conducted just after spawning time, while otherdcaestimate the spawning
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biomass, and so are conducted during the formation of spaaggrggations (eg Reiss al,
2008). Vertical migration of fish can influence effectiges of acoustic survey through
school dispersal, and also avoidance of the nets (OhsBibdd). Massét al (2005) found
that schools of anchovy grouped very close to the surfacegdoight and so "disappear” in
the blind layer from the echo sounder between the sudadel0 m depth. Conversely,
schools that are too close to the sea floor can bieulifto discriminate from the bottom
mark.

Survey design

Surveys aimed at estimating total biomass usually emplpgeallel transects that were either
equal distances apart (Zhabal, 2003) or randomly stratified (Hampton, 1996) (Figure 14).
Random stratification of transects based on expected as®nor variance of biomass
improves estimates of mean biomass and variance (dally Hampton, 1990). Survey
transects were usually conducted perpendicular to thes dim@, and the distance between
transects varied depending on the size of the ardaetsampled, and on the available
resources. Surveys covering large areas had transettsvéha 12—35 nm apart, while
surveys aimed at smaller areas or specific schodlslofvork on transects that were much
closer together (ie 0.1 nm). Vessel speeds during acsustieys were rarely reported, but
were usually close to 10 knots and ranged 3.5-10 knots.

Acoustic Survey Techniques - Ancillary Data

Conductivity, temperature and depth (CTD) data are eskentiae interpretation of results.
CTD data were usually collected in during surveys using btl@e@e methods:

stand alone CTD units with are lowered independentlytleérogears and log salinity,
temperature, depth and time;

net mounted units which are deployed during trawl shots; and
moored CTD stations.

Acoustic surveys used to estimate biomass small pelag@espand methods used are shown
in Appendix 1.

Egg Production Surveys

Egg production surveys are sometimes carried out in camunevith acoustic surveys.
Combining the two different estimates of biomass can owgrconfidence in results. Eggs
are normally sampled using either continuous under-wasér dgg sampler (CUFES) or
towed/hauled plankton nets at sampling stations. CUR&SSthe advantage of sampling a
wide area at a high flow rate (up to 650 I/minute) withotdriupting the acoustic survey by
slowing the vessel down. However, the depth range obleamns limited to within 3 m of the
surface. The continuous nature of CUFES makes this techmpgueularly useful to
sampling species whose distribution of eggs is highly patdioxying more precise estimates
of egg abundance and population biomass (van der Lietggln 1998). CUFES consists of a
submersible pump, concentrator, and sample collecto=ESLhas been successfully used to
sample the eggs of sardin&afdinops saggx round herring Etrumeus whiteheayli
menhaden Erevoortia tyrannul pinfish (agodon rhomboids and northern anchovy
(Engraulis mordax (van der Lingenret al. 1998). Plankton nets can be either towed or
lowered to nominated depths and retrieved vertically topsa through the entire water
column. Vertical tows are generally considered thst Isampling methods for fish eggs
(Allen et al, 2006), with the CalCOFI Vertical Egg Tow (CalVET) Neiry one of the most
commonly used vertical nets (eg e&bal, 2001).
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Aerial surveys

While aerial surveys are commonly used to estimate abaedand/or school size of marine

mammals, sharks and large pelagics such as tunas, fewssteficribing successful aerial

surveys for small pelagic species were found in theatibee. Nakashima and Borstad (1997)
used an aircraft mounted imaging spectrometer to estis@tool sizes of capelin in near-

shore waters of Newfoundland. Capelin are suited to sthods because they school at the
surface, and are easily identified from the air. Siny| aerial surveys were used to estimate
biomass of the near-shore, schooling Australian saim&@outh Australia (Cappo 1987).

Aerial surveys for mackerel have been carried out inNbevegian Sea since 1986 (Anon,
2002). Aircraft are equipped with several different reamsénsing sensors including IR-
radiometer and scanner, LIDAR, SAR-system (with eteoagnetic wavelengths of 4 and 23
cm), microwave radiometer, photo- and video camerasijs survey type has the ability to
cover a large area quickly, but can not collect bioldgataa, and may miss schools
inhabiting deep water than the equipment can be used. Tiveedian Sea aerial survey is
conducted in conjunction with egg and acoustic surveys.

While aerial surveys are not so good at estimating biomfsmall pelagics by themselves,
several studies used them in conjunction with acoustibods to improve biomass estimates.
The extreme patchiness &ardinops ocellatan the Southeast Atlantic, as well as their
mobility and tendency to avowikssels ofhoals, may invalidate the results of quantitative
acousticsurveys on the stock (Cram and Hampton, 1976). It was sedg#dst a direct
estimate of stock size might be obtained by employm@gexrial/acoustistrategy where the
aircraft locates and measures the shoal arehthe vessel makes synchronous measurements
of shoal thicknesand packing density from as many shoals as possible.

Wespestad and Jagielo (2008) have also planned aerial/acawsteys to estimate biomass
of sardines of the Washinton-Oregan coast. Aerialesisrwill estimate the area (size) of the
schools, while vessels will use sonar to measurelé¢péh of the schools, thereby getting and
estimate of total school volume. The method wilvaédated by weighing captured schools
whose volume was estimated.

Industry members of the RAG have suggested that therebenayfew very skilful people in
Australia that are able to identify species and get soredle ball-park estimate of school
size and density from aerial surveys. |If this is pgaesiit would be worth further
investigations as an alternative cost-effective technigubrbad spatial application.

Alternatives to DEPM survey methods

Currently, DEPM methods are the only survey techniques taatbe included in the
assessments in a quantitative manner. Quantitative tacausvey methods have been
successfully deployed in small pelagic fisheries in otbeuntries, but would require
significant trialling and development before they couldubed in a quantitative manner for
SPF stock assessments. As such, DEPM will remaiheaprimary research survey tool for
SPF biomass estimation in the short term until furthevelopment of acoustic methods for
Australian SPF species takes place. It is likely #eaial survey methods could only be used
for broad-scale, qualitative identification of the tmgiand location of SPF aggregations and
will always need to be run in conjunction with eitheoastic or DEPM methods.

Fishery Dependent Monitoring

Vessel charter / running costs are the largest expens®fns8rveys. Australian SPF
entitlement holders have proposed an industry-led programameollect broad scale
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information on the abundance of the major SPF spacksss the extent of the fishery during
commercial fishing operations. The proposal has thevitirig objectives:

1) Determine spatial extent of SPF stocks across thatext¢he fishery;

2) Collect biological material (length frequency, otolithgonad condition) to enable
determination of the size/age structure of the stocitslansize at maturity;

3) Obtain information on the spatial and temporal pattefispawning;

4) Conduct plankton samples to facilitate identificatioregfis/larvae of major SPF species;
and,

5) Use acoustic methods alongside Objective 4 to determine sifialy be a suitable
alternative to DEPM for stock biomass estimation.

A map of the survey areas and proposed timing for the ysirigeshown in Figure 15.

Vessel/ls would search for schools acoustically. Omend, vessels would conduct an
acoustic survey across the extent of the school. Whidd be followed by collecting egg

samples, environmental data, and trawl tows through treokciCatch composition of tows
would be measured and biological samples taken to exaniee aje and growth, and
reproduction.

Estimated cost of Industry based survey

The initial set-up costs below include the purchase of relwdivity, temperature, depth
(CTD) recorder, and a plankton net (eg Bongo net) witlv fiilneters to measure the flow of
water going into the nets to estimate the volume atewsieved.

CTD recorder (Model CT2X Conductivity/Temperature Cablelessidgn) = $3,449
Bongo net (General Oceanics Model BF20 Bongo Net with fileeters) = $5,124
Wire cable and fasteners $700

Total initial setup cost = $9,291

Including initial set-up costs, and assuming 5 trips are neede@dver the entire fishery,
estimated cost of sampling (excluding vessel costs), lsgmpcessing, analysis and reporting
is $168,866.

It is difficult to determine the relative cost-efiticies of commercial vessels conducting
DEPM surveys compared to acoustic surveys. Whilst tigeiag costs of conducting DEPM
surveys may be higher and require specialist trainingest enembers, the initial outlay for
the purchase of a SIMRAD EKG60 is considerable (>$250,000). @uczhased, however,
the ability of a vessel to collect quantitative acaubtomass estimates is cheaper and easier
than may be required of a DEPM survey. It should besséd that regardless of which
method of survey is adopted, close collaboration wigessment scientists is required to
ensure the design of the survey and the collection ofiglatbsufficient quality to be used in

a quantitative manner in the assessment.

More details of the at-sea costs for the researchmamatoring are provided in Table 32.
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Conclusions

The development of contemporary harvest strategiethéodiverse range of Commonwealth
fisheries in the timeframe available is a significattti@vement for AFMA. For the SPF the
combination of a developing fishery, difficult econone@cumstances, high levels of
stakeholder interest and engagement, and a paucity aiftiSci&knowledge on the target
species makes for a complex operating environment. Wtitieilimited time and resources
available the SPF RAG and MAC have developed a draftheiSendeavours to balance these
complex operational circumstances.

This review of the proposed SPF HS should be considerddsitontext. It is intended to
build on the work already done, and to provide further &daiad information to refine the
Draft HS against key policy requirements, and fishergifipeobjectives. The opportunity to
conduct an initial quantitative Management Strategy Etaln of the proposed HS has been
valuable, and has identified key areas for further coretide and development.

The review of biology and life history of SPF specieggests that SPF target species can be
reasonably categorised into two broad groups. The fiestnaderately long lived species that
inhabit shelf and slope waters (redbait, Peruvian jack melckggllow tail scad, and jack
mackerel). The second group are shorter lived speciesirthabit shelf waters (blue
mackerel and Australian sardines). In an overall sémseDraft HS appears to be most
relevant to the shorter lived, highly variable, and mooelpctive SPF species like Australian
sardine. The larger number of age classes in the spawmint$s of longer lived, lower
productivity species could enable more appropriate harveségies to be developed that do
not solely depend on one or two DEPM assessmentsnidysalso reduce the likelihood of
highly variable TACs that could result from applicatidrite DEPM based approach.

For Tier 1 stocks the proposed HS exploitation ratégrgva maximum of 20% of unfished
biomass is harvested on the basis of regular DEPM assets are conservative taken in the
context of biology and life history across the rangeSBf target species, and the default
settings of the Commonwealth’s HSP. The MSE prosesgests none of the harvest
strategies at Tier 1 come close to triggering thg Bference point, and for most species will
lead to biomass levels well above thg=B proxy of Basg stipulated in the HSP. This suggests
that for all species these conservative exploitataies are likely to result in substantially
reduced yields against an MEY benchmark. This will adweisgdact aggregate profitability
of the commercial fishery over time.

The costs of regular DEPM based assessments for Keyasdet species are likely to be high
relative to the state of development and profitabilifytiee fishery. There is a question
whether the level of assessment confidence, and heoste generated by regular DEPM
assessments for Tier 1 species is warranted — parljculating the conservation buffer
provided when deliberately conservative exploitation ratesincorporated for Tier 1. The
HSP and Guidelines suggest that target stocks managedets &proximating Rey are
likely to enable healthy ecological function. It is not cleanfrthe draft HS that maintaining
stocks above this level will deliver substantial ecalagbenefit, yet it is likely to result in
foregone yield and potential fishery profits. If the SPiget species are all designated as
keystone species, or as key prey species, the foregelus yarising from conservative
exploitation rates may be acceptable however therainsnan important judgement to be
made about where exploitation rates should be setwether or not they should be the
same for all species. The proposed conservative HS agipsnuggests a significantly greater
premium has been attached to ecological values, andpostier fishing sectors, in the SPF
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context. This also raises the question whether tdnedard fisheries management research
cost recovery approach requiring 80% industry funding is apiatepr

If stakeholders and ultimately AFMA consider that mooaservative exploitation rates and
correspondingly high stock levels than envisaged by theypsettings are appropriate for the
SPF due to the ecosystem importance of the speciestlieennderlying basis for this

approach should be made clearer. This would enable a tremsparent approach to
management, and provide for a more certain operating @nveot for industry, both of

which are important objectives of the HSP.

The concept of Tiers used in the draft HS to account featgr precaution at lower
information levels is consistent with the HSP andid@lines. The justification and
demonstration that the lower Tier levels are moreguenary is not clear in the Draft HS.
The proposed HS approach at Tiers 2 and 3 refers to mnafyshery dependent data on
catch and effort, and age structure of the catch. Hoisclear what this entails, what
indicators might be used to inform decision making, arehtwit is likely to cost per
assessment cycle. The difference between this tygatafanalysis at Tier 2, and the similar
analysis at Tier 3 where the TAC is dramatically redu®uld also be made clearer.

In the pursuit of cost effective and efficient managetiméehe proposed HS should provide
substantially more information about the likely costendustry and government arising from
the assessment processes underpinning application diiShat all Tier levels. This is
particularly so for Tier 1 stocks which should represemefficient synergy between the cost
of gathering and interpreting scientific information, atfe subsequent risk assessment
needed to underpin more aggressive exploitation rateafget species whilst maintaining
ecological function. Similarly, details of the infoation required to underpin decisions at
Tiers 2, and 3; the costs of obtaining and interpretingitifiismation, and the reasons why
this level of knowledge equates to the catch quantitigsosexl could be made clearer. With
respect to the transparency of the proposed HS apprdecihS would be improved by a
plain English description of the structure and operatiothefHS research and assessment
approaches. This should include reasonable clarity otyplegeof information required and
how that information will be analysed and used to inf@erentific recommendations on
catch levels at various Tiers.

At the lower Tiers the proposed HS also relies onédkgert judgement of the RAG to
determine harvest levels after consideration of releeatch and effort information. There
could be more information provided about what specific infdrom will be considered, and
how it will be interpreted to develop catch recommeraaietin the absence of a clear decision
rule such as that proposed for Tier 1. Whilst expert judgemwen be a cost effective and
efficient element of decision making, there is a rib&ttunless the parameters for such
judgements are adequately considered and explained the appraacéduce the consistency
and objectivity of decision making. This may reduce busimesfidence, transparency, and
the efficiency of decision making, all of which are imjamt objectives of the HSP.

In the absence of a detailed cost benefit analysith@fproposed HS, a simple ratio of
management expenses to GVP may prove a useful firstrsteyaiuating the suitability of

proposed SPF HS approaches in terms of economic caatseae; and its relative efficiency
with regard to other fisheries. This could be presentedam industry recoverable
management cost ratio, and a total management costV#® 1Gtio, to benchmark the

efficiency of both industry and government expenditure.

In addition to the key sustainability and profitability edijives, the proposed HS suggests
considerable weight is given to subsidiary managememtctwvgs like localised depletion
however this term is not well defined and appears to nwferent things to different
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stakeholders. The definition taken for the SPF showddclarified to allow proper

consideration of management/mitigation strategies, imojudheir potential impacts on
stocks, ecosystems, and/or stakeholder interests. laBymihe HS includes management
responses to address impacts on threatened, endangegpeatented species. Whilst a key
element of the SPF management environment these mégtter placed within the SPF
Management Plan or the Bycatch Action Plan and aefesenced to the HS.

The preliminary quantitative MSE conducted has provided a gasid or initial evaluation
of the performance of the HS against the policy benckesnarThe MSE comprised both
deterministic and stochastic analyses of the proposedddBSion rules for Tier 1. For the
deterministic analyses the primary intent was to estabihat harvest proportion of the
spawning biomass would drive the resource to 48% of pristieeoted pey, being a proxy
for MEY), and what is the economic difference — g&ecentage of catch — between an MEY
harvesting policy and the catches suggested by the prop&ed i analyses found that the
pvey values (and hence the potential exploitation rates) aiidarger than those suggested
by the Draft HS decision rules.

For the stochastic analyses the objective was torrdete if certain overarching policy
objectives (i.e. harvesting resources at or near Mi¥list keeping biomass aboveB90%

of the time) were consistent with the proposed dr&fE FS harvest proportions. Not
unexpectedly the draft SPF HS harvesting proportionlélaet overarching policy objectives
being exceeded. The spawning biomass ended up being managgd andBthe risk of
dropping below B, was much less than the required 10%. For the resgltsporating a
simulated stock assessment process with decision makisgdbon an MEY harvesting
policy, the proxy setting for MEY is nevertheless aktali for all species. Because of the
nature of the Draft HS it is not possible to be dafieiabout the more subjective nature of
the stock assessment based decision making process,uantistability to usefully inform
management. For SPF species, more ‘aggressive’ harv@stiniarger harvest proportions)
could be entertained whilst still meeting the overarchigiPHbbjectives. It should be noted
again that the HSP does canvas the option of morseceative exploitation rates for
keystone species.

Importantly the analysis of risk during the MSE processanfluenced by the scope of
uncertainty and stochasticity considered in the sinanati This was addressed by running
additional simulations which considered a number ofavasi of the base case scenarios. A
key additional factor was the possibility of 50% positlvas in the DEPM based stock
assessment results.

In relation to the management of shared stocks, the &tBcates shared responsibility
across jurisdictions. The proposed SPF HS suggests ltbéhexl catches be subtracted from
the proposed RBC before SPF TACs are established. h@kishe potential to disadvantage
Commonwealth operators and undermine the strength of &ftfereents. It may thus
adversely impact on fisher behaviour and ultimately memsmnt performance. A more
appropriate solution to this scenario may be to encowshgeed management responsibility
by reducing catches from all jurisdictions consisterthwiistoric catch ratios as has been
done under the Commonwealth’s SESSF harvest strategy.

The suggestion that the Draft HS should cater in advorgeossible mass mortality events
or similar dramatic environmental perturbations through dpelication of conservative

harvest settings should also be further considered. appsach has the potential to further
contribute to reduced yields over time and yet maybeahe most efficient way to target this
specific risk. If such events are considered a key gemant risk for one or several SPF
species then it may be more efficient to address tteough the use of meta-rules or
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exceptional circumstance provisions within the HS thatdcapply if and when such an event
occurs.

The current information on SPF stocks is patchy on babatial and temporal basis. Given
the extent of the fishery, the current Tier 1 HS weluire a prohibitive budget if ongoing
annual DEPMs are required for all stocks in all regiespecially if it is conducted in
addition to normal fishing activities. There are well-deped, cost-effective acoustic
methods of quantitative biomass estimation used on atienal small pelagic species that
could be applied to the SPF to augment or replace the neadrfoal DEPMs. It should be a
high priority to develop a cost-effective, scientiflgaigorous research plan to be conducted
from commercial fishing vessels that enables the dallecf DEPM data and begins the
process of developing quantitative acoustic techniques. hbiddgsbe an integral part of any
HS and form the basis of any development of the Mish&he opportunity to enable higher
catches in the very early stages of the developmetiedfishery so that this information can
be collected should be realised.

Recommendations

The review of biology and life history of SPF species sstg)that target species can be
reasonably categorised into two broad groups. The fiestnaderately long lived species that
inhabit shelf and slope waters (redbait, Peruvian jack melckggllow tail scad, and jack
mackerel). The second group are shorter lived speciesirthabit shelf waters (blue
mackerel and Australian sardines).

Consider whether different harvest strategy approaches shodilbe adopted for these twa
groups of species.

The proposed HS exploitation rates, where a maximur@086 of spawning biomass is
harvested at Tier 1 on the basis of regular DEPM assm#s, is, in most cases, very
conservative when considered in the context of biologyliéadistory of SPF species, and
the default settings of the Commonwealth’s HSP (whieliscfor exploitation rates
approximating MEY for target stocks). Presumably, this legs lolone to reflect that some or
all of these species are keystone ecological spedibe MSE conducted as part of the review
identifies that for all of the considered species thisservative exploitation rate is likely to
result in high biomass levels relative tagsB No targets have been established for keystone
species and this issue needs to be addressed for the SPF HS

Justify which of the SPF species are “keystone” ecologicgbexies and be explicit abou
their suitable target biomass levels if divergent from te HSP.

This approach will also lead to substantially reduced yiéldm all stocks against an MEY
benchmark. This will adversely impact aggregate profitgholf the fishery over time and
should be carefully considered.

Be explicit about the expected amount and value of the forgencatch through the
adoption of a more conservative HS for ecosystem requirements.

The proposed conservative HS approach suggests a sigtiffigaeater premium has been
attached to ecological values, and possibly other fisbgugors, in the SPF context. This
raises the question whether the standard fisheries geamnt research cost recovery
approach requiring 80% commercial industry funding is appropriate.

Consider if the current 80:20 industry split is appropriatewhen a more conservative HS
is adopted for ecosystem requirements.
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A clear articulation of principal and subsidiary hatvetsategy (or management) objectives
and how the HS is likely to perform against these woulddieable. At the moment there
appears to be a disconnect between the stated objeatitless HSP and the Draft HS and its
decision rules, particularly with respect to the padfility / economic efficiency objective.

Make a clear statement of the profitability / economic effiency objectives of the HS.

Evidence of localised depletion is an important aspethe Draft HS. The sub-objective of
managing localised depletion should be more clearlyneéfas it has the potential for
significant impacts on SPF fishing activities.

Define and quantify the term “Localised depletion” and cleay articulate the
management response to such a situation.

The Tier 1 HS can results in highly variable TACs basetherDEPM approach. The larger
number of age-classes in the spawning biomass of longdrdpecies allows for TACs to be
set on more information and over a longer time period finst the last one or two DEPMs as
stipulated in the Draft HS. This may reduce the likedthof highly variable TACs that could
result from application of the DEPM based approach.additional sub-objective that could
be considered is the opportunity for SPF entitlement helder clarify their preferred
operating environment with regard to catches and catch staiwler time. For example
should industry suggest that they value catch stability ateyear period with TAC changes
of no more than 20% for economic reasons, rather gy variable maximum catches as
set by the exploitation rate against one or two DEPMIlti®s

Determine and state the preferred economic operating enanment of the SPF licence
holders and incorporate this into the HS approach.

For shared stocks, and to encourage shared managemenisiledipg the approach whereby
RBCs are reduced by the amount of other jurisdictiondlsttoral catches of SPF species
before SPF TACs are determined should be reconsidered.

Although insignificant at this stage, the principal of only he Commonwealth sector
supporting changes in the RBC is not sound for a shared resme and should be altered
to be more equitable.

A realistic total cost estimate for supporting sciens@@iated with each Tier level of the HS
should be made available. This may also be broken dowmghtistry attributable costs with
consideration being given to revising the cost recovery facause of the apparent catch
foregone to achieve greater environmental protection, argibppsater to the desires of the
recreational and charter fishing sectors for greatgckstonservation than that envisaged
under the HSP.

Provide detailed information of the costs associated with search, monitoring, analysis
and assessment required by the HS at each Tier level.

The nature of the analysis of fishery dependent datatuh and effort, and age structure of
the catch, at Tiers 2 and 3 should be clarified. Sriyithe differences between such analysis
at Tier 2 and then at Tier 3 should be explained in theegbwtf the dramatically reduced
catch levels that apply at Tier 3 of the proposed HS.

Better define the distinction, need and outcomes of Ti& versus Tier 2.

A ratio of management expenses to GVP that includeothkcbst of applying the HS at the
separate Tier levels could provide a simple benchmark ofgsanent cost effectiveness.
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This could be provided as an industry recoverable manageceshtratio, and a total
management cost to GVP ratio to benchmark both industhgavernment attributable costs.
This is particularly important for a developmental fishevhere current economic pressures
are significant and will remain an important determirgfrftsher behaviour.

Develop estimates of management costs for the HS and comp#rese with benchmarks
from other fisheries.

In the interests of transparency the structure andatiperof the research and assessment
approaches proposed at all Tiers could be made cleastakeholders through plain English
descriptions.

The proposed HS refers to potential mass mortalityte\amross the range of SPF species. If
further consideration suggests this is a key managemé&ntorispecies other than sardine
then it may be more cost effective to address it thrabghuse of meta-rules or exceptional
circumstance provisions within the HS. These could aipplyd when such an event occurs.

Be explicit about what species have sufferance mass mortglevents and how often this
has occurred. Based on this, decide whether precaution agat this occurrence should
underlie all species HS or should be an exceptional managent response.

The HSP Guidelines note that there should be a strongection between the fishery’s
management objectives, the selection of appropriate geament tools, the data strategy and
supporting research and scientific work, and the availasigurces.

The nature of the relationships between management objeees and tools could be madé
more explicit in the description and context of the propsed HS.

A3

The frequency of proposed DEPM surveys (or alternatessssmt approaches) should be
carefully evaluated with a view to minimising the asses¥nirequency (and cost) whilst
meeting an acceptable risk profile. The reasons fortadpp particular survey frequency
should be clearly explained.

At the lower Tiers the SPF HS also relies on theeeixjudgement of the RAG to determine
harvest levels after consideration of relevant catwh effort information. There is very little
detail provided on what information will be considered, aod this will be interpreted to
develop catch recommendations in the absence of a cleiaioterule such as that proposed
for Tier 1. The provision of such information will im&se business certainty, transparency,
and the efficiency of decision making.

Provide more information and detail how expert judgement Wl be incorporated into
the HS for the lower Tier Levels.

SPF MAC and RAG have identified the importance of atsgic research and monitoring
plan for the fishery. The nature of the informatioguieed, and how it relates to the stated
management objectives for the fishery (and can be nffagestly obtained) is an important
element of the HS that will add to the transparench@firoposed approach.

Develop a detailed and costed strategic research and monitogmlan for the fishery.

The HS is designed primarily to set the harvest strafegyarget species. The suggested
response to significant interactions with threatenethegered or protected species may be
better detailed within the SPF Management Plan or sustedidocuments such as the
Bycatch Action Plan. These could then be cross refeteto the HS in the context of
possible reductions in the TAC for SPF target species. bideder environmental impacts
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described are by-catch management issues rather thaiodeales to manage the harvest of
key commercial species as envisaged by the HSP.

Consider what aspects of the broader ecosystem impacts bejom the HS compared to
other documentation pertaining to the fishery.

Given the extent of the fishery, the current Tier 1 H$ nequire a prohibitive budget if

ongoing annual DEPMs are required for all stocks in glbres, especially if it is conducted
in addition to normal fishing activities. The current mfation on the stocks is patchy on
both a spatial and temporal basis. There is a naebetter information on the spatial and
temporal dynamics of the stocks across the broad drdee GPF. Aerial surveys may be
useful in this respect but will need to be augmented wotbust quantitative methods.
Currently, DEPM methods are the only survey techniques taatbe included in the

assessments in a quantitative manner. Quantitative tacausvey methods have been
successfully deployed in small pelagic fisheries in otoeintries, but would require trialling

and development before they could be used in a quantitateener for SPF stock

assessments. The opportunity and flexibility to undertaikentork during the developmental
stages of the fishery is enabled in the current Draftii&igh a meta-rule that allows higher
catches than would be recommended under the currert B$f Such an opportunity to
develop the most cost-effective survey methods anckatoéixtensive information on the
fishery should be realised.

Develop an agreed research plan for the fishery that collex relevant information to
support DEPM assessments while exploring the potential @icoustic methods and aeria
surveys as alternative quantitative biomass estimation technigs.

The MSE conducted in this project was preliminary andainat general stock parameters
and assumptions. These can be improved by the RAG, aklpeath respect to how natural
mortality estimates are derived and incorporated.

Further MSE should be fine-tuned and conducted once arfal SPF HS is agreed.
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Table 1. The codes used to identity the diet and deptbrpnefes and habitat usage of the species considered in
this study.

Diet preference

1. Phytoplankton or zooplankton
2. Salps

3. Invertebrates

4. Invertebrates and fish

Depth

1. Shelf (0-200m)

2. Shelf-slope (0-700m)

3. Upper slope (200-700m)
4. Lower slope (700m+)

Habitat

1. Demersal
2. Benthopelagic
3. Pelagic
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Table 2. Biological characteristics of jack mackeyellowtail scad, redbait and Peruvian jack mackerel.

Species Redbait Jack mackerel Yellowtail scad Peruvian jack
mackerel

Appearance image @ E. Schioegl

Catch

distribution

Max. length | 33.5cm TL 47.0 cm FL 50.0 cm SL 81.0cm TL

Environment| bathydemersal; benthopelagic; pelagic; pelagic;

marine; depth rang
86—500m

e brackish—-marine;
depth range 27-460n

brackish—-marine;
ndepth range 22-500n

marine; depth rang
n0—400 m

D

Resilience Medium, minimum Medium, minimum| Medium, minimum| Low, minimum
population doubling population doubling population doubling population doubling
time time time time
14 - 44 vyearsl4d - 44 vyearsl4d - 44 vyears45 - 14 years
(Assuming tmax > 3)| (tm=2-4; tmax=25) | (K=0.30; tm=3-4;| (K=0.09-0.21;tm=2-

tmax=25) 3; tmax=30;
fec<50,000)

Age and| Tmax=21 years Tmax=16 years Tmax=14 years Tmax=30 years

growth Lin=28.4 cm Lin=36.2 cm Lin=36 cm Lin=46.4 cm
K=0.27 lyear K=0.267 lyear K=0.3 /year K=0.683 /year
To=-1.54 year To=-1.21 year To= To=

Age at| T, =2—4 years § =3-4 years § =3-4 years F =3 years

maturity

Biology A schooling species.| Found near the Occur in  coastal Often found offshore
Adults are found near bottom, in midwater waters, including up to 500 miles from
the bottom in deepegrand occasionally at estuaries, mostly inthe coast. Forms
water. Juveniles the surface in shelf waters shallower thanplarge schools. Young
occur near the waters. They form 150 m and warmer frequently occur in
surface, often with pelagic schools for than 13°C.| school near kelp ang
schools of clupeids. | most of the year but Commonly found on under piers. Feeds
Feeds mainly on may move near thgethe bottom, inf mainly on  small
larger zooplankton. | sea  bed  during midwater and crustaceans and fish

winter. Juvenileg occasionally at the larvae. Large
inhabit coastal andsurface), in large individuals often
estuarine waters schools. Adults are move inshore and
sometimes offshore. generally found over north in the summer.
Feed mostly during offshore rocky reefs

the day mainly on while juveniles arg

krill and planktonic| generally found in

crustaceans, light fish shallow, soft

and lantern fish at thesubstrate areas.

edge of the

continental shelf.

Mortality M = 0.22 / yearf M=0.67/year M = 033 / yedrM=0.15/year
(calculated from M=- (calculated from M=-

In(0.01)/tmax In(0.01)/tmax
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Table 3. Biological characteristics of Australian saediand Blue mackerel.

Species Australian sardine Blue mackerel

Appearance

Catch

distribution

Maximum 39.5cm SL 44 cm

length

Environment| pelagic; pelagic;
oceanodromous; oceanodromous;
marine; depth range Dmarine; depth range
—200m 87 —200 m

Resilience Medium, minimum Medium, minimum
population doubling population doubling
time 1.4 - 4.4 yearstime 1.4 - 4.4 years
(K=0.45; tm=2;| (K=0.28)
tmax=13-25;
Fec=10,000)

Age and| Tmax=6.5 years Tmax=7 years

growth Lin=16.9 cm Lin=44.1 cm
K=1.29 /year K=0.24 /year
T(): T():

Age at| T, =1-2 years T} =2 years

maturity

Biology Neritic. A coastal Occurs in coastal
species that formswaters and also in
large schools. Feedoceanic waters. They
mainly on planktonig are plankton feeders
crustaceans. Youngfiltering copepods
fish feed on| and other
zooplankton such ascrustaceans, but
copepod and adultsadults also feed on
on phytoplankton| small fish and squids|
Oviparous, with
pelagic eggs, an
pelagic larvae.

Mortality M = 066 / yearl M = 0.66 / year
(calculated from M=- (calculated from M=+
In(0.01)/tmax In(0.01)/tmax
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Table 4. Similarities of SPF species. Values forilaiities of less than 2.00 are in bold text.

Peruvian jack

Redbait Blue mackerel mackerels Yellowtail scad  Jack mackerel
Blue mackerel 10.60
Peruvian jack
J 1.90 4.03
mackerels

Yellowtail scad 2.90 2.70 5.71

Jack mackerel 1.96 3.01 4.38 0.63

Australian

. 10.60 0.00 16.63 5.20 6.63
sardine

Table 5. ‘Other species’ rated as similar (simie«i2.00) to redbait.
Common name Family Species Stock Similarity
Herring Clupeidae Clupea harengus Gulf of Maine 30.8
Herring Clupeidae Clupea harengus Norway (Sprimys@rs) 1.03
Herring Clupeidae Clupea harengus Newfoundland(EF) 1.13
Spotted warehou Centrolophidae Seriolella punctata SEF 1.13
Herring Clupeidae Clupea harengus NAFO 4T (Fallsmas) 1.40
Herring Clupeidae Clupea harengus Iceland (Sumpensers) 1.43
Lepidonotothen Nototheniidae Lepidonotothen squeoni Kerguelen Islands 1.73
Haddock Gadidae Melanogrammus aeglefinus Georgels Ba 1.73
Rock sole Pleuronectidae Lepidopsetta bilineata akteBtrait, B.C. 1.73
Saithe Gadidae Pollachius virens Iceland 1.73
Herring Clupeidae Clupea harengus Southern Celartic 1.77
Sea bream Sparidae Chrysophrys major Yellow Sea 519
Yellowfin sole Pleuronectidae Limanda aspera EideBea 1.97
Grey mullet Mugilidae Mugil cephalus Taiwan 1.97

Table 6. ‘Other species’ rated as similar (simije«i2.00) to Peruvian jack mackerel.
Common name Family Species Stock Similarity
Herring Clupeidae Clupea harengus NAFO 4T (Fallhsmas) 1.20
American plaice Pleuronectidae Hippoglossoidespkides West Greenland 1.40
Horse mackerel Carangidae Trachurus trecae N.WEahfr 1.50
Alaska plaice Pleuronectidae Pleuronectes auaéricubatus West Kamchatka Shelf 1.57
Plaice Pleuronectidae Pleuronectes platessa ICES VI 1.60
Herring Clupeidae Clupea harengus Norway (Sprimys@rs) 1.73
Hake Gadidae Merluccius australis NZ, HAK 1 1.90

Table 7. ‘Other species’ rated as similar (similadB:00) to yellowtail scad (63 different species/stocks had
similarity values less than <2.00 so only the first 20 isgéstocks are shown).

Common name Family Species Stock Similarity
King mackerel Scombridae Scomberomorus cavalla WE & Mexico 0.70
Mackerel icefish Channichthyidae Champsocephalnsiai South Georgia, Antarctic Ocean 0.78
Black anglerfish Lophiidae Lophius budegassa ICH®-Y and Vlila,b. 0.90
Scup Sparidae Stenotomus chrysops Cape Cod - Caperds USA 0.93
Atlantic bluefin tuna Scombridae Thunnus thynnus stWAgtlantic 1.03
Hairtail Trichiuridae Trichiurus haumela East ChiBea 1.03
North Pacific hake Gadidae Merluccius productus W8st Coast 1.08
Hake Gadidae Merluccius hubbsi Argentina 1.23
Atka mackerel Hexagrammidae Pleurogrammus monaogitesy Eastern Bering Sea 1.23
English sole Pleuronectidae Parophrys vetulus leeBtnit 1.28
Chub mackerel Scombridae Scomber japonicus Pa&odfist of Japan 1.28
Peruvian hake Gadidae Merluccius gayi Peru 1.28
Notothenia rossii Nototheniidae Notothenia rossii erdgdlelen Islands, Antarctic Ocean 1.33
Med. horse mackerel Carangidae Trachurus medigusan Black Sea 1.33
Flounder Pleuronectidae Platichthys flesus Baltieas 24 and 25 1.43
Sea bass Moronidae Dicentrarchus labrax Englism@aia 1.43
Lepidonotothen Nototheniidae Lepidonotothen squeoni Kerguelen Islands, Antarctic Ocean 1.52
Spanish sardine Clupeidae Sardina pilchardus \idesah (ICES Vllic-1Xa) 1.53
Bluefish Pomatomidae Pomatomus saltatrix East Cotssh 1.53
Blue warehou Centrolophidae Seriolella brama SEF 53 1.
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Table 8. ‘Other species’ rated as similar (simije«i2.00) to jack mackerel).

Common name Family Species Stock Similarity
Grey mullet Mugilidae Mugil cephalus Taiwan 0.40
Herring Clupeidae Clupea harengus Southern Celtrtic 0.50
Spanish sardine Clupeidae Sardina pilchardus \idesah 0.53
Herring Clupeidae Clupea harengus Iceland (Sumpensers) 0.76
Herring Clupeidae Clupea harengus Newfoundland(EF) 0.99
Herring Clupeidae Clupea harengus Downs stock 1.36
Sardine Clupeidae Sardinops sagax California 1.36
Herring Clupeidae Clupea harengus Gulf of Maine 715
English sole Pleuronectidae Parophrys vetulus leeBhanit 1.70
Notothenia rossii Nototheniidae Notothenia rossii ergdlelen Islands 1.70
Herring Clupeidae Clupea harengus Norway (Sprimys@rs) 1.73
Herring Clupeidae Clupea harengus Northern Irish Se 1.87
Scup Sparidae Stenotomus chrysops Cape Cod - Caperas 1.93
Lepidonotothen Nototheniidae Lepidonotothen squeoni Kerguelen Islands 1.99
Mackerel Scombridae Scomber scombrus Black Sea 1.99
Mackerel Scombridae Scomber scombrus Western ICES 99 1
Table 9. ‘Other species’ rated as similar (simije«i2.00) to Australian sardine.
Common name Family Species Stock Similarity
Nth. anchovy Engraulidae Engraulis mordax Califarni 0.20
Gulf Menhaden Clupeidae Brevoortia patronus Gulfleikico 0.83
Sprat Clupeidae Sprattus sprattus Baltic Areas22-3 0.83
Sardine Clupeidae Sardinops sagax Sea of Japan 1.11
Sandeel Ammodytidae Ammodytes marinus NortherniNSga 1.31
Pacific Saury Scophthalmidae Cololabis saira SaleBiasin, Baja California 1.39
Herring Clupeidae Clupea harengus Baltic areas®32 1.50
Blueback herring Clupeidae Alosa aestivalis Chowrarer, USA 1.63
Atl. Menhaden Clupeidae Brevoortia tyrannus U.Sankic 1.82
Greater lizardfish Synodontidae Saurida tumbil Exsha Sea 1.90
Table 10. ‘Other species’ rated as similar (simya«i2.00) to blue mackerel.
Common name Family Species Stock Similarity
Northern anchovy Engraulidae Engraulis mordax OCalify 0.20
Gulf Menhaden Clupeidae Brevoortia patronus Gulfleiico 0.83
Sprat Clupeidae Sprattus sprattus Baltic Areas22-3 0.83
Sardine Clupeidae Sardinops sagax Sea of Japan 1.11
Sandeel Ammodytidae Ammodytes marinus NortherniNSga 1.31
Pacific Saury Scophthalmidae Cololabis saira Sale@iasin, Baja California 1.39
Herring Clupeidae Clupea harengus Baltic areas®32 1.50
Blueback herring Clupeidae Alosa aestivalis ChoRrarer, USA 1.63
Atl. Menhaden Clupeidae Brevoortia tyrannus U.Sankic 1.82
Greater lizardfish Synodontidae Saurida tumbil Exfsha Sea 1.90
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Table 11. Four SPF ‘species’ considered in this studytyanchl life history characteristics.

Quantity Redbait (a) Redbait (b) Jack mackerel Blue macke|
M(0-10) | 0.6,0.6,0.6,0.6,0.25,0.25 0.22 0.67 0.66
0.25,0.25,0.25,0.25,0.25
f(0-10) | 0,0.1,0.3,0.55,0.75, 0,0,0.25,0.50,0.75, 0,0,0.33,0.67,1, 0,0,1,1,1,
0.9,1,1,1,1,1, 1,1,1,1,1,1 1,1,1,1,1,1 1,1,1,1,1,1
W(0-10) | 0.7,17.9,46.6,72.0,89.9,101.4, L3 L3 L3
108.4,112.5,114.9,116.3,117.1
S(0-10) J0.3,1,1,1,1,1,1,1,1,1,1,1 0311,1111111410311,1,11111111 0311111111111
K (vB) 0.27 0.27 0.267 0.24
To (VB) -1.54 -1.54 -1.21 -1.3
L. (vB) 28.4 cm 28.4 cm 36.2 cm 44.1 cm
[Bold italicised - value assumed!]
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Table 12. Estimates ofpasn and ey for the four SPF ‘species’ considered in this study anideldin Table

11, using the base case assumption, after Myers et al. (I@bkink in the hockey stick recruitment function
at 20% of the pristine spawning biomass.

Base case: kink in hockey stick at 20% of pristine spawning
biomass (most likely, after Myers et al. (1995))
Quantity Redbait (a) Redbait (b) Jack mackerel Blue
mackerel
20% 20% 20% 20%
PcrasH 0.897 0.843 1.678 1.27
PmEY 0.281 0.255 0.530 0.42

Table 13. Sensitivity test: Estimates gkgsn and ey for the four SPF ‘species’ considered in this study and
defined in Table 11, using a kink in the hockey stick recmitirfunction at 40% of the pristine spawning
biomass. Although this is not supported by the work of Klral. (1995), it could be considered as a low

possibility in certain management contexts.

Sensitivity test: kink in hockey stick at 40% of pristine spawning
biomass

Quantity Redbait (a) Redbait (b) Jack mackerel Blue
mackerel

40% 40% 40% 40%

PcrasH 0.371 0.339 0.698 0.547

PmEY 0.281 0.255 0.530 0.42
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Figure 1. The so-called ‘hockey-stick’ stock recruitmest@tionship used in the simulation models employed
for this study. The kink at 20% is the base case valudinsthis document, consistent with the work of, e.g.,
Myerset al. (1995). The 40% assumption or something similar to theftés considered a priori to be a low
probability and is thus often used as a sensitivity teBtSE's.
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Figure 2. Typical relative fluctuations in recruitment whbe logarithm of recruitment deviations have a
standard deviation of 0.6 and there is no serial cdioela
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Figure 3. Typical relative fluctuations in recruitment whbe logarithm of recruitment deviations have a
standard deviation of 0.6, but there is serial correlatiith a correlation coefficient of 0.5.
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Figure 4. The posterior distribution afgasy and ey subject to the priors chosen for the essentiahigéory
and fishery characteristics as described in the teg&dban 30 000 random draws from these priors.
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Figure 5. Plot of pey versus M (natural mortality) for the first 1000 reaiisa$ used to produce the histogram
in Figure 4 (these 1000 realisations were found to be spitapresentative of the full set of 30 000
realisations).

0.6 -
0.5 - _
0.4 4 L e
0.3- LT P -

0.2 -
0.1 -

00 L) L) L) L} L} L} L}
0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45

P(MEY)

Figure 6. Plot of gev versus Kink for the first 1000 realisations used to predhe histogram in Figure 4.
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Figure 7. Plot of gev versus Kink for the first 1000 realisations used to predhe histogram in Figure 4.
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Figure 8. Plot of pey versus the fecundity-at-age 1 for the first 1000 realisatised to produce the histogram
in Figure 4.
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Figure 9. Plot of pey versus the selectivity-at-age 1 for the first 1000 raadias used to
produce the histogram in Figure 4.
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Figure 10. Deterministic results for base case Redbaimodel comparing biomass and catch under three
harvesting approaches, i) the MEY harvesting policy whiehvests pMEY of the true spawning biomass

(assumed known), ii) application of the draft HS harwsportions to the true spawning biomass assumed
known in 2/3 years, iii) application of the draft HS hestvproportions to the true spawning biomass assumed

known in 1/5

Table 14. Deterministic results for base case Redapitrom the analyses above. Bend/K are the spawning
biomass at the end of the 20 year simulation periodpaspmrtion of pristine. ZC/ZCMEY% are the cumulative
catch over the 20 year period as a percentage of the chielved with the MEY harvesting policy — there are
three different harvesting policy results shown: MEB, 213 and HS 1/5.

years.

Redbait (a)
Bstart/K Bstart/K
0.15 0.48 0.75 0.15 0.48 0.75

Policy Bend/K ZC/ZCuwev%

PmeY 0.480 0.480 0.480 100.0% 100.0% 100.0%
HS 2/3 0.559 0.559 0.559 85.8% 86.6% 87.2%
HS 1/5 0.579 0.579 0.580 74.0% 77.0% 79.5%
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Figure 11. Deterministic results for base case Redbaitmpdel comparing biomass and catch under three
harvesting approaches, i) the MEY harvesting policy whiaehvests pMEY of the true spawning biomass

(assumed known), ii) application of the draft HS harnmsportions to the true spawning biomass assumed
known in 2/3 years, iii) application of the draft HS hestvproportions to the true spawning biomass assumed
known in 1/5 years.

Table 15. Deterministic results for base case Redbpfrom the analyses above. Bend/K are the spawning
biomass at the end of the 20 year simulation periodpaspmrtion of pristine. ZC/ZCMEY% are the cumulative
catch over the 20 year period as a percentage of the chielved with the MEY harvesting policy — there are
three different harvesting policy results shown: MEY, 213 and HS 1/5.

Redbait (b)
Bstart/K Bstart/K
0.15 0.48 0.75 0.15 0.48 0.75
Policy Bend/K ZC/ZCuey%

PwmeY 0.480 0.480 0.480 100.0% 100.0% 100.0%

HS 2/3 0.533 0.533 0.533 90.8% 91.7% 92.3%

HS 1/5 0.554 0.555 0.556 78.8% 82.0% 84.6%
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Figure 12. Deterministic results for base case Jack melckerdel comparing biomass and catch under three
harvesting approaches, i) the MEY harvesting policy whiehvests pMEY of the true spawning biomass

(assumed known), ii) application of the draft HS harnwsportions to the true spawning biomass assumed
known in 2/3 years, iii) application of the draft HS hestvproportions to the true spawning biomass assumed

known in 1/5 years.

Table 16. Deterministic results for base case Jack meldkem the analyses above. Bend/K are the spawning
biomass at the end of the 20 year simulation periodpaspmrtion of pristine. ZC/ZCMEY% are the cumulative
catch over the 20 year period as a percentage of the chielved with the MEY harvesting policy — there are
three different harvesting policy results shown: MEB, 213 and HS 1/5.

Jack mackerel

Bstart/K Bstart/K
0.15 0.48 0.75 0.15 0.48 0.75
Policy Bend/K ZC/ZCuwev%
PmeY 0.482 0.480 0.478 100.0% 100.0% 100.0%
HS 2/3 0.716 0.716 0.716 57.2% 57.7% 58.0%
HS 1/5 0.726 0.726 0.726 47.4% 49.3% 51.0%
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Figure 13. Deterministic results for base case Blue meackeodel comparing biomass and catch under three
harvesting approaches, i) the MEY harvesting policy whiehvests pMEY of the true spawning biomass
(assumed known), ii) application of the draft HS harnmsportions to the true spawning biomass assumed
known in 2/3 years, iii) application of the draft HS hestvproportions to the true spawning biomass assumed
known in 1/5 years.

Table 17. Deterministic results for base case Bluekaratfrom the analyses above. Bend/K are the spawning
biomass at the end of the 20 year simulation periodpaspmrtion of pristine. ZC/ZCMEY% are the cumulative
catch over the 20 year period as a percentage of the chielved with the MEY harvesting policy — there are
three different harvesting policy results shown: MEY, 213 and HS 1/5.

Blue mackerel
Bstart/K Bstart/K
0.15 0.48 0.75 0.15 0.48 0.75
Policy Bena/K S C/ECey%
Pwvey 0.481 0.480 0.480 100.0% 100.0% 100.0%
HS 2/3 0.674 0.674 0.674 67.4% 67.9% 68.2%
HS 1/5 0.682 0.683 0.684 56.9% 59.1% 61.2%
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Review of SPF Draft Harvest Strategy

Table 28. Simulation results for Redbait (a), compattiegesults with and without the assumption of a paralle
stock assessment process for 3 different DEPM sdreggyencies at a harvest proportion of 30%.

With assessment Constraint only
freq 3/5 1/2 1/5 3/5 1/2 1/5
Drmas 0.300 0.300 0.300 0.300 0.300 0.300
AD 0.020 0.020 0.020 0.020 0.020 0.020
Biim 10090 10090 10090 10090 10090 10090
K 50451 50451 50451 50451 50451 50451
Bstar 24216 24216 24216 24216 24216 24216
Betar / K 0.48 0.48 0.48 0.48 0.48 0.48
Benc meal 24401 24685 25063 22146 22502 21736
Beng S.D 6749 6766 7798 6684 6859 9484
Benc Mean/Bg 1.008 1.019 1.035 0.914 0.929 0.898
Benc / K 0.484 0.489 0.497 0.439 0.446 0.431
Percentage riskK (jm) 0.000 0.001 0.001 0.009 0.009 0.049
Once-off risk (Bjm) 0.004 0.010 0.015 0.092 0.086 0.277
Percentage risk (zq) 0.038 0.036 0.043 0.127 0.103 0.148
Once-off risk (Bag) 0.285 0.268 0.315 0.661 0.598 0.634
Mean catc 5732 5731 5518 6324 6265 5991
S.D. catc 2037 2023 2058 2741 2681 2915
Catch mean % chan 0.215 0.218 0.191 0.273 0.272 0.183
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Review of SPF Draft Harvest Strategy

Table 29. Simulation results for Redbait (b), compattiregresults with and without the assumption of a paralle
stock assessment process for 3 different DEPM sdreggyencies at a harvest proportion of 30%.

Redbait (b)
With assessment Constraint only

freq 3/5 1/2 1/5 3/5 1/2 1/5
Dmas 0.300 0.300 0.300 0.300 0.300 0.300
Ap 0.020 0.020 0.020 0.020 0.020 0.020
Biim 7090 7090 7090 7090 7090 7090
K 35452 | 35452 | 35452 | 35452 | 35452 | 35452
Bstar 17017 | 17017 | 17017 | 17017 | 17017 | 17017
Bstar / K 0.48 0.48 0.48 0.48 0.48 0.48
Benc Mmeai 16688 | 16867 | 17089 | 14689 | 14923 | 14469
Benc S.LC. 4324 4262 4889 4245 4309 6066
Benc mean/Bgy, 0.981 0.991 1.004 0.863 0.877 0.850
Ben / K 0.471 0.476 0.482 0.414 0.421 0.408
Percentage risk (im) 0.000 0.001 0.000 0.011 0.010 0.052
Once-off risk (Biim) 0.001 0.007 0.006 0.093 0.086 0.276
Perentage risk (lag) 0.036 0.033 0.039 0.155 0.127 0.166
Once-off risk (Bsg) 0.249 0.230 0.277 0.697 0.641 0.672
Mean catc 3735 3740 3629 4227 4189 4033
S.D. catc 1258 1244 1260 1782 1740 1899
Catch mean % change| 0.201| 0.202| 0.176| 0.265| 0.263| 0.171
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Review of SPF Draft Harvest Strategy

Table 30. Simulation results for Jack Mackerel, compategrésults with and without the assumption of a
parallel stock assessment process for 3 different DE&VEY frequencies at a harvest proportion of 30%.

With assessment Constraint only
freq 3/5 1/2 1/5 3/5 1/2 1/5
Pmay 0.300 0.300 0.300 0.300 0.300 0.300
Ap 0.020 0.020 0.020 0.020 0.020 0.020
Biim 5321 5321 5321 5321 5321 5321
K 26605 26605 26605 26605 26605 26605
Bstar 12770 12770 12770 12770 12770 12770
Betar / K 0.48 0.48 0.48 0.48 0.48 0.48
Benc meat 16272 16516 16836 16127 16374 16105
Benc S.C. 5823 6150 7174 5814 6152 7656
Benc mearn/Bg 1.274 1.293 1.318 1.263 1.282 1.261
Benc / K 0.612 0.621 0.633 0.606 0.615 0.605
Percentage risk (im) 0.001 0.002 0.007 0.003 0.003 0.028
Once-off risk (Bjm) 0.018 0.028 0.087 0.036 0.036 0.176
Perentage risk (lag) 0.025 0.027 0.043 0.031 0.031 0.069
Once-off risk (Bzq) 0.266 0.274 0.388 0.317 0.301 0.441
Mean catc 4422 4376 4041 4483 4427 4128
S.D. catc 2127 2109 2118 2234 2192 2318
Catch mean % chan 0.313 0.356 0.547 0.314 0.315 0.249

Table 31. Simulation results for Blue Mackerel, comparheg results with and without the assumption of a
parallel stock assessment process for 3 different DE&VEY frequencies at a harvest proportion of 30%.

With assessment Constraint only
freq 3/5 1/2 1/5 3/5 1/2 1/5
Drmas 0.300 0.300 0.300 0.300 0.300 0.300
AD 0.020 0.020 0.020 0.020 0.020 0.020
Biim 7745 7745 7745 7745 7745 7745
K 38726 38726 38726 38726 38726 38726
Bstar 18589 18589 18589 18589 18589 18589
Bstar / K 0.48 0.48 0.48 0.48 0.48 0.48
Benc meai 22353 22313 23177 21658 21634 20540
Benc S.C. 9462 9563 11583 9498 9626 12791
Benc mean/Bgan 1.203 1.200 1.247 1.165 1.164 1.105
Benc / K 0.577 0.576 0.598 0.559 0.559 0.530
Percentage risk (im) 0.007 0.009 0.021 0.019 0.018 0.086
Once-off risk (Bjm) 0.116 0.133 0.240 0.239 0.227 0.452
Percentage risk (3q) 0.074 0.070 0.081 0.101 0.090 0.152
Once-off risk (Bag) 0.664 0.631 0.660 0.758 0.708 0.749
Mean catc 5818 5785 5329 6023 5967 5418
S.D. catc 2928 2961 2854 3342 3327 3356
Catch mean % chan 0.396 0.422 0.358 0.402 0.396 0.469
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Review of SPF Draft Harvest Strategy

Table 32. Estimated costs of sampling and reporting peta trip during SPF survey.

Sampling costs per trip

Observer sea day salary per trip @ $700 per day $ 7,000.00
Observer land day salary per trip @ $400 per day $800.00
PI co-ordination per day $ 3,875.00
Lab consumables per trip (collecting 10 plankton tow sasper

day) $300.00
Other consumables per trip (data sheets, mobile phones,
photocopying, mailings etc) $250.00
Airfare per trip $1,200.00
Accommodation per trip $240.00
Vehicle hire/trip $250.00
Total sampling costs per trip $13,915.00

Analysis and reporting per trip
CSIRO scientists to download and verify echo-integratiata $2,000.00
Laboratory sorting of plankton samples salary trip éngles

sorted per day) $8,000.00
Data analysis and report per trip (allowing 4 weeks) $8,000.00
Total analysis and reporting costs per trip $18,000.00
Total cost per trip $31,915
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Review of SPF Draft Harvest Strategy

Appendix 1
The Draft HS upon which the quantitative results are basg
Decision Rules

The limit RBCs and exploitation rates (catch/spawning biomass) assigned in the tier's below
were selected on the basis of: i) SPFRAG’s understanding of the status of stocks; ii)
previously accepted harvest limits for the fishery; and iii) precautionary harvest rates
successfully applied in other fisheries for small pelagic species. These limits are considered
to be interim boundaries noting that a complete review of the HS is required within 12 months
from the commencement of the HS.

Importantly the values applied are maximum limits only. As prescribed in the decision rules,
SPFRAG must consider all available information on the status of the stocks when forming its
advice on RBCs.

TIER 3
Assessment and monitoring

Assessment is done biannually based on only catch and effort data from logbooks and/or
observers. Aim of assessment is to determine likelihood of overfishing, particularly localised
depletion. The biannual report is to provide advice regarding the level of fishing that should
be permitted.

RBC decision rules

1. The RBC for each stock within each management zone will be
recommended by SPFRAG based on available information including biology,
historical catch and spatial area of zone but may not exceed 500t.

TIER 2
Assessment and monitoring

Assessment is done annually and includes catch and effort data as well as annual
information on the age structure of catch. Aim of assessment is to determine likelihood of
localised depletion or change in the size/age structure of the catch that cannot be adequately
explained by reasons other than a decline in abundance. The annual report is to provide
advice regarding the level of fishing that should be permitted.

RBC decision rules

1. The RBC for each stock within each management zone will be
recommended by SPFRAG based on available information including biology,
historical catch and spatial area of zone but may not exceed the values (shown in
tonnes) listed in the table below.

Species Western zone Eastern zone
Redbait 10,000 9,000
Blue mackerel 10,000 5,000

Possibly to be divided between the far
west and the inner west sub-areas

Jack mackerels 10,000 9,000
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Review of SPF Draft Harvest Strategy

Australian sardine N/A 3,000

2. If 50% of the catch limit of any one species is caught, SPFRAG must meet within
one month to discuss any potential implications for the stock.

To mitigate the threat of localised depletion SPFRAG also recommends that no more than
50% of any one catch limit be taken within a single five degree square.

TIER 1
Assessment and monitoring

Assessment based on a robust spawning biomass estimate derived from DEPM and annual
assessments which include catch and effort data and up to date information on the size/age
structure of catch. The assessment report is to provide advice regarding the level of fishing
that should be permitted.

RBC decision rules

1. The RBC for each stock within each management zone will be recommended by
SPFRAG based on the DEPM assessment and all available information including
biology, historical catch and spatial area of zone. The RBC must not exceed levels
resulting from relevant harvest rate listed in the table below.

Age of DEPM assessment Maximum harvest rate as a percentage
(years) of median spawning biomass
estimated from a DEPM assessment

5 10
4 125
3 15
<2 175

2in30R3in5 20

2. If two successive DEPM assessments produce significantly different spawning
biomass estimates SPFRAG will, on the merit of the assessments and all other
supporting information, exercise its judgement on which assessment to use when
deciding on an RBC for a particular stock.

NOTE: If the last DEPM assessment is greater than five years old for a particular stock, that
stock must be assessed under Tier 3.
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Appendix 2
Description of the mathematical model used for simulabn studies

Population dynamics

The population dynamics are represented by:

Ny+l,0 = Ry+l (1)
Nyia =Ny, " @1-S,.F) for l<a<m-1 2)
Ny+l,m = Ny,m—le_Mm_1 (1_ Sm—l'Fy) + I\Iy,me_wIm (1_ SmFy) (3)
where:

N,. isthe number of fish of ageat the start of yeay,

R is the number of O year olds at the start of year

M, is the instantaneous rate of natural mortality ateage

S is the fishing selectivity at age a,

Fy is the harvest proportion in year

m is the largest age considered (i.e. the “plus group”, takee L0 years).

The stock-recruit relationship.

The true spawning biomass at the start of yaargiven by:

m

B =Y N,,.w,.f, (4)
a=l

where:

Wy is the mass of a fish of ageat the start of the year

fa is the proportion of sexual maturity at age

A “hockey-stick” recruitment form is assumed with retment given by:

—pha ; *

Ry—R e’ if Bj"zB (5)
B

R =R.—2-e" if BP<B (6)
B

where

R* is the maximum recruitment

B* is the biomass level above which maximum recruitment occurs

ry is a random number drawn from a normal distribution widan zero, variancerR2 and serial

correlation oy

Spawning biomass estimates from egg production surveys

For years in which an egg production survey is conductedimvgage the spawning biomass estimate
resulting from this survey by

B3 = B¥e” )
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Where

« is a random number drawn from a normal distribution wittan zero and varianee®

surv

g,

< = 0.3 is the assumed survey CV.
Catches

The TAC in the simulations is set by

_ surv
TAC, = p.B, (8)
where

B,™" is the most recent available spawning biomass estinmtedgg production surveys in year y

p is the proportion of estimated spawning biomass which magkes as catch, as stipulated by
the prevailing management rule.

In accordance with Pope’s approximation, the catchessarereed to be taken as a pulse at midyear
with catches constrained to no more than 95% of the eapleibiomass.

The mid-year exploitable biomass is calculated by

ex c _M%
B=> N,.e 2w,.f (9)
a=1
Where
fa is the fecundity at age a relative to sexually mature fish
Wy =y Wy Wy (10)
F, = TAC%QX if TACyeX < 095 (11)
B
y y
F, =095 if TACyeX > 095 (12)
By
The realised catch in yegiis then:
C, = Fy.BjX (13)

Unexploited equilibrium

Under equilibrium, we assume that the recruitment is di&ssecomparison with the deterministic

%
recruitment by a factore 4where UR2 is the recruitment deviation variance. The unexploited
equilibrium numbers at age a are calculated by:

o
Neq'0 =Re A (14)
Nega = Negas€ for lsa<m-1 (15)
N e‘“"m—/
Negm =™ M (16)
¢ @-N,.e™)

The equilibrium spawning biomass (carrying capacity) is then:
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KP = Nega W, f, (17)
=1

Equilibrium under fishing

In the forward projections, we assume that the resdaggms (at year 0) in equilibrium at a specified
level relative to pristine. This equilibrium is governedthy following equations:

Noo = Ry (18)
Noa = Noas€ ' (1- S,.Fy) for Llsasm-1 (19)
NO,m = NO,m—le_Mm_1 (1_ Sm—l'FO) + NO,me_NIm (1_ Sm'FO) (20)
Bs? = D No,.W,.f, (21)

a=1

which can be solved for the harvest portigrio obtain the required level of depletion.

Simulation of Stock-Assessment driven management advice.

It is assumed that the net effect of the ongoingksiassessments is to provide an annual
absolute estimate of the spawning biomass. Inrdodsimulate such an effect, an abundance
index is simulated for each year of the simulapeniod (which is 20 years long) by random
sampling from a lognormal distribution about theetrspawning biomass with a log-normal
standard deviation of 0.30 (approximately a C.V.306%0). Each of these indices is down-

weighted by a factoe™®*’? to account for bias in the mean lognormal error.

In addition, for years in which a DEPM-based spagnbiomass estimate is available, the
abundance index is modified by variance-weightedragying it with the DEPM-based
estimate.

In each year, a spawning biomass estimate for uhemt year is obtained by conducting a
linear regression on the abundance indices fob6 theeceding years, and projecting the linear
trend to the current year.

A simulated estimate of the TAC as a proportiothef spawning biomass which is equivalent
to an ey harvesting policy,pvey, is generated by random sampling from a normal
distribution about the true value pjiey with a 10% CV. This estimate is generated onlyeonc
for each simulation and is assumed to be congtemtighout the 20 year planning period.

The ‘assessment-based TAC recommendation’ is edémlilas the product of the estimate of
PMEY with the estimate of spawning biomass. If thisarger than the TAC that results by

using the formulation in the draft HS, i.e. TAC raff HS harvest proportion multiplied by

the most recent DEPM based spawning biomass, tieetatter TAC is applied. Otherwise

the stock assessment based TAC is applied.

Base case natural mortality assumptions for Redbait A

Exponential regression of age frequencies in th@32@dbait catch in Zone A against age
suggest total mortality of 0.3 for age zero, 0.7dges 1 to 3 and 0.3 for ages 4 + assuming
uniform selectivity (Welsford and Lyle, 2004). Assing a fishing mortality of about 0.1, this
implies a natural mortality of 0.2 at age zero, & @&ges 1 to 3 and 0.2 for ages 4 +. The low
mortality at age zero is unlikely. More likely is 8 of 0.6 coupled with a selectivity at age
zero which is 1/3 that of age 1+. This is the agsion made in the base case for Redbait.
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Appendix 3

Two measures of biological risk considered in computer siulations

Glazer and Butterworth (2005) propose a measure of risk shatted verbally, is the
proportion of scenarios in which the resource biomass falow 10% or 20% (both are
cited) of the pristine level one or more times. |13 tontext a scenario is a single realization
of future biomasses, catches and CPUE'’s over a ten {ggaripg horizon, i.e. 2003 — 2012.
We refer to the definition of risk contained in thagzr and Butterworth (2005) document as
the ‘once-off risk’.

An alternative to the ‘once-off risk’ is the ‘percage risk’. The ‘percentage risk’ is the
proportion of future years for which the resource biomess below 10% or 20% of its

pristine level. The following table illustrates the diffnce between the ‘once-off risk’ and
the ‘percentage risk’.

Year | Scenario 1| Scenario 2| Scenario 3| Scenario 4| Scenario 4
Pristine 1000 1200 900 800 1050
2005 300 340 250 230 300
2006 300 340 250 230 300
2007 300 340 135 230 300
2008 300 340 250 230 300
2009 150 340 250 120 300
2010 140 340 250 135 300
2011 120 340 250 230 300
2012 220 340 250 230 300
2013 230 340 250 111 300
2014 120 340 250 230 300

The bold italicised values indicate that the resourcendgs has fallen below 20% of the
pristine level. There are 5 scenarios. Since tbfébkese scenarios contain one or more bold
italicised values, the ‘once-off risk’ is 3/5, or 60%n the other hand, there are a total of
5x10 = 50 years in all scenarios taken together. Thera ttal of 4+1+3 = 8 bold italicised
values. Thus the ‘percentage risk’ is 8/50, or 16%. Thetdd thus be a vast difference
between the two measures of risk, and in general

‘once-off risk’ >> ‘percentage risk’.

In this document we present both versions of biologiesk. r The second version of
biological risk is the one referred to in the HSP.
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Appendix 4

The relative similarity of “other” species with the 5 SPFspecies species
(similarity values less than 2.00 are in bold)

Other species Similarness to

9 o] - < o z
3 7 5 39 < 2 Z
3 & B 2 5c % = s
- 2 : 3 s & 3§
3 < 3 2 jal 3= > ol o
o - ~ 25 8 = )
g 2} o5 I 2 =
@ o = 2 o E

]
Albacore tuna Scombridae Thunnus alalunga 7.60 3.40 11.70 2.70 4.70 3.40
Alaska pollack Gadidae Theragra chalcogramma 7.20 3.80 12.10 3.10 5.10 3.80
Alaska plaice Pleuronectidae Pleuronectes auaerituitatus 261 5.47 1.56 3.14 3.82 5.47
American plaice Pleuronectidae Hippoglossoidespiatides 2.50 5.43 1.40 3.07 3.73 5.43
Northern anchovy Engraulidae Engraulis mordax 21.65 3.95 32.50 13.50 15.00 3.95
Anchovy Engraulidae Engraulis encrasicolus 30.40 6.87 45.00 19.33 21.67 6.87
Northern anchovy Engraulidae Engraulis mordax 10.40 0.20 16.43 6.00 6.43 0.20
Atlantic argentine Argentinidae Argentina silus 3.90 6.50 3.01 4.30 5.01 6.50
Atka mackerel Hexagrammidae Pleurogrammus monagitesy 3.50 4.77 6.90 1.23 223 4.77
Blueback herring Clupeidae Alosa aestivalis 9.73 1.63 14.95 3.95 6.20 1.63
Bigeye Tuna Scombridae Thunnus obesus 6.85 3.92 10.54 2.26 4.17 3.92
Blue-eye trevalla Centrolophidae Hyperoglyphe antitza 3.20 5.47 2.53 4.43 4.20 5.47
Blue grenadier Merlucciidae Macruronus novaezekadi 2.70 5.70 2.90 3.10 3.70 5.70
Bluefish Pomatomidae Pomatomus saltatrix 5.85 3.58 9.20 1.53 3.37 3.58
Blue moki Latridae Latridopsis ciliaris 3.02 5.34 2.05 3.48 4.18 5.34
Blue warehou Centrolophidae Seriolella brama 4.45 2.98 8.20 1.53 237 2.98
Black anglerfish Lophiidae Lophius budegassa 4.00 4.60 7.61 0.90 2.61 4.60
Black oreo Oreosomatidae Allocyttus niger 541 6.07 5.12 5.64 5.58 6.07
Branquillo Branchiostegidae Branchiostegus japaicu 5.45 3.98 9.60 1.93 3.77 3.98
Bream Cyprinidae Abramis brama 3.08 4.64 5.72 1.78 219 4.64
Atlantic bluefin tuna Scombridae Thunnus thynnus 4.10 4.17 6.70 1.03 2.03 4.17
Butterfish Stromateidae Peprilus triacanthus 22.15 4.45 33.40 13.40 15.90 4.45
Blue whiting Gadidae Micromesistius poutassou 2.15 5.35 4.40 2.40 2.90 5.35
Canary rockfish Scorpaenidae Sebastes pinniger 2.23 5.06 4.99 2.42 2.89 5.06
Cape Hake Gadidae Merluccius capensis 5.25 4.18 9.40 1.73 3.57 4.18
Capelin Osmeridae Mallotus villosus 17.90 3.70 26.50 9.50 12.50 3.70
Champsocephalus gunnari Channichthyidae Champsalcepgunnari 4.08 3.91 7.94 0.78 2.55 391
Chilipepper rockfish Scorpaenidae Sebastes goodei 3.50 6.10 2.61 3.90 4.61 6.10
Chub mackerel Scombridae Scomber japonicus 5.25 4.18 9.40 1.73 3.57 4.18
Chub mackerel Scombridae Scomber japonicus 4.58 4.41 8.44 1.28 3.05 4.41
Cod Gadidae Gadus morhua 2.70 5.30 2.90 3.10 3.70 5.30
Cod Gadidae Gadus morhua 7.40 3.20 11.90 2.90 4.90 3.20
Cod Gadidae Gadus morhua 2.70 5.30 2.90 3.10 3.70 5.30
Canary rockfish Scorpaenidae Sebastes pinniger 5.45 6.48 4.91 4.87 5.75 6.48
Common dab Pleuronectidae Limanda limanda 5.45 3.98 9.60 1.93 3.77 3.98
English sole Pleuronectidae Parophrys vetulus 218 4.54 5.22 1.28 1.69 4.54
Eastern school whiting Sillaginidae Sillago flinglier 9.33 2.03 15.35 4.35 6.60 2.03
Flathead flounder Pleuronectidae Hippoglossoidesseldon 231 5.50 2.16 3.01 3.64 5.50
Flounder Pleuronectidae Platichthys flesus 3.70 4.57 7.10 1.43 243 4.57
Gemfish Gempylidae Rexea solandri 3.08 5.04 5.72 1.78 219 5.04
Gemfish Gempylidae Rexea solandri 3.08 5.04 5.72 1.78 219 5.04
Grey mullet Mugilidae Mugil cephalus 1.96 3.01 4.78 2.03 0.40 3.01
Haddock Gadidae Melanogrammus aeglefinus 1.73 5.51 3.72 272 3.26 5.51
Hake Gadidae Merluccius australis 3.40 5.93 1.90 3.57 4.23 5.93
Hake Gadidae Merluccius hubbsi 3.90 4.37 6.90 1.23 223 4.37
European hake Gadidae Merluccius merluccius 5.25 4.18 9.40 1.73 3.57 4.18
North Pacific hake Gadidae Merluccius productus 5.18 3.81 8.24 1.08 2.85 3.81
Peruvian hake Gadidae Merluccius gayi 4.58 4.41 8.44 1.28 3.05 4.41
Hake Gadidae Merluccius merluccius 5.25 4.18 9.40 1.73 3.57 4.18
Hake Gadidae Merluccius hubbsi 3.90 4.37 6.90 1.23 223 4.37
Herring Clupeidae Clupea harengus 6.10 1.50 10.20 3.20 3.20 1.50
Hoki Gempylidae Macruronus novaezelandiae 2.70 5.70 2.90 3.10 3.70 5.70
Hairtail Trichiuridae Trichiurus haumela 3.70 4.57 6.70 1.03 2.03 4.57
Jackass morwong Cheilodactylida Nemadactylus m&enap 3.44 5.48 2.65 3.76 4.49 5.48
John dory Zeidae Zeus faber 22.95 5.65 34.60 13.60 17.10 5.65
John dory Zeidae Zeus faber 5.45 3.98 9.60 1.93 3.77 3.98
King mackerel Scombridae Scomberomorus cavalla 4.60 4.00 7.41 0.70 241 4.00
Lepidonotothen Nototheniidae Lepidonotothen squamsf 1.73 4.56 4.09 1.52 1.99 4.56
Ling Ophidiidae Genypterus blacodes 3.20 6.13 2.10 3.77 4.43 6.13
Ling Ophidiidae Genypterus capensis 2.33 5.84 3.35 3.18 3.77 5.84
Ling Ophidiidae Genypterus blacodes 2.95 6.05 2.46 3.60 4.24 6.05
Greater lizardfish Synodontidae Saurida tumbil 11.70 1.90 18.53 6.10 8.53 1.90
Mackerel Scombridae Scomber scombrus 2.35 4.75 4.20 2.20 2.70 4.75
Mackerel Scombridae Scomber scombrus 3.28 4.44 5.52 1.58 1.99 4.44
Mediterranean horse mackerel Carangidae Trachuedstenraneus 5.65 3.78 9.00 1.33 3.17 3.78
Horse mackerel Carangidae Trachurus trachurus 6.45 3.52 10.14 1.86 3.77 3.52
Horse mackerel Carangidae Trachurus trecae 3.40 5.53 1.50 3.17 3.83 5.53
Horse mackerel Carangidae Trachurus trachurus 6.45 3.52 10.14 1.86 3.77 3.52
Mackerel Scombridae Scomber scombrus 3.28 4.44 5.52 1.58 1.99 4.44
Atlantic Menhaden Clupeidae Brevoortia tyrannus 5.15 1.82 8.84 2.56 247 1.82
Gulf Menhaden Clupeidae Brevoortia patronus 13.10 0.83 20.20 7.87 8.53 0.83
Monkfish Lophiidae Lophius piscatorius 8.37 341 13.77 3.88 5.99 341
Notothenia rossii Nototheniidae Notothenia rossii 3.26 4.71 6.08 1.33 1.70 4.71
Norway pout Gadidae Trisopterus esmarkii 17.70 3.90 26.70 9.70 12.70 3.90
New Zealand snapper Sparidae Pagrus auratus 3.70 5.90 241 3.70 4.41 5.90
Ocean perch Sebastidae Helicolenus percoides 4.47 6.56 3.91 4.61 5.40 6.56
Orange roughy Trachichthyidae Hoplostethus atlastic 6.29 7.03 5.95 5.56 6.48 7.03
Orange roughy Trachichthyidae Hoplostethus atlastic 6.40 7.07 6.10 5.63 6.57 7.07
Peruvian anchoveta Engraulidae Engraulis ringens 30.60 6.67 45.20 19.53 21.87 6.67
Pacific cod Gadidae Gadus macrocephalus 2.50 5.90 3.10 3.30 3.90 5.90
Pacific ocean perch Scorpaenidae Sebastes alutus 5.63 6.94 5.57 5.39 6.28 6.94
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Pacific halibut Pleuronectidae Hippoglossus stepisle 4.79 6.66 4.37 4.83 5.65 6.66
Plaice Pleuronectidae Pleuronectes platessa 2.70 5.23 1.60 3.27 3.93 5.23
Pollock or saithe Gadidae Pollachius virens 2.50 5.50 3.10 3.30 3.90 5.50
Pacific Saury Scophthalmidae Cololabis saira 12.75 1.38 19.28 5.97 8.51 1.38
Petrale sole Pleuronectidae Eopsetta jordani 2.30 5.70 2.90 3.10 3.70 5.70
Deepwater redfish Scorpaenidae Sebastes mentella 4.91 6.57 3.98 4.64 5.43 6.57
Redfish Berycidae Centroberyx affinis 4.08 6.03 2.95 3.95 4.70 6.03
Redfish Scorpaenidae Sebastes marinus 4.91 6.57 3.98 4.64 5.43 6.57
Red hake Gadidae Urophycis chuss 5.45 3.98 9.60 1.93 3.77 3.98
Red porgy Sparidae Pagrus pagrus 3.08 4.64 5.72 1.78 219 4.64
Red Snapper Lutjanidae Lutjanus campechanus 3.26 4.71 6.48 1.73 2.10 4.71
Rock sole Pleuronectidae Lepidopsetta bilineata 1.73 5.51 3.72 272 3.26 5.51
Sablefish Anoplopomatidae Anoplopoma fimbria 521 6.94 4.88 5.17 6.01 6.94
Saithe Gadidae Pollachius virens 1.73 5.51 3.72 272 3.26 5.51
Kingklip Ophidiidae Genypterus capensis 2.13 5.64 3.15 2.98 3.57 5.64
Sardine Clupeidae Sardinops sagax 3.68 231 6.74 1.58 1.35 231
Sardine Clupeidae Sardinops sagax 3.68 231 6.74 1.58 1.35 231
Sardine Clupeidae Sardinops sagax 7.27 111 11.87 3.98 4.09 1.11
Spanish sardine Clupeidae Sardina pilchardus 2.60 2.67 5.20 1.53 0.53 2.67
Sea bass Moronidae Dicentrarchus labrax 3.70 4.57 7.10 1.43 243 4.57
Sea bream Sparidae Chrysophrys major 1.95 5.15 4.60 2.60 3.10 5.15
Southern bluefin tuna Scombridae Thunnus maccoyii 2.35 4.75 4.20 2.20 2.70 4.75
Southern blue whiting Gadidae Micromesistius alistra 2.00 5.00 2.20 2.40 3.00 5.00
Scup Sparidae Stenotomus chrysops 3.20 4.07 6.60 0.93 1.93 4.07
Sandeel Ammodytidae Ammodytes marinus 7.07 1.31 12.07 4.18 4.29 1.31
Silver hake Gadidae Merluccius bilinearis 6.25 3.72 10.74 2.46 4.37 3.72
Snapper Sparidae Pagrus auratus 4.45 5.82 4.10 4.43 5.27 5.82
Silk Snapper Lutjanidae Lutjanus synagris 14.20 2.73 21.70 7.37 10.03 2.73
Sole Soleidae Solea vulgaris 2.16 5.05 2.37 291 3.52 5.05
Smooth oreo Oreosomatidae Pseudocyttus maculatus 4.88 5.89 4.36 5.29 5.17 5.89
Spotted warehou Centrolophidae Seriolella punctata 1.13 4.38 222 2.66 222 4.38
Sprat Clupeidae Sprattus sprattus 13.10 0.83 20.20 7.87 8.53 0.83
Round herring Clupeidae Etrumeus teres 16.60 2.00 25.20 10.20 11.20 2.00
Silver trevally Carangidae Pseudocaranx dentex 4.12 5.44 3.14 3.88 4.66 5.44
Striped bass Moronidae Morone saxatilis 3.20 5.73 2.10 3.77 4.43 5.73
Swordfish Xiphiidae Xiphias gladius 8.57 2.81 13.17 3.28 5.39 2.81
Tiger flathead Platycephalidae Neoplatycephalusaridsoni 2.88 4.84 5.92 1.98 2.39 4.84
Shortspine thornyhead Scorpaenidae Sebastolotslsaalzs 4.63 6.48 4.22 4.65 5.47 6.48
Black Sea turbot Bothidae Psetta maeotica 2.66 5.55 2.87 3.41 4.02 5.55
White hake Gadidae Urophycis tenuis 213 5.78 3.62 3.06 3.62 5.78
Black Sea whiting Gadidae Merlangius merlangus 2.15 4.95 4.40 2.40 2.90 4.95
Widow rockfish Scorpaenidae Sebastes entomelas 5.09 6.10 3.91 4.29 5.12 6.10
Walleye pollock Gadidae Theragra chalcogramma 2.95 5.65 2.06 3.20 3.84 5.65
Widow rockfish Scorpaenidae Sebastes entomelas 5.12 6.11 3.96 431 5.14 6.11
Yellowtail flounder Pleuronectidae Pleuronectesifgineus 5.45 3.98 9.60 1.93 3.77 3.98
Yellowfin tuna Scombridae Thunnus albacares 10.23 2.13 15.45 4.45 6.70 213
Yellowtail rockfish Scorpaenidae Sebastes flavidus 4.83 6.28 4.42 4.85 5.67 6.28
Yellowfin sole Pleuronectidae Limanda aspera 1.96 5.25 217 271 3.32 5.25
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