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2 Executive Summary

2.1.1 Background

The quota species within the SESSF are managed sisiok assessments to estimate
recommended biological catches (RBCs) for eachispewhich after considering State
catches, discards, social, economic, and indigeremsrements, lead to a Total Allow-
able Catch (TAC). This occurs in the context of @@mmonwealth Harvest Strategy
Policy (HSP). The principle conservation requiremmarthe HSP is that a fished stock
should stay above the Limit Reference Point (LRRgast 90% of the time. To ensure
this happens, a tiered set of harvest strategws Ieen developed each with their own
data requirements, stock assessment method arsiathecontrol rule. The HSP was
introduced in 2007 and since then it has becomarappthat even the relatively data-
limited Tier 3 and 4 harvest strategies are not@mpate for some quota species and
may be providing misleading management advice.H8BE is currently under review
and this seems likely to expand the need for sasslessments, even for data-poor mi-
nor or by-product species. These issues meant tesan urgent need for a higher Tier
than Tiers 3 and 4, which would be able to hantespectrum of data-poor fisheries
from those with only limited catch data to thos¢hwhiological information as well as
detailed catches.

In this present work, Management Strategy EvaluafMSE) was used to test some of

the factors that can lead to the assessment meitihdiaks existing harvest strategies be-

ing inappropriate for assessing the status of sspreies. This aspect of the project fo-

cused on the effects of sample size (precision)adidas on the outcomes of Tier 3 and
4 assessments applied to lightly and highly deglstecks.

MSE was also used to test and compare seven diffdega-poor methods ranging from
simple median, average, arfd Bighest catch estimates (for truly catch only Jatad
model assisted catch-only methods that included#metion-Corrected Average
Catch, the Depletion-Adjusted Catch Scalar, andigletion-Based Stock Reduction
Analysis (which are aimed at species for which sbim&gical information is also
available). The MSE tested data-poor scenariosevter initial depletion level was in
fact either heavily depleted, on target, or ongintly depleted. The data-poor methods
were applied to each of these scenarios while asgutime simulated stocks were also
in each of these states (thus each assumptionestesitagainst each simulated reality to
determine how sensitive each method was to makicgyiect assumptions). The main
candidate Tier 5 methods were also applied to thpeeies for which there were well
developed Tier 1 assessments so as to illustrateatyoutputs and the strengths and
weaknesses of the methods.
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2.1.2 Objectives
The objectives of the project were to:

1.

Establish guidelines, using SESSF case studiegyien the particular tier harvest
strategy for a given stock becomes inappropriate imake explicit recommenda-
tions as to what response would then be appropriate

Determine options for alternative harvest stratsgiéhen none of the present tiers
is appropriate (i.e. potential Tier 5 approaches)d

Produce presentations and explanatory documentdisbribution across RAGs and
MACSs, describing the criteria and new Tier 5 hahagategies.

Each of these was addressed during the projedt,tht third objective, an extension of
the findings to RAGs, MACs, and other stakeholdexpected to extend beyond the
life of the project.

2.1.3 Recommendations

The measures of central tendency (median catcldsigBest catches, maximum
constant yield) were useful for truly data-poorses.

The model assisted assessment methods, depletiectea average catch (DCAC)
and depletion based stock reduction analysis (DBJSRRovide more details and
estimates of risk associated with their sustainaateh estimates.

Assuming stocks to be only lightly depleted riskermsfishing in data-poor species.
Data-poor assessment methods and their reportmgdsbe automated, as much as
possible, to produce recommended biological catebl$ for chosen species.

The outputs of the DCAC and DB-SRA are greatlyuaficed by the assumed initial
depletion and final depletion levels. The RAGs sti@pprove the levels selected
for each species which use these methods.

The final depletion level selected for the DB-SRWuences the outcome so a range
should be explored for each assessment to makeAkeaware of the risks associ-
ated with each assumed level.

The SESSF RAGs, perhaps with MAC agreement, wéddne decide which species
currently assessed using either Tier 3 or Tiergukhbe nominated to be assessed
using one of the Tier 5 methods. Given the amotimtformation available for cur-
rently assessed SESSF species it should be possilde the DB-SRA.

Depending on the requirements within the revised/étt Strategy Policy (HSP),
the RAGs will also have to decide what approachesisl be used with any new
species included in the HSP.

The Tier 5 candidate approaches examined do natitate an exhaustive list. The
development of data-poor assessment methods atdddiarvest strategies is not a
static field and notice should be taken of futuagagpoor assessment methods as
they become available (in particular the Catch-M8&thod and its potential deriva-
tives).

Keywords
Flathead, School Whiting, Jackass Morwong, Managei8tategy Evaluation, MSE,
SESSF, Tier 3, Tier 4, Tier 5, data-poor
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3 Introduction

3.1 Background

The SESSF has had a tiered set of harvest strategixace since 2007, and the as-
sessment methods and harvest control rules spexifiach tier have since been for-
mally management strategy evaluation (MSE) testezhsure that they meet the Com-
monwealth harvest strategy policy objectives (eitl al, 2011; Wayte, 2009; AFMA
Project 2006/815, FRRF Project RUSS). This tedtigblighted some problems with
existing strategies and provided solutions whichewmplemented (Wayte and Klaer,
2010). There are two major issues remaining wighdlrrent tiered system: (i) to an-
swer when it is most appropriate to move speci@® fone tier to another (when is a
given tier inappropriate), and (ii) how to assesgipularly data-poor species that have
CPUE indices that do not appear to reflect aburglanenay only have a relatively
short time-series of representative catch dataet@diy, the Tiered harvest strategy ap-
proach implemented in the SESSF appears to berpenig well (Smithet al, 2014).
However, as with all systems, continued improvenagat accounting for exceptions as
they arise is required.

At present, the most data-poor tier level in th&SE is the Tier 4 harvest strategy that
uses current and target CPUE and catch levelstéordime an RBC. One of the as-
sumptions required for the Tier 4 approach to belvathat CPUE provides a reliable
index of relative abundance for the species (Had@0h4). It is becoming increasingly
clear that CPUE is not a reliable index of abunéaonc a number of current Tier 4 spe-
cies, so there is a need for an alternative hastestegy and tier for such species. One
species, royal red prawhléliporoides sibogag has been recognised by the resource
assessment group as not appropriately fitting wigtmy of the existing tiers and yet,
because there is no current alternative, a Tieradyais continues to be used. Similarly
with the Tier 3 approach, the management advicedore species has been highly
variable from year to year (e.g. Mirror Dory) anslrieliability with some species has
been questioned (another failure of the underlgisgumptions; Klaer, 2014) so alterna-
tives are required.

Various procedures for assessing the status ofpadataspecies that do not have a reli-
able index of abundance or snapshots of age intowmbhave been examined for Aus-
tralian Commonwealth fisheries (FRRF project RUS8 BRDC project 2010/044),
providing a list of candidate data-poor Tier 5 noelh that could be recommended for
use in the SESSF. In comparison to tiered assessapproaches implemented by other
nations, Australia is unusual in that the SESSF aa have a procedure, for example,
that uses catch history alone to arrive at TAC meoendations (e.g. New Zealand uses
a Constant Annual Yield and the USA now often ukeDepletion-Based Stock Re-
duction Analysis approaches; Dick and MacCall, 20Globally, there are on-going
efforts to develop workable stock assessment msthod related harvest strategies for
such data-poor stocks; with, for example, a Wakeéfsymposium on Data-Poor Ap-
proaches being held in May 2015. There is goodore&s conclude that there are many
options that could be used to bridge the gap betwe currently available tiers in the
SESSF and the Ecological Risk Assessment (ERAxhyluf course, does not provide
the RBC required for by-product and minor species.

The current internationally recognised approachdsting new harvest strategies, in-
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cluding assessment methods and harvest contra@l, isl®anagement Strategy Evalua-
tion (MSE). This project used MSE to examine thdgrenance of identified data-poor
procedures to compare their outputs with existesylts for Tier 1 species in the
SESSF. In addition, the effect of precision anduaacy of data collected from the fish-
ery (how representative the data is of the stockuiestion) on the performance of exist-
ing Tiers 3 and 4 was tested to determine the piatezffect of each on the performance
of those harvest strategies.

As MSE is now a global standard for the testingltdrnative harvest strategies and as-
sociated data requirements, the SESSF is now Vealég to focus this powerful proce-
dure on a wide range of actual fishery problemsil&the method is standard, the
range of potential problems that could be examiadithitless, so care is required to
direct effort to well identified major issues. Thlgjectives of this project were formu-
lated based on high priority problems in the SE&®hRtified by AFMA, SESSF RAGs
and MACs, but have outcomes that will be usefulokbrer fisheries.

More details concerning the background of the paldr problems within the SESSF
and the context in which they occur are provideAppendix 10 (page 27).

3.2 Current Research

The idea of using a fishery’s catch history as amseof assessing stock status has led to
some intense debate in the literature. Pauly (2@dd)es that if all that is available is
catch-data then efforts must be made to use thaf @ad more fisheries should at least
have catch data collected. Hilborn and Branch (20i@vever, argue that catch-data
alone will be misleading so often that it is damgerto use such methods to provide
management advice. The strategy of using MSE tgsfisuch harvest strategies is

more effective than merely arguing about their poét value and potential biases and
can provide increased clarity to the debate abtwnwcatch-only methods are useful

and when they are not; the need for such forméhtgapplies to all catch-only data
methods.

This project examines an array of data-poor assassmethods, but those considered
do not constitute an exhaustive list of possibl¢hmeds. For example, the fishery status
classification of Anderson et al. (2012) extendsritethods originally proposed by
Froese and Kesner-Reyes (2002) to assess stogk gtnhg only the time series of
catch data (as a proportion of the peak maximuichgaBy examining stocks with full
guantitative stock assessments, they were ablatégarize the sequence of develop-
ment of a fishery; from its early developmentabstao full exploitation, over-
exploitation and potential collapse. This methodildde difficult to implement with-
out a suitable harvest control rule, but if onelddae developed it would become wor-
thy of testing.

Those methods that use a form of stock reductiaiyais are essentially attempting to
identify plausible combinations of population dynesithat would at least be consistent
with the observed catches. Martell and Froese (PBhave taken that idea and produced
a method that explores the region of plausible dyoa by including a simple model of
those dynamics. By using a simple Schaefer sugroguction model and setting
bounds on the parameters of that model, biomagstoaies that are inconsistent with
the observed fishery can be eliminated (i.e. treepked catches might lead some com-
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binations to go extinct or to expand well aboveligpothetical carrying capacity). By
conducting a Monte Carlo analysis of the possiegiind using the outcomes of the
plausible model parameter set, Martell and Fro28&4) are able to generate estimates
of MSY along with uncertainty estimates about trenagement statistics.

Martell and Froese’s (2014) harvest strategy hadaiities with the approach de-
scribed by Bentley and Langley (2012) who descailmeethod that employs “Feasible
stock trajectories”, although their underlying mloideanore complex than that used by
Martell and Froese (2014).

Carruthers et al. (2014) provide a detailed revaéwata-poor assessment methods and
a review of the literature on data-poor harvesitstyies is provided by Dowlingj al,
2015a), while guidelines for the development obdador harvest strategies are given
in Dowling et al (2015b).

4 Objectives

There were three objectives with the first two adnaé improving current and potential
future practice and the third aimed at communicgtite outcomes from this study to
the people who will need to implement any recomneenthanges.

« Establish guidelines, using SESSF case studiesytfen the particular tier harvest
strategy for a given stock becomes inappropriateraake explicit recommenda-
tions as to what response would then be appropriate

» Determine options for alternative harvest strategiben none of the present tiers
are appropriate (i.e. potential Tier 5 approaches)

* Produce presentations and explanatory documenthdiibution across RAGs and
MACSs, describing the criteria and new Tier 5 hat\wstsategies.
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5 Methods

5.1 Appropriateness of Selected Tiers

The first objective here is td&stablish guidelines, using SESSF case studiesytfen
the particular Tier harvest strategy for a givenat becomes inappropriate and make
explicit recommendations as to what response wiidd be appropriaté.

The selection of which SESSF harvest strategydi@se is currently based primarily

on the available information that can be used tkavaan assessment of stock status. To
be explicit about why this can be a problem, tHed®n does not currently take into
account the capability of a selected tier to edinséock status from that available data.
The first objective therefore requires an examaratf the consequences of the applica-
tion of the current Tier 3 or Tier 4 harvest stgas when the data may not be of suffi-
cient quality to support that application. Errarbservations can be categorised as
related to precision and bias (or accurdegure 11 page 45), which can be examined
explicitly and separately in the context of SES®Fstand species.

To date, MSE work in the SESSF (Wayte 2009, KlaerWayte 2011, Little et al.,
2011) has assumed that sampled data from the sediufiah population are at levels of
precision that reflect average apparent obserwazldacross sampled species. It also
assumes that sampling is random and unbiased arefdhe accurately represents the
stock. Where stocks are spatially heterogeneohawe an extensive geographical dis-
tribution and sampling occurs unevenly across diffeareas then biases may enter the
data simply through uneven sampling of naturalatam. In the simulated sampling
within the MSE conducted here the precision and ighin sample collections was
varied across all major sampled data sources (CRIdBth, age) to determine how, for
each harvest strategy or tier, this modifies thk 1o the stock, as defined by the harvest
strategy policy (staying above the LRP 90% of thee}, and to assess the ability of the
HS to achieve and maintain the target depletioallev

The effect of data precision is simplest to implatnand requires testing of a range of
assumed variance values for sample collection tfmrsimulated population. Data ac-
curacy (bias) is more difficult to implement buhdae addressed using plausible scenar-
ios. Examples are a bias towards sampling of nawrgdr/older fish from the popula-
tion, or a linear trend in catchability in a CPUteex. The latter specifically allows test-
ing of the effect of gear/vessel improvements awee (often termed ‘effort creep’)

that may not have been accounted for in CPUE stdisddions, and how that may af-
fect the outcome of the application of the Tieradvest strategy. A total of 36 different
combinations of bias and precision were tested ttlon Tier 3 and 18 on Tier 4

(Table 6 page 52).

Specific details and equations of how bias andigi@t were implemented in the MSE

and illustrations of how they influence the simathfisheries data are provided in Sec-
tion 12.3 (page 45).
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5.2 Management Strategy Evaluation

5.2.1Introduction to MSE

A SESSF management strategy evaluation (MSE) stroal&amework has already
been developed (Wayte 2009, Fayal, 2009; Klaer and Wayte 2011; Little et al.,
2011), and provides a flexible platform for testhmayvest strategies as they apply to
SESSF species in particular, but also more geyefddlw projects requiring MSE test-
ing thus no longer require the development timdaHerdetailed operating model that
incorporates uncertainty with the dynamics of h 8tock, sampling of data required for
stock assessment, and the implementation of esit@oliSESSF harvest strategies.

The stock assessment methods and harvest strapegpssed here are new, however,
and hence require adjustments to the simulatedlsegrgd data collected from the fish-
ery to examine effects of different levels of psémn and accuracy. It also requires the
implementation of new data-poor assessment methadifarvest control rules. How-
ever, these modifications to the existing systeeralatively minor, thus allowing this
proposal to be built as a one-year project, withatgr focus on planning and running of
appropriate simulations and interpretation of #suits.

It is standard practice to base MSE testing onispdor which good information is
available, so that the results across a full ravfdearvest strategies can be compared (in
this case Tiers 1 to 5). The SESSF data rich speisied in the following analyses were
Tiger FlatheadNeoplatycephalus richardsgrand School WhitingSillago flinders),

and testing is carried out under a range of stegitadion levels for each species, in-
cluding being above, at, and below the target digpidevel (initial depletion levels

used were 0.18), 0.48,, and 0.78). The intention of this was to determine whether
each assessment method tested was capable of riegoaelepleted stock, maintaining

it close to the target, and of fishing a stock domwa controlled fashion.

The Tier 1 harvest strategy in the SESSF involveslaquantitative stock assessment,
which has a variety of standard data sources imuuéngth and age composition and
also an abundance index (generally in the SESSH1IG@PUE). In the case where one
of those sources contains an unknown bias, if g iB sufficiently or consistently

large the assessment will show a conflict among datirces, thereby allowing recogni-
tion and investigation of the source of that baag] dealing with it in some way, at least
in alternative model structures via sensitivity lgags. However, Tiers 3 and 4 both rely
on a single source of input data (age compositth@PUE trends, respectively),

which implies that such biases would not be detkcte

The MSE and its details are described in the AppendSection 11 (page 36).

5.2.2Summary Statistics used to Compare Relative Perfarance

To compare the relative performance of each Timeshods under different conditions
or the relative effectiveness of the different ddatke Tier 5 methods, four performance
statistics were estimated and plotted for each@ktenarios run. These statistics were:
1) the average annual catch, 2) the spawning bishesletion relative to the unfished
spawning biomass, 3) the average annual varialiitiie catch across the projection
period, and 4) the probability of the spawning b&ssigoing below the limit reference
point (2098,). Formal descriptions and related equations aveiged in section 12.3.5
(on page 53).
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5.2.3The Effects of Bias and Precision on Tiers 3 and 4

In the MSE testing of the effects of bias and mieci on the outcomes from the Tier 3
and Tier 4 harvest strategies the MSE simulatiamé&work for the specified stock was
first put into an initial state of depletion by dyipng a known catch history and varying
the recruitment dynamics. Only two levels of deipletvere aimed for, those being a
stock that was only lightly depleted and one thas Wweavily depleted. These were rela-
tive levels of depletion and were not preciselyesath time because the random varia-
tion that is an important part of capturing the en&inty when running an MSE meant
that the initial depletion level was always slightiifferent. Once the initiation was
complete the selected combination of bias and gi@tiwas applied and the population
dynamics projected forward for 30 years. In ea@nado the selected bias or precision
was introduced in a linearly increasing fashiontfa first 20 years and then continued
for a further 10 years (e.g. seigure 16 andFigure 17 on page 50). For each of the
two Tiers there were 18 different scenarios compasalifferent combinations of ini-
tial depletion, precision of the CPUE and sampte sif the age samples, and then fi-
nally different bias levels in both the CPUE ané agmples. The full list of alternatives
are listed inTable 6 (page 52).

The outcomes of each scenario are plotted asessarboxplots by species and deple-
tion level (e.gFigure 23 on page 62) to provide a visual depiction of re&aperform-
ance.

5.2.4The Candidate Tier 5 Assessment Methods

The Tier 5 methods considered can either be fiwdgre a single catch level is set at
the start of the projections, or dynamic, wheredahe feedback from any response of
the stock and the analyses are updated regularlyg new data from the fishery. As
with the Tier 3 and 4, bias or imprecision would he detectable in either of these Tier
5 approaches.

The assessment methods considered here do nadénaliypossible methods and new
approaches continue to be developed (e.g. MandIFaoese, 2014). The Tier 5 harvest
strategy being explored here is unlike the otheéB SIETiers in that it will contain an
array of possible assessment methods each of wiagtbe able to generate an estimate
of sustainable catch (s€&gure 60). However, the notion of a species being data-poor
covers a wide range with some species literally balving catch data while others may
have catch and an array of biological informatielating to growth, mortality, produc-
tivity, and in some cases a range of possibleaingind final depletion levels. To reflect
this range the proposed Tier 5 can be any ongafige of assessment methods with the
final selection being a reflection of exactly wird@brmation is available and should be
decided or at least confirmed by the RAG involved.

Seven different methods were considered in the MS#Eng of potential Tier 5 methods
(Table 1). Four were purely catch-only methods that attetmptetermine some form of
central tendency of the sustainable catch for esgties. The idea is that if recent
catches have been relatively stable and the RAGIved consider that the stock status
does not appear to have altered significantly, thenobserved catches represent a sus-
tainable catch. There are numerous uncertaintigs thiis approach, not least being that
it is possible to sustainably over-fish a stocledlat a lower yield than would be possi-
ble if the stock were in a less depleted statem@&e partial allowance for this it is pos-
sible to use a fractional multiplieT@ble 1, method 5). Alternatively, if a fishery is in
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the process of developing, with catches exhibiingncreasing trend, then emphasizing
early smaller catches may under-estimate the pateneld, hence the option of using
the third highest catch from a specified periodeéith case the RAG involved in the
assessment would need to provide guidance or st dgaeement for the period chosen
over which to summarize the catches and whethaobto update the sustainable catch
estimate and if so at what interval.

These purely catch-only methods, if they are figed are not updated, inherently aim
to maintain the status quo, which may be all teateguired for minor by-product spe-
cies.

Table 1. Some alternative catch-only methods for settindR&C. T5 lists the nu-
meric code used in the diagrams and Code the titer-leode Cy_« implies the catch
from the current year to —x years before hand9@s.the previous ten years.

T5 Code Brief Description RBC
4 C3 Third highest landings over the last 10 years third highestCy .9
3 MC Median catch from the last 10 years medigng
3 MC Median catch from the last 3 years mediang
5 CY  Scaled average catch from a reference perigiCyY cY
6 DB DB-SRA — depletion based — stock reductiorlysis median(DB-SRA)
7 DC DCAC — depletion corrected average catch nméDIBAC)
8 DA  DACS - depletion adjusted catch scalar medags)

For more valuable but still data-poor species, sturtber more adaptable methods
might be required. Three were tested here and arerbecoming available. The three
tested were the Depletion-Based Stock Reductionyaisa(DB-SRA), the Depletion
Corrected Average Catch (DCAC), and the Depletidjusted Catch Scalar (DACS)
(Table 1). Each of these produces not only an estimatehat whould be a sustainable
catch but also characterizes the uncertainty abeuestimate. This would allow for re-
finements of the Harvest Control Rule or the speciftch level selected. For example,
if the estimate was extremely uncertain then usorge value lower than the median
estimate of sustainable catch would be an opti@ne kthe tests were conducted using
the median catch. Discounts of either 0% or 25%efpredicted catch were applied to
each of the candidate Tier 5 methods.

A total of 200 different scenarios were run and pared (a full list is given ifable 9,
page 56) but they included different initial comalits of stock depletion and assumed
different initial degrees of depletion for eachttod alternative candidate methods.

Again the outcomes of each scenario were plottdzbaplots (e.gFigure 27 on page
69) to provide a visual depiction of relative penfi@nce. In addition, the median trajec-
tories across the 100 replicates run for each siceware plotted up for each scenario
to enable the longer term behaviour of each scetatecome apparent (ekjgure 28
on page 70). This facilitates the interpretationhaf boxplots which often represent in-
formation summed across the projection period ecsed from the final year. The me-
dian values tend to be relatively smooth and griadvldch obscures known variability.
To further communicate the form of any single tcigey five randomly selected trajec-
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tories from contrasting scenarios were plottedlitistrate typical variability expected in
a particular fishery (e.drigure 29 on page 71).

In an attempt to illustrate the outcomes acrosscalharios succinctly, phase plots of
catch levels versus depletion levels were madalf@cenarios across species and dis-
counts (se&igure 52 on page 94) and also a table summarizing the sosrend their
outcomes (se€able 11o0n page 95).

5.3 Application of Tier 5 Methods to Current Fisheries

To demonstrate the application of some of the GiatdiTier 5 methods and to provide
illustrations for the third objective of communiiceg the new approaches to stake-
holders, the Depletion Corrected Average Catchthaedepletion-Based Stock Reduc-
tion Analysis were applied to two different speciksFlatheadNeoplatycephalus
richardson) and 2) School WhitingSjllago flinders). Flathead has a time series of
catches stretching back to 1915 (98 years) so B¥SRA method was applied to suc-
cessively shorter sub-sets of that data to deterthie effect.

For the fixed methods using median or third largesth the last 10 years (or three)
years of historic catches were used to set the RBCs

In all cases the assumed final depletion was 48%gmet) although with the Flathead
data an alternative final state of 35% was alsosuas to illustrate the effect of altering
the assumed end point.

5.4 Communication of New Methods

PowerPoint presentations are under developmenwihanclude the application of the
candidate methods described here to an array ofespie the SESSF to illustrate and
formally describe the methodology and allow the RMAC, and other interested
stakeholders to become aware of and even applyighé methods once they are
agreed upon.

Worked examples have proven to be the most efiegtay to demonstrate and com-
municate novel analytical techniques. This willrbguired to gain acceptance by the
RAGs of these new approaches.
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6 Results/Key Findings

6.1 When is a particular Tier Appropriate?

Determining the appropriateness of a particulaesssent (and in the SESSF the asso-
ciated Harvest Strategy) has not been attemptedalty. Ideally one would use simula-
tion testing to determine how well, given data tgbiof a fishery, it was possible to es-
timate the stock status performance measures (ehttht is théc,./Bo of a Tier 1,

the Fqr Of the Tier 3, or the scaling factBF, of the tier 4). If that were known then a
decision could be made as to how precise an estiwas necessary before a particular
tier was deemed inappropriate. But even if thipss were to be conducted regularly it
would not capture all the possible issues concgrtiie appropriateness of different as-
sessments. The precision of any estimate is cgrtalated to how variable the data
being used tends to be, but can also be greattgtefi by whether or not the data used
in a stock is truly representative of the stoclaaghole. This assumption is again diffi-
cult to test although high levels of variation eta between years would be indicative
that something about the sampling is not managirentompass the full variation

within the stock as a whol&igure 1).

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 | 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

e PPF

\ l |

1954 1688 1519 1486 1815 1644 1326 1811 2089 1661 383 641 1143 601 1069 898 415 538 941 743

Figure 1. The age samples for Blue Grenadiia¢roronus novaezelandigkeft-hand graph)
and Blue-Eye TrevallaHyperoglyphe antarcticaright-hand graph) for the years 2001 — 2010
(Klaer et al 2014), illustrating the variation between ye&isie Grenadier shows almost ideal
data with clear year classes progressing eachayshconsistency through time (although with
some ageing error apparent in the spread arounghttieular strong year classes). Blue-Eye
Trevalla, on the other hand, shows inconsisteraiesy year with annual progressions of year
classes being vague and ephemeral at best. Foipkxa2006 and 2007 have similarities but
differ markedly from 2008 and 2009, apparently aading completely different age structures.

6.1.1Tier Assumptions

A minimum requirement for a particular tier to ljgpeopriate would be that the species’
biology and the available data adhere to the assangpinherent in the methods associ-
ated with the Tiers. Klaer (2014) and Haddon (204 the assumptions for Tiers 3

and 4 respectively. But meeting the assumptionsislways able to be cleanly deter-
mined. Thus, for example, for the Tier 4 harvesitegy to be valid requires the CPUE
to actually provide an index of relative abundarg. it is not clear how far the rela-
tionship between CPUE and stock biomass can defva@atea simple linear relationship
before the Tier 4 HS would become unworkable. Beealuhas previously been up-
dated each year this may correct small deviatioore the assumption of linearity. This
could be tested using an MSE framework but thezeraany ways in which CPUE
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could deviate from a linear relationship with biasand to test them all would involve
very many simulations and a lot of time. In mangesawhere Tier 4 assessments have
been known to have been invalid, the absence aftamative that could provide catch
level advice meant that the assessments were jeotae. The simplest example of this
is where all the deep water Oreo species are diyr@ssessed using the Tier 4 ap-
proach. The fundamental assumption behind thedTaralyses (which use catch and
standardized catch rate time series of data; letti@., 2011) is that catch rates reflect
relative abundance of the stock and are representaitthe whole stock. Neither of
these assumptions are met, especially since thenadf’the 700m closure for deepwa-
ter species in Australia. Oreo catch rates vamnfextremely low to extremely high,
depending upon whether the aggregations of fistiaageted or notHigure 2).

Frequency
1q00 2?00 3|000 ZfOOO

?

[ I I I I |
0 2 4 6 8 10

Log(Kg/Hr)
Figure 2. The log-transformed CPUE for the mixed Oreo catgdgo the end of 2013,
which includesAllocyttus verrucosugNarty Oreo) Neocyttus rhomboidali€Spikey Ore-
odory),Neocyttus psilorhynchy&ough Oreodory)llocyttus niger(Black Oreodory) and a
further mixed category (Oreodory). Note the spiksef the lower levels of CPUE containing
large numbers of records. The first five spikeateeto 5, 10, 15-20, 30, and 60 kg/hr.

It remains with the RAG and the full assessmentgse to ascertain whether or not the
application of a particular Tier is appropriateisTfequires the assessment scientists to
present the analyses along with a listing of wileeeassumptions may deviate from
those that are required. Whether or not to applgta-poor method instead of the cur-
rent Tier should be determined before applyingalternative so as to circumvent the
possible accusation that the method has been sglbetause it generates the catch lev-
els preferred by different stakeholder groups.

There are currently no standard, routine methadgrmal criteria that can be applied
to determine whether a fisheries stock assessmapipropriate which can be applied
independently of the assessment and managememgspriscwhich it is embedded. In
the SESSF it is the Resource Assessment Groups Rh& determine whether or not
to accept a stock assessment, and this tendsdongeon a weight-of-evidence ap-
proach that attempts to account for consisten@utin time, the relative quality of fit

of the model to the data, and whether the modetttre correctly represents the stock
dynamics as far as they are known. Most often eksiesessment might be rejected on
the basis of qualitative reviews of the match betwthe model structure used and what
is known about the fished stock. In a Tier 1 asgess if two data streams are in con-
flict, with one implying things are improving andather implying things are declining,
it would be more usual for one of the data streemi® rejected rather than the assess-
ment; alternatively the model can be left to deteenthe optimum fit across all data
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streams and biological information available. Atyikeast the sensitivity of the assess-
ment outcomes to including or excluding (or downghéng) each data-stream would
be examined.

While there are no formal criteria presently avaia beyond the classical statistical fit
criteria, it would undoubtedly be helpful for keegiprocesses open and understood, if
such more formal criteria were developed. Thisolssuggesting that the current less
formal review of the applicability of an assessmamtliscontinued, but rather that at
least some more formal aspects be recognized add paat of the RAG’s routine so as
to make communication and understanding simpler.

6.2 The Effects of Sample Size, CV, and Bias on Tierse®d 4

6.2.1 Tier 3

The Tier 3 assessment method and harvest strappgaes capable of achieving the
Target Reference Point of 48for Tiger Flathead (and similar species) for alldls

of age sample size even when starting from lowigi kevels of initial depletion, but
this is the case only if there is no or only sliglgositive sampling bias (Wayte, 2009).
If the sampling has a significant positive bias dliécomes ended either at the target or
just below the limit if the stock started well aleowhe target but can lead to missing the
target in about 75% of occasions when the stoakestdelow the target. This latter
outcome was simply a reflection that the catche®wadly over-estimated (see section
13.2 and 13.2.1 on page 61 for full details).

With School Whiting (and similar species) the T3awas only able to achieve the target
or remain above it if there was negative bias [@gare 23 on page 62). Positive bias
led to depleted states and with the maximum peasthiras the medians were effectively
on the limit reference point. In all cases of diffiet sample sizes and separately, with no
bias the median depletion ended at or just beloywB#0% instead of the target of

48%. Once again, positive bias in the aging sang#egrated misleading outputs and
undesirable management outcomes.

6.2.2 Tier 4

The effects on the Tier 4 applied to Flathead-§igecies, of the coefficient of variation
(CV) of the CPUE and of bias tended to be highlsiggerated for the very high CVs of
0.6 and 0.9. These two levels led to time serigSRWE which were unlike any seen in
the real fishery and so these levels should bereghfior Flathead (see section 13.2.3 on
page 64 for full details).

With the remaining levels of CV, not surprisinghg the CV increases so does the
spread around the median levels of catch, the iepletion, and the probability of
avoiding the LRP. The catch variation appeareatoeiase exponentially for CVs of
0.05, 0.15, and 0.45. The effect of positive lewlbias is to over-estimate the sustain-
able catches, which in turn leads to greater levktiepletion. If the stock starts already
below the target then positive bias can force wiado or just below the LRP (s&&g-

ure 250n page 65). This is of concern as ‘effort cregpuld lead to positive bias and
has undoubtedly occurred with the advent of GPScalalr depth sounders, etc., for
which there is no information that can be includedny of the CPUE standardizations.
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With the School Whiting like species, the effedtsnareasing CV on the Tier 4 out-
comes was to increase variation in catches, bsisiecies is already highly variable
from year to year so the higher values of CV hags bf an impact on the outcomes
(seeFigure 26 on page 67). When the species starts in a depdtdéeithen the final
median depletion level would always be below thigdgareference point (TRP); this is,
however, a function of the targets selected inTilee 4 HCR. The Tier 4 HCR selects a
reference period of years to identify the targétitand CPUE which drive the HCR. It
is a mistake to believe these Tier 4 targets ad8%B, rather than simply being a state
of the fishery identified to be a good place tdrbeerms of sustainability and profitabil-
ity; these targets are merely proxies and maydhlda above or below the equilibrium
level represented by 484 (Haddon, 2014). With such an empirical harvesttegy

that is based on data from the fishery and nointipdied stock dynamics a proxy is se-
lected. This proxy has been interpreted as a piaxthe biomass TRP of 488¢ but in
practice it is a proxy for meeting the stock staiftimeeting the required target. If it
happened to achieve 48% this would be simply bycbaThe Tier 4 can achieve its
selected target but there is no guarantee thawihis fact be at 48%,. Thus the out-
puts demonstrate that the method can generatestemisoutcomes across a wide range
of precision for both initially heavily and lightlyepleted states (although with out-
comes below the formal TRP and above the TRP r&spbg.

The effect of positive bias is very similar to tisaen in the Flathead-like species.
Strongly positive bias can lead to serious dephetind failure to avoid the LRP in the
initially heavily depleted scenarios, althoughhe tightly depleted scenarios they all
remain above the formal TRP.

The impact of positive bias is especially importasipositive bias in CPUE could be
brought about by improvements in technology ankirig practices. As it appears
highly likely that such ‘effort creep’ will have oarred it would be valuable to further
explore the possible impact of such positive biasesmore specific manner relating to
the advent of events leading to increasing bias sexies of events across just a few
years (e.g. the advent of GPS from 1990 — 1992)irtgano way of taking such
changes and resulting bias into account may berigad overly optimistic views of
each of the fisheries.

In Tier 1 assessments the effects of such biasdimeildetectable through the time se-
ries of CPUE or the ageing or length frequency taiag inconsistent with each other.
It is primarily the Tier 3 and Tier 4 methods thequire further exploratory analyses.

6.3 Candidate Tier 5 Stock Assessment Methods

6.3.1 Introduction

The objective of data-poor and data-limited metheds estimate a practical level of
yield that is likely to be sustainable (MacCall02). By ‘practical’, MacCall means
commercial yields rather than overly conservativddg. Strictly all stocks can be con-
sidered data-limited so Bentley al. (2014) suggest the preferred term should be data-
poor.

The MSE testing highlights that a stock should nd&esassumed to be in only a lightly

depleted state. A reasonable option if the asseggonecess (i.e. including the RAG’s
involvement) determines that a particular stockdrag been lightly fished, is to as-
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sume 409, so as to avoid the risk of over-fishing. Thishewever, a policy decision
and all that can be done here is to point out tiatiously, 40% would be more conser-
vative and there would be a lower risk of overdfighthan selecting 488. However,
there would also be a higher risk of failing togaks much catch as would be sustain-
able. Given the MSE results, 40% should certaimbjichthe stock declining below the
LRP (even if the stock were really depleted toltR® and it was the DCAC method;
(seeFigure 330on page 75) where DCAC only just meets the < 1@8bability of be-

ing below the LRP).

6.3.2 Central Tendency of Sustainable Catch Methods

Possible candidates for use in a new Tier 5 sasgéssments include the methods that
involve a measure of the central tendency of catslieh as the average or median
catch (possibly the3highest catch). Ideally, these average catchesdwmmuestimated
from periods of stability within each fishery, batreality, in Australia, such periods are
not common. Such central tendency methods invatweirical harvest strategies where
the estimated central tendency catch constitugesuktainable catch estimate (the ‘as-
sessment’ is the decision rukggure 60). The recommended sustainable catches would
need to be presented in the context of a weigl@vadfence appraisal of whatever stock
was being considered. Dowling et al (2015a, b)udisdhe use of such catches in the
context of a set of catch triggers where a seatfitlevels are set that, if met by the
fishery, trigger management actions that can vianyfa simple review of events to the
application of some simple assessment or updateecverage catch applied. In the
Commonwealth HSP within the SESSF this would es&liiing a multi-year TAC that
might be reviewed for a breakout or major changd g@ar and reviewed as to its level
every few years.

Using a central tendency of catch estimate to geéulimits to catch before further
management action, requires the assumption thatdle& is currently in an acceptable
state or that the catches already observed havedtd serious or undesirable levels of
depletion. If the weight-of-evidence appraisal suppthis assumption then a recom-
mended biological catch can be made. Reasons tarsimy this approach include that
the time series of catch data is not representafitiee fishery (se€igure 63 on page
109), or that the catch data is too sporadic taioka representation of the fishable
stock. Specific trigger catch levels could thersbe(Dowlinge al, 2015b). Whether a
discount would be required would depend on thd fleaision rule adopted. In the

MSE testing the particular central tendency of lcatas used (mean or median) but
some other quantile could be used. THéBhest catch usually proved to be as capable
as the other central tendency methods at avoitied RP, so an average or median
should be sufficiently conservative as long asstia¢e of depletion is considered to be
acceptably far from the LRP at the start (see @edB.4 on page 93, and following

pages).

The methods that used fixed estimates avoideddtenpal for a ratcheting down of
catches that can occur in the strategies thatdeatagular updating of the central ten-
dency estimate. It is not the case that an alldcageC will always be fully taken, espe-
cially with a by-product species that is not speaify targeted. If sustainable catch es-
timates are updated by using the mean or mediartiofe series that has an upper limit
(a TAC) which is often not met, then the upper timill automatically decline. Such
catch estimates should be reviewed at five or &ar intervals in a weight-of-evidence
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context, especially if more information beyond &a&ts has been collected, but other-
wise the fixed methods have advantages over thendignor updated methods.

6.3.3 Model Supported Catch-Based Methods

The model supported catch-based methods includedpketion-Corrected Average
Catch (DCAC), the Depletion Adjusted Catch Scdl#ACS), and the Depletion-Based
Stock Reduction Analysis (DB-SRA). Among these mdithe DACS and DCAC are
somewhat simpler to implement than DB-SRA (sed@edt3.4 on page 93, and be-
yond). Each of these also has assumptions and iequirements beyond having esti-
mates of natural mortality. Fortunately, these tmeguirements are not especially strict
or onerous and even when relatively strong assmptre made (such as restricting
the initial and final depletion levels to valueattivould be conservative) these methods
can still generate solutions. The advantage oktihesdel supported methods is that
whatever estimate of sustainable catch is derivedmes with an estimate of the un-
certainty about the estimate (d&gure 3 andFigure 4), so there is freedom in the har-
vest strategy to add further precaution if it iemhed necessary. This might depend on
whether the RAG considered the catch time seried tesbe reliable. For example, ear
lier in the recent history of catches of Blue arlde® Warehou $eriolella bramaandsS.
punctate¢ the two species were not distinguished. For exeyip. in 1992 both species
were lumped under a global TAC of 4000t, 2000t bfolh was allocated to the trawl
sector. Separate TACs were established in 199@didl #&ssue of high-grading spotteds
[Silver Warehou] in favour of Blues.” (Smitt al, 1994). Such potential flaws in the
available catch data could be solved by eliminativegearly data, although in the con-
text of Blue Warehou, the early catches are veylaforted to have been large.

Assuming that no stock would be assumed to ballyitivell above the target (TRP),
then no major consistent differences were obsepetdeen these three approaches.
The DB-SRA provides more information than the otfn@ methods and so if it can be
implemented this would be the method of choice. &uéast the DCAC should also be
run to ensure that the estimates are not significdifferent. A comparison of at least
two of the methods should assist in discoveringamnysual aspects of the available
data as some reason would need to be found fodiffleyences. The DB-SRA allocated
a predicted depletion level although it does naessarily hit the allocated value each
replicate (se€igure 4). The trials run provide a spread of trajectoded the propor-
tion that fall below the 20% depletion line in tieal year would provide an indication
of the relative risk of the predicted median MSYueeof failing to meet the criteria of
avoiding the LRP 90% of the time (sEigure 59 on page 102).

6.4 Application of Tier 5 Methods to Current Fisheries

6.4.1 DCAC

For each species the distribution of sustainaliiehes was skewed to the left, which
reflected the uncertainty that derives from theowss assumptions made about the biol-
ogy and the production model representing the stiyolamics. Nevertheless the esti-
mates of sustainable catches were 2153t, 9341488k for Flathead, Jackass Mor-
wong, and School Whiting respectiveBlidure 3).

The depletion-corrected average catch estimati@sofstainable catch invariably led to

a reduction relative to the simple average catar tve same period used in the estima-
tion (see section 13.5.2 on page 96); the cornectieer the average catch for depletion
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was relatively minor being 137 t for Flathead, 136r Jackass Morwong, and 145 t for
School Whiting from 1980.

School Whiting was a special case as catches widyaronor from 1947, when records
begin, to 1980, but have been noisy but higheresi@nce again, the assessment proc-
ess already in place means that the RAGs would tweagree on what time series of
catches to use when estimating the sustainabla.cHte spread of the sustainable catch
estimates in each case were not intended to bstemate of MSY or other recognized
biological reference point. Rather the intent waedtimate a practical level of yield

that is likely to be sustainable (MacCall, 2009y.‘Bractical’, MacCall means com-
mercial yields rather than overly conservativedsel

While the adjustment appears relatively minor beibgut 6, 10.5, and 9% of the aver-
age catch these are certainly conservative adjusme/ith longer lived animals (e.qg.
Ocean Perch or Redfish), which have lower natuatatity rates, the adjustments are
likely to be greater. This method does not prodesstimate of stock depletion, how-
ever, so its capacity to avoid the Commonwealth B only be tested using MSE.
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Figure 3. The distribution of sustainable catch levels (t@p)) mean time-series (bottom) from
10,000 replicate estimate using the DCAC metho#lathead (FLT), Jackass Morwong
(MOR), and School Whiting (WHS). The median estienatt the sustainable catch is depicted
by the blue line in the top diagrams and the metimate for each species are reflected on the
catch histories as red lines (2153t, 934t, and 438e assumption was made that the stock
was at the target biomass in all these assessments.
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6.4.2 DB-SRA

The Depletion-Based Stock Reduction Analysis isenflaxible than the DCAC as it
can provide estimates of MSY yBy, Fusy and depletion levels. These are dependent
upon the production model used but neverthelesstimbles the method to generate
estimates that can be directly interpreted by tB&HI'he application of the DB-SRA
method is rather more time consuming so insteddb afeconds, as for the DCAC, run-
ning 10,000 replicates to characterize a singleispdakes between 15 — 20 minutes
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(seeFigure 55and sectiorl3.5.3 on page 99).

None of these catcbnly methods should be applied blindly but rathaly avhen taking
into account all else known about a fist; this would be important with Jackass r-
wong for exampleThe use of a weig-of-evidence approach enables the assump
made to be defesible and possibly testable given sufficient reses
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Figure 4. The spawning biomass depletion estimated usin@B-SRA methodology foFlat-
head, Jackass Morwong, aBdhool Whitin. The blue lines are the median values and red
are the 95% bounds on the spread of the replicBbeslower graphs represent the freque
distribution in the final year.

Outputs important for management include the MSysy, and the depletiorevel,
each with estimates of uncertainty includFigure 5). The inclusion of the uncertain
estimates means that any harvest control rule dpedlfor use with tt DB-SRA as-
sessment method can attempt to take into accoenirtbertainty included in theo-
logical parameters and the catch time series wsedtimate the management outp

The datgpoor method MSE testing used only 10 years foirthial estimédes of sus-
tainable catchwhich constitutes a strong test of the utilityDB-SRA as the metho
usually requires a long tir-series of catchesn reality, for many of the SESSF spec
longer time seriesf catch and CPUlare often available. The DBRAwas run on the
Flathead data (19152012)sequentially removing 10 years at a time from e te-
ries. The effect of decreasing the length of theetseries on the estimate of MSY
only minor up until about 1975 but it is in 1985amwards whererst the spread ¢
possible values increases so that sSmMSY estimatesnake an appearance, but tt
in 1995 the mean drops from between 2800 and Z2¥®0h to about 2550t with a sh
downwards in the distributiorTable 2).

The analyses in the DBRA all assumed that the final depletion level 012 was 48Y%
and the outcome from the analysis is sensitiveecstlected depletion level e Fig-
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ure 59 on page 100), which is consistent with conclusion&/etzel and Punt (2011)
and Carrutherst al (2014). For example, when the depletion levehafinal year is
assumed to be 33Bgpinstead of 48% the MSY output has almost halfréimge of val-
ues (2168 — 3067 rather than 2344 — 4050) of théysis at 5098,, with more differ-
ence between the upper bounds and the lower a6l adifference between the MSY
estimatesTable 2). In practice, if this method were used, the s@amf the assumed
depletion level is a decision that would need taléfended explicitly and agreed upon
by the full RAG.
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Figure 5. The outputs from the DB-SRA applied to Flatheadrakie entire catch history using
10,000 replicate runs of the Monte Carlo simulation
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Table 2. The start year, number of years of catch datatlamduantiles of the estimates
of the MSY. Note the shift to lower values in thst three rows and the difference rela-
tive to the average catches over the same pernall tases except the last row the as-

sumed final depletion was 48%; in the last rovhes dutcome from an assumption of

35%.

Start Years 2.50% 5% 50% 95% 97.50% Average C
1915 98 2344.537 2382.149 2831.794 3776.656 4050.090 2290.357
1925 88 2342.034 2381.012 2831.601 3776.654 4048.268 2457.239
1935 78 2327.350 2373.559 2827.719 3776.633 4038.496 2404.397
1945 68 2306.799 2364.283 2823.057 3776.583 4031.961 2401.544
1955 58 2267.541 2350.947 2816.476 3775.969 3990.172 2434.862
1965 48 2234.215 2310.502 2802.807 3763.108 3983.085 2486.521
1975 38 2168.726 2255.357 2773.696 3725.866 3943.827 2440.500
1985 28 2067.754 2180.506 2733.887 3668.618 3917.452 2739.179
1995 18 1828.630 1934.611 2569.098 3442.084 3709.652 3051.000
1915 98 2168.842 2200.732 2426.595 2907.005 3067.365 2290.357
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Both the DCAC and the DB-SRA require an assumpaioout the level of depletion in
the final year (or a particular year) but with dptaor species this will invariably be a
very uncertain value. However, the MSE testing daggest the outcomes possible if
different relatively precautionary depletion levate chosen (at the risk of under-
catching a resource). Despite this the DB-SRA naghwlds some advantages over
using simple average catches as even with onlwa/éar's data and relatively high
natural mortality rates the outcome differs frommgly using the average of median
catch Table 2.

7 Implications

The costs, in terms of both time for developmermt iarunning such assessments, for
the seven data-poor methods considered would bgvedly minor, with the DB-SRA
taking the most time and requiring some code dgveémnt to simplify or automate its
application to standard data extracts. But oncamater files were set up containing the
necessary biological and fishery information theselld remain stable and only the
catch data input files would require updating epedr the assessments were conducted.
Changes in the fishery would be expected to béivelg slow for many species so
these stock assessment methods are good candmgbesducing multi-year TACS;
especially the central tendency of sustainablencaethods. Catch data are generally
well recorded in the SESSF, although there ardylitcebe variable levels of discards

for minor and by-product species so estimatesesddtwould certainly be required. Dis-
card rates would mainly be an issue if they weretbte through time or possibly if
further regulations were introduced concerningalids.

As long as no stock is assumed to be only lightlpletted the central tendency of sus-
tainable catch methods tend to under-estimatedhsilple catches and that appears to
be the major risk with applying these methods. Hewgefor by-product or minor spe-
cies for which landings are already small, this maybe a major issue. Nevertheless,
the potential for under-catching should be kephind when a RAG determines at what
interval to review the catch levels.

The primary implication for the SESSF is that thare now tested alternatives to Tiers
3 and 4, which can be applied to relatively minad &y-product species where the ap-
plication of Tier 3 or 4 methods do not appeardovalid. This will make the assess-
ments for such previously doubtful or uncertaincsg® more defensible.

8 Recommendations

8.1 Appropriateness of Tier Harvest Strategies

When reviewing a stock assessment within each RAGauld become routine that the
Tier selected for the assessment be justified fandied in terms of how well the spe-
cies and the available data meet the assumptiothe atock assessment method ap-
plied. If answers are provided for the question©iwghouldn’t this species be assessed
at a lower or a higher tier?’ and ‘Are the struatassumptions in the assessment
method used reasonable for the species concertied?the RAG will be in a better
position to accept or reject an assessment as bpprpriate or not.
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As soon as suitable Tier 5 methods are availabledi@ction then decisions need to be
made in the Slope, the Shelf, the Shark, and thB BAGs as to whether any of the
species being taken in their fisheries are in appnopriate tier and one of the Tier 5
methods selected at least for comparison with atim@anagement advice. For example,
in the Shark RAG ElephantfisiCéllorhinchus mili) and Sawsharks (includ@sistio-
phorus cirratus, P. nudipinnjgndPristiophoridag are undoubtedly bycatch (more
strictly by-product) species in the Gummy Sharkéiy which are rarely if ever tar-
geted as there is a limited market and they arelafively low value. Both are currently
assessed using a Tier 4 approach, but being byaditeh fishers are targeting a differ-
ent species questions are always raised as tatiukty of using their CPUE. Both of
these fisheries would be candidates for a TiersBsmsmnent approach. Similar arguments
can be made in the other RAGs, though perhapsedEAB RAG.

8.2 Potential Tier 5 Approaches

When assessing a data-poor fishery using a datagssessment method that requires
an approximate initial depletion level, no stockwld be assumed to be in any state of
depletion better than the target of 4B§oeven if the species has not been targeted in a
mixed fishery previously. It can be assumed that mixed fishery a by-product species
would have been exposed to at least some fishintafitg even if previously the spe-
cies was not landed to any great extent. Extrayaaalcan be conducted that explore the
importance of the initial depletion level assumed.

For those species where there are limited catcata little other information avail-
able, and yet an estimate of a Recommended Bi@b@iatch is required, it is recom-
mended that methods based on estimating the céeidgncy of sustainable catches
(such as the median catch, average catcH® bighest catch) be used. Those using at
least a ten year period of catches, preferably fmamlatively stable period within a
fishery, and without later update, or only updatdong intervals within a larger con-
text of a weight-of-evidence across that fisherg,ta be preferred. This should avoid
any artificial ratcheting down of TAC levels tharchappen through the fishery dynam-
ics affecting catches rather than the stock dynsamic

For those species for which there is some bioldgicather data available that would
permit the application of model-assisted data-mbock assessment methods then it is
recommended that either the Depletion-Corrected@ge Catch (DCAC) or the Deple-
tion-Based Stock Reduction Analysis (DB-SRA) beli@gp The DB-SRA has some
advantages in its application within the CommonweBlISP, but both perform accepta-
bly well as long as a stock is not assumed to lmaiy a lightly depleted state.

These two recommended methods should not be thpantfor the model-assisted
methods adopted within the Tier 5 harvest strat&@gg. Catch-MSY method and any
derivatives from it should be explored furtherlais fppears to be more flexible and
less demanding in terms of assumptions than the ®GADB-SRA. As data-poor
methods and harvest strategies are developedmdthstralia and elsewhere they
should be considered for adoption here if they M&fing demonstrates they constitute
an improvement on the Tier 5 approaches alreadgdes
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8.3 Communication of New Methods

The examples already generated in the ‘Applicadbiohier 5 Methods to Current Fish-
eries’ section, where some of the new data-poarJmandidate methods were applied
to three different species, should be used in Xpéaeatory material to be presented to
RAGs and MACs and other interested stakeholdershé@$atest catch data becomes
available this year further examples using theeildata sets should be developed to
make any presentations directly pertinent to ea&d RThe technical details of the
methods will be extracted from published materi@ahg with the computing algorithms
needed to conduct the calculations required (expbete these are trivial — as iff 3
highest catch over the last 10 years) and recardetre formal documents to be in-
cluded in different RAG materials.

This communication will be important in progressthg adoption of these methods,
which are new to the Commonwealth (and the State&ystralia. For them to be for-
mally adopted into the toolkit of methods accepablthe harvest strategy policy they
need to be accepted, as a minimum, by the SESSF, ReGEMAC, and the FAM
Board. The various sub-ordinate RAGs also needdep their utility before their
adoption.

8.4 Further Development

Data-poor methods are continuing to be developeelineAustralia and elsewhere, es-
pecially in the USA and Europe (ICES). These dgwlents should be monitored to
ensure that any improved methods developed aredssad and adopted here in Aus-
tralia.

9 Extension and Adoption

The extension of the work and methods presenteslifex formal objective of this pro-
ject and will entail making presentations and erpteons to the RAGs and MACs con-
cerned along with other interested stakeholdemsn&bexplanatory documents describ-
ing the methods in detail, based on publishedditee, will also be presented.

The candidate methods, with some constraints oagkemed initial depletion levels,
especially those currently recommended, have be@nrsto perform in compliance
with the HSP requirement of keeping above the B#mit reference point better than
90% of the time. There should therefore be no mblith their adoption into the Tier
toolkit available in the SESSF. There is no reaggparent why they could not be
adopted in other fisheries should those fisheegsiire such tools.
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10 Appendix: Tier 5 Options in the SESSF

10.1 Introduction

10.1.1 Stock Status and Uncertainty

Ideally it would be possible to obtain a measurthefstock status for all fished species
so that their management, even when within a misbery, could be balanced across
any competing objectives that may have been dev@atifferent stocks or single spe-
cies fisheries within a mixed fishery (e.g. maximggcatch while remaining sustain-
able). Such ideal situations are often describddgblight how reality differs from the
ideal. In reality, it is the case that even withlwlecumented fisheries stock status can-
not be measured directly. We are always limiteghéking inferences about stock status
by taking samples and observations from a fishiseffi and using those samples and
observations in some form of stock status assegsifies use of samples implies that it
is only ever possible to obtain an uncertain edeénofa stock’s status. The sampling
can be improved and the development of long timmesef fishery statistics, such as
catch rates, catches, age-structure etc., canrdgréasist with improving the precision
and reducing any bias in estimates as well asasang our understanding of the dy-
namics of a given stock. However, the value of siafa is dependent upon its quality
and representativeness for a fishery; there alwaysins a degree of uncertainty in any
stock assessment and this is especially the casany data-poor or data-limited fisher-
ies (Haddoret al, 2005; Vasconcellus and Cochrane, 2005; Pilatcdl., 2012). Nev-
ertheless, fishery managers are required to matisides in the face of such uncertain-
ty, although it and its implications have not alwdgen well recognized. Recently,
around the world, countries and organizations, ®isclCES in Europe, the USA, Aus-
tralia, and New Zealand, which have active andarspe fisheries management, have
attempted to account for uncertainty explicitly.

10.1.2 Harvest Strategies

A number of very influential documents for fisherimanagement were published by
the FAO in the mid-1990s, including: tlk®de of Conduct for Responsible Fisheries
(FAO, 1995), thd’recautionary Approach to Capture Fisher{ A0, 1996), and
Fisheries ManagemeriEAO, 1997); these latter two documents beingspairthe
Technical Guidelines for Responsible Fishegeges. “Long term management objec-
tives should be translated into management actionsulated as a fishery manage-
ment plan or other management framework” (FAO, 1@951). TheGuidelinesappear

to be one of the first documents to describe tmepmments of what are now referred to
as Harvest Strategies. The needtéwgets described as the desired outcomes (or desir-
able state) for a fisherlimits, described as undesirable outcomes that are avdided,
andharvest control rulesvhich specify in advance what action(s) shouldaken when
specified deviations from the operational targeis lamits are observed, were all identi-
fied explicitly (FAO, 1996; Caddy and Mahon, 19€5ddy and McGarvey, 1996).
Early work on simulation testing of managementrgeaments (now known as man-
agement strategy evaluation; Butterworth and Bet§B3; Puntt al, 2014) appears to
have contributed to this approach to describingdstror management strategies. Thus,
in theFAO Guidelinest defines ananagement procedues a description of the data to
collect, how to analyze it, and how the analysass$fates into actions. This is the stan-
dard way to describe a modern harvest strategineldie data needed, the analysis of
the performance measures (that are used to detestatus relative to target and limit
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reference points), and the control rules used teigge management adviéagure 6).

10.1.3 Tiers of Harvest Strategies

Many of the ideas within fisheries management o¢fdefocus on the major and most
valuable target species, which, because of théirevand importance to the fishing in-
dustry and markets, tend to have relatively extendata collections to assist in their
stock assessment. Especially in mixed fisherieetteands to be an informal hierarchy
by which the main targets or most valuable spetied,is the primary drivers in a fish-
ery, gain most assessment attention, then byprahecties, that tend to be landed as
opportunity and markets arise, gain some attensind,finally bycatch species that are
invariably discarded, rarely receive much attentibany. With the growth of the use of
more formal harvest strategies this hierarchy betwgrades of species has been put
into a categorical scheme of tiers in which thedotine tier (e.g. Tier 1) the more de-
tailed and extensive the available data and herseaglly the more detailed the stock
assessment that is possible (Smeitlal, 2008). Tiered schemes of harvest strategies
were first developed and implemented in the Gullaiska in 1998 (DiCosimo, 2001).
The more sophisticated stock assessments proviamegor more sophisticated har-
vest control rules (HCR) that rely on model derigsock performance measures, such
as spawning stock depletion (relative to the umfisktate).

Stock

—
Assessment
T l

Monitoring , Harvest
______ R - -
(Data) i ~| control Rule

‘ Fished Management |

Stock Advice

Figure 6. Diagrammatic representation of a standard hartestegy (everything above the red
line) depicting the sequence used when it is impleed. The review stage is there to facilitate
adaptive management and modifications should teepine necessary.

10.1.4 Guidelines for Selecting a Tier for a Fishery

In Australia, the harvest strategy policy (HSP) @adssociated harvest strategies
(HSs) were implemented in 2007, however, beforg th&005, a detailed HS was in-
troduced into the SESSF (Sméhal, 2008). The tiered system of HSs in the SESSF
formed a template for the more general Commonwé4BR. When the original HS for
the SESSF was developed the approach was to cotisgdavailable data and deter-
mine from that what assessments and associatedgtaontrol rules were possible and
apply those. The continuation of this approachléddo the status of a number of spe-
cies being assessed in tiers which are now coresideappropriate for them as a result
of the available data either being of insufficigaglity or failing to represent the stock
as a whole. For example, Blue-Eye TrevaHggeroglyphe antarctigas assessed us-
ing a simple Tier 4 HS (Littlet al, 2011; Haddon, 2014) but the validity of this as-
sessment is questionable for reasons of data yeditch per day is used instead of
catch per hook, which has been shown to bias tteome) and for reasons of represen-
tativeness. Blue-Eye Trevalla populations exhibdrsa high degree of spatial hetero-
geneity in their biological and fishery charactecis that assessing the whole stock on
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the basis of a single area is highly likely to laay outcome.

Given a set of available data more than one assggsnethod could be applied but
rather than simply applying the most detailed gaesia more defensible approach
would be to determine how well an assessment cestichate the required performance
measures used to determine stock status. If thisshan done originally there would
have been no need for the first objective in tihcgqet:

Establish guidelines, using SESSF case studiesyien the particular Tier harvest
strategy for a given stock becomes inappropriaie muake explicit recommendations as
to what response would then be appropriate.

Demonstrating whether a data set is representatiadishery is not a simple process as
it relates to the details of the sampling thatlw@esn done, which, in a mixed fishery ex-
tending over a very large geographical area su¢theaSESSF, is always something of
a compromiseRigure 7).
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Figure 7. The geographical extent of the SESSF with the tfeslery subdivisions il-
lustrated red = GAB, brown = Commonwealth trawl] gellow = East Coast Deepwa-
ter trawl. The hatched area in the yellow regiodased to trawlers, although multiple
line methods are used there.

Determining whether an assessment can provide gatithates of the desired perform-
ance measures can be done by a consideration dathevailable, how and where it
was sampled, and the assumptions lying behindgbesament method or HEdure

8, Figure 9, andFigure 10. For example, application of the Tier 3 H3gure 9) will
generate outcomes with an unknown degree of begsplied to data derived from a
fishing method that is characterized by a dome athaglectivity curve rather than a
classical logistic selectivity curve (most gill-rfegheries, for example for Blue Ware-
hou, Seriolella bramaexhibit dome-shaped selection). The productiothefguidelines
to meet objective 1 will proceed exactly througtoasideration of the data available
and the assumptions behind how they were gathdéusdaconsideration of the assump-
tions behind the various assessment methods clyrcesgd within the different SESSF
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tiered harvest strategy.

10.1.5 The Australian Harvest Strategy Policy

Australia has numerous different fisheries; althoangne are large in volume by world
standards, some, especially the invertebrate fesheare relatively valuable. This lim-
ited productivity is a reflection of Australia’s ggraphical location and great age. The
generally low productivity of Australian fisheriesflects three things: 1) the low run-
off of nutrients from the generally dry and presbueroded ancient continent, 2) the
fact that most major coastal current systems floutts from nutrient-poor tropical wa-
ters, and finally 3) the small number of permarsetas of upwelling from deeper nutri-
ent rich waters (Haddon, 2007). This diverse rasfdesheries constitutes a serious
challenge for the specification of a Harvest Strateolicy that can apply to all Austra-
lian fisheries. The Commonwealth introduced a fdmaavest strategy in 2007 (DAFF,
2007), while within the States there are attemptietvelop formal harvest strategies,
with South Australia being the most advanced (Fleoal., 2014).

The Australian Commonwealth harvest strategy pdlit$P) defines its targets and
limits in terms of spawning biomass depletion leval proxies for these measures.
Thus, the limit reference point is set at ZBYbelow which all targeted fishing is sup-
posed to stop; the argument and justification kebks limit being that the risk of re-
cruitment overfishing becomes unacceptable belasvdivel of spawning biomass
(Beddington and Cooke, 1983):

“... an escapement level of 20% of the expected lmitagh spawning stock biomass
is used. This is not a conservative figure, bugpiresents a lower limit where re-
cruitment declines might be expected to be obs@vafBeddington & Cooke, 1983)

The value of 20%, is currently a proxy foBysy2, but aBBysyis recognised as being
extremely difficult to estimate with any precisisecommendations have been made to
accept the proxy as the specific limit (Haddonlet2®13). It is important to be clear
that being below 20%, does not automatically imply that recruitment dsing will
occur, the limit reference point is merely the lesalected to act as a general indication
that a fishery is not performing as well as it ddaand that below that level the risk of
significantly reduced production is assumed toease.

The target reference point was set to be the bistied leads to the maximum eco-
nomic yield Buey) which is defined using a proxy as 1.Bpsy(whereBysyis the
spawning biomass that should give rise to the mamiraustainable yield at equilib-
rium). This combination implies, given the assumipsi in the HSP (which uses a proxy
of 40%B, for theBysy), that the target is 4886. A description and justifications for the
selection of these values is provided in Hadebal (2013).

10.1.6 The SESSF Harvest Strategy

Most fisheries in Australia only use a single hathadrategy in their management but
some fisheries use one of a range selected frohinnattier system. The South East
Scalefish and Shark Fishery (SESSF) has a tieersystade up, in theory, of four tiers
(Smithet al, 2008; DAFF, 2007). The Tierl harvest stratdgjgiire 8) applies to stock
where there is a robust quantitative assessmenptbades an estimate of the current
spawning biomass so the biomass related limit arget reference points can be used
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directly (Tuck, 2014). The Tier 2 relates to a lessust quantitative assessment, and
this was originally proposed with a somewhat higheget than the Tierl; in practice
there are no Tier 2 species in the SESSF (andriimagy target of 40%,, listed in
Smithet al.,2008, originally only for the SESSF, was increagedhe introduction of
the Commonwealth HSP). The Tier 3 harvest strafEgyure 9) requires a good esti-
mate of natural mortality and an estimate of curfishing mortality (using a modified
catch curve; Wayte and Klaer, 2010; Klaer, 201#)aly the Tier 4 HSKigure 10)

would apply to those stocks with only informatiam @atches and catch rates (cpue; Lit-
tle et al, 2011; Haddon, 2014). Currently there are no diilees should Tiers 1, 3, and 4
not be suitable.

10.1.7 Are Tiers Hierarchical in relation to Uncertainty?

The use of a tier of harvest strategies is an gitéorecognize that as the data avail-
ability for different fisheries differs so will théegree of uncertainty related to any man-
agement advice deriving from any assessment cd\thgable data. The plausibility of
the different tier outcomes has previously beeateel to the data and methods available
to be used to analyse the stock performance measihie assumption is that the closer
the analysis is to the underlying dynamics of tbpytations being fished the more

likely it is that the outcomes will reflect trueeats. This implies that the Tier 1 HS,
which includes a formal mathematical model of tbpydation dynamics behind the
fishery (Figure 8), would be expected to produce an assessmenthvetleast uncer-
tainty. The Tier 3 assessment was generally coresddgext best in terms of likely un-
certainty because it used catch curves and as tisesegeing data from the fishery this
should reflect the reality of the dynamics at lé¢asd limited extent; the assumption is
generally made that the ageing samples are repatisenof the whole fishery each year
(Figure 9) and that the assumption of equilibrium does rias the outcome too much.
Finally, the Tier 4 assessment, which only useshest and cpud-{gure 10) was origi-
nally considered the least certain of the assestsnesen though cpue was usually the
only index of relative abundance and it was alssdus the Tier 1 assessments.

The Tiers are thus intended to reflect the growingertainty to be expected from the
various assessments possible within each Tier.l&hels when sufficient data are
available to apply a Tier 1 HS then it would alsopwssible to apply Tier 3 and Tier 4
HSs. The assumption has been made that becau$etHewould generally be less un-
certain than the other two, it would be preferiédnly a Tier 3 or Tier 4 is possible the
idea of compensating for the assumed increasedertainty arose (Dowling et al.,
2013). In an attempt to compensate for the incngasncertainty assumed to occur with
higher tiers, a system of discounts are supposbéd applied to the recommended bio-
logical catch levels (RBCs) predicted by each Tiergiscount to the Tier 1, a 5% dis-
count on the Tier 3 RBC, and a 15% discount onTibe4 RBC. The intent of these
discounts is to attempt to reduce the risk of #B@mmended catches being biased high
in accordance with the increased levels of unagggtaissumed to occur in different as-
sessment methods and harvest strategies. Whilditmsunting principle is simple to
understand (a balancing of risk against catch),atestnating that the different assess-
ment methods used have the perceived relative eegfaisk requires detailed simula-
tion testing. Fayet al (2013), in a preliminary study, have demonstralted the rela-

tive risks can be greatly affected by what appedret small details in the different har-
vest control rules. For example, without the meta-that limits annual changes to the
TAC for a stock to no more than 50%, the Tier 3/bat strategy does not necessarily
perform better than the Tier 4 harvest strategyhWie meta-rule then the ordering is
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as might be expected with the Tier 3 generallymarforming the Tier 4, although, im-
portantly, the particular outcome is also specressiock dependent.

As stated by Fagt al (2013, p 1):

As the outcomes were variable across the spetiedarvest strate-
gies, and the methods used to implement precauti@mot possible
to provide a simple conclusion that a single optimmethod exists for
balancing risk against uncertainty for each Tievdeof assessment.
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Figure 8. A diagrammatic representation of a Tier 1 analgsigmplemented in the SESSF,
which involves an integrated age-structured st@slessment model.
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Figure 9. A diagrammatic representation of a Tier 3 anal¢isesically a yield-per-recruit plus a
modified catch-curve) as implemented in the SESSF.
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Fayet als (2013) work implies that the SESSF Tier systera tonvenient name but
that the different harvest strategies beyond Tiéo hot form a tidy hierarchy of cer-
tainty. The Tier 1 and 3 approaches attempt tdbilegical data from the fishery con-
cerned to gain insight into the biological dynano€she population and/or fishery. The
Tier 4 only uses empirical data direct from thédis/ statistics. The Tier 4 is thus an
empirical harvest strategy that makes no attemptitoic the stock dynamics in an at-
tempt to understand events within the stock. Isieassumes that cpue provide a valid
measure of the stock status and it uses its relaalue through time within a defined
harvest control rule to provide management adwkagufe 10). There is no automatic
reason why an empirical harvest strategy canndoperperfectly well as long as the
performance measure selected (in this case cpaly) d@es provide a valid index of
relative abundance (or at least relative stockisjahrough time. If it does this success-
fully, and the target cpue is selected well thdnes 4 can perform almost as well as a
Tier 1. Indeed, if cpue were actually a valid indéxelative abundance, and was thus
capable of providing useful management advice ¢hearplus production model, which
only uses catches and cpue, could be a useful dgarhp Tier 2 analysis, (Haddon,
2011).

The key conclusion in Fagt al, (2013) is that the degree of risk appears twliosyn-
cratic to each particular species.
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Figure 10.A diagrammatic representation of a Tier 4 analgsigmplemented in the SESSF,
which involves an empirical consideration of thiéaaf current cpue with a specified target.

10.1.8 Ecological Risk Assessment

In addition to the current Tier system of harvesitegies, the Commonwealth has also
implemented a system of Ecological Risk Assessm@&R4#\) in an attempt to docu-
ment the potential risks to all other species pidbiy affected by fishing pressure
(Smithet al, 2007; Hobdat al, 2011). These risk assessments aim to approach th
needs of ecosystem based fisheries management (EBRi¢h requires at least a re-
view of the effects of fishing on non-target spscithis has proven effective for many
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bycatch species which are never or very rarelyddnélowever, the use of the ERA
doesn’t provide sufficient management details athdcag on sustainable catch levels for
those minor species (byproduct species) whichaareédd as catch but are generally
taken in association with primary target species.

10.1.9 Between Tier 3 or 4 and the ERA

In addition to the minor or byproduct species, ¢hare numerous species and fisheries,
within the SESSF, for example, to which attempésraade to apply the Tier 3 or Tier 4
harvest strategies and that fail to provide vatidiee for an array of different reasons;
generally all of these reasons relate to a lackppfropriate information or a failure of
some underlying assumptions in the assessment dsetised. These examples are from
relatively data-poor or data-limited species, astidries for data-poor species may be
defined as those for which i) a quantitative staskessment cannot be undertaken be-
cause of limitations in the type and/or qualityaohilable data (Haddaest al. 2005;

Kelly and Codling 2006; Dowlingt al, In press). Data-poor does not only mean that
data are lacking, as there are many other reakahsa given fishery can be considered
data-poor or data-limited; these can include: aj figheries with limited observations,
b) low value fisheries, c) multi-gear, multi-speciesheries with many small operators
or landing sites, d) data quality is low or varebhd difficult to verify, and e) spatially
structured fisheries where samples collected map@oepresentative of the whole
stock (Haddoret al. 2005; Dowlinget al, 2015a, b).

Examples where the Tier 4 is applied in the SES®SHtuations and to species where its
assumptions are broken include species such Heealleep-water Oreo speci@séu-
docyttus Maculatus Smooth OreodoryAllocyttus verrucosus Warty OreoNeocyttus
rhomboidalis— Spikey OreodoryNeocyttus psilorhynchus Rough Oreodory, anal-
locyttus niger Black Oreodory; Haddon, 2014) but also suchisgexs Blue-Eye Tre-
valla Hyperoglyphe antarctida In the case of the Oreo species this is ofteiglaly
mixed fishery where the species is often simplyregal as ‘Oreo Dory’ rather than par-
ticular species. Where the species caught is ifilehtihe catch rates can vary between
trivially low to enormously high, depending on tteategy used in trawling. If an ag-
gregation is fished or targeted the cpue can bea®gd to be very high, but if trawling

is merely prolonged, covering an extensive distati@n cpue can range from high to
extremely low. This variation means that the aregysecome so uncertain as to remain
uninformative, and worse can provide misleading agament advice. In the case of
Blue-Eye Trevalla this is a species with a highgctured and patchy spatial distribu-
tion of the adults, stretching from east coastrseants up at -20°S, down to the south-
ern Cascade Plateau at -43.883°S. Even thoughitharearray of biological and fish-
eries data that have been collected (Klaer e2@l4), each area appears to have idio-
syncrasies rather than being characteristic oftbek as a whole and no area has been
consistently sampled. Despite these impedimergsgetspecies, and other species for
which it is inappropriate are still considereditarito the Tier 4 harvest strategy be-
cause the catches and cpue are the only datalaeaitarrently the unavailability of a
higher tier that can provide management advicenms of catch limits prevents other
actions. Applying the ERA would not provide thealktd management advice required
for some relatively important quota species.

To achieve objective 1, an array of criteria agureed for determining which Tiers it is

possible to use for a given species. For thoseiespahich should not be considered
under the current Tiers there is also a need thiferent class of harvest strategies
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(made up of data required, assessment, harvesbtaule) that will fill the gap be-
tween the current Tier system and the ERA approach set of possible Tier 5 harvest
strategies. Hence the two main objectives of thigegt.

10.1.10Would a Tier 5 fit into the Harvest Strategy Policy

There is no impediment in the current HSP for tietusion of new harvest strategies as
long as they operate to achieve the intent of tlieeat and future HSPs. This was dem-
onstrated in the Reducing Uncertainty in Stockustatroject (Dowling, 2011; Haddon,
2011b; Haddon 2012; Plagaretial, 2013). The fundamental intent of the HSP is to
prevent over-fishing and to prevent a stock fronmpp@ver-fished. As a minimum if a
harvest strategy can maintain a stock’s biomasgeahaninimum limit threshold for
more than 90% of the time and was successful airignfishing mortality when a stock
was in a low state, then it could be said to beassfully achieving the intent of the
HSP (Haddon, 2012). This would need to be demaestrareferably using manage-
ment strategy evaluation, but other than that theelbpment of alternative higher order
Tier harvest strategies should be acceptable.tbarpi@or stocks the priority becomes
one of first avoiding the limit reference point,(or the case of data-poor species, its
proxy) and achieving the proxy target comes sedoihds even possible (Haddon,
2011b). The HSP explicitly recognizes that in mixistieries it may not be possible to
maintain all species at MEY but in all cases al@ps should be kept above the limit
reference point (or its proxy). For data poor spgcwhere catch or landings are the
only data readily available, then avoiding the tanhay be all that can be successfully
or defensibly achieved.

Demonstrating that a new strategy meets the ragemés of the HSP strictly requires
the use of Management Strategy Evaluation (MSEn&ure that any new harvest strat-
egy can perform as required. The application of M&En array of data-poor assess-
ments and related harvest control rules (harvestesfies) is the primary aim of this
current work.
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11 Appendix: Management Strategy Evaluation

11.1Project Objectives

4. Establish guidelines, using SESSF case studiesylfen the particular Tier harvest
strategy for a given stock becomes inappropriaie mwake explicit recommenda-
tions as to what response would then be appropriate

5. Determine options for alternative harvest strategihen none of the present Tiers
IS appropriate (i.e. potential Tier 5 approaches)

6. Produce presentations and explanatory documentdigtribution across RAGs and
MACSs, describing the criteria and new Tier 5 haha&sategies.

The first two objectives require some active exaton of current strategies and proc-
esses as well as some exploration of the propemiédehaviour of potential new Tier
5 approaches. The third objective is primarily abeport production and the presenta-
tion of methods and any new approaches to potames.

11.1.1 Guidelines for Selecting a Tier

When the SESSF harvest strategy framework wasdnted in 2005 (two years ahead
of the Commonwealth Harvest Strategy Policy, wmabdified the SESSF harvest
strategies) there was a need to allocate the noammercial species to the available
Tiers. Originally there was a Tier 2, which was sidered to be a less robust dynamic
stock assessment model (perhaps similar to a Thett Wvith fewer year’s data avail-
able). However, eventually it became clear thay dinérs 1, 3, and 4 were used and the
notion of a Tier 2 became neglected, at leasterSBESSF-. It can be argued that all
other commercial Commonwealth fisheries only hagegle harvest strategy (i.e.
standard data collection, a single form of assesgraad a specified harvest control
rule); although the mixed species Northern Praveméily has an array of species and
associated assessment methods a hierarchicaystensis not used explicitly. For by-
catch species and other species that may be intpbgtishing pressure there is also
the Ecological Risk Assessment process (Setithl., 2007; Hobdat al, 2011).

The allocation of species to specific Tiers in 88 SSF was originally based upon the
data available for a species rather than whetleeh#nvest strategy (HS) within a given
Tier could deliver the required management advice ¢onsistent and workable man-
ner. This first objective is about developing aplext set of guidelines for selecting a
Tier for a given species. This will include somstitgg, using management strategy
evaluation, of the effects of bias and imprecidiemg present in the data available for
assessment.

11.1.2 Evaluation of Alternative Tier 5 Approaches

There have always been data-poor fisheries ané #ec1990s when the importance of
explicit management of commercially exploited swblecame more fully developed
(FAO, 1995), some attention has been paid to data-gtock assessment methods
(Kruse,et al, 2005). However, work on the assessment and neamag of data-poor
and data-limited fisheries gained new impetus wherMagnusson-Stevens Act in the
USA (their Fisheries Act) was amended in 2006 tuie the determination of annual
catch limits without considering whether there \safficient data to enable such a de-
termination (MacCall, 2009). Since then a numbaealtd@rnative methods that can be
applied to relatively data-poor fisheries havearisSome of these methods are purely
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empirical and driven only by the catch data anelinclude the catch data augmented
by biological information from the species involvddhis remains an active research
area with many contributors and novel methodsIsgilhg published (MacCall, 2009;
Dick and MacCall, 2011; Bentley and Langley, 2002yrtell and Froese, 2013; Car-
rutherset al, 2014; Geromont and Butterworth, 2014).

To achieve the second objective, in the Austratiamtext, an array of potential methods
selected from the literature will be tested, usimgnagement strategy evaluation to de-
termine whether or not they can meet the underly@ogirements of the Common-
wealth Harvest Strategy Policy (HSP). These requargs are aimed at ensuring sus-
tainability and maximizing profitability. The poliaims to maintain sustainability by
preventing over-fishing and preventing the stockrfrbeing overfished, and it does this
by managing each stock so it stays above some mmistock size; with the HSP se-
lecting 2098, or another accepted proxgs the limit reference point. The policy also
aims to maximize profitability by adopting the maxim economic yield (MEY) can
accepted proxgs a target reference point (DAFF, 2007). Withatagpoor and data-
limited fisheries invariably the best that can bkiaved is to meet the intention of
maintaining sustainability, whereas ensuring maxmprofitability would be extremely
difficult for most data-limited situations (Haddd2012). Nevertheless, it is sometimes
possible to devise proxies for what would constittrhat might be termed a ‘pretty-
good’ profitability (Hilborn, 2010; Haddon, 2011&aihd these can become the target.

11.2Tier 5 Assessment Evaluation and Catch Determinatn

The current assessment of fish stocks in the SESSBnducted under a tiered ap-
proach, whereby stocks with reliable and sufficidata, together with a robust assess-
ment, are assessed under a Tier 1 assessmentoaks with data of less quality and
quantity are assessed under Tier 3 (catch curvedbas Tier 4 (catch rate based) as-
sessments. In some circumstances, the data needadaitable for even the lower
ranked or higher tier assessments are not apptefoathese tiers. This may occur be-
cause of insufficient or unrepresentative samplmgrket driven catches, insufficient
data on catches or biology or biological/fishenar@tteristics that undermine the as-
sumptions of the current tier assessments (Camu#tal., 2014). In such cases alterna-
tive methods are needed to assess the stock aadragdl catches (recommended bio-
logical catches, RBCSs).

The harvest strategies adopted by the SESSF aneoseth of an assessment of the cur-
rent status of the stock using specified data tywéh an associated harvest control rule
that compares the estimated current status tgattéand a limit) reference point: being
either a target biomass (Tier 1), target fishingtaliy rate (Tier 3) or target catch rate
(Tier 4). The harvest control rule then translates relative stock status (or depletion
level in the case of a Tier 1 assessment) into B@ EFigure 8, Figure 9, andFigure

10). The general principal of each HCR is that thedothe perceived stock status rela-
tive to its target, the lower the catch (the fighmortality), with the aim of allowing the
stock to build back up to meet the target refergrmet (Smith et al. 2008).

The need to develop assessment methods to estiheattock status of data-poor or
data-limited fisheries is not restricted to AusaalFor example, in 2006 the USA’s
Magnuson-Stephens Fishery Conservations and Maragehet (MSA) was amended
to require scientifically derived annual catch lisnfor all federally-managed stocks in
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the United States (with some exceptions; Newrmiaal, 2015). As a result there has

been a great deal of effort and development ocuyito produce methods that can gen-
erate catch limits in data-limited situations (@é#ners et al., 2014). Such methods can
be categorized into three classes:

1. catch-only methods

2. catch methods supplemented by biological paramégeosvth, natural mortality)

3. catch methods supplemented by the inclusion ofrglsi model of dynamics. The
data cannot be fitted to the model but implauspgdeameter combinations can be
removed so that constraints are placed on theesdisible catches.

The third class is relatively new (Martell and FFeg2013) and, except for the DB-SRA
method (Dick and MacCall, 2011), will not be coresied further except in the discus-
sion of alternatives.

The methods to assess stock status and set aratohés that are described below are
categorized into those that only use a time-saiemnual catch (catch-only methods)
or those that have additional information, on bgodal parameters for example (catch-
supplemented methods).

11.2.1 Catch-Only Methods

Catch-only methods are utilized to estimate an RB6 data-poor methods where in-
sufficient data is available to reliably determsteck status from the currently available
methods. Catch—only methods have been used byadi &tlantic Fishery Manage-
ment Council (SAFMC) and the Mid-Atlantic Fisheryalkbgement Council (MAFMC)
to manage a number of their stocks (Carruthers. ,e2@l4). These methods are purely
empirical and have no direct relation to the unded dynamics. Data poor fisheries in
New Zealand are assessed under various methodsasit partly depending on data
availability (Anon, 2012). A simple catch-only methcommonly used estimates the
maximum constant yield (MCY) as:

1. the average catch over an time period appropratke species multiplied by
a constant known as the natural variability factorMCY = cY,y

The constant attempts to account for natural variation in esttitk’s productivity; the
greater the expected variability, the lower theugadf the constani@ble 3). If the pe-
riod over which the average catch method is caledlaccurs when the stock was fully
exploited, then the method should give an estim&tdCY. However, if it occurs dur-
ing development of the fishery or during under-exption, then the catch will be a
conservative estimate of MCY (Ministry of Primandustry, 2014).

Table 3. The natural variability factor from New Zealand'®thod four harvest control
rule: MCY = cYay. Ministry of Primary Industries (2014, p 29).

Natural Mortality Rate: M Natural Variability Factor
<0.05 1
0.05-0.15 0.9
0.16 - 0.25 0.8
0.26 - 0.35 0.7
>0.35 0.6
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Catch-only methods can be summarized to illustita@ slightly different approaches
(Table 4), which vary from using an average, a median, araximum catch from a
specified period.

The first four methods described beloviable 4) do not have a harvest control rule that
adjusts the recommended catch (e.g. through an§smiortality) in attempts to manage
the fishery towards a target (Wayte and Klaer, 2Qlffle et al., 2011). In the case of
the SESSF Tier 4 catch rate based assessmenrg, ¢atbh rate is lower than the target
catch rate, then the catch is scaled down on thengstion that the available biomass is
proportional to the current catch rate (Little et 2011, Haddon, 2014). In Methods 1 —
4, no other information is used other than catath iiis not generally considered ap-
propriate for catch to be a proxy for abundancevigthod 4, if it can be assumed that
the average yield is taken from a period of re&divstable catch and stock biomass,
then essentially a target catch has been identifiedvever, if catches are below the
target catch, then this should not necessarily rbéndicator that catches can be in-
creased toward the target, as the catches maywbledoause of low stock size. In fact, a
more precautionary approach may suggest that casttmild be further reduced under
these circumstances, especially if catches have logefor an extended period of time,
and adequate justification for the low catch valoasnot be provided. If catches can
reliably be said to be below the target catch synfjdcause of market or operational
decisions, then it may be reasonable to increas#hes towards the target reference
catch. In effect, the details of the harvest sgwathat uses theY ,, as a form of control
rule has not been fully articulated to provide gliites for all possibilities when apply-
ing the method. In all the methods 1 — 4, the agsiom made is that the catches select-
ed by the method represent a stable and accemiaicle level for the fishery. This can-
not be considered even an approximate proxy farget of MEY, however, the as-
sumption is made that whatever catch is selectedstistainable, meaning that it ena-
bles the fishery to avoid the limit reference point

11.2.2 Model Assisted Catch-Only Methods

If additional information, either estimated or as®a, can be combined with or can
supplement a time-series of catches then furthéhads to assess and set catches can
be suggested.

Table 4.Some alternative catch-only methods for settinRBC.

T5 Code Brief Description RBC
4 C3 Third highest landings over the last 10 years max(Co..9
3 MC Median catch from the last 10 years medigng)
3 MC  Median catch from the last 3 years (bagears) mediart, )
5 CY Scaled average catch from a reference perigiCY cY
6 DB DB-SRA — depletion based — stock reductiorysis median(DB-SRA)
7 DC DCAC - depletion corrected average catch MEAEAC)
8 DA  DACS - depletion adjusted catch scalar me@aES)
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11.2.3 Depletion Adjusted Catch Scalar (DACS)

Carrutherset al. (2014) proposed the Depletion Adjusted Catch S¢BIACS) method,
which is a control rule similar to that proposedBsrkson et al. (2011), whereby previ-
ous catch levels are adjusted according to periesitnates of population depletion.
The adjustment acts as a control rule, dynamiaalijysting the catch. The catch is de-
fined as the mean inter-quartile catch, i.e. therage of all catches greater than th8 25
percentile and less than the™7percentile). The catch is then adjusted by a fagtp
according to: half, equal or twice the inter-quarthean catch when current biomass is
considered to be less than 20% of unfished, grélader 20% and less than 60% of un-
fished, and greater than 60% of unfished levetpeetively; equations (1) and (2).

Catch= sb(, (1)
0.5 B.<0.2B
b=<1 if 0.8 <B< 0.8 (2)
2 B. > 0.68,

WhereCyq is the average inter-quartile mean catch for adefened period, and is a
scalar multiple. Carruthers et al. (2014) used &EMo test the efficacy of the method
for sscalars of 0.75 and 1.0; equivalent to the distoused here of 0.25 and 0.0.

11.2.4 Depletion-Corrected Average Catch (DCAC)

Depletion-corrected average catch (DCAC; MacCdlD9®) uses depletionvky/M, M
and Bysy/BO (the same inputs as DB-SRA) with an estimatevairage annual catch to
provide an estimate of sustainable catch. It atssWMonte Carlo sampling to generate
estimates of uncertainty about the average cattmaes. MacCall (2009) used ad-
justments to well-known simple representation otktdynamics (e.g. MSY = 0.5MB

to take into account the fact that initial stoclplé¢ion includes the windfall catches ob-
tained by removing the biomass during the depletwhile this method does not pro-
vide an estimate of MSY it does provide a proxyahle for a sustainable catch and
MacCall recommends this method for the estimatiming... a practical level of yield
that is likely to be sustainable.”

11.2.5 Depletion-Based Stock Reduction Analysis (DB-SRA)

The depletion based stock reduction analysis (DBJSRethod can be used if infor-
mation in addition to a catch time series and esténof current depletion is available
(Dick and MacCall, 2011; Carruthers et al., 2004)e additional information includes:
the ratio of sy to the natural mortality rate (&v/M), the natural mortality rate (M),
the most productive stock size depletion relatveinfished (Bsy/Bo) and the age at
maturity Ama). Because it shares so many of the requirementithus be considered
to be an extension to the DCAC method (MacCall,220@lausible values for the re-
quired parameters are drawn from assumed distoibsitand iterated (through Monte
Carlo simulation) using some form of production ralo define recruitment (Dick and
MacCall, 2011, used a new delay-difference popaatnodel but any production mod-
el could be used). For each sampled parametethgetalue of B(initial unfished bio-
mass)is found that produces the depletion, given theeisaries of catchesdlot all
combinations of parameters will result in the givemel of stock depletion. In some
cases, stock biomass will become negative. Theplusible combinations of parame-
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ter sets are discarded. For a particular set afsde parameters, the value afsf- and
the catch at &y, (MSY) can be calculated, and used in future projectidistributions
of these parameters can also be considered.

Feasible Stock Trajectories (FST)

The feasible stock trajectories (FST) method oftBgnand Langley (2012) falls into
the same class of models as DB-SRA. Namely, a pb&asible trajectories (of say
1000) is maintained each year, with those thadammed infeasible removed from the
pool. Similar to DB-SRA each trajectory is defingga combination of parameters se-
lected from prior probability distributions (e.gespness, natural mortality) and varia-
bles (e.g. current biomass) which are updated yeady basis. Each year the variables
are compared against likelihood functions thatexfthe range of potential feasible val-
ues for the variables. Those trajectories thatir#feasible, because one or more of the
variables is beyond a feasible range, are remongd the pool and other trajectories
are then tested for their feasibility. The suggestentrol rule for setting catches is the
constant catch that achieves a target biomasspie-apecified number of years. The
control rule uses the full pool of potential traees to determine a distribution of po-
tential catches that achieve the target biomagser8entile of this catch distribution is
then used as the recommended catch quota, thgsatite) across the uncertainty with-
in the pool of feasible trajectories. Here the R$pproach was not investigated sepa-
rately to the DB-SRA approach.

11.2.6 Further Alternatives

The idea of using the catch history as a meanss#dssing the stock has led to some
intense debate in the literature. Pauly (2013)esdhat if all that is available is catch-
data then efforts must be made to use that and fisbieries should at least have catch
data collected. Hilborn and Branch (2013), howeaggue that catch-data alone will be
misleading so often that it is dangerous to usé soethods to provide management
advice. The strategy of using MSE testing of suatvést strategies is more effective
than merely arguing about their potential value pogntial biases; the need for such
formal testing applies to all catch-only data meho

The above is not an exhaustive list of possiblenoas. For example, the fishery status
classification of Anderson et al. (2012) extendsritethods originally proposed by
Froese and Kesner-Reyes (2002) to assess stogk gtnhg only the time series of
catch data (as a proportion of the peak maximuichgaBy examining stocks with full
quantitative stock assessments, they were ablatégarize the sequence of develop-
ment of a fishery; from its early developmentapstao full exploitation, over-
exploitation and potential collapse. This methodildde difficult to implement with-
out a suitable harvest control rule, but if onelddie developed it would become wor-
thy of testing.

Those methods that use a form of stock reductiayais are essentially attempting to
identify plausible combinations of population dynesithat would at least be consistent
with the observed catches. Martell and Froese (Ph@3e taken that idea and produced
a method that explores the region of plausible dyoa by including a simple model of
those dynamics., By using a simple Schaefer sugploduction model and setting
bounds on the parameters of that model, biomagstoaies that are inconsistent with
the observed fishery can be eliminated (i.e. treepked catches might lead some com-
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binations to go extinct or to expand well abovehigpothetical carrying capacity). By
conducting a Monte Carlo analysis of the possiegiind using the outcomes of the
plausible model parameter set, Martell and Fro28&4) are able to generate estimates
of MSY along with uncertainty estimates about trenagement statistics.

Martell and Froese’s (2014) harvest strategy hadaiities with the approach de-
scribed by Bentley and Langley (2012) who descailmeethod that employs “Feasible
stock trajectories”, although their underlying mloideanore complex than that used by
Martell and Froese (2014).

None of the three methods listed here will be idelliin the MSE testing of HS as they
remain very new and as yet unused (although tHichange for the Martell and Froese
approach, Sabater and Kleiber, 2014). Neverthellesse methods may become of in-
terest in the near future as more is learnt of best to implement them in real world
situations.
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12 Appendix: MSE Methods

12.1Introduction

A SESSF management strategy evaluation (MSE) fraorletnas been developed over a
number of years (Wayte 2009, Fatyal, 2009; Klaer and Wayte 2011), and provides a
flexible platform for testing data requirementshafvest strategies as they apply to
SESSF species in particular, but also more gdgeNsw projects that require MSE
testing therefore no longer require the developrtierd for the detailed operating

model that incorporates uncertainty with the dyr@naf a fish stock, sampling of data
required for stock assessment, and the implementaficertain harvest strategies.

The work proposed here is new, however, and hexgpares adjustment of the simula-
tion of fisheries sampling to examine effects dfedent levels of precision and accu-
racy of data collected from the fishery, and alguires the implementation of new
data-poor assessment methods and harvest corlesl However, these modifications
to the existing system are relatively minor, thilisvéng this proposal to be built as a
one-year project, with greater focus on planning mmning of appropriate simulations
and interpretation of the results.

It is standard practice to base MSE testing onispdor which good information is
available, so that the results across a full ravfdearvest strategies can be compared (in
this case Tiers 1 to 5). The SESSF data rich speisied in the following analyses were
Tiger FlatheadNeoplatycephalus richardsgrand School WhitingSillago flinders),

and testing is carried out under a range of steghedion levels for each species includ-
ing being above, at, and below the target depldé&ael (initial depletion levels used
were 0.18,, 0.48,, and 0.78). The intention of this was to determine whethaste
assessment method tested was capable of recowediegleted stock, maintaining it
close to the target, and of fishing a stock dowa aontrolled fashion.

Two other species were considered for inclusiathéntesting: Jackass Morwonge-
madactylus macropterjand Blue GrenadieMacroronus novaezelandipeHowever,
preliminary testing showed that the characterispisodic recruitment and delays in
stock assessment/TAC application for Blue Grenattieate problems across harvest
strategies that will require further investigati@iue Grenadier was therefore removed
from our list of species in favour of stocks witBhaviour that is better known and more
predictable. The biological characteristics of @sskMorwong are not greatly different
to Tiger Flathead, and the major difference inhistory for that species is an apparent
environmentally driven regime shift that has aféecaverage recruitment levels
(Wayte, 2013). How that regime shift is dealt wittprojections creates various future
scenarios that are not relevant for the curreneptoTherefore, Jackass Morwong has
also been removed from the list. The remaining iggediger Flathead and School
Whiting, encompass a relatively wide range of fgtory characteristics that determine
productivity and stock variability, so results ugithem can be extended to a much lar-
ger list of other truly data-poor species.

The Tier 1 harvest strategy in the SESSF, invodvdly quantitative stock assessment,
has a variety of standard data sources includingtfeand age composition and also an
abundance index information. In the case whereobti@ose sources contains an un-
known bias, if the bias is sufficiently or consrgtg large the assessment will show a
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conflict among data sources, thereby allowing &mognition and investigation of the
source of that bias, and dealing with it in som&,ved least in alternative model struc-
tures via sensitivity analysis. However, Tiers 8 drboth rely on a single source of in-
put data (age composition and CPUE trends, resdg)ti which implies that such bi-
ases would not be detected.

The Tier 5 procedures considered can be eithed fivdere a single catch level is set at
the start of the projections, or dynamic, wheredhe feedback from any response of
the stock and the analyses are updated regularyg nsw data from the fishery. As
with the Tier 3 and 4, bias or imprecision could be detected in either of these Tier 5
approaches.

12.2Initial Conditions

Before each MSE run the operating model needs toiti#ized to some predefined
state; it needs to be conditioned on a given spexid fishery. The conditioning con-
sists of defining the parameters of the populatipmamics and of the fishery to relate
to a particular species/fishery combination. Thuadiles for an array of biological char-
acteristics (growth, recruitment, maturity, andunak mortality) are parameterized
within the operating model and these need to beedbefore the MSE can be run. In
addition, details of the fishery, including, foraample, the number of fleets, areas, fish-
ing methods and their respective selectivity patieare also parameterized. This condi-
tioning is based on the outcomes of the fully atdted age-structured integrated as-
sessment models that have been developed for tedtiekd (Klaer, 2011; Day and
Klaer, 2014) and School Whiting (Day, 2010, 2012).

Once the model is conditioned on the selected spdxology and the fishery then the
dynamics need to be initiated. The model begireiequilibrium unfished state and
the historical catches in each case are usedhtadéen each simulated fishery. How-
ever, instead of only starting the simulations freiratever state the actual fishery is at
after its historical catches, the aim in the MS#&itgy is to determine two things about
each harvest strategy, these are whether: 1) itezaver a fishery if it starts in a de-
pleted state, moving it away from any limit refezerpoint and towards the selected tar-
get and 2) it can control a fish down from a lighdepleted state down towards the se-
lected target. To set up these conditions of bbaigw the target and being above the
target, the historical catches remained the sarhthblwaverage recruitment levels re-
quired to achieve these degrees of depletionesealt The historical catches, with the
altered average recruitment levels, are appligdegainfished equilibrium state until the
desired depletion level is achieved in the simafaat the start of year 1, equivalent to
2009; this was the year in which the projectiongitv@sing the harvest strategy under
test to set the TAC each year. Recruitment vaitghilas introduced for the last 20
years of the historical catches so as to havenbjegiions begin with more realistic
levels of variability.

The harvest strategy would include the samplingaiomg the assumed levels of bias

and precision, and then run for a further 30 yé2089 — 2038) with 100 replicate runs
made for each scenario considered. In practiaenansurprisingly, the median deple-
tion levels generated by the operating model irf2@0the start of the projections, var-
ied between Flathead and School Whitifiglfle 5).
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Table 5. Actual depletion levels at the start of 2009, steet of the projection period, as
a % ofB,y, at the end of the conditioning phase. Individuals would exhibit differ-
ences in their depletion levels in 2009 due toatam in the recruitment time series. All
the distributions were skewed to the right (a greapread above the median than be-
low). ‘Highly’ means highly depleted and lightly iees lightly depleted

Species Status Lower 5% Median Upper 95%

Flathead Highly 30.7 32.8 37.3

Flathead Lightly 56.5 58.8 64.1
School Whiting Highly 30.9 40.2 55.8
School Whiting Lightly 55.0 64.8 81.3

12.3The Appropriateness of Tier harvest strategies

The first objective here is td&stablish guidelines, using SESSF case studiesytfen
the particular Tier harvest strategy for a givenat becomes inappropriate and make
explicit recommendations as to what response witidd be appropriaté.

The selection of which SESSF harvest strategytoierse is currently based primarily

on the available information that can be used tkevaa assessment of stock status. To
be explicit about why this can be a problem, tHecti®n does not currently take into
account the capacity of any selected Tier at esitimatock status from that available
data. The first objective therefore requires anm@ration of the consequences of the
application of the current Tier 3 or Tier 4 whee thata may not be of sufficient quality
to support that application. Errors in observaticas be categorised as related to preci-
sion and bias (or accuradyigure 11), which can be examined explicitly and separately
in the context of SESSF Tiers and species.
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Figure 11.lllustrations of the notions of precision and bihss possible to be relatively impre-

cise but unbiased (a), analogously it is possiblesive a precise estimate which is biased (b)

such that the estimate completely misses the tesm
SESSF MSE work to date (Wayte 2009, Klaer and W21l ) has assumed that sam-

pling from the simulated fish population is at éés/of precision that reflect average
apparent observed levels across many speciesolaasumes that sampling is random
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and unbiased and therefore accurately representgtdbk. Where stocks are spatially
heterogeneous or have an extensive geographi¢abdison and sampling occurs un-
evenly across different areas then biases may thdetata simply through uneven
sampling of natural variation. In the simulated ping within the MSE the precision
and bias within sample collections will be variedass all major sampled data sources
(CPUE, length, age) to determine how, for eachéwrstrategy or Tier, this modifies
the risk to the stock, as defined by the harveatexy policy, and the ability of the HS
to achieve and maintain the target depletion level.

The effect of data precision is simplest to implatnand requires testing of a range of
assumed variance values for sample collection tfmrsimulated population. Data ac-
curacy (bias) is more difficult to implement buhdae addressed using plausible scenar-
ios. Examples are a bias towards sampling of nargdr/older fish from the popula-

tion, or a linear trend in catchability in a CPUteex. The latter specifically allows test-
ing of the effect of gear/vessel improvements awee (often termed ‘effort creep’)

that may not have been accounted for in CPUE stdisddions, and how that may af-
fect the outcome of the application of Tier 4. Aatof 36 different combinations of

bias and precision were tested with 18 on Tier@Hhon Tier 4Table 6).

12.3.1 Changed Sampling Precision for Composition Data

The level of precision for composition data is deti@ed by the simulated number of
annual samples collected. For length compositierstandard value in MSE simula-
tions is 1000, and for age samples is 500. The eumisamples collected annually
throughout the projected time period will be variezim these defaults to test the effect
of composition data precision on stock status augo{able 6).

The stated age composition sample size is thenataber of samples spread across all
fleets in a given year. The sample size taken feach fleet is allocated according to
the proportion of catch taken from that fleet ie ylear of sampling. In the implementa-
tion of Tier 3 in the MSE, currefftis estimated for all fleets that have taken mbemnt
30% of the catch in the last 5 years, and thenaaxet over fleets using catch weight-
ing. The Tier F estimation method is known to be unstable for sayaples with a
very small sample size (e.g. <= 50). For a fleat ttas taken 30% of the catch, the
sample size will be 0.3 x total number of sampl@sensure a minimum sample size of
50 requires a total sample size of 166. We haveded this down to 150, so that the
minimum sample size for any fleet used in Tier Buations will be 45.

12.3.2 Changed Sampling Precision for CPUE Data

In the implementation of the Tier 4 harvest stratiegthe MSE, the cpue of the fleet
with the highest proportion of catch over the Bsiistoric years is used in the HCR.
For both Flathead the CPUE from the diesel tragétflvas used, while for School
Whiting the CPUE from the Danish seine fleet wasdus

When CPUE data are simulated from available biormadse MSE operating model, a
default level of imprecision is assumed for anrCRIJE points using assumed CVs
from the Tier 1 assessment on which the operatiodel is based. For Flathead the
base cpue fleet CV is 0.05 and for Whiting it i8.0Che alternative values for CPUE
imprecision that are tested are 0.15, 0.45, 0.60a®cthe assumption of linearity be-
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tween relative abundance and CPUE was not testhdsdime.

12.3.3 Applying Bias to Composition Data

In the scenario used, the true (length or age) csitipn distribution is multiplied by a
logistic bias factor that increases each year@fitojection for 20 years, and then stays
the same for the final 10 yeaRdure 12 andFigure 13). Each composition is then
rescaled so it sums to 1. The bias factor for éath class in each year is:

|4 1 y
=1 g )

where

b is the logistic slope parameterba -0.6 or 0.6 leads either to a bias towards
smaller or to younger fistF{gure 12) andb = -3.0 or 3.0 leads either to a bias
towards younger or older fiskigure 13);

I is the mid-point of a given length or age class;

lm  is the mode of the true length distribution in tinst year that the bias is applied,
or is the true mean age in the most recent tedarigs/ears;

y is 1 in the first year, 2 in the second yeany.in theny"to 30" years;

ny is the number of years for which the incremenias Iis applied; and

A  iseither 1 or 0.5, to apply either full or hie amount of bias.

1 +

0.8 0.8
bias g6 06 |
factor '
0.4 - \
g 0.2
. | ] =
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Figure 12.Bias factors applied to length compositions. Theliioe in each plot is the
bias function applied to lengths in the first yefbias application, and the bottommost
line is the bias function applied to lengths in #&h and subsequent years. The plot on
the left use9=0.6, and the plot on the right udes0.6.

The simulations are arranged such that if the caitipoal bias is applied to the same
unbiased distribution in each year in a cumulayivetreasing fashion, equ (3), the
effect of the bias can be seen, when applied taldespopulation structure without
variations in the population dynamidsdure 14 andFigure 15illustrate bias applied

to a constant length distribution, whiggure 16 andFigure 18illustrate bias applied

to a constant age frequency composition). In thé&EM&riations within the population
dynamics each year (recruitment catch, etc) impdy the unbiased distribution in each
year would invariably be different.

In the MSE, the bias is applied to the true freqyeztompositions by sex (for each fleet,

year, and type [retained/discarded]), error is i@plpio each of those compositions, then
the composition is combined over sexes (if usirgy Bj.
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Figure 13.Bias factors applied to age compositiomke top line in each plot is the bias
function applied to ages in the first year of laggplication, and the bottommost line is
the bias function applied to ages in the 20th arfmbequent years. The plot on the left
usesh=3.0, and the plot on the right udes3.0.
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Figure 14.An example of incremental right-skewed bias (biasedhrds smaller fish) applied

to a constant length composition. Bias is appliedigally from 2007. Full logistic bias is
applied in 2026, and for the subsequent 10 yeatssfrown). The red line is the unbiased
distribution. The black line with grey fill is tH@ased distribution that represents the sampling.
In reality, and the MSE, such a constant lengthpmsition would not occur.
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Figure 15.An example of incremental left-skewed bias appleed length composition (a bias
towards larger animals). Bias is applied graduiatiyn 2007. Full logistic bias is applied in

2026, and for the subsequent 10 years (not shdvme)red line is the unbiased distribution. The
black line with grey fill is the biased distributidhat represents the sampling. In reality, and the
MSE, such a constant length composition would ©otio

12.3.4 Applying Bias to CPUE data

A linear change will be applied over a range ofrgesdarting from the present; this
mimics the form of a constant effort creep. Biastrpliers that both increase and de-
crease the CPUE will be tested. The CPUE genefadedthe operating model is mul-
tiplied by a bias factor which gradually increat®s20 years, and stays at the same
level for the next 10 years. The bias factor is:

p, =1+ (CPUEbias-1)~- (4)
ny
where
y is 1 in the first year, 2 in the second yeamy.in theny"to 30" years;
ny is the number of years for which the incrementas lis applied, which

was 20 in all runs; and
CPUEbias takes the values 0.25, 0.5, 1.5 or 2.0.

The bias factorpy, by year is shown iffigure 17, and an example of the application of
a bias multiplier of 2.0 is given iRigure 19.
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Figure 16.An example of incremental right-skewed bias appleedn age composition (a bias
towards younger animals). Bias is applied graduatign 2007. Full logistic bias is applied in
2026, and for the subsequent 10 years (not shdvme)red line is the unbiased distribution. The
black line with grey fill is the biased distributichat represents the sampling. In the MSE, such
a constant age composition would not occur.
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Figure 17. Bias multiplier for CPUE, for the four values GPUEbias(0.25 (red), 0.5
(blue), 1.5 (green) and 2.0 (purple)).
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Figure 18.An example of incremental left-skewed bias appleedn age composition (a
bias towards older animals). Bias is applied grgd@iem 2007. Full logistic bias is
applied in 2026, and for the subsequent 10 yeartssfrown). The red line is the
unbiased distribution. The black line with grey il the biased distribution that
represents the sampling. In the MSE, such a conatgncomposition would not occur.
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Figure 19.An example of the maximum bias increase appliem ¢pue series with ran-
dom error added. Bias is applied gradually from720the full bias (CPUEDbias = 2.0)

is applied in 2026, and for the subsequent y8drs.blue line is true cpue from the op-
erating model, the red has random error addedttengreen has bias in addition to the
random error.
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Table 6. MSE run specifications for testing the effectsample precision and bias
on stock status outcomes for Tiers 3 and 4 periep@major differences among
runs highlighted in rose). The base levels of ieai (CV) for the CPUE was 0.05
for Flathead and 0.3 for School Whiting. The sangie of 500 was the base line
levels of precision for the age structure. The CRIMEs irrelevant to the Tier 3
and the age sample size is irrelevant to the Ti@hére are 18 scenarios for Tier 3
and 20 for Tier 4. Heavily depleted = below targeghtly depleted = above target.

Starting Tier | Precision Age N Bias
Depletion CPUE CV samples CPUE Age
Lightly 3| Base level 500 1 0
Lightly 3| Base level 150 1 0
Lightly 3| Base level 250 1 0
Lightly 3| Base level 1000 1 0
Lightly 3| Base level 500 1 0
Lightly 3| Base level 500 1 -1
Lightly 3| Base level 500 1 -0.5
Lightly 3| Base level 500 1 0.5
Lightly 3| Base level 500 1 1
Heavily 3| Base level 500 1 0
Heavily 3| Base level 150 1 0
Heavily 3| Base level 250 1 0
Heavily 3| Base level 1000 1 0
Heavily 3| Base level 500 1 0
Heavily 3| Base level 500 1 -1
Heavily 3| Base level 500 1 -0.5
Heavily 3| Base level 500 1 0.5
. Heavily 3| Baselevel 5000 L 1
Lightly 4 0.05 500 1 0
Lightly 4 0.15 500 1 0
Lightly 4 0.45 500 1 0
Lightly 4 0.8 500 1 0
Lightly 4 0.9 500 1 0
Lightly 4| Base level 500 1 0
Lightly 4 | Base level 500 0.25 0
Lightly 4 | Base level 500 0.5 0
Lightly 4 | Base level 500 15 0
Lightly 4| Base level 500 2 0
Heavily 4 0.05 500 1 0
Heavily 4 0.15 500 1 0
Heavily 4 0.45 500 1 0
Heavily 4 0.8 500 1 0
Heavily 4 0.9 500 1 0
Heavily 4 Base level 500 1 0
Heavily 4 Base level 500 0.25 0
Heavily 4 Base level 500 0.5 0
Heavily 4 | Base level 500 15 0
Heavily 4 | Base level 500 2 0
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12.3.5 Testing effects of data precision and bias on Tie3 and Tier 4

For each species (Flathead and School Whitinghgdgin precision and bias are in-
troduced from the current year to year 20 in aguipn, and then remain at the
changed level to the end year of the projectioyeat 30. This will allow 10 years for
the stock to tend towards equilibrium by the enthefprojection under the applied
change. An important component of the Tier 3 hargestrol rule is a maximum RBC
change of 50% (Fagt al, 2013). This meta-rule was only applied afterftrst pro-
jected year because past catches were not netgssasistent with the alterdg, used
to obtain the required starting stock status.

Each scenario is defined by its starting depletid@avily depleted — below target, or
lightly depleted — above targéitable 5), the Tier being applied (3 or 4), the precision
of the CPUE sampling, and the sample size for agetfinally the bias applied to the
CPUE and the age3dble 6).

12.4 Potential Tier 5 Approaches

When none of the present Tier harvest strategeapropriate and yet explicit man-
agement advice as to sustainable catches is relquiteen an ERA would be insuffi-
cient), then options for alternative harvest stye and Tiers are needed. These are re-
ferred to generically as Tier 5 methods; multipdsgible Tier 5 assessment methods
might be recommended to allow for the selectioa ofethod most appropriate to par-
ticular circumstances but all could be referreddadlier 5 methods.

The six potential Tier 5 candidate procedures,tifled in the introduction, were im-
plemented within the SESSF MSE in preparationdstihg against each othéraple

7), using four different HS performance measurestirgy to short-term and long-term
stock risk, the total yield, and RBC variabiliteéssection 12.4.1; e.g. Wayte, 2009;
Klaer and Wayte 2011). Harvest control rules asdediwith each procedure were also
decided or developedéble 4, Table 7).

Runs to be completed for performance testing optieeedures are summarisedlia-

ble 9. In recognition of current discount factors apptyto the RBCs produced by data
poor methods in the SESSF, resulting RBC valuems tiee tested harvest strategies
were also subjected to discount factors of zerad{goount) and 25%. In addition, the
initial stock status in 2009 was assumed to beseitB%B, = Low or 78%B, = High
(seeTable 5for the actual depletion levels). With the twoa&ps, the relatively high or
low stock status, and the two different discoumels this equates to 8 times the 25 dif-
ferent run specifications, meaning 200 runs inltGtable 8).

For the fixed methods, in which the RBCs are sdtlaid constant throughout the pro-
jection, we use the last 10 (or 3 for method 3yyed historic catches to set the RBC.

For the three methods that require a stock statirma&e (DB-SRA, DCAC, and

DACS) the assumption is made that stock statusea¢nd of the historical catches (the
start of the projections; 2009) was 488o8nd three levels of assumed change in stock
status over the final 10 year period of historwatiches were tested: 0, +30% and -30%.
This is the same as assuming that the stock staR309 was either 48Bp, 78%By, or
189dB,.
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For the feedback or dynamic scenarios of the ch&sded methods, the most recent 10
(or 3) years of catches are used to set the RB&<hE methods that require a stock
status estimate we use the last 10 historic y&agatches to the current year; thus the
number of years can extent from 10 out to 39 irfitred year of projection. As with the
fixed catch based methods that required a stotlisséstimate, we assume implicitly
that stock status in 1989 was 48§08nd test three levels of assumed change in stock
status over the period from 10 years prior to sthprojections to current year: 0, +30%
and -30%.

Table 7. Alternative catch-based Tier 5 approaches to hede3he code can be either
the number or the text label. The stock status’ relates to the assumed change ¢k sto
status over the period prior to the projectionse@uired input for the dynamic Tier 5

assessments involved. Modified DACS procedure destiby Carrutherst al (2014).

Type Code Procedure Catch period A stock status  Source

Fixed 3 MC Median catch Last 3 historic MAFMC
3 MC Median catch Last 10 historic SAFMC
4C3 3 highest catch Last 10 historic SAFMC

6 DB DB-SRA Last 10 historic 0, +30%, -30% Dick addcCall, 2011

7DC DCAC Last 10 historic 0, +30%, -30% MacCab02
8DA DACS Last 10 historic 0, +30%, -30%2¢kson etal., 2011,
modified
5CcY  MCY Tle_r 4 reference NZ
period
Dynamic 3 MC Median catch 3 most recent MAFMC
3 MC Median catch 10 most recent SAFMC
4C3 3 highest catch 10 most recent SAFMC

Last 10 historic
to most recent
Last 10 historic

6 DB DB-SRA

0, +30%, -30%

Dick and MacCall, 2011

7DC DCAC 0, +30%, -30% MacCall, 2009
to most recent

8DA DACS Last 10 historic Berk_s_on etal., 2011,
to most recent modified

Table 8. Combinations of species, initial depletion levalsd potential discount ap-
plied to each possible Tier 5 Harvest StrategyhWwdch of these considered for each of
the 25 scenarios listed Trable 9, there were a total of 200 separate sets of @plic

simulations.
Species Initial Depletion Discount
Flathead H 0
Flathead H 25
Flathead L 0
Flathead L 25
School Whiting H 0
School Whiting H 25
School Whiting L 0
School Whiting L 25
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12.4.1 Harvest Strategy Performance Measures

The performance of each catch-based HS was evdlbgtsummary plots of the fol-
lowing six performance measures relating to steekll, catch, and variability in catch:

1. average annual catch over the projection paidgears:

Cz{ici/f (®)

t=y;

wherey; andy; are the first and final years of the projectioniqet respectively, an@;
is the catch in yedr in all cases there were 1 — 30 years of projegtio

2. spawning stock biomass (SSB) in the final yetative to unfished SSB (depletion
level):
_SSB

B,

WhereD; is the depletion level in the final yeaSSBis the spawning stock biomass in
yearf, andBy is the unfishe@®&SB

D, ®)

3. catch variability: average absolute percentatgr4annual change in catch
(%AAV) over the projection period:

%AAV = 1002| G- G4 Z G (7)

t=y, t=y;
wherey: is the second year of the projection period; and

4. probability of the spawning biomass going belbw limit reference pointB;g) at
any time during the projection period.

P(SSB< LRP= count! [( SSB ,p<= 0.2 / (8)

where LRP is the limit reference point (= 20Bg or its proxy). The Commonwealth
Harvest Strategy Policy sets a limit of staying\abthe LRP at least 90% of the time so
if the probability of falling below is greater thd0% this would constitute a failure.
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Table 9. MSE run specifications for alternative catch-baSeat 5 Harvest Strategies
per species, starting stock status and discouat,leach separated by a dashed line.
MC — median catch; C3 “%highest catch; CY — MCY; DB — DB-SRA; DC — DCAC;
and DA — DACS. Note the scenarios are not in nurakdrder, but are in the same or-
der as plotted on the diagrams in the data-podiosec

Tiers Fixed (x) Catch Depletion  Assumed

Scenario type Dynamic period change depletion

(B) 1999 - 2009 in 2009
1,26,51,76,101,126,151,176 3 MC X 3 0.48
3,28,53,78,103,128,153,178 3 MC X 10 0.48
2,27,52,77,102,127,152,177 3 MC B 3 0.48
4,29,54,79,104,129,154,179 3MC B 0 0.48
5,30,55,80,105,130,155,180 4C3 X 10 0.48
631,56,81,106,131,156,181 4C3 B 10 | 0.48
7,32,57,82,107,132,157,182 5CY X 10 0.48

8,33,58,83,108,133,158,183 6 DB X
11,36,61,86,111,136,161,186 6 DB X
14,39,64,89,114,139,164,189 6 DB X
17,42,67,92,117,142,167,192 6 DB B 10 0.48
20,45,70,95,120,145,170,195 6 DB B
| 2348,7398,123,148,173,198 6DB B 10 0T
9,34,59,84,109,134,159,184 7 DC X
12,37,62,87,112,137,162,187 7 DC X
15,40,65,90,115,140,165,190 7 DC X .
18,43,68,93,118,143,168,193 7 DC B 10 0.0 0.48
21,46,71,96,121,146,171,196 7 DC B
B

24,4974,99,124,149,174,199 7DC B 10 03 0.18
10,35,60,85,110,135,160,185 8 DA X 10 0.48
13,38,63,88,113,138,163,188 8 DA X 10 0.18
16,41,66,91,116,141,166,191 8 DA X 10 0.78
19,44,69,94,119,144,169,194 8 DA B 10 0.48
22,47,72,97,122,147,172,197 8 DA B 10 0.18
25,50,75,100,125,150,175,200 8 DA B 10 0.78

12.5 Application of Assessment Methods to Current Fiséries

To provide examples of the application of the st methods from this study data
for three species (Flathead, School Whiting anéalesMorwong) were collated and
the following methods applied to generate catchmages. The species selected each
had relatively long catch histories so that the@fbf the catch history length could also
be investigated empirically:

Depletion Corrected Average Catch — generates atsrof sustainable catch along
with estimates of uncertainty about those estimates

Depletion-Based Stock Reduction Analysis — gensraséimates of MSY andky,
Bumsy, and the final depletion of the stock.
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Both of these methods use an underlying productiodel to mimic the stock dynam-
ics, which is what enables them to provide estisiafaincertainty. This is an advan-
tage of the simple average or median catch methduash very often under-estimate
potential catches, although still provide for be#tdvice than no advice or status quo.
The MSE testing is for the application of thesehnds to truly data-poor fisheries,
which is why the time line of 10 years was usedrirctice, in the SESSF, it is often
the case that longer time frames of catch dataagable so the MSE is presenting
worst case scenarios. To examine this a simple @nmverse retrospective analysis
will also be carried out where the full catch degawill be sequentially culled from the
beginning forward.

The catch histories were taken from the latestkstiesessments for each species so for
Flathead this was from 1915 — 2012. For Jackassvlog it was from 1915- 2010, and
for School Whiting it was from 1980 — 2008.

12.5.1 Further Alternative Tier 5 Methods

Martell and Froese (2014) propose the Catch-MSYethod for estimating MSY from
catch data, the maximum rate of population incregsearrying capacityk, and as-
sumptions about relative stock sizes at the finsk fnal year of the catch data time se-
ries. The method randomly draws pairs parameters from a Schaeffer production
model, from a uniform prior distribution, and thdatermines whether the parameter
pairs are feasible, namely the stock does not gjaaor exceed carrying capacity and
the final relative biomass estimate falls withire thpecified range of depletion. From
the set of feasiblek pairs, an estimate of MSY is calculated. The loamd upper val-
ues for the uniform distribution of the carryingpeaity parametek were set at the
maximum catch in the time-series and 100 timesntgimum catch. Default values
(Table 10 for the range of values far were based upon resilience estimates from
FishBase: High (0.6-1.5), Medium (0.2-1), Low (0@5) and Very Low (0.015-0.1).
Initial and final estimates of depletion were basedthe catches relative to the maxi-
mum catch:

Table 1C. Default values in the Catch-MSY method for the mon§depletion values
for the start and the end of a time series iniiab how catches have varied through
time in each fishery.

B/k Catch/Max Catch
First Year 0.5-0.9 <05
0.3-0.6 >=0.5
Final Year 0.3-0.7 >0.5
0.01-0.4 <=0.5

On comparison of the Catch-MSY Method with 146 ksowith full stock assessments,
Martell and Froese (2014) found excellent agreerbetween estimates of MSY. This
method was relatively new and further developmangsbeing undertaken so this was
not included in the testing although once complétésishould be attempted.
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13 Appendix: MSE Results and Discussion

13.1Current Criteria for Appropriateness of a Tier

Determining the appropriateness of a particulaesssent (and in the SESSF the asso-
ciated Harvest Strategy) is currently something itlas not been attempted formally. In
fact, there are no standard, routine methods,randbcriteria that can be applied to de-
termine whether a fisheries stock assessment ioppate or not independently of the
assessment and management process in which itisdelad. Ideally, given data typi-
cal of a fishery, one would use simulation testmgetermine how well it was possible
to estimate the stock status performance measwhestt{er that is thBc,/Bo of a tier

1, theF oOf the tier 3, or the scaling factBF., of the tier 4); and by ‘how well’ is
meant how precisely and can it be done without. bidkat were known then decisions
could be made as to how precise an estimate wassey before a particular tier was
deemed inappropriate (or possibly too expensivadke it appropriate). But even if
this process were to be conducted regularly it dawat capture all the possible issues
concerning the appropriateness of different assestsnThe precision of any estimate
is certainly related to how inherently variable ttega being used tends to be but can
also be greatly affected by whether or not the dag&d in an assessment is truly repre-
sentative of the stock as a whole. Individual sa®alre taken within particular geo-
graphical and depth bounds from particular vesSglatial differences in the biological
characteristics of a fished species (e.g. diffezsnn its growth or size at maturity,
shape, etc) often occur and if these are largegmthat two samples from two areas
can appear very different then to obtain represietaampling of a stock can be either
very difficult, very expensive, or both. The asstimpthat the available data represents
the stock as a whole is again difficult to teshaitgh high levels of variation in data
between years would be indicative that somethimmyutthe sampling is not managing
to capture the full variation within the stock awlaole Figure 20).

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 | 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

e PPF

\ l |

1954 1688 1519 1486 1815 1644 1326 1811 2089 1661 383 641 1143 601 1069 898 415 538 941 743

Figure 20.Age distributions sampled from the catches of Bhluenadier iacroronus no-
vaezelandiageft-hand graph) and Blue-Eye Trevalldyperoglyphe antarctigaight-hand
graph) for the years 2001 — 2010 (Kla¢ml 2014), illustrating the variation between yeays b
species. Both species have sample sizes that shewdfficient to provide a good representa-
tion if the stock were homogeneous in its propsr{idhe Blue Grenadier samples are almost
ideal data with clear year classes progressing geahand with consistency through time.
Blue-Eye Trevalla, on the other hand, shows in®iescies every year with annual progres-
sions of year classes being vague and ephemdratiat

Tier 1 stock assessments based on the Blue Gremadéeuse the strong signal in the
ageing data combined with other data streams (CRiJgth frequencies, etc.) to pro-
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vide precise and well defined outcomes. Strictly Tier 3 modified catch curves cannot
be validly applied to the Blue Grenadier data desghie excellent delineation of the co-
horts because the selectivity by trawl is dome stadpigure 21). This implies that the
larger, older fish will be under-represented in¢hch and any samples from that catch.
In turn this would bias any estimates of fishingrtality from the catch curves because
the proportion of older fish would be lower thashitould be, which would appear as if
they had all died. On the other hand, there haea b&o attempts to produce a Tier 1
assessment using the available Blue-Eye Trevatlatad each time there have been
conflicts between any trends apparent in diffedata streams and plausible solutions
cannot be found when trying to fit fully articuldtentegrated assessment models. If the
available data are not representative then a saliginot always possible. As Tukey
(1980, p74-75) put it: “The combination of someadahd an aching desire for an an-
swer does not ensure that a reasonable answeeaattracted from a given body of
data.”
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Figure 21.The selectivity curve for Blue Grenadier in the tspawning fishery in the SESSF.
The doming of the selectivity curve implies thagrwill be fish (and biomass) which are not
seen in the samples.

13.1.1 Diagnostic Plots

Currently, when a stock assessment is conducteé gaagnostic plots are presented to
the different resource assessment groups (RAGsasans of displaying graphically
how well the model fits the data. Mismatches betwibe predicted values and those
observed often highlight data from particular yessdeing atypical or at least inconsis-
tent with earlier and later data. The advantage@@iding a model of the dynamics of a
given stock is that this constrains the possildads within any data stream to at least
be consistent through time. The uncertainty andatian inherent in observing any
natural system is one reason why the predictedisranCPUE or age-structures, etc,
tend to be smooth and change gradually (althougtuitenent can certainly differ
markedly each year) while the observations fronfigteery usually vary far more
(Figure 22).

While such diagnostic plots are useful for illusitrg the relative fit of a model to its
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data they do not come with specified criteria foalty of fit except where two or mod-
els are being directly compared (e,qg, likelihoaibreests, AIC criteria). For example, in
Figure 22, in 1983 the match between the observed lengtjuénecy and the predicted
appears to be very good, while that in 1993 doésTios might make the person con-
ducting the assessment look closely at the 1998 lul#tas the cumulative fit across the
whole (and the years not illustrated) is acceptahlaverage, then the 1993 data is put
down to noise and ignored.

1982 N=42011990 N=420 1998 N=42012006 N=420
effN=616.7] effN=217.1 effN=286.4 effN=1843.8

A Al A

1983 N=4201991 N=420 1999 N=42012007 N=420
effN=6297] effN=61.4 effN=179.9 effN=300.6

A A

;

150
L

P
3

5 8 1984 N=4201992 N=4202000 N=42012008 N=420
2 effN=1918.9 effN=133.9 effN=104.4 effN=260
1985 N=4201993 N=4202001 N=42012009 N=420

effN=546.1 effN=66.9 effN=183.1 effN=365.8

| AN

1986 N=42011994 N=4202002 N=42012010
effN=196.§] effN=227.1 effN=254.3 effN=

T T T T T T
1950 1955 1960 1965 1970 1975 A /\‘

Figure 22. A comparison of the observed with the predictea diam two of the many data
streams used in the Tier 1 stock assessment fer FigtheadNeoplatycephalus richardsgni

On the left is the CPUE from the early Danish sdli@et with the blue line representing the
predicted values and the dots and bars represahengbserved CPUE with an estimate of
variance around each estimate. On the right igetigth composition of the eastern trawl fleet
(SESSF zones 10 and 20) for a selection of yeaesrdd predicted lines change smoothly and
gradually while the actual observations are ledsbehaved (this represents an acceptable fit).
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There are thus formal methods for comparing thetiked quality of the fit of two or
more models fitted to the same data but these appes do not provide guidance when
there is only one model and its validity is undeestion.

13.1.2 Tier Selection

The Resource Assessment Group (RAG) involved vétthdishery has the responsibil-
ity of providing stock assessment advice to theagament agency and part of that is
the selection of an appropriate Tier. The seleatifowhich Tier harvest strategy, with
its associated assessment method, to apply tdiayar fishery, is made or agreed to
by the whole RAG rather than just the assessméantist. So the idea of determining
whether a particular tier is appropriate to a gispacies cannot be determined in a
purely statistical manner. Currently there is judget involved not only with respect to
the data used but also about whether the processsged in the stock dynamics have
been modelled in a manner that is realistic or not.

The RAG is free to discuss the quality of fit otalatreams to the predicted values, but
also whether there are exceptional circumstancasrorg in the fishery that might in-
validate the application of a particular method p@fticular interest to catch-only status
assessment methods is whether the catches areibgirgmced by factors other than
stock availability. The market for a fish can dégiy influence whether or not fishers
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will target or even land a species; currently (2@045) for example, the TAC for a
number of relatively important species in the SE&&Mot being fully landed. The
reasons for this have yet to be determined in ldef#ough from previous Tier 1 stock
assessments it does not seem due to a lack ohbvigyl of the stocks. This would im-
ply that the current catches are not necessadigative of what could be taken. The
simple average or median catch methods would beevaible to such issues. The
DCAC and DB-SRA would be less prone to a problecahbse they also include an es-
timate of the final years depletion level, andatahes were artificially low then the use
of a higher final depletion might be justified, whishould adjust the catches accord-

ingly.

With all stock assessment methods there is roorthéodevelopment of more formal
guidelines for when to reject a stock assessmentaltlawed data, and this would be a
valuable contribution world-wide. However, if equ@portance is whether or not the
model or assessment specification provides an adegepresentation of the stock dy-
namics. As well as the usual array of diagnositsplit would be a useful addition to

all stock assessments to include arguments anstiigation for the use of the model
structure used (even where that model structwersething very simply such as:
CPUE really does provide a linear index of relaabeindance through time).

13.1.3 Meeting Assumptions

This would include a discussion of whether or hogll\the data and fishery meet the
assumptions of each stock assessment method and fies, if there are arguments
that CPUE does not consistently represent theivelabundance of the complete stock
through time, then the application of the SESSKF Zi@ould not be appropriate. This is
the same as claiming that the Tier 4 in that cas@dvbe unable to provide an adequate
(precise and unbiased) estimate of the target catdtiplier Sk,r and so could only be
expected to provide misleading management advice.

There have been moves to produce a minimum spatificof what should be pre-
sented in each stock assessment. It is recommehnaiea section that explicitly dis-
cusses and defends the degree to which the assdssatexted for a species is having
its assumptions met by the data available. Cuyesutith opinions are given verbally to
the RAGs during the exposition of the assessment bbould be made explicitly so
that it is easier to act upon. This would be esglgcimportant in the case of possible
Tier 5 catch-only methods because they use a ptiodunodel to simulate the fishery
and this is not fitted to any data except the lgmlal properties of a species (as best
they are known).

13.2 Effects of Data Precision and Bias on Tiers 3 and

13.2.1 Flathead Tier 3

With Flathead there are clear differences in thetike performance of the 18 different
scenarios within the Tier 3 harvest stratelggre 23, Table 6). Changing the sample
size of the age sample for either initial deple@mrangement only had minor effects
across the range of sample sizes used, with tleegteeffect being a slight downward
trend in catch variation as sample size incred$etssurprisingly the catches were
higher in the lightly depleted scenarios but tHe@$ of sample size were mirrored
across both lightly and heavily depleted groups.
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Flathead Tier 3
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Figure 23. Alternative scenarios tested in the Tier 3 on Hath the 150, 250, 500, and
1000 are the sample sizes of ages and the -1 .luésvare the bias values applied to
the ageing samples. The ‘Above’ and ‘Below’ rel@te¢he starting depletion levels.

For those stocks that were initially only lightlgmleted (78%,), while the median
probability of not meeting the Limit RP was veryiahe spread of values was rela-
tively high with the upper 7?5percentile being above the LRP in all cases extbept
sample size of 1000Figure 23).

In contrast, the effects of the scale of bias @nae sample applied across the projec-
tion period had marked effectsSigure 23). Not surprisingly the most biased samples,
both positive and negative had the greatest effdttisugh there was also an interaction
with the initial depletion level.

The scenarios that were highly depleted initiall3%dB,) exhibited an upward trend in
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the average catch with increasing bias (from -1.@), but there were decreasing trends
with the average absolute variation (%AAV) andfihal depletion level. The median
probability of meeting the Limit RP was very lowall cases, although the spread of
values increased with increasing bias so thereangaeater than 25% chance of exceed-
ing the LRP in the +0.5 and +1.0 bias scenafaguie 23).

The scenarios that were only lightly depleted aflii (78%B,) also exhibited an upward
trend in average catches and a downward trenaah diepletion, although in each case
the trends were more exaggerated than those inittadly highly depleted stocks.
However, the %AAV exhibited rather different bel@wi with relatively large increases
in the more positively biased scenarios. The megrabability of meeting the LRP was
low for the negatively biased samples but increased strongly from zero to positive
biases until, for the bias of 1.0 scenario almdtsealicate runs failed to avoid the

Limit Reference Point Higure 23).

The Tier 3 appears capable of achieving the Tdgeof 4898, for Flathead for all
levels of age sample size even when starting fiendr high levels of initial depletion,
but this is the case only if there is only no olyaslightly positive sampling bias.

13.2.2 School Whiting Tier 3

The average catches of School Whiting change digligts with increasing age sample
size, however, their absolute level is very sevesito the state of initial depletion with
catches almost doubling for the scenarios startirtig a relatively light initial depletion
(Figure 24). Similarly an increasing trend in average catdhehibited with increas-
ing bias in the sampling for age for both initigjpdetion levels, except the catches were
more than double in those scenarios beginnindigh#ly depleted state (78Bg) so the
changes were more exaggerated between bias |Bespite the changes in average
catches between the two initial depletion statesalverage absolute variation in
catches appeared very similar with only minor défeces between scenarios. In both
the increasing age sample size and the increagsghe %AAV declined slightly but
all scenarios exhibited approximately the sameekegf variation with the inter-
quartile distances being somewhat wider in theailhtlightly depleted scenarios
(Figure 24).

In the scenarios relating to different age samialessin terms of the final depletion lev-
els there is little difference between differenhgde sizes or different initial depletion
levels Eigure 24).

The patterns in final depletion between the twaahdepletion levels were also effec-
tively the same. A negative bias led to much smabéches and almost complete re-
covery of the stock up to predicted unfished avetagels (although in a naturally
varying species such as School Whiting the notioa stable unfished equilibrium
biomass is admittedly artificial). In the most fn®ly biased age samples the final es-
timates of the median depletion was almost dowheat RP, with the intermediate de-
grees of bias laying in between the extrenkégure 24).

For all the age sample size scenarios and theimedatzero bias scenarios (across both
initial depletion states) the probability of theagming biomass falling below the LRP
again exhibited the same patterns each with vevynhe@dian values, of probability, and
only outlying individual replicate runs failing thdRP. However, for the two positively
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biased age samples there was more of an impaetialp with the bias of 1.0, in
which far more replicates failed to avoid the LR#th the median probability in the
initially lightly depleted scenario falling on tli®% failure line Figure 24).
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Figure 24. Alternative scenarios tested in Tier 3 on Schooltifvty; the 150, 250, 500,
and 1000 are the sample sizes of ages and thetValues are the bias values applied
to the ageing samples. The ‘Above’ and ‘Below’ tele the starting depletion levels.

13.2.3 Flathead Tier 4

The effect of differences in the CV of catch ragéreates on the outcome of the Tier 4
analysis can be very great. A CV of even 0.45 ead ko CPUE trends exhibiting
enormous variation between years, far more soithaxhibited by real fisheries, so the
outcomes from the CVs of 0.6 and 0.9 constituteeexé expected behaviour.
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The median value of the average catch slightlyideslwith increasing CV while the
associated spread of values increases markedlylaBymabove a CV of 0.15 the
%AAV more than doubles the values obtained withGMs of 0.05 and 0.13~{gure

25).

Flathead Tier 4
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Figure 25.Alternative scenarios tested in the Tier 4 on Kath the 0.05 ... 0.9 relate to
the CV applied to the generate the observed CPbli& the operating model and the
0.25 ... 2 values are the bias values applied t€tPEE series. The ‘Above’ and ‘Be-
low’ relate to the starting depletion levels.

The primary effect of increasing the CV value oa fimal depletion level and on the
failure to avoid the LRP was to increase the spdaglues, although the median final
depletion value also increased slightly up to thegét LP for the greatest CV with all
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the others falling below the target of 4B§%The median probability of failing to avoid
the LRP was very low for all scenarios except far highest CVs and the most posi-
tively biased in the initially heavily depleted ¢8,) stocks, where the median was on
the limit for the bias of 0.5 and all replicate suiailed to avoid the LRP in the bias = 1
scenario [Figure 25); in the lightly depleted initial state all scelmarsucceeded in
avoiding the LRP.

13.2.4 School Whiting Tier 4

School Whiting have similar outcomes to the Flatheéhin the Tier 4 HS for a num-
ber of particulars, however, there are signifiadifferences. While the increase in the
CV leads to increases in the variability of therage catches, the final depletion, and
the probability of failing to avoid the LRP, thdeadts on the median value for each of
those statistics was only relatively minor. Thissvilae same in both the lightly and
heavily depleted initial states, although the medialues for the average catch and fi-
nal depletion were both higher in the lightly deptescenarios and the probability of
failing to avoid the LRP was very close to zerotfo lightly depleted scenarios but had
median values between 0 and 7% in the scenariostfie initially highly depleted sce-
narios with the upper interquartile bound touchimg 10% line for the top two (unreal-
istic) CV values Figure 26).

The pattern of %AAV was very similar between the iwitial depletion states but the
range was more extreme and differences betweels lexaggerated in the initially
lightly depleted scenarios.

Once again the effect of bias on the median stzistas more extreme than the effect
of the CV changes with the final depletion leveddnlg inversely related to the average
catch levels. But in the initially highly depletedenarios the average catches of the low
biases (0.25 and 0.5) were greater than from gnlyi depleted scenarios but the
stronger biases were less than their respectiveasos in the lightly depleted scenar-
i0s. Despite this the final depletion levels weltdaaver in the highly depleted initial

state scenarios than the respective scenarios iligthtly depleted replicates. Thus the
lightly depleted scenario with the maximum positoras had a median final depletion
value very close to the target 4Bfpwhile that in the initially heavily depleted segio

had a median value close to the LERy(re 26).

13.2.5 The Effect of Inconsistently Occurring Biases

In this work only biases that occur consistenthlptigh time are examined. This as-
sumes that if biases are inconstant, perhaps thritneydistribution of sampling chang-
ing markedly between years, any effects are asstongplpear as process error through
time in any analysis. Thus, the apparent varighdftthe data, and any related popula-
tion size signal, would be greatly increased softtidata source may even become
uninformative although not necessarily in confligth other data sources. This assump-
tion would be reasonable as long as any biasesmethaonstant in their intensity. If in
some years there was much higher levels of biasithathers that may confuse any
intrinsic signal in the data, which, if it were @@tional, might lead to incorrect out-
comes.
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Figure 26.Alternative scenarios tested in the Tier 4 on Stkdloiting; the 0.05 ...

relate to the CV applied to the generate the oleseGPUE from the operating model

and the 0.25 ...

2 values are the bias values aptdidte CPUE series. The ‘Above’
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13.3Data-Poor

The outcomes from the 200 different scenarioslhrgtiated inFigure 27 — Figure 50,
with triplets of graphs relating to a particulaesfes. Actual initial stock status (‘H’
means highly depleted, so starting below the taeget ‘L’ means lightly depleted, so
starting above the target of 48, and finally whether a discount of 25% was imugbse
on the catch recommendation or not. There are 4o$@lots: these include boxplots,
median trajectories across all scenarios, and rahdselected individual trajectories
from a selection of two scenarios from each of@lt®mbinations of species, initial
status, and discount. The box plots illustrateftive harvest strategy performance
measures (see section 12.4.1), each of which selatine whole projection period of 30
years except the spawning biomass depletion leteth relates to the final year only.
Such box plots can provide a snapshot or summattyeodlynamics but in order to visu-
alize the effects of the different harvest stragegipon the stock dynamics, trajectories
of expected depletion, cpue, and annual catchrargded for each scenario to illustrate
the range of outcomes. Finally, some randomly setexeplicate runs (out of the 100
replicates in each case) are used to illustratetisenoothed trajectories that may reflect
reality more closely than the relatively smooth raadrajectories.

13.3.1 Flathead

Those scenarios that assumed the stock was up #imterget (assumed to be at
78%By) in 2009, irrespective of whether the stock wasaty above or below the tar-

get in the operating modelgble 5), invariably over-estimated safe levels of catche
This led to potentially severe to catastrophiclfolepletion levels, high catch variabil-

ity, and significantly high probabilities of failinto avoid the limit reference point
(Figure 27, Figure 30, Figure 33, Figure 36). Only the DCAC in the scenarios with a
lightly depleted stock status and a 25% discountaiohes managed to keep the median
depletion level above 20Bg (Figure 30).

The scenarios that assumed the stock was belotariet (assumed to be at 1Bgpin
2009, irrespective of whether the stock was actuadlbve or below the target in the op-
erating modelTable 5), generally under-estimated safe levels of catchiess in turn

led to final depletion levels often well above theget and generally zero chance of
failing to avoid the limit reference point. The DCAonce again differed from the rest
in that it permitted, on average, higher catchas the other harvest strategies, so that
the final depletion was generally lower, although above the target except in the sce-
narios where the stock was actually heavily dedlata no discount was applied to
catches. However, even in that circumstance bahas®s 65 and 6&-igure 33) both
median final depletions were above the limit refieeepoint, although a few replicates
failed to avoid the LRP.

The scenarios which assumed that the stock wée aatget of 488, in 2009 had dif-
ferent outcomes depending on the real initial statud whether there was a discount or
not. If the initial stock status was only lightlggleted then in all cases the median
probability of falling below the LRP was very smallthough a few replicates in meth-
ods 3, 4, 7, and 8 did go below when there wasisemdnt on catches$igure 27). If

there was no catch discount then all scenariospgxcand 8, the MCY and DB-SRA
using the initial catch without updating, had afidepletion level below the target, al-
though in all cases above the limit. Whereas wWithdatch discount all scenarios had a
final depletion above the target, with some beimlj above the target{gure 30).
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Flathead Tier 5 SSS=L Discount= 0
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Tier 5 type: 3=median catch 4=3rd high catch 5=MCY 6=DBSRA 7=DCAC 8=DACS

Figure 27.'ass/change SS’ means the current stock statusasisby the method, and for
DCAC, ‘change SS’ means the assumed change ik status over the catch history. ‘# years’
is the number of years of catches used in the rdeffio means use Tier 4 reference period, 10+
means use last 10 historic years to current. Fg/fenplies fixed TAC setting vs dynamic (or
feedback).

When the initial stock status was actually hightplted so the stock started below the
target then the discount on catches was very inflakon the outcomes of those scenar-
ios which assumed the stock was at the target wheh harvest strategy was first ap-
plied. In all cases where there was no discourtc#iches were set too high with the
consequence that the final depletion was effegtizeto except for the MCY method
and the DB-SRA with a fixed catch estimate (scasabi/ and 58Figure 33).
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Figure 28.The median trajectories across the 100 replicatesdch of the 25 scenarios de-
scribed inFigure 27. The red line in the top figure is the target spigag biomass depletion
level.

With a catch discount, on the other hand, somecggbes were at or above the target
and all were above the limit except the third hggleatch with a fixed initial catch
strategy Figure 36), which had a median depletion level on the lim&turally that
strategy also had a median probability of fallirgdov the limit which was above the
10% threshold.

In all sets of scenarios the wide bounds placetherinitial conditions meant there were
some initial conditions that were implausible, wétktremely high annual catches,
which in almost all cases eventually led to stockapse Figure 28, Figure 31, Figure
34, Figure 37). Despite these being implausible in real-life mgement (given the his-
tory of catches, nobody would allocate annual ezgabf 7-10,000 tonnes of Flathead),
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Figure 29. Five randomly selected trajectories from eachwaf $cenarios selected to illustrate
contrasting behaviour among the scenarios. Thedigaading identifies the species, the actual
starting stock status, the discount on catchesTidgreb approach (black lines relate to the first,
red lines to the second Tier 5), the number ofyeaed, and whether the scenario used a fixed
TAC or a dynamic one (‘'b’), finally the scenariomiber as depicted on the boxplots andaa

ble 9. The dashed lines are the medians of the 10Gcetes for each of the selected scenarios.

these scenarios illustrate that the full rangeasfsibilities have been considered. Thus
the median trajectories of spawning depletion rdnga zero up to almost 100% (1.0).

By considering the trajectories it is clear thathose stocks which begin as only lightly
depleted and above the target most harvest steategbid increasing well above or be-
low the target with the exceptions being conceattan those scenarios that assumed
the stock was either lightly or heavily depletethea than at the target. It also becomes
clear that the prevalence of stocks finishing alitreetarget increases with the 25%
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Figure 30.'ass/change SS’ means the current stock statusasisbly the method, and for
DCAC, ‘change SS’ means the assumed change ik status over the catch history. ‘# years’
is the number of years of catches used in the rdeffivo means use Tier 4 reference period, 10+
means use last 10 historic years to current. Fg/fenplies fixed TAC setting vs dynamic (or
feedback).

catch discountKigure 31). In the scenarios starting with a stock initiadigpleted be-
low the target then most scenarios ended up begidgyhdepleted. It was primarily
those scenarios that assumed the stock was weillibe target, which accepted that
reduced catches were all that would ever be pratjwned ended with depletion levels
above the limit and some above the tar§are 34). However, where there was a dis-
count on catches in the initially depleted stoaksrios, then most scenarios finished
with final depletions above the limit and many abdhe targetKigure 37).
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Figure 31.The median trajectories across the 100 replicatesdch of the 25 scenarios de-
scribed inFigure 30. The red line in the top figure is the target spigag biomass depletion
level.

The random trajectories from the various scenawbscted for each combination of
Flathead, initial stock status, and discount, ifiaie that the individual replicates tend to
be very different from the median trajectoRygure 29, Figure 32, Figure 35, Figure

38). In some cases relatively large changes in CPtdEcatch can occur between adja-
cent years, usually with associated changes inellaive stock depletion. The smooth-
ness of the median trajectories misrepresents migit be expected in a real fishery.
By considering individual scenarios in detail ipisssible to discern the drivers behind
change. For example, in the initially lightly detglé stock when there is no discount,
trajectories are illustrated for the DACS methodahhis updated through time. This
updating has the effect of dropping the catche®tg low levels even though the
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Figure 32.Five randomly selected trajectories from each af $senarios selected to illustrate
contrasting behaviour among the scenarios. Thedigaading identifies the species, the actual
starting stock status, the discount on catchesTidgreb approach (black lines relate to the first,
red lines to the second Tier 5), the number ofyeaed, and whether the scenario used a fixed
TAC or a dynamic one (‘'b’), finally the scenariomiber as depicted on the boxplots andaa

ble 9. The dashed lines are the medians of the 10Gcetes for each of the selected scenarios.

spawning biomass depletion and CPUE are both isicrgo relatively high levels.
Such behaviour provides no beneficial trade-ofésy\nigh catch rates at the cost of
almost no catch are not really beneficial. Simylam the highly depleted set of scenar-
ios that included a discount when updating DCAGuyImich it was assumed the stock
started well above the target, led to a very higtial catch level, which led to a rapid
decline in the CPUE until finally the high catcloesild not be maintained and the stock
and catches collapsdsigure 38). In a real world situation within Australia, iiculd
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Figure 33.'ass/change SS’ means the current stock statumasisoy the method, and for
DCAC, ‘change SS’ means the assumed change ik status over the catch history. ‘# years’
is the number of years of catches used in the rdeffi means use Tier 4 reference period, 10+
means use last 10 historic years to current. Fag/ieplies fixed TAC setting vs dynamic (or
feedback).

be assumed that the initial catch levels werestbhcal high levels and that catch rates,
even if only available sometimes would indicateljpems.
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Figure 34.The median trajectories across the 100 replicatesdch of the 25 scenarios de-
scribed inFigure 33. The red line in the top figure is the target spigag biomass depletion
level.
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Figure 35.Five randomly selected trajectories from each af $senarios selected to illustrate
contrasting behaviour among the scenarios. Thedigaading identifies the species, the actual
starting stock status, the discount on catchesTidgreb approach (black lines relate to the first,
red lines to the second Tier 5), the number ofyeaed, and whether the scenario used a fixed
TAC or a dynamic one (‘'b’), finally the scenariomiber as depicted on the boxplots andaa

ble 9. The dashed lines are the medians of the 10Q:etps for each of the selected scenarios.
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Tier 5 type: 3=median catch 4=3rd high catch 5=MCY 6=DBSRA 7=DCAC 8=DACS

Figure 36.'ass/change SS’ means the current stock statusasisby the method, and for
DCAC, ‘change SS’ means the assumed change ik status over the catch history. ‘# years’
is the number of years of catches used in the rdeffio means use Tier 4 reference period, 10+
means use last 10 historic years to current. Fg/fenplies fixed TAC setting vs dynamic (or
feedback).
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Figure 37.The median trajectories across the 100 replicatesdch of the 25 scenarios de-
scribed inFigure 36. The red line in the top figure is the target spigag biomass depletion
level.
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Figure 38.Five randomly selected trajectories from each af $senarios selected to illustrate
contrasting behaviour among the scenarios. Thedigaading identifies the species, the actual
starting stock status, the discount on catchesTidgreb approach (black lines relate to the first,
red lines to the second Tier 5), the number ofyeaed, and whether the scenario used a fixed
TAC or a dynamic one (‘'b’), finally the scenariomiber as depicted on the boxplots andaa

ble 9. The dashed lines are the medians of the 10Gcetes for each of the selected scenarios.

An alternative way of illustrating how the dynamascur is to include a phase plot of
catches against the depletion level in which thnetseries nature of the data is implicit
(Figure 51, Figure 52). The four sets of scenarios can be combinedairitgure with

four panels. Catches above 5000 t have been treoht@afprovide more separation be-
tween the scenarios with more realistic catch E¢ealism being defined as within his-
torical bounds).
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13.3.2 School Whiting
Whiting Tier 5 SSS=L Discount= 0
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fix(x)ifeedb) x b x b x b x x b x b x b]lx b x b x b|lx b x b x b
T5 type 3 3 3 3 4 4 5 6 6 7 7 8 8|6 6 7 7 8 8|6 6 7 7 8 8
ass/change S48 48 48 48 48 48 48 48 48 0 0 48 48|18 18 -30 -30 18 18|78 78 30 30 78 78

Assumed Depletion At Target Depleted Above Target

Tier 5 type: 3=median catch 4=3rd high catch 5=MCY 6=DBSRA 7=DCAC 8=DACS

Figure 39.'ass/change SS’ means the current stock statumasisoy the method, and for
DCAC, ‘change SS’ means the assumed change ik status over the catch history. ‘# years’
is the number of years of catches used in the rdeffio means use Tier 4 reference period, 10+
means use last 10 historic years to current. Fag/ieplies fixed TAC setting vs dynamic (or
feedback).

With School Whiting those scenarios where the steak up above the target (assumed
to be at 789By) in 2009 [able 5) and with no discount, all led to relatively Idevel

of catch (except for DB-SRA when it assumed thekstoas actually up at 78%igure
39). DB-SRA in the assuming above the target sedédrio excessive catches, high
catch variability, finishing with a median depletieffectively on the limit reference
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point, and relatively high probability of failing stay above the LRP. All other scenar-
ios were exactly different from thigigure 39 - Figure 41).
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Figure 40.The median trajectories across the 100 replicatesdch of the 25 scenarios de-
scribed inFigure 39. The red line in the top figure is the target spigng biomass depletion
level.

In the median trajectories from the lightly deptefchool Whiting with no discount
only the two DB-SRA that were assuming the stockd@bove the target very quickly
became depleted with the fixed strategy taking éorig deplete than the dynamic
(Figure 40).
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Figure 41.Five randomly selected trajectories from each af $senarios selected to illustrate
contrasting behaviour among the scenarios. Thedigaading identifies the species, the actual
starting stock status, the discount on catchesTidgreb approach (black lines relate to the first,
red lines to the second Tier 5), the number ofyeaed, and whether the scenario used a fixed
TAC or a dynamic one (‘'b’), finally the scenariomiber as depicted on the boxplots andaa

ble 9. The dashed lines are the medians of the 10Q:etps for each of the selected scenarios.
The black lines represent the assumed stock stetsig 898, and the red 48%,.
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Tier 5 type: 3=median catch 4=3rd high catch 5=MCY 6=DBSRA 7=DCAC 8=DACS

Figure 42.'ass/change SS’ means the current stock statusasisby the method, and for
DCAC, ‘change SS’ means the assumed change ik status over the catch history. ‘# years’
is the number of years of catches used in the rdeffio means use Tier 4 reference period, 10+
means use last 10 historic years to current. Fg/fenplies fixed TAC setting vs dynamic (or
feedback).

Comparing School Whiting results between identscanarios except for including a
25% discount on catches leads to the catches takag less which leads to an even
lighter level of final stock depletion. More sigicdintly, the DB-SRA with a fixed strat-
egy, which assumed the stock status was reallyBg&t#s0 had reduced catches which
were sufficient to end with a depletion level betwéhe target and limit, and only had
one replicates that went above the LRP. The outdomiae dynamic DB-SRA in the
same section was not improvdeigure 42).
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Figure 43.The median trajectories across the 100 replicatesdch of the 25 scenarios
described irFigure 27. The red line in the top figure is the target spig biomass
depletion level.

Once again the median trajectories reflect the lms@igure 42) in that only the two
DB-SRA scenarios from the assume lightly depletadisn deplete to any extent. The
constant catch scenario performs better than tbating or dynamic catch DB-SRA
(Figure 43).
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Figure 44.Five randomly selected trajectories from each af $senarios selected to illustrate
contrasting behaviour among the scenarios. Thedigaading identifies the species, the actual
starting stock status, the discount on catchesTidgreb approach (black lines relate to the first,
red lines to the second Tier 5), the number ofyeaed, and whether the scenario used a fixed
TAC or a dynamic one (‘b"), finally the scenariombier as depicted on the boxplots andadn

ble 9. The dashed lines are the medians of the 10Q:etes for each of the selected scenarios.
The red lines represent the assumed stock statZ 8B, and the black 48%;.
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Figure 45.'ass/change SS’ means the current stock statusasisbly the method, and for
DCAC, ‘change SS’ means the assumed change ik status over the catch history. ‘# years’
is the number of years of catches used in the rdeffio means use Tier 4 reference period, 10+
means use last 10 historic years to current. Fg/fenplies fixed TAC setting vs dynamic (or
feedback).

Where the School Whiting stock was actually inghhy depleted state@éble 5) and
zero discount, again the catches for many of thietiescenarios were under-estimated
which led to low catch variation and final depletievels close to or above the target
depletion level and only low likelihoods of failiig stay above the LRFFigure 45).

For those scenarios that assumed the stock waly higpleted then all methods DB-
SRA, DCAC, and DACS badly under-estimated catcinelsled to relatively high stock
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levels. In those scenarios which assumed the staskhighly depleted the DB-SRA
and DACS both over-estimated sustainable catché&shvidd to very high catch vari-
ability, final median depletions sitting on the LREhd a high probability of failing to
stay above the LRHAF{gure 45); the DCAC, however, performed relatively well, sty
staying above the LRP and finishing just belowttrget RP. These outcomes are re-
flected in the plot of the median trajectories frima different scenariogigure 46).
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Figure 46.The median trajectories across the 100 replicatesdch of the 25 scenarios de-
scribed inFigure 45. The red line in the top figure is the target spigng biomass depletion
level.
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Figure 47.Five randomly selected trajectories from each af $aenarios selected to illustrate
contrasting behaviour among the scenarios. Thedigaading identifies the species, the actual
starting stock status, the discount on catchesTidgreb approach (black lines relate to the first,
red lines to the second Tier 5), the number ofyeaed, and whether the scenario used a fixed
TAC or a dynamic one (‘'b’), finally the scenariomiber as depicted on the boxplots an@aa

ble 9. The dashed lines are the medians of the 10Q:etps for each of the selected scenarios.
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Figure 48.'ass/change SS’ means the current stock statusasisby the method, and for

DCAC, ‘change SS’ means the assumed change ik status over the catch history. ‘# years’
is the number of years of catches used in the rdeffio means use Tier 4 reference period, 10+
means use last 10 historic years to current. Fg/fenplies fixed TAC setting vs dynamic (or

feedback).

Where the School Whiting stock was actually inghhy depleted state@ble 5) and a
discount of 25%, the catches were naturally lowet this led to relatively high catch
variation in three of the scenarios that were agsgithe stock to be at 48 it also
led to increased variation in the final depletiewdls although all which assumed the
stock to be below or at the target ended well allbgdarget. Figure 48). Those sce-
narios where the assumption was the stock was ug%B, behaved differently. The
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DCAC again performed better than the DB-SRA and BAdlthough it finished a long
way above the TRP. The DACS finished with the logeartile biomass depletion level
on the LRP so there were a relatively high propardf runs that failed to stay above
the LRP. The performance of the DB-SRA was notatiffely improved over a zero
discount. Again these boxplot findings were re#elcin the median trajectorieSigure

46) and the individual trajectoriefigure 49), although like the zero discount scenarios
the random individual trajectorieBigure 50) illustrate the greater variability of School
Whiting (than Flathead) by the wide range of vasmtpparent in the dynamics altered
scenario.
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Figure 49.The median trajectories across the 100 replicatesdch of the 25 scenarios de-
scribed inFigure 27. The red line in the top figure is the target spigng biomass depletion
level.
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13.4Summarizing Across Species and Scenarios
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Figure 51.A phase plot of Flathead depletion level againstréspective catches for all scenar-
ios within each of the four combinations of init&bck status and discount level. Vertical col-
oured lines represent constant catches. The legmgpltks to all panels. The thin black line rep-
resent the policies limit and target reference goin

For Flathead in the lightly depleted scenariostwgayreater than 4000t lead to deple-
tion below the LRP and in the heavily depleted aces catches above 3000t have the
same effectKigure 51). Clearly, when initial catches are too high tleids to stock
collapse without further intervention. Mixed up it each panel is whether the stock
Is assumed to be at, below, or above the targéeti@p level when applying the meth-
ods in the first year. The 30 years of projectiomiadicated by the length of each col-
oured line. The shorter the line the less catclatian in a strategy. If the lines are ver-
tical this indicates stable catchésgure 51). The differences between the dynamic or
fixed versions of a harvest strategy are appafédrg.scenarios where the initial stock
status was lightly depleted indicate more scendhasstart with relatively high catches
which finally decline once the stock biomass dexdibeyond a critical level. It is not
impossible for the median catches to increase lkttominitial catch levels (e.§ig-

ure 34) even when stock levels begin to collapse; thaioxespecially with DB-SRA
and DACS, but only when the assumption is madeth®astock is only lightly depleted
up at 789B,. This suggests a possible weakness in the proposdtbds where it re-
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sponds inappropriately to the consequent catchegertheless, stable catches appear
more successful more often than those data-podradstthat rely on updating through
time. All those scenarios where the assumed statks is lightly depleted predict high
catches and most often these fail to keep abovERIfReand lead to high to very high
depletion levels. Irrespective of the method ocalisit used the depletion level of a

stock should never be assumed to be better thiwe #rget or below.
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Figure 52.A phase plot of School Whiting depletion level agiithe respective catches for all
scenarios within each of the four combinationsndfal stock status and discount level. Vertical
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represent the policies limit and target referenmatp.

1.0

Summarizing across all scenariésgure 52) the relationship between the catch taken
and the related depletion level is very obviousS¢mool Whiting, the two DB-SRA
scenarios where the stock is assumed to be aBy8%the start both exhibit extreme
dynamics and strongly suggest, when combined WweHindings in Flathead~{gure

51) that if DB-SRA or DACS are to be used the assuwmnpdbout the current stock de-
pletion level should never be optimistic and shaitly select being at the target of
48%B, with less risk attributed to the stock being betbe target. Again combined
with the findings from Flathead this finding candeneralized to conclude that the cur-
rent stock status should never be assumed to ter bedn at the target. For School
Whiting assuming the stock is at the TRP appeab®ta reasonable option for all sce-
narios except when using DB-SRA with updating @f thtch levels; and the outcomes
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suggest there are no improvements to catch, catcability, or final depletion level
from using a discount.

The results from any MSE tend to be voluminous diffctult to interpret. Attempting

to considefFigure 27 to Figure 52 at once is not simple. It is however, possiblego
lect out those HS and methods that lead to outcevhesh are either intermediate be-
tween the LRP and TRP or above the TR&b{e 11), omitting those combinations that
fail to maintain the stock above the LRP for thguisite 90% of the time.

Table 11. Summary of the outcomes from different methods wswter different cir-
cumstances. Depletion is the actual stock deplekoralD is the final depletion level
(median value T — at TargetRP, A — above, | - itwieen LRP and TRP, and L — at
LRP). AssumedD is the stock depletion level assufoethe scenario, and Fix or Dyn
is whether the catch estimated was fixed at th# atavas dynamically updated.

Species Depletion Discount Method FinalD AssumedD Fix or Dyn
Flathead H 0 MCY T 48 f
Flathead H 0 DCAC I 18 f&d
Flathead H 0.25 DB-SRA T 48 f&d
Flathead H 0.25 3rd HighC A 48 f
Flathead H 0.25 DCAC A 48 f
Flathead  H 025 DACS A 48 f
Flathead L 0 3yrMedC A 48 f&d
Flathead L 0 DB-SRA A 48 f
Flathead L 0.25 3rd HighC A 48 f
Flathead L 0.25 10yr MedC A 48 f
Flathead L 0.25 DCAC A 48 f
Flathead | L 025 _DACS A 48 f
School Whiting H 0 3rd HighC A 48 f&d
School Whiting H 0 MCY A 48 f
School Whiting H 0 DB-SRA A 48 f
School Whiting H 0 DB-SRA I 48 d
School Whiting H 0 DCAC I 78 f&d
School Whiting H 0.25 All A 18 & 48 f&d
School Whiting H 0.25 DCAC A 78 f&d
School Whiting H 025 DACS | 78 f&d
School Whiting L 0 DACS A 48 f&d
School Whiting L 0 DB-SRA A 48 d
School Whiting L 0 All others A 18 & 48 f&d
School Whiting L 0 All others A 78 f&d
School Whiting L 0.25 All A 18 & 48 f&d
School Whiting L 0.25 DB-SRA I 78 f
School Whiting L 0.25 All others A 78 f&d

As long as the initial stock state is never assutodze above the target RP, the DB-
SRA and DCAC methods appear to be capable of progwatch estimates that main-
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tain the intent of the Commonwealth HSP, even wirdg based on 10 years of data.
At the same time, it often appears best to useed festimate of sustainable catch al-
though updating the estimates as more data becavadable would also appear to
have benefits for some methods under some circumecesa

As with all stock assessments and fisheries managebtindly following the dictates

of any formal harvest strategy in the face of agheof evidence that indicates a prob-
lem with whatever advice is being produced woulébsky strategy. Formal harvest
strategies should always have escape clausedlthas &r exceptional circumstances.
This is especially the case when dealing with gatar fisheries where any assumptions
behind the methods used within the harvest strategyonly be weakly adhered to.
This is not to say that rejecting the managemewvitadrom a harvest strategy should
be simple or easy; such rejections should alwaysvizkence based.

13.5 Application of Catch-Only Methods to Current Fisheries

13.5.1 Average and Median Catch Methods

Except when the state of the assessed stock wamadgo be only lightly depleted, the
range of methods used all had some success in 8tethkting in that they managed to
avoid the LRP in many cases. They often did thasydver, by predicted relatively con-
servative catches. This may have been relatedlyousing 10 or 3 years in their esti-
mation and they may perform better with longereserit does matter whether the time
series is relatively stable or highly variable (Miny of Primary Industries, 2014). If
variable catches are usual then the longer thegaries the better, but the use of the
central tendency (mean or median) of a catch lyisteran estimate of sustainable catch
would depend strongly on whether the fishery weneetbping or declining when the
catch history was recorded. If on the way up thienede may be an under-estimate but
if on the way down it may over-estimate catches ethods that use fixed estimates
avoided the potential for a ratcheting down of bagcthat can occur in the strategies
that include regular updating of the central termyegstimate. It is not the case that an
allocated TAC will always be fully taken, espegraliith a by-product species that is
not specifically targeted. If sustainable catclinestes are updated by using the mean or
median of a time series that has an upper limiA&) which is often not met, then the
upper limit will automatically decline. Such catestimates should be reviewed at five
or ten year intervals in a weight-of-evidence cattespecially of more information
beyond catches has been collected, but otherwesixidd methods have advantages
over the dynamic or updated methods.

Methods that use a production model to mimic tbelstlynamics have the advantage
of being less vulnerable to such changes but ase the disadvantage that they require
either estimates (guesses; expert opinion) of fiegletion level or of the changes in
depletion during the catches. Once again a weigavidence approach through the
whole RAG would be needed, and the plausibilitybatever level is selected would
need to be defended.

13.5.2 DCAC

The application of the DCAC method is very rapikrewhen using 10,000 replicates.
For each species the distribution of sustainaliighes was skewed to the left, which
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reflected the uncertainty that derives from theowss assumptions made about the biol-
ogy and the production model representing the stiyolamics. Nevertheless the esti-
mates of sustainable catches were 2158t, 93811428t for Flathead, Jackass Mor-
wong, and School Whiting respectiveBidure 53).

The catch histories for each species were relgtioelg with catches for Flathead and
Jackass Morwong stretching back to 1915 and SdMiniting back to 1980. In both
Flathead and Jackass Morwong there has been higls lef contrast in catch levels
through time but the two species are very differerthat Flathead has had variable but
large catches throughout its history whereas Jadiaswong had relatively low
catches up until 1949 then high catches to abo®@® &&d strongly reducing catches out
to 2010. When one sequentially reduces the leoigtie time series of catches used by
removing years from the start of each time seheseffect on Flathead is relatively mi-
nor except for the spread of the outcome aroundnidian values expanding. For
Jackass Morwong however, the removal of the eatghes soon leads to a maximum
estimate of sustainable catch which then declisgbealater much smaller catches be-
gin to dominate the catchesigure 54). This reflects the assumption that the change in
depletion level over the fishing period remainedlaut 50%, if this were adjusted to
something more appropriate (though difficult tareste and the weakest part of this
approach) hen the sustainable catch estimate vieuékpected to remain more stable.

Jackass Morwong was omitted from the MSE testirgabse an earlier stock assess-
ment (Wayte, 2013) demonstrated that the averagait@ent had declined two or
three decades ago. Importantly the predicted swdibg catches from recent years
(Figure 54) are greatly reduced which reflects this. It migatthought that the advent
of the HSP, which led to catches being control nstri@gently so that over-fishing was
constrained (Smitkt al, 2014), might invalidate estimates based on tezatiches.
However, the HSP was only introduced in 2007 smftaence would not be very great.
Of greater concern is that any method based oragegaratches is likely to generate es-
timates of sustainable catches that are biased Agwith all data-poor fisheries, in
addition to application of such harvest strateghesweight of other evidence available
should be consistent with the recommendations fterassessment method selected.
The DCAC method certainly works well for some spe@and works well with longer
time series of catches. With the three speciesiderel the correction over the average
catch for depletion was relatively minor being 13@r Flathead, 110 t for Jackass
Morwong, and 145 t for School Whiting from 1980

Table 12. The quantiles of the sustainable catch estimates the DCAC with the average
catch from the history of landings for each spectehool Whiting was estimated using the full
time series of catches from 1947 and then only &30 onwards; catches reported between
1947 — 1980 were only minor.

Quantile Flathead Jackass Morwong School Whiting 47  School Whiting 80

0.025 2014.525 834.487 753.671 1268.282
0.05 2045.143 854.697 764.117 1302.302

0.5 2153.009 934.574 803.560 1439.002

0.95 2217.412 984.793 823.694 1514.271
0.975 2226.353 991.715 826.032 1523.272
AverageC 2290.357 1044.844 841.531 1584.376
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Figure 53. The outcome from 10,000 replicate estimate usiegdCAC method on Flathead
(FLT), Jackass Morwong (MOR), and School WhitingH8). The mean estimates for each
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was made that the stock was at the target biomaabthese assessments.
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Figure 54.The effect on the estimate of sustainable catatasfing the time series of catches
by dropping increments of 10 years from the stheazh series for Flathead and Jackass Mor-
wong. The blue lines are the median of the digtidms of sustainable catch estimates while the
red lines are the 95% confidence intervals.

As noted by MacCall (2009), the DCAC only provigesestimate of a “...moderately
high yield that is likely to be sustainable, whilaving a low probability that the esti-
mated yield level exceeds MSY...". Thus, this metbodld easily be included into the
HSP as a Tier 5 method as long as the predicteti tatel was accepted as a suitable
proxy for the target fishing level. Being aimedyanerally by-product species within
the mixed species SESSF fishery, in line with otlmr-target species, a target of
4098, acting as a proxy for MSY, may be appropriatéhalgh such a decision would
ultimately need to be made as a policy decision).
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13.5.3 DB-SRA

The DepletionBased Stock Reduction Analysis is mflexible than the DCAC in the
it can provide estimates of MSY vsy, Fusy and depletion levels. These are depen
upon the production model used but neverthelesstimbles the method to genel
estimates that can be directly interpreted by tB& HTI'he application of the [-SRA
method is rather more time consuming altth running 10,000 replicates to charir-
ize a single species takes betweel- 20 minutesKigure 55).

With each of the species the final depletion levat assumeto be at 489B, so the
median in the final year would be expected to bred close to this value. WiJack-
ass Morwongdhis assumption of being on target with respecthéofinal depletion ei-
mate is problematic as this would only be the caeevised stock recruitment ia-
tionship were to be used. A regime shift occuriyte, 2013) to lower the avera
recruitment and that means that the predictedois®mning the early 1980<Figure 55)
is now no longer expected. The -SRA should have assumed the stock finished
relatively depleted state and started the catdbryisollowing the regime shift. C
course, for a datpeor species such knowledge isikely to be available. More wot
on how to handle such species if they are-poor is required. None of these c¢
only methods should be applied blindly but rath@yavhen taking into account all el
known about a fishery. The use of a weight odence approach enables the asp-
tions made to be defensible and possibly testabéngufficient resource
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Figure 55. The spawning biomass depletion estimated usin®@B-SRA methodology fo
Flathead, Jackass MorwgrandSchool Whiting The blue lines are the median values anc
lines are the 95% bounds on the spread of thecetpl. The lower graphs represent te-
quency distribution in the final ye¢

Outputs important fomanagemerinclude the MSY, Rsy, and he depletion leve
each with estimates of uncertainty inclu (Figure 56). The inclusion of the unr-
tainty estimates means that any harvest contreldalelopedor use with the D-SRA
assessment method can attempt to take into acttminncertainty included in theo-
logical parameters and the catch time series wsedtimate the management outp
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As with the DCAC, MSE testing the use of only 1@ngefor the initial estimates within
the DB-SRA provides a strong test of the utilityDB-SRA. In reality, for many of the
SESSF species longer time series are availableef@atedly running the DB-SRA on
the Flathead data but sequentially removing 10syata time from the long time series
(Figure 57) the effect of different lengths of time-seriesilkcbbe explored.

The effect of decreasing the length of the timéeseawn the estimate of MSY is only
minor up until about 1975 but it is in 1985 and amngls where first the spread of possi-
ble values increases so that smaller values makppearance, but then in 1995 the
mean drops from between 2800 and 2750t down tot&a&0t with a shift downwards
in the distribution Figure 58, Table 13.

The analyses in the DB-SRA all assumed that thad fiepletion level in 2012 was 48%
and the outcome from the analysis is sensitiveecstlected depletion levéligure

59). For example, when the depletion level in thalfiyear is assumed to be 3B§n-
stead of 50% the MSY output has double the rangaloks (2168 — 3067 rather than
2344 — 4050) of the analysis at 5B8owith more difference between the upper bounds
and the lower and a 260 t difference between th¥ lSimates. The selection of the
assumed depletion level is a decision that wouktirie be defended explicitly and
agreed upon by the full RAG.
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Figure 56.The outputs from the DB-SRA applied to Flatheadr dke entire catch history us-
ing 10,000 replicate runs of the Monte Carlo sirtiata
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Table 13. The start year, number of years of catch datatleduantiles of the esti-
mates of the MSY. Note the shift to lower valueshe last three rows and the differ-
ence relative to the average catches over the panal. In all cases except the last
row the assumed final depletion was 48%; in theras is the outcome from an as-
sumption of 35%.

Start Years 2.50% 5% 50% 95% 97.50% AverageC
1915 98 2344.537 2382.149 2831.794 3776.656 4050.090 2290.357
1925 88 2342.034 2381.012 2831.601 3776.654 4048.268 2457.239
1935 78 2327.350 2373.559 2827.719 3776.633 4038.496 2404.397
1945 68 2306.799 2364.283 2823.057 3776.583 4031.961 2401.544
1955 58 2267.541 2350.947 2816.476 3775.969 3990.172 2434.862
1965 48 2234.215 2310.502 2802.807 3763.108 3983.085 2486.521
1975 38 2168.726 2255.357 2773.696 3725.866 3943.827 2440.500
1985 28 2067.754 2180.506 2733.887 3668.618 3917.452 2739.179
1995 18 1828.630 1934.611 2569.098 3442.084 3709.652 3051.000
1915 98 2168.842 2200.732 2426.595 2907.005 3067.365 2290.357
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Figure 59.An example run of 10000 replicate runs the DB-SR/tathead from 1915 — 2012

with the final depletion set at 3Bgpinstead of 50%,. The median MSY is 2426 t, and median
depletion is 0.331. The f@ercentile is at 0.2034, so the method meets ithé Reference
Point requirement.

Both the DCAC and the DB-SRA require an assumpaioout the level of depletion in
the final year (or a particular year) but with dptaor species this will invariably be a
very uncertain value. Despite this the DB-SRA mdthbolds some advantages over
using simple average catches as even with onlwa/éar’'s data and relatively high
natural mortality rates the outcome differs frommgly using the average of median
catch Table 13.
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13.5.4 Further Alternative Tier 5 Methods

Alternative methods that are very new and werdnmatided in the MSE include the
Catch-MSY method by Martell and Froese (2014). Thigery similar to the DB-SRA
but rather than using the novel production modektged by Dick and MacCall
(2011) Martell and Froese, use a simpler produatiodel and conduct a Monte Carlo
simulation on that production model’s parametelhss Teads to the production of a
large number of potential stock trajectories argytimclude procedures for eliminating
the implausible ones (stock goes extinct, biomasmnels beyond the carrying capacity)
and then calculating statistics of managementestdrom those remaining. They still
require preliminary guesses as to the startingtla@dinishing depletion levels but these
can be very wide and flat. They use the term ‘pdgstribution and ‘posterior’ distribu-
tion to describe the effect of the analysis althoiigs not strictly a Bayesian analysis;
because they are using a Bernoulli distributione(tor false; 1 or 0) there is not a multi-
plication or each prior with a likelihood but rathibe prior is being thinned by rejection
of implausible combinations of two parameters tine. It is not necessarily the case
that the most common combination of parametersishadt inconsistent with the data
is the most likely. The production model is notriggfitted to the data but rather the in-
verse of what does not fit it is being eliminathieévertheless, this approach holds
promise and is already being used in a few pladagdon, 2014b). The input require-
ments of the Catch-MSY method are fewer than tlimsthne DCAC or the DB-SRA

and so this approach would warrant further conatalam.
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14 Appendix: Further Discussion and Conclusions

14.1 Data-Poor Harvest Strategies

The current HSP recognizes that in a multi-spdcséery it would not be possible to
ensure that all species are being fished at thdividual maximum economic yield
level (the target reference point, TRP, or its grok48%B). Here it is assumed that
any species being considered for a Tier 5 assessmoerhd not be a principle economic
driver of the fishery involved and so it would bezaptable to adopt the minimum ob-
jective of maintaining the species above the lmaierence point (LRP). With data-poor
or data-limited species any of the assessment meih@posed could be justified ini-
tially by putting it in a weight-of-evidence apsal of the state of the species con-
cerned. This would both enable: 1) the data avialabbe reviewed, 2) to determine
which methods and harvest strategies were fea@tiere 60), and 3) determine what
information was useful and how important the speacually was in the context of the
multi-species fishery.

Classical HS

» Decision Rule

(o

Monitoring —*Assessmer

Empirical HS

» Decision Rule

¥

Monitoring = Assessmer

Monitoring > Assessment Decision Rule

Figure 60. A comparison of the internal structure of a clealdy structured harvest strategy
with those based on simple empirical rules. Thesital HS can provide estimates of stock
biomass or depletion or their proxies while the giog@l HS treat some statistic from the fished
stock as a performance measure which they can megilgd onto a recommended catch.

The MSE work in this report has been consideriffiggisint data-poor methods but also
a default harvest strategy in each case, whichtaghe estimated sustainable catch
was that which would be applied. This harvest sgpatappears simpler than it would be
in reality if it were implemented. Any new harvestategy or method would be imple-
mented in the context of the current managementdveork and processes. Thus, in the
SESSF it is the RAGs for each sub-fishery who waeldew the available evidence
and the fishery appraisal for the data-poor spdmeasg considered; they would then
accept or reject the draft assessment. Within E®SF the output from any accepted
final version assessment is merely the recommehibdolical catch (the RBC). The
management advisory committee with AFMA staff pdevadvice to the AFMA board
as to whether the RBC needs modification, andthesBoard who provide the final ad-
vice on TACs to the Minister responsible for fiskerfFigure 61).

Generally, any TAC wold be expected to be smaliantor equal to the RBC, but it re-
mains possible for the TAC to be larger than theCRB
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Figure 61.The process flow in the generation of a Total Alidle Catch in the SESSF. The
assessment team work up a stock assessment apdtgted with its associated evidence to a
RAG. Once the RAG has approved a draft, base aasessment, a final assessment is made
and this forms the basis of an RBC. This is comsidi®y the respective MAC, who take into
account socio-economic and possibly cultural/ind@es concerns to recommend a final TAC.
The MSE testing only considered the processesmitid dashed line.

14.2 The Appropriateness of a Selected Tier

The need for a higher tier than Tier 4 arose whéedcame clear that there were fisher-
ies being assessed using Tier 3 and Tier 4 whick peorly suited to either approach.
One obvious approach to determine the appropriasenieeach assessment method
when applied to a particular stock is to ensuréettmassumptions behind each assess-
ment method are all met or at least are not devifaten to any large extent. However,

in the higher tiers (both 3 and 4) there have bestances where the assumptions have
been known to have been compromised and yet tlesseents are not necessarily re-
jected. In some cases a Tier 4 has been used whien & only provided highly im-
plausible predictions. But, in many cases where ZFiassessments have been known to
have been invalid, the absence of an alternatiaecibuld provide catch level advice
meant that the assessments were not rejected.impéest example of this is where all
the deep water Oreo species are assessed usihgti#eapproach. The fundamental
assumption behind the Tier 4 analyses (which us# @nd standardized catch rate time
series of data) is that catch rates reflect redadifvundance of the stock and are represen-
tative of the whole stock. Neither of these assimngtare met, especially since the ad-
vent of the 700m closure. Oreo catch rates vam featremely low to extremely high,
depending upon whether the aggregations of fishaageted or notHigure 62).

Frequency
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Log(Kg/Hr)
Figure 62. The log-transformed CPUE for the mixed Oreo catggo the end of
2013, which includesllocyttus verrucosu@/Narty Oreo) Neocyttus rhomboidali€Spiky
Oreodory) Neocyttus psilorhynchy&ough Oreodory)Allocyttus nigerBlack Oreodory) and
a further mixed category (Oreo Dory). Note the ks of the lower levels of CPUE contain-
ing large numbers of records. The first five spit@ate to 5, 10, 15-20, 30, and 60 kg/hr.
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Apart from being applied to a mixed species gralfhéugh ~97% tends to be Spikey
Oreodory), the variation between catch rates betwears is so great in some instances
that it is biologically impossible for those cateites to be reflecting the relative abun-
dance of the stocks. With the 700m closure mo#t@Oreo habitat is now closed and
the records that are obtained are in no way reptatee of the whole. Even a data-poor
assessment method may not work for such speciesgevgich a high proportion of the
stock is protected from fishing mortality insideaddsures. Some other means of allo-
cating a TAC needs to be developed; none of th@adstinvestigated here, even aver-
age catches, are applicable because the largeelbas distorted the representation of
the stock.

It is the case that such a large proportion is noionger able to be fished because of
the 700m closure that it would be valid to allocateatch level that would not constrain
catches anywhere and instead of assessing thesstack year, merely monitoring
catches to determine if they rise in the future theoh decide whether more intervention
is required. A set of trigger catch levels would\pde the management tools necessary
to defend the management (Dowliegal, 2015a,b).

There are no standard, routine methods, or formiairi@ that can be applied to deter-
mine whether a fisheries stock assessment is apgt®pvhich can be applied inde-
pendently of the assessment and management piacgbgh it is embedded. In the
SESSF it is the Resource Assessment Groups (RA@isjietermine whether or not to
accept a stock assessment, and this tends to leeodam weight-of-evidence approach
that attempts to account for consistency througpe tithe relative quality of fit of the
model to the data, and whether the model structomectly represents the stock dy-
namics as far as they are known. Most often a sdagskssment might be rejected on the
basis of qualitative reviews of the match betwdenrnodel structure used and what is
known about the fished stock. In a Tier 1 assessihemo data streams are in conflict,
with one implying things are improving and anotimeplying things are declining, it
would be more usual for one of the data streanhe tieejected rather than the assess-
ment. At very least the sensitivity of the assesgmatcomes to including or excluding
(or down-weighting) each data-stream would be erathi

While there are no formal criteria presently avaia beyond the classical statistical fit
criteria, it would undoubtedly be helpful for keegiprocesses open and understood, if
such more formal criteria were developed. Thisossuggesting that the current less
formal review of the applicability of an assessmamtliscontinued, but rather that at
least some more formal aspects be recognized add paat of the RAG’s routine so as
to make communication and understanding simpler.

14.3The Effects of Sample Size, CV, and Bias on Assegnts

14.3.1 Tier3

The Tier 3 assessment method and harvest strappgaes capable of achieving the
Target Reference Point of 48for Flathead (and similar species) for all levalsige
sample size even when starting from low or higlelewf initial depletion, but this is
the case only if there is no or only slightly pagtsampling bias. If the sampling has a
significant positive bias the outcomes can leanhigsing the target in about 75% of oc-
casions when the stock started below the targégmuled either at the target or just be-
low the limit if the stock started well above tlaeget. This was simply a reflection that
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the catches in the latter case were badly ovemagtd.

With School Whiting (and similar species) the T3awas only able to achieve the target
or remain above it if there was negative bias. tR@sbias led to depleted states and
with the maximum positive bias the medians werecati¥ely on the limit reference
point. In all cases of different sample sizes aphsately, with no bias the median de-
pletion ended at or just below about 40% insteatth@target of 48%. Once again, posi-
tive bias in the aging samples generated misleanlitguts and undesirable manage-
ment outcomes.

14.3.2 Tier4

The effects on the Tier 4 applied to Flathead-$igecies, of the coefficient of variation
(CV) of the CPUE and of bias tended to be highlgggerated for the very high CVs of
0.6 and 0.9. These two levels led to time serigSRIWE which were unlike any seen in
the real fishery and so these levels should bereghfor Flathead.

With the remaining levels of CV, not surprisinghg the CV increases so does the
spread around the median levels of catch, the @iepletion, and the probability of
avoiding the LRP. The catch variation appeareatoeiase exponentially for CVs of
0.05, 0.15, and 0.45. The effect of positive lewlbias is to over-estimate the sustain-
able catches, which in turn leads to greater levktiepletion. If the stock starts already
below the target then positive bias can force wiado or just below the LRP. This is of
concern as ‘effort creep’ would lead to positivadhand has undoubtedly occurred with
the advent of GPS and colour depth sounders,ataytich there is no information that
can be included in any of the CPUE standardizations

With the School Whiting like species, the effedtsnareasing CV on the Tier 4 out-
comes was to increase variation in catches, bsisiiecies is already highly variable
from year to year so the higher values of CV hags lbf an impact on the outcomes.
When the species starts already in a depletedtbiatethe final median depletion level
is always below the TRP; this is, however, reldtethe chance level of depletion re-
lated to the targets selected in the Tier 4 HCRe Tier 4 HCR selects a reference pe-
riod of years to identify the target catch and CRAdch drive the HCR. It is a mistake
to believe these Tier 4 targets are at B3¥ather than simply being a state of the fish-
ery identified to be a good place to be in termsudtainability and profitability; these
targets are merely proxies and may in fact be abowelow the equilibrium level rep-
resented by 48%, (Haddon, 2014). Thus the outputs demonstrate higatntethod can
generate consistent outcomes across a wide rangeamsion for both initially heavily
and lightly depleted states (although with outcolmelsw the formal TRP and above
the TRP respectively).

The effect of positive bias is very similar to tisaen in the Flathead-like species.
Strongly positive bias can lead to serious dephetind failure to avoid the LRP in the
initially heavily depleted scenarios, althoughhe tightly depleted scenarios they all
remain above the formal TRP.

The impact of positive bias is especially importasitpositive bias in CPUE could be
brought about by improvements in technology ankirig practices. As it appears
highly likely that such ‘effort creep’ will have oarred it would be valuable to further
explore the possible impact of such positive bias@smore specific manner relating to
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the advent of events leading to increasing bias sexies of events across just a few
years (e.g. the advent of GPS from 1990 — 1992)irtgano way of taking such
changes and resulting bias into account may berigad overly optimistic views of
each of the fisheries.

In Tier 1 assessments the effects of such biasdiumeildetectable through the time se-
ries of CPUE or the ageing or length frequency Batag inconsistent with each other.
It is primarily the Tier 3 and Tier 4 methods thequire further exploratory analyses.

14.4 Data-Poor Methods for Estimating Sustainable Catch

The objective of data-poor and data-limited metheds estimate a practical level of
yield that is likely to be sustainable (MacCall02). By ‘practical’, MacCall means
commercial yields rather than overly conservatingdg.

The MSE testing highlights that a stock should nd&esassumed to be in only a lightly
depleted state. A reasonable option if the asseggonecess (i.e. including the RAG’s
involvement) determines that a particular stockdrag been lightly fished, is to as-
sume 409, so as to avoid the risk of over-fishing. Thishewever, a policy decision
and all that can be done here is to point out tiatiously assuming an initial depletion
of 40% (which would lead to lower predicted catghesuld be more conservative and
there would be a lower risk of over-fishing thateséng 4898, as the assumed initial
depletion. However, there would also be a highsd of failing to take as much catch as
would be sustainable. Given the MSE results, 408tilshcertainly avoid the stock de-
clining below the LRP (even if the stock were reaépleted to the LRP and it was the
DCAC method; se€igure 33where DCAC only just meets the < 10% probability o
being below the LRP).

14.4.1 Central Tendency of Catch Methods

Possible candidates for use in a new Tier 5 sagseéssments would include the meth-
ods that involve a measure of the central tendehcgtches such as the average or me-
dian catch (possibly thé%highest catch). Ideally, these average catchesdmmuesti-
mated from periods of stability within each fisheoyt in reality, in Australia, such pe-
riods are not common. Such central tendency metimad$ve empirical harvest strate-
gies where the estimated central tendency catcstitaties the sustainable catch esti-
mate (the ‘assessment’ is the decision rkigure 60). The recommended sustainable
catches would need to be presented in the contextweight of evidence appraisal of
whatever stock was being considered. Dowling €@15a,b) discuss the use of such
catches in the context of a set of catch triggdrere a set of catch levels are set that, if
met by the fishery, trigger management actionsahatvary from a simple review of
events to the application of some simple assessanamgdate of the average catch ap-
plied. In the Commonwealth HSP within the SESSE wwuld entail setting a multi-
year TAC that would be reviewed for a breakout egedr and reviewed as to its level
every few years.

Using a central tendency of catch estimate to geeulimits to catch before further
management action, requires the assumption thatdio& is currently in an acceptable
state or that the catches already observed havedut serious or undesirable levels of
depletion. If the weight-of-evidence appraisal supgpthis assumption then a recom-
mended biological catch can be made. Reasons tarsmg this approach include that
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the time series of catch data is not representafitiee fishery or potential fishery
(Figure 63), or that the catch data is too sporadic to okdaipresentation of the fish-
able stock. Specific trigger catch levels coulthtbe set (Dowling al, 2015b).

Whether a discount would be required would depanthe final decision rule adopted.
In the MSE testing the particular central tendeofcgatch was used (mean or median)
but some other quantile could be used. TA&ighest catch usually proved to be as ca-
pable as the other central tendency methods adlimgoihe LRP, so an average or me-
dian should be sufficiently conservative as longhasstate of depletion is considered to
be acceptably far from the LRP at the start.
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Figure 63. The catch history for Ocean Jackide[usetta ayraudiin the GAB and zones 10 —
50. The change in catches has been reported éztrefimnajor change in availability in the early
2000s, but the drop in catches in the late 200@36rGAB is reported to be more about a lack
of a market than not being available.

14.4.2 Model Supported Catch-Based Methods

The model supported catch-based methods includedpketion-Corrected Average
Catch (DCAC), the Depletion Adjusted Catch Scdl#ACS), and the Depletion-Based
Stock Reduction Analysis (DB-SRA). Among these mdithe DACS and DCAC are
somewhat simpler to implement than DB-SRA. Eacthe$e also has assumptions and
input requirements beyond having estimates of ahtaortality. Fortunately, these in-
put requirements are not especially strict or ong@nd even when relatively strong
assumptions are made (such as restricting thaliamid final depletion levels to values
that would be conservative) these methods cargstilerate solutions. The advantage of
these model supported methods is that whatevena&igtiof sustainable catch is derived
it comes with an estimate of the uncertainty altbetestimate (séegure 53 andFig-

ure 55), so there is freedom in the harvest strategyltbfarther precaution if it is
deemed necessary. This might depend on wheth&Alk&considered the catch time
series used to be reliable. For example, earlignarrecent history of catches of blue
and Silver WarehouSgriolella bramaandS. punctatethe two species were not distin-
guished. For example, “... in 1992 both species Wwergped under a global TAC of
4000t, 2000t of which was allocated to the travetge Separate TACs were established
in 1993 to avoid issue of high-grading spotteds/giWarehou] in favour of blues.”
(Smithet al, 1994). Such potential flaws in the availablechatata could be solved by
eliminating the early data, although in the conteMBlue Warehou, the early catches
are verbally reported to have been large.

Assuming that no stock would be assumed to ballyitivell above the target (TRP),
then no major consistent differences were obsepeddeen these three approaches.
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The DB-SRA provides more information than the otfs@ methods and so if it can be
implemented this would be the method of choice. &uéast the DCAC should also be
run to ensure that the estimates are not significdifferent. A comparison of at least
two of methods should assist in discovering anysualiaspects of the available data as
some reason would need to be found for any diffexen The DB-SRA allocated a pre-
dicted depletion level although it doesn’t necebsait the allocated value each repli-
cate (seéigure 57). The trials run provide a spread of trajectoard the proportion

that dip below the 20% depletion line in the figahr would provide an indication of

the relative risk of the predicted median MSY vabii¢ailing to meet the criteria of
avoiding the LRP 90% of the time.

14.4.3 Alternative Data-Poor Assessment Methods

These model supported (or assisted) methods, dsrmepted by their respective au-
thors, all assume that the full catch history Imbdy known, which is not the case for
many of the species in the SESSF. Alternative implatations that start within some
selected range of initial depletion can solve igsie. Making such an implementation
with DB-SRA would appear to be an evolutionary dtegt led to the development of
the Catch-MSY method. While the DB-SRA providesalde and reasonable MSY
values even when used with the most recent 28 yéalsta (sedable 13 it would
clearly be sensible to explore the capacity, stie)gand weaknesses of this relatively
new approach. MSE explorations of the method argadng in the USA (pers comm
Steve Matrtell) so such investigations are not reardy required here.

The field of data-poor stock assessments and hastrasegies is receiving a great deal
of attention world-wide (Dowlingt al, 1915a,b). As new methods and alternative ap-
proaches are developed and reported these shouwtdibared and considered for inclu-
sion in the options available to the new Tier fegaty in the SESSF. The new Tier and
its associated methods will have immediate valygraviding substitute methods for
species which are currently either not assessadtassessed validly using the current
tiers. However, much of the implementation andafdbe new methods will also be
dependent upon the content and requirements aétiied Commonwealth Harvest
Strategy Policy that is due to be introduced tieiary(2015). Until it is known exactly
which new species are going to require some foraseéssment the exact range of
data-poor methods that will be used cannot be knawtrthis current work has identi-
fied an array of candidate methods that can be w#bdalmost any species.

14.5Communication of New Methods
The third objective for this project was to:

Produce presentations and explanatory documentdisribution across RAGs and
MACSs, describing the criteria and new Tier 5 haha&sategies.

This will be done ready for this year’s round of &Mneetings. The first is the SESSF
RAG data meeting in the first week of August 20then there are two further sets of
meetings one likely to be in September and theroth®ctober or November. Presenta-
tions will be made to the various separate RAGSsieeting during these multi-day
meetings (SHELF, SLOPE, SHARK) and also at the G®&5, which tends only to
meet once in October or November. Worked exampikde&vincluded, with details of
the methodology, and how each method would be uspdactice. In addition, elec-
tronic copies of the Final Report will be distribdtonce completed and published.
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