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Executive Summary

Fisheries management strategies are composeceefithportant stages:
1. the measurement or collection of data,
2. analysis or assessment using the collectedtéotdainderstand the state of the stock and fislaery

3. a subsequent decision to affect control on igteefy (often through the manipulation of totabalable
catch or effort).

It is important to realise that uncertainty or esrare possible in each of these stages. Obseamvatio
sampling error for example, can occur in measuaimg) collecting data in the first stage. Model eation
or statistical analysis can mis-specify or repréfies stock in the second stage, and implementatian,
representing the ability to implement a prescribethagement action like a TAC, applies to the thirde
of the purposes of management strategy evaluafi@E] is to determine the effect of these uncerisnt
on the management of a fishery, and to identifirateqyy, i.e. a combination of measurement, arasd
decision, that minimises the effects of these ereord ultimately achieves the purpose or objeative
management.

Appropriate monitoring and data collection, assesgnand decision procedures are needed to ensure
sustainability and maximum economic benefit from ¢ral trout stocks in the Queensland Coral Rief F
Fish Fishery (CRFFF). This is not an easy accoinpient in a fishery that is as spatially complexhes
CRFFF, and so in order to determine whether praesdare worth implementing, it is better to try
techniques on a virtual fishery before doing seeiity. This project addressed these issues iICRIEFF

by evaluating the effectiveness of:

1. several potential monitoring and sampling regiroethe coral trout stock, including the existioang
Term Monitoring Program (LTMP) surveys,

2. different ways of analysing the data collecteahf a monitoring program, including evaluating the
recently developed stock assessment model usedtitwage the coral trout status, and

3. evaluating candidate harvest control rulestitaaisiate the perceived state of the fishery inféd\&.

Lastly, since quota trading was introduced to ihbery, industry has stressed the fact that theox
conditions of the fishery have changed substaytiatid so an update of economic data was urgeedged
to ensure the evaluation of the management stest@gas relevant and useful.

Background

Coral trout is the key target species in the CRHMe fishery spans 14 degrees of latitude betweetip

of Cape York and the southern boundary of the GBeatier Reef (GBR). Currently, approximately 150
out of 367 commercial fishing vessels that are esatbto take coral reef fin fish target coral trivuthe
fishery. The fishery is spatially complex and thisreignificant variation in the distribution anbusmdance
of coral trout and in the distribution of fishinfat across the region of the fishery. This spgataiability
has made it challenging to use standard approaohdstermining sustainable levels of harvest. At th
commencement of this project in 2011, the commertaC (1288 t) was based on the historical
commercial catch taken by the fishery and had obéfitile since it was implemented in 2004. Thearate
on historical data to determine the TAC has ledjtestions regarding the potential profitability and
sustainability of the fishery, especially giventthize initial TAC set in 2004 was referenced to thest
productive year recorded for the fishery.

Fisheries Queensland (FQ) within the Departmegifculture and Fisheries (DAF), through the Long
Term Monitoring Program (LTMP), has invested sigmiht resources in fishery-independent monitoring
of coral trout at specific reefs throughout théadisy area in an attempt to address the questisasbhinable
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harvest. This information collected complements théormation collected from the longer-term
commercial logbook data and during the EffectsiatlFishing Research Program.

In a further attempt to address the difficulty iamaging the spatial and other complexities of isteefy a
management strategy evaluation (MSE) has been afmaelto simulate the spatially explicit population
dynamics of coral trout on over 4000 reefs, thieifig activity on those reefs, and the potentiad@f of a
range of management measures. The MSE representieti platform to test, in a simulated environtmen
different monitoring strategies, including a fishéndependent survey that could be used on the real
population. The MSE can also evaluate candidatsassents and decision procedures.

Aims/objectives
This project addressed the following objectives:

1. To identify appropriate spatial and temporal fighedependent and fishery dependent monitoring
strategies, and assessment and harvest contrslthatuse them.

The project used an MSE framework to achieve this b

a. evaluating the ability of different monitoring diegies at different spatial scales to inform
the estimation of the coral trout stock by a relgetheveloped stock assessment model,

b. evaluating the performance of different harvesttmdrules to achieve implied fishery
objectives for the commercial fleet, and

2. To update the economic and fisheries data usedttwrdine cost effective management strategies.

Since the fishery has changed dramatically overpt decade, industry has stressed the facthbat t
economic conditions of the fishery have changedtsuitially through the increased focus on salévef |
coral trout, a decline in catch rates, and chatggesonomics as a result of externalities. Thijgmtasought

to increase the confidence of the results obtaimedhe model and ensure it portrays an accurate
representation of the fishery by updating the medt the latest fishery data; and conducting amemic
survey to understand the current economic conditadrihe commercial fishing fleet.

3. To give scientists and managers in DEEDI (*) tloein ability to compare and contrast methods of
data collection and analysis for the CRFFF, in ptdeid the identification of appropriate harvest
strategies.

ELFSim is expected to inform and aid fisheries nga@maent in the future. There is the need therefare f
DAF to gain operational capability in its use. Thi®ject initiated transfer of the operational aEtyaof
ELFSim MSE model and software to the DAF.

In addition, Fisheries Queensland were interestdadviestigating the effect of alternative assumpgiof
fleet mobility (the ability restricting or not vess fishing across the GBR) on the ability of tlehéry to
meet an updated statement of stakeholders objeciiVe performed simulations to address this issue.

* The Queensland Department of Agriculture and &iis (DAF) was formerly the Queensland
Department of Agriculture, Fisheries and ForesPAFF), previously the Department of Employment,
Economic Development and Innovation (DEEDI), andrto that the Department of Primary Industries
and Fisheries (DPI&F).
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Methods

Economic survey

A fleet profile was created that determined thnemal classes of coral trout fishers across the Gigjion.
This formed the basis for sampling the fleet in do®nomic survey, which captured 29% of the active
operators and vessel owners identified.

MSE model

The results of this survey updated the economia daid information used by the simulation model,
ELFSim, used for the MSE. ELFSim is a simulatiool ttomposed of three components:

a) The biological component of ELFSim is a popolatdynamics model that is age-, size- and sex-
structured, includes a stochastic stock-recruitnrefdationship, and accounts for sex change, discard
mortality and larval movement among reefs for thimary target species coral trout.

b) The effort dynamics component of ELFSim includezdels of how fishers of each of the three sectors
(commercial, recreational and charter) distribbegrteffort spatially.

¢) The management component of ELFSim allows tke tasspecify future management options by sector.
In this project, simulated monitoring strategiesravémplemented and the recently developed stock
assessment model for coral trout was coupled tortlderlying simulation model.

This simulated monitoring strategies included aicdtired line survey simulating a vessel survey in
September each year. A sample of reefs was vigdel year. Seven reefs were selected randomlydrom
set of regions. The simulated survey vessel opgigtéishing a reef on each day of the month in&aper,
collecting CPUE across the reefs as an index oh@dmce, as well as age and length samples from fish
taken from each reef for use in the stock assessmectel.

Three other monitoring strategies were used to epatpagainst this survey. These strategies wérerfes
dependent and not based on a random sample of beg¢fsn the commercial fishing vessel behaviour.

On board observer data collection

A simulated on-board observer sampling program dea®loped whicih involved specifyingramber of
observerghat would be on a number of associated vessalishe observer coveragevhich indicated the
proportion or probability that the particular obsaris on a trip taken by the vessel. Ages (andthes) of

the fish caught by the (simulated) commercial fighwessel were collected for each reef, and assigna

specific “population” in the DAF assessment model.

Port sampling

A third monitoring strategy was developed as a pampling program which used the same procedure as
theOn board observer data collecti@aove, except the data were aggregated at a Higb't level across
spatial scales used in the DAF assessment model.

Processor port sampling

Lastly, a fourth monitoring strategy was develofmesimulate sampling from a processor port. Thietegy
used the same procedure as@meboard observer data collecti@aove, except data were aggregated across
the broadest spatial scale in the QLD assessmea¢lnm represent data collected at the coarsesibbpa
scale seens as a “processor port” level.

Key findings
Objective:

1. Identify appropriate spatial and temporal fishamgdapendent and fishery dependent monitoring
strategies, and assessment and harvest contrslthaieuse them.

Stock assessment evaluation
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As part of this objective we evaluated the abitiffhe Queensland DAF stock assessment to estiimate
underlying simulated ELFSim biomass. The stocksssent model was able to estimate relative biomass
within about 10%, but mainly by overestimating it.

Assessment of monitoring strategies

The stock assessment evaluation was based on sehuh@nitoring surveys. Stock assessment estimation
using data from this simulated monitoring prograras compared with the estimates based on fisheries
dependent collection at three different spatialescélevels of age frequency data aggregationjehreral,
there was little effect of the degree of aggregatamd between fishery independent and fishery rogoe
collected age frequency data. Thus, we did nottfredmost “appropriate” spatial scale of monitoring

the fishery.

We also examined changes in the sampling rateedigheries dependent monitoring strategies, by
increasing the sampling rate, either through masseovers or increased coverage of a single observer
and found that the accuracy of the stock assesdnm@rtised. Whether a monitoring strategy is
appropriate however, would come down to weighirejrtbosts.

Harvest strategy evaluation

Although the stock assessment model tended toestanate the simulated underlying biomass, which
would be expected to result in over-exploitatioriref simulated stock, when used with a harvestobnt
rule that targeted the average catch in the fishetyween 2006-08, the underlying stock only de@a@as
slightly (less than 10% reduction in biomass) vaithincrease in catches of about 100t over the miurre
level of TAC in the fishery. Harvest strategy ewalans based on an empirical CPUE indicator and
associated harvest control rule resulted in ine@asock abundances of 0.70 - 0.80viell above the
0.48B target which represented the fishery state in ZT86

Objective:

2. Update the economic and fisheries data used tomieie cost effective management strategies.

Economic survey

The fleet profile and economic survey showed thmead classes of vessels operating in the fisligra:
large group of smalGeneralist line fishers, many of whom were only partially active in 2010-lnd
focused on line fishing but only partially in thdREFF; (ii) a group oDedicated live CT fishers with

relatively large vessels focused on live CT, amigl & group ofDiversified fishers with medium-sized
vessels that operate across a range of fishegkgling the CRFFF.

Objective:

3. Give scientists and managers in DEEDI (*) their catnility to compare and contrast methods of
data collection and analysis for the CRFFF, in ptdeid the identification of appropriate harvest
strategies.

The stock assessment model and its integratiorBhESim were undertaken by DAF in QLD.

In addition to questions regarding testing monitgrstrateging and harvest control rules, fisheries
managers were interested in determining the edfieftéet mobility along the Queensland coast, dred t
implications of spatially restricted vessels oniaeimg fishery objectives.

The effect of fleet mobility

The ability of vessels to move among regions orGB® influenced the distribution of effort and tality

of achieving fisheries management objectives atégmnal level. Specifically, when vessels weleased
from fishing their own regional areas, effort tedde shift from the northern regions (Far North &adrns)
to more southerly regions (Mackay and Swains), whésulted in higher catches and profits.
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* The Queensland Department of Agriculture and &is (DAF) was formerly the Queensland
Department of Agriculture, Fisheries and ForesDAFF), previously the Department of Employment,
Economic Development and Innovation (DEEDI), anidmpto that the Department of Primary Industries
and Fisheries (DPI&F).

Implications
Two outcomes result from this research:

1. Managers and stakeholder groups like QSIA vdlpbovided with critical information for cost eftae
ways of monitoring and analysing the coral trootkt which could lead to the implementation of lesstv
control rules for the fishery.

» The fishery has changed substantially since it kasiseconomically surveyed and is likely to change
rapidly again as the effect of the mining boom diistes. It is important to consider this when
reviewing the variable, and in particular laboustsao the fishery.

» Stock assessment model estimations based on &sheependent monitoring programs were
comparable to fishery independent monitoring prograihis was also true across a range of spatial
scales. This opens up the possibility of explotimgcost effectiveness of spatial and temporaksefl
monitoring using monitoring cost data.

* A carefully implemented harvest control rule copldvide sustainable and economic benefit to the
commercial coral trout sector, although more detegéxploration of CPUE-based rules is required.

2. Fisheries managers and the management agenaewélop the skills and capability to do MSE
simulation themselves with less reliance on obtgriunds to contract an external research ageriag. T
will allow DAFF to continually evaluate and improw@nitoring design, abundance indicators,
assessment techniques, and decision rules thasedefor calculating TACs.

* The stock assessment model and its integrationBh&Sim were undertaken by DAF in QLD, who
now have the initial capability of using the motteéxplore fishery questions. All parties are cottedi
to maintaining this capability in the future. Fuethresearch is being planned within FRuither
Developmen}.

Lastly, we stress that the modelling results sharvena first attempt at implementing these managemen
arranagement into a very spatially complex fishiety a simulation framework and exploring their
conseqguence, and that closer examination is neadddr a range of underlying condtions, to make any
definitive advice.

Keywords

ELFSim; coral troutPlectropomus leopardusnanagement strategy evaluation; Great Barrief Ree

Xviii



1. Introduction

There are three types of harvest quota in the ‘Qslaad Coral Reef Fin Fish Fishery’ (refered t€C&FFF
here after): coral trout (CT); red throat emperBTE); and other species (OS). The OS incorporates
approximately 154 other reef fish species, althoogly a relatively small proportion of these ardivady
targeted by the commercial fishery or retainedstde if caught. The CT quota covers seven spetiesral
trout, but the majority of landings consist of t@mmon coral troutRlectropomus leopardiisFor this part

of the project, the following quota management rageanents were current at that time (2013): quota un
represented one kilogram of fish (live weight ealléwnt) for all quota types. However, there was soapacity

for this to be adjusted if specified catch triggars reached. The available TACs for CT, RTE, aGdw@re
1,288,156kg, 615,586kg, and 955,604kg, respectiviedylegislated, the commercial RQ TACs should not
exceed 1350t for CT, 700t for RTE, and 1011t for B8wever, following an allocation appeals prodibes
CT TAC was adjusted to ~1423t. The Australian Gorent Department of Environment subsequently
bought 135t of CT, 73t of RTE and 109t of OS, ir02M5, reducing the quantity of quota available to
commercial fishers.

The CRFFF is a hand-line fishery operating predamity on the continental shelf off the Queenslaoast
(Australia), approximately between latitudes 11 a88. The majority of the species whose catchgulated

in this fishery is caught within the Great BarriReef Marine Park (GBRMP) and World Heritage Area
(GBRWHA), which extends from ~11 to 24%latitude.

The CRFFF is comprised of three operationally distsectors: a commercial sector catching fismé&tional
and international markets; a charter sector in wbjgerators take customers on recreational fistiipg and
catch cannot be sold; and a private recreatiorc@bsdrom which catch also cannot be sold. Fislierall
sectors use similar gear, mainly consisting of Isifigited hooks on heavy line on rod and reel odhrael.
The CRFF is a multi-species fishery with over 1@8cées or species groups being taken in varioustiies,
though the bulk of the catches in each sector cempgroupers (Epinephilinae), primarily coral trout
(Plectropomus spjp tropical snappers.(tjanidag, and emperord gthrinidag (Mapstoneet al, 1996, 2004;
Higgs 1999, Morgan 1999).

The commercial fishery mainly is a dory (small,lkha-draftboat ~ 4-7m) fishery with fishing by hand-lines
from up to seven dories tendered to 8-19m primassels, though some fishing also occurs from timegpy
vessels. Primary vessels, with their licenced stridtly limited number of attendant dories, geligriish
during trips to sea of 1-20 days, with some lakgessels remaining at sea for extended periods paiect by
very short visits to off-loading points. At-sedloading and transhipment is not allowed.

The main species landed commercially are the comowal trout Plectropomus leopardyugshe most
common of 7 Plectropomus spp.) and the red throgeeor Lethrinus miniatus(Mapstoneet al 2004, QFS
2002), which together have comprised around 70-80%andings since consistent records have been kept
(from 1988). Approximately 400 vessels were achivihe CRFFF up to 1994, though over 1500 licerices
commercial line fishing were held, exercising apjimately 16,00-18,00 line-days of effort and hatires
less than 3,000 tonnes of demersal species anniiédigstone et al 1996). All catch was marketedddea
usually frozen, until 1993 but since then incregginoportions of the catch of coral trout has bestained
alive and sold to international live reef fish metk mainly through Hong Kong. This change haslied in
significant change in operational and financial relageristics of the sector and generally increased
proportion of landings comprised of live coral towhich deliver higher beach prices (seasonallytap
$60/kg) and require less on-board post-capturegssicg. Effort and catch increased substantially @sult
(QFS 2002, Williams 2002), reaching nearly 40,088-Hays by over 700 operations and landing ov&0G4,
tonnes of demersal reef fish in 2001 (from all Queéend waters, QFS 2002).

Management arrangements in the GBR region, the haime of the CRFFF, are complex. Jurisdictions for
conservation management and fisheries managemeshtwith the Australian Commonwealth and the
Queensland State governments respectively constitily, legislatively, and operationally. The GBR
Marine Park and World Heritage Area are managedapily for conservation through a system of areselda
management that excludes all line fishing in appnaxely one third of coral reef habitat. Fishingtside
those exclusions is managed by Queensland, camsgiiln the Off-shore Constitutional Settlement§13
under theQueensland Fisheries Act (1994, 1999, 2004)
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The CRFFF is managed uniformly over its domain.iMunm legal size limits exist for most species ceder
by the Act and apply to all sectors of the fishexrydo restrictions on the numbers of hooks ares lihat can
be used by each fisher. Recreational and chagleer are regulated by per-person ‘in possess&tTieas-
specific and total bag limits, in addition to thengral size and gear limits but there is no licemgsermitting
system for recreational fishers. Commercial fishimgpr to 2004 also was managed through limitedyent
licensing, limits on primary vessel length and tinenbers of dories allowed to be used per primasgeke

Individual Transferrable Quotas (ITQs) and a ToMlowable Catch (TAC) were introduced for the
commercial sector in 2004, at the same time asratlso were taken to reduce the latent effdtiersector,
limit to 411 the number of operators allocated gubirther constraint entry to the fishery, and-bagk some
of the newly allocated quota. There are three tgh¢sommercial) quota in the CRFFF: coral trouT{Ced
throat emperor (RTE); and other species (OS), redeto collectively as the reef (fish) quotas (RQhe OS
incorporates approximately 154 other reef fish gma@lthough only a relatively small proportiortioése are
retained for sale if caught and very few are taddty the commercial fishery.

The CT quota includes catches of the seven spetiearal trout but the majority of landings are ¢oon
coral trout. One quota unit represents one kilogoarish (live weight equivalent) for all quota &p under
current conditions. There is some capacity for thide adjusted, however, if specified catch triggere
reached. The available (2012) TACs for CT, RTE, &l are 1,288,156kg, 615,586kg, and 955,604kg
respectively.

Coral trout is the key target species in the CRHHfe fishery area spans 14 degrees of latitudedsetvihe
tip of Cape York and the southern boundary of theaGBarrier Reef (GBR). Approximately 150 out 673
commercial fishing vessels that are endorsed te takal reef fin fish target coral trout in the GB8&hery.

The fishery is spatially complex and there is digant variation in the distribution and abundanéeoral

trout and in the distribution of fishing effort asss the region of the fishery. This spatial vafligbimakes it
challenging to use standard approaches to detargninistainable levels of harvest. At the commenoéofe
this project in 2011, the commerical TAC (1288 gsaAbased on the historical commercial catch takahdo
fishery and had changed little since the ITQ syst&rs implemented in 2004. The reliance on histbdata

to determine the TAC has led to questions regaritiagotential profitability and sustainabilitythie fishery,
especially given that the initial TAC set in 200dsweferenced to the most productive year recdialeithe

fishery.

Fisheries Queensland (FQ), through the Long Termmitdddng Program (LTMP), has invested significant
resources in fishery-independent monitoring of taraut at specific reefs throughout the fishergar
(Fisheries Queensland 2012) in an attempt to asldhesquestion of sustainable harvest. This inftona
collected complements the information collectedrfrthe longer-term commercial logbook data and durin
the Effects of Line Fishing Research Program (Mapstet al. 2004).

An operating model used as the basis for previoaedgement Strategy Evaluation (MSE, Little et 720
Mapstone et al 2004, 2008), has been developéanhtdate the spatially-explicit population dynamafsoral
trout on over 4000 reefs, the fishing activity boge reefs, and the potential effects of a rangeasfagement
measures, in an attempt to deal with the spatiaiptexity of the fishery. The MSE represents theaide
platform to test, in a simulated environment, diéfe monitoring strategies, including a fisherygpdndent
survey that could be used on the real fishery.NMIB& can also evaluate candidate harvest contred muhich
could be used subsequently in a sustainable hastrastgy for the CRFFF.

In this research project we used the MSE model to:
1. evaluate a fishery independent monitoring progiaama,
2. evaluate a range of methods to identify approphateest control rules for the GBR commercial reef
line fishery.

Previous projects evaluated the effect of altemeationditions of effort and area closures (Mapsteinal.
2004, 2008), additional species and vessel behaidttie et al. 2007), and the effects of TACsQ% and
dory ownership constraints (Little et al. 2009a)tba ability of the fishery to achieve a range bjeatives
and expectations. In this research project we ooatl this exploration by:
3. investigating the effect of alternative assumptioffteet mobility (the ability restricting or neessels
fishing across the GBR) on the ability of the fighéeo meet an updated statement of stakeholders
objectives.



The fishery in recent times has changed substhntimbugh the increased focus on sale of live lctvoaut, a
decline in catch rates, and changes to economiasesult of external conditions. We also souglintoease
the confidence of the results obtained by the madel ensure it portrays an accurate representafitme
fishery by:
4. updating the model with the latest fishery datat an
5. conducting an economic survey to understand theectuieconomic conditions of the commercial
fishing fleet.

Lastly, the model is able to inform and aid fiskerimanagement and as a result of recent management
requirements there is the need for the managergenty to gain operational capability in its useisTgroject
therefore also initiated:

6. the transfer of the operational capacity of ELF&nthe QLD fisheries management agency DAF.

Objectives
This project addressed the following objectives:

1. To identify appropriate spatial and temporal fighé@rdependent and fishery dependent monitoring
strategies, and assessment and harvest contrslthatuse them.

The project used an MSE framework to achieve this b

a. evaluating the ability of different monitoring siegies at different spatial scales to inform the
estimation of the coral trout stock by a recenlyeloped stock assessment model,

b. evaluating the performance of different harvesttmdrrules to achieve implied fishery
objectives for the commercial fleet, and

c. Investigating the effect of alternative assumptiohfleet mobility (the ability restricting or
not vessels fishing across the GBR) on the alilitthe fishery to meet an updated statement
of stakeholders objectives.

2. To update the economic and fisheries data usedt@vrdine cost effective management strategies.

Since the fishery has changed dramatically ovep#is¢ decade, industry has stressed the factiatbnomic
conditions of the fishery have changed substaptibiough the increased focus on sale of live cowlt, a
decline in catch rates, and changes to economiagesult of externalities. Consequently, this gcbgought
to increase the confidence of the results obtdiygtie model and ensure it portrays an accurateseptation
of the fishery by updating the model with the lateshery data; and conducting an economic sureey t
understand the current economic conditions of tmmercial fishing fleet.

3. To give scientists and managers in DEEDI (*) tloein ability to compare and contrast methods of data
collection and analysis for the CRFFF, in ordeaitbthe identification of appropriate harvest sgis.

Lastly, the model is expected to inform and aitidises management, and as a result of recent maeage
requirements, there is the need for QLD DAF to ggirerational capability in its use. This projectréfore
also initiated transfer of the operational capacfti£LFSim MSE model and software to the QLD DAF.

* The Queensland Department of Agriculture and &igs (DAF) was formerly the Queensland Department
of Agriculture, Fisheries and Forestry (QDAFF), \poaisly the Department of Employment, Economic
Development and Innovation (DEEDI), and prior tattthe Department of Primary Industries and Figlseri
(DPI&F).



2. Methods

The project is divided into two components:

1. Collection and update of economic and commercéhifrfig data for parameters used in the simulation
model through an economic survey.
2. Simulation and evaluation of monitoring, assessp@erd decision procedures using the MSE software
(ELFSim).
Component 1 addresses objective 2, and comporemidr2sses objectives 1 and 3.

2.1 The Economic Survey

The survey approach was developed in close cobdiborwith active participants in the CRFFF, licerand
quota holders, Fisheries Queensland, and the @aater Reef Marine Park Authority (GBRMPA). A
workshop was held in October 2011 to present ascuds the initial fleet profile developed by CSIR@
Fisheries Queensland, as well as the proposed agpto implementing the survey and the questioanair
(Figure 1). The workshop was attended by six ingustembers representing different areas and types o
businesses (Appendix A).

Significant efforts were made to communicate thevesyl plans broadly to the industry to facilitatee th
establishment of contacts with potential resporgleAt one-page flyerRroject flyer) was developed to
present the project and the economic survey, asccimeulated with the assistance of the Queenshaadood
Industry Association (QSIA) through the Queenslgistierman magazine, as well as by the Reef Line€lbu
through its regular email newsletter.

Fisheries Queensland also prepared annual data auesnof fishing effort and catch which were semt i
November 2011 to all the holders of line fishintghises which had been active in the CRFFF in 201101
facilitate the interview process. The interviewsevinitiated during a time when many of the fishemuld
be in port due to a spawning closure period in Madwer 2011.

08-09/2011 10/2011 10-11/2011 11/2011 01-08/2012 08-09/2012 09-10/2012 11/2012
Closure
Background analysis Workshop with Surveystrategy  First Interviews Last interviews Data validation Preliminary results
of existing data industry finalization Interviews continued & follow-up presentation in
» first 2010-11 » aims: »  Pilot » interviews data received Townsville
workshop

picture of the fishery
& fleet profile

question-

. » data
naires &

follow-up

e present project
& survey +team

data entr

» based on existing . . v
A o validate fishery tool
data, analysed with descrintion
FQ ption, > Mailout
proposed survey

» Development of approach and »  Firstcalls
questionnaire + questionnaire

data entry tool

» Ethics approval

Figure 1 Timeline of the economic survey timeline

2.1.1 Sampling strategy

The sampling strategy adopted has been succesafiydlied in a variety of contexts, including Frefblaures,
Rochet et al. 2009; Van Iseghem, Quillérou et@L1) and English (Pascoe, Robinson et al. 1996)wencial
fisheries. Sampling was based on producing an edddgscription of the industry and developing a&tfle
profile taking into account the size and naturésbfing operations. This fleet profile was used@mbination



with the spatial distribution of the fleet alongtQueensland coast to structure stratified randomping of
fishing operations.

First contact of the interviewees was made by Fisk€Queensland (Figure 2). Second contact was imade
the survey team with the interviewees who had agregarticipate and an interview time and locatigre
arranged.

Synthesize &
analyse
background
information (FQ)

Develop fleet Define sampling
Profile (CSIRO& Bl strategy(CSIRO &
FQ) FQ)

First contact (FQ)

Datavalidation Preliminary
(CSIRO) analysis (CSIRO)

Figure 2 Survey process and participation from Fishries Queensland (FQ), the Great Barrier Reef Marie Park
Authority (GBRMPA) and CSIRO

Definition of a fleet profile

An initial description of the overall current stataf the fishery was established based on dataated by
Fisheries Queensland, including total catch anonastd gross sale value of Reef Quota (RQ) landings
Additional information was sought from alternatiseurces including expert knowledge from industrg an
management representatives and from other researolith knowledge of the fishery, as well as from
published data.

An initial confidential list of vessels identifida their boat marks was created by Fisheries Quesathbased
on the vessels that held an RQ symbol on theintiedn 2010-11. This list contained 369 individbaht
marks for which individual vessel technical chaggistics, total fishing effort and its distributi@tross RQ
and non-RQ fishing, annual landings informatiomirtmgbooks, and total unloads of RQ species froe th
guota monitoring system were recorded. Approxinyagele third (115) of the boat marks selected thinoug
this initial process were inactive in the referegear (2010-11) and so were excluded from the @tiou
sampling frame. Another 41 vessels had no unlobBspecies recorded for the reference yearh@aé.not
fished the CRFFF in 2010-11), so also were exclud@iag led to a remaining set of 213 vessels foctviall
technical, effort, and landings information wasikde and which had landed some RQ species in-2010
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Figure 3 Coastal regions for the economic surveynd associated main landing sites within them.
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Identification of groups of vessels with similatigity profiles was based on a cluster analysisngsiessel
characteristics (length, breadth, depth, engine egpowumber of tenders), landings by fishing method,
proportion of coral trout (CT) landed live, andagftfin days fished categorized into total effoftpe devoted
to fishing in the CRFFF, and effort devoted to ifishin other fisheries. Symbol endorsements hehuclv
determine the ability vessels have to access diitdisheries and areas, were included as des&ipdiriables

of the groups identified in the cluster analysis.



A hierarchical cluster analysib¢lustfunction in R; RDC Team, 2010) was used to idgrgibups of vessels
displaying similar characteristics. hclust relies the specification of a dissimilarity function tvetn
observations (Euclidean distance was chosen foptipose of this analysis) and uses these distances
iteratively aggregate individuals into a hierarehiset of clusters (Teetor 2011). Visual evaluatifrihe
resulting dendogram presents the hierarchy ofetastsed to identify an appropriate number of geanphe
fleet. A smaller number of clusters (3) was prefdrgiven the objective of the analysis was to distalessel
types with homogeneous characteristics, with a nedédrther allocate vessel types geographicallgrisure
that the coastal regions were adequately represantbe sample.

The definition of the regions for the survey (Fig®) was based on previous studies of the CRFERidimg

the Effects of Line Fishing project (Mapstone et 2004), expert knowledge from the key stakeholders
consulted while developing the approach, and exjstiformation on the spatial distribution of lang$ by

the fleet along the coast during 2010-11.

Identification of the survey sample

Each vessel was allocated to one of the three grdefined by the clustering algorithm and to a nhaaling

port in 2010-11 (Figure 3) based on the informaégtracted from the quota monitoring system. A rarder

was then used to select a sub-list of vessels whithd initially be targeted for the survey. Antial sampling

ratio of 30% in each group was applied evenly acaidsthe regions to select this initial list ofsgels. The
following procedure was followed once the targetsets had been identified (Figure 2).

1. Fisheries Queensland staff involved in the pragatied each owner of the licences for the vesbals t
had been identified in the initial sampling lisavg a brief introduction to the economic survey an
asked if they were willing to participate and fostkeries Queensland to pass on their contact sletail
to the survey team.

2. The survey team, including CSIRO staff and ond st&fmber from GBRMPA covering the region
from Townsville to Airlie Beach, contacted respomidewho answered positively, explained the
survey process and the nature of the informatidieacted through the interviews, answered any
guestions the respondents may have, and arrangedeaview location and time, often requiring
several calls.

3. The survey team then travelled to the locationtlierinterview and carried out the survey. Some of
the data were collected after the interview in scases if the respondent did not have all the requi
information on the day of the interview. Examplesliided annual fishing activity and catches that a
number of respondents were happy for the survem tacollect via the annual data summaries
generated by Fisheries Queensland and profits @sgk$ statements that respondents agreed the
survey team could access after the interview.

4. In cases where potential respondents in the idisadeclined participation in the survey Fisherie
Queensland selected the next potential respondeaheilists following the random order created at
the sampling stage. The entire sub-group wasccalleandom order.

2.1.2 Questionnaire and other survey instruments

The questionnaire was developed initially taking iaccount background knowledge of the authorsrdéug
the collection of economic data in a range of Aal&n and European fisheries (Table 1).

The questionnaire was designed to maintain anogyafithe information collected. It contained sixima
components on (i) the operators; (ii) vessel asgtivi the year under consideration; (iii) reven(ie) costs;
(v) capital assets; and (vi) a set of questionsangdigg the history of the respondent’s involvemienthe
CRFFF, as well as the perceived key drivers ofifaoifity and possible responses to changes.



Table 1 Previous economic surveys of commercial fisries used to define the structure of the questiomire
applied to the CRFFF

Years for which data was

Fishery surveyed Country/Region Organization collected
Moreton Bay Otter Trawl Moreto_n Bay, QLD, Qld DEEDI 2010
Australia
Marine Scalefish Fishery South Australia EconSe&tyh_td 2009-10
Eastern Tuna and Billfish Fishery & Commonwealth
Southern and Eastern ScaleFish and X ' ABARE 2007-08 and 2008-09
. Australia
Shark Fishery
Queensland commercial fisheries Queengland, Department of P.rlmar.y 2007/08
Australia Industries and Fisheries
Reef line fishery gueen_sland, James Cook University 1994-99
ustralia
French fishing fleet France Ifremer 2000-10
UK Fishing fleet UK SEAFISH 2001
English Channel fishing fleet UK University of Pamouth 1995, 1997
North Sea beam trawlers North Sea University ot$moouth 1990-2004

Several other documents in addition to the questivze were developed to assist with the interviews
(Appendix A), including:

1.

an interview tracking form, used to check the infation available to the survey team regarding the
respondent and the vessel for which information leisg collected, stored separately from the data
collected via the questionnaire to ensure anonyafitgformation,

an interviewer guide, providing guidance to intewers about interpretation of certain sectionfief t
guestionnaire,

a map booklet containing the logbook maps to ass@giarse scale identification of the areas incivhi
vessels had operated in 2010-11,

a participant information form, providing the resgents with background information on the survey
as well as a clear indication of its voluntary awher and of the anonymity of the information
collected, and containing the contact details efdhirvey team,

a participant consent form, indicating consent fritim respondent to take part in the survey, which
was signed by each participant prior to the intmg,

an accounts data authority form, which participaigsed if they agreed for the survey team to have
access to annual profits and losses statementstfirgimaccountant, and

a data summary authority form, which participangsied if they agreed for the survey team to have
access to the annual summaries of catch and effeduced by Fisheries Queensland.

The team also produced a short text introducingtineey that was used as a guide for the firstazaatmade
with potential respondents. An agreement of camidlity was signed by all members of the suneant.

2.1.3 Web survey tool

The information generated during the survey was apad to ensure consistency, anonymity, and
confidentiality. A web survey tool was created toyide a central repository for interview-plannidgta,
survey supporting documents, and the survey tragotgey form used to input data collected via paper
guestionnaires. These were accessible to all mendfahe survey team while the survey was beingedon
including those not employed by CSIRO. Non-CSIR&ffshowever, only had access to the information
relating to the interviews with which they wereeditly involved.
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2.1.4 Other economic information collected and analysed
Price data

Short- and long-run changes in fish prices areyadckiver of changes in the revenue of commercillifig
operations. The more prices vary the greater tlerntsinty faced by operators in relation to thegpected
revenues. This uncertainty translates into incrtagk, especially if the direction and strength poice
movements are externally driven by changes affga@mand on international markets, which may inelud
both fluctuations in demand preferences and fa@fiesting global trade, particularly exchange satehis
sensitivity to price fluctuations may be partictjdrigh in a live-fish fishery because both incresas supply
to take advantage of the higher prices and degéasipply in periods of lower prices may be caised
by the capacity to store live-fish for significgrgriods of time.

Fish price data was collected for coral trout (G€J-throat emperor (RTE) and other species (Gf#h &
variety of sources, including, but not exclusivehg survey itself in order to develop robust pscenarios
for the ELFSIim ITQ model. The sources of fish pric¢a were:

1. Some interviewees provided average ex-vessel pioceST, RTE, different species of OS and non-
RQ species, in some cases distinguishing prodeseptation (live, whole fresh, filleted, frozen);

2. Two major processors of live fish provided the syrteam with information on live CT prices, one
providing daily price information for the period AlR2005 to March 2011, with a break from January
to June 2006, and the second providing monthiytifies and average ex-vessel prices of live CT
from January 2004 to December 2011, with a breadantities for January 2009 to December 2010;

3. Fisheries Queensland provided average quarterighbgaces from the Queensland Seafood Market
Association for CT, RTE and Spanish Mackerel, dggtishing between live and dead fish, CT size
(over or under 1.2kg), and product presentatioro{@br filleted) for dead fish from the last quarte
in 2006 to the last quarter in 2011;

4. Hong Kong import statistics provided data on montijuiantities and average import prices in Hong
Kong dollars for coral trout, distinguishing betwdeopard and spotted trout, and between live and
fresh presentation, by country of origin for theipé January 2004 to December 2011.

Preliminary analysis of the time series data wasedo identify patterns in fish prices and gainghss into
potential drivers of changes in prices. This wasebamainly on inspection of descriptive statisticsl
preliminary co-integration analysis (Johansen 1988ansen and Juselius 1990) of the data from Hamgy
imports and the ex-vessel price time series obddiren processors. We tested for the existenceaiong-
run relationships between the price time seriegala. First, we examined the relationship afedté#nt points
in the coral trout supply chain, involving investigpn of the long run relationship between ex-vepsees
from the two processors who provided price infoioratind the relation between these two price tianes
and the Hong Kong import prices for live coral trosecond, we considered potential long-run retstas
among the prices obtained by major exporters tdibreg Kong market from Australia, Malaysia, Indoiaes
and the Philippines.

Quota trading

It was also deemed important to gain a good backgrainderstanding of the current patterns of gurating

in the fishery and how these may change over tiezabise ELFSim models the allocation of quota tHroug
the quota market and the interaction between qaltiaation and fishing behaviour. Such an undedstan

is also required to assess the economic situafiaperators in the fishery, depending on theirustah the
guota market. Social network analysis has been tosdéscribe the patterns of trade in the quotketand
how these patterns had evolved since the incepfidhe quota system and until the year considendtie
survey (Innes et al. 2014).

The Queensland Department of Agriculture and FiskdDAF) holds data at the individual trade Iefeelall

quota types, along with the quantity of quota reeld fished against separate quota account in essrh Yhe
project team was able to analyse an anonymisetwesbthese data. The dataset covers the pemag $TQs
were first introduced on the 1st of July 2004 upghe end of the 2010-11 financial year (30th ofeJim
Australia). Data relating to the years 2006-07 20@7-08 were partially incomplete so are not inellith the
analysis. There is no requirement to report thal@evof quota transactions along with the quamttéged, as



is common in many fisheries managed under ITQsningdhat quota trade prices and how they havevedol
over time were not available directly.

2.2 Management strategy evaluation modelling

The management strategy evaluation (MSE) used EbRBppendix B). Briefly, ELFSIim simulates the
spatially explicit population dynamics on each @€103000 individual reefs subject to fishing pressut
operates at a monthly time step, with each simarlatonsisting of two parts. The first (‘initializan’) step
operates historically, starting in 1965, by usingoimation from visual surveys, and the physical
characteristics of the reefs to determine theahgize of the population on each reef (CT or Ra&pss all
reefs. The model runs monthly through the histbpeaiod until the ‘present’ by subjecting the it fishing
pressure calculated from historical catch data, sulgject to the condition that no reef has expegdman
extinct population at any time during the historipariod of the simulation. Whether a reef has =atinet
population depends on the number of fish on it,cwhin turn depends on the value of the reef andispe
specific habitat scalar. This number sets theahitumber of animals on each reef, and if it isltme for a
reef, results in an extinct population given thetdrical amount of catch taken from that reef. Einfr&ust
go back to the start of the simulation if an exiime occurs at any time during initialisation, iease the initial
density of fish on the reef, and then re-run tHeuations for the historical period (see Mapstehal. 2004).
This is repeated until there are no extinct reefthée historical period. This is called initialigithe model.

After the model is initialised it projects the fesly into the future given the assumed fishing bahaof the
vessel dynamics model, and the implemented manageroaditions. The model is able to replicate the
projection period many times, given the initial ddgions from the initialisation process, with diféat results
occurring from random processes in the model sadekecting where a vessel will fish.

Simulated historical and projected data collection in ELFSim

MSE modelling for this project involved simulatedmnitoring and data collection for use in a stock
assessment model developed by DAF. The basisofrtbdel was the CAB assessment model, which was
originally integrated into the ELFSim operating reb@\ppendix C). The DAF assessment model used this
template and customized it to deal with the spatiahplexities inherent on the GBR (Appendix D). The
DAF assessment model was thus used to estimatmtiezlying stock size in ELFSim.

Various sources of historically collected datawsed in the assessment model. These data weretedlle
from ELFSim during the historical period of the siation, and used for input into the stock asseasme
model in the projection period. Through the praptiperiod, the stock assessment estimated steek si
annually, based on data collected during the hestbperiod of the model, and during the projecipaniod
as the result of monitoring strategies.

Historical data collection from the operating model

1. Historical Catch and Effort data

Historical catch and effort data have been colkétemn the fishery since 1989, and are used toydigiing
pressure to reefs in the operating model prior hemthe projection period starts. This catch afoitedata
thus is saved for stock assessment purposes prafetion period.

The data used by the assessment model to estitwate Size distinguish data collected from simulated
monitoring programs in the projection period froatalcollected in the historical period, which caiatied
the operating model. Data files that are read bystihck assessment model have a specific formatvthe
source of the data is usually specified as a fheeturvey. (During the projection period of the rabthese
data are written by ELFSim on an annual basis).

We distinguish index of abundance data from thhisal period of the model from that collectedidgrthe
projection period as a survey spanning the years r989 to the year prior to the start of the mijm period
(2011). Box 1 shows a portion of the *.dat file a@ring to abundance indices used by the assessnuzl
that is generated dynamically by the ELFSIim opegathodel. The data from fleet 4 ranging from yeér 2
(1989) to year 37 (2002), are the years for whiethave catch and effort data from the fisheryhiséxample,
year 37 (2002) was the last year of the histopesiod, and ELFSim projected from 2003.
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Box 1. Part of .dat stock assessment data file dethjn projection year 2024 of the simulation slirogv
different indices of abundance fibeet 1: Projected fleet catch and effort dalagt 4: Historical fleet catch
and effort datafleet 5 Historical structured line surveffeet 6. Projected structured line survélget 7. Open
reefs from the historical underwater visual survaycfleet 8 closed reefs from the historical underwater
visual survey.

# Catch rate index comm Number of years , Year (1based vector),
value, CV

# fleet 4 # years 14 (+1 from operating model bec ause assessment is 1 based
array)

124 22.634623 0.100000
125 21.957666 0.100000

1 36 18.651846 0.100000

137 17.482363 0.100000

# fleet 1 # years 22 (+1 from operating model bec ause assessment is 1 based
array)

1 38 1.256730 0.100000

1 39 1.260670 0.100000

157 1.952210 0.100000

158 2.134190 0.100000

159 2.143410 0.100000

# fleet 5 # years 6 (+1 from operating model beca use assessment is 1 based
array)

140 22.936407 2.160464

147 21.196476 2.390029

# fleet 6 # years 21 (+1 from operating model bec ause assessment is 1 based
array)

138 5.723072 0.878260

139 3.579365 0.801412

158 21.301085 0.822663

159 20.669737 2.055211

# fleet 7 # years 5 (+1 from operating model beca use assessment is 1 based
array)

1301751.077637 1.028522

131 1912.998779 1.858845

132 1894.417969 0.927153

133 2334.897949 0.875711

1341780.871216 0.799354

# fleet 8 # years 5 (+1 from operating model beca use assessment is 1 based
array)

1 30 659.024353 1.246123

1 31 658.849976 1.395975

132 700.295349 1.439138

1 33 894.872498 0.865454

134 498.370575 1.493311

2. Historical Structured Line Survey

A structured line survey was implemented in the ERFom 2005-9. In each year, six mid-shelf reafeach

of four regions (Cairns, Townsville, MacKay and Twains) were selected for surveying between Sdpem
and December each year (Department of Primary tridasand Fisheries 2005a; Fisheries Queenslan2)201
This sampling survey was captured in the simulatmael by selecting six reefs in the model fromhealc
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four regions (Cairns, Townsville Mackay and Swais)domly in September of each year for the ye@620
2009, based on the amount of catch observed Hiatlyron each reef.

The CPUE in the historical period of ELFSim is lzhea actual fisheries data (outlined in the presisection
above) that conditions the operating model in tistotical period. The CPUE data for the 24 reefshim
historical structured line survewere taken from these data, and stored dynamibgllgLFSim to the *dat
file for use by the assessment. The CPUE indexbohdance for this data source is shown in Box thas
average index across reefs (followed bydtefor fleet 5, which in this example ranged fronayd0 (2005)
to year 47 (2009). The years in which thistorical structured line survegperated are specified as model
parameters in the input database.

Thehistorical structured line survegiso collected simulated length and age datasarmh the same 24 reefs
100 fish were randomly sampled from a selectivigighted age distribution on each reef. Because ageh
class in ELFSim also has an associated lengthetigth distribution on a reef is not smooth. Emais added

to the length measurements in the form of a nouealate N(O,J,Z), where the variability in the length

measurement, was set to 6.17 cm (page 228, Little et al. 2(f&0ause in reality length distributions are

typically smooth. Both the number of fish sampledl dhe length error measurement in this sampling
procedure can be specified in the elf_input.mdlaltizde. The length data and age data are showrxes2o
and 3 as the data from fleet 5 (tfistorical structured line survéyNote that these are raw data and not derived
from an age-length-key.

Box 2. Part of .dat stock assessment data file dethp projection year 2024 of the simulation tshbws
length distributions from different data collectisaurcesfleet 5. Historical structured line survefiget 6:
Projected structured line survdiget 7: Open reefs from the historical underwater visualey; andleet 8
closed reefs from the historical underwater visuaiey.

# Fleet 5

#(+1 from operating model because assessmentis 1 b ased array)
13000 00.000000 0.000417 0.012500 ... 0.003333

13100 00.000000 0.000833 0.012917 ... 0.002500

1320000.000417 0.001250 0.011667 ... 0.002083

13300 00.000000 0.000000 0.007917 ... 0.000833

13400 00.000000 0.002083 0.014167 ... 0.002083

137 00 00.000000 0.002083 0.012500 ... 0.002083

# Fleet 6

#(+1 from operating model because assessmentis 1 b ased array)
13800 00.000000 0.001000 0.018333 ... 0.002667

13900 00.000000 0.000667 0.016000 ... 0.002000

14000 00.000333 0.002333 0.011000... 0.002333

14100 00.000000 0.001333 0.019000 ... 0.002000

i 59 00 00.000333 0.001000 0.016333 ... 0.002333

# Fleet 7
#(+1 from operating model because assessmentis 1 b ased array)
# Fleet 8
#(+1 from operating model because assessmentis 1 b ased array)

12



Box 3. Part of CAB stock assessment data file ctedpi projection year 2024 of the simulation thlabws
age distributions from different data collectiorusmes.fleet 5. Historical structured line surveyieet 6
Projected structured line survey.

# Fleet 5

#(+1 from operating model because assessmentis 1 b ased array)
13000 00.000000 0.000417 ... 0.000417

13100 00.000000 0.000417 ... 0.000833

13200 00.000000 0.000000 ... 0.000000

13300 00.000000 0.000000 ... 0.000000

13400 00.000000 0.000417 ... 0.000417

137 00 00.000000 0.000417 ... 0.000000

# Fleet 6

#(+1 from operating model because assessmentis 1 b ased array)
13800 00.000000 0.001000 ... 0.001000

13900 00.000000 0.001667 ... 0.000000

i 59 0 0 0 0.000000 0.002000 ... 0.000333

Historical Underwater Visual Survey

The final data generation that was developed fetiktorical period of ELFSim was the data collddtem
underwater visual survey from 1999-2004 (Samoiky lzaunow 2012). This survey focussed on 20 reeis fr
Cairns south to the central sections, and on tdper() and green (closed) zones (Table 2).

Since ELFSim does not model the sub-reef levelildeéadid not consider transect placement in thisusated
data collection. Instead, the number of fi&® cm from each reef was determined with a log-mbsampling

0.5

error exp(N (0,0.5 ) j . This abundance estimate was scaled to the remheter and the average
index calculated across reefs. Box 1 shows theageeindex of abundance followed by thefor the open
(blue) reefs in thélistorical Underwater Visual Surveas Fleet 7 and the green reefs as fleet 8. Iexaimple,
the historical UVS operated during the years 3®%)90 37 (2002), but the years can be specifieit@s
parameters in the input database. The error viitjaffl.5) is also specified as a model parametehé input
database, and the set of reefs (Table 2) is spd@$ a table in the input database.
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Table 2 Reefs (name, management status and codegdsn the historical UVS data collection

Reef name zone URI
Lizard Is. Green 14116A
Blue 14116B
Green 14116C
Green 14116D
MacGillivrays Green 14114S
Eyrie Blue 14118S
Escape Blue 15094S
St. Crispin Blue 16019S
Norman Green 16030S
Hastings Green 16057S
Arlington Blue 16064S
Channel Blue 16075S
Wardle Blue 17032S
Bramble Blue 18029S
Dip Green 18039S
Faraday Green 18041S
Yankee Green 18074S
John Brewer Blue 18075S
Lodestone Blue 18078S
Davies Blue 18096S
Kangaroo Green 19063A
Green 19063B
Black Blue 19127S
Hardy Green 19135S

Data collection from the operating model in the projection period
Two indices of abundance were developed for thesgssent models in the projection period.

Projected standardised CPUE

The first index was the fleet widgandardised CPUEhat simply used the aggregate catch and effaa da
from the commercial fleet, standardised accordifglypendix C). Standardised CPUE from this datacmu
are shown in Box 1 as the data from fleet 1 ran§jioign year 38 (2003) to year 59 (2024).

The second index of abundance comes from theofifsiur proposed monitoring strategies to be eveldin
this projectthe projected structured line survey

Monitoring strategies
Fishery independent projected structured line survey

The former discontinued fishery independent LongT ®lonitoring Program (LTMP) involved one survey
per year on 20 fixed reefs using a light and a e@ar (6/0 and 9/0 hooks; Department of Primady$tries
and Fisheries, 2005). We developed a simulateegteyl line survey for input into the DAF stock asseent
model based on this survey.

This simulated structured line survey is based single survey vessel randomly chosen from the cercial
vessels in the ELFSim vessel dynamics model inépeipér each year. A sample of reefs is visited gaah
by the projected line survey. These reefs are gl the start of the projection period, and dachannually
in each replicate projection. Seven reefs werectedaandomly from each region, based on a prabatiiat
is proportional to the historical catch rate of thef. Because most reefs in ELFSim have histodatih and
effort attached to them, these reefs included bhté (open) and green (close) reefs. The projdctecdurvey
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uses a single commercial vessel, randomly seledtdgk start of the replicate projection (and aksmpled in
each replicate projection). The selected survegaldishes the reefs on each day of the month jreBeber
of each projection year and collects CPUE acrassdbfs as an index of abundance.

Data collected at the daily time scale are usezhloulate the survey index of abundance. The daitgh in
the vessel dynamics model that is captured byuheeyg vessel is scaled to the corresponding mortigh

from the operating model for each survey reéfmsm. This gives the part of the monthly catch attréalito
the survey vessel:

z Ey ms C-ng
VESURVEY r_ ~ 1 ma.scT .
C =C (Little et al. 2007, page 92).

y,m,s= CT yms C v, r
2., ZE
Ys qymd;CT

The daily catch attributed to the reef therefore is

v=SURVEY r
Cv SURVEY r_ C v SURVEY r y,m,d
y,md, s CT yms CT Ev SURVEY r*
y,m, d

-
where E ; is the perceived daily effortEymdé‘ reaOuscr is the realised daily effort that includes

0,-cr IS the vessel specific catchability of coral tro@nd the daily variation in catchability (

£, =exp(N (007 y-0o? 2) for the survey vesse| Little et al. 2007, page 91).

Oy md,scT

From these calculations the average daily CPUEh®survey vessel (am) is calculated and shown as an
index of abundance in the *.dat file (Box 1) froleeft 6 ranging from year 38 (2003) to year 59 (2024

The main data used in the stock assessment hottateare provided by tharojected structured line survey
are age frequencies from the reefs it visits. Thachieved by sampling 100 fish from the seletstivieighted
reef age distribution on each reef visited each dayabove, if length samples are required normair és
added (Little et al. 2007, page 228). Length dathagye data for therojected structured line surveye shown
in Boxes 2 and 3 as the data from fleet 6 rangiognfyear 38 (2003) to year 59 (2024).

Fishery dependent monitoring strategies

The remaining monitoring strategies examined is fiioject are based on fishery dependent data tinem
vessels in the vessel dynamics model that opecat®a@ing to their behavioural rules (Little et2007). The

basis of these strategies is that biological sasnpieeef fish can be obtained from vessels, popracessors
(Dept. Primary Industries and Fisheries 2005b).

* On board observer data collection

The second proposed monitoring strategy is an ameb@ishery dependent) observer sampling prograitw
involves specifying aumber of observethat would be on a number of associated vessedecAnd variable,
observer coveragendicated the proportion or probability that treaticular observer is on a trip taken by the
vessel. The ages (and lengths) of the fish caugtitd(simulated) vessel each day are collecteddoh reef,
which is assigned to a specific “population” in DAF assessment model (Appendix D). These datthare
used in the assessment model.

* Port sampling

The third proposed monitoring strategy is a (fishdgpendent) port sampling program which uses dhges
procedure as th®n board observer data collecti@bove, except data associated with “populationghée
DAF assessment model are aggregated to the “sudmedyyscale. Thus, “populations” in the DAF asseeat
model in the same “sub-region” would have identégge data. This was intended to give an impressidata
aggregated at a larger “port” level.
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* Processor port sampling

The fourth proposed monitoring strategy is a (fighéependent) processor port sampling program
implemented using the same procedure a®thboard observer data collectiabove, except data associated
with “populations” in the DAF assessment modelagygregated to the “regional” scale. Thus, “popatedi

in the DAF assessment model in the same “regionilevbave identical age data. This was intendedwe g
an impression of data aggregated at a larger “gsaregport” level.

Model projections

We performed a single initialisation from 1965 @il2 for coral trout in the current simulations unaéabitat
scalar that represented depletion levels for the ef the projection period so that the availdiitemass (the
biomass that is selected by the gear, and if cdeghtly retained) of coral trout was approximatg8f6 of
the pre-exploitation level. Twenty-five replicatejections from 2012 to 2035 were conducted towapthe
long term effects of each management strategy atlomsideration of the effect of variability (prosesnd
observation error) on the evaluation of the managdrstrategy.

Management Strategies

There are three broad areas of interest in sinmmagsults from this project. The first is a sesiofiulations
intended to evaluate the effect of different maniitp strategies on the ability of a stock assessnmmertel
developed by the Queensland Department of Agriceiiéund Fisheries (DAF) to estimate accurately ihe s
of the underlying population, with different amosif information. These simulations did not evaduay
feedback control on the TAC but were designedtstrio evaluate the accuracy of the assessmentruhde
different levels of data aggregation.

The second set of simulations was designed to ateathe effect of a set of simple harvest contri@s. These
rules were based on three harvest control rulesQtlieensland DAF stock assessment model, and tW&CP
based rules.

The third area of interest in the simulations is gfroject was to evaluate the state of the fishaeder different
conditions of two controllable variables believedt an important influence on the fishery: thelef TAC,
and the mobility of the fleet (i.e. the ability thfe vessels in the fleet to move between regions).

2.2.1 Queensland DAF stock assessment evaluation

Data can be used in the Queensland DAF stock assaessit the population, sub-region and region fevel
(Appendix D). The data used in the assessment niadeide age and CPUE data. The purpose of the
management strategy evaluations for the QLD steskssment model, then, was to show the effectfefeint
levels of data aggregation on estimation perforraanc

The three fishery dependent monitoring (managenstratjegies (On board, Port sampling and Processbor
sampling) were further defined by theimber of observersand observer coverageWe examined a
combination of these factors for each fishery dépahmonitoring strategytumber of observe(d0 and 50),
andobserver coverag€l0% and 25%). This resulted in a total of 12 eft&5 projections for the fishery
dependent monitoring, and 1 set of 25 projectioitis the fishery independent monitoring from thv@jected
line survey

The objective of simulating these management gfiedewas to show the accuracy of the stock assessme
model under the monitoring and data usage conditiom addition, another set of 25 projections were
conducted using monitoring data captured from tlgepted structured line survey. The results weesgnted

to show the relation between the model-estimatethiiies in each of the projection period, anddbtual
guantities in the underlying operating model.

2.2.2 Harvest control rule evaluation
Three harvest control rules were evaluated fofifery. The first involved using the DAF stock

assessment. The remaining two harvest control nubes based on standardised CPUE with the differenc
being the vessels from which the CPUE measured.
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Queensland DAF stock assessment harvest control rule

Harvest control rules set a TAC based on a meadutee state of the stock (Smith et al. 2008). Avhat
control rule was implemented that used the estihagtative spawning biomass from the DAF stock
assessment model, and based on the on-board absampgling strategy, as this sampling program sdeane
likely trade-off between the expensive survey dreldther aggregated sampling measures. The TA&cim e
simulation year was calculated as:

_ X = Xiim
TAC = max(O, Ctarg ﬁ)
targ im

whereX is the estimated spawning biomass relative toegmeitation levels in 1965, from the Queensland
DAF stock assessmeidy,; is the target biomass (instead of an estimatBeobiomass corresponding to

MSY asXiarg: Xtarg Was set to the mean estimated biomass over y6aéstd 2008 because the catches and
catch rates seemed to be at a desirable levelgithase years)..o is the average catch by the commercial

fishery during 2006 to 2008, andim is the limit reference point below which the fishes closed TAC= 0),
set to 40% oK,z based on Smith et al. (2008).

Four combinations of the monitoring strategy wexsdd: fumber of observerst 10 and 50, were combined
with observer coveragef 10% and 25%).

CPUE-based harvest control rules

CPUE-based harvest control rules based on Littld. §2011) were also evaluated using the hanastral
rule,

e oc CPUE — CPUE;,
= max(0, Crqrg CPUE¢4rg — CPUE}j,

whereCPUE is the annual CPUE of the commercial fishing fligetm the previous yeaCPUE,,,, is the
standardised geometric mean CPUE from the fishetyden 2006 and 2008 (16 kg/dory day), selected for
consistency with how the target is set for the Dsidck assessment based HCR, @il E;;,, is the limit
reference point below which the fishery is clos€d€ = 0), and calculated as 40% @PUE, 4, again for
consistency with how the HCR associated with DATelstassessment is applied.

Two variations on this HCR were evaluated. The fiedculated CPUE from the entire commercial fighin
fleet. The second calculated the CPUE from a randdratified subset of commercial vessels in tbetfby
vessel length and port (Table 3). This subset hasght to reduce the variability in the indicatmd provide
a better, more accurate representation of the stock

Table 3 Number of randomly selected vessels eachrpased for the fleet subset CPUE-based harvest ctnl rule

Port:
Vessel Cooktown Port Cairns Innisfail  Townsville Bowen Mackay Yeppoon  Glastone
class: Douglas
>15m 0 1 2 0 0 1 1 0 1
<15m 2 2 3 3 1 2 1 1 1

2.2.3 Evaluating the effect of fleet mobility

The third set of simulations evaluated the statahef fishery under different conditions believedbt®
influencing the fishery: the level of TAC, and tmebility of the fleet. The vessel dynamics moddEltFSim
currently constrains the vessels to operate inibezhfishing areas associated with a fishing fattle et al.
2007). The possible effect of this constraint (Fggd) and the possible effect on the fishery ifseds could

17



operate freely was explored by removing the coonitionstraining vessels to fish only in their @Eesociated
fishing areas and comparing the results from caimsd and unconstrained simulations.

Cumulative

proportion Of ——regional vessel dynamics model
. 14

commercial

effort

——non-regional vessel dyanmics model

0.8 -

0.6 -

0.4 -

Southern Northern
reefs reefs
0.2

24
235
23

-22.5
-22

< L g w ) Q10
o =] ¥ o A AT AR A
I 3

245
215 |

Reef Latitud:
Figure 4 Cumulative distribution of effort across dl reefs, ordered by latitude, during one projectio year, when
the vessels were constrained to fish in the theimpt associated fishing areas (regional vessel dynés model)

and when the constraint was lifted (non-regional v&sel dynamics model) and effort could be allocated
throughout the GBR

Three combinations of TAC (50%, 70% and 100% ofit}/288t TAC) were combined with both the regionally
constrained and unconstrained (globally operafiisg)ng fleets. These scenarios were examinedringef
whether the fishery could achieve a set of managentgectives set forth by stakeholders (Table 4).

Management Objectives

We sought input from a range of stakeholders inGR&FF following the protocols used in Mapstonalet
(2004) to identify relevant management objectives &asible management strategies by which those
objectives may be attained. A stakeholder workshiap held in November 2012 to familiarise stakehwlde
with the modelling approach and identify and refiogerational management objectives, performance
indicators, and alternative management strategiesdral trout Extension and Adoption). Our intention
throughout this process was not to seek consensoisgathe different stakeholders but to capturelthersity

of views (Mapstone et al. 2004), emphasising thefiss of an MSE approach which effectively exarsitiee
trade-offs amongst those views. Stakeholders iecludepresentatives with commercial, charter, and
recreational interests, as well as conservati@rasts. The management strategies that were tesated to
whether they could achieved the objectives sebguhese respective groups.

The stakeholders were provided first with an oty to assess if the management objectives, padoce
indicators, and management strategies determiradomsly (see Mapstone et al. 2004, 2008; Littlalet
2009a), were still relevant. Objectives that wererded to be still relevant were those concerniagpiawning
biomass in closed areas (objective 1, Table 4)tlamdvailable biomass in the areas open to fituhgective

4, Table 4). A new objective for the available bas®s on open reefs was added (objective 3, TaBleaAdlable
Biomass on open reefs > 48% unfished levels 90%eftime, P(AB/ABO > 0.48) > 90%) to reflect the
objective of achieving Maximum Economic Yield whialas assumed to be at 48% of the unfished level. Th
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objective relating to the spawning biomass oneadfs (objective 2, Table 4) was also updated floerdesire
to be above 90% of unfished levels to a more E@E®% of unfished levels 80% of the time, reflegtthe
fact that approximately 50% of the reefs on the GBR available to fishing pressure. Previous oljest
relating to commercial fleet CPUE were dropped heeat was believed that Profitability (objectiveT@ble
4) better represented the objectives of the flEkee recreational fisher objective (objective 7, [Ead) was
also updated to represent the desire to catch 3@Be dag limit 50% of the time.

The objectives were specified in terms of quartiliaand measurable indicators that could be evediufadbm
ELFSim. A spatial division in the charter fleet CPldpplied to areas north or south of Townsvilleb(€at).
This division represented the different naturelddrter trips in the different areas. For examplpsttend to
cater to multi-day events south of Townville where reefs are further offshore, whereas trips tenchter
mainly to single day outings north of Townsville.

The probability that an indicator achieved a manag@ objective was determined by counting the nurabe
replicates that met the objective in the final yafgprojections. Results were also presented byutating the
average value of key variables across replicatédseifinal year of the projection.

Table 4 Management objectives and performance inditors for coral trout derived from the stakeholder
workshop

Management Objective In symbols Performance
Indicator

Conservation

1 Spawning Biomass on closed reefs > 90% unfisheddeve P(SB/SB> 0.9) > 80% SB/SB
80% of the time

2 Spawning Biomass on all reefs should be > 50% uedish P(SB/SB> 0.50) > 80% SB/SB
levels 80% of the time (of the simulations)
Stock

3 Available Biomass on open reefs > 48% unfished fevel P(AB/ABo> 0.48) > 90% AB/AB

90% of the time

4 Available Biomass on open reefs > 40% unfished tevel P(AB/ABo> 0.4) > 90% AB/AB
90% of the time

Economic

5 Comm. CT CPUE > 80% 2006 CPUE > 90% of the time ~ PRIE/ CPUEoos> 0.8) > 90%

6  Charter CPUE south of Townsville - 50% of guests P(CPUE > 8 kg / day) > 50% CPUE
achieve the bag limit (2 daily bag limit / trip)ft=4
days)

7  Charter CPUE north of Townsville - 10% of the guests P(CPUE > 4 kg / day) > 10% CPUE
achieve the bag limit (bag limit / trip)(trip=1 dgy

8 Rec CPUE > 3.5 kg/dd 50% of the time (getting 50% bag P(CPUE> 3.5) > 50% CPUE
limit 50% of time)

Profitability

9  Avg profit, n, should increase (be greater than the P (m2035/ m2012> 1) > 80% 72035/ M2012
conditions in 2011) > 80% of the time

Harvest

10 Total comm. CT catch > 80% TAC 90% of the time P(C/TACC> 0.8) > 90% C/TACC
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3. Results

3.1 The Economic Survey

3.1.1 Summary

The commercial fishery consists of a wide diversityperations, from single small vessels fishinghiore
reefs with short (24 to 48 hour) trips, to largperations using a mother vessel and a varying nuofliender
boats, undertaking trips of up to 2.5 weeks dumatio addition, fishing businesses display varysitrgtegies
regarding their effort and catch composition. Sdaweis solely on CRFFF species, in particular timelilag
of live CT, while others target a broader rangspcies, outside of the CRFFF, using hook anddineell
as other fishing gears (e.g. nets, pots, trawl).

The commercial fishery is managed primarily viaage of both input and output controls detailedipélly
in the 2003 Coral Reef Fin-Fish Management plane@pgland Government 2003) and updated in the
Queensland Fisheries Regulation 2008. These cernirdude:

- technical regulations regarding maximum vesseltteiig0 meters), number of lines per fisher and
number of hooks on lines (no more than 3 fishingdiper fisher at a time, and no more than six $iook
or lures attached to the lines) and minimum andimam sizes of fish;

- limited entry since 1984, through the issue of carial fishing licences, which authorise the use of
a primary boat (and identified tenders), to fiskhivi the fisheries endorsed by fishery symbolshan t
licence. There are currently 369 licences authdriseperate in the CRFFF, of which approximately
two thirds were recorded to be active in recentryedisheries Queensland 2011). Symbol
endorsements on the licences may determine then®gi which a licence holder is entitled to fish,
as well as the species which can be caught (théayRQ" allowing catch of CRFFF species), the
fishing techniques, and the maximum number of tenddich can be used in the fishing operation;

- commercial Total Allowable Catch (TAC) Limits. TAlinits were established in 2004 based on
historical catch records. The available TACs aceaktrout (CT) ~ 1,288t, red-throat emperor (RTE)
~ 615t, and other species (OS) ~ 955t;

- allocation of the commercial TAC via individual tisferable quota units (ITQs). The quotas were
allocated as line units to individual licence hatdim 2004 on the basis of 1 unit = 1kg (whole Wéig
of allowable landings of a particular species grolipese entitlements are valid only if its ownlspa
holds an RQ symbol that is in force for that pafac year. A number of rules also apply to landings
including designated landing points and prior reti€ landing to maintain the integrity of the quota
management system. Regulations also apply toltagrfg of fish prior to landing;

- both input and output entittements can be tradéckrices can be permanently sold or temporarily
leased; fishery symbols can be transferred betWesmces; and individual line units can also belsol
or leased between RQ symbols; and

- seasonal closures to protect spawning aggregafmmsently two 5-day closures in October and
November of each year).

In addition, the fleet predominantly operates manea covered liyreat Barrier Reef Marine Park (GBRMP)
Zoning Plan 2003GBRMPA 2004).

In 2010-11, total landings by the fishery amountedpproximately 1,600 tons and estimated totasgro
returns of approximately $44 million. This was cased of 763 tons of live CT (49% of total RQ larydip
and 115 tons of dead CT. Live CT generated thetggeahare (81%) of total gross returns from thleiy
($36 million, Figure 5) due to the much highertfigale price of this product category ($47/kg oarage).
With lower average sale prices (around $10/kg faiERand $7/kg for OS), landings of RTE and OS
represented approximately 43% of total landingsamdstimated gross return of approximately $5I6am,j
(less than 13% of the total returns from the figh&igure 5).
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Figure 5 Estimated 2010-11 gross turnover (AU$ Miibn) of the CRFFF (Left) and total landings (Tons)n 201-
11 (right). Source: own calculations based on Fishies Queensland landings data and estimated averageices
per species group

The fishery has undergone significant changes shme@troduction of a commercial TAC and its assted
management, and tiigreat Barrier Reef Marine Park Zoning Plan 20@ning Plan). Some CT, RTE and
OS quota and associated RQ symbols were bouglm awstructural adjustment package associatedtidh
introduction of the Zoning Plan. After these changdhere was an initial increase in catch rateslamdings
of CT up to a peak in 2008-09 where the entire TACthese species was nearly landed. This waswelib
by a drop in catch rates, that was attributed ¢oeitplogical impacts of Cyclones Hamish (March 2G0®i
Yasi (February 2010), which led to a significandlin fishing effort and catches in recent yeaigufe 6).

M Landings 2008-09 M Landings2010-11 = Available Quota
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Figure 6 Landings in 2008-09 and 2010-11, and TotAllowable Landing limits. Source: Fisheries Queeriand

This recent trend in the fishery has been reflecigte value of CRFFF access rights, in partictdaquota
units. Figure 7 reports the advertised nominalgsior CT quota sales and leases as observegetmabkzed
commercial fishing magazine (Queensland Fisherratwyeen January 2006 and December 2007, after the
TACs were introduced (i.e. in the booming periodhd CT fishery), and in the same magazine andaquot
broker web sites for months August 2011 to Febr@a@d?2. While the lowest prices observed in the bagm
period were reportedly around $45/unit to $50/€mitsales and $3 to $4 for leases.
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Figure 7 Changes in monthly advertised CT nominal gota lease and sale prices ($/unit), January
2006 to December 2007 and August 2011 to Februar@Q12

Cluster analysis on the fleet profile led to thentification of three distinct groups of vesselalfle 5) with
differing levels and types of fishing activity. Tdeegroups were used as a basis to define a stdatdfndom
sample of vessels (owners/operators) to intervigking into account the regional distribution osel types.

Table 5 Technical characteristics of vessels in three groups

Group Number of Average Average Engine Average Number of

vessels Length (m) £ Power (kw) + SD Tenders per Vessel £
SD SD

1 Generalist 133 86+24 143.5+83.9 13+1.1

Line Fishers

2 Dedicated 56 145+27 175.5+88.3 45+1.3

live CT fishers

3 Diversified 24 9927 164.9 £ 93.2 13x14

fishers

Grand Total 213 10.3+3.6 154.1 + 87.3 21+19

Overall, the fleet profile led to the clear diffat@tion of (i) a large group of smaBeneralist line fishers,
many of whom were only very partially active in 2211, relatively focused on line fishing but onlyrjally
focused on CRFFF catch; (ii) a group@dicated live CT fishers with relatively large vessels focused on
live CT, contributed to three quarters of the tdtatvest from the CRFFF, and (iii) a group of meusized
Diversified fishers that operate across a range of fisheries inclutdiadCRFFF, which provide a small share
of their total harvest, and whose RQ harvest ogfyesents a small proportion of the total RQ harves

The first group Generalist linefishers) represented the largest number of vessels (V&3gels in this group
were of smaller average size, and expended lowetd®f fishing activity in 2010-11, mainly landitige-
caught species, both from the CRFFF and from dibteeries, although they also landed some net-ddigih
The greatest share of CT landing by this group eeasposed of dead fish. Altogether, while represgné
large number of vessels, this group only contridwte20% of the total unloads of RQ species.

The second grouedicated live CT fishers) involved a relatively smaller number of vessé&lg)( of larger
average size and a larger number of tenders. Messels had much higher levels of average anrsiah{
effort, were exclusively focused on line fishinglaargeted mainly CT. Vessels from this group lahaestly
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live CT (90% of all CT harvest). Altogether, thisogp contributed to 75% of total landings of RQd@es in
2010-11.

The third groupDiversified fishers) involved a small (24) group of medium-sized véssgperating in a wide
range of fisheries, of which the CRFFF only congtiti a small component in terms of both fishingrfind
landings, but that had levels of activity in teraidishing days, comparable to those observed foup 2 in
2010-11. This group represented a small shareedbthl landings of RQ species, which constitutedwerage
less than a quarter of their annual harvest, wtridgd and net landings represented the largest.sGdre
landings by these vessels were mainly dead fisto(80all CT harvest).

The costs of catching fish was highest inBreelicated live CT fishers, (Table 6). The costs of operations by
theGeneralist line fisherswas about 60% of tHeedicated live CT fishers, while theDiversified fisher costs
represented about 15% of tBedicated live CT fishers (Table 6). Fuel and oil costs included all diezed
petrol as well as oil costs at the annual leved, @re presented before the fuel rebate in thedabid figures
below (Table 6). This provides an indication of thagnitude of the fuel and oil costs which musbbee
by operators upfront. A complete depiction of tlessel groups and the survey is given in Thébawd. et

(2014).

Table 6 Annual total catching costs ($) for each wsel group

Fishers n mean sd median s.e.m.
Diversified Total: 28 33,387 39,881 15,657 7,537
fishers
Fuel & Oil* ($) 28 19,672 19,631 11,212 3,710
Bait & Tackle ($) 28 5,971 6,957 2,446 1,315
Quota Lease ($) 28 899 1,439 - 272
Food ($) 28 2,818 4,527 1,270 856
Ice ($) 28 2,809 3,654 729 690
Boxes & Bags ($) 28 1,019 3,141 - 594
Other Catching 28 199 532 - 100
Costs ($)
Generalists Total: 19 130,193 108,685 102,979 24,934
line fishers
Fuel & Oil* ($) 19 58,157 41,457 54,639 9,511
Bait & Tackle ($)) 19 32,865 20,845 26,654 4,782
Quota Lease ($) 19 23,725 28,696 10,823 6,583
Food ($) 19 9,260 7,750 8,091 1,778
Ice ($) 19 4,477 5402 2,772 1,239
Boxes & Bags ($) 19 845 2,449 - 562
Other Catching 19 864 2,086 - 479
Costs ($)
Dedicated Total: 14 219,422 136,575 197,774 36,502
live fishers
Fuel & Oil* ($) 14 112,529 61,339 110,554 16,394
Bait & Tackle ($) 14 48,929 21,493 45,665 5,744
Quota Lease ($) 14 33,663 31,557 24,407 8,434
Food ($) 14 22,346 18,592 16,964 4,969
Ilce ($) 14 950 1,878 - 502
Boxes & Bags ($) 14 599 868 184 232
Other Catching 14 406 848 - 227
Costs ($)
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3.1.2 Defining vessel characteristics for ELFSIim
Allocation of vessels to vessel groups and regions
Data

In collaboration with Fisheries Queensland, anabhiist of vessels identified by their boat mavkas created,
based on the vessels that held an RQ symbol onlitemce in 2010-11. This list contained 369 indial
boat marks, for which individual vessel technida@cteristics, total fishing effort and its distriion across
RQ and non-RQ fishing, annual landings informafimm logbooks and total unloads of RQ species filoen
guota monitoring system were recorded. Approxinyadethird (115) of the boat marks selected throtinggh
initial process were inactive in the reference {@84.0-11). Another 41 vessels had no unloads ofg&gies
recorded for the reference year (i.e. had not ithe CRFFF in 2010-11). This led to a remainisgdi 213
vessels for which all technical, effort and landimgformation was available, and which had landedesRQ
species in the reference year.

The results of the economic survey indicated than Yessel length defined tieedicated livefishersfrom
the Generalist line fisherandDiversified line fishersin addition, the survey results showed that eragye,
the value of the live fish catch landed by Divaesiffishing operations represented only 12% oftthal
landed value by these operations at the annudl [Ekese criteria were applied to the 213 vess@lsvhich
annual catch data was available, to allocate tesele to one of the three groups:

1. Diversified,
2. Generalist: Live CT — Small, and
3. Dedicated: Live CT — Large.

In addition, the main unloading port used by thesesels in 2010-11 was also available in the deea for
the fleet profile. The list of unloading ports weermonized with the list of ports in the ELFSimatzdse, to
establish a description of the vessel distribut@cr®ss groups and unloading ports. From the swandyfleet
description vessel types differed regionally bytg@able 7).

Table 7 Distribution of vessels across groups anciiloading ports (based on the 213 vessels identified having
been active in the CRFFF in 2010-11)

Port Diversified Dedicated: Live Generalist: Live Grand Total
CT Large CT small

n % n % n % n
1 Cooktown 3 21 2 15 9 64 14
2 Port Douglas 8 47 1 6 8 a7 17
3 Cairns 5 83 0 1 17 6
4 Innisfail 16 70 0 7 30 23
5 Townsville 17 89 0 2 11 19
6 Bowen 2 12 2 12 13 76 17
7 Mackay 2 12 5 29 10 59 17
8 Yeppoon 10 100 0 0 10
9 Gladstone 23 68 7 21 4 12 34
10 Bundaberg 28 97 1 3 0 29
11 Brisbane 27 27
Grand Total 141 18 54 213

This depiction of the reef line fishery fleet haseh integrated into the ELFSim database, whichistnsf
369 vessels assigned one of 10 homeports usedrBiElLbased on the port closest to the registeratport.
Vessels were distributed across the ELFSim homepasrin Table 8.
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Table 8 Distribution across ports of the updated vesel list operating in the reef line fishery. (adjsted frequency
redistributes vessels from Brisbane) Arrows indicad whether the number of vessels associated with tpert has
gone up? or down | since Little et al. (2007). Also, for comparison t change in proportion of commercial effort fishedn

reefs of the different regions is shown for the irgrval 1989-2000, on which Little et al. (2007) wasabed, and a more recent
interval, 2001-20011

ELFSim Frequency  Proportion Proportion Little et al. Region Proportion  Proportion
Port (excl. Brisbane) (2007) effort effort
(1989-2000) (2001-2011)
Cooktown 7 0.02 0.03 0.03 Far North 0.09 0.09
Port Douglas 22 0.06 0.10 0.04
Cairns 45 0.12 0.20 0.09 Cairns 0.13 0.1%
Innisfail 32 0.09 0.14 0.15
Townsville 21 0.06 0.09 0.06 Townsville 0.35 0.39
Bowen 31 0.08 0.14 0.19
Mackay 26 0.07 0.11 0.22 Mackay 0.24 0.22
Yeppoon 10 0.03 0.04 0.09
Gladstone 23 0.06 0.10 0.07 Swains 0.11 0.1
Bundaberg 44 0.12 0.05 0.06 Cap- 0.08 0.03,
bunkers

Brisbane 108 0.29

More than 40% of the homeports were in the southerBundaberg and Brisbane area. The Brisbanelgess
however represented mailing addresses of registarsskls, and so it was deemed unrealistic thaelses
actually fished from Brisbane. We therefore, rariisted these vessels according to the proportiorike
other ports, with the assumption that Bundabergatoed 5% of the fleet (this values was used itid dt al.;
2007). This resulted in a distribution (Table 8)gbly comparable to that used by Little et al. 200n the
current version of the model, Port Douglas andriddilave more, almost twice the vessels assignetbpsty,
while Mackay and Yeppoon have fewer associatedl®sEhe shift in vessel distribution to the nortbtably

to Townsville, Cairns and Port Douglas came agetgense of Bowen, Mackay and Yeppon. This northward
shift in vessels roughly matched the shift in effdiable 8). As Little et al. (2007) showed howesaveral

of the ports fish overlap in the latitudes at whilcty fish.

Trip numbers and trip lengths

The economic survey also collected information lee number of fishing days and the average triptteng
The average number of trips per year used by thalation model was calculated from the ratio of tibial
Annual Fishing days and the Average Number of Omgyrstrip (Table 9).

Table 9 Annual number of fishing days and averageip lengths per vessel type (source: economic sunge

Diversified vessels Generalist: Live CT — Dedicated:Live CT

small vessels large vessels
Average trip length 2.82 7.2 12.64
SD trip length 1.33 2.63 2.44
Average annual 78.39 131.20 171.07
fishing days
SD annual fishing 70.7 50.44 39.56
days

Vessel mobility
Data
The last section of the economic survey includgdestion on decision-making by the operator if comtied

with low catch rates in their fishing area duringet period of time. The question specified the EPU
conditions, and the length of time required befameaction would be taken by the respondent. Therect
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included stopping fishing altogether, selling aadimg out quota, target a different species of ngwn to
another area, as follows:

H. 7 Operational decision making

H.7.1 Under the current economic conditions, what is the minimum catch rate of CT below which you would stop
CT fishing in your region? - — .......fish per day/trip (if per trip, specify trip days)

H.7.2 If the CT catch rate was to drop below this minimum, what action would you initially be most likely to take?
[ Tie-up
[J Tie-up and lease quota out
[0 Temporarily operate in another region of the GBR
[ Target other species, specify
[0 other: ...

H.7.2.1 How long would the CT catch rate have to be below this level before you would take this action?
............. <oeee..... weeks/months

The responses to these questions are presentéduire B and indicate that for vessels that tariyet CT
moving to another area was the most likely respomaendesirable catch rates. This provided theshiasi
exploring the effect of a globally unconstrainedefl (see Sectio.2.3 Evaluating the effects of fleet
mobility ). ‘Other’ actions mentioned by respondents (Figgyeonsisted of the following: “Go fishing no
matter what” and "Attempt to target trout in a diént way e.g. cut expenses by using other badtr dttan
pilchards, etc.”.

Operational Decision Making — Initial Response
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Figure 8 Operational decision-making: short-term responses
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3.1.3 Parameterization of vessel mobility in ELFSIim

In the non-regional, global vessel dynamics modedsels may decide to move to another spatialitocat
the fishery. This depends on the vessel type. Basdtle data collected (Figure 8), a proportioomdrators
indicated that they would likely operate their \@gsom a different region of the GBR. These resuere
summarized in Table 10.

Table 10 Proportions of vessels likely to temporaly operate in another region of the GBR

Proportion in sample (n=62)

Vessel Length Action M,
<15m (Diversified and Small ~ Temporarily operate elsewhere in the
23%

vessels) GBR

Other 7%
>15m Temporarily operate elsewhere in the 71%

GBR

Other 29%

We used the proportions in Table 10 to indicatdinghess for operators to relocate their fishingragion
temporarily in a region different from their maihofne) port. These proportions are used to defiee th
probability a vessel will choose to fish outsidettod region that is associated with their homepaot effort
was made to include costs or constrain the moveofergssels, so the scenario may be unrealistieeder,

it is used as an initial comparison, and may hglttlthe effect of regionally constrained fishing.

3.1.4 Defining economic parameters for use by ELFSIim
Operating costs

Table 11 presents the operating costs per fishitg(dory) for the line fishing technique only, legson the
results of the economic survey. Fuel costs indichtre include diesel and petrol for both primaggsels and
tenders. These are before the fuel rebate is jzaik to operators. Based on the information coltkdigring
the survey, it appears that the fuel rebate amdorapproximately 28% of the total fuel cost.

Table 11 Operating costs per fishing unit (dory), dr line fishing only (Source: economic survey)

Vessel group: Diversified Generalist: Live CT Dedicated: Live CT large
small vessels vessels

Cost category Average sd Average sd Average sd
Bait & Tackle 713 79.7 54.2 26.9 45.2 13.9
Boxes &Bags 16.4 49.4 1.1 3.1 0.6 0.9
Food 30.3 34.2 15.0 10.2 211 13.2
Fuel & Oil 183.1 150.6 88.3 324 108.4 54.1
Ice 31.0 41.8 8.5 11.8 1.0 1.9
Other Catching Costs 3.9 12.1 1.6 3.3 0.4 0.8
Quota Leasing 13.4 22.8 36.6 39.2 345 35.0

Table 12 presents the operating costs per fishirigagross all fishing activity of vessels inclugiline and
other gears. The differences between line-fishalgted costs and costs relating to other typesbiniy are
small. ELFSim used the total catching costs inntoglel parameterization given that the crew cogiaty
available at the overall scale of the operatiorb(@d.2).
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Table 12 Total operating costs per fishing unit (dry). (Source: economic survey)

Vessel group: Diversified Generalist: Live CT Dedicated: Live CT large
small vessels vessels
Cost category Average sd Average sd Average sd
Bait & Tackle 713 79.7 54.2 26.9 45.2 13.9
Boxes &Bags 16.4 49.4 1.1 3.1 0.6 0.9
Food 30.3 34.2 15.0 10.2 211 13.2
Fuel & Oil 183.1 150.6 88.3 324 108.4 54.1
Ice 31.0 41.8 8.5 11.8 1.0 1.9
Other Catching Costs 3.9 121 1.6 3.3 0.4 0.8
Quota Leasing 13.4 22.8 36.6 39.2 345 35.0
Fish prices

Fisheries Queensland provided the survey team aw#tage quarterly beach prices from the Queensland

Seafood Marketers Association for CT, RTE and Sfaklackerel, distinguishing between live and déstd f
CT size (over or under 1.2kg) and product presiemtdtvhole or filleted) for dead fish, from the tapiarter
in 2006 to the last quarter in 2011. Two major pasors of live fish provided information on live @fiices.
The first processor provided price information tlee period from April 2005 to March 2011, with aék in

the data set from January to June 2006. The sqmoedssor provided quantities and average ex-vpaseb
of live CT from January 2004 to December 2011, withreak for quantities for January 2009 to Decembe
2010. The fish prices used in the model (Tableidduded prices for different CT product, live atelad, as
well as RTE and obtained from a time series amaly&iices for dead CT used were from Little e(2007).

Table 13 Fish prices by product used in ELFSim (AUEkg)

Month Live CT Dead CT RTE
Jan. 54.90 12.84 9.82
Feb. 43.60 13.09 9.63
March 42.80 13.63 9.68
April 36.70 14.18 9.93
May 33.80 139 9.56
June 34.80 13.77 9.54
July 46.10 13.58 9.72

August 43.00 13.13 9.45
Sept. 49.20 13.08 9.8
Oct. 49.70 13.47 9.72
Nov. 45.20 13.43 9.8
Dec. 44.70 12.88 9.8

Fish prices by vessel type

Since each vessel type caught different proporwdi€ST product, the prices were weighted by thgprton
of live and dead CT product each vessel type caigtiile 14). These data were obtained from the @oan

survey.

Table 14 The proportion of live coral trout in the catch for each vessel type derived from the econdersurvey

Vessel type

Proportion of live fish caught

Diversified vessels
Generalist
Dedicated

0.06
0.90
0.89
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3.2 Management strategy evaluation modelling

Management strategy evaluations were conducted tsinDAF stock assessment under different
monitoring strategies, to compare potential hargestrol rules, and to evaluate the effects oftffeebility
on achieving stakeholder objectives.

3.2.1 Queensland DAF stock assessment evaluation

Evaluation of the DAF stock assessment model usteht monitoring strategies including from a siated
projected line survey, and at three levels of lerdfta aggregation: on board observer data callecgiort
observer data collection, and processor port saigualising data from the projected line survey, hyamthe
form of age composition, the DAF stock assessmenteitypically over-estimated the underlying opieigat
model available biomass by about 10% (Figures B, MOst estimates ranged around 70%(Bigure 10).
Throughout the projection period fewer than 10neation attempts resulted in estimates greater@bém B,
while a similar amount underestimated the undeglyiperating model biomass, which fluctuated ab0@b 6
Bo (Figure 10).

The assessment model estimated biomass more fyeglsen it relied on data from on-board observers
(Figure 11) because the data were less contradia®they were sourced from only blue (fished)geef
Across the entire projection period, starting ii20when very little observer data is used in seasment
model, through to the end of the projection pertbd,estimated biomass had a broader range ofastm
some as low as 20% BFigure 12). The effect of increased samplingt@néccuracy of the assessment
model is seen in Figure 12 where the scenario tivégthighest number of observers (50), and highest
observer coverage (25%) had the most precise dssnlawest variability among replicates) and the
estimate closest to the actual underlying biomass.

Compared to the on-board age class data colleatithe vessel scale (Figure 11, 12), there is alnmshange
when aggregating the observer data to the poré $Eadure 13, 14). The reason for this is thatahdoard
monitoring strategy assigns age data to “populatian the assessment model, and the port-sampling
monitoring strategy assigns data to “sub-regiomsthe assessment model (Appendix D: Figure 110).
Originally, each “sub-region” in the assessment ehadhs intended to consist of four “populationshieh
contain reefs, and the associated fisheries détladifferent management histories. Namely,

Population 1: Reefspenin pre-RAP, andpenin RAP
Population 2: Reefgpenin pre-RAP, butlosedin RAP
Population 3: Reefslosedin pre-RAP, bubpenin RAP
Population 4: Reefslosedin pre-RAP, andlosedin RAP

However, there is little distinction in the ELFShistorical catch and effort data between histolyoapened
and closed reefs as almost all reefs in the ELHS8gtorical catch and effort database have catchefiodt
data, even if they were nominally identified agiigeilosed historically. The reason for this is thatalgorithm
that allocates data collected at the 6’ grid aethie reef level does not accurately account fertistorically
closed reefs. As a result of the disaggregatioarétgn, only a 2-population scheme makes sensés ogeen
pre-RAP and open post-RAP, and reefs open pre-RiiRcibsed post-RAP, and thus populations and sub-
regions are identical with respect to the on-b@ayel data collection process.

The effect of the “regional” scale monitoring sé@y, i.e. processor-port sampling strategy, alsosd little
difference from the “population” scale on-board riboring strategy. The assessment model was relgtive
accurate in the final year of the projection (Feydb), and across the entire projection periodetienated
biomass had ranged as low as 20§4MBgure 16). Compared to the “population” levetmoard monitoring
strategy, the “regional” scale processor-port nwing varied very little (Figure 16). The reason this is
that the age data in the processor-port strate@g aggregated mainly across the sub-regions ndrth o
Townsville (Appendix D), which probably had litidfect on the assessment model, when most ofsherfy
operations, in terms of effort and catch, are safitownsville. Nevertheless, small difference weezn
between the use of on-board sampling, and aggrbgatecessor port sampling but with more intensive
sampling, either by increasing the number of obemior the coverage of observers (Figure 17).
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Figure 11 Mean (over replicate projections) relatie available biomass trajectory from the ELFSim opeating
model (circles), and the mean estimated relative dinass trajectory (dark line) from the assessment nael, using
data from the on-board observer monitoring strategyfor 2 levels of observers (10, 50), and 2 levelé apbverage
(10%, 25%), in the final year (2035) of the simulabn. Grey lines represent individual replicate bionass estimates
in the final year of the simulation
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Figure 12 The estimated relative available biomassom the assessment model using data from the on-aad
observer monitoring strategy for 2 levels of obsewrs (10, 50), and 2 levels of coverage (10%, 25%),each year
and replicated simulation, plotted against the coresponding actual relative biomass in the ELFSim opating
model
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Figure 13 Mean (over replicate projections) relatie available biomass trajectory from the ELFSim opeaiting
model (circles), and the mean estimated relative dinass trajectory (dark line) from the assessment nael, using
data from the aggregated observer port-sampling matoring strategy, for 2 levels of observers (10, 50and 2
levels of coverage (10%, 25%), in the final year (85) of the simulation. Grey lines represent indidual replicate
biomass estimates in the final year of the simulain
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Figure 14 The estimated relative available biomadsom the assessment model using data from the aggrated
observer port-sampling monitoring strategy for 2 levels of observers (10, 50), and 2 levels of coveead 0%,
25%), in each year and replicated simulation, plotd against the corresponding actual relative biomasin the
ELFSim operating model
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Figure 15 Mean (over replicate projections) relatie available biomass trajectory from the ELFSim opeaiting
model (circles), and the mean estimated relative dinass trajectory (dark line) from the assessment nal, using
data from the aggregated observer processor port-agling monitoring strategy, for 2 levels of observes (10,
50), and 2 levels of coverage (10%, 25%), in thenfil year (2035) of the simulation. Grey lines reprgent
individual replicate biomass estimates in the finajear of the simulation
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Figure 16 The estimated relative available biomadsom the assessment model using data from the aggrated
observer processor port-sampling monitoring strateg for 2 levels of observers (10, 50), and 2 leveltcoverage
(10%, 25%), in each year and replicated simulationplotted against the corresponding actual relativéiomass in
the ELFSim operating model
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3.2.2 Comparison of proposed harvest control rules
Three harvest control rules were evaluated basadeon

1. DAF stock assessment
2. CPUE of the entire commercial fleet
3. CPUE of a subset of the commercial fleet

The feedback HCR based on the DAF stock assess$eaetat catches that were higher than under theeotrr
TAC with no harvest control rule (Figure 18). Thesgéches however, were more variable (Figure 18y w
the TAC sometimes declining several hundred toimessingle year, only to return to previous levalthe
next year. This is the result of random experimegnar in the biomass estimates by the assessmedi!|,
which would probably be explored in more detathié assessment were done in reality. In these atioos,
however, these results were kept and presentelbfoonstrative purposes. The effect of the HCR isdoce
the biomass slightly as a result of the increasgches (Figure 19).

It should be noted that the results are predicate@ 2011 available biomass level of about 55%ref p
exploitation biomass (see “Model projections” ictien 2.2 above). In reality it is unknown whetltee level
of 55% at the start of the projection period isuaate, and so the most appropriate sustainablh catdd be
numerically different from indicated here. The desyresented here however are intended to inditete
ability of the proposed harvest strategy to achibeamplied fishery objective of estimating andimtaining
the fishery in the historical conditions experieimt@006-08.

The CPUE-based HCR that used the full commeraak tandardised CPUE to inform the HCR reduced the
TAC at the start of the projection period from )8t about 11t (Figure 20 top). The catch andQR&JE in

the historical period both declined in the yeaismto the projection period (shaded grey areagjrfei 20, 21)
with the corresponding biomass increasing a redutte declining catches (Figure 22). This indisateat the
relation between biomass from the model and th®odisl aggregated across the whole GBR are not
proportional, possibly as a result of spatial clesnigp the distribution of effort that were expeded in the
fishery.

In the projection period, the TAC was maintainedhia first year of the projection period beforeréheas a
CPUE value to use in the HCR. It increased aftedle/decause CPUE and biomass increased (Figur@R1, 2
The model eventually settles in the final yearthefprojection period, on relatively high biomassesl lower
catches than specified by the catch target cdigch, (defined as the average catch over the same period
indicated by the grey area of Figure 20). The nedspsuch high biomass and low catch is that éngeted
fishery stateQPUE4rg, Crarg ) likely does not lie on the equilibrium curve (Eig 23) and attempts to achieve
CPUE.q4 require lower catches (Figure 23).

The feedback HCR that used the CPUE from a sulbsbedleet resulted in similar result of low TAGsyt

led to much greater variability among simulatiom$oth the TAC (Figure 20 bottom), and CPUE (Figte
red). The reason for increased variability is thealker number of sample vessels selected basedn p
stratification (Table 3), used to calculate the ERbdex for the HCR, and hence great variabilityorBass
levels are higher with the low TAC trajectoriesnrehe CPUE-based HCRs, than with a constant TAG, an
no HCR (Figure 22). The CPUE-based HCR that ustifdathe whole fleet led to an available biomisg
stabilized at about 70% ofBFigure 22 top), while the HCR that used a sub$¢he fleet to calculate the
CPUE index led to biomass of about 80%yBigure 22 bottom).
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Figure 18 Average commercial catch by year acrosénsulated replicates, based on an HCR derived TAC tat was
determined from the Queensland stock assessment meddising on-board sampling monitoring strategy fortwo

levels of observers (10, 50), and two levels of evage (10%, 25%), (circles). The TAC set by the HCR shown as
the solid line. Also shown are the catches from thprojections in which the TAC is held constant at 200 t
(triangles)
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Figure 19 Average relative available biomass by yeacross simulated replicates that resulted from arHCR-

derived TAC that was determined from the DAF stockassessment model using the on-board sampling moniitog

strategy for two levels of observers (10, 50), antvo levels of coverage (10%, 25%), (circles). Foromparison
purposes the corresponding biomass is shown from pjections in which the TAC is held constant at 1,20t (dashed
line). The line representing the target biomass aaverage biomass from 2006-08 is shown as the sdliite
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Figure 20 Average commercial catch and associatedAT (+ SD) by year across simulated replicates, bagden an
HCR derived TAC that was determined by the CPUE (uper panel) and from the CPUE of a subset of the
commerical fleet (lower panel). Also shown are theatches from the projections in which the TAC is hiel constant
at 1,200 t (triangles). Green line indicate the taget catch €y4,g) Which was determine as the average value in the
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Figure 21 Average commercial CPUE (+ SD) by year agss simulated replicates, based on an HCR-derivebAC

that was determined by the CPUE of the entire commeial fleet (blue) and from a subset of the commecil fleet
(red). Also shown are the average historical CPUExperience in the fishery (black), and the referencgears in
which the CPUEag Was derived (grey box). Upper green line indicatethe target CPUE (CPUE,,, ) the lower
green line indicates the limit CPUE CPUE;,,) which was determine as the average value in theepod 2008-10
(grey box)
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Figure 22 Average relative available biomass by yeacross simulated replicates that resulted from arHCR-
derived TAC that was determined by the CPUE (uppepanel, circles) and determined by the CPUE from aubset
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projections in which the TAC is held constant at 200 t (dashed line). The line representing the avage biomass
from 2008-10 is shown as the solid line
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Figure 23 Stylised representation of a fishery eglibrium relationship between CPUE and Catch. The

consequences of the target fishery state (CPlk, Ciarg) being above the equilibrium curve would be to moe the
fishery to a state on the equilibrium curve
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3.2.3 Evaluating the effect of fleet mobility

Lastly, simulations were performed to explore tmplications of increased fleet mobility across ppend
the level of (constant) TAC on stakeholder-derifisHery management objectives. The biomass trajesto
across the six combinations of TAC and fleet mopilFigure 24) showed a greater difference in bissna
resulting from the level of TAC than from changeg$leet mobility. Specifically, the biomass decre@das the
TAC increased. It would be expected however, tlegt imobility would affect more the regional dibtrtion
of indicators such as effort, catch and biomasan tine overall total amounts across the GBR. Alkgla
biomass was much more sensitive to the fishingadigpl than spawning biomass (Figure 24) mainly bsea
spawning biomass is defined as the biomass of m&tunales, which includes a significant proporidmhe
population that is below the minimum legal sizej anaffected by the fishery. The pattern that shegeater
effect of the TAC level than fleet mobility is refited in the trajectories of commercial catchesriaknder
the different levels of TAC, with little differende landings between the fleet mobility scenarfeigire 25).

Commercial CPUE shown in Figure 26 (top) is repméstéve of the biomass trajectories in the progtcti
period. The constant ratio between catch and effat is assumed to have occurred before 198%e al
apparent in Figure 26 (top). There was much lesshiéity among scenarios in recreational CPUE (iFéy
26, bottom) mainly because the model that allocateseational effort is static and simply distridst
recreational effort proportionally according totbrécal patterns. As a result, the allocation dbefdoes not
change according CPUE as it does in the commédisiahg vessel dynamics model.

The CPUE for the charter fleet was divided betwdnreefs north of Townsville, and the reefs safth
Townsville (Figure 27). The catch rates in the sewdrth of Townsville declined below historical was$, while
the CPUE on reefs south of Townsville increased/aliistorical levels (Figure 27). Although the miithat
allocates charter effort is unlike the model thidcates recreational effort in that the efforttdisution is
dynamic and responsive to CPUE, the charter effitwtation model is not agent-based like the corsiaér
effort allocation model, and not constrained topbé regions. Charter effort is allocated by ragkieefs in
a region by CPUE, and allocating effort sequentifihm the highest ranked reef, an amount of e#toual
to that experienced on the reef historically. Thecpdure allows less stringent adherence of eftothe
regions compared to the commercial effort. Theidedn charter CPUE in the north, and corresponding
increase of it in the south, is the result of dtshithe commercial effort to reefs north of Towitle (Figure
28). The results show little difference in the flewbility scenario on the charter CPUE in bothribeth and
south of Townsville. The effect of the TAC levelsisen mainly in the reefs south of Townsville.

The distribution of commercial effort to the regso(Figure 29) shifted from regions 2 (Far North), 3
(Cooktown) and 6 (Capricorn-Bunkers) to regionesions 4 (Cairns), 5 (Mackay) and 6 (Swains) utier
increased mobility of the commercial fleet (glofteét scenario). This shift in effort resulted ihigher CPUE
resulting for the mobile global fleet (Figure 2@Ypwhich meant that profitability increased (Figw®0). The
higher profitability however, does not consider ttest of moving among regions, through delivery and
steaming costs from the home port.

Figure 30 shows that under the current TAC, thereg fleet would result in the lowest long-ternofitability
of all the scenarios. The other scenarios farehethd increase in the long term, as a resuéichfged catches,
or more flexible effort distribution. The profitdity of the global fleet under the current TAC,particular,
declines initially like the regional fleet, but re@ses quickly after four years, as a result ofenflexibility in
the effort distribution.

Decreasing the TAC results in increasing profitigfe 30). Although this pattern has been seerthero
model results of the fishery (Little et al. 201i@)a previous report, Little et al. 2009a showeat thecreasing
the TAC resulted in reduced profits. It is impottennote that, unlike Little et al. 2009a, thegifes do not
include revenue from other species like RTE, cedixosts. The report also uses hew economic daihing
from the survey to condition the vessel dynamicslehoA more detailed examination of the data would
provide greater insight into the reason for thidkgra.
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Figure 24 Mean (+SE) available biomass (top) and sgning biomass (bottom) relative to pre-exploitatia levels
of coral trout on all reefs during the historical (1965-2011) and projection (2012-35) period undenstcombinations
of TAC (0.5, 0.7, and 1.0 as a proportion of the etent TAC) and fleet mobility
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Figure 25 Mean (zSE) commercial landings of coralrbut during the historical (1965-2011) and projecton (2012-
35) period under six combinations of TAC (0.5, 0.7and 1.0 as a proportion of the current TAC) and féet mobility
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Figure 26 Mean (+SE) CPUE from the commercial secto(top) and recreational sector (bottom) during the
historical (1965-2011) and projection (2012-35) pa&rds under six combinations of TAC (0.5, 0.7, and.Q as a
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Figure 27 Mean (zSE) CPUE from the charter sectorrbm reefs north of Townsville (top) and south of Tavnsville
(bottom) during the historical (1965-2011) and progction (2012-35) periods under six combinations @fAC (0.5,
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Although the management objectives originally dedi¥rom the stakeholder workshop, generally retetoe
the entire fishery across the GBR, we show how #reymet in each of the regions. The first objectaquired
spawning biomass on reefs closed to fishing torbatgr than 90% of pre-exploitation levels, ati&86 of
the time (Table 4). The ability to achieve thisaatjve across the TAC and fleet mobility scenawas mixed
(Figure 31). No scenario achieved this objectivehim northern regions (Far North, Cooktown). Thel-mi
latitude regions (Townsville, Mackay, Swains) aek@ the objective at the lower TAC levels (0.5 and).
Across the whole GBR, the global fleet mobility sago led to higher chances of achieving the object
especially as the TAC increased. The relative spayiiomass in the closed areas ranged betweenando
95%, across scenarios (Figure 32), and correspdindbeé results seen relating to the managemepttgg
(Figure 31). The lack of data in the Sub-tropiegion (Figures 31 and 32) indicated the lack ofsresed
to fishing in the region. The effect of the fleeblility is seen resulting in higher closed areavwspag
biomasses in the northern regions (Figure 32). &u#hi fishing activities that resulted from thdafiént fleet
mobility scenarios would not directly affect thetmass in the areas closed to fishing, larval sybsidhe
areas open to fishing by the closed areas in thdehthittle et al. 2007) has an effect of redudiing settlement
of recruits in the closed areas.

Management objective 2, which required the spawhiogass on all reefs across the GBR to be grézer
60% of pre-exploitation levels at least 80% of tinge, was achieved under almost all scenarios (Eig§@3).
The exception was region 12 (Sub-tropical) whereeenario was able to achieve the objective. Thsome
for these results are shown in Figure 34, whiclwshihat the spawning biomass in the Sub-tropigibreto
be low and variable as a result of having onlyiftfal) reef.

Management objective 3, which required the avadl&libmass on reefs open to fishing to be greater 48%
of pre-exploitation levels at least 80% of the tinvas achieved under all scenarios for the TowlesWlackay
and Capricorn-Bunkers regions (Figure 35). Thigotiye was not achieved for the Swains regions uhde
TAC and the global fleet mobility scenario. Thigedltive was most likely to be achieved in the nenth
regions (Far North and Cairns) under the lowest TA\6) and global fleet mobility. In the far southeegion
(Sub-tropical) no scenario was able to achieveotjective.

Management objective 4, was related to managemnigettive 3, but easier to attain as the threshéld o
achieving the objective was 40% of pre-exploitatievels instead of 48% (Figure 36). In general aod
surprisingly, more of the scenarios achieved theadlve, mainly in the northern regions (Far Nosthd
Cairns), and under the global fleet mobility sce&marhe results are reflected in the actual avélédiiomass
in each region (Figure 37). In general the avaddidbmass in the northern regions (Far North, Gairand
the southern regions (Capricorn-Bunkers and Sulsfpncreased as a result of the fleet mobilitgrsario
(Figure 37), and the shift of effort away from thesgions (Figure 28), while correspondingly thaikable
biomass in the central regions (Townsville, Mack@wains) declined under the global fleet scenarie
movement of effort to these central regions (Figg8e29) and the increased depletion (Figure 3Wever
did not greatly reduce the chances of achievingitheagement objectives for available biomass (EiG5x,
36).
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of TAC (0.5, 0.7, and 1.0 as a proportion of the ¢tent TAC) and fleet mobility. Red line indicates the management
objective (Table 4). (region 2: Far North, 3: Cairrs, 4: Townsville, 5: Mackay, 6: Capricorn-Bunkers,7: Swains,
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Management objective 5, which required commercRIUE to be greater than 80% of what it was in 2006 a
least 90% of the time, mimicked the results forilatde biomass. The objective was achieved in tiddha
regions (Townsville, Mackay, Swains) under the oegi fleet scenario irrespective of TAC (Figure.38)
Under the global fleet mobility scenario, the clemof achieving the objective declined with inchegs

TAC as the biomass declined. In the northern reg{&ar North, Cairns) and the southern (Sub-trdpitize
objective was not achieved under any scenarior&gienal CPUE for each scenario indicated that CPUE
would decline in Townsville, Mackay and Swains o#gi under the global fleet mobility scenario (Fegur
39). However, commercial CPUE is predicted to iaseein the southern Cap-Bunkers and northern Far
North and Cairns regions.

Management objective 6 that required 80% of the Té&Ge landed was achieved in all scenarios (FigQje
as the TAC was generally caught in the simulatibnsughout the projection period (Figure 25).

Management objective 7 that required vessel phifita to increase in the future was more likely he
achieved under the global fleet mobility scenaaingd decreasingly as the TAC increased (FigureFdure
42 recapitulates Figure 30, in that the fisheryrafesl at a loss at the end of the projection peaninder the
regional fleet scenario and 1.0 TAC, although pnsfihighly variable. The regional fleet scenariasnalso
much more sensitive to changes in TAC than theajlfidbet mobility. It is important to note that geefigures
do not include revenue from other species like RTES product categories, nor fixed costs.
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Figure 38 Proportion of simulations in which the conmercial catch per unit effort (CPUE) in the different regions
at the end of the simulation (2035) is above 80% tiie 2006 values, under six combinations of TAC (®, 0.7, and
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Figure 39 Mean (xSE) commercial catch per unit effd (CPUE) in the different regions at the end of tle simulation
(2035) relative to the 2006 values, under six comtztions of TAC (0.5, 0.7, and 1.0 as a proportionfahe current
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Management objective 8, which required recreati@RIUE to be greater than 3.5 kg/ dory-day, at 186%i

of the time, was an attempt to convert the objeabintlined from the stakeholder workshop of getB0épo of

the bag limit in coral trout, 50% of the time. Ttwely region for which this objective was achievedswhe
Swains, and achievement of the objective was igetde of the commercial TAC or fleet mobility seeio
(Figure 43). The actual recreational CPUE by regibaws why this occurred. Recreational CPUE in the
Swains was relatively high (about 12 kg/ dory-deynpared to the other regions (typically < 1 kgheday,
Figure 44). This result occurred mainly becauseréoeeational fishing model is static, and effasesd not
change from where it occurred historically. The anmtoof recreational effort that occurs in the Swaim
typically smaller at 1,200 dory-days (Figure 45tenthe log scale) being a region that is far fréva ¢oast.
Nevertheless, this is higher than experienced sty in 2006 from data (8 dory-days).

Objectives 9 and 10 relating to the charter flePUE differed between the regions south of Townsvill
(objective 9), and north of Townsville (objectiv@)1The objective for the charter fleet CPUE in tegions
south of Townsville required CPUE to be greatentB&&g/dory-day, and was not achieved in any region
scenario. Charter CPUE in these regions was ralebve 3.0 kg/dory-day (Figure 46). The objective of
obtaining a 4.0 kg/dory of coral trout from theims north of Townsville were similarly not achieMg-igure
47) because similar to the regions south of Towies\the CPUE in regions north of Townsville wasetg
above 3.0 kg/ dory-day (Figure 48).
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Figure 43 Proportion of simulations in which the rereational catch per unit effort (CPUE) in the different regions
at the end of the simulation (2035) is above 3.5 kdory day (interpreted as 50% of the bag limit) urder six
combinations of TAC (0.5, 0.7, and 1.0 as a propaan of the current TAC) and fleet mobility. Red line indicates
the management objective (Table 4). (region 2: FaKorth, 3: Cairns, 4: Townsville, 5: Mackay, 6: Capicorn-
Bunkers, 7: Swains, 12: Sub-tropical)
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Figure 44 Mean (xSE) commercial catch per unit effd (CPUE) in the different regions at the end of tke simulation
(2035) relative to the 2006 values, under six conmtztions of TAC (0.5, 0.7, and 1.0 as a proportionfahe current
TAC) and fleet mobility. (region 2: Far North, 3: Cairns, 4: Townsville, 5: Mackay, 6: Capricorn-Bunkes, 7:
Swains, 12: Sub-tropical)
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Figure 46 Mean (£SE) charter catch per unit efforf CPUE) in the different regions from reefs south offownsville
at the end of the simulation (2035), under six conibations of TAC (0.5, 0.7, and 1.0 as a proportionof the current
TAC) and fleet mobility. (region 2: Far North, 3: Cairns, 4: Townsville, 5: Mackay, 6: Capricorn-Bunkes, 7:
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71



1.0

0.8

Pr(north CPUE,,.>4.0)

0.2

0.0

10

0.8

Pr(north CPUE, ,.>4.0)

0.2

0.0

I regional fleet

0.6

0.4

0.6 q

0.4

region 2 1 global fleet region 3
Far Nortt Cairns
region 4 Townsville all regions
05 0.7 1.0 0.5 0.7 1.0
TAC TAC

Figure 47 Proportion of simulations in which the clarter catch per unit effort (CPUE) at the end of the simulation
(2035) from reefs north of Townsuville, is above 4d( dory day (interpreted as the daily bag limit) urder six
combinations of TAC (0.5, 0.7, and 1.0 as a propaadn of the current TAC) and fleet mobility. Red line indicates
the management objective (Table 4). (region 2: FaKorth, 3: Cairns, 4: Townsville, 5: Mackay, 6: Capicorn-
Bunkers, 7: Swains, 12: Sub-tropical)
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Discussion

Fisheries management strategies consist of thré fiee collection of data, the use or analysihefcollected
data, and the associated management decisiorhirolignanagement objectives and the analysis gesitie
use of simulation models to test the effect of ¢hparts can be very helpful. This project soughige an
established simulation model for the CRFFF (ELFStm)evaluate potential monitoring and decision
components for the fishery. It explicitly focused @mbedding a recently developed stock assessnuoatdl m
into the ELFsim operating model in an effort toattatine the accuracy of the model estimation usifigrént
sources of data. The project achieved the objectifiéhe project in the following manner.

1. To identify appropriate spatial and temporal fishéndependent and fishery dependent monitoring
strategies, and assessment and harvest contrd thht use them.

A catch-at age assessment model developed by DARm@emented in ELFSim. It provided an estimate of
the underlying coral trout state under a rangeatd that were fed to it. The data were obtaineah somulated
monitoring strategies that sampled the underlyindg-&m population. Monitoring included a simulated
fishery-independent catch survey that collected ERPAnd age data, as well as a simulated fishergraemt
observer survey that sampled commercially caughtdpes. Different scales of fishery dependent roong
was achieved by aggregating data at increasingstalrepresent observer programs that occurrpdris
(i.e. across vessels in a port), as well as patgssors (across ports).

Similar work has been done by Giannini et al. (90400 developed an MSE for several species in the
Australian Small Pelagic Fishery, and tested theethiers of HCRs. They concluded that the daengive
Tier 1 HCR typically results in higher catches anlbwer risk the stocks will cross a limit refereroint.
However, it requires annually collected biologidata, and a DEPM (daily egg production method)espat
least once every five years.

Monitoring and assessment that feeds data intesesament procedure however incur financial colsishw
could be used on more active measures of specgteak protection and conservation (McDonald-Madeken
al. 2010). Whether monitoring is needed and tlggadeit is required (Legg and Nagy 2006) or cofstatifve

is important to determine. Boyce et al. (2012) tamkeconomic approach to determining the usefulokss
expensive aerial surveys of moose, and compared thiédarvest dependent methods, showing that ajthou
an aerial survey every 10 years could allow a greaimber of animals to be harvested, in termssf of
management, it would be more cost effective tohaseest dependent monitoring.

In the CRFFF however, the cost difference betwesrefy independent and dependent monitoring may not
be as great. Although fishery dependent monitacmgd be achieved from vessels, ports or proce¢bast.
Primary Industries and Fisheries 2005b), the meaayact form of coral trout is live trade, makingluigical
samples from the industry difficult to obtain (Deptimary Industries and Fisheries 2005b). Oneooptiould
be to purchase the live product. This would cosghty $140,000, based on 2746 coral trout, the rasmb
caught in the 2007 LTMP survey, and average okd/fish, and a $47.00/kg live product, beach prigely

a small fraction of this cost could be recovereddling the product as fillets. The estimated éasa fishery
independent structured line survey, like the LTMBuld require vessel and crew charter costs, iitiaddo
biological processing, and generally are considerd roughly between $350,000 and $400,000,|igphitly
lower with possibility of deducting product salest@as fillets). The Dept. Primary Industries anshEries
(2005b) estimated the cost of such a monitoringtestyy at about $12/ fish. If the costs of the nmmig
strategies are thus comparable, the small inclieaaecuracy, and lower variability in the estimatédmass
from the fishery independent survey might not Istified. Our concern is that the scenarios undechvinese
results were determined are limited and a furtherenexhaustive examination should be undertakeoré&af
definitive conclusion can be made.

In a recent meeting with the Fisheries Queenslahaigy Term Monitoring team in May 201%&Xtension
and Adoption) plans were developed to establish a follow-uggmtobetween the Monitoring group and the
Assessment group, with CSIRO and fishery manageohiement to address and resolve further the
requirements regarding sampling protocols. The walkexplore the sensitivies of the assessmentehtml
sampling procedures and stock assessment diagnhostjceater detail.
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Assessment and monitoring are an important parbaith adaptive management, and state dependent
management commonly used in fisheries (McDonald-déacet al. 2010) as they are required to determine
status for input to an HCR, and the resultant TA® implemented an HCR with input from the DAF
developed stock assessment model, which graduadireased the TAC over the projection period, and
correspondingly reduced the biomass, which remaieelatively high levels. The assessment moadeldéd

to overestimate the stock biomass. The implicatibthis is the potential to over-fish the stockt bus did

not occur in the simulation, possibly because theksstarted the projection high, or because tmarpaters

of the HCR Ctarg, Xtarg and X;;,,,), Which were not estimated, were set to valuesrttzale this difficult. For

example, althougli,,,, was determined from historical catches in theelighmay be below MSY. A more
exhaustive examination of the HCR and the seleatfdhe target reference point is required.

CPUE-based HCRs were also examined and seen tti nessubstantially lower catches (TACs), and
corresponding higher biomass. It is important tstidguish that these types of HCRs are, in priegipl
empirical in the calculation of CPUE and associaederence points, and they do not statisticallysider the
life history or population dynamics of the stockineir derivation. The result could be that thg¢aicatch and
target CPUE may not necessarily result in steaalg sReference points that choose desirable peiridttie
fishery should consider whether the fishery waa tnansitory state or not in that period (Littlea&t2011).
Furthermore, CPUE-based HCRs that use a subdst obtmmercial fleet to calculate the index of alaunme,
must also factor this into the derivation of therence points.

The second objective of the project was:
2. To update the economic and fisheries data useétermine cost effective management strategies.

All of the most recent data available to incorperatto the model was used. Commercial, charter and
recreational fisheries catch and effort data, atoathly time scale and reef spatial scale wererpmated
into the model at 2011. Since recreational datmig obtained periodically from surveys, the datal o be
interpolated temporally between surveys, and thisted spatially (Mapstone et al. 2004).

A large portion of the commercial fleet was sungf@ their economic activity and the factors thmaty affect
profitability (Thebaud et al. 2014). The economievey (Thebaud et al. 2012) resulted in classificadf
vessels into three groups, characterised mainebgel physical characteristics, trip behavioul,a@ssociated
economic costs. These characteristics were impleddry updating the vessel characteristics in tresel
dynamics model (Little et al. 2007), and updatihg vessel costs required for the model of quowirica
(Little et al. 2009a; Little et al. 2009b). Futwerk exploring the importance of the survey residtsritical,
as social and economic factors could shed lightstrery outcomes (Innes et al. 2012).

Lastly, the project attempted:

3. To give scientists and managers in DEEDI (DAF)itlogin ability to compare and contrast methods
of data collection and analysis for the CRFFF, rder to aid the identification of appropriate haste
strategies.

The simulations evaluating the QLD stock assessamahthe proposed harvest control rules were paddr
by DAF. The department also proposed the candid&®s to examine, and participated extensively & th
economic survey.

Future use of the model is available to DAF staff.ELFSim code repository has been set-up at:
https://svnserv.csiro.au/svn/ELFSIim3.0

and maintained at CSIRO, with DAF staff having veadte privileges. The repository also warehouaes
version of the DAF assessment model source codé&. aff thus now have the capability of changing th
code in tandem with other researchers in CSIROedswlvhere, and performing further simulations \ilith
model.
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Conclusion

This project has fully met the following objectives

1. To identify appropriate spatial and temporal fighexdependent and fishery dependent monitoring
strategies, and assessment and harvest contrslthaeuse them.

« Evaluation of using age frequencies from a fishadependent survey found marginal
improvement over the use of age frequencies frehefy dependent sources, in the ability
of the stock assessment model to accurately estithatunderlying biomass.

« Increased spatial aggregation of fishery dependget frequencies, at coarser spatial
scales, did not noiticebly degrade the performanfcéhe stock assessment model to
estimate the underlying biomass.

* The stock assessment model performed reasonablglightly over-estimated the
simulated stock size, but the difference was widixpectations given that the assumptions
employed in the model differed from those in thdentying operating model.

* A harvest control rule that used the stock assessmedel performed adequately by
increasing TACs over the levels currently in ttehéry, but below the level targeted. and
only marginally reduced biomass. However, morermgttion is needed on the conditions
that led to this conclusion, such as effect ofglze of the underlying operating model
biomass, and the sensitivity of the target refezguaint calculation.

» Harvest control rules that were CPUE-based requaeeful consideration of the
empirically derived reference points. The ones ehas the current study indicate that
achieving the stock state may not be possible dilrerchoice of target catch and target
CPUE.

» Harvest control rules that use a non-random suliiséte commercial fishing fleet to
calculate the index of abundance (CPUE), shouldutate reference points from the
corresponding vessels. The reference points fad@ie were not calculated based on the
vessels used to generate the CPUE in the HCR, whaalited in the failure to achieve
the target stock state.

2. To update the economic and fisheries data usedtarrdine cost effective management strategies.
« Data informing the modelling exercise was crititmlaccurately representing the stock
dynamics and the fishery.
* The current snapshot of the fishery from the ecao@urvey indicated that the fishing
fleet for coral trout is diverse and has changgdlia since the last time it was examined.
« Fisheries data used for all sectors of the fiskese updated to 2011.

3. To give scientists and managers in QLD DAF thein@hbility to compare and contrast methods of
data collection and analysis for the CRFFF, in ptdeaid the identification of appropriate harvest
strategies.

e QLD DAF staff developed the assessment model usdldei MSE, integrated the stock
assessment model into ELFSim and ran the simuka#ealuating monitoring strategies,
and assessment and harvest control rules.

* QLD FQ were also critical particpants in the ecoiogurvey, and led the development
of scenarios, and candidate monitoring strategres laarvest control rule that were
evaluated.

Implications

Two outcomes result from this research:

1. Managers and stakeholder groups like QSIA valpbovided with critical information for cost eftae
ways of monitoring and analysing the coral trootkt which could lead to the implementation of lesstv
control rules for the fishery.
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» The fishery has changed substantially since it lasissurveyed and is likely to change rapidly agen
the effect of the mining boom diminishes. It is mm@ant to consider this when reviewing the variaatel
in particular labour costs to the fishery.

» Stock assessment model estimations based on @shdpendent monitoring programs were comparable
to fishery independent monitoring program. This &&® true across a range of spatial scales. Tl
up the possibility of exploring the cost effectiess of spatial and temporal scale of monitoringaisi
monitoring cost data.

* A carefully implemented harvest control rule copldvide sustainable and economic benefit to the
commercial coral trout sector, although more detegéxploration of CPUE-based rules is required.

2. Fisheries managers and the management agenaewélop the skills and capability to do MSE
simulation themselves with less reliance on obtgjriunds to contract an external research ageriag. will
allow DAF to continually evaluate and improve monihig design, abundance indicators, assessment
techniques, and decision rules that are used fouleting TACs.

* The stock assessment model and its integratiorBhEsSim were undertaken by DAF in QLD, who now
have the initial capability of using the model tplere fishery questions. All parties are committed
maintaining this capability in the future. Furthexsearch is being planned within F@ufther
Developmen}.

Lastly, we stress that the modelling results sharvena first attempt at implementing these managemen
arranagement into a very spatially complex fishiety a simulation framework and exploring their
conseqguence, and that closer examination is neadddr a range of underlying condtions, to make any
definitive advice.

Recommendations

Research
Economic state of fishery

1. Future economic surveys are needed. The econoateeddtthe fishery is changing rapidly.
MSE and stock assessment model

2. More exhaustive management strategy evaluationseacenmomended to capture a greater range of
conditions in the under underlying ELFSim coralutrpopulation, and provide greater confidence in
stock assessment estimation and recommended ningitdrategies.

3. More attention to the stock assessment model d&gsds needed.

4. Effort should be directed toward documenting pdssimismatch between operating model,
assessment model and historical data, and detewiné effect of misalignment.

Management
Monitoring program

5. There was no indication from the simulations thstidry independent monitoring, primarily of age
frequencies, was more effective than fishery dependnonitoring of age frequencies. This may
indicate a role for fishery dependent collectioragé frequencies.

6. The basis of this result however has been maddenidealised world of a simulation model.
Incorporating greater realism in simulating the itaming process within ELFSim is recommended,
through greater involvement of the monitoring grafpFQ, including further testing in an MSE
framework as sampling protocols change.
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Harvest control rules

7. A more detailed analysis is needed for estimatirggarameters of the harvest control rule (HCR)
associated with the catch-at-age stock assessnueteim

8. More detailed exploration of empirically derived @P-based harvest control rules are needed for
consideration for management purposes.

9. HCRs that combine a periodic full quantitative &t@ssessment with annual empirically derived
CPUE-based decisions are recommended.

10. It is recommended that any CPUE-based HCR be peaibd confirmed by a more comprehensive
catch-at-age stock assessment model developed By DA

Further Development

Adoption of this research requires further worlexglore in greater detail the sensitivies of theeasment
model to sampling procedures. Stock assessmentaliigs also need to be examined in greater detail.
Further work is being discussed and planned betw€ehTMP, and other FQ scientists and fisheries
managers. Specifically, an internal FQ follow-upjpct is being developed between the Monitoringigro
and the Assessment group, with CSIRO and fisheryager involvement to address and resolve further th
requirements regarding sampling protocols. The walkexplore the sensitivies of the assessmentehtu
sampling procedures and stock assessment diagnhsticeater detail. This is being followed-up and
pursued by CSIRO.

Extension and Adoption

The project was extended and communicated to theisars in several ways:

1. CSIRO have highlighted the research on a website:
http://author.csiro.au/en/Research/OandA/AreasiMaresources-and-industries/Sustaining-Australian-
fisheries/Coral-reef-fishing

2. A media release was made and sent to relevantiseg@ams to inform them of the project details and
main point of contact (sd€eroject coverage

3. Aflyer was developed advertisinfg the project mato increase the exposure of the project in order
to get parties interested on participating in tisenemic survey (see sectidroject materials
developed

4. Project flyer)

5. An article was submitted in the Queensland Seafdadazine for general information and to get
parties interested on participating in the econauiwvey.

6. A website was developed for the project for genaridrmation and to get parties interested on
participating in the economic survey (ses secii®b survey too)

7. Two stakeholder workshops were also held:

a. The first was a workshop with managers and industiglers to design the economic survey
(seeSurvey design workshop, October 201 Brisbane). The purpose of this workshop was
to get buy-in from the main leaders in the fishenyd obtain any important information they
might have that could affect the success of thgepto

b. The second was a workshop held in Townsville Skeholder Workshop, November
2012 as the first attempt to show some of the reshlis we had gathered from the fishery.
In particular, the workshop:

i. Showed the preliminary results of the economic ayrv
li. Showed progress in the development of the stocdsasgent model
iil. Re-visited fisheries management objectives thahel® by stakeholders
8. A seminar was given in May 2015 in Brisbane to Eigheries Queensland, Long-term Monitoring
Program team conveying the results of the project.
9. Conferences:
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a. MODSIM 2013 Adapting to Change: the multiple roldsmodelling. 1-6 December 2013
Adelaide.

b. IIFET (International Institute of Fisheries Economiand Trade) 2014. 7-11 July. QUT
Brisbane, Australia.

10. Published papers:

a. Innes, J., Thebaud, O., Norman-Lopez, A. and LittlR. (2014) Does size matter? An
assessment of quota market evolution and perforenanthe Great Barrier Reef Fin-Fish
Fishery. Ecology and Society 19, 13

b. Innes, J., Thebaud, O., Norman-Lopez, A., Littld&R |.Kung, J. (2014) Evidence of package
trading in a mature multi-species ITQ market. Mari#olicy 46, 68-71

c. Thebaud, O., Innes, J., Norman-Lopez, A., CamdbonCannard, T., Tickell, S., Kung, J.,
Kerrigan, B., Williams, L. and Little, L.R. (2014Jicro-economic drivers of profitability in
an ITQ-managed fishery: an analysis of the Queadsoral Reef Fin-fish Fishery. Marine
Policy 43, 200-207

11. Adoption of this research requires further work ethis being discussed and planned between FQ
LTMP, and other FQ scientists and fisheries marsa@ecifically, an internal FQ follow-up project
is being developed between the Monitoring grouptaedAssessment group, with CSIRO and fishery
manager involvement to address and resolve futtieerequirements regarding sampling protocols.
The work will explore the sensitivies of the asgsmst model to sampling procedures and stock
assessment diagnostics in greater detail. Thisiirgfollowed-up and pursued by CSIRO

Project coverage

Below are the details of these extension effoids Were made in the project:

Media Release

A media release was made on the CSIRO website finkl sent to the following organisations

Marine Stewardship Council;

World Wildlife Fund;
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Queensland Seafood Industry Association;
Seafood Australia;

Queensland Reef Line Council;

Oh Food Services;

Fishing Monthly Magazine;

SETFIA,

Sustainable Fisheries Partnership;

QLD DAF

FRDC,;

AFMA,;

Coral trout. Photo: Fisheries Queensland, Department of Agriculture, Fisheries and Forestry.

Coral trout fisher. Photo: Fisheries Queensland, Department of Agriculture, Fisheries and Forestry.

Media Release: Research to strengthen the Coral Reef fishing industry

Fishing industry operators and managers are helping scientists build a risk management tool for the Coral
Reef Fin Fish Fishery of the Great Barrier Reef (GBR), which was valued at almost $40 million in 2009-2010.

Fisheries scientists in Queensland will use the tool to devise and test monitoring and assessment programs
that improve the fishery’s resilience to environmental and economic risks.
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Project leader Rich Little of CSIRO says the computer-based tool will be like a ‘flight simulator’ that lets
ideas be tested before being tried in reality.

The CSIRO Wealth from Oceans Flagship is leading the project, which involves the Queensland Department
of Agriculture, Fisheries and Forestry, the Great Barrier Reef Marine Park Authority and James Cook
University, with funding from the Fisheries Research and Development Corporation.

The fishing industry is supporting the research through the Queensland Seafood Industry Association and
the Reef Line Council, and by taking part in a confidential economic survey.

Dr Little says the Coral Reef Fin Fish Fishery implements world best practice fisheries management that
includes spawning closures, restricted fishing licenses and catch quotas, all within a framework that
includes no-take areas.

Commercial line fishing for coral reef fin fish is concentrated between Cooktown and Fraser Island off
Queensland. The catch is mainly exported live to Asia where coral trout, the main targeted species, are
highly prized for their bright red colouring.

While some 30% of coral trout habitat is protected by no-take zones, the fishery still faces considerable
environmental and economic risk.

For example, while storms are a normal part of the GBR environment, cyclones as large and intense as the
category 5 tropical cyclones Hamish and Yasi are historically rare, recurring every 200-300 years or more.

Cyclone Yasi caused severe damage to some six per cent of coral reef in the marine park in February 2011,
and in 2009, tropical cyclone Hamish was the most destructive cyclone to hit the reef since the early 1900s.

Together these events have caused a five million dollar (more than 10 per cent) loss in value to the Coral
Reef Fin Fish Fishery through fish dispersal, habitat destruction and lost opportunities for fishing.

Dr Little says the new tool will help the fishery prepare for such risks in its planning and management.
“The ultimate aim is to have an economically prosperous and ecologically sustainable fishery,” he says.
Contact

Bryony Bennett (03) 6232 5261, bryony.bennett@csiro.au

Rich Little (03) 6232 50086, rich.little@csiro.au
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Project materials developed

Project flyer

Testing options
for the GBR Line Fishery

The two-year proedt, to begn in
Crotober 201 |, will sirmuiate and
shiow the merits of exdsting and

potential monitonng, assesament
and decsion procedures, before
they are tested n the real workd,

Commercial fishers are
encouraged to participate
in a new, collaborative
research project that will

-E'"u’:'n.:l uate manageme nt
It will demonstrate to Managers,
machastry and other stakeholders
{induding charter and recreaticnal
fishers) the effectiveness of
managenment procedures relatng
to the fishery'’s econamic,

social and biologcal sEtus.

options for the Great

Barrier Reef Line Fishery.

The project will be led by the CSIRD
‘Wialth from Ooeans Fapship and
imwobes Rsheries Queersland,

Roeef [Marire Park Authorty and
Jarmes Cook Universsty. it is funded
by the Fsheries Ressarch and
Developrrent Corporaton ard
supported by the fishing indusrye
Collaboration betwesn researdhers
and commercial fishers is an

mtegral part of the project and will
corniribute to successiul cuRcomes

for fichery management,

Contact

Commercial fishers will be ased to
particpate in a confidential economic
aurvey 1o prosdde an acourate pichure
of the fishery's economic satus
This nformation i orudal to
determnining the efiectivensss of
managernent practices, and will

be used to set up the general
operating conditions of the
managerment simulation (usng the
Efflects of Line Fishing Sarulator].

A project sieenng comemnitiee

has been established to maintzn
comimumication between stakeholders
and ressarchers, and workshops

will be hefd to conast stakeholder
representatives o Management
optons to test in the simulator
Surveys will be infiated m Movemiber,
|primmarity during the coral reef finfish
spawning dosures; I MNovernber o
26 Movember 2011,

Bryony Bennett (03) 6232 5261 - bryonybernetifcsrman
Flich Little {03) 6232 5006 = rich itle@icsimuay

MNational Resesrch

Winsith fromn Demna
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Web survey tool

The front page of the web survey tool is accessitigtps://cffecon.csiro.aulThe home page is accessible to
the general public and was used to report progresise survey to anyone with an interest. The inésv
information, hosted survey documents, and sunayseription forms are accessible only to membethef
survey team who have private logins.

The web survey tool also was designed to allowrin&dion about each potential interviewee to beestor
and reported in several formats separate fromuhayg transcriptions, including a calendar of uptan
interviews, a map of interview locations, and siengtatistics to indicate overall progress of thwey This
part of the survey tool was used regularly to trawkvey progress and to track information followefforts.

Survey design workshop, October 2011

Economic survey of the Queensland Coral Reef Fat-Fishery; 27 October 2011 (0900 — 16:00); Floor 2
Conference Room, Primary Industries building; 8th&ist., Brisbane

A two-year project, beginning in October 2011, aitassimulate the existing and potential monitoring,

assessment and management procedures for the unek@sral Reef Fin-Fish Fishery, before they as¢ad

in the real world. The project is led by the CSIRalth from Oceans Flagship and involves Fisheries
Queensland, a part of the Department of Employntetinomic Development and Innovation (DEEDI), the

Great Barrier Reef Marine Park Authority (GBRMPA)dalames Cook University (JCU). It is funded by the
Fisheries Research and Development Corporatiors@molorted by the fishing industry.

The project is based on the "Effects of Line Figrimulator" (ELFSim) which is used to simulate @ogy
of key target species as well as fishing. ELFSipludes a description of the activity and econonoicthe
fishing fleet. In order to base these simulationgt@ current description of the fishery, CSIR@daducting
an economic survey of the commercial operator©iin@RFFF. Information collected via this surveyl wil
allow us to establish an updated description oktagus of the fishery.

The survey will be carried out via face-to-faceemtews using a paper questionnaire. We wouldtbkiavite
you to attend a one-day workshop to discuss thpgsed approach to the survey. A preliminary agdoda
the meeting is provided below.

Agenda

1/ Presentation of project and project team

2/ Presentation of the survey objectives and agbroa

3/ Presentation and discussion of a typology ottthral reef fishing industry on which to base the/sy

4/ Presentation and discussion of the questionnaire

5/ Open discussion on other aspects to considairirey design and implementation

Participants

CSIRO: Rich Little, Olivier Thebaud, James InnesaANorman

DEEDI: Brigid Kerrigan, Steph Slade, Tom Roberts

INDUSTRY: Dino Focas, Carl D'aguar, Greg Smith v8télowe, Gareth Andrews, Terry Must (apologies),
Dave Pidduck (apologies), Nathan Donaldson.

GBRMPA: Darren Cameron
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Stakeholder Workshop, November 2012

A stakeholder workshop on current research projadtse Coral Reef Fin fish Fishery was conducted b-
12 November 2012, which sought to show participegdgearch that is currently being done in the fighe
which included an update on the development obekshssessment model for coral trout, and the
preliminary results of an economic survey conduatettie fishery.

A major aim of the workshop was to revisit openatibstakeholder objectives and present management
strategies that have been developed for evaluatidrapplication in the simulation environment. #sw
intended that participants would leave the workshitp a clear idea of what to expect in the conciuof
the projects This summary document provides pp#itis with a record of the workshop proceedings.

Workshop objectives

1. present the current state of the coral trout samsdessment, including the data that will be uséd an
the reflected assumptions

2. present the preliminary results of an economiceuconducted on the commercial fishing fleet

3. familiarise stakeholders with simulation modellengd the MSE (Management Strategy Evaluation)
approach, including potential monitoring strategiad scenarios that will be tested in the model

4. to resolve stakeholder management objectives éfiact the needs and desires of the stakeholders

Welcome and Introductions (See attendance list)

Chair: John Pollock

The Chair stressed that this was information shamist a management decision-making meeting.
Current Research projects how they fit together

Presenter: John Kung

The recent value of the Coral Reef fin fish fishisrgbout $30M. There are currently two researciepts
on the fishery.

1. a stock assessment model is being developed tagstihe state of the stock
2. a management strategy evaluation project is besngucted
a. to evaluate the effects of monitoring strategies @her management scenarios on the
fishery using the Effects of Line fishing Simulat@&LFSim)
b. conduct an economic survey of the commercial fleet
c. transfer the operational capability of the simwaatmodel to QLD DAF

The projects and various components fit togetlkertle following figure:
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Research Projects
ELFSim

Coral Trout
Stock
Assessment

Coral Trout
. Biological Model
Economics

Project

Harvest Model

Monitoring
Strategies

Management
Model

Management
Strategies and
Objectives

Departngn 1ol Agricullure, Fisheries and Forestry

Why do a stock assessment model?

Presenter: John Kung

The stock assessment model integrates all of tbe/lkealge and information of a stock and attempts to
statistically estimate the size. It does this bypggrinciples of population dynamics, life histanformation
such as

1. growth rates,
2. weight at length, and
3. maturity
as well as time trend data on a stock such as:

1. catch
2. CPUE
3. age and length structure

Historical management decisions can be capturtitkistock assessment through changes in paranaéiesv
and different trends in the data. Stochastic effedte that of cyclones are also usually capturgdstock
assessment models.

Coral Trout stock assessment input data and progresresults:

Presenter: George Leigh

George Leigh showed the species of coral troutiCallocation etc.

CD brought up the validity of data, particularly r@ata.

RL (Rich Little) said that there are several prigecying to develop procedures of collecting ratad
BP (Barry Pollock) stated that the rec survey islevbest practice.

BK (Brigid Kerrigan) stated that QLD has led theyweaturally for this.
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RL said that the uncertainty can be dealt with iBE

=

Input data, catch rates ad population model
2. Coral trout problematic — CPUE usually an indicatbabundance — George seems to say that CPUE
is not useful
3. Green zones compared to blues difference could sheishing mortality
a. Problem is how much fishing occurs in green zones
b.
DC (Darren Cameron) raise the point of informatibaring on the stock assessment and data.

JK (John Kung) said that technology creep is aromamt factor that needs to be considered.

1. Fishing power

SS2 (Shawn Stiff) brought up extreme events.

Data validity seemed to be an important topic. Margught up other factors that affect the data gaito
the assessment.

JP (John Pollock) raised the point that there Hreroprojects to determine the validity and ofthetia
factors that influence the of stock assessmentladata going into it.

BP said that coral trout rec catches are by prapolow. JK and GL said that the rec catches oékcwout
in the northern areas are high — ie there is anedjieffect.

GL (George Leigh) said that rec survey prior to tmesent probably overestimated the rec catch téioen
the fishery.

Data include

Log book 1988

Rec surveys

QLD fish board 62-81
Age freq 1990-2009
UVS 83 to present
Biological data

ourwNE

SS2 and CD (Carl D'aguar) expressed a concern #tmgtate of the fishery, and ask the questiorthvene
the data is keeping up with the state of the figher

RO (Randall Owens) said that this is part of thecpss to collect the current data, and set itstolical
perspective.

JK said that the meeting is to determine whetherctirrent data is consistent with what they arengesn
the water.

SS2 asked about rotational closures. JP saidstiisyiond the scope of the current stock assessB@nt.
stated that the purpose of green zones is notrfeshmanagement but conservation of biodiversity.

GL showed different reef types, and different feadbitats.
CD asked about the relation about the Torres Stsatihere anything from Torres Strait that carneaened?

JP asked how we can learn from the two fisheriesfiGion about whether George wants to extend the
stock assessment to Torres strait. DC statedtilsabhéeds to be considered carefully because ofespe
catch composition. There are also other oceanogrégpttors that might separate the two areas.

DC rec survey good. Has concern about extrapolafnig rec survey.
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After lunch GL went through the data.
Catches are highest in MacKay.

Effect of cyclones: Justin (1997) catches declimestructure, Hamish and Yasi all resulted in reduc
catches. No data on effort was presented.

Rec data for 2011 estimated 105000 fish caughthé$igin Cairns and Townsville.

RO said asked whether the survey considered th&djafishermen from the mines were considered since
they don’t have landline phones. SH said that tiedyais considered this.

DW (Dave Williamson) mentioned that the inshorechat have a relatively large number of non-leomardu
species.

GL show standardised CPUE. Highest in north deaimn south. There is general belief that soménef t
areas in the north (Lizard Island) actually haval&n population densities than in Townsville.

GL presented a times series of std CPUE acrossawbBR. AT pointed out that the CPUE has halvedesinc
CPUE in early 1990's.

Variability in CPUE could be due to recruitmentiadion. Model will fit recruitment residuals.

GL showed relation between catch and “habitat”eblds defined. Includes submerged reefs and bommie
fields.

Sian (SB) asked whether the log books before 1887a#ter 1997 could be compared for accuracy and
inflating catch for impending quota allocation.

SS (Shane Smith) raised the concept of fishinguckssprotect the aggregations. They used to ttnget
aggregations, which seems t imply that with thenspag closures there have been a reduction inrfgshi
power.

DW and SS2 indicate that aggregations range gebigaly variable.

AT (Andrew Tobin) said that logbook analysis shawsignal from spawning aggregations. (being reviéwe
in Fisheries Research)

Sustainability. AT questioned the conclusion of ¢herent sustainability of the stock based on tR&JE
declining trend. DW commented on the future thtedahe stock from global warming. The south seems t
be more vulnerable to the north since the halstatdre based on coral in the south and non-carek)iin
the south.

Introduction to MSE and Monitoring Strategies
Presenter: Rich Little
Fisheries management is about managing risks.iRsimposed to two elements:

1. the probability of an event

2. the consequence of an event
Activities can be done to reduce risk, but regaianitoring combined with a decision action is nektte
actively manage risk. The combined monitoring aediglon procedure is called a management stratggy b
fisheries management.

Fisheries management strategies usually requirétoned information of a fish stock, which is usyall
integrated into some form of analysis like a staskessment model.
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Management strategy evaluation (MSE) implementsagement strategies in a computer setting andttests
see if management activities will achieve the managnt objectives. Thus, MSE can determine if the
monitoring strategies and stock assessment regeimsnare sufficient to estimate the size of a kneteck

in the computer.

Monitoring strategy

1. |Structured line survey| Fishery independent, [age, lengths,
CPUE
24 reefs visited once per

yeal

2. |On board sampling Fishery dependent, age, lengths

spatial

3. |Port sampling Fishery dependent, age, lengths
spatial

4. |Processor sampling Fishery dependent, age hengt

Preliminary Economic survey results
Presenter: Olivier Thebaud

The survey used existing information to createeatfprofile based on the vessel characteristicdisimiag
activity. The fleet was then classified into groups

1. generalists (133 vessels) have a roughly equaliRihan-RQ fishing component
2. dedicated live CT fishers (56 vessels) strong Cgdetdng component
3. diversified fishers (24 vessels) have a strong R@nfishing component

Quota ownership analysis indicated that a largelbmurof lease dependent fisheries that accountSes 6f
the catch, and a large number of investors who 42¢4 of the quota.

Good representative coverage was obtained spatiallyss the fishery in the three groups. In to2dlighers
were interviewed. In general, industry were pleasdtie results and indicated that they thougheveer
accurate representation of the fishery.

The preliminary economic analysis culminated inow@s costs to fishing operations by group:
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Management Strategy Evaluation and Decision Analysi
Presenter: Rich Little

Conservation objectives:

Spawning Biomass on closed reefs > 90%: 80% ofinfe
Spawning Biomass on all reefs > 50% 1965: 80% etitne
Stock objectives:

Available Biomass on open reefs > 40% 1965:90%eftime
Available Biomass on open reefs > 48% 1965:90%eftime
CPUE objectives:

Rec: 50% bag limit 50% of time

There were no commercial CPUE objectives becauwsastthought that profitability better integrathe t
biological and economic conditions under which¢bhemercial fleet operates.

Commercial profitability objective:
Comm. profitability > current conditions: 80% ofnie
Harvest objective:

Total comm. CT catch > 80% TAC 90% of the time

Participant List:

Name Organisation

John Pollock Chair

John Kung FQ

Rich Little CSIRO
Olivier CSIRO
Thebaud

Brigid Observer
Kerrigan

Barry Pollock  Sunfish
Shane Smith Sunfish
Jo Harris Sunfish
Andrew Tobin JCU

Carl D'aguar Comm fisher
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Dani JCU
Ceccarelli

Dave JCU
Williamson

George Leigh  QDAF

Darren GBRMPA
Cameron

Dave Pidduck Comm fisher
Shawn Stiff Comm fisher
Ana Norman CSIRO
James Innes CSIRO

Hugh AIMS
Sweatman

Sue Helmke QDAF

Randall GBRMPA
Owens

Steve Howe Comm fisher

Sian Breen WWF

Eric Perez QSIA
Michael QDAF
O’Neill
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Appendices

A. Economic survey of the Coral Reef Fin-fish Fishery
Survey design

Simulation tools used to support the evaluatioraltérnative fisheries management strategies incrgigts
seek to include the dynamic response of fishingraipes to changes in their economic, ecological and
regulatory circumstances (Fulton et al. 2011; vatigd et al. 2011). This is because consideraticsuch
responses may be critical in assessing managempion®, and their likely economic and social conssges.

The Effects of Line Fishing Simulator (ELFSim) w@esveloped to examine potential management strategie
for the Coral Reef Fin-Fish Fishery (CRFFF) on @reat Barrier Reef (Little et al. 2007; Little ét 2009).
ELFSim simulates the CT and RTE populations on atrdg000 individual reefs. The model captures the
spatial complexity of fish larval movement on theean currents, and the size, age and sex struaftuhe
species across the region. To complement thesdatgdustocks, ELFSim also simulates the fishingvagt

of commercial fishing vessels across the regionyels as the charter and recreational componenthief
fishery. ELFSIim contains an explicit representatminthe behaviour of commercial fishing operators,
represented as individual agents, including fistafigrt, its spatial and temporal distribution veall as quota
trading. A quota trading model was developed aribreged using economic data from the late 1990s
(Muldoon 2009). At the time, the fishery was expeding a transition from the landing of mostly déiatl,

to the landing of both live and dead fish, the ferrattracting much higher prices. The fishery il 2004
also transitioned from a regulatory system baseihput controls, to a mixed system including intotion

of total allowable commercial catch limits and nsterable quotas (ITQs), maintenance of input ic&ins,
and increased marine reserves (Fernandes et &).200

As part of this project, an economic survey of tbenmercial operators currently active in the CRIES
requested, to update the description of the fistwaigh is used as a basis for the calibration df&im. Given
that harvesting decisions are represented at viekdéindividual fishing vessels in the model stiig the level
at which the information needed updating. The prinfiacus of the survey was thus on collecting infation
regarding fishing activity, costs and revenueshef commercial fishing vessels operating in the ORFF
2010-11. At the same time, it was considered ugefalso collect broader information on decisiorking
by commercial operators, as well as their perceptiothe current difficulties and opportunities eanotered
in the fishery.

The main expected outputs from this survey are @rpeo be, first, a set of updated indicatorsdaused to
calibrate ELFSim, and assist in the definition whidation scenarios and in the evaluation of sirmole
outcomes; and second, an updated economic desaorgdtthe fishery which can serve as a new baséiome
which the situation of the fishery may be re-asse$s the future

Survey approach
From its inception, a number of principles weregdd to structure the survey approach:

1. In order to gain an understanding of the latestsibn of commercial businesses involved in the
fishery, it was decided to focus data collectiontloa financial year 2010-11, and to centre the
data collection efforts on the businesses assakwith the management of vessels that had been
active in the fishery in 2010/11. This could inwela diversity of respondents depending on the
business structure encountered, including vesseémyowner-operators or operators.

2. Pre-existing information on the fishery, as welkapert knowledge from a range of stakeholders
including industry representatives and managenhefishery, was used to establish an initial
description of the commercial fishery on the badisvhich to develop the survey. This led to
identify a large diversity of operations involvedthe fishery in 2010-11.

3. The survey was aimed at representing this diversitd random sampling to minimize any
potential biases in the information collected.
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4. Given the complexity and sensitivity of the infottioa collected, face-to-face interviews were
preferred, in order to ensure that the data gdiireed the interviews was of the highest possible
quality.

5. The central focus of the survey was on the veswsaiacteristics and activity, as well as associated
costs and earnings. However, given the resourcgsresl to carry out individual interviews, and
the difficulties to which businesses were beingfiaried when the survey was carried out, it
seemed useful to also collect additional infornmation individual decision-making and
perceptions by operators of the key drivers ofigability in the fishery.

6. The survey roll-out and data-entry was carriedwitit the help of a web-based tool, allowing
real-time monitoring of progress in the surveys] data entry and storage by different members
of the survey team into a central database marfagednsistency, anonymity and confidentiality.

7. The survey obtained approval from the CSIRO So@8alence Human Research Ethics
Committee.

Figure 49 presents a summary timeline of the suyrireyn the initial phase of background analysighe
presentation of results at a stakeholder workshdmwnsville, in November 2012. The survey was thgwed
in close collaboration with active participantdiwe CRFFF, licence and quota holders, Fisherieeliand
and the Great Barrier Reef Marine Park Authority.

A workshop was held in October 2011 to presentdiscliss the initial fleet profile developed by COIRnd
Fisheries Queensland, as well as the proposedagpto carrying out the survey, and the questioandhe
workshop was attended by six industry members sepiteng different areas and types of businesseselhs

as four CSIRO staff including the project PI, thiégheries Queensland staff involved in the manage rof

the CRFFF, and a GBRMPA staff also involved in fineject. The approach proposed was validated and
approved by the participants. Feedback from theksimp was used to revise the fleet profile, angatte
guestionnaire which was also piloted in early Nolem

Significant efforts were also made to communichgedurvey plans broadly at the scale of the inguatrd

to facilitate the establishment of contacts withepdial respondents. A one-page flyErdject flyer) was
developed to present the FRDC project and the eoimmsurvey, and was circulated with the assistarfitiee
Queensland Seafood Industry Association (QSIA)ughothe Queensland Fisherman magazine, as welll as o
the Reef Line Council through its regular email skiter.

In order to facilitate the interview process re@gagdhe description of the annual activity and bat€vessels
operating in the CRFFF, Fisheries Queensland atgmaped annual data summaries of fishing effortcatch
which were sent in November 2011 to all the hold#rEne fishing licenses which had been activahe
CRFFF in 2010-11. Overall, response to the survay positive, leading to a large number of survesisg
completed (Table 15). The interviews were initiadeiding the second 2010-11 spawning closure, (Ndeem
2011). This first stage of the survey interviewpemtors who were willing to participate and atspaort. The
rest of the interviews had to be carried out ovlenger period of time, from December 2011 to Audif¥ 2,
depending on the availability of respondents wha &greed to participate. As much as possible,éhmt
aimed to adapt the timing and location of the witaws to minimize the constraint they representedtie
respondents. Interviews took place in a varietpoations depending on this, from the respondéridise to
their boat, or a local coffee shop in the home fartheir vessel.
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Figure 49 Timeline of the economic survey to Novenap 2012

Key methods and results of the survey are repantéide methods2.1 The Economic Surveyand results
(3.1 The Economic Surveysections above. The report Thebaud et al. (20dnes the economic survey
in totality, and the following sections reprodubede results.

Results

The CRFFF in 2010-11

The commercial fleet of the CRFFF targets a diteis tropical reef fish using hand-held lines withited
hooks. The main species by order of decreasingeviaktlude several species of Coral TrdeieCtropomus
andVariola spp, CT), landed predominantly as live fish and exgatb Asia, as well as Red Throat Emperor
(Lethrinus miniatusRTE) and a wide range of other reef fish spe@@S) including other cods (mainly
Serranidae), other emperors (Lethrinidae) and ¢ed@nappers (mainly Lutjanidae), landed as destddi
processed as fillets, and sold on the domestic @hafke fishery spans a broad geographical rany®, €ape
York (10°S) to the southern Great Barrier ReefBaffidaberg (24°S).

The cluster analysis results shown in Figure 50cate the groups that were used to stratify thatifed
random sample, taking into account the regionatidigion of vessel types.
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Figure 50 Main characteristics of the vessels in el group. (Source: own results based on Fisheriesu@ensland
data) 1: Generalist line fishers; 2: Dedicated liveCT fishers; 3: Diversified fishers. Top left panelaverage annual
landings per vessel (kg); Top right panel: Total RQlandings by vessel group (kg) (red bars, left aXisand
proportion of fish landed live (white bars, right axis); Bottom left: proportion of vessels holding edorsements for
Trawl (5-9), Trawl (1,M), Spanish Mackerel (SM), Stark (S), Net (N) and Crab (C) fisheries; Bottom ridnt: average
number of fishing days per vessel in 2010-11

Another important dimension in the characterizatbbthe CRFFF relates to the structure of quotaeraimp

in the fishery. We used the typology developed \gn(Putten and Gardner 2010) for the Tasmanian rock
lobster fishery to describe the status of agemslved in the quota market for CRFFF species. Typslogy
distinguishes between different positions agentg imaae on the quota market, depending on whetlegrare
actively involved in fishing or in ITQ trading. €hcategories of the typology were “investors”, wiald
guota which they lease out; “independent fishersbwatch the quota they own and do not particippatee
guota market; “income supplementers” who deriveine from both fishing their quota and leasing sonote
“lease dependent” operators who depend on leasiggidta for their catch; and “quota redistributongio

are involved in both leasing quota in and leasunotg out. Given the economic importance of livel@idings

for the fishery, this typology was applied to owstep and usage of CT quota units in 2010-11.

CT quota unit ownership was distributed acros®fathese groups, with the group of investors hadime
greatest share (42%) of total CT units. Lease didgrarfishers held only 11% of total CT units butVested
more than two thirds (69%) of the total CT unitéized in 2010-11. Independent operators held 13%tal
CT quota units and landed a similar proportionotéltlandings. The same proportion of CT quotasuwias
held by operators who derived income from bothlaatg some of their CT quota, and leasing part obit
A group of inactive quota owners was also iderdifwho neither leased nor fished the quota theyeolwn
2010-11. In addition, a number of quota owners apgakto be inactive in 2010-11, in that they neitaaight
nor traded the quota they held on the quota mafkes. would seem to indicate the existence of tatien
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costs on this market which discourage trades froouwing, despite this leading to costs for quoteners
who decide not to fish their quota themselveseims of both cash costs (annual fees payed onawmited)
and opportunity costs of not leasing their quota ee Thébaud et al. 2012 for more details).

700,000 69%
600,000
500,000
400,000
300,000
200,000
100,000

Units

B Ownership
M Usage

Figure 51 CT quota ownership & usage by type of opator, 2010-11 (Source: Fisheries Queensland)

Figure 52 summarizes the location and timing ofitiberviews along the Queensland coast, the waghich
respondents were selected (via the random samappgoach, through volunteering of respondents ar vi
referral by peers), as well as the timing of theandatry following the interviews. Table 15 showe humber
of sampled interviews from the fleet, which wasitified by region (Table 16).
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Sample characteristics
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Figure 52 Location and timing of surveys

Table 15 Population and sample per group. Vessel gup 1: Generalist line fishers; 2: Dedicated live T fishers;
3: Diversified fishers

Group Total number in group Number surveyed % surveyed
Group 1 130 24 18%
Group 2 60 32 53%
Group 3 23 6 26%
Total 213 62 29%
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Table 16 Regional & group break-down. Vessel grouft: Generalist line fishers; 2: Dedicated live CT fhers; 3:
Diversified fishers

TARGET SAMPLE

Sampling region Group 1 Group 2 Group 3 Total
1 - Cooktown 1 4 5

2 - Cairns 10 3 2 15
3 - Townsville 5 12
4 - Mackay 6 7

5 - Capricorn 5 15
6 - Sub-Tropical 15 2 17
Grand Total 41 23 7 71
REALIZED SAMPLE

Sampling region Group 1 Group 2 Group 3 Total
1 - Cooktown 2 4 6

2 - Cairns 9 4 17
3 - Townsville 5 9 16
4 - Mackay 7 7

5 - Capricorn 6 8

6 - Sub-Tropical 2 8
Grand Total 24 32 6 62
REALIZED SAMPLE / TARGET SAMPLE

Sampling region Group 1 Group 2 Group 3 Total
1 - Cooktown 200% 100% 120%
2 - Cairns 90% 133% 200% 113%
3 - Townsville 83% 180% 200% 133%
4 - Mackay 0% 117% 100%
5 - Capricorn 25% 120% 0% 53%
6 - Sub-Tropical 40% 0% 47%
Grand Total 59% 139% 86% 87%
REALIZED SAMPLE - TARGET SAMPLE

Sampling region Group 1 Group 2 Group 3 Total
1 - Cooktown 1 0 0 1

2 - Cairns -1 1 2 2

3 - Townsville -1 4 1 4

4 - Mackay -1 1 0 0

5 - Capricorn -6 1 -2 -7

6 - Sub-Tropical -9 2 -2 -9
Grand Total -17 9 -1 -9

Figure 53 presents a comparison of the distribst{odlensity plots) of selected variables describiagvidual
operations (primary vessel length and main engoveep, number of dories and annual fishing days)tHe
overall sample (62 vessels, in blue) and the 2dl@gdtive fleet (213 vessels, in red). The survaypa
obtained provides a good representation of theativprofile of the 2010-11 active fleet in termstbese
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characteristics. As a result of the response @gesribed above, the sample has very good repatigenof
operations characterized by medium to larger vességh an annual activity of 90+ days fishing. Skl
operations with less than 50 days fishing, whilesent in the sample, were represented in loweroptiops
in the sample than in the population.
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Figure 53 Population versus sample characteristics
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Demographics

The following table (Table 17) and figure (Figuséd) present the main demographic characteristichef t
survey respondents as well as the factors that werartant to them when they first entered the CRHhere
were no significant differences between the agarsym fishing and years in the CRFFF between redgats
in the three groups of the fleet profile.

Table 17 Demographic characteristics of the survesespondents

Status n na| mean sd median min max range se
Owner-operator (46)
AGE 46 0 | 48 10 47 33 72 39 1
Years_in_fishing 45 1 | 25 10 24 5 46 41 2
Years_in_ CRFFF 44 2 |21 10 20 4 46 42 2
Owner (11)
AGE 11 0 | 60 12 60 38 75 37 4
Years_in_fishing 11 0 | 22 12 23 2 36 34 3
Years_in CRFFF 11 0 | 21 11 23 2 36 34 3
Other* (5)
AGE 5 0 | 56 14 60 34 71 37 6
Years_in_fishing 5 0 | 26 13 21 14 46 32 6
Years_in CRFFF 5 0 | 12 6 13 3 18 15 3
All
AGE 62 0 |51 12 51 33 75 42 1
Years_in_fishing 61 1 | 24 10 24 2 46 44 1
Years_in_CRFFF 60 2 | 20 10 19 2 46 44 1

*'Other" includes Director, Operator, Part-owner and a missing value
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Age of respondents Years in commercial fishing Years in the CRFFF
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Figure 54 Demographic characteristics of the surveyespondents (All Respondents)

Responses to the survey question regarding whaightahe respondent to the fishery were classifigd
importance. 31% of the respondents responded ifeatyle was a very important factor (n=37 out aD1
responses referring to rank=5). Figure 55 shows 37& indicated that the least important factor was
management of the industry/marine parks (n=33 b@6aesponses referring to rank=1).
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Most important (5)
m Family business

mHigh return on
investment

i Lifestyle

B Management of the
industry/ marine parks

W Securereturn on
investment

Leastimportant (1)

m Family business

M Highreturn on
investment

mLifestyle

mManagement of the
industry/ marine parks

M Securereturn on
investment

Figure 55 Most frequently cited very important andnot important at all factors for respondents when hey entered
the fishery
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Vessel characteristics

The following tables (Tables 18-20) and figuresg(ffes 56-62) present the characteristics of theeles
surveyed, including technical characteristics @ndage capacity of primary vessels, capital valuerionary
vessels, as well as technical characteristics apitat value of the dories used in the operatioaQh0-11.
Table 21 and Figures 63-65 show the characteristittee dories in the fleet that operate from motlessels.

Table 18 Primary vessel characteristics (All Respatents)

15

10
L

800
L

n na| mean sd median min  max range se
Length (m) 62 0 | 122 44 126 50 200 150 06
Draft (m) 62 0 |15 0.7 15 0.3 3.2 29 0.1
Beam (m) 62 0 | 4.0 1.2 4.2 1.7 6.4 4.7 0.2
Berths (n) 62 0 |47 29 4.0 0.0 10.0 10.0 0.4
Dories (n) 62 0 |24 2.4 2.0 0.0 7.0 7.0 0.3
Fuel Capacity (L) 60 2 |4861 7,110 1,700 75 38,000 37,925 918
Main Engine Power (kw) 60 2 | 239 138 224 45 855 810 18
Year built 58 4 | 1988 12 1985 1964 2010 46 2
Steaming speed (knots) 62 0 | 121 6.9 8.0 5.0 30.0 25.0 0.9
Length Beam Draft
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Figure 56 Primary vessel characteristics per constiction of vessel
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Figure 57 Primary vessel characteristics per groujf operators
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Figure 58 Primary vessel characteristics per constiction type
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Storage characteristics

Table 19 Storage capacity for refrigerated and livdish

kg

Number of Fish

n na| mean sd median  min max range se
Refrigerated Storage Capacity
Holding Capacity (kg) 34 28|1,772 2,685 900 70 14,000 13,930 461
Snap Freezing Capacity (kg) 19 43] 2,516 3,671 1,000 200 15,000 14,800 842
Total Refrigeration Capacity (kg) 41 21| 2,635 3,787 1,200 70 17,500 17,430 591
Live Storage Capacity
Internal Live Tank Capacity (L) 22 40| 11,886 8,812 10,000 200 26,000 25,800 1,879
Internal Live Tank Flow (L/h) 14 48| 114,954 160,280 66,000 1,000 609,176 608,176 42,837
External Live Tank Capacity (L) 24 38| 2,026 2,207 1,350 150 10,000 9,850 451
External Live Tank Flow (L/h) 15 47| 30,546 40,636 12,000 1,000 150,000 149,000 10,492
Total Live Storage Capacity(L) 35 27| 8,861 9,219 4,500 150 28,000 27,850 1,558
Live Fish Storage
Total Live Storage Capacity (Fish) 34 28| 1,293 935 1,060 60 3,100 3,040 160
Average Live Fish Density (Fish/L) 29 33| 0.26 0.23 0.20 0.04 1.15 1.11 0.04
Total Refrigerated Fish Storage Capacity Total Live Fish Tank Capacity
g
% ]
— ol ———
a ] g : ;
Group Group
Total Live Fish Storage Capacity Average Fish Density
3] T ]
g 31
1 o _

= —

1 2
Group

0.1

0.0

Figure 59 Storage characteristics per group of opator
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Capital Value of Primary Vessels

Table 20 Primary vessel value estimates

n na mean sd median min max range se
Year of Acquisition 61 1 2004 5 2006 1988 2010 22 1
Acquisition Price 59 3 181,669 189,581 110,000 2,500 770,000 767,50024,681

Current Market Value 60 2 146,042 159,982 100,000 10,000 850,000 840,00020,654

B3,52

Insured Value 58 4 152,879 179,172 85000 - 742,000 742,000
F,\fé’v'v"’;ceme”t Value 5, 5 637,658 702,646 350,000 29,000 3,000,000 AO01 93,068

Histogram of Year_built Year_built Year of Acquisition
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Figure 60 Primary vessel year built (left) and yeabuilt per construction type (right)
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Figure 61 Primary vessel value estimates per vessehgth class
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Acquisition Price

Current Market Value

Insured Value
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Figure 62 Primary vessel value estimates per groupf operators
Dory characteristics
Table 21 Characteristics of dories
n na| mean sd median  min max range se

Year of Acquisition 162 0 | 2007 4 2007 1993 2011 18 0
Year Built 145 17| 2004 8 2007 1970 2011 41 1
Length (m) 162 0 | 5.0 0.5 5.0 31 7.0 3.9 0.0
Live Tank_(L) 126 36| 162 68 200 - 250 250 6
Outboard (HP) 141 21|50 17 50 10 200 190 1
Year Installed 130 32| 2009 3 2010 1993 2012 19 0
Acquisition Price ($) 134 28| 16,308 9,262 13,500 - 50,000 50,000 800
Market Value ($) 159 3 | 9,431 5,736 8,000 - 30,000 30,000 455
Replacement Value New ($) 158 4 | 24,519 10,462 25,000 3,000 110,000 107,000 832
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Number of Active Dories per Operation

250

w _
—
w
=
=,
g =
o
o]
o
o
-
@
=]
E w4
3
=
o -
[ T T T I I 1
1 2 3 4 5 6 7
Number of Dories
Figure 63 Number of dories per operation
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Year Built Acquisition Price
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Figure 65 Estimated capital value of dories (numbexin table supra)
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Fishing endorsements held by respondents

This section presents the information collectedrémg the fishing rights held by respondents udiig
but not limited to the fishing rights used in 20100 access the CRFFF. The section covers bahdes
and the associated fishing endorsements as well@sa, owned or leased-in.

Fishing endorsements owned / leased-in to operate the vessel in 2010/11

53 respondents owned, 9 leased and 1 is unknown.

Endorsements by group
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Figure 66 Specific endorsements held at the groupvel
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Dories Permitted
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Figure 67 Permissible number of dories

Quota owned / leased in to operate the vessel in 2010/11

Number of quota units owned

Coral Trout Red Throat Emperor
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Figure 68 Units of quota owned by species and group
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Current expected sale value of units

Coral Trout Red Throat Emperor
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Figure 69 Expected current sale value of quota urstfor groups 1, 2 and the sample as a whole
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Maximum / minimum lease values

Coral Trout Max Coral Trout Min
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Figure 70 Minimum and maximum expected lease valudsy group
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Units leased in 2010-11

Coral Trout Red Throat Emperor
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Figure 71 Number of units leased by group in the fiancial year 2010-11
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Average lease price paid 2010-11

Coral Trout Red Throat Emperor
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Figure 72 Average quota lease prices paid by grougf operators
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Vessel activity

Annual activity

Two initial questions related to the overall petcapof the 2010-11 year by respondents, in terfrisaging
been a full year of activity and a typical year tbem. In addition, respondents were asked whetteyr
considered the CRFFF to be their primary fishery.

Group3 HEGroup2 HGroupl
17%
Typical Year? 38%
29%
100%
Full 12 Months? 88%
92%
33%

Primary Fishery? 100%

67%

Figure 73 Summary of annual activity questions

Respondents who did not consider the CRFFF asphigiary fishery indicated that their primary fishevas
one of the following:

- Spanish Mackerel fishery

- Net Fishery

- Net fishing, Crabbing (2 respondents)

- Net - Barramundi

- Split 50/50 between RQ and Spanish Mackerel

- Crab fishing

- Spanner Crab

- Commonwealth SESSF

- Mud crab fishery (2 respondents)

- 25% of fishing time and economic dependence fudferent fisheries

On average, respondents who responded that thegdtamperated for a full year in 2010-11 operatad/f
months (minimum 3 months, maximum 10 months). Témsons for partial activity included regulatory
decisions to stop the vessel from fishing, cycloaed their impact on the reef/catch rates, genepabr
weather conditions, displacement of fishing effolfiowing cyclones, purchase of vessel during tharysale
of vessel during the year, vessel immobilizatioe ¢ refit/engine repair, business decisions tongheor
modify main fishing activity.
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Landing Port
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Figure 74 Main unloading port cited by respondentgor 2010-11

The questionnaire included a question on the reafumthe choice of the main landing port (Figul.7
Reponses to this question are presented in FidurAtthe whole of survey level, “family” (interped as the
location of the family home) was cited most freqhe27%) as the driver for the choice of landingrtp

followed by “higher catch rates” (16%) and “watematjty” (14%).

5% 8%

70

14%

@ Hgher catch rates m Water quality O Access to market

O Size of vessel @ Joser to reef O Wesather/accessibility
m Family O Industry senices/infrastructure m Fishing for live product
@ Arrangement with fish buyer

Figure 75 Main reasons for choice of primary landingy port

119



From the 62 surveys, 35 reported having landediditianal ports for periods of at least a montlthie last 3
years. Max 5, Ave 1.1

Fishing days

The “activity calendar” section of the questioneaivas used to reconstruct the annual profile afigcof
the operation, including number of days fished penth in the different fishing activities in whighe
operation engaged. The figures below present thebau of vessels in the sample that were activeath
month of 2010-11, for each group of operators. iffiemation included in these figures reflects dmire
activity of the vessels, including both RQ and ®@Q-fishing, where the latter was also pursued duittie
year. The impact of cyclone Yasi in February 2@l tisible, particularly for the smaller operatighs/e CT
< 15m and Diversified Fishers).
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Figure 76 Number of surveyed vessels active per mitrp 2010-11, by group of operators

120



WPZAVAN ——
I/ S AN
;T

Number of fishing Days per Operation

=—Group 1
8.0 Y ~#-Group 2
6.0 =A=Group 3
4.0
2.0
O O T T T T T T T T T T T ]
N @'\Q SIS d,\e «,\\ 'o'\'\ Qo {,\\ o'\'\
W & oF I o ¥ E R

Figure 77 Average number of days fishing per vessbly month, 2010-11, by group of operators

Trip Length

=2 s n=b

wn _| _
—

10
|

Number of Days

—
T T T
1 2 3
Group
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Annual days per vessel length—class
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Figure 79 Total annual fishing days per size class vessel (left) and per group of operators (right)

Income

This section presents the information collecteérdmg annual fish sales of operations.

Table 22 Total Fish Sales and Fish Sales Compositiper Group of Operators

n na| mean sd median  min max range se
GROUP 1
Total Annual Fish Sales ($) 23 1 |62436 52,488 50,000 1,525 200,000 198,475 5,880
RQ Annual Fish Sales ($) 24 0 |27577 28806 15,168 - 87,517 87,517 4,474
CT Annual Fish Sales ($) 24 0 | 13,286 21,918 3,810 - 80,971 80,971 1,366
RTE Annual Fish Sales )$) 22 2 | 2941 6,407 419 - 22,267 22,267 3,510
OS Annual Fish Sales ($) 24 0 | 11,595 17,195 5,242 - 68,477 68,477 5,322
Line non-RQ Annual Fish Sales ($) 17 7 | 19,139 21,941 8,897 - 81,303 81,303 23,889
Other non-RQ Annual Fish Sales ($) 8 16 | 56,102 67,568 31,152 388 192,367 191,979 6,514
GROUP 2 - - - - - - -
Total Annual Fish Sales ($) 32 0 | 548,746 289,840 522,437 122,570 1,084,255 961,685 50,400
RQ Annual Fish Sales ($) 32 0 | 540,478 285,105 518,653 121,857 1,082,255 960,398 47,574
CT Annual Fish Sales ($) 32 0 | 494,643 269,120 448,462 110,083 1,011,785 901,702 5,260
RTE Annual Fish Sales )$) 30 2 |33944 28812 32570 - 126,655 126,655 3,081
OS Annual Fish Sales ($) 32 0 | 14,012 17,427 9,420 - 87,465 87,465 1,807
Line non-RQ Annual Fish Sales ($) 31 1 | 8,534 10,061 4,198 - 36,996 36,996 -
Other non-RQ Annual Fish Sales ($) 1 31 - - - - - - -
GROUP 3 - - - - - - -
Total Annual Fish Sales ($) 5 1 |77,294 60,108 50,998 45,282 184,300 139,018 28,381
RQ Annual Fish Sales ($) 5 1 |44,043 63461 20,000 1,468 156,448 154,980 29,358
CT Annual Fish Sales ($) 5 1 |31,657 65647 622 - 148,902 148,902 1,120
RTE Annual Fish Sales )$) 5 1 | 1,648 2,504 479 - 5,961 5,961 3,426
OS Annual Fish Sales ($) 5 1 |10,737 7,661 10,644 989 20,000 19,011 6,266
Line non-RQ Annual Fish Sales ($) 3 3
Other non-RQ Annual Fish Sales ($) 3 3
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Table 23 presents an calculation of total fishssdigided by (i) the crew size (including the slépwhen a
skipper is employed part- or full-time), (ii) byeterew size (including the skipper) and numberayfsd
fishing, and (iii) by the number of fishing uniia¢luding dories and primary vessel) included ia th
operation and the number of fishing days. In cagere no fishing takes place from the primary vesse
which is more likely to be the case for larger gpiens, the latter indicator will underestimate sia¢es
strictly related to the operation of dories. Howetke calculation provides a way of accountingther fact
that the primary vessel is necessary to take thesito fishing grounds in larger operations.

Table 23 Total Fish Sales per Crew and Dory-Day

n mean sd median  min max range se
Group 1
Annual per Crew* ($/Crew) 23 35,906 31,240 26,481 1,525 110,000 108,475 6,514
Sales per Crew-Day** ($/Fishing Day) 23 992 1,473 248 27 5,556 5,528 307
Sales per Dory-Day*** ($/Dory Day) 23 1,539 2,323 767 27 9,167 9,139 484
Group 2 0 - - - - - - -
Annual per Crew* ($/Crew) 32 94,958 40,556 94,355 20,506 180,709 160,203 7,169
Sales per Crew-Day** ($/Fishing Day) 32 997 725 790 137 2,929 2,792 128
Sales per Dory-Day*** ($/Dory Day) 32 997 696 790 148 2,929 2,781 123
Group 3 0 - - - - - - -
Annual per Crew* ($/Crew) 5 31,636 16,938 25,499 20,000 61,433 41,433 7,575
Sales per Crew-Day** ($/Fishing Day) 5 381 298 322 126 850 724 133
Sales per Dory-Day*** ($/Dory Day) 5 711 619 377 220 1,700 1,480 277

*Crew including skipper; **Crew including skipper; ***Number of dories includes primary vessel.
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Total Fish Sales
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Figure 80 Annual Fish Sales Per Operation, by Groupf Operators
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CT Fish Sales % Live
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Figure 82 Total Fish Sales per Crew (incl. Skipperand Dory-Day
Composition of fish sales in 2008-09?

Responses were aggregated by species group, mueppen of higher sales (Much higher or slightigtter),
comparable sales, and lower sales (slightly lowenach lower).
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Figure 83 Perceived changes in the value of fishlea in 210-11 as compared to 2008-09
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Crew characteristics

This section presents the preliminary results oletiregarding crew characteristics and crew cddts.
questionnaire included questions on whether theabqes hired skippers to operate their vessel lfargart
of the year, as well as whether some of the opeyatbsts were being shared between the vessel amder
the crew before the crew share was paid. Where smsts were shared, efforts were made to iderttidy t
nature of these costs. Responses to these quest®psesented in Figure 85.

Table 24 Crew size and crew costs per group of opbrs

n na | mean sd median  min max range se
Group 1
Crew Size (incl. Skipper) 22 2 1.8 0.9 2.0 1.0 4.0 3.0 0.2
Annual Fishing Days (Days) 24 0 70 68 53 1 277 276 14
Annual Crew Payments - All of Group ($) 22 2 10,104 23,117 - - 100,000 100,000 5,045
Crew Payments per Day ($ / Day) 23 1 109 201 - - 662 662 43
Annual Individual Crew Payments ($/Year) 10 14| 11,082 15,780 5,231 100 50,000 49,900 5,260
Individual Crew Payments per Day ($/Day) 10 14| 125 124 78 3 331 329 41
Group 2
Crew Size (incl. Skipper) 32 0 5.7 1.3 6.0 3.0 8.0 5.0 0.2
Annual Fishing Days (Days) 32 0 151 48 160 49 245 196 9
Annual Crew Payments - All of Group ($) 31 1 225,315 141,979 183,632 38,002 504,967 466,985,099
Crew Payments per Day ($ / Day) 31 1 1,412 751 1,147 365 3,742 3,377 133
Annual Individual Crew Payments ($/ Year) 31 1 38,354 21,104 35,288 8,921 84,161 75,240 3,731
Individual Crew Payments per Day ($/Day) 31 1 246 103 220 117 468 351 18
Group 3
Crew Size (incl. Skipper) 6 0 2.1 0.8 2.0 1.0 3.0 2.0 0.3
Annual Fishing Days (Days) 6 0 113 68 118 30 225 195 28
Annual Crew Payments - All of Group ($) 4 2 - - - - -
Crew Payments per Day ($ / Day) 4 2 - - - - -
Annual Individual Crew Payments ($/ Year) 4 2 - - - - -
Individual Crew Payments per Day ($/Day) 4 2 | - - - - -
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Figure 84 Crew size and annual fishing days per gup of operators
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Figure 85 Proportion of operators hiring skippers (vhole or part-time) and sharing some of the
operating costs with crew
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Shared costs (23 vessels)
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Catching costs

The following tables and figures present the infation collected regarding the catching costs diifig
operations. Preliminary analysis of the repairs maghtenance costs is reported in the next sedtiosl. and
oil costs include all diesel and petrol as welbagosts at the annual level, and are presentémdene fuel
rebate in the tables and figures below. This presian indication of the magnitude of the fuel aihdasts
which must be borne by operators upfront. Somemétion was also collected during the interviews
regarding the total amount of rebate received, ividietermines the end-of-year final costs suppdied
operations in relation to fuel and oil. This infation is still being analysed and will be includedhe final
results. Bait and tackle costs were aggregated asiwumber of instances, these were also aggreetied
information collected in the interviews. Other ¢anhg costs included a range of items amongst which
knives, ropes, anchor and chain, gaffs, luresclathing, gas, etc.

Table 25 Annual catching costs per group of operate

n n |mean sd media min max range  se
a n

Group 1

Fuel & Oil ($) 2 0 | 19,544 20,605 11,212 700 62,000 61,300 4,206
4

Bait & Tackle ($) 2 0 16355 7459 2,210 70 24,856 24,786 1,523
4

Quota Lease ($) 2 0 |1,074 1,567 455 - 5,000 5,000 320
4

Food (%) 2 0 |2485 4524 861 - 21,000 21,000 923
4

Ice ($) 2 0 ]2392 3,680 508 - 13,750 13,750 751
4

Boxes & Bags ($) 2 0 |921 3,334 - - 15,840 15,840 680
4

Other Catching Costs 2 0 | 178 522 - - 2,300 2,300 107

%) 4

Group 2

Fuel & Oil ($) 1 | 85868 55568 67,500 16,058 262,64216,584 9,980

Bait & Tackle ($) 1 |41573 21,636 39,528 6,671 93,345 86,674 3,886

3
1
3
1
Quota Lease ($) 3 1 |29582 30,09 18,700 - 86,029 86,029 5,405
1
Food ($) 3 1 | 15,717 14,759 14,382 - 81,773 81,773 2,651
1
Ice ($) 3 1 |3023 4,69 - - 16,174 16,174 842
1
Boxes & Bags (3$) 3 1 | 789 1,975 - - 9,999 9,999 355
1
Other Catching Costs 3 1 | 603 1,646 - - 8,470 8,470 296
($) 1
Group 3
Fuel & OIil ($) 6 0 | 16,706 12,778 9,935 7,035 33,130 26,095 5,217
Bait & Tackle ($) 6 0 |5892 4263 4,200 2,410 14,160 11,750 1,741
Quota Lease ($) 6 0 | 734 1,798 - - 4,403 4,403 734
Food ($) 6 0 | 3472 4172 1,695 - 9,583 9,583 1,703
Ice ($) 6 0 |4316 2916 4,720 167 7,666 7,499 1,190
Boxes & Bags ($) 6 0 | 1,074 1584 300 - 3,930 3,930 647
Other Catching Costs 6 0 | 785 1,384 - - 3,400 3,400 565

(&)
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Table 26 Catching costs per main fishing techniquday group of operators

n na | mean sd median  min max range se
GROUP 1 Line*
Bait and Tackle ($) 24 - 4978 6,377 1,716 70 23,650 23,580 1,302
Boxes & Bags ($) 24 - 896 3,339 - - 15,840 15,840 681
Food ($) 24 - 2,170 4,505 493 - 21,000 21,000 920
Fuel and Qil ($) 24 - 13,840 17,655 7,027 400 59,400 59,000 3,604
Ice ($) 24 - 1,987 3,705 214 - 13,750 13,750 756
Quota Lease ($) 24 - 1,032 1,583 105 - 5,000 5,000 323
Other Catching Costs ($) 24 - 170 487 - - 2,100 2,100 99
Other Fisheries
Bait and Tackle ($) 24 - 1,377 4982 - - 24,506 24,506 1,017
Boxes & Bags ($) 24 - 24 113 - - 552 552 23
Food ($) 24 - 314 1,229 - - 6,000 6,000 251
Fuel and Qil ($) 24 - 5,704 14,312 - - 59,520 59,520 2,922
Ice ($) 24 - 405 1,191 - - 4,703 4,703 243
Quota Lease ($) 24 - 42 204 - - 1,000 1,000 42
Other Catching Costs ($) 24 - 8 41 - - 200 200 8
GROUP 2 Line*
Bait and Tackle ($) 31 1 41,573 21,636 39,528 6,671 93,345 86,674 3,886
Boxes & Bags ($) 31 1 789 1,975 - - 9,999 9,999 355
Food ($) 31 1 15,717 14,759 14,382 - 81,773 81,773 2,651
Fuel and Oil ($) 31 1 85,868 55,568 67,500 16,058 262,642 246,584809,
Ice ($) 31 1 3,023 4,690 - - 16,174 16,174 842
Quota Lease ($) 31 1 29,582 30,096 18,700 - 86,029 86,029 5,405
Other Catching Costs ($) 31 1 603 1,646 - - 8,470 8,470 296
GROUP 3 Line*
Bait and Tackle ($) 6 - 5,442 3,291 4,200 2,310 11,560 9,250 1,343
Boxes & Bags ($) 6 - 1,074 1,584 300 - 3,930 3,930 647
Food (%) 6 - 3,352 4,242 1,335 - 9,583 9,583 1,732
Fuel and Oil ($) 6 - 13,171 10,696 7,850 4,950 30,130 25,180 4,366
Ice ($) 6 - 3,266 2,773 2,985 167 7,666 7,499 1,132
Quota Lease ($) 6 - 734 1,798 - - 4,403 4,403 734
Other Catching Costs ($) 6 - 785 1,384 - - 3,400 3,400 565
Other Fisheries
Bait and Tackle ($) 6 - 450 1,054 - - 2,600 2,600 430
Boxes & Bags ($) 6 - - - - - -
Food ($) 6 - 120 294 - - 720 720 120
Fuel and Oil ($) 6 - 3,534 3,402 3,060 - 10,000 10,000 1,389
Ice ($) 6 - 1,050 1,388 350 - 3,000 3,000 567
Quota Lease ($) 6 - - - - - -
Other Catching Costs ($) 6 - - - - - -

*Includes RQ and non-RQ Line Fishing Costs
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Fuel & oil - Annual

Bait & Tackle — Annual

Quota Lease — Annual

Figure 89 Annual Total Catching Costs per Operationby Group of Operators
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Fuel & oil - Per Dory_Day

Bait - Per Dory_Day

Quota Lease — Per Dory_Day
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Figure 90 Line Catching Costs per Dory-Day, by Grop of Operators
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Figure 91 Most important factors perceived to curratly affect profitability in the fishery

When considering the factors cited as one of thm$t important factors affecting profitability ine fishery,
factors belonging to the “Economic drivers” catggaere cited 43% of times, while factors belongioghe
“Management” category were cited 24% of times, fautlors belonging to the “Biological’ category 2@
times. Individual factors within these categoriesrevcited with variable frequency (see figure béid¥uel
prices” were cited 13% of times, followed by “ddfilty to get good crew” (11%), “marine parks” (11%ive

fish prices” (10%) and “catch rates depressed Woilg cyclone damage” (8%). Factors relating to the
crowding of fishing grounds were also cited a highember of times, as well as interactions withreational
users and the prices of dead fish.
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Figure 92 9 top individual factors perceived to act profitability
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Fish prices and price determinants

Figure 9393 presents the normalised nominal mormtkdyessel prices from the two processors who deabi
us with time series data, as well as the Hong-Kiomaprt prices for live coral trout for the periodnbiary
2004 to December 2011. At first sight, relativeradies from one month to the next for the two ex-ekgsce
series is almost the same, suggesting that thesgeay similar between the two processors. In ait
relative changes between these ex-vessel pricethartdong-Kong import prices also follow similaerids.
The Hong Kong import price series is relatively sti@r. This is likely to be because Hong-Kong intpor
live coral trout from several countries and hantiege volumes of fish which is likely to smoothabsupply,
and hence average import prices. The strong mowd#rigtions of the two ex-vessel price series higttlthe
existence of a significant level of price risk fiperators in the fishery. In part, this variabilitgs to do with
a seasonality effect. Prices rise in December andaly and drop in April and May. This seasondiepatis
however difficult to establish across years, sutiggshat operators must deal with fairly high ity in the
prices they receive (see below). The ex-vesseémgties appear to show a slightly positive lomgiteend,
although this appears to be quite limited.
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Figure 93 Normalised ex-vessel prices paid by twa@cessors and import prices into Honk Kong,
2004-2011

Results of the co-integration analysis of thesestggries indicate that ex-vessel prices paid bytwhe
processors, and import prices into Hong Kong, atated, confirming that the prices paid by Hong-&on
buyers have a direct impact on the prices paigstorfg operators by Australian exporters.

Price volatility

A histogram of weekly ex-vessel prices for live €dm 2002 to 2012, together with a range of desieep
statistics, are presented in Figure 9494. On aeenagekly ex-vessel prices were AU$37 between 2002
2012, although as already indicated, prices diguldsrge variability over time. The maximum pridegained
between 2002 and 2012 was AU$74 and the minimuoe gxU$18, with standard deviation equal to $8. The
coefficient of variation (CV) of weekly prices i2%, suggesting that weekly ex-vessel prices vary
considerably with respect to their mean. Furtheemttre positive value of the skewness value (0.60ggests
that the distribution of weekly prices is slightligewed to the right. The value of the kurtosis)4ager than

3, implies that there are a large number of praseay from the average. The Jarque-Bera test rajectsality

at the 1% significance level. The two latter resalte further evidence that ex-vessel live CT priweve been
subject to relatively high levels of volatility avihe 2002-2012 period.
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Figure 94 Variability in ex-vessel prices observedver the 2002-2012 period

A more detailed picture of price volatility is givdy plotting the divergence of prices from a 2@ivenoving
average against the normalised ex-vessel weeldgp(Figure 95). As illustrated by the linear tréing in
this figure, a positive trend exists in normalisgdvessel weekly prices throughout the time pefitmlvever,
weekly prices are highly variable between time gésiwith the highest spikes taking place aroundiaan
the largest being observed during years 2002, 20032010.
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Figure 95 Normalized ex-vessel weekly prices and ®@ek moving average of ex-vessel weekly pricesnéar
projection of normalized ex-vessel weekly prices ad)

The 20 week moving average smooths out short terctugitions and highlights longer term trends. @iter
the deviation between current weekly prices anat #eweek moving average indicates that variatbex-
vessel prices from their mean has declined oveg.tithis decline in the variability of fish priceaynbe due
to a consolidation in the number of processors rfmyive fish, which was pointed to us in a numbér o
interviews as an important change in the industsr ¢the last decade. Fishing operators would thter&in
more regular business relationships with single@ssors, rather than looking around for buyersrglyigher
prices, leading to more stable prices.

Figure 96 illustrates changes in the standard tewifrom their mean of weekly ex-vessel prices@dr over

the same period of time. This shows that pricetilitaitself has fluctuated quite significantlydm year to
year. In the period covered by the data, years-2002 and 2010 were the years that seemed to exibi
highest annual variability in prices, while the kst levels of price variability were observed i©2®@6 and
2011-12.
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Figure 96 change in the standard deviation of weeklprices between years, 2002-2012

Analysis of the drivers of price fluctuations

Figure 97 illustrates index changes in the AustraDollar (AUD) to Hong-Kong Dollar (HKD) exchange
rate, as well as in live coral trout import price® Hong Kong in HKD and AUD. The Australian dallaas
become stronger over time against the Hong Konlgud@lith the exception of the end of 2008 and beirig
of 2009, during the Global Financial Crisis). Asesult, live coral trout import prices have becomere
expensive for buyers when converted in HKD (putpie), while from an Australian exporter perspeetiv
(AUD, red line), export prices have declined.
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Figure 97 Hong-Kong import price indices for live CT: AUD, KD and AUD/HKD exchange
rate, 2004-2011

Figure 98 98 presents the import price indicesiverCT into the Hong-Kong market from the main expng
countries (Australia, Indonesia, Malaysia and thiigpines), over the 2004-2011 period. Prices ffaidhe
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Australian product appear systematically highet,dds0 more volatile, compared to the prices olethiby
exporters from the other three main countries.
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Figure 98 Import prices indices for imported CT live to Hong-Kong from different exporting
countries

The results of the co-integration analysis cared considering the import price series from thése
countries seem to indicate that coral trout fronsthalia does not compete with coral trout expofted
Indonesia, Philippines, and Malaysia. Thereforanges in exports from these countries to Hong Kstragyld

not directly impact the prices received by Austmalproducers, who receive the highest prices omting
Kong market. This suggests that Australian corlttis sought by buyers that are prepared to pglyehni
prices, indicating a higher status of these fisbamspared to live CT from other countries. On ttieeohand,
analyses also indicated that Malaysia and the ggiiiles might be competing in the same coral trcatket
segment in Hong Kong, while Indonesian producthwifite lowest price, does not compete with any other
product.

Co-integration analysis of live coral trout price time series

The Johansen co-integration test requires thessanalysed to be non-stationary. We used the Autgden
Dickey Fuller test (ADF) to test for stationaritfthe monthly price series for the two processois far the
Hong-Kong import prices from different countriesy the period from January 2004 to December 2061 (9
observations). The large degree of volatility ie grice series caused high levels of variabilitiween
months; this resulted in the ADF test indicatinattthe price series were stationary. To deal Vhighpgroblem,
we aggregated the data to be bimonthly (49 obdengt This allowed reducing the variability of ttieme
series. The ADF test applied to this bimonthly dathcated that the prices of interest were notiestary in
levels and stationary in first differences at tB& &ignificance level (Table 27).
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Table 27 Unit root tests (Augmented Dickey Fuller)of bimonthly logged nominal ex-vessel prices fromwo
processors, and Hong Kong import prices for live aal trout from Australia, Malaysia, Indonesia and Philippines,
Jan. 2004 to December 2011 (n=49 observations)

Level First Differences
Prices

Constant None Constant None
Ex-vessel Proc. 1 (AU$) -1.375(5) -1.723 (5) -7609 -7.461* (4)
Ex-vessel Proc. 2 (AU$) -1.500 (5) -1.092 (5) -221) -7.094* (4)
Australian imports (AU$) -2.714 (2)*+* -0.500 (0) 5:093* (1) -6.044* (1)
Australian imports (HK$) -2.302 (0) 0.122 (1) -877q0) -8.860* (0)
Malaysian imports (HK$) -2.518 (0) -0.262 (0) -86110) -8.198* (0)
Indonesian imports (HK$) -2.651*** (0) 0.079 (0) .1B9* (0) -7.231* (0)
Philippines imports (HK$) -2.017 (0) 0.147 (0) 045 (0) -7.541* (0)

The values in parentheses indicate the numbergsf Rrices are in Australian dollars per kg; *lradés significance
at the 1% significance level; ** 5% indicates sfggance at the 5% level, ***indicates significanaethe 10% level.

Price relationships between ex-vessel prices patvb Australian processors and Hong Kong impoitgs
were investigated in two steps. First, the bi-varilohansen co-integration test was used to imgatstihe
relationship between two prices at a time. The ltedoom all the bi-variate co-integration tests the
existence of relations between the ex-vessel ppe&s by the two processors, and the Hong-Kong inpo
prices (Table 28) reject the null hypothesis ofklad a co-integration vector with rank = 0, at th&
significance level or more depending on the biatarirelation considered. The hypothesis that tasrdwo
co-integrating vectors is rejected for all bi-végigelationships tested. For all the pairwise refesthips tested,
the results indicate that ex-vessel prices paithbytwo processors, and import prices into Hongdka@re
related.

Second, a multivariate test was undertaken inctuttie three price series of interest (Table 29 fdsults
indicated at least two co-integration vectors mittiultivariate system. The results suggest theessel prices
paid by the two processors and import prices imadiKong are related, such that the prices paiduyers

in Hong Kong will have direct impact on the prigeseived by producers in Australia, concurring vifth

bivariate tests.

Table 28 Results of the bi-variate Johansen co-irgeation tests for the two processor price series ahthe Hong-
Kong import price series

Null Hypothesist

Rank p) =0 Rank p)<1
Ln Nominal Prices Max® Tracé Max? Tracé
Proc. 1/ Proc. 2 26.21* 26.29* 0.09 0.09
Proc. 1/ Hong Kong 23.38* 29.63* 6.26 6.26
Proc. 2 / Hong Kong 23.60* 29.66* 6.06 6.06

Results from Akaike; a The null hypothesis is tthet number of cointegration relationships is edaal; b maximum
eigenvalue test, ¢ Trace test; * Indicates sigaifie at the 1% level, ** indicates significancehat 5% level
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Table 29 Results of the multivariate Johansen co-iagration test for the two processor price seriesral the Hong-
Kong import price series

Null Hypothesis? MaxP 95% critical value Tracef 959% critical value
p=0 28.89** 25.82 58.64* 42.92
p<1 23.54** 19.39 29.76** 25.87
p<2 6.22 12.52 6.22 12.52

Results from Akaike; a The null hypothesis is tthet number of cointegration relationships is edaal; b maximum
eigenvalue test, ¢ Trace test; * Indicates sigaifce at the 1% level, ** indicates significanc¢hat 5% level

Bivariate and multivariate co-integration tests evalso used to investigate the potential compathietween
different countries exporting to the Hong Kong nedrhtf this competition exists and can be detetteough
simultaneous variations in prices, then changesipply from one exporter are susceptible of impactiot
only the prices this exporter receives, but alsophices received by other exporters to the samkana

Only the bivariate co-integration test betweengsitor live CT from Malaysia and the Philippinegeoted
the null hypothesis of no co-integration with ranR, at least at the 5% significance level (Talilg 2l the
other bivariate co-integration relationships tedggiéd to reject the null hypothesis of no co-gregion, even
at the 10% significance level. Based on this regudippears that coral trout from Australia doesecompete
with coral trout exported from Indonesia, Philipggnand Malaysia. Therefore, there may not be tdirgacts
on the prices received by Australian producerghainges in the exports from these other countni¢tong
Kong

A multivariate test was undertaken including ak tHong Kong price import series (Australia, Indoags
Malaysia and Philippines) (Table 31). The resuitly @artially confirmed those obtained from thediate
co-integration tests. The Trace test indicated dinat co-integration vector exists in the multivegiaystem,
agreeing with the result obtained in the bivariateintegration tests. On the other hand, the maximu
eigenvalue test indicated no co-integration vedtothe multivariate system.

Table 30 Bivariate Johansen co-integration test folive CT import prices into the Hong-Kong market

Null Hypothesist

Rank p) =0 Rank p) <1
Ln Nominal Prices Max® Tracé Maxt Tracé
Australia / Indonesia 7.991 7.990 0.078 0.078
Australia / Malaysia 3.945 3.962 0.018 0.018
Australia / Philippines 6.501 6.708 0.206 0.206
Indonesia / Malaysia 8.108 8.114 0.006 0.006
Indonesia / Philippines 7.589 7.910 0.321 0.321
Malaysia / Philippines 18.874* 19.028* 0.153 0.153

Results from Akaike; a The null hypothesis is tthet number of cointegration relationships is edaal; b maximum
eigenvalue test, ¢ Trace test; * Indicates sigaifce at the 1% level, ** indicates significanc¢hat 5% level
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Table 31 Multivariate Johansen co-integration testfor live CT import prices into the Hong-Kong market

Null Hypothesis? MaxP 95% critical value Tracef 95% critical
value

p=0 29.097 32.118 63.950** 63.876

p<1 18.713 25.823 34.853 42.915

p<2 11.148 19.387 16.140 25.872

p<3 4.993 12,518 4.993 12.518

Results from Akaike; a The null hypothesis is tthet number of cointegration relationships is edagl; b maximum
eigenvalue test, ¢ Trace test; * Indicates sigaifce at the 1% level, ** indicates significanc¢hat 5% level

Quota trading patterns

RQ effort and landings fell sharply in 2004-05 (g 99) following the introduction of TACs and
implementation of the GBRMPA Representative Areagfam. The latter increased the area of no-takeszo

in the GBRMP from <5% to >33% and was accompanyea statewide fisheries buyback program. Landings
have since remained low when compared to the pogagera and to-date, the TACs have not been met, so
cannot currently be considered to actively constilae RQ fishery’s level of output. The only qugtaup to
have come close is CT in the year 2008-09 whenoappately 96% of the TAC was landed. In more recent
years two significant cyclone events, Hamish in 8ha2009 and Yasi in February 2010, have also darigd

to a decline in effort and landings across the wtiishery. Historic landings and the TAC (horizdriikack
dashed line) for each RQ group are shown in Fi§are
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Figure 99 RQ landings over time for CT RTE OS withthe TAC shown as a horizontal black line

Market dynamics

The greatest change in number of market participamats seen between 2004-05 and 2005-06 for alhgquot
groups. CT, RTE and OS market participant numteisy 21%, 19%, and 13% respectively. This isdadd
to be mainly a result of license owners selling ¢énétlements they were awarded in the initial yead is
supported by the exceptionally high volume of peramd trades observed in this period. Permanengdrad
the first year were seen to be in the region 083% of the TAC whereas all subsequent years faéen 5-

10% of TAC.

A summary of selected market characteristics andthese have evolved over time for the three gtyqes
is set out in Table 32. Three years are reportedyear that ITQs were first introduced into the fQery
(2004-05), what is considered to be the ‘peak’ltgtzar since the introduction of ITQs (2008-09) #re last
year for which complete records are available (2010
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Table 32 Summary of quota lease trade markets foraeh RQ group in the financial years 2004-05, 20080and
2010-11

Coral Trout Other Species Red Throat Emperor
2004-05 2008-09 2010-11 2004-05 2008-09 2010-11048% 2008-09 2010-11

Account holders 367 322 320 359 375 374 358 351 354
Accounts landing fish | 165 168 175 194 223 219 158 158 160

Number —of lease| 55, 730 554 96 210 281 112 357 377
trades
'(-Oe(‘;"ginitgades (T| 51108 124183 75021| 23750 61514 48044 134282013  244.42

LT/ TAC (%) 0.40 0.96 0.58 0.25 0.64 0.50 0.22 0.36 0.40

Permanent Trades

(PT) (000 units) 373.97 70.08 95.39 312.90 49.55 49.83 199.62 28.3859.17

PT / TAC (%) 0.29 0.05 0.07 0.33 0.05 0.05 0.32 0.05 0.10
% account holders | 57 0.20 0.44 0.74 0.43 0.45 0.76 0.60 0.54
withno LT

Gini Coefficient 0.656 0.787 0.792 0.534 0.711 672 | 0.636 0.768 0.777

The proportion of account holders participatingha lease market, the overall volume of quota kaged
the numbers of temporary trades undertaken weredbin the first year of ITQs for all quota typésr CT
these measures of participation and trade peaklavrittings in 2008-09 before falling to levels menilar
to those seen in 2005-06. Measures of lease tradlpaticipation for RTE and OS quota do not peal a
year later in 2009-10, when landings were alsodsgkince the introduction of ITQs for RTE and agsin
the highest for OS. These quota groups also diften CT in the way that trades and levels of pgétion
in their markets remain relatively flat after peekirather than falling. The proportion of accobolders that
participate in the associated lease trade marketgemerally lower for OS and RTE categories wiempared
to CT for all years other than the most recent wkidn participation fell close to that of OS (56%).
Concentration of quota ownership was tested focddgulating the Gini index for each quota groug#éth
year. The Gini index measures the level of inegpalmong values, the index is can have a valuetfden
zero and one where zero is perfect equality andpenfect inequality (i.e. where one person ownsjadita).
The values of the Gini index calculated indicatat thhe market was relatively concentrated for edugs in
2004-05 and has become increasingly concentratedtiove. The rate of concentration was greate stdx
the first year of ITQs and 2008-09.

Over the whole period observed, annual numberaditidual lease transactions increased by 95%, 193%
and 237% for CT, RTE and OS. The quantity of uleiésed also increased, by 47%, 82%, and 102% for CT
RTE and OS respectively. These are generally sotietts larger increases than the 47% increasaumber

of trades and 60% increase in volume of trades seena comparable period of time in the Tasmaroak
lobster fishery (van Putten et al 2011b). As thaltquantity of units leased (kg) increased prapodily less
than the number of lease trades, the average sthese trades has fallen over time and by 201avEtage

CT lease trades were 25% smaller than in 2004-0%&, B8%, and OS 40%.

Changes in the distribution of quota account types

Proportional ownership and use of CT quota by ttegraative groups of quota accounts is illustrateligure
100. At the group level investors have consistemtined the greatest proportion of quota for thelevperiod
observed (536,643 units in 2010-11), whilst leasggethdent fishers have accounted for the great@sopon

of landings (606 tonnes in 2010-11). The role wéBstors as ‘owners’ and lease dependent fishéca@bers’
has been consistently developing over time wittegtor holdings increasing from 10% of the CT TAC in
2004-05 to 42% in 2010-11, and proportion of lagdi€T taken by lease dependent fishers going fi@h 4
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in 2004-05 to 69% in 2010-11. The role of quotastibutors that also land over one tonne of CT ywar

has diminished, both in terms of ownership and with,the proportion of landings taken by this godalling
sharply from 37% to 10%, almost exactly the sameuwarhlease dependent landings have increased by.
Ownership of quota by redistributors that landes$ lhan one tonne of CT increased and then decdraase
landings did the same.

Of the 367 businesses present in the first yefif@§ 176 of these were seen to still be presesbime form

by 2010-11. A significant proportion (38%) of busgses was inactive in 2004-05, meaning that queteis
neither leased nor caught any part of their quaténd that year. This proportion was still 24% loé total in
2010-11, but decreased to 14% in 2008-09. Of tBdriative businesses seen in 2004-05, 103 lefybem

by 2010-11 (these businesses could be assumedvéodmdd out), 20 were still inactive, 3 had become
independent (indicating that they had started riglon their quota), 8 had become investors (so weve
leasing their quota out), and 2 had become qudiatributors<1t (so were now leasing quota in aat] and
catching CT). The 46 accounts classified as inadtiv2008-09 held a total of 33,787 CT quota ufiB9 of
TAC) (range of 0 to 12,292)
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Figure 100 Evolution of CT quota ownership and usdor alternative typologies as a proportion of the ¢tal
(SEWPaC holdings excluded)

The number of independent operators fell as CTefislsonditions were such that the TAC was neakgria
in 2008-09, but once again increased as the gapebattotal fishery catches and the TAC increasbéé. T
quantity of account holders deemed to be inactige & 0, lease in/out = 0) almost doubled oveiptreod
observed from 46 in 2008-09 to 75 in 2010-11, hawekie volume of quota owned by this group incréase
sixfold from just under 33 tonnes in 2008-09 to @193 tonnes in 20010-11, such that in 2010-24 &b
the TAC for CT was not fished or traded.

Network analysis results

The plots in Figure 101 depict the CT lease tradeket network in each financial year, and how & tlaanged
over time. The circular nodes each represent awithl quota account that held or traded CT irt trear.
The lines joining nodes, edges, represent theesdst of a direct lease trading relationship betwbese
guota account holders in that financial year. Tihe ef connected nodes reflects the total volunteaafe it is
involved in over the year in terms of number of tguanits traded (both in and out). The completely
unconnected nodes that sit at the bottom of eatvtomnie are the quota holders that do not undertakdease
trade activity in that year, and as such their s&zeot related to level of trade. These businessesa
combination of those classified as either indepatdeinactive.
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Figure 101 CT quota lease trade network maps

The network maps clearly demonstrate how CT leaa&ehconnections have evolved; with high numbérs o
unconnected non-traders in the first year (2004t0&network then builds up, incorporating more arate
participants, to a peak in 2008-09 before revertingome extent by 2010-11.

Quota trading patterns analysis

Social network analysis (Scott 1991; WassermanFaust 1994; Haythornthwaite 1996) is the mappirdy an
guantification of relationships between individuaitities. Based upon the principals of network theo
(Strogatz 2001; Barabasi 2005), network maps aradisital measures are used to illustrate and
mathematically assess a network’s properties asidate how these may have changed over time. Itegbn
of the CRFFF, network analysis has been used tmdidy identify the existence and nature of trading
relationships between anonymous account holdettseiarket for RQ quota, specifically short-terrase
trades for CT. We used the open source platfornosgpe (www.cytoscape.org/) to visualize and aealyz
the networks but a number of alternatives, sudch@$NA package in R, are also available.

This methodology has been widely applied and usexthalyze social networks such as the world wide we
and citations in research (Barabasi 2005). Infgefies context the significance of social netwdrs been
established with respect to compliance (HatcheifryJd&t al. 2000), viability during resource scayci
(Ramirez-Sanchez and Pinkerton 2009), and reldtipadetween fish traders (Weisbuch, Kirman e2@00).

To the best of our knowledge a study of the Tasaranbck lobster ITQ market (van Putten, Hamon et al
2011) is the only previous example of this techaidpeing used to assess such markets in the caftext
fisheries. This provides some useful points ofnexiee, allowing comparisons to be made betweenrdeu

of key indicators.

The structure of networks, the associated deseeiiatistics, and how these all change over timdecate
how information is likely to pass through networltse ability of one business entity to interacthaanother,
and the relative degree of control each individnay exert over exchanges in the network. Individumities
within a network are typically referred to as noded connections between these nodes are called.geéigm
a theoretical perspective, the structural distidyubf these edges, can range from being eitheslpuandom
to completely regular. Early work in the area assdimandom connectivity (Eéd and Rényi 1959) but more
recently it has been shown that real life netwodspecially those in the social / economic domdiano
display markedly non-random, so called “scale-frgedperties (Barabasi and Albert 1999; Baraba8b20

The number of other nodes any single node is dyreonnected with is its degree A network is said to be
scale-free when its degree distribution, conforonthat of a power distribution (Barabasi and Ald&99).

P(d)=cd”
whereP(d) is the probabilityP that a node has degrdec is a normalizing constant, apds an unknown
parameter. For< 3 the average degree distribution is consideotdapresentative and the network is deemed

to be scale-free (Barabasi 2009). Under a powerildlision the frequency of very high and very loegdee
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distribution nodes is higher than would be expetiad the network formed purely at random (Jack€$@9p
and indicates the prominence of high degree nodé@syeas hubs.

Several additional statistical measures are alsal tis assess the networks and are computed usng th
NetworkAnalyser component of Cytoscape (Assenad.e2008). The clustering coefficient is a measafre
local cohesiveness and for directed networks

C=e/(d(d-1))

whered; is the number of neighbors iodnde is the number of connected pairs between all ieighofi and
0 <Ci < 1. The average clustering coefficient givesarall indication of the level of clustering in thetwork
as a whole and it has been shown that real wodihlspetworks can display high levels of clustenigen
compared to purely random networks (Watts and &tm998).

The network diameter indicates the maximum lendtshmrtest paths between two nodes, in terms of the
number of edged between them. The characteristic path lengtimefteork is the average shortest path length
between nodes in the network, the shortest patithemeingL(i,j), wherei andj are two separate nodes. A
high characteristic path length relative to the bhanof nodes in the network implies the networsi@soming
similar to a linear chain whereas a relatively ldvaracteristic path length indicates the netwodoispact.

Characteristics of the nodes themselves are assass®y measures of closeness centrality and baetvess
centrality. The closeness centrality of a node imeasure of how fast information can spread between
connected nodes in the network (Newman 2003) acaldsilated in Cytoscape as the reciprocal ofvitgsage
shortest path length.

Cc(i) = 1/ avg( L(i,j))

whereL(i,)) is the length of the shortest path between tweesodndj, and 0€Cc<1 and zero indicates the
node is isolated. The betweenness centrality @ide provides an indication of the amount of corgsarted

by this individual node on interactions in the netky Cytoscape uses the Brandes (2001) algorithm to
calculate this:

Cb(i) =X j # 1 # k (ik(i) / ajk)

wherej andk are different nodes tQgjk is the number of shortest paths frpto k, andojk(i) the number of
shortest paths froto k thati lies on (Brandes 2001).

In the context of trade networks, properties siethase described in this section bear directioslatith the
ability of information to spread between groups] have implications for overall market efficiency.

Additional results from the network analysis

In a directed network such as the one consideney] tviere relationships are not necessarily synica(i.e.
trader A may lease to trader B but B does not l&a#9, the degree distribution can be assessegfins of
either its inbound connections (in-degree) or ughound connections (out-degree) as the numbersafch
will vary. Degree distributions of both forms aretped on a log scale in Figure 102 for the CT ¢etrade
network and the parameter values for the power(émuation 1) are reported in Table 33.
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Figure 102 Annual level degree distributions (logaale, in- and out-) for the CT lease trade market

The general shape of the degree distributions gurki 102 is similar across all years and relatigmsh
directions. This illustrates that the majority ormket participants were connected to relatively {ewe or
less) other participants for the years observe@0B¥-05 80% of account holders had an in-degrezeiaf,
implying no inbound connections, and 70% had ogfrele measures of zero. In the same period 10%2%d 2
of account holder respectively had in- and out-degmeasures of only one (indicating lease trading
relationships with only one other account hold&gcount holders with no lease trading relationskipes
degree distribution of zero) always formed the datggroup in each year. The proportion of accooiddrs
with degree distributions of zero (for both in and) were observed to be at their smallest in 0848n they
accounted for 58% and 45% of account holders réispdc implying that nearly half the account halsle
leased quota in, while more than half the accootddrs leased quota out in that year.

All of the degree distributions satisfy the powawl(Table 33), indicating that all the networks &i@cale-
free properties. The change in the network’s natare also be clearly seen in these indicators, thity

coefficient being lowest in the high trade yeard¢ating that hub type components play a greater irothat
year (also visible in Figure 102102). Results far initial year may be harder to interpret as figh kevels of
permanent trading that occurred concurrently ia #rid the following year is likely to have confoaddhe
measure for these periods.

Table 33 Power law values for CT lease trade degrelistributions

Coefficient 2004-5 2008-9 2010-11
In-degree a 43.572 41.968 70.603

y -1.747 -1.211 -1.719

correlation 0.979 0.994 0.989

R2 0.937 0.853 0.891
Out-degree a 65.989 44.432 42.082

y -2.224 -1.339 -1.453

correlation 0.999 0.972 0.993

R2 0.932 0.762 0.870

The major differences between degree distributioriSgure 102 are seen in the size of the distidioig tail
each year. In its initial years (2004-05 and 2068pt0e network has relatively short tails, with thaximum
number of trading relationships any one marketigpent had being 10 in 2004-05 and 14 in 20058H
out-degree). By 2008-09 (solid triangular pointg) thaximum had increased to 53 and 40 (for in-ute
degree respectively), the highest levels obsemethy period, resulting in much fatter tails. 02010 and
2010-11 the maximum number of inward oriented trgdielationships dropped to 13 and 12 respectively.
Outward oriented relationships dropped to 25 ante%pectively.

The network clustering coefficient is consistertlgse to zero, as in the Tasmanian rock lobstel) (Rise
(van Putten et al. 2011b) and indicates low lewéldustering at the network level. This is to bpected in
a market where agents trade to maximize profitetiee heterogeneity in preferences / utilities i from
owning / leasing quota and lack of concentratiomwhership of quota in only a few agents. Measofes
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network diameter were generally lower in the CT kati(from 3 to 8) when compared to values obsemed
Rock Lobster study (4 to 11). The peak of 8 ocaui2008-09 and the value subsequently falls to B0ihO-
11. This indicates a relatively less complex neknaond more direct routes between the furthest augmnts
in the market. These differences with the Tasmaroak lobster case are possibly related to thetfattrules
regarding quota ownership and trade differ betwibentwo fisheries, with QLD regulations allowingr fo
broker-type activity to develop, as well as concaian of ownership. (The Tasmanian rock lobstshdry
has restrictions on the ownership of quota.)

Not accounting for the initial year (2004-05), doethe relatively small number of nodes taking parthe

market, the characteristic path length of the ndtias steadily fallen over time, from 3.37 in 2@bto 2.32
in 2010-11, indicating that the average tradingnemtion between any two agents fell in this peribde

initial increase from 1.45 to 3.37 between 2004888 2005-06 is likely to be a result of the inceemsthe
number of market participants over the same peiidtie absence of broker type nodes that reddcavbrage
path length between nodes. A similar magnitudesiase in the characteristic path length was obsémabe

RL fishery and attributed to increasing numberguista owners having high number of connections.

Figure 103 plots the proportion of account holdsith centrality values greater than zero over tiffiee
proportion of individuals with a closeness centyadireater than zero in the CT market (Figure 198)itially
much higher than that observed for RL, but steatblgreases over time, which would indicate a fragateon
of the network into sub-components. This may béoregjly defined, in relation to spatial constrainthie
betweenness centrality for CT slightly increase@008-09 but then fell back close to its initialdg a level
comparable to that observed in early years of Ritaytrading.
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Figure 103 Proportion of nodes with betweenness araoseness centrality >0 for the CT lease
market

From inception up to the 2008-09 peak in CT cataiwork indicators for the CT ITQ component of the
CRFFF fishery are generally consistent with thdsseoved in the Tasmanian rock lobster fishery @atten

et al. 2011b), and with those of a growing and magumarketplace. As the fishery came closer tahew

its TAC temporary trade activity increased substdigtand the role of well connected “hub” nodeswr Yet,
despite the networks all displaying scale-free proes, the typically assumed trend towards inéngas
scalefreeness as networks evolve (Barabasi 200®)t isonsistently observed in this case, with thposite
actually being observed to some degree as theggagen total landings and TAC subsequently grewéden
2008-09 and 2010-11.

The observation that after the peak of 2008-09 teefficient for in-degree distribution was seelnirease
again, back to 2004-05 levels, also suggests agteduction in the role of well connected nodekeasers
in of quota from multiple other traders. Whilst t6& lease trade network has reverted to some degree
2008-09, this has not occurred in a symmetricalmeaas certain features of the peak period rerrniwever,
and interestingly, the out-degrgeoefficient remained close to the level observe?(08-09, suggesting that
their role as a supplier of quota (with many outivemnnections) to the network has persisted. Ossiple
explanation for this is that over time such accdwitlers have undertaken permanent transfers tairacq
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sufficient quota that their need to lease quotashto satisfy demand has diminished, especialgemand
for CT quota is far lower in 2010-11. Concentratiorthe ownership of quota was observed for CTdlilem
weight to this explanation. This points to a nemdgermanent and temporary trades to be consigeiraty
in the analysis.

The other striking result is the proportion of nedkat are disconnected. The disconnected nodesirsee
Figure 101 are a combination of businesses deeitieat active or independent in Figure 100 andadttern
of disconnected nodes becoming less prevalenttierbgears is linked with the general increasenalevel
of lease market participation seen at that timélg@82). For the independent component, when cataleee
higher, businesses whose quota holdings had prayibaen sufficient to cover their catches, anovalhem
to exist outside of the lease market, needed teadditional quota and consequently entered Hr&ahin
order to lease it in (becoming ‘lease dependeritiéprocess). This situation was also reflectetarinactive
component whose numbers were substantially lowdrérpeak period (falling from 139 in 2004-05 toid3
2008-09) as they either sold out (99), began lgasieir quota out (19 became investors), fishdtkimselves
(4 became independent), fished it and leased i(became income supplementers), fished it arsbtea
(1 became lease dependent), or leased in and leasétl became a quota redistributor<l1t. These musnb

were similar by 2010-11, the main exception belage that were investors falling by half with mokthese
having sold out.

The observation that some degree of inactivityiptd throughout the whole period (quota holdeas thd
nothing with their quota) is an interesting and ewinat counterintuitive situation. In addition toeth
opportunity cost of not using it in some way (fidase out), the ownership of quota incurs anreed that
are levied independent of whether it is fishedclivity also results in the loss of associated ledtistory,
potentially another cost to the account holder Bhamanagement conditions change. Without more
information logical explanations for this situatiane that imperfect exchange of information is fioign
barriers to trade or that the transaction costsciet®ed with leasing out are simply too great axceed the
benefits.
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The CRFFF Economic Survey documents that were used in carrying out the surveys

Document File name Version

Interview tracking form 1 - CRFFFEconSurvey - Inview Tracking | 16/11/2011
Form.pdf

Questionnaire 2 - coral reef fin fish fishery econo 16/11/2011
guestionnaire.pdf

Interviewer guide 3 - Interviewer guide for CRFRforOMIC 17/11/2011
survey with activity tables.pdf

Maps 4 - Map booklet.pdf 16/11/2011

Participant information form 5 - CRFFFEconSurvey - 16/11/2011
Participant_Information_Form.pdf

Participant consent form 6 - CRFFFEconSurvey - @ohdorm.pdf | 16/11/2011

Introduction to the survey 7 - Introduction to thevey (for phone 16/11/2011
contact).pdf

Consent form for access to | 8 - Accountant authority form.pdf 16/11/2011

accounting data

Consent form to access 9 - Activity Summary Authority Form.pdf 16/11/2011

DEEDI data summary

Agreement of confidentiality | 10 - Confidentiality agreement for 16/11/2011

for surveyors surveyors.pdf

DEEDI Letter 11 - letter to RQ holders re economic 16/11/2011
survey.pdf

Project Flyer 12 - GBR flyer Sept 2011-final.pdf /162011

Templates of information 13 - DEEDI Data Summary template.pdf 16/11/2011

received by respondents fron
DEEDI

N

CSIRO Social Science Hum4
Research Ethics Committee
Project Completion Ethics

n

Report Form
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B. Operating Instructions for ELFSim 3.0

The code for ELFSim has been ported from VisualBs&siC++, and the MS Visual C++ 6.0 compiler. The
code is housed in a publicly accessible Subversame repository, and software versioning and renisi
control system maintained and supported by CSIRCcédss can be obtained from Rich.Little@csiro.&bg
MS Visual C++ 6.0 compiler has been supplantedby008 MS Visual Studio .Net framework, and altfrou
some of the project files for the Integrated Depetent Environment (IDE) (e.g. it uses a *.vcprgtaad of

a *.dsw) are different, and not backwards compatialmove to this version is currently underwayhwivo
branches to the repository currently active.

The code is written without a great reliance on $pp8cific classes, to support any movement of theetio
other platforms. One of the only potential legagsues of the model is the reliance on MS Accestbdaes
for input and output. A module calledsyodbepp is used to access the databases through acaaibection.

All calls to easyodbapp in ELFSim are kept in tireadinputcpp module, which operates as the read/write
interface.

Setting up the databases

Theeasyodb@pp connection, and thus model, access the damba®ugh the Windows System DSN (Data
Source Name). ELFSim databases are specified iBytsemDSN by accessing the menu:

Windows Control Panel: Administrative Tools: Datuges (ODBC) or by starting

C:\WINDOWS\system32\odbcad32.exe

in 64 bit Windows operating system this command is

C:\WINDOWS\SysWOW64\odbcad32.exe

The ODBC link to ELFSim requires four system datarses as MS Access databases. The Windows data
source name (DSN), and corresponding ELFSim MS #goames are:

DSN ELFSim MS Access database
1 elf elf_input.mdb
2 elf_hist CatchAndEffortR3c.mdb
3 results elf_results.mdb
4 connect Connectivity.mdb

Running ELFSIim

ELFSim is run from a command line in the local slitectory in which the executableL FSimexe resides.
There are several arguments that can be passedrimg the model, which can be queried by typireggtalp
command:

*\ELFSim -help
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Each simulation must specify which species to ide|with at least one species needed to run thelnibade
flag —sis used to specify the species to use.

*ELFSim —s CT

for simulations of common coral trowRlectropomus leaopardis

Or

*ELFSim —s CT —s RTE

for simulations of both common coral trout and tiebat emperorl{ethrinus miniatus

Once the model is initialised so that all the reefis support the catches historically taken froemtifi.e. there
are no extinct reefs) all the historical informatineeded to repeat a successful initialisatiomi®gd in the
elf_results.mdb database. This information consifts

1. the initial fish density on each reef; and
2. the historical fishing mortalities on each reef.

Flags set at the command line are used to simplyatea simulation that has already been initialised

HELFSIm-sCT-i1-Fs1

These arguments indicate that the previously savigdl densities—i 1  and fishing mortalities-Fs 1
should be used. These data are found in the In@PpmitPopRTE, FishingMortCT, FishingMortRTE table
of the elf_results.mdb database. The simulatiohgulthrough the historical period of the modelyoahce
starting the projection period if a saved initiatisn is flagged for use. Therun x flag argument on the
command line is used to save results to a new itinthhe same initialisation set up but potentialifferent
conditions in the projection period.

NELFSIim-sCT —-i1-Fs1-run?2

Note that a run will need to have been set upereth input.mdb database, which requires new enini¢he
tables: Runs, Run Parameters: *, VD_ParametergeTdre default parameter values in the tables Mefau
(for Run Parametergable), Biology (forRun Parameters: Species Spedifible), AdultMigrationParameters
(for Run Parameters: Adult Migratiotable), EffortAllocation (folRun Parameters: Effort Allocatiaable),
and QuotaData (fdRun Parameters: QuotaDatable). The field Parameter_ID should link theleab

Running a Stock Assessment model in ELFSim

The —assess fag argument is used to run an assessment modelFSim. Two assessment models have
been implemented in ELFSim. The CAB assessmemhgeimented in ELFSim in theabAssessmenpp
module and the QDAF assessment is implementeceiDAFAssessment.cppodule. The interface for the
assessment model is in tAeFSimcpp module, which is the main control module far model. The first call

to the assessment model is to read the paramdteindhe input database and initialise the datecsires:

printf("assessment model %d\n",g_runtimeParms.asses smentModel);
switch (g_runtimeParms.assessmentModel) {
case 0:
/Inothing
break;
case 1:

readAssessmentData(0);
initialiseCABassessment(0, false); //species 0 b eing assessed
break;

case 2:
readDAFFAssessmentData(0);
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initialiseDAFFassessment(0, false);
break;

This code is called before the main loop for thetdrical period.

The Boolean argument in calling the assessmerdliadtion code (e.mitialiseCABassessment(0,

false); ) is used to indicate whether the global datactires used are to be re-initialisacué ) or
initialised false ). ELFSim can run through multiple projected regl&es from a single initialisation and
allocating memory in the data structures should/ drd done once on the first replicate. All subsetjue
replicates use the data structures with over-writbemory already allocated. This occurs after therfoop
for the historical period and requires many vaegalib be re-initialised.

Re-initialisations for the assessment models tbatat require global data structure memory all@catre
captured in the code snippet:

for (ns = 0; ns < g_runtimeParms.nsims; ns++) {

if (ns > 0) {
reinitialise();
initialiseEAM(true);
initialiseVDM(true);
switch (g_runtimeParms.assessmentModel) {

case 1:
initialiseCABassessment(0, true); //species 0 be ing assessed
break;

case 2:
/linitialise other assessment model;
initialiseDAFFassessment(0, true); //species 0 b eing assessed
break;

}

The Boolean flag in

initialiseCABassessment(0, true);

indicates that the global data structure shoulceHaitialised, and not allocated with new memaryhe data
structures. This prevents memory leakage.

ELFSim deletes all previously created assessmigst, ftollects data for catches and CPUE that haes b
collected historically, and samples the populatige and size structure mid-way through each hestoyear
before each projection starts.

The procedures:

compileAssessmentData(0, y-1,1);

and

compileDAFFAssessmentData(0, y-1,1)
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collect catch and CPUE data that the operating hafdeLFSim has generated. The procedures:

UVShist(0, y, m, 6); //CT by index 3 (green zone UV S survey)
and
DAFFUVShist(0, y, m, 6); //CT by index 3 (green zon e UVS survey)

collect historical data from the historical UVS#eys, for the respective stock assessment modsds (s
below), while the procedures

structureLineSurveyHist(0, y, m, 0, 4); //CT by ind ex 3 (fleet 6)

and

structureDAFFLineSurveyHist(0, y, m, 0, 4);

collect historical data from the historical linengeys that operated from 1995-2002.

The assessment model is called at the start gfgieonce the projection period is entered:

switch (g_runtimeParms.assessmentModel) {
case 1:
doCABAssessment(0, y-1);
printf(".... Assessment complete at start of %d\n "y
makeDecisionCABAssessment(0,y);
break;
case 2:

doDAFFAssessment(0, y-1);
printf(".... DAFF Assessment complete at start of %d\n",y);
makeDecisionDAFFAssessment(0,y);

break;

An initial run of the assessment model is perforipedr to running the vessel dynamics model, thaiag
only data generated historically in the operatiraglei.

At the end of the projection year, the catch antE®ata derived from the vessel dynamics modetinair
year are compiled and standardised:

for (y = yend; y < yendProj; y++) {

[this if to query to see where the model is when the window is not
available.

printf("projection year %d\n",y);

state = fopen("state.txt","w");

fprintf(state, "projection year %d\n",y);

fclose(state);

if (y > yend) {
switch (g_runtimeParms.assessmentModel) {
case 1:
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/Irequires the year y in which the file is writt en
doCPUEstandardisation(y);
Ilrequires the year y-1 in which the data end
compileAssessmentData(0, y-1,1);
printf(".... Catches compiled until %d\n",y);
break;

case 2:
Ilrequires the year y in which the file is writ ten
doDAFFCPUEstandardisation(y);
Ilrequires the year y-1 in which the data end
compileDAFFAssessmentData(0, y-1,1);
printf(".... DAFF Catches compiled until %d\n", y);
[finitialiseVDM();

break;

These are the main interfaces of the ELFSIim modtél tive assessment model.
Assessment model details

The CAB and DAF assessment models have a global staticture that is defined iglobalsh called
CABassessment_tag andDAFFassessment_tag. The data structure is instantiatedjlobalscpp as

CABassessment_tag g_CABassess;

and

DAFFassessment_tag g_DAFFassess;

These data structures have many properties as sar@yd scalars that are initialised in
initialiseCABassessment , andinitialiseDAFFassessment. The procedures writePIN(sp,

year) , writeCTL(sp, year) , _writeDAT(sp, year) all output the contents of the respective
data structure in a formatted structure to the fileeded by the assessment model.

The convention for function scope in ELFSim is tihet underscore “_” indicates that a function halg tocal
scope to the modules. Such functions are instadtiatth thestatic ~ keyword like:

static int _writeData2File(int sp, int year)

The compileAssessmentData(0, y) andcompileDAFFAssessmentData(0, ) procedures collect
data from the ELFSim operating model. The main afieg model data structures that are used are those
carrying the species and reef catches and effort:

g_Populations[sp][r].ObsReefCatchl[f][year][m]

g_reefs[r].ObsReefEffort[f][year][m]

wheresp is the species (0 CT, 1 RTE),s the reeff is the fleetyear andmare the year and month.
Other data that may be used in the assessment inctigle length and ages of the catches.
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C. Overview of the CAB assessment model implemented in ELFSIim

A stock assessment model, called CAB, was impleeakimt ELFSim for evaluating management strategies.
It is based on a multiple sub-population model ol all stocks share a common stock recruitment
relationship. The model, which is fitted to datageted by ELFSim, thus attempts to estimate the
underlying annual population sizes. The CPUE dsa#al fior assessment purposes is derived using a
procedure that standardises CPUE across 1 degatial gells, vessels, years and months.

CPUE Standardisation

The CPUE standardisation model was written and dechn the AD Model Builder (Fournier et al. 2012)
to create an executable file, which was integratemloperating model, ELFSim. At the conclusioreath
simulated calendar year, ELFSim writes an inpet fiblls the executable and waits for it to finidpon
completion the output file is read and the yeactois used in the CAB stock assessment.

Commercial fleet catch rates were standardised tnoendegree grid cell-, vessel-, year- and monécifip
catch,C and effort,E, ., , data, by minimizing the objectivmétion:

y,m, g,v?

H 1P
¢ ={(eﬁy+ﬂm+ﬁg+ﬁvEy,m,g,v)2 _(Cy,mgv)2:|

Where ,By is a vector of parameters (one parameter for gaahincluded in the data set), representing a

year effect on CPUE[,, is a vector of parameters (one parameter for gawith included in the data set),
representing a monthly effect on CPLJEQ, is a vector of parameters (one parameter fdr eae-degree

grid for which a catch and record is availablepresenting the spatial effect on CPUE, gdis a vector of
parameters (one parameter for each vessel incindbéée data set), representing the vessel effe@RIJE.

The year factors from CPUE standardisations ofrcatal effort data for commercial fleet generatddgus
the fleet dynamics model over the course of an EiF8ojection shown in Figure 104 track the avdéab
biomass in the model.
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Figure 104 Year factors from CPUE standardisations,,By (coloured circles) based on data generated for the

commercial fleet for five projected years in ELFSim compared to the available biomass in the ELFSIim
operating model (black line)
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Implementing the CAB Stock Assessment in ELFSIim

The CAB stock assessment model was also writtercamgbiled in the AD Model Builder (Fournier et al.
2012) to create an executable file, which was nategl into operating model, ELFSim. At the con@usof
each simulated calendar year, after running the EEgtandardisation model ELFSim writes an input file
based on sampled data (age, length and CPUE) aisdhe executable. Upon completion the outpetiil
read and spawning stock biomass is potentially fzea given decision procedure or harvest comtrig.

Below we report the results of the stock assessmedetl in ELFSim performed annually from 2002 to
2025, and compared them to the operating modeltseshich represent the underlying population the
which the stock assessment model is trying to @s&mAge and length samples for the assessment mode
were taken from the underlying simulation modehfrd00 randomly chosen “blue” reefs (i.e. reefs enily
open to fishing) in each year of the projectionqubrThe operating model, ELFSim, was initialiseguch

a way that the “blue” and “green” reefs (reefs etb$o fishing) were independent. The stock assagsme
therefore was attempting to measure only the sitatle of the “blue” reefs.

Procedures in ELFSIim were written to generate filata the operating model for use as input for the
assessment model. This included a routine thaeacelll spatially- explicit catch and effort datanfrthe
vessel dynamics model to derive a standardized QRedsure.

Figure 105 (top) shows that the model does notappeaccurately estimate the actual underlying &ht
biomass. Specifically, the underlying biomass irfFELm is much higher than the estimated biomass
estimated in any of the years reported (2002, 22083, 2023). When compared to in relative terms
however, as spawning biomass relative to pre-etgtion levels (Figure 105, bottom), the assessmertel
more accurately estimates the underlying simulbitechass in ELFSim.

The fitted standardised CPUE for five projectiorang (Figure 106) show that the CAB assessmentimode
fit the data from the underlying simulation modghe black dots represent CPUE data from the hcstbri
period of ELFSim, whereas the blue dots are thedstalised CPUE data from the vessels in the vessel
dynamics model in the projection period. The leragtd age distributions (Figure 107 and 108) sampled
from 100 randomly selected “blue” reef showed #tatk assessment model was able to fit the sampled
data.

158



14000 +
12000 1
0
%)
: \
S 10000 4
S \
=4
g 8000 A
g /\QM/\
» 6000
g year vs rel sp bio
b= —— year vs 2002
‘© 4000 ~ —— year vs 2008
— yearvs 2013
2000 - — year vs 2018
—— year vs 2023
0 T T T T T T
1960 1970 1980 1990 2000 2010 2020 2030
year
1.0
0.8 1
o
%)
©
IS
il
2 0.6 -
o
=
s
g
n 0441
g year vs rel sp bio
b= —— year vs 2002
© —— year vs 2008
0.2 — yearvs 2013
— year vs 2018
— year vs 2023
0.0 T T T T T T
1960 1970 1980 1990 2000 2010 2020 2030

year
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D. DAF stock assessment model
Overview

The population dynamics model used in this assessmas a regional, age-structured, forward-preaficti
model. It was written in the software AD Model Rigr (ADMB) (Fournier et al., 2012) and built oreth
general-purpose stock assessment model Cabezore @ad., 2003), source code for which was kindly
provided by Dr André Punt of CSIRO and the Uniuygrsi Washington. Cabezon is also the name adla fi
on the west coast of North America, for which timisdel was used.

Cabezon calculates the number of fish of each adesex in each year, and applies harvest ratesu{atéd

from the recorded catch sizes) and the naturalatiyrtate to progress numbers-at-age forward fooim year
to the next. It includes calculations of lengtkage and weight-at-age. A particular strength alb&€zon is
the capability to include multiple “fleets” whiclae be either fishing fleets or scientific reseasahveys, all
of which may have different age- or length-dependamerability functions. Fishing is assumedake place
as a short pulse in the middle of each year. ddés not exactly match the coral trout fisheryylimich fishing

takes place all year round, but because the qoralare relatively long-lived we did not believmat the errors
would be significant.

Cabezon model projections can be matched agairsginadd abundance indices, age-frequency data and
length-frequency data.

The software ADMB estimates the model parametersiéayimum likelihood, which is a long-standing and
widely used statistical technique. Afterwards, ABMan run simulations using Markov chain Monte Garl

(MCMC) to provide a random sample of potential pagter values, but that was not part of this project
decision rules used only the maximum likelihoodneates.

Building on the Cabezon population model, the felltg additional capabilities were incorporated doral
trout:

* Regional structure: This took into account the tjavely different Regions, Subregions, Bioregions
and Subbioregions of the GBR, and the green zawese$ closed to fishing).

« Green-zone fishing parameter: This parameter wasdtio of the fishing intensity in a green zone to
that in blue zones in the same Subregion. It wamgsible to estimate from the available data, and,
based on advice from industry and government, wat.2.

» Absolute abundance measures from underwater \g8suatys (UVS): Generally, abundance measures
in stock assessment are ordyative abundance indices which compare one year againttemand
do not provide information on the actual number$igif present. Arabsoluteabundance measure
specifies the actual density of fish in a populatio this case as a number of fish per hectare.

» Habitat area: The area of habitat (in hectare®ash regional population of fish provided a way to
scale up the fish density (number of fish per hegtmto an estimate of population size (an absolut
number of fish in a Population).

e Changes in zoning: The appropriate numbers offiste transferred between green and blue zones in
years when the zoning changed, according to thedrthe rezoned habitat.

» Size limits: A reduced fishing mortality rate (thest-release mortality rate) was assumed to operate
on fish that were below the minimum legal size (MLShe model assumed that fishers released all
undersized fish, but not all of them survived.

e Social learning (hook shyness): A social-learniagameter was introduced to quantify a coral trout
population’s ability to learn not to take bait whée population is fished. Population dynamicsewver
still determined by the actual fishing mortalityeabut the model’'s predicted fishery catch ratesew
those of a parallel population with the currentrgfshing intensity scaled up by the social-leagn
parameter.

The above concepts are expanded in the followintioses.

Regional structure

The regional structure for the model was basedhenReef Bioregions defined by the GBRMPA expert
committees (see Figure 109). The Bioregions grotpgether reefs with common habitat features. mbdel
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assumed that the virgin population density (nundfecoral trout per hectare) was the same on afsree
(whether open or closed to fishing) within eachrBgion.

The Bioregions divided the GBR into six Regiongiiroorth to south: the Far Northern Region, the Gook
Region, the Cairns—Townsville Region, the MackaygiBe, the Swains Region and the Capricorn—Bunker
Region (see Figure 110). Three Bioregions werengse not contained within a single Region: RA2 tgu
Barrier Reefs) was covered by both the Far Northachthe Cooktown Regions; RF1 (Northern Open Lagoo
Reefs) was covered by the Cooktown Region and tien€ Subregion; and RHC (High Continental Island
Reefs) was covered by the Townsville Subregionthadackay Region.

Inspection of the commercial fishery logbook dataveed that the intensity of fishing increased mdike
from north to south. The far north of the GBR welgtively lightly fished, possibly because of ttistance
from port; Cairns was the nearest port from whiegk fish could be exported. Fishing intensity stlad
increased from the far north south to Townsvilled éhereafter was roughly constant from Towns\abeth

to the Swains.

Therefore two of the northern Regions were divigigd Subregions within which the fishing intensityuld

be considered constant. The Far Northern Regiedivéded into three Subregions: Cape York (to 1$)7
Lockhart River (11.7S to 13.0S), and Princess Charlotte Bay (from 18, and the Cairns—Townsville
Region was divided into two Subregions, Cairns @indnsville (split at 18.1S). This also necessitated
splitting several of the Bioregions into Subbiomw along the Subregion boundaries. Finally, each
Subbioregion was divided into two Populations, ooetaining fish in blue-zoned reefs (open to fighirand

the other containing fish in green-zoned reefss@tbto fishing). The different levels of the regibstructure
are illustrated in Figure 110.

Reefs zoned yellow, where fishing was restrictedne dory per primary commercial vessel and oné peo
dory, were counted as blue. Commercial fishersongeone hook per dory in any case, so this regiridid
not affect them in practice. The restriction of @uey per primary vessel was a problem when a yetkef
was surrounded by green reefs and thereby isofeded blue reefs; then it was not feasible for arany
vessel to drop one dory at the yellow reef andbthers at blue reefs. The only reef where this kmasvn to
occur was Old Reef (humber 19-048), and the conialaratch returned from that reef was indeed Ictivan
from other blue and yellow reefs in the vicinityhis was an isolated instance where the zoningreéfas
yellow rather than blue made a big difference; ude extra complexity of a model with a sepacategory
for yellow reefs, we did not consider it worth imporating.

When reefs within a Subbioregion were rezoned, rifeelel transferred fish between blue and green
populations according to the area of rezoned habithis allowed the model to cope with changesatth
rates caused by rezoning: if blue reefs were razémgreen, fishers would have to operate withamaller
area which would be fished more intensively; hecateh rates would fall if either the total fishiaffort or

the total catch remained the same. The most rtdaimple of this was the 2004 rezoning when tea af
green zones increased from about 5% of the GBRdate33%.

This model includes only Subbioregions where suttstacommercial catches of coral trout have bedwert.
It omits Subbioregions in which targeted commerdighing for Plectropomus leopardusvas not
economically viable, for example because they maxeHittle suitable habitat or because a diffesgr@cies
of coral trout such aB. maculatusor P. laevismay predominate. Commercial catch data was medye
recorded to a fine enough spatial scale to allogute allocation into Subbioregions, but the rdsavere
adequate to decide which Subbioregions shouldfbaléhe model and which should be omitted. Thth
data used as input to the model itself were spatiddssified only to Sub-region level (see sectiBasic
population dynamics” below).
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Marine Bioregions of Great Barrier Reef
World Heritage Area (Reef)

I RA1 - Deltaic Reefs I RES - incipient Reefs

- RAZ - Outer Barrier Reefs - RE7 - Tidal Mud Flat Reefs

[T RA3- Outer Shelf Reefs [ RES - Coastal Southern Fringing Reefs
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Figure 109 Map of GBRMPA Bioregions on which the DA stock assessment was basd@Reproduced from
GBRMPA, 2009)

165



LA
- N
¥ Cape York Far Northern Region
N
= - .
' ] Lockhart River _ o
Coastal or fringing reefs
7 .
5 Princess Charlotte Bay Outer reefs
< | .
) 7 Hier
K& Cooktown
@ —_
5 I . .
4 2 Cairns-Townsville
() 72\ s
3 : Caimns Region
b — v .
T S N _
=l N Townsville
g
%
=] _:}_ )
N - “‘!"";‘;'3"‘:%32 Mackay
i gﬁ?/ o =
i, -
- 7% S Swains
N T N i
"'i., LB ]
< . Z, hCa pricorn-Bunker
N T 4 2
' = ¥ e
[ | I
145 150 155

Longitude °E

Figure 110 Regions and Subregions used in the stoaksessment. Because the fishing intensity increasfrom
north to south in the northern regions, the Far Nothern Region is divided into three Subregions, anthe Cairns—
Townsville Region into two Subregions. The smallgsiares are six-nautical-mile fishery logbook grid quares.
Colours are chosen only to distinguish the Regiorend Subregions, and have no other meaning. The Caporn—

Bunker Region was excluded from the stock assessntdiecause fishers there did not strongly target cat trout,

and underwater visual surveys showed dramatically ifferent trends in coral trout abundance from the rest of the
GBR

The entire Capricorn—Bunker Region was omitted beedhe catch of coral trout there was small, géalhec
in recent years, and fishers there obviously didstrongly target coral trout. Also, underwatesual surveys
conducted by the Australian Institute of Marineébce (AIMS) showed dramatically different trendsamal
trout abundance in the Capricorn—Bunker Region filoerest of the GBR (Leigh et al., 2014, Figure 36
76-77). It appeared that the Capricorn—Bunker étebad quite different recruitment dynamics from tést

of the GBR, and modelling this region would requitany more parameters (recruitment deviations 8peci
to the Capricorn—Bunker Region) to be added topthygulation model. We note that the Capricorn Bunke
Region is physically separated from the Swainssrbgfthe deep Capricorn Channel.

The model also omitted potential inter-reef habiitetcoral trout, and indeed all habitat deepentB@m,
because this habitat is currently impossible tatifia It is certainly the case that some coraltrlive deeper
than 30m, and some live in areas not attached to particalal reefs, but underwater video surveys sha th
most of the area between reefs is not suitabletdtafor coral trout (Michael Cappo, AIMS, personal
communication).

The Regions, Subregions, Bioregions and Subbionsgised in the model are listed in full in Table 34
Habitat areas of the Subbioregions are listed bi'a5.
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Table 34 Regions, Subregions, Bioregions and Subbégions used in the model. Regions and Subregionsed in
the assessment model are shown also in Figure 113ubregions are listed from north to south, and Sutioregions
are listed from west to east (inner shelf to outeshelf) within each Subregion (except in the Cape Yk Subregion
where they both have the same shelf position andeatisted from north to south)

Subbioregion Bioregion & description Subregion Regin

RC1 RC1 Mid shelf Cape York Far Northern

RC2 North RC2 Protected mid shelf Cape York Far Northern

RD Central RD Open lagoon reefs Lockhart River Far iNaort

RC2 Central RC2 Protected mid shelf Lockhart River Fathéon

RB1 Central RB1 Outer mid shelf Lockhart River Far Narthe

RC2 South RC2 Protected mid shelf Pr. Charlotte Bay| Bathirn

RF1 North RF1 Open lagoon reefs Cooktown Cooktown

RG1 RG1 Sheltered mid shelf Cooktown Cooktown

RA2 South RA2 Outer barrier reefs Cooktown Cooktown

RG2 North RG2 Exposed mid shelf Cairns Cairns—Towrssvill
RA3 North RA3 Outer shelf Cairns Cairns—Townsville
RG2 South RG2 Exposed mid shelf Townsville Cairns—Tawille
RA3 South RA3 Outer shelf Townsville Cairns—Townsville
RK RK Strong tidal inner shelf Mackay Mackay

RHW RHW Strong tidal mid shelf Mackay Mackay

RHL RHL Hard Line Mackay Mackay

RA4 RA4 Strong tidal outer shelf Mackay Mackay

RHE RHE Strong tidal mid shelf Swains Swains

RSW-M RSW-M Swains mid Swains Swains

RSW-O RSW-O Swains outer Swains Swains

Table 35: Habitat areas for each Subbioregion, scadl to equivalent reef-slope area. Zoning is currérirom 1
July 2004

Subbioregion Blue-zone habitat (ha) Green-zone hdait (ha)
RC1 3065 1195
RC2 North 8036 15210
RD Central 14702 4203
RC2 Central 15580 4115
RB1 Central 19440 2138
RC2 South 13446 8050
RF1 North 2656 1819
RG1 24680 7518
RA2 South 8699 7318
RG2 North 19919 5884
RA3 North 2550 2209
RG2 South 31850 8377
RA3 South 1691 1932
RK 18877 4880
RHW 41011 14294
RHL 35119 9864
RA4 6004 2286
RHE 7282 2987
RSW-M 14865 5918
RSW-0O 3229 2029
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Figure 111 Regional structure of the coral trout ppulation model, showing separate splits of Regionmto

Subregions and Bioregions, both of which then spliinto Subbioregions. Each Subbioregion contains tw
populations of coral trout, one in blue zones (opeto fishing) and one in green zones (closed to fisky). The total
number of each type of structural element is showimn parentheses. The model included only Subbioregms with

substantial commercial catches of coral trout

Basic population dynamics

The model operated on calendar years, which weregtht to better suit the biology of coral trout alhi
spawns late in the year. Calendar years also mtttie ELFSim software (Little et al., 2007a). heigy
quota, on the other hand, operates on Australr@maial years, July to June.

Numbers of fistN present in the model at the beginning of a yeaewalexed by Populatiok)( year {) and

age f). Sexes were not distinguished. Each Subbionegimtained two Populations, one zoned blue (open
to fishing) and the other green (closed to fishinghe number of fish of age zero was set equah¢o
recruitmentR¢: to Populatiork in yeart:

Nyio = Ry (Dl)
Recruitment is discussed in the next section (“Réenent”).

For ages one year and upwards, population numbedeaived from those for the same year-classdn th
previous year (yedr— 1 and age — 1): for 1< a < amax,

Nya = Neioias e (1-Vag Ui 1) (D2)

whereamax is the age of the oldest age-class in the madeé$ the instantaneous natural mortality rateis
the vulnerability to fishing at age andUx: is the harvest rate of populati&rnn yeart. The quantitieSmax,
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Va andUy. are discussed below. The oldest age-cdasswas a “plus group”, holding all fish of aggax or
older. The formula for it was slightly differertt (C2): fora = amax

Nyta = Niigaa e -V Uk ) Ny e 1-V,U, 1) (D3)

amaxWas chosen to be one year older than the oldssiradd fish, i.e amax= 20yr, so that all observed age
frequencies were zero at agex. This approach used all the information presetihé age frequency data,
so that no information was lost in truncating tige distribution aBmax.

The fishery was assumed to start from the virgevénm fished) state in year 1, which was calendar $662,
the first year in which the Queensland Fish Boaabrded catch of coral trout. The level of fishbefore
then was assumed to be zero. The population stautt year 1 was given by, for<la < amax,

— —aM
Nkla_R<0ea '

whereRo is the deterministic number of recruits to pogolak in the virgin state (see “Recruitment” section
below). For the plus group the formula took accafrolder fish: fora = amax,

Nkla = I%<0 e_aM/ (1_e_M )

The vulnerabilityVa is estimated in the model and represents theivielahance that a fish of agethat is
present in the population will be caught by fishoxgpther sampling. Very small fish will not beucgt even
if they are in the vicinity, so have low vulneratyil Young fish will also be assigned low vulneita if they
are not in the vicinity, for example if they havéfa cycle whereby young fish inhabit only veryegewater
that is not fished. This latter feature distindpgis the term “vulnerability” from the equipment-siie term
“selectivity”, which refers only to the capabiliof the fishing gear to catch fish that are at teation being
fished. Young coral trout are not thought to inhdiferent localities to older fish, except tithey may be
more inclined to take cover inside coral, so foratdrout it makes no difference whether the term
“vulnerability” or “selectivity” is used. Other e fish such as red-throat emperbethrinus miniatusmay
reside elsewhere when young, so the term “vulnkiygltis preferred for them (Leigh et al., 2006)ad model
used a logistic function for vulnerability as a ¢tion of length. This function gradually increa$esn very
low vulnerability for small fish, to approach 1 flarge fish:

VL* = ]/[1+ exp{— (lOQ 19) (l— - Lso)/(L% - Lso )}]v (D4)

whereLso is the fork length at 50% vulnerability ahgk is the fork length at 95% vulnerability (see Haaldo
2001, p. 353); both sy and the parametdrys gir = Los—Lso were estimated in the model. The asterisk
distinguishes length-dependent vulnerabiity from age-dependent vulnerabiliy. The conversion factor

of 0.9409 was used to convert total length to ferigth.

Length-dependent vulnerability was converted todggendent vulnerability using the distributiornerigth
at age in the middle of the year. This distribmtieas assumed to be normal, with mean given bgrbnth
curve and standard deviation by the estimated icosit of variation: at a given age it produced the

proportion of fishp(L|a) in each length-clast, such thatZ p(L|a)=1 Then the age-dependent
vulnerability was given by

V, =Y pLla)V,. (D5)

The model useddm length categories with midpoints ranging froemwito 70cm, and calculated the
vulnerability in the middle of the year, at exagea + 1.

The harvest rat&y: is the proportion of vulnerable fish in Populatlothat are caught in year In fact, catch
sizes were specified only to Subregion level, stefiended only on the Subregipthat contained Population
k:
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gt’

U, =U

and the Subregion harvest r&ﬂét was calculated as the ratio of catch weight frarbr8giong in yeart, to
the mid-year vulnerable biomass in Subregjguast before the start of the fishing pulse:

amax
Ugt :Cgt z sztae_M/ZWaVa’ (DG)

kOK(g) a=0

whereW; is the average mid-year weight of a fish of agandK(g) is the set of Populations that make up
Subregiong. Treatment of green-zoned Populations is destriimlow in section “Green zone fishing
parameters”. Formulae (C2) and (C3) were used ungadthfrom Cabezon, and are appropriate when either
the fishing intensity is low to moderate, or thennlnerable fish are absent from the fishing gasunif the
fishing intensity is very high then the vulneratyilshould more properly be applied to the fishingrtality

rate than the harvest rate, which leads to a postationship: (C2) and (C3) become

Nyia = Nyioga e @-u, t—1)Va_1
and
Nyia = Nypgan e @-U, t—l)va_l +Nyiaa e @-y, t—l)va .

The equation relating harvest rate to catch sige lbécomes much more complicated than (D6). Hhinfj
intensity on the GBR was not thought to be highuginato require this change. Therefore we usedtemsa
(D2) and (D3). A case of a fishery that would n&ezlpower relationship, together with the methodglfor
post-release mortality discussed in "Size limiteldw, is that of a heavily fished catch-and-releiésgeery in
which a typical fish may be caught and releasedrsdtimes in a single year; in Queensland, dukithéad
(Platycephalus fusciisnay be such a case. Adjustments to the harveest ta take account of green zones
and minimum legal size limits are described in dat#id sections below.

This model does not use Cabezon’s multiple-flepabdity, whereby vulnerability can depend on batfe
and fleet in equations (D2) and (D3), and a sepdratvest rate is defined for each fleet in a giear. In
principle it may be desirable to allow differentiverability functions for the commercial and rec¢ieaal
fleets, because commercial fishers target fistoup% kg, although they retain larger fish if tteatch them,
whereas recreational fishers especially value I&isfebut still value and retain legal-sized snafish. In
practice, however, the only data from which toraate vulnerability functions came from scientifingeys
and were not specific to either the commerciakoreational fleet. Therefore it was not possibldistinguish
fleet-specific vulnerability functions.

The capability for different vulnerability functisrwas, however, used for the underwater visuaesufyVvs)
data, which recorded the estimated length of eiabhsfghted by the divers. UVS did not involvéhfigy gear
so was expected to have a different vulnerabilitgilfility) function to samples collected by fiskgin

Targeting of medium-sized fish by commercial fishprovides some incentive to use what is known as a
“dome-shaped” vulnerability function. Such a fuaotpeaks at a moderate size and then decreaskesder
fish, instead of continuing to increase like thgistic function. We did not use dome-shaped vulpiéta
because there was insufficient evidence for ish€&is retain large fish when they catch them, eisdinknown
whether commercial fishers are able to chooserfishications that are frequented by dinner-platedsfish

but not by large fish. Also, dome-shaped vulnditgliian be dangerous because it postulates a bk of
spawning fish that are never observed. It is nowkn definitely whether these unobserved fish digtexist;

if not, the spawning stock size could be grosslgrestimated.

Recruitment

Spawning and recruitment were assumed to take glamgtaneously at the start of each calendar yéae
model allowed no time lag between spawning andesyent recruitment. This formulation matched that
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used by both Cabezon and ELFSim, and involved adaiire year to the age of fish that were aged dwing
year.

There is debate over the distance that coral teouae migrate from the location where they wersped,
but current evidence favours short distances tteastdl sufficient for green zones (marine progectreas)

to seed recruits into blue zones. Harrison €R8l12) conducted a genetic parentage analysistehpal
bar-cheek coral trolR. maculatugparents in green zones and offspring in greerbémezones within

30km. They found that about 30% of juveniles witkigeed parents were collected withikr2 of the
parents; one juvenile was B8 from the parents, and the average wa&i8.6T herefore the model summed
egg production over Subbioregions, not large-selments such as Subregions or Regions, or ver-sma
scale ones such as Populations.

In Populationk, the recruitmentR¢: in yeart followed a Beverton-Holt stock-recruitment relatship
(Beverton and Holt, 1957) with random, annual lagmal deviations:

rS/Seo
1+(r-3 Sq/Sm ’

Rkt/Rko =e*

whereS:: is the egg production in yetin the Subbioregion containing Populatio(blue zones and green
zones combined)ko andSco are the deterministic values Rf: andS:in a virgin (never fished) population,
r > 1 is the recruitment compensation ratio, end the log-recruitment deviation. The recruitment
compensation ratio (Goodyear, 1977) is the avenageber of offspring of each adult fish that survige
spawning age, when the population size is very ldlve equivalent parameter known as “steepness”,
denotech, came into use later tharand is defined aB=r/(4+r); it lies in the range 0.2 k< 1, and is the

ratio of recruitment to virgin recruitment whenataize is reduced to 20% of the virgin size.

The egg production in a Subbioregion comprisinguPationsk (zoned blue) ank (zoned green) is

Amax

Skt = zxa(tha + Nk*ta)!
a=1

wherexa is the product of the maturity proportion and fbeundity at age. The recruitment compensation
ratior was estimated in the model and was common toegjidRs.

Within each Subbioregion, the paramet&g were made proportional to the habitat aréksof the
Populations. A value of the recruitment denstfy /H, , as a number of recruits per hectare, was estimated

within the model for each Subbioregion; the samesife valuer,, /H, was used for both blue zones and

green zones. This approach is the same as thdastbapproach which estimates virgin recruitmerg;sit
simply takes account of the ratio of habitat afeashe different populations.

The log-recruitment deviatiorth were estimated within the model and followed anmadrdistribution with
mean zero. A lower bound of 0.1 was applied to dtemdard deviation to prevent the likelihood from
becoming infinite. Cabezon applies a bias-coroedtactor so that the expected valueebfis equal to 1. We
did not apply this, as we set the median equalraitier than the arithmetic mean equal to 1.

There was only one recruitment deviation per yeavering all Regions, because Region-specific diewia
could not be estimated reliably from the availatdéa. We note that, judging from the UVS dataeméd by
AIMS, GBR-wide recruitment deviations would not bditted the Capricorn—Bunker Region and, if thielea
sizes from this Region had been large enough thjuscluding it in the model, an extra sequende o
recruitment deviations would have been neededgushis Region (see section "Regional structuted\ee).

Green zone fishing parameter
Fishing in green zones was handled by a paramgigmwhich acted as a scaling factor on the vulnerable

biomass: only a proportidgeenof the vulnerable biomass in equation (D6) wasalbt considered vulnerable
if the Population was zoned green, wheref@een< 1.
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For a Subregiomy comprising a set of Populatiokgg), we splitK(g) into a set of blue-zoned Populations
Koiue(g) and a set of green-zoned PopulatiBgse{g). Then the vulnerable biomass in Populakos equal
to

amax
Z tha e—M/Z Wava ’ If k O Kblue(g)

a=0
amax

fgreenz tha e_M/ZW V, if kO Kgreen(g)
a=0

a " a’

and equation (C6) becomes

amax amax
U;t :Cgt/{ Z Z thae_M/ZWaVa + fgreen Z z thae_M/ZWaVa}- (D7)

KOKpye(9) =0 KOK green(9) 20
When Populatiok is zoned green, the population dynamic equatib23 &énd (D3) become respectively
Nyia = Nyicraa e™ - fgreenva—luk 1)
and

Nyita = Niio1a eMa-f Uy ) + Ny e (- fgreenVaUk 1)

greenVa—l

There were no data from whiéfeencould be estimated reliably. Therefore it wagdixo the value 0.2; i.e.,
the harvest rate in green zones was assumed t0%ePthat in neighbouring blue zones, based oricadv
from industry and government. It was clear thatéhwas substantial fishing in green zones, butrfiahers
did not indulge in it, and those that did would @dnad to put time into avoiding being caught, whialnst
have made their fishing less effective. We regattie figure of 20% as reasonable.

The vulnerable biomass in subregmat the start of yedris equal to the denominator in equation (D7). To
use vulnerable biomass as an abundance index tpazento catch rates, we adjust it to the middI¢hef
fishing pulse:

Bgtzvl—U;t{ Z ﬁNklae_M/ZWava"'fgreen Z aiaxthae_M/ZWaVa}' 0

kOK yue(9) a=0 KOK green(9) a=0

This is different to, and slightly more accuratarththe equation used in Cabezon, which msgu;t in place

of the square-root factor. The difference was etgubto be negligible, but equation (C8) is mogdal when
the social learning parameter is applied (see ‘@dearning parameter” below).

Changes in zoning

Zoning of reefs changed from time to time. Thegke&f change in zoning came in July 2004 when the
proportion of the GBR that was closed to fishingré@ased from about 5% to 33%. This change meahnt th
fishers had a smaller area in which to legally fishd had to fish it more intensively, which wotildve
resulted in a decrease in catch rates. It wasdenesl desirable for the model to capture thisoeffidabitat
area, denoteHl, (see “Recruitment” above) is now indexed alsyégr €), and denotetli:. Formally,Hy
denotes the average habitat area of Popul&tioryeart.

Suppose that zoning changed in yigiara Subbioregion comprising Populatidngoned blue) ani (zoned
green). Itis assumed that all the rezoning ifStiebioregion in yedris in the same direction, either all from
blue to green or all from green to blue. The prtgjd population numbers under the previous yearsnzg

roj

are given by the right-hand sides of equations ((I1) and (D3), and are denot&,. If the zoning change
is from blue to green (the more common case), therx Hke1 andHe« > Her 1. The total habitat in the
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Subbioregion is still the same, i.els:+ Het=Hkea+ Hee . The population numbers are adjusted by the
formulae

Nya = (Hkt/Hkt—l) NP2

and

Nieta = NZZ +H{ (Hyoca = Hio )/ Hioaf N2
If the zoning change is from green to blue (theraase), the formulae are

Nia = NE{ZJ+{(Hkt _Hkt—l)/Hk*t—l} NE*nt)é
and

Niia = (Hk*t/Hk*t—l) NPy

Accounting for zoning changes in this way also nsetrat vulnerable biomasses can no longer be used o

their own as abundance indices, because they chaitigegoning in ways that are unrelated to abundanc
Therefore the vulnerable biomaBg: in (D8) has to be scaled by the “vulnerable halsitaa”

Z H kt + fgreen z H kt (Dg)
kOK piue(9) KOK green(9)
to produce an abundance index
Bgt/H gt

that is comparable from year to year.
Size limits

Minimum legal sizes (MLS), which could change otrare, were handled by adjusting the vulnerability
function in equation (D5), and specifying a podease mortality rata. Let the MLS bd.ws. Then (D5)
is altered to

Vo=u Y ptla)Vi+ > pLla)V,

L<Lmys L2Lys

which is used in the population dynamic equati@®)@nd (D3). The post-release mortality rate viseexf

at 0.25 on the basis of a recent FRDC funded gbydgrown et al. (2008). Since the ELFSim operating
model assumes a post-release mortality rate of €hiSvalue was used when the assessment model was
used to estimate ELFSim stock status.

For the harvest-rates and abundance indices defiynediuations (D6) and (D8), the catch and cattdnaiee

assumed to comprise only legal-sized fish. Theeefee define a separate vulnerability functionfisein that
the fishers keep,

akeep Zp(Lla)VL1

Lzlws

and (D6) becomes

Amax
Z Ztha _M/ZW Vakeep

kOK(g) a=0
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For green-zone fishing and social learning (seevigeVa is also replaced bYakeepin (D7) and (D10).

An ideal treatment of a MLS would also involve ieasing the weight-at-age of fish that were caughd,
decreasing the weight-at-age of the remaining figit were not caught. This would have imposed a
programming and computational overhead for litdecpived benefit, and was not pursued.

Social learning parameter
Social learning (hook shyness) by coral trout wasdted by including a parallel or “shadow” popudatiof

fish with a higher fishing mortality rate than taetual population, which is intended to depresstteh rates
when the population learns not to take bait asaltref being fished.

In the presence of social learning, the squareterot in (D8) is raised to the powgrthe social learning
parameter, to produce the shadow vulnerable biomass

égt :(1_U;t)y/2{ z aiaxthae_M/ZWaVa-i- fgreen Z amzaxthae_M/ZWaVa}' (DlO)
kDK piye(9) a=0 KOK green(9) a=0

The shadow biomasl§gt was used in abundance indices, in place of thevtulrerable biomad8y ¢, to match
to the standardised commercial catch rates. Timeulation that avoids the power relationship in QPlises
a factor of1- (y/2)U;t instead of the factor involving the powgf2. This is undesirable because it can

easily produce negative values (equivalent to takircatch greater than the available biomass). ietty,
square-roots and power relationships can causkl&guthe automatic differentiation routines usedDMB,
because the derivative becomes infinite when tgaraent is zero and the power is less than 1. Tierg
judged to be necessary here, despite the pot@ntiblems.

The social learning parameteican be estimated in the model, with the restrictinly that it had to be greater
than zero. In the absence of social learning ildkdnave the value 1. If social learning is presenvalue
should be greater than 1. For the current apptinaif the model this parameter was set to 1.

List of model parameters

The parameters used in the model are listed ineTa®l The recruitment deviatiodsare constrained to sum
to zero so that their mean was not confounded thghrecruitment-density parametéis dens. There were
no age-frequency data from which to estimate aoguienent deviations before the 1981 year clasafter
the 2007 year class; the most recent sample wasdpoing 2009. Therefore the recruitment deviativere
fixed at zero (deterministic recruitment) for yedasses outside the range 1981-2007. Catch rates a
abundance are not well correlated for coral treatcatch rates were not considered adequate foratisin

of recruitment deviations from catch-rate data alon

Table 36: Parameters used in the model. The Lengttolumn is the number of degrees of freedom in th@arameter.
The Value is listed when it is fixed, and left blak when estimated

Name Length Value Description

Rko dens 16 Virgin density of recruitstO/ H, (number of recruits of age 0 per hectare),
by Bioregion k=1, ..., 16)

r 1 Recruitment compensation ratio

o} 26 Recruitment deviations (years 1981, ..., 2007)stained to sum to zero;

lower bound of 0.1 on standard deviation
1 Instantaneous natural mortality rate
1 Fork length at 50% vulnerability to fishing
Los diff 1 Fork length at 95% vulnerability to fishing, asiso
1
1

Fork length at 50% vulnerability to UVS

Fork length at 95% vulnerability to fishing, min (\,/S

5 diff
fgreen 1 0.20 Intensity of fishing in green zones, asaatfon of that in neighbouring blue
zones
u 1 0.25 Discard mortality rate
1 Social learning parameter
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Data and likelihoods

The data used in the model are listed in Tablet#se data were largely not raw data but had beewved
from raw data by methods such as catch-rate stdisdéipns.

Table 37: Data used in the model. The data listeabove the bold line were used in the model’'s inteat
calculations, while those below the line were used match the model’s predictions

Name Description

Lo, K, to Von Bertalanffy growth curve parameters

CVLmin Coefficient of variation of length about the meaage 1

CVLmax Coefficient of variation of length about the meam@¢amax—1

Wa Average mid-year weight of a fish of age

Xa Product of maturity proportion and fecundity at age

MLSt Minimum legal size (fork length) by year

Hkt Habitat area (hectares) by Subbioregion and year

Cyt Catch size by Subregion and year, sum of commeanilrecreational catches, interpolated ang
extrapolated backwards in time were necessary.

Yot Relative abundances from standardised commercieth cates by Subregion and year

CVYgt Coefficients of variation of the experimental enmiYyt, which the model used as lower bounds
for the overall coefficients of variation includipgocess error

Act Absolute abundances (number of fish per hectareadfslope) from underwater visual surveys
(UVS) contracted by GBRMPA and the ELF Project, bpl8aregion and year

CVAg Coefficients of variation of the experimental enmAgt, which the model used as lower boundg
for the overall coefficients of variation includipgocess error

yuvs Relative abundances from UVS conducted by AIMS asHldfies Queensland, by Subbioregior

kt and year

CVYkl"tVS Coefficients of variation of the experimental erim)rYkL:VS, which the model used as lower
bounds for the overall coefficients of variatiowrluding process error

Ykta Age frequencies by Subbioregion, year and age

uvs Length frequencies from UVS by Subbioregion, yeat Eength class (the same surveys that
Yis producedAx)

The data listed above the bold line in Table 37anesed in the model’s internal calculations. Taedelow
the line were used to match the model’s predictiassdescribed in the following sections. The ficiehts
of variation (CVs, ratios of standard error to thean value) of the abundance data were the standand
of log-transformed parameters in generalised lineadlels. These CVs included only observation €ewor
that can be made arbitrarily small by collectingrendata) and not process error (error caused kyolifit of
the model, which generally is not reduced by ctilgcmore data). Therefore, to account for posginbcess
error, they were used in the model only as lowemlds for the CVs.

Likelihood for relative abundance measures

A relative abundance indé  follows a lognormal distribution. The abundanweri standardised catch rates
is assumed to be proportional to the social-legraidjusted vulnerable biomagg, from equation (D10),

scaled by the corresponding habitat &:%afrom equation (D9). The constant of proportioryailt captured

in the parametew below: it accounts for the fact that catch ratasr{bers of fish caught by a line fisher per
dory-day of fishing) measure only the relative adamce of fish, and do not directly measure the rarmob
fish per hectare of habitat. This parameter isusetl when the number of fish per hectare is meddlirectly,

as in underwater visual surveys (see “Likelihoaddlosolute abundance measures” below).

When the meag and standard deviatiam . of logY,, —Iog( I§gt/l-|gt) are specified, the likelihood is
I_l I_l ({]/(\/Zm-gt)} ex[{_%{ngQt _IOQ( ggt/ﬁgt)_ru}z/agtz] )’
g t

where subscriptg andt denote Subregions and years respectively. knsenient to use the negative log-
likelihood (NLL), which, omitting the constant facs of+/ 27 above, is
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0= ZZ[ logo,, +%{ logY,, - Iog( §gt/H~gt)—,u}2/agt2].
g t

The standard deviatiogy : is set to CVY: (see Table 37) multiplied by a scale faator 1 which is intended
to account for process error (see "Data” abovd)enmthe NLL, omitting constant terms, is

(= ZZI logo - Llogw,, +§Wgt{longt —Iog( I:D;gt/lrlgt)—y}z/az], (D11)
g t

wherew,, =J/CVYZ,.

Standard estimators pfando? are:

iy = zg:zt:wgt{longt —Iog( égt/ﬁgt)}/zzwgt

g t

and
5-3 :ZZ[Wgt{IOngt _IOg( ggt/ﬁgt)_[{Y}Z]/(nY -1.

Substituting these expressions into (D11) provalékelihood that depends only on da¥g:( wy: and I—~|gt)
and model predictionsﬂgt):
0 =(n, ~Dlogdy +1(n, ~147 /G, (D12)

whereny is the total number of Subregion—year combinatiartie index series, ang, is the estimate ofr
taking account of its lower bour@y min = 1:

Oy =max(Gy, Oy min )- (D13)

Formula (D12) is similar to the negative log-likelod derived by Haddon (2001, p. 89) but includes t
adjustment term for the lower bound @nThe “max” function is not suitable for ADMB becsaaiits derivative
is discontinuous. The following expression @y was used instead:

5:%(&Y +0—Ymin)+\/%(a’\-Y _JYmin)Z +520-$min ’ (D14)

whereo > 0 is a smoothness parameter that took the value The valued = 0 makes (D14) the same as
(D13), which is the formula that has to be avoid&tie smoothing has the side effect of shiftinguakie of
oy atoy ., =0d, up to (1+ J) ovmin instead of setting it arymin. The valued=0.1 shifted it up 10%, which
was held to be a reasonable compromise.

For UVS data, the relative abundance indgX" uses numbers instead of biomass, and does notthidee
adjusted for social learning. Also UVS data aréngel on Populations instead of Bioregions, becadhse
reefs on which the UVS data were collected are kndmnstead of the adjusted biome%$ in a Subregiom,
UVS uses the total number of fish vulnerable (visiple) to UVS in Populatiok:

Qmax

th = ZVaUVStha ’

a=0
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whereV.”*® is the age-dependent vulnerability to UVS, whiclégined in the same way ¥s (see equations
(D4) and (D5)), but with different parameters (Jedble 36). Instead d-ﬁgt/ljlgt , the model’'s abundance

index is nowﬁkt/Hkt. The negative log-likelihood is the same as (D1R)with a different valuen,¥® for

n, , and different expressioms,*® for 6, anda,’"® for G,. The lower boundr,)> still takes the value 1.
Likelihood for absolute abundance measures

A discussed above, the likelihoods for absolutendbhnce measure&c; do not contain the mean-offset
parametep/in (D11), as it is set equal to zero. Then (Dddgomes

~ 2
¢ =ZZI logo -3 logw,, +%Wkt{|ogA<t _|09(th/Hkt)} /UZJ’
k t
wherek denotes a Subbioregion anal year; the standard deviation parametand weighting factorsi ; are
different to those in (D11). The final negativg-iikelihood (D12) becomes
t=n,logd, +in,63/z, (C15)

wherena is the total number of Subbioregion—year combaoretiin the index series,
A~ ~ 2
O'i = ZZ[ Wkt{log A _Iog(th/H kt)} ]/nA J
kot

Op =Max(@Gy , Op min) (C16)

andoamin= 1. The number of degrees of freedomaisnotna — 1, because the meats no longer estimated.
The max function in (D16) was also made into a gimfnction in the same way as in equation (D14).

Likelihood for age frequencies and length frequencies

An age frequency consists of a number of fismeasured in each age class 0, ...,anax When each fish
is considered to be independent of all other tisé likelihood of a single age frequency is multmal:

Yiot e y
2 C17
e TP e

wherey is the total number of fish whose ages are meds{siem of they.), pa is the model’s predicted
proportion of fish in age-class the multinomial coefficient is defined as

Yiot e
= ! !,
{yo yJ ymt/!:l Ya

and the factorial function is defined as

In practice, sampled fish are not independent,iastéad of the total numbgi: the sample has an “effective
sample size” that is usually much less tlan(Pennington and Vglstad, 1994; McAllister and 1ang&997;
Francis, 2011). We deal with the problem of effeztsample size by adjusting the multinomial likebld.
The approach estimates the effective sample size the “raggedness” of the age-frequency distrimata
smooth distribution gives a high effective sampie sand a very ragged one gives a low effectivapta
size. It does not use the actual samplewize

We accept the point made by Francis (2011) thatapproach will overestimate the effective samfde &
the sample distribution is smooth but biased towaither old fish or young fish. We believe thas tis not
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a major problem in fishery-independent samplindQoeensland fish populations, in which the sampke ag
distributions tend to be ragged and show littlea sifsmoothness. The mathematical form proposdstdycis
is complex, which makes it difficult to visualisev his method works. We put substantial resounttes
trying to derive sensible answers from it in thetemn king prawn fishery on the Australian eaststolaut
without success. That project eventually usedsttree approach documented here (O'Neill et al.,)2014

We believe that the method we use, although ndegers the best method currently available fqusting
age-frequency likelihoods for effective sample sitaiffers from the one used by Cabezon whicaratoned
the multinomial likelihood and replaced it by a safrequares analogous to a chi-square statistie.rétain
the multinomial likelihood as far as possible.

Firstly, we note that zero valuesyfin (D17) make no contribution to the likelihootllence we restrict the

likelihood to ages for whichy, > 0. We lefg denote the number of such ages @ndienote the set of these
ages. Then the likelihood (D17) becomes

{ytmy!;l ya!} a|;l p.”. (D18)

We introduce the effective sample size, dendtesb that an observation gf fish of agea in the sample of
sizeyi is transformed to an effective observation(dfy,, )y, fish from a sample of siZE. We also treat

the likelihood (D18) like a probability density fotiion (p.d.f.) of they. in g—1 dimensions; the number of
dimensions ig]—1 rather tharg because thg, are not independent but are constrained to suyn:to The
transformed likelihood has to remain a p.d.fygfnot of (T /y,, )y. . which necessitates multiplying by the

factor (T/y,,)*". Therefore the likelihood (C18) is transformed to

(T/Yeo )Q‘l{T y !;l (TYa/ Yior )!} !;l P, (D19)

WhenTy, /vy, is not an integer, the factorial function can h@laeed by the gamma function. e approximate
the factorial function by Stirling’s formula whighk a well-known formula in mathematics:

X!~ 2mx Xe’.

This approximation becomes extremely close as «, but for practical purposes is also close for $mal
e.g..x>1. Then, omitting constant factors and factovsliving only the datg., the likelihood (D19) becomes

T q-l{-r T+§e-T/[-|- a/2 I—l{ (Tya/ Vit )Tya/ym[ e—Tya/ym }} } rl paTya/ym[ ,
all al

which, with some algebraic manipulation, can bepéifired to

T2 M (pa/Pa)™,
[l

wherep, =y, /vy, isthe observed proportion of fish of age the sample. This produces the negative
log-likelihood

¢=-3(q-DlogT +T > f,log(p,/p,). (D20)
aQ

(Note thatp, /p, has been replaced Iy, / p, to reverse the sign of the log factor.)

The effective sample sizkis estimated by maximum likelihood, by minimisitige negative log-likelihood
(D20):
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T =%<q—1)/z P, 100(P,/ Pa) - (D21)

aQ
In the theory of generalised linear models (see Miegh and Nelder, 1989, p. 197), this is alsodstmate

produced by equating the deviance of the multinbm'mdel,Zrz p, log( P,/ p,) to its asymptotic, large-

sample expectatiom,—1. Substituting the estimate (D21) into the negalbg-likelihood (C20), and
ignoring the resulting constant term, yields timafinegative log-likelihood for the age-frequenayngple:

¢=-1(q-DlogT . (D22)

For every available age-frequency sample, the heglatg-likelihood given by (D22) and (D21) is adde
into the overall negative log-likelihood for the d&d. Using this formulation it would be easy tginse a
lower boundTmin On the effective sample siZefor each sample, e.g., to for€e> 1 or T > 2, but we did not
consider it necessary to do that. The negativdikedjhood for such a case would be

~1(q-DlogT +3(q-)T /T,
whereT =max(T, T, ).

We note that, in the fishery-independent samplimgymams that provided age-frequency data for this
fishery, nearly all fish sampled were aged. Thaefve did not need to deal with the additional plaxity
of age-length keys to combine length frequencigk ageing data on some of the fish to produce divera
age-frequencies.

Length-frequency samples were handled in exactlysttime way as age-frequency samples. Each age-
frequency or length-frequency produced a term effthm (D22) that was added into overall negatog |
likelihood for the model.

Because the age-frequency and length-frequencylsamere collected scientifically and were not sabj
to minimum legal size limits, the size-limit adjosnts to the vulnerability functions (see “Sizeitsh
above) were not employed in calculating the predietge- and length-frequencies.

Likelihood for recruitment deviations

The recruitment deviatiorth were assumed to follow a lognormal distributiod arere treated identically to
the relative abundance indices (“Likelihood foratele abundance measures” above). This produced a
single term to add into the overall negative ldglihood.
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