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OBJECTIVES:

1. To develop a low cost, long term, giant crab resource assessment and data
collection methodology.

2. To quantify biases in the historical logbook data to increase its value for
resource assessments.

3. To obtain industry’s understanding/observations of basic biological and
market processes (eg. moulting, egg-bearing, mating, migration, beach price
influences) and how their fishing effort is adapted to this knowledge (eg.
targeting of size classes, seasonality of effort, etc.).

4. To develop the ability to investigate alternative harvest strategies
(sustainability of different TACs; closed seasons etc.).

NON-TECHNICAL SUMMARY:

OUTCOMES ACHIEVED TO DATE

The project has developed tools for low cost assessment of the giant crab
resource across southern Australia.

Stock assessment and management response is now increasingly based on
biomass estimates from this project. Risk of poor management decisions is
thus reduced, which contributes to greater business certainty.

This project was constructed with the awareness that the resource was small
and the fishery would have little ability to fund expensive data collection
systems in the future, beyond catch rate data from logbooks. Size structure
data from the fishery was considered the main data type to be valuable for
ongoing assessment, but also expensive to collect. Fishers have adopted
electronic calipers combined with an electronic data logger, the solution
developed in this project. This system has dispensed with paper records so
that work at sea is easier, and costs for data management (e.g. data entry) are
reduced.

Specialised software was developed for conducting model runs to facilitate
altering parameters, running a range of alternative scenarios, and plotting
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outcomes.

Giant crab stock assessments are utilizing outputs from this model. The
fishery performance indicators in Tasmania are being re-written in a new
management plan to formalize the adoption of the model outputs.

The improvements in stock assessment processes through this project have
contributed to approval for export and consequently the maintenance of higher
beach price than could be obtained from local markets. Business planning and
investment has been assisted by greater certainty in management structures
for the fishery.

KEYWORDS: giant crab, Pseudocarcinus gigas, harvest strategy,
population model, data collection.
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1. Background

1.1 Development of the fishery

Giant crabs have been collected as bycatch of tlelobster fishery since the late
1800’s although in small volume. A royal commission itite state of Tasmanian
fisheries in 1882 concluded that though they were a splendidlathey were only
brought to market occasionally and were not of much cential importance (Saville
Kent, 1882). At around the same time in Victoria, McC889) reported that giant
crabs, especially females, were occasionally broughtarket and were especially
common along the Victorian coast near Portland. iBhise region where most of the
Victorian catch is harvested today, which demonstrdugisfishers were rapidly able to
locate productive grounds. William Saville-Kent was apauirfisheries commissioner
in 1882 and was keen to see the harvest of crustacearsfigildo provide greater
variety of seafood to the developing Tasmanian coldty.was exasperated by the
reluctance of lobster fishers to use gear other tihgs because this limited crab catch
and wrote:

“The use of crab pots, as utilised in almost every other country caghef the
globe, might be advantageously recommended to the fishermen of TdqiBawile-
Kent, 1884).

Figure 1. Male giant crab landed in the Victorian fishery, McGa$89).

The potential for expansion of the giant crab fislveag evaluated in the 1970’s through
two projects: “Development of Small Scale Invertébiéisheries in Tasmanian Waters”
(by the Tasmanian Fisheries Development Authority; i&rmand Dix, 1980); and
“Experimental Trapping of the Giant Cr&seudocarcinus gigagby the Fisheries and
Wildlife Division, Victoria; Winstanley, 1979).

The Tasmanian project, headed by Colin Sumner and TEixpwas funded by the
predecessor of FRDC. That research concluded thatwlaerpotential for
development of a fishery for giant crabs, primarilyogsatch from the rock lobster
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(Jasus edwardgiffishery, rather than as a targeted species. Thdogenent of a
fishery was considered to rest on marketing becausesprieee generally too low to
warrant fishers retaining giant crabs (20c/kg, 1977/78). Gwabs processed by hand
picking the meat and marketing trials were also madewtithle cooked crabs.

Although rock lobster fishers took most crab bycatdwlers also captured some giant
crabs on muddy substrates and these were generally dacaCdabs collected by rock
lobster fishers were often smashed so that they d@utemoved more easily from the
wicker lobster pots and also because they were congitiereterfere with the entry of
rock lobsters (Sumner and Dix, 1980).

Research conducted to improve live transport of rockdoddn the late 1980’s allowed
processors to gain higher prices for live rock lobsteods to Asia. The improved
methods also enhanced survival of giant crabs sohégtcould be sold for far higher
prices than was previously possible (VDCNR, 1995a). Tpened the way for the
development of a giant crab fishery as processors liegafer prices that were high
enough to allow large vessels to fish the deeper watehe edge of the continental
shelf profitably (Yasuhara, 1995). Tasmanian catches fyoew133 kg in 1990 to 243
tonnes in 1995 and Victorian catches also increased dcaityatVDCNR, 1995b;
TDPIF, 1995). As the market became increasingly awaggat crabs, prices steadily
climbed. The higher prices were based on the red cofggiant crabs, rather than their
large size, as small crabs of less than 3 kg could eecensiderably more than crabs
greater than 5 kg (on a per kg basis).

By the late 1990’s, giant crab fisheries off South Austr&ictoria and Tasmania had
stabilised to become small operations with most citkén by only a handful of fishers
in each state. Fishers targeting giant crabs operaeeip water around the shelf break
at 150-350m (Levingst al, 1996).

Management measures have evolved as the crab fishavegrown and stabilised.
Controls have been largely adopted from those for ralogtér. Access to the fishery
has been largely based on ownership of a rock lohsteise with associated constraints
such as limited entry and gear limitations. Trap dessgneen restricted based on rules
developed for rock lobsters. Input controls of closed@@&aand restrictions on the
taking of berried females largely mirror those for tebs Minimum size limits were
developed based on limited information early in theefigland have remained unaltered
at 150 mm CL. Individual transferable quota was introducemdégent unsustainable
levels of effort being shifted from quota managed rocktlebfisheries, although initial
TAC levels appear to have been set too high for sadtiix.

1.2 Project development

This project provided giant crab resource managers wathoibls for conducting stock
assessments in the future on small budgets. It wad kgely on collating and
utilising existing catch and effort data. It also iweal the collection of new data by
fishers and the construction of a stock assessmentl.mble stock assessment model
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will assist in identifying research needs or informatgaps in the fishery, that when
filled will improve the accuracy of model estimates.

Giant crabs are distributed all across southern Austrdlhe fishery is concentrated in
Victoria and Tasmania where over 70% of the totatlyielcaught, equivalent to a GVP
of around $4.5 million per annum. Both States have impleedemanagement that
incorporates individual transferable quota. Total alloergatches (TACSs) in each State
were initially based on a proportional reduction in kdtom that being taken when the
fisheries were managed by input controls alone. Lstieek assessment data was
available for the setting of initial TACs.

The project was directed to research needs identifitdebyasmanian Crustacean

Fishery Advisory Committee and the Tasmanian CrusteResearch Advisory Group.

The issues identified by these groups fell within the ERIbogram of Natural Resource
Sustainability. Specifically, the research addressatiegfies of Stock assessment

methods — to increase and apply knowledge of stock assessment treetddtisheries

and ecosystems management methods — to increase and apply knowledge of sustainable
fisheries and ecosystem management methods

1.2.1 Relationship to the FRDC strategy: stock assessmehboe

While the setting of TACs on the basis of previouslvas appeared to be a prudent and
conservative management measure, it was crude for ésngrhanagement. Modern
management aims to be responsive to changes inheeyfiso that TACs are based on
the state of the fishery. In giant crab fisherle&Cs aims to balance maximising yield
with ensuring long-term sustainability. There is dls® need to assess the impact of
management changes and to monitor the resource ower tim

Stock assessment is fundamental for sustainable manaigehaay fishery, and is
perhaps especially important in longer lived/slower grgveipecies such as giant crab.
This is because any error in management will take rpaags to reverse. The
Department of Environment and Heritage (DEH), in fislseries EPBC strategic
assessment, has noted the need for effective assgssrhgiant crab to fulfil
requirements for export.

The ability of fisheries agencies to conduct stocksassents and to evaluate
management strategies was discussed by participantsaait &1gib workshop organised
by DPIWE (Tasmania) and held in Adelaide, November 1998ckSassessment was
considered crude in all States as it relied solely tchaate data collected through
fishers logs. At the time this project commenced,qsardnce measures had only been
defined in the Tasmanian giant crab management plan erebased on trends in non-
standardised commercial catch and effort data (CPUHB)data from processors on the
size of crabs landed. No State had a stock assessmdat or used data from sources
other than commercial logs for stock assessment.

Commercial logbook data is generally of great value $sessments but there were
specific concerns with giant crab due to possible bidsg#anay have been unrelated to
crab abundance. For example, fishers often captured asayycatch during lobster
fishing operations so that effort directed to crabrighwas difficult to quantify. Other
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suspected biases of raw CPUE data in the giant crab fishery included historical changes
in fishing region, historical changes in fishing skill and gear, variation in soak time,
seasonal variation in catchability, indications of depth migration, depth stratification of
size classes, effort targeted at smaller crabs, errors in the reporting of effort, and
susceptibility of any trends to the influences of individual fisher behaviour as few
participants were involved. Assessments at the time recognised that these possible
biases existed, but it was not possible to assimilate them without catch rate
standardisation and analysis through a stock assessment model.

Four main areas that required research to improve the assessment of giant crabs were
identified at the Adelaide workshop and in subsequent discussions between researchers,
fisheries managers and industry and are as follows:

(1) Improved understanding of giant crab biology was required, especially in aspects that
may influence data collected for stock assessment (e.g. growth). It was anticipated that
progress could be made in this area through compiling industry knowledge.

(2) Errors in earlier catch and effort records were problematic for assessments in
Tasmania and Victoria. Part of this was believed to be associated with deliberate
misreporting of effort.

(3) The construction of a stock assessment model that combined data from a range of
sources would assist assessments. An assessment model was also required to evaluate
alternative harvest strategies with immediate application in the setting of TACs.

(4) Although a range of data was collected through compulsory logbooks, size structure
data required additional sampling.

Research was required to evaluate low cost yet effective options for collecting this data
on an ongoing basis. It was also noted that there was commitment from all three states
to align data collection and management methods.

1.2.2 Relationsipito the FRDC strategy: fisherieschecosystem management methods

The project developgka sto& assessment model as a tool for evalgadifferent
management methodsdoptions. The most important application was for evaluating
alternative TACs, although other issues such as the harvest of females with eggs or
alternative maximum size limits were also discussHte model is fittd to data from
several sources, most importantly catch ratelemgth-frequency data.

Information relatig to the interaction of the crab fishery with the ecosystem was
collected where possible includgymonitoring bycatch ad determinig the spatial
distribution of fishing effort.
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1.3 Building on previous research

Considerable resources had been directed to giant crab research prior to this project,

primarily through the Universities of Deakin and Tasmania. Much of that previous

research was used in the research described here, especially in defining parameters in
the assessment moddixamples included weight/length relationships, length/

fecundity relationship, reproductive patterns and information on grovidl.recapture

data from research at Deakin University by Andrew Levings and colleagues were
reanalysed for growth analyses where previous analyses were limited by insufficient
tags. Records of population structure from earlier in the fishery were also important.

Previous modelling research was undertaken by Rick McGarvey, Janet Mathews and
Andrew Levings (FRDC 1993-220; 1997-132)hat modelling was a complex

extension of egg- and yield-per-recruit modelling that developed options for dealing
with some of the unique aspects of giant crabs, in particular their extended intermoult,
which can span several fishing seasons. Management applications of that modelling
included evaluating size limits and seasons on stocks and fishery economics (eevings
al., 2001; McGarvegt al., 1999).

Much of the earlier research relied on sampling aboard commercial vessels by
observers. That sampling involved collecting data to examine a broad range of
biological issues. For the research conducted in this study, we were focused on
collecting length-frequency data for stock assessm&ltihough observer sampling
provides accurate length-frequency data, it is expensive and was considered unsuitable
for ongoing monitoring of the fisheryThis was because the number of animals
captured per day by commercial fishers was typically less tham8ntrast,

observers in Tasmanian rock lobster fishery catch sampling often measug®@¥er
animals per dayDifficulty in accessing crab vessels also increases the cost of
deploying observers so that alternative sampling techniques were required to those
used previously.

It was considered that the key to obtaining low cost length-frequency data in the future
was industry participationA quick, simple and targeted process was required for
fishers to participate in sampling . For this reason, data collection was restricted to
recording only length and seRelationships with fishers that were established through
previous research assisted in developing methods.
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2. Need

This project was initiated to develop stock assessmextgures for giant crab. The
ability to conduct stock assessments of the giantresdurce and to evaluate
management strategies is fundamental for sustainableogment and management of
the giant crab resource.

Stock assessment of giant crab across southern Aassralirequirement for state
management and is also required to meet federal expastatioexport of wildlife

under Schedule 4 of the Wildlife Protection Act. Ourigiiib conduct assessments was
limited by the data and analytical tools that weralabia.

Agencies involved in managing giant crabs require infaonain the setting of
meaningful fishery performance indicators, and they idgaire the ongoing collection
of information to evaluate these indicators. Important to have the ability to track
changes in biomass (or an index of biomass), recraitofesized animals into the
fishery, and reproductive output. Managers require infoamain how to balance the
goals of optimising yields and ensuring adequate reproductipeitigtmaintained.

Each of the States uses ITQ plus a series of inputatemtcluding a minimum legal
length. The similar structure of management presentgpartunity for pooling of
assessment resources — including the development of aabgiaet crab model.
Management needs in each state are similar as theyaénformation on the size of the
current stock plus advice on alternative harvest stegemi particular the effect of
different size limits and TACs.

A low-cost approach was the over-riding requirementHerassessment of giant crab
fisheries. Because the fishery is low-value, bioksgi®nducting future assessments will
have access to only limited levels of funding. Futusessments will need to rely on
commercial logbook data and the industry data collectiethods developed through
this proposal.
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3. Logbook data validation and correction

3.1 Introduction

Historical datasets on the crab fishery contained nouseaspects that could bias future
assessments of the fishery. These included structudalepns in catch and effort data
base (such as for calculated shot weight based on wedsatlings), deliberate mis-
reporting of effort, data-entry errors and biases inlceate data from crabs taken as
bycatch in lobster pots. Correcting this data wasngortant first step in the project.

3.2 Methods

3.2.1 Tasmania

Historical catch and effort data from the Tasmaniantgerab fishery is split into three
series and stored in different databases. These aegi¢ise pre-1995 records (monthly
catch with no record of effort), ‘General Fish’ logthorecords from 1995 to 1999
entered in the ‘General Fish’ (GF) database, and dugiant crab logbook records
from 2000 until now entered in the ‘Integrated Catch andrEiflCE) database. Pre-
1995 data cannot be used in catch per unit effort standadigaten the absence of
effort recording at the time. Audits were conducted oriReand ICE databases to
check the integrity of the data to be used for standdiaiisand assessment purposes.

Audit of the GF database (5422 records)

An overall 18.1% of the GF database records (~1 in 5dsga@ontained entry errors.
Entered records, which had a high CPUE, were more likebe the result of entry
error than records with low CPUE (Figure 2). Searclasgd on outliers with
abnormally high CPUE were effective in detecting gdanumber of data entry errors.
Other types of entry errors, which were correctedxatuded, were:

» grouped entries: the catch for a fishing trip comprisingise shots (as shown on
original records) was reported as one shot with onefgeaps. Given the reduced
effort this resulted in very high CPUE;

* double entries;

» entries for other species (eg. spider crabs);

» misreporting of effort: three fishers were identifiedcansistently under-reporting
fishing effort. No solution to this problem could berad so their records were
excluded from further analysis, and

» the absence of species targeting information: thisnmhtion is essential for further

analysis in order to distinguish between fishers tangetiabs and fishers reporting
crabs as bycatch. In the GF database, targeting wasdt according to fishing
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depth (in ICE, 95% of records by fishers targeting crataewleeper than 173 on
the east coast and 131 on the west coast) and refiledKkinyg at soaktime, fishers’
fishing history and catch rate.

100 ~ 95% confidence
90 -
80 -
70 A
60 -
50 A
40 -
30 A
20 A
10 -

% confidence in records

o 1 2 3 4 5 6 7 8 9 10

entered cpue

Figure 2. Accuracy (confidence) of records in the General FigataBase producing a
CPUE ranging from 0.1 to 10 prior to audit.

Audit of the ICE database (5674 records)

The audit of the ICE database had direct implicationsnfmdifications of the current
recording system. The problems identified in ICE included:

= discrepancies between the numbers of crabs caughhbysfi@ecorded in ICE)
and the number of crabs unloaded (recorded in the ‘Quotadéaent System’
database);

= a significant number of vessels with low trap numbegs L — 5, where fishers
were actually indicating number of longlines rather thamber of traps per
longline);

= unusually high or low average weights for certain areaar@ous times; and

= unclear distinction between records when fishers wageting crabs or
reporting bycatch.

Comparison between records from the giant crab caidletfort database (ICE, Nov
1999 — Feb 2002) and the QMS (quota management system) datighégetéd data
entry errors and discrepancies in unloading data. Thisifiddmmissing data, which has
now been entered into ICE, and identified errors haes lcorrected. The changes

FRDC Final Report 2001/042 Pagk



Giant crab assessment methodology

resulted in a net increase in the total number ofscratained from 69,070 to 71,990
and the number landed from 66,774 to 71,634, after correctingjffdtn@nce between
the recorded number kept and the recorded number unloadethalb§s356, 0.5%).

Total landed weight of crabs has increased from 226,000 kg t602Kkg. The
absolute difference in numbers of crabs caught (ICE)aamtbd (QMS) was 1592 crabs
with a net difference of —452 crabs. The net differendanded weights between ICE
and QMS has been reduced from about —22,000 kg to —3,100 kg; the fjerena#

has been reduced from 23,604 kg to 4,538 kg. Total fishing effiernbreased from a
pre-audit level of 97,848 pots @ total soak time of 185,180 pottdaypost-audit

level of 105,629 pots @ 201,264 pot days.

Following this review, very few entry errors were seuently found in ICE,
and entered records matched original logbook records witlverall 98.5%
confidence. However, the need for a flag was identibedecords with a
CPUE above 4.6 as these are likely (more than 5% chembe the result of
entry errors (Figure 3) and should be checked against dsigina

100 - 4.6 95% confidence

90 -
80 -
70 -

60

50 -
40

% confidence in records

30 -
20 -
10 -

0 1 2 3 4 5 6 7 8 9 10

entered cpue

Figure 3. Accuracy (confidence) in records for entries in ICEduaing a CPUE
ranging from 0.1 to 10 prior to the audit. All records witGRUE above 4.6 were
checked against original logbooks.

Proposed changes to logbook data collection

Following the identification of problems in data callea and management, a number of
changes to the logbook and ICE database were proposed to:

= aid fishers in correctly calculating the number of islught during a trip,

= reduce fisher confusion over the number of traps enfgebébcation,
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= account for discrepancies between number of crabs canghtinloaded (ie.
‘missing crabs’),

= identify and quantify the sources of ‘missing crabs’ (aldres, returns to sea,
personal possession), and allow for the weight of erddiadings to be
distributed among the precise locations where crabs eaerght;

= allow for crab targeting to be recorded for each shot.
A revised logbook was introduced in 2006.

Some modifications to the ICE database were madepmira future data entry; most
significantly, the calculation of catch weights foradete sets has been incorporated,
which allows for the distribution of landed weights e frecise locations where crabs
were caught. The source of some other errors wasnsgst and continued to occur in
the ICE database so that this exercise needed tpéateel in 2004. Recommendations
to correct the database were provided to DPIWE.

Effect of the data correction process

The audit of the Tasmanian giant crab fishery recaesislted in marked changes in the
trend in catch rate with the various time-series beeg more stable (Figure 4 and
Figure 5). Trends in data now appear less erratic, vghavides confidence that the
data audit has been successful. It is also notewdrétythe proportion of data that can
be utilised in assessments increases in more reearg (Figure 5).
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Figure 4. Seasonal patterns in CPUE since 1995. The upper plot stahves from
data after correcting for database errors as descrildedti The lower plot shows the
same information, but generated with the catch andtefeda available for the previous
giant crab assessment. Note that the process @ctiom of errors has improved the
signal to noise ratio — so that seasonal patterns imdicative of the biology of giant
crabs have become apparent. For example, catchimélesember now appear higher,
which is consistent with the opinion of fishers.
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Figure 5. Trends in catch per unit effort (CPUE) from each ef@hmain assessment
regions (the assessment regions are the same asldobster). Years are split by
guota years (March - February). Effort is pot dayschfgdot shows the CPUE trend as
shown in the 2002 assessment report (black squares) atartbeted catch rate values
as calculated for the 2003 assessment (hollow circlaghe process of correcting
these data, some records of catch were associatedeatitds of effort that could not
be corrected; these data were excluded. The percenttgfalafatch data that was
useable and could be incorporated into CPUE calculatrensh@wn by the hollow
diamonds measured against the right axis.

3.2.2 Victoria and South Australia

The Victorian and South Australian giant crab data vgasssed following the template
set for Tasmania. Few outliers were detected in theo¥an records although this data
series suffered the same problem as per Tasmania $eplaeation of crab catch taken
through targeted effort vs as bycatch. As per Tasmingeted effort was separated
on the basis of block, depth of fishing, soak time, aidrae of catch.

South Australian data was derived almost exclusively fwaenfishers, both of whom
were unable to fish for lobsters. Thus the issuamgated effort vs bycatch was not
relevant for this series. Data errors were not agypan the South Australian data set,
that is, outliers were not common and the occasi@talrds that were possibly spurious
could not be evaluated against a parallel quota monitoriadpase.
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Reporting of effort remains inconsistent across Staseit varies between man-days and
trap numbers in South Australia vs calculated soaktimérapchumbers in Tasmania.
This would be worthwhile addressing in future reviewsheffishery so that temporal
trends in CPUE can be compared between States anldlzocalive approach to
management fostered.

3.2.3 Revised catch and effort database

Giant crab catch and effort data held by State fiskexgencies serve many purposes,
some of which are defined by law. These databasestaneled to provide an accurate
record of the information supplied by fishers on theimmercial logbooks. This
requirement can be contrary to the needs for stocksmsat — for instance,
deliberately misreported effort data must be retainéderdatabases held by fisheries
agencies, but excluded or adjusted for stock assessmarthidH@ason, a new Access
database was created to store combined catch anddsftarthat had been corrected for
errors. A summary of the database is given in Appen(page 143).

3.3 Conclusions

The collection of catch and effort data from gianbdisheries in each State since
inception of commercial harvests is a valuable resotmcfuture assessments because it
provides information about the unfished stock. Howeer yvalue of this data was
compromised through a series of problems, most of wiaek been corrected through
this project. Current logbook data is much improved, pilynas a result of the
introduction of ITQs and the associated need for bqgttality record keeping.

FRDC Final Report 2001/042 Page 13



Giant crab assessment methodology

4. Industry surveys

This chapter summarises results from interviews ustiefs. These interviews were
intended to facilitate the catch rate standardisatisordeed in Chapter 7.

Interviews were completed with 12 fishers accountingpfar 80% of the Victorian and
Tasmanian giant crab catch. A range of issues weressgdl @ relation to factors
affecting fishers catch rates (and thus interpretatfd®dPUE), quantification of effort,
logbook efficacy, and some biological issues relevastdaok assessment modelling.
The questionnaire is attached at Appendix 4.

The key questions relating to change in fishing effigigmoduced a consistent
response. Gear had changed little and fishers attribtiteeffect of changing catch
rates to this. The issue that most fishers idedtd® important was simply improved
fisher knowledge. Most fishers attributed gains of betwts and 25% to this over the
period of 2 years since commencement. They consigtestitd that the level of skill
development required was less than for rock lobsterghwmplies that effort
standardisation is less complex.

A summary of responses from the interviews relevanhé process of effort
standardisation is shown below.

EFFORT

STANDARDISATION

How long did it take to 50% of the fishers considered they reached full skill
learn to fish to the current | level within the first year. One fisher said it koiiree
level of skill? years and the remainder said two years.

Where fishers felt their Most felt the change was between 15% and 25%, gne

efficiency changed over felt the change was 100%s¢. double effective effort).
more than 1 season, how
large was this effect?

What was the change in | All fishers that considered they had changed their
efficiency attributed to? efficiency attributed it to locating better areas and
understanding seasonality.

Are seasonal cycles in catgh?2/3 said yes, 1/3 no. Where respondents said no, they
rate consistent between | felt there was variation of around 4 week&g(there
years? may be variation of a month for catch rates toease
after the release of larvae in Spring).

Did fishers follow the same| All said yes except two fishers operating off western
spatial pattern in effort Tasmania, which was attributed to the introduction of
direction each year? guota and encroachment of trawlers.
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Did the introduction of
QMS in 1999 in Tasmania
affect timing of effort?

2/3 of respondents said yes. Quota had less effect
east coast fishers. The effect was driven by price
maximisation. No consistent timing shift was appare
(some shifted effort to Nov, others to February).

on

Did the introduction of the
QMS in 1999 in Tasmania
affect the size of crabs
targeted?

50% the respondents said yes — most increased
targeting of smaller crabs, one increased targeting ¢
larger crabs.

Did the QMS influence
where effort was directed?

All fishers said it had no effect.

Other effects of introductio
of the QMS?

n7 fishers reported that they no longer retain 1-arme
crabs, 1 reported the opposite (that they used to
discard them but now retain them).

What other fisheries
influenced direction of effor
into crab?

All fishers reported that prices and catch rates in th¢
t lobster fishery affected their effort directed towards
crab. Other fisheries include scallop and drop line.

L

BIOLOGICAL ASPECTS

Has there been an increass
in the incidence of crabs
with black shells?

2 Only one fisher reported an increase.

When does moulting occurf:

? In contrast to rock lobsfist®rs had less idea of

when moulting occurs. 5 of 12 said they had no ide
thought most moulting was in winter, 1 thought it wa
in summer, and 1 felt females moulted in spring. 3 fe
moulting occurred at low levels throughout the year

a, 2
AS
[t

Other issues relevant to
CPUE standardisation

Several fishers noted that they believe the creds a

highly mobile which explains the benefit of long soak
times. They explained that localised depletion arou
the traps was not an issue as it is for rock lobsters.
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5. Low cost length-frequency data collection

5.1 Introduction

This Chapter reports on comparison of different techsidolemeasuring crabs. The

aim was to develop a technique that would enable fishearsllect information on the
size-structure of their catches to assist with steskssment. The need for fisher-based
data collection arose because of the high cost oinglaiservers aboard crab fishing
vessels. Observer based sampling is less viable ioréb fishery than the rock lobster
fishery because of the smaller value of the fishadythe lower number of crabs landed
each dayi(e. fewer data per day of observer time).

We recognised that fishers would be more wiling and tbfgarticipate in data
collection if the method used to collect data were aaslycould be integrated with daily
deck operations. However, the easiest method forctiollesize-structure data may not
necessarily be the most accurate — clearly a batesexds to be established. Validation
of sample methods was intended to assist this process.

5.2 Methods

Comparison between options for measuring crabs wasiddwe steps. First, three
systems for collecting measurements were tested doracy. Options that appeared
promising were then further developed to find electropitons to make data collection
easier.

Options considered were:
= callipers
= measuring boards; and

= disposable cameras.

Callipers were standard plastic or metal vernier cadlipgmeasuring to the nearest
millimetre (Figure 6) and represent the current systerptaddor catch sampling. Note
that large 400 mm callipers are required for crab samplihgr#han the standard 250
mm callipers used for sampling rock lobsters. Measurirgdsowere designed
specifically for measuring giant crabs, to be permayatthched to a convenient
surface in the sorting area on crab boats. Readingstaen to the nearest centimetre.

Photos were taken with Kodak waterproof, single use Gsvard scanned for
measuring using image analysis software. Operators n&redted to take the photo
from directly above the crab to avoid parallax erromeasurements, and to allow the
full carapace to be seen in the photo. An object oikndimension must be included in
each photo to provide appropriate scaling when measurirgdabe The accuracy of
measurement of this scaling object will have conslaereffect on the accuracy of crab
measurements. Three different scaling devices were cethpalaboratory trials
(Figure 7). Two devices, a scaling grid and a black square pleced on the ground
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(or deck) beneath the crab while the third, a blacknzer placed on the crab and thus
was at the same distance from the camera as theacareCrabs measured in this trial
were undersize crabs retained by a fisher over a nunfiishing trips.

i)

B

) T T D

Figure 6. Systems tested for accuracy in data collection. Cedlip®), measuring board
(B), and disposable camera combined with scaling sy&tgm

| B |
Figure 7. Three scaling methods tested for use with disposableraanmemeasuring the

size of giant crabs: square, grid and bar (placed on erapace).
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5.3 Results and Discussion

5.3.1 Callipers

Precision of calliper measurements was assessed labtiratory. Three operators each
measured the same group of 84 live giant crabs. For 81, etbalmeasurements were
within 1 mm of each other (Figure 8). For two crabsximam measurement error was
2 mm, and on a third an apparent misread of the calljyeperson A resulted in a
discrepancy of 10mm. Consequently correlations betweasopdy and the other
measurers are reduced (Table 1), but were still high.

Ll

PERSON_C PERSON_B PERSON_A

Wil

PERSON_A PERSON_B PERSON_C

Figure 8. Correlations and frequency distributions for calliper sneaments taken by 3
operators on the same crab specimens.

Table 1.Pearson correlation matrix for three people usingpeali to measure the same
group of 84 crabs.

PERSON A PERSON B
PERSON_B 0.962
PERSON C 0.955 0.995

These results highlighted the inherent opportunitiesiaeauracy when using callipers,
but also potential problems with misreading. This tmas performed by experienced
operators in laboratory conditions. Error rates ufidier conditions may be
considerably higher, and consideration should be givemetbods of decreasing error
rates such as highlighting the 'pointer’' where measutsraemread on the callipers.

5.3.2 Measuring boards

As with the callipers, three operators measured a sahpi live crabs.
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Precision: An indication of precision is given by thegree of overlap of subsequent
board-measured size groups in Figure 9. The width of thedeont limits around the
middle two size groups indicate that the chance of iectiyrassigning a crab to either
of these groups is low, and therefore precision is aab&ptHowever crabs measured
by boards to be in the largest size groups(5cm) fall entirely outside the confidence
limits, and overlap almost entirely with the 14.5cm gimeup. This is not attributable to
the measuring technique, but rather to the non-norntabdison of crabs measured
(see frequency distributions in Figure 8).

Accuracy: Measuring boards do not measure carapace leogtiather the distance
from the outside curvature of the tail to the tips eftbstral horns. For a given
carapace length, this distance may vary due to faaictsas sex or reproductive state
of females (for instance - tail protrudes further wimelberry). For the purposes of these
trials, a linear adjustment based on the discrepantgans of board measurements and
calliper measurements was applied to board measureméetsedulting regression line
of slope approximating 1, and with intercept close to ¢Eigure 9) indicates that this
adjustment was appropriate for the size range of cralsured.

=
(o]

=
(6]

=
w

Adjusted board measurement (cm)
|_\
N

12 | | |
120 128 136 144 152 16.0
Caliper measurement (cm)

Figure 9. Adjusted board measurement (adjusted by comparing meanpearcnd
board measurements) vs calliper measurement. 95% coditi@ns are shown.

Due to the layout, construction and size of measuringdspéhe chance of a misread is
minimal, representing an advantage over callipers.

5.3.3 Disposable cameras

Photographic techniques had the advantage of provisiorysitphevidence of crab
size to researchers/managers so that chances ofngsreads of crab size were
minimal. Effort required by deck hands was also reduceds#daantage was that
scanning and digital measurement of photos was time camguiaking 30 to 45
minutes to process a single film. This could be decresigadicantly if photos were
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scanned as they were processed, a service offered by many photography shops, however
costs would increase.

Quality of photos had a considerable bearing on ultimate accuracy of measurements.
Field trials showed that light levels were important, as photos became more 'grainy’ at
lower light, resulting in poorly defined edges of the crab carapace and scaling object. As
the single use cameras are not equipped with a flash, data cannot be collected from any
shots hauled at night. Photos taken using deck lights were inadequate.

Laboratory trials clearly showed that scaling of photos was most accurate using a scale
bar placed on top of the crab carapace. While fewer photos were taken with this device
than with the square and grid, resulting in broad confidence limits towards the extremes
of sizes measured (Figure 10), the correlation with calliper measurements was best using
this method (Table 2).
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Figure 10.Regression of callipper measurements against photo measurements scaled
using the square, grid and bar in photos. Linear regressions and 95% confidence
intervals are shown.
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Table 2.Pearson correlations between caliper measurements and photo measurements
taken using the three scaling methods.

Grid Square Bar

Calliper 0.815 0.759 0.839

5.3.4 Field testing by fishers

Fishers field-tested all three options to evaluate their use in a normal fishing operation.
All methods were readily integrated with normal operations and used at the point where
claws were cable-tied. Callipers were preferred above measuring boards due to their
smaller size. In addition, callipers provided a measure of carapace length rather than
total length so fishers were able to use these for determining whether crabs were legal
size. Photographic systems were slightly more awkward as crabs are disturbed and
highly mobile after being removed from traps so that two people were sometimes
required — one to hold the crab and the other to photograph (Figure 11). Movement of
crabs also led to difficulty in determining the size of crabs from photos. Given these
results, callipers were selected as the preferred option for deployment with fishers.

5.3.5 Electronic solutions based on measurement by callipers

Fishers noted that the photographic measurement option had the benefit that there was
no paper or pencils involved in the recording of data. This presented a problem with the
use of callipers as measurements needed to be recorded on datasheets —and pencils and
datasheets could be lost on the deck. We addressed this by developing electronic
options for recording calliper measurements. A private company (Scielex -
www.scielex.com.au) conducted this development and two options are now

commercially available. Both utilise waterproof electronic callipers connected to a data-
recording unit (Figure 12) so that data entry from paper records is eliminated. Data is
downloaded and stored in fisheries databases.

Waterproof vernier calliper logbook: this stores gender, berried state, length and units,
date, time. Location and depth information is linked to length records by later database
links based on date and fisher ID. This unit was adopted as the basic system for fishers
to record size structure data.

Touch screen logbook: this unit can be easily programmed to store more extensive data
than the simple waterproof logbook, such as tag number, damage (missing limbs),
individual pot ID, and bycatch. This system is used where fishers wish to record
additional information or where observers are present.
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Figure 11.Images collected by fishers aboard the Rachel Mam@&atuna. A white
calibration square was used to provide contrast to #uk loleck mats. Movement of
crabs created problems with this system.
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Figure 12. Electronic options developed for recording length measurenfiom
callipers. The waterproof vernier calliper logbooktflstores gender, berried state,
length and units, date, time. The touch screen logbagit)ican be connected to
electronic callipers and easily programmed to store mxtensive data, such as tag
number, damage (missing limbs), individual pot ID, and leyctailhe basic calliper
logbook has been deployed with several fishers and noxessas the main system for
obtaining size-structure data for the crab fishery.

5.3.6 Conclusion

The waterproof vernier calliper logbook provides an adeusgstem for collecting size
structure data and has been well received by fishersodine ease of use. This system
has been deployed in Victoria and Tasmania.

The units consist of a set of digital calipers and sd#t storage unit (both IP 67 rated)
capable of storing 5000 entire records from its rechargdah power supply. An
advantage of this setup is that it allows the straightiod collection of data to occur on
commercial vessels without the presence of a resgraociboard. Fishers simply
measure and assign a sex (either male, female oedézmale) to the crab. By
recording details from as little as only one pot pet shoonsiderable data set is quickly
generated from only a small number of trips.

Once the unit is full (indicated by a small red lighttbe logger) or the fisher wants to
find out details about their catch, the unit is returredAFI for downloading and then
reposted. To keep the user of the loggers informed of¢atih the data downloaded is
sent to them via a standard set of graphs and spreadsheets

We have developed a series of operational and support presdduthese units. If a
mistake is made with measurements the fisher closesallipers and records another
measurement of 0 mm length. These two records areddleted when the data is
downloaded. Graphs are generated automatically whensdddavnloaded. The length
data retrieved from these units is stored in the crédibdae for use in stock
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assessments. Links from this size data to otherslefahe fishers operation such as
depth and location of fishing (from logbooks) are maderaatigally in the database on
the basis of date of fishing.
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6. Risk of serial depletion

6.1 Introduction

Serial depletion occurs when fishers progressively depleearea and then move to the
next to maintain stable catch rates. Serial depletan be masked in logbook returns if
the spatial resolution of reporting is much larger thasihsn area,e. if there is a
substantial spatial mis-match between fishery presessd reporting. This situation is
problematic for fisheries management because thstislks can collapse without much
prior warning of problems. The extent to which teisiiconcern in the crab fishery was
assessed from logbook data. These analyses were mtiendealuate the need for
tracking of spatial patterns in future assessments.

The fishers interviewed for Chapter 4 were asked abeirtgpatial patterns of fishing.
All stated that they deployed their gear at a targeted ddmtly the shelf-break,
although this depth varied from trip to trip. Fishers galiyeresponded to catch rates in
gear at different depths from shot to shot. Spatialem@nt of effort around the coast
tended to be constrained to regions with most fishevsg their own “patch” around
the coast — typically the region closest to home.

Fishers stated that they tended to set gear in alding &he targeted depth without
targeting specific bottom features (as per rock lobstaft®r the shot was hauled the
gear would be moved further along the shelf-break. #iainner they would work
their gear along the coast until they reached a poistevtihe direction of movement
would be reversed. The trigger for moving back included @meoing someone else’s
gear, moving too far from port, or the need to returpdd and land the catch. This
pattern of fishing implies that fishers have tended eokvin the same area, which
suggests that likelihood of serial depletion is low.

We examined the fishing patterns of the fleet by pittioning the fished region into
patches or regions where effort is concentrated. N&e ¢éxamined how mobile fishers
were between these patches — did they remain in thederped region year after year?

6.2 Methods

Analysis of spatial distribution of effort in the festy involved the mapping of effort and
then analysis of the transfer of effort of individiishers between areas. The first step
of mapping of effort was complicated by changes in théadpasolution of data
recorded in fisher’s logbooks.

6.2.1 Mapping

Since 1999, commercial Tasmanian giant crab fishing ldgbbave included entry of
vessel ID, catch, effort and GPS location for edudt.dJsing these records compiled
for the 4-year period of 1999-2003 we have defined hot spotamtfgiab fishing effort
around Tasmania. Using Arcview GIS 3.2, we first creatgdd to compute the sum of
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number of traps per each 4 koell. The grid shown in Figure 13 highlights giant crab
fishing hotspots between 1999 and 2003.

From the fishing intensity grid it was possible to defseveral fishing areas along the
west and east coasts of Tasmania (Figure 14). Aretkatidew records and showed
similar trends in catch rate to adjacent areas wenepgd to provide a final grouping of
five areas (Figure 14). These groupings enabled the uséadbdahe period 1995 to
1999 when geographical information of catch was recordbedlfrdegree block (Figure
15 left). Extending the southern areas southward to ¢beegntire Tasmanian fishing
zone we obtain the statistical areas shown in FigGneght.
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Figure 13.Distribution of effort 1999-2003. The colour gradient indicates light
(dark blue, >350 traps Kfrin 4 years) to heavy (light blue, >3000 trap ®rfishing

effort.

Figure 14. Regional division of effort and the participants. This analysis initially
produced seven regional areas (left), which were further pooled to 5 areas (right) to
enable comparison with lower resolution logbook data prior to 1999.
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FRDC Final Report 2001/042 Page 27



Giant crab assessment methodology

6.2.2 Spatial distribution of fisher’s effort

Fishers effort was mapped into four km cells as descféyecbmbined catch data
above. This data is not presented here to protecdeotflity, however, this
information was used to describe movement in efforvéen regions in Section 6.3.2.

Change in location of crab fishing effort was evalddte fishers who were ranked as
major players (caught more than 10 tons between 1995 and 2€6&8 trey caught
two tons per year for at least two consecutive yeard)were active in the fishery for
more than three years. The spatial distribution @fetfort of these operators was
assigned to the five fishing areas. Effort that watstargeting giant crabs was
excluded.

6.3 Results and Discussion

6.3.1 Temporal changes in regional catch and catch rate

Trends in catch statistics were not indicative oibséepletion, as temporal patterns
were not hyper-stable (Figure 16 and Figure 17). Rathextilitglexisted both
temporally and between spatial areas. Temporal chamgagch rates between regions
were occasionally substantial, which would be expeaaeutdvide motivation for fishers
to transfer effort between regions (Figure 17).
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Figure 18. Temporal change in effort in each of the five regiolesitified inFigure 15b.

93-94 94-95

FRDC Final Report 2001/042 Page 29



Giant crab assessment methodology

6.3.2 Regional transfer of effort

Logbook records indicate considerable temporal volatiligffort in most regions
(Figure 18). Effort on the east coast tended to be stalde than that on the west,
which may be a function of the smaller number of ojpesatargeting crabs in this
region, and the stable fishing behaviour of those opesdFigure 19).

Temporal change in effort on the west coast displaydeaa pattern for the southwest
and northwest regions (Figure 18). Both these areasrngal $emporal pattern and
magnitude of effort until 1998/99. After this, effort in therthwest increased
dramatically relative to that in the southwest. $aMactors may have accounted for
this change including improved reporting of effort in toethwest following the
introduction of quota management and interactions witithietrawlers. In interviews
reported in Chapter 4, crab fishers operating in thenn@st region reported that the
increased activity of trawlers from 2001 onwards had leti¢o effort being displaced
to areas with lower catch rate. Under a quota managesystem this displacement of
effort to areas with lower catch rate is a mecharie increased effort.

Temporal patterns in fishing effort of individual operatehown in Figure 19 indicate
that most fishers have operated in only one or twons. Examples of fishers shifting
from one region to another, in a pattern consistétfit serial depletion, occurred in only
two cases, fishers C and H. Both of these fishaftedleffort towards the northwest.

In two other cases (Fishers L and M), the fisheiftsesheffort around the State. The
spatial stability of the majority of fishers arguesiasgfaserial depletion.

6.4 Conclusion

The risk of serial depletion in the Tasmanian gianb @ishery appears low due to
several factors.

Firstly, effort is widely distributed along the shelebk with effort in all available fishing
grounds where catch rates are economically viableex&aption is that little effort has
occurred in the southwest, which fishers report is duenezonomically low catch
rates. Crabs are present in this region and numerduglunals have been observed on
the seafloor in this region using deep-water video (unpdalisesults from FRDC
2004/066). However, either catchability or abundance udficient to enable
economical harvests so that this southwest region eppeae a spatial refuge.

Secondly, the pattern of fishing reported by fishelist@rviews argues against serial
depletion. Fishers tend to deploy gear with only limagempt to target specific

bottom features — a target depth is the primary consideraGear is moved along the
coast in a regular pattern so that the entire shedfibis fished. Exceptions are southern
regions with low catch rates and local regions unseittlvldeploying gear, such as
where trawler activity is common.
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Lastly, although regional variation in catch ratesrfrgear to year appears to provide
motivation for fishers to shift effort between reggoso as to stabilise catch rates, this
does not seem to have occurred. Most individual fislygzend their effort in the same
region for periods spanning many years and do not vardgthéon of their effort from

year to year.
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/. Catch rate standardisation

7.1 Introduction

The need for catch rate standardisation was identifitteacommencement of the
project due to concerns of industry about the value oflsral CPUE data. Concerns
included:

misreporting of effort led to errors, especially in datiar to 1999 (dealt with in
Chapter 3);

variation in soak time of traps between fishers amaiden shots - for example
buoys can be submerged for extended periods with strongrie&ment;

variation in the capability of operators within tieet - some operators holding a
small amount of quota are poorly equipped for deep watendishi

variation in targeting of crabs — some crabs are cap@asdycatch by lobster
fishers in deep water but has not always been idehtiiesuch;

seasonal variation in catchability and expenditurdfoftecaused in part by
interaction with other fisheries, especially scalkl@ason openings; and

the effect of depth on catch rates, especially irctimtext of crab fishers
avoiding preferred depths to avoid interaction with trasvle

The need for standardisation of CPUE was also appaentthe observed statistical
distribution of logbook catch and effort data (Figure 20¢gkencies of individual catch
rate records for each year since 1995 were clearly aomat, which implies that the
statewide values of CPUE calculated by arithmetic nfeeat is, total catch divided by
total effort) are biased. This bias was confirme@ I§)-Q plot of the residuals where
the fit using arithmetic means is extremely poor (FigiBe
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Figure 20. Frequencies (x-axis; kg/potday) for individual catch rat®rds in fisher log
book returns (split by quota years). Note that theiligion of these is not normal,
which implies that the arithmetic means of catclke raill be biased. Also note a shift
towards lower catch rates through time. Both of tlwxservations implied
standardisation was required. Frequencies of catch ratesaocrabs per shot are
excluded.
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7.1.1 Historical patterns in catch and effort data

The commercial fishery for giant crab began in Tasandaring the 1992/1993 quota
year (defined as the period from the start of Marciéoend of the following February)
after a live export market to Melbourne, Sydney and Asia established (Gardner,
1998). Giant crab had previously appeared as occasionatihymarock lobster fishers
operating in deeper waters but were generally regardedas@euisance than a target.
Once giant crab became a targeted species, catchegsiadrdramatically and by the
1994/1995 quota year, total reported catch in Tasmanian vpatgked at 291 tonnes.
While some of this total may be attributed to misrépgrof catch in anticipation of a
change in management (moving to quota), it was cleaatlzge virgin stock was
being fished down. By the end of the 1997/1998 quota year tddecédch had fallen to
110 tonnes (Table 3, Figure 21) and there was concerrhthatdck was over
exploited. A management plan was introduced in November I89@ralndividual
Transferable Quota system was introduced in 2000/2001.

Table 3.Reportectatch totals, in tonnes, by quota year from befoeebdginning of

the Tasmanian fishery in 1992/1993 until the present. Thegear runs from March
1% to the end of February the following year. East anst\aee defined as either side of
longitude 147 East.

Quota Year Total West East
1989/1990 0.202 0.002 0.105
1990/1991 1.706 1.598 0.108
1991/1992 1.483 1.410 0.073
1992/1993 118.157 112.794 5.363
1993/1994 224.233 223.413 0.819
1994/1995 291.226 217.755 73.471
1995/1996 224,932 147.904 77.028
1996/1997 147.380 125.231 22.149
1997/1998 113.283 77.431 35.852
1998/1999 75.607 30.410 45,197
1999/2000 64.212 33.883 30.329
2000/2001 86.510 60.606 25.904
2001/2002 96.593 68.640 27.953
2002/2003 75.242 45,118 30.123
2003/2004 59.057 39.104 19.953

All of the targeted fishing for giant crab in Tasmanigaters takes place on the edge of
the continental shelf on both the east and west.cohsre are modes of catches in the
180m and 280m depth categories on the west coast while eagheoast the only
major modal depth was the 280m depth category (Figure 22)ouggthit is quite
probable that there is some larval exchange betwessts (Gardner and Quintana,
1998), it is unlikely that there is any significant mixmigthe adult populations.
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Figure 22 The distribution of total catches relative to 20m deatiegory for the west
and east coasts separately across the history oshisey.

The majority of the catch on each coast is takemlynhy different groups of about ten
operators, however, there is also a small amounyaaitbh taken by rock lobster fishers
on the west coast (Gardner, 1998).
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Figure 23. Spatial distribution of effort of fishers targetingles from 1999 to 2002;
larger circles denote greater effort. Effort is meadwas number of shots and grouped
by statistical reporting blocks.

As with most fisheries, catch rates obtained byfihers are assumed to constitute an
index of relative abundance through time. However gthee many other factors that
can influence catch rates besides the relative stahkdance. In the case of giant crabs,
whether the fisher is targeting the crabs, the looagseason and depth of fishing, and
who is fishing are all likely to be important factamBuencing observed catch rates.
Once any effects of these factors are statistiealypunted for by standardization the
relative changes in catch rates that remain are hkefg related to changes in stock
abundance than without the standardization. While tkehe risk that not all important
factors have been included, the standardization of cateb should provide an
improvement over raw catch rates.

The option of identifying shots targeted at giant crassldeen included in logbooks
only in the most recent year. In order to resthet analysis to those records most likely
to have been targeted at giant crabs a number ofi@nvere developed for data
selection.
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Only those vessels that had been in the fisherg fomimum of two years with a median
catch of at least one tonne per annum during that peeod eonsidered for analysis.
Any data from remaining vessels were removed fromideretion as they primarily
contribute only noise to the assessment. The assumgtibat relatively small
contributors are not representative of the genertd stfethe fishery. Applying these
criteria when selecting the dataset to be used accofomtatiout 86.6% of the total
catch by weight and 75.7% by number of records (Table 4).

7.2 Methods

7.2.1 Catch Rates

In Tasmania, the catch rates were measured as kilogengot day, where a pot day
was defined as the soaktime in days for each trap.CPI$E was estimated for each
record in the database as:

Weight of Catch Kg
Number of Traps SoakTir

CPUE = 10.1

Soaktime is the recorded number of days the trepsmadhe water before being hauled.
There is a belief that a soaktime greater thanyg daes not lead to any increases in
catch but the reported soaktimes were used inlasitay the CPUE because the
normality of the log-transformed data was redu¢edaktimes were limited to 7 days.

The period under analysis included two differenhageement arrangements with
fisheries data being recorded in different logbooRefore July 1998, fishing was
restricted to fishers with Commonwealth permitsiessby AFMA with effort limited by
gear restrictions. A total of 106 permits wer@ié$to holders of Tasmanian rock
lobster endorsements (Gardner, 1998) and catctt diita was recorded in the general
fish logbook. The general fish logbook was updatetP95 and before this time no
effort was recorded, hence data from before Mag89%lthe 1995/1996 quota year)
cannot be included in this analysis. In the newegalrfish log-book, introduced in
January 1995, the data recorded included the weighie catch, the number of traps
used, the time the traps were in the water, thatime of fishing by 30 minute block, the
average depth of fishing and the date of fishingNovember 1999 a new management
plan for giant crab was introduced by the StateeBawent that set the total allowable
catch (TAC) to be 100 tonnes and created a newdl/pghing licence (giant crab). A
new logbook for giant crab was introduced at threesime and required additional
information. The new logbook included the latituadel longitude of fishing and
whether a fisher was targeting giant crab or rdtdata fields recorded in the previous
logbook were retained and information was recotidetle ICE data base (see Section
3). Along with the introduction of a TAC, a maximusize limit of 215mm carapace
length for both males and females was also intredithe minimum legal length of
150mm for both sexes, introduced in 1993, wasmethi
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It is important to note that the quota allocationeysaind the logbook recording do not
correspond completely. Quota is considered to haveussshonly when the animals
are sold/landed whereas an entry in a fisher’s logbatkrecords date of capture, not
date of sale. It is quite common for a fisher to faoldnals until the market price
improves (Gardner, 1998). This appears to be one oféilsems that the full quota
does not appear to have been taken since it was intr@ud899.

Data from the General fish log-book and the ICE logkbdatabases were extracted and
combined into a single Access database for use irolbgving analyses.

Table 4. The number of records used in the analyses for each geataData from
1994/1995 were not used in the analyses. “Total All’ relateall records whereas
Total and East and West relate only to those recordgessels in the fishery for more
than two years and catching a median catch in eaclofgaeater than 1000 kg.

Quota Year Total All Total West East
1994/1995 288 191 114 77
1995/1996 1390 853 576 277
1996/1997 1393 765 621 144
1997/1998 1127 797 555 242
1998/1999 510 392 180 212
1999/2000 1085 909 317 592
2000/2001 1513 1231 685 546
2001/2002 1431 1254 881 373
2002/2003 539 464 335 129
2003/2004 944 879 521 358

7.2.2 Statistical Transformation

The catch rate data was not normally distributed soréeftatistical treatment the data
was first natural log transformed, which greatly impbwermality (Figure 24 and
Figure 25).
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Quantile Plot of Log CPUE

60 7

mcoo

Figure 24.Quantile-Quantile plot of the untransformed CPUE datat (&) total
catch/total effort). The distribution of these resldusicurved, rather than straight,
which indicates a poor fit from the arithmetic meand demonstrates standardisation
was required.

Quantile Plot of Log CPUE

mcunar

Figure 25. Quantile-Quantile plot of the Natural-log transformed lca&te data for
Tasmanian Giant Crab. Catch rates were defined Bs= Catch/(Traps*SoakDays).
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PROC GLM (General Linear Modelling) inside SAS 9.1 wasdusr the statistical
analyses and the standard form of the statistical madeld was:

Ln(CPUE) = Const + QYear+Skipper+DepCat+Month+Traps-+HBtdtonth*Block+Skipper*Month

With fewer or more factors used as the relative dautions of the different factors was
explored. QYear was quota year, DepCat was a series ofl@ptin categories, Traps
was the number of pots used, Block was the 30’ statigtiocek. The use of Block
captured all that was implicit in the East/West distarct

A series of GLMs, sequentially adding each factor, wheee fitted to the data until the
optimal model, or best description of the data was ifiethtiOptimality cannot be
guaranteed simply by selecting the model that describamaimum amount of the
variation in the data. This becomes clear from atengig that it would be possible to fit
the data exactly if one used a model with the same nuofilparameters as there were
data points. The definition of optimum requires someraitethat counter-balances the
amount of variability accounted for with the numbepafameters used to describe the
data. The approximate aim is to maximize the variadimsounted for using the fewest
number of parameters. Generally, the more independearnpters that are added the
greater the amount of variability explained. Therefars, necessary to penalise a more
complicated model in some way when compared to a siopkr In this situation
where we are trying to account for variability inedatively large data set, Ripley
(unpublished manuscript) recommends fitting by lowest A€ r@taining all models
within two of the best model. The AIC is the Akaikéoimation Criteria and can be
defined in two ways. The first is:

AIC:n.Ln(STSEj+2p 10.2

where where SSE is the sum of the squared resjduiglshe total number of
observations, angis the number of parameters. The second defingion

AIC2 =Ln(SSH +2—r:° 10.3

In addition, the adjusted®Rgives a better estimate of total variability désed by the
statistical model (Netest al, 1996) than the simple’Rwith n-p degrees of freedom,
and SSTO, witm-1 degrees of freedom, is the SSE plus the varialiento the
statistical model:

SSE

> _ SSE _. h—-p_ n1 SS
R° =1 SSTO R =1 5570 1 ( —~ J( SSTEl 10.4
n-1
“This adjusted coefficient of multiple determinatimay actually become smaller when
another X variable is introduced into the modetduese any increase in SSE may be

more than offset by the loss of a degree of freetthotime denominatom-p” (Neteret al,
1996, p. 231).
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All models were fitted using a forwards process, thalrdctor that fitted the data best
would be added to the model first, then the next bestrfacould be added and so on
until additional factors or interactions no longer imo the AIC. When the optimal
model had been identified, residual plots and QQ-plots @amined to confirm that
the data still conformed to the statistical assumptioraer the model.

7.3 Results

Given the factors available, nine different stat@tmodels were considered (Table 5).
The geometric mean, by itself (Model 1), only accoufbve@dbout 6.5% of unadjusted
variability. The skipper doing the fishing and the deptihich fishing occurs both had
greater influences than quota year. The month of gshias also important. It should be
noted that the interaction terms between skipper andmaoa block and month were
also very influential. So seasonality of activitydifferent skippers was important as
was the block fished in each month.

The use of statistical block in the model meant tddirey the east/west factor made no
difference to the analysis (all the variation accedror by east/west was described by
Block).

Apart from two central years 1998/1999 and 1999/2000 the standardizkdatas
declined steadily from 1995/1996 to 2003/2004 (Figure 26). The effelot of t
standardization is relatively minor with the trendscdibed by the simple geometric
mean being fairly similar to the optimum two models.

Table 5. Descriptions of the none statistical models compavediint crab around the
whole of Tasmania at a time step of quota years. Lis@e natural log of catch (kg) per
pot-day, Qyear is quota year (Maf tb Feb 28/29"), DepCat is a series of 20m depth
categories, Traps is the number of pots used, and Blaitle iSO’ statistical reporting
area. Model 1 is equivalent to the geometric mean avexagh rate, and acts as a Base
Case against which the other models are compared.

Model 1 LnCE =Const + Qyear

Model 2 LnCE =Const + Qyear + Skipper

Model 3 LnCE =Const + Qyear + Skipper + DepCat

Model 4 LnCE =Const + Qyear + Skipper + DepCat + Month

Model 5 LnCE =Const + Qyear + Skipper + DepCat + Month + Traps

Model 6 LnCE =Const + Qyear + Skipper + DepCat + Month + Tragdoek

Model 7 LnCE =Const + Qyear + Skipper + DepCat + Month + Trapsoek + Month*Block

Model 8 “"°E
=Const+Qyear+Skipper+DepCat+Month+Traps+Block+Month*BlodépgerMonth

Model 9 LnCE =Const+Qyear+Skipper+DepCat+Month+Traps+Block+Montb¢B Skipper
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Table 6. Statistical results from the standardization of gi@ab data from Tasmania.
Model definitions are given in Table 5. N is the numtiedata recordsn, Var% is the
raw R value, AdjustR s the adjusted fas per Eq. 10.4, df Params is the degrees of
freedom for the statistical model, df resids is thelted degrees of freedom-{),
ModelSS is the variation described by the model, ReSit $he sum of squared residual
errors, #param is the number of parametgy,sAIC is the Akaike’s Information
Criterion Eq. 10.2, and AIC2 is Eg. 10.3. Model 8 and 9 aresmmiar while the
factors in Model 8 are simpler to understand. The thi@eimteraction term in Model 9
makes this difficult to obtain an intuitive understandihgvbat the terms mean. The
vertical line separates simple models from thoseitichtde interaction terms. The
adjustedR values for Models 7 to 9 are relative to Model 6.

Model Model1 Model 2 Model3 Model4 Modelq Model 7 Model 8 Model 9
N 7544 7544 7544 7544 7544 7544 7544 754¢
Var% 6.5 30.21 39.08 44.88 50.86 59.28 64.13 69.4%
df Params 8 51 74 85 204 416 627 911
df Resids 7535 7492 7469 7458 7341 7127 6916 6632
ModelSS 628.8 2924.1 3782.9 4344.1 4922.9 5738.6 6207.8 6725.:
Resid SS 9051.4 6756.03 5897.3 5336.1 4757.3 3941.6 3472.4 295t
# Param 9 52 75 86 203 417 628 912
AdjustR2 6.3965 29.7321 38.4756 44.2479 49.5031| 56.9051 60.8768 65.280t
AIC 1392.27 -728.23 -1712.29 -2440.17 -3072.33| -4063.31 -4597.44 -5246.6:
AIC2 9.1131 8.8320 8.7021 8.6050 8.5213| 8.3899 8.3191  8.233(
DAdjR2 6.3965 23.34 8.74 5.77 2.91 7.40 11.37 15.78
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Figure 26. The standardized catch rates deriving from Models 1, 89 aathtive to the
Quota Year to which they relate, all relative tocbatates in 1995/1996. Data restricted
to vessels in the fishery for at least two yeaswith a median annual catch greater
than 1000 kg.

Most of the effect of the standardization was brougbua by the original selection of
data to those vessels in the fishery for at leasty®wars and catching a median of 1
tonnes per year during that time. If no data seledsiomde the same two models are
optimal but the standardized time-series are ratherdiff€Figure 27). The major
difference is with the geometric mean catch ratesd@lia) while the other models,
especially Model 8, are relatively close to the restd data analysis.

1.4 = = Modell
Model9
P = Model8

Standardized Catch Rates

1995/1996
1996/1997
1997/1998
1998/1999
1999/2000
2000/2001
2001/2002
2002/2003
2003/2004

Figure 27. The standardized catch rates deriving from Models IndB9aelative to the
Quota Year to which they relate, all relative tocbatates in 1995/1996. All available
data included in the analysis.
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Figure 28 Residual plot for Model 8 for each of the quota years.
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Figure 29. Residual plot against the predicted values showing théved§e¢ven spread
of values for Model 8.
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Table 7. Predicted standardized catch rates for each of thstis&ltmodels (Model 5
is omitted). Models 8 and 9 are optimal; their definitians in Table 3 and Models 1,
8, and 9 are illustrated in Fig. 3. Qyear is the quota year

Qyear Modell Model2 Model3 Modeld Model6 Model7 Model8 Model9

1995/1996 1.0000 1.000( 1.000( 1.000C 1.000C 1.000( 1.0000 1.0000
1996/1997 0.7780 0.866: 0.930¢ 0.936¢ 0.944. 0.878¢ 0.8566 0.8923
1997/1998 0.8042 0.750: 0.803: 0.811« 0.801° 0.796: 0.7853 0.7919
1998/1999 1.1558 0.975¢ 0.949° 0.927: 0.893: 0.872¢ 0.8290 0.9188
1999/2000 1.0666 1.267¢ 1.006( 0.958" 0.798( 0.709z 0.7777 0.8107
2000/2001 0.7451 0.896" 0.787: 0.900¢ 0.706¢ 0.645¢ 0.6691 0.6388
2001/2002 0.8156 0.807: 0.678" 0.770¢ 0.594! 0.523. 0.5671 0.5238
2002/2003 0.5675 0.574: 0.476: 0.482¢ 0.427. 0.379% 0.4228 0.4734
2003/2004 0.6456 0.683¢ 0.578¢ 0.54® 0.397° 0.366: 0.3817 0.3944

7.4 Discussion

Standardisations were conducted by generalised linear snadestigating the effects of
skipper, vessel, ¥ degree block, month within the ye@thdaumber of traps fished,
and interactions where feasible. Not surprisingly, skigpel vessel were highly
correlated and treated as a single factor - skipper. Skipgeconsidered to be more
influential on CPUE as greater consistency was exgditaveen a skipper fishing two
or more boats than a vessel fished by two or moppeks.

The general trend of standardised catch rates was @mamsiStent decline and this
provided management groups with justification to recommenedi@ction in quota.
Previous discussion about trends in catch rates hadclmeated by uncertainty about
the effects of factors such as the participation abmfishers and the effect of effort
shifting to other fisheries, especially scallop. s clearly a useful process for stock
assessment and the models developed are to be run indasassments.

The statistical analysis only led to minor changethéogeometric mean values,
however, the original data selection made by resttidega to those vessels in the
fishery for at least 2 years with median catches tdast 1000 kg made the greatest
impact. An analysis with this restriction still leal & time-series of catch rates very
similar to Model 8.

While Model 9 was statistically a better fit it icoegnmended that Model 8 be used in
any stock assessment as its factors have easily tmo@nmmeanings and there was little
difference between Model 8 and Model 9, which had a thegeinteraction term
(month by block by skipper) that was intrinsically difit to understand. At very least
this term implies that different skippers fish differbfdcks at different times of the year
but how the statistical interactions occur is lesarlthese interactions may simply be
the difference between the two coasts.
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7.4.1 Difficulties with the Analysis

The fishery has two distinct areas, being the eabtast coasts. By including statistical
block in the analysis, this influence was accountedhowever, it may be better to
conduct separate assessments for the two coastliieswiania, as each fishery appears
to have different characters. Care will need to kertaas the amount of data available
from the East coast is often far less than availédol the West coast. Initially it is
recommended that comparisons be made between combthedzarate analyses. At
very least a separate coast analysis will determiregtver the skipper by block
interaction is being driven by the separate coasthether the separation of effort by
skipper along each coast is enough to generate the effect.

In addition, the annual time step of using quota yearscn@ate inconsistent
standardisation because the effort permitted has varadiythrough the history of the
fishery. Inclusion of Month as a factor in the as@will have alleviated this problem to
some extent, but it would be advantageous to exploreutitemes by using perhaps a
two-month time period as the base time step.
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8. Updating giant crab growth information

8.1 Introduction

Growth information is an essential input for the assent model and a summary of key
findings in relation to giant crabs is given here. sSehanalyses rely on tag-recapture
data supplied by Andrew Levings with the help of numerouswenaial fishers. A
subset of these data were analysed and reported on BaMeyet al. (2002) who

were able to characterise growth of giant crabs istéfa Australia, South Australia
and Victoria, but had few records of moulting crabs fiitaemania — the most

important region of the fishery. This difficulty was dwelack of tag returns where
moulting had occurred, for example, at the time of thealysis only two male tag
returns were from animals that had moulted in Tasmanlearly insufficient data to
model growth. Since that time the number of tag rethassincreased so that data was
available from 167 males that appeared to have moultethlyges shown below are for
Tasmanian data only and relate to tag recapture datalefonabs generally greater than
80 mm carapace length.

Other sources of information on growth of giant criabkide tank-based observations
of juveniles (Gardner and Welsford, 2003) and radiometrilysegmof shell age to
estimate intermoult (Gardner et al., 2002).

The availability of tagging data from the Tasmanianefty for giant crabs permitted the
development of a description of the growth of giant cnalasformat suitable for
inclusion in a size-based stock assessment model. Becatie extended intermoult
periods exhibited by the larger giant crabs the desaniptigrowth involved a separate
consideration of the dynamics of the expected moultiogginent and of the intermoult
intervals for different sized crabs.

Instead of using one of the standard growth curves toidesbe expected average
growth increment for each size-class it was foundttimatelationship between moult
increment and size-class could be described well usingesimear regressions. This
suggests a similarity with the growth increment versibthe von Bertalanffy growth
model (Fabens, 1965) but no benefit would have accrued friogn the slightly more
complex model so the expected growth increments wereiltes by straight lines. A
simple method was devised for using data from both simglelauble moults in the
estimation of the regression lines in describing moalements. The variation of moult
increment about the average increment was best-dedarging normal distributions
and was not held constant as with ordinary regressialysas. The optimum models
were produced when the variability around the expected nmooément was linearly
related to the premoult carapace length. Sufficient dataawailable to estimate the
growth transition matrix up to the legal size for bfaifmales and males but little or no
information was available from crabs above legassiZ he linear regressions of size-
class to expected moult increment were extrapolatednerges the expected moult
increments for the larger size-classes. Using thee @lad the extrapolations it was
possible to generate the required annual growth transitairices for males and

FRDC Final Report 2001/042 Padk8



Giant crab assessment methodology

females. Of course the extrapolation may have intratlacgegree of uncertainty into
the predicted growth patterns but the regressions betweel increment and initial
size were relatively clear so this source of unaetfanay only have been minor. Far
more critical was the estimation of the intermoultigets for the larger crabs.

The intermoult periods of giant crabs become longenasirze of crab increases. This
could potentially lead to problems if, for example, fogillorganisms grow across a
suture line and prevent successful moulting. It seems likatya moulting event would
constitute a significant source of natural mortalithjol also seems likely to become
greater as the crabs become larger. To include thmgeaa relationship between
moulting related mortality rates and size-class wdaded in the model of growth. The
columns of the growth transition matrix were multipl®dthe survivorship for each
size-class following this natural mortality so thag growth and the implicit mortality
were coordinated. In the size-based stock assessmedat, itios source of natural
mortality was in addition to a background constant r&@enoual natural mortality. The
inclusion of this source of natural mortality is bas@dn intuition only as there is only
anecdotal evidence that moulting mortality increasés size.

The description of the intermoult dynamics was morécdiffto develop as this had not
been attempted before in such detail. It was found tiegptoportion of giant crabs in a
particular size-class that moulted through time was destwell using a logistic curve.
In addition, the larger size-classes took much longealf@nimals to moult than the
smaller animals with the moulting of larger crabs péass synchronized and spreading
out over a longer period (the logistic curves were flatte

A matrix of size-class against years-to-moult was gad containing the logistic
curves describing the cumulative proportion of animadsaith size-class moulting with
the passing years. A simple transformation convertiecctimulative proportion through
time to the expected proportion of the animals remgimra given size-class that would
moult in a given year. This matrix of moulting proportdar each size-class and year-
since-last-moulting could be used in conjunction with &imnaf number-at-size by
years-since-last-moulted to determine the numberscim €ze class that would moult in
any one year. These would be grown using the transitainx to form the first column
of the numbers-at-size matrix while the remainder @atay in their original size-class
but move a year forward in the years-since-last-mdutés of the numbers-at-size
matrix. The innovations were the matrix of proporsienoulting and converting the
numbers-at-size vector normally used in size-based siodela matrix of number-at-
size by years-since-last-moulted. Large amounts ofatateequired to generate the
logistic curves describing the moulting dynamics for tHierdint size-classes. In
practice, for females there was only enough data taidedour size classes and only
two size-classes for males. Once again extrapolataspossible but this time there
were non-linear relationships involved and thus theae avhigh level of uncertainty
introduced into the final description of growth. Whilevis possible to generate the
necessary description of growth it must be emphasizedhbalescription of the
intermoult dynamics was very dependent upon interpolatidreatrapolation of non-
linear relationship fitted to very few data points.
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8.2 Introduction to Crustacean Growth

Species with internal skeletal structures or no skedétattures tend to grow in size in a
gradual, continuous fashion. Crustacea, on the other hawe,a hard exoskeleton or
carapace, which they need to shed or moult beforecdegrow in size. In essence,
Crustacea grow through an iterative process of moultydyahalic body expansion,
carapace hardening, an intermoult period, and then moatjiag. Some species repeat
this process until the intermoult period becomes so theg die before moulting, while
other species have what is termed a terminal moutie8mes associated with
maturation, after which they do not moult again (Hatti®85). Crustacean growth
has been described in many different ways, some @hwiere related to methods used
to describe continuously growing species (such as fitthgnaBertalanffy growth curve
to growth increment data obtained from tagging experiméatsens, 1965) while other
methods attempt to describe both the intermoult int@ma the moult increment.
Verdoitet al (1999) provided a review of many of the mathematical fisatiat have
been used to describe the moult increment and the imtdtrmterval in Crustacea.
There do not appear to be very many attempts to corali@scription of the moulting
interval and the growth increment into a size-basecksassessment model.

Crustacea are often difficult to age with any accuracgrg/ description of growth
cannot be made by a direct comparison of size agaeststead, the indirect methods
used to describe growth include the tracking and descriptioodal progressions in
length frequency information (Wennet al, 1987; Sheehgt al, 1998), the use of tag
and recapture experiments (Pebtl, 1997), and retaining individuals in captivity and
following their growth histories (Thomas, 1965; Gardnet Wrelsford, 2003). The
primary purpose for describing the growth of harvested epécito obtain insight into
the potential productivity of the species concerned aleally, to provide a way for
inclusion of growth processes into stock assessmentlsniodehe stock. This latter can
be either as weight-at-age or, as in length-based maueiters-at-size through time.

There is a fishery for the Australian giant crBegudocarcinus gigadamarck, 1818),

in the States of Western Australia, South Australiatdria, and Tasmania with the
largest catches coming from Tasmanian waters. Theeptetudy is restricted to a
consideration of animals taken in Tasmania. The graigiant crabs has previously
been considered in some detail by McGareegl (2002) who used a tag and recapture
data set in their study. They found that in all Stakesg Tasmania the moult

increment in males was relatively constant up to argsize beyond which there was no
information available. For females, again in allt&saexcept Tasmania, there was an
identifiable decrease in moult increment in femalds wicreasing premoult carapace
length up to some maximum size beyond which there tilesdata. In addition,
McGarveyet al (2002) found that the intermoult period increased dramigtigah
premoult carapace length, with larger animals havingnmaalt periods of many years.
Unfortunately, because of unavoidable limitations endhta set at that time, McGarvey
et al (2002) were not able to conclude anything about the grofwvflasmanian male
giant crabs (there were only two tag returns for miates Tasmania). Furthermore, the
limited data available for females from Tasmania @d that the moult increment was
relatively constant with premoult carapace length, vines different from the females
in every other State. This lack of information ab®asmanian giant crabs prevented the
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development of a suitable stock assessment model feargiest giant crab fishery in
Australia.

There have now been many more tag returns from Taamasaters and this present
work aims to produce a description of the growth of Tagmagiant crabs. This will be
formulated in such a way as to simplify its inclusiotoia size-based model akin to
those used with southern rock lobstéaqus edwardsiin Australia and New Zealand
(Punt and Kennedy, 1997; Statral, 1999). A novel structure was required for this
model because of the extended intermoult period in giabscA standard growth
transition matrix (Punét al 1997) would only inadequately capture the complex
interaction between the changing intermoult periods laadrioult increments in
different sized giant crabs. In this study both thermtrult periods and the moult
increments for different sized crabs of both sexddwiconsidered and one way of
including both these processes into a stock assessrodet will be demonstrated.

8.3 Growth Transition Matrices

When it is not possible to age a species with any acgw good alternative modelling
option to standard age-based models is to construct-baseel model (SBM). Thus,
instead of modelling the changes in numbers-at-age thitoughSBMs follow the
changes in expected numbers-at-size. Obviously, such $&jMsge a method of
describing the expected changes through time of the sr@dtion of the population
under study. One method of doing this is to multiply théareaf numbers at size by a
size-transition matrix to generate a new vectorushipers at size:

NY, = G*NY 11.1

where Nf is the vector of numbers in each size-class attiimesexk, andG* is the

square growth transition matrix containing the tramsiprobabilities of particular size-
classes growing into other size-classes. One of thidemns to be solved in such a stock
assessment model is how best to estimate the groavtsition matrix.

Because of their variable and extended intermoult peoiolgl,a proportion of the
population of Tasmanian giant crabs would be expected tdt many one year. For
that small proportion of animals it will be necesdargenerate a growth transition
matrix. For the animals that do not moult, which éfiere remain in their original size
class, it will be necessary to maintain some fofmozounting of the numbers in each
size class and how many years they have lived wittmowtting. What is needed is a
description, through the maximum number of years requifd@tiecannual proportions
moulting from each size class.

To describe the transition matrix, there will beeapected mean growth increment for
each size-class about which there is expected torbe degree of spread (Figure 29).
A transition matrix contains the predicted distributadrexpected growth for each size-
class being considered. Size- or Length-Based Assesameleis (Sullivaret al, 1990;
Sullivan, 1992) follow the fate of the numbers in eagb-slass as opposed to numbers
in each age-class (Haddon, 2001). In the usual situatiorevah®BM is being used, a
population being modelled is described by a vector of tingbers in each size class at
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timet, N; (in what follows, bolded characters are used to derext®rs and matrices).
At some point during each time-step in the model, at @a®we individuals grow, which
implies that animals either stay in their originaksclass or move into a larger one
(Figure 30).
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Figure 30. The expected growth increment from two different ihgiae-classes in an
hypothetical crustacean species. The grey bars reptégenitial sizes while the light
coloured bars represent the size distribution after dgr@fvainimals originally in the
single grey bars. Note, in this instance, the smati@nals are expected to grow, on
average, more than the larger animals. Some of tgerlanimals do not grow out of
the size-class in which they begin.

Mathematically, the numbers-at-size at tinage usually represented by a vector of size-
classes:

N =| ° 11.2

where Nis the vector oh size classes indicating the numbers in length-tlassimet.
A stage- or size-structured model provides a descriptidimeoalculation of ;.

The foundation of such stage-structured models is thattoansatrix with which the
population vector is repeatedly multiplied to describe ttanging population size-
structure through time. The transition matrix contéesprobability that the individuals
in length class$ at timet have grown into length clagsby timet+1, and can be
combined, if desired, with survivorship probabilities aacruitment relationships. There
are often variations in the exact contents of thadition matrix to reflect the particular
circumstances of the fishery being modelled. In matobation the effect of growth
alone would be represented thus:
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G, O 0
Gz,l GZ,Z
G G G : . .
G = 3,1 3,2 3,3 11.3
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. 0
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whereG is the transition or projection matrix in which 1@g are the probabilities that
an animal in size class or columwill grow into size class or row Multiplying the
numbers-at-size vectdy; by the square transition matrix leads to Eq. 11.1, which
describes growth in the population without recruitmennortality. In a model of rock
lobster, where the sexes grow differently, separattove of numbers-at-size and
separate growth transition matrices would be requireddoh sex.

Clearly, the key to the formation of any growth tiaos matrix is in how the individual
cell probabilities G;;) are defined. Sullivaat al(1990) and Sullivan (1992) used the
Gamma distribution to describe the expected distributi@ranth increments for each
size class. Purdt al (1997) compared the use of the Gamma probability densityidumn
(PDF) with the Normal PDF and found that the Normatiistion provided an
optimum fit when describing the growth of Tasmanian robtister. McGarvet al
(2002) compared the Normal, the LogNormal, and the Gamnka BB descriptions for
the moult increment of giant crabs. They found thatNbemal PDF provided the best
fit in 6 out of 7 single moulting distributions, and thicoed even in the female
populations where the moult increment being describedyvealy confounded with the
declining moult increment relative to premoult carapackhwyNothing in the new data
available for the Tasmanian giant crabs indicatecsgm@etry to the distribution of
moult increments. In male giant crabs only, wherentbelt increments were only
slightly influenced by the carapace length, a formalganmon of the Normal, the Log-
Normal, the Gamma, and the Beta distributions demdesttaat the Normal PDF
provided the best description of moult increment. Howeakedistributions were able to
be fitted acceptably well.
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Figure 31 Diagrammatic representation of the derivation of tlative probabilities of
the animals from a particular size class growing imy @ne of a range of size classes.

The average of the normal distribution is the averageaed moult increment (Figure
31). The transition probabilities are simply the cumwdatiormal distribution to the
upper size limit of each size class minus the cumulatveal distribution to the lower
size limit of each size class in turn:

e
Gi,j = :[o We’ -dL I'i': I‘Min
K _w% 1 (:(UL))
GY _h_jAZLJZ_TU,-ke JdL Ly < L < Ly 11.4
. B (h-ij)T
¢ 1 2o4)
Gﬁi=h_JA2L@Ujke o =L

where GikJ. is the transition probability of a crab growing froizmesclasg into size class
for sexk, L; is the mid-size of size clagsAL is the size class widtm}‘ is the standard

deviation of the normal distribution of moult increngefdar sexk (there is a sub-script
in case variability around the moult increment vanéhl premoult carapace lengjh
and Ejk is the expected average moult increment forksiex premoult carapace length

The sum of the transition probabilities for mbize classes is standardized to equal one
(that is the columns of the matrix all sum to one:
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> =10 11.5

8.3.1 Natural Mortality at Moulting

The intermoult periods found for giant crabs both in shugly and by McGarvest al
(2002) are extremely long relative to most Crustacea. i$memarkable because the
shells must maintain their integrity for the yearsh@en moults. In addition, there is
always the risk of fouling organisms establishing théraseon the carapace, which
becomes critical if the fouling grows across one efgtiture lines that must open for
moulting to occur (unpublished tank observations; Gardr&))T Natural mortality in
fisheries assessment models is most often implemégtagsuming a constant mortality
rate across all ages or size classes for each tinozlpe the model. This seems
inappropriate in the case of giant crabs, where natnoghlity during the intermoult
period is likely to be very low while moulting mortaliepuld be relatively high. Because
the intermoult period increases with size, it alsorselkkely that the mortality rate at
moulting will increase with size-class. It was therefdecided to implement natural
mortality, in the model of giant crab dynamics, asrigtwo components. The first is
the traditional constant background of natural mortagtyat a low level. The second is
a mortality rate associated with the moulting prockasihcreases in a linear fashion
with size-class. Thus, the background natural mortdfity,is included in the usual way
but the moulting associated mortality and implied surviwpra/ere set up as a function
of size class:

M, =b+JL S=¢" 11.6

This is implemented by populating the diagonal of a squatexbyg theS values and
multiplying the growth transition matrix by the result:

T = G*s* 11.7

whereT¥ is the transition matrix for sexthat combines growth and the natural
mortality associated with that growts is the square matrix of survivorships from Eq.
11.6.

8.4 Methods

8.4.1 Tagging Data

All tagging data were derived from an extension to thdysthat provided data to
McGarveyet al (2002). The tagging of giant crabs required the use of dgecial
modified tags having a double T-bar (Levirgsal 1996). Tags are inserted into the
epimeral suture line and without the double T-bar thedagkl be drawn into the large
branchial chamber of the crabs causing tag loss (M&gat al 2002). The second T-
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bar, about 10 mm below the terminal T-bar, acts asgper to prevent such unwanted
tag movement. Vernier callipers were used to measureatiapace lengths, defined as
the shortest distance from the centre of the amter@gin of the dorsal carapace
between the eyes to the posterior margin of the ceeagiathe junction with the
abdomen (McGarvegt al 2002). Data were primarily available for giant cralogyéeal

at sizes below the legal minimum length of 150 mm caraleageh (Table 8), although
some data exist for larger females that most likety/lteen ovigerous at the time of
capture (ovigerous females cannot be landed).

8.4.2 Moult Increment

The moult increments were investigated for both sbyatetermining how many moults
each animal had experienced in its time at libertythad characterizing the relationship
between the moult increments and the pre-moult cardpagt. Some tags were
recaptured more than once. In these cases the timetithkest moulting was
considered as a single observation. If there wasahether recapture, without a moult
event this was also considered as an observationdprgumformation about the
moulting interval of the new sized animal (Figure 32) efBhwere no occasions of
multiple returns with multiple moults implied.

Table 8. The relative frequency of female and male giant caglréturns from
Tasmanian waters. The maximum number of recapturesinigla tag was three. The
size classes were convenient divisions. A total of 228% were placed into males
with 220 unique returns, while there were 4964 placed into ésmeath 625 unique
returns. This implies a total tag return rate of 9.9%nfates and 12.6% for females.
The numbers in the table are greater than 625 and 220 bascansenultiple returns
could be counted twice (see Figure 32).

Females Count Minimum Maximum Average
<131 110 81 130 121.95
131-149 437 131 149 141.55
>=150 94 150 199 163.22
Total Females 641 141.37
Males Count Minimum Maximum Average
<131 103 81 130 119.80
131-149 119 131 149 138.86
>=150 7 155 179 170.14
Total Males 229 131.24
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Figure 32 No more than a single moult increment was observeecepture data,
although some crabs were captured moulted twice. For tnabs observed two or
even three times it was possible to obtain up to taiol wbservations from the same
tagged animal. This included the time taken up to and includegrst observed moult
increment, followed by the time from recapture outsdinal capture. In the diagram
the large circles indicate a moult and the small @riridicate a recapture. Yearly time
steps are divided by the small squares. The text desbowesach combination of
recapture and moult was interpreted.

0@ 0@
|

Over the data range available, the average moult ierieim males, of about 30 mm,
decline slightly with increases in pre-moult carapangtle This is similar to the pattern
seen in males from South Australia and Victoria (Ma@get al, 2002). However, the
females from Tasmanian waters exhibit a definiteigeah moult increment with
increasing pre-moult carapace length (Fig. 4), this differs the conclusions drawn
from the limited number of observations availablécGarveyet al (2002).

By plotting the moult increment against premoult carapemgth distinct patterns
become apparent (Figure 33). There are clear groupingsnadlanthose that appear
not to have moulted, those that appear to have moulex and a few that appear to
have moulted at least twice (Figure 33). Some females tagged and recaptured at
sizes above the 150mm minimum legal length because theyeitker ovigerous or
badly damaged when first captured. Only a very few madge tagged above the legal
size and these may have been damaged or deformed avfitoaler value, which
presumably biases their moulting ability.

8.4.3 Characterization of Moult Increment

One standard method for characterizing the predicted modtment would be to fit
the tagging version of the von Bertalanffy growth cuxvéhe moult increment data
(Fabens, 1965; Haddon, 2001). However, this requires a stedihe deobserved
moult increment with premoult size and so, for maleeneéhough there is a slight
decrease in average increment over the observed rangsayvations the von
Bertalanffy curve would imply a ridiculously large maximuizes Strictly, all that is
required to generate a transition matrix is a predicgiaionship between premoult
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size and moult increment. Therefore, instead of araegpbry model being fitted,
simple linear regressions were used to provide an emm@dtmate of the expected
growth increments for each size-class for whicheheas information.

o Mal
o K ales

Moult Increment

80 100 120 140 160 180 200
Carapace Length mm

Figure 33. Plots of the moult increment of giant crabs from Tasian waters relative
to premoult carapace length.

Before the moult increments were estimated, eachnadigen had to be classified with
regard to how many moults they representedfo what groupings of data should
regression lines be fitted. A visual inspection ofdaéa (Figure 33) indicated animals
that obviously have not moulted, there are othershiéwa® moulted once, some appear
to have moulted twice, and then there are othersafiiar to be intermediate between
the average moult intervals and which, thereforeddiieult to classify (Figure 33).

The classification strategy adopted was to make aalihgpothesis about moult
category membership for each point. By inspection @fldita for growth increment
(Figure 33) it was concluded that for both sexes, leng#® vkwm appear to indicate
two moults, lengths > 9 mm and < 40 mm suggested single mawndtanything <
10mm would be a non-moulting animal. Using this initiakslification, separate linear
regression lines were fitted to each data set fondhmoult and single-moult animals.
The data were assumed to be normally distributed arourekfieeted values and the
regressions were fitted using maximum likelihood methotls fgrovided estimates of
the standard deviation of the data around the expectedsegrdines, which, in turn,
was used to generate confidence bounds around the datiaridhre identification of
potential outliers or misclassifications. In eachegdle suspect points were either re-
classified into a different moulting category or consdeto be outliers.

Reclassification of a particular point from one mougitgategory into another was only
done when the reclassification improved the maximuntified fit of the resulting
regressions. McGarvest al (2002) did something very similar to this but with a
somewhat different method of identifying potential ouslie
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Unlike the analysis by McGarveyt al (2002), double moulting animals were included in
the analysis by determining the predicted incremenbher moult and then determining
the predicted increment for the initial premoult lengtsghe implied single increment.
Thus, where Mlis a single moult increment, Mis a double increment, Int is the
intercept, Grad is the gradient of the straight lineasgjon, and PCL is Premoult
Carapace Length, then for one moult:

MI; = Int + Grad*PCL +¢
And for two moults: 11.8
Ml = Ml + [Int + Grad*(PCL+ML)] + € = 2MI; + Grad*MI; + ¢

The gradient is negative so Eq. 11.8 implies the second mdiulie less than the first.
The variance of the normal random errors around thensemoult increments was
assumed to be the same as that around the first mautharstraight lines describing
both the single and second moults were fitted at thee same using maximum
likelihood to estimate all parameters for each lineteNthat in estimating the line for
double moults the variation around the predicted first moatement is ignored.

As an alternative to the usual assumption behind linegiression, of constant error
variances, alternative lines were fitted using an agtiam of a linear relationship
between premoult carapace length and the variance oésltkials around the expected
mean increment. The lines generated, their relativditygud fit (using AIC) and the
residuals generated were all compared. The optimum wasvthiehh gave rise to the
maximum likelihood while minimizing the number of paraemsf and this was
characterized using the minimum Akaike’s Information éZidtn.

AIC =-2LL +2k 11.9

whereLL is the negative log-likelihood and k is the number of petars.

The linear regressions and their associated standawtidasiwere used to generate the
required growth transition matrices for each sex usiegeituations described in Eg.
11.4 and Eg. 11.5. The straight lines describing moult increfoera given premoult
carapace width were extrapolated into the larger saseses for which no information
was directly available.

8.4.4 Intermoult Interval

A plot of moult increment versus time exhibits a nuniddgoroperties that must be
accounted for in any analysis of moulting interval (Big.The first obvious property is
that tag recaptures tend to be grouped in time. As wbkiag a reflection of the
existence of a distinct moulting season, this is alseflection of the seasonality of the
giant crab fishery. Secondly, there are no tag retwitfiszero growth, indicating no
moulting, after about 4 years. Finally, the proportionezfptures exhibiting a moult
increases through time from no moults to 100% moulted.
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The obvious method for determining the intermoult peraodtie different size-classes
selected is to collate the numbers recaptured in vatimesntervals and calculate the
proportion that have moulted. To this data a logistic eguaan be fitted using non-
linear fitting techniques.

8.4.5 Log-Likelihoods for Logistic Regressions

When conducting logistic regressions on binomial dateeffalse, mature/not-mature,
moulted/not moulted) the optimum approach is to use a lagisformation to linearize
the data. Despite this linearization it is still nesagy to use a binomial residual error
structure (Neteet al, 1990). The logistic model can be represented as:

(BO+B1X) 1

E(Y)= P(Y) = o gowe = (1+ e(_(BMlX))) 11.10
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Figure 34. Moult increment against period at liberty for all feen@lasmanian giant crab
tag returns. The obvious periodicity in the returns cedléhe seasonality of the fishery.
From the analysis of moult increment, diamonds are éaubllts, open circles are
single moults, squares are no moult, and filled circlesatliers.

For a monotonically increasing cunig) would be negative ar8ll would be positive,
while for a monotonically decreasing curve the reversald be true. This logistic curve
can be linearized using the Logit transformation (Netexl, 1990); settind?(Y) = 1, we
have:

= Ln(lj 11.11
1-7
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which, combined with Equation 14 leads to:

m'=B0+ B1X 11.12

The derivation of this turns out to be relatively senfAppendix 5).

From the fitted logistic parameters we can derive tadiam interval and the inter-
guartile distance:

L50="20 11.13
Bl
L75-L25= An(3 B! 11.14

8.4.6 Logistic Regressions for Giant Crab Moult Intervals

Even with the number of tag returns now availablartfiemation available to

characterize the intermoult interval is limited. asypossible to categorize the moults

into a number of size ranges and develop logistic regresfr each of these. The

ranges were 100-130 mm, 131-139 mm, 140-145 mm, and 146-162 mm for ferttales wi
100-130 mm and 131-150 mm for males.

Giant crabs grow to much larger sizes than for whi¢h des available. The best
available strategy for describing the moult intervaihafse larger sizes was to
extrapolate from the properties of the known size efass those of the unknown. The
logistic regression parameters altered with size eladdrom the initial fitting process
to the female data it was found that an exponentaiioglship best described the
relation between the BO and B1 parameters.

Table 9. Number of tag returns relating to the estimation efitllermoult interval
and the description of the proportion moulting through tikabs is the total number
of tag returns, Nmoult is the number of returns wheeeatiimals have moulted.

Gender Size Range Midpoint Nobs Nmoult
Female 100-130 115 104 88
Female 131-139 135 147 87
Female 140-145 142.5 177 54
Female 146-162 152 164 37

Male 100-130 115 92 68
Male 131-150 140 141 63

These exponential relationships were fitted to thdadle data and projected to
generate implied parameters for the logistic curves d@sgrihe proportion moulting of
those size classes for which there was no datauiikiown BO parameters for the
larger size classes were derived by determining the optirelationship existing

FRDC Final Report 2001/042 Page 61



Giant crab assessment methodology

between the size class and the BO parameters fovélilakde size classes (this was a
linear relationship for both males and females). ¢/#his relation, an additional source
of likelihood was added to the fitting process to constifae logistics to lie on the same
exponential relationship. For females, all four logiséigressions were fitted at the same
time by varying the BO parameters for each regressidrilee parameters of an
exponential relationship between the BO and B1 parameByr&nowing the

exponential relationship between the BO and B1 parameténge various logistic
regressions it was possible to generate an estiméibe &1 parameters as predicted by
the assumed exponential relationship. In this wayag possible to constrain the
solutions for each logistic such that, using the additioresar relationship between size
class and the BO parameter, it was possible to prdjeqidrameters expected from
unknown size classes.

The logistic regressions characterize the cumulativpgtimon of crabs moulting from
each size class relative to years available. Usiisgttwas possible to determine how
many from each size class were going to moult in acpdat year i.e. the proportion
moulting as a fraction of those remaining rather thanmulative proportion. In the
stock assessment model the proportion moulting in a plartigear were subtracted
from the non-moulting crabs and grown to generate tsiedolumn of the numbers-at-
size by year-to-moult matrix (the numbers matrix)e Temaining non-moulting animals
stayed in the same size class but were moved onagesss the year-to-moult rows of
the numbers matrix. To include this probability of mmgltmatrix into an assessment
model it was necessary to determine from the cumulptivportions (the logistic
regression) what proportion of the numbers remainirggdahort/size class would moult
each year. This could be determined using:

M =C' moult yeari = :

L_ L 11.15
. :C'—(:H moult yeari > !

1-C,

where for a given size claks C'" is the cumulative probability of having moulted by

yeari, determined from the logistic regression, avd is the actual proportion of

animals remaining in yearthat are expected to moult. When the logistic curvealfo

n size classes are converted to these absolute prapottigenerates anx Y matrix,
where Y is the maximum number of years required byltdweest growing giant crabs to
pass completely through a moult.

8.5 Results

8.5.1 Moult Increment

Both males and female giant crabs exhibit a declire@nage moult increment with
increasing premoult carapace length. With the femalgsi@35) there is a marked
decline from 27.5 mm increment at 100 mm carapace length to®$0 mm at 162
mm (a total decline of 11.5 mm), while with the malégire 36) only a minor decline
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occurs from 30.44 mm at 98 mm down to 28.05 mm at 150 mm (adextlale of 2.4
mm).
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Figure 35. Moult increment versus premoult carapace width for fergalet crabs off
Tasmania. The lower flat line and black circles edab females deemed not to have
moulted. The central lines and blue circles representidta for crabs deemed to have
moulted once. Finally, the upper 7 red circles and assddiaes represent crabs that
are deemed to have moulted twice. The confidence indearesent 3x the standard
deviation (StDev) for each size class obtained thrabgmaximum likelihood fitting
process. The green and yellow circles are outlierscthat not be classified into a
particular moulting category. Parameter values are descirbTable 10.

80 100 120 140 160 180
Premoult Carapace Width

Figure 36. Lines describing the average moult increment for miabs with either no
moult, a single moult, or a double moult. The 99.7% confieantervals were 3 times
the Standard Deviation for each size class. The paeasnere described in Table 10.
The double moult is described in the text and is assumexhibit the same StDev as
the single moult. Only two outliers were identified.
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Table 10.Parameters from the regression lines fitted to #@Bnian giant crab
tagging data. Ideally, both the gradient and the interdgipieano-moult lines should
have been zero. The assumption of constant variaaseat tested in the no moult
case. For the male and female single moult regressidnsh also defined the double
moults, the assumption of a constant variance wasd@gfainst the alternative of a
linear relation between standard deviation and sias.cl&hus, Dy.dgientiS absent then

the regression assumes a constant variangg: Only). AIC is the Akaike’s

Information Criterion and —veLL is the negative logitkeod of the line fit. In both
sexes the optimum fit, as indicated by the smallest M& produced by including a
relationship between the variability of the moultremoent and the premoult carapace
length (Figure 35 and Figure 36).

Male Female
Single Single No Moult Single Single No Moult
Gradient | -0.04593 -0.03798 0.00894| -0.17651 -0.17055 0.00105
Intercept | 34.94102 33.84391 -1.41124| 44.73915 43.97422 -0.10141
Oconst| 3.26020 -0.88163  1.03447| 3.02145 0.17339 0.72864
Ogradient 0.03199 0.02120
AIC | 869.4418 863.9974 1497.558 1493.607
Parameters 3 4 3 3 4 3
-velLL | 412.7085 408.1796 126.3964] 744.779 742.8033 447.5588

The regression lines were fitted with either constaniances (the normal assumption
with linear regressions) or with the addition of @#nrelationship between the variance
of the moult increment and the premoult carapace lefigigre was a significant
difference between the negative log-likelihoods forttive models in both males and
females. In each case the slightly more complex medelchanging variance had the
smaller AIC and was therefore selected. Given thenbal between the number of

parameters and the total negative log-likelihood, thenagBon of changing variation of
moult increment with premoult carapace length producedésifitting line.

The linear relationships and their standard deviatiaT® wsed to generate the required
size transition matrices.

8.5.2 Moult Interval - Females

Far more data were available for estimating the nmbesft intervals for females than for
males. Because of this it was possible to considerdeparate size classes for female
but only two for males (Section 8.8; Table 13 and Tab)e THere were slightly fewer
animals available for determining the intermoult peridds for determining the moult
increment because to avoid biasing the results, douhitingpanimals were not
included in the analysis. In addition, there were soemg karge animals that were not
included in the analysis because they were few in nuareEnone had moulted.

Initially, logistic regressions were fitted to the #adale data for the different size classes
in each sex of giant crab (parameters were BO and BEgel11.10). For females all
four logistic regressions were fitted at the same bynearying the BO parameters and
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the parameters of an exponential relationship betweeB0 and B1 parameters for
each regression (Figure 37; Table 11).

At the same time, the relationship between the mididésach size class and the BO
parameter from the logistic regressions was obtaireddiales this was a linear
relationship; Table 11). The total time for all anisned moult out of each size class
increases (Table 11) from about 2.7 years for the sshallee class (100-130mm) up to
about 5.5 year for the largest class with data (145-162mre)sd¥en projected size
classes were predicted to take between 1.9 and 14.0 yeansiptetely moult (Table
11). The steepness of the logistic regression also desr@ath size class, as evidenced
by the increase in the inter-quartile distance withaasing size class (Table 11).

Cumulative Proportion Moulting

"o 1 2 3 4 5 6 7
Year Class (6 Month Classes)

Figure 37. The cumulative proportion of female giant crabs moultiognffour size
classes. The four lines and data points representdistidaregressions for the size
classes 100-130mm (circles), 131-139mm (triangles), 140-145mm (Qraased 46-
162mm (squares) (Table 4).
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Table 11.Properties of the four logistic regression curvesdittefemale data (Figure
37). The size classes are listed with the averageekets, InterQ is the inter-quartile
distance, 2 x 50% is an estimate of the maximum timalf@nimals in the size class
to moult, 50% is the estimate of when 50% will have nealyiBO and B1 are the
logistic regression parameters from Eq. 11.10, -velLL iséduative log-likelihood,
finally, SC is the size class. The two equationfiatiiottom of the table are the
logarithmic relationship between size class and BOtlam@xponential relationship
between the two logistic regression parameters.

Size Class InterQ 2 x50% 50% BO Bl -velLL
100-130(115) 0.5142 2.7182 1.3591 -5.8077 4.2731 3.43212
131-139(135) 0.8116 3.7706 1.8853 -5.1041 2.7074 11.4585

140-145(142.5) 1.1944 4.9016 2.4508 -4.5084 1.8396 15.2735
146-162(152) 1.4290 5.5046 2.7523 -4.2321 1.5376 13.8203

80-105(100) 0.3283 1.9421 0.9711 -6.4994 6.6932
110-135(120) 0.5803 2.9693 1.4846 -5.6212 3.7862
140-155(140) 1.0259 4.4289 2.2145 -4.7429 2.1418
160-175(160) 1.8135 6.3796 3.1898 -3.8647 1.2116
180-195(180) 2.4407 8.4422 4.2210 -3.8000 0.9003
200-215(200) 3.4628 11.0319 5.5159 -3.5000 0.6345
220-250(220) 4.8245 14.0527 7.0263 -3.2000 0.4554

Equations used in projecting the logistic regressionsdiffierent size classes.
B0 = 0.043913 SC - 10.890732 Linear
B1 = 0.0987609EXP(-0.648693 B0) Exponential

When the relationships between size-class and BO,etmgebn BO and B1, are used for
interpolation into size classes bounded by the avaiddta, plausible logistic curves are
generated. When they are used to extrapolate into ssiaeclasses (100mm) this also
produces a plausible curve. However, when used to extrapgdao 180, 200, and 220
mm implausible logistic curves are produced that have higghimplying that a
significant proportion of animals moult in the firsiaygFigure 38). An alternative
method was required to generate plausible logistic regnssiio the largest size
classes.
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Figure 38 The fine lines are the four fitted logistic regresssanves between
proportion moulted and total time. The dashed line reptes$ka projected curve for a
size-class centred on 160mm. The three curves to theofigine dashed line represent
projected curves for 180mm, 200mm, and 220mm. Extrapolatingl&t®nships
between size-class and B0, and between BO and Bl lagisties are generated that
imply implausibly high proportions moulting in the largegesclasses in the first one to
three years.

Reasonable curves were generated when interpolatingear @nly extrapolating by

small amountsd.g.between 100mm and 160mm). The implied maximum time to 100%
moulting form an increasing series providing a power ioglahip between the size-class
and the time to 100% moulting (Table 11). By fitting thiatienship (Figure 39) and
using it to predict the expected maximum time for moultorgthe larger size classes, it
was then possible to search for logistic curves thagrgeed the required time to 50%
moulting but that also did not have excessive proportiamglting in the earliest years
(Figure 40). By plotting the fitted curves and comparing thatim the interpolated and
extrapolated curves a stable pattern is observed (Figlre 40

100 110 120 130 140 150 160
Size-Class mm

Figure 39. Relationship between size-class in mm and the maxitmenfor 100%
moulting in female giant crabs. The power relationshag w.583328SC%*%*%* and this
was used to predict the maximum time taken for 100% mouititigei largest giant crab
size classes (Table 11).
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Figure 40. The fitted, the interpolated, and extrapolated logisticagsions of
proportion moulted against years to moult for female gieaibs. The fine lines relate to
the four fitted curves. The thick lines are the sequehsee classes 100m, 120mm,
140mm, 160mm, 180mm, 200mm, and 220mm (see Table 11).

8.5.3 Moult Interval - Males

For male giant crabs there was only enough data to ertevo logistic regressions
(Figure 41). With only two points it was not possibleletermine the characteristic of
the relationships between the various parameters arsizifrclasses. Therefore, the
relationships between size class and the BO parametkhetween the BO and B1
parameters, were assumed to be linear and exponesgjadatively, as with the female
crabs. Using these assumptions with the males, intgnpglthe relationships produced
plausible sets of projected logistic regressions (TableAwith the females,
reasonable curves were generated when interpolatingem anly extrapolating by

small amountsd.g.between 85mm and 145mm). The implied maximum time to 100%
moulting forms an increasing series providing a powetioaiship between the size-
class and the time to 100% moulting (Table 12). By fittimg telationship (Figure 42)
and using it to predict the expected maximum time for mmaufor the larger size
classes, it was then possible to search for logistices that generated the required time
to 50% moulting but that also did not have excessive priopsrimoulting in the earliest
years (Figure 43).
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Figure 41 The cumulative proportion of male giant crabs moultingnftevo size
classes plus the fitted logistic regression lines aataxtiwith each size class. The two
lines and data points (Section 8.8) represent the sigeed 100-130mm (circles) and
131-150mm (squares) (Table 12).

Table 12 Properties of the two fitted logistic regression caraieng with the
projected curves for male giant crabs (Figure 41 & Figure ™8 .size classes are
listed with the average in brackets, InterQ is theruguartile distance, 2 x 50% is an
estimate of the maximum time for all animals in $iee class to moult, 50% is the
estimate of when 50% will have moulted, BO and B1 ardotjistic regression
parameters from Eq. 11.10, -veLL is the negative log-likelth finally, SC is the size
class. The two equations at the bottom of the tablee linear relationship between
size class and BO, and the exponential relationshipgagtihe two logistic regression
parameters.

Size Class InterQ 2 x50% 50% Moult BO Bl -velLL
115 0.3052 2.1809 1.09C  -7.8491 7.1982 1.2708
140 0.6923 4.2072 2.102  -6.6764 3.1738 12.9352
80-90(85) 0.1143 0.9627 0.4813 -9.2563 19.2307
91-100(95) 0.1585 1.2681 0.6340 -8.7872 13.8592
101-110(105) 0.2200 1.6656 0.8328 -8.3182 9.9881
111-120(115) 0.3052 2.1809 1.0904 -7.8491 7.1982
121-130(125) 0.4236 2.8453 1.4226 -7.3800 5.1876
131-140(135) 0.5877 3.6971 1.8485 -6.9110 3.7386
141-150(145) 0.8155 4.7818 2.3909 -6.4419 2.6943
151-170(160) 1.1772 6.1488 3.0745 -5.7383 1.8664
171-190(180) 2.0097 8.7798 4.3904 -4.8002 1.0933
191-210(200) 3.4347 12.0743 6.0372 -3.8620 0.6397
211-250(220) 4.6569 16.1079 8.0540 -3.8000 0.4718
Equations used in projecting the logistic regressionslamter size classes.
B0 = 0.0469066 SC — 13.2433678 Linear
B1 = 0.02997574 EXP(-0.69832109 B0) Exqiar
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Figure 42 Relationship between size-class in mm and the maxitimienfor 100%
moulting in male giant crabs. The power relationship W88801& SC 3.024149, and
this was used to predict the maximum time taken for 100%tmgurh the largest
(>145mm) giant crab size classes (Table 12).
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Figure 43 The interpolated, and extrapolated logistic regressiopsogiortion moulted
against years to moult for male giant crabs. Whileseaf logistic curves relate to the
sequence of size classes 85mm, 95mm, 105mm, ...., and 220mm. dimeteas and
properties of all curves are described in Table 12.

8.5.4 Implied Equilibrium Size Distribution

One approach to determine whether the suggested moulgmmieand consequent
transition matrices are realistic is to compareirtiied size distribution in the absence
of fishing to that observed in the very early daytheffishery. The assumption is that
selectivity is described well by a logistic. If the gicted equilibrium size structure
deriving from constant recruitment in the absencéshing is matched against the
proportional size structure from early in the fishdmrt it should be possible to set the
moulting mortality and see how well the growth dynamms match the observed size
distributions.

Data on the size-distribution of the complete cat@valable for both males and
females from catch sampling on-board commercial fish@ssels prior to 1995 (Figure
44). This provides an indication of the expected sizeildigion at the start of the
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fishery. For males the size-class with the maximumiver of observations was 135mm
but 130 was close, so for males the range compared betlserved and model
predicted was 130mm to 220mm. For females the maximum vedmat 145mm, but
again 140mm was close, so the range compared was 140mm to 215mm.

Using an outline stock dynamics model (see later) witfishing mortality, it was
possible to determine the equilibrium size structuredmatively adding recruitment,
growing the animals and killing them naturally. Using $hb-set of size-classes selected
the proportional distribution of numbers-at-size wemmgared between the predicted
equilibrium size-structure and that observed. The compawss made using simple
least squared residuals. By varying the parameters tihélae regression describing the
moulting mortality relative to size-class it was pblgsto iteratively optimize the match
between the observed and predicted size distributions.

Setting the background instantaneous natural mortaléyctonstant 0.05, it was found
that a linear regression of the form:

M. =0.001+ 0.00795 11.16

optimised the match between observed and expected sideutisns (Figure 45).
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Figure 44. Comparison of the size-distribution of the commercaath of Giant Crab in
Tasmania prior to 1995.
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Figure 45. Comparison of the predicted proportional size structuréhédbnes) with
the observed proportion size structure (solid lines) frieenTasmanian giant crab fishery
before 1995.

8.6 Discussion

The growth analyses shown here provide a substangiabiament on that previously
available due to both the increased number of recoith@nncreased time at large.
The outcomes from this analysis will contribute tonagement of this fishery as critical
input data to yield and egg per recruit models and alsorigtiébased population
modelling.

While this information will be of value for populationodelling of the giant crab
resource, some aspects of the analyses were limitddthyavailability. The most
critical aspect is that data for legal sized crabsasce as no males of above 150 mm
CL were observed to moult and no females of above 16 mnAlthough the largest
size category of tagged crabs ranged between 146 and 200 nandibus includes
large crabs well above the minimum legal size, fevapaares were obtained for that

group.

Improving data coverage of legal size crabs would be Val@adol should be considered
in future research programs. However, the difficultyp@reasing coverage of tagging
data for legal sized crabs is the costs, as noted\ogdset al. (2001). Fishers retain
legal-sized crabs so they would require compensationg$brévenue if these crabs
were to be tagged and released. Giant crabs have higemadividual value, typically
above $100 per crab, so the eventual cost of moult datddu®mes extremely high,
given that only a small portion of the crabs releasitde recaptured, reported and
have moulted. Compounding the problem of obtaining mouét dathat legal size crabs
are vulnerable to exploitation for many years beforeoult occurs.

Levingset al. (2001) attempted to improve data coverage of legal sized loyalgging
crabs that were legal sized but were discarded. This@am when crabs have one or
no chelae, or when female crabs are ovigerous anattbananded. However, as
noted by Levinget al. (2001) and also McGarvey al. (2002), this strategy introduces
biases and would ideally be avoided in favour of the seled legal-sized crabs selected
randomly from the catch.
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A consequence of the distribution of data for the curaeatysis is that our conclusions
are much more robust in relation to crabs below timmam size limit than those
above. The risk of this data scarcity affecting ourchasions is likely to differ for

moult increment and intermoult period estimates.

Moult increment estimates are likely to be the meifiable aspect for several reasons.
Our estimates are well supported by those made by Mcgana. (2002) using data
for other States, in particular the remarkably fl¢éatrenship between release size and
moult increment for males appears to hold true acr@seatige. Females in this study
were observed to have a declining increment with lengtich McGarvey et al (2002)
reported for all States except Tasmania, where thegreéd a pattern more similar to
that of males. That observation now appears to hese an artefact of the smaller
sample sizes they had available.

It is also noteworthy that the distribution of inciesmhdata for Tasmania now appears
more consistent with that for other parts of thegganWe observed that a normal
distribution fit to moult increments was most appropridt#cGarveyet al. (2002)
detected an asymmetrical distribution in the maximuntiiged fit in their analysis of
the smaller sample of females from Tasmania altholgg dbserved that data from all
other regions were normally distributed.

Lack of moult data for legal size crabs is probably neoitecal in relation to intermoult
period as there may be non-linearities with sizey sigbstantial increase in intermoult
duration with size would be expected. Other studies haeaied that intermoult of
large giant crabs becomes so extended that crabsweffgeceach a terminal moult.
Gardner and Williams (2002) examined changes in chelae moegihy and observed
that males moulted into a “morphologically adult” stageiz¢s above 175 mm CL.
Given the moult increment documented here, it appearsh@odsat some males could
moult directly from below 150 mm CL into this state afnphological maturity.
McGarvey et al. (2002) and Levings et al. (2001) observedfeerynoults of crabs
tagged above legal size and also considered that interpayidd may become
significantly longer for legal-sized crabs. Evidens®alomes from radiometric analysis
of shell age, which gave estimates of around 8 yeamsmioult duration for female giant
crabs between 150 and 160 mm CL (Gardner et al., 2002).

Intermoult period estimates from this study were sindathose estimated from South
Australia (McGarvey et al., 2002) with smaller femakes30 mm CL) estimated to
moult around 3 years, while those in the larger clagsined 7 years. This indicates that
growth around Tasmania is more rapid than other regiamired by McGarvey et al.
(2002), Victoria and Western Australia. Tasmania appeanave the highest density of
crabs of any of the states and this may be a funofibigher productivity in part due to
higher growth. “Faster” growth in this context iscolurse relative to populations of
giant crab in other states. Relative to other etgiiospecies the growth of giant crabs
is low and their productivity would appear to be correspaigiow.

The description of the growth dynamics for giant craliomplicated by the extremely
long intermoult periods plus the inherent increased li&ethof moulting mortality
associated with the long intermoult periods. Developieggttowth transition matrix
was relatively straight forward although due to the laaottada with respect to legal
sized animals (>149mm carapace length) the predicted avamgdeincrements could
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only be obtained for the larger size classes throughgxation of the linear
regressions used to describe the relationship betwesage/moult increment and
original size-class. This extrapolation obviously trespotential for adding uncertainty
into the description of growth dynamics; discussion gf@ansequent results must
remember this.

Describing the dynamics of the intermoult periods requineddevelopment of a novel
method of accounting for the years required for memieaggven size class to moult.
This moulting probability matrix requires that the nunskat-size vector, normally used
in size-based stock assessment models, be convedes muimber-at-size by years-to
moult matrix.

It was found that logistic curves provided good descriptidtiseocumulative
proportions moulting through time and a simple relationStep renders the expected
proportion of animals remaining in a size-class invergiear that will moult.
Unfortunately, the data requirements for developing the sdilogistic curves required
is greater than that required for the growth transitiatrices. The tagging information
available only described the intermoult dynamics ofllemsize-classes. Interpolation of
the parameters from these curves worked well but extapolled to unrealistic
predicted moulting proportions. Instead, the intermoult penias extrapolated and
these were used instead to search for logistic curvesigirgy plausible moulting
descriptions. Some of the intermoult periods for thgelacrabs are extremely long, and
this led to the development of the notion of moultingtaddy, which was assumed to
be related to the duration of the intermoult period ze-siass. The most convenient
way of coordinating the moulting mortality into the gtbvdynamics was to include the
survivorship for each size-class into the growth itemsmatrix to generate a transition
matrix that both grew the vector of animals thatevéue to grow but also killed off
different proportions of them depending on size-class.
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8.7 Growth Appendix 1. Derivation of Logistic Transformation and Likelihood.

We first make two simplifications for ease of typing:

E(Y)=P(Y)=m and Z= B® B 11.17

using these we translate 11.10 into:

eZ

= > 11.18
l+e
we note that:
e _1+&-¢ 1
1-m=1- = = 11.19
1+¢€° 1+ € 1+ €
therefore, from Equation 14:
Z
¢ e _g 11.20
1-m 1+e 1
continuing Equation 14:
m=Ln(¢)= Ln( €)= B+ B X 11.21

In cases where there are repeat observations ofttendent variable (e.g. moulting,
yes=1 or no=0) for each level of an independentblaX (e.g. recapture interval) the
log-likelihood function required is relatively sitepNeteret al, 1990). Assuming there
are a total of different recapture interval of duratid(in this case, for exampl,
might be 6 months), then for each of thé€s there will beN; observations (wher
can vary for each of the classes concerned) arychowill have moulted. For each of
the X; the proportion moulting equals:

LY 11.22
P = -

t

in which case the log-likelihood function can bed&ed as:

L(a,b)= il{Ln{ ’\':'I_n')j n(BO+ BLX)- N L1+ %O*B“)} 11.23
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8.8 Growth Appendix 2. Tagging Data Results

Table 13.Number of observations used in determining the interimatelrvals for

three size classes of female giant crabs (100-130mm, 131-13%%0rm45mm, and
146-162mm). Year is the period between tagging and recapturs,idNthie number
of observations and N_Moult is the number of moultingnafs in the total. Double

moults were ignored and outliers were treated as not impult

Size Class 100-130 131-139 140-145 146-162
Year Nobs | N_Moult| Nobs | N_Moult| Nobs | N_Moult Nobs N_Moult

0.25 10 29 1 5( 40 o
0.75 2 16 25 47
1.25 2 8 1 24 2 10 1
1.75 11 10 4 2 6 2 10 3
2.25 36 35 21 17 25 16 17 4
2.75 15 15 16 14 15 8 20 11
3.25 17 17 23 23 14 8 7 5
3.75 3 3 5 4 3 3 5 3
4.25 4 4 12 12 7 7 5 b5
4.75 3 3 2 2 Y, 2
5.25 2 2 7 7 4 4 1 1
5.75 1 1
6.25 1 1 2 2 1 1
6.75 1 1
7.25 1 1

Total 104 88 147 87 177 54 164 37

Table 14.Number of observations used in determining the intermoult
intervals for two size classes of male giant crald®{130mm and 131-150
mm). Year is the period between tagging and recapture, isltts number
of observations and N_Moult is the number of moultingnais in the total.
Double moults were ignored and outliers were treated tasoolting.

100-130 131-150
Year Nobs N Moult Nobs N Moult
0.25 20 21
0.75 3 11
1.25 4 3 2
1.75 12 12 41 7
2.25 33 33 26 20
2.75 10 10 26 24
3.25 9 9 9 8
3.75 1 1 4 3
4.25
4.75 1 1
Totals 92 68 141 63
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9. A Size Based Stock Assessment Model for Giant Crabs

9.1 Summary

A size-structured stock assessment model has been prodihocedja outcomes
could be improved by information on growth, through thection of
representative length data, and a greater time senef®ohative data. As increased
guantities of better quality data accumulate then the tawsrin the assessment
from the model should decrease.

Model fits indicate that the Tasmanian giant crablstas declined steadily since
the introduction of the targeted commercial fisheryaty have reached as low as
27.87% of the unfished exploitable biomass, which for suncnproductive species
appears to be quite heavy depletion.

If no further negative effects are imposed on the Taemayiant crab stock and
recruitment is approximately average over the nexy¢ans, then the current TAC
of 62.1 t appears to have the potential to permit someldeiy of the stock and
hence of the catch rates.

The TAC of 62.1 t appears to be sustainable under the peesaditions of
exploitation in the stock, which suggests that the cattds should at least stabilize
in the next year or two and may begin to rise. Iy/tthe not then the stock would
need reassessment under the assumption of lower produittasit currently
assumed.

The TAC of 103.5 t, which was in operation prior to 2004, applkely to
continue the depletion of the stock and would not be dereil sustainable.

The model requires further exploratory development but esigphaist be placed on
the collection of more and better quality data fromfigieery.

9.2 Introduction

The giant crabPseudocarcinus gigas an extremely large and heavy crab fished across

Southern Australia. In Tasmania, this is now a fighath a 60.1 t TAC, which relates
to 1035 units at 60kg a unit. This implies that with an avenagight of over 2.5kg, the
fishery is based on less than 24,000 retained individuabémiifhis small number of
individual animals restricts the available informatabout the biology, growth, and
population dynamics of this species. Nevertheless, idsefforts conducted with
tremendous cooperation from the fishing industry have eabled the production of a
detailed stock assessment model for investigating thecatiphs of different harvest
strategies (different TACs, different minimum and maxinsizre limits, different
seasonal closures).
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While a stock assessment model has been produced it enestghasized that it was
generated on the basis of a minimum of data and thenaamy uncertainties in the
parameters fitted and the model structure selected. §itaeimodel produced has a
suitable form but the parameters fitted in the descnptiparticularly of growth, are
limited due to available data. Despite these caveasntuel provides indications of
the likely productivity of giant crabs relative to commial fishing, and alternative
growth descriptions (apparent optimum and more productivebeaompared to
determine the range of possible behaviour.

The model has been produced using data for the Tasmashiaryfithe largest of the
State fisheries. This is reported in parts, the fieshg this summary of the assessment of
the Tasmanian stock. This assessment is based oralgsiaof catch rates, with the
standardization process for this data given in Sectidi&.most critical driver of
population dynamics in a size-based model is the desceriptigrowth, and this was
presented in Section 8. Growth in crustaceans is madéthp mtermoult period and

the moulting increment. In giant crabs the intermou#rvals can be very long so a
detailed description of this process was required alongthétimeed to estimate an
annual time step growth transition matrix for thossbsrthat do moult.

Natural mortality was modelled in two ways. The finsts the classical method of
constant rate imposed across all size classes eachlye second form of natural
mortality explicitly modelled was a moulting mortalitysciated with the act of
moulting. Given the extremely long intermoult periodatieely to most other
crustaceans, it seemed likely that the moulting evenddMze much more hazardous to
the crabs than the intermoult intervals. No knowledgevailable concerning natural
mortality so this division into two distinct processesssentially speculation. It does,
however, lead to plausible dynamics and is intuitivelyenealistic than using a simple
constant natural mortality imposed each year. Finalfprmal description of the model
structure is provided. This summarises the algorithm usddfiwe the population
dynamics and associated processes such as selectd/figcaimdity at size.

9.3 Formal Stock Assessment of Tasmanian Giant Crab Fishery

9.3.1 Data Available

There are two main sources of data that can be usestotk assessment model of
giant crabs. Firstly there is the standardized catels i@nd catches provided by the
commercial catch return log-books (Table 3 and Figure 2épt€h 7). Secondly, catch
sampling by observers and by commercial fishers provitesize distribution of the
commercial catch through the years of the fishergti&e 9.7).

There are 20 parameters fitted by the model (Table 1%)nmiddel fails to fit the final
five years of recruitment residuals because there eantine-lag of up to five years for
new recruits to enter the fishery and there is litlermation prior to their entry to the
fishery to influence the parameters. Similarly, thet five years were relatively small
catches and these provided too little informationttthe first few years of the time
series. This bias in information towards animals imve legal-size is similar to aging
bias where individuals at either end of the curve areruregeesented.
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Table 15.The twenty parameters used in the fitting of the giant
crab model. Their descriptions are given in the model
specification section, under Recruitment and Selectivittye

rows with quota years listed are the log-normal receritm
residuals in each year; 1 = average recruitment.

Average Recruitmen 229550.3
SelectivityL50 Female 149.6068
SelectivityL95 Female 151.5490

SelectivityL50 Male 152.1214

SelectivityL95 Male 154.1188

1989/1990 1
1990/1991 1
1991/1992 1
1992/1993 1
1993/1994 1.872168
1994/1995 0.673044
1995/1996 0.478676
1996/1997 0.385602
1997/1998 0.346226
1998/1999 0.37247
1999/2000 1
2000/2001 1
2001/2002 1
2002/2003 1
2003/2004 1

With the set of optimum parameters in Table 1, thftatch rates was reasonable with
a deviation in 1994/1995, 1998/1999 and 1999/2000 (Figure 46). The decline isodown
just over 30% of catch rates in 1994/1995.

The comparison of the available length frequency in&tion requires a large number of
graphs (Figure 47 and Figure 48).
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Figure 46. Comparison of the standardized catch rates (fine sodijidnd the predicted
catch rates from the model (thick dashed line).
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Figure 47. The observed proportional size structure of female giatds (blue dots)
relative to the predicted proportional size structuraddiok). The slight bump at 160-
170 is brought about by the inherently incremental grafthe giant crabs, which is
not expressed very strongly in females. The yeartharénal years in the Quota year
combinationse.g.2003 denotes the 2002/2003 quota year. Quota years with no
observations are depicted where the blue dots aligrntieatbX-axis.
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Figure 48. The observed proportional size structure of male giafiscfblue dots)
relative to the predicted proportional size structurdddiok). The bumps at the 170-
180 size class are brought about by the inherently irareigrowth of the giant crabs,
which is expressed relatively strongly in males. Téary are the final years in the Quota
year combinationg.g.2003 denotes the 2002/2003 quota year. Quota years with no
observations are depicted where the blue dots aligrntietbX-axis.
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In addition, the assessment model permits a comparidbie original, effectively
unfished size distribution with the predicted current digiribution (Figure 49). The
depletion brought about by fishing is clear from the sapar of the two lines beyond
the legal limit. The coincidence of the lines for #mee classes below 140mm is brought
about by the recruitment levels defaulting to the averageiitment in the absence of
information that would permit the recruitment residualsthe last five years from being
fitted (Figure 49). The appearance of a number of modég isize distributions reflects
the rapid growth of the crabs at the smaller sizes.dyimamics of growth interacts with
the implementation of recruitment (divided into thetf8& size classes, to produce the
modal structure below the legal sizes). This can inflaehe fit to the proportional size
structure €.g.Figure 48) by producing minor peaks in the expected size disbribof
the catch. As the moult increments decline in theafesithe affects of this reduce. The
progression of modes continues for larger sizes in #lesnuntil the variation in growth
increment acts to smooth out the distribution (Figure 49).

(&)
< 300001 Females | | Males

80 130 180 230 80 130 180 230
Carapace Length 5mm Size Classes

Figure 49. The unfished size distribution (solid line) relatieethe predicted size
distribution following the fishing up until 2003/2004.

The assessment generates an implied time seriesabatmt exploitable biomass (Figure
50), which when combined with reported catches leads tmglied time series of
harvest rates (Figure 51). In addition, the mature biomassalso followed, which
enabled a time series of relative egg production to berided (Figure 52).
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Figure 50. The predicted time series of total biomass (sol&) land exploitable

biomass (dashed line). The exploitable biomass hamel@tb about 27.87% of
unfished levels. The slight rise in total biomassmfinal years is an artefact of average
recruitment being implied for the final five years.
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Figure 51 Implied time series of harvest rates (proportionxplatable biomass taken
each year by the commercial fishery. A level of agpnately 20% would appear to be
unsustainable.
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Figure 52 The time series of egg production implied by the trajgobdistock biomass
through time. The final four years are highly uncerb@nause the model cannot fit
those years well due to the time lag between recniiigg the populations and
entering the fishery. At its lowest level there waty about 52% of unfished egg
production being produced.

9.4 Model Projections

Using the fitted recruitment residuals to define the ebguerecruitment variation it is
possible to project the population forward under differelCBnd size limit scenarios
to determine the likely outcomes of different manageraei@ngements. This assumes
that the dynamics as described by the assessment comtieue to apply and that no
new factors come into operation. A possibly signifiaamission from the assessment
and the projections is the potential interaction betwgiant crabs on the west coast of
Tasmania and members of the trawl fleet operatingarSiouth East Fishery. However,
their omission may have unexpected implications. Thedetis the catch rates and size
structure relative to the given extractions. If theuacamounts of giant crab removed
were higher then the stock would, in fact, be that nmicre productive than the current
assessment indicates. This would imply that if the lfcaab interaction stopped the
stock would recover faster than expected. If, howeterjrteraction became stronger
the implications would be harder to predict.

Because of the five-year time lag in the recruitmesiduals leading to the average
recruitment being implied for the final five yearsthe projections, a set of recruitment
residuals for those five years are generated alongavgtt for the years of projection.
In this way, the population is placed in a more reelstate at the state of each
projection. 1,000 simulations were used in the forward piojgzand two scenarios
were considered: the current 62.1 tonnes, and the older 1&Res. The predicted
time-series of recruitment levels, exploitable biosnéstal biomass, and total egg
production were plotted to determine the relative perfoo@ainder the different TAC
scenarios. The current size limits were retainedtimeofuture. Projections were made
for ten years into the future.
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9.4.1 Current TAC 62.1t

The current TAC of 62.1 t derives from 1,035 units set at 6QkgtaWhen the
assessment model is projected with this TAC from fitermum fit there are indications
that at least the stock should stabilize and if averagreiitment occurs over the ten year
projection period (plus the five years for which noM#s possible), then exploitable
biomass should increase along with total biomasshcates and egg production.
Conversely, the harvest rate should drop. The confideitbevhich these claims are
made relates to the recruitment variation. If pooruiment happens often in the future
then exploitable biomass may stay roughly the samewsor decline slightly, with
consequent stability in catch rates and other fisperiprmance indicators (Figure 53
and Figure 54).
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Figure 53. Ten year projection of the current TAC of 62.1 t usingdpgmally fitting
model. lllustrated are the predicted exploited biomasdsl¢ZzepiBiom), the total
biomass (TotBiom), implied harvest rates, implied ca#ths, and implied egg
production. In each case the year is the last pahteofiota year, thus 2001 is
2000/2001. The projections are in each case surrounded by thecd&émtile
confidence intervals, shown as dotted lines. Afteryears catch rates are predicted to
have recovered to the levels observed in 2000/2001.
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Figure 54. Projections for exploitable biomass, total biomasstuitment levels, and
egg production graphed as proportion of the unfished levetspiidjected TAC
remains at the present TAC of 62.1 t. The low pointxpfetable biomass was 27.88%
of unfished and after ten years, if we only considermtiedian value, this could recover
to 38.75%. Recruitment ranges across two orders of magmituddog scale.

9.4.2 Old TAC 103.5t

The old TAC of 103.5 t derives from the 1,035 units each giviagight to take 100kg.
When projections are made with this TAC the explogddibmass continues its slow
decline with consequent declines in total biomass atwth cates. Egg production
remains relatively stable but harvest rates incrdasgerously (Figure 55 and Figure
56). After only three years, under conditions of pooruitment destructive declines in
catch rates can occur as can the maximum harvegpeatetted in the model (95% of
all exploitable biomass being commercial taken eaah)ye
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Figure 55. Ten year projection of the old TAC of 103.5 t using theroalty fitting
model. lllustrated are the predicted exploited biomasssléZepBiom), the total
biomass (TotBiom), implied harvest rates, implied ca#ths, and implied egg
production. In each case the year is the last pahteofiota year, thus 2001 is
2000/2001. The projections are in each case surrounded by thecd&émtile
confidence intervals, shown as dotted lines. Afteryears catch rates are predicted to
have recovered to the levels observed in 2000/2001.

o 12 1.2
(2]
g 1 w 17
S os- T g -
o 08 g os
e t————
2 06 306"
© —_—
= B /—~‘ [o°] .4
£ 04 g o4
S —_—
< 0.2 < F 0.2
o
; - ; ; 0 ; ; - ;
2.0 1.2
~——— T —— c
11
2 15 2
9] S 0.8 1 -
£ 3
5 104 © 0.6 -
= B e
S . 2047 —_—
' Woz2-
0.0

1990 1995 2000 2005 2010 2015 1990 1995 2000 2005 2010 2015

Figure 56. Projections for exploitable biomass, total biomasstuitment levels, and
egg production graphed as proportion of the unfished levetspiidjected TAC was set
at the old TAC of 103.5t.
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9.5 Discussion

9.5.1 Stock Assessment

The stock assessment model produced consistent resuligdibated that the fishery

for giant crabs in Tasmania has led to a steady declieploitable biomass with
corresponding declines in catch rates. The model wed fib catch rate data and to size
distribution of the catch data by varying the estimafafe selectivity parameters, the
average recruitment, and the annual recruitment resithalsharacterized the
recruitment variability.

At their lowest points the exploitable biomass redche.87% of unfished exploitable
biomass in 2003/2004, catch rates were reduced to 34% of urdstebdrates also in
2003/2004, while egg production was reduced to 52.36% in 1999/2000 (Figure 53 and
Figure 55). From 1992/1993 to 2003/2004 there was an average hamedt rat
approximately 22%. Fortunately, over the last threesytr harvest rate has been
dropping, which reflects the reduced catch levels duringpdsadd. It may be argued

that many fisheries based upon Crustacea are reduced lhdawee levels than this, but
invariably these species are much more productive tieagiant crab. The very low
depletion levels of unfished exploitable biomass sesniine rock lobster species should
not be used as a guideline for one of the largest anaghs iWorld.

It must be remembered that it takes up to five yearaduar recruits to enter the fishery
and influence catch rates and size distributions ofalheh. Because of this the
recruitment residuals for the last five years did nofadevfrom 1.0 implying that there
was average recruitment over that time (Figure 55). fitheence of this can be seen in
the total biomass and egg production graphs (Figure 55). @peseently positive signs
of increased egg production and increasing total biomaswialeading because if
recruitment has not been as high as the predicted averag@ment then they will be
high. That recruitment will have been low appears lielye period from 1994/1995 to
1998/1999 is indicative of recent recruitment levels. Thenteincreases in total
biomass are due to increases in the under-sized compufrtetstock due to recent
recruits (Figure 49 and the absence of any increasgloitable biomass as in Figure
55). Similarly, the apparent increase in egg-production igairereases in the number
of under-sized but mature crabs generated by recent reentit

9.5.2 Harvest Strategies

Given the uncertainties in the assessment modelwnolgcenarios were compared to
see the effect of projecting different TACs into theufe. The assessment permitted the
recruitment variability to be characterized. The mtigan entailed generating a random
set of new recruitments using the characterizatiom fitee assessment. In addition, the
recruitment residuals for 1999/2000 to 2003/2004 were also generatedbamach
simulation to start the population at a different po&situation.

All the characteristics of the fishery, that is ghvedicted exploitable biomass, the total
biomass, the catch rates, and the harvest rates, seddglest with a TAC of 62.1 t there
were opportunities for the stock to recover as longeasiitment was average over the
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next ten years. Given the worst set of real receritnievels in the years ahead, this
scenario suggests that the stock would at least renadile # its current position.

Under a continued TAC of 103.5 t the exploitable biomaasgdvoontinue to decline as
would the expected catch rates. The predicted incressevast rate, especially given
poor recruitment, suggests that catch rates would deolineish (harvest rates would
increase catastrophically) that it would be extrernalkely that the fishery would be
economically viable, let alone sustainable. In sht®8.5 t was not considered a
sustainable catch level but 62.1 t may be. If new fadbegin to have significant effects
(e.g.the potential interaction between bottom trawlerd giant crabs on Tasmania’s
west coast), then even a TAC of 62.1 t may become wansalske.

If the giant crab stock is as productive as the model stggghen a modest
improvement in catch rates would be expected in one@iyears at the lower TAC. If
this did not happen, it would be necessary to reassessatk assuming a model
structure that was less productive than currently used.

9.5.3 Weaknesses of the Assessment

Assumptions and weaknesses of the current assessmentmotdie the description of
growth, interaction between growth and recruitmertinditthe final five years of
recruitment residuals, and other data problems.

The most obvious weaknesses in the model is the desergdtgiant crab growth, as
growth is central to the dynamics of any size-baseckshtssessment model. As detailed
in the section describing the growth of giant crabsa dats primarily available for
under-sized crabs so that the growth and dynamics ofdexgal crabs had to be
extrapolated from what was known of the undersized cralaldition, part of natural
mortality was implemented as a moulting mortality ratieis factor had a major
influence on the potential productivity of the stock. Wikihe description of growth is
plausible (though the intermoult periods are very longg,dscription is nevertheless a
major source of uncertainty in the model. This is butddel uncertainty (are the
dynamics really operating in the way described) and padesrmaacertainty (have the
parameters been estimated with sufficient precisigrdwide an accurate description of
growth). The parts of the description of growth thdtetice the productivity of the
stock include:

» the variability around the average moult incremengfgiven premoult
carapace length,

» the gradient of the line describing the relationshipvbenh moulting mortality
and premoult size class, and

» the rate at which the intermoult period increases prigmoult carapace length.
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A model weakness related to the description of growtteaisthe current equilibrium
size distribution has a modal structure to it that cedléhe large moulting increments of
the crabs. At the smaller sizes the variation ardhisdaverage moult increments is
relatively smaller and the modal structure develops nitdm@am that. The recruitment
dynamics have been chosen to minimize the appearéticese modes because there
are none apparent in the size distribution data. Bsiterdistribution data is required
(meaning the data collected needs to be representatiere of the catch and more
data overall needs to be collected).

The time lag at the end of the fishery, induced byithe it takes new recruits to grow
into the fishery is matched at the start of theefigtduring which such small catches
were taken that no information is available to esténecruitment across the years and,
instead the model lumps all the recruitment necessanatoh the early large catches
into a single year. In addition, though this may be ftbensame cause, the average
recruitment, except for the single year before theefig expanded, is greater than most
of the fittable recruitment residuals. This has tHecefof implying a relatively high
average recruitment, which may bias the model outcevhes average recruitment is
implied. It is possible that the recruitment dynamieskaased high because of how the
model responds to the available data. This would haveftéet of exaggerating the
productivity of the stock and may lead to recommending uaisadste TACs.

Other weaknesses relate to the available data frerstiery. The length frequency data
is based upon samples taken through the year in a haphaasandr, with more data
from the west coast than the east coast. The catelstandardization can at least take
into account the different emphasis given to the fisbarthe different coasts of
Tasmania (the fishery has primarily been prosecutdti@west coast) but there is no
way to standardized the size-distribution of catch data.

9.5.4 Future Work

There may be benefits in conducting the assessmehel®ame methods across all three
States but with spatial division on the State or @nadigional level. In particular, there
may be value in treating the west and east coastasyhdnia separately, however, the
amount of data available for the east coast maydsparse to permit a useful
assessment to be made. Certainly the catch rate@atze standardized for each coast
separately, but there are numerous years where insoffgize distribution data to be
representative were collected from the east coasat&Var the case, an attempt should
be made to consider the two coasts separately sthehahpact of potential interactions
with trawlers on the west coast may be modelled attyplic

The bycatch catches by trawlers should be includectimiddel as this will act to reflect
a more productive stock. In addition, the impact of sdegree of release mortality
associated with returning giant crabs to the sea sheuli/bstigated.

As more tagging data becomes available the descriptigroaith, especially the
intermoult dynamics, should be improved and updated. Thepecally critical for the
larger sized crabs. Any information relating to thethemable the model uncertainty in
relation to the description of growth to be improved upon.
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As more and more size distribution of the commere@tdit data becomes available this
will also enable the elimination of possible problemiit the model. If the true size
distribution of crabs does not have the modal structweeigied by the model then the
model will need modification to eliminate this featuP@ssibly this could be removed by
including further, smaller size classes into whichriée recruits can be pasted.

9.6 Conclusions

» A size-structured stock assessment model has been protoceggh it has
weaknesses relating to details of the description of grow the collection of
representative data, and the short time series afmafilve data. As increased
guantities of better quality data accumulate then the tawsrin the assessment
from the model should decrease.

» The Tasmanian giant crab stock has declined steadily g introduction of the
targeted commercial fishery; it may have reachedwa27.87% of the unfished
exploitable biomass, which for such an unproductive spegipears to be quite
heavy depletion.

* If no further negative effects are imposed on the Tagmmnayiant crab stock and
recruitment is approximately average over the nexyeans, then a TAC of 62.1 t
appears to have the potential to permit some rebuilditigeostock and hence of the
catch rates.

* IfaTAC of 62.1 t is sustainable under the present comgitof exploitation in the
stock then the catch rates should at least stabhilideeinext year or two and ideally
would begin to rise. If they do not then the stock woalddreassessment under the
assumption of lower productivity than currently assumed.

« ATAC of 103.5t, if it were continued, appears highly likelycontinue the
depletion of the stock and would not be considered suskainab

* The model requires further exploratory development but esigphaust be placed on
the collection of more and better quality data fromfigieery.

FRDC Final Report 2001/042 Page 91



Giant crab assessment methodology

9.7 Model Appendix 1. Commercial Length Frequencies across Yegar

Table 16.Commercial length frequency counts in 10mm size classdsrhales taken

in the Tasmanian giant crab fishery from 1992/1993 until 2002/20@8bdttom line
gives the totals for each column. Data is for allfiasia combined.

Size Class F93 F94 F95 F96 F97 F98 F99 FOO FO1 F02  FO3

150 74 356 256 14 0 736 1356 0 194 975 291
160 20 200 180 11 0 676 953 0 115 773 258
170 11 74 95 7 0 503 406 0 29 354 119
180 6 45 60 0 0 294 176 0 12 149 45
190 2 24 24 2 0 169 65 0 3 41 22
200 0 14 9 1 0 41 12 0 0 20 8
210 0 3 1 0 0 2 3 0 0 1 1
220 0 0 1 0 0 0 0 0 0 0 0
230 0 0 0 0 0 0 0 0 0 0 0
240 0 0 0 0 0 0 0 0 0 0 0
250 0 0 0 0 0 0 0 0 0 0 0
10292 113 716 626 35 0 2421 2971 0 353 2313 744

Table 17.Commercial length frequency counts in 10mm size classandles taken in
the Tasmanian giant crab fishery from 1992/1993 until 2002/2003bdthem line
gives the totals for each column. Data is for allmiasia combined.

Size Class M93 M94 M95 M96 M97 M98 M99 MO0 MO1 MO02 MO3

150 34 42 38 2 0 129 259 0 33 241 139
160 16 35 22 2 0 102 198 0 39 198 93
170 5 31 22 1 0 121 131 0 19 116 52
180 5 33 32 2 0 118 83 0 12 81 30
190 1 20 26 0 0 118 75 0 6 61 30
200 1 10 14 0 0 97 64 0 5 53 34
210 0 13 10 0 0 75 44 0 5 47 28
220 0 5 7 0 0 37 23 0 3 24 14
230 0 1 3 0 0 8 4 0 1 5 4
240 0 0 7 0 0 0 0 0 1 1 1
250 0 0 2 0 0 0 0 0 0 0 0
3504 62 190 183 7 0 805 881 0 124 827 425
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10. Model specifications

10.1 Introduction

The commercial fishery for giant crabs in Tasmamaters began in 1992/1993 after a
live export market to Melbourne, Sydney and Asia waabiished (Gardner, 1998).
Giant crab had previously appeared as a small bycattttobg rock lobster fishers
operating in deeper waters. Instead of calendar yeafistkey for giant crab is
considered on the same time-scale as Tasmanian fostledavith a quota year
operating from March®ito the end of February each year. The current manageme
plan, that introduced quota management, was produced in Nev@8®9 and the first
full quota year from 2000/2001 pursued a Total Allowable CommeZeaiech of 103.5
tonnes. This was a large reduction from previous catcd.

Once giant crab became a target species, catcheasadrdramatically and by the
1994/1995 fishing year, total catch in Tasmanian waters peakil tonnes. Some of
this total may be attributed to misreporting of catchnticipation of the change in
management (the hope of allocating quota on the basgpofted catches often leads to
fictitious paper fish being reported). Nevertheless as wertainly the case that a virgin
stock was being fished down. Following the peak in 1994/9%othécatch fell to just
110 tonnes in the 1997/1998 fishing year (Figure 57 and Table 18)enedwas

concern that the fishery was being over exploited.

Table 18.Reported catch totals, in tonnes, by quota year frdordoéghe beginning of the Tasmanian
fishery in 1992/1993 until the present. The quota year runs¥larch £'to the end of February the
following year. East and west are defined as eitherdfitngitude 147 East.

Quota Year Total West East TAC
1989/1990 0.202 0.097 0.105
1990/1991 1.706 1.598 0.108
1991/1992 1.483 1.410 0.073
1992/1993 118.157 112.794 5.363
1993/1994 224.233 223.413 0.819
1994/1995 291.226 217.755 73.471
1995/1996 224,932 147.904 77.028
1996/1997 147.380 125.231 22.149
1997/1998 113.283 77.431 35.852
1998/1999 75.607 30.410 45.197
1999/2000 64.212 33.883 30.329
2000/2001 86.510 60.606 25.904 103.5
2001/2002 96.593 68.640 27.953 103.5
2002/2003 75.242 45.118 30.123 103.5
2003/2004 59.057 39.104 19.953 60.1
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Figure 57. Giant crab catches in Tasmania. The Total Allo&tch was set at 103.5
tonnes in November 1999. Catches in 98/99 and 99/00 (soliesivgere from partial
fishing years due to an extended seasonal closure impmsdidvt revision of
management arrangements.

All targeted fishing for giant crabs in Tasmanian watekes place on the edge of the
continental shelf on both the east and west coa#hough it is quite probable that
there is some larval exchange between coastqjrliiely that there is any mixing of the
adult populations. Nevertheless, in the first instainagas decided to generate an
assessment model dealing with the Tasmanian gianpofaldation as a single stock.

Catch rates are described separately and, in thé8tance, were standardized to
provide a unified index of relative abundance through timée basis of quota years
and across the whole Tasmanian fishery. The negivebelld be to develop the model
across the east and west of Tasmania separately.

10.1.1 Management

The original TAC in 2000/01 was 103.5 t, which was made up of 1,085each of
100 kg. For the 2004/05, season the TAC has been reduced to 6chtiss0kg per
unit, and this will be continued into 2005/06. There is aedoseason for females
between May % and October Jieach year. In addition, ovigerous females must be
returned to the water. Size limits have altered thrdingd with currently the minimum
legal length being 150mm for both sexes with a maximugtteof 215mm (Table 19).
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Table 19.Minimum and maximum legal lengths around Tasmania.

Female Male
Quota Year Minimum Maximum  Minimum  Maximum
1990/1991 150 250 150 250
1996/1997 150 250 150 250
1997/1998 150 250 150 250
1998/1999 150 250 150 250
1999/2000 150 250 150 250
2000/2001 150 215 150 215
2001/2002 150 215 150 215
2002/2003 150 215 150 215
2003/2004 150 215 150 215

10.2 Biological Data.

10.2.1 Size at Maturity

The maturity-at-sizel?; for females is described by a standard logistic cureging the
proportion of females mature to their size-clasgFigure 58). The two parameters, for
Tasmanian giant crabs are Gardeeal. (2002):a = -47.3703, antt = 0.43523,

which implies (Figure 58) a size at 50% maturity of about 108\ &a/b).
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Figure 58 Maturity at size for Tasmanian giant crabs.
10.2.2 Fecundity at Size

A power relationship (Gardner, 1997) is assumed to hold eetademale crabs
fecundity and its size-class (Figure 59). The two parasefethe relationship were=
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181.673842 and = 1.754983. The effect of size at maturity would be to rethee
overall contribution made by the smaller animals.
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Figure 59. Fecundity relative to size (solid line), the equatelates to the power
function describing fecundity. The dashed line indicateptioportion mature (Figure
58) indicating that the egg production of the smaller asimvaluld be reduced relative
to larger animals.

Extrusion of eggs tends to occur in May and extends thrhleglember into December.
This has implications for the fishery because ilegal to land ovigerous females and
the closed season for females only extends to thefe@dtober. All females caught are
discarded between May and October, and ovigerous femalessaarded at all other
times (in practice in November and December). Cunreittls assumed that there is no
mortality associated with discarding but this may nedaetonplemented to investigate
the sensitivity of the dynamics to this potentialiessOne way of including this
discarding of ovigerous females is to alter the selector females to reduce the total
retained.

10.2.3 Selectivity

Selectivity of the gear is assumed to match a standgistic curve. An alternative

might be a logistic with a reducing tail for the vemgha size classes but no information
is available to differentiate between these; althdhath trawl caught specimens and
visual observations using benthic cameras do not irdaagbundance of very large
crabs, so the second option is less likely. Selegiziassumed to be described by a
logistic curve for both sexes but with independent patensieA simple logistic is fitted
with two parameters, L&@Gnd L9%, with thek superscript denoting the separate sexes.
These parameters represent the carapace lengths htS8btcand 95% are selected.

To ensure that the L95 is greater than the L50 it is mpd# the L50 term multiplied

by a scaling parameter that is constrained to lie &detvd.01 and 1.5.

The equation is:
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vkt = 7 LMinL < i < LMaxL

i-L50¢
1+ e_ Ln(19)[ L95-L 5d<]

V<=0 i <LMinL j >LMaxL

13.1

where L9% = L50° x Scale95 Changes to selectivity that would have followed from
the changes that have occurred to the legal size lmatsccounted for through the use
of thet subscript (Table 19) and setting particular sizes to gelextivity or that
calculated through Eg. 13.1 depending on the legal limits. dlaetwity for females
needs to be modified to account for the closed seasdenfiales (May 1 to October 31)
and for the average proportion of ovigerous females dunm@pen season. This is
implemented by multiplying the selectivity for femalgsabconstantt For malegtis set
to 1.0. For females this constant can be estimatealiiyplying the proportional
monthly catch by the monthly proportion of ovigerousddes (or by one during the
female closed season) to determine the proportioredittal catch of females that can
be expected to be ovigerous (Figure 60, Figure 61 and Table 20).
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Figure 60. Seasonality of catch in the Tasmanian Giant @sakry using data from the
1992/1993 to the 2003/2004 season. Each line represents six ydadisifery,
splitting the fishery into two parts.
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Figure 61 The seasonality of the proportion of female Giant&ria the Tasmanian
fishery that are ovigerous.
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Table 20.Estimation of the proportion of the catch assumecetteimale in the closed
season for females or ovigerous during the open seasBer§éd is the proportion
found to carry eggs during catch sampling. % females retusribd proportion of the
catch of females returned to the water (includes theed period from May till
October). %Catch 1992/1998 is the proportion of the totahdaiken in different
months over the period 1992/1993 to 1997/1998; % Catch 1998/2004 is thivisame
1998/1999 to 2003/2004. The final two columns relate to the combriisutach month
makes to the estimation afin Eq. 13.1.
Month % Y%Females % Catch % Catch 1992/1998 1998/2004
Berried Returned 1992/1998 1998/2004

0.0005 0.0005 0.1286 0.1969 0.0001 0.0001
0.0 0.0 0.1486 0.1828 0.0000 0.0000
0.0 0.0 0.1683 0.1248 0.0000 0.0000

0.0009 0.0009 0.1411 0.1095 0.0001 0.0001
0.0 1.0000 0.1161 0.0864 0.1161 0.0864
0.8824 1.0000 0.0795 0.0322 0.0795 0.0322
1.0000 1.0000 0.0587 0.0189 0.0587 0.0189
0.8750 1.0000 0.0657 0.0097 0.0657 0.0097
9 0.4010 1.0000 0.0030 0.0026 0.0030 0.0026
10 0.2813 1.0000 0.0006 0.0006 0.0006 0.0006
11  0.2049 0.2049 0.0212 0.0848 0.0043 0.0174
12 0.0050 0.0050 0.0687 0.1507 0.0003 0.0008

1-1t 0.3284 0.1687

oO~NOoO O WNPR

Combining the proportion of total catch by month by pnoportion of females that are
ovigerous by month and the closed season for femalds te an estimate of the
proportion of the catch expected to be ovigerous eacthmdrhen this is summed over
all months the total was 32.84% for the first halfted fishery and 16.87% for the
second half of the fishery. Thus the best estimdtescarrently available are 1.0 —
0.3284 = 0.6716 and 1.0 — 0.1687 = 0.8313.

10.2.4 Natural Mortality

Natural mortality is modelled in two ways. The firsttihe background natural mortality
rate across all size-classes each year. This isinggited as a survivorship*{ewith
which the matrix of numbers-at-size by years-to-msuthultiplied. In an effort to
model some of the within season dynamics, the backgnoaiindal mortality is
implemented by two applications of half the natural sanghip (€"%), one before
fishing mortality occurs and one after.

The second form of natural mortality was implemented aatural mortality rate
associated with moulting. This was modelled as a liredationship between the
instantaneous moulting mortality and size-class andsisritbed in more detail where
growth dynamics are described. When the linear ingtantes moulting mortality rate is
converted to a survivorship it becomes a non-lineacedelng curve (Figure 62).
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Figure 62 The implied survivorship at moulting relative to premoaltapace length.
The extremely long intermoult periods have the effémaeasing the effective
survivorship each year. The parameters used in the lakdionship between
instantaneous rate of moulting mortality were intereeptO05 and gradient = 0.00695.

The vector of survivorships were placed into the diagohalsquare matrix and used to
multiply the growth transition matrix for each sexthms way the moulting mortality
was automatically coordinated with growth when it occurs

10.3 Length-Based Modelling

As with many other invertebrate species, Giant C(Rbsudocarcinus gigagannot be
aged with any degree of ease or accuracy. An alternatiyeof describing the

population dynamics of such a species is to use a siee-basdel é.g.Punt &

Kennedy, 1997). The principle behind such models is thattarvef numbers at size

(N)) is projected through time by multiplying it by a squarérixaepresenting the
probabilities of growing from one size class into assgjuent set of size classes over the
period of time represented by the mat.(In addition, survivorship following natural
and size-selective fishing mortality occug @long with new recruitmenR(), as

follows:

N =S;GN,; +R 13.2

The time step and size-class selected in such moddis tete fixed at some
convenient period and width over which data is availdites, Punt and Kennedy
(1997) use a set of four 3-monthly growth transition masrio describe the growth
expressed each year by Tasmanian rock lobsters withstrerelasses, and Hobday and
Punt (2001) use a single annual growth transition matrioamd size-classes to
describe growth in Victorian rock lobsters. Length-bas®edels can be highly
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successful at describing population dynamics but some aspigirtsic to the design of
such models can be a source of problems. The two preldEémost concern here are

1) the fact that the growth transition matrix is couclmetérms of size-classes.(.
2mm or 5mm), and

2) the fact that the transition matrix summarizes grogidta representing a fixed
period of time €.g.3-months or 1-year).

Problems could arise if the maximum growth that ocaursifgiven size-class within a
single time-step is less than the width of the siassclIf that occurs then the animals
could become mathematically trapped with no hope of gwewing out of this
effectively terminal size-class. In effect thisafirsize-class would be the equivalent of a
plus group and this would only be a bad thing if this impogedssive distortion on the
description of numbers at size. If the time-step thatgrowth transition matrix
represents is markedly different from the biological proge of the species concerned
there could be a proportion of animals that do not moukie available time. If the
difference between the moulting interval and the tite@-of the transition matrix is not
too different this lack of growth may be accommodateahtiyding the probability of
not growing out of the size-class into the transipombabilities. However, this option
would act to obscure the real dynamics of the timeilag®oulting if the moulting
interval was very long relative to the time-stepha transition matrix.

Such moulting intervals reach extremes in the Tasmda@sant Crab, in which large
animals can go many years between moults (Gaetradr, 2002; McGarvet al,
2002). One way of attempting to capture the dynamics ingoluth such delays in
moulting is to model the probability of moulting in a pautar year in an explicit way.
Thus, the probability of moulting would depend upon both ited the animals, the
sex of the animals and the time since the animstisdaulted. The moulting model
would be used to determine in each year how many ofsaeftlass were expected to
moult. A growth transition matrix with a time-stepasfe year could then be applied to
those animals expected to moult.

In the case of the Tasmanian giant crabs the populdgieamics are novel in that the
intermoult intervals are modelled explicitly. To do thie have added a new matrix of
the numbers of years spent in each size class befouing. Thus, in each year instead
of a single vector of numbers-at-sii&,, for each sex representing the total population
acrosan size-classes, the number-at-size for each sexstréddied within a matrix,

Nm,y, describing the maximum number of yeatdpr which the moulting dynamics are
followed (Eq. 13.3). Thus, witm size classes following years of moulting history for
each size class we end with a matrix of the follgdform to describe numbers-at-size:
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N_ oy
N, N1,1 N1,2 N1,3 : - le
Nz N2,1 N2,2 N2,3 N2y
N3 N3,l N3,2 "
. . N, . ..
= o 13.3
N, Nop . .. O N,,

To complement this we need an equivalent order matrorides) the proportion in
each size class in each year of the moulting histbag, will moult in the given year,
Pmy. In short, this all means that instead of followihg fate of a vector of numbers-at-
size the process follows a matrix of numbers-at{syzgears-to-moult.

10.3.1 Model Structure

With size-based models, the order in which the diffedeners to the dynamics occur
can have a significant influence on the outcomes (Hadzlail, p. 219) so the
sequence of matrix operations was important. The seqoégerations acting on the
matrix of numbers-at-size for each sex to describgtipulation dynamics in each year
can be formally described. The numbers-at-sigby years-to-moultjf matrix for sexk

at timet can be represented Ry:', or in matrix notatiolN*' . The various stages in the

algorithm will be represented by incrementing the tsuperscript by the stage of the
operation 4 to m stagen is the final step and is represented+ds stage namdsj, and

k, are omitted to avoid confusion with subscripts indtyeations). The dynamics can be
represented by nine steps:

a. Multiply the matrix of numbers-at-size (by years-toutipby the survivorship
arising from applying half the background natural mortéiy2).
Nikyjt+a - N{(j,te—M/Z 134
b. Multiply the numbers-at-size by years-to-moult matspiee moulting matrix for
each sex, P¥, on a cell by cell basis, to identify those fish in each size-clas (
and each year-to-moulf) (hat are due to moult.
M =R x Nb*e for eachi angl 13.5

|
c. Remove the numbers to moult from each size-class

Nfe = NKta ke 13.6

)
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d. Project the remainder forward one year along the yt@ansoult axis. Setting the
maximum number of years used to track the time till nmykSynax This action
empties the first column of the matri¥..x acts as a plus group.

k,t+d — k,t+c kt#c H— _

ivymax - ivaax + b max_l J_ ymax 1 13 7
Nk,t+d — k,t+c 1< i< _ 2 .

i+ TN S S Yinax

e. Generate a vector of numbers-at-size that will moykumming the numbers to
moult from each of the years-to-moult columng of

ymax
ne=> I For each 13.8

f.  Fill the first column of the number-at-size matrixrowltiplying the vector of crabs
due to mouln¥, by the respective growth transition matrix for eaek,G*, which
includes survivorship from moulting mortality (see sattom Growth Dynamics).
This action refills the first column of the numberatnx. The effect of moulting
mortality, containing irG* implies that the sum af* is greater than the sum of the

first column of the numbers matri( N/S*" ).
NS =G*n" 13.9
g. UsingLmaxas the maximum size-clads, as the vector of weight at size-clasand

V; as the selectivity of size-classcalculate the exploitable biomass for both sekes (
=M andF) and all size-classes.

Ymax

T =) N For each 13.10
j=1
F Lmax
Bt =D D) AWV 13.11
k=M i=1

h. Calculate the harvest ratd’ (conditioned on catch,Cand then multiphH' by the
selectivity for each size-class to spread the haregstover all size-classes. Use this

to calculate the predicted catch by numbets; , including weight at size to
determine the predicted catch as biomass.

Hi=—= Xkt =T/ Kt 13.12

DX W 13.13
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I.  Remove the numbers caught at size from the number fmatmultiplying by the
survivorship modified by the selectivity curve.

NS = NS (1= HY) 13.14

m. Distribute the recruitment across the first fozestlasses.

Nik,me - N§t+k+ R! fori=1..€ 13.15

n. Remove the final half of natural mortality.

Nilflit'f-l - lej,t‘ﬂe—M/z 1316

In reality these operations are not a linear séugsather a branching pathway (Figure
63).

10.3.2 Non-legal Animals

Sub-legal and super-legal sized animals are retuinéhe sea and, currently, the model
assumes zero discard mortality. If it is desirechtdude a discard mortality this could be
implemented by not setting the portions of thectefity curve (Eq. 13.1) below the
legal minimum length and above the legal maximumgtle to zero but, instead, modify
the selectivity beyond the legal sizes by multimlythose selectivity values by the
predicted death rate from being discarded. Thukeife is a 10% discard mortality then
the selectivity values above and below the legajtles are multiplied by 0.1. The
summation of catch would still need to exclude aténfrom above and below the Legal
limits as would the estimation of exploitable bianaPerhaps the best way of
implementing this would be to have two selectigtyves for each sex, one with
discards the other without. This would enable #raaval of discards from the numbers
matrix but they would not contribute to the landadich. This would imply that the
harvest rate derived from conditioning the modetatth would be applied above and
below the legal sizes modified via the selectiettlyve that included discard mortality.

10.3.3 Recruitment

The sex ratio of the annual recruitment is assutmde 1:1, and recruitment is assumed
to occur into the first six size-classes only. éast of estimating an annual recruitment
for each year of the fishery, a mean recruitmerdl IR is assumed for each stock and
region and there are log-normal recruitment resichy@around this mean, which are
estimated for each year. These constitute the paammeters for the model, the
geometric mean recruitment plus a recruitment vesifbr each year:

“t=Ré /12.0 13.17

FRDC Final Report 2001/042 Page 103



Giant crab assessment methodology

Because new recruits can take up to five years to betd6ram and enter the fishery
the final five years of the recruitment estimateswarlikely to vary from the geometric
mean value. This has implications for when the madetojected into the future during
risk assessments or harvest strategy evaluatiore thttdel were allowed to fit to the
recruitment residuals in an unconstrained fashion tkehe possibility of extremely
good fits but unrealistically variable recruitment Isvét is usual to set a coefficient of
variation for the recruitment residuats:] and develop a penalty function designed to
constrain recruitment variation that is added to thal tog-likelihood:

years

> (&)

Penalty=*L— 13.18
o

2
R
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kt
'J
th+a te—M/Z
kt+c —_ kt+a k t b kt+b k tta
« Ymax Kb
ne=2 I
=1
\/
th+d — th+c k tc
1Y max 1Y max ymax kt+f _— k Kk
th+d k,t+c Ni,l =G"n
ij+1 J

‘ |
-I-ik — ymzax Nil,<j,t+f Nilfj,tH — lej,t+f (1_Vk Ht)

F Lpax th+m_ th+k
Bt — -I-ikaVk
k:zM i=1 fori=1..6
t Ct t t k,t+1 kKt+l M /2
H _E_’C ZZTV\(\/ H NS =NY"e
E =M i=i

Figure 63. Schematic flow chart of the operations included inaiigerithm for one

time step of the Tasmanian giant crab model. All sysnace as described in Equations
13.4 to 13.16.
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10.3.4 Catches

H', the harvest rate, the proportion of available @iatable biomass taken, calculated
by assuming that the total commercial catch (includygatzh), is taken instantaneously
in the middle of the season, after half the naturatatity and growth of those animals
that are to moult has occurred (Eqg. 13.12).

10.3.5 Catchability

This is likely to vary across the season, which aféact such things as sex ratio.
However, on a yearly time scale seasonal variagbosild average out across years. A
closed form or analytic estimation method is used timase the catchability. This
involves comparing the observed catch rates withxpigable biomass that gave rise
to the catch rates (Haddon, 2001). This is described beltdve section detailing with
the likelihood component relating to catch rates.

10.3.6 Growth Transition Matrix

The growth transition matrix is a square matrix oftbnequal to the number of size
classes, in which only the lower diagonal is populatée. Opper diagonal is populated
with zeros because negative growth is assumed not tw.oidee expected mean growth
increment for an animal of lengtly (the midpoint of size-clas}y over a single time
period was obtained from the linear regressions of niazriément versus premoult
carapace length for both single moults and double moults:

A =a+bl+e one moult
—, . . 13.19
JA¥ =2(a+ bL.r)+ b(at+ bl)+e& two moult:
in this case the expected mean length of an animal of sexand of size-class i
(identified by the mid-class-lengtlf) one moult later is:

LC=L+A 13.20

Equation 13.20 is used to generate the growth transitionxraatdescribed in the
section on growth dynamics. Detailed descriptions ofrttegmoult dynamics, and the
moulting mortality are also provided in that section.

10.3.7 Initial Conditions

The history of this fishery in Tasmania is reasdnalell known so it may be possible to
reconstruct the early development of the stock dynam@smany years before the
giant crab fishery developed there was a minor bydatclbck lobster fishers
predominantly of large males. Very little of this waisded so the stock was essentially
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unfished until the target fishery developed. Without indepemnidérmation with regard
the state of the stock it will be necessary to asdhatethe stock was in equilibrium
with its mean recruitment level at the time thedishbegan. With a simple growth
description that does not require the use of trackingehesyto-moult it is possible to
generate the equilibrium numbers-at-size in an andlyéishion. However, the added
complexity of the years-to-moult matrix representatiseans that the equilibrium
conditions, in this case, need to be determined iteatiin practice, the population can
be initiated by starting with an empty numbers-at-Bizgears-to-moult matrix (the
numbers matrix) and distributing the total recruitmembss the first six size-classes. If
there are then 200 passages through a routine for updatisigptkedynamics in the
absence of fishing, in practice this appears to be thareenough to attain an
equilibrium state within the numbers matrix. The stockasigics routine involves
applying half the natural mortality (13.4), identifying teaimals that will grow and
subtracting them from the numbers matrix (13.5 and 13.6)juimers matrix is then
incremented one year forward (13.7) and the first coluhtheonumbers matrix is filled
with the numbers-to-moult multiplied by the respectivendhotransition matrix (13.8
and 13.9). There is no fishing mortality so the dynamoses immediately to adding
the new recruitment (13.15) and finally removing the ltedit of natural mortality
(13.16).

10.4 Likelihood Functions for Model Fitting

10.4.1 Catch Rate Data

Assuming catch rates are log-normally distributed leadkedollowing likelihood:

. (Lot -1 (fo))z

bee = m | ~2m0, 207

13.21

where g is the standard deviation of the residual errors aroumeésxpected catch

rates,l; is the catch rate for yegrand B is the exploitable biomass after half of natural

mortality and growth have occurred. Happily, this equat@mbe greatly simplified as a
negative log-likelihood (minimizing this leads to the maxm likelihood estimate):

Years
n

—LL = 2(Ln(2n)=2Ln(&)+1)—ZLn(lt) 13.22

For further simplicity the final summation term of Ln(s a constant and can be omitted
without affecting the outcome. The value@tan be obtained using the maximum
likelihood estimate; note the useroédnd notn-1 in the denominator:
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Years

> (Ln(1,) - (7))’

g =\ 13.23
n

In addition, the maximum likelihood estimategyfwhich optimises Eq. 13.22 can be
determined analytically as:

Ln(1. /BE
@|=eXD(Z‘ n(1./8F) 13.24
n

wheren is the number of years for which catch rates aaglable (Haddon, 2001).

10.4.2 Length Frequency Data

It is assumed that the length-frequency data availaBilbenitted using a multinomial
likelihood (Quinn & Deriso, 1999; Haddon, 2001). Thus:

Lmax pni
L. =n! — 13.25
LF I:l ni!
where
Lmax
n=>n 13.26

i=1

when this is converted to a negative log-likelihood \wtam:

LMax N

-LL,, :—iLn(j)—z nLn(p)- 1Ln(j) 13.27

i=1 j=

The first and last terms are merely the logarithmienf of calculating the factorial terms.
For any particular problem these terms are constahwnusually ignored in the
calculation of the negative log-likelihood. For added $talihe number of observations
in each size-clasg can be converted to proportion by dividing by the sumildhe
observations (Quinn and Deriso, 1999). We are left with:
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I-Max n

-LL,, =_ZFI Ln(p,) 13.28
i=1

When Eq. 13.28 is minimized the match between the oléngth frequencies and
those predicted by the model is optimised.

10.4.3 Total Likelihood

The model is fitted by combining the various sourcdi&elfhood and the penalty term
from the recruitment residuals (Egs 13.18, 13.22, and 13.28). E#wh lixelihood
terms can have its own weighting, which can be usedtore the relative contribution
of each source of likelihood to the final solution:

-LL =-LLcg . Wicg + -LL g . Wi + Penalty 13.29
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11. A User Interface for Conducting Model Runs: “Renoware”

FISHERIES ASSESMENT SOFTWARE

11.1 What is Renoware?

Renoware is an interface to automate the processhefies resource assessment
modelling on Giant CralPseudocarcinus gigastocks. The interface interacts with a
model of the giant crab population to produce predictive afateab stocks in
Tasmanian waters. Initial parameter estimates dsxezhinto the model to start the
optimisation process. Raw data from the fishery s afgered into the program. The
model interprets the data, the results of which are wsgdnerate predictions and the
comparisons between the predicted values and those eth$eyin the fishery, and are
presented in the form of analytical data and graphics.

Renoware takes data from input files and the Ul (userfate), which interacts with a
model (a computer driven simulation of a real world emmnent) to supply forecasts
and projections in creating sustainable, manageabériésh

The resource modelling attempts to predict the catch eate size distributions
observed in the fishery. The assessment is an ogtionisproblem of matching the
predicted values to those observed, which is done by ymagdn array of model
parameters.

The software was developed by Michael Shaw, Eliza Ré&lpantel Sommerville, Nick
Bester and Jason McGuinness from the University sfrBaia’s School of Computing.

11.2 Features of Renoware

Renoware is a stand-alone program developed for the Wsd&AWindows 2000
operating environments.
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+ Renoware provides an easy to use graphical user interface
« Automation of tedious tasks.
« User-configurable settings for supplying input data.

« Handled data storage and retrieval that allows for ealfaboration between
users.

« Fully functional search facility for retrieving storddta.

« A batch based execution system (for performing multimeehruns
sequentially.

« A fully featured graphing package with the ability to exgyephs.
« Throughput input validity checking.

+ In-built help system.

11.3 Renoware's intended audience

The intended audience of the software is for biologistsfisheries managers.

It is required that the user has knowledge of resource hmgd&enoware will serve as
a front-end package to be used by fisheries managersaogidis to harness the model
for prediction and analytical purposes, allowing compasigorbe made between
different management arrangements.

The model was developed by and intended for use of TAFI.

11.4 Conducting model runs

11.4.1 Set-up and configuration

Detailed set-up and configuration information is avadlahlfough the Renoware User
Manual, which is loaded through the auto-install proc@s$ss process is similar to most
software installation although attention must be paithéodirectory structure for saving
model results.

11.4.2 Input — Hindcast

This contains data fields and tables that revolve at@stablishing a mathematical
model of various aspects of the giant crab populatiomdoas historical data.

The Input — Hindcast Tab sub tabs are shown below ind-igiir The sub tabs are Run
Settings, Biological Data, Growth Data, Fishery Datd Length Frequency Data.
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i Renoware
Fila Execube Help

& |

Ingut - Hrdeast | Inpud - Projection | Execution | Fesuks and Graphing

Run Seltings | Bulogical Dats | Growth Dats | Fishery Dats | Length Fiegquency

Fur Mame Hutoncal Legal Length
Fern. Min | Fem. Max | Male Min Male Max | &
Run Paramebers
CPUE wsght [031] 1.000 1990 @D.D Z50.0 IEIIII.III _EED.III
1491 |&0.0 £50.0 0.0 250.0
Weight of LFieq (01 . 1992 |80.0 250.0 80.0 250.0
‘Years of Pucjection 10 1993 |80.0 250.0 0.0 250.0
g S Tvow Logivic 1994 .15IJ.I:I .ZEU.EI _lﬁﬁ.ﬂ _ZSU.U
- 1995 (150.0 250.0 150.0 250.0
Cank. Lim % for Pujection Plots | 0.35 | 1995 [150.0 250.0 150.0 250.0
|:| Update FIN s after Run 1997 |150.0 Z50.0 1500 250.0
—_— 1 4 w
“Wears of Data/Size Cabegories
Firsl Yeour [ang data) 1330 First Vel [Catch + EHor) | 135 Fitst ‘Year [LFieq) 1332
Last Year [ary data) | 2003 Last e [Calch « Effort] | 2002 Last Year [LFreq] 20032
Mrimum Size B0 | Bin Size 10 Mo, Of Bing 18

Refucware_MainFrame_statushar

Figure 64. Input - hindcast tab.

11.4.3 Run settings

The Run settings sub tab is shown in Figure 65. The pagesnatder Run Settings are
the most frequently changed when attempting to find amratz model of past trends.
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B Renoware (A=l
File Execute Help
Ingut - Hrdeast | Inpud - Projection | Execution | Fesuks and Graphing
Run Seltings | Bulogical Dats | Growth Dats | Fishery Dats | Length Fiegquency
Ry M ame Hutoncal Legal Length
Fern, Min | Femn. Max | Male Min Male Max | &
Fun Farametes
CPUE Weight (021) 1000 19490 [80.0 Z50.0 [s0.0 250.0
1991 [80.0 250.0 30.0 250.0
Weight of LFieq [0>1) 1.000 195z |s0.0 250.0 a0.0 25000
ears of Ficjection 10 1953 |60.0 £50.0 80.0 250.0
S wbectiviy Trpe Logivic 19594 (150.0 .2‘50.0 _lﬁﬁ.u .ZSD.U
1995 (150.0 250.0 150.0 250.0
Conf. Lim % for Projection Plats |0.95 1996 |150.0 250.0 150.0 250.0
|| Upsdate: P e after Run 1997 |150.0 #50.0 150.0 250.0
—— W
“Wears of Data/Size Cabegories
Firsl Yeour [ang data) 1330 First Vel [Catch + EHor) | 135 Fitst ‘Year [LFieq) 1332
Last ear [any data) 2003 Last Yeas [Catch + Effort] | 2002 Last Year (LFreq) 2003
Mirarmim Size B0 Bin Size 10 Ba, Of Bz 8
[ tesh |
Refucware_MainFrame_statushar

Figure 65. Run settings tab.

TheRun Nametext field stores the name of the model run. Model regsire a unique
name whether they are to be executed or have beeutedeas to identify different
model runs. Data stored to the database is filed undendbel run name.

Run Parametersis where model run parameters can be set. Paramatkida Catch
per unit effort factor, Weight of length frequency, Yeéprojection, Selectivity type,
Confidence limit % for projection plots and others.

The CPUE Weight (0>1) text field is where the user edrthee weighting for the CPUE
(catch per unit effort) factors. A valid input is a fing point number. The default value
is 1.00.

The Weight of LFreq (0>1) text field is where the user sat the length frequency
weighting. A valid input is a floating point number betw@eand 1.

For example, CPUE weight of “0.5” and weight of LFre(|
of “1.0” will lead to greater reliance on length frequency
data. This particular scenario could be selected where th
was less confidence in catch and effort data, such as
through known mis-reporting of effort. Ideally, the sogrce
of likelihood should be weighted in proportion to their
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relative variability. Thus, if one data source is more
uncertain than another, this should receive a lower
weighting.

TheYear of Projection text field is where the number of years to projecivernds is
entered. A valid input is an integer number. The defallieva 10.

Note: Normally this would be 10 years or less as
confidence in estimates diminishes with longer peridds o
projections. The objective of the projections is smimuch
to predict the future as a reality but rather to comfiae
implications of different management options.

The Selectivity Typedrop down box gives two options; Logical or Normal.

Note: Logistic selectivity is the more typical situation for
trap fisheries where target species are not capturedaby ge
when small, but their retention increases as tiesr s
increases. Logistic selectivity assumes that onceasiare
fully recruited to the gear then they will remain fully
selected with increasing size. Normal selectivitghiesen
where animals have a peak of selectivity at a cesia@)
but lower selectivity when smaller or larger. An exdaris
the selectivity of gill nets, which have low ability catch
very small or large fish. Traps can also have apprdgima
normal selectivity where the neck size excludes large
animals.

The Confidence limit % for projection plots text field is where a percentage value can
be entered to provide confidence limit bounds around tlitamestimate for
projections. A valid input is a floating point number. Tefault value is 0.95.

Note: A value of 95% is commonly used. Entering a value
of 100 will result in display of the extreme upper and lower
projection runs. A common alternative is to use the 90th
percentiles
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Update PIN file on Runcheck box is deselected by default. Selecting this chexk b
updates the PIN file with the new parameters entered.

Note: This option is here to cover cases where the user can
explore options that lead to unstable or pathologicaltses:
Under such circumstances, it is convenient not to gave

new parameter estimates over the good ones.

Years of Datasettings are where first and last year of any datah@nd effort and
length frequency are entered. These settings exist leefisheries typically have
increasing level of data collection as they develop.

Note: Gaps in any data series should be entered as zeras; thizs
will be ignored when the model is being fitted

First Year (any data) text field is where a numeric value for First Yeary(data) can
be entered, it is usually the first year that catch @atecorded

First Year (catch + effort) text field is where a numeric value for First Yeart¢bat+
effort) can be entered. This field is required to havalae entered.

First Year (LFreq) text field is where a numeric value for First Year i&d) can be
entered. This field is required to have a value entered.

Last Year (any data)text field is where a numeric value for Last Year (data) can
be entered.

Last Year (catch + effort) text field is where a numeric value for Last Year ¢bat
effort) can be entered; it is usually the most regeat.

Last Year (LFreq) text field is where a numeric value for Last Year @djrcan be
entered; it is usually the most recent year.

The Size Categoriesettings contain three text fields which are used tm@éfe size
categories used for growth matrices and also for lemgtjuéncy data.

Note: If for example the following values are used, 80 mm for
minimum size, 5 mm for size of categories, and 20 for Narrolb
categories. This then gives 20 cells in 5 mm increnfeois 80
mm to 180 mm.

Minimum Size text field is where a numeric value (in milimeters) the minimum size
is entered. Usually the minimum size that animalsarepled in surveys collecting
length-frequency data.
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Size of Categoriegext field is where a numeric value (in milimeters) the size of
Categories is entered. The Size of Categories vathe size used to increment size
categories

Number of Categoriestext field is where a numeric value for the numberatégories
is entered. The Number of Categories value is the nuaibecrements of size
categories.

Apply buttonallows the user to apply the run settings. Renowarekshbe
validity of the inputs. A list is presented of invalidifis, if there are any present.

Historical Legal Length table in the Historical Legal Length pane, shows mianmnand
maximum legal lengths for both females and males foln gaar of data. The maximum
for females are implied in the early years. Fhstorical Legal Length tables row
labels are deteminded by two values entered undefaas of Data/Size Categories
pane, which ar€&irst Year (any data) andLast Year (any data)

11.4.4 Biological data

TheBiological Data sub tab is shown below in Figure 66. The Biological Dakeis
where the user defines model parameters that simulteoed conditions affecting
giant crabs. These parameters will remain largely urgddy only being changed when
scientific data suggests that an aspect of the giantpoblation acts differently to
what was previously thought. Tlological Datatab contains the following panes of
grouped parameters:

« Population Parameters
+ Female Reproduction

« Length to Weight Ratios
« Selectivity

« Custom Parameters
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B Renoware B = E

File Execute Help
Input - Hindeatl | Input - Progection | Execulion | Rlesultz and Graphing
Fun Seting: | Biologcal Data | Growth Dats | Frchery Diats | Largth Fraguesncy

Populatecn Paramebess Custom Paramebers

Hahural ool sty Rlate 0100 [ Use Custom Parametess

Propostion Matuss and Egg Bearing Famales 0100 Parameter Param 1 | Param 2 | Param 3 | -
Female Fepraduchon I—

Frecundiy & L1 | Onzet of Matunity & B [i1]

Fecundiy B 1,75456 Onset of Matity g (010

Picportion Producng Eggs Each Ve 07

Lenggh to Weight R atios

Feengle & | 00000001680 Mabs & (00000000 059

Female B 26779 Male B |33 ' ' | v
Selecinatp
Length sl whach 50CC Females ane caught | 100,00 Lergih &t which 50% Males e cought | 105.00
Length sl whach 355 Females ane caught | 135.00 Lenglh &t which 555 Males sie cought | 13500

Figure 66.Biological data tab.

Population Parametersis where the user can enter values for the naturahiitgiof
giant crabs and the proportion of females that are nwge

« Natural Mortality Rate text field is where a floating-point numeric value for
Natural Mortality Rate can be entered. The default vial@e100.

« Proportion Egg Bearing Femalegext field is where a floating-point numeric
value for Proportion Egg Bearing Females can be entéheddefault value is
0.100.

Note: Proportion Egg Bearing Females value should
exclude females from harvests that are captured during the
open season with eggs. If there are no restrictiorieen
landing of females with eggs then this field should becet

0.

Female Reproductionpane is where the user can alter the length to fecundity
parameter estimates, and the female size at ons®tafity parameter estimates.

« Fecundity A text field is where a numeric value is entered for Patars A of
the power function Fecundity = a.Length”b, describing ¢etionship between
length and fecundity of females.
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« Onset of Maturity A text field is where the parameter A of the logisticchion
describing the onset of maturity of females is enteféd value is used in
combination with thé>roportion Mature + Producing Eggsvalue to determine
the maximum proportion of females classified as matuesy one year.
Maturity = PropEgg/(1+exp(-(a+b.Length))).

« Fecundity B text field is where a numeric value is entered for Patars B of
the power function Fecundity = a.Length”b, describing ¢etionship between
length and fecundity of females.

« Onset of Maturity B text field is where the parameter B of the logistiacfion
describing the onset of maturity of females is enteféd value is used in
combination with thé>roportion Mature + Producing Eggsvalue to determine
the maximum proportion of females classified as matuesy one year.
Maturity = PropEgg/(1+exp(-(a+b.Length))).

« Proportion Mature + Producing Eggstext field is where a numeric value for
the proportion of Mature females producing eggs can beeehter

Note: In some species, females can have reached maturity,
yet not reproduce each year; in these circumstances thi
text field should be set to a value less than 1. WHere a
mature females DO produce eggs each year, this text field
should be set to 1. Note that this parameter intevetits

the size at onset of maturity parameters. —It effelgtiv

lowers the upper limit of the logistic curve describing
maturity to less than 1.

Length to Weight Ratiosis where the user can alter values for the lengtheighw
relationships for both male and female giant crabs.

Note: Length to Weight Ratios is where parameters A and B of
the power function Weight = A.Length”B, describing the
relationship between length and weight for males andlésntan
be set.

+ Female Atext field is where a numeric value can be enterethiparameter A
of the power function Weight = A.Length”B, describing takationship between
length and weight for females.

+ Male A text field is where a numeric value can be enterethiparameter A of
the power function Weight = A.Length”B, describing thatrenship between
length and weight for males.

+ Female Btext field is where a numeric value can be enterethimparameter B
of the power function Weight = A.Length”B, describing takationship between
length and weight for females.
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Male B text field is where a numeric value can be enterethimparameter B of
the power function Weight = A.Length”B, describing thatrenship between
length and weight for males.

Selectivity is where the user can alter the fishing equipment safgcttes for male
and female crabs.

Under theRun Settingstab for “Selectivity type”, ilLogical is
selected then the following equation is used:

Length at which 95% = a* Length at which 50%

Wherea = the mean value of the expected distribution

Under theRun Settingstab for “Selectivity type”, iNormal is
selected then the following equation is used:

Length at which 95% = b* Length at which 50%

Whereb = the standard deviation of the expected distribution

Length at which 50% Females are caughtext field is where a numeric value
can be entered for the parameter Length at which 50%lEsrmre caught. This
value is used in one of the above equations.

Length at which 50% Males are caughtext field is where a numeric value can
be entered for the parameter Length at which 50% Madesaaight. This value
is used in one of the above equations.

Length at which 95% Females are caughtext field is where a numeric value
can be entered for the parameter Length at which 95%lesrmre caught. This
value is used in one of the above equations.

Length at which 95% Males are caughtext field is where a numeric value
can be entered for the parameter Length at which 95%s\aé caught. This
value is used in one of the above equations.

Custom Parametersis where data can be entered to make changes to thdyumger
model executable without the need for altering Renowidrese settings will not be
used by the majority of users and is available to ashthnsers.

Use Custom Parametergheck box is not selected by default. When selected
the table becomes active so the user can entertdatathe data in the table is
exported into the model run.

Custom Parameters tabldirst column requires a string value. The next three
columns take numeric values.
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11.4.5 Growth data

The Growth Data sub tab is shown below in Figure 67. This tab continmeodel
parameters pertaining purely to the growth of giant crabs.

The parameters are to describe the transition betsreeiins through growth,
including expected variation. Growth is modelled as @&seri normal distributions
around the mean expected increment for each size Tlasshange in the mean
expected size increment with size class is describedsbyple linear relationship, which
is combined with an estimate of variability to gemeirthe normal distribution about the
expected.

Eﬁennware B O E
File Execute Help

Input - Hivdessl | |nput - Projection | Execution | Fiesulls and Graphing

Fun Seting:  Biologcsl Data | Grovth Data | Frcheay Diats | Largth Fraguency

M abe Girowith Transilion Malm Fesnale Growth Trandton st
My Coesd. 30030540 Female Const 4E.0E7T30
Ml Ve A3 Female War, .58
Maby Grad. A.055560 Female Grad 0185420

Piohabiity of Moulking

Fem.B0 | Fem. Bl | Hale BO | Male B1 | -
B0 - 90 J0.0591 09472 0,059 0,947z
8 - 100 [0.0551 0.9472 [oossy  [o.ma7z
100 - 110 [0.05%1 [0.5472 [0.0551 [0.5472
110 - 120 |0.05%1 05472 [0.0591 |0.5472
120 - 130 |0.0591 0.9472 [0.0591 [0.9472
130 - 140 |0.0591 D472 .I:I.D'E*?l 0.9472
140 - 150 |0.0591 D472 .I:I.l:l'i*?l. 0.9472
150 = 1460 |0.0591 D472 .l:I.EI'i 91 0. 9472
160 = 170 |0.0591 D472 .D.l:l'i'ﬁl 09472
170 = 180 |0.0591 D.%472Z .D.l:l'i'?l 09472

180 - 190 |0.0591 .D.M?Z .D.U'i'?l 0.9472 3

Figure 67.Growth data tab.

The three inputs are the gradient (very low for malatgieabs), the theoretical
intercept, and the standard deviation characterizinggread of growth about mean
growth increments.

Male Growth Transition Matrix
« Male Const.text field where the Male Constant can be entered.

« Male Var text field where the Male Variance can be entered.
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« Male Grad text field where the Male Gradient can be entereds iBhusually
very low for male giant crabs.

Female Growth Transition Matrix
 Female Consttext field where the Female Constant can be entered.

« Female Vartext field where the Female Variance can be entered.

 Female Gradtext field where the Female Gradient can be entered

Probability of Moulting table parameters are required where animals do notttrans
between size categories each time step, such ay ifidlve moult intervals of greater
than 12 months, or they grow very little each yeaesehparameters define the logistic
curve that describes the proportion of each size thassnoults through the years.

The first column in thérobability of Moulting table is the size categories, which have
been determined under tRein settingstab in theYears of Data/Size Categories

pane.
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11.4.6 Fishery data

The Catch and Effort Data table shown in Figure 68 hisrev data can be entered for
catch, effort and catch per unit effort for each year.

ERennware E - E

File Exseute Help

= b

Input - Hivdessl | |nput - Projection | Execution | Fiesulls and Graphing
Fun Setirg:  Biologcsl Dala | Geowth Datas | Fehey Data | Langth Fraguency

Cateh ard Effont Data

Catch | Effart (Pot Lifts) Catch Effort =
1990 |1.50100 ] Q.00000
Qes1|084z00 0 [0.00000
‘199z (8780500 |0 |o.00000
1993|z03.48118 |0 |0.00000
1994 |z60.63163 |0 0.00000
1995 |z23.19575 |3599s 6.20057
1996 |z02.67790 |ddanz |4.55840
1997|110.91547 |32770 [3.38488
Q998|107.01072 |zEe9s |4.03890
19991582413 |ane9 [3.79587
Zo00(95.21512 | 28976 [3.28600
2001 103.80005 | 29704 [3.a5498 |

Figure 68.Fishery data tab.

The columns in the Catch and Effort Data table arar¥,eCatch, Effort (prot. Lifts) and
Catch Effort. The Years column has been determindgtidoyalued=irst Year (catch +
effort) and theLast Year (catch + effort) found under th&®un settingstab in the
Years of Data/Size Categoriepane.

11.4.7 Length frequency data

TheLength Frequency Datatab shown irFigure 69is where the number of animals
per size category is entered for each year for bodsse
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Eﬁennware B O E
File Execute Help

Input - Hivdessl | |nput - Projection | Execution | Fiesulls and Graphing

Fun Seting:  Biologcsl Dala | Geowth Dats | Frchery Dats | Length Frequency

Length Fiequency Duata
F1993 | F1994 | F1995 | F1996 | F1997 | F199E | F1999| F2000 | Fz001 | fzunz| F2003 | A

ao-90 [0
90 - 100 (D
100 - 110 (D
110 - 120 |0

o
o
o

120 = 130
130 = 140
140 - 150
180 - 160 |74 354

(= = =T = T = T = =]

gyololelalalale
lelelala a ala
IEERERERERERE
o|lolola o oo o

0
0
0
0
0
0
0
1

:.D.D.D.D.D L B e ]
slelelela e ale
- |olalo oo o o

736 1354 % 2 | &

Figure 69.Length frequency tab

The first column under theength Frequency Datatable is category size, which have
been determined by three values undeiRte settingstab in theYears of Data/Size
Categoriespane. These values that effect the category size naven Minimum size,
bin size and No. of bins.

The columns after the category size column have bdenniaed by valueEBirst Year
(LFreg) andLast Year (LFreg) found in theRun settingstab in theYears of
Data/Size Categoriepane.

« TheMale Table button . this switches the table under Length Frequency
Data is switched to display data for Male Length Frequehiog Male Length
Frequency data is displayed in the table by default.

+ TheFemale Tablebutton g - this switches the table under Length Frequency
Data is switched to display data for Female Length Frexyuen
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11.4.8 Input- Projections

Thelnput — Projectiortab shown in Figure 70, is where specifications for ptajas
are entered: minimum and maximum size limits for eaghfar each year and total
allowable catch for each year (TAC). These parameter used to make future
projections.

Making useful projections is the goal for using RenowareeCa good mathematical
model of giant crabs is produced, then the functionalitput — Projections tab can
be used as a test environment for policy setting. fabisllows the user to play out
ideas.

B Renoware B = E
Fie Exeeute Help
Input - Hindcast | Input - Pregselion | Execulion | Rlesultz and Graphing
Puoyections
Fem. Min Ferm, Max Male Min Male Max TaC | !
2004 130.0 21%.0 150.0 215.0 0.0
2005 130.0 21%.0 150.0 215.0 0.0
2006 |150.0 215.0 150.0 z215.0 0.0
2007 |150.0 215.0 150.0 2150 0.0
ZO00&  |150.0 215.0 1500 z215.0 0.0
zooe  |150.0 21%5.0 1500 Z215.0 0.0
2010 [1S0.0 215.0 150.0 215.0 70.0
2011 [1s0.0 215.0 150.0 |z15.0 70.0 3

Propeclion Parameters
Mo, of Simudatices 500
] Alews T sking of E gg Bearing Females

Figure 70. Input - projection tab.

TheProjectionstable is where the minimum and maximum legal lengthsnfale and
female giant crabs, TAC (Total Allowable Catch) fbe number of years of simulations
will be made. The first column is Years and the fiatie is determined by the current
year (handled by Renoware). The years increment axgptdithe valuérears of
Projection, found in theRun settingstab in theRun Parameterspane.

Projection Parameterspane is where projection parameters can be set fautibeer
of simulations and whether to allow taking of egg bedenggales.
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« No. of Simulationstext field is where a numeric value of the number oirdds
simulations can be entered.

Note: There is a trade of here between speed of model runs
and the quality estimation of confidence limits. 1000
simulations are sufficient as an upper limit for mcstdries
(and unlikely to give improved estimates of confidence

limits compared to fewer simulations especially when th
time series of data is limited).

« Allow Taking of Egg Bearing Femalesheck box is deselected by default. If
selected, the taking of egg bearing females is allowed.

11.4.9 Execution

The Executiontab is where the model run queue can be controlled (Figyre
Feedback is provided to the user of the run progress.

B Renoware B = E

Fila Execute Help
Input - Hindcast | Input - Projection | Execulien | Fesulls and Graphing

Mioded Flun Queus

Date Fun Hame | Status | e
1 200410508 12:16:54 |tastls Cormpleted
e :
3_ FLOS05 12:1%9 14 |testlZ3s |=
4 |2004/10/08 12:19:09 |testl2356 Running
5 (200471008 12:19:31 [testl23567 mme
]
7 | w
Bl & = 5 2| X 8
Exaciition Fesdback
tal
Aun Completed Successhuly

Aur Complslad Successiully,

Figure 71. Execution tab.
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TheModel Run Queuepane contains a table of model runs and execution dentro

MW adel Flumn O usue

Date Fun Hame | Status | e

2004/10,/08 12:19:09 |testl2356 Running
2004/10/08 12:19:31 testl23567 none

|m|m|h|m|m =

7
3 & »| =] 2| %| 8

Figure 72.Model run queue pane.

The data in thenodel run table can be selected by clicking on an individual cell, or the
corresponding row number. Multiple selections can be rogdagging the mouse over
the required cells or by clicking the top left hand cowfahe table. The column width
can be resized to suit the user by positioning the moais¢er over the column edge
and dragging.

Themodel run table holds from 1 — 100 model run entries. The scroll bar emigint
hand side of the table can be used to view all théesnitrthe table.

Themodel run table consists of three columrBate, Run NameandStatus.

TheDate column contains the date and the time the model ruradded to the
gueue. The format of the Date column is YEAR/MM/DD HHUNES.

The Run Namecolumn displays the name of the run as specified by #reats
the time of adding the model run to the queue, whichigved from the Run
Name text field found ithe Input - Hindcast tab, Run Settings sub tab.

The Status column displays the current status of the model run.pblssible
status arenone, runningr completedNone is the default status for a run that
has had no action performed on it. Running denotes timatda| run is in
progress. Completed denotes that the model run has firesteeuting.

Theexecution controlsare shown in Figure 8 Execution tab, directly belowrtioglel
run table. Theexecution controlsconsists of the following:

Add to Queuebutton=:— adds a model run to the queue. This is described
further in sectiorAdding a Model Run to the Queue.

Shift Up Buttonﬂ— moves a model run up the queue. This is described further
in sectionControl over the Queue.

Shift Down Button & moves a model run down the queue. This is described
further in sectiorControl over the Queue.
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« Shiftto Top Button@— moves a model run to the top of the queue. This is
described further in sectid@®ontrol over the Queue

+ Shift to Bottom Buttongl— moves a model run to the end of the queue. This is
described further in sectid@ontrol over the Queue.

+ Delete SelectedButtonil— deletes model run/s from the queue. This is
described further in sectid@ontrol over the Queue.

+ Clear All Completed RunsButton@l— clears completed runs from the queue.
This is described further in secti@Qontrol over the Queue.

11.4.10 Results and graphing

TheResults & Graphing Tab is the point where the user can access Renoware's
database of completed runs (Figure 73).

Stored results can be viewed, searched by name orrdhteesved in graphical form.

Note: Renoware's database is not built on the conventional
relational database model. Renoware's collectiomwipdeted
model runs are stored in a simple filing system in whiath run
is contained within a directory according to it's uniqgame.
Each run is accompanied by an index file containing data
important for searching. This allows users to shara ttabugh
the simple dragging and dropping of model run directors.
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il
i Renoware
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Figure 73.Results and graphing tab.
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The View Results pane provides access to the database and a way t® delet
unnecessary stored results. It displays either aleb@rds in the database or the results
of the last search.

Wi Rtz

Wl 2004,/10/08  testl23 Delese
2004710508 | testl235 -
2004710508 | testl2356

Z004/10/08 |bestl23567

EIEEEIE ==

[
(=]

[
=

el =l S e e o
o e e I T

Figure 74.View results pane.

« TheAll Results button provides a way for all of the stored

completed Runs to be listed. This means that no maktar search criteria is
used, or how many times the database is searcheflita esults can once
again be displayed.

« Upon clicking theDelete buttona Confirm dialog box will be
displayed. Selecting yes will result in the selected mangdebeing erased from
the database. Once this is complete, the run canmestmred.

+ TheExport buttonis used to copy the selected run to a specified
location.

11.4.11 Graph viewing

When theGraph button is clicked, the requested graphs are generated aGdaible
View is displayed on screen (Figure 75). From here, thali may be copied to the
clipboard for pasting into a document or the display magxperted to a picture file.
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Results Graph

Harvest vs. Years Graph Total Biomass Expl Biomass

Bioma== {kg)
0000 4

Predicted Catch {Ey model) PredCateh Egg Prod. Unfish=d {3%) Egg Prod

Catzn(t) Urfizhas %
300.01 100.0

Copy to Clipboard ] [ BExport to File ] E Close i

Figure 75. Graph view.

« TheCopy to Clipboard button- places the displayed graphs

onto the system's clipboard as one picture. From heravailable for pasting
into any document file.

« TheExport to File button- enables the Graph View window to be
saved to a specified location as a picture file.

« The Close butto- closes the graph window down.
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11.5 Examples of outputs from Renoware.

The following plots are based on default data inputs fomoR@are, which are from the
Tasmanian crab fishery up to the end of 2002. They anershere to demonstrate the
capacity of Renoware.

11.5.1 Description of fisheries input data

Observed Harvest
Obs. & Pred. Catch Effort . Harvest vs. Years Graph
Predicted
CE (kg/lift) Harvest
7.00 0.30
6.00 0.25
5.00
0.20
4.00
0.15
3.00
0.10
2.00
1.00 0.05
0.00—————7F—T7T 77T o.00—t—/—7-—>—-"+——-+r—-+r—"—"r—1—=+
1990 1994 1998 2003 1990 1994 1998 2003
Years Years

Figure 76. Observed and predicted catch rate (left) and observeddtaate (right).
Values of zero occur in the final year where no daiste
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11.5.2 Hindcast fits of biomass

) Expl Biomass ) . Expl Biomass
Total Biomass Exploitable Biomass
Biomass (kg) Biomass (kg)
2000.00 1500.00
1750.00
1250.00
1500.00
1000.00
1250.00
1000.00 750.00
750.00
500.00
500.00
250.00
250.00
o.00t—/—r—/—"r"—"7-r"—"T"TT"T—7T1 o.00tr—r/—7/—T—T—"7"r"T"T—T"TT 1T
1990 1994 1998 2003 1990 1994 1998 2003
Years Years

Figure 77. Estimated trends in total biomass (left) and exgidét biomass (right).
Exploitable biomass takes account of selectivity aedutiavailability of some crabs
(such as ovigerous females).
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11.5.3 Projections of catch rate, harvest rate and catch

Catch Effort
Projected Catch Effort Proj Catch
Catch Effart (kg/lift) Upper CE
6.00 Lower CE
5.00
4.00 ::;,_n.—n—n—n——“-"
3.00
2.00
1.00
0.00
1990 1994 1998 2002 2006 2010 2013
Years
Projected H t Catch Projected Catch Catch
rojected Harves Proj Catch rojected Catc
Harvest (%) Upper CE Catch (t)
0.30 Lower CE 300.00
0.25 250.00
0.20 200.00
0.15 150.00
0.10 100.00
0.05 50.00
0.00- 0.00°
1990 1994 1998 2002 2006 20102013 1990 1994 1998 2002 2006 20102013
Years Years

Figure 78. Hindcast data plus projections of catch rate (uppenyebarate (lower left)
and catch (lower right). Projections of catch af@nation of the scenario selected for
future TACs. Projections for both catch rate and éstrvate show 95% confidence

interva

Is.
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11.5.4 Projections of biomass

. . Biomass
Projected Total Biomass s
Proj Biomass
Biomass (t) Upper CE
2000.00 Lower CE
1750.00
1500.00
1250.00 T aao
1000.00
750.00
L00.00
250.00
0.004
1990 1994 1998 2002 2006 201(2013
Years

Biomass (t)

1500.00

1250.00

1000.00

750.00

500.00

250.00

0.00°

Biomass
Proj Biomass

Upper CE
Lower CE

Projected Expoitable Biomass

———————
o

e
-

1990 1994 1998 2002 2006 201(2013
Years

Figure 79. Hindcast data plus projections of total biomass) (&eftl exploitable
biomass (right).
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11.5.5 Observed vs predicted length frequency for each sex.
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Figure 80. Predicted length-frequency of catches of female (fivst columns) and male
(rightmost two columns) giant crabs from around Tasmdifia black lines are the
length-frequencies observed in the catch while thelivles represent the predicted
female lengths and the red lines the predicted male enghe sizes range from 80 mm
to 250 mm carapace length, years are from 1993 to 2003.
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12. Benefits and adoption

The project has met the objective of providing thesdai low cost assessment of the
giant crab resource.

Historical data sets have been “cleaned” and correxcteédat they have become more
informative about changes in the fishery during the denben the virgin biomass was
being fished down. This is an unusual and valuable assgs$tieries management. The
presence of known errors in these data sets, suchilzeraid under-reporting of effort,
had distracted discussion of giant crab management pribistproject. The ability to
correct for these types of problems has enabled disciss®d move beyond debate
about statistics to more constructive discussion ofig@ment options.

This project was constructed with the awareness lieatetsource was small and the
fishery would have little ability to fund expensive datdlection systems in the future,
beyond catch rate data from logbooks. Size structurefrdaethe fishery was one data
type that would clearly be valuable for ongoing assessrbahwas expensive to

collect. Fishers have enthusiastically adopted theisaldeveloped in this project of
electronic callipers combined with an electronic loggéhis system has dispensed with
paper records so that work at sea is easier, and oostath management (eg data
entry) are reduced. This system has now been adopaédhiree States.

The capacity for stock assessment modelling has providigphiicant benefit for giant
crab management. Guidance on alternative managemen@specially alternative
TACs, has enhanced management. This model has begte@ddo Tasmania and South
Australia and will be extended to Victorian stocks. aAge of analyses including catch
rate standardisation and re-analysis of tag-recapturdalattimate growth parameters
has underpinned the stock assessment modelling process.

These improvements in stock assessment capabilityldeareimportant for management
decisions on crab stocks and also for obtaining DElddation.

13. Further development

13.1 Low cost length-frequency data collection

Options for extending the value of the electronic matlisystem include better
integration into databases and better supply of data bdahers so as maintain their
enthusiasm.

Length data is currently joined with location data reedrin logbooks on the basis of
fishers name and date of sampling (which are recordedtindata sets). While this
process is generally effective, it does introduce riglesrors. A better option may be
to record location at the same time as length isrdecb This could be done
automatically by incorporating a GPS unit into the dagger. Another advantage of
this approach is that it would be easier to eliminaleefreadings. For example fishers
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often tend to demonstrate the units to other people \whigy're in port; when we
recover the data loggers it’s not always clear thedghmeasurements were not from
crabs. An inbuilt GPS would enable us to be clear mdrahe fisher was at sea or in
port.

Delivery of length data back to fishers could also @awved and is an important
consideration in maintaining participation. Length datkected by fishers is currently
graphed and then posted back to fishers. This keeps tfeemeal but could be more
effective. Ideally the data they collect would be usedat of their business
management so that they collect size data for prifarilthemselves. A feasible option
would be the construction of a website linked back todatiabase. Fishers could have
individual passwords to access the site and view thairlemgth-frequency data.
Ideally, they would also be able to access their loglotada and view graphs and maps
of their data (perhaps in relation to aggregate datdéofi¢et). This concept has been
submitted to the University of Tasmania School of @otimg and may be adopted as a
student project.

13.2 Catch rate standardisation

Some aspects of the standardisation process may wegvéew as more data becomes
available. For example, spatial distribution of efiwets accounted for by including
statistical block in the Tasmanian analysis, butay ine better to conduct separate
assessments for the two coastlines of Tasmanegdasfishery appears to have different
characters. Care will need to be taken, as the anodulsita available from the East
coast is often far less than available for the Wesist.

In addition, the annual time step of using quota yearsangate inconsistent
standardisation because the effort permitted has vargadlythrough the history of the
fishery. Inclusion of Month as a factor in the as&ywill have alleviated this problem to
some extent, but it would be advantageous to exploreutitemes by using perhaps a
two-month time period as the base time step.

13.3 Giant crab growth information

Improving data coverage of legal size crabs would be Valaedol should be considered
in future research programs. However, this is a diffiexércise due to the cost
involved to fishers of releasing a large valuable idligi crab. Compounding the
problem of obtaining moult data is that legal size ceabsvulnerable to exploitation for
many years before a moult occurs. Improving fishergyaation and reporting rates
will be valuable for improving growth data. Given thege cost involved in deploying
tags it is sensible to maximise data returns. Onewptay be to utilise web-based
reporting to provide fishers with instant feedback o tiag-recapture. This could be
part of the web-reporting system described for othkeefibased data collection
described above (Section 13.1).
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13.4 Size based stock assessment modelling

Assumptions and weaknesses of the current assessmentmotdie the description of
growth, interaction between growth and recruitmertinditthe final five years of
recruitment residuals, and other data problems.

The most obvious weakness in the model is the deseriptigiant crab growth,
especially for legal-sized crabs as discussed abovad®4&. 3). In addition, part of
natural mortality was implemented as a moulting moytadite, which had a major
influence on the potential productivity of the stock. Wikihe description of growth is
plausible (though the intermoult periods are very longg,description is nevertheless a
major source of uncertainty in the model. This is butddel uncertainty (are the
dynamics really operating in the way described) and pdesraacertainty (have the
parameters been estimated with sufficient precisigrdwide an accurate description of
growth).

A model weakness related to the description of growtteaisthe current equilibrium
size distribution has a modal structure to it that cedléhe large moulting increments of
the crabs. At the smaller sizes the variation ardhisdaverage moult increments is
relatively smaller and the modal structure develops nitdm@am that. The recruitment
dynamics have been chosen to minimize the appearéticese modes because there
are none apparent in the size distribution data. Bsiterdistribution data is required
(meaning the data collected needs to be representtiere of the catch and more
data overall needs to be collected — addressed abovetiarSE3.1).

The time lag at the end of the fishery, induced byithe it takes new recruits to grow
into the fishery is matched at the start of theefigtduring which such small catches
were taken that no information is available to esténecruitment across the years and,
instead the model lumps all the recruitment necessanatoh the early large catches
into a single year. In addition, though this may be ftbensame cause, the average
recruitment, except for the single year before theefig expanded, is greater than most
of the fittable recruitment residuals. This has tHecefof implying a relatively high
average recruitment, which may bias the model outcevhes average recruitment is
implied. It is possible that the recruitment dynamieskaased high because of how the
model responds to the available data. This would haveftéet of exaggerating the
productivity of the stock and may lead to recommending uaisaste TACs.

Ideally, the Tasmanian assessment would treat thedasts separately, however, the
amount of data available for the east coast maydsparse to permit a useful
assessment to be made. Certainly the catch rate@atze standardized for each coast
separately, but there are numerous years where insoffeize distribution data to be
representative were collected from the east coasat&Var the case, an attempt should
be made to consider the two coasts separately sthehahpact of potential interactions
with trawlers on the west coast may be modelled attyplic

The bycatch catches by trawlers should be includectimiddel as this will act to reflect
a more productive stock. In addition, the impact of sdegree of release mortality
associated with returning giant crabs to the sea sheuli/bstigated.
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As more tagging data becomes available the descriptigroaifth, especially the
intermoult dynamics, should be improved and updated. Thepecally critical for the
larger sized crabs. Any information relating to thethemable the model uncertainty in
relation to the description of growth to be improved upon.

As more and more size distribution of the commere@tdit data becomes available this
will also enable the elimination of possible problemiit the model. If the true size
distribution of crabs does not have the modal structweeigied by the model then the
model will need modification to eliminate this featuP@ssibly this could be removed by
including further, smaller size classes into whichriée recruits can be pasted.

Some potentially valuable fisheries data is currergigdpcollected but is not
incorporated into the model. In particular, the numlbéndividual crabs captured of
each sex is not currently utilised and may be of val@portioning harvest rates
between males and females, or for providing a measwaeeohge weight.
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17. Appendix 3. Giant crab database

The database described here was created in MS Acatssmarcreated to store data
that was corrected for errors as described in Chageade 7).

17.1 Tables

Tables are listed below by State. All fields are ndudentically across tables and
limitations on data availability for each field is givin the next ‘Fields’ section.

Tasmania GF (records from 01/01/1990 to 30/11/1999)
Tasmania ICE (records from16/11/1999 to 30/06/2002)
Victoria (records from 01/06/1978 to 31/12/2001)

South Australia

17.2 Fields

STATE
In all tables.

DATABASE
In Tasmania GF and ICE only

RECORD_NO
ID number allocated for the purpose of this work. Run filota 999999 for each
dataset (i.e. TAS GF, TAS ICE, VIC and SA).all tables.

VESSEL_MARK
Common to all state$n all tables.

SKIPPER_ID_STATE
Corresponds to the Client ID used in each statall tables.

SKIPPER_ID
Allocated for the purpose of this work according to fisaame and therefore
accounting for fishers fishing in more than one stiatall tables.

DATE
Date when the gear was haulédall tables.

CALENDAR_YEAR
In all tables.

CALENDAR_MONTH
In all tables.
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QUOTA YEAR
Derived field based on haul day and quota management sysjensdiction. In all
tables.

QUOTA_MONTH

In Tasmania the quota year runs from March (1) to Fepid&) with annual closure in
October-November, in Victoria from April (1) to Mar¢h2) with annual closure in
September-Novembeln all tables.

EAST/WEST
Derived field from LATITUDE_DECIMAL and LONGITUDE_DECIMA (ICE) or
BLOCK_HD (GF). E or WOnly in Tasmania GF and ICE

NORTH/SOUTH
Derived field from LATITUDE_DECIMAL and LONGITUDE_DECIMA (ICE) or
BLOCK_HD (GF). N or SOnly in Tasmania GF and ICE

4 CARDINAL
Derived field from LATITUDE_DECIMAL and LONGITUDE_DECIMA (ICE) or
BLOCK_HD (GF). NE, SE, SW or NWOnly in Tasmania GF and ICE

AREA

Derived field from LATITUDE_DECIMAL and LONGITUDE_DECIMA (ICE) or
BLOCK_HD (GF). Fishing areas numbered from 1 to 8 articlose around Tasmania
starting from the south-ea$€dnly in Tasmania GF and ICE

BLOCK_D
Degree blockOnly in Tasmania GF and ICE

BLOCK_HD
Half-degree blockOnly in Tasmania GF (from 04/01/1995) and ICE.

LATITUDE_DECIMAL
Only in Tasmania ICE from 01/12/99 onward.

LONGITUDE_DECIMAL
Only in Tasmania ICE from 01/12/99 onward.

MINDEPTH (F)
In Tasmania GF (from 04/01/95).

MAXDEPTH (F)
In Tasmania GF (from 04/01/95).

AVERAGE_DEPTH (M)

In the GF dataset this field was calculated as theagedoetween MINDEPTH (F) and
MAXDEPTH (F) and converted to M. In ICE, this field sveecorded by fishers in
logbooks.In Tasmania GF (from 04/01/95) and ICE.

NUM_TRAPS
In Tasmania GF (from 04/01/95) and ICE.
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SOAKTIME (DAYS)
Derived field calculated in ICE from SET_DATE, SET_TIMBAUL_DATE and
HAUL_TIME. In Tasmania GF (from 04/01/95) and ICE.

POTDAYS
= NUM_TRAPSx SOAKTIME (DAYS). In Tasmania GF (from 04/01/95) and ICE.

SHOT_WEIGHT (KG)
In Tasmania GF, SHOT_WEIGHT (KG) is monthly recorcdpto 04/01/95In
Tasmania GF (from 04/01/95) and ICE.

CPUE
= SHOT_WEIGHT (KG) / POTDAYSn all tables.

TARGETTING_CRABS
Estimated field in GF and Victorian. Y or h all tables.

NUM_CRABS
In Tasmania GF (from 04/01/95) and ICE.

NUM_MALES_KEPT
In Tasmania ICE only.

NUM_FEMALES_KEPT
In Tasmania ICE only.

NUM_DISCARD_UNDERSIZE
In Tasmania ICE only.

NUM_DISCARD_OTHER
In Tasmania ICE only.

AVE_WEIGHT_PER_CRAB
Derived field calculated in ICHEn Tasmania ICE only.

1ST_EXCLUSION
In all tables.

2ND_EXCLUSION
In all tables.

2ND_EXCLUSION_COMMENTS
Additional comments stating reason for 2ND_EXCLUSIONall tables.

CHECKED
Data has been checked against original (Y/N) if outireall tables.

CHANGE
Flags entered according to the field modified:

3 — NUM_TRAPS
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4 — TARGETTING_CRABS changed fromNto Y
5 - TARGETTING_CRABS changed from Y to N
6 — coordinates
7 — SOAKTIME (DAYS)
8 — SHOT_WEIGHT (KG)
9 — AVERAGE_DEPTH (M)
10 — VESSEL_MARK
11 — DATE
In all tables.

CHANGE_COMMENTS
Usually states the reason for the change (e.g. ‘acuptdioriginal GC record’)n all
tables.

CHECK
Flags entered according to the field to be checked ooritjeal record:

0 — whole entry against original record

1 - SOAKTIME

2 - NUM_TRAPS

3 — depth unit (for Tasmania only)

4 — DEPTH

5— S & E marks for trip (for Tasmania only)

6 - AVE_WEIGHT_PER_CRAB (for Tasmania only)
7 — cross check with original rock lobster record (fosrania only)
8 — GPS coordinates (for Tasmania only)

9 — skipper or client ID

10 — vessel distinguishing mark

12 - TARGETTING_CRABS

13 - NUM_CRABS

14 — SHOT_WEIGHT (KG)
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15 — double entry

In all tables.

CHECK_COMMENTS
Give additional details on the data to be checkedll tables.

OTHER_COMMENTS
In all tables.

17.3 Data exclusion

There are two levels of exclusion each set up as aatedeld for record exclusion:
1ST _EXCLUSION and 2ND_EXCLUSION.

1ST_EXCLUSION: selectN’ to exclude all data that are unsuitable for analysi§ (
These data, unsuitable for any analysis, are detaikn®iBND_EXCLUSION as:

D: double entry, found in the General Fish (GF) data, adgurred as double entries
and as entries split by block when fishers logged mane ¢ime block per record (i.e.
catch was split in 2 and not n traps);

CC: combined catch, in GF data only, when a recorddueal days of fishing was not
split between days at entry (e.g. a single record orololgfor 500 kg caught with 40
pots over 5 days was split into 5 records, each using 4@pdtsach with a catch of
500/5 kg instead of the previous single entry of 500 kg caughé@ifiots);

UN: unsure, doubt over the integrity of the record, onty ¥&w instances;
S: entry for species other than GC, usually spider crabs;

|: inappropriate entry, in a few instances catch wésred in GF database when the
fisher indicated that the crabs were not kept;

NA: not-(yet)-available data, in ICE, either crabsiareaufs or the fisher is under
investigation and SHOT_WEIGHT is not available.

Selecting N’ records from the 1ST_EXCLUSION level is suitable onlyenworking
on catch volume To work on effort the following flags should be excluded from the
2ND_EXCLUSION level:

E: effort is missing (NUM_TRAPS, SOAKTIME or both);

ME: mis-reported (under-reported in most cases) effort;
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WM : entry for whole month catch. There were not enadgghils available in original
logbook to split entry in several fishing days;

IC!: record yet to be checked.

Additionally when working on effort, all ‘0’ SHOT_WEIGHT entries should be
excluded from the ICE data set since fishers did notrdatco-catch events under the
General Fish logbook system.

To work with coordinates the ‘C’ flag (erroneous coordinates, on land) has to be
excluded from the 2ND_EXCLUSION level.
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18. Appendix 4. Questionnaire used for interviews

Development of the tools for a low cost, on-going giant crab stocksassent

Section 1: to get an idea of how your crab
fishing business developed, and also which
years this interview will relate to

How do you classify yourself now as a crab fisher
(main activity/larger player; mid level; low level;
bycatch; left the fishery)

How much quota do you currently fish?

When did you first start fishing for giant crab
(Year?) and how did you enter the fishery ?
(applied for permit, bought up quota)

What year did you put most effort into giant crab

Compared to your highest year, how much effpi#2 | 93 | 94| 95| 96| 97| 9§ 99 00 Of
were you putting into giant crab in other yearsj

5 star rating or %

Section 2:To get an indication of the changes
in fishing practices that have affected catch

rates — so that we can standardise catch '
records. i / 8

“("I"é;'reserch vessel 1930 and 2000)

What changes to your fishing have occurred that
you think have changed your catching efficiency.
Eg. trap design/ strings/ baiting method/hauling
frequency/knowledge on the right depth or
location/vessel/plotter

For each of these could you:

1. Note when this change was made (accurdcy
here is V. helpful)

2. Estimate improved increased catch rate 9

3. Did any of these changes affect where or
when you fished?

On seasonal changes affecting catch rates:
When do catches start to decline?

How similar is the timing of this each year?
Are there any other seasonal biological events
that have a major effect on catch rates?
Do you move around the coast in a similar way
each season?

If you fished both before and after the
introduction of quota, how have your fishing
practices changed?

1. Do you fish at different times?

2. Do you fish at different depths?

3. Do you target different sizes/sexes?

4. Do you fish in different areas?
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5. How do you deal with one-armers?
Have you changed your soak times?

If you fish other species, what controls your
decision to switch into or out of giant crab?

Do you have any consistent decision process {
decide to start or stop fishing for crabs (eg
market price = x, or catch rates decline to x)?

How has this varied from year to year?

(=]

How has your switching between species
changed since the introduction of quota?

Section 3: On your impression of stability in th
fishery- to give an indication of the industry’s
view on state of the resource.

D

Do you think abundance of legal sized crabs h
changed since you've been fishing?

Do you think the proportion of the catch that ig
1) undersize, 2) oversize, 3) one armed - has|
changed?

as

How do you see the long-term future of the
industry in terms of sustainable catches?

Do you think the quality of product has changg
through the development of the fishery? (eg m
crabs with leg loss, blackened shells, damage
shells, or changes in fouling)

2

ore

Do you think export will continue to be allowed
under schedule 4 in the future?

Section 4: On data reporting efficiency ang
options

)

A lot of data is collected through logbooks, do
you think these are effective and efficient in
describing your operations (eg accuracy in dej
and location)? Any ideas on how they could b
improved?

h

—

D

Prior to the introduction of quota and also the
permits for 100 pots, many fishers were alreag
using more than 40 or 50 pots, this has an
important effect on catch rate data and seemg
be responsible for unexpected patterns. Can
recall how many pots you were using in previg
years.

92
ly
to

you
us

93

94

95

96

97

98

Section 5: Biological observations

When do you think moulting of each sex occut

What seasonal patterns have you noticed in
depth of crabs? (eg different sizes/sexes)
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