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Background

The Torres Strait TRL fishery provides an importsmtirce of income for greater than 400 Torres
Strait islanders and many island communities; dsal supports a non-islander (TVH) sector, based
on ~11 licensed primary vessels. The TRL stock@&ed with adjacent fisheries in PNG and on the
northern Queensland coast. The Australian and Pbdi@&3 Strait catch has averaged 690 t live
weight since 1989. Given its significant traditigreconomic and social importance there is an
obvious need to address the long-term biologicstiasnability of the stock through research
supporting management decisions.

Annual fishery-independent monitoring of the Tor&gait ornate rock lobstePénulirus ornatup
population has been carried out during 1989 to 20h& surveys were conducted mid-year (June)
during 1989 to 2014, with an additional pre-seg®twvember) survey conducted during 2005-
2008 and 2014 to provide the only long-term infatioraon the relative abundance of recruiting
(1+) lobsters. A pre-season survey was conduct@@1®, with funded mid-year surveys being
phased out. Prior to the introduction of mandatogpooks in the TVH sector and subsequently the
docket book system in the TiB sector the mid-yeavesys also provided the only long-term
information on the relative abundance of fished) (Bbsters.

Pre-season population surveys of recruiting (1b3ter abundance were identified by the TRL

RAG as critical to support the move to a quota gadasystem (QMS) proposed in 2005. As a
result annual pre-season surveys were conducténgd2005-2008 and 2014, in addition to mid-
year surveys, to provide managers with informatinorthe abundance and biomass of fishery
recruits and the likely stock biomass availablbedished each year. These data sets were integral
to the outputs of the fishery model developed g8ess fishery status and to forecast stock size and
TAC. Due to the delay in QMS implementation pressegasurveys were ceased in 2008 as the costs
of two surveys are prohibitive and mid-year survegse deemed of greater value to input
management due to the extended time series. Pserssarveys were re-implemented in 2014 with
the development of the TRL management plan.

The significant correlation between the mid-yeat pre-season abundance indices indicated that
transitioning to annual pre-season surveys woutdesult in losing the time-series established
since 1989.

The 6th annual pre-season population survey waguobded in November 2015. The sample design
employed during the 2015 pre-season survey wasstenswith all previous surveys. There was a
significant correlation between pre-season indgagsulated using all (130) sites compared with
those using only the 74 mid-year survey sites. etie 2015 pre-season survey included only the
mid-year sites. Measured belt transects (500 m oy were employed as the primary sampling
unit. At the completion of each transect a diveorded; the number of lobsters caught (and
measured), the number and age-class of those @ulskewt not caught, depth, visibility, distance
swum, numbers of pearlsheRifictada maximpand holothurian species observed, and percent
covers of standard substratum and biota (includeagrass and algae species) categories.

The research project outcomes summarised in thietraddressed the research priorities set for the
Tropical Rock Lobster (TRL) fishery by the TSSACit® five year Operational Plan: Rock Lobster
1) Providing advice for fisheries management hgllation of alternative management strategies
including harvest control rules and spatial andseal management controls 1b) Development of
simulation operating models of the fishery to bedufor the evaluation of management
strategies.1c) Regular updates of stock assesstogntsvide estimates of stock status and
reference points 1d) Improved monitoring of catold affort in all sectors of the fishery. 2)
Continuation and improvement of data collection Rajhery independent surveys of resource
abundance 2b) Improved monitoring of commerciatttand effort in all sectors of the fishery. 5)



Environmental impacts 5a) Collect relevant basalf@mation to assess environmental change
impacts on lobster populations 5b) Analyse the ichp&environmental change on the fishery.

Objectives

1.

8.

Recommend a TAC for the 2014 and 2015 fishing seabased on the long-term stock
assessment using the integrated fishery modelwpittated fishery-independent and
commercial catch data.

Conduct a mid-year survey in May/June 2014, ofréhative abundance of recruiting (1+)
and fished (2+) lobsters, as well as size-frequafitige TRL population in 2014.

Recommend a TAC for the 2015 and 2016 fishing seabased on the long-term stock
assessment using the integrated fishery modelwpittated fishery-independent and
commercial catch data.

Conduct a full-scale (140 sites) pre-season survéjovember 2014 including a
component to train TVH and TiB divers in the saimgplprotocol used during the scientific
surveys

Recommend a TAC for the 2016 and 2017 fishing seabased on the long-term stock
assessment using the integrated fishery modelwpittated fishery-independent and
commercial catch data.

Depending on the results of the review, plan adogiy a pre-season survey to be

conducted in November 2015 by Industry/Islandeedivand/or CSIRO operating off an
industry-chartered or CSIRO chartered vessel.

Undertake a fieldtrip to Torres Strait to discusarges to survey designs, as well as data
gathering by Islanders.

Give a presentation to communities about the pt@eits completion

The research project “Torres Strait Tropical Rodbster Fishery Survey and Stock Assessment

Research (Project No. 2013/803)” included: a midrympulation survey in June 2014, a pre-
season population survey in November 2014, a pasesepopulation in November 2015, updated
stock assessments incorporating fishery-indeperatehtommercial data, recommendations of
TACs for the 2014-2017 fishing seasons, collatiod arror checking of commercial catch and
effort data, calculations of standardised CPURHerTIB and TVH sectors, science and
stakeholder workshops in July and November 201épamation of a TRL survey protocol
document for industry, development and testingaof/ést control rules to be implemented under
the TRL management plan and presentations of paparsnual TRL WG and TRL RAG meetings.

This report summarises the results of the 2015 p&tulation survey, updated stock assessment
and estimated RBC for the 2016 season and stasddrdstimates of CPUE for the TiB and TVH
sectors. A draft report summarising the developréhtarvest control rules under quota
management was submitted separately.



Torres Strait TRL 2015 Pre-season Population Sudpate

Eva Plaganyi, Darren Dennis, Mick Haywood, Rich&itlans, Nicole Murphy, Robert Campbell,
Roy Deng

CSIRO Oceans and Atmosphere, Brisbane, Queenglastialia

1. Introduction

The results of the 2015 pre-season survey wereptes at the combined TRL RAG & TRLWG
meeting on 14 December 2015, to provide stakeh®Méh the updated stock assessment and the
revised recommended biological catch for 2016. Ebigion provides updates on size/age
distribution of the 2015 recruiting (1+) year-clalemg-term seabed habitat monitoring and long-
term water temperature monitoring with discussiomsmpacts on the TRL population.

The 2015 pre-season (November) survey of the T&tredt lobster population was conducted during
16 -28 November 2015 by four CSIRO staff, usinguwassel M.V.James Kirby A total of 78 sites
(Figure 1) were surveyed by divers and each site mgdocated accurately using portable GPS.
Measured belt transects (500 m by 4 m) were emglagethe primary sampling unit, as they were
found to give the greatest precision (p=SE/Mean)obkter abundance. Transect distance was
measured, to the nearest metre using a Chainndawice. At the completion of each transect divers
recorded; the number of lobsters caught, the numberage-class of those observed but not caught,
depth, visibility, distance swum, numbers of pdals(Pinctada maximp crown of thorns starfish
and holothurian species observed, and percent €@festandard substratum and biota (including
seagrass and algae species) categories. The sdoipests were measured (tail width in mm), sexed
and moult staged to provide fishery-independer-giegquency data.

Three additional 50 m photo-transects were conduetke eight reef-edge sites (Figure 1) to
benchmark coral cover given the anticipated cdesldhing event in April/May 2016. This bleaching
event has now eventuated, starting in mid-Febrwarg, result of anomalous high water temperatures.
The likely short-term and longer-term impacts o@ TRRL fishery are discussed below.

2. Results

TRL distribution and abundance

The distributions of recently-settled (0+), reangt (1+) and fished (2+) lobsters (Figure 2) were
similar to those recorded during previous pre-seasoveys (eg. Appendices A & B show 2014 &
2015 distributions of 0+ and 1+ lobsters respebtjy@xcept recruiting lobsters were significantly
more abundant at several of the southern siteeriRgesettled lobsters were observed mainly along
the western margin of the fishery, as per previmesseason surveys. Fished lobsters were rarely
observed, as the vast majority of fished lobstessilds have emigrated from Torres Strait during
August/September.

As the 2015 pre-season survey involved a reducetbau of transects (78) from previous surveys
(>130), four alternative methods were used to daleuannual indices of abundance between 2005
and 2015. These options are described in Tabl@d rdsulting indices are shown in Figure 3, which
highlights that the long-term trends using datarfrine mid-year only (74) transects are generally
consistent with trends using data for all sites and-sets of sites. As discussed previously, this



strongly indicates that transitioning to smallealscpre-season surveys will not interrupt the time
series collected to date. Nevertheless, additimalaistry run surveys would increase precision ef th
estimates and provide even greater confidenceeiestimates of annual recruitment strength. This
is highlighted by the increased precision of thermance indices generated using all sites in
comparison to the mid-year only indices (Figure 4).

The 2015 index of recruit abundance was the higieestrded, although not significantly higher

than the 2006 and 2014 levels. The high index waislgndue to anomalous levels recorded in the
Kircaldie_rubble, South-east and TI_bridge strat@Rigure 5). In contrast, a record low level of
abundance was recorded in the large Mabuiag stratuhrecruitment was also low in the Buru
stratum. The seabed habitat at several transetiiese strata had been impacted by the incursion of
sand waves, and this observation was corroboratedinmercial fishers. Nevertheless, the high
overall abundance of recruiting (1+) lobsters sgtggthat the 2016 stock would again be above
average.

The pattern of densities of recently-settled (@bsters amongst stratums (Figure 6) was similar to
that observed during all previous years, althougisdy in the Mabuiag stratum was significantly
lower than in 2014. Further, the abundance of @stlers was highest in the Mabuiag stratum in
most pre-season surveys. Overall the abundance lob8ters has been similar during the past four
pre-season surveys.

Although all O+ lobsters observed during the prassa surveys are recorded it is not known how
many are missed due to their small size and crygati@viour. Nevertheless, if the percentage of
lobsters observed has remained constant throughewstudy period, the density indices should be
a reliable indicator of relative recruitment strémgAs for recruiting lobsters, additional future
industry-run surveys could provide greater cernjaaitout strength of the 0+ year-classes, and even
earlier forecasting of stock size and TAC.

The low abundance of both 0+ and 1+ lobsters imtréhern strata is of concern for the local
fishers, and particularly if the cause of the Idwadance persists. As the Mabuiag stratum has
been a key habitat for recently-settled lobstettwénpast, future recruitment and stock would be
impacted by persistent poor habitat. However, sacuarsions have caused habitat destruction,
seagrass die backs and reduced lobster abundatieepast and it is hoped that the impacts are
transient.

The current coral bleaching event may also impacthe seabed habitats in western Torres Strait,
particularly the reef-edge communities. The possildw on impacts of this event are discussed
briefly below.
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Figure 1. Map of western Torres Strait showingsssierveyed during the 2015 TRL pre-season
population survey. Additional coral monitoring tsacts were conducted at sites marked yellow.
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Figure 2. Density of recently-settled (0+), redangt(1+) and fished (2+) ornate rock lobsters
(Panulirus ornatugrecorded during the 2015 pre-season populatioregun western Torres Strait.




Table 1. Description of the four options used toneste ornate rock lobstePénulirus ornatuy
abundance indices from pre-season population ss@yducted in Torres Strait between 2005 and
2015.

Pre-season Index Option Number of Description
Strata
la. ALL SITES 7 All transects for all years utiltse
1b. ALL SITES excluding 6 All transects for all years utilised,
Buru excluding those from the Buru stratum
2a. MID_YEAR ONLY SITES| 7 All mid-year transects (74) utilised
2b. MID_YEAR ONLY 6 All common transects utilised; equal
SITES- common across all number in each year
years
00 Pre-Season Survey Indices : Age 1
All Sites
8.0 -
All Sites (ex. Buru) L
7.0 7 MYO Sites
B.0 s s TR T MYO Sites (Common)
% 50 -
T
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Year

Figure 3. Four comparative indices of abundanaeatiting (1+) ornate rock lobstefBgnulirus
ornatug recorded during pre-season surveys in Torrest Between 2005 and 2015 (note surveys
were not done during 2009-2013). Error bars of Mifi@ices represent standard errors.
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Figure 4. Comparative standard errors for fouraadiof abundance of recruiting (1+) ornate rock
lobsters Panulirus ornatuyrecorded during pre-season surveys in Torrest Between 2005 and
2015 (note surveys were not done during 2009-2013).
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Figure 5. Comparative indices of abundance of reogi(1+) ornate rock lobster®énulirus
ornatug recorded in each sampling stratum during preeseasrveys in Torres Strait between
2005 and 2015 (note surveys were not done durifg-2013).
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Comparisons of abundance indices

As the fishery transitions to a QMS it is importammonitor the effectiveness of new population
survey protocols in continuing the 27 year stoeltust time series established since 1989.

The relationship between recruiting (1+) lobstelices recorded from mid-year and pre-season
surveys in the same years is shown in Figure holligh comparisons are only available for five
years it is not surprising that the relationshipighly significant (R=0.97), given that the surveys
were conducted only four months apart (June ancehhiner). Nevertheless, it is important that this
relationship is maintained as management move$ul& reliant on indices from a pre-season
population survey only.
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1+ index pre-season

o 1 2 3 4 5 6 7
1+ index mid-year

Figure 7. Relationship between recruiting (1+) tebsbundances indices recorded from mid-year
and pre-season surveys for years 2005-2008 and PBiddenotes the linear regressior<&97).

The phasing out of mid-year surveys, in favour re-geason surveys conducted closer to the
fishing season opening has meant that no fishetggandent index of fished (2+) lobster
abundance will be available. However, the avaiigbdf comprehensive TVH catch and effort data
since 1994 has allowed comparison of the surveyCGHIdE indices in the same years (Figure 8).
The relationship between these indices is highlggpificant (p=0.000) providing confidence that for
future stock assessments the CPUE data will beadle proxy for 2+ and subsequently breeding
stock abundance. Further, the recent data (>2piovided a range of stock sizes (most notably
2011) and the long-term significant relationshipdiso
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Figure 8. Relationship between CPUE indices forTi¥él sector and fished (2+) indices recorded
from mid-year surveys for years 1994 to 2014. ldeaotes the linear regressiorf£R.626).

Size/Age Distribution of Sampled Lobsters

The size distribution of lobsters sampled durirgg2015 pre-season survey was similar to those
recorded in previous years (Figure 9), except tivere a decrease in the percent composition of
legal-size lobsters. The modal size of recruitiig) (obsters recorded in 2015 was low and
comparable to 2007 and 2014 levels.

Long-term Torres Strait Seabed Habitat Monitoring

The trends in percent cover of seabed substratesded during mid-year population surveys
between 1994 and 2014 showed a relatively consistanposition of sand/mud (Mean 56 %),
declining composition of rubble (Mean 13%) and raréasing composition of hard substrate which
includes consolidated rubble and limestone paveiiMaan 29 %, Figure 10). Seagrass cover
increased steadily during 2000 to 2010, and hasiread above the long-term average since then
Interestingly algal cover showed a steady declimeughout the period studied from ~20% to
~10%.
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Figure 10. Mean percent covers of abiotic and bictitegories and lobstdPgnulirus ornatuy
indices recorded during mid-year population suniayBorres Strait during 1994 to 2014. Error
bars represent standard errors.

Although sand incursions were recorded at a nundfdransects during the 2015 pre-season
population survey, the overall cover of sand aeatpd sites was the lowest recorded (Figure 11).
Further, the distribution of seabed substratumsroed in 2014 and 2015 wase similar with no
clear evidence of regional incursions of sand (Ayjte C). Nevertheless, sand wave movements in
Torres Strait have been rapid and continual to dateseabed communities are well adapted to
these incursions in any case. Further, seagrasalgaldcover estimates were above the long-term
average suggesting any sand incursions had notteghb¢he floral communities at the transects
surveyed.
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Figure 11. Mean percent covers of abiotic and bicgitegories and lobstdPgnulirus ornatug
indices recorded during pre-season surveys in $@teait during 2005 to 2015. Error bars
represent standard errors.

Long-term Torres Strait Water Temperature Patterns

Whilst there has been considerable research omibects of changing climate on Australia’s
temperate lobster fisheries, for example the edfe€ivarmer water temperature on western rock
lobster Panulirus cygnugrecruitment (de Lestang et al. 2014), little mowwn of the impacts on
tropical lobsters. Projected climate condition2®30 suggest that whilst higher temperatures may
increase egg production and growth of TRL, juvemlartality will likely increase (Norman-Lopez

et al. 2013). The perceived impacts are largelgspéive due to the consistency of the recent
climate, and hence the lack of range in impactiagables such as water temperature, sea level rise,

17



ocean currents and rainfall. However, as per tbhentedramatic decline in recruitmenti®fcygnus
and reduced catch, changing conditions can befgigni and provide valuable evidence for
forecasting likely impacts on populations and catch

The Southern Oscillation Index (SOI) has declinszently to a 10 year low in 2016 (Figure 12),
continuing El Nino conditions throughout easterrstalia. As a result there was a high likelihood
that eastern Australia would see above averageesgzeratures, and this has occurred throughout
northern Australia.

Southern Oscillation Index - monthly

30

20

-20

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Figure 12. SOl indices recorded during 2006 to 2@b6&rce Bureau of Meteorology.

Water temperature recorded at Thursday Island @012 to 2016 was generally consistent with
the long-term trend (Figure 13) but since mid-Fabyl2016 there has been a significant increase
with temperatures well above average. The impdatéewated water temperature have been
exacerbated by reduced wind strength over the gpemed (Figure 14), which causes still
conditions particularly in shallow water.

As a result of these conditions there have beeortgpf coral bleaching around Thursday Island,

and it is likely that corals throughout westernrégrStrait will be affected, as they were during th

2010 bleaching event (Appendix C). However, theaotp on the full range of key lobster habitats
are less obvious.
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Figure 13. Water temperature recorded at 6.8m dapiihursday Island during 2012 to 2016,
against the long-term average. Source: AIMS/NERT Glack line represents the long-term
average.
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Figure 14. Water temperature and wind speed redat&hursday Island during 2016 against the
long-term average. Source: AIMS/NERP.

As noted above, the long-term trends in water teatpee in Torres Strait have been remarkably
consistent with the exception of the spike obsemedarch 2010 (Figure 15), which resulted in
the widespread coral bleaching. Fortunately, in(2@ater temperature returned to the normal
seasonal cycle shortly after this spike and thexe some evidence that there was minimal impact
on the TRL population in that 2011 saw record oasciind catch rates.
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Figure 15. Water temperature recorded at Thursslapd during 1992 to 2016 from combined
sources; CSIRO loggers 1992-2011, AIMS/NERP weattation 2012-2016.

Impact of elevated water temperature on held ard lebsters

The impact of elevated water temperature on lobsteld in sea cages was clearly evident in early
2011 when high mortalities were recorded in ToB#sit, and subsequently at holding facilities.
The impact was exacerbated by the high stockingitles in that year as a result of abundance well
above average (eg. total Australian catch was )®@otably in the previous year, when higher
temperatures were recorded but catch rates werb lnwer (460 t), high mortality rates were not
recorded in sea cages. The primary impact of edeM@mperature on lobsters is the reduction in
dissolved oxygen and the subsequent physiologitedteon lobsters resulting in weakness and
death (Paterson et al. 1997). These impacts camkeé&orated to some extent by increasing water
flow, but invariably this is simply not possiblecam any case high stocking densities result in
increased dead space in tanks.

Ironically higher water temperatures are genermdhyducive for high growth rates in lobsters
(Jones et al. 2001), and hence the 2016 year\slaisisl be expected to grow faster than previous
cohorts in the wild. This effect is obviously coergd by density-dependent effects (for example
competition for food) for years like 2016 when ltdysabundance is above average. Nevertheless,
given that recent high stocking density combineth\wigh water temperature has resulted in
significant mortality there is a case for reductugrent fishing effort and accessing these lobsters
later in the season when water temperatures arer ldiis occurred to some extent in 2011 and
resulted in high sustained catch rates throughmufishing season. Further, it is possible thatethe
may be a productivity bloom as a result of susthingh temperatures for seabed habitats including
seagrass meadows and mussel beds, which may ferthance growth and survival of lobsters.
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Appendix A. Density of recently-settled (0+) ornate rock laostPanulirus ornatuy recorded
during the 2014 (top pane) and 2015 (bottom parefspason population surveys in western Torres

Strait.
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Appendix B. Density of recruiting (1+) ornate rock lobstePaqulirus ornatusrecorded during the
2014 (top pane) and 2015 (bottom pane) pre-seaguuigtion surveys in western Torres Strait.
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Appendix C. Distribution of seabed substratums recorded dutitey2014 (top pane) and 2015
(bottom pane) pre-season population surveys inesedtorres Strait.
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Appendix D. Percent coral cover bleached recorded during €i® 2Znid-year lobsterPanulirus

ornatug population survey in western Torres Strait.
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2015 Updated Assessment of the Torres Strait Tropical Rock
L obster (Panulirus ornatus) Fishery following the November 2015
pre-season survey

Eva Plaganyi, Darren Dennis, Robert Campbell

CSIRO Oceans and Atmospheric, Brisbane, QLD, Aliatra
Summary

This document summarises the post-Nov 2015 presesaseey update of the integrated model.
The data updates include the latest (Nov 2015)speson survey results (see Dennis et al.
2015), the catch total for 2015, and revisions apdates to the commercial CPUE (TVH &
TIB) data series (see Campbell et al. 2015). THal&tails of the stock assessment model are
provided in the Appendix. As there was no midyesavesy conducted in 2015, the preliminary
Recommended Biological Catch (RBC) based on theksissessment update presented at the
TRLRAG meeting in August was not considered rebabk there was no firm basis for
estimating the size of the recruiting age-class\dédehe TRLRAG agreed that the same model
would be updated when the results of the preseasoiey became available as a basis for
setting the RBC for 2016.

Applying the reference case model straightforwardhy the updates as described, suggests a
RBC(2016) of 796t [90% CI 524-1067t] [75% CIl 6601g3(Table 1). This value is slightly
larger than the August model prediction of 704eljpminary allocation 568t) (Table 2). A key
sensitivity test recommended by the TRLRAG washange the hyperstability parameters for
the TVH and TIB CPUE relationships to 1 from 0. 78 &.5 respectively. This changes the
RBC(2016) to 782t [90% CI 519-1046t] (Table 1).

The model predictions are optimistic for 2016 baeailhey are based mostly on the preseason
survey 1+ index (Fig. 1-4). A record number of tating lobsters were observed during the
survey (Dennis et al. 2015), suggesting that tellebe high numbers of fished lobsters in
2016. However, the overall high index of recruituabblance was attributable largely to
anomalously high levels recorded in the Kircaldihie, South-east and T1_bridge strata, in
contrast to very low levels observed in the Mabwaagd Buru strata (Dennis et al. 2015). The
stock assessment model does not account for tpasialglifferences, and further discussion is
needed as to the implications of this spatial \mlitg when setting a TAC.

Of greater concern is that the 2015 total catcl@8t is substantially less than expected.
Potential reasons for this are discussed in madasldie Plaganyi et al. (2015b). The 2015 catch
corresponded to a fishing proportiénof 0.08 (assuming constant natural mortality) he t
August model, but with the subsequent revision thishanged to 0.12, compared with the
target level of 0.15. The 2014 catch is estimagtbspectively to correspond Es=0.19 (Fig.

2). Anomalous environmental changes almost cestaelised a change in catchability in 2015,
but there is also likely to have been an impachainges in lobster habitat on their survival and
productivity, but there are no data available teisisin separating the effect of changes in
catchability and survival on the low overall catslier 2015 (noting that the total catch estimate
is not considered 100% reliable either). The m@dslmes constant annual natural mortality,
and hence cannot straightforwardly model the changatchability and/or survival without
additional information, and further discussion éeded as to how best to account for the 2015
difference between the catch and prediction. Pieiny model simulations were done to try
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and estimate the change in selectivity and/or satybut this could not be reliably estimated
in the model without further information or worlqg #his is not presented in this document.

The Reference case model presented here is fatdie TVH CPUE Main Effects and the
nominal CPUE TIB data as described in Campbelal. 2015b (Fig. 5). There isn’'t much
difference between the alternative CPUE standardisg but one example is shown using the
Int2A series for TVH CPUE and Main effects standsed series for TIB (Table 1, Fig. 6).

There is some conflict in the model between thedgfrgéseason survey predicting a large fished
cohort in 2015 (Fig. 1), and the actual observatiba poor catch year and corresponding low
CPUE (Fig. 5). The model therefore trade-offs thédtween the survey and CPUE data, and
does not exactly fit the full extent of the recdatvnturn in the CPUE indices. This is important
because in the absence of a midyear survey, theEGRItA need to serve as an index of
spawning stock biomass, and it's possible thasfi@avning biomass is lower than the model
estimate (Table 1, Fig. 3). In order to fit the Ptdends, the model trade-offs the fit to the
2014 midyear survey, and a large deterioratioeéssn the fit to the 2014 midyear survey data
(Fig. 7), highlighting the current anomalous evenffhe model outputs thus need to be
interpreted with caution.

Note that the model results presented here asalfiti the preseason survey index based on
midyear sites only, as discussed in Campbell €28l15). A single sensitivity test is shown
using the alternative series with all sites (TdbleThe different series have different associated
variances, and this will affect the weight the nlaateords to the preseason survey data, and
hence this aspect needs to be investigated fuithefuture work and survey design
considerations.

I ntroduction

A new stock assessment model (termed the “Integjyristedel”) (Plaganyiet al. 2009) was
developed in 2009 for the following reasons:

* The new model facilitates the move to a quota mamagt system, in that it integrates
all available information into a single framewodkdutput a TAC estimate;

 The new model addresses all of the concerns higfieligin a review of the previous
stock assessment approach (Bentley 2006, Ye 2006, 2007);

* The new model incorporates the Pre-Season suntayadavell as CPUE data available
from the TVH sector;

* The growth relationships used in the model weréesesl

* The new model is of a form that could be used a3 @erating Model in a Management
Strategy Evaluation (MSE) framework, given that tleed for a MSE to support the
management of the TRL fishery has been identifiethe TRL RAG.

The new model outputs a single TAC estimate (wibmii€@lence Interval) for each year, which
is an integrated estimate that takes into accolirivailable sources of information. The
Integrated Model is a widely used approach for mliog TAC advice with associated
uncertainties. More formally, it is a StatisticahtCh-at-Age Analysis (SCAA) (e.g. Fournier
and Archibald 1982). This report summarises theebdier 2015 model assessment update
based on the latest update of the Pre-season sdat@yrom November 2015.
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The revised Reference Case includes the followpagifications (see Plaganyi et al. 2010):

« fitting to the CPUE data assuming a hyperstablatimiship (with hyperstability
parameter 0.75), and setting a lower bound of (x4kle selected by TRLRAG in 2013)
to the variance associated with the CPUE data Isecats less reliable than the survey
data;

* increasing the stock recruit variance parametemf@3 to 0.5 to capture larger
fluctuations in recruitment;

* estimating a different selectivity for the 1973-89&eriod;

» using as the new Reference spawning biomass leeehmhnual biomass of mature
lobsters on 1 November each year i.e. at the stdine annual migration period;

» the use of historic information to permit estimatif a large recruitment event that is
known to have occurred in 1988, the year beforeldhg-term surveys commenced.
This is an important development as if this goa@u#gment is not accounted for in the
model, the model tries to reconcile the subseqgdgnamics by over-estimating the
pristine stock size.

In addition, in response to review comments in 2@ following changes are also
implemented:

* There is no lower limit on the sigma parameter eissed with fitting to the catch at age
information;

» The fitting to the commercial catch-at-age inforimatignores the years when there are
no true data;

* Given there are catch-at-age data for the pre-1#8td, recruitment residuals are
estimated for all years from 1985.

More recently, the following changes have been made

* The model is fitted to the TIB CPUE series (botmittal and new standardized series),
in an analogous manner to the method to fit the TWAUE data, and hence assuming
a hyperstable relationship (with hyperstabilitygraeter 0.5) and setting a lower bound
of 0.15.

» The historic catch estimates have been reanalgsetting in some changes which are
incorporated in the revised model;

* In response to a review suggestion, the modetdithe midyear survey series for the
two age classes separately rather than as a codndgnies (and including fitting to the
age proportions);

This year's August TRLRAG assessment differs froravpus years because no midyear
survey was done in 2015, after a continuous susegies of 26 years. The annual midyear
surveys provided relative abundance indices for lobster age-classes; sub-legal recruiting
lobsters aged about 1.5 years (1+) and legal lobstged about 2.5 years (2+). The 2+
abundance indices, as measured before migratiavjder data on the relative size of the
spawner stock. As the CPUE data also index the afizee spawner stock, these data can
substitute to some extent for the 2+ index. In Nolver 2014 and 2015 a preseason survey was
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re-instigated, adding to the previous surveys whvee conducted for the years 2005-2008.
The rationale for a survey at the end of year has it was closer to the season opening in
December. As the survey was closer to the opemaga it provided a higher level of accuracy
and certainty in forecasts of stock in the follogvipear (Dennis et al. 2015). This further
improves prediction of the TRL stock size as thisreubstantial inter-annual variability in
recruitment, driven by environmental factors, savhghich are not well understood. Dennis
et al. (2015) showed that including both independishery surveys returned a positive net
present value over a 20 year timeframe even wheatoraly varying biomass, accounting for
increasing survey costs, lower gross margins, awei lobster prices. The availability of both
midyear and preseason data in 2014 allowed furtivesstigation of the extent to which the
assessment is modified following the addition pfeseason survey (Plaganyi et al. 2015). This
document describes the December 2015 update ohdkessment using the updated and
analysed CPUE data from 2015, as well as the 2@d$eBson survey data.

Methods

The model details are given in Appendix 2. A sumynarthe input catch data is shown in

Table 1. In addition, the latest (Nov 2015) preseasurvey results are included in the model.
There is no midyear survey conducted in 2015 amg¢dn¢he model fits to these data up until
2014 (Table 2).

As previously, the trawl catch has been separaited the other catches because of differences
in the selectivity / targeting of the trawling sectwhich was focused predominantly on
migrating 2+ lobsters. This is important becausthénearly years the trawling catch comprised
35 — 90% of the total TRL catch (Table 1).

The TVH CPUE data input series have been revisedugalated for the period 1989-2015
(Campbellet al. 2015). In addition, the model is also fitted te tievised nominal TIB CPUE
data series for the period 2004-2015 (no data @3p and a standardized series is used as
well in sensitivity runs.

The model is fitted to additional historic inforrat as described in Plaganyi et al. (2010). An
adjustment has been made to the model to allonoligseseparate selectivity function to be
applied to the period 1973 to 1988, prior to theoduction of a MLS of 100mm TL in July
1988. The model already accounts for the subsecaieatlimit change to 115mm in 2002.
Background information on the above specificatisngiven in Plaganyi et al. (2010) and this
document.

The relationship between stock abundance and CPaEexplored, and found to be better
represented by a hyperstable relationship, tharassemption that CPUE is proportional to
stock abundance (see e.g. Haryal. 2001). Based on additional sensitivity tests thate
conducted, the Reference case model thereforeausewer curve with a hyperstability shape
parameter of 0.75. This suggests that CPUE renmaghswhile stock abundance declines. This
is consistent also with results from consideringeaometric production function approach
(Pascoe et al. 2013). In addition, the MSE andyxctidn function analyses (Pascoe et al. 2013,
Plaganyi et al. 2013) suggested that the TIB CP&J&ionship was characterized by a greater
degree of hyperstability, and hence the Referermse enodel uses a power curve with a
hyperstability shape parameter of 0.5, and seiityitio alternative choices of this value were
tested but don’t have a large effect on model astpu
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Results

= MODEL FITS

The fits of the new Integrated Model to all avaiéabata sources is shown in Figures 1 to 7.
The starting number of lobsters is estimated agdréi 1 compares the benchmark survey (Ye
et al. 2004) observed total lobster abundance9&® And 2002 with the corresponding model
estimates. The Integrated model is fitted to tmeesy midyear index of abundance (in terms
of total numbers of 1+ and 2+ lobsters) and fitthecatch at age data are adequate (Plaganyi
et al 2015). The variability in the lobster ageug® is well captured and the model reflects the
post-2001 (increased size limit) decrease in thative proportion of 1+ lobsters that are
caught.

The model predictions are optimistic for 2016 beaeatlney are based mostly on the preseason
survey 1+ index (Fig. 1-4). A record number of tgiing lobsters were observed during the
survey (Dennis et al. 2015), suggesting that tialiebe high numbers of fished lobsters in
2016. However, the overall high index of recruituatbance was attributable largely to
anomalously high levels recorded in the Kircaldiohie, South-east and TI_bridge strata, in
contrast to very low levels observed in the Mabwaagd Buru strata (Dennis et al. 2015). The
stock assessment model does not account for thasialslifferences, and further discussion is
needed as to the implications of this spatial \litg when setting a TAC.

Of greater concern is that the 2015 total catc@8t is substantially less than expected.
Potential reasons for this are discussed in madgsldie Plaganyi et al. (2015b). The 2015 catch
corresponded to a fishing proportiénof 0.08 (assuming constant natural mortality) he t
August model, but with the subsequent revision thishanged to 0.12, compared with the
target level of 0.15. The 2014 catch is estimastbspectively to correspond Es=0.19 (Fig.

2). Anomalous environmental changes almost cestaslised a change in catchability in 2015,
but there is also likely to have been an impachainges in lobster habitat on their survival and
productivity, but there are no data available teisisin separating the effect of changes in
catchability and survival on the low overall catsltier 2015 (noting that the total catch estimate
is not considered 100% reliable either). The m@dsumes constant annual natural mortality,
and hence cannot straightforwardly model the changatchability and/or survival without
additional information, and further discussion éeded as to how best to account for the 2015
difference between the catch and prediction. Pieing model simulations were done to try
and estimate the change in selectivity and/or satyvbut this could not be reliably estimated
in the model without further information or worlq #his is not presented in this document.

The Reference case model presented here is tdatdie TVH CPUE Main Effects and the
nominal CPUE TIB data as described in Campbelal. 2015b (Fig. 5). There isn't much
difference between the alternative CPUE standardisg but one example is shown using the
Int2A series for TVH CPUE and Main effects standsed series for TIB (Table 1, Fig. 6).

There is some conflict in the model between thet3fiéseason survey predicting a large fished
cohort in 2015 (Fig. 1), and the actual observatiba poor catch year and corresponding low
CPUE (Fig. 5). The model therefore trade-offs thédtween the survey and CPUE data, and
does not exactly fit the full extent of the recéatvnturn in the CPUE indices. This is important
because in the absence of a midyear survey, theEGHRItA need to serve as an index of
spawning stock biomass, and it's possible thasgiavning biomass is lower than the model
estimate (Table 1, Fig. 3). In order to fit the Ptdends, the model trade-offs the fit to the
2014 midyear survey, and a large deterioratiorémnsn the fit to the 2014 midyear survey data
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(Fig. 7), highlighting the current anomalous evenffhe model outputs thus need to be
interpreted with caution.

Note that the model results presented here asalfiti the preseason survey index based on
midyear sites only, as discussed in Campbell €28l15). A single sensitivity test is shown
using the alternative series with all sites (TdbleThe different series have different associated
variances, and this will affect the weight the naateords to the preseason survey data, and
hence this aspect needs to be investigated fuithefuture work and survey design
considerations.

Discussion

The revised and updated model adequately fits vhdadle data and integrates all available

information into a single framework to output a RB&lue as required for a change to a quota
management system. The use of a single modeltédesi understanding of the way in which

data inputs translate into an assessment of thesstad productivity of the resource and hence
an associated TAC estimate. Moreover, parametémasts and resource trajectories are
presented together with confidence intervals tesitlate the extent of uncertainty associated
with model predictions.

An important assumption of the current and prevasessments is that the Torres Straits rock
lobster resource is a closed population, but thisleéarly not the case given they migrate
eastwards out the Torres Straits (Moore and MaaRarll984, Skewes et al. 1994). It is not
known to what extent mixing occurs with the easteomponent of the stock, and hence
whether these two stock components should rathéeb&ed as a single stock in computing a
spawning stock biomass. This aspect has been igat=d during a related MSE project, and
work is continuing on how this might be taken ictinsideration in the assessment. There is
also a need to investigate whether there is a lianehoving towards a spatial assessment
model (for example, the spatial operating modetiusehe MSE) or at least better accounting
for marked spatial differences in abundance anchcat

Applying the reference case model straightforwawilp the updates as described, suggests a
RBC(2016) of 796t [90% CI 524-1067t] [75% CI 660193(Table 1). This value is slightly
larger than the August model prediction of 704€(jpninary allocation 568t) (Table 2). A key
sensitivity test recommended by the TRLRAG washange the hyperstability parameters for
the TVH and TIB CPUE relationships to 1 from 0.7#&l&®.5 respectively. This changes the
RBC (2016) to 782t [90% CI 519-1046t] (Table 1).
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Figure 1. Comparison between observed Pre-season survey data (expressed in terms of number *
10%) and corresponding model-predicted estimates.
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Figure 2. Model-estimated fishing mortality trends for 1+ (F 1+star) and 2+ (F 2+ star) lobsters. The
2002 change in size limit is highlighted and the 2016 fishing mortality set equal to the target value of
0.15.
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Fig. 3. Model trajectories of the annual numbers of lobsters in each age class at the start of each of
years 1973 to 2015. The increased variability from 1985 onwards is because the model estimates
stock recruit residuals for years from 1985 to 2014.
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Figure 5. Comparison between CPUE data and corresponding model-predicted estimates. The plots
are respectively a) Reference-Case fit of the model to CPUE standardised estimates from the TVH
sector with lower bound for sigma set at 0.15, b) fit to TIB CPUE nominal estimates available from
2004-2015 (no data for 2013); assuming hyperstable relationship (with power shape parameter 0.75
and 0.5 respectively) between CPUE and exploitable biomass for the TVH and TIB sectors.
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Table 1a. Revised Reference Case model resultsafegbin following Table for comparison)

(a) Revision with Preseason Survey
Parameter Parameter Value 90% ClI
B(1973)* (tons) 4688 3325 6052
M 0.70 0.57 0.82
h fixed 0.7
Sel (age 1+) 1973-1986 0.43 0.24 0.62
Sel (age 1+) 1989-2001 0.16 0.14 0.19
Sel (age 1+) post2002 0.02 0.00 0.03
Recruitment residuals (1985-2015) 31 parameters
M odel estimates and depletion statistics
B(2015)™ (tons) 3719 2349 5088
RBCprelim(2016) model 796 524 1067
RBCforecast(2017) mo: 677 489 866
Current Depletion (Nov)
B(2015)"/ B(1973)sp 0.80 0.57 1.04
Bexp(2015) (tons) 4185 2851 5519
No. parameters estimated 36
"-InL:overall -166.416
AIC -260.832
Likelihood contributions Sigma q
“InL:.CAA -53.90 0.05
"-InL:CAAsurv -19.25 input
-InL:CAA historic -21.89 0.13
-InL:Survey Index 1+ -17.40 input 3.932E-07
-InL:Survey Index 2+ -14.46 input 4.129E-0Y
-InL:Survey benchmark -3.11 input
-INL.PRESEASON -6.55 input 5.163E-07
-InL:PRESEASON 0+ -4.88 input 8.920E-08
-InL:CPUE (TVH) -19.59 0.25 0.0019
-InL:CPUE (TIB) -12.02 0.21 0.0161
"-InL:RecRes 6.63 0.50 (input sigma 0.5
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Table 1b. Summary of initial model sensitivity teas shown (see text for details). Note these@rgared with a preliminary revised model version
and the August 2015 Reference Case

(a) Revision with Preseason Survey (B) Prelim August 2015 |(C) Hyperstability = 1 (D) Alternative CPUE series (E) Preseason suney index all si
Parameter Parameter Value 90% ClI Parameter Value Parameter Value 90% ClI Paramete Value 90% ClI Paramete Value 90% Cl
B(1973)* (tons) 4688 3325 6052 4590 3274 5905 4621 3292 5951 4727 3351 6103 4693 3332 6053
M 0.70 0.57 0.82 0.69 0.56 0.81 0.70 0.57 0.82 0.70 0.57 0.82[ 0.70 0.57 0.82
h fixed 0.7 fixed 0.7 fixed 0.7 fixed 0.7 fixed 0.7
Sel (age 1+) 1973-1988 0.43 0.24 0.62 0.43 0.24 0.63 0.43 0.24 0.62 0.43 0.24 0.63| 0.43 0.24 0.62
Sel (age 1+) 1989-2001. 0.16 0.14 0.19 0.17 0.14 0.19 0.16 0.14 0.19 0.16 0.14 0.19| 0.16 0.14 0.19
Sel (age 1+) post2002 0.02 0.00 0.03 0.02 0.00 0.03 0.02 0.00 0.03 0.02 0.00 0.03| 0.02 0.00 0.03
Recruitment residuals (1985-2015) 31 parameters 30 parameters 31 parameters 31 parameters 31 parameters
M odel estimates and depletion statistics
B(2015) (tons) 3719 2349 5088 4554 2960 6149 3428 2219 4636 3872 2472 5271 3906 2446 5367
RBCprelim(2016) model 796 524 1067 704 510 897 782 519 1046 811 535 1088| 833 559 1107
RBCforecast(2017) mo. 677 489 866 664 481 846 667 484 850 683 493 873 678 490 867
Current Depletion (Nov)
B(2015)*/ B(1973)sp 0.80 0.57 1.04 1.01 0.73 1.28 0.75 0.54 0.96 0.83 0.59 1.06| 0.84 0.59 1.09
Bexp(2015) (tons) 4185 2851 5519 5193 3653 6734 3907 2725 5089 4334 2972 5696 4372 2949 5794
No. parameters estimated 36 35 36 36 36
"-InL:overall -166.416 -171.160 -161.995 -166.105 -168.508
AIC -260.832 -251.990 -260.210 -265.016
Likelihood contributions Sigma q Sigma q Sigma q Sigma q Sigma q
-InL.CAA -53.90 0.05 -53.57 0.05 -54.36 0.05 -53.89 0.05 -53.96 0.05
"-InL:CAAsurv -19.25 input -19.69 input -19.32 input -19.23 input -19.66 input
-InL:CAA historic -21.89 0.13 21.75 0.13 21.71 0.13 21.91 0.13 -21.90 0.13
-InL:Survey Index 1+ -17.40 input 3.932E-0f  -15.67 input 3.997E-07 -13.98 input 3.991E-07| -18.37 input 3.916E-07| -17.90 input  3.937E-07
-InL:Survey Index 2+ -14.46 input 4.129E-0f -16.15 input 4.201E-07 -14.02 input 4.207E-07[  -14.39  input 4.114E-07| -14.65 input  4.139E-07
-InL:Survey benchmark -3.11 input -3.10 input -3.09 input -3.12  input -3.11 input
"-InL:PRESEASON -6.55 input 5.163E-01 -6.39 input 4.519E-07 -6.46 input 5.217E-07 -6.46  input 5.057E-07 -8.51 input  7.610E-07
-InL:PRESEASON 0+ -4.88 input 8.920E-08  -3.53 input 1.010E-07 -4.34 input 9.137E-08 -4.91  input 8.761E-08 -4.71 input  8.912E-08
-InL:CPUE (TVH) -19.59 0.25 0.0019 27.11 0.17 0.0019 -20.96 0.23 0.0002|  -18.47 0.26 0.0019| -18.90 0.26 0.0019
-InL:CPUE (TIB) -12.02 0.21 0.0161 -11.09 0.20 0.0166 9.21 0.27 0.0003|  -11.81 0.22 0.0162| -11.83 0.22 0.0161
"-InL:RecRes 6.63 0.50 (input sigma 0.5] 6.86 0.50 (input sigma 0.5)  5.44 0.50 (input sigma| 6.44 0.50 (input sigma 0.4 6.61 0.50 Hut sigma 0
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Table 2. Summary of Preliminary allocation for 2G@6 Tropical Rock LobstefRanulirus ornatuy Fishery in the Torres Straits
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TAC/Catch (t)

2012

2013

2014

2015

2016

Forecast TAC (90% Cl)

532 (282-782)

769 (485-1053)

767 (518-1016)

751 (556-945)

719 (515-923)

Preliminary TAC (90% Cl)

964 (497-1432)

871 (445-1298)

616 (294-938)

894 (571-1217)

704 (510-897)

Aug 2015
TIB: 328 t
TVH: 251t Dec 2015 update?
PNG: 285t
Preliminary TAC 637 573 391 668 568t
allocation* TIB: 254 t TIB: 216t
th . .
(lower 75 percentile) TVH: 194 TVH: 165t
PNG: 220t PNG: 187t
Dec 2015 update?
Final TAC 964 871 616 Mar 2015 Dec 2015
(revision with preseason
survey = 769t)
Catch 696 597 666.7 495t -




APPENDIX 1 — REVISED MODEL STOCK RECRUITMENT RESIDALS

Value 90% Confidence Interval

1985  0.06 -0.37 0.49
1986 -0.01 -0.69 0.68
1987 -0.04 -0.57 0.49
1988 0.64 0.39 0.88
1989 -0.11 -0.35 0.13
1990 -0.04 -0.27 0.19
1991 0.23 0.01 0.44
1992  0.25 0.02 0.48
1993  0.05 -0.18 0.27
1994 0.31 0.07 0.55
1995 0.02 -0.20 0.24
1996 0.00 -0.21 0.21
1997 0.11 -0.11 0.33
1998 -0.63 -0.88 -0.39
1999 -0.24 -0.49 0.01
2000 -0.80 -1.08 -0.51
2001 -0.39 -0.63 -0.15
2002  0.07 -0.14 0.28
2003  0.20 -0.02 0.42
2004 0.24 0.03 0.45
2005 -0.73 -0.94 -0.52
2006 0.26 0.04 0.47
2007 -0.19 -0.40 0.01
2008 -0.30 -0.49 -0.12
2009 -0.01 -0.21 0.20
2010 0.48 0.27 0.70
2011 0.42 0.21 0.64
2012 0.32 0.08 0.56
2013 -0.17 -0.40 0.06
2014 -0.10 -0.35 0.15

2015 0.22 -0.05 0.49




APPENDIX 2 - STOCK ASSESSMENT EQUATIONS
INTRODUCTION

Torres Strait rock lobsters emigrate in spring and breed during the subsequent summer (November-
February) (Moore and MacFarlane, 1984; MacFarlane and Moore, 1986). Therefore, the number of age 2+
lobsters at the middle of the breeding season (December) should represent the size of the spawning stock
(Figure 8). A schematic summary timeline underlying the new Integrated model is presented in Figure 8. To
simplify computations, the new model assumes catches, migration and spawning occur at discrete times,
with quarterly updates to the dynamics of each age class. Catches of 2+ individuals are assumed taken as a
pulse at midyear, with individuals migrating out of the Torres Straits at the end of the third quarter, and a
spawning biomass being computed at the end of the year. Catches of 1+ lobsters are assumed taken at the
end of the third quarter, when a proportion of this age class have grown large enough to be available to
fishers.

TORRES ROCK LOBSTER TIMELINE

Age 0 Age 1 Age 2 Age 3
Yry Yry+1 Yry+2 Yry+3
| | | | | | | | | | | | |
Jan April  July  Oct Jan April  July Oct  Jan April July Oct Jan

Larvae settlement Recruit to fishery Migrate
N A T \ e

Y Y

Recruits S3/4 Sl g3/ QU4 ﬁ

s

; ; Pre- E

Mid Mid
T d season GZ)

survey survey survey

-
-

-

Closed
Partial
closure
Closed

Partial
closure

Closed
Oct-Nov
Partial
closure
to Jan

Figure 8. Summary timeline for Torres Strait Rodbkter model.

P. ornatusis an unusually fast growing lobster and hencéyara are expected to be sensitive to
changes in assumption regarding growth rate (lemghge) and mass-at-length. Previous
modelling studies used the Trendall et al. (198&tronship:

CL. = 177(1_ e 0386(m /12 0.411))

whereCL is carapace length (mm) antis age in months for aspects of the computations.
However, after converting length to mass usingntloephometric relationship:

TOTWT=0.00258*(CL"2.76014)
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the Trendall et al (1988) relationship translatés average individual masses that are less than t
observed average mass of lobsters caught in therfisThe Integrated model thus uses the Phillips
et al. (1992) male growth relationship:

cL=L,[1-e™)

L, =165957 mm,

where

Kk =-0.0012 4q

tis agein DAYS.

THE INTEGRATED MODEL

An age-structured model of the Torres Rock Lobgtgrulation dynamics is developed and fitted to
the available abundance indices by maximisingit@ithood function. The model equations and
the general specifications of the model are desdrlielow, followed by details of the contributions
to the log-likelihood function from the differendgrces of data available. Quasi-Newton
minimization is used to minimize the total negativg-likelihood function (the package AD Model
Builder™ (Fournier et al. 2012) is used for this purpose.

LOBSTER POPULATION DYNAMICS

Number s-at-age
The resource dynamics are modelled by the followgeigof population dynamics equations:

Ny+1,1 = Ry+1 1
_ —3M, /4 _ -M, /4 ~

N y+latl — (N va € Cy,a) e for a=1 2
— -M,/2 _ -M, /2 _

Nyiian = (N va € Cy’a) e for a=2 3

where

N, is the number of lobsters of age a at the start of year y (which refers to a calendar year),

Ry is the recruitment (number of 1-year-old lobsters) at the start of year y,
M, denotes the natural mortality rate on lobsters of age g,

Cya is the predicted number of lobsters of age a caught in year y, and

m is the maximum age considered (taken to be 3).

These equations simply state that for a closed lpopao, with no immigration and emigration, the
only sources of loss are natural mortality (premigtdisease, etc.) and fishing mortality (catch).

They reflect Pope’s form of the catch equation @d®72) (the catches are assumed to be taken as
a pulse at midyear for the 2+ class and at thé stadine third quarter for the 1+ class) rathentha
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the more customary Baranov form (Baranov, 1918)\foich catches are incorporated under the
assumption of steady continuous fishing mortaliBgpe’s form has been used in order to simplify
computations.

Recruitment

The number of recruits (i.e. new 1-year old lolsstert is simpler to work with 1- rather than O-yea
old lobsters as recruits) at the start of yemsrassumed to be related to the spawning stoek(s&
the biomass of mature lobsters) by a modified BeweHolt stock-recruitment relationship
(Beverton and Holt, 1957), allowing for annual fiwation about the deterministic relationship:

sp
R = By (o-r)/2
4
B +(B>5/81) 4

where

a,[ andy are spawning biomass-recruitment relationshiprpatars (note that cases wigh> 1
lead to recruitment which reaches a maximum attaicespawning biomass, and thereafter
declines towards zero, and thus have the capabflilyimicking a Ricker-type relationship),
¢y reflects fluctuation about the expected recruithier yeary, which is assumed to be

normally distributed with standard deviatian, (which is input in the applications considered

here); these residuals are treated as estimaldenpters in the model fitting process. Estimating
the stock-recruitment residuals is made possiblinbyvailability of catch-at-age data, which give
some indication of the age-structure of the popaat

By" is the spawning biomass at the start of yeaomputed as:

SP — y,,St
B,” =w; [N

y.3 5
where

Wgt is the mass of lobsters of age 3 (i.e. in December during the spawning season).

In order to work with estimable parameters thatraoee meaningful biologically, the stock-
recruitment relationship is re-parameterised imgeof the pre-exploitation equilibrium spawning
biomass,K **, and the “steepnesdi, of the stock-recruitment relationship, whichhe proportion
of the virgin recruitment that is realized at awspang biomass level of 20% of the virgin spawning
biomass:

= (k=) - o2

5h -1 6
and
! sp!y
a=ﬁ+ K
Sl:)Rirg 7
where

SIDRirg = W??t N:\’:irg

with
46



N, =1

9
NV = N Y9 eMa- for 2<a<m 10
Total catch and catches-at-age
The catch by mass in year y is given by:
— \p/land -3M,/4 1+ mid -M,/ 2 2+
C,=w;"N,,e S,,F,+w, N, e S,,Fy 1

Where

WLa”d denotes the mass of lobsters of age a that are landed at the end of the third quarter,
W;”id denotes the mid-year mass of lobsters of age q,

S is the commercial selectivity (i.e. vulnerability to fishing gear) at age a for year y; and

y,a

Fy is the fished proportion (of the 1+ and 2+ classes) of a fully selected age class.

The model estimate of the exploitable (*availabledinponent of biomass is calculated by
converting the numbers-at-age into mass-at-agaduke individual weights of the 1+ lobsters
assumed landed at the end of the third quartertten@+ lobsters assumed landed at midyear):

exl+ _ ., land -3M,/4
B,”" =w "S5, ;N e

12
ex2+ — ..,mid -M,/ 2
B, =w,"S,,N,.e
13
and hence:
ex — exl+ ex,2+
By - By + By 14

The 2010 model version computes the catch by negsmately for the trawling sector, which is
assumed to target 2+ lobsters only. The exploitabileponent of biomass for this sector is thus
based on Equation (13) only and assumes full seigodf the 2+ age group.

The model estimates of the midyear numbers of lobsters are:

N = Nyvle‘“"l/ 2 +(Ny’2 gM2/2 —nyz) 15

mid — -M,/ 2
Ny,l - Ny,le ' 16

NJs =N, ,e™"?-C 17

y,2

Similarly, the model estimate of numbers for comparison with the Pre-Season November survey are as
follows:
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— -3M,/ 4 -M,/ 6
N;rle — (N e /4 nyl) e 1/ 18
N;)rze =N midy'2 e—5M2/12 19

The proportion of the 1+ and 2+ age classes harvested each year ( F;’L) are given respectively by:

1+ _ 1+ expl+
Fy = Cy /By 20
F 2+ - C2+ / Bexp,2+
y y y 21
where Cif and C5+ are the catch by mass in year y for age classes 1 and 2, such that:
Ch = C
y = Pyaby 22
and
2+ _ a1 _
Cy - (1 Py )Cy 23

with Py 1v representing the 1+ proportion of the total catch.

Given different fishing proportions for the two age classes, the numbers-at-age removed each year from
each age class can be computed from:

- F1+N -3M,/4
Cy,l Sy,l y Ny.€ fora=1, and 24

_ 2+ -M,/2
Cya = Sy2Fy Ny 2 fora=2 25

The fully selected fishing proportion (F) is related to the annual fishing mortality rate (F*) as follows:

1-F=e" 26

Initial conditions

Although some exploitation occurred before thet fpjesar for which data are available for the
lobster stock, this is considered relatively miaod hence the stock is assumed to be at its pre-
exploitation biomass level in the starting year hedce the fractiond) is fixed at one in the
analysis described here:

ij =g[K*® ”
with the starting age structure:

Nyo,a = RstartNstarta for 1<sa<m 28
where

Ntarta =1 -
Ngarta = Nstart,a—le_Ma_l for 2<asm-1 30
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THE (PENALISED) LIKELIHOOD FUNCTION

Model parameters are estimated by fitting to sualeyndance indices, commercial and survey
catch-at-age data as well as standardised CPUErdstane cases. A penalty function is included
to permit estimation of residuals about the staatruwitment function. Contributions by each of
these to the negative of the log-likelihoodn(-) are as follows.

Survey abundance data

The same methodology is applied for the midyearmeeseason surveys, except that for the former
there are indices for both the total 1+ and 2+ nemsbwhereas for the pre-season the fit is only to
the 1+ lobsters as most of the older lobstershvaille migrated out of the region by November. The
likelihood is calculated assuming that the obsemwétiear (and pre-season) survey abundance
index is log-normally distributed about its expectalue:

ly = fiy ex;{g;) or & =£n(| iy)—én(fiy) 31
where

v is the scaled survey abundance index for year y and series |,

(| survey
N y

| ;, = G,N;" is the corresponding model estimate, where is the model estimate of midyear

numbers, given by equation 16 and 17 for the midyear survey, and for the pre-season survey it is given by
equation 18.

f]s is the constant of proportionality (catchability) for the survey, and

&y from N (O, (O'iy )2) .

The contribution of the survey data to the negative of the log-likelihood function (after removal of
constants) is then given by:

- =35l )+ ) 126

32
2
where (0';) = In(1+ (va)z) and the coefficient of variation (CVy ) of the resource abundance estimate
for year y is input.
The survey catchability coefficient f]s is estimated by its maximum likelihood value:
/ng, =1n, Z(In I, =In ij)
y 33

Commercial catches-at-age

The contribution of the catch-at-age data to the negative of the log-likelihood function under the
assumption of an “adjusted” lognormal error distribution is given by:

L= ZZ[m(Umm/ py,a) + py,a(fn Pya =N FA)y,a)2 /Z(Jcom)2:|
y a

34
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where

Pya =Cya /z a Cya is the observed proportion of lobsters caught in year y that are of age g,

f)y,a = éy’a /Z a éy’a. is the model-predicted proportion of lobsters caught in year y that are of age g,
where

S —3M, /4 1+

C,,=N,e S,,F, 35

S -M, /2 2+

C,.=N,,e S,,F, 36
and
O.om IS the standard deviation associated with the catch-at-age data, which is estimated
in the fitting procedure by:

N ~ 2

G oo = \/ZZ(ﬁn Pya =N py’a) 1> >1

y a y a 37

The same approach is applied when fitting to the historic catch proportion data.
Survey catches-at-age

The survey catches-at-age are incorporated into the negative of the log-likelihood in an analogous manner
to the commercial catches-at-age, assuming an adjusted log-normal error distribution (equation 25) where:

Pya = Cf,fg"lz 2Cya’ is the observed proportion of lobsters of age a in year y,

Pya isthe expected proportion of lobsters of age a in year y in the survey, given by:

a'=1l ’ 38

Benchmark Survey Estimates of Absolute Abundance

The absolute abundance of lobsters is estimated by fitting to data from two benchmark midyear surveys.
The total 2002 population estimate, together with 95% confidence interval, was Tso = 9.0 (£1.9) million
lobsters, and for 1989, Tgo = 14.0 (+2.9) million lobsters (Pitcher et al. 1992). The 2+ year class was
estimated at 1.77 (+0.38) million in 2002, and the 1+ year-class was at 5.2 (*1.5) million.

The approach is similar to that described above for the survey relative abundance index. The contribution
of the survey data to the negative of the log-likelihood function (after removal of constants) is then given
by:

—/nLBeh = /n (0.89)+ (589)2 /2(0_89)2 +/n (0'02)+ (&‘02)2 /2(0.02)2 39

where Eg9 = fn(ng) _En(Nggal + Nlrgigaz)

0o = (0(Tyg) - (N + N, )
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2
(Uy) = In(1+ (va)z) and the two coefficients of variation (CV,, and CV,,) are input.

Stock-recruitment function residuals

The stock-recruitment residuals are assumed to be log-normally distributed and serially correlated. Thus,
the contribution of the recruitment residuals to the negative of the (now penalised) log-likelihood function
is given by:

2
y2 _
= Y {"vp/‘vl} 202

J1-p?

y=yl+l
40

where

Ay =pAy .+ \ll—ngy is the recruitment residual for year y, which is estimated for year y1 to y2 (see
equation 4),

&y from N(O, (UR)Z),
Og is the standard deviation of the log-residuals, which is input, and
Yo, is the serial correlation coefficient, which is input.

In the interest of simplicity, equation 40 omits a term in A, for the case when serial correlation is assumed
(0 #£0), which is generally of little quantitative consequence to values estimated.

The analyses conducted in this paper have however all assumed g =0.

MODEL PARAMETERS

Natural mortality:
Natural mortality (M,) is generally taken to be age independent and is estimated in the model fitting
process.

In sensitivity tests where age-dependence is admitted, it is taken to have the form:

My = 1o+ /2 41

Fishing selectivity-at-age:

The commercial selectivity is taken to differ over the 1973-2002 and 2002+ periods. Full selectivity of the 2+
class is assumed, with a separate selectivity parameter being estimated for each period for the 1+ class.
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Glossary

AFMA Australian Fisheries Management Authority

CSIRO Commonwealth Scientific and Industrial Research Agency
TRL Tropical Rock Lobster

TSSAC Torres Strait Scientific Advisory Committee

CPUE Catch Per Unit Effort

TAC Total Allowable Catch

TVH Transferrable Vessel Holder (Licence)

TRL RAG Tropical Rock Lobster Research Advisory Group

PNG Papua New Guinea
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Catch and Effort Statistics and Standardised CRulicés for the Torres
Strait Tropical Rock Lobster Fishery

Robert Campbell, Darren Dennis, Eva Plaganyi, Reyn®
CSIRO Oceans and Atmosphere, Brisbane, Queendastialia

I ntroduction

This report provides a short summary of the catchedfort data and analyses undertaken as pdreafidated
stock assessment for Torres Strait rock lobsthefisundertaken during November/December 2015. fdata

the 2015 season was received from AFMA on Mondajo@ember. All data was loaded into the ORACLE
database managed by CSIRO and checked. A summtrg ahnual data for each fishery the data is geai

in sections 2 and 3 below. Annual indices of reseuabundance based on standardised CPUE were also
developed for each component of the fishery andegrerted in sections 4 and 5 below. More compreiven
reports will be provided to TRSL-RAG in 2016.

TVH Catch and Effort Data

Catch and effort data for the TVH fishery are basethformation recorded in the TR04 logbook artthestes
of the annual catch taken within the TVH fisherg ahown in Table 1 and Figure 1. The number ofeleds
the fishery together with the number of logboolores reporting each fishery method are also shown.

Table 1. Annual catch and effort statistics for ThwH fishery.

Number of Vessel by - Diving Method Total Catch by Processed State (kg) Total
Year Name  Symbol Both* | Hookah Free  Unknown| Records Tails Whole Unknown| Catch %Tails  %Whole
1994 11 11 11 1,505 136 804 2,445 123,006 0 0 123,006 | 100.0% 0.0%
1995 14 14 14 947 59 629 M 1,635 100,407 635 0 101,042 99.4% 0.6%
1996 20 20 20 1,609 87 1,851 M 3,547 219,045 7,810 0 226,855 | 96.6% 3.4%
1997 20 20 20 1,890 112 2,009 M 4,011 273,151 1,880 8 275,039 | 99.3% 0.7%
1998 23 22 23 2,681 169 2,331 M 5,181 310,635 18,922 0 329,557 94.3% 5.7%
1999 15 14 15 1,412 38 365 M 1,815 88,416 6,681 0 95,097 93.0% 7.0%
2000 20 19 20 2,330 114 267 M 2,711 118,824 10,038 0 128,862 92.2% 7.8%
2001 14 14 14 812 26 1,047 M 1,885 66,347 2,729 0 69,076 96.0% 4.0%
2002 17 17 17 1,721 10 1,380 M 3,111 108,216 39,471 0 147,687 73.3% 26.7%
2003 21 21 21 3,958 104 100 M 4,162 255,447 105,964 0 361,411 | 70.7% 29.3%
2004 25 24 25 5,045 154 1 M 5,200 317,467 163,651 0 481,118 | 66.0% 34.0%
2005 22 23 23 4,101 199 2 M 4,302 484,497 60,480 0 544,977 88.9% 11.1%
2006 22 20 22 2,307 119 2 M 2,428 108,909 26,539 0 135,448 | 80.4% 19.6%
2007 20 20 20 2,829 39 1 M 2,869 207,463 61,133 0 268,596 | 77.2% 22.8%
2008 13 12 14 1,205 6 0 M 1,211 63,378 37,060 0 100,438 | 63.1% 36.9%
2009 10 10 10 1,281 27 0 M 1,308 51,322 39,729 10 91,061 56.4% 43.6%
2010 13 12 13 2,356 12 0 M 2,368 67,817 214,797 0 282,614 | 24.0% 76.0%
2011 14 13 14 2,668 1 1 M 2,670 171,469 332,064 0 503,533 | 34.1% 65.9%
2012 14 13 14 2,311 0 0 M 2,311 65,282 305,198 2 370,482 17.6% 82.4%
2013 11 12 12 3,006 2 0 M 3,008 61,631 300,030 0 361,661 17.0% 83.0%
2014 13 13 13 2,901 0 0 M 2,901 42,054 230,511 120 272,685 15.4% 84.5%
2015 13 12 13 2,654 1 4 M 2,659 22,219 129,251 0 151,470 14.7% 85.3%
Total 51,529 1,415 10,794 | 63,738 3,327,002 2,094,573 140 |5421,715| 61.4% 38.6%

# The number of unique combinations of both veasehe and vessel-symbol.



Figure 1. Time—series of total annual catches takéime TVH fishery. The amounts of the total catiken
as tails and whole lobsters are also shown.
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Estimates of the annual catch and effort stati$ticthe TIB fishery are shown in Table 2a and Feg2.

Table 2a. Annual catch and effort statistics far B fishery.

Process Type Fishing Method

YEAR | Records | Catch (kg) | Tails ~ Whole Unknown| FreeD Hookah Unspec Lamp  Other Unknown
2004 4645 | 234,808 | 781% 21.8% 0.0% | 282% 413% 16% 64% 53% 17.3%
2005 6671 | 358474 | 90.8% 85%  0.7% | 352% 533% 00% 33% 17%  6.5%
2006 4087 | 152,259 | 80.1% 19.9% 0.0% | 52.7% 27.1% 03% 88% 3.9%  7.1%
2007 5957 | 273902 | 86.8% 13.2% 0.1% | 38.9% 338% 0.0% 56% 18%  19.9%
2008 4822 | 216937 | 789% 21.1% 0.0% | 36.8% 318% 00% 87% 14%  21.3%
2009 3540 | 135898 | 57.0% 429% 0.1% | 43.0% 408% 02% 10.0% 25%  3.6%
2010 3099 | 190,669 | 64.1% 359%  0.0% | 155% 351% 02% 50% 23%  41.9%
2011 2954 | 200,691 | 71.3% 28.0% 0.7% | 20.4% 541% 53% 47%  31%  12.4%
2012 1394 | 168561 | 63.8% 361% 0.1% | 228% 416% 0.0% 22% 21%  31.4%
2013 688 141,064 | 351% 648% 02% | 17% 234% 00% 00% 03% 747%
2014 1855 | 148538 | 36.3% 63.6% 0.0% | 163% 21.7% 0.0% 22%  0.1%  59.7%
2015 1445 | 151,215 | 343% 657% 0.0% | 81% 256% 0.0% 09% 37%  61.8%

As noted in previous reports relating to the Tighery (e.g. Campbell 2015a), the reporting to AFdfAhe
information in the Docket-books used to record lcatied effort this fishery is voluntary. Currenthete is no
means of measuring the reporting rate of dockekd@ent to AFMA but given an independent estiméite o
the 2015 TIB catch being around 160 t, the estiroafib1 t shown in Table 2a for this year suggdsisthe
reporting may be reasonably good. However, in regesrs around 50% of the catch has been reparsctig
from processor receipts for which there is no gpomding Docket-book information.
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Figure 2. Time—series of total annual catches takéme TIB fishery. The amounts of the total cataken
as tails and whole lobsters are also shown.
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Some uncertainty also remains concerning the rneygoof TIB primary vessels. In past years theseseiss
completed the TVH logbook but this appears to hastebeen the case since 2013. How much of the catch
taken by these vessels may be covered by the Dbokét also remains uncertain. A number of othea dat
issues also remain relating to possible doublerteygpand interpretation of some of the fields e {TIB
database and these are being worked through witMAARVoves to implement a catch receiver reporting
system in the fishery would help outcome currenbfams with estimating the total catch taken infibieery

and also help in understanding some of these dtarissues.

It has also been noted, that the reporting of tif@rination in the Docket-books can be patchy witine of
the data fields not being completed. The non-rémpepibf such information has increased in recents/ed
summary of the missing data is provided in Table 2b

Table 2b. Annual catch and effort statistics fa THB fishery.

Number distinct, and percentage of total catch for which related field is not null
YEAR | Vessels %Catch | Sellers %Catch | Op-Date %Catch pays Fishe %Catch
2004 123 25.4% 433 100.0% 295 100.0% 7249 78.1%
2005 206 18.3% 477 100.0% 301 100.0% 9584 92.0%
2006 223 51.3% 394 100.0% 286 100.0% 5889 88.2%
2007 246 30.2% 440 100.0% 297 100.0% 9031 78.2%
2008 187 37.4% 336 100.0% 293 100.0% 8905 78.5%
2009 124 34.9% 279 100.0% 278 100.0% 10712 94.1%
2010 149 29.2% 234 100.0% 290 100.0% 7674 94.0%
2011 199 60.2% 294 94.6% 281 100.0% 8538 86.3%
2012 80 32.6% 239 82.8% 247 100.0% 8677 66.7%
2013 23 31.9% 116 76.2% 184 60.7% 892 25.3%
2014 60 7.7% 182 100.0% 258 55.1% 4462 38.0%
2015 22 1.4% 190 100.0% 201 49.1% 7471 39.9%
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TVH Standardised CPUE Indices

Indices of resource abundance based on CPUE fanthkfishery were developed based on the protocols
described in Campbell (2015b).

In order to explore the impact of each fitted effttwe first set of analyses were based on theviatig model
where no interactions between main effects werediecl:

CPUE= Intercept + Year + Month +Area + Vessel-ldentifieFishing-Method
+ Proportion of Catch Landed as Tail$1onthly-SOI
/ distribution = gamma, link = log

=l+Y+M+A+V+F+P +SOI/ dist= gamma, link=log

The SAS GENMOD procedure was used to fit the motliéleffects Year, Month, Aregvessel and/ethod
(Hookah, Free and Unknown) were fitted as clas@libes. TheProportion-Tailswas also fitted as a class
variable with each record classified as one offtlewing five levels: (<20%, 20% to <40%, 40% t6G%0,
60% to <80%, >=80%). Following advice from TSRL-RAI& vessel-identifier used in the above model was
based on a combination of vessel-symbol and vessak. The monthly Southern Oscillation Index (S}
fitted as a continuous variable. A log-gamma distiibn was assumed for the distribution of CPURIgal

A second set of analyses was undertaken in ordexpiore whether the inclusion of 2-way interaction
between the main spatial-temporal effects impratedmodel fit to the data. Specifically, the foliogy four
models were examined:

Int-1:
CPUE= Intercept + Year +Month + Month* Area
+ Vessel-Name +Fishing-Method + Proportion-TailsSOl
/ distribution = gamma, link = log
Int-2A:
CPUE-= Intercept + Year*Month + Month* Area
+ Vessel-Name +Fishing-Method + Proportion-TailsSOl
/ distribution = gamma, link = log
Int-2B:
CPUE= Intercept + Year*tArea + Month* Area

+ Vessel-Name +Fishing-Method + Proportion-TailsSOl
/ distribution = gamma, link = log
CPUE= Intercept + Year*Month +Year*Area
+ Vessel-Name +Fishing-Method + Proportion-TailsSOl
/ distribution = gamma, link = log
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where * indicates an interaction between the rdlaféects. The inclusion in these 2-way interaciatows
for the relative distribution of the resource beatwahe different areas and months to be differetwéen
years.

The calculated annual index of abundance baseHeostandardised CPUE calculated for each of theeabo
five models is given in Table 3 and displayed igure 3.

59



Table 3. Annual index of abundance based on timelatdised CPUE for the TVH fishery using the fiieN&
described in the text. The nominal CPUE (totaldcéittal-effort) is also provided for comparison.

. Y+M+A Y+M*A  Y*M+M*A | Y*A+M*A  Y*A+Y*M
Year Nominal
+Effects +Effects +Effects +Effects +Effects

94 0.88 1.31 1.33 1.31 1.38 1.38

[ o5 0.96 1.30 1.29 1.25 1.34 1.30
" 9% 0.93 0.96 0.97 0.95 0.98 0.96
[ 97 1.03 111 1.10 1.09 1.13 1.12
[ o8 0.98 1.04 1.04 1.04 1.07 1.08
[ 99 0.76 0.66 0.66 0.66 0.65 0.65
" 00 0.61 0.64 0.64 0.71 0.59 0.65
[ o1 0.44 0.48 0.47 0.47 0.50 0.50
) 0.76 0.67 0.67 0.66 0.59 0.57
" 03 1.02 1.05 1.03 1.03 1.02 1.02
" o4 1.08 114 1.14 114 1.03 1.05
" 05 1.47 1.40 1.42 1.42 1.37 1.36
" 06 0.68 0.67 0.68 0.67 0.65 0.64
" o7 1.07 0.96 0.95 0.94 0.93 0.94
" 08 0.86 0.85 0.86 0.84 0.90 0.89
" 09 0.61 0.63 0.63 0.62 0.66 0.66
" 10 1.23 1.18 1.19 1.21 1.21 1.21
[ 11 2.09 1.87 1.86 1.87 2.06 2.04
Y 1.63 1.38 1.37 1.37 1.30 1.30
[ 13 1.26 1.21 1.20 1.22 1.20 1.25
[ 14 1.03 0.91 0.92 0.91 0.90 0.89
L 0.61 0.59 0.59 0.59 0.53 0.54
Mean 1.00 1.00 1.00 1.00 1.00 1.00

Figure 3. Annual index of abundance based on #treardised CPUE for the TVH fishery using the five
GLMs described in the text.
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TIB Standardised CPUE Indices

Indices of resource abundance based on CPUE fanthkfishery were developed based on the protocols
described in Campbell (2015a).

In order to explore the impact of each fitted effttwe first set of analyses were based on theviatig model
where no interactions between main effects werediecl:

CPUE= Intercept + Year + Quarter +Area +Fishing-Method Seller
+ Proportion of Catch Landed as Tail$1onthly-SOI
/ distribution = gamma, link = log

=l+Y+Q+A+F+S+P+SO0I/ dist=gamma, link=log

The SAS GENMOD procedure was used to fit the modliékffects Year, Quarter, AregSeller andviethod
(Hookah, Free and Other/Mixed) were fitted as clasgbles. Thé&roportion-Tailswas also fitted as a class
variable with each record classified as one offtlewing five levels: (<20%, 20% to <40%, 40% t6G%0,
60% to <80%, >=80%). The monthly Southern Oscdlatindex (SOI) was fitted as a continuous variahle.
log-gamma distribution was assumed for the distigouof CPUE values.

Considerable work has gone into ‘cleaning-up’ tleleés-Names recorded in the Docket-book data, &skis
by TIB-industry representatives who attended tleeme TIB-workshop held in Brisbane in early Novembe
This has reduced the number of unique Seller-Namige TIB Docket-book database from 2606 to 983 D
to the large number of Sellers in the fishery,gaheve GLM analysis was limited to a sub-set ofdtha where
Sellers had fished for four or more years and foictvthere were at least 30 data records. Thidtessin 228
Sellers being included in the GLM analyses. Tha dats also filtered to exclude a few (possibly aalouns)
records where catches were greater than 1000 &atoh rates higher than 200 kg/hour.

A second set of analyses was undertaken in ordexpiore whether the inclusion of 2-way interaction
between the main spatial-temporal effects imprabhedmodel fit to the data. Specifically, the foliog two
models were examined:

Int-1:
CPUE-= Intercept + Year + Quarter + Quarter * Area
+ Fishing-Method + Seller +Proportion-Tails + SOI
/ distribution = gamma, link = log

CPUE-= Intercept + Year* Quarter + Quarter * Area
+ Fishing-Method + Seller +Proportion-Tails + SOI

/ distribution = gamma, link = log

where * indicates an interaction between the rdlaféects. The inclusion in these 2-way interaciatows
for the relative distribution of the resource beatwahe different areas and months to be differetwéen
years.
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The calculated annual index of abundance baseHeostandardised CPUE calculated for each of theeabo
five models is given in Table 4 and displayed igure 4.

Table 4. Annual index of abundance based on timelatdised CPUE for the TIB fishery using the theeds
described in the text. The nominal CPUE (totaldcéittal-effort) is also provided for comparison.

Year Nominal Main Effects Y_+Q*A+ Y*C_I+Q*A+

Main Effects Main Effects
04 1.01 0.93 0.92 0.91
! 05 1.16 1.03 1.03 0.96
" 06 0.77 0.77 0.77 0.78
f 07 0.93 0.86 0.86 0.84
r 08 0.92 0.90 0.89 0.99
! 09 0.81 0.91 0.92 0.92
" 10 1.03 1.18 1.17 1.34
’ 11 1.48 1.32 1.31 1.30
[ 12 1.34 1.30 1.30 1.22
’ 14 0.75 0.91 0.91 0.91
! 15 0.79 0.90 0.90 0.83
Mean 1.00 1.00 1.00 1.00

Figure 4. Annual index of abundance based on treardised CPUE for the TIB fishery using the three
GLMs described in the text.
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Estimation of Total Annual Effort in the Torres &8trTropical Rock
Lobster Fishery

Robert Campbell
CSIRO Oceans and Atmosphere, Brisbane, Queendastialia

TVH Fishery

Data Summary

Catch and effort data for the TVH sector of ther&€srStrait rock lobster fishery is recorded in the
TRLO4 logbook. The structure of the data is showrrigure 1. For each vessel-day there can be
multiple shots (up to 4) with each shot consistihgp to 8 tenders. Each tender has a catch redorde
by diving method (hookah, free or unknown) and ¢htsh is recorded by processed form (whole,
tailed or unknown). The data was aggregated sodaelh record refers to the catch for a unique
vessel-day, shot, tender and diving method (alsmvknas a tender-set). Between 2004 and 2015
there are a total of 33,235 TVH records or ten@ts-s

Figure 1. Structure of the TVH data

Tender-MNumber

é 2 Diving Method/ Whole
1

_\_\_\_\_\_\_\_\_\_\_\_‘_‘—‘—\—
3 Hookah — Tailed

Vessel-Day {——2 \4 / \
K\x 3 i_‘l:ree Unknown

4 Unknown

The distribution of these 33,235 records by yeal mionth are given in Table 1. It is apparent that
there has been little if any effort during Octobad November before 2006 and since 2006 there has
been zero effort in the months October-to-January.

Effort is recorded as “Hours-Fished” which recotle duration of the fishing trip for each tender-
set. Unfortunately this field has not been compldte all tender-sets (c.f. Figure 2), with the raen

of hours fished recorded for only 31,171 (93.8%}hef 33,235 records. The distribution of hours
fished for these records is shown in Figure 3. filmaber of recorded hours fished was between 0.15
hours and 96 hours, though was less than12 hou@8{8% of all records. All records (20) where
the recorded hours-fished was greater than 12 heere considered suspect due to possible
recording errors and as such only those recordsenthe hours-fished was 12 hours or less were
included in the analysis. A further two records veheffort was less than 0.5 hours were also
excluded. Note, the number of hours fished wasroszb as 24 hours for 315 records and was
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assumed to represent a “day’s” fishing. This letvtal of 30,831 records (92.8% of all tender-sets)
having a recorded effort between 0.5 and 12 haur&ufther analysis.

Table 1. Number of TVH catch records by year and month.

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC | TOTAL
2004 24 607 712 571 662 761 729 633 395 106 5200
2005 13 662 615 543 519 538 552 533 323 4 4302
2006 409 436 361 286 206 349 289 92 2428
2007 288 427 446 542 489 402 184 91 2869
2008 133 222 113 161 96 159 175 152 1211
2009 148 227 174 201 200 125 163 70 1308
2010 255 333 302 324 292 309 294 253 6 2368
2011 286 384 371 322 380 356 310 261 2670
2012 166 344 371 311 336 318 264 201 2311
2013 461 383 414 424 324 374 385 243 3008
2014 357 395 297 433 408 445 274 291 1 2901
2015 419 408 441 355 313 250 346 127 2659
Total 37 4,191 4,886 4,404 4540 4,343 4,368 3,850 2,499 0 7 110 | 33,235

Figure 2. The total number of TVH catch records each year and the number of records for which the
corresponding effort data is available. The percentage of records for which no effort is recorded is also shown
(right hand axis).
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Figure 3. Distribution of effort for the 31,170 records for which effort was recorded on TVH logbooks between
2004 and 2015.
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Figure 4. (a) The percent of total TVH catch each year caught by each fishing method, and (b) the mean
number of hours fished per tender-set for each fishing method.
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Finally, the percent of total TVH catch each yeaught by each fishing method, and the mean
number of hours fished per tender-set for eachingsimethod are shown in Figure 4.

Estimate of Annual Effort

Given the above data preparation and filteringftlewing process was adopted for estimating the
total annual effort:

1. First, an annual listing of the number of TVH ret®against the number of hours fished was
prepared (c.f. Table 2a). Records listed againsi heurs fished pertain to those where the
effort was either not recorded or was outside tbe®12 hour band used. The total number of
tender-sets for each year is also shown in thigtab

2. For those records where the hours-fished was redotite total number of hours fished for
these tender-sets was totalled. This result is ahamwthe Total Hours in Table 2b.

3. To account for those records where the hours-fistaesl not recorded, the total calculated in
the previous section was adjusted as follows:

66



12, NumberRecords;

Total H Adj) = Total H

otal Hours (Adj) = Total Hours « 12, NumberRecords;

This assumes that the distribution of hours -fisttedhose records where effort was not recorded is
similar to the distribution of hours -fished forode records where effort was recorded. Again, for
each year this result is shown as the Total Hod§ in Table 2b.

Table 2. Annual listing of (a) the number of TVHoeds against the number of hours fished. —
rounded to the nearest integer, and (b) unadjwstddadjusted total number of hours fished.

@
Hours-Fished 04 T 05 ' 06 ' 07 ' 08 ' 0 T 10 T 1 T 12 T 13 7T 14 T 15 Total
0 320 631 99 138 52 68 435 205 180 88 129 59 2,404
1 61 48 37 14 15 10 10 21 5 15 21 22 279
2 188 135 102 76 24 22 36 88 40 54 74 % 933
3 396 286 198 100 34 66 34 58 44 87 63 73 1,439
4 607 598 354 424 129 92 215 610 263 341 199 245 4,077
5 399 231 255 282 86 120 94 145 73 170 124 457 2,436
6 727 482 445 587 128 180 389 464 326 420 965 549 5,662
7 422 266 182 199 129 132 126 118 187 324 329 195 2,609
8 1622 1293 596 638 375 378 677 728 951 1080 744 733 9,815
9 337 251 37 267 143 127 91 70 207 318 129 186 2,163
10 69 81 123 144 9 113 261 156 30 111 95 44 1,321
1 7 0 0 0 2 0 0 1 4 0 24 1 39
12 45 0 0 0 0 0 0 6 1 0 5 1 58
Total Tender-Sets | 5200 4,302 2428 2,869 1,211 1,308 2,368 2,670 2,311 3008 2,901 2,659 | 33235
(b)
Total Hours 30,627 22,829 13,775 17,403 7,996 8484 13547 15216 14,721 19,994 18253 16,351 | 199,196
Total Hours - Adj [ 32,635 " 26,753 " 14,361 " 18282 " 8355 " 8949 " 16,596 " 16,481 " 15964 " 20,597 " 19,102 " 16,722 | 214,798

Figure 5. Estimates of unadjusted and adjusted total number of hours fished and number of tender-sets for
the TVH sector each year.
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The results of the above process are shown in E§uNote that the final adjusted effort shown for
each year (Total Hours-Adj) is only an estimatd &sdifficult to know how accurate the recording

of this effort is in the logbook (which is understbto relate to the time away from the primary
vessel). Nevertheless, the trends in both the dreft@t measured in hours fished or number of
tender-sets are similar.
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TIB Fishery

Docket-book Coverage

The Buyers and Processors Docket-Book (TDBO01), irsélde TIB sector of the Torres Strait rock
lobster fishery, records the catch sold by fist{fer®wn as sellers on the docket-book) at the end of
a fishing trip. However, unlike the logbook for tl®H sector of fishery, which requires catch and
effort data to be recorded for individual fishingeoations related to each vessel tender, the docket
book requires only aggregate catch and effort thelte recorded at the end of each trip. In pasicul
the docket-book records the transaction date, éineerof the seller together with details of the leatc
(in weight) and the price obtained. Additional infation is also provided regarding the vessel, the
number of crew, the number of days fished andi#herfg methods used. This information therefore
provides a measure of both the catch and efforafgiwen seller (or fisher) during a fishing trip.

However, there are a number of issues with the elels&ok system which create problems with using
this data for estimating the total catch and efiothe TIB fishery. These issues include:

i. The requirement that completion of the docket-bisadnly voluntary,
ii. The fact that catches recorded in the docket-lwamkalso be reported elsewhere, including
the TVH logbook,
iii. The fact that processors can also record catchekeirdocket-book, essentially creating
duplicates.
Given the duplication of catch information from bdthe TVH sector and processors which occurs in
the docket-book data, several filters are applethis data to remove these duplicates. In pagicul
records are removed from the docket-book where&t#ier-Type is recorded as ‘TVH’, the vessel-
symbol begins with an ‘F’ (as this indicates thesed is a TVH vessel), and where the Seller-Name
has been recorded as a processor. Further toitsess, several TIB boats only record their catch i
the TVH-related logbook (TRLO4) and these catclorés need to be transferred to the TIB database.

Docket-book Data Summary

Considerable effort has gone into understandingétere of both the docket-book and logbook data
so as to identify the catch records that shoul@gdsgned to the TIB fishery and a total of 66,644
catch records of Torres Strait rock lobsters hawe heen attributed to the TIB fishery covering the
years 2004 to 2015. The few docket-book recordénlyaay zero catch of lobsters are not included in
this total as it is assumed that other speciesimag been targeted on these trips.

The number of catch records and the associatedastiof the total catch of rock lobsters in the TIB
sector each year is shown in Table 3 and Figuféé.number of records has decreased significantly
after 2012. This is due to the fact that a sigaifigportion (43%) of the catch in 2013 was not réed

in the docket-book but instead was solely attridutetwo aggregate catch records added to the TIB
database to account for an additional 40,029 lalogr of whole lobsters and 5,746 kilograms of tails
received by processors. A similar situation alsouoed in both 2014 and 2015 when again two
aggregate catch records (representing around 5@be obtal catch for both years) were added to the
TIB database to account for catch received by msmes but not recorded in the docket-book. These
amounts were an additional 45,312 kilograms of whalbsters and 7,975 kilograms of tails for 2014
and an additional 56,133 kilograms of whole lolstard 7,759 kilograms of tails for 2015. Whether
or not other caches have also not been recordée mhocket-book during 2013-2015 or in other years
remains unknown.
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Table 3. Number of TIB database rows, distinct TIB Record Nos, and associated catch per year.

Rows in Unique Catch

Year Database |Record-Nos (kg) Tonnes
2004 6,053 4,636 234,808 235
2005 7,715 6,664 358,474 358
2006 4,907 4,084 152,259 152
2007 7,682 5,956 273,902 274
2008 7,374 4,821 216,937 217
2009 7,159 3,540 135,898 136
2010 6,891 3,097 190,669 191
2011 5,648 2,950 200,691 201
2012 3,652 1,394 168,561 169
2013 1,409 688 141,064 141
2014 4,029 1,852 148,538 149
2015 4,125 1,438 151,215 151
Total 66,644 41,120 2,373,017 2,373
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Figure 6. Number of TIB data rows, distinct TIB Record Nos, and associated catch (in tonnes) per year.
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Data Preparation and Filtering

Each catch record in the TIB data is associated aiRecord-No. While there are usually multiple
catch records associated with a given Record-Nerjafue the need to record separately the different
grades of fish sold pertaining to a single catthg, structure of the docket-book would seem to
indicate that there should be a unique Record-Ne&eh vessel, date and seller-name. However,
investigation of the data indicates that thereaten multiple Record-Nos associated for a given
vessel, date and seller-name. The reason for thedigle records remains unknown. In order to
identity the appropriate data for analysis, théofeing procedure was adopted:

1. The TIB data was aggregated over vessel-symbda,afad seller-name and where the vessel-
symbol or seller-name was null these fields wetess&Jnknown’. This resulted in a total of
39,688 aggregate records (known henceforth asrSetierds).

2. Only those Seller records having a unique Recordadce selected for further analysis —
accounting for 38,349 (96.93%) of all records idfeed in the previous step. It was assumed
that where the vessel or seller were unknown, gbkdction of only those records having a
unique Record-No limited the records chosen todlassociated with a single vessel and a
single seller.

3. Finally, those Seller records where the numberag&efished, method or the number of crew
were not unique were filtered out leaving a tofaB6,866 Seller records (95.4% of the total
above). This was done to help eliminate data eriidie area-fished was found to be unique
for each Record-No.

Unlike the TVH data where the measure of effoiasirs-fished, the measure of effort for the TIB
data is coarser, being days-fished. Furthermoré,aamnoted above, it has been assumed that each
selected Seller record pertains to the catch &iodt eff a single fisher (or seller) during a giviip,

i.e. it is assumed that the measure of effort (desfged) associated with each Seller record also
pertains to the actual effort expended by thaesetll obtaining the recorded catch. While the numbe
of days fished for each Record-No in the data igus there are instances nevertheless where for
the same vessel, date and seller there are muRpderd-Nos where the number of days fished is
different. An example is shown in Table 4, wheteohthe TIB data records associated with a single
vessel and a single date are shown.
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Table 4. An example of the TIB data showing albrels associated with a single vessel and a single
date. For each seller there are multiple Record-ahasfor each Record-No there are multiple catch
record, several for the same method, process-typggde.

RECORD_NO  OP_DATE CREW METHOD PROCES GRADE KGS_KEPT SELLERNAME  DAYS-FISHED AREA
1075486 25-May-08 2 MDH Whole M 7.58 Seller1 2 9
1075486 25-May-08 2 MDH Whole M 26.77 Seller1 2 9
1075486 25-May-08 2 MDH Tailed M 11.95 Seller1 2 9
1075486 25-May-08 2 MDH Whole M 42.02 Seller1 2 9
1075487 25-May-08 2 MDH Whole M 4.54 Seller2 2 9
1075487 25-May-08 2 MDH Whole M 7.17 Seller2 2 9
1075487 25-May-08 2 MDH Whole M 16.06 Seller2 2 9
1075487 25-May-08 2 MDH Whole M 25.21 Seller2 2 9
1075488 25-May-08 2 MDH Whole M 16.81 Seller3 2 9
1075488 25-May-08 2 MDH Whole M 10.7 Seller3 2 9
1075488 25-May-08 2 MDH Whole M 3.03 Seller3 2 9
1075488 25-May-08 2 MDH Whole M 4.78 Seller3 2 9
1075500 25-May-08 2 MDH Whole M 1.28 Seller1 1 9
1075500 25-May-08 2 MDH Tailed M 2.79 Seller1 1 9
1075500 25-May-08 2 MDH Whole M 9.55 Seller1 1 9
1075500 25-May-08 2 MDH Whole M 17.16 Seller1 1 9
1075502 25-May-08 2 MDH Whole M 5.73 Seller2 1 9
1075502 25-May-08 2 MDH Whole M 0.77 Seller2 1 9
1075502 25-May-08 2 MDH Tailed M 1.67 Seller2 1 9
1075502 25-May-08 2 MDH Whole M 10.29 Seller2 1 9
1075505 25-May-08 2 MDH Tailed M 111 Seller3 1 9
1075505 25-May-08 2 MDH Whole M 3.82 Seller3 1 9
1075505 25-May-08 2 MDH Whole M 0.51 Seller3 1 9
1075505 25-May-08 2 MDH Whole M 6.86 Seller3 1 9
1075508 25-May-08 2 MDH Whole M 19.69 Seller1 1 9
1075508 25-May-08 2 MDH Whole M 10.62 Seller1 1 9
1075508 25-May-08 2 MDH Tailed M 3.83 Seller1 1 9
1075511 25-May-08 2 MDH Whole M 6.37 Seller2 1 9
1075511 25-May-08 2 MDH Whole M 11.81 Seller2 1 9
1075511 25-May-08 2 MDH Tailed M 2.29 Seller 2 1 9
1075512 25-May-08 2 MDH Whole M 7.87 Seller3 1 9
1075512 25-May-08 2 MDH Whole M 4.24 Seller3 1 9
1075512 25-May-08 2 MDH Tailed M 1.53 Seller3 1 9

There are multiple records for three sellers andraber of questions arise. For example, why there

are multiple catch records pertaining to the samoegss-type and grade of lobsters for a single

Record-No? Why are there multiple Record-Nos ferdame seller for the same vessel-date? Finally,
why are the days-fished different for several & Becord-Nos for the same seller? If, as has been
assumed above, these records relate to a singlénémn perhaps some of the dates are incorrect.

Estimate of Annual Effort

Given the above data preparation and filtering, ianarder to account for the under-reporting of all
trips in the docket-book database, the followingcess was adopted for estimating the total annual
effort:

1. First, an annual listing of the number of Sellerarels against the number of days fished was
prepared (c.f. Table 5). Note: trips of duratioraer than 2-3 days have been recorded and
whether these are correct remains uncertain.

2. For those Seller records where the days-fishedobas recorded the total number of days
fished was calculated as follows:

16

Total Days = NumberSellerRecords; * DaysFished;
i=1

For each year this result is shown as the TotakDay able 5b.
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Table 5. (a) Annual listing of the number of Sellecords against the number of days fished. (b).
Unadjusted and adjusted total number of days figaeth year.

@)
Days-Fished 04 7 05 06 07 08 09 10 11 12 13 7 14 7 15 Total
0 688 407 336 345 165 89 110 217 240 411 223 118 3,349
1 3000 4752 2926 4652 3859 2716 2184 2303 650 39 1170 868 | 29,119
2 354 398 257 376 311 260 67 82 195 99 124 142 2,665
3 129 183 138 123 116 131 77 60 110 77 56 88 1,288
4 87 89 60 45 35 64 19 44 41 2 17 43 546
5 55 97 50 61 37 52 3 32 25 1 6 34 453
6 12 38 3 5 8 13 2 22 36 0 1 8 148
7 12 24 15 5 9 17 2 1 16 0 4 4 119
8 10 10 6 8 4 5 4 5 10 0 2 7 71
9 1 5 1 2 0 0 0 3 5 0 1 5 33
10 2 5 2 2 1 7 0 8 2 0 0 0 29
11 3 0 0 0 3 5 0 1 7 0 0 0 19
12 0 5 0 1 0 2 0 0 0 0 0 0 8
13 4 1 1 2 0 0 0 0 0 0 0 0 8
14 2 1 1 1 0 0 0 1 0 0 0 0 6
15 0 0 0 1 0 1 0 0 0 0 0 0 2
16 0 0 3 0 0 0 0 0 0 0 0 0 3
Total Records 4369 6015 3799 5629 4548 3362 2468 2,789 1,337 629 1,604 1,317 | 37,866
(b)
Total Days 5186 7,596 4,619 6492 5340 4546 2,698 3,364 2,209 481 1,743 1935 | 46,209
Total Days - Adjil [ 6,155 " 8147 " 5067 " 6916 " 5541 " 4670 " 2824 " 3648 " 2692 7 1,388 " 2,024 7 2125 | 51,198
Associated Catch| 222,383 323,821 141,831 257,763 206,942 130,102 153,349 191,052 166,062 76,493 68,315 68,721 |2,006,834
Total Catch 234,808 358,474 152,259 273,902 216,937 135898 190,669 200,691 168,561 141,064 148,538 151,215 |2,373,017
Total Days -Adj2 | 6,499 9,019 5440 7,349 5809 4878 3511 3,832 2733 2559 4402 4677 | 60,707

3. To account for those Seller-Records where the flaigd was not recorded, the total
calculated in the previous section was adjustefdlbsvs:

18, NumberSellerRecords;

Total D Adj1l) = Total D
otal Days (Adj1) = Total Days = 16, NumberSellerRecords;

This assumes that the distribution of days-fisloedHose Seller records where effort was not

recorded is similar to the distribution of daydisl for those Seller records where effort was

recorded. Again, for each year this result is shagithe Total Days-Adjl in Table 5b.

4. Finally, to account to the trips which were notaeted in the docket-book database, a final
estimate of the total number of days fished eaeln was calculated as follows:

Total TIB Catch
Associated Seller Catch

where the associated Seller catch relates to tlaé ¢atch pertaining to the 37,866 Seller records
identified previously. This assumes that the retathip between catch and effort for those TIB
records not recorded in the docket-books is simidahe relationship for those records recorded in
the docket-books. Again this result is shown ashibtal Days-Adj2 in Table 5b.

The results of the above process are shown in &iguNote that the final adjusted effort shown for
each year (Total Days-Adj2) is only an estimate iamsldifficult to know how accurate this estimate
is for each year. For example, the low effort eatenfor 2012 is no doubt influenced by the small
amount of data available for that year — only 2#&lle8 records had effort recorded. Finally, tmeet
series of annual effort is premised on the tot# atch data captured by AFMA by various means
(docket-books, logbooks, processors) and if thia @anot complete given the caveats on the data
mentioned previously then this this will impacttbie annual estimate of total effort.

Total Days (Adj2) = Total Days(Adj1) *
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Figure 7. Estimates of unadjusted and adjusted total number of days fished each year in the TIB sector.
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Appendix A. Annual Catch-Per-Unit-Effort
TVH Sector

Effort in the TVH-sector is recorded as hours fisbg a tender during each set. As indicated indabl
2 the hours fished for the majority of tender g8%.8%) are between 0.5 and 12 hours, while the
hours fished is not recorded for 6.2% of tendes.sEte effort recorded for the remainder of tender
sets (<0.5 or >12 hours) is considered not relialie annual total number of tender sets, assaciate
catch and corresponding catch-per-unit-effort (CIPtdE(a) all tender-sets and (b) those where effor
is between 0.5 and 12 hours is listed in Table Aflesthe CPUE for each of the data sets is displaye
in Figure Al.

Table Al. (a) Annual total number of tender-sets, associated catch (kilograms) and corresponding CPUE
(kilograms per tender-set) for all TVH tender sets, and (b) annual total number of tender-sets, associated
hours fished and catch (kilograms) and corresponding CPUE (kilograms per tender-set) and kilograms per
hour fished for TVH tender sets where effort is between 0.5 and 12 hours.

(a) All Sets (b) Sets fishing 0.5-12 Hours
Year N-sets Catch CPUE N-sets Hours Catch CPUE Kg/hour

04 5,200 481,118 92.5 4,880 30,627 456,700 93.6 14.9
[ 05 4,302 544,977 126.7 3,671 22,829 473,774 129.1 20.8
" 06 2,428 135,448 55.8 2,329 13,775 130,533 56.0 9.5
" 07 2,869 268,596 93.6 2,731 17,403 255,468 93.5 14.7
" 08 1,211 100,438 82.9 1,159 7,996 95,452 82.4 11.9
" 09 1,308 91,061 69.6 1,240 8,484 87,696 70.7 10.3
" 10 2,368 282,614 119.3 1,933 13,547 229,162 118.6 16.9
[ 11 2,670 503,533 188.6 2,465 15,216 455,579 184.8 29.9
[ 12 2,311 370,482 160.3 2,131 14,721 342,986 161.0 23.3
" 13 3,008 361,661 120.2 2,920 19,994 353,786 121.2 17.7
" 14 2,901 272,685 94.0 2,772 18,253 260,590 94.0 14.3
" 15 2,659 151,469 57.0 2,600 16,351 149,059 57.3 9.1

Figure Al. Annual CPUE (kilograms per tender-set and kilograms per hour) for (a) all TVH tender sets and (b)
tender sets where effort is between 0.5 and 12 hours.
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TIB Sector

Effort in the TIB-sector is recorded as the lengtleach fishing trip in days fished. As indicated i
Table 5 fishing trips of up to 16 days have beeomed in the TIB docket-book, though the majority
of trips (76.9%) are recorded as having a lengtondy one day. Whether or not the effort for trips
having a long duration is recorded correctly rermainknown. The annual total number of days
fished, associated catch and corresponding catchrpeeffort (CPUE) for trips having a duration
of (a) 1-8 days, (b) 1-3 days and (c) 1 day onlysiged in Table A2 while the CPUE (kilograms per
day) for each of the data sets is displayed infleiAR.

Table A2. Annual total number of days fished, associated catch (kilograms) and corresponding catch-per-unit-
effort (kilograms per day) for TIB trips having a duration of (a) 1-8 days, (b) 1-3 days and (c) 1 day only.

Trips 1 to 8 Days Trips 1-3 Days Trips 1 Day Only

Year Days Catch CPUE Days Catch CPUE Days Catch CPUE
04 6,601 227,048 34.4 6,601 200,027 30.3 5,105 158,711 31.1

" 05 8,374 355,355 42.4 8,374 295,808 35.3 6,669 240,578 36.1
[ 06 5,454 150,592 27.6 5,454 137,956 25.3 4,215 109,928 26.1
" 07 8,356 272,666 32.6 8,356 256,258 30.7 6,811 215,718 31.7
" 08 7,949 216,304 27.2 7,949 207,320 26.1 6,591 174,250 26.4
" 09 7,581 133,288 17.6 7,581 120,949 16.0 5,828 96,828 16.6
" 10 7,511 190,537 25.4 7,511 184,153 24.5 6,280 170,630 27.2
M 11 5,080 168,420 33.2 5,080 141,547 27.9 4,190 126,488 30.2
M 12 3,020 107,174 35.5 3,020 73,205 24.2 1,459 25,828 17.7
" 13 872 35,680 40.9 872 35,504 40.7 75 1,814 24.2
" 14 3,684 56,235 15.3 3,684 52,940 14.4 2,770 46,983 17.0
15 4,096 57,719 14.1 4,096 45,136 11.0 2,384 33,628 14.1

Figure A2. Annual CPUE (kilograms per day) for TIB trips having a duration of (a) 1-8 days, (b) 1-3 days and (c)
1 day only.
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