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EXECUTIVE SUMMARY

Horn, P.L.; Ballara, S.L. (2018. A comparison of a trawl survey index with CPUE series for hake
(Merluccius australig off the west coast of South Island (HAK 7)

New Zealandrisheries Assessment Report 2018 54p.

The 2017 west coast South Island hake assessment identified major conflicts between the two relative
abundance indices. An assessment model usilg the researchtrawl survey serieof relative
abundance estimatexlicated stock status 2017to be 26% B, while an alternative model usimgly

atime series oatchperunit-effortindices(CPUB estimated a status of 50%.B hisreport describes

an investigationof the available catch statisticand anecdotal information on any changebake

fishing practice,n an attempt to determine whether one of the swmarces of relative abundance
information wa more likely to represent trugest coashake abundance.

Alterantive CPUE series ereproduced o det er mi ne whet her anal yses of
could explain why the CPUE trend was different to that of the trawl suitveyas apparent that even
when removing midwater trawl data,usingonly fisherydatafrom thetrawl survey aregor analysing

fleets with consistent fishing gear and practice, the resulting CPUE trajectories were little different to
that produced for the entire fishery. The ove@G#HUEtrend was a decline from 2000 to about 2007,
followed by an increaséd(tsomeimes with another decline aftebout2012). A CPUEseries intened

to closely mirror the trawl survey databy using only bottom trawl tows conducted during daylight
hours from 2Qluly to 23 August each yeavas similar to, though monariablethan,theother bottom

trawl CPUE seriein the survey area. None of the CPUE series nealtalell with the research trawl
survey indces Further, anecdotal informatiallected during this projestuggestshataspects of the
fishing behaviour for hake have chaadgin ways that cannaasily be standardised for in CPUE
analysestherefore we concludtat it would be unwise to assume that any currently available hake
CPUE series from theest coast South Islarighery is a reliable index of fish abundance.
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1. INTRODUCTION

The HAK 7 (WCSI) stock was assessed in 2017 (Horn 2017). Two relative abundance series were
available: a series of four research trawl surveys conducted in 2000, 2012, 2013 and 2016, and a CPUE
series using observepllected towby-tow daa from 2001 to 2015. Previous hake assessment projects
have investigated a variety of CPUE series using data since 1990, but because of known variations over
time in the fishing behaviour and catch reporting behaviour relating to hake it was believiba that
post2001 observer series, incorporating catch data after the establishment of the deemed value system,
was the least likely to be biased. The previous HAK 7 asssgstompleted in 2013 (Horn 2013ad

only the first two research survey points avddaland there was no apparent conflict between the
survey and CPUE relative abundance series.

The 2017 assessment, however, found major conflicts between the two series (Horn 2017). The series
of four comparable surveysferred asteady declindrom 2000to 2016 (although there are no points

in the series from 2001 to 201 3yhilst the CPUE series declined from 2001 to about 2008 but has
steadily increased since then. Consequently, assessment models using each of the two series separately
produce markedldifferent outcomes: a current stock status of 262Ben based on the surveys, or

50% B when based on the CPUE.

Both abundance series have shortcomings. The survey series is sparse, has a long gap between the first
and second surveys, and does notcdtlve entire area off WCSI where hake are known to be relatively
abundant. The CPUE series is based on commercial catches which can be influenced by many factors
not related to hake abundance. In particular, changes in fishing technology and in theci@mmer
(economic) desirability of hake are not captured in the QMS effort statistics, and so cannot be
standardised for in any CPUE model. It was considered desirable to further investigatailtise

catch statistigsand anecdotal information on any obas in hake fishing practica an attempt to
determine whether one of the two available relative abundance series is more likely to represent true
hake abundan¢and therefore, which of the two assessment scenarios should be given primacy in the
managenent of west coast hake.

This report fulfils thereportingobjective ofa variation toProject DEE20&09 fiTo update the stock
assessment of hake, including biomass estimates
Primary Industries.

1.1 Abundance series used in 2017 assessment

The trawl survey and CPUE relative abundance series used in the 2017 assessment are listed in Table
1. Brief descriptions of the derivations of these series are as follows.

A combined trawl and acoustic survey bgngaroai n 2000 ( O6 Dr i scol | et al
(with some modifications) ithewinters 0f2012 2013 an®016(O 6 D r i &Ballarh 201§, so afour

year comparablérhe seriesvas available (Tabl&). Thebiomass estimates from tfaur surveyswere
standardised using random daye bottom trawl stations in strat& 2A, B, and C, andA, B, and C

(core strata in depths 30860m), with stratum areas from the 2012 surv€yd D r i & Batlaral

2018. Since the initial survey, additional shallowand deeper strata have been added, but the
abundance series used in the assessment modelling related only to the core strata common to all four
surveys.

A standardised CPUE series from thewl fishery in HAK7 was developedsing data to the end of
the 2014i 15 fishing year Ballara 208). The seriesused observer datallected since 200ftom the
winter trawl fishery primarily targeting hokiThis wasthe seriexhosen by the DeepwatEisheries
AssessmentVorking Groupfor inclusion inthe most recerdgssessment (Horn 2017)dn theprevious
assessmenHrn 2013. It was believed that this seriéscorporating catch data after the establishment
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of the deemed value system, was the least likely to be Higsgthngesn fishing behaviour and catch
reporting behaviour (Ballar2013.

Table 1: The relative abundanceindices (and associatedCVs) used inthe assessment othe WCSI hake
stock (from Horn 2017).

Year

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Trawl survey CPUE
Index Ccv Index Ccv
803 0.13 T )

T ) 0.95 0.04

I ) 213 0.04

I ) 0.94 0.07

I ) 0.98 0.04

I ) 0.80 0.04

T ) 1.00 0.04

T T 0.71 0.06

| ) 0.44 0.05

I T 0.36 0.06

| ) 0.72 0.06

| ) 1.18 0.05

583 0.13 1.24 0.04

331 0.17 1.35 0.03

T ) 1.03 0.03

T ) 1.15 0.03
221 0.24 T )

The MPD model fits to the relative abundasegies, along with the estimated biomass trajectories are
shown for the CPUE series in Figure 1 and the trawl survey series in Figure 2. The resulting differences
between the two model runs in the biomass trajectareesnarked and clearly contradictory.
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Figure 1. Estimated hiomass trajectoryand modelfits to the trawl fishery CPUE series Dots represent the

observedrelative abundance series points.
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Figure 2: Estimated biomass trajectory and model ifs to the trawl survey series Dots represent the
observedrelative abundance series points.

The CPUE series used in previous assessment modelling had been derived using data from both bottom
and midwater trawling conducted over the area of the entir&Mi@ke fishery. The research trawl
survey series had sampled a subset of the entire WCSI hake area, using bottom trawl only during
daylight hourg(Figure 3) The intent of the work described below was to determine whether CPUE
series derived using setsdifta more in line with the area and fishing method of the trawl survey would
produce trends comparable to those of the trawl survey series.
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Figure 3: Density plots ofall commercial hake catches from TCEPR towby-tow records for target hake
and hoki tows from fishing years1999 2000to 2015 16 combined.WCSI trawl survey strata are
shown for the core stratafrom 300i 650m for strata 1&2 and 4 (black lines). Stratum depth bands
are 300430 m, 430500 m, and 500650 m for both strata. The 500m and 1000m isobaths are also
plotted (light blue lines).
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2. METHODS
2.1 CPUE series

Using the QMS databasmultiple CPUE series were producénl determire whether tracating the

fishery area to equal the survey araagbr removing midwater trawl towsould explainwhy the

CPUE trendvas different to that of the trawl surve&yneseries aimed to most closely approximate the

trawl survey data by using only bottom trawl tows conducted during daylight fioor20 July to23

August each year. The date range comprises the earliest and latest start and finish dates of any of the
2012, 2013 and 2016 surveys

2.1.1 Data extraction and grooming

Catcheffort, daily processed, and landed data were extracted from the MPiettthdatabase
Awar ehouo 88Gandeonsist ahatl tishirlg @nd landing events associated with afssting

trips that reported a positive catch or landing dfihilake, or ling fom fishing years 19890 to 2015

16. This included all fishing recorded on Trawl Catch, Effort and Processing Returns (TCEPRS); Trawl
Catch Effort returns (TCERSs); Catch, Effort and Landing Returns (CELRs); LCER (Lining Catch Effort
Rewurn); LTCER (Lining Trip Catch Effort Return); NCELR (Netting Catch Effort Landing Return);
and included high seas versions of these forms.

Data were checked for erroemd groomedysing simple checking and imputation algorithms similar

to those used bgallara & O'Driscoll (208). Thegrooning algorithmsweredeveloped in the statistical

sof t ware package O6R6 ( R.InDwduattbwsvpereinvestiga®@o aneéerrdie am 2 0
were corrected using median imputation for start/finish latitude ragitwde, fishing method, target
species, tow speed, net depth, bottom depth, wingspeeation, and headline height for each fishing

day for a vessel. Range checks were defined for the remaining attributes to identify outliers in the data.
The outliersvere checked and corrected if possible with mean imputation on larger ranges of data such
as vessel, target species and fishing method for a year or month, or the record was removed from the
dataset Statistical areas were calculated from positions wherset were available. Transposition of

some data was carried out (e.g., bottom depth and depth of hetjowby-tow commercial catches

of hake were corrected for possible misreporting, using the method of Dunn (2003).

Hake trawl data can be recordedl®@EPR, TCER, or CELR forms. TCEPR and TCER returns contain
tow-by-tow data. CELR returns oftemmea | g amat e a day 0 bknedfdatgboisongofi nt o a
the data on individual tows may be lost (e.g., duration, towing speed, bottom depth, gear dimensions).
Only TCEPR data was used in the analyses as there was found to be little difference between CPUE
indices including or excluding TCER dataalira & Horn 2011).

TCEPR forms record towy-tow data and summarise the estimated catch for the top five species (by
weight) for individual tows. The daily processed part of the TCEPR form contains information
regarding the catch that was processetidthg. The processed fish are weighed and a conversion factor
(depending on processing type) allows the weight of the fish before processing (i.e., green weight) to
be estimated. Trawl vessels over 28 m used TCEPR forms.

2.1.2 Variables

Variables used ithe CPUE analysis are described in Tébdad are generally similar to those used in
previous analyses (e.@Ballara 2018 CPUE indices were calculatedingcatch per towor tow-by-

tow data, or catch per vesshy for daily processed dataith tow durationoffered as an explanatory
variable.Yearwas a categorical variable and definedlasé Septembeas this is when most of the
catch was takefromthe WCSI. Season variablesonthandday of yeamwere offered to the model.
Hoki trawling uses botbottom and midwater gear, 8ten data from both methods were used in an
analysis methodwas offered as an explanatory variable, although midviates were additionally
classifiedaseithermidwater trawl, or midwter trawl fished on the botto(he., if recorded net depth
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was within 5m of recorded bottom depthGear width was not used as an explanatory variable as this
field in the TCEPR variously contained wingspread and doorspread measuremeétsnceheadline

height was the only trawl gedimensim variable offered to theodel. Individual vessel details were
checked for consistency each year. Tow records with no vessel identification data were excluded from
further analysesVesselwas incorporated into the CPUE standardisation to allawdifferences in

fishing power between vesseFor the estimated catdly-tow analysesall variables were included.

For thedaily processed catch analysssart time andtime mid(mid time of tow) were not included
because they were unavailalidmtewas included in the processed catch rupeas andmonth orday

of year

Table 2: Description of variables used in the CPUE analysis for the estimated tely-tow datasetand the
daily processed dataset. Continuous variables were fitted as third order famomials except for tow
duration which was offered as both third and fourth order polynomials.*, response variable.

Variable Type Estimated tow-by-tow catch dataset Daily processed catch dataset
Year Categorical Year (JunéOctober) Year(Juné October)
Vessel Categorical Unique (encrypted) vessel Unique (encrypted) vessel identificatior
identification number number
Statarea Categorical Statistical area Main datistical area
Subarea Categorical Defined by fishing effort distribution  Defined by fishing effort distribution anc
anddepth fora tow(see Horn 2008)  depth for a given dafsee Horn 2008)
Effort Continuous 1 Number of tows for a given day
Primary Categorical Fishing method foa tow(BT is Fishing method for a given d4BT is
method bottom trawl; MB is midwater trawl  bottom trawl; MB is midwater trawl
within 5 m of the seabed; MW is within 5 m of the seabed; MW is
midwater trawl) midwater trawl)
Tow duration  Continuous Duration of tow (hrs) Duration of all tows (hrs) on a given da
Tow distance Continuous Distance of tow Distance of all tows on a given day
Distance2 Continuous Distance of tow (speed in knots Distance (as speed x duration) of all
duration) tows ona given day
Headline Continuous Headline height (m) of the net fora  Median headline height (m) of the net ¢
height tow a given day
Bottom depth  Continuous Seabed depth (m) for a tow Median seabed depth (m) on a given di
Speed Continuous Vesselspeed (knots) for a tow Median vessel speed (knots) on a givel
day
Net depth Continuous Net depth (m) for a tow (depth of Median net depth (m) on a given day
ground rope) (depth of ground rope)
Vessel Continuous Number of years theessel has been  Number of years the vessel has been
experience involved in the fishery involved in the fishery
Twin trawl Categorical T/F variable for a vessel that used a T/F variable for a vessel that has used
vessel twin trawl in that tow twin trawl that day
Catch Continuous Estimated green weight of hake (t)  Estimated green weight of hake (t)
caught from a tow caught on a given day
Longitude Continuous Longitude of the vessel for a tow Median longitude of the vessel on a
given day
Latitude Continuous Latitude of thevessel fora tow Median latitude of the vessel on a givel
day
Target species Categorical Target species of tow Main target species on a given day
Date Continuous Date of the tow Date the fish were processed
Month Categorical Month of theyear Month of the year
Dayofyear Continuous Day of the yearstarting at 1 January Day of the yearstarting at 1 January
Time start Continuous Start time of tow T
Time mid Continuous Mid time of tow T
CPUE* Continuous Hake catch (t) per tow Hakecatch (t) per tday
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2.1.3 Data selection

The data used for each CPUE analysis consisted of all records from core vessels that targeted hoki or
hake. Vessels not involved in the fishery for at least two years were excluded because they provided
little information for the standardisations, whichutbresult in model ovefitting (Francis 2001)Data
wereinvestigated for level of catch and effort for different years of vessel participation in the fishery,
and t hus CPUE analyses wer e undertaken for i c
approxmately 80% of hake catches in the defined fishery and were each involved in the fishery for a
significant number of year3.0 ensure that the data were in plausible ranges and related to vessels that
had consistently targeted and caught significant lgsdiof hake, data were accepted if all the
constraints werenet (Table3). The definitions of the siiitial CPUE series derived are listed in Table

4 (dataseg & f), along with the criteria used to select vessels that were responsible for abouttB8% of
catch.Dataset d is theeries aimed to most closely approximate the trawl survey data

As a consequence of feedback received from fishing industry representatives, two additional CPUE
series were derived for two distinct fleets, i.e., Korean flaggedels using bottom travd target hake

and Ukrainian flagged vessels using midwater trawvtarget hokibut with a hake bycatdTable 4,
dataset g and h)These vessel stdets were chosen as it was believed that, within each fleet, fishing
had bea carried out in a consistent wap, relatively consistent areas, awith little change in gear
technology. Data constraints for these fleets are listed in Table 5 (showing where they differ from the
tow-by-tow constraints for the six initial analysesTiable 3).

Table 3: CPUE data constraints for each dataset.

Data source TCEPR daily processed TCEPR tow-by-tow

Year range 2000 2016 2000 2016

Year definition Juné September Juné September

Statistical areas 034, 035, 036 034, 035, 036

Method MW, MB, BT MW, MB, BT

Targetspecies HOK, HAK HOK, HAK

Core vessel selectior About80% of catcHand see Table 4) About 80% ofcatch &nd see Table 4)

Catch <80t <50t

Bottom depth 300900 m 300900 m

Duration 0.2 24 hours 0.2 15 hours

Latitude 40143.5 S 40i143.5 S

Other Exclude days with misreported tows Exclude days with misreported tows
One vessel removed (odd behaviour) One vessel removed (odd behaviour
PSH tows removed (11 in 2014) PSH tows remove(l1 in 2014)

Exclude days with both BT and MW trawl

Table 4: Definitions of the data sources used in thderived CPUE series for WCSI hake.

Data Fishing Area Catch derivation Core vessel definition
set  method

a BT & MW Research survey are Tow-by-tow O 8 year s v e sistewslyeara
b BT & MW Non-survey area Tow-by-tow O 8 years vessel pa
c BT only Research survey are Tow-by-tow O 8 years vessel p a
d BT only Research survey are Tow-by-tow, O 8 years vessel p a
0800 1800NZST
20Juli 23 Aug
e BT only Non-survey area Tow-by-tow O 6 years vessel p a
f BT & MW Research survey are Daily processed O 7 vy ese padicipatiers all daygéar
g BT Korea All WCSI Tow-by-tow Korean,10 years patrticipation in the fishery
h MW Ukraine All WCSI Tow-by-tow Ukrainian, 8 7 vessels in thelataset
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Table 5: CPUE data constraints forthe Korean and Ukrainian fleet datases, showing any differences to
the other tow-by-tow analyses

Data source Korean fleet Ukrainian fleet

Year range 2003 2016 2000 2016

Statistical areas 034, 035 034, 035

Method BT, headline < 18n MW,headl ime O 18
Targetspecies HAK HOK

Core vessel selectior Vessels in théishery for 10 years (7 vessels) All 7 vessels in thelataset
Catch <50t < 25t

Bottom depth 400i 900 m 250 750 m

Vessel length <60m >100m

Tows outside trawl  44% 72%

survey area

Catch outside trawl  42% 95%

survey area

The use oflaily processed catch from the TCEPR processing summaries to estimate catch and derive
CPUE indicesvas developed to account faniangs over timein the recording of the top five species

on the top of the TCEPRBy Phillips 005) CPUE indicesverederived from daily processed catch
reported on ta TCEPR processing summarassdone in the pagt.g.,Ballara 2013, 2015 Total daily
processed catch was calculated from the daily processing summaries of the TCEPR forms and merged
with the combined tovby-tow data. Dw-by-tow commercial catches of hake wearembined into
vesselday summary record€atch data from the daily processing summaries for a vdagelvere
excluded from further analyses if the vesday was identified as having a misreportatch in any of

its associated tovwy-tow data.Days with both botim and midwater tows were excluded from the
analysis.The variable vesse&lay from the combined toly-tow data and the daily processing summary

was used to link the dafar various variales The location and depth of fishing were defined as the
medi an value of these variables for the dayods f
tows. Target species associated with the daily processed catch data is not reporteardetrspeties

was defined as the most common target species specified in tHe/tow data. Vessalays that

targeted either hake or hoki on any tow but did not process any hake were considered to be a zero day.
Both hake and hoki target tows were saldctas hake form a significant and important bycatch of the
more dominant hoki fishery.

2.1.4 The model

Annualunstandardised (raw) CPUE indices were calculated as the mean of catch per tow (kg) for tow
by-tow data, or catch (kg) per vessiay for daily processed data. All series used the lognormal
distribution for the positive catch model. A binomial model based on the presence/absence of hake in
each data set was also calculated, with the two models combined using thegielteal method to
providethe final series (Vignaux 1994). Estimates of relative year effects were obtained from a stepwise
multiple regression method, where the data were fitted using a normal model having log transformed
nonzero catckeffort data. A forward stepwise multipiegession fitting algorithm (Chambers &

Hastie 1991) implemented in the R statistical programming language (R Development Core Team 2016)
was used to fit all models. The algorithm generates a final regression model iteratively and used the
year term as thanitial or base model in all cases. The reduction in residual deviance (denoted r2) was
calculated for each single term added to the base model. The term that resulted in the greatest reduction
in the residual deviance was then added to the base modet thleechange was at least 1%. The
algorithm was then repeated, updating the base model, until no more terms were added. A stopping rule
of 1% change in residual deviance was used because this results in a relatively parsimonious model
with moderate explanary power.Alternative stopping rules or error structures were not investigated.

Model fits to the lognormal component of the combined model were investigated using standard
residual diagnosticdzor each model, a plot of residuals against fitted vadureksa plot of residuals
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against quantiles of the standard normal distribution were produced to check for departures from the
regression assumptions of homoscedasticity and normality of errors-spdog (i.e., logormal
errors).For the binomial compant, model fits were investigated visually using randomised quantile
residuals (Dunn & Smyth 1996). Randomised quantile residuals are based on the idea of inverting the
estimated distribution function for each observation to obtain exactly standard mesidakls. For
discrete distributions, such as the binomial, some randomisation was introduced to produce continuous
normal residuals.

Predictor ariables were either categorical or continudine variableyearwas treated as a categorical

value so thathe regression coefficients of each year could vary independently within the model. The
relative year effects calculated from the regression coefficients represent the change in CPUE through
time, all other effects having been taken into account, andseamirea possible index of abundance.
Yearwas standardised to the first year of the data series. Year indices were standardised to the mean
and were presented in canonical form (Francis 199&gntialcontinuous variables were modelled as
third-order polynomials, although a foustinder polynomial was also offered for duratitmteraction

terms with method were used as there was more thafisbrieg method in the dataseé¥esselwas
incorporated intahe CPUE standardisation to allow for differences in fishing ability between vessels.
The CVs represent the ratio of the standard error t€€fPIdE index. The 95% confidence intervals

were also calculated for each index.

Unstandardised CPUE was alsoided for each year from the availaldataset. The annual indices
were calculated as the mean of the individual daily catch (kg) for trawl processed data, or catch per tow
(kg) for tow-by-tow data.

The model predictors for each selected variatdee pldted with all other model predictors fixed.
These fixed values were chosen to be oO6typicald
method). If different fixed values were chosen, dbsolutevalues on th@lottedy-axis would change
butthetrendwould be unchanged.

The influence of each variable accepted into the lognormal models was described by cadefficient
distributiori influence (CDI) plots (Bentley et al. 2012). These plots show the combined effect of (a)
the expected log catch feach level of the variable (model coefficients) and (b) the distribution of the
levels of the variable in each year, and therefore describe the influence that the variable has on the
unstandardised CPUE and that is accounted for by the standardisation.

2.2 Information on changes to fishing practice

Attempts were made to establish whether the fleet or fishing behavidue ofain participants in the
HAK 7 trawl fishery hacthanged sincabout2010. This information asderived by directly querying
fishing industry participantgi.e., fleet managers, skippers). The participants were asked if they were
aware of any changes in fleet or fishing behaviaurin the behaviour of fishthat might have
influenced the size ordquency of catches from this fishery in the last@Byears. In particular:

1 Were vessels instructed to try to avoid, or conversely to target, hake?

i Were there changes in fishing gear or technology that made it more/less likely that hake
would be caught?

1 Were there changes in trawling behaviour that made it more/less likely that hake would be
caught?

1 Have skippers perceived any changes in the behaviour or distribution of hake off WCSI?

The information sought aimed to investigate fishery changeardat recorded in any way on TCEPR
forms, but thamight haveinfluencel hake catches. The information received was reportednaya
that maintains anonymity eéspondentand companies; it simply comprssz summary lisof changes
or potential influencethat haveoccurred.
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3. RESULTS

3.1 CPUE analyses

CPUE series for trawgdaught hakérom theinitial six datasets described in Tablaré presenteldelow.

None of these series is the same as that used in the previous stock assessment; that series is shown in
Table 1 and Figure Data summaries, characterisation data, and Cétalysis details andiagnostics

are shown in Appendix Al-or each standardised OE analyss, the estimated catch bbke, number

of tows fow-by-tow data) or vessalays (daily processed data), proportion of zero catches, the number
of vessels involved, and unstandardised CPUE by year for the initial and core datasets are given in
Appendix A, Table Al with CPUE indices in Table AZishery characterisation data are shown in
Figure A2. For each CPUE analysis, catch and efiata (Figure A3), unstandardisand standardised

CPUE trajectories (Figure A4), the effects of adding &mlubtl variables (Figure A5omparisons of
lognormal,binomial, and delta lognormatajectories (Figure A6) are also presented. Diagnostics for
each CPUE series comprise effect and influence plots (Figure A7), expected variable effects (Figure
A8), and esidual plots (Figures A9 and A10).

The variables retained in each modellated in Table 6and the CPUEerkes ardllustrated (and can

be compared to the trawl survey seriedyigure 4 The final lognormal models explained a relatively

high propotion of the variance (i.e., at least 55%, and up to 71%). The retained variables exhibited
many similarities across the six models (Table 6). Duration was included in all except the daily
processed catch model, and was the most important variable ineatlottom trawl towby-tow

analyses. There was a reasonably strong vessel effect in all analyses, and bottom depth, target species
and locational variables were also retained in most analyses. In the binomial models, depth of net was
consistently the mostriportant variable, with the vessel effect and positional variables also retained in

all models (Table 6). The binomial models all explained at least 27% of the variance.

The four CPUE seriethat wereproduced using catch and effort data from the tramwlesuareaonly
(datasets a, c,& f) all exhibit the samgenerakhape, i.e., a decline from 2000 to akizQ@7, followed

by an increase to a plateau from 2011 to 2013, and a subsequent decline but with the 2014 point being
notably depressed (Figure Zhe series intended to most closely resemble the trawl survey data (i.e.,
dataset) is more spiky than the other three owing to fewer data (see Figurevididhigh values in

2011 and 2015. However, this series and the other three datasets from theutraayl area do not

match well with the research trawl survey index (Figurdt£puld be argued that the two bottom and
midwater trawl series in the survey area (datasets a & f) have declining trends from 2012 to 2016 that
match the research survey deelover the same perioilhe CPUE series produced using catch and
effort data fronthe nonrsurvey area (dataset®de) also exhibit the same general shape, i.e., a decline
from 2000 to 2008, followed by an increase, but to a lower level than at thefdtartseries (Figure

4). These two series differ from the survey area CPUES in that they do not exhibit the high plateau from
2011 to 2013. They also do not match the research trawl survey index series (Figure 4).
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Table 6: Variables retained in order of decreasing explanatory value by each model for each dataset, with
the corresponding totalr? value. Alphabetic table identifiers (ai f) relate to the datasetidentifier in
Table 4. BT, bottom trawl; MW, midwater trawl.

Lognormal Binomial
Variable r? Variable r2

(a) TCEPR tow-by-tow, BT or MW, survey area

Year 4.02 Year 2.28
Depth of bottom 40.23 Depth of net 30.84
Vessel 50.49 Vessel 33.96
Target species 55.18 Latitude 36.02
Latitude 57.81
Mid time of tow 59.14
Method : Duration 62.82

Method : Headline height 64.15

(b) TCEPR tow-by-tow, BT or MW, non-survey area

Year 4.04 Year 1.94
Vessel 40.34 Depth of net 17.71
Target species 48.59 Vessel 24.23
Depth ofnet 51.41 Latitude 25.39
Method : Duration 54.75 Method : Duration 27.26

(c) TCEPR tow-by-tow, BT, survey area
Year 3.37 Year 5.08
Duration 45.88 Depth of bottom 30.79
Longitude 55.41 Day of year 32.95
Vessel 61.08 Latitude 34.19
Target species 63.43 Vessel 35.45
Mid time of tow 65.55
Depth of bottom 67.84
Day of year 68.84

(d): TCEPR tow-by-tow, BT, survey area, day time, survey date range
Year 8.92 Year 10.45
Duration 51.90 Depth of net 24.70
Longitude 62.71 Vessel 27.83
Vessel 67.95 Longitude 29.36
Target species 70.06
Depth of bottom 71.17

(e) TCEPR towby-tow, BT, non-survey area
Year 5.87 Year 4.93
Duration 40.21 Longitude 24.31
Target species 47.48 Depth ofnet 34.23
Longitude 51.08 Vessel 38.71
Vessel 54.59 Target species 39.94
Mid time of tow 55.82

(f) TCEPR daily processed, BT, survey area
Year 6.60 Year 5.33
Depth of bottom 52.97 Depth of net 21.95
Day of year 59.45 Day of year 24.67
Vessel 61.75 Vessel 27.63
Distance2 63.76 Statistical area 29.31
Statistical area 65.42 Duration 30.49
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TCEPR tow-by-tow, combined models
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Figure 4: Comparisons of indicesfrom the six initial datasets (datasets & in Table 4), and the research
trawl survey series All series are scaled to have a mean of 1 (shown by the horizontal dashed line).
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Additional CPUE series were derived from hake catches taken by the Korean and Ukrainian fleets. As
well as the differences in the fishing methodology (targeting hake witbrbdtawl by the Korean
fleet, and targeting hoki with midwater gear by the Ukrainian fleet), there were also marked differences
in areas fished (Figure 5). Over half of the Korean catch and effort was in the trawl survey area, with
most deeper than 500, whereas most of the Ukrainian effort and almost alto€atch was outside
the trawl survey area and concentrated to the south and west of the Hokitika Trench (Table 5).

The variables retained the twomodek arelisted in Table 7Duration wasmoderately important in

all models, but most particularly in the Korean binomial analysis. Year explained more variance than

any other variable in both the lognormal modélst the start time of the tovand tow duratiorwere

also very influential in the &rean analysiDepth of net was influential in the Ukrainian analyses; for

a fleet targeting hoki, the chances of catching hake will generally be greater in deeper tows (e.g., see
Figures A7a and A7bJ.he vessel effect itheseanalysesvas importantbut less so than in the previous

6al l fleetd anal yses, as might be expected givel
consistent within each of the Korean and Ukrainian fleets.

The two CPUE series aiiustratedin Figure 6. The appamné trends were very similar to those
presented previously (see Figure 4) for the o6all

Table 7: Variables retained in order of decreasing explanatory value by each model fahe Korean and
Ukrainian fleet datases, with the corresponding btal r? value. Alphabetic table identifiers (gi h)
relate to the dataset identifier in Table 4. BT, bottom trawl; MW, midwater trawl.

Lognormal Binomial
Variable r? Variable r2

(g) TCEPR tow-by-tow, BT, Korean, HAK target

Year 15.33 Year 7.31
Start time of tow 29.03 Duration 26.83
Duration 38.09 Depth of bottom  33.80
Vessel 43.12 Vessel 39.54
Longitude 45.49 Day of year 44.55
Day of year 46.70 Distance 45.67
(h) TCEPR tow-by-tow, MW, Ukraine, HOK target
Year 15.86 Year 5.87
Depth of net 19.17 Latitude 17.99
Duration 22.70 Depth of net 22.24
Latitude 25.71 Vessel 25.61
Vessel 28.51 Duration 26.82
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Figure 5: Density plots of hake catches by the Korean and Ukrainian fleets during the period®vered by
the CPUE analyses of these fleets. The trawl survey stratum boundaries are also shoflutack
lines, see Figure 3 for descriptions), as aréé 500m and 1000m isobaths (light blue lines)
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TCEPR tow-by-tow, combined models
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Figure 6: Upper paneld CPUE series for the Korean Iottom trawl fleet and datasetc (bottom trawl, survey
area). Lower paneld CPUE series for theUkrainian midwater trawl fleet and dataset a (bottom
and midwater trawl, non-survey area).The research trawl survey series is alsplotted on both
panels All series are scaled to have a mean of 1 (shown by the horizontal dashed line).

3.2 CPUE summary

Multiple CPUE seriesising QMS data since 20Q@@ere producedto determine whethexnalyses of
subsets of tcoul explair why the ICRRUE tramhsdddferemt to that of the trawl survey

It was apparent thaven wherremoving midwater trawl data, or restricting the fishery ardaetibe

same ashe trawl survey area, or analysing separate fleets with condisteng gear and practice, the
shges of the resulting CPUE trajectoriésither lognormal or combined indiceshowed little
differen@to that produced for thentire fishery byBallara (2018. The overall trend was a decline from
2000 to about 2007, followed by an increase (and sometivit another decline after 2013). There
were slight differences between series derived from the trawl survey area as opposed tsuineeyon
area.The trawl survey areBPUE series exhibit a decline from 2000 to about 2007, followed by an
increase to plateau from 2011 to 2013, and a subsequent decline but with the 2014 point being notably
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depressed. The CPUE series produaegdife nonsurvey area exhibit a decline from 2000 to 2008,
followed by anincreaseThenon-survey areaeries do not exhibihe high platau from 2011 to 2013.

The series intened to most closelynirror the trawl survey data by using only bottom trawl tows
conducted during daylight hours from 20ly to 23 August each yeamrs similar to, though more spiky

than, the other bait trawlCPUEseries in theurvey areal he analyses using data from single fleets

were also |ittle dif fTeeramalysis uding daidy pratessea datamahé survdy | e e t
area (which should have accountedany changes in seartimes associated with targeting hake) was

little different to the comparable tely-tow seriesNone of the CPUE series match well with émgire

research trawl surveseries

It was apparent that the plots showingitifeience ofparticularvariables (i.e., target species, néépth

or bottom depth, and tow duratiooy unstandardised CPUE by fishing yead trends similar to the
CPUE series (Figures AVATf). In general, from about 2005 to 2010 there was more hake targeting,
in deeper waters, withohger tow duration, than either earlier or later in the series, and these
characteristics hadstronginfluence on hake CPUE, and resulted in lower CPUE indices.

3.3 Changes to fishing practice

The following is alist of comments related tavhether thefleet or fishing behaviour ofhe main
participants in the HAKZ trawl fishery hadchangedn ways that might have influenced the size or
frequency of hake catches from this fishery in the [a$08/ears.

Fleets and gear
1 The New Zealand flagged fleet has been more variable (in terms of vessel characteristics, gear,

and behaviour) than some of the foreign flagged fleets. The Korean and Ukrainian fleets were
identified asgroups of vessels thhtd fished and behaved relagily consistently over the last
10 years.

1 At the start of this investigation period, but more particularly before it (i.e., before 2008), hake
was regularly targeted by Russian/Ukrainian, Japanese, Korean and Polish fleets southwest of
the Hokitika Trenchri depths of about 708. Since 2008, hake targeting in that area has been
conducted almost exclusively by the Korean fleet, probably because they have a lower cost
structure than other fleets, and the catch rates ofthakeare too low for other vessélgets
to target it economically.

T Some vessel s haevweand merdadditchailsl yh adkree t ar get ar e
stayed for long because the availability of hake was still deemed insufficient to be economically
viable.

1 Some vessels targetitgpki were directed to avoid areas where the Korean fleet was fishing
(thus reducing their chance of takingignificanthake bycatch).

1 Some vessels targeting hoki were directed to shift to a different fishing area if their percentage
hake bycatch wadeemed to be higher than the company desired.

1 In some years, some vessels stayed longer in the squid fishery, thus arriving later for the hoki
target fishery.

1 In generalthere was little indication of any major changes in technology (i.e., fishing gear or
electronics) that would have markedly altered CPUE.

1 Changes in net technology have been related primarily to materials used (i.e., lighter twine
sizes). No comments were received as to whether this might alter CPUE.

Hake behaviour
1 The depth distributiof hake varied between yeaiis:some years they were more abundant
in deeper waters, in others there were more hake shallower, particularly close to the Hokitika
Trench at the end of the hoki season. In some years it was considered possible thatmeuch of t
hake population was inside the 25 n.mile line south of the Trench.
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1 The extent of hokhake mixing varied between years, producing different proportions of hake
bycatch when targeting hoki.

1 In years (or times of the year) when hoki were relatively #ssdant there was likely to be
more targeting for hake, and proportionately more hake bycatch (but note that the reported
target species was not always the actual target).

1 The hake in the Hokitika Trench area changed noticeably from being consistentijaabup
to 2007 to being relatively sparse since 2008.

1 When hake are schooled up for spawning they are relatively easy to catch if you can find them.
So, catch rates per tow can usually be maintained if you are targeting hake, but search times
will vary.

9 Hake can exhibit highly defined temporal and geographical occurrence, e.g., being readily
available to bottom trawl in the early afternoon, but much less abundant in bottom trawl catches
at the same location at other times of the day.

Economics

1 The globalfinancial crisis around 2008 resulted in the vaher klogram of hake fillets
decreasing to become approximately equal to the value of hoki {iBetn had previously
been a major market for hake taken by the NZ flagged flé&trjce there was lesisicentive
to catch or target hake. Consequently, vessels that might previously have stayed on the west
coast to catch hoki and hake in September (when the relative abundance of hoki was declining
as they returned to their n@pawning grounds) were morigdly to leave for the east coast
where they could still catch reasonable catches of hoki in the Pegasus Canyokisarea.
vessels that might previously have appreciated hake for the premium price it provided might
now try to avoid tk species as it wasare efficient to proces$i.e., fillet) the consistent sized
hoki. [But note that prices for exported hake appear to have troughed arouridl 2qhat
2008) , and that in all but one year since 20
export markefor hake productshftps://www.seafoodnewzealand.org.nz/publications/export
information)).]
In more recent years, the market for hake has recovered somewhat.
The global financial crisis did not impact the Korean féestheir hake catch was predomingantl
consumed in Korea (and the fleet also had relatively low costs).

E |

4. DISCUSSION

Many previous assessmestof the HAK7 (west coast South Island) stobkve beerproblematic
because there were meliable indcesof relative abundancé®unn 2004 Horn2011) While CPUE

series have been produced previously (e.g., Ballara & Horn 2011) the trends in these series have
generally not beeplausible,and it was concluded that catch rates of hake off Wi@%& influenced

more by fisher behaviour than by abundance of the spégiessessmeiit 2013(Horn 2013 differed

from previousassessmesin thatit included a CPUE series that was considdrgdhe Deepwater
Fisheries Assessment Working Groupbe relidle, andas well astwo comparable trawl biomass
estimaes from surveys that had covered a large proportion of the likely hake habitat off Wiasl.
assessment was accepted by tharkivig Group

Subsequentlytwo additional pointsvereadded to the reaech survey seriebut an updated assessment
foundthat therevas amarkedconflict between th€PUE and trawl surveselative abundance indices
(Horn 2017) The assessmewntas indicative of a stock thatas steadilyisheddownfor 20 years from
about1990.However,the current stock status atiee likely biomass trajectory since 20W¥re very
uncertainThe wo relative abundanceries used in this assessment inditatarkedly differentevels

of virgin spawningbiomasg(i.e., 125000t for CPUE, ad less than 6000t for the trawl surveyard
markedly different trends in recent biomgskrn 2017) Consequently, thereere two conflicting
assessmemnnodek available for consideratipmne implying no sustainability issues, and the other
indicatingthat the stock will more likely than not be below 20%®B 2021 Therewas a clear need to
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try to determine which of the two relative abunciuseries isnost accurateand therefore, which of
the two assessment scenarios should be used to inform thgemeaerd of hake off WCSI.

The analysis presented here examined subsets of the catch and effort data used to produce the CPUE
indices for the stock assessment (Horn 20Lf& aim was to produce new CPUE series using data that
were more comparable to thesearch trawl survey, i.e., bottom trawl catches from the survey area. It
was clear that CPUE was similar when using commercial catch data from inside or outside the survey
area, and when excluding or using midwater trawl data. Although there was vdrétieen the CPUE

series produced, they all exhibited a general trend of a decline frdi@@bout 2002008, followed

by a subsequent increase, sometimes with mazkiacertyear variation Additional CPUE series
estimated using only data from distifleets (i.e., Ukrainian midwater tralbki target Korean bottom

trawl hake targgtalso produced series with the same general trévmise of the new CPUE series
matched well withall four data points in the research biomass sedfi@sthe two seriegsing midwater

and bottom trawl data from the survey argavfby-tow or daily processed), a decline froml2to

2016 did match reasonably closely with the decline indicated by the three trawl survey indices during
the same period. In conclusion, howevke conflict between the reseatcawl survey biomass series

and the CPUE series was not resolved.

It is apparent that the WCSI hake fishery is quite complex, and that over time there have been marked
changes in the structure of the fleets catching faaldin the appeal of hake a#thera target or bycatch
speciesilt is also known that there have been past issues regarding the accurate reporting of hake catches
from that area (Dunn 2003)he feedback from fishing industry representativekes it abar that fleet
behaviour, in terms of targeting and/or avoidance of hake has been very variable over the last 10 years.
There is alssomeanecdotaindication, however, that hake behaviour varies between years, and it
appears likely that a marked changethe distribution pattern of hake occurred around 2087
Changes in hake behaviour could markedly influence CPUE (particularly if it involved the movement

of hake to or from areas where the bulk of the fleet could not or did noffffenCPUE standaightions

suggest a temporary change in target species f@oldablyas a consequence, a change in depth and
longitude) around 200® 7 , but it appeared t dlOqseetFigurenAdTd).o O nor r
The possible change in hake distribution rhaye been at least partially responsible for the targeting
changes around 200&.conscious attempt by a proportion of the fleet to avoid hake bycatch could also
bias CPUE downward&o while some of factors noted by fishing industry representatives to dwdwe v

over the time of this CPUE update should have been accounted for by the standardisation processes in
the analyses, it is clear that others would not have been accounted for.

It is generallyassumed that there is a proportional relationship betstgrlardise€CPUE andfish
abundanceHowever, if fish behaviour changes in ways that make them more or less available to the
fishery(i.e., changes related to depth, distribution, or their mixing with hitkg will not beaccounted

for in the standardation. Also, if a bycatch species (i.e., hake) is actively avdigéadividual vessels
during somégbut not all)portiors of the fishery, then using such data in a CPUE analysis will bias the
serieslt is alsoknownthat hake spawn off WCSI at least durihgne to October, possibly with a peak

in SeptembefHorn 20T), and thataggregatios of spawning hak&o occur. At these timesnd at

known aggregation locationisake wil be more available and heno®re easilyargeted, and therefore

the indices fronsuchaggregationmay have a hyperstable relationship between CRideabundance
Search time is seldom able to be incorporated in analyses of CPUE from commercial fishery data, and
it cannot be incorporated here fake (although the analysis using daily processed data should have
gone some way towards accounting for search time when hake was the true Cangstpuently, a
CPUE seriedor hakebasedeither on background bgatches of hakeor on catches from spawmg
aggregationsshould be treated with cautioh is concluded, therefore, that it would be unwise to
assumehat any currently available hake CPUE series from the WCSI fishery is a reliable index of fish
abundance.

While it appears very likely thdtake fishery CPUE is an unsatisfactory index of abundance, we can
not conclude at present that the trawl surseryesdoes provide a satisfactory index. The shortcomings
of the survey series have been described above: it is sparse, has a long gap befinstemthsecond
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surveys, and does not cover the entire area off WCSI where hake are known to be relatively abundant.
Similar trawl survey®lsewherenave, however, been shown to produce very useful abundance index
series for hake, even when the numbéisaixe caught in individual surveys are relatively small (e.g.,

the Chatham Rise hake stock is well indexed by the summer trawl survey series (Horn 2017)). Given
the size and value of the WCSI hake fishery, there is a sound argument therefore for gptituin
WCSI survey series, at least in the medium term, to enable a better evaluation of its efficacy.
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APPENDIX A: DATA AND DIAGNOSTICS FOR THE CPUE ANALYSES

Table A1: Summary of data for all and core vessels included in the CPUE datasets, by yeBata include:
number of unique vessels fishing (No. vessels), number of tow records (trawl tdy-tow data) or
number of vesseldays (daily processed data) (Effort), proportion of tows (trawl towby-tow data)
or vesseldays (daily processed data) that caght zero catch (Prop. zeros), estimated catdiCatch),
and unstandardised CPUE (CPUE).Alphabetic table identifiers (aif) relate to the dataset
identifier in Table 4. BT, bottom trawl; MW, midwater trawl.

(a) TCEPR tow-by-tow, BT or MW, survey area

All vessels Core vessel
Fishing NO- catch Effort  F'°P cpUE NO.- cateh Effort O cpUE
year vessel zeros vessel zeros
2000 44 202171 1666 058 1.21 24 16263 107C 056 1.52
2001 47 11237 1544 051 0.73 25 8824 939 048 0.94
2002 42 14837 140% 053 1.06 26 1135( 881 052 1.29
2003 39 2062 158 055 1.30 26 1439.6 1051 057 1.37
2004 37 1870 102¢ 054 1.82 25 1547F 751 054 2.06
2005 31 1233( 549 061 2.25 23 1138¢ 443 0.6C 2.5
2006 32 33666 901 047 3.74 27 3121¢ 819 044 381
2007 28 439F 362 0.7C 1.21 25  423¢ 333 0.7C 1.27
2008 24 10417 691 045 151 22 9947 647 046 1.54
2009 23 2690< 602 047 4.47 22 26794 583 047 4.6C
2010 27 1838< 777 056 2.37 22 1711¢ 731 056 2.34
2011 25 2166, 1361 0.35 1.59 22 20411 1305 0.36 1.5€
2012 28 3054.¢ 1134 044 2.69 20 28917 1014 0.36 2.85
2013 24 31204 962 048 3.24 19 3058. 913 042 3.3%
2014 24 1442F 831 062 1.74 18 1426< 774 05¢ 1.84
2015 25 3301¢ 1164 053 2.84 18 3153.¢ 1057 0.4¢ 2.98
2016 23 1207F 706 068 1.71 16 11957 626 0.6E 1.1
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(b) TCEPR tow-by-tow, BT or MW, non-survey area

All vessels Core vessel
Fishing No. Catch Effort %P cpUE NO- cateh Effort "OP: cpuE
year vessel zeros vessel: zeros
2000 49 4030.¢ 202C 0.33 2 26 3152.: 1451 0.32 2.17
2001 61 6131.2 2944 041 2.08 29 5073.C 2064 0.38 2.4¢
2002 55 5441« 2771 0.3€ 1.9€ 29 4768.€ 201z 0.34 2.37
2003 50 4458« 247z 0.34 1.8C 29 37052 194z 0.32 1.91
2004 50 4946.5 261z 0.3t 1.8¢ 29 4652.7 2214 0.24 2.1C
2005 34 5378¢ 1704 0.37 3.1€ 26 4413.¢ 137z 0.36 3.22
2006 35 2578 162C 0.31 1.5¢ 29 2459.¢ 152: 0.2¢ 1.62
2007 31 4363.] 966 0.28 4.52 28 4200t 927 0.26 4.53
2008 25 12702 734 0.2€ 1.73 23 1260.7 71% 0.26 1.7€
2009 23 1297.€ 560 0.15 2.32 22 1290.: 556 0.15 2.32
2010 25 246.z 340 0.34 0.72 21 245.& 339 0.32 0.73
2011 25 902.1 556 0.37 1.62 24 899.2 551 0.37 1.63
2012 30 936.6 626 0.47 1.5C 24 911.z 559 0.46 1.63
2013 26 1853.¢6 991 0.27 1.87 23 1840.1 955 0.26 1.93
2014 25 1788.5 122¢ 0.24 1.4¢€ 21 1718.2 109t 0.22 1.57
2015 28 17725 145 0.2€ 1.22 21 1730t 1294 0.21 1.34
2016 26 1320.¢ 158 0.23 0.83 18 1203.€ 126t 0.17 0.9t
(c) TCEPR tow-by-tow, BT, survey area

All vessels Core vessel
Fishing NO- - oteh Effort  +'°P: cpUE NO- ~ateh Effort O cPUE
year vessel zeros vessel: zeros
2000 29 810.e 70€ 0.42 1.1t 9 509.7 365 0.28 1.4cC
2001 33 789.6 984 0.32 0.8C 12 557.C 531 0.27 1.0t
2002 32 1340.¢ 1152 0.37 1.1€ 13 865.€ 613 0.3t 141
2003 34 1610.¢ 1199 0.3¢ 1.34 10 921.E 555 0.34 1.6€
2004 30 1097.« 58C 0.54 1.8¢ 11 529.€ 303 0.58 1.7t
2005 24 1183.1 449 0.5 2.63 6 937.¢ 216 0.41 4.34
2006 23 1507.z 657 0.4€ 2.2¢ 10 1363.7 499 0.3¢ 2.73
2007 20 4157 314 0.5C 1.32 7 337.7 214 0.2¢ 1.5€
2008 16 984.z 624 0.2¢ 1.58 9 780.E 453 0.22 1.72
2009 16 6334 438 0.24 1.4t 10 551.7 350 0.22 1.58
2010 20 1754.¢ 664 0.31 2.64 10 1569.« 567 0.2€ 2.77
2011 18 2107.« 104¢ 0.14 2.01 12 1796.« 897 0.14 2.0C
2012 21 3032.z 101¢ 0.2€ 2.98 14 2769.¢ 863 0.2Cc 3.21
2013 17 2960.e 751 0.31 3.94 12 2868.1 703 0.22 4.0€
2014 16 1336.C 651 0.3¢ 2.0t 11 1320.« 586 0.32 2.2t
2015 17 3078.2 886 0.31 3.47 12 3005.& 832 0.28 3.61
2016 18 1191.C 625 0.5€ 1.91 11 117457 556 0.5 2.11
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(d) TCEPR tow-by-tow, BT, survey area, day time, survey date range

All vessels Core vessel
Fishing NO- - tch Effort 'O cpuE NO- - ateh Effort  —"OP: cpuE
year vessel zeros vessel zeros
2000 16 60.8 16& 0.56 0.37 10 30.2 84 0.52 0.3€
2001 22 159.5  35€ 0.34 0.4t 11 90.¢ 196 0.2¢ 0.4€
2002 30 459.z 53¢ 0.4C 0.8t 15 322.& 306 0.3€ 1.0t
2003 33 149.7 399 0.47 0.38 14 78.€ 190 0.4€ 0.41
2004 24 416.C 13€ 0.62 3.0€ 12 158.2 81 0.63 1.9t
2005 22 1314 103 0.75 1.28 13 92.C 58 0.8C 1.5¢
2006 20 261.€ 15€ 0.54 1.68 14 252.t 127 0.51 1.9¢
2007 17 85.4 76 0.61 112 11 65.7 67 0.52 0.9¢
2008 14 175.€ 12C 0.27 1.4€ 11 159.¢ 103 0.2C 1.5t
2009 15 209.¢ 157 0.23 1.33 14 204.z 150 0.1& 1.3€
2010 18 311.7 19¢ 0.3¢ 1.57 15 306.C 197 0.37 1.5E
2011 17 717.4 293 0.17 2.4t 16 666.C 281 0.18 2.37
2012 18 652.8 34¢€ 0.33 1.8¢ 15 629.z 314 0.2€ 2.0C
2013 16 385.6 241 0.47 1.6C 12 371t 223 0.37 1.67
2014 16 427.¢  15E 0.6C 2.7€ 12 423.1 143 0.57 2.9¢€
2015 17 1868.6 364 0.25 5.3 12 1803.%1 322 0.23 5.6C
2016 17 144.4 177 0.72 0.82 11 1417 157 0.6 0.9C
(e) TCEPR towby-tow, BT, non-survey area

All vessels Core vessel
Fishing NO. - atch Effort P cpUE NO. cateh Effort  F°P" cpuE
year vessel zeros vessel zeros
2000 26 918.z 484 0.13 1.9C 16 856.C 419 0.11 2.04
2001 28 897.€ 698 0.20 1.29 18 683.2 477 0.14 1.43
2002 30 1744t 952 0.09 1.83 19 1566.2 748 0.07 2.0¢
2003 37 2106.7 105¢ 0.13 1.99 20 1595.¢ 807 0.11 1.9€
2004 28 2483t 689 0.14 3.6C 18 2301.( 643 0.12 3.5€
2005 21 1759.t 549 0.09 3.2C 15 1435.: 471 0.07 3.0t
2006 23 1201 638 0.18 1.88 18 10811 573 0.1& 1.8¢
2007 19 7154 351 0.139 2.04 16 647.¢ 325 0.2C 1.9¢
2008 16 1198.1 436 0.05 2.75 13 1188 417 0.04 2.8t
2009 16 837.¢ 337 0.03 2.4¢ 15 832.& 335 0.03 2.4¢
2010 16 185.f 79 0.13 2.3% 14 185.4 78 0.11 2.38
2011 14 824.4 256 0.02 3.22 14 822.C 255 0.02 3.22
2012 19 737.7 212 0.09 3.48 16 717.€ 202 0.0t 3.5t
2013 17 1186.¢ 284 0.09 4.18 13 1176.1 262 0.07 4.4¢
2014 14 1248t 398 0.07 3.14 12 1244% 377 0.04 3.3C
2015 16 1349.1 453 0.05 2.98 12 1340.: 442 0.03 3.08
2016 16 7654 24C 0.13 3.1¢9 11 758.C 229 0.07 3.31
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(f) TCEPR daily processed, BT, survey area

All vessels Core vessel
Fishing NO- ateh Effort TP cpuE NO- cateh Effort P cpuE
year vessel: Zeros vessel: zeros
2000 28 781.6 342 0.05 2.29 17 641.4 228 0.04 2.81
2001 33 695.8 429 0.05 1.62 19 563.7 282 0.02 2.00
2002 29 1497.7 523 0.10 2.86 18 1 209.¢ 373 0.08 3.24
2003 32 1471.4 598 0.04 2.46 18 1 290.t 453 0.04 2.85
2004 26 890.1 423 0.10 2.10 19 678.0 359 0.10 1.89
2005 24 1167.c 401 0.09 2.91 19 1113t 354 0.09 3.15
2006 23 1419.¢ 501 0.12 2.83 20 1405.4 484 0.12 2.90
2007 19 430.9 204 0.19 2.11 17 4234 199 0.18 2.13
2008 15 864.8 333 0.02 2.60 15 864.8 333 0.02 260
2009 16 621.2 202 0.03 3.08 16 621.2 202 0.03 3.08
2010 19 1563.f 366 0.06 4.27 17 1547.7 361 0.05 4.29
2011 18 1990.z 464 0.02 4.29 17 1986.€ 461 0.02 4.31
2012 21 2524 483 0.03 5.23 17 2 466.% 463 0.03 5.33
2013 17 2 413.: 392 0.03 6.16 14 2 370.7 371 0.03 6.39
2014 15 1124.C 333 0.06 3.38 13 1118.1 326 0.06 3.43
2015 16 2910.C 434 0.05 6.71 13 2874.7 423 0.05 6.80
2016 16 839.7 410 0.08 2.05 12 8285 386 0.07 215
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Table A2: Lognormal, binomial, and delta lognormal (combined) standardised CPUE indices (with CVi®
2 decimal place}. Alphabetic table identifiers (ai f) relate to the datasetidentifier in Table 4. BT,
bottom trawl; MW, midwater trawl.

(@) TCEPR tow-by-tow, BT or MW, survey area

Lognormal Binomial Delta lognormal
Year Index Ccv Index Ccv Index cv
2000 1.74 0.02 0.5¢ 0.0C 1.68 0.03
2001 0.96 0.023 0.51 0.0C 0.8C 0.03
2002 1.3¢ 0.02 0.54 0.0C 1.22 0.03
2003 1.0C 0.02 0.54 0.0C 0.88 0.03
2004 1.24 0.04 0.4¢ 0.0C 0.9¢ 0.04
2005 0.9C 0.0t 0.3¢ 0.0C 0.57 0.05
2006 0.83 0.04 0.4C 0.0C 0.54 0.04
2007 0.5t 0.0t 0.32 0.0C 0.2¢ 0.0%5
2008 0.5C 0.04 0.4¢ 0.0C 0.4C 0.04
2009 0.7¢ 0.04 0.47 0.0C 0.61 0.04
2010 0.8C 0.04 0.4¢ 0.0C 0.6t 0.04
2011 1.18 0.02 1.0C 0.0C 1.93 0.03
2012 1.34 0.02 0.82 0.0C 1.7¢ 0.03
2013 1.34 0.02 0.74 0.0C 1.61 0.03
2014 0.86 0.04 0.54 0.0C 0.7€ 0.04
2015 1.11 0.08 0.72 0.0C 1.3C 0.03
2016 1.32 0.04 0.4€ 0.0C 0.9¢ 0.04

(b) TCEPR tow-by-tow, BT or MW, non-survey area

Lognormal Binomial Delta lognormal
Year Index Ccv Index Ccv Index Ccv
2000 194 0.08 0.84 0.0C 1.83 0.03
2001 154 0.02 0.7¢ 0.0C 1.3 0.02
2002 1.86 0.02 0.82 0.0C 1.71 0.02
2003 1.4C 0.02 0.83 0.0C 1.3C 0.02
2004 1.07 0.02 0.8¢ 0.0C 1.06 0.02
2005 0.9¢ 0.02 0.73 0.0C 0.78 0.03
2006 0.8¢ 0.02 0.77 0.0C 0.77 0.03
2007 0.84 0.02 0.68 0.0C 0.64 0.03
2008 0.44 0.04 0.7C 0.0C 0.3t 0.04
2009 0.62 0.04 0.82 0.0C 0.57 0.04
2010 0.5¢ 0.0t 0.78 0.0C 0.52 0.05
2011 0.86 0.04 0.86 0.0C 0.82 0.04
2012 1.0C 0.04 0.75 0.0C 0.84 0.04
2013 1.28 0.02 0.8¢ 0.0C 1.27 0.03
2014 1.0C 0.02 0.9t 0.0C 1.06 0.03
2015 0.93 0.02 0.95 0.0C 0.9¢ 0.03
2016 1.01 0.08 1.0 0.0C 1.13 0.03
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(c) TCEPR tow-by-tow, BT, survey area

Year
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

(d) TCEPR tow-by-tow, BT, survey area, day time, survey date rang

Year
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Lognormal Binomial Delta lognormal
Index Ccv Index Ccv Index Ccv
1.24 0.0t 0.9C 0.0C 1.3C 0.05
0.92 0.04 0.83 0.0C 0.8¢ 0.04
1.28 0.04 0.81 0.0C 1.22 0.04
1.02 0.04 0.87 0.0C 1.04 0.04
1.16 0.0€ 0.6€ 0.0C 0.9C 0.06
1.23 0.07 0.62 0.0C 0.8¢ 0.07
0.6 0.04 0.63 0.0C 0.51 0.04
0.57 0.07 0.74 0.0C 0.4¢ 0.07
0.57 0.0t 0.78 0.0C 0.52 0.0%
0.67 0.0t 0.7¢ 0.0C 0.62 0.0%
0.82 0.04 0.8C 0.0C 0.77 0.04
1.28 0.02 1.0 o0.0C 1.4¢ 0.03
1.42 0.02 0.93 0.0C 1.55 0.03
1.42 0.04 0.92 0.0C 153 0.04
0.84 0.04 0.83 0.0C 0.82 0.04
1.16 0.04 0.87 0.0C 1.18 0.04
151 0.04 0.73 0.0C 1.28 0.04

Lognormal Binomial Delta lognormal
Index Ccv Index Ccv Index CVv

1.06 0.11 0.5¢ 0.0C 0.85 0.11
1.07 0.07 0.77 0.0C 1.12 0.07
1.37 0.0€ 0.71 0.0C 1.32 0.06
0.83 0.07 0.72 0.0C 0.81 0.07
1.02 0.11 0.45 0.0 0.62 0.11
0.82 0.12 0.27 0.0 0.3¢ 0.13
0.62 0.0¢ 0.44 0.0 0.37 0.09
0.70 0.12 0.53 0.0C 0.51 0.12
0.75 0.1C 0.78 0.0C 0.79 0.10
0.71 0.0¢ 0.6 0.0C 0.66 0.08
0.81 0.07 0.64 0.0C 0.7¢C 0.07
1.84 0.0€ 1.00 0.0C 25C 0.06
1.34 0.0€ 0.87 0.0C 1.58 0.06
1.29 0.07 0.7¢ 0.0C 1.38 0.07
0.87 0.08 0.51 0.0 0.61 0.08
195 0.0€ 0.88 0.0C 2.34 0.06
0.91 0.08 0.45 0.0 0.56 0.08
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(e) TCEPR tow-by-tow, BT, non-survey area

Lognormal Binomial Delta lognormal
Year Index Ccv Index Ccv Index Ccv
2000 1.88 0.0t 0.9 0.0C 1.74 0.05
2001 1.33 0.0t 0.97 0.0C 1.22 0.05
2002 1.62 0.04 0.9 0.0C 151 0.04
2003 1.13 0.04 0.9¢ 0.0C 1.06 0.04
2004 1.22 0.04 0.97 0.0C 1.13 0.04
2005 1.29 0.0 0.97 0.0C 1.1¢ 0.05
2006 0.73 0.04 0.9¢ 0.0C 0.67 0.04
2007 0.5¢ 0.0€ 0.91 0.0C 0.51 0.06
2008 0.5C 0.0t 0.94 0.0C 0.44 0.0%
2009 0.5¢ 0.0€ 0.9¢ 0.0C 0.5t 0.06
2010 0.65 0.11 0.9 0.0C 0.61 0.11
2011 0.88 0.0€ 1.0 o0.0C 0.84 0.06
2012 1.08 0.07 0.9¢ 0.0C 1.02 0.07
2013 1.34 0.0€ 0.98 0.0C 1.25 0.06
2014 0.82 0.0t 0.9¢ 0.0C 0.77 0.05
2015 0.98 0.0t 1.0C 0.0C 0.93 0.05
2016 1.66 0.07 0.9¢ 0.0C 1.5€ 0.07

(f) TCEPR daily processed, BT, survey area

Lognormal Binomial Delta lognormal
Year Index Cv Index Cv Index Cv
2000 1.07 0.0€ 0.97 0.0C 1.0C 0.06
2001 0.83 0.0€ 0.98 0.0C 0.78 0.06
2002 1.33 0.0t 0.93 0.0C 1.1¢ 0.05
2003 1.08 0.0t 0.9 0.0C 1.02 0.05
2004 0.71 0.0t 0.94 0.0C 0.64 0.05
2005 0.71 0.0€ 0.93 0.0C 0.64 0.06
2006 0.61 0.0t 0.8¢ 0.0C 0.52 0.05
2007 0.63 0.07 0.9C 0.0C 0.5t 0.07
2008 0.7C 0.0t 0.98 0.0C 0.6€ 0.05
2009 0.73 0.07 0.93 0.0C 0.6€ 0.07
2010 0.94 0.0t 0.98 0.0C 0.88 0.05
2011 1.8 0.0 1.0 0.0C 1.82 0.05
2012 1.75 0.0t 0.9¢ 0.0C 1.68 0.05
2013 1.74 0.0t 0.9¢ 0.0C 1.6€ 0.05
2014 0.81 0.0t 0.98 0.0C 0.7€ 0.05
2015 1.41 0.0t 0.98 0.0C 1.34 0.05
2016 1.2€ 0.0t 0.9¢ 0.0C 1.2C 0.05
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Figure Al: Location and boundaries of the three WCSI sukareas usedn this analysis: Deep (at least 53t
deep); North shallow (less than 530 m deemorth of 42.55 S); South shallow (less than 53

deep,south 0f42.55°S).
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Figure A2: Distribution of WCSI hake effort by month, statistical area, method, targetspecies, form type,
and sub-area, by fishing year since 198890 (1990). Circle size is proportional to catch; maximum
circle size is indicated on the top of each plot. Statistical areas and sabeas are definedn Figure
Al. Form types: CEL, Catch, Effort, Landing Return; LTC, Lining Trip Catch, Effort return;
NCE, Net Catch Effort Return; TCE, Trawl, Catch, Effort Return; TCP , Trawl, Catch, Effort,
and Processing Return. Method definitions: BLL, bottom longlining; BT, bottom trawl; MB,
midwater trawl with in 5 m of the bottom; MPT: midwater pair trawl; MW, midwater trawl; SN,
set net; PRB, bottom trawl precision seafood harvesting. Species codes: BAR, barracouta; HAK,
hake; HOK, hoki; JMA, jack mackerels; LDO, lookdown dory; LIN, ling; ORH, orange roughy;
SKI, gemfish; SWA, silver warehou; WWA, white warehou.
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