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EXECUTIVE SUMMARY

Langley, A.D. (2019). An update of the assessment of theastern stock of tarakihi for 2019
New Zealand Fisheries Assessment Report3@1. 29 p.

Tarakihi (Nemadactylus macropterusff the east coast of the North and South Island are considered

to represent a single biological stock. The domain of the stock encompasses the TAR 3 and TAR 2
Fishstocks, the easteportion of the TAR 1Fishstock and a small area of the TARFighstockin

eastern Cook Strait. The first assessment of the eastern tarakihi stock was completed in November 2017.
The stock assessment was conducted using a statisticatraggeired population model implemented

in Stock Synthesis.

The assessment model is stured with a single region and four fisheries and commences in 1975
under exploited, equilibrium conditionEhe 2017 assessment model was updated with the additional
data available frorthe2016/17 and 2017/18 fishing years, speaify two years of arwmal catch two
additional CPUE indices and the biomass estimate and length composition from the 2017 ECSI
Kaharoatrawl survey Annual catches from the most recent two years (2017 and 2018) were generally
comparable to the three previous years (2Q046),with the exception of the TAR 3 trawl fishery.
Catches from that fishery increased by 45% from 2014 to 2017 and then dropped by 33% in 2018.

Five sets of CPUE indices were updated based on the previous CPUE arralyskes. TAR 3 trawl
fishery, the CPUHENdices increased during 201312016/17 and then dropped in 2017/18, following

the trend in catch from the fishery. The CPUE indices from the TAR 3 set net fishery increased during
2014/152017/18. Annual combined CPUE indices from the TAR 2 trawl fishmmeased by 51%

from 2013/14 to 2016/17 and then dropped by 14% in 2017/18. The CPUE indices from the Bay of
Plenty trawl fishery were at the lowest level of the time series during 20G2818/16 increased by

37% in 2016/17 and remained at a similaelén 2017/18. The CPUE indices from the east Northland
trawl fishery declined by 60% during 2009/2017/18 with a 33% drop in 2017/18.

The updated model provided a very good fit to the recent CPUE indices from the TAR2/Bay of Plenty
trawl fishery andhe Kaikoura semnet fishery. However, thenserea number of discrepancies in the

fits to the other recent observations, especially the CPUE indices from the East Northla#dRadd

trawl fisheries and theecentECSI trawl survey biomass estimates.

Theupdated assessment model indicates that there was no appreciable change in stock status from 2016
(2015/16) to 2018 (2017/18). Current (2018) stock status was estimated to be S (159. 0.113

0.209. There is a very high probability (96%) that gteck was below the soft limit and a negligible
probability (< 1%) that the stock was below the 188 hard limit.

Forward projections of the updated assessment model were condufttadiais (50%, 60%, 70%,

80%, 90% and 100%f the base leal of the model fishery catches (total 3560 t) for the years 2020 to
2048. For each catch scenatize median spawning biomass incread®m the current (2018) level,
although the rate of increase varigepending on the magnitude of the projected catblere is a
corresponding increase in the probability of the stock increasing above theEg8eét limit with the
different levels of catch. The projections were also evaluated relative to two potential levels of target
biomasdor the stock35% and 4095B).

A simulation analysis was conducted to investigate the performance of alternative target biomass levels
for the stock. Target biomass levels were evaluated withifrdih@ework ofa set ofHarvest Control

Rules (HCR) and the associatddianagement ProceduréBhe results are intended to assist managers

in the formulation of an appropriate level of target biomass for the eastern tarakihi stock. The current
study indicates that a target biomass level of about SBfs sufficiently high taminimise the risk of
breaching the soft and hard limits, while maintaining catches at a relatively high level. This is somewhat
lower than the current default target biomass level of 8Bb These results are predicated on the
presumptions tated tothe management procedurasdHCRsadopted for the simulations
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1. INTRODUCTION

Tarakihi (Nemadactylus macropterueff the east coast of the North and South Island are considered
to represent a single biological stock (Langley&@0The domain of the stock emmpasses the TAR 3
and TAR 2Fishstocls, the eastern area of the TARi$hstockand a small area of the TARFshstock

in eastern Cook Strait.

The first assessment of the eastern tarakihi stock was completed in NovembeifT 2©1stock
assessment wasmducted using a statistical, agkeuctured population model implemented in Stock
SynthesigMethot & Wetzell 2013)The assessment incorporated the available catch, CPUE indices,
trawl survey biomass estimates and age/length frequency distributionsecamd commercial age
compositions. The model data sets were structured into three areas: east coast South Island (including
eastern Cook Strait), central east coast North Island and the Bay of Plenty combinedl &®R2)E

and East Northland. The east do&outh Island area included three commercial fisheries: the
Canterbury Bight/Pegasus Bay trawl fishery, Kaikoura set net fishery and the eastern Cook Strait trawl
fishery. The other two areas included a commercial trawl fishery and a relatively smedimarercial

fishery. For each area, a corresponding is@des (or multiple series) of CPUE indices was available
(Langley 2017).

Spawning biomass was estimated to have beducedo 22% SB, by themid 1970sfollowing a period

of relativdy high catches (5000000 t) during the 1950s and early 1968 the base case assessment
model, current (2015/16pawning biomassvas estimated to be a7% of the unfished, equilibrium
biomass level$Bo1dSB = 0.170) which isbelow the soft limit 620% SB (Langley 2018)

The stock assessment model was updated in early 2018 with the inclusion of catches and CPUE indices
from the 2016/17 fishing year. The assessment update was funded by the commercial stakeholder
groups Fisheries Inshore New ZeadRfINZ) and Southern Inshore Fisheries Management Company
(SIFMC) and reported to the Southern Inshore Stock Assessment Working Grodypah2D18.The

updated base case model yielded results that were consistent \itbwviioeisassessment and esti@a

the 2016/17 spawning biomass to be at 17% of the unfished, equilibrium biomassSByel$B0=

0.173). Therewas a high probability (8%) that the spawning biomas&s below the soft limit (20%

SB) but a very low probability (less than 1%) of being below the hard limit of 386

The updated stock assessment meas applied to conduct a range of stock projections with different
multiples of fishery catch. These projections were utilised indahmadlation of management advice to
implement a rebuild strategy for the stock. The management advice lead to reductions in the TACCs
for TAR 1 (a 24% reduction)TAR 2 (16%), TAR 3(26%)and TAR 7(4%) for the 2018/19 fishing

year. A range ofoluntarymeasures were also introducad2018/19including measures to enstinat

the reductions in the TAR 1 and TAR 7 TACCs were applied to theceastportiors of those
Fishstock.

Thecommercial stakeholder grouptNZ and SIFMC funded a further update of the stock assessment
model in 2019, incorporating catch, CPUE and trawl survey data from the 2017/18 fishing year. The
updated assessment model was applied to conduct an addienalf stock projections for
congderation in the development of management advice for the 2019/20 fishing year. In addition, the
stock assessment model wased in a preliminary evaluation pbtentialtargetbiomass reference
points for the eastern tarakihi stock.

2. STOCK ASSESSMENT INPUTS

The recent updates of the 2017 stock assessment have retained the equivalent model structure and data
configuration. The most recent (2019) update of the assessment model incorporated two additional years
of fishery catch data and CPUE indices and aiitiaddl set of data from the time series of winter east

coast South Island (ECSaharoatrawl surveys (AprilJune2018).

2.1 Fishery catches

The stock assessment model incorporates six commercial fisheries: a set net fishery off Kaikoura
(TAR3-SN) and trawlfisheries in Canterbury Bight/Pegasus Bay (TABRDB), eastern Cook Strait

2T Update of tarakihi stock assessment Fisherieblew Zealand



(CookBT), east coast North Island (TARET), Bay of Plenty (BPLEBT) and east Northland (ENL-D

BT). The configuration of these fisheries is detailed in Langley (2@&8)ual catchesvere compiled

by fishing yearyearsin the assessment modek denoted by the calendar year at 1 January (e.g. the
2018 model year represents the 2017/18 fishing year).

Annual catches from the commercial fisheries for 2016/17 and 2017/18 fishingnerarsompiled

from an extract of recent catch and effort data provided by Fisheries New Zealand (Data Extract 12270).
These data were processed following the methodology described in Langley (2017). The fishery catches
also included an additional allowarfoe unreported catches, assumed to represent 10% of the reported
landings.

Annual catches from the most recent two years (2017 and 2018) were generally comparable to the three
previous years (2012016), with the exception of the TARST fishery Figurel) which increaseby
45% from 2014 to 2017 and then dropped by 33% in 2018.
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Figure 1. Recent annual catches dfarakihi by commercial fishery and total (including recreational catch).
Annual catches include allowances for unreported catch. Model years are configured by fishing
year (denoted by the calendar year at 1 January).
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The time series of annual fishery catches included in the assesapuitistabulated imPAppendix 1.
Catches from the recreational fisheries in 2017 and 2018 were assumed to be equitreisatinthe
precedingyears.

2.2 CPUE indices

For the 2017 stock assessment, standardised CPUE indices were derived for five isiakgs f TAR

3 trawl, TAR 3 set net, TAR 2 trawl, the Bay of Plenty trawl and east Northland(trangley 2017).

These sets of CPUE indices were updated in 2019 with the addition of two years of catch and effort
data (2016/17 and 2017/18). The configiaraof the individual CPUE data sets is described in Langley
(2017).

The individual CPUE models were simply refitted with the equivalent set of explanatory variables
included in the original analyses (Langley 2017). The updated CPUE nadldgislded indces that
were virtually identical to the corresponding annual indices from the original models.

For theTAR 3 trawl fishery, the combined (deliagnormal) CPUE indices generally increased during
2013/142016/17 and then dropped in 2017/18, following tilemd in catch from the fisheryigure

2). The lognormal CPUE indices from the TAR 3 set net fishery increased during 202U THL8
(Figure 3). Annual combinedCPUE indices from the TAR 2 trawl! fishemcreased byp1% from
2013/14 to 2016/17 and then dropped by 14% in 201 FHitie4).

The combined (delt&Veibull) CPUE indices from the Bay of Plenty trawl fishery were at the lowest
level of the time series during 2013/2015/16 Figure5). The indices increased by 37% in 2016/17
and remained at a similar level in 2017/18. The combined {dé&dibull) CPUE indices from the east
Northland trawl fishery declined by 60% during 2009/2@17/18with a 33% drop in the CPUE index

in 2017/18 Figure6).
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Figure 2: Standardised CPUE indices from the lognormal, binomial and combined (delttognormal) CPUE
models for the TAR 3 trawl fishery (the vertical lines represent the 95% confidence intervals).
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Figure 4: Standardised CPUE indices from the lognormal, binomial and combined (deltbognormal) CPUE
models for the TAR 2 trawl fishery (the vertical lines represent the 95% confidencaiervals).
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Figure 5: Standardised CPUE indices from theWeibull, binomial and combined (deltaWeibull) CPUE
models for the Bay of Plenty (TAR 1) trawl fishery (the vertical lines represent the 95%
confidence intervals).
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Figure 6: Standardised CPUE indices from theWeibull, binomial and combined (deltaWeibull) CPUE
models for the East Northland (TAR 1) trawl fishery (the vertical lines represent the 95%
confidence intervals).

For inclusion in thestock assessment mogdtie separate sets of CPUE indices fromTAR 2 trawl
and Bay of Plenty trawl fisheriegere combined (TAR2BPLEBT), weighted by the annual catches from
each fisheryThe final sets of CPUE indices included in the updated stomisasient model are
presented in Appendix Zhe four sets of CPUE indices wearach assignedaoefficient of variation
(CV) of 20%in the assessment modehngley 2018).

The 2017 stock assessment model did not include standa@i4d indicesrom the Cook Strait trawl
fishery, primarily due to theelativelylimited amount ofcatch and effort datvailable from the fishery
and limited age composition dadsailableto reliably estimate the selectivity of the fishdrhpwever
during the update of the CPUE indices in 2018 the catch and éé#fiarfrom the fishery (to 2016/17)
were reanalysed and the resulttilge-series of CPUENdices vasaccepted by the SINS WG.

The trends in the CPUE indices from the Cook Strait fishEigu¢e 7) are generally consistent with

the trends in the CPUE indices from the TAR 3 trawl and sdishetries Figure2 andFigure3) once

the differences in thage composition of the catches between the three fislkaeadakenrito account
(Langley 2018)These additional CPUE indices have not been incorporated in the subsequent updates
of the stock assessment model.
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Figure 7: Standardised CPUE indices from the lognormal, binomial and combined (deltlognormal) CPUE

models for the Cook Strait trawl fishery (the vertical lines represent the 95% confidence
intervals).
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2.3 ECSI Kaharoa trawl survey

The stock assessntemodel includes the timseries of biomass estimates and length or age
compositions from the EC®aharoatrawl surveys. Since the completion of the stock assessment in
2017, theravasanadditional trawl survey conductedAwprilT June 2018 (MacGibbon at. 2019) The
tarakihi biomass estimate from the core area of the trawl survey was X2W@01t25) which is lower
than the geometric mean of the biomass estimates from the series of winter trawl surveys Thé30 t).
trawl survey biomass is primarily cgrosed of fish in theib year age classélsangley 2018)

Since2007, age composition data have been available from each of theKBR&batrawl! surveys.
However, the tarakihi otoliths that were collected during the 2018 trawl survey (MacGibbon &9al. 20
are yet to be aged and, in the interim, the 2018 survey length composition was included in the
assessment model. The next iteration of the assessment model stalbidnincorporatehe age
composition from théatestsurvey.

3. STOCK ASSESSMENT MODEL

3.1 Model structure

The structure of the updated assessment model was essentially equivalent to -ttesdadeck
assessment model completed in 2017 (Langley 2018). The model is structured with a single region and
four fisheries with the age structure initialida 1975assumingexploited, equilibrium conditions. The
updated model extended the model period from 2016 to 2018 and estimates current stock status in 2018
(2017/18 fishing year). The additional trawl survey observations (biomass and length composition)
enable the timseries of recruitment deviates to be extended from 2015 to 2017.

The model was implemented in Stock Synthesis version 3.24Z which was the same version of the
software used in the original assessmé&hé model objective function includedrdributions from the

fishery catches, initial equilibrium catches, indices of abundance (CPUE and survexgnamssitions
(commercial and survey), lengtiompositions, (survey) recruitment, and priors and pendiies

Methot & Wetzell 2013)The weighting applied to the individual data observatioresequivalent to

the original assessmemiodel

The estimation procedure minimises the negativdikaihood of the objective function to determine
the mode of the joint posterior distribution (MPDodel uncertainty was determined using Markov
chain Monte Carlo (MCMC) implemented using the MetropHBlistings algorithm1000 MCMC
samples were drawn at 1000 intervals from a chain of 1.1 million following an initiaiftbofri00000.

3.2 Model diagnostics

The modelfit to the individual datasetswas very similar to the fit to the comparative dsg#sin the

2017 stock assessment model. For the MPDs, the combined age composition likelihoods were very
similar for the two models (33.84 compared to 33.2&fthe 2017 assessment) dimel models provide

a good fit to the individual age compositions from the trawl surveys and fisflesizgley 2018) The

key parameter estimates were also very similar.

As with the original model, the updated assessmentides a good fit to the general trendfour sets

of CPUE indicesalthough there is some divergence from each of the sets of CPUE indices over the
time-series Figure 8). For the most recent two years, the updated model provides a good fit to the
TAR2BPLEBT and TAR3SN CPUE indices. However, the model does not fit the large drop in the
ENLD-BT CPUE index in 2018 and underestimates TA&R3BT CPUE indices in 2017 and 2018
(Figure8).

The recenlTAR3BT CPUE indices appear to conflict with the biomass estimates from the two most
recent ECSI &wl surveys; the model underestimates the CPUE indices but overestimates the trawl
survey vulnerable biomass in both 2016 and 2F1gufe9). As in the oiginal assessment, the model

fits to the length compositions from the ECSI trawl survey are generally quite poor and do not
adequately fit the modal structure of the individual cohdtigufe 10). This observation also pertains

to the length composition from the most recent (2018) trawl survey.

Fisheries New Zealand Update of tarakihi stock asses$§ient
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Figure 9: Observed (grey points) and predicted (blue triangles) winter ECSI trawl survey biomass from
the updated assessment model.
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Figure 10: Comparison of observed (points) and predicted (linesindividual 1ength compositions
(both sexes combinedjrom the winter ECSI Kaharoatrawl surveys (including the most recent
survey) from the updated assessment model.

The updated model estimated annual recruitments that were very similar in magnitude to the original
assessmentHigure 11). There was a small reduction in the level of recruitment estimated during the
early 1980s and recruitment estimates from the termpgwais of the original model (2003015) were

less variable. Recent recruitments are characterised by relatively strong year classes in 2011 and 2012
and lower recruitment in 2013 and 2014. Recruitm@nt2015 2017 were poorly estimated by the
updated asssment modelRigure 11), reflecting the limited information from the recent ECSI trawl
survey data
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Figure 11: A comparison ofthe estimates of annual recruitment from the 2017 assessment (red dashed line)
and the updated assessment (black line and associated 95% confidence intervals). The lines
represent the median values of the MCMC distributions.

3.3 Stock status

The updated assement model yieldedstock trajectories that were very simileo the original
assessment model, in terms of absolute spawning biofigesd12) and spawmig biomass relative

to equilibrium unexploitethiomasqFigure13). There was some divergence in the stock trajectories in
the 1980s and early 1990s copending to the lower level of recruitment estimated by the updated
assessmenhodel Figurell). The estimate of stock status in 2016, the terminal yietireooriginal
assessment, was also slightly lower from the updated n{®BgldSB 0.161 compared to 0.17m

the previous assessmgntith a corresponding lower probability of being above the soft limit of 20%
SB (Tablel).

Theupdated assessment model indicates that there was no appreciable change in stock status from 2016
(2015/16) to 20182017/1§ (Table1 andTable2). Current (2018) stock status svastimated to be at
0.159SK (C.I. 0.113 0.209. Therewas a very high probability (96%) & the stockvas below the

soft limit and anegligible probability (< 1%) that the stoakas below the 1096E, hard limit (Table

2). The estimates of current stock statese consistent with the results of stock projections conducted

with the original assessment model (basedroassumption ofonstant catches equivala@atthe 2016

catch levels)Table2).
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Figure 12: A comparison of spawning biomass from the 2017 assessment (red dashed line) and the updated
assessment (black line and associated 95% confidence intervals). The lines represent the median
values of the MCMC distributions.
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Figure 13: A comparison of spawning biomass relative to virgin biomassSBo) from the 2017 assessmé
(red dashed line) and the updated assessment (black line and associated 95% confidence
intervals). The lines represent the median values of the MCMC distributions.
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Table 1: Stock status in 2016 (2015/16 fishing year) from the a@inal assessment (Base 2017) and the
updated assessment model.

Model option SBo SBzo1s SB201d SBo Pr (SBzo1s> X%SBy)
40% 20% 10%

Base 2017 86321 14620 0.170 0.00 0112 0.9%
(81977191907) (1068519413  (0.126i0.219)

Update2019 86972 13955 0.161 0.00 0.086 0.998
(8243292164) (10330117985  (0.120i 0.204)

Table 2: Stock status in 2018 (2017/18 fishing year) from the original assessment (Base 2017) and the
updated assessment model. Thaock status from the original assessment is based on a constant
catch projection, assuming projected catches were equivalent to 2016 catches. Projection results
are presented in grey italics.

Model option SBo SBro1s SBr01dSBo Pr (SBzo1s8> X%SBo)
40% 20% 10%

Base 2017 86321 13671 0.158 0.00 0.148 0.998
(81977191907) (8004 19900)  (0.0980.222)

Update 2019 86972 13844 0.159 0.00 0.042 0.996
(8243292164)  (976218220)  (0.113 0.205)

3.4 Forward projections

The updated assessment model was applied to conduct forward projections to evaaraje of
different catch scenarios, specifically related to the rebuilding of the stock. Forward projections were
conducted for a 30 year period from 2019 to 2(4&. al scenarios, mnual catches in the first year
(2019 = 2018/19) were equivalent at the base level of catches codagpdo the new TACCs
introduced in 2018/18nd the associated proportion allocated to the eastern stock (for TAR 1 and TAR

7) (Table 3.

The 2018/19 catches for edeishstock/QMAwerethenapportioned between model fiskeybased on

the catch proportions from 2017/(Bable 3. The CookStrait trawl fishery operates within TAR 7 and
the northern area of TAR 3 (Statistical Area QB8 fence the CooBT fishery catchis composed of

a proportion of the TACC of botlrishstock. The projected commercial catches also included an
additional 10% unreported cat¢hable 3. Recreational catches were held constant throughout the
projection periodat the 2016 level (71 t and 9frdém Bay of Plenty and QMA 2, respectivily

Forward projections were conductedfraictionsof the base level of the model fishery catches (total
3560 t) for the years 2020 to 2048. The projections were conducted for 50%, 60%, 70%, 80%, 90% and
100% of the base levels of fishery datc
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Table 3: Derivation of the base le@el of fishery catches included in the forward projections.

Fishstock  2018/19 Proportion 2018/19 Model fishery Catch (t) Including 10%
TACC East Catch (% 2018/19 catch unreporting
TAR 1 1097 0.472 518 ENLD-BT (45%) 233 256
BPLE-BT (55%) 285 313
TAR 2 1500 1.0 1500 TAR2-BT (100%) 1500 1650
TAR 3 1040 1.0 1040 TARS3-BT (66%) 688 757
TAR3-SN (10%) 106 116
CookBT (24%) 246 267

TAR 7 1042 0.17 179 CookBT (100%) 179
Total 3237 3560

Forward projections were conductesing MCMC with 1000 samples drawn at 1000 intervals from a
chain of 1.1 million draws (with an initial buin of 100 000). Annual recruitments were derived from
the BevertorHolt spawnerrecruit relationship with recruitment deviates resampled fromgsbkenaed
distribution 6igmaR0.6).

The results of the individual projections were collated to determine the median biomass level
(SBea/SB) and the probability of the biomass being above the hard limit @®Ysthe soft limit (20%

SB) and two potential levels of target biomass (35% and 88cfor each year of the projectionhe

full range of result$rom the projectionss presented in Appendix 3.

For each catch scenario, median spawning biomass increases from the(20d®@)level, although

the rate of increaseries depending on timeagnitudeof the projected catclirigure14). For example,
under the current (2018/19) levela@fmmercial catcithe median biomass increases from 0.158 to 0.23
SB/SBin 10 years, whereas at 50% of the current catch level the stock reach8B/&EB0n the same
period.

Figure 14: Median annual spawning biomasselative to virgin spawning biomass §Bo) for the projection
period for each of the catch scenarios (percentages of the base level of catch).
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