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Summary

The fishery for Torres Strait Spanish mackereis by line and troll fishing from oceanwaters
between Cape York Peninsulanprtheast Australia) and the western province of Papua New
Guinea.Spanish mackerel are an important economiand traditional food source The fishery is
seasonal with harvests mostly taken between September and November from eastern Torres
Strait and Bramble Cay waterswhen notable aggregations formto spawn and feed

Management othe fishery coverssix fishing sectors 1) commerciallicensedislander boats (aka
TIB), 2) commercialoperators who annually lease portions of quota (TVH), 3ion-commercial
islander fishers, 4) recreational, 5) charter, and 6) commercial Papua New Guinfishers
(PNG) whichthus far havenot requested quotato fish.

Normally, TVH fishers caught more Spanish mackerédan other sectors. Recen017z2018
annual harvests and catch sharepercentageg were around 2 tonnes (t) for TIB (2%), 67 t for
TVH (80%), 10 t for islander noncommercial take (12%), Z5 t for recreational ard charter
(6%), and no PNG harvest (0%)I'VH harvestsranged 1062256 t per year between 1989 and
2006, and64z105 t between 2007 and 2018By definition July 2017June 2018is labelled
through-out document as 2017z fishing year.

4EA 11T OA POITTETATO 46( OAuAldéadcatth rafedotyish AT 1T DOOAA OFE
abundance Generalised linear models standardisgthe catch rates of Spanish mackere(for

legal sized fish) Resulis signalled a 50% decline between 2009and 2018 (labelled 2017). Catch

rates were lowestin 201722018 and similar to the low in 1999. The signal of declinewas

stronger when standardised for differentfishing behaviours between TVH operations. The

longer series of 19822018 catch ratesrevealed a cyclic pattern over years.

The agestructured population analyses of Spanish mackerelssessedainnual data onfish
harvests, catch rates and agkength. The sssessmentanalysed44 different combination of data.
This included:

9 four annualseries offish catch rates
9 five rates of fish natural mortality per year,and

T two series of annual harvest, considering line fishin$940z2018 and suspected
Taiwanese gill nettingbetween 1979 and 1986

T All 40 analysesabove (4x5x2)assumed adgistic shapead pattern of fish vulnerability-at-
age. Fourdomed analyses werencluded to explore different vulnerability effects on
results; they were unremarkable, had higher variance and within the range ahe
logistic results.

Acrosspopulation analyses, estimategspawning biomas®s of Spanish mackerel in 2017/2018
were 14743% of original estimates forthe start of the fishery in 1940.Lower results in the
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range were associated withincluding Taiwanese harvestsNo rational evidence was available to
narrow the range of results. The broad percentagesignified a classification statusat or below
the biomass level for maximum sustanable yield. Estimates of fishing pressure in 2017/2018
were sustainable atless thanmaximum sustainablelevels (Uzo1s < Uusy).

The declining biomassresults relate to the downturn in Spanish mackerel standardise@atch
rates 2009z2018. The decline had a bianass ratio midpoint, across analyses, at around 28 of
virgin levelsin 2017/2018 . We caution thatcatch rates, and fish agdength data,mayindicate
localised patterns as more data were from Bramble Cay than other locations in the Torres
Strait.

Management shouldconsiderthe variance in results andsetrecommended biological harvests
at appropriate levels following a harvest strategyMedianreference points for Spanish mackerel
harvests, based on thelownturn to 2017/2018 population size, were Femsy= 94 t, Fsao = 81 t,

Feag = 63 t, eso = 60 t and Feeo = 43 t Median equilibrium measures, potentialharvestsat their
reference population sizes, wereFgusy=138t, Fgao = 1351, g =129 t, Feso=125t, and Fgeo =
107 t.

At this time, asafeguard approach for management procedures to allow for lower biomass
(i.e. base decisions on current population estimates, not equilibrium measuresid a down
cycle which may be causetly unknown environmental or fishery conditions. Recentlevels of
reported fishery harvest and fishing pressurealonedo not explain the downturn.

This report was prepared to update the stock assessment with the latest datand to inform

new harvest strategy design.It will be important to assess how Spanish mackerel are
responding to any further down cycle or change. Initiatingsampling of Spanish mackerehges is
critical to support future age-structured stock assessmnts and management procedures.
Further data onfish harvests (commercial andhon-commercial) and catch rates aerequired.
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Torres Strait Spanish mackerelScomberomorus commersoarelarge pelagic fish thatare harvestedby line and
troll fishing from ocean waters between Cape YorReninsula (north-eastAustralia) and the western province

of Papua New @inea.Australia and Papua New Guinea shareshery management in the Torres Straitthrough
the Protected Zone Joint Authority (PZJA)Figure 1).

Torres Strait waters connect to the Coral Sea in the east and Great Barrier Reef to the south, and the Arafura
Sea and the Gulf of Carpentaria to the west. Separate stocks of Spanish mackerel reside in these surrounding
waters, with the most recent stock sructure research recommending that Torres Strait Spanish mackerel be
regarded as a discrete metgopulation for management(Buckworth et al., 2007) This recommendation

formed the spatial boundary for stock assessment.

The Australian sector for Spanish mackerel is an important economic and traditional food source for all Torres
Strait communities (Begg et al., 2006)Historically, the Australian commercial sector have harvesteit order of
200 t of Spanish mackereper year, with lesser harvests taken by Torres Strait and Papua New Guinea
communities (Begg et al., 2006; Busilacchi et al., 2015)

The inauguralstock assessment for Tores Strait Spanish mackerel was completed using data up to the 2003
fishing year (Begg et al., 2006) The assessment described the biological parameters, management and research
histories and estimated the stock as being fully fished with annual harves{mean =173 t and standard

deviation = 31 t) judged to be nearing or exceeding maximum sustainable levels46z264 t) (Begg et al., 2006)
The Australian Government fishery status reprts have monitored nominal harvesttrends since 2003 and in

2015 classified Torres &ait Spanish mackerel as not overfished and not subject to overfishir(@atterson et al.,
2015).

In 2014 the Torres Strait Scientific Advisory Committegon behalf of he Protected Zone Joint Authority funded
the need to revisit and update the previouf006 stock assessmen{Begg et al., 2006)Resultssignalled the
Spanish mackerel population tde sustainable, buthear maximum sustainable levelsResults were reviewed by
a technical working group, and religned expectations of sustainable levels of harvests around 12550 t per
year.

This new 201872019 stock assessment delivers updated resulfer consideration in defining future
management objectives and harvest strategies surprising downturn in catch rates drives results. The
research contractwas managed by the Torres Strait Scientific Advisory Commiée z AFMA project number
RR2016/0824.

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 1
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Figure 1. Area of the Torres Strait Fisheries. The management area for the Australian (Torres Strait) component is
shaded blue. The map was sourced from the ABARES Fishery status report 2015.
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Harvest and catch rate data

The Australian Fisheries Management Authority (AFMA) supplied the Spanish mackerel harvest dathe
project Principal Investigator signedthe! & - |  OAAAA 1 /toBAdvdr piiedt AthffGaiaAnalisddT bis
included the authority for the project coinvestigators (Queensland Department of Agriculture and Fisheriez
DAF, and The University of Quensland) to analyse the data for stock asssment underthe project.

location wasin the computer directory £ O OO D A1 E QHarvestShkaed/@diectd Thedirectory was a

PAOO T £ OEA 0301 AE ! OOAOGOI AT O 3AABOEOU ' 01 6P6 11 OE
ensuredaccess only byapproved staff and confidentiality, integrity and backup of the dataA copy of the
OOPAT EABABQOA selsvailaled@od & -1 O1 AAO OEA OAAAAS ACOAAIT AT

The data onTorres Strait Spanish mackerel harvestwere from two sources: 1) AFMA compulsory logbook
(Log) database and 2) AFMA docket (Doc) boakcords. The commercial licence and eratsement conditions
for logbooks was compulsoryfor TVH fishing operations(Australian Government, 2013) This is a condition of
all commercialendorsement holders fishing for Spanish mackerel to ensure that the informatiorequired by
the logbook aboutfish taken and effort expended in the fishery is accurately and fully recorded in accordance
with the instruction (Australian Government, 2013) The docket (Doc) book reards are important information
for harvest reporting through community processor/freezer establishments At the time of this report, the Doc
datarecorded mostly harvests from Islander commercial fishersHistorically, docket book reporting wasnon-
compulsory and databasemaintenancewas notfrequent (French et al., 2015)

The following data tables weke created and linked in theMS Accesslatabasefor the purpose of summarising
total harvests and fishing efforts and modelling to standardise catch rat€sindicates non AFMA data sourced
and created by DAF)

0 LogOperation z logbook client, vessel, fishinglate and location data.

0 LogEffort z number of crew, tenders andhe fishing method.

0 LogGatchz tender number, species harvested numbersand weights (kilograms: kg)
0 LogBoat z grouping factors for different vesses and operators.

0 LogSop z defines species categories / families.

0 LogwtCorversionsz for different product forms (e.g. kg of fillets tckg whole fish).

0 Regions z latitude and longitude borders for the five fishing regions, seeFigure 3.

o DayYear z daily sinusoidal data for modelling within year fishing seasons.

0 LeapYear z binary factor identifying leap years; links with DayYear.

o

Winds* z daily mean wind speed, direction ad components (NS and EW)

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 3



0 LunarPhasesz continuous moon phase data.

0 Setup_meanwiz mean fish weights by species (kg).

o DocOperationz Docket book records of processed harvest by island and fisher/seller.
o DocCatchy species weights (kg) ad prices AUDS).

o0 DocSppz defines species categories / families.

The Torres Strait wind data vasfrom the Bureau of Meteorology (BOM, Australian Government;
www.bom.gov.au). The wind data encompasse#iorn and Coconut Islands weathertations. The recorded
measures ofwind speed (km hour-1) and direction (degreesfrom where the wind blew) was converted to an
averagedaily reading. From this datgthe north-south (NS) and eastvest (EW) wind components were
calculated:

NS = km hrt x coqradians(degrees)), and
EW = km hr! x sin(radians(degrees)).

The Torres Strait wind components showd a predominant southeast wind pattern Any missing wind

components were assumed equal to the overall average values (NS1L8.4334 and EW = 9.9282). The ind
components standardised Spanish mackerel catch rates for different wind directions and strengtfihe

component functionsconsidered theBOM defined winddirections asdegrees measured clockwise from true

noth (n AACOAAG E .1 OOEFMEAITO AA OOKIOG Tplym 7AA CDRRBR O 10O A«
IO onT¢ OAAEAT O E 7A008

The lunar phase (luminance) data was aatculated measure ofthe moon cycle with values rangng between 0 =
new moon and 1 = full moonfor each day of the yeatCourtney et al., 2002; Begg et al., 2006; O'Neill and Leigh,
2006). The data wergrom the Department of Agriculture and Fisheries (DAF), Queelad Government.The
luminancemeasurej 1 01 AOQ A 111 xAA A OET 601 EAAT PAOOAOT AT A
cycle) into a new variable (lunar_adv) taqquantify the cosine of the lunardata (O'Neill and Leigh, 2006) Figure

2. The two variables were modell@ together to estimate the variation of Spanish mackerel harvest according to
the moon phase (i.e. contrasting \&xing and waning patterns of the mooh
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Figure 2. The lunar phase cycle (solid line) illustrated over 85 days. The dashed line illustrates the lunar cycle
advanced by seven days. Tgether these lines modelled catch rates allowing for new moon, waxing moon, full moon,
and waning moon effects.

The seasonality of Spanish mackerehtch rateswas modelled using sinusoidal data (DayYear) tidentify the
time of year. Thedata wascalculated andused to minimise thenumber of model parameterswith the purpose
to reducetemporal confounding with the regional andor vesselparameters. ForTorres Strait Spanish
mackerel,parameter confounding was a concern given the limited temporal and spatial patterns of fishing by
some vessels; particularly ifmore parameters were used tanodel the explicit monthly or weekly factorisations
of the data.In total four trigonometric covariates were used, which together modelled an average monthly
pattern of catch(Marriott et al., 2013): § =cos( Zyol//'l'y), S, =Sin(20(1//Ty) .S =cos( époL/Ty) .S, =sin(4ooL/Ty) :
where dy was the cumulative day of the year andy was the total number of days in the year (365 or 366)l'he
reason for using both sine and cosine functions together was similar to modelling lunar phasegdere the
functions together identify the seasonalpatterns of cath rates corresponding to autumn,winter, spring and
summer periods.

The mergeddata tableswere analysedto standardise catch rates of Spanish mackerel. The analysis data formed
OAAT OAO T £/ AAAE OAOOAI 80 AAEI U EAOOAOGOR OI CAOEAO xE
(anonymous codes were used)date, number of specified tenders, numbers and weight of Spanish mackerel
harvested, lunar phase and wind component#inalysing harvests at tke primary vesselunit aimed to match the

daily recording format, avoidcorrelation betweentenders, and to useappropriate sample sizes for estimating
confidence intervals.The following aspects werefor creating the dailycatch ratedata:

0 Thelog Boat and_ogOperation datagrouped each vessel, day and record number, and filtered for only
Spanish mackerel vessels, gear code TR and logbook types SM02 and TSFM4 included the
corresponding location data.

0 ThelLogCatch and LogEffort datdinked with the selected LogOperatia data bagd on therecord
number. The merged data was for the LogSpp codes for Spanish mackerel.

o In addition, the lunar phase, dy-year and wind componentsdatawere merged based on thdishing
dates.

o0 The regionareas were calculated as follows:

calculate z1 = (lat2.ge9.3)

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 5



calculate z2 = (lat2.1t-10.0)

calculate z3 = (lat2.ge10.0)

calculate z4 = (long2.ge.143.5)*(long2.le.144.0)
calculate z5 = (long2.ge.143.75)

calculate z6 = (long2.1t.143.75)

calculate zone5 = (z1*z4) + (z3*z6)*2*((z1*z4).e®) + (z3*z5)*3*((z1*z4).eq.0) +
(z2*z6)*4*((z1*z4).eq.0) + (z2*z5)*5*((z1*z4).eq.0)

groups [redefine=yes] zone5 seeFigure 3. The five area stratification was defierd by the FFRAG sub
technical group in 2018.

o Some client/fisher names and theiffishing regions were inconsistent (Dr A. Tobin pers. comm.Yhe
degreeof this problem was unknown. Catch rates were therefore analysday vessel namgalso called a
boat), which accurately grouped the clients.

0 Therecorded harvests of Spanish mackerel weren three different data fields: 1) number of fishn, 2)
weight of whole fish in kilograms woig, calculatedbased on different product formsand 3) number of
cartons c. The catch rate analysis wadased the numbers of fish as this dataas the mostfrequent,
complete and matched logbooksin addition, numbers generally index abundance more accurately than
weight, given the average size and weight of fish can vary betweenfeifent areas, times and schools of
fish. Records of zero harvest were nainalysed,asthey may be inconsistent and under reportedDr A.
Tobin pers. comm.) Table1 lists the conversionsused to fill in missing records

0 The harvest tonnages oTorres Strait Spanish mackerel assumed mean fish weightof 6.909 kg(Table
1). In the 2006 stock assessment reporBegg et al. (2006kstimated a mean fish weight of 8.5 kg based
on logbook data for whole fish only (n = 64). ITable 1, the same calculation method was updated to
include both whole and filleted fish; i.e. all availableneanweight data was usedThis resulted in a
mean estimate of 6.909 kg that wamore consistent with the mean of 7.145 kg (median = 6.562, std =
2.2797) from the agelength monitoring data. The estimate of 6.909 kg was alstear the meanvaluesof
7.229kg and 7.279 kgrom northern Queensland andhe Gulf of Carpentarig Figure 4).

0 The finalcatch ratedata grouped record numbersdentifying different dories and fishing sessiongo
£l O OAAT OAO T £ A A ATEe détdréntdve véssels thd\nad fisheddesttad 3D O's
over all years analysedhadfishedinonyone, AT A EAA OAAT OAAA OA Orhefiller OOEE
removed about 2% of the recorded harvests.

o Thetallied number of dories/tenders/vessels used each day by each fishing operation wa®m the
1 EOOAA OOAT AAO 1 01 AROS &EOT 1T OEA |1 C#AOAEFhek#ddA OFf
rate analysis compared the significance of th covariate data agaist the categorsation of the data into
thegroupsofp h ¢ h AT Awherethe@ebuiOnkie &imilar and the covariate data utilised

0 Togroup the seasonabiology andfishing patterns of Spanish mackerel, the fishingyear was definedfor
the months from July to JungBegg et al., 2006)i.e. fiscal year, where for example the time periodom
the 1st July 2014 to 30 June 2015 was labelledsfishing year 2014.

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 6
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Table 1. Equations for converting numbers of fish and weight s (kg).

Equation Condition
W, =N %.909, where 6.909kg was the mean weight of avhole fish calculated
n>0
using whole and filleted fish data(n =86, s.d. = 2.93).
Woew = (Woa/ Vo) 3Vaewr WheT€Vold Was the original and vrew Was thecorrected product
n=0,w, >0

conversion weights (fillets, trunk, gilled and gutted or whole; Begg et al., 2006)

W, =C 43 E.60¢ where 13 kgwas the mean carton weight for filet§ B o /EE
carton; s.d = 1.47, n = 6828and 1.608 kg was the mean conversion for fillets to
whole fish.

n=0,w, 0,c 8

n=w,,/6.909 n=0
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Figure 3. Map of the Torres Strait and regional stratifications illustrated by colour - (Bramble Cay - blue, Ugar -
orange, east/anchor -yellow, dugong - purple, and southeast - green). Mapcircles indicat e the numbers of Spanish
mackerel harvested per vessel day 198972018 at logbook start -latitude and start -longitude coordinates. Larger
circles show larger harvests; e.g. see Bramble Cay

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 7



*  Bowen Region

1071 Lucinda Region
Mission Beach Region
05 Aurukun Region
Parmpuraaw Region
or *  \Weipa Region
#*  Torres Strait
HLT; 8.5 L] &
=
=
£ 87
(=]
2 .
g iar L L]
-
& . . : : * e
';E ? | [ ] [ ] . ™ -
. .
g . *
=65 * Y

=]
T
0

L]

b
o
T

5 i i i i i i i i i
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Fishing year

Figure 4. Comparison of the mean weight of Spanish mackerel by fishing years and regions nearby to the Torres
Strait. Each mean point had a sample of between 10072680 fish. The figure illustrates the vari ability between year s
and regions, with only a small number of means at or above 8.5 kg.

Fish age-length composition data

The Queensland Government (DAF) conducted monitoring of Torres Strait Spanish mackerel between 2000 and
2002 to obtain biological data and parameters on fish age and lengtiMcPherson, unpublished) The

monitoring was through commercial fishing operdions, which generally fished within 2 km of Bramble Cay.

The sampled fishing locations and times was dependent on the commercial operation of vessels.

In eachyear,an observer monitored the fish catches of many vesseand daysas possible(Table 2). The

observer operated from a nominated vessel that provided sample processing and accommodation. Commercial
operators were paid a stipend to provide and deliver filletedish frames(McPherson, unpublished) The

observer recorded fishlength, otoliths, gonads and genetic samplewjth most fish sampled from morning
catches. Se®egg et al. (2006)Langstreth (2015) and McPherson (unpublished)for more detail.

Queensland Government mnitoring ceased after 2002, but a CRC Torres Strait research project (T1.14)
adopted the above protocols to sample fish in 2008Begg et al., 2006) The 2005 Spanish mackerel data were
unable to be found on JCU computer servers or through the past stock assesst author Begg et al. (2006)
(emails: A. Tobin 24 August 2015; G. Begg H7August 2015).

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 8



The observed fishotolith increment counts categorisedage(cohort) group based on the otolith edge types
(Appendix 2). Fish sampled in Octobehad an age group as follows:

0 New edge type(code 0). age group = increment count,
o Intermediate edge type (codes 1 and 2): age group = increment count, and
0 Wide edge type(code 3). age group = increment count +1.

The fish aged irthe year 2000 samples had no edge type data. To adjust to age groups, 23% of fish weteave
a wide edge type Fish aged 0€13 fish) were allocated to the 1+ age group.

As most fish (~90%) were both measured and aged, the age group classifications wesed directly to form the
age structure proportions for input into the stock model(no agelength key was applied)

Table 2. Number of Spanish mackerel sampled for length and age. The 12 fish sampled (9 were aged) in April 2007
were not used.

Year Month Days Vessels  Number of fish  Number aged
2000 OctNov 15 1 915 827
2001 Oct 11 5 942 860
2002 Oct 8 3 654 579

Catch rate analysis

The Spanish mackerel data consisted of counts of fish (>0) hasted pervesseloperation day. Count data of

this form can be analysed as an ovatispersed Poissonrlike process(McCullagh and Nelér, 1989; Lee et al.,
2006). Analyses that deal with overdispersion are essential to assess the significance of model parameters and
to calculate appropriate confidence intervals on mean predictions. For Spanish mackerel, the odigpersion
arises dueto fish aggregating (schooling) with various levels of abundance through time and area.

In total four analysesstandardised catch rates andexplored differ ent results. These were:
T Including the number of tenders per fishing operationday, with no fishingpower offset.
1 Including the number of tenders per fishing operatiorday, with fishing power offset.
1 Excluding the number of tenders per fishing operatiorday, with no fishing power offset.
1 Excluding the number of tenders per fishingoperation-day, with fishing power offset.
The four analyses investigated the effects of under reported tenders in early years 198891, and fishing

pi xAO ET AOAAOAO AAAI OAET ¢ Of (OQElkt al, GoAgh Thid ivas bylsdb&ituthd O O
each of the daa in and out of theanalyses.
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Figure 5. Fishing power adjustment (offset) applied in the catch rate standardisation. Thiswas from 1 OA AT O1 AT A8
northeast coast (O'Neill et al., 2018)

The analyses were completed using the statistical software GenS(&SN International, 2018)and standard
errors were calculated for all estimates. The impotance of individual model termswas assessed formally using
F statistics by dropping individual terms from the full model.

The overdispersed Poisson models conformed easily to the discrete nature of the count (numbers of fish) data.
The Poisson models suitably weighted the data givingreater but no excessive emphasis to harvests with large
fitted values, they were consistent with respect to different time scales anitdshould be noted that the residual
plots do not have to appear to b@ormal (Leigh, 2016).

The calculation of standardised cath ratesinvolved predicting mean catch rates from thealifferent model
terms; using GenStai @0 2 %$ ) #4 86 D Ol GLMEENDReinatiatialOP0IB)Fdr example, annual
standardised catch rates were from the fishingyear model term, keeping all other model terms constant.
Standard errors forall predictions were adjusted up according to the sqrt(residual mean deviance); where the
residual mean deviance = over dispersion parameter.

Table 3. Example GenStat statistical models used to analyse Spanish mackerel harvests.

MODEL [DISTRIBUTION=poisson; MK=logarithm; DISPERSION=*; offset=logfp2] nfish
FITINDIVIDUALLY [PRINT=model,summary,estimates,accumulatad;

CONSTANT=estimate; FPROB=yes; TPROB=yes; FACT=2;
selection=%variance,%ss,adjustedr2,r2,seobservations,dispersion,%meandeviance,%deviance,aig)\si
fishyear+zone5+boat+c12+cs12+c6+cs6+tendersn+lunar+lunar_adv+pol(windns;2)+pol(windew;2)

predict fishyear
tendersn and logfp2 weresubstituted in and out of analges

The polynomial variables were quadratic model terms

Population dynamics model

The population dynamic modelcalculatednumbers (N) of Spanish mackerel byearly (t) time categoriesand
annual agegroups (a) from 1+ to the maximum age

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 10



The model accounted fothe processes ofish births, growth, reproduction and mortality in every fishing year
(time stept). The modeloperation wasin two phases: (i) historical estimation of the Spanish mackerel stock
from the fishing years1940z2018 and (ii) simulations of model values and errors to evaluate refence points
and simple constant harvest projectiongFigure 7).

4EA 471 OOAO 300OAEO Aiii AOAEAI AEEOEAOU (B&ig6tal3 Bodehrid D E
was unrealistic to start the modelin 1989 from an unexploited state (virgin population).An estimated annual
harvest from 1940 to 1988 was assumedyith respect to the building trend in harvests reported byMcPherson
(1986) for the years 1957, 1959, 1960, 1962, 19787 and 1979(Table 4.1 x 1.185, in Begg et al., 2006p to
the average annual harvest 19891993 (Figure 6). The method and assumption heravas similar to Begg et al.
(2006), however a logistic shapd increase was assumed rather than linear or exponentidike. The logistic
increase was estimated from a binomial GLMssumingthe 198971993 harvests were at 100% and the
McPherson (1986)data a fraction of the 18971993 average annual harvestsThe logistic-:shapeassumption
aimed tocreate arealistic long-term pattern of expansion ofthe fishery. Begg et al. (2006)usedthe fishing year
1940 to represent the start time for modelling when fishing pressure was low

In addition to the historic harvests above, a Taiwanesarift -net harvest wasincluded for 1979z1986. This was
after FFRAG discussions in 2018, initiated by Dr R. Buckwortfihe net harvests appeared to occurl979z71986,
after review of information held by past projects(McPherson, 1986; O'Neill et al., 2011No information was
available on the tonnage of net Spanish mackerel. FFRé&&&ided to include a harvesof 100 t(Figure 6),
similar to the Australian fishery, to assess what effect it would have on biomass ratios and reference poiits.
was corceivable that the net fishingwould catch a similar amountof mackerelto the troll-line fishery (Dr R.
Buckworth. pers. com. email 14/3/2019).

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 11
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Estimate 3: Adding 100 t Taiwanese gill net 1979...1986
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Figure 6. Estimated harvests for stock assessment 1940z2018. This included harvests for all fishing sectors.

Model parameters(Error! Reference source not found. ) were estimated by calibrating the modeto
standardisedfish catch rates and ageomposition data. Primary importance was placed on fitting the
standardised catch rateqFrancis, 2011). Effective sample sizes for scaling multinomialegativelog-likelihoods
were within the model in order to give realistic weighting to the age composition dataAdditional negative log-
likelihood functions were consideredfor predicting natural mortality (M) and annualrecruitment variation

(8Y).

The model estimation process was conducted in Matl&(MathWorks, 2018) and consisted of a maximm
likelihood (ML) step followed by Markov Chain Monte Carlo sampling (MCMQe flow of the estimation
process is summarised irFigure 7. The maximum likelihood stepused Matlab global optimisation(Quask
Newton method, MathWorks, 2018) followed by a customised simulated annealing program to findnd check
the parameter solutions and estimate he parameter covariance matrix.

The maximum likelihood step was effective for searching and locatingptimal estimates over the negative log
likelihood (combined NLL fitting function s) searchspace. The simulated annealing started from a NLL scaling
factor of 100 and then reduced to 101, 0.1and then0.01. For each scaling factor, thannealing procesgan for
10000 iterations of each parameter. The covariance matrix meased the differences in the negative log
likelihood with each parameter jump.

The MCMGQollowed on from the simulated annealingusing aNLL scaling factor of 1 with fixed covariancelhe
MCMC usegharameter-by-parameter jumping following the Metropolis-Hastings algorithm described by
Gelman et al. (2004) The final mrameter distributions were based on 1000 posterioMCMCsamplesthinned

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 12



from 1 solution stored per 100 samplesMCMC parameters traces and autocorrations were assessedor
convergence and independencéPlummer et al., 2006)

The calculation ofthe fishery reference points(equilibrium and for 2017/2018) were based on optimising the
population model dynamics throughan averlgeharvest rate (u=1 -exp( F) ). All parameters were included

except stochastic recruitment variation(error term exp(#,) in equation 3) was fixed equal to one

The agemodel reference pointswere for maximum sustainable yield(Bwsy), and biomass ratios40%, 48%,

50% and 60%being a proxy for maximum economic yield Buey B T8 The 60% target level isconsistent

with the 2027 managementgoalsOA O ET OEA 1 0AAT O1 AT A ' 1 &8 AtdatedyAT 08 O 3¢
4EA 1 OOOO0OAIT EAT ' 1 OAOT lesBivdid 12 (Abshaliad Sbvérnniwd, 26D T) Th&Ebrigin of

this proxy is not clear (Dr Sean Pascoe, CSIRO, personal communication at the Fisheries Queensland harvest
strategy workshop 4-5t August 2015, but likely based on the symmetric surplus production theory of By b

0.5B, (Zhou et al., 2013; Pascoe et al., 201%his corresponds to BevB msy= 1.5 for the norsymmetric age

model dynamics.

In modeldevelopment andtesting, the estimation ofannual recruitment variation was necessary to fit the
down cycle of catch rates 20192018. This was not required in early assessments. Statistically, this has added a
number of parametersfor the data.

Before 198 there wasno minimum legal size limit(mls). In 1985 asmall 45 cm total length (TL) mls was
introduced, and then in 2004 a 75cm TL mis was enforcedBegg etal., 2006) These management measures
appeared to have no influence on the datdost Spanish mackerel harvested are greater than 75 cm.

For model code see appendix, and equations and theory {@®'Neill et al., 2018; O'Neill and Tobin, 2018; Bsell
Browne et al., 2019) Error! Reference source not found. outlined the model parameters.

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 13
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Figure 7. Flow of operations for the stock model from loading the data to evaluating model predict
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Table 4. Parameter definitions for the Spanish mackerel population dynamics model.

Parameter

Equations and values

Notes

Assumed

Max (a)

Estimated

and X

85, and agg

25

TL=4.274 +.06 [*

—_ ¥s
w, = x|

__exp(Y)
m,l_ﬁ

V= 10.349 $.0128|

J =x #l?

a=5(1 -n/(4hR)
b=(5h -1)/(4nR)
R =exp( ) 16

h = rCOmp/(4 -rCOm
=1 Hexp(x)

rcomp

d= 6

e = zeros(nparRresid, nparRresid+1);

for i = L:nparRresid
hh =sqgrt(0.5*i ./ (i + 1));

e(i, 1:i) =-hh ./ i; e(i, i+ 1) = hh;

end; e=e ./ hh;

Basedon considering the maximum fish age recordedrom the Torres Strait(12 yrs), the
Gulf of Carpentaria (15 yrs)and the Queensland East CoasB6 yrs). Larger values can be set
in the modelas no plusgroup was programmed in the dynamicg$or combining very old fish.

Fish length conversion from fork length [) to total length (TL) measured in cm(Begg etal.,
2006).

The estimated von Bertalanffy growth curve parameters for each sex(
Table5).

Fish weight (kg) attotal length for each ses, based on the exponential curve parameter¥,

and Y,. Femalesx = 2.960e6 andy = 3.148;Males:x = 4.224e6 andy = 3.068(Begg etal.,
2006).

Logistic maturity schedule p(maturdlsya) by fork length (cm) for female fish(s= 1). The

schedule was estimatedising binomial regression and logit link(Mackie et al., 2005; Begg et
al., 2006) The length-dependentmaturity was converted to sexand-age dependent
maturity following the process for length vulnerability (Equation 16).

Mature gonad weight(kg as anindex offecundity) at total length for female fish The
relationship was estimated from only mature ripe stage 7 fish usinBegg et al. (2006data.
The quadratic curve parameters were:x =-0.008858 andy = 0.000124 R = 0.4906and n =
83. Thelength-dependent fecunditywas converted to sexand-age dependenfecundity
following the process forlength vulnerability (Equation 16).

One parameter for instantaneous natural mortality yeat. The prior distribution allowed for
a lifespan of about D yearsin the Torres Strait Begg et al. (2006)considered empirical
estimates of 0.37based on the Hoenig (1983) equation assuming the maximum age of 12
yearsand 0.28 yeat OOET ¢ OEA 0AOQI U8 O j.gsimates]frod dasdoasi
waters of Queensland ranged 0.26 to 0.34 yeawusing the same methodologyCampbell et
al., 2012) Another estimate of using the age based estimator ©hen et al. (2015)was 0.25
year! assuminga maximum age of 26 years from Queensland east coast waters.

Two parameters for the BevertonHolt spawner-recruitment function, equation, that define
1 and (Haddon, 2001). Virgin recruitment (Ro) was estimated on the log scale for the first
model year. One estimated value of steepnesk)(was assumed for the stocks was the
calculatedas theoverall virgin egg production in the first model yearfrom equation 4. The
recomp parameter is the recruitment compensation ratio(Goodyear, 1977) based on the log

scale coefficientX .

Two parameters for the logistic vulneability, equation 7. (Haddon, 2001). @, was the fish

age (years)at 50% vulnerability to fishing and 8g5 at 95%.

Recruitment parameters to ensure log deviations sum to zero with standard deviatiof,
equation 15. Z were the estimated parameters known as barycentric or simplex
coordinates, distributed NID (0,5) with number nparRresid = number of recruitment

yearsz 1 (Mobius, 1827; Sklyarenko, 2011)e was the coordinate basis matrix to scale the
distance of residuals (vertices of the simplex) from zer¢O'Neill et al., 2011)
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Fish catchability parameter measuring the proportion of the exploitable stock taken by one

q unit of standardised fishing effort. The parameter was derived as a closédrm median
estimate of standardised catch rates divided by the midyear biomass form (Haddon,
2001).

2A00ATOME BFAOOOET 1

The results anddiscussion describesiotable trends in Spanish mackerel data, predictions from analyses and
general conclusions The key data and results arander two sub-headings forthe O A A O A irffdi tHe BGUEl &

andOEBIT ®01 AGET 1 Afdriedtiinated anddiaghdsiics The flow of stock model operations from
data inputs to evaluating outputsare in Figure 7.

Data inputs

Harvests

The Torres Strait AFMA finfish logbook dia was analysedor the fishing years 198%2017. The data analyses

were summarised to financialor fishing years (e.g. the 201Tishing year grouped harvests between 1st July

2017 and 30th June 20184 EA AAOAOEDOEOA OAOI O OuwmeoGsEET ¢ UAAOS

From the TVHIlogbook data,the estimatedSpanish mackerel annal harvests ranged 106256 t between 1989
and 2006 (Figure 8). Theestimated annual harvest ofSpanish mackerel declined ¢ 64-105 t between 2007 and
2017. Thedecline was associated with changes in thiisshery management shifting ownership entitlements to

the Torres Strait

The number of TVHvessels reportingSpanish mackereharvest through logbooks ranged 1@26 between 1989

and 2006. Theseoperations fished in order of 70¢1500 days a yearThe numbers of operations reporting
harvestdropped to 4z7 per fishing year between2007 and 2017, with less than B0 boat days fished Figure
9).

The TIB docket database ofSpanish makerel harvests averaged about 9 each fishing year from 20032010
(Figure 10). The harvest tdlies from other years werelow (Figure 10).

Harvests of10 t for islander non-commercial take 275 t for recreational and charter, and no PNG harvestere

estimatedfor the other fishing sectors (see FWG and FFRAG meetings not@$le recreational estimate was
low basead on limited survey participation (Webley et al., 2015)

For datainput into the population dynamic model, two scenarios of total Spanish mackerel harvest were
considered to cover therange of uncertainty inharvests:

1. Base reported harvestslogbook harvest 198%2017, docket book harvest 19892017, plus10 t for
islander non-commercial take, Z5 t for recreational and charter, and no PNG harvest94071988
harvests were model estimated Figure 6).

2. Inflated harvests:adding a 100 t Taiwanese driftnet harvest 197%1986 (Figure 6). This scenario

consideredearlier high harvests and coveredhe possibility of unaccountednetting across the Torres

Strait.

The harvest schedule aboveincluded all estimated Spanish mackerektatchesfor all fishing sectors Additional

unreported catches and fishing effort were possibléPatterson et al., 2015)As reported and assumed by

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 16



Patterson et al. (2015)and Begg et al. (2006) the traditional Islander subsistence, recreational, historical
foreign fishing and Papua New Guinea harvestvere small.

a) Harvest weight
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Figure 8. Estimated total harvests of Spanish mackerel by fishing year from TVHIlogbook data for fish weight
measured in tonnes (t).
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Figure 9. TVH logbook reports of total fishing effort by year for a) number of primary fishing operations (vessels),

and b) number of days fished by the operations .

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 18



[ 1Begg et. al. 2006 14 14
I AFMA
........ Median 13
10 -
9 Median 2003-2010 = 9t
= 8
> 7
(0] —l
=
5 5
5_ N N
4 4 4
3 3 3
2 2
1
Ol\m\llll\l\llll
D O «— N MO < IO O &~ 0 O O «~ N OO & I © I 0 O O «~ N O F v ©O© M~
0 OO O O O O O O O O O O O O O O O O 0O 0O O v“ ™ «™ v ™ Y O«
oo O O O O O O O O O O O O O O O O O 0O O OO oo o o o o o o o
FFFFFFFFFFF AN AN AN AN AN AN AN &N AN AN N N N N &N NN N N
Fishing year

Figure 10. Therevised docket database tally of TIB Spanish mackerel harvest (tonnes) by fishing year. The 2003z
2010 median = 9t per year.

Catch rates

Relative trends in Spanish mackerehbundancewere from a TVHlogbook standardised catch rate. This index
was important to the stock assessmenas itinformed on the magnitude ofproportion al change inthe Spanish
mackerel (exploitable) population; this wasthe primary assumption for the stock modelFull emphasiswas on
the index asno recentfish agellength or fishery-independent survey data wereavailable.

The assumption of proportionality wasmade only after employing a regression mode(Hilborn and Walters,
1992), in order to standardisethe biases or varation in the data by accounting for factors affecting relativéish
abundance and fishing efficiencyTheresult aimedto generateatime series ofstandardised catch rateghat
was more representative of trends in thdished population. Standardisation was required to account for
efficiency changes in fishing effort and location8shed through tim e and between fishing vessels.

The catch ratedata (numbers of Spanish mackerel harvested per operation daypetween 1989 and 207 was
first summarised to undergand the distributional properties. The data had high variance and was highly
skewed with a nominal median= 15 fishper operation-day, mean = 23 fish and standard deviation 25 fish (CV
= 108%). Most (about 95%) records ofharvest wereasnumbers of fishand not weight. Significant variancein
catch rateswas evidentbetweenfishing operations, with some surprisingly large harvests (> 100 fistper
operation day). The variance in catch rates by fishing year is inFigure 11.
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Figure 11. Box plot ofreported TVH harvests of Spanish mackerel by fishing year (per primary vessel operation day).

The plot displays the skewed distributio ns of harvest around their medians (line in the middle of each box). The

bottom and top of each box were the 25th and 75th percentiles. The whisker lengths indicate the general range of

AAAE OAOOAn each yerrAiitOuh @ @ally large harvests draw n as crosses

Figure 12 comparedfour different TVHcatch rate indices of Spanish mackerel between the fishing year889

and 2017 (July 2017-June 2018) The following standardisation results are noted:

o Catchratesillustrated rough 10-year cycles. This startedwvith a down cycle for 19881999, then an

increase 199%2009, andadownturn for 2009z2017. Thescale (amplitude) of the cycle was about 30
40% from the overall annual mean The time seriesndicated significart years of improved and reduced

catch rates

o Allindices illustrated adecline of about 50% between 200%nd 2017. This trendwasE1T A1l |

data, particularly the declines in 2016 and 2017.

0 Scatter plot of the standardised residuals against fitted values is Figure 17 (Appendix 1). The residual

plot showed no lack of model fit. Thecatter plot wastypical for Poisson models and wasimilar
betweenthe four GLMs.
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0 Exploratory analysis of the 200%2017 data (TSFO1 logbook)produced indices that were similar and
confirmed the 201772017 decline(Figure 18, Appendix 1).

o The inclusion ofboat-operation and seasonal terms were most importanin the standardisation of
catch rates(Figure 19 and Table 7, Appendix 1).

o In general, the GLMredicted relationships of increasing catch rates using more tenders, fishing during
the spring and autumn months, on the early waxing moon phase and timed with good weather of light
SE winds(O'Neill et al., 2018; O'Neill and Tobin, 2018)

o The measures of statistical error on the mean catch rates Figure12were#6 B WwbPh AT A wuk
confidence intervals about + 2 fishThis suggests a statistical detection power of change in annual catch
rates of about £ 16% or 4 fish The standardised catch ratesappear sufficient for use in stock
assessment and harvest strategies.
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Figure 12. Comparison of Spanish mackerel average catch rates by fishing year 1989 z2017. The plot comparesfour
different standardised predictions , with and without the tender and fishing power (FP) data. Note logbook forms
changed in 2003.
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In 2018, logbooks were setup for TIB ogrations. Early data indicated a mean catch rate of 10 Spanish mackerel
per operation day. The standard error was 1.5 fisfThe mean catch rate was for Ugar (zone 2) waters during
October and November 2018. The number of repoetd harvests were only 16.

A direct comparison of TIB and TVH catch rates was not possible at this tingtrictly, the 2018 TVH catch rates
are required for the same fishing location and datesdowever,for an initial calculation, the TIB catch rate was
63% (Cl: 43%89%) of the TVH atch rate. This ratio used &VH OctobegNovember 201672017 zone 2 mean
catch rate of 16 fish (s.e. = 1.7).

Fish age-length composition data

There has been no sampling for many years dii¢ agelength structure of Tomres Strait Spanish mackerelThe
available age frequencies show limited numbers of old fish from Bramble Cay waters 22D02 (Figure 13).
Most of the sampled fish vere aged in the 2+ to 4+ cohorige-groups. The maximum fish age was 10 years,
much less,than the maximum age found in waters on the Queensland east coé2s years; Campbell et al.,
2012; Langstreth et al., 2014)

For the 200072002 samples, female fish were on average slightly largeFigure 14; females: overall mean =
109 cm TL and std = 1@m, males: mearr 102 cm TL and std = 8 cm)he average weighof Spanish mackerel
sampledfrom the Torres Strait was notdifferent to surrounding waters of the Queensland east coast and Gulf
of Carpentaria Figure 4, page8).

Thereason for noold fish in the Torres Strait sampleswas unclear. The issuemay relate to movement patterns
of fish, the limited time-frame of sampling within yearsand the lack of spatial samples across the Torres Strait.
Alternatively, the truncated age structures mg indicate high fish mortality. In the population model, ranges of
natural mortality attempted to explain the lack of old fish.
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Figure 13. Age group frequencies of Spanish nackerel by fishing year and sex; n is the number of fish sampled.
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Figure 14. Total length frequencies of Spanish mackerel by fishing year and sex; n is the number of fish sampled. The
200072002 data was by DAF monitoring and the 2004 data was from AFMA voluntary fisher recordings.

Table 5. Sex specific von Bertalanffy growth parameters used to predict fish total length (cm) from age group data
(years). Parameter standard errors are in brackets.

Parameter Female Male

o 160.320 (11.697) 159.950 (24.304)
k 0.133(0.033) 0.081(0.034)

0 -5.781(0.979) -9.926 (2.310)
RMSE (std) 6.2 52

d.f. 792 644

Adjusted R? 0.58 0.52

Population dynamics model

The agestructured population analyses of Spanish mackerel assessed annual data on fish harvests, catch rates
and agelength. Theassessment analysed 4dombinations of data(Table 8, Appendix3, page38). This
included:

9 four annualseries offish catch rates(Figure 12),
9 five rates of fish natural mortality per year(0.25, 0.3, 0.35, 0.4, 0.44pand

9 two series of annual harvest, considering line fishin$940z2018 and suspected Taiwanese gill netting
between 1979 and 1986(Figure 6).

91 All 40 analyses above (4x5x2) assumed adistic shapedpattern of fish vulnerability-at-age. Four
domed analyses were included to explore different vulnerahitly effects on results; they were
unremarkable, had higher variance and within the range of the logistiziomass ratioresults.
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All reported analyses resulted irmodel convergence andgoundfits to the input data (Appendix 3). The results
differed betweenmaodel settings and datg and suggesed precaution for interpreting stock productivity and
setting of annualrecommended biologicalcatch (RBC)

Measurement of uncertainty in results, andlefining the set of possible population states and reference points,
was by comparing maximum likelihood (best) estimates from thé4 analyses. Of the 4435 analyseshad better
fits to the data(Table 8). The nine lesseldisregarded) fits related to domed selectivity and high 0.44 natural
mortality matchedwith Taiwanese harvess. Complexdomed selectivity was unnecessaryor the data. Maching
high natural mortality with extra Taiwaneseharvest did not work.

For the 35 analysesall had adequate fits to the dataMCMCsimulations were only for the first four analysesto
gauge stability. All MCMCtraces appeared adequate (see examples in Appendix 3jodel fits to fish catch rates
and agestructures were acceptable.The model results assumeda stochasticstock-recruitment relationship,
constantM, logistic age-based vulnerability calibrated on 2002002 Bramble Cay datgstandardised catch rates
were proportional to the exploitable population biomass and that Torres StraitSpanish mackeretomprise of a
single stock

The estimate of recruitment compensation(rcomp='max) Or Steepness(h) was not achieved in the first stock
assessment due to the limidtime series of data(Begg et al., 2006)Begg et al compared valuesf steepness at
0.38, 0.53 and 0.70 (Tables 2.12 ar&l2,Begg et al., 2005 These settings were based on the reproductive rates
for Scombridae species (mackerel and tungpe-species, with mediarh = 0.52 20h percentile =0.3and 80"
percentile =0.72; Table 1, Myers et al., 1999Myers et al (1999) concluded thah will vary with species,

natural mortality and age-at-maturity, with the number ofannualreplacement spawnerstypically ranging 1z7
per spawner per year. Using Myers et al. (1999) generalisation, an expected steepndgdd@r Spanish mackerel
could range Q4 to 0.87; noting this range is higher thathe values summarisedor Scombridae.

The estimationof hiin the previous assessmentvas successfulind varied 0.35z0.59 based on foumodel
settings (O'Neill and Tobin, 2018) The values of steepnegd) measure theexpected proportion of virgin
recruitment at 20% of virgin egg production(Myers et al., 1999; Begg et al., 2005; Begg et al., 2Q06)e
estimated steepneswaluesherein had a median of 0.5 (95% CI: 0.3D.8) over the 35 analyses

The estimates of virgin recruitment numbersof-fish (Ry) correlated with steepness The last assessmeri
ranged between 78000 and 259000 fistper year (O'Neill and Tobin, 2018) For the 35 analyses hereinR,
ranged between 63000 and 201000 per yeaiThe smaler Ry estimatesflow from the decline in catch ratesThe
median standard deviation of annual log recruitnent was 0.24 (95% CI: 0.230.3).

The estimates of fish 50% and 95% agat-vulnerability were consistent between analyses, witteso H  [y€haig
andags h  qyéars. Spanish mackerel aged older than or equal to the 2+ age group were mostly fully vulnerable
to fishing. The results were similar to the previous assessments.

The Spanish mackerel age structureisad few older fish (Figure 13). Typically, truncated age distributions are
indicative of high fishing mortality. This consderation was modelled in analyses witmatural mortality
(M<=0.3). The other analyseswith higher values ofM generallyimproved model fits to the age dataThe high

values ofM were greater thanthoseAT T OEAAOAA 11 1 OOOOATI EAGO AAOO AT AO(

samples were not representative of the broader Torres Strawvaters or that older fish are moving to
surrounding areas(e.g. Papua New Guinea arghst Queensland waters

Spatially stratified fish samples are required to test this questiorand confirm stock boundaries. The sampling
of Spanish mackerel along the east coast of Australisa& expanded in 2003 to account for spatial biases and
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variation (Sumpton and O'Neill, 2004; Tobin and Mapleston, 2004¥lonitoring options for spatial sampling of
Spanish mackerel through Torres Strait waters were modelled in the previous stock assessment and suggested
30 to 40 operation catches were needed from each fishing region per year to approximate tnederlying fish
length and age structures of the exploited popul&in (Begg et al., 2006)

The previous stockassessment of Spanish mackerel udelata up to the end of the 2014ishing year. The
assessment concluded the007z2014 harvests and population estimates were sustainabl@'Neill and Tobin,
2018). For this updated assessment, threenore years of data have been analysed wheoatch rateshave
surprisingly declined (Figure 12). The following estimateswere for 2017:

o All 2017 fishing mortality (pressure) indicators were sustainable € uwsy, Figure 15).
o However,the possiblemature female spawning stoclsizewas below levelsfor MSY(Figure 15).

0 Across population analyses, estimated spawning biomasses of Spanish mackerel in 2017/2018 were
14743% of original estimates for thestart of the fishery in 1940 (Figure 16). Lower results in the range
were associated with including Taiwanese harvests. No rational evidence was available to narroveth
range of results. The broad percentage signified a classification status at or below the biomass level for
maximum sustainable yield.
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Figure 15. Time series phase plot of fishing harvest rate verse spawning biomass ratio. The contours circle the likely
201772018 position. Each dot was a year in each of the 35 analyses.
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Figure 16. The estimated female spawning egg-production ratio compared against virgin. Each line was for 35
analyses.
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As outlined in the methodssection, reference points were estimated corresponding to equilibrium (average)
and 2017 biomasses The reference pointcorrespond to the conceptaised by the Australian Government
(Australian Government, 2007) Before, ro formal or other reference points hal been set for Torres Strait
finfish (Patterson et al., 2015) In the previous draft management plan for Torres Strait finfish onlyreferenceis
made to ensuring the total catch of target species is at or below agreed annual lin{ifaistralian Government,
2013).

The harvest and catch rateaeference points for each analysis are in Appendix Jhe estimates varied with
analysis settings and the exact true values neain unclear.Management should consider the variance in results
and set recommended biological harvests at appropriate levels following a harvest stratedijhe estimates
suggest the harvests takein 2017 were sustainable Medianreference points for Spaish mackerel harvests,
based on the downturn to 2017/2018 population size, were busy= 94 t, thao = 81 t, tbag= 63 t, Whso = 60 t and
Usso = 43 t Median equilibrium measures, potential harvests at their reference population sizes, weresusy
=138, ko = 135, eag =129 t, U0 =125 t, and weo = 107 t.

Projection harvest graphsshow harvests at or below about 100 t should promote increases in Spanish
mackerel biomass (Appendix 3Figure 30 and Figure 31).

AverageSpanish mackerel catctrate referencelevelsare in Table6. The TIB levels were 63% of TVH.

Table 6. Catch rate reference points (number of fish per operation day). See also Appendix 3.

Equilibrium
Reference point TVH TIB
Bmsy 28 18
B2o 14 9
Bao 32 20
Bas 39 25
Bso 41 26
Beo 51 32

#1 1 Al OOEI |

The stock assessment analyses Torres Strait Spanish mackeretonclude that therecent harvestswere
sustainable.However, across analyses, estimated spawning biomasses of Spanish mackerel in 2017/2018 were
14z43% of original estimates for the start of he fishery in 1940. Lower results in the range were associated

with including Taiwanese harvests. No rational evidence was available to narrow the range of results. The
broad percentage signified a classification status at or below the biomass level for xraum sustainable yield.

The declining biomass results relate téhe downturn in Spanish mackerel standardisedtatch rates2009z2018.
Thedecline had a bianass ratio midpoint, across analyses, at around 28 of virgin levelsin 2017/2018 . We
caution that catch rates, and fish agdength data,may indicate localised patternsas more data were from
Bramble Cay than other locations in the Torres Strait.

Since2008, the Torres Strait Finfish Fishery has been reserved for Traditional Inhabitants, on whose behalf the
Torres Strait Regional Authority (TSRA) leases out fishing licences to ndmaditional Inhabitants (TVH). Over
this time, commercial fishinghad eased conpared to before 2008 Despite the reduction, he setting of RBCs

and leasingquota should consider the revised estimates of sustainable harvests for Spanish mackerel, with the
aim to generate sustainable markets and revenue for the benefit of Tres Straitcommunities. Future
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management shouldalso consider benchmarkingarget reference point for fishingto ensure healthy
population biomass(above Busy) and catch rates of Spanish mackereh order to achieveand balance
sustainability, economic, social ad cultural objectives(Australian Government, 2007; Australian Government,
2013; Australian Government, 2015)If future average harvests increaseonsistently above 12 t, then catch
rates of Spanish mackeremay erode long termIn the next few years, quota setting should starto follow a
harvest strategy procedureto recommend annual harvess. Settingsshould be precautionary until
improvements in data are addressed.

For quota setting, how does managemerthoose an RBC for 201:2020?How do we deal wih the uncertainty?
Suggestions include:

1 Use the Commonwealth Harvest Strategy Policy (HSP).

1 Confirm the target reference point.

1 Choosepotential RBCghat increase biomass 95% of the timeg(Figure 30).
9 Study projections!Define the risk levels.

91 Define a rebuild time Figure 31). Typically, recovery times are the minimum of 1) the mean generation
time plus ten years, or 2) three times the mean generation tim@ustralian Government, 2007) Note
that the mean generation time is the average age of a reproductively mature animal in an unexploited
population.

9 For stocks above B but below the level that will produce maximum sustainable yield (Bsy), it is
necessary to rebuild stocks to Bsy. Once stocks are @wsy, rebuilding shall continue toward Barer,
however the rate of rebuilding may be slower and shall be determined in a way thatmsiders the
appropriate balance between shortterm losses and longefterm economic gains.

A harvest strategyframework (Sloan et al., 2014%or the finfish fishery has beensoughtby the PZJATorres
Strait Scientific Advisory Committee project call, 2016)o guide decisions onfuture monitoring, harvests and
fishing effort and leasing arrangementsStock status indicatos and reference pointscalculated herein can
support design of a harvest gategy, but further investment in monitoring data is required toreduce indicator
variances and biasesA total of nine monitoring datarecommendations were listed in the 2006 stock
assessment reportBegg et al., 2006)In order to serviceafuture harvest strategy for Torres Strait Spanish
mackerel (empirical or stock model based)improvements in the data are required:

o Verify records onfishing effort and harvest through logbook docket bookand electronic reporting
systems[for harvest and/orstandardised atch rate assessmeritsThis involvesrecording and
validating:

U trip harvests and average fish weights using unload/sale receipts,
U0 number of dories used and hours fished each operation day,

U the number of andfishing locations of the primary operation and dories; plus utilising VMS/GPS
latitude and longitude coordinatesin future data recording,
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U number of fish caughteach operationand dory day,
U zero catches, and
U days when fishing is stpped due to capacity limitations (too many fish).

o0 Monitor and estimate Spanish mackerel harvests taken by necommercial sectors for stock model
assessmenjs

o Conductregular (annual or biennial) long term monitoring of fish agelength structures that are
spatially representative of the Torres Straiffor mortality and/or stock model assessmeits

o0 Collectfine scale spatially representativegeneticfish samples tofurther examine stock assumptiors
and boundaries[for stock model assessmerdaad managemerit

o Conduct further investigation with the stock assessmemnmnodel to considerhyperstability in catch rates
and examinedomed vulnerability to explain the lack of older fish for stock model assessmeihts

Review of the stock structure literature is complex and the single stock hypothesis is nmampletely clear for
Torres Strait Spanish mackerelBuckworth et al. (2007) report distinct management/stock units for Spanish
mackerel: a) Queensland east coast, b) Torres Strait and ¢) Northern Territory and Western Australian waters.
Genetic results suggest Spanish mackergbpically exist aslocalised assemblageéi.e. larger stock areas
generally consist of amix of fine-scale spatial population groups) with thespatial spawningpatterns of female
fish generally less compared to maleg¢Buckworth et al., 2007) The genetics results also suggest Torres Strait
Spanish mackerehre a mixture of surrounding populations(Buckworth et al., 2007). Otolith isotopes suggest
some similarity between Torres Strait and Gulf of Carpentaria Spanish macke(®lewman et al., 2009) No
stock structure data have been evaluated from north east Queensland (north of 15°S) or Papua New Guinea
waters. Managerent of Spanish mackerehdjacent to the Torres Strait may impact on the viabilty of the Torres
Strait fishery (Buckworth et al. 2007).

This stock structure uncertainty does not undermine the management and assessment of Torres Strait Spanish
mackerel as a single unit and at thisme, it would be detrimental to combine Torres Strait datanto a larger
areawith other jurisdictions. This is sobecause othe seasonal and spatial predictability of Spanish mackerel
aggregations andisks of localised overfishing Thisrisk and eventhas occurred for spawning aggregations

alol ¢ 1O0AAT O1 AT (Fobidet &\ 2018, Tdbin & &.02014)The stock structure unertainty highlights
that finer spatial scaled sampling is required to discriminate Spanish mackerel between the Torres Strait and
surrounding waters.

If future improvement in data is not cost effective or supported, then use of precautionary reference points to
judge abundance (standardised catch rate) indicator signals &ssential for mitigation of indicator variance and
uncertain managementdecisions
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Appendix 1 : Catch rate diagnostics
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Figure 17. Plot of standardised residuals against fitted values from the Poisson GLM analysing numbers of Spanish
mackerel with main effects. The plot shows circle symbols for the goodness-of-fit data, a solid zero reference line and
a dashedtrend line.
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Table 7. Analysis of deviance table for the over-dispersed Poisson model used to standardise catch rates: a) Poisson

generalised linear model (GLM) with tenders and no fishing power offset.

a) Poisson GLMwith tender effect

Adjusted R= 0.375

Residual mean deviance 13.58

Residual degrees of freedom (d.f3 23990

Fixed terms d.f. F statistic pr.
Fishing year 29 41.57 <0.001
Zone 5 4 82.02 <0.001
Vessel 42 75.77 <0.001
S1 1 1.44 0.23

S2 1 375.25 <0.001
S3 1 269.7 <0.001
Sa 1 116.37 <0.001
Number oftenders 1 440.16 <0.001
Lunar phase 1 140.03 <0.001
Lunar phaseadvanced 1 673.04 <0.001
windns 1 5.41 0.02
windnsQ 1 22.78 <0.001
windew 1 1.47 0.225
windewQ 1 56.35 <0.001
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Influence plot - normalised in 2003
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Figure 19. GLM influence plot, illustrating the additive standardisation effect of model terms

2016

. The first column of
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J. Langstreth, Fisheries Queensland, 2015

Recommendation on assigning age group to Torres Strait Fish

1 For fish caught in April (9 fish): age group = increment count.No adjustment required). However, as
April is 6 months after October, if you choose to use them in the ALK, then you should consider
adjusting the length as they are likely to have had significant growth fronmhe same cohort of fish
caught back in October (possibly in the order of-40 cm growth for the main age groups)

9 For fish caught in October :
o New edge typesz age group = increment count
o0 Intermediate edge types (codes 1 & 2) z age group = increment count

0 Wide edge types z age group = increment count- 1

Information to base recommendation

For the GOC & EC Spanish (based on LTMP data), the trend in the timing of edge types being laid down on the
otolith are very similar (Figure 20 and Figure 21). (I have plotted EC by fin yr & GOC by calendar year based on
our respective LTMP samplingseasons). New edge types are mostly visible on the otolith from June/July, and as
spring growth occurs, we can observe intermediate growth (translucent material) on the edge from September.
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Figure 20. Gulf trend for edge type by month.
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EdgeType by month- East Coast EdgeType by month- East Coast
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Figure 21. EC trend for edge type by nonth.

Number of otoliths within each edge type by month - TS 2001,2002,2007

count

2

3

factor(mth)

Figure 22. Torres Strait - edge type by nonth.

Note zedge type was not recorded during the first year of sampling in 2000.

- The majority 57%) 1 £ 43 AEOE OAI Pl AA A @cHEjeq/pe(FDdd22)ATis AOA E
suggests that for these, their increment count accurately reflects their age groupe(i age that these fish
will attain in that financial year). E.g a2 year old fish with a new incement shows 2 increments and
will not show another new increment until the next AugustOct period in the following financial year.

- However, for fish that have avide edge (23%), the increments showing on the otoliths are one less
than would be if the fishlasted for the remainder of the financial year. They should be kept in the same
AT ET 0060 xEOE AZEOE OEAO EAOA EOOO OEI x1 OEAEO O1 Ax

Torres Strait Spanish Mackerel, Department of Agriculture and Fisheries, 2019 36



than increment count. This is supported by the fact that there are 13-@ide fish in the TS data, which
have to be in the tyear age group to have reached minimum legal size (it is highly unlikely these fish
are under 4 months old). So we should plus one to the increment count for fish with wide edge types as
the age class andge group should be one higher than the otolith shows.

- Forintermediates (20%), at this time of year, fish have most likely had some significant growth
Al OAAAU OET AA OxET OAO6 AT A OEAOAE OA 1 AEA Al x1 (
opaque increment. This is in line with what occurs on the EC & in GOC fisheries (see plots above). These
fish will not lay down another opaque band/increment before the end of the financial year, and are

therefore their increment count represents the age grup (max. age they will attain in that financial
year).

- For fish caught in April , they areeither intermediates or wides. In April, being near the end of the
financial year, fish will have laid down their increment for that financial year already & not gthrough
OEA AUAT A O1 T AU AixT ATT OEAO AAA daprDEAthelel A T £
A O A Jwe @agld take one increment off to calculate age group.

Code recording the interpretation of the otoliths margin (For Torres Strait D). This is different for EC & GOC
data.

0. Opaqgue on the margin (New)

1 0-33% of the margin is translucent (Intermediate)
2 34-66% of the margin is translucent (Intermediate)
3 67-100% of the margin is translucent (Wide)

For East Coast 1 7 New, 27 Intermediate, 3- Wide
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Table 8. Settings for the 44 analyses. Harvest 2 include Taiwanese catch.Used, flagged the 35 reported analyses.

Used neglLL Catch rate M Domed Harvest
1 -74.9535 1 0.25 0 1
1 -79.1797 1 0.3 0 1
1 -82.4628 1 0.35 0 1
1 -86.3509 1 0.4 0 1
1 -88.2054 1 0.44 0 1
1 -76.1613 2 0.25 0 1
1 -80.2675 2 0.3 0 1
1 -83.428 2 0.35 0 1
1 -85.8789 2 0.4 0 1
1 -87.4356 2 0.44 0 1
1 -70.7213 3 0.25 0 1
1 -78.2961 3 0.3 0 1
1 -81.6558 3 0.35 0 1
1 -84.2522 3 0.4 0 1
1 -86.5144 3 0.44 0 1
1 -75.2936 4 0.25 0 1
1 -79.2824 4 0.3 0 1
1 -82.3667 4 0.35 0 1
1 -85.4954 4 0.4 0 1
1 -87.3235 4 0.44 0 1
1 -75.8356 1 0.25 0 2
1 -79.7867 1 0.3 0 2
1 -83.0454 1 0.35 0 2
1 -85.7282 1 0.4 0 2
0 -50.6939 1 0.44 0 2
1 -76.2453 2 0.25 0 2
1 -79.7302 2 0.3 0 2
1 -82.605 2 0.35 0 2
0 -64.2163 2 0.4 0 2
0 -41.7278 2 0.44 0 2
1 -72.2535 3 0.25 0 2
1 -76.3623 3 0.3 0 2
1 -79.8483 3 0.35 0 2
1 -82.673 3 0.4 0 2
0 -35.166 3 0.44 0 2
1 -74.3732 4 0.25 0 2
1 -78.1803 4 0.3 0 2
1 -81.2754 4 0.35 0 2
1 -83.731 4 0.4 0 2
0 -58.5118 4 0.44 0 2
0 -78.0894 1 0.3 1 1
0 -77.4697 2 0.3 1 1
0 -77.5541 3 0.3 1 1
0 -78.2656 4 0.3 1 1
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Figure 23. Example gock analysis fit to catch rate 1 (tenders and no fishing power) ; analysis 5. The level of fit was
similar between analyses for catch rates 1z4.
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Figure 24. Example sock analysis prediction of fish age s (analysis 5) . The predicted model fits were similar for other
analyses.
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Figure 25. Typical example MCMC traces analysis 2 M=0.3.
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