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Summary

1) The first seasoholigo fishery of 2013 was open for the scheduled 50 diaya
February 2% to April 14", plus an extension of 3 days until April™yfor vessels
that had optionally started up to 3 days later9a8,tonnes oDoryteuthis gahi
catch were reported; an intermediate amount cordpar@revious first seasons.
34.9% ofD. gahi catch and 31.7% of effort were taken south of $3,5%64.8% of
D. gahi catch and 67.5% of effort were taken north of $85and less than 1% in
the central region of the Loligo Box.

2) Sub-areas north and south of 52° S were depletmetied separately. In the
north sub-area, 3 in-season depletion periods \weegred to have started on
March 3% March 18", and April £ In the south sub-area, 3 in-season depletion
periods were inferred to have started on March, March 27, and April 7.

3) Approximately 28,500 tonnes @. gahi (95% confidence interval: [19,868 to
69,845] tonnes) were estimated to have immigratéa the Loligo Box during
first season 2013, representing 85% ofDhgahi biomass in the fishing zone.

4) The final total estimate fdp. gahi remaining in the Loligo Box at the end of first
season 2013 was:

Maximum likelihood of 13,500 tonnes, with a 95% fidence interval of [5341 to
55,116] tonnes.

The risk ofD. gahi escapement biomass at the end of the season lesgthan
10,000 tonnes was estimated at 10.15%.

| ntroduction

The first season of the 2013ligo fishery Qoryteuthis gahi — Patagonian squid)
started on February P4with 11 vessels participating. Five vessels tduk dption of
starting (and ending) the season later under thefiex rule: two vessels started on
February 28, one on February 6 and two on February $7The vessel conducting
the pre-season survey was still surveying on Fepr&é‘h (Winter et al., 2013).
However, that vessel on that day was surveyingiadeithe Loligo Box and therefore
its catch for the 22was not included in the season depletion modes. Sdason was
ended by directed closure on April™.4and 1, 2, or 3 days later for those vessels that
had started later. Total reported catch by C-liedngessels was 19,908 tonri@s
gahi, an intermediate amount compared to previousdgasons (Table 1).

As in previous seasons, tli2 gahi stock assessment was conducted with
depletion time-series models (Agnew et al., 1998a-Rreta and Arkhipkin, 2007,
Arkhipkin et al., 2008). Becaud®. gahi has an annual life cycle (Patterson, 1988),
stock cannot be derived from a standing biomassedamover from prior years
(Rosenberg et al., 1990). The depletion model awsteack-calculates an estimate of
initial abundance from data on catch, effort, amdural mortality (Roa-Ureta and
Arkhipkin, 2007). In its basic form (DelLury, 194#)e depletion model assumes a
closed population in a fixed area for the duratiérthe assessment. This assumption
is imperfectly met in the Falkland Islands fishemhere stock analyses have often
shown thatD. gahi groups arrive in successive waves after the sfathe season
(Roa-Ureta, 2012). Arrivals of successive grougsiaferred from discontinuities in
the catch data. Fishing on a single, closed cokould be expected to yield gradually
decreasing CPUE, but gradually increasing averageridual sizes, as the squid
grow. When instead these data change suddenlyy oontrast to expectation, the
immigration of a new group to the population isicaded.



Table 1.Loligo season catch comparisons since 2004. Days: totaber of calendar days
open to licensed.oligo fishing including (since *1season 2013) extension days; V-Days:
aggregate number of licenskdligo fishing days reported by all vessels for the seaso

Season 1 Season 2
Catch (t) Days V-Days Catch (t) Days V-Days
2004 17,559 78 1271

2005 24,605 45 576 29,659 78 1210
2006 19,056 50 704 23,238 53 883
2007 17,229 50 680 24,171 63 1063
2008 24,752 51 780 26,996 78 1189
2009 12,764 50 773 17,836 59 923
2010 28,754 50 765 36,993 78 1169
2011 15,271 50 771 18,725 70 1099
2012 34,767 51 770 35,026 78 1095
2013 19,908 53 782

In the event of a new group arrival, the deplettatculation is modified to
account for this influx. This can be done two waily:by a sequential algorithm that
re-starts the depletion time-series on the date wéw group arrival (Roa-Ureta and
Arkhipkin, 2007), allowing for different catchahili coefficients in the different
periods of the depletion time-series, or (2) byimu#taneous algorithm (Roa-Ureta,
2012) that adds new arrivals on top of the stoavipusly present, and assumes a
common catchability coefficient for the entire depmn time-series. The main
purpose oD. gahi assessment is to estimate the season-end biomasktion to the
escapement threshold of 10,000 tonnes (Agnew,e2@02; Barton, 2002). Therefore
in practice only the most recent sequence of thmetlen time-series is of concern
when using modelling approach (1) (sequential dlgar). The basic form of the
DeLury depletion model corresponding to this apphogan be written as:

Cday = quday>< Ndayxe_M/2 (1)

where q is the catchability coefficient, M is natumortality, considered constant at
0.0133 day (Roa-Ureta and Arkhipkin, 2007), and d E day N gay are catch
(numbers ofD. gahi), fishing effort, and abundance (numbersDofgahi) per day.
The sequence ‘per day’ starts with the day thatediem is considered to have started,
or that the most recem. gahi group arrived. If two depletions are included e t
same model, corresponding to approach (2) (simedtas algorithm), then:

C aay = X Eqyy X (N1, + (N2, xi2] ) xe™" 2

day

where i2 is a dummy variable taking the values @ dfr ‘day’ is before or after the
start day of the second depletion. For more tham depletions, N@y, 13, Njay, 4,
etc., would be included following the same pattern.

The original form of the DelLury depletion model posed a linear
relationship of catch vs. fishing effort and abumtty which means that if effort or
abundance is doubled then — all else being equalteh will double. But in reality,
the relationships may depart from linearity. Insesin effort can elicit diminishing



returns. Increases and decreases in abundancencesase or decrease relative
catchability, depending on habitat conditions @ behaviour of the squid. To relate
this nonlinearity in the model, the catch equatiam be expanded (taking equation
(2) for example) as:

C day = qxE,~ x(N1,/ + (N2

day

o wy X12))xe™” 3
wherea and p are respectively the effort and abundance hypameters:a < 1
reflects effort saturability in the fisheryy > 1 effort synergy,f < 1 reflects
hyperstability of the target stock afid> 1 hyperdepletion (Roa-Ureta, 2012). All
approaches to the model (simultaneous or sequentigth or without hyper-
parameters) have advantages and disadvantagessiiodaneous algorithm uses
more of the available data (Roa-Ureta, 2012), bdepletion does not develop until
the later part of the season then the model wippdarly specified by fitting early data
that contribute little information to the final @aime. Hyper-parameters relax the
assumption of linearity, but increase the requatedrees of freedom and may distort
the effects of the primary parameters. All appreschvere tested and the most
suitable ones selected for theligo stock assessment.

Methods

PreviousLoligo stock assessments (e.g., Winter, 2012a, b) wécelated in a
Bayesian framework whereby results of the depletmuel are conditioned by prior
information on the stock from the pre-season surireyhe current season, the survey
ending February 24estimated a low biomass of only 5333 tonBesgahi (Winter et
al., 2013) which is unrepresentative for what tdroet to be an average commercial
season (Table 1). For the second season in a foW(ater, 2012c), survey biomass
was therefore not used as a Bayesian prior, amdiHod of the depletion models
was instead calculated directly by optimizing tbg Hifference between actual catch
numbers and predicted catch numbers per day, irstade. Because of the added
variability in fishing effort resulting from thedkibility in season start and end days —
implemented for the first time this season — ddferes per day were weighted by the
number of vessels fishing, and the output likelth@oofile was statistically corrected
by a factor relating to the number of days of tepldtion period (Roa-Ureta, 2011):

(nDays-2)/2)x Iog(z (log(predictedc,,, )~ log(actualc,, )’ x anay] (4)

days

The optimization gives values for the parametersdNtyan q¢ay (Of however many
depletions in the model) and if use@ndp.

Distributions of the likelihood estimates of thgegameters (i.e., measures of
their statistical uncertainty) were computed usiMgrkov Chain Monte Carlo
(MCMC) (Gamerman and Lopes, 2006), a recommendethadefor fisheries
assessments (Magnusson et al., 2012). MCMC iseatite method which generates
random stepwise changes to the proposed outconee mbdel (in this case, the
number ofD. gahi) and at each step, accepts or nullifies the chavitlea probability
equivalent to how well the change fits the modebhpeeters compared to the previous
step. The resulting sequence of accepted or radlithanges (i.e., the ‘chain’)
approximates the likelihood distribution of the reb@utcome. The MCMC of the



depletion models were run for 1,000,000 iteratioing first 1000 iterations were
discarded as burn-in sections (initial phases oxech the algorithm stabilizes); and
the chains were thinned by a factor of 10 to redier@l correlation (only every tenth
iteration was retained). For each model three chagre run; one chain initiated with
the parameter values obtained from optimizing e@qonaf4) in the given model

version, one chain initiated with these paramet&sand one chain initiated with
these parameters x%a.

The estimate oD. gahi numbers on the final day of a time series is dated
as the numbers N of the depletion start days drgeolufor natural mortality during
the intervening period, and subtracting cumulate&ch also discounted for natural
mortality (CNMD). Taking for example a two-depletiperiod:

N final day = N Lsiarn day 1¥ e—M (final day — start day 1)
+ sttart day X e—M (final day — start day 2)
— CNMDxinal day (5)
where
CNMD gay 1 =0
= M M2
CNMD day x = CNMDdayX_lx e + Cdayx-lx e (6)

N final day IS then multiplied by the expected individual wei@f D. gahi on the final
day to give biomass. Expected individual weightc@édculated using generalized
additive models (GAM) applied to the time seriesdafly average individual sizes.
Daily average individual sizes are obtained frormtlgalengths measured in-season
by observers, and also derived from in-season caomahalata as the proportion of
product weight that vessels reported per market sategory. Observer mantle
lengths are scientifically precise, but restridied -2 vessels at any one time that may
or may not be representative of the entire fle@m@ercially proportioned mantle
lengths are relatively imprecise, but cover thererfishing fleet. Therefore, both
sources of data were used. Daily average individuailghts were calculated by
averaging observer size samples and commerciakaiegories where observer data
were available, otherwise only commercial size gaties.

The likelihood distribution of final day biomass svaomputed by drawing
random normal values with mean and standard dewidtom the GAM calculation
for individual biomass on the final day, multiplgithese values by random draws of
N final day from equation (5) applied to the . outputs of the MCMC, and iterating
the process for 6x the number of MCMC outputs. Maxn likelihood of the final
day biomass was defined as the peak of the liketiheistogram with 1000-tonne
intervals.

Stock assessment
Data

The pre-season survey caught its highest concemtsabf D. gahi on the last day;
inshore of the Loligo Box around 51.3° S 57.8° Wfedv light concentrations db.
gahi were also caught in the Beauchéne sub-area, lmutotkerall distribution
suggested that mof). gahi had not yet out-migrated (Figure 1 and Winter let a
2013). This was corroborated by water temperatheasg colder than usual for the



time of year (A. Arkhipkin, FIFD, personal commuaiion). In-season catches were
strongly polarized towards either the Beauchéneasah (south of 52.5° S and west
of 58.5° W): 34.9% oD. gahi catch and 31.7% of effort, or north of 51.5° S:884

of D. gahi catch and 67.5% of effort. Less than 1% of catcheffort occurred
throughout the central part of the Loligo Box (FigwR). Given this strong partition,
sub-areas north and south of 52° S were depletiodetted separately.

Between 2 and 16 vessels fished in the commeresm on any day (median
= 16; Figure 3), for a total of 782 vessel-daysedé vessels reported daily catch
totals to the FIFD and electronic logbook data tihatuded trawl times, positions,
and product weight by market size categories.

Three FIFD observers were deployed on three vesséi® fishery for a total
of 65 observer-days. Throughout the 53 days ofs#ason, 5 days had no observer
covering, 31 days had 1 observer covering, andalg tad two observers covering.
Each observer sampled an average of @2@ahi daily, and reported their maturity
stages, sex, and lengths to 0.5 cm.

Survey, 09/02 - 24/02 2013
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Figure 1. Spatial distribution @. gahi 1°-season pre-season survey catches, colour-scaled to
catch weight (maximum = 14.8 tonnes). Sixty catches represented. The ‘Loligo Box’
fishing zone, as well as the 52 °S parallel detingathe boundary between north and south
assessment sub-areas, are shown in gray.



Figure 2 [below]. Spatial distribution &f. gahi 1°-season commercial catches, colour-scaled
to catch weight (maximum = 31.1 tonnes). 2552 e#aere taken during the season. The
‘Loligo Box’ fishing zone, as well as the 52 °S gl delineating the boundary between
north and south assessment sub-areas, are sh@nayin

Commercial, 24/02 -17/04 2013
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Group arrivals/ depletion criteria

Start and end days of depletions - following ailgvaf newD. gahi groups - were
judged primarily with reference to daily changes G@PUE, with additional
information from sex proportions, maturity, and age individualD. gahi sizes.
CPUE was calculated as metric tonneDofgahi caught per vessel per day. Days
were used rather than trawl hours as the basicafirgtfort. Commercial vessels do
not trawl standardized duration hours, but rath@ations that best suit their daily
processing requirements. An effort index of daythexrefore more consistent. Daily
average individuaD. gahi sizes were expressed as weight (kg), converteoh fro
mantle lengths using the length-weight relationahip a-L* (Froese, 2006). Length-
weight measurements were not taken during thisoséapre-season survey, so the
relationship was inferred from data of the two paing f' seasons. A Monte Carlo
test determined that the length-weight relationsteag significantly different between



1% season 2011 and'season 2012; therefore their data were averadedrésulting
optimized relationship used fof' season 2013 was:

weight (kg) = 0.2115716 bength (cm)>*%?"**Y/ 1000 7)
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Figure 3. Daily totalD. gahi catch and effort distribution by assessment seb-arorth
(green) and south (purple) of the 52° S paralléh@&ioligo 1% season 2013. The season was
open from February 4(chronological day 55) to April 7(chronological day 107). As
many as 16 vessels fished per day north of 528 &amy as 14 vessels fished per day south
of 52° S. As much as 615 tonrn@sgahi was caught per day north of 52° S; as much as 414
tonnesD. gahi was caught per day south of 52° S.

The D. gahi data and CPUE time series showed considerablabittly throughout
the season. Three days in the north and three idayge south were identified that
most plausibly represented the onset of separaiettns (Figures 4 and 5).

« The first in-season depletion north was identiftedday 62 (3 March), with a
strong increase in CPUE over 2 days (Figure 4)trang increase in the
proportion of females from the day before (Figuyeahd a slight peak in average



commercial weights from continuous-increasing 2 sdégfore to continuous-
decreasing 5 days after (Figure 5).

« The second in-season depletion north was identifreday 74 (18 March) as the
culmination of an uneven increase in CPUE overys dgigure 4), an increase in
the proportion of females from the day before (Fegh), and a small but
continuous increase in average commercial weighes ® days.

« The third in-season depletion north was identifiedday 91 (I April), with a
strong increase in CPUE from the day before (tlghdst north CPUE of the
season, Fig. 4), a strong increase in the propodidemales from the day before
(Fig. 5), and an increase over 4 days in averagerarcial weights (Fig. 5).

« The first in-season depletion south was identibiedday 76 (1% March), which
was the first day that CPUE exceeded 25 tonnesekday’ by more than 3
vessels fishing (Figure 4).

« The second in-season depletion south was identdiectay 86 (2% March),
which was the first day of higher CPUE after 4 daf/slecrease and 1 day of no
fishing (Figure 4).

« The third in-season depletion south was identifiedday 97 (7 April), which
had the highest CPUE since day 86; and in partidaleowing 3 days of decrease
bracketed by 2 days of no fishing (Figure 4).
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Figure 4. CPUE in metric tonnes per vessel per bpyssessment sub-area north (green) and
south (purple) of the 52° S parallel. Circle siaes proportioned to the numbers of vessels
fishing. Data from consecutive days are joinedibg segments. Broken gray bars indicate
days 62, 74, and 91, identified as the start (fedason depletion or immigration north. Solid
gray bars indicate days 76, 86, and 97, identdiethe start of in-season depletion south.

Figure 5 [Next page]. Top graph: Average individilal gahi weights (kg) per day from
commercial size categories®Qyraph: Average individuaD. gahi weights (kg) by sex per
day from observer sampling“3jraph: Proportions of femal®. gahi per day from observer
sampling. Bottom graph: avg. maturity value by pek day from observer sampling. Males:
triangles, females: squares, unsexed: circles.iNsub-area: green, south sub-area: purple.
Data from consecutive days are joined by line segsdroken gray bars indicate days 62,
74, and 91, identified as the start of in-seasqietien north. Solid gray bars indicate days
76, 86, and 97, identified as the start of in-seatapletion south.
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Depletion models

The different versions of the depletion model (diameous or sequential;, with or
without hyper-parameters) were optimized in R céatethe north and south sub-
areas. Outcomes and optimization details are shiovwppendix 1.

In the north sub-area, MCMC of all versions revddleat the depletion model
stabilized in two alternate states: low catchapitibefficient q with corresponding
high N values, and high q with low N (Figure A2.The low g state corresponded to
N values in excess of 5 billio. gahi, which was unrealistic and therefore
considered a spurious optimization. Parametersesponding to ¢ 0.0005 (see
horizontal line through the top graph of Figure B2were excluded from calculating
the likelihood distribution of the stock. With the®nstraint, all model versions gave
plausible outputs of the in-season biomass depldfi@ble Al.1), showing season-
end maximum likelihood estimates ranging from 45@@nes (model version C and
D) to 15,500 tonnes (model version B) (see FigutelA Model version D (final peak
only, no hyper-parameters) was selected for hatiaqiarrowest 1 standard deviation
range of the season-end likelihood distribution768 — 2834 = 15,933 (Fig. Al1.1).

Expected individual weight on the final day (day7lQvas 46.2 + 2.3 g
(Figure A3.1). The resulting likelihood distributicof D. gahi biomass in the north
sub-area on day 107 is shown in Figure 6 (equivateRig. A1.1-D), with maximum
likelihood and 95% confidence interval centred lo@ tnaximum likelihood of:

B N day 107 = 4500 tonnes ~ 95% CI [1721 — 35,161] tenne (8)

North - day 107

0.8

0.6 -

Relative likelihood
|

0.2

[ I I I I I |
0 4500 10000 20000 30000 40000 50000

Biomass (tonnes)
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Figure 6 [Previous page]. Likelihood distributioh®. gahi biomass in the north sub-area on
day 107 (April 17). The maximum likelihood is centred on 4500 tonnes

In the south sub-area, no model versions thatdfittata to the end of the
season (day 107, or alternatively, day 104; exaolgdhe extra days) gave plausible
outputs. The CPUE time series from day 97 onwandsved considerable variability
but no effective depletion towards the end (Figdeand could therefore not be fit
realistically by any model parameters (Figure All@¥tead, the south sub-area was
depletion-modelled to the end of th& Blepletion period, ending on day 95 (Figure
4). Among model versions to day 95, period-end maxn likelihood estimates
ranged from 2500 tonnes (model version D4) to 4600es (model version A4) (see
Figure Al1.2). Model version D4 (final peak only, hgper-parameters) was selected
for having the narrowest 1 standard deviation raofehe period-end likelihood
distribution: 10,599 — 1373 = 9226 (Figure A1R)pected individual weight on day
95 was 25.7 £ 1.1 g (Figure A3.1).

South - day 107

0.6

0.4 _

Relative likelihood
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Figure 7. Likelihood distribution db. gahi biomass in the south sub-area on day 107 (April
17"). The maximum likelihood is centred on 3500 tonnes

Biomass at the end of the second depletion pewothswas extrapolated to
the end of the season by the CPUE ratio of theoértde season over the end of the
second depletion period. End of the season wasatefrom day 102 onwards, i.e.,

13



the last 3 days of the regular season plus the @ys. Variability of this ratio was
estimated by randomly sampling with replacementuwgsels that took catches over
the season end days, then calculating the ratibesie vessels’ CPUE vs. the day-95
CPUE, and multiplying by 1 day-95 biomass valueniraandomly from the day-95
biomass distribution (Figure Al.2-D4). The randoatian was iterated for the
number of units in the day-95 biomass distribution;1,000,000%. The resulting
likelihood distribution ofD. gahi biomass in the south sub-area on day 107 is shown
in Figure 7, with maximum likelihood and 95% comdite interval centred on the
maximum likelihood of:

B s day 107 = Bsday9s X CPUEyay[102 - 107 CPUEqay 95
3500 tonnes ~ 95% CI[941 — 34,506] tanne 9

Escapement biomass

Escapement biomass was defined as the aggregatadsoofD. gahi at the end of
the season (day 107; April 7 for the north and south sub-areas combined
(equations 8 + 9). The north and south sub-aremdmses are assumed to be
independent and therefore the aggregate was ceddudg adding the respective north
and south likelihood distributions in random ordEne likelihood distribution of the
aggregate escapement biomass is shown in FiguBedause both north and south
likelihood distributions were strongly right-skew@gigures 6 and 7), the maximum
likelihood of the escapement biomass is substantiggher than the sum of the north
and south maximum likelihoods.

B Total day 107 = BnNday107 * Bsday107
13,500 tonnes ~ 95% Cl [5341 — 55,106hes  (10)

The risk of the fishery, defined as the proportioh the escapement biomass
distribution below the conservation limit of 10,0@86nnes (Agnew et al., 2002;
Barton, 2002), was equal to 10.15%.

Immigration

D. gahi immigration during the season was inferred adtfierence betweeb. gahi
biomass at the end of the pre-season survey (Webtglr, 2013) an®. gahi biomass
at the end of the commercial season (escapemamibg) plus catch. The likelihood
distribution of this difference was calculated gpeated iterations of drawing a
random value from the escapement biomass distibuiquation 10), adding the
season catch, and subtracting a random draw frentikblihood distribution of the
pre-season survey biomass:

BSeason Immigration = BTotal day 107 + CSeason - BSurvey end
13,500 [5341 - 55,116] + 19,908 — 5RBRI3 - 6661]

28,500 tonnes ~ 95% CI [19,868 — 69,8dBhes  (11)

Note that this represents, more specifically, tlmmlass resulting from immigration
rather than the biomass that immigrated,; it is taien into account that the squid

14



would have been smaller on the date they entemdighing zone and subsequently
grew. However, in-season natural mortality is takeéo account through the CNMD
factor (equations 5 and 6). By this estimate, @ss@ immigration represents 85% of
theD. gahi biomass to have been present in the fishing zotieei £' season of 2013:
28,500/(13,500 + 19,908) = 0.853.
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Figure 8. Likelihood distribution ob. gahi biomass at the end of the season, April.17
Distribution outcomes less than the biomass escapefimit of 10,000 tonnes are shaded
dark gray. Cumulative likelihood is shown as a &dblue curve. The broken blue line
indicates the cumulative likelihood of less than0DO tonnes escapement biomass: 10.15%.
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Appendix
(A.1) Evaluation of different versions of the depletiondal.
Table A1.1. Optimized numbers @f. gahi at depletion end, catchability coefficients, and

hyper-parameters of the different versions of tepletion model (versions B and D don't fit
hyper-parameters; the hyper-parameters are 1 layllefested in the north sub-area.

Sub- Model version N (billions) Catchability Hyper-parameters
area Depletion end coefficient Effort Abundance
N A all 3 peaks, 0.133 1.86-10  0.954 0.630
hyper-parameters
end-day: 107
N B all 3peaks, 0.328 1.36-16 1 1
no hyper-parameters
end-day: 107
N C final peak only, 0.085 5.37-.18 0.843 0.981
hyper-parameters
end-day: 107
N D final peak only, 0.153 2.44.18 1 1
no hyper-parameters
end-day: 107

Figure A1.1 [below]. Left: Daily estimated catchmibers (black points) and expected catch
numbers (red lines) from depletion model versiopgliad to the north sub-area (see Table
Al.1). Broken gray bars: days 62, 74, and 91, ifledtas the start days of depletion north.
Right: Likelihood distribution oD. gahi biomass at the end-day of the depletion compuyed b
MCMC with the parameters of the corresponding moB&it bars = 1000 tonnes each. Bars
shaded gray are within £ 1 normal standard deviatfcthe maximum likelihood (because the
distributions tended to be skewed, calculated 37§ to 1] of the points < maximum
likelihood, and [0 to .6826] of the points > maximlikelihood).
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Table Al.2. Estimated numbers Df gahi at depletion end, catchability coefficients, and
hyper-parameters of the different versions of tepletion model (versions B and D don't fit

hyper-parameters; the hyper-parameters are 1 bgulleftested in the south sub-area.
Numbered versions of the same letter have the &asie structure (single or multiple peaks;
hyper-parameters or not, but differences in somaetiata implemented.

Sub- Model N (billions) Catchability Hyper-parameters
area version Depletion end coefficient Effort Abundance

S A all 3 peaks, 0.069 47116 0.567 0.220
hyper-parameters
end-day: 107

S A2 all 3 peaks, 0.057 4.74-1®& 0584  0.232
hyper-parameters
end-day: 104

S A3 1%& 2" peak, 0.094 2.89-18 0.648 0.149
hyper-parameters
end-day: 104

S A4 1%&2"peak, 0.009 454-18 0594  0.226
hyper-parameters
end-day: 95

S B all 3 peaks, 0.396 2.34.18 1 1
no hyper-parameters
end-day: 107

S B4 1%&2"peak, 0.009 5.95-18 1 1
no hyper-parameters
end-day: 95

S C final peak only, 0.034 5.01-16 0.531 0.189
hyper-parameters
end-day: 107

S C2 final peak only, 0.000 451-18  0.535 0.118
hyper-parameters
end-day: 104

S D final peak only, > 10 3.07-18 1 1
no hyper-parameters
end-day: 107

S D4 2"peak only, 0.009 4.21-18 1 1
no hyper-parameters
end-day: 95

Figure A1.2 [below]. Left: Daily estimated catchmibers (black points) and expected catch
numbers (red lines) from depletion model versiopgliad to the south sub-area (see Table
Al.2). Solid gray bars: days 76, 86, and 97, idiextias the start days of depletion south.
Right: Likelihood distribution oD. gahi biomass at the end-day of the depletion compuged b
MCMC with the parameters of the corresponding moR&it bars = 1000 tonnes each. Bars
shaded gray are within £ 1 normal standard dewiaticche maximum likelihood (because the
distributions tended to be skewed, calculated 37§ to 1] of the points < maximum
likelihood, and [0 to .6826] of the points > maximuikelihood). Bar plots are truncated to a
maximum of 100,000 tonnes, and correspondinglyughiger limit of the gray shaded section
may be off the plot. Note that not all model vension Table A1.2 or included in the figure;
only the ones that showed stable and plausibleomés in the original optimization or the
MCMC calculation.
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Figure A2.1 [above]. Markov Chain Monte Carlo itéwa from the north sub-area depletion
model (version D), showing the two alternatingtssa of low or high catchability coefficient
g (top graph), with corresponding high or low N afiance (bottom graph). Horizontal gray
line on the top graph shows the g = 0.0005 threklio¢é used to reject the low q state. Red
dots on both graphs indicate the respective optichialues.

(A.3) Expected individualD. gahi weights calculated from generalized additive
models (GAM) of the daily observer measurements aretage vessel market size
categories throughout the season.
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Figure A3.1. Daily averagB. gahi weights (black points) and 95% confidence intenedls
GAMs (black lines) of seasonal trend in averagaviddal weight. Star symbols indicate the

expected average weights on the modelled deplpgond end days: W{ gay 107= 46.2 + 2.3
g (top), Witg day 95— 25.7+1.1 g, Wi day 104= 23.2+1.0 g, Wi day 107— 16.8+2.0 g (bottom)
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