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Summary

1) The first seasoholigo fishery of 2012 was open for 51 days, from Febriaryo
April 14. 34,767 tonnes dfoligo catch were reported; the highest total for a first
season since 2004. 34.1%lafligo catch and 37.5% of effort were taken north of
52° S.

2) Sub-areas north and south of 52° S were depletmtetied separately. In the
north sub-area, two depletion periods were infeteedhave started on March 7
and March 16. In the south sub-area, two deplgienods were inferred to have
started on March 1 and March 31.

3) An estimated combined total (initial stock + in-se@a immigration) of 70,381 +
36,857 tonnekoligo passed through the fishing zone during first se2€d.2.

4) The final total estimate fdroligo remaining in the Loligo Box at the end of first
season 2012 was:

Maximum likelihood of 19,912 tonnes, with a 95% fidence interval of [11,231
to 26,459] tonnes.

The risk ofLoligo escapement biomass at the end of the season lessghan
10,000 tonnes was estimated at 0.98%.

Introduction

The first season of the 201dligo gahi squid fishery started on February 24, and
ended by directed closure on April 14. Total repartoligo catch by C-licensed
vessels was 34,767 tonnes, the highest total fostaseason since 2004, and in fact

higher than the combined total catch of both semgo2011 (Table 1).

Table 1.Loligo season catch comparisons since 2004.

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

2005 24,605 45 29,659 78
2006 19,056 50 23,238 53
2007 17,229 50 24,171 63
2008 24,752 51 26,996 78
2009 12,764 50 17,836 59
2010 28,754 50 36,993 78
2011 15,271 50 18,725 70
2012 34,767 51

As in previous seasons, th®ligo stock assessment was conducted with a
depletion time-series model (Agnew et al., 1998aRweta and Arkhipkin, 2007;
Arkhipkin et al., 2008). Becaudeoligo has an annual life cycle (Patterson, 1988;
Arkhipkin, 1993), stock cannot be derived from ansling biomass carried over from
prior years (Rosenberg et al., 1990). The deplataalel instead back-calculates an
estimate of initial abundance from data on catétorte and natural mortality (Roa-
Ureta and Arkhipkin, 2007). In its basic form (Deiu1947) the depletion model
assumes a closed population in a fixed area fodtmation of the assessment. This



assumption is imperfectly met in the Falkland Idifishery, where stock analyses
have often shown thaitoligo groups arrive in successive waves after the stafieo
season (Paya, 2010; Winter, 2011). Arrivals of easive groups are inferred from
discontinuities in the catch data. Fishing on alsinclosed cohort would be expected
to yield gradually decreasing CPUE, but graduafigreasing average individual
sizes, as theoligo grow. When instead these data change suddenig, cantrast to
expectation, the recruitment of a new group toptbieulation is indicated.

In the event of a new group arrival, the depletiatculation is modified to
account for this influx. Since last season, the ification has been modelled two
ways (Winter, 2012): 1) by a simultaneous algoritfi@atDyn’; Roa-Ureta, 2011)
that adds new arrivals on top of the stock previopsesent, and assumes a common
catchability coefficient (Arreguin-Sanchez, 1996j) the entire depletion time-series,
and 2) a sequential algorithm that re-starts thdedien time-series on the date of a
new group arrival (Roa-Ureta and Arkhipkin, 200A@llowing for different
catchability coefficients in the different period$ the depletion time-series. The
simultaneous and sequential algorithms are showensatically in Figure Al.l
(Appendix 1). Either modelling approach may be aegtad with hyper-parameters
of effort and abundance. The basic form of the Dgldepletion model proposes a
linear relationship of catch vs. fishing effort asoundance:

Cn day = quday>< Ndayxe_M/2 (1)

where G day Eday, Naay are catch (numbers afoligo), fishing effort and abundance
(numbers ofLoligo) per day, q is the catchability coefficient and iM natural
mortality, considered constant at 0.0133 H#Roa-Ureta and Arkhipkin, 2007). A
linear relationship means that if effort or abungars doubled then — all else being
equal — catch will double. But in reality, the tedaships may depart significantly
from linearity. Increases in effort are likely tlhicé diminishing returns. Increases and
decreases in abundance may increase or decreaseerelatchability, depending on
habitat conditions or the behaviour of theligo. To relate this nonlinearity in the
model, the catch equation is re-defined as:

aXN

B -M/2
day xe (2)

Chn day =gqxE day
where o and B are respectively the effort and abundance hypearpeaters (Roa-
Ureta, 2010). Advantages and disadvantages of usitiger the simultaneous
algorithm or sequential algorithm, with or withdutper-parameters, are discussed in
Winter (2012).

The Loligo stock assessment was calculated in a Bayesiaredwark (Punt
and Hilborn, 1997), whereby results of the deptetisodel are conditioned by prior
information on the stock; in this case the inforimatfrom the pre-season survey. The
depletion likelihood function was calculated as thierence between actual catch
numbers and predicted catch numbers from the model:

> (log(predictedc nday) ~log(actualC nday))2 ©)

days

The prior likelihood function was calculated as tfiference between the survey-
derived N estimates and the model-derived N estisiat



;2 Z (|Og(N survey) - |Og(N model))2 (4)

2 [SDNsurvey depletions

Bayesian optimization of the model was calculatgddintly minimizing equations
(3) and (4). Distributions of the stock likelihood estimatese.( measures of their
statistical uncertainty) were computed using a Markhain Monte Carlo (MCMC)
(Gamerman and Lopes, 2006), a method that is conymemnployed for fisheries
assessments (Magnusson et al., 2012). MCMC iseaatite method which generates
random stepwise changes to the proposed outconee mbdel (in this case, the
number ofLoligo) and at each step, accepts or nullifies the chavitiea 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 rabdutcome.

Survey, 9/02 - 23/02 2012
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Figure 1. Spatial distribution dfoligo 1°-season 2012 pre-season survey catches, scaled to
catch weight (maximum = 20.1 tonnes). Fifty-sixva&yr catches were taken. The ‘Loligo
Box’ fishing zone, as well as the 52 °S paralldindating the nominal boundary between
north and south assessment sub-areas, are sh@nayin



Commercial, 24/02 - 14/04 2012
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Figure 2. Spatial distribution dfoligo 1°-season 2012 commercial catches, scaled to catch
weight (maximum = 53.8 tonnes). 2219 catches wakert during the season. The ‘Loligo
Box’ fishing zone, as well as the 52 °S paralldindating the nominal boundary between
north and south assessment sub-areas, are shgnayin

Stock assessment
Data

The 2012 first pre-season survey caught 127.6 ®hbolégo in the fishing area, with
highest catches concentrated south and in gridXiPWP (Winter et al., 2012; Figure
1). Commercial catches in-season showed a broaskeibdtion of medium to good
Loligo catch concentrations (Figure 2). Latitude 52 °S again used as a hominal
boundary between north (North-Central) and soutka(Bhéne) assessment sub-
areas. Over the season, 34.1%.dligo catch and 37.5% of effort (vessel-days) were
taken north of 52 °S, vs. 65.9% of catch and 6205%ffort south of 52 °S. More than
96% of northernLoligo catch was taken during one period of 24 conseeulays
(Figure 3), and the high catches in this seasanteskin fewer search movements by
vessels than in other seasons.



Between 11 and 16 vessels fished in the commesgakon on any day
(Figure 3), for a total of 769 vessel-days. Thesssels reported daily catch totals to
the FIFD and electronic logbook data that incluttad/l times, positions, and product
weight by market size categories.
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Figure 3. Daily totalLoligo catch and effort distribution by assessment seb-aorth (green)
and south (purple) of the 52° S parallel in tioigo 1% season 2012. The season was opened
from February 24 (chronological day 55) to April (Ghronological day 105). As many as 16
vessels fished per day north of 52° S; as manpa®4sels fished per day south of 52° S. As
much as 795 tonndsligo were caught per day north of 52° S; as much as@bted oligo
were caught per day south of 52° S.

Two FIFD observers were deployed on three vessaellsa fishery for a total
of 65 observer-days. Throughout the 51 days ofsdeson, 2 days had no observer
covering, 33 days had 1 observer covering, andals tiad two observers covering.
Each observer sampled an average of U@lrgo daily, and reported their maturity
stages, sex, and lengths to 0.5 cm.



Group arrivals/ depletion criteria

Start and end days of depletions - following ailsvaf newLoligo groups - were
judged from daily changes in CPUEgligo sex proportions, and average individual
Loligo sizes. CPUE was calculated as metric tonndsobfjo caught per vessel per
day. Days were used rather than trawl hours addisec unit of effort. Commercial
vessels do not trawl standardized duration howss,réther durations that best suit
their daily processing requirements. An effort def days is therefore more
consistent. Daily average individuébligo sizes were expressed as weight (kg),
converted from mantle lengths using Roa-Ureta amkhifkin's (2007) formula
optimized on length-weight data from the pre-seasomey (Winter et al., 2012):

weight (kg) = 0.20308 tength (cm)**°>°%/ 1000 (5)

For the daily average individual sizes, mantle teagvere obtained from in-
season observer data, and also inferred from isese@dommercial data as the
proportion of product weight that vessels repogied market size category. Observer
mantle lengths are scientifically precise, butrietdd to 1-2 vessels at any one time
that may or may not be representative of the efieet. Commercially proportioned
mantle lengths are relatively imprecise, but caver entire fishing fleet. Therefore,
both sources of data were used. Daily average ioshai weights were calculated by
averaging observer size samples and commerciakaiegories where observer data
were available, otherwise only commercial size gaties.

Depletion period selection

Sub-areas north and south of 52°S were depletiatelenl separately, as in most
seasond.oligo data and CPUE time series showed two days nodhvem days south
that plausibly represent the onset of separatestiept (Figures 4 and 5).
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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.
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Figure 5. Top: Average individudloligo weights (kg) by sex per day from observer
sampling. Males: triangles, females: squares. Middlerage individualoligo weights (kg)
per day from commercial size categories (unsex@otiom: Proportions of femaleoligo per
day from observer sampling. North sub-area: gressmth sub-area: purple. Data from
consecutive days are joined by line segments. Brajay vertical bars indicate days that
were identified as the start of depletion periodgm days 67 and 76. Solid gray vertical bars
indicate days that were identified as the stadegfletion periods south: days 61 and 91.



» Start of the first depletion period north was idiged on day 67 (7 March); the
second day of continuous fishing in the north watlstrong increase in CPUE
(Figure 4).

» Start of the second depletion period north wastitled on day 76 (16 March), as
the peak of three days’ increasing CPUE (FigureTée proportion of female
Loligo increased sharply the next day, but continuecktaedsiable (Figure 5).

» Start of the first depletion period south was idfesd on day 61 (1 March); at the
first major peak in CPUE (Figure 4).

» Start of the second depletion period south wastifilesh on day 91 (31 March).
Average commercial weights reached their highestkpef the season and
proportion of females showed a sharp increase (€igu CPUE in the south was
at its highest peak since day 68 (Figure 4).

Depletion models

Four versions of the depletion model were testedoptymizing equation(3): the
simultaneous model with hyper-parameters (A), threubaneous model without
hyper-parameters (B), and the sequential model {@thand without (D) hyper-
parameters. Comparative results are given in TAblé and Figures Al1.2 and A1.3.

For the north sub-area, model versions A, B andl @rajected implausibly
low endingLoligo numbers, given the high catch rates. Model ver8idisequential
model without hyper-parameters) projected modeesteing Loligo numbers, and
reasonably similar catchability coefficients betwebe first and second depletion
period. Model version D was therefore used.

For the south sub-area, no model version gave tcparly good fit to the
catch time series over the last two weeks. Thd lefveatch-rate depletion was low in
the south over this two-week period, and the peréorce of depletion modelling
depends on a strong slope (McAllister et al., 20dhert et al., 2010). Model version
C was the only model version that did not give isgbly high endinglLoligo
numbers (Table Al.1). However, this model versiondpced an extremely low
abundance hyper-parameter of 6.50,0hich meant that the model was effectively
non-selective td_oligo numbers. The first depletion period did have asseeable
outcome with model version D, and therefore anr@édtitve was tested (D*) for the
second depletion period by constraining its cattitybcoefficient to the 95%
confidence interval of the first depletion periodlhis constraint gave realistic
parameters as well &sligo numbers, and model version D* was therefore used.

The MCMC of the models were run for 50,000 itenasiothe first 1000
iterations were discarded as burn-in sectionsiginithases over which the algorithm
stabilizes); and the chains were thinned by a faot® to reduce serial correlation
(only every third iteration was retained). To chdok convergence each chain was
initiated 4x with different combinations of high damow Loligo numbers (N) and
catchability coefficients (q): ¥ax N and ¥ax @, 2xaNd 2% q, ¥ax N and 2x g, and 2x
N and %x q; where the starting point values of M grnwere the results of jointly
optimizing equationg§3) and(4). For the second depletion period south, iteratadreg
were subject to the constraint of falling withiretB5% confidence interval of q of the
first depletion period south, as noted above. Cayerece of the four chains was
accepted if the variance among chains was less X0& higher than the variance
within chains (Brooks and Gelman, 1998). When cogeece was satisfied the four
chains were combined as one set of 65,336 samBie®Q0 — 1000) + 3) x 4).



Priors

Prior information for the stock assessment wagptkeseason survey. This survey had
estimated a totdloligo biomass of 30,706 tonnes with a 95% confidencennat of
[20,543 to 44,626 t] (Winter et al., 2012), corresg@ing to a standard deviation of
16259 tonnes. From acoustic data analyses, Pay®)Z3timated a net escapement
of up to 22%, which was added to the standard tienia

30706+ 6259
30706

+ 220) = 30,706+ 424% = 30,706 = 13,014 tonnes. (6)

The 22% was added as a linear increase in thebif@tsiabut was not used to reduce
the total estimate, becaukeligo that escape one trawl are likely to be part of the
biomass concentration that is available to the trexil. This estimate in biomass was
converted to an estimate in numbers using the feggiency distributions sampled
during the pre-season survey (Winter et al., 2012).

Loligo were sampled at 48 pre-season survey stationsggar weighted-
averagé mantle length (both sexes) of 11.24 cm. This cpoweds to 0.038 kg
average individual weight. Error distribution ofetlaverage individual weight was
estimated by randomly re-sampling the length-fregyedata 10000%, which gave a
coefficient of variation of 1.1%. The average cmédht of variation of the length-
weight relationship (equatiofp)) was 8.7%. Combining all sources of variation with
the pre-season survey biomass estimate and avedigelual weight gave estimated
Loligo numbers, at the survey end / season start (Fgb2daday 55) of:

_ 30,706><lOOOi\/424%2

Nday 55 = 0.03¢ +1.1%? + 8.7%°

= 0.801 x 18+ 43.3% = 0.801 x £0- 0.347 x 18 7)

which was split between north and south of 52 °S as

0.269 x 1d+ 0.223 x 18 (7N)

NN day 55
0.532 x 19+ 0.185 x 18 (79)

Ns day 55

For the first depletion periods north and soutlar{sng on days 67 and 61,
respectively), priors were calculated asdN ssand N q4ay ssdiscounted for catch and
estimated natural mortality occurring during thiemening days (CNMD):

CNMDdayO = 0

CNMDayx = CNMDyayx1% €" + Gy day xc1% € (8)
resulting in:

NN prior day 67 N\ day 55% €M ©7 %) CNMDy; gay 67 9)

0.217 x 10+ 0.180 x 18

! Weighted for spatial distribution abligo densities.

10



Ns gay 55% €M 1 7>°)— CNMDs; day 61 (10)

NS prior day 61
0.403 x 1D+ 0.140 x 18

Standard deviations i(B) and (10) were calculated as the coefficients of variation
equivalent to those i(vN) and(7S).

For the second depletion periods north and souttifsy on days 76 and 91,
respectively), the Nand Ns priors could not be extrapolated directly from {ire-
season survey, since it was assumed that the sudedepletions involved different
groups ofLoligo. Instead, it was inferred that the ratioLaligo numbers starting the
second depletion period, over theligo numbers at the end of the previous depletion
period, should be proportional to the ratio of CPalEhe respective start and end
days. For stability the CPUE ratios were averagest three days before and after the
start of the new depletioholigo numbers at the end of the previous depletion were
calculated from the equivalent of equati@@s or (10). Based on this algorithm, for
the second depletion north starting on day 76:

NN prior day 76 = 0.164 x 19 (details iA2.1))

However, the minimum N ofoligo that needed to be present on day 76 to leave no
less than two individuals on the last day of thassa (day 105) (and thus not have
the stock go extinct), given catch and natural alibyt was:

2 + CNMD2 gay 105/ €"%°~ 70

Nmin )
N prior day 76
0.201 x 13 (11)

The N™" prior was therefore retained instead. For the rsebatepletion south starting
on day 91:

Ns prior day 91 = 0.096 x 19 (details iNA2.2))

Likewise, the minimum N oLoligo that needed to be present on day 91 to leave no
less than two individuals on the last day of thessa was:

2 + CNMD gay 105/ €05~

Nmin .
S prior day 91
0.263 x 1} (12)

Standard deviations of these second depletipiamdl Ns priors were calculated as the
geometric sums of three components: coefficienvafation of the first depletion
period N prior (equatiorf9) or (10)), variability of the CPUE ratio, calculated by
randomly re-sampling the catches and efforts okelssfishing on the three days
before and after, and coefficient of variation bétsecond N from the depletion
model. Because the algorithm had failed to obtairprdr values sufficient for
minimal stock size on the last day of the seasamdsird deviations were additionally
multiplied by the ratios of Ny ior Over Nyior: thus for the north sub-area a factor of
0.201/0.164 = 1.226, and for the south sub-aresctarf of 0.263/0.096 = 2.740. The
complete second depletion prior estimates were (thetails in equation&2.3, A2.4):

0.201 x 1+ 0.211 x 18 (13)

min
N N prior day 76

N™S prior day 91 0.263 x 10+ 0.316 x 19 (14)

11



North - day 67 - 1st depletion start
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Figure 6. Likelihood distributions for N billioboligo present in the north sub-area on day 67
(March 7). Red line: prior model (derived from g®ason survey data), blue line: depletion
model, gray bars: combined Bayesian model.

Depletion analyses
North

The N likelihood distribution at the start of thest depletion period north (day 67) is
shown in Figure 6. Maximum likelihood of the prigred line) corresponds to
equation(9) (N prior day 67= 0.217 x 18), while maximum likelihood of the depletion
model (blue line) occurred only slightly higherN gepletion day 67= 0.240 x 18 The
combined Bayesian model max. likelihood wagghy 67= 0.239 x 18 (gray bars).

The N likelihood distribution at the start of thecend depletion period north
(day 76) is shown in Figure 7. The prior distrilouti(with maximum corresponding to
N™" prior day 76= 0.201 X 18(equation13)) was not even in range of the histogram of
the combined Bayesian model (gray bars) with marmnai Ny gay 76 = 0.426 % 18
indicative that three weeks after the start of #Heason, the pre-season survey
provided minimal information on the stock biomassthe north. The combined
Bayesian model was explained primarily by the diephe(blue line), with maximum
likelihood at Ny gepletion day 76= 0.460 x 18

12



North - day 76 - 2nd depletion start
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Figure 7. Likelihood distributions for N billioboligo present in the north sub-area on day 76
(March 16). Blue line: depletion model, gray ba@mbined Bayesian model.

South

The N likelihood distribution at the start of thest depletion period south (day 61) is
shown in Figure 8. Maximum likelihood of the prigred line) corresponds to
equation(10) (Ns prior day 61= 0.403 x 18, while maximum likelihood of the depletion
model (blue line) was above the histogram rangBl@depietion day 6= 1.191 X 18 The
shallow curve of the blue line shows that the higtch rates and in-season depletion
gave relatively little information on actudloligo abundance. Accordingly, the
combined Bayesian model (gray bars) was driven gmilgn by the prior, with
maximum likelihood at Ngay 61= 0.518 x 18

Figure 8 [next page]. Likelihood distributions firbillion Loligo present in the south sub-
area on day 61 (March 1). Red line: prior modelif@el from pre-season survey data), blue
line: depletion model, gray bars: combined Bayesiadel.

Figure 9 [next page]. Likelihood distributions frbillion Loligo present in the south sub-

area on day 91 (March 31). Red line: prior modeliged from pre-season survey data), blue
line: depletion model, gray bars: combined Bayesiadel.

13



relative log-likelihood

relative log-likelihood

0.8

0.6

04

0.2

0.8

0.6

0.4

0.2

South - day 61 - 1st depletion start

1=

v

| | | | | | | |
0.30 0.40 052 060 070 0.80 090 1.00

N (billions)

South - day 91 - 2nd depletion start

= .

[ I I I I I I I
030 040 0.50 0.60 075076 090 100 1.10

N (billions)



The N likelihood distribution at the start of thecend depletion period south
(day 91) is shown in Figure 9. Similar to the setatepletion period north, the
second depletion period south received little infation from the pre-season survey,
with the prior (red line) at a maximum likelinooq prior day 91= 0.263 X 18 equation
14) that was below the histogram range of the contbBa&yesian model (gray bars).
Maximum likelihood of the combined Bayesian mod@swh\; gay 01= 0.747 x 18
just slightly lower than the maximum likelihood thfe depletion model alone (blue
Iine) at Ns depletion day 9F 0.760 x 1&

Immigration and aggregate biomass

Loligo immigration N (after the start of the season) wdsrred as the difference

between the N maximum likelihood estimate on eaetosd depletion start day

(when the immigrations putatively occurred) and ginedicted number on that day
that would be accounted for by depletion of theviges population alone. This

immigration number was multiplied by the averagdividual weight to give biomass.

Expected individual weights were calculated fromnayalized additive models

(GAM) of the daily observer measurements and aeevagsel market size categories
throughout the season. GAM plots are shown in [Eidu.

North

0.045

avg. individual wt. (kg)
0.035
I

0.025
|

55 65 75 85 95 105

Day

South

avg. individual wt. (kg)
0.03 0.04 0.05
I

Day
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Figure 10 [previous page]. Daily average individualigo weights (black points) and 95%
confidence intervals of GAMs (black lines) of sea@ovariation in average individual
weight.

For the second depletion north (day 76), immigrat\@s:

NN2 day 76 = Nuday76 — Mi1day7s = 0.288 +0.095 x £0
BN immigration day 76 = Nn2day76 X WiNnday7e = 12,210 + 4037 tonnes (15)

Details of calculations are given in equatigh®5. For the second depletion south
(day 91), immigration was:

Ns2 day 91 = Nsdayor — Nsidayor = 0.583 +0.101 x o)
Bs immigration day 91 = Ns2dayor X Wtsgayor = 30,319 + 5415 tonnes (16)

Details of calculations are given in equatigkia6. The total estimated immigration
biomass was:

mmigrationBrotal = 12,210 + 30,319 /4037 +541%
42,529 + 6755 tonnes (a7

The estimated aggregate biomass (initial + immigmtto have passed through the
Falkland Islands Loligo Box fishery zone in thesfiseason of 2012 was (details of
calculations in equatior(#2.5)):

BN day 67 + BS day 61 + BN immigration day 76 + BS immigration day 91

= 70,381 *= 36,857 tonnes (18)

Escapement biomass

Escapement biomass was estimated from the numHbsoligb in the fishing area at
the scheduled end of the season (day 105; April hditiplied by the expected
individual weight ofLoligo on day 105. Calculations were made separatelyolon
and south sub-areas, then summed.

Numbers ofLoligo on day 105 were calculated by catch and mortality
discounting the N maximum likelihoods of the secdegletion start days:

NN day 105 = MNday76X €" (105=76)_ CNMDy; day 105

= 0.426 x10x " 195~ 29_ CNMDy; gay 105

= 0.153 x19® (19N)
Ns day 105 Ns gay 91% €M 1%~ 9Y_ CNMDs; gay 105

0.747 x10x e 1%~ 9_ CNMDs; gay 105
0.402 x19 (199)

These numbers were multiplied by the expected iddat weights ofLoligo on day
105, calculated from the GAMs (Figure 10). Expedtetividual weights were 37.5 +
3.8 g in the north sub-area, and 35.3 + 3.8 gersthuth sub-area.

The maximum likelihood biomasses were thus:



Bn day 105 = 0.153 x1d x 37.5g = 5,724 tonnes (20N)
Bs day 105 = 0.399 x10 x 35.3 g = 14,188 tonnes (20S)
Brotal day 105 = 19,912 tonnes (20)

Likelihood distributions of the escapement biomassgesre calculated by
substituting the values of\Niay 76aNd Ns gay 01iN €quationg19) with random draws
from their respective MCMCs, and substituting indial weights with random draws
from the normal distribution with respectively mear87.5 and standard deviation =
3.8 (north), and mean = 35.3 and standard deviatid!8 (south), then multiplying N
and weights together as in equati¢23). Random draws were iterated 5x the number
of retained MCMC values (5 x 65,336 = 326,680)nthdded together for north and
south sub-areas. This represents the total escapdnoenass distribution, shown in
Figure 11. The 95% confidence of escapement biomeatimates is [11,231 to
26,459] tonnes. The risk of the fishery, definedtss proportion of the escapement
biomass distribution below the conservation limit1l®,000 tonnes (Barton, 2002;
Arkhipkin et al., 2008), was found equal to 0.984g(re 11).
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Figure 11. Probability distribution dfoligo biomass at the end of the season, April 14.
Distribution outcomes less than the biomass escapefimit of 10,000 tonnes are shaded
dark gray. Cumulative probability is shown as aidsdilue curve. The broken blue line
indicates that the probability of less than 10,8fithes escapement biomass was 0.98%.
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Appendix 1. Evaluation of different versions of the depletiondasl.

Simultaneous model of two depletions

Catch or CPUE

1st depletion start 2nd depletion start Depletions end

Sequential model of two depletions

Catch or CPUE

1st depletion start 2nd depletion start Depletions end
Days
Figure Al.1. Schematic of the difference betweanu#faneous depletion modelling (as
implemented by CatDyn) and sequential depletion efiod). In the simultaneous model

numbers ofLoligo from the two depletion curves must be added tageth any day; in the
sequential model the second depletion curve insltioe numbers from the first one.
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Figure Al1.2. Daily estimated catch numbers (blackis) and expected catch numbers (red
lines) projected from the north sub-area deplefieriods starting on days 67 and 76, under
four versions of the depletion model.

Figure A1.3 [next page]. Daily estimated catch namshb(black points) and expected catch
numbers (red lines) projected from the south sel-alepletion periods starting on days 61
and 91, under four versions of the depletion moplkis a modified version with restricted
catchability coefficient g.
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Table Al.1. Estimated numberslafligo, root mean square errors (RMSE) of actual catch vs
predicted catch numbers, and catchability coeffilsieand hyper-parameters of the different
versions of the depletion model (versions B andoD'tdfit hyper-parameters; they are 1 by

default). For versions C and D, separate valuegiaen for the first and second depletion

periods. Refer to Figures A1.2 and A1.3 for desimpof the model versions.

Sub- Model N (billions) RMSE catchability Hyper-parameters

area version Start End coefficient Effort Abundance
N A 0.21 0.00 1.89-10° 1.42:10° 1.072 0.267
N B 0.44 0.08 15110 2.62:10° 1 1
N C 0.07 0.00 0.66-1C 1.85:10° 0.903 0.101
0.23 0.02 0.96:10 1.148  0.157
N D 0.24 0.16 0.86-1¢ 5.19:-10° 1 1
0.46 0.18 2.91.1C° 1 1
S A 31.48 17.15 2.16:1C¢ 0.63:10°0 1.162 0.073
S B 127.27 108.31 2.31-1¢ 0.01-10 1 1
S C 0.57 0.22 1.85.1C¢ 1.36:100 1.090 0.361
0.55 0.24 2.69-100 0.693 6.50-10°
S D 1.19 0.65 2.09-1C¢ 1.24-10° 1 1
5846.65 4851.40 0.02:1C° 1 1
S D* 1.19 0.65 2.57.1C¢ 1.24-10° 1 1
0.91 0.53 1.74-10° 1 1
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Appendix 2. Details of calculations.

(A2.) Prior estimate fotL.oligo numbers at the start of the second depletion
period north (day 76):

N\ day 55% €™ 5% CNMD;y day 76

0.269 x 10x &M (7®~%5)_ CNMDy2 gay 76

0.118 x 19

N1 prior day 76X CPUEN day(7e, 77, 78) CPUEN day(73, 74, 75]
N1 prior day 76% 49.06 / 35.39

0.164 x 19

N N1 prior day 76

NN prior day 76

(A2.2) Prior estimate foLoligo numbers at the start of the second depletion
period south (day 91):

N6 day 55% gV BL=59)_ CNMDs day 91

0.532 x 10x e ®1 =% _ CNMDs; day 01

0.087 x 13

Ns1 prior day 91X CPUEs day(o1, 92, 93f CPUEs dayjss, 89, 90]
NS]_ prior day 91X 55.27 / 50.49

NSl prior day 91

NS prior day 91

0.096 x 1%
(A2.3) Standard deviation of second depletion prior north:
CVN prior day 67 = 0.180 / 0.217 = 82.9% (equa(i@»
CVN CPUE ratio = 16.3%

:M ((76 to 105) — 105
NN depletion day 76< € ( ) L CNM D2 day 76 to 105
N deplet. day 76% ef-':OrtN day 76 to 105% NN depletion day 76 to 10¥ €

I\lN depletion day 76 to 105
pred G N day 76 to 105

2
\/ (predC n Nday76tal05 obsenC Nday76t0105)
obsenC | Nday76tcL05

CVN depletion day 76 to 105= Mea

= 12.1%
CVN prior day 76 = 0829 + 0163 + 0121 = 85.4%
CVN min prior day 76 = 85.4% x |QImN prior day 76/ NN prior day 76 — 104.9%
sd NninN prior day 76 = NminN prior day 76 X 104.9% = 0.211 x io
(A2.49) Standard deviation of second depletion prior south:
CVs cPUE ratio = 8.9%

-M ((91 to 105) — 105
NS depletion day X € (« ) L CNMDSZ day 91 to 105
O deplet. day 92¢ €fforts day 91 10 108¢ Ns depletion day 91 to 10% €

NS depletion day 91 to 105
pred G s day 91 to 105
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2
\/(predC nSayoltalos obsenC ns;iaygltm_os)
Obser\c nSday91tal05

CVs depletion day 91 to 105= Meéa

= 25.0%
CVs prior day o1 = V0348 + 0089 + 0250° = 43.8%
CVs min prior day 91 = 43.8% x N"s prior day 91/ Ns prior day 91 = 120.3%
sd Nnins prior day 91 = Nnins priorday 91 X 120.3% = 0.316 x 10
(A2.5) Estimated immigration at the start of the secospletion period north,

day 76.

= MNgaysrx € 7®75)_ CNMDu1 day 76
= 0.138 +0.072 x 0

Where 0.072 x 10is equivalent to the coefficient of variation bEtMCMC
(gray bars, Fig. 6).
NNz day 76 = 0.426 +0.085 x £0- 0.138 £ 0.072 x f0

= 0.288 +/ 085 + 072 x 10° = 0.288 + 0.095 x f0
0.288 + 32.9%

424+159 = 4249+ 3.5% (Figlee top)
0.288 x 1& + 32.9% x 42.4 +3.5%

12,210 tonnes 4 0329 + 0358 = 12,210 + 33.1%
12,210 + 4037 tonnes

NN1 day 76

W1 N day 76
BN immigration day 76

(A2.6) Estimated immigration at the start of the secomgletion period
south, day 91.

= NsdayerX € (1-61)_ CNMDs; day 91
= 0.164 +0.031 x 10

Where 0.097 x 10is equivalent to the coefficient of variation bEtMCMC
(gray bars, Fig. 8).
Ns2 day 91 = 0.747 £0.097 x £0- 0.164 +0.031 x f0

= 0.583 +/097% + 037 x 10° = 0.583 +0.101 x £0
0.583 + 17.4%

520+2.1g = 52.09+4.1% olire 10, bottom)
0.583 x 18 + 17.4% x 52.0+4.1%

30,319 tonnes & 0174° + 047 = 30,319 + 17.9%
30,319 + 5415 tonnes

Ns1 day 91

Wit s day 91
BS immigration day 91

(A2.7) Estimated total biomass (initial + immigrationatipassed through the
Loligo Box fishery zone in the first season of 2012

W N gay 67 = 38.0+199g = 38.0g+5.0%
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WL s gay 61 36.3+2.29 = 36.39+6.1%

NN day 67 = 0.239+0.072 x 20= 0.239 + 30.3%

Ns day 61 = 0.518 +0.097 x £0= 0.518 + 18.7%

BN day 67 = WiNdaye7 X NNdaye67
= 38.09g%+5.0% % 0.239 + 30.3% = 9057\/1’)3032 + 050°
= 9057 + 30.7%

Bs day 61 = Witsdaye1 X Ndays1

36.39g+6.1% x .518 + 18.7% = 18795/H187 + 061
= 18,795 + 19.7%

BN day 67 + BS day 61 + BN immigration day 76 + BS immigration day 91
= 9057 + 18,795 + 12,210 + 30,319
+ +/ 03072 + 01972 + 0337 + 0179
= 70,381 + 52.4% = 70,381 + 36,857 tonnes
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