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Summary

1) The first seasoholigo fishery of 2014 was open for the scheduled 57 diaya
February 2% to April 21%, with one vessel taking the flex option of two sfay
later start and finish. This season marked a sdimgdohange as the fishery was
extended one week longer into April than previousty be offset by starting
second season one week later.

2) 28,119 tonnes ofoligo catch were reported in the commercial fishery; 3fe
highest first season total since 2005. In the lmBpx 61.3% ol oligo catch and
49.9% of effort were taken north of 52° S; 38.7%. ofigo catch and 50.1% of
effort were taken south of 52° S.

3) Sub-areas north and south of 52° S were depletmetied separately. In the
north sub-area, three in-season depletion periads wferred to have started on
February 2%, March 239 and April 13" In the south sub-area, four in-season
dedpletion periods were inferred to have starte@etruary 27, March 22° April
2"% and April 12",

4) Approximately 26,750 tonnes dfoligo (95% confidence interval: [10,398 to
46,512] tonnes) were estimated to have migratezltimt Loligo Box during first
season 2014, representing 46% ofltbkgo biomass in the fishing zone.

5) The final total estimate fdroligo remaining in the Loligo Box at the end of first
season 2014 was:

Maximum likelihood of 30,500 tonnes, with a 95% fidence interval of [24,059
to 49,207] tonnes.

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

6) The one-week extension yielded catches better tt@average of the rest of the
season, with in-season depletions having starte juu2 days before the
extension. Observer data measures showed no simguect on the biological
status of thé.oligo stock over the course of the extension.

I ntroduction

The first season of the 2014ligo fishery Doryteuthis gahi — Patagonian squid)
started on February 24with 15 vessels participating. One vessel tookftée rule
option and started the season two days later oruksb26’. The season ended by
directed closure on April 21(and two days later for the late-starting vessEfis
season marked a change in scheduling with a onk-exension allocated in April,
to be offset by postponing the start of secondsedy one week from July {50
July 22", The change was implemented following consultatidgth fishing masters
and retrospective analysis of potential outcomed.@igo abundance and maturity
distributions. The objective of the change is twage effort on the two annual
Loligo cohorts and improve vyield in the fishery withowtvarsely affecting the
sustainability of theLoligo population (Fisheries Committee, 2013). Total régb
Loligo catch by C-licensed vessels in the 2014 firstaeass 28,119 tonnes; thé-3
highest first season (since 2005) after 2012 (34ty&nd 2010 (28,754 t), and th&-4
highest in catch per vessel day at 28119/872 =53f.after 2012 (45.15 t), 2005
(42.72 t), and 2010 (37.59 t) (Table 1).

As in previous seasons, theligo stock assessment was conducted with
depletion time-series models (Agnew et al., 1998a-Rreta and Arkhipkin, 2007



Arkhipkin et al., 2008). Becaudeoligo has an annual life cycle (Patterson, 1988;
Arkhipkin et al., 2013), stock cannot be deriveohira standing biomass carried over
from prior years (Rosenberg et al., 1990). The etept model instead calculates an
estimate of population abundance over time by etslg what levels of abundance
and catchability must be extant to sustain the mieserate of catch. Depletion
modelling is used both in-season and for the peas@ summary, with the objective
of maintaining an escapement biomass of 10,000etbaligo at the end of each
season as a conservation threshold (Agnew etGil2; Barton, 2002).

Table 1.Loligo season catch comparisons since 2004. Days: tatahdar days open to
licensedLoligo fishing including (since *1 season 2013) optional 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 19,614 78 1195
2014 28,119 59 872

Methods

The depletion model formulated for the Falklan@nsisLoligo stock is based on the
equivalence:

xN. xgM? (1)

Cday =Qgx Eday day

where q is the catchability coefficient, M is nalumortality (considered constant at
0.0133 day; Roa-Ureta and Arkhipkin, 2007), and g, E 4ay N day are catch
(numbers ofLoligo), fishing effort (numbers of vessels), and abuwdafmumbers of
Loligo) per day. In its basic form (DeLury, 1947) the ledpn model assumes a
closed population in a fixed area for the duratodrthe assessment. However, the
assumption of a closed population is imperfectlf mehe Falkland Islands fishery,
where stock analyses have often shown ltlsigo groups arrive in successive waves
after the start of the season (Roa-Ureta, 2012té&WNend Arkhipkin, 2012). Arrivals
of successive groups are inferred from discontiesiiin the catch data. Fishing on a
single, closed cohort would be expected to yielddgally decreasing CPUE, but
gradually increasing average individual sizes,h&ssquid grow. When instead these
data change suddenly, or in contrast to expectat@immigration of a new group to
the population is indicated.



In the event of a new group arrival, the depletiattulation must be modified
to account for this influx. This was done usingraudtaneous algorithm (Roa-Ureta,
2012) that adds new arrivals on top of the stoakvipusly present, and posits a
common catchability coefficient for the entire depn time-series. If two depletions
are included in the same model (i.e., the stockemefrom the start plus a new group
arrival), then:

C day = X Eggy X (N, + (N2, xi2] ) x €™ (2)

day 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, Ngy i3, Ndjay, 4,

etc., would be included following the same pattern.

Survey, 09/02 - 23/02 2014
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Figure 1. Spatial distribution dfoligo 1°-season pre-season survey catches, colour-scaled to

catch weight (maximum = 14 tonnes). Sixty catchhes@presented. The ‘Loligo Box’ fishing
zone, as well as the 52 °S parallel delineating ibandary between north and south
assessment sub-areas, are shown in gray.



Commercial, 24/02 - 23/04 2014
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Figure 2. Spatial distribution dfoligo 1°-season commercial catches, colour-scaled to catch
weight (maximum = 56.4 tonnes). 2820 catches wakert during the season. The ‘Loligo
Box’ fishing zone, as well as the 52 °S paralldingating the boundary between north and
south assessment sub-areas, are shown in gray.

The Loligo stock assessment was calculated in a Bayesian virarkgPunt
and Hilborn, 1997), whereby results of the seaspiedion model are conditioned by
prior information on the stock; in this case théormation from the pre-season
survey. The season depletion likelihood functiorsvealculated as the difference
between actual catch numbers reported and catclversnpredicted from the model
(equation2), statistically corrected by a factor relatingth@ number of days of the
depletion period (Roa-Ureta, 2012):

((nDays - 2) / 2) X Iog(z (Iog(predicte(i?day) - Iog(actuaICday))zj 3

days

The survey prior likelihood function was calculatslthe normal distribution of the
difference between catchability (q) derived frone Burvey abundance estimate, and
catchability derived from the season depletion niode



_ 2
1 xexq — ( model qsurvezy) (4)
\[ 2ZT[SDq s:urvey2 2 [SD

gsurvey
Catchability, rather than abundance N, was usedcébculating the survey prior
likelihood because catchability informs the enseason time series; whereas N from
the survey only informs the first season deplepenod — subsequent immigrations
and depletions are independent of the abundanteéisapresent during the survey.

Bayesian optimization of the depletion was caladalby jointly minimizing
equations3 and 4, using the Nelder-Mead algorithm in R programmingkaage
‘optimx’ (Nash and Varadhan, 2011). Relative weggint the joint optimization were
assigned to equatiord&sand4 as the converse of their coefficients of variat{@v),
i.e., the CV of the prior became the weight of depletion model and the CV of the
depletion model became the weight of the priorcQlations of the CVs are described
in the Appendix.

With C 4ay Edayand M being fixed parameters, the optimizatiorgfiation?
using3 and4 produces estimates of g and N1, N2, ..., etc. Numbg&koligo on the
final day (or any other day) of a time series &entcalculated as the numbers N of
the depletion start days discounted for naturaltatity during the intervening period,
and subtracting cumulative catch also discountednfatural mortality (CNMD).
Taking for example a two-depletion period:

:M (final day — start day 1)

N final day = Nlatday1X €
+ NZStart day 2)( e'M (final day — start day 2)
— CNMD¥inal day (5)
where
CNMD gay 1 -0
CNMD gay x = CNMDgay x-1 % eV + Coay x1¥ M2 ©

N final day IS then multiplied by the average individual weighLoligo on the final day
to give biomass. Daily average individual weightolstained from length / weight
conversion of mantle lengths measured in-seasabbgrvers, and also derived from
in-season commercial data as the proportion of ymodeight that vessels reported
per market size category. Observer mantle lengthssaientifically precise, but
restricted to 1-2 vessels at any one time that arayay not be representative of the
entire fleet. Commercially proportioned mantle ldrsgare relatively imprecise, but
cover the entire fishing fleet. Therefore, bothrses of data are used. Daily average
individual weights are calculated by averaging obsesize samples and commercial
size categories where observer data are availatilerwise only commercial size
categories.

Distributions of the likelihood estimates from jbiroptimization (i.e.,
measures of their statistical uncertainty) were pot®d using a Markov Chain Monte
Carlo (MCMC) (Gamerman and Lopes, 2006), a methadl is commonly employed
for fisheries assessments (Magnusson et al., 20AGMC is an iterative process
which generates random stepwise changes to theoggdpoutcome of a model (in
this case, the N and g bbligo) and at each step, accepts or nullifies the chauriitipe
a probability equivalent to how well the change fihe model parameters compared



to the previous step. The resulting sequence adpded or nullified changes (i.e., the
‘chain’) approximates the likelihood distributiof the model outcome. The MCMC
of the depletion models were run for 100,000 iieret; the first 1000 iterations were
discarded as burn-in sections (initial phases ox@ch the algorithm stabilizes); and
the chains were thinned by a factor equivalenth® maximum of either 5 or the
inverse of the acceptance rate (e.g., if the aaoeptrate was 12.5%, then evel% 8
(0.125") iteration was retained) to reduce serial corifatFor each model three
chains were run; one chain initiated with the paemnvalues obtained from the joint
optimization of equation8 and4, one chain initiated with these parameters x2, and
one chain initiated with these parameters xvi. Caeree of the three chains was
accepted if the variance among chains was less 10& higher than the variance
within chains (Brooks and Gelman, 1998). When cogeece was satisfied the three
chains were combined as one final set. Equat®ng, and the multiplication by
average individual weight were applied to CNMD aath iteration of N values in
the final set, and the biomass outcomes from theseulations represent the
distribution of the estimate. Maximum likelihoodlmbmass on each day was defined
as the peak of the histogram of MCMC outcomes @tt6@ne intervals.
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Figure 3 [previous page]. Daily tothbligo catch and effort distribution by assessment sub-
area north (green) and south (purple) of 52° Sligaia Loligo 1% season 2014. The season
was open from February ®4chronological day 55) to April 2(day 111) with one vessel on
flex option to April 2% (day 113). As many as 16 vessels fished per day b 52° S; as
many as 16 vessels fished per day south of 52%$nuch as 1102 tonnésligo was caught
per day north of 52° S; as much as 673 tohelgo was caught per day south of 52° S.

Stock assessment
Data

Pre-season survey catches and in-season comna&atthes both showed a pattern of
segregation with one zone of high concentratiortha north and one in the south
(Figures 1 and 2). In-season, 76.1% of taligo catch was taken in just 6 grids
(trawl-end positions): in the north XNAN (31.4%),MAP (6.7%) and XNAQ
(6.2%); in the south XVAK (14.0%), XVAH (10.3%) antVAJ (7.5%). The same
six grids accounted for 64.9% of effort. Given thgh level of segregation, sub-areas
north and south of 52° S were depletion-modellgrhssely.

A total of 872 vessel-days were fished during thassn, with a median of 15
vessels per day (Figure 3). These vessels repddidyg catch totals to the FIFD and
electronic logbook data that included trawl timpssitions, and product weight by
market size categories. Two FIFD observers werdogled on three vessels in the
fishery for a total of 54 observer-days. Throughiht 59 days of the season, 6 days
had no observer covering, 52 days had 1 observegriog, and 1 day had two
observers covering. Each observer sampled an aveshgll4 Loligo daily, and
reported their maturity stages, sex, and lengthsO.® cm. The length-weight
relationship for converting both observer and comunaly proportioned length data
was taken from the pre-season survey (Winter argedg, 2014):

weight (kg) = 0.170 fength (cm)*#**/ 1000 7)

The season started relatively slowly, but catcinethé north on March 23
(day 82) set a single-day record for thaigo fishery (A. Arkhipkin, FIFD, pers.
comm.), with catches on the subsequent three dearyrequally high (Figure 3). The
days leading up to these record catches were dbawmsd by alternating westerly and
northerly winds (Appendix Figure A3), which are koto correlate with increased
immigration and aggregation bbligo squid.

This season was further noted for its high incideatmedusae (jellyfish) in
catches (Jones, 2014a, b; Lee, 2014; Figure 4)quemtify the incidence, discard
records were reviewed from all previouSskasons that had used electronic logbooks.
While medusae may be difficult to report accurgtelgmparisons show a strong
increase over the past four years with medusaetdyes in 2014 being on average
several times higher than in any preceding yeayufei 5). Jellyfish populations have
been found in various regions to undergo largetdiatons, but recent analyses
suggest increasing abundances in a majority oélargrine ecosystems, including the
Patagonian Shelf (Brotz et al., 2012).

Figure 4 [next page]. Video frame from a commertiawl during ' season showing large
guantities of medusae emptying from the net alonth Woligo catch. Video provided
courtesy of the F/\Wenturer.
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Group arrivals/ depletion criteria

Start and end days of depletions - following aflgvaf new Loligo groups - were
judged primarily with reference to daily changes @PUE, with additional
information from sex proportions, maturity, and mage individualLoligo sizes.
CPUE was calculated as metric tonnetafgo caught per vessel per day. Days were
used rather than trawl hours as the basic unitffofte Commercial vessels do not
trawl standardized duration hours, but rather duomat that best suit their daily
processing requirements. An effort index of daythéefore more consistent.
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Figure 6. 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 vessel
fishing. Data from consecutive days are joinedibg kegments. Broken gray bars indicate
days 55, 81 and 103, identified as the start afeason depletions north. Solid gray bars
indicate days 58, 81, 92 and 102, identified assthg of in-season depletions south.

Three days in the north and four days in the sowghe identified that most
plausibly represented the onset of separate depseti

« The first in-season depletion north was identiftedday 55 (February 34- the
start of the commercial season), after which a ggiyedeclining trend in CPUE
was observed until day 71 (March™ZFigure 6).

« The second depletion north was identified on dayMarch 22% with a strong
CPUE peak culminating over two days (Figure 6), andompanied by a local
maximum in average commercial size category weiffitgire 7).

* The third depletion north was identified on day 188ril 13”‘) with a CPUE peak
subsequently declining until the end of the sed&agure 6), and local maxima in
average weights and proportion of females in olesesamples (Figure 7).

 The first in-season depletion south was identiactay 58 (February 2y with a
CPUE peak that was the highest for the next threekss (Figure 6), and the start
of an increasing trend in average male maturitg\Fe 7).
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Figure 7 [previous page]. Top graph: Average irdligil Loligo weights (kg) per day from
commercial size categories”graph: Average individualoligo weights (kg) by sex per day
from observer sampling.3graph: Proportions of femaleoligo per day from observer
sampling. Bottom graph: avg. maturity value by pex day from observer sampling. In all
graphs — Males: triangles, females: squares, udsexesles. North sub-area: green, south
sub-area: purple. Data from consecutive days anegoby line segments. Broken gray bars
indicate days 55, 81 and 103, identified as the sfain-season depletions north. Solid gray
bars indicate days 58, 81, 92 and 102, identifeetha start of in-season depletions south.

« The second depletion south was identified on dayMrch 22% with a peak in
CPUE (Figure 6) and a local maximum in average ceroial size category
weights (Figure 7).

« The third depletion south was identified on day(8pril 2" with the highest
level of CPUE south since the start of the seatgufe 6) and some indication
of a local maximum in average weights from obsesamples (Figure 7).

» The fourth depletion south was identified on dag {April 12”‘) with an increase
in CPUE to its highest level of the season (Fidi)te

Depletion analyses
North

In the north sub-area, Bayesian optimization oohatility (q) resulted in a posterior
(max. likelihood gy = 2.95 x 1C; Figure 8, left) that was closer to the pre-season
prior (prior 4 n = 2.84 % 10; Figure 8, left, and equatioh3-N) than to the in-season
depletion {epletiondn = 4.75 X 1G; Figure 8, left, and\5-N). In-season depletion had
higher weight than the prior in the Bayesian optiamtion (0.558 to 0.278\4-N and
A8-N), but was relatively unselective for g.
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Figure 8 |[previous page]. North sub-area. Left: dlitvood distributions forLoligo
catchability. Red line: prior model (pre-seasonveyrdata), blue line: in-season depletion
model, gray bars: combined Bayesian model. Rigikellhood distribution (gray bars) of
escapement biomass, from Bayesian posterior ardga/éndividualoligo weight at the end
of the season. Green lines: maximum likelihood &bB&b confidence interval. Note the
correspondence to Figure 9.

The MCMC distribution of the posterior multipliedy kaverage individual
Loligo weight on the final day of the season (45.1 g;uf@gA2-N), gave the
likelihood distribution ofLoligo final-day biomass shown in Figure 8, right, with
maximum likelihood and 95% confidence interval of:

B N day 113 = 11,750t ~ 95% CI [8,551 - 22,451]t (8)
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Figure 9. North sub-areholigo biomass time series estimated from Bayesian postafrthe
depletion model + 95% confidence intervals. Brogeay bars indicate days 55, 81, and 103,
identified as the start of in-season depletionsimayote that the biomass ‘footprint’ on day
113 corresponds to the right-side plot of Figure 8.

At its highest point in the season (day 81; Mareff 2the start of the ™ depletion
period), estimatedloligo biomass north was 24,250 t ~ 95% CI [20,001 - 37,1
(Figure 9).

South
In the south sub-area, the Bayesian posteriordtmhability (q) (max. likelihood g=

1.15 x 10% Figure 10, left) was also closer to the pre-segsior rior 0 s = 1.32 x
103 Figure 10, left, and equatioh3-S) but proportionally less distant from the in-
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season depletiongepietionq s = 0.55 % 10 Figure 10, left, andA5-S). Bayesian
optimization was weighted 0.592 for in-season depie(A4-S) vs. 0.446 for the
prior (A8-S); a comparatively small difference. Catch and reffone series in the
south sub-area were characterized by the unustuetisn that a new immigration
was inferred from the sharp CPUE increase on da@vBitch 22%, but then scarcely
fished due to the even higher CPUE peak achieveldeimorth sub-area on the same
day (Figure 6). As a result the estimation of biem@as relatively imprecise through
much of the season time series (Figure 11).

The MCMC distribution of the posterior multipliedy kaverage individual
Loligo weight on the final day of the season (30.9 g;uf@gA2-S), gave the
likelihood distribution ofLoligo final-day biomass shown in Figure 10, right, with
maximum likelihood and 95% confidence interval of:

B sday 111 = 17,750t ~ 95% CI [13,177 - 34,106] t 9)

At its highest point in the season (day 92; Apfif, 2he start of the 3 depletion
period), estimated.oligo biomass south was 43,750 t ~ 95% CI [33,936 -55/,8
(Figure 11). Figure 11 also shows that tffedépletion start on day 102 (April ‘I
barely registers, suggesting that the CPUE peatktifeel on that day may have been
a spurious occurrence from a single vessel (Figure

— — — ]

—A 1 :
/ — ] —
'
'
'
— | 0.8 .
-
o) '
I le) 0
(@] (]
] £ 0.6 '
© ‘e
< '
N = :
| \ Z ooad
— E 0.4 :
\\ o ;
0 - l ]
[ I I I 1 [T | I |
0.00055 0.00132
0.003 0.00115 0.002 13177 17750 34106 40000 50000

catchability g (1 /vessels) Escapement biomass (tonnes)

Figure 10. South sub-area. Left: Likelihood disitibns for Loligo catchability. Red line:
prior model (pre-season survey data), blue lineseiason depletion model, gray bars:
combined Bayesian model. Right: Likelihood disttibn (gray bars) of escapement biomass,
from Bayesian posterior and average individualigo weight at the end of the season. Blue
lines: maximum likelihood and 95% confidence intdriNote the correspondence to Fig. 11.
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Figure 11. South sub-arelaoligo biomass time series estimated from Bayesian postef
the depletion model + 95% confidence intervalsidsgtay bars indicate days 58, 81, 92 and
102, identified as the start of in-season deplstewuth. Note that the biomass ‘footprint’ on
day 111 corresponds to the right-side plot of FegL®.

Escapement biomass

Total escapement biomass was defined as the aggreiganass otoligo at the end

of the season (day 113; April @Bfor north and south sub-areas combined (equations
8 and9). Because the south was only fished until day ®bktimated biomass south
was adjusted by two additional days’ natural mdstal

M x (113 - 111
Bsday111 X € ( )

17,283t ~ 95% ClI [12,830 - 33,209] t (10)

B sday 113

The north and south sub-area biomasses are assarbedndependent and therefore
the total was calculated by adding the respectieethnand south likelihood
distributions in random order. The likelihood distition of total escapement biomass
is shown in Figure 12. Because both separate rasrthsouth escapement biomass
distributions were right-skewed (Figures 8-rightdadO-right), the maximum
likelihood total escapement biomass is slightlyhleigthan their sum:

BTotal day 113 > BN day 113 + BSday 113
= 30,500t ~ 95% CI [24,059 - 49,207] t (11)

The risk of the fishery, defined as the proportanthe total escapement biomass

distribution below the conservation limit of 10,0@86nnes (Agnew et al., 2002;
Barton, 2002), was calculated as effectively zero.

Figure 12 [next page]. Likelihood distribution wi#%% confidence intervals of tothbligo
escapement biomass at the end of the season 2&fjil

16
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Immigration

Loligo immigration during the season was inferred asdifference betweeholigo
biomass at the end of the pre-season survey (WamerJurgens, 2014) ahaligo
biomass at the end of the commercial season (esesppebiomass) plus catch. The
likelihood distribution of this difference was calated by repeated iterations of
drawing a random value from the escapement biordesdgbution (equationll),
adding the season catch, and subtracting a rand@w drom the likelihood
distribution of the pre-season survey biomass:

BSeason Immigration = BTotal day 113 + CSeason - BSurveyend

30,500 [24,059 - 49,207] + 28,119
— 34,673 [22,182 - 47,762]

26,750t ~ 95% CI [10,398 - 46,512] t (12)

\Y

Given the shape of distributions, the maximum Ihk@bd outcome is again slightly
higher than the sum of its maximum likelihood comgats. Note that Beason immigration

represents, more specifically, the biomass reguftiom immigration rather than the
biomass that immigrated; it does not taken intocoant that the squid would have
been smaller on the date they entered the fishome zand subsequently grown.
However, in-season natural mortality is taken iatgount through the CNMD factor
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(equation6). By this estimate, in-season immigration represe®% of thelLoligo
biomass to have been present in the fishing zonehén ' season of 2014:
26,750/(30,500 + 28,119) = 0.456.

Evaluation of season extension

During the one week of the season extended pagiopeeyears’ scheduled end-date
(April 15™ to April 21%), >90% of effort was taken in the north sub-asea] the one
vessel with observer coverage was in the nortlé foi the 7 days. Biological changes
in Loligo catches were therefore examined for the northasab-only.

Trends in sex proportions, maturity, and averaghvidual Loligo weights
were modelled vs. season day using generalizedivaldiodels (GAM). Trends were
evaluated by the criterion that change is stasiBlicsignificant to the extent that a
horizontal line would intersect the 95% confideno¢ervals of the GAM plot
(Swartzman et al., 1992). Average weight of mahesdased significantly from about
day 93 (April &) — well before the extension week — through the efithe season
(Figure 13, top graph). Average weight of femategeased significantly from about
day 103 (April 18, the start of the third immigration/depletion frto day 107
(April 17™), then levelled to the end of the season (Fig@eniiddle graph). The
proportion of females showed a downward trend atehd of the season from day
105 (April 18" — the first extension day), although the decregmeeared to actually
start on day 103 (Figure 13, bottom graph). Howethes downward trend narrowly
failed the criterion for statistical significancees the duration of the extension week.
Average male maturity showed a continuously inareptrend over the duration of
the season (Figure 14, top graph). Average femad¢umty did not show any
statistically significant trend (Figure 14, bottgraph).

The only trend to (weakly) suggest an inflectionncaent with the start of
the season extension was thus the decrease inefgmaortion, consistent with the
report by Arkhipkin and Middleton (2002) that onéogptic migrations are undertaken
by females earlier into deeper water. Other treiotlewed biological expectations:
Loligo squid naturally increase in weight and maturitytteesy grow. The generally
low significance of these trends associated with dbason extension may be partly
due (besides the relatively short duration of tlkeemsion) to overlap of the two
annual cohorts in- and out-migrating through thehifilg zone at this time of year
(Hatfield, 1996; Agnew et al., 1998).

The season extension comprised 11.9% of the totahwercial season effort
(104 vessel-days) and 13.6% of th@igo catch (3823 t; both percentages calculated
with inclusion of the two-day offset for the lateuding vessel). Ignoring the small
bias that vessels typically fish harder on the test, these results indicate that the
period of season extension yielded better-thanageeifishing. Notably, in-season
immigrations occurred just one day in the north amal days in the south before what
would previously have been the last day of theae&april 14"). With no evidence
of strong biological impacts, and an escapemenmhasgs well above the conservation
threshold, it may be concluded that implementatbrthe one-week extension was
appropriate for this season.

Figure 13 [below]. GAM plots + 95% confidence intals of - Top graph: average male
weight (kg), middle graph: average female weiglgl (bottom graph: proportion of females;
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from observer samples in the north sub-area. Noteespondence of the plot symbols with
respective graphs in Figure 7. Broken gray barcaigis day 103, identified as the start of the
third in-season depletion north. Dotted gray badicate the start and end of the one-week
season extension, days 105 to 113, which is aldereshaded gray.
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Figure 14 [next page]. GAM plots = 95% confidenoteivals of - Top graph: average male
maturity, bottom graph: average female maturitpnfrobserver samples in the north sub-
area. Note correspondence of the plot symbols vafipective graphs in Figure 7. Other
graph notations as in Figure 13.
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Appendix
Prior estimates and CV

The pre-season survey (Winter and Jurgens, 20gstamated_oligo biomasses of

13,096 t (standard deviation: = 4,155 t) north @ % and 21,577 t (standard
deviation: + 5,033 t) south of 52° S. From modeBedvey catchability, Paya (2010)
estimated a net escapement of up to 22%, whichadded to the standard deviation:

13096+ 4155 + 22| = 13,096+ 53. % = 13,096 + 7,036 t. (A1-N)
13096
5033 ~ _

21577+ > 77+ 22| = 21,577+ 4530 = 21,577 + 9,780 t. (A1-9)

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 trextl. This estimate in biomass was
converted to an estimate in numbers using the feegiency distributions sampled
during the pre-season survey (Winter and Jurgedis})2

Loligo were sampled at 59 pre-season survey stationsggaverage mantle
lengths (both sexes; weighted fooligo density distribution) of 11.88 cm north and
11.29 cm south, corresponding to respectively 0&#b 0.040 kg average individual
weight. Variability distributions of average indiial weight were estimated by
randomly re-sampling the length-frequency data Q@) giving coefficients of
variation 0.82% north and 0.72% south. Average faefts of variation of the
length-weight relationship (equatioid) were 7.28% north and 7.27% south.
Combining all sources of variation with the presmasurvey biomass estimates and
average individual weights gave estimatailigo numbers at season start (February
24™ day 55) of:

prior NN day 55 = %’;000 £/ 5370% + 082%” + 728%
= 0.292 x 18+ 54.2% = 0.292 x £0- 0.158 x 18 (A2-N)
priorNs dayss = Mi \/45.3%)2 + 072%° + 727%>
0.04C
= 0.539 x 18+ 45.9% = 0.539 x £o- 0.248 x 18 (A2-S)

On day 55 seven vessels were fishir@iigo in the north and eight vessels in the
south; a good representation in both sub-areagefdre the fishery on day 55 was
taken directly to calculate the catchability cogént (q) priors:

C(N)\l day 55/ (prior NN day 55 X E\I day SQ
(C(BN day 55/ Wt day 59 / (prior Ny day 55 X BN day 59
(203.7 t/ 0.035 kg) / (0.292 x%1& 7 vessel-days)

prior an
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2.836 x 10 vessels (A3-N)

C(N) day 55/ (prior Ns day 55 X Es day 53

(C(Bb day 55/ WtS day Sa / (prior NS day 55 X ES day 53

(238.5t/0.042 kg) / (0.539 x’1& 8 vessel-days)

1.316 x 10 vesseld (A3-S)

priorJ s

CVs of the priors were calculated as the sums a&ldity in yior N (€quationsA2)
plus variability in the catches of vessels on tiaetslay (day 55):

\/ 54.29%2 + ( SD (C(B) N vesselsdaySS) )]

CV pri =
Prior™ mear(C(B)N vesselslay55
= /542062 + 130%° = 55.8% (A4-N)
2
sp(c(s
CV prior S - 459)/02 + ( ( )SvesselsdaySS)
mear(C(B)SvesselsjaySS )
=  459%° + 373%° = 59.2% (A4-S)

Depletion model estimatesand CV

For the north sub-area, the equivalent of equaianth three Ny, was optimized on
the difference between predicted catches and acauahes (equatio8), resulting in
parameters values:

depletioanN day 55 = 0.149 x 1& depletionNzN day 81 = 0.318 x 16
depletionN3N day 103 = 0.200 x 1b
depletiond N = 4.751 x 18 vessels (A5-N)

These parameters produced the fit between predaneldactual catches shown in
Figure A1-N.

The root-mean-square deviation of predicted vsiaaatches was calculated
and divided by the mean actual catch to give:

\/Z (predictedC(N) Ndayi ~actual C(N) Ndayi )2

CV =
rmsd N mear(actuaIC(N) Ndayi )

2.209 x 10/ 8.122 x 16 = 27.2% (A6-N)

CVimmsd N Was added to the variability in depletion optiniza inferred from
variability in the daily average individudloligo weights. In previous assessments,
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variability in daily average individudloligo weights was included as a randomized
multiplicative factor of the MCMC distribution ofoligo numbers, to estimate
biomass variability. Howevel,oligo numbers are derived in part frdroligo weights
rather than being statistically independent, aratetfore a truer measure of biomass
variability may be obtained by estimating the efffefcweight variation in the original
depletion optimization.

North, three depletion peaks

Catch numbers (billions)

0.000 0.005 0.010 0.015 0.020 0.025

Day

Figure A1-N. Daily catch nhumbers estimated fromuakttatch (black points) and predicted
from the depletion model (green line) in the natlb-area.

Figure A2-N shows the season time series of indafitloligo weights in the
north sub-area. A generalized additive model (GANMYs calculated for the daily
average individualLoligo weight trend. Random permutation of residual déifees
between GAM-predicted vs. recorded daily averaghvidual weights was used to
create re-samples of estimated catch numbers pef@fN)yay = C(Bliay/ avgWt day),
which were then entered in the depletion optimaratiThis process was iterated
1000x. The optimized g value was retained from ethtion and the variability of
the optimization with respect to average individwaight calculated as:

sd
CV optim wt N = (q P ) = 5.6% (A7-N)
meanq permN

CVs of the depletion were then calculated as tine: su

CV gepletion N = \/Cvrmst2 + CVoptithN2 = \/272%2 +5.6%
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Figure A2-N. North sub-area daily average individualigo weights from commercial size
categories per vessel (circles), observer measutenfsquares), combined daily averages
(green circles), GAM of the daily trend £ 95% cant. (black lines), and residual differences
between the combined daily averages and GAM (lighén bars).

For the south sub-area, the equivalent of equatianth four Ngay was optimized on
the difference between predicted catches and acauahes (equatio8), resulting in
parameters values:

depletionN 1s day 58 = 0.961 x 1& depletionN2s day 81 = 0.887 x 10
depletionN3s day 92 = 0.530 x 1& depletionN4s day 102 = 0.000 x 10
depletiondl s = 0.555 x 10 vesseld (A5-S)

These parameters produced the fit between predanedactual catches shown in
Figure A1-S.

The root-mean-square deviation of predicted vaiadaatches was calculated,
and its CV assigned to the depletion model q par@me

\/Z (predictedC(N) Sayi ~actual C(N) Sayi )2

mear( actuaIC(N) Sdlayi )

CV imsd s =

1.290 x 19/ 6.355 x 16 = 20.3% (A6-S)
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South, four depletion peaks

9
o o
o ..
\
w
C
(@] o
= 4
2 o
2
]
o)
g
c 3
5§ S°
4&54 o
©)]
o
o
S
o [ [ [ [ [ ]
58 81 92 102 111

Day

Figure Al-S. Daily catch numbers estimated fronuaictatch (black points) and predicted
from the depletion model (blue line) in the soutb-grea.
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Figure A2-S. South sub-area daily average individuisigo weights from commercial size
categories per vessel (circles), observer measutsnfsquares), combined daily averages

(blue circles), GAM of the daily trend = 95% coirft. (black lines), and residual differences
between the combined daily averages and GAM (lafyne bars).
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CVimsd s Was added to the variability in depletion optiniiga inferred from
variability in the daily average individubbligo weights (Figure A2-S):

sd
CV optim wt s = mea(qq"e’”S) = 39.7% (A7-S)
pernmS

CVs of the depletion were then calculated as tine: su

J20.39%% +39.79%
44.6% (A8-9)

_ 2 2
CVv depletion S - \/CVrmscB + CVoptim WtS

Sea wind patterns

Figure A3 [below]. Sea wind vectors at 0.25° re8ohy from blended satellite observations
(Zhang et al., 2006), over the eight-day periochapsy the exceptionally higholigo catch
rates in the north sub-area.
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