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1. Foreword
The Licensing Advice 2017 consists of two parts.

The brief report (Part 1) contains summaries oérlging advices for all
regulated fisheries in Falkland Islands Conserwafiones for 2016 apart from the B-
licensedlllex-fishery. It has been done using the data collegtetb December 2015,
and for Falkland calamari and finfish up to Aprl15. Summary tables are presented
at the end of the report.

The present full report (Part 2) contains a moritkel description of main
assumptions, methods and stock assessments foe tigiseries in 2015, and
recommendations for their management in terms lofizted effort (vessel units) and
total allowable catch (where applicable).



2.

Doryteuthis gahi (Loligo) — Falkland calamari

2.1. Summary

1)

2)

3)

4)

5)

The 2016 first season Falkland calamari fishery lig@nse) was open from
February 2%, and closed as scheduled on Aprif'28 sub-area of the Loligo Box
was closed from April 7 to the end of the season to conserve small (yalinge
calamari, west of 57°15 W and between 51°00’ ahtB5’ N.

22,616 tonnes of calamari catch were reportedenQHicense fishery; giving an
average CPUE of 22.17 tonnes vessel“dafhroughout the season 49.0% of
calamari catch and 48.7% of fishing effort wereetakorth of 52° S; vs. 51.0% of
calamari catch and 51.3% of fishing effort takemtBoof 52° S. These are the
most even north / south catch and effort partitiohany recent % season, with
higher concentration towards the centre of thedooBox than usual.

Sub-areas north and south of 52°S were depletiotheitenl separately. In the
north sub-area, seven depletion periods / immignatiwere inferred to have
started on March, March 8", March 2%, March 28", April 4™, April 11", and
April 17", In the south sub-area, five depletion periodsnmigrations were
inferred to have started on February’2¥arch 18", March 28", March 3¢, and
April 4.

Approximately 43,874 tonnes of calamari (95% coerice interval: [38,489 to
82,768] tonnes) were estimated to have immigrattmthe Loligo Box during 3
season 2016, of which 13,290 t north of 52° S @nh883! t south of 52° S.

The biomass estimate for calamari remaining inlLibkgo Box at the end of 1
season 2016 was:

Maximum likelihood of 24,868 tonnes, with a 95% fidence interval of [20,723
to 61,272] tonnes. With the bulk of calamari biomastering the fishing zone as
late immigrations, this season was unusual in ltphiigher estimated calamari
abundance at the end of the season than at thenegiof the season.

The risk of calamari escapement biomass at theoktite season being less than
10,000 tonnes was estimated at effectively zero.

2.2. Introduction

The first season of the 2016 Falkland calamarkfigiDoryteuthis gahi- Patagonian
longfin squid — colloquiallyLoligo) opened on February ®4with 16 C-licensed
vessels participating; none having taken the flptton to start later. Early in March
one vessel suffered mechanical failure and wasddwort by a sister ship. The tow
vessel and damaged vessel were allocated extergichand 3 days respectively at
the end of the season for time missed from theefistequivalent to the flex option. A
different vessel suffered mechanical failure ir I&tarch and was replaced by a sister
ship for 14 days from March to early April. On Alpfi", a sub-area of the Loligo Box
was excluded until the end of the season to coasemall (younger) calamari,
consisting of grid XNAN in its entirety and griddNAP and XPAP west of 57°15’
W. The first season ended by directed closure aril 28", plus respectively on April
30" and May i for the two flex-allocated vessels.



Total reported Falkland calamari catch under fesison C license was 22,616
tonnes, corresponding to a CPUE of 22616 / 102@.272tonnes vessel-dayTable
1). This CPUE was the lowest in a first seasones2@11, and the lowest in a first
season not closed by emergency order since 2009.

As in previous seasons, the Falkland calamari sasskssment was conducted
with depletion time-series models (Agnew et al.98;9Roa-Ureta and Arkhipkin,
2007; Arkhipkin et al., 2008). Because calamari &aasannual life cycle (Patterson,
1988), stock cannot be derived from a standing bescarried over from prior years
(Rosenberg et al., 1990). The depletion model austealculates an estimate of
population abundance over time by evaluating wleastels of abundance and
catchability must be extant to sustain the obseragsl of catch. Depletion modelling
is used both in-season and for the post-season anmmwith the objective of
maintaining an escapement biomass of 10,000 tonaksnari at the end of each
season as a conservation threshold (Agnew etCil2; Barton, 2002).

Table 2.1. Falkland calamari season comparisorte £2604. Days: total number of calendar
days open to licensed calamari fishing includinigds ' season 2013) optional extension
days; V-Days: aggregate number of licensed calafishing days reported by all vessels for
the season.

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 17,225 50 680 24,171 63 1063
2008 24,75z 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 19,906 53 782 19,614 78 1195
2014 28,119 59 872 19,630 71 1099
2015 19,383* 57* 871* 10,190 42 665
2016 22,616 68 1020

* Does not include C-license catch or effort aflee C-license target for that season was

switched from calamari titlex.

2.3. Methods

The depletion model formulated for the Falklandao@ri stock is based on the
equivalence:

Cday = quday>< Ndayxe_M/2 (1)

where ¢ is the catchability coefficient, M is thatural mortality rate (considered
constant at 0.0133 dayRoa-Ureta and Arkhipkin, 2007), andy&; E gay N day are

catch (numbers of calamari), fishing effort (nunsbef vessels), and abundance
(numbers of calamari) per day. In its basic fornel(Dry, 1947) the depletion model
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assumes a closed population in a fixed area fordinmation of the assessment.
However, the assumption of a closed populatiormgeirfectly met in the Falkland
Islands fishery, where stock analyses have oftemslthat calamamroups arrive in
successive waves after the start of the season-WReia, 2012; Winter and
Arkhipkin, 2015). Arrivals of successive groups arierred 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 isigaded (Winter and Arkhipkin
2015).

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 ey = QX E gy, X (NI, + (N2, Xi2],)) x€™"2 e

day 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 thamdepletions, N@y, 13, Njay, 4,

etc., would be included following the same pattern.

The Falkland calamarstock assessment was calculated in a Bayesian
framework (Punt and Hilborn, 1997), whereby resaoftshe season depletion model
are conditioned by prior information on the stotkthis case the information from
the pre-season survey. The season depletion ldadiiunction was calculated as the
difference between actual catch numbers reportddcatch numbers predicted from
the model (equatioR), statistically corrected by a factor relatingthee number of

days of the depletion period (Roa-Ureta, 2012):

(nDays-2)/2)x Iog[z (Iog(predicted:day) - Iog(actualCday))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 g, rather than abundance N, was useddlculating 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
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depletion model became the weight of the priorcQlations of the CVs are described
in the Appendix. Because a complex model with mpldtdepletions may converge on
a local rather than a global minimum, the optim@atwas stabilized by running a
feed-back loop that set the q and N parameter tutpfi the Bayesian joint
optimization back into the in-season-only minimiaat (equation3), re-calculated
this minimization and the CV resulting from it, thee-calculated the Bayesian joint
optimization, and continued this process until bb# in-season minimization and the
joint optimization remained unchanged.

With Cg4ay Edayand M being fixed parameters, the optimizatiorahation2
using3 and4 produces estimates of g and N1, N2, ..., etc. Numbércalamari on
the final day (or any other day) of a time seriesthen calculated as the numbers N
of the depletion start days discounted for natunaktality during the intervening
period, and subtracting cumulative catch also disted for natural mortality
(CNMD). Taking for example a two-depletion period:

:M (final day — start day 1)

N final day - Nlstart day 1% €
+ N2start day ox € (nal day - startday 2)
— CNMD¥inal day 5)
where
CNMD gay1 =0
CNMD gay x = CNMDyayx1X €™ + Cgayx1x €™ )

N final day IS then multiplied by the average individual weigl calamari on the final
day to give biomass. Daily average individual weighobtained from length / weight
conversion of mantle lengths measured in-seasabbgrvers, and also derived from
in-season commercial data as the proportion of ymbdeight 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 lgrsgare relatively less precise, 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 availatiberwise only commercial size
categories. To smooth fluctuations, M ¢ay (0r N on any other day of interest) is
multiplied by the expected value of the averagéviddal weight from its GAM trend
(see Appendix), rather than by the empirical valneach day.

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., 200GMC is an iterative process
which generates random stepwise changes to theoggdpoutcome of a model (in
this case, the q and N of calamari) and at eagh siepts or nullifies the change
with a probability equivalent to how well the chanfts the model parameters
compared to the previous step. The resulting sespueri accepted or nullified
changes (i.e., the ‘chain’) approximates the Ikedid distribution of the model
outcome. The MCMC of the depletion models were imm200,000 iterations; the
first 1000 iterations were discarded as burn-irtises (initial phases over which the
algorithm stabilizes); and the chains were thintigda factor equivalent to the
maximum of either 5 or the inverse of the accepanate (e.g., if the acceptance rate
was 12.5%, then every'§0.125%) iteration was retained) to reduce serial corretat

9



For each model three chains were run; one chaiiated with the parameter values
obtained from the joint optimization of equatioBsand 4, one chain initiated with
these parameters x2, and one chain initiated Witk parameters x¥. Convergence
of the three chains was accepted if the variancengnthains was less than 10%
higher than the variance within chains (Brooks a@Ge&lman, 1998). When
convergence was satisfied the three chains werdioech as one final set. Equations
5, 6, and the multiplication by average individual weigvere applied to the CNMD
and each iteration of N values in the final set] #re biomass outcomes from these
calculations represent the distribution of the mate. The peaks of the MCMC
histograms were compared to the empirical optinmoratof the N values.

Commercial catch, 24/02 - 01/05 2016

50

iR m
0 34.7

50.5
|

51

Latitude (S)
515

52

52.5

53

61 60 59 58 57

Longitude (W)

Figure 2.1. Spatial distribution of Falkland calam&season 2016 commercial catches,
colour-scaled to catch weight (maximum = 34.7 te)n&143 trawl catches were taken
during the season. The Loligo Box fishing zonewa$l as the 52 °S parallel delineating the
boundary between north and south assessment sa-are shown in grey.

Total escapement biomass is defined as the aggreéganhass of calamari on
the last day of the season for north and southaseés combined. Calamari sub-
stocks emigrate from different spawning grounds i@main to an extent segregated
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(Arkhipkin and Middleton, 2002). However, north amsduth biomasses are not
assumed to be uncorrelated (Shaw et al., 2004), taaeckfore north and south
likelihood distributions were added semi-randomiyproportion to the strength of
their day-to-day correlation (semi-randomizatiogoaithm in Winter, 2014b).

2.4. Stock assessment

2.4.1. Data

Falkland calamari catches were characterized sigbason by an uncommonly even
concentration throughout the Loligo Box (Figure .8% of the catch by weight and
11.8% of vessel-days were taken in what was prelyodefined as the centre sub-
area, between 52° S and 52.5° S (Paya, 2R68:Ureta and Arkhipkin, 2007). By
comparison, in first seasons of 2011, 2012, 200342 and 2015, percentages of
catch taken in the centre were 0.8%, 2.4%, 0.07.9§%, and 0.8%; percentages of
vessel-days taken in the centre were 2.5%, 5.528/,10.6%, and 5.9% (Winter,
2011; 2012; 2013; 2014a; 2015).

538 M

Catch (Tonnes)

594 —

Effort (Vessels)

55 68 82 96 109 122

Day
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Figure 2.2. Daily total Falkland calamari catcl &ffort distribution by assessment sub-area
north (green) and south (purple) of the 52° S perdiiring £' season 2016. The season was
open from February 24(chronological day 55) to April 8(chronological day 119), plus
flex days for two vessels until day 121 and for aessel until day 122. As many as 16
vessels fished per day north of 52° S; as manypag4dsels fished per day south of 52° S. As
much as 538 tonnes calamari was caught per day @brb2° S; as much as 594 tonnes
calamari was caught per day south of 52° S.

A total of 1020 vessel-days were fished duringgbason, with a median of 16
and no fewer than 14 vessels per day (except &flelt extensions). Vessels reported
daily catch totals to the FIFD and electronic logkadata that included trawl start and
end times, trawl positions, and product weight arket size categories. Two FIFD
observers were deployed on three vessels in therfidor a total of 72 observer-days
(Bradley, 2016a; 2016b; Iriarte, 2016). Throughtigt 68 days of the season, 4 days
had no observer covering (3 of which were the esttendays at the end), 56 days had
1 observer covering, and 8 days had two obsenarering. Observers sampled an
average of 417.3 calamari daily, and reported catamaturity stages, sex, and
mantle lengths to 0.5 cm. The length-weight refegiop for converting both observer
length data and commercially proportioned lengtfa dzas taken from the pre-season
survey (Winter et al, 2016):

weight (kg) = 0.112 x length (cAY*/ 1000 (7)

2.4.2. Group arrivals / depletion criteria

Start days of depletions - following arrivals ofwhealamari groups - were judged
primarily with reference to daily changes in CPW#th additional information from
sex proportions, maturity, and average individualamari sizes. CPUE was
calculated as metric tonnes of calamari caughtvpssel per day. Days were used
rather than trawl hours as the basic unit of eff@@mmercial vessels do not trawl
standardized duration hours, but rather duratibas lhest suit their daily processing
requirements. An effort index of days is thereforere consistent.

Seven days in the north and five days in the sowthe identified that
represented the onset of separate immigrationspletiens in the season. This
exceptionally high number of immigrations (e.g., iér and Arkhipkin, 2015)
concurred with the outcome that catches and ov&RIWE continued to increase in
the fishery until three weeks before the end of ghason (Figure 2), suggesting a
generally late start to the out-migration.

« The first depletion north was identified on day(62arch 2%, one week after the
start of the season but the first day that mora th¢hird of the fleet fished north.
Day 62 had the highest CPUE in the north until @@yApril 8”‘) (Figure 3).

* The second depletion north was identified justdlhdays later on day 65 (March
5™ with a rebound of CPUE after two days’ decreaBigure 3) and local
minimal values of commercial and observer averageghts, proportion of
females, and average maturities (Figure 4).

« The third depletion north was identified on day @larch 2 with a modest
CPUE increase (Figure 3) but clear minima in conumaélnd observer average
weights (Figure 4A & B).

12



CPUE (t/v-day)

The fourth depletion north was identified on day @&arch 28") with a local
CPUE peak (Figure 3) and one day after minima ieraye weights and
proportion of females (Figure 4A, B & C).

The fifth depletion north was identified on day @ril 4™) with steep minima in
observer average weights and proportion of fem@iggire 4B & C).

The sixth depletion north was identified on day 18pril 11") with the highest
CPUE north of the season (Figure 3), and minimabserver average weights and
proportion of females (Figure 4B & C).

The seventh depletion north was identified on dag (April 17" with a local
peak in CPUE (albeit taken by only two vessels,ufeég3), and the lowest
minimum in commercial average weights until the ehthe season (Figure 4A).
The first depletion south was identified on day(BBbruary 2% — the start of the
commercial season) with 16 vessels starting thefisin the south (Figure 2) and
the highest CPUE in the south until day 70 (Marﬁ‘ﬁ):(Figure 3).

The second depletion south was identified on dayB&sides the local CPUE
peak that day (Figure 3), average weights had aéenlocal minimum the day
before (Figure 4A & B).

The third depletion south was identified on day(B&rch 25" with the highest
CPUE in the south up to that date (Figure 3). Agerweights and maturity were
not clearly associated with any time series min(figure 4A, B & D), resulting
in this depletion start being questionable. Howetee depletion model would
have been difficult to execute without inferrindepletion start on this date.

The fourth depletion south was identified on day(®@rch 3¢"). CPUE attained
another season high (Figure 3), while average gbsaveight was near a local
minimum (Figure 4B).

The fifth depletion south was identified on day ©@&poril 4”‘), when CPUE
attained the second-highest peak of the seasoar@~8) and commercial average
weight was at a steep local minimum (Figure 4A).

o _]
To]

40

20

10

55 62 65 70 81 8588 90 95 102 108 119 122
Day

Figure 2.3. CPUE in metric tonnes per vessel pgr by assessment sub-area north (green)
and south (purple) of 52° S latitude. Circle siaes proportioned to the numbers of vessel
fishing. Data from consecutive days are joinedibg segments. Broken grey bars indicate
the starts of in-season depletions north. Solidy drars indicate the starts of in-season
depletions south (day 95 was a depletion start botth and south).
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Figure 2.4 (next page). A: Average individual cadaimveights (kg) per day from commercial
size categories. B: Average individual calamarighies (kg) by sex per day from observer
sampling. C: Proportions of female calamari per ttayn observer sampling. D: Average
maturity value by sex per day from observer samgplim all graphs — Males: triangles,
females: squares, unsexed: circles. North sub-grean, south sub-area: purple. Data from
consecutive days are joined by line segments. Brgkey bars indicate the starts of in-season
depletions north. Solid grey bars indicate thetstaf in-season depletions south (day 95 was
a depletion start both north and south).
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2.4.3. Depletion analyses

2.4.3.1. North

In the north sub-area, Bayesian optimization oohatility (q) resulted in a posterior
(maximum likelihoodgayesianq N = 3.870 x 10; Figure 5, left, and EquatioA9-N)
that was closer to the pre-season prigsr g n = 3.681 x 1&; Figure 5, left, and
EquationA4-N) than to the in-season depletiagpgtiong n = 5.460 x 10; Figure 5,
left, and A6-N). Respective weights in the Bayesian optimizaijoonverse of the
CVs) were 0.493 for the in-season depletidB-(N) and 0.298 for the prioAG-N).
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Figure 5 [previous page, upper]. North sub-aredt: lLékelihood distributions for calamari
catchability. Red line: prior model (pre-seasonveyrdata), blue line: in-season depletion
model, grey bars: combined Bayesian model. Rigikellhood distribution (grey bars) of
escapement biomass, from Bayesian posterior andgavendividual calamari weight at the
end of the season. Green lines: maximum likelihaod 95% confidence interval. Note
correspondence to Figure 6.

Figure 6 [previous page, lower]. North sub-areda@ari biomass time series estimated from
Bayesian posterior of the depletion model + 95%fidemce intervals. Broken grey bars
indicate the start of in-season depletions nordlysdb2, 65, 81, 88, 95, 102 and 108. Note that
the biomass ‘footprint’ on day 122 (May))Icorresponds to the right-side plot of Figure 5.

The MCMC distribution of the Bayesian posterior tiplied by the GAM fit
of average individual calamari weight (Figure Aldhd gave the likelihood
distribution of calamari biomass on day 122 (MdYy ¢hown in Figure 5-right, with
maximum likelihood and 95% confidence interval of:

B N day 122 = 5174t ~ 95% Cl [4,169 — 13,076] t 8)

At its highest point (penultimate depletion statety 102 — April 1), estimated
calamari biomass north was 9,411 t ~ 95% CI [7;218,867] t (Figure 6).

2.4.3.2. South

In the south sub-area, relative ranks of catchgbdoefficients (q) were reversed
from the north as the preseason prigy 9 s = 1.156 x 1G (Figure 7 left, and
equationA4-S) was higher than the Bayesian posterior maximelihood qs =
1.136 x 1C (Figure 7, left, and equatioh9-S), while the in-season depletion was
lower gepietiond s = 0.824 x 10 (Figure 7, left, and\6-S). Bayesian optimization was
weighted 0.496 for in-season depletiéb{S) vs. 0.235 for the priorA8-S).

The MCMC distribution of the Bayesian posterior tiplied by the GAM fit
of average individual calamari weight (Figure Al#y gave the likelihood
distribution of calamari biomass on day 122 (M&y gdhown in Figure 7-right, with
maximum likelihood and 95% confidence interval of:

B s day 122 = 19,861t ~ 95% CI [15,780 —51,618] t 9)

At its highest point (last depletion start day 8ril 4™), estimated calamari biomass
south was 33,555 t ~ 95% CI [28,156 — 75,568] ¢\{Fe 8).

Figure 7 [next page]. South sub-area. Left: Likaditi distributions for calamari catchability.
Red line: prior model (pre-season survey data)e lilbe: in-season depletion model, grey
bars: combined Bayesian model. Right: Likelihoodtribhution (grey bars) of escapement
biomass, from Bayesian posterior and average itdali calamari weight at the end of the
season. Blue lines: max. likelihood and 95% cantérival. Note correspondence to Fig. 8.

Figure 8 [next page, lower]. South sub-area. Calafviamass time series estimated from
Bayesian posterior of the depletion model + 95%fidence intervals. Gray bars indicate the
start of in-season depletions south; days 55, 0,99 and 95. Note that the biomass
‘footprint’ on day 122 (May %) corresponds to the right-side plot of Figure 7.
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2.4.4. Escapement biomass

Total escapement biomass was defined as the aggiaiganass of Falkland calamari
at the end of day 122 (May')ifor north and south sub-areas combined (equaBons
and9). Depletion models are calculated on the inferehe all fishing and natural
mortality are gathered at mid-day, thus a half daynortality (€"%) was added to
correspond to the closure of the fishery at 23rBfil{night) on May I for the final
remaining vessel: equatiob0. Semi-randomized addition of the north and south
biomass estimates gave the aggregate likelihoottibdison of total escapement

biomass shown in Figure 9.

B Total day 122 = (Bnday122z + Bsday12) x €"?
24,868t ~ 95% Cl [20,723 — 61,272] t (10)

This escapement biomass gave the uncommon resiltatlgreater abundance of
calamari was present at the end of the seasonahéme beginning of the season
(21,729 t; Winter et al., 2016). Among bottdnd 2 seasons since 2010, only it 1
season 2013 was a similar contrast obtained, wiepre-season survey biomass was
estimated at a very low 5333 tonnes (Winter et28113). Notably, the current pre-
season survey biomass estimate of 21,729 t iothest since 1 season 2013.
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Figure 9. Likelihood distribution with 95% confide intervals of total Falkland calamari
escapement biomass corresponding to the seasdiviagd®).

The risk of the fishery in the current season, rasfias the proportion of the

total escapement biomass distribution below theseonsation limit of 10,000 tonnes
(Agnew et al., 2002; Barton, 2002), was calculaseffectively zero.

2.4.5. Immigration

Falkland calamari immigration during the season wéearred on each day by how
many more calamari were estimated present thamdlgebefore, minus the number
caught and the number expected to have died nigtural

ImmigrationN day i = Ndayi— (N dayi-1— Cday i-1— M day i—])

where Ngay i-1 are optimized in the depletion modelsy.(i.1 calculated as in equation
2, and Myayi-11S:
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M day i-1 = (Ndayii— Caayi) X (1—6")

Immigration biomass per day was then calculateth@smmigration number per day
multiplied by predicted average individual weighdrh the GAM:

ImmigrationB day i = ImmigrationN day i X GAM Wt day i

All numbers N are themselves derived from the daugrage individual weights, so
the estimation factors in that those calamari imatigg on a day would likely be
smaller than average. Confidence intervals of timmigration estimates were
calculated by applying the above algorithms toNt@MC iterations of the depletion
models. Resulting total biomasses of calamari innatign north and south, up to
season end (day 122), were:

immigrationB N day 62-122 = 13,290t ~ 95% CI [11,906 — 22,803] t (11-N)
|mmigrati0nB S day 55-122 = 30,584 t -~ 95% CI [25,402 - 63,055] t (11'8)

Total immigration with semi-randomized additiontbé confidence intervals was:
|mmigrati0nB Total 55-111 = 43,874 t -~ 95% CI [38,489 - 82,768] t (11'T)

In the north sub-area, the in-season peaks on @ays31, 88, 95, 102 and 108
accounted for 4.7%, 7.4%, 8.1%, 16.8%, 15.4% af&c6of in-season immigration
(start day 55 was de facto not an in-season imitogrg consistent with the variation
in the time series biomass shown on Figure 6. éndbuth sub-area, the in-season
peaks on days 70, 85, 90 and 95 accounted for 13.8%%, 18.9% and 30.6% of in-
season immigration, consistent with the variatiothie time series biomass shown on
Figure 8.

2.4.6. Size ranges

Concurrent with the bulk of calamari biomass havemgered the fishing zone only
late in the season, calamari catch individual sliggributions during the 2016°'1
season were small compared to previotissdasons. The median mantle length of
both male and female calamari, north and souti?é$5was 9.5 - 10 cm in the 2016
1% season. In the 2013'season, median mantle lengths south were sini&6a 10
cm, but bigger north at 11.5 cm. No othér seasons since at least 2009 had size
distributions this small (Figure 10).

21



12009 9537
14459 12308
2009 2010
> 8022
b 13918
S
g 2011
o
=
k=
©
12
11364 9448
17661 14384
2013 2014
13325
18360
2016

5 10 15 20 25 30 5 10 15 20 25 30

Mantle length (cm)

Figure 10. Falkland calamari mantle-length distitms from in-season observer random
samples, 1 seasons 2009 — 2016. Distributions are partitior@th (up) and south (down) of
latitude 52°S, males (blue) and females (red). Bedengths in light blue and pink are
underlaid on the plots. Numbers of male and femalamari sampled each season are noted
on each plot.

2.4.7. Bycatch

Figure 11 [below]. Distributions of the eight pripal bycatches during®lcalamari season
2016. Thickness of grid lines is proportional te thumber of vessel-days (1 to 242). Gray-
scale is proportional to the bycatch biomass; marinftonnes) indicated on each plot.
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Of the 1020 calamari-target vessel-days in totab(& 1), only 3 vessel-days reported
a primary catch other than calamari, which wer@%{).50.7%, and 54.4% rock cod
(Patagonotothen ramsgyi The most common bycatches reported overall far t
Falkland calamari season were rock cod (1296 torte@ from 969 vessel-days),
jellyfish (Medusae) (654 t, 540 vessel-days), frogth Cottoperca gobip(17 t, 296
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vessel-days), icefishChampsocephalus eg0k13 t, 285 vessel-days), Patagonian
toothfish Qissostichus eleginoides(12 t, 116 vessel-days), marbled rock cod
(Patagonotothen tessellgtél2 t, 86 vessel-days), squat lobstdutidaspp.) (10t, 9
vessel-days) and skate (Rajidae) (10 t, 167 veksed}. Relative distributions by grid
of these bycatches are shown in Figure 11.
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2.6. Appendix

2.6.1. Falkland calamari individual weights

A generalized additive model (GAM) was calculatednf the daily observer data
(both sexes combined) and commercial size catedgmtiey of average individual daily
weights of calamari. North and south sub-areas vealeulated separately. For
continuity, the GAMs were calculated using all pesason survey and in-season data
contiguously. GAM plots of the north and south subas are shown in Figure Al.
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Figure Al. North (top) and south (bottom) sub-atadly average individual calamari weights
from commercial size categories per vessel (ciyciesl observer measurements (squares).
GAMs of the daily trends + 95% confidence interv@entre lines and colour under-shading).

2.6.2. Prior estimates and CV

The pre-season survey (Winter et al., 2016) hadmastd Falkland calamari
biomasses of 8,520 t (standard deviation: = 1,40dotth of 52° S and 13,209 t
(standard deviation: 1,767 t) south of 52° S. Froadelled survey catchability, Paya
(2010) had estimated average net escapement af 2p%, which was added to the
standard deviation:

8520+ £9%, 55| = 8520+ 38.5% = 8520 + 3278 t (A1-N)
8520
1767 _ _
13200%| 200+ 22| = 13,209% 35.4% = 13,209 + 4,673 t (Al-S)

The 22% was added as a linear increase in thebiegabut was not used to reduce
the total estimate, because calamari that escapéranl are likely to be part of the
biomass concentration that is available to the trextl.

Calamari numbers at the start of the season, daywBE estimated as the
survey biomasses divided by the GAM-predicted imhlial weight averages for the
survey: 0.022 kg north and 0.021 kg south (Figud®.AAverage coefficients of
variation (CV) of the GAM over the duration of tpee-season survey were 12.69%
north and 8.46% south, and CV of the length-weigbtversion relationship
(equation8) were 6.6% north and 6.9% south. Combining alfrsesi of variation with
the pre-season survey biomass estimates and avatagdual weight averages gave
estimated calamari numbers at season start (Fgt2d4r day 55) of:

_ 8520x1000 room
0.022

= 0.384 x 19 + 41.1% (A2-N)

prior NN day 55 +1269%? + 6.6%?

13209x1000, /35 4952
0.021

= 0.645 x 18+ 37.0% (A2-S)

prior N's day 55 + 846%°% + 6.9%”

The catchability coefficient (q) prior for the nlorsub-area was taken on day 62, when
9 vessels were fishing north and thikdepletion period north started. The abundance
prior (N) on day 62 was calculated as survey abonogl@an start day 55 discounted for
7 days of natural mortality (as no catch had bakert in those 2 days):

prior NN day 62 = prior NN day 55 X CR R CNMDyays2 = 0.347 x 1% (A3-N)

prior O N C(NN day 62/ (prior NN day62 X ENday 69
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(C(B)\l day 62/ WtN day 63 / (prior NN day 62 X E\I day 63
(318.9t/0.028 kg) / (0.347 xA& 9 vessel-days)

= 3.681 x 10’ vesseld*’ (A4-N)

The catchability coefficient (q) prior for the sbusub-area was taken on day 55,
when all 16 vessels were fishing south. As this weesfirst scheduled day of the
season, no discount was applicable for either ahmmortality or catch.

C(N)s day 55/ (prior N's day 55 % Es day 53

(C(B)s day 55/ Wts day 53 / (prior Ns day 55 X Es day 53

(245.7 t/ 0.021 kg) / (0.645 x4 16 vessel-days)

= 1.156 x 10’ vesselg 2 (A4-S)

priord s

CVs of the priors were calculated as the sums dildity in pior N (EquationsA2)
plus variability in the catches of vessels on tiaetslays (day 62 N and day 55 S):

\/411%2 +( SD(C(B)NvesselsdayBZ))J

Cv prior N

mean(C(B) N vesselglay62
=\ 4119%2 + 27.3%° = 49.3% (A5-N)
2
sb(c(B
CV prior S - 370%)2 + ( ( )Svesselsdayss)
mean(C(B)SvesselsdaySS )
= \/370% + 330%° = 49.6% (A5-S)

2.6.3. Depletion model estimates and CV

For the north sub-area, the equivalent of equatiasith seven Niaywas optimized on
the difference between predicted catches and actauehes (equatio8), resulting in
parameters values:

depletionN 1n day 62 = 0.191 x 18 depletionN2N day 65 = 0.057 x 18
depletionN 3N day 81 = 0.074 x 1& depletionN4N day 88 = 0.077 x 1d
depletionNON day 95 = 0.127 % 18). depletionN6N day 102 = 0.111 x 19
depletionN 7N day 108 = 0.073x 19

depletiond N = 5.460 x 1G°* (A6-N)

1 On Figure 5-left.
2.0n Figure 7-left.
€ On Figure 5-left.
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The root-mean-square deviation of predicted vaiaatatches was calculated as the
CV of the model:

(predictedC(N) Ndayi _actuaIC(N) Ndayi )2 /n

CcVv = \/ =
rmsd N mearﬁactumC(N) Ndayi )

2.395 x 10/ 8.107 x 16 = 29.5% (A7-N)

CVmsda n Was added to the variability of the GAM-predictedividual weight
averages for the season (Figure A1-N); equal toVao€4.0% north. CVs of the
depletion were then calculated as the sum:

J29.59%% + 4.098
= 20.8% (A8-N)

_ 2 2
Ccv depletion N - \/ CVrmst + CVGAM WtN

For the south sub-area, the equivalent of equatiamth five N 4oy Was optimized on
the difference between predicted catches and actauehes (equatio8), resulting in
parameters values:

depletionN 1s day 55 = 0.767 x 18)- depletionN2s day 70 = 0.260 x 1b
depletionN3s day 85 = 0.268 x 1& depletionN4s day 90 = 0.391 x 1b
depletionNSs day 95 = 0.566 x 18

depletiond s = 0.824 x 104 (AB-S)

The normalized root-mean-square deviation of ptedicvs. actual catches was
calculated as the CV of the model:

\/z (predictedC(N) Sdayi _actuaIC(N) Sdayi )2 / n

cv ==
rmsd S mear(actuaIC(N)Siayi )

1.673 x 10/ 7.179 x 16 = 23.3% (A7-S)

CVmsd s was added to the variability of the GAM-predictedividual weight
averages for the season (Figure Al-S); equal tovaofC3.2% south. CVs of the
depletion were then calculated as the sum:

CV depletion s = \/CVrmscSZ +CVoau Wt32 = \/23-3%2 +3.29%
= 23.5% (A8-S)

* On Figure 7-left.
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2.6.4. Combined Bayesian models

For the north sub-area, the joint optimization gfu&ions3 and 4 resulted in
parameters values:

BayesialN N day 62 = 0.268 x 18 BayesiatN2N day 65 = 0.036 x 19
Bayesian N3N day 81 = 0.082 x 1& BayesialN4N day 88 = 0.089 x 18
BayesiarltNON day 95 = 0.152 x 1§ BayesianlNON day 102 = 0.133 x 19
BayesianN /N day 108 = 0.067 x 19

Bayesiardl N = 3.870x 10 ® (A9-N)

These parameters produced the fit between predmteldactual catches shown in
Figure A2-N.

North, seven depletion peaks
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Figure A2-N. Daily catch numbers estimated fromuakttatch (black points) and predicted
from the depletion model (green line) in the natih-area.

For the south sub-area, the joint optimization gliaions3 and 4 resulted in
parameters values:

BayesiarlN 1s day 55 = 0.568 x 18 BayesialN2s day 70 = 0.204 x 1B
Bayesiant\'3s day 85 = 0.207 x 1& BayesianlN4s day 90 = 0.292 x 19
BayesianlN3s day 95 = 0.458 x 19

® On Figure 5-left.
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Bayesiard S = 1.136 x 10° ® (A9-S)

These parameters produced the fit between predmeldactual catches shown in
Figure A2-S.

South, five depletion peaks
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Figure A2-S. Daily catch numbers estimated fronualctatch (black points) and predicted
from the depletion model (blue line) in the south-area.

® On Figure 7-left.
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3. Finfish Fisheries based on Rock Cod,
Patagonotothen ramsayi

3.1. Introduction

The finfish fishery of the Falkland Islands is régad using both a total allowable
catch (TAC) and a total allowable effort (TAE). Waus finfish species are exploited
by the finfish fleet. The TAC/TAE was firstly basesh the southern blue whiting
(Micromesistius a. australisstock which was the most important finfish spscie
exploited by the trawlers. However, the decreasthisfresource in years 2004—-2007
(Laptikhovsky et al., 2013) has led the DirectorateNatural Resources — Fisheries
Department (DNR-F) to rebuild its licensing systdmsed on the rock cod
(Patagonotothen ramsagystock which became, from 2007, the most abunfiiafigh
species.

Fishing activity is known to impact the life hisyotraits and abundance of
targeted species. Biological data collected by efighobservers and during the
research cruises has been used to investigategdétéa trawling has impacted rock
cod life history traits. Variation in abundance che explored using fishery
independent and fishery dependent data (Hilborn \&iadters, 1992; Maunder and
Punt, 2004).

The objective of this report is firstly to analysielogical data collected by the
DNR-F to highlight if the targeted trawling fishetiyat started in 2007 has induced
modifications in rock cod life history traits. Seetly, rock cod abundance
estimations based on fishery independent data lvallcompared to standardized
fishery dependent relative abundance indices. Thestedata will also be used as
input data in a biomass dynamic model. Based owortegp catch and effort, the
methodology to estimate suggested VUM and fishimgs for 2016 will be applied
and results presented and discussed.

3.2. Material and methods

3.2.1. Length frequency

Rock cod biological data are collected by obserdensng commercial fishing trips
on board finfish bottom trawlers operating in thdigh zone (i.e. north of 52°S, west
of 59°30'W and south of 48°15’S) and during reshaccuises conducted by the
DNR-F in the same area. Total length of samplduiias measured to the nearest cm
after determining sex and maturity stage. Random smb—sampled data were
selected to plot annual histograms for each sexhagtaight trends in average total
length and length modes from 2003 through to 2015.

3.2.2. Length—at—maturity

Maturity stage is determined using an 8 maturiggstscale (Brickle et al., 2006; see
also observer manual). A specimen was considerbd taature when it was between
the early developing stage (maturity stage 3) &ed¢covering spent stage (maturity
stage 8) during the reproduction period (from Jtmeugh to August; Brickle et al.,

2006). For each year, the percentage of maturérspas sampled in the finfish zone
was estimated for each length class. These data ttven modelled using a binomial
error Generalised Linear Model (GLM) and the lengtitb0% maturity (also called

33



length—at—maturity, the length where 50% of theybajpon is mature) was finally
estimated using the model parameters.

3.2.3. Age—length relationship modelling

Otoliths of rock cod are collected during reseamuises and observer trips
throughout the year. Associated data are totalttengeight, sex and maturity stage
for each specimen. Ageing was carried by the DNIR-F003-2004, Gdnya (Poland)
in 2008-2010 and again by DNR-F since 2011. To d¢mdarock cod otoliths are
transversally sectioned and annual rings are cduwmeer microscope. At the time of
writing up this report, ageing was carried out ophte 2014 data collection.

The objective of this analysis is to show how paetars of these models have
changed between years as the fishing effort targetick cod increased. In the von

Bertalanffy model, the predicted Iength—at—timﬁ[%_(]) Is estimated as:

E E] =L_[(1— eKlemte))

WherelL _. is the asymptotic average leng#i,is the Brody growth rate coefficient
and t, is the length at age 0. The model was fitted bgimising the negative log
likelihood. A likelihood ratio test (Haddon, 201Was performed to statistically
compare the three estimated parameters of the bmpnaBertalanffy curves. The
time series of each parameter was drawn to highligla trend in length—at—age
appears after the fishery started to target roak i0c02007. However, as the von
Bertalanffy curve parameters are correlated, a tiroperformance index (P)
combining two § andL..) of the three parameters in one was estimatedPagly,
1979):

P =log(K)+ log(L_.)

3.2.4. Biomass surveys

In February 2016, the F/V Castelo (ZDLT1) was olad by the DNR-F for a survey
covering a significant part of the finfish areagdg&gure 1 in Gras et al., 2016). This
survey was conducted from 2 to 22 February 2016@otal of 90 one hour—trawls

were assessed in 86 grid squares. During eaclorstatiart and end positions of the
trawl on the bottom were recorded as well as thezbotal net opening. These

parameters were used to derive the swept areacsuEaery time it was possible, the
entire catch was weighed by species or higher taxan level for invertebrates and a
conversion factor was used when the catch wasigptolbe weighed. The swept area
and catch weight were used to estimate the deabityck cod at each station. These
observed data were finally used to estimate thal tmbmass in the surveyed zone
(auto—correlation of the data was taken into actasing geostatistic methods). A
time series of rock cod biomass was drawn usingltsefrom surveys conducted in

February 2010-2011, October 2014, February 201%-201

3.2.5. Standardized CPUE

Another source of data to estimate rock cod aburelatalled fishery dependent data,
uses Catch Per Unit Effort (CPUE) of fishing vessiiring commercial trips. Fishery
dependent data have the advantage to be availabdeghout the time but the

disadvantages to be distributed according to tihgetad stock, incomplete and/or
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inaccurate. As a result, before using them as dexinof abundance, extraneous
factors have to be removed from raw CPUE by statiziag them. Various methods
have been developed during the last decades anthdke powerful one is based on
Generalized Linear Models (Hilborn and Walters, ZZ99aunder and Punt, 2004). In
the case of the rock cod of the FICZ, a delta—GLa&itted. It combines two GLMs,
a binomial error GLM which models the presence/at:oee[i::[,f?j’,,f:M)[,,,1 and a
Gaussian error GLM which models the Iog—transforrﬁ?§dJEln[U;?f;fM]H, using

four variables: yeaw, monthm, callsignc and target species(defined as the most
prevalent species in the net) which are introdundzbth models as:

logi‘t[U;iim)wl =a, + Bty +4,.+ Wy et
And
ng[U}iﬁ,G;f)}D = Cx}' + ng + Tc + 5: + E}'_.?‘J‘l_.c_.t

3.2.6. Biomass dynamic model

The standardized CPUE derived from catch repodatg were used as input data in a
stock assessment model. As the time series of GBWBort (11 years) and rock cod
could live up to 15 years, over—parametrisationbfgms would probably be
encountered with an age structured model. The simpthaefer biomass dynamic
model was therefore chosen (Hilborn and Walter92).9In this model, the biomass
at time t + 1(B.,,) is estimated using the biomass at time5}) (and taking into
account the population growth rate the population carrying capaciti) and the
catch occurring at time

Bt
‘Bt-l'i = Bt +T.Et(1_§)_ct

The model was fitted by minimizing the negative lidgglihood and the biomass
estimation confidence interval was estimated usinlarkov Chain Monte Carlo
algorithm that implements survey biomass as a pehaiction.

3.2.7. Q—values and Vessel Units estimation

Catches, ,) and effort £, ) of each active vesselfor the yeary during the last 5
years (20112015 for the purpose of the 2017 lieextvice) are used to estimate the
Catch Per Unit Effort{ PUE, ,, in kg.hY) for each vessel and year as:

Cpye
CPUE, , =
wma

Using CPUE, ,. and the unexploited fishable biomass estimatiaiveleé from survey
data for the yeaw (B,), the rock cod catchabilityg(,,) for the vesset during the
yeary can be derived as

CPUE,,
B

¥

CPUE, . =q,,XB, =q,,=
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The average monthly efforg[,) of each vesse! for the yeary is estimated as:

E,.

— I

ED =" x 305
wy

WhereD,,, is the number of fishing days for the vesaeluring the yeaw. Monthly
effort E]”, is then averaged over the preceding 5 years fdr eessel. Catchability
4., IS estimated for each yeprand each vesselas

C

1 R vy

T T EmXB,

Both £, andg,, are then averaged over the preceding 5 yearsdonieE" and
g, and both are used to estimate the vessel unitshm(®i’M,) of each vesset
using the rock cod abundandg,) of the yeary which is the last biomass estimation
(v = 20186) in the purpose of the 2017 licence advice as:

_gI'XE) XB,
VUM, = 1000

As VUM, is often proportional to the GRT, a linear regmssis fitted for each

licence to estimate the associated interceptapnd slope ¥) values. If this linear

relationship is statistically significant, suggess for 201V UMz are then made as
the median calculated for particular 500 mt—GRTdoiswterval as

VUMgzr = @ + b X GRT

If the linear relationship is not statistically sificant, VUM are then equal to the
intercept

VUMgzr = a

Finally the fishing time is estimated as
vu

fT=——
VUM cpr

WhereVU is the proportion of TAC (60 for the 60,000 t ugshding the last years)
allocated to the licence type (12.2 for the 12,2@0ocated to A—licensed vessels, 18
for the 18,000 t allocated to G—licensed vessets2fhl for the 20,100 t allocated to
W-licensed vessels were defined in the frameworthef2015 licence advice based
on historical catches of each licence type).

3.3. Results

3.3.1. Length frequency

Total length data of rock cod were collected fargi frequency distribution from
2003 to 2015. Each year, between 1,500 and 25i{80b0é&ve been measured after sex
and maturity determination. Length frequency hisdogs Figure 3.1) showed that
catches were bimodal during the first two yearsurttg from 2005, one mode was
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identified for each year. Mean total length finstieased from 2003 to 2008 when it
reached its maximum value, then decreased untiB 201d finally increased again
during the last two years of the time seriegy(re 3.2). No significant differences
were found between average total length of 20032821db. The onset of the targeted
fishery in 2007 is probably at the origin of thecdEasing trend starting in 2008, a
phenomenon already observed in other fisheries.fithery does not seem to have
impacted the average length of fish caught as goifsiant difference was found
between the start and the end of the time series.
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Figure 3.1: Annual length frequencies of female (d& grey) and male (light grey) rock
cod sampled during observer trips and research crges from 2003 to 2015 in the finfish
area. N is the number of fish sampled per year anchean is the average length.
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Figure 3.2: Annual mean and mode of rock cod totalength. Specimens were

collected by observers during commercial trip or duing surveys.

3.3.2. Length—at—maturity
Rock cod maturity data were fitted to binomial GLIMam 2003 to 2015. Throughout

this period, the length—at—maturitifigure 3.3 first varied without trend from 2003

to 2007 and then followed a decreasing trend @0tll3 from 27.65 to 24.24 cm. This
decrease occurred in two steps, a first one abtiset of the fishery between 2007

and 2008 and the second one from 2011 to 2012ll§iflm 2013 to 2015 length—
at—maturity followed an increasing trend.
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Figure 3.3: Length—at—maturity time series using d& collected in June, July and
August.

3.3.3. Age-length relationship

The DNR-F otolith collection started in 1994 andsweantinuous from 2002 to 2015
(Table 3.1). Depending on the year, ageing was carried owrbggeing lab in Gdnya
(Poland) or by DNR-F staff scientists. A first sdétotolith was aged by DNR-F in
2003-2004 before the targeted fishery started dieroto have a better insight of the
rock cod population dynamic. Ageing started to aeied out on a regular basis from
2008, first by Gdnya ageing lab until 2010 and thgnwo different agers in DNR-F.

Age—length relationships were modelled in 2003-2@6d from 2008 through to
2014 Figure 3.4). The likelihood ratio test revealed that von Bemffy curves were

all significantly different from year to year. Howar, the time series of the 3
parameters and of the growth performance indexndidshow any significant trend
throughout the studied periodrigure 3.5 and Figure 3.6. Moreover, the age

distribution does not appear to have changed maodtitee sampled fish still cover the
full age distribution 0 — 15 years.
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Table 3.1: Annual number of otoliths collected andaged and name of the ager
for rock cod.

Year Number of otoliths collected =~ Number of Otoliths aged Ager
1994 223 0

1995 417 0

1997 1 0

1999 15 0

2000 23 3 GDY
2001 3 3 GDY
2002 618 0

2003 1552 705 PB
2004 1787 467 PB
2005 216 0

2006 78 0

2007 196 0

2008 764 641 GDY
2009 1113 1042 GDY
2010 1144 531 GDY
2011 1295 518 EB
2012 1067 484 EB
2013 1208 452 BL
2014 1208 446 BL
2015 1276 0
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Figure 3.4: Annual age-length relationships modelte using a von Bertalanffy
growth model fitted to age data collected by the DR-F.
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Figure 3.6: Time series of the growth performancendex derived from von
Bertalanffy growth model parameters.

3.3.4. Biomass survey

From 2016, the DNR-F has used two sensors to mediserorizontal net opening of
the DNR-F’s bottom trawl during research cruisesaet al., 2016). As significant
differences were noted between estimated and nmesh$uarizontal net opening, two
models were developed to correct historical researaise data and estimate new
comparable biomasses (Gras, 2016). The first bisreaimation for rock cod was
carried out in February 2010 and revealed that@®Bt of rock cod were present in
the finfish areaKigure 3.7). When this survey was repeated in February 2€id,
biomass increased to 803,955 t. In 2014 the sumasyconducted in October and the
biomass was estimated at 262,415 t. In order try @art a seasonal comparison, the
survey was repeated in February 2015 showing aedserof the biomass to 206,485
t. Finally, the biomass estimation based on Felpr2a@l6 survey revealed a slight
decrease of the biomass at 195,693 t. Highest otmat®ns were identified every
time in the northwest and in the northeast of ihéish area where large and small
rock cod were caught respectiveBigure 3.7).
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Figure 3.7: Kriged maps of rock cod abundance in th surveyed area based on catch

data collected during the surveys conducted in Felbiary 2010, 2011, 2014, 2015 and

2016.
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3.3.5. Catches and fisheries dependent index of abu  ndance

Reported catches by trawlers operating in Falklaaters Figure 3.8 left) increased
from 2005 (8620 t) to 2010 when a maximum of 76,48&s achieved. From 2010 to
2013 catches decreased to 32,436 t. In 2014, catnbeeased again to 56,686 t and
finally dropped again in 2015 to 29,038 t which wias lowest annual catch observed
since 2006 (prior to the onset of the fishery).

Index of relative abundance derived from fisherependent data increased from
2005 to 2010 and then exhibited a high variancéaut showing any increasing or
decreasing trend={gure 3.8right).
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Figure 3.8: Annual total catches in Falkland watergleft) and time series of the
standardized CPUE (right) from 2005 to 2015

3.3.6. Biomass dynamic model

The biomass dynamic model was fitted to the indexetative abundanceF{gure
3.9).. The model shows an increase of rock cod abured&oen 2005 to 2008. The
biomass seems then to be stable until the endedfirtie series. However, the model
does not reflect the variance observed in the iradaelative abundance at the end of
the time series.
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Figure 3.9: Schaefer biomass dynamic model (solidink) fitted using the

standardized CPUE (dots) derived from the finfish lieet operating in Falkland

waters. The confidence interval of the estimationdashed line) was estimated
using a Markov Chain Monte Carlo procedure.

3.4. Conclusion

Although annual catches of rock cod were stablevéenh 2008 and 2012, they
became more variable between 2013 and 2015. Eflpani2013 and 2015, vessels
did not target rock cod and catches were on ave3@g#0 t. Analyses of biological

data showed that the rock cod stock does not dxhity sign of overexploitation.

Moreover, the biomass dynamic model which wasditising the fishery dependent
index of relative abundance showed that the roekhiomass, after experiencing an
increase from 2005 to 2008 remained stable until52MHowever, data collected
during surveys in 2010-2011 and 2014-2016, whiehtlze most reliable sources of
information to monitor the rock cod stock abundarst®wed that rock cod biomass
decreased from 650,000 to less than 200,000 (—b@¥e)een 2010 and 2015.

3.5. Recommendation

Although two of the three sources of informatiorowld that rock cod abundance
was stable since the onset of the fishery in 2@0&,most reliable source (fishery
independent) showed that biomass in 2015 and 2GiGSaomly 30% of the biomass
estimated in 2010. Using this new biomass estimaid the last 5 years of catch and
effort (including 2013 and 2015 when vessels ditltamet rock cod) as input data in
the vessel unit months (VUM) estimation led to ffigant decrease of VUM and
significant increase of fishing time, sometimes@@00%. Allowing such an increase
of effort would not be sustainable for the finfisishery and might lead to an
overexploitation of the finfish resources. Follogim precautionary approach, the
DNR-F decided to reduce the VUM of G, W licenced agcatch by 10%. The VU
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used to estimate the allocated fishing effort f0L2 are in Table 3.1 of the licence
advice part 1 (FIFD, 2016).

On top of the TAE historically used to regulate tidéish fishery and because
the rock cod biomass drop observed in February 204% confirmed in February
2016,a precautionary TAC for rock cod will be set up for2017 at 30,000.tThe
TAC corresponds to the average of the two lowesuahcatches (2013 and 2015)
observed since the onset of the fishery in 2003s¥ks will be allowed to target rock
cod as long as the total catch of 2017 will be €880,t. As soon as the TAC of 30,000
t will be achieved, vessels will be asked not t@éa rock cod anymore and target
other stocks. The same enforcement will be appitedrestricted finfish licensed
vessels with hake, i.e. vessels catching more @84 of rock cod will be asked to
change the fishing area.

3.6. Perspectives

During the last decade, the DNR-F has put an eiffidotgaining a better insight of the
rock cod biology and population dynamics (Brickteak 2006a; Brickle et al, 2006b;
Laptikhovsky et al., 2013; Arkhipkin et al., 2013t the same time, a series of
surveys has been carried out throughout the finfista to estimate the available
biomass in the finfish area (Brickle and Laptikhows2010; Arkhipkin et al., 2011;
Pompert et al.,, 2014; Gras et al., 2015; Gras .et28ll6). It was shown that this
biomass significantly decreased from 2010 to 2016.

In this report, it has been shown that von Bertfyaparameters of rock cod
age—length relationships are significantly différisom year to year but time series of
parameters do not indicate that rock cod stocledining. However, as calibration is
not yet available, year and agers effects are pparsted. In the near future, a
calibration between all agers will be set up. Meep some years of the rock cod
otolith collection has not been aged and the tierees from 2003 could be completed
to date.

During the last years, the Vessel Unit method esve several limits. First,
the method is valid only when fishers target rookl.cWhen fishers try to avoid this
stock like in years 2013 and 2015, VUM significgntiecreased leading to a
significant increase of the fishing time, a nontsimable situation on the long term
for the Falkland fisheries stocks. Improvementshaf method will be tested in the
near future to try to avoid annual adjustmentditorhethodology.
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4. Toothfish

4.1. Summary

1. Toothfish stock assessment was calculated usinggaastructured production
model in CASAL software. The stock assessment madslrevised for 2015 by:
a) including out-of-zone catch reports, b) optimiginatural mortality within the
model and c) empirically evaluating the best-fithraila factor.

2. The revised and updated model obtained a naturetatitg of M = 0.184 yeat
and a best-fit umbrella factor of 0.38.

3. The stock assessment calculated toothfish totahass of 24,243 tonnes and
spawning stock biomass of 7079 tonnes in 2015. rEtie of SSBoi5 : SSB
(current spawning stock biomass to unfished spagvsiaock biomass) was 0.445.
Maximum sustainable yield was estimated by thekstmsessment model at 1579
tonnes, of which 1276.5 tonnes allocable to thalioe fishery after deductions
for finfish andLoligo bycatch.

4. The recommendation for the toothfish longline fishés to maintain total
allowable catch (TAC) at 1040 tonnes, same asylat. The recommendation is
based on proximity of the SS8s : SSB ratio to the threshold reference point,
plus evidence of the toothfish population rebuigdfrom retrospective analysis of
the data.

Finfish trawl, Loligo trawl Toothfish longline
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Figure 4.1. Distribution of toothfish catches in180by Falkland zone grid. Thickness of grid lings i
proportional to the number of vessel-days; greyeséa proportional to the toothfish catch biomass.
Left: finfish trawls (purple); maximum 200 vesseays and maximum 9 tonnes toothfish in one grid,
Loligo trawls (green); maximum 256 vessel-days and maximiutonne toothfish in one grid. Right:
toothfish longline (blue); maximum 26 vessel-dagd anaximum 130 tonnes toothfish in one grid.
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4.2. Introduction

A commercial longline fishery targeting Patagonidaaothfish Qissostichus
eleginoide} has been operating in Falkland Islands watersesl®94 (des Clers et al.
1996, Laptikhovsky and Brickle 2005). Important ntiges of toothfish are also
caught in two other Falklands fisheries: finfisavit, of which it is not a target but
commercially valuable bycatch, ahdligo (Doryteuthis gahisquid trawl, of which it
is also bycatch, but individuals caught in thiiéisy are too small to be commercially
valuable. The fisheries access different partsheftbothfish population in different
areas: longlining occurs on the slope and in deafemvfinfish trawling on the shelf
primarily north and west of the Falkland Islandad &oligo trawling also on the
shelf, east of the Falkland Islands (Figure 1).

The current stock assessment of Falkland Islarmtbfish was calculated with
updated catch and effort through 2015, and with &@8itional age / size metrics
from otoliths sampled in 2014. In 2015, reportedtivdish catch totalled 1232.2
tonnes, the lowest since 1997. Of the total tosthfiatch in 2015, 91.1% by weight
was taken by longline license, 8.4% by finfish thaand 0.5% byLoligo trawl.
Longline fishing was undertaken during 216 day2015, the lowest effort since
1993.

4.3. Methods

The stock assessment was calculated as an agasstdicproduction model in
CASAL software (C++ Algorithmic Stock Assessmenbhbeatory; Bull et al. 2012).
As previously (FIFD 2014), this stock assessmers based on the objective function
comprising one relative annual abundance indexg(ine CPUE), and catch-at-age
distributions of the toothfish longline, finfishatwl (including skate and surimi
licenses), andloligo trawl fisheries. Jig and pot fisheries catch rghle quantities of
toothfish and have no toothfish observer data terdeéne catch-at-age distributions.
Finfish trawl and_oligo squid trawl were modelled separately becauserttad! snesh
permitted solely forLoligo fishing results in different toothfish catch-ateag
distributions. The twd_oligo seasons were combined. The use of only longline
CPUE as a relative abundance index was motivatetidynconsistency of CPUE in
fisheries where toothfish is a bycatch and notrgeta toothfish bycatch may change
just because those fisheries are switching targe¢ss, or seasonality, rather than by
any factors related to the toothfish stock.

Yearly index values were weighted for the CASAL ioptation using
Francis’ (2011) two-stage approach. First, to askirebservation error an effective
sample size (N) of age-class data per year in @abkry was calculated based on
data fit to the multinomial distribution, using tifenction ‘Neff.obs’ in R package
‘DataWeighting’ (Francis 2013). Second, to addnesscess error, effective sample
sizes were multiplied by a weighting factor caltethas the inverse of the variance of
difference between observed and expected mean lagses, standardized for the
variance of the expected age distributions (MetA@dl.8 in Table A.1, Francis
2011).

The age-structured production model was calculateétd a Beverton-Holt
stock-recruitment function (Bull et al. 2012). Theepness parameter of the stock-
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recruitment function (the fraction of recruitmenorh the unfished population when
spawning stock biomass declines to 20% of its aefislevel; Mangel et al. 2013)
was set to the commonly used reference value & (Brandao and Butterworth
2009, Day et al. 2014, Mormede et al. 2014). Rémremt variability was set to 0.6
(Mormede et al. 2014). The variability distributgoof optimized quantities such as
total biomass and spawning stock biomass in thesagetured production model
were calculated by Monte-Carlo Markov Chain (MCMC).

4.3.1. Data

Longline CPUE data were restricted to catch repofits500 m set depth arel kg
toothfish catch weight, as the contrary were presiito represent erroneous entries
or broken line sets. The longline CPUE index wa® aéstricted to years since 1996.
Earlier years were considered compromised by hegkl$ of IUU fishing (Payne et
al. 2005), and the composition of the longline ifighfleet changed from 1996
onwards. Before 1996, longline fishing was conddiateostly by Chilean vessels,
after 1996, mostly by Falklands and Korean vesseWifference which would have
caused a disproportionate vessel effect in thedsralization model.

However, catch totals and catch-at-age proportioese used from all
available years. Catch reports that list fishinfprefas “trawl and jig time” (used
under various licenses until 1996) were considénadls if the unit effort was1440;
the number of minutes in 24 hours. Trawl catch repander experimental license
were consideredloligo trawls if >50% of the catch wasoligo, or if the report was
within 7 days of a report by the same vessel tidicdtch >50%_oligo. Otherwise,
experimental-license trawls were considered finfish

Toothfish age and maturity data were restricteshéasurements that had been
processed by FIFD staff and observers, and restritci ages >0. Length data were
restricted to measurements that had been sampladomdy. Age / length
distributions were summarized for the longline,fifh trawl, andLoligo trawl
fisheries separately. As far as possiplbserver age / length data were matched to
catch reports, and the same criteria as above wgs@ to distinguish between finfish
trawls and_oligo trawls.

4.3.2. Input analyses

For the age-structured production model, catch gntagns-at-age in the longline,
finfish and Loligo fisheries were calculated by assigning ages to letigth
measurements by conditional probability of the agggength distributions. Ages31
years were assigned to a ‘31+ class. Longline CPW& / 1000 hooks) was
standardized as described in Appendix 1. Catclctely-at-age was modelled as a
logistic function in the longline fishery, but aslauble-normal function in the finfish
andLoligo fisheries because toothfish bycatches in the$etiiss first increase then
decrease with age. Maturity was scored on an 8tpstale, and toothfish are
considered mature from stage 3 (Laptikhovsky e@06, 2008). A maturity ogive
(proportion>stage 3 per age) was fitted by a generalized addmiodel instead of the
more typical logistic function because even theestchges had maturity proportions
significantly less than 1 (Figure 2); an outcomattis likely related to skipped
spawning (Collins et al. 2010, Brendon Lee FIFDspeomm.). The length-weight

" Based on date and vessel call sign. Catch repnd®bserver data entries do not use cross-refeslenc
identification codes.
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relationship was calculated in the format W ="a(fEroese 2006), and length-at-age
was modelled by the von Bertalanffy equation Lz k (1 — €~ in R package
‘fishmethods’ (Nelson 2015). Length-weight and siteage distributions are plotted
in Figure 3; parameters are summarized in AppeRdix

Figure 4.2. Proportion of toothfish mature (maturstage>3) by age, from FIFD
observer data. Fitted by a generalized additiveghog to age 30, then the average of
ages 31+ (red lines).
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Figure 3 [below]. Length-weight (left) and lengthamge (right) relationships
calculated from observer data. Equation parameatersummarized in Appendix 2.
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4.3.3. Model changes

Three changes from last year were effected in niadehe toothfish stock:

1. Out-of-zone catch reports were no longer exclu@edcatches close to the zone
impact the same toothfish population.

Out-of-zone catch reports comprised 13.6% to 24@%ongline toothfish
catch weight in the three years 1998-2000, othenaisnually <10% of longline
toothfish catch weight and 0% in the past four ge@86 to 7.8% of finfish trawl
toothfish catch weight, and 0% bbligo trawl toothfish catch weight. Given this
inter-annual variability in out-of-zone catch pertage, not including the out-of-
zone catches could potentially bias the relativeuahabundance index.

2. Natural mortality of toothfish was estimated by ioptation within the age-
structured production model.

A previous stock assessment (Paya and Brickle 20a8)estimated natural
mortality at 0.13 from Hoenig’'s (1983) empiricaluagion (In(M) = 1.44 — 0.982
% In(tmay) and assuming maximum longevity{) of 35 years. This estimate was
subsequently used as a fixed parameter in agehstedcproduction models (Paya
and Brickle 2008, FIFD 2013, FIFD 2014). Howevére t=IFD toothfish aging
database by now includes 46 entries older thane@bsy taken between 2008 and
2013. Payne et al. (2005) used natural mortalify6®.by averaging estimates
calculated from the South Georgia toothfish std®&cause of the deficiency of
natural mortality information specific to the Falkld Islands stock, the choice was
made to optimize this parameter within the modeari&bility of natural mortality
was also calculated by MCMC.

3. The ‘umbrella’ factor was empirically evaluated.

The ‘umbrella’ or ‘cachalotera’ longline method (Moo et al. 2008) has been
used in the Falkland Islands since July 2007 tacedoothfish depredation by
whales (Brown et al. 2010). Average improvementoothfish CPUE has been
estimated as 0.263by the distribution mode of ‘umbrella’ to ‘non-umefia’
catch ratios (Brown et al. 2010), and as 0.31B% comparing same-day longline
sets (Paya and Brickle 2008). Both analyses hadiradat highly variable results
on the basis of relatively restricted data set®s8quent stock assessments (FIFD
2013, 2014) used the factor of x0.263 to scalehfedt CPUE under the
‘umbrella’ method since July 2007 to the putativguigalent CPUE without
umbrellas before July 2007.

For the current stock assessment, a range of ulaldestors from x0.1 to
x0.5 was tested by calculating the age-structunediyction model with each
umbrella factor in turn. The fitness of the umhadihctors was compared by the
normalized root-mean-square deviation between gaally CPUE index and its
corresponding yearly total biomass from the ageestired production model. The
umbrella factor with the best fit was then impleteeh for the final stock
assessment.
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Given these changes in the stock assessment medeithin-model retrospective
analysis was calculated for three years prior o lgtest year of the model (2015),
using the same parameters and structure but cuttengnost recent year's data from
each successive model run (Legault 2009). Thegpéaive analysis was applied in
particular to the stock indicator of SR : SSB; the ratio of current spawning
stock biomass to unfished spawning stock biomadsmaverage recruitment.
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Figure 4.4. Annual catches (tonnes; dark bars) arstandardized CPUE (tonnes /
vessel / day; light bars with 95% intervals) of ttdsh in each of the toothfish

longline (LL), finfish trawl (FIN) andLoligo trawl (LOL) fisheries since 2008 (first

full year of ‘umbrella’ longlining).
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4.4. Results

4.4.1. Catches

Annual toothfish catches in the target longlindadisy have ranged from 943 to 1469
tonnes since 2008, with a downward trend over #st fhree years. Average CPUE in
the longline fishery increased significantly ovbee tsame period, from 3.1 to 5.2 t /
vessel / day (Figure 4 - top panel). Annual tosthfcatches and average CPUE in
finfish trawls both reached their maximum in 20libe year that rock cod
(Patagonotothen ramsapfirst attained predominance in the finfish trdishery (FIG
2011). From 2010 toothfish catch and CPUE in fimfisawls declined annually until
2014, but increased again from 2014 to 2015 (Figure middle panel). Annual
toothfish catches and CPUE liwligo trawls were highest by large margins in 2009
and 2011 (Figure 4 - bottom panel), the two yedngcky except for the uncommon
lllex argentinusingression of 2015, had the lowéstligo catches since 2008 (Winter
2015). That may comprise some bias as lower cawhese species can avail vessel
crews to sort more carefully for another species,dias is unlikely to represent the
whole difference of toothfish bycatch being muclyhar in those two years. The
contrast suggests that conditions resulting in pboligo abundance may be
favourable to juvenile toothfish in theligo fishing zone.

4.4.2. Umbrella factor

Among iterations of the age-structured productiondel, the root-mean-
square deviation of the CPUE index vs. total bismasmimized at an umbrella factor
of 0.381 (smoothed by a LOESS function; FigureAgcordingly, the age-structured
production model was calculated using the 0.38 eftebfactor.
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4.4.3. Natural mortality

Natural mortality (M) optimized within the age-sttured production model resulted
in M = 0.184 yeat with a 95% confidence interval of [0.171, 0.212fay*. This
value is higher than the previous natural mortgligyameter of M = 0.13 (Paya and
Brickle 2008, FIFD 2014), which has likewise beesed for toothfish in the Heard
and McDonald Islands (Candy and Constable 2008) Rndce Edward Islands
(Brand&o and Butterworth 2009). The M = 0.184 Jaapdel optimum is higher also
than M = 0.165 used for toothfish in South Geofgidlary et al. 2006), and in the
Falkland Islands as a composite average (Paynle 20@6). This comparatively high
M value produced by the current model optimizatway potentially be an effect of
invisible whale depredation; i.e. consumption afthdish off a longline that leaves no
trace and is therefore not quantified in the assest Research on the topic of
longline depredation is currently in progress.

The practicality of estimating natural mortalitythin a stock assessment is a
matter of some debate (Lee et al. 2011, Franci, 20de et al. 2012). For toothfish,
Candy et al. (2011) attempted to estimate natumatatity within the CASAL model
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of the Heard and McDonald Islands fishery, but wi@d boundary problems in
optimizing parameters M andyBunfished spawning stock biomass). In the current
Falkland Islands stock assessment, boundary prebleere not obtained and the
relatively concise, realistic confidence intervadlicates that the model estimate M =
0.184 yedl is appropriate.

4.4.4. Biomass and MSY

The standardized toothfish longline CPUE index eased strongly from
1996 to 2006, and has shown a slowly increasingdtsence 2006 (Figure 6 - top
panel). Toothfish total biomass and spawning-stbicknass over the same period
continued to decrease, as the long life-span ahfish precludes rapid changes in
population trends. However, the rate of biomassedse has slowed (Figure 6 -
bottom panel).

Estimated total toothfish biomass in 2015 was 24ftes with a 95%
confidence interval of [19239 to 58985 tonnes]ifated spawning stock biomass in
2015 was 7079 tonnes with a 95% confidence intesi/g400 to 16196 tonnes]. The
ratio of SSByeniSSB was 7079 tonnes / 15915 tonnes = 0.445. Of the GCM
iterations, 7.7% of the distribution of SSBcurr&88, ratios was <0.400, 24.9% of
the distribution was <0.450, and 49.6% of the thstion was <0.500.

Maximum sustainable yield (MSY) calculated by thee-atructured
production model was 1579 tonnes. Spawning stocknass corresponding to MSY
was 3839 tonnes, and corresponding fishing moytBlity = 0.35; i.e., the yield-per-
recruit slope was 35% of the unfished yield-perugcdslope.

MSY is based on toothfish catch of all fisherieioable catch in the target
longline fishery therefore deducts bycatches in finéish and Loligo fisheries,
factored by the loss of future spawning stock bissn&om the bycatch in those
fisheries. Calculations for the deductions are shamv Appendix 3. Finfish trawls
took 103.1 tonnes toothfish in 2015, incurring awtdion of 103.1 x 2.60 = 268.0 t.
Loligo trawls took 6.6 tonnes toothfish in 2015, incugrim deduction of 6.6 x 5.24 =
34.8 t. The multipliers represent finfish ahdligo trawls catching smaller, younger
toothfish than the longline fishery, thereby renmgyilarger numbers with higher
potential for growth per unit catch weight. BasedMSY, maximum toothfish catch
allowable to the longline fishery is thus 1579 -826—- 34.8 = 1276.5 tonnes.
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Figure 6. Standardized toothfish CPUE index in khegline fishery (top panel);
toothfish annual total biomass and spawning staoknass estimated with the age-
structured production model, assuming an umbralitof of 0.38 (bottom panel).

45. Recommendation

The Falkland Islands Fisheries toothfish harvesthtrob rule prescribes that
SSB.uneniSSB < 0.45 will result in reduction of total allowabtmatch (TAC) and
increase in conservation measures (FIG 2014). B3 SSK ratio of the current
stock assessment is 0.445 with 24.9% of the cooreipg MCMC distribution <
0.45 (the distribution being right-skewed). Thue 8SBrniSSH ratio is just below
the prescribed threshold reference point. HoweWee, retrospective analysis of
SSB.ureniSSB showed a continual improvement of the ratios wetlery yearly
addition of data (Table 1). Accordingly, even thbuipe historic depletion of the
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toothfish stock has not been fully arrested as@if52(Figure 6, bottom panel), the
trend is correcting itself along with increasingWEin the longline fishery (Figure 6,
top panel).

Based on the evidence of a slowly recovering taeshhfstock, the
recommendation from this stock assessment is totaiai the TAC for longline
fishing at its current level of 1040 tonnes.

Table 4.1. Retrospective analysis of S@BiSSB ratios with toothfish stock
assessment data from 2015 back to 2012.

Data SSBZOIZ:SSBO SSBZOl?,:SSBO 558201415580 SSBZOlS:SSBO
to 2012 0.453

to 2013 0.477 0.453
to 2014 0.507 0.483 0.461
to 2015 0.514 0.489 0.466 0.445
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4.7. Appendix

4.7.1. CPUE standardization

Longline CPUE was standardized to remove the effecb-variates other than yearly
abundance (Maunder and Punt 2004). Co-variate teff@ere estimated by fitting
longline CPUE to a generalized linear model (GLM)lag scale with normal error
distribution, because CPUE is usually log-normaligtributed (Maunder and Starr
2003). Significant co-variates were added to ther péfect by forward selection using
the function ‘stepCPUE’ in R package ‘CPUE’ (Mamnig011). Because AIC can
bias co-variate effects (Shono 2005), the critefamco-variate significance was set
instead by the®rof the GLM fit, at an increase of 0.5%. Error bktindices was
expressed as the coefficients of variation (cv§waked from the covariance matrices,

e———
plus 20% to account for process error (Francis let2803): +/ cv? + 0.20°.
Standardization co-variates tested were the indali#gessel, month, soak duration of
the reported catch, depth (expressed as a 3-dpghgeomial function (c + x + %+

x°) to relax the assumption that the relationshipveen CPUE and depth would have
to be linear), and fishing region (3 regions: nodh south of 53.5° within the
Falklands zone, or outside the Falklands zone).5h8&° S demarcation separates the
Burdwood Bank spawning area from fishing furtherth@gPayne et al. 2005).

4.7.2. Model input parameters

length-weight model (W (t) = a- L (ch))

a 5.165041 x 10°
b 3.149191
N 22,605

von Bertalanffy length-at-age model (L (cm) mrlx (1 — €<¢=O)):

K 0.059996
to -1.399824
L.+ 158.833377
cv 0.154907
N 3,539

maturity proportions at age:
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Age N Prop. Mature Age N Prop. Mature
1 939 0.000 17 6363 0.494
2 6514 0.001 18 6484 0.516
3 4496 0.010 19 4729 0.537
4 3296 0.024 20 3617 0.557
5 4537 0.044 21 3582 0.576
6 3367 0.072 22 2414 0.593
7 4844 0.109 23 1529 0.609
8 4553 0.152 24 1222 0.623
9 4823 0.200 25 1312 0.637
10 4862 0.249 26 1078 0.651
11 5712 0.297 27 707 0.666
12 7331 0.341 28 566 0.683
13 7511 0.380 29 281 0.700
14 7737 0.414 30 262 0.717
15 7806 0.444 31+ 1916 0.789
16 7336 0.470

4.7.3. MSY deduction

Spawning stock biomass corresponding to the tagthdatch in each fishery in 2015
was projected forward for 51 years (starting age dge 52, the maximum known age
of Falklands toothfish), discounting each yearrfatural mortalit§ and incrementing
the year for its gain in maturity per age distribat Age distributions were taken
from the observer-sampled random length distrimstioand the size-at-age
measurements.

31+ _ : 31+
age Wprop}'gﬂriﬁshgr}'fll - [ﬂ.ge N pTﬂp}'gﬂriﬁghgr}'f' X WELHhtEgg)ll

31+

— 1+ ! 31+
cﬂtchssg}'aﬂr i Fishery f Z (_crzrchg}'arzri fisherw f * age W prop |1 * mrxmnt}r prﬂpll )
oge =1
— —-M
cﬂtchssg}'aﬂr i+1 fishery f — cﬂrchssgyaﬂr i fishary X e
where
catchByear 1= 2015 fishery F =1L = 1123.2 tonnes
catchDyear i = 2015 Fishery f = FIN = 103.1 tonnes
catchDyear i = 2015 Fishary f = LOL = 6.6 tonnes

and age proportions in 2015 :

8 The age-invariant natural mortality optimized inetage-structured production model. Natural
mortality actually decreases rapidly in the firstvf years then increases in late years as a fish
approaches senescence (Chen and Watanabe 1989mdulaling this curve is rarely applied
(Kenchington 2014).
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Age Catch Proportion N Age Catch Proportion N
LL FIN LOL LL FIN LOL

1 0.00000 0.12771 0.41284 17 0.05946 0.00000 0.00000
2 0.00000 0.19036 0.37639 18 0.06354 0.00000 0.00000
3 0.00029 0.21783 0.13296 19 0.04809 0.00000 0.00000
4 0.00058 0.20048 0.04230 20 0.03060 0.00000 0.00000
5 0.01078 0.17060 0.02550 21 0.02507 0.00000 0.00000
6 0.02507 0.06602 0.00453 22 0.02390 0.00000 0.00000
7 0.04693 0.02024 0.00302 23 0.01224 0.00000 0.00000
8 0.03818 0.00048 0.00113 24 0.01049 0.00000 0.00000
9 0.05013 0.00145 0.00057 25 0.01282 0.00000 0.00000
10 0.04955 0.00145 0.00019 26 0.00758 0.00000 0.00000
11 0.05829 0.00145 0.00038 27 0.00816 0.00000 0.00000
12 0.08540 0.00048 0.00019 28 0.00466 0.00000 0.00000
13 0.07491 0.00048 0.00000 29 0.00291 0.00000 0.00000

=
S

0.08219 0.00048 0.00000 30 0.00262 0.00000 0.00000
0.08219 0.00048 0.00000 31+ 0.01807 0.00000 0.00000
0.06529 0.00000 0.00000

IR
o U

The forward projection calculated that the biomafswothfish caught in the longline
fishery in 2015 (1123.2 1), if not caught and sebjenly to natural mortality, would
have yielded an average annual spawning stock lsismial14.3 t between 2016 and
2067; thus 0.102 t per t caught in 2015. Equiv#yeor all three fisheries:

Fishery TOO Catch 2015 Avg. SSB 2016-2067 Avg. SSB / 2015 Catch

LL 11232t 1143 t 0.102
FIN 103.1t 27.3t 0.264
LOL 6.6t 3.5t 0.533

Accordingly, toothfish bycatch in finfish trawlsm®ves 0.264 / 0.102 = 2.60x more
potential future growth per unit weight from theppiation than toothfish longline
catch, and toothfish bycatch lroligo trawls removes 0.264 / 0.102 = 5.24x more
potential future growth per unit weight from theppiation than toothfish longline
catch.
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5. Skates

5.1. Summary

* In 2015, skate catch by skate-licensed trawlersnepsrted at 2365.3 tonnes, out
of a total skate catch (all fisheries) of 6487.@nes. The total skate catch in 2015
was the third-highest since 1993, after 2011 ark?20

» Stock assessment of the multi-species skate asagenlwas calculated with a
Schaefer production model. The model was optima@e€PUE indices of Korean
and Spanish target trawl catches north of 51°) pénalty functions for survey
biomass estimates calculated in 2010 and 2013yingrrcapacity > initial
biomass, and current biomass > maximum sustairyaddih

* The Schaefer production model estimated skate tsemarth of 51°S in 2015 at
39,733 tonnes (95% confidence interval 33,838 td & tonnes) and maximum
sustainable yield at 6,726 tonnes (95% confidemderval 5,907 to 60,079
tonnes).

« Among the four predominant species, individual smecCPUE time series
continued to show increasing trends Bathyraja albomaculataand Bathyraja
brachyurops The CPUE time series fatearaja chilensisshowed a significant
downturn for the past two years, and the CPUE tfendBathyraja griseocauda
levelled off with a non-significant decreasing wen

5.2. Introduction

Skate catches (Rajiformes) have been reportedlikiaiRd Islands waters since 1987.
Skate catches were low until the stocks were corialgr recognized by a Korean
trawl fleet in the early 1990s (Wakeford et al. 2)0but rapidly increased >5000
tonnes yeat. Given the strong targeted effort, skate trawlivas licensed separately
from other trawl fisheries starting in 1994 (Wakef@t al. 2005). Two skate fishing
regions were identified: north and south of thekRad Islands, and the southern
region soon showed signs of decreasing catch (Ageteal. 2000; Wakeford et al.
2005). As a conservation measure, directed fisfongkates was prohibited south of
51°S in 1996 (Agnew et al. 1999).

Directed fishing for skates in the north has camguh annually. In 2015, skate
catch by skate-licensed trawlers was 2365.3 to(hakle 1), taken in 54 grid units
north of 51 °S (Figure 1). Of these 54 grid unt8,9% of skate catch and 48.6% of
skate-license effort occurred in just 8 grid urtist mainly followed the 200 m
isobath (Figure 1). Skate bycatch by other comraéfmottom trawls (licensed for
finfish or Falkland calamari) was 3954.5 tonneg&etain 142 grid units around the
Falkland Islands. Of these 142 grid units, 47 wareng the 54 grid units that had
also been fished with skate license; and theseuated for 73.9% of the skate catch
by other commercial bottom trawls. Of the totaltekaycatch by other commercial
bottom trawls, 21.7% was taken by vessels thatasm held skate licenses during the
year, while representing 14.9% of the effort. Adtilly 27.6 tonnes of skate in 2015
were taken as bycatch under longline (L) license] 8.3 tonnes unddilex (B)
license. No skate bycatch was taken under suriinli¢8nse. Total experimental (E
license) catch of skate in 2015 was 10.4 tonnes.
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Latitude (S)

54 53 52 51 50 49 48

55

FIFD observers sampled skates on 19 fishing veaseé?915, over a total of
145 sample stations. Fifteen skate species werdifige, representing most of the
known species in Falkland Islands waters (Arkhipkinal. 2012). By specimen
numbers, 34.7% of skate samples wB@hyraja brachyurops27.9% Bathyraja
albomaculata18.4%Zearaja chilensis5.3%Bathyraja griseocaudat.4%Bathyraja
macloviana 3.3% Amblyraja doellojuradqi 2.4% Bathyraja scaphiops 1.3%
Psammobatisspp., 0.9%Bathyraja multispinis 0.5% Bathyraja cousseauad.3%
Dipturus argentinensys 0.3% Amblyraja cf. georgiana 0.1% Bathyraja
papilionifera 0.1%Bathyraja magellanica0.1%Bathyraja meridionalis

Stock assessment for license allocation was agasedon the multi-species
skate complex, as species are not identified iselesatch reports (Agnew et al. 2000,
Wakeford et al. 2005, Winter et al. 2015). Howewmual CPUE trends are reported
for six major species of interest (Winter et al12
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L 1
TR L 253 | e T 249
< \ .
AN N
N N
N - _ N
\\\ ..
’ AN N
, L4 N - S
/ | \\ \\
,/1_ O | 0 \ 0
| :I ~a, ) A
¥, ) o \

%

64 62 60 58 56 54 64 62 60 58 56 54
Longitude (W)

Figure 1. Distribution of skate catches by grid emdkate license (left) and other bottom-
trawl licenses (right) in 2015. Thickness of giiitek is proportional to the number of vessel-
days (1 to 17 for skate license, left; 1 to 256dttrer bottom-trawl licenses, right). Gray-scale
is proportional to the skate catch biomass (maxin@s®.3 tonnes in one grid unit for skate
license, left; maximum of 248.8 tonnes for othettdm-trawl licenses, right).
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5.3. Methods

The skate stock assessment calculated last yeatiq®es in FIFD, 2015) was
updated with the most recent year’s catch and teffgort data. All skate catches
from all years are entered according to the revismaversion factors (Winter and
Pompert 2014). The current skate stock assessmastcalculated as a Schaefer
production model (Schaefer 1954), expressed aeaatice equation:

Biu =B+ I’B{l-%j -C,

where B and G are the stock biomass and catch in year t; radrttrinsic population
growth rate and K is the carrying capacity. The &&dbr production model was
optimized on time series indices of standardizetVERnN previous years (e.g., FIFD
2015) the CPUE index of Korean skate-license trawlsh of 51°S was used solely
for optimization, as this CPUE index had been fouodbe the most consistent
(Laptikhovsky et al. 2011). However, recent revels of potential catch
misreporting in the skate fishery (B. Meehan, FlpBrs. comm.) have motivated an
approach to mitigate reliance on one single index. this assessment the Schaefer
production model was instead optimized on an objectunction comprising the
negative log-likelihood functions of both KoreandaSpanish skate-license CPUE
trawl indices north of 51°S:

L{CPUE CPUEg, 4 | parameters} =

Korea N *

L{CPUEKG?"EE ."."l I{’Bl’ r, qKar‘aEﬁ."} + L{CPUE_‘-‘;:EE?:Nl K’ E=1’r’ q.':n",‘!:lﬂi?‘! J"."}

where

L{CPUEy peq v | KBy 1) Qgopea v}

1Dg[2ﬂ]) + Et(lng[Bt] - IDE[CPUEKQrEENt -fl qKo:-"aEa"."])z
2

n(lﬂg(‘jﬂ'ﬁ?"ﬂﬂﬁj +

ngfarsrz N

Equivalently, substitut&pain Nfor Korea N notation following Hilborn and Mangel
(1997); n is the length of time series t observetja is the catchability coefficient of
the CPUE index expressed as kg of skate catchret hour, ands is the standard
deviation between log¢Band log(CPUE/ q):

|
| 2
Cgoraa N = -vql (_ng[Bt] — log(CPUEg,pen ve quﬂ?"EﬂN])

CPUEckorea n and CPUEspain nWere standardized for latitude, longitude, montl a
depth using generalized additive models (GAM). Aadngkate catch and effort data
from 1989 through 2015 were included. Skate licerts®ve been implemented since
1994 (Wakeford et al. 2005), and a probabilistgoathm (FIFD 2013) was used to
infer which Korean trawls were actually targetingt®s in the years 1989 to 1993,
before the issuance of skate licenses. The twdiestslears 1987 and 1988 were not
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included because catch reporting did not yet disiish trawls from jigging or
longline. The same probabilistic assignment of 19891993 Korean skate target
trawls as last year (FIFD 2015) was applied todineent assessment. The algorithm
was not calculated to infer Spanish trawls targgesikates in 1989 to 1993, because in
the following years 1994 to 1996, which are usedhastemplate, only 12 days of
skate license trawling were taken by a single Sawéssel (during 1995).

Biomass in the first year of the fishery;(B Biggg was optimized as a free
parameter in the Schaefer production modelisBsometimes assumed to equal the
carrying capacity K (Punt 1990, Hilborn and Man@8B7), but as skate fishing in
Falkland Islands waters was ongoing before 198&s#seimption is unreliable for this
fishery, and K and Bwere optimized separately along with kofdan and Gspain N

Four penalty terms were added to the Schaefer ptimiumodel to stabilize
the optimization. The first two penalty terms rethto skate biomass estimates from
FIFD skate surveys conducted in 2010 (Arkhipkiralet2010) and 2013 (Pompert et
al. 2014). In either survey the 26 grid units weceupied that represented the historic
concentration of the skate target fishery (Payaalet2008). Because the actual
commercial fishery can shift around in any yeag thference was made that the
proportion of total commercial skate catch takerhi@ top 26 grids (not necessarily
the exact same ones) should reflect the ratio nfeyuarea biomass to total biomass
north of 51 °S (Laptikhovsky et al. 2011). Survegaabiomasses in 2010 and 2013
were estimated from swept-area samples with vditialdistributions calculated by
bootstrap re-sampling (Arkhipkin et al. 2010, Pompéal. 2014). The proportions of
total commercial skate catch taken in the top 2ésgn 2010 and 2013 likewise had
variability distributions calculated by bootstrap-gampling. Combining the two
variability distributions, composite estimates ajtal skate biomass had 95%
confidence limits of:

2010 17,832.7 to 50,198.3 tonnes
2013 14,494.1 to 82,840.4 tonnes

The penalty function was implemented as the logsepidifference:

P{Bsurvﬂ_}' 2010 Baoo| K ByTh Qgorea ) =

(1Dg(_Bsurva_}' 2010 mir [ max 5"5%) - 1Dg[le}1l}j )‘

-
EGKo-rarz."."

where® = 0 if the Byojg iteration of the optimization was within the 95%néidence
limits of the 2010 survey estimate, afid= 1 if the Byojo iteration was outside the
95% confidence limits of the 2010 survey estim@fegyain, equivalently substitute
Spain Nfor Korea N and / or survey 2013 for survey 2010). The tipieshalty term
was for K> B; (Prager 1994), and the fourth penalty term waBfgis > maximum
sustainable yield (MSY). The third and fourth penakrms were likewise calculated
as log squared differences and triggered by miétipld = O or 1 according to
whether the condition was met.

The Schaefer production model was optimized in 6(g@mming code with a
Nelder-Mead algorithm (Nash and Varadhan 2011),both Korean and Spanish
CPUE indices and the four penalty functions. Thggda number of Korean data
automatically gave greater weight to the KoreanexdTo estimate parameter
variability the model was run though a Markov ChMonte Carlo (MCMC) with
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5x1( iterations of which the first 20,000 were discatde burn-in, and every tenth
iteration was retained to mitigate autocorrelatidhe set of 498,000 retained MCMC
iterations was used to generate 95% confidencevalefor each of the optimization
parameters K, B 1, Gkorea n @nd Gpain n and for MSY calculated as (Hilborn and
Walters 1992):

MSY =£.
4

Table 5.1. For the fishery north of 51°S latitudgearly total skate catches under target
license (F/R), yearly total skate catches undeerolicenses, and standardized skate CPUE
index of Korean and Spanish target trawls. Skatgetaand non-target licenses were not
discriminated before 1994,

Year Catch (tonnes) CPUE (t/hr)
target non-target Korean Spanish
target trawl target trawl
1989 812.92 0.33 -
1990 787.03 0.47 -
1991 5806.63 0.39 -
1992 3314.25 0.27 -
1993 5465.51 0.28 -
1994 2186.32 1932.34 0.35 -
1995 3623.42 862.35 0.30 0.09

1996 1927.08 791.01 0.23 -
1997 1976.42 593.86 0.33 -
1998 226.63 396.65 0.42 -
1999 3467.83 417.58 0.38 -
2000 2511.36 549.27 0.33 -
2001 3406.68 542.06 0.40 -
2002 2194.42 495.94 0.44 -
2003 3137.54 479.57 0.43 -
2004 3881.38 473.34 0.43 -
2005 4396.01 594.41 0.51 -
2006 2711.47 1229.93 0.50 -
2007 3527.83 1300.19 0.63 0.45

2008 2280.21 1067.41 0.54 0.49
2009 2932.08 1916.39 0.62 0.62
2010 2725.08 2040.46 0.67 0.44
2011 2572.93 2781.54 0.59 0.34
2012 3094.04 2377.99 0.77 0.60
2013 2223.73 2478.56 0.60 0.39
2014 2953.40 2128.40 0.65 0.84
2015 2365.28 3187.47 0.74 0.38

* Skate-license fishing has been restricted tomoft51°S latitude since 1996. Target catches
before 1996, and non-target catches before and 4@@6 listed in the table are thus not total
catches of skate.
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The assessment of total skate biomass can potgntredsk changes in
assemblage composition, with species more vulnetablishing pressure replaced by
more resilient species (Dulvy et al. 2000, Ruoctale2012). Agnew et al. (2000),
Wakeford et al. (2005), and Winter et al. (2015arained species composition trends
in the Falkland Islands skate fishery. For the entrrstock assessment, CPUE time-
series trends were updated and examined for thepsgies of interest described in
Winter et al. (2015)B. albomaculataB. brachyuropsZ. chilensisB. griseocauda
B. multispinisandB. scaphiopsSkate CPUE were calculated from all trawl station
under skate license (or inferred to be skate-targegdrior to 1994; FIFD 2013), north
of 51°S, that had observer reports of catch byispe€PUE trends were calculated
according to methods slightly simplified from Wintet al. (2015), with CPUE per
station GAM-standardized for latitude, longitudepnth, depth and nation (Korea or
Spain), and the inter-annual trends smoothed us$icglly-weighted regression
(LOESS). Variability of the trends was estimated fandomly resampling with
replacement the yearly stations and recalculathy LOESS for each resample.
Resampling was iterated 5000x for each specieseveral (particularly early) years,
some stations recorded various amounts of bothtifateeh skate species and the
unidentified code ‘RAY’. For these stations thedenitified RAY was then assigned
to the identified species as the lesser of either groportion of identified species
among themselves or the ratio of each identifiextEs to the unidentified RAY. The
latter option was mainly to prevent large amouritsrodentified RAY being assigned
to single identified species at a station. Forafaility estimation, stations with both
identified skate species and RAY were additionafilgdomized at each iteration by
setting the proportional assignment for an idesdifspecies to a random uniform
draw between zero and 2x the ratio of the idemtifipecies to the unidentified RAY
(up to a maximum of the total amount of unidentififAY). Stations that reported
only RAY and no identified skate species were edetl altogether as it would be
incorrect to record these as having zero catcmpiome skate species.
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Figure 2. F/R-licensed skate catches (dark greg)pbaon-target-licensed skate catches (light
grey bars), indiscriminate license catches (whies)y estimated biomass of the northern
skate stock + 95% confidence intervals (black n@sd CPUE indices the biomass time
series was optimized on: Korean target trawls (ldgeares) and Spanish target trawls
(yellow triangles). The figure is formatted for cpamison with Figure 3A in Wakeford et al.
(2005).

5.4. Results

Skate catch north of 51°S was 5552.75 t in 2016 highest since 1991. While target
catch was unexceptional, the non-target skate caicth of 51°S was the highest on
record since the start of separate skate licengiri®94 (Table 1). Total skate catch
(north + south) was the third-highest since 19%&r2011 and 2012 (Figure 2). The
proportion of target skate catch vs. total skatelcénorth and south) was 36.5% in
2015, a sharp drop from the year before but highan in 2013 and 2011. The
Korean target trawl standardized CPUE in 2015 wasA® highest on record after
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2012, at 0.74 t Ar. The Spanish target trawl standardized CPUE (fisethe first
time in this assessment) included one vessel fisekate 12 days in 1995, then no
fishing effort again until 2007. In contrast to thegh Korean CPUE, the Spanish
CPUE in 2015 was the second-lowest since 20073&ttthi* (Table 1).

Production model fit parameters for total skatenmgsnorth of 51 °Sare
summarized in Table 2 together with their 95% aderfice intervals from the MCMC.
Notwithstanding the addition of the Spanish CPUHeNy a similar outcome as in
previous assessments was obtained: very wide bografithe carrying capacity K
and heavily right-skewed biomass estimates. Thenoph skate biomass estimate for
2015 was 39,733 tonnes, and the maximum sustaiyaiteestimate 6,726 tonnes.

Table 5.2. Optimized Schaefer production modelmetars obtained with the combination of
Korean and Spanish target trawl CPUE indices, maalting estimates of year 2015 biomass
north of 51 °S latitude and MSY. 95% confidencesiwhls from MCMC iteration of the
production model.

CPUE target trawl indices

Parameter
optimum 95% conf. int.
K 99,283 80,872 - 1,500,828
B1osc 13,780 11,867 - 28,225
r 0.271 0.134 - 0.304

0 Koree 1.81¢ 094¢-211¢€
q Spair 1.33¢ 0.65¢€-1.70 &
B2o1: 39,733 33,838- 81,133
MSY 6,726 5,907 - 60,079

The time series of skate species catch data exdeinoien 1993 to 2015, with
data absent in years 1998, 1999, 2005 and 2008gT3bB. albomaculata(RAL)
andB. brachyuropgRBR) continued the increasing CPUE trends thdthieen noted
in Winter et al. (2015), albeit with high varialyliin recent years (Figure 3X.
chilensis(RFL) CPUE increased consistently through 2018ntfollowed with two
low years in 2014 and 2015. The resulting downtofrthe LOESS CPUE trend
(Figure 3) was statistically significant by theterion that a horizontal line would
intersect the lower and upper 95% confidence iader¢Swartzman et al. 1994.
griseocaudaRGR) CPUE likewise decreased in 2014 and 201th@édowest levels
since 2004 (Table 3), but the downturn of the LOE®8d did not meet the criterion
of being statistically significant (so far; througb15, Figure 3). Both of the two less
abundant specieB. multispinis(RMU) andB. scaphiopgRSC) had lower CPUE in
2014 and 2015, resulting in a plateau for RMU arstlagistically significant decrease
for RSC (Figure 3).
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Figure 5.3. LOESS trends (solid black lines) an&9&onfidence intervals (broken black

lines) of standardized CPUE by species, 1993 t&2Cbnfidence intervals are derived from

the randomized iterations (grey lines). Empiricgtiraates (black circles) correspond to Table
5.3.
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Table 5.3. GAM standardized CPUE (kg'hper year per species from observer catch data;
N = number of observer-sampled stations. StandedldCZPUE values correspond to the black
circles on Figure 3. Note that the standardizatiith residual error added back) resulted in
some negative values in some years. These wereamcted, to maintain the relative
changes of the inter-annual trends.

Year RAL  RBR RFL  RGR  RMU RSC
1989
1990
1991
1992
1993 35 789 -23.0 54 121.8 16.0 4.6
1994 11 28.2 15.8 -18.8 1425 -9.7 538
1995 19 565 -33.8 172 96.0 2.0 14.6
1996 53 976 -142 -2.8 408 11.0 9.2
1997 60 67.1 16.0 194 66.2 6.7 11.4
1998
1999 O - - - - - -

2000 76 42.7 33.7 5.6 69.5 00 34
2001 72 686 429 974 80.5 74 8.0
2002 69 80.8 73.1 845 90.2 7.5 14.1
2003 54 448 793 294 115 8.0 55
2004 57 548 661 848 -0.3 34 29
2005 O - - - - - -

2006 29 444 1556 546 414 22 79
2007 35 79.7 235.6 155.6 37.8 135 434
2008 O - - - - - -

2009 50 52.7 138.6 141.1 541 6.4 334
2010 57 103.1 123.5 1539 113.7 19.0 19.9
2011 55 45.2 1559 1513 345 228 34.2
2012 70 75.2 2440 1679 58.6 18.5 26.6
2013 33 184.7 2421 1845 52.2 18.1 113
2014 29 30.6 539.1 37.0 253 55 27
2015 43 111.0 221.2 510 247 8.6 12.6

oo o o|lZ
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5.5. Conclusions

Total skate CPUE in the commercial skate-targehefig continued to show an
increasing trend in 2015, ongoing since 1996 (Fd)r The resulting lack of contrast
in the time series obtained an imprecise optimiratdf the Schaefer production
model, particularly for carrying capacity K (Tab®. Carrying capacity may be
especially unstable in a production model as cutivelachanges in reproductive
parameters, juvenile and adult survival, growthd @nedator and prey interactions
contribute to fluctuations in carrying capacity ovene (Quinn 2003). However, the
optimum model parameters and MSY estimate of tsessment were generally
similar to previous years’ estimates (e.g., FIFDL2)0 indicative that total skate
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biomass in the Falkland Islands zone appears stdlile ratio of catchability
coefficients between Spanish and Korean vessel® fi@nt model optimization
(Table 2: 1.33 / 1.81 = 0.737) was higher than t-dmmparable to - the estimate of
0.600 made after the 2013 skate survey (Pompatt 2014).

Use of combined CPUE indices for assessment ofnih#i-species skate
assemblage (Wakeford et al. 2005) remains a patesdurce of error. Maunder et al.
(2006) noted that CPUE is not proportional to comityuabundance if q (catchability
coefficient) is not similar for all species beingntbined. The species with the highest
catchability may contribute a greater proportionh® combined CPUE, and represent
the population that is most depleted. Given thssiés for the current skate assessment
the examination of individual species’ CPUE tremdss reprised from Winter et al.
(2015), with one year’s older data (1993) and tvearg’ more recent data (2014-
2015). For several species, the CPUE trend is mew positive than indicated up to
2013 (Winter et al. 2015). In particular, the loimgreasing trend oE. chilensis a
vulnerable species according to the IUCN (Kyne let2807), has reversed. The
recovery ofB. griseocaudaan endangered species (McCormack et al. 200pgaap
to have stalled. Continuing surveillance of skatecges trends in the Falkland Islands
fishery will be required.

5.6. References

Agnew, D.J., Nolan, C.P., Pompert, J. 1999. Managenof the Falkland Islands
skate and ray fishery. In: Case studies of the Mgemeent of Elasmobranch
Fisheries (R. Shotton, ed.), FAO, Rome, pp. 268-284

Agnew, D.J., Nolan, C.P., Beddington, J.R., BarasiowR. 2000. Approaches to the
assessment and management of multispecies skateagnfisheries using the
Falkland Islands fishery as an example. Canadiamabof Fisheries and Aquatic
Sciences 57: 429-440.

Arkhipkin, A., Brickle, P., Laptikhovsky, V., Pomge J., Winter, A. 2012. Skate
assemblage on the eastern Patagonian Shelf aneé:3tpcture, diversity and
abundance. Journal of Fish Biology 80:1704-1726.

Arkhipkin, A., Winter, A., Pompert, J. 2010. CruiBeport, ZDLT1-10-2010, Skate
Biomass survey. Fisheries Dept., Directorate ofuldt Resources, Falkland
Islands Government, 43 p.

Dulvy, N.K., Metcalfe, J.D., Glanville, J., PawsoN|.G., Reynolds, J.D. 2000.
Fishery stability, local extinctions, and shifts gtommunity structure in skates.
Conservation Biology 14: 283-293.

FIFD. 2013. Vessel Units, Allowable Effort, and éWable Catch 2014. Fisheries
Dept., Directorate of Natural Resources, Falklasidnds Government, 49 p.

FIFD. 2015. Vessel Units, Allowable Effort, and éWable Catch 2016. Fisheries
Dept., Directorate of Natural Resources, Falklesidnds Government, 44 p.

77



Hilborn, R., Mangel, M. 1997. The Ecological Deteet Monographs in Population
Biology 28, Princeton University Press, 315 p.

Hilborn, R., Walters, C.J. 1992. Quantitative Fise® Stock Assessment. Chapman
and Hall, New York, 570 p.

Kyne, P.M., Lamilla, J., Licandeo, R.R., San MartM.J., Stehmann, M.F.W.,
McCormack, C. 2007. Zearaja chilensis. The IUCN Rest of Threatened
Species. Version 2014.3. aww.iucn.redlist.org/details/63147/0

Laptikhovsky, V., Winter, A., Brickle, P., Arkhipkj A. 2011. Vessel units, allowable
effort, and allowable catch 2012. Technical DocutnEiG Fisheries Department,
27 p.

Maunder, M.N., Sibert, J.R., Fonteneau, A., Hampthn Kleiber, P., Harley, S.J.
2006. Interpreting catch per unit effort data tesess the status of individual
stocks and communities. ICES Journal of Marine 18me53: 1373-1385.

McCormack, C., Lamilla, J., San Martin, M.J., Stelmm, M.F.W. 2007. Bathyraja
griseocauda. The IUCN Red List of Threatened Speciersion 2014.3. At
www.iucn.redlist.org/details/63113/0

Nash, J.C., Varadhan, R. 2011. optimx: A replacegnaed extension of the optim()
function. R package version 2011-2.27. http://CRAN.R-
project.org/package=optimx

Paya, |., Schuchert, P., Dimmlich, W., Brickle, Z008. Vessel Units, Allowable
Effort, and Allowable Catch 2009. Fisheries DefDirectorate of Natural
Resources, Falkland Islands Government, 29 p.

Pompert, J., Brewin, P., Winter, A., Blake, A. 20Bktientific Cruise ZDLT1-11-
2013. Fisheries Dept., Directorate of Natural Reses; Falkland Islands
Government, 72 p.

Prager, M.H. 1994. A suite of extensions to a naidxium surplus-production
model. Fishery Bulletin 92: 374-389.

Punt, A. E. 1990. Is B= K an appropriate assumption when applying arexagion
error production-model estimator to catch-efforta®aSouth African Journal of
Marine Science 9: 249-259.

Quinn I, T.J. 2003. Ruminations on the developmand future of population
dynamics models in fisheries. Natural Resource Mogd 6: 341-392.

Ruocco, N.L., Lucifora, L.O., Diaz de Astarloa, J.Mlenni, R.C., Mabragafa, E.,
Giberto, D.A. 2012. From coexistence to competigxelusion: can overfishing
change the outcome of competition in skates? Latnerican Journal of Aquatic
Research 40: 102-112.

78



Schaefer, M.B. 1954. Some aspects of the dynanfig®mulations important to the
management of commercial marine fisheries. Bullefithe IATTC 1: 27-56.

Swartzman, G., Huang, C., Kaluzny, S. 1992. Spatiaalysis of Bering Sea
groundfish survey data using generalized additivdets. Canadian Journal of
Fisheries and Aquatic Sciences 49: 1366-1378.

Wakeford, R.C., Agnew, D.J., Middleton, D.A.J., Rumert, J.H.W., Laptikhovsky,
V.V. 2005. Management of the Falkland Islands mspkcies ray fishery: Is
species-specific management required? Journal afhiWest Atlantic Fishery
Science 35: 309-324.

Winter, A., Pompert, J. 2014. Re-evaluation of skaatch weight reports with
reference to the use of conversion factors. Fiskdbept., Directorate of Natural
Resources, Falkland Islands Government, 31 p.

Winter, A., Pompert, J., Arkhipkin, A., Brewin, P015. Interannual variability in the

skate assemblage on the South Patagonian shelfslapé. Journal of Fish
Biology 87: 1449-1468.

79



