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SUMMARY

A stock assessment survey fasligo gahi squid was conducted in thedligo Box’
from 30" June to 1% July 2011. A catch of 275.62 tonnkesligo was taken in fifty-
nine scientific trawls. The highest concentratioh&oligo occurred in the Beauchéne
area, but substantial catches were taken both aodhsouth of 52°S latitudeoligo
were on average larger and more mature south &, 22fd larger and more mature in
catches deeper than 200 m.

Interpolation of the catch densities gave a meamhbss estimate of 51,562
tonnesLoligo (95% confidence interval: 30,092 to 82,075 tonng®sent in the
fishing area of 14,099.5 Km



INTRODUCTION

A stock assessment survey failigo gahi (Patagonian squid) was conducted by FIFD
personnel onboard the fishing veskgleldo from 303" June to 1% July 2011. This
survey continues the series of surveys that hawvee $-ebruary 2006, been conducted
immediately prior td_oligo season openings to estimate Lldigo stock available to
commercial fishing at the start of the season,tanditiate the in-season management
model based on depletion of the stock.

The survey was designed to cover theligo Box’ fishing area (Arkhipkin et
al., 2008) that extends across the southern anédragsart of the Falkland Islands
Interim Conservation Zone (Figure 1). The 2011 resdtion of thelLoligo Box
represents an area of approximately 31,118 km

Objectives of the survey were to:

1) Estimate the biomass and spatial distributioh@fgo on the fishing grounds
at the onset of the"fishing season, 2011.

2) Estimate the biomass and spatial distribution akrood Patagonotothen
ramsayi).

3) Collect biological data onLoligo, rock cod, and any rare fish taken
incidentally in the trawls.

The F/VIgueldo is a Stanley, Falkland Islands - registered steawler of 83.5 m

length, 2305 mt gross registered tonnage, and 8840 engine bhp. Additional crew
and equipment specifications are listed in May (0dnd Juergens (2011). Like all
vessels employed for these pre-season sundgysido operates regularly in the

commercialoligo fishery and used its commercial trawl gear forghevey catches.
The following personnel from FIFD participated iretsurvey:

Lars Juergens fisheries biologist / survey chogéntist
Zhanna Shcherbich fisheries biologist

Figure 1 [next page]. Transects (green lines),dfis&@tion trawls (red lines), and adaptive-
station trawls (purple) sampled during the pre-sea® 2011 survey. Boundaries of the
‘Loligo Box' fishing area and the Beauchéne Island exatugone are shown in blue.
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METHODS

Sampling procedures

The survey plan was designed to include 39 fixatiest trawls located on a
series of 15 transects perpendicular to the shieikbaround théoligo Box (Figure
1), followed by up to 21 adaptive-station trawl¢ested to increase the precision of
Loligo biomass estimates in high-density or high-varigbibcations. In conformity
with previous surveys (Paya, 2008; Paya and Wir2@@9), the trawls were set to
standard durations of 2 hours and conducted 4 tpreslay. All trawls were bottom
trawls. During the progress of each trawl, GPSuUd8, GPS longitude, bottom depth,
bottom temperature, net height, trawl door spread, trawling speed were recorded

on the ship’s bridge in 15-minute intervals, andsual assessment was made of the



guantity and quality of acoustic marks observedttmn net-sounder. Following the
procedure described in Roa-Ureta and Arkhipkin {@20®@he acoustic marks were
used to apportion theoligo catch of each trawl to the 15-minute intervals treteby

increase spatial resolution of the catches.

Catch estimation
Catch of every trawl was processed separately ley fictory crew and

retained catch weight dfoligo, by size category, was estimated from the number o
standard-weight blocks of frozdroligo recorded by the factory supervisor. Catch
weights of commercially valued finfish species,linting rock cod, were recorded in
the same way, although without size categorizatinscards of damaged, undersized,
or commercially unvalued finfish and squid wereireated by the FIFD survey
personnel either visually (for small quantities)byr noting the ratio of discards to
commercially retained fish and squid in sub-posioaf the catch (for larger
guantities). Discards were added to the produagivi®e (as applicable) to give total

catch weights of all fish and squid.

Biomass calculations

Biomass density estimates lafligo per trawl were calculated as catch weight
divided by swept-area; the product of trawl diseamctrawl width. Trawl distance
was defined as the sum of distance measurememistfre start GPS position to the
end GPS position of each 15-minute interval. Trawdth was defined as 0.35272 of
the distance between trawl doors as determinechéyatoustic door sensors. The
fraction 0.35272 is the mean of trawl width scalfagtors of five preceding surveys:
2008 season 1 and 2, 2009 season 1 and 2, 20ldnskablot included were 2010
season 1 (acoustic door sensors had failed; Arkinigtkal., 2010), and 2010 season 2
(a fixed trawl width had been assumed; Winter gt24110).

Biomass density estimates were extended to thangslarea by cubic
interpolation (Akima, 1996). In contrast to prewsoseasons (Arkhipkin et al., 2010;
Winter et al., 2010; Winter et al., 2011), theligo catches did not show significant
spatial correlation, and therefore geostatisticathonds were not implemented. Point
interpolations were censored to a maximum of 1ltexhighest observed density, and
to a minimum of zero. A previous survey report (W&met al., 2010) had concluded

that trawl catches taken in daylight were signfiitya higher than those that extended



into twilight or darkness, due tmligo’s diel migratory behaviour (Rodhouse, 2005).
To examine this effect in the current season, bgsmdensity estimates were
calculated first from all data, then from data esponding only to daylight as
determined by reference to the U.S. Naval Obseryatowebsite

www.usno.navy.mil/USNO/astronomical-applicationsédservices/rs-one-year-

world. Additionally, cubic interpolation can be computstiictly over the convex
bounds of the survey tracks, or it can be extrapdldao the entire fishing area of
interest. Both options were applied to the data.

Confidence intervals of all versions of the intdgbed density estimates were
calculated using a re-sampling algorithm (Forsyémel Hartigan, 1970) in three
components: a) proportional acoustic mark weighgs p5-minute interval were
randomly increased, decreased, or unchanged byob@& average in each trawl, b)
the trawl width scaling factor was random unifornvigried between the minimum
and maximum of the reference scaling factors, & 80 the adaptive trawls were
randomly re-sampled, without replacement. Re-samgpWas iterated 5000x%. The
biomass density point estimate and confidencevatenterpolations were applied to
the same delineated fishing area of 14,099.5 &sthe previous seasons (Winter et
al., 2010; Winter et al., 2011), partitioned forabysis as 571 area units of 5x5 km.
Estimates of total biomass were calculated by plylig mean densities by the
fishing area of 14,099.5 Km

Biological analyses

Random samples of approximately 158ligo were collected from the factory
conveyer belt at all trawl stations. Biological bisés at sea included measurements
of the dorsal mantle length (ML) rounded down te tiearest half-centimetre, sex,
and maturity stage. Correlations between male orafe dorsal mantle length or
maturity, vs. depth stratum (<150 m, 150 to 200>200 m) and area (north or south
of 52°S latitude), were examined using ANOVA. Thiéoraetric length-weight
relationship W =u-L" (Froese, 2006) foroligo was calculated by optimization from
a subset of individuals that were weighed as welineasured. This subset included
non-randomly selected individuals, to increase espntation of the size ranges.
Several samples afoligo were also retained according to stratificatiorabga (north,
central, south) and depth (shallow, medium, deapd, frozen for statolith extraction

and age analysis (Arkhipkin, 2005). Random sampfesp to 100 rock cod were



collected from trawls in which rock cod were caudiblogical analysis of rock cod
included measurements of total length (TL) roundedn to the nearest centimetre,
sex, and maturity stage, and specimen collectionfdb tissue analysis. Rare or
unknown fish were frozen for identification to benducted at FIFD.

RESULTS
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Figure 2.Loligo CPUE (mt knf) of fixed-station trawls (red) and adaptive trasirple),
per 15-minute trawl interval. The boundary of tiehihg area is outlined.

Catch ratesand distribution
As in prior seasons (Arkhipkin et al., 2010; Wing&tral., 2010; Winter et al.,
2011), the survey was started with fixed-stati@wts in the north of théoligo Box

(on transect 14; Figure 1) and proceeded southviity-nine scientific trawls were
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recorded during the survey: 39 fixed station tragdching 114.70 tonnédsligo and
20 adaptive trawls catching 160.92 tonnesigo. Additionally, thirteen optional
trawls (made after survey hrs) yielded 31.66 torimsgyo, bringing the total catch for
the cruise to 307.28 tonnesoligo catches were the highest sincé season 2010
(Table 1), but distributed more evenly throughdw fishing area (Figure 2 this
report; compare with Figure 2 in Arkhipkin et &Q10).

Table 1.Loligo pre-season survey scientific catches and bionsisaates (in metric tonnes).
Before 2006, surveys were not conducted immedigtety to season opening.

Year First season Second season
No. trawls Catch Biomass No. trawls Catch Biomass

2006 70 376 10213 52 240 22632
2007 65 100 2684 52 131 19198
2008 60 130 8709 52 123 14453
2009 59 187 21636 51 113 22830
2010 55 361 60500 57 123 51754
2011 59 50 16095 59 276 51562

Biomass estimation

With the largest.oligo catches being concentrated near the southern hound
of the survey area (Figure 2), biomass densitynedéis were significantly higher
calculated with extrapolation than with interpadationly. And as expected, trawl
intervals taken strictly in daylight averaged higbatches than trawl intervals taken
in twilight or darkness. Trawl intervals stricthy daylight comprised 66% of the total.
There is thus a trade-off between daylight-onlyadaging potentially more precise,
but all data being more extensive and more broegflyesentative of the survey area.
Likewise, interpolation-only data are more predtsmn extrapolations, but may ignore
trends of increasing density beyond the immediatents of the survey tracks. To
give the most plausible likelihood distribution toftal Loligo biomass, results were
therefore combined from three versions of the pukation algorithm: all data;
without extrapolation, daylight-only data; withoektrapolation, and all data; with
extrapolation.

The combined likelihood distribution is shown ing&ie 3. Maximum
likelihoods of the three versions of the interpliatare 34,365 tonnelsoligo (all
data; without extrapolation), 49,031 t (daylightyordata; without extrapolation),
71,289 t (all data with extrapolationfhe combined likelihood average is 51,562 t
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Figure 3. First three panelsoligo density estimates per 5 x 5 km area units, caledlaly
three versions of the interpolation algorithm. Bogal calculations, coordinates are converted
to WGS 84 projection (i.e., ‘Easting’ and ‘Northipg using GeoConv software,
www.kolumbus.fi/eino.uikkanen/geoconvgb/index.htfFourth panel: combined likelihood
distribution of thelLoligo biomass. Vertical red lines indicate maximum likebds of the
three versions of the interpolation algorithm.




with a 95% confidence interval of [30,092 — 82,@[/S his represents a biomass only
marginally lower than second season of last yemt, the 2%highest second season
biomass since the current survey format was ieiiain 2006 (Table 1). Of the
estimated total, 21,850 tonnes were north of 5238 mt/knf), and 29,712 tonnes
were south of 52 °S (4.09 mt/kRm Averaged by depth strata, an estimated 11,841
tonnes occurred over grounds <150 m (2.35 nfiyk8)552 t between 150 and 200 m
(3.02 mt/knf), and 31,169 t >200 m (5.49 mt/Rm

Biological sampling

Sixty-three taxa were identified in the catch, &idtaxa were processed for a
total of 14,996 random samples (Table 2). Theseded statoliths sampled from 778
Loligo and 13lllex argentinus; and otoliths sampled from 285 finfish of 15 ditfat
species. An additional 1040ligo and 20 rock cod were sampled non-randomly to

determine the length-weight relationships.

Table 2. Summary of survey random samples.

FIFD code Species Samples %
LOL Loligo gahi 9492 63.3
PAR Patagonotothen ramsayi 5029 335
TOO Dissostichus eleginoides 327 2.2
COG Patagonotothen guntheri 71 0.5
NOW Paranotothenia magellanica 23 0.2

ILL lllex argentinus 13 0.1
LAR Lampris immaculatus 5 <01
MLA Muusoctopus longibrachus akamb 5 <01
RBR Bathyraja brachyurops 5 <01
PAE Patagonotothen elegans 4 <01
OCM Octopus megalocyathus 4 <01
AGO Agonopsis chilensis 3 <01
SEC Seriolella caerulea 3 <01
RAL Bathyraja albomaculata 2 <01
RFL Dipturus chilensis 2 <01
RGR Bathyraja griseocauda 2 <01
SEP Seriolella porosa 2 <01
RED Sebastes oculatus 1 <0.1
MAM Mancopsetta milfordi 1 <0.1
RMU Bathyraja multispinis 1 <0.1
CAM Cataetyx messieri 1 <01
Total 14996 100.0

Loligo size and maturity
Length-frequency distributions and maturities oflerend femaléd.oligo were

analysed separately for trawl catches north anthsaiib?2 °S (Figure 4).
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Figure 4. Length-frequency distributions by magustage of male (blue) and female (red)
Loligo from trawls north (top) and south (bottom) oftiadie 52 °S.

North of 52 °S, 17% of maleoligo were immature (maturity stages 1 and 2),
71% were maturing (maturity stages 3 and 4), arid W&re mature at stage 5. Of
femaleLoligo, 82% were immature, 14% were maturing, and 4% weatire. South
of 52 °S, 13% of maléoligo were immature, 65% were maturing, and 22% were
mature. Of femald.oligo, 74% were immature, 22% were maturing, and 4% were
mature.

Male maturities were significantly higher south 5 °S, and significantly
higher in the stratum deeper than 200 m (TableMBdle mantle lengths were
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significantly greater south of 52 °S, and signiffittya greater with each deeper stratum
(Table 4). Female maturities were significantly Heg south of 52 °S, and

significantly different in each depth stratum, withe stratum from 150 to 200 m
having the lowest maturities (Table 5). Female meatengths were significantly

greater south of 52 °S, and significantly greatethie stratum deeper than 200 m
(Table 6). Males averaged significantly higher miéies, and significantly greater

mantle lengths, than females.

Table 3. Average male maturities and 2-way ANOVAdepth stratum and area (N / S).

Area df SSq MSq F p
Depth N S Depth 2 287.4 1437 169.1 <0.001
<150 3.0 33 Area 1 73.2 73.2 86.1 <0.001
150-200 2.8 3.2 Depth : Area 2 8.7 4.4 5.1 <0.010
>200 35 37 Residual 5441 4624.6 0.9

Table 4. Avg. male mantle lengths and 2-way ANOWAdepth stratum and area (N / S).

Area df SSq MSqg F p
Depth N S Depth 2 6427 3213 4442 <0.001
<150 111 12.0 Area 1 1417 1417 195.8 <0.001
150-200 10.8 12.6 Depth : Area 2 227 114 157 <0.001
>200 13.7 145 Residual 5441 39363 7

Table 5. Average female maturities and 2-way ANOW@Adepth stratum and area (N / S).

Area df SSq MSq F p
Depth N S Depth 2 19.7 9.9 195 <0.001
<150 24 26 Area 1 114 114 22.6 <0.001
150-200 2.2 2.3 Depth : Area 2 24 12 23 <0.100
>200 23 24 Residual 4039 20418 05

Table 6. Avg. female mantle lengths and 2-way ANOMAdepth stratum and area (N / S).

Area df SSq MSg F p
Depth N S Depth 2 2332 1166 390 <0.001
<150 10.4 10.6 Area 1 341 341 114 <0.001
150-200 9.4 111 Depth : Area 2 395 197 66 <0.001
>200 12.0 12.3 Residual 4039 12075 3

The Loligo length-weight relationship was calculated from L 7ddividuals
(Figure 5), resulting in parametars= 0.19990 + 0.01099 arftl= 2.15469 + 0.02009
(= 1 sd). Optimized separately, the 970 male antl fédnale data gave slightly but
statistically different length-weight relationshiglikelihood ratio test, df = 2y* =

21.96, p < 0.001), characterized by males haviggeriweight per mantle length.
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Figure 5. Length — weight relationshiplafligo sampled during the survey. Filled circles:
males, open circles: females.
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