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1.0 Introduction

Falkland waters are part of the Patagonian Shaljd darine Ecosystem, one of the most
productive marine ecosystems of the world (Bak@93). Since 1987, and the declaration of
the Falklands Interim Conservation Zone (FICZ) by Falkland Islands Government, every
vessel fishing in the FICZ has to be licensed by Ehrectorate of Natural Resources —
Fisheries Department (DNRFD). The fishery is cuiljerregulated using both Total
Allowable Catch (TAC) and Total Allowable Effort AE). Before 2007, the southern blue
whiting (Micromesistius a. australjswas the main finfish species exploited in Falklan
waters and its biomass used as a basis for TACTadft calculation. Since the decrease in
southern blue whiting abundance, rock cBdtGgonotothen ramsgyincreased in abundance
and became one of the most important finfish resesuifor trawling activity in Falkland
waters (Laptikhovsky et al., 2013). Since 2007kroad catches have varied between 29,038
and 76,451 t (FIG, 2016). In 2007, Bs ramsayibecame the primary species in term of
catches, it was decided to use this as a basihdoFAC/TAE calculation.

Two research cruises were carried out in Febru@ty) ZBrickle and Laptikhovsky 2010) and
2011 (Arkhipkin et al., 2011) to have a first esdtion of the rock cod abundance. From 2011
to 2013, 6 research cruises were undertaken toaeisius gears in order to improve the rock
cod catch by decreasing the bycatch of undersipegimens and non-valuable species
(Brickle and Winter, 2011; Roux et al., 2012a; Retal, 2012b; Roux et al, 2013a; Roux et
al, 2013b; Roux et al, 2013c). In 2014, as the negulations were published to come into
force at the beginning of 2015, it was the rightdito perform a new biomass estimation.
Rock cod biomass estimation was therefore carrigcbased on data collected between 18
October and 8 November 2014 (research cruise ZDLU42014; Pompert et al., 2014) and
showed that abundance was 98,596 t. In order t® f@seasonal comparison, another
research cruise was conducted from 2 to 22 Feb2@t$ and concluded that the rock cod
biomass was 76,298 t.

The finfish fishery is a mixed fishery and the mapecies of interest for the fishers are not
only rock cod, but also common and Patagonian hakegclip, hoki, red cod, southern blue
whiting and Argentine shortfin squid. Although, thiefish fishery is a mixed fishery, the
TAC/TAE calculations are only based on rock codtHa last two years, this system has
shown its limits and years when the fleet did rmogét rock cod were removing to avoid a
high increase of the fishing effort. Taking intocaant more commercial species in the
TAC/TAE calculations was suggested as a solutidRF2014; 2015).

In November 2015, a survey was conducted in thehsoliFICZ/FOCZ and trawling and
plankton towing were carried out in order to catobthfish juveniles and larvae (Pompert et
al., 2015). One of the perspectives was to uselghacs—Kidd Mid—water Trawl net (or
IKMT) to explore other zones such as the finfismeavhere the ZDLT1-02—-2016 survey
was planned.

The objective of the survey was primarily to gathierogical data and estimate the biomass
of rock cod and other commercial species of thiestrfishery. In order to have better insight
of the ecosystem, biological data of all the speé@ which more than 30 specimens were
assessed are presented in this report. The rockndwth survey was also the opportunity to
explore the water column of the finfish zone usanglankton net to catch fish larvae.



2.0 Material and methods

2.1 Cruise vessel and surveyed area

The research cruise ZDLT1-02—-2016 was conductdabard the FV Castelo (LOA 67.8 m,
GRT 1321) from 2 to 22 February 2016. Embarking disembarking occurred on 1 and 23
respectively. In order to be able to compare dath wevious biomass estimate surveys
carried out in 2010 (Brickle and Laptikhovsky, 2p1P011 (Arkhipkin et al., 2011), 2014
(Pompert et al., 2014) and 2015 (Gras et al. 201%as decided to repeat stations already
explored in 2011, 2014 and 2015. In 2015, 3 statere added in zones where rock cod
could be abundant, 2 in the northwest and 1 iretis of the survey area.
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Figure 1: Locations of trawl, plankton and CTD stafons.



Table 1. Trawl stations number, date, geographicalcoordinates, depth, duration and associated

comments. A CTD was also carried out before or afteeach trawl.

Lat

Lon

Modal

Horizon

Duratio

Station Date (°S) (W) Depth(m) Depth (m) n (min) Activity Comments
1901 02/02/2016 50.89 60.15 134 60 B wing sensorsvorking
1904  02/02/2016 50.72 60.24 143 60 B
1905  02/02/2016 50.55 60.63 148 60 B
1907  02/02/2016 50.77 60.72 133 60 B
1909  03/02/2016 52.11 62.15 285 60 B
1912  03/02/2016 52.12 62.70 247 60 B
1914  03/02/2016 52.32 62.75 272 60 B
1916  03/02/2016 52.44 63.07 269 60 B
1917  04/02/2016 52.16 63.25 233 60 B
1920  04/02/2016 51.95 63.33 199 60 B
1922  04/02/2016 51.88 62.65 228 60 B
1924  04/02/2016 51.86 62.11 265 60 B
1925 05/02/2016 51.87 61.88 193 60 B
1928  05/02/2016 51.61 61.94 181 60 B
1930  05/02/2016 51.57 62.22 238 25 p  Hauled early because
doors closed: Jellyfish.
1932  05/02/2016 51.59 62.69 202 60 B
1934  05/02/2016 51.65 62.76 203 1 30 |
1935  05/02/2016 51.66 62.79 203 70 30 |
1936  06/02/2016 51.60 63.29 184 60 B
1939  06/02/2016 51.41 63.47 156 60 B
1941  06/02/2016 51.10 63.24 152 60 B
1943  06/02/2016 51.09 62.89 168 60 B
1944  07/02/2016 51.34 62.79 183 60 B
1947  07/02/2016 51.39 62.28 218 60 B
1948  07/02/2016 51.34 61.81 185 60 B
1951  07/02/2016 51.37 61.46 138 60 B
1952  07/02/2016 51.18 61.36 136 60 B
1954  08/02/2016 51.10 61.92 191 60 B
1957  08/02/2016 50.94 61.89 179 60 B
1959  08/02/2016 50.92 62.30 187 60 B
1961  08/02/2016 51.12 62.34 192 60 B
1962  08/02/2016 50.93 62.66 168 60 B
1964  08/02/2016 50.84 62.62 167 1 30 |
1965 08/02/2016 50.85 62.66 166 50 30 |
1966  09/02/2016 50.70 62.43 169 60 B
1969  09/02/2016 50.80 63.01 153 60 B
1971 09/02/2016 50.47 62.77 147 60 B
1973 09/02/2016 50.22 62.63 145 60 B
1974  10/02/2016 50.35 62.46 150 60 B
1977  10/02/2016 50.54 62.20 167 60 B
1978  10/02/2016 50.65 61.81 179 60 B
1981  10/02/2016 50.37 61.72 162 60 B
1983  10/02/2016 50.11 61.80 159 60 B
1984  10/02/2016 50.10 61.80 158 1 30 |
1985  10/02/2016 50.13 61.83 159 40 30 |
1986  11/02/2016 50.25 61.97 157 60 B
1989  11/02/2016 50.11 62.47 145 60 B
1990  11/02/2016 49.91 62.23 146 60 B
1993  11/02/2016 49.92 61.91 155 60 B
1994  11/02/2016 49.99 61.53 156 60 B
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2.2 Trawl gear

The FIFD owns a bottom trawl fitted with rockhopmgrar and used the Castelo’s Morgére
V3 bottom doors (1800 kg, 3180 x 2480 cm). The endHoriginally had a 90 mm mesh size.
However, it seems to have shrunk and is now inr¢igeon of 80—-85 mm. The cod-end was
also fitted with a 10-15 mm cod end liner. The MatMet Monitoring System was used to
monitor the geometry of the net. Originally senseeye fitted on both the trawl doors to
monitor door depth, door horizontal spread, angkktdt as well as one on the net to monitor
vertical net opening. Of these data, only doorzwntal spread and vertical net opening were
recorded. Until this research cruise, the only iimfation about the horizontal net opening
was the wing spread derived as follows:

Door Spread X Net Length
Bridle Length + Net Length

Wing spread =

In 2016, two additional sensors were bought by DNRFD and attached 2 m behind the
trawl wings to monitor the horizontal net openingtlae same time as the door spread.
Significant differences between calculated and mreakvalues of the horizontal net opening
were noted during the research cruise. A methodthexefore developed to correct historical
geometry net data (Gras, 2016).

During the research cruise ZDLT1-10-2014 (Pompedl.e 2014), a discussion with the
captain about the gear configuration revealed treawl setup was the same as in 2011
(ZDLT1-02-2011) but not as in 2010 (ZDLT1-02-20%)en Morgere Ovalfoil OF12,5
(3400 x 2200 cm) doors were used. According todhgtain, the doors used since 2011
opens the trawl a bit more than the previously. ffael setup was asked to be rigorously the
same as in 2014 and 2015 and especially the biedigth, which was 115 m. During the
ZDLT1-02-2010 and ZDLT1-02-2011 surveys, the bridlegth was 100 and 120 m
respectively

2.3 Biological sampling

For most of the trawled stations, the entire catels weighed by species (for finfish, squids,
skates and sharks) or by the lowest taxonomic I@eelinvertebrates) using the electronic
marine adjusted POLS balance. At some stationsnwthe catch was too large to be
weighed, the crew processed the catch. At thrabesfe, a sample of the species concerned
was taken before factory processing, weighed (grveeight; GW), processed by the crew
and weighed again (processed weight; PW) to estithat conversion factor (CF) as:

W

CF = —
PW

The catch (C) for this species was then estimasatjuhe number of filled boxes (BN), the
average box weight (BW) and the conversion facsor a

C = BN X BW X CF

At other stations where no CF sample was collectied, DNRFD stipulated Conversion
Factor was used to calculate green weight.



At each station, random samples were taken fronfirdith species as well as squilliex
argentinusand Doryteuthis gahi When it was possible, 100 specimens of each cooiahe
species were randomly taken for all sampled speniegptD. gahifor which 200 specimens
were taken. Maturity stages were determined forsathpled specimens using an 8 stage
maturity scale for finfish (see observer manual§, stage maturity scale for both species of
squid (see observer manual) and a 6 stage mata#le for condrichtyans (see observer
manual). Length frequencies were recorded usingeteronic fishmeter or fish measuring
board and paper form when necessary.

Otolith extraction was undertaken for 20 finfishesjgs (taken at sea) and statoliths were
extracted ashore from argentinusandD. gahi (associated information were length, weight,

sex and maturity). Vertebrae/thorn samples werendkom 2 species of skates (9 from

Bathyraja brachyuropand 5 fromBathyraja multispinig

Southern blue whiting, common hake and Patagorake,hbesides collecting the usual data
for otolith collection, a piece of tissue for ganetnalysis was collected for a maximum of 50
specimens throughout the survey. These samples pvevdded to Dr. Alexei Orlov from
Russian Federal Institute of Fisheries and Oceapbgr (VNIRO). A piece of flesh from one
specimen ofMicromesistius a. australidllex argentinus Genypterus blacode$luocoetes
fimbriatus Macruronus magellanicys Salilota australis Champsocephalus esox
Patagonotothen ramsayiSprattus fuegensisMerluccius hubbsi Merluccius australis
Dissostichus eleginoide®oryteuthis gahi Moroteuthis ingensnd Coelorinchus fasciatus
was collected and provided to SAERI for Julie M@&snproject on albatross stomach content
analysis. This project is a collaboration betweeniversity of Tasmania, SAERI and
Falklands Conservation. Samples @&prattus fuegensis Macruronus magellanicys
Patagonotothen ramsayiCoelorhynchus fasciatusMerluccius hubbsi Doryteuthis gahi
Onykia ingens Munida gregaria Salpa thompsoni Mnemiopsis leidyiand jellyfish
(Chrysaorasp. andbesmonemap.) were collected for Dr Paulo Catry from ISARoItugal)

for stable isotope analyses in the framework ofaalobrowed albatross diet study. Themisto
were collected for Dr Charlotte Havermans from @édfrWegener Institute, Germany for
agenetic study.

Specimens from the genBsammobatisvere not identified to species, due to confusia w
available identification guides and available htiewre (i.e. McEachran, 1983). It is likely that
the most common species found in waters deeper 12&m isPsammobatis normani
(slender claspers) whereas in shallower watersntbst common species Bsammobatis
rudis (short and stout claspers). During the surveyetheere no shallow stations and all
specimens are most likeBsammobatis normani.

2.4 Biomass estimation

Biomass estimations using trawl surveys generalyegate auto—correlated data (Rivoirard
et al., 2000). To avoid processing biased datacwedestimating the biomass of fish in the

survey area, geostatistical methods were used mstlyfi describe and model data

autocorrelation and secondly to estimate by krigingunbiased mean of the studied variable
and provide an interpolated map of the studiedadei

The variable used in this report is the densityeath species of interest (derived from the
catch and swept—area). The methodology describéalvbases R scripts developed to
perform the 2010 rock cod assessment (Winter et2800) using packages rgdal
(geographical coordinates projection) and geoRggigtics).



The distance covered by the trawl was estimatexgutsie geographical coordinates of the
stations. For each station, coordinates of the stare extracted from the database fields
DegS_Start Seabed, MinS_Start Seabed, DegW_Stalte&e MinW_Start Seabed and
end from the database fields DegS_Finish_Seabed, nS Miinish_Seabed,
DegW_Finish_Seabed, MinW_Finish_Seabed and tramsfdrfirst in decimal degrees (deg)
and then in radians (rad) as:

deg X

180

Radian coordinates were then used to calculatéitence between the start and end of the
trawl track as:

rad =

d = acos(sin(latS) x sin(latF) + cos(latS) X cos(latF) X cos(lonF — lonF) X R

whered is the distance covered in kiaiSis the start latituddonSis the start longitudéatF

is the end latitudelonF is the end longitude an@ is the radius of the earth (6371 km).
Density of the studied specie® {n kg.km?) was finally derived using the catcB)( the
distance coveredl) and the horizontal net openingNO; see Gras (2016) for details)

Do C
~ dx HNO

Densities at stations were then used as inputidatse geostatistical procedure to estimate
the abundance of each species.

2.5 Geographical coordinates

Station’s geographical coordinates were collect®dgithe World Geodetic System of 1984
(WGS 84). However, as the earth is a sphere analusedhe Falkland Islands are situated at
relatively high latitudes (the study area in ousea@aanges from 48° to 52°S), one longitude
degree does not have the same length as one éattgtee. Data were therefore projected in
the Universal Transverse Mercator Coordinate Sygtame 21; UTM 21) which keeps the
distances between stations both in latitude anditiote. The projection was carried out
using the project function (with following argumeptoj="+proj=utm +zone=21 +south
+ellps=WGS84 +towgs84=0,0,0,0,0,0,0 +units=m +nds'dleof the rgdal R package.
Previously in the Falkland Islands Fisheries Daparit, the Easting Northing system was
used. A comparison between the UTM 21 projectich Basting Northing system showed no
significant differences.

2.6 Geostatistic methods

Geostatistic methods must be performed in 4 s{@pplotting and (ii) modelling the semi—
variogram, (iii) using the variogram model to krigata in order to estimate an unbiased
mean of the studied variable, and (iv) mapping éeBmated data. The following criteria
were used at different steps of the process tthétright variogram model and estimate a
realistic biomass for each species of interest.

» Various numbers of distance classes (from 10 tol&ses) and 3 lambda parameters
of the Box—Cox transformation (0, 0.5 and 1) werstdd to obtain a scatter plot best
describing the auto—correlation at short distandé® semivariance values should
increase with distance and reach the sill. The @dgepted exception is the pure
nugget effect.

* The range must be shorter than the maximum distanloserved on the
semivariogram. In the studied dataset, some mochats fit log transformed data



(lambda=0) well, however they exhibit a range farththan 400 km which is not
biologically consistent in our case.

* Exponential, Gaussian and spherical models wegglftb the semivariogram data and
sum of square residuals (SSR) were used as atbagisose the most suitable model.
The lowest SSR suggesting the most suitable model.

» Finally the kriging was performed and acceptethdéf tange of estimated biomass was
positive and reasonably close to the range of e@bsgewalues. If not, another
variogram model exhibiting higher SSR was testetll wstimated and observed
values were close enough.

As the protocol was to conduct one station per ggidare, the kriging area boundaries were
first defined using the grid squares (Pompert ¢t28l14; Gras et al., 2015). The kriging area
was modified in the framework of this research sgun order to better take into account the
shape of FICZ/FOCZ. The total area increased fr@,6817 to 106,609 ki Biomass
estimations for common rock cod, red cod, commdtehtoothfish, kingclip, southern blue
whiting, Argentine shortfin squid and Falkland cati were estimated using derived
horizontal net opening for data collected in 202011, 2014 and 2015 and using measured
horizontal net opening for 2016 dataset and timeselisplayed for every species.

2.7 Plankton survey

The DNRFD Nichimo made 6 foot Isaacs—Kidd Mid—wateaw! net (or IKMT) with the
following dimensions was used: top width bar (149 @and net (143 cm), 96 cm + 96 cm,
height 175 cm. The mouth is slightly trapezoid {bwt being wider than the top), resulting in
a mouth opening area of approximately 2.9 m2. Thshrof the main net is square mesh with
~4 mm across, and ~6 mm for the diagonals, covexreéernally by protective netting. The
cod—-end holding a 3.3 | Nalgene sample bottletisdito the main net with four carabiners,
allowing for a gap of approximately 5 cm betweea tiwvo nets. The square mesh of the cod—
end is ~1 mm across, ~1.5 mm for the diagonalgeBtige netting also covers the finer cod—
end netting. A Valeport flowmeter Model 106 (s/8466) was also fitted in the mouth of the
plankton net. This flowmeter records date/time,tdem), speed (m/s), direction (degrees),
pressure (dBar), and temperature (degrees C). Amwember 2015, on many occasions the
values from the pressure and temperature sensdnebarded numerous nonsensical values,
and so the depth and temperature values could enabbsistently used. Other parameters
such as the speed and date/time were not affeAtédarport net monitoring sensor was
fitted on the top of the net so that the positiad depth of the net could be monitored from
the bridge.

2.8 Oceanography

A single CTD (SBE-25, Sea-Bird Electronics Inc.]IBaie, USA) instrument was used to
collect oceanographic data in the vicinity of alwl stations, Serial No 0247. At all CTD
stations the CTD was deployed to a depth of c.lietow surface for a soak time of more
than one minute, to allow the pump to start cirtntawater and flush the system, following
this the CTD was raised to a minimum depth of 5 elolw surface. The CTD was then
lowered toward sea bed at 1 M.sThe CTD collected pressure in dbar, temperatur
conductivity in mS/cm, Oxygen Voltage and Fluoresee The raw hex file was converted
and processed using SBE Data Processing Versi@b7.2sing the CON files
02470IldCTD_2016_Jan.xmilcon. Up—cast data was dilteput. Depth was derived from
pressure using the latitude of each station, withalved oxygen in mrt derived at the same
time as depth. Practical Salinity (PSU) and Denag#ysigma—td—t) were derived following
derivation of depth. Further derived variables afigervative temperature (°C) and Absolute



Salinity (g.kg") were calculated in Ocean Data View version 4(Sehlitzer, R., Ocean Data
View, http://odv.awi.de, 2013).

3.0 Results

3.1 Catch composition

Bottom trawling was conducted at 90 stations asveha Figure 1 and Table 1. Station 2078
was repeated (st. 2081). Seabed trawling timesiguhe survey were 60 minutes for 87 of
the trawls, but only 25 mn at st. 1930, as the slatosed due to sudden jellyfish ingress into
the net. Two of the trawls conducted were targetivagure/spawning@athyraja griseocauda
and because of the much greater target depth (~4QBerseabed duration of these trawls
was doubled to 120 minutes. However, other thardthation, those trawls were identical to
the remaining 88 in every other way, and so theyirasluded in all other calculations.

During the survey a total of 101,560.020 kg of bassiwas caught comprising 133 species or
taxa (Appendix Table 2). The largest catches bighteall exceeding 1,000 kg in total, were
common rock cod Ratagonotothen ramsgyi hoki (Macruronus magellanicQs red cod
(Salilota australi$, kingclip (Genypterus blacodgssouthern blue whitingMicromesistius
australi, compass jellyfish Ghrysaora cf. plocamja banded whiptail grenadier
(Coelorhynchus fasciatys Falkland herring $prattus fuegensis Falkland calamari
(Doryteuthis gahi, and the brown jellyfish Qesmonema cf. chierchianyymtogether
amounting to 92% of the total catch. Table 4 in #ppendix lists numbers of specimens
analysed from randomly collected samples. 326 spats of two squid species had their
statoliths extracted, 2,951 otoliths were extradien 15 different fish species, and 14
vertebrae and thorns from two skate species.

3.2 Biological information of finfish species



3.2.1 Patagonotothen ramsayi — common rock cod — PAR

A total of 31,648 kg of common rock cod was caughtll the 89 trawl stations sampled
(Figure 2). Catches ranged from 0.42 to 5,569 kgoAg the 89 stations, 81 yielded >10 kg
of rock cod, 58 yielded >100 kg, 17 yielded >500&kgl 7 stations yielded >1 t. Densities
ranged from 2.06 to 30,991 kg.Km(CPUE ranged 0.42-5,269 kghh Highest densities
were recorded in the northwest and in the northeagihe surveyed zone. Biological data
showed that the northwest hot spot consists ofabighals while the northeast consists of
small animals. A total of 9,341 specimens were s (116 juveniles, 4,591 females, 4,633
males and 1 undetermined), 8,917 for length frequeh for length—weight relationship and
423 for otolith collection. Minimum total length gardless of the sex was 9 cm and
maximum length was 15, 39 and 38 cm for juvenifemjales and males respectively. The
length frequency histogram exhibits 3 cohorts (witbdes at 13, 20 and 27 cm). Females
were observed immature (17%), resting (77%), ededyeloping (2%), late developing
(0.1%), ripe (0.1%) spent (0.7%) or recovering $p@%). Males were immature (21%),
resting (77%), early developing (2%) and recovespgnt (0.2%).
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Figure 2: Biological data of Patagonotothen ramsayicommon rock cod, PAR), map of the densities in
kg.km™ (A), percentage of specimens of each sex per maityrstage (B; |, immature; I, resting; I, early
developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesh of each sex with 1 cm size class (C).



3.2.2 Macruronus magellanicus — hoki — WHI
A total of 21,666 kg of hoki was caught at 63 of 89 trawl stations sampled (Figure 3).
Catches ranged from 0.23 to 6,752 kg. Among thetéBons, 52 yielded >1 kg, 22 yielded
>10 kg, 13 yielded >100 kg and 5 yielded >1 t. Déesranged from 1.09 to 34,997 kg.Km
(CPUE ranged 0.23-6,752 kgth Hoki was caught throughout the surveyed areaniall
guantities in stations shallower than 200 m andligh quantities in the southwest stations
deeper than 200 m. A total of 1,950 specimens wassessed (1,177 females and 773 males),
1,629 for length frequency, 4 for length—weightatenship and 317 for otolith collection.
Minimum size was 15 cm pre—anal length for bothcggseand maximum size was 43 and 39
cm for females and males respectively. The lengtljuency histogram exhibits 1 cohort
(with mode at 22 cm). Further analyses are requioeientify the cohorts. Females were
observed immature (0.3%), resting (96%), early tgpreg (2%), spent (0.1%) or recovering
spent (1.5%). Males were immature (2%), resting¥{B2early developing (14%), late
developing (1.5%) or recovering spent (0.5%).
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Figure 3: Biological data ofMacruronus magellanicus(hoki, WHI), map of the densities in kg.km? (A),
percentage of specimens of each sex per maturityage (B; I, immature; Il, resting; Ill, early developing;
IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length frequency (n
percentage of the total sample assessed) of eack with 1 cm size class (C).



3.2.3 Salilota australis — red cod — BAC
A total of 18,643 kg of red cod was caught at 78hef 89 trawl stations sampled (Figure 4).
Catches ranged from 0.05 to 7,208 kg. Among thst&&ons, 11 yielded >100 kg of red cod
and 3 yielded >1 t in the net. Densities rangethf28 to 38,175 kg.km (CPUE ranged
0.05-7,208 kgH). Red cod was caught throughout the surveyed arehthe highest
densities were observed in the northwest of thisfinzone, especially between 51°S and
50°S alongside the FICZ limit. A total of 4,933 sjmens were assessed (117 juveniles,
2,468 females, 2,154 males and 194 undeterminddy, IBngth—weight relationship and 479
for otolith collection. Juveniles ranged from 101f6 cm and males and females ranged from
11 to 80 cm. The length frequency histogram exsiBitohorts (with modes at 17, 24 and 32
cm). Beyond 32 cm, cohorts are hardly identifiaBlemales were observed immature (25%),
resting (73%), spent or recovering spent (2%). Blalkere immature (37%), resting (49%)
early developing (11%), late developing (3%) anskléhan 0.5% were spent or recovering
spent.
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Figure 4: Biological data of Salilota australis (red cod, BAC), map of the densities in kg.kff (A),
percentage of specimens of each sex per maturityage (B; I, immature; Il, resting; Ill, early developing;
IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length frequency (n
percentage of the total sample assessed) of eack with 1 cm size class (C).



3.2.4 Genypterus blacodes — kingclip — KIN

A total of 5,402 kg of kingclip was caught at 67tbbé 89 trawl stations sampled (Figure 5).
Catches ranged from 0.06 to 1,685 kg. Among thstéfions, 37 yielded >10 kg of kingclip,

9 yielded >100 kg and 1 yielded >1 t. Densitiesgeghfrom 0.29 to 7,971 kg.Kf(CPUE
ranged 0.06-1,685 kgh. Catches occurred throughout the surveyed zonetations
shallower than 200 m. A total of 1,767 specimensewassessed (1,084 females and 683
males), 994 for length frequency, 4 for length—weigelationship and 769 for otolith
collection. Females ranged from 35 to 129 cm antesneanged from 17 to 117 cm. The
length frequency histogram does not exhibit anyocband a series of mode can be seen on
the figure. Females were observed immature (1%Jing (83%), early developing (9%), late
developing (4%), ripe (2%) or recovering spent (1%ples were immature (4%), resting
(74%), early developing (14%), late developing (7#ie (0.3%) spent (0.1%) or recovering
spent (0.6%).
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Figure 5: Biological data of Genypterus blacodegkingclip, KIN), map of the densities in kg.km? (A),
percentage of specimens of each sex per maturityage (B; I, immature; Il, resting; Ill, early developing;
IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length frequency (n
percentage of the total sample assessed) of eack with 1 cm size class (C).



3.2.5 Micromesistius a. australis — Southern blue whiting — BLU
A total of 3,178 kg of southern blue whiting wasight at 28 of the 89 trawl stations sampled
(Figure 6). Catches ranged from 0.02 to 976 kg. Agnihe 28 stations, 10 yielded >10 kg of
southern blue whiting and 6 stations yielded >160rkthe net. Densities ranged from 0.12
to 6,141 kg.ki¥ (CPUE ranged 0.02-976 kg'h Southern blue whiting was caught during
deep stations (>200 m depth), in the southeasiratite north of the surveyed area. A total
of 1,025 specimens were sampled (17 juveniles, #0Bales and 592 males and 13
undetermined), 900 for length frequency, 1 for tergveight relationship and 124 for otolith
collection. Juveniles ranged from 8 to 11 cm, feaadtom 16 to 66 cm and males from 18 to
63 cm. The length frequency histogram exhibits Bocts (with modes at 10, 23 and 36 cm).
Females were observed immature (31%), resting (@&f%©covering spent (2%). Males were
immature (22%), resting (61%), early developing®) br recovering spent (6%). Specimens
were mainly at the beginning of the maturation pescbecause reproduction period occurs in
winter in the southwest of the finfish zone.
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Figure 6: Biological data ofMicromesistius a. australigsouthern blue whiting, BLU), map of the densities
in kg.km™ (A), percentage of specimens of each sex per maityrstage (B; |, immature; Il, resting; Il
early developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesh of each sex with 1 cm size class (C).



3.2.6 Coelorinchus fasciatus — banded whiptail grenadier — GRF

A total of 2,702 kg of banded whiptail grenadierswaught at 13 of the 89 trawl stations
sampled (Figure 7). Catches ranged from 1.08 tolk&j74Among the 13 stations, 8 yielded
>100 kg of grenadier and 2 yielded >500 kg. Bandduptail grenadier was caught in
stations deeper than 200 m, especially in the seghof the surveyed area. Densities ranged
from 3.29 to 4,186 kg.km (CPUE ranged 0.54-874 kg'h A total of 195 specimens were
assessed (112 females and 83 males), all for ldnglnency. Females ranged from 7 to 12
cm pre—anal length and males ranged from 6 to 11Tdme length frequency histogram
exhibits 1 cohort (with mode at 9 cm). Females vadrgerved immature (3%), resting (32%),
early developing (61%) and late developing (4%)ledavere immature (1%), resting (66%),
early developing (28%) and late developing (5%).
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Figure 7: Biological data of Coelorinchus fasciatus(banded whiptail grenadier, GRF), map of the
densities in kg.km? (A), percentage of specimens of each sex per matyrstage (B; |, immature; I,
resting; lll, early developing; IV, late developing V, ripe; VI, running; VII, spent; VIIl, recoverin g
spent) and length frequency (in percentage of theotal sample assessed) of each sex with 1 cm sizssl
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3.2.7 Sprattus fuegensis — Falkland herring — SAR

A total of 2,421 kg of Falkland herring was caughtll of the 89 trawl stations sampled
(Figure 8). Catches ranged from 0.005 to 1,732Akgong the 11 stations, 4 yielded >1 kg, 2
yielded >500 kg and 1 yielded more than 1,500 kgadkland herring. Densities ranged from
0.02 to 9,300 kg.kif (CPUE ranged 0.005-1,732 kghh A total of 205 specimens were
assessed (99 females and 106 males), all for ldreginency. Minimum size was 15 cm for
both sexes and maximum size was 21 and 22 cm foalés and males respectively. The
length frequency histogram exhibits 2 cohorts (Wwithdes at 16 and 19 cm). Females were
observed resting (95%) or (5%) and males wereeating.
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Figure 8: Biological data ofSprattus fuegensigFalkland herring, SAR), map of the densities in kgkm™
(A), percentage of specimens of each sex per matyristage (B; I, immature; Il, resting; Ill, early
developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesh of each sex with 1 cm size class (C).



3.2.8 Dissostichus eleginoides — Patagonian toothfish — TOO

A total of 731 kg of toothfish was caught at 71tloé 89 trawl stations sampled (Figure 9).
Catches ranged from 0.01 to 74.2 kg. Among thetdtloss, 57 yielded >1 kg of toothfish,
20 yielded >10 kg. Densities ranged from 0.05 t& 4@.km? (CPUE ranged 0.01—
74.2 kg.h"). Catches occurred throughout the surveyed ardavas not limited to specific
depths. A total of 1,306 specimens were assesgepidniles, 723 females and 548 males),
921 for length frequency, 12 for length—weight tielaship and 373 for otolith collection.
Juveniles ranged from 9 to 13 cm, females rangam 23 to 89 cm and males ranged from
24 to 65 cm. The length frequency histogram exsiBitohorts (with modes at 10, 31 and 47
cm). On the Patagonian shelf, catches consist ohganimals of the first three cohorts.
Females were observed immature (48%), resting (5#%)early developing (0.3%). Males
were immature (61%) or resting (39%).

100
Abundance (Kg/km?)
467 B Females
-49 — @m O Males
80 —
-50 <
D < 60
® g
ke c
:‘3 51 g
3 g 40 -
[T
-52
N 20
53 — T '
\ \ T \ \ \ \ \ 0 - 1 \ 1 \ \ \
64 63 62 61 -60 -59 -58 -57 | Il 1 v v VIV Vi
Longitude (W) Maturity stage
C
12 [ Juveniles
B Females
10 O Males
s 87
B
g
g 6-
=}
o
o
[T 4 _
2 —

20 40 60 80

Total Length (cm)

Figure 9: Biological data ofDissostichus eleginoide@atagonian toothfish, TOO), map of the densitiemi
kg.km™ (A), percentage of specimens of each sex per maityrstage (B; |, immature; Il, resting; Ill, early
developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesh of each sex with 1 cm size class (C).



3.2.9 Merluccius hubbsi — common hake — HAK

A total of 693 kg of common hake was caught at 6the 89 trawl! stations sampled (Figure
10). Catches ranged from 0.4 to 50.7 kg. AmongS#hestations, 24 yielded >10 kg and 1
yielded >50 kg in the net. Densities ranged frorh @. 245 kg.ki? (CPUE ranged 0.4—
50.7 kg.h?). Catches occurred in the stations shallower #@hm to the west of 60°W and
to the north of 51°N. In February, hake is on thavening grounds in Argentine waters and
migration to Falkland waters where feeding grouas occur sometime in March—April. A
total of 757 specimens were assessed (919 femate83amales), 757 for length frequency, 4
for length—weight relationship and 241 for otoldbllection. Females ranged from 32 to 79
cm and males ranged from 32 to 58 cm. Cohorts anerglly difficult to identify on the
length frequency histogram but modes can be seéb, &4, 62, 64 and 69 cm. Females were
observed resting (24%), early developing (36%)e ldeveloping (3%), spent (1%) and
recovering spent (36%). Males were resting (4%ijlyedeveloping (8%), late developing
(10%), ripe (24%), running (22%), spent (28%) aecbrering spent (4%).
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Figure 10: Biological data ofMerluccius hubbsi(common hake, HAK), map of the densities in kg.knf
(A), percentage of specimens of each sex per matyristage (B; I, immature; Il, resting; Ill, early
developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesh of each sex with 1 cm size class (C).



3.2.10 Cottoperca gobio — frogmouth — CGO

A total of 542 kg of frogmouth was caught at 64had 89 trawl stations sampled (Figure 11).
Catches ranged from 0.01 to 65 kg. Among the 6dosts, 17 yielded >10 kg of frogmouth
and 2 >50 kg in the net. Densities ranged from ®0867 kg.km? (CPUE ranged 0.01-65
kg.h?). Frogmouth was caught throughout the surveyea amestations shallower than
200 m. A total of 259 specimens were assessedféri8les and 141 males), all for length—
frequency. Minimum size was observed at 9 cm fdh Isexes and maximum size was 46 and
59 cm for females and males respectively. The kefrgquency histogram exhibits 5 cohorts
(with modes at 10, 17, 28, 33 and 40 cm). Therddcba other cohorts beyond 40 cm but
their identification requires more advanced methdésmales were observed immature
(20%), resting (59%), early developing (15%) orerif®%). Males were immature (56%),
resting (40%) or early developing (4%).
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Figure 11: Biological data of Cottoperca gobidfrogmouth, CGO), map of the densities in kg.kr? (A),
percentage of specimens of each sex per maturityage (B; I, immature; Il, resting; Ill, early developing;
IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length frequency (n
percentage of the total sample assessed) of eack with 1 cm size class (C).



3.2.11 lluocoetes fimbriatus — eelpout — EEL
A total of 293 kg of eelpout was caught at 36 a 89 trawl stations sampled (Figure 12).
Catches ranged from 0.05 to 87.2 kg. Among thet86oss, 6 yielded >10 kg of eelpout,
and 2 yielded >50 kg in the net. Densities rangethf0.25 to 429 kg.km (CPUE ranged
0.05-87.22 kgH). Some catches occurred in the southwest of theged area in deep sea
waters. The highest occurred mainly in the northgart of the finfish zone and highest
catches along the 200 m bathymetric line. A tofabbl specimens were assessed (316
females and 295 males), 396 for length frequen@$,fir length—weight relationship and 22
for otolith collection. Females ranged from 16 & @n and males ranged from 18 to 42 cm.
The length frequency histogram exhibits 1 cohothvei mode at 27 cm. Three other modes
appear at 21, 31 and 38 cm but further analyseddwmel required to identify the cohorts.
Females were observed early developing (68%), dateloping (4%) ripe (24%) running
(3%) and spent (1%). Males were resting (57%),yedeveloping (31%), late developing
(4%), spent (5%) or recovering spent (3%).
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Figure 12: Biological data oflluocoetes fimbriatus(eelpout, EEL), map of the densities in kg.knf (A),
percentage of specimens of each sex per maturityage (B; I, immature; Il, resting; Ill, early developing;
IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length frequency (n
percentage of the total sample assessed) of eack with 1 cm size class (C).



3.2.12 Squalus acanthias — spiny dogfish — DGS

A total of 225 kg of spiny dogfish was caught atdt@he 89 trawl stations sampled (Figure
13). Catches ranged from 0.25 to 130 kg. Among@thstations, 2 yielded >10 kg of dogfish

and 1 yielded >100 kg in the net. Densities ranigech 1.2 to 664 kg.kAf (CPUE ranged
0.25-130 kg.1). Dogfish was caught in the northwest alongsidettrder of the FICZ and

highest densities were recorded in the north. @astatccurred in stations shallower than
200 m. A total of 108 specimens were assessedgibalés and 51 males), all for length—
weight relationship. Females ranged from 50 to ®4and males from 56 to 93 cm. Due to
the low number of specimens sampled, modes appéé; 83, 69, 75 and 81 cm but cohorts
are hardly identifiable. Females were observednggB5%), early developing (39%), late
developing (7%), ripe (9%) and running (10%). Malesre early developing (2%), late

developing (8%) and ripe (90%).
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Figure 13: Biological data of Squalus acanthias(dogfish, DGS), map of the densities in kg.km (A),
percentage of specimens of each sex per maturityage (B; I, immature; Il, resting; Ill, early developing;
IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length frequency (n
percentage of the total sample assessed) of eack with 1 cm size class (C).



3.2.13 Merluccius australis — Patagonian hake — PAT

A total of 215 kg of Patagonian hake was caughi?aof the 89 trawl sampled (Figure 14).
Catches ranged from 0.77 to 38.8 kg. Among thetdtss, 9 yielded >10 kg of Patagonian
hake in the net. Densities ranged from 4.1 to 24.8rk? (CPUE ranged 0.77-38.8 kg‘h A
total of 86 specimens were assessed (78 female8 arales), 58 for length frequency, 1 for
length—weight relationship and 27 for otolith cotien as well as genetic samples. Females
ranged from 35 to 99 cm and males ranged from 4&%ocm. The length frequency
histogram does not exhibit any cohort. Females wabserved resting (63%), early
developing (10%), late developing (9%), spent (B¥d recovering spent (17%). Males were
resting (50%), early developing (38%) or recovespgnt (12%).
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Figure 14: Biological data ofMerluccius australis(Patagonian hake, PAT), map of the densities in kign™

(A), percentage of specimens of each sex per matyristage (B; I, immature; Il, resting; Ill, early
developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesh of each sex with 1 cm size class (C).



3.2.14 Gymnoscopelus nicholsi — Nichol's lanternfish — GYN

A total of 160 kg of Nichol's lanternfish was caugth 12 of the 89 trawl stations sampled

(Figure 15). Catches ranged from 0.005 to 76.7Awgong the 12 stations, 7 yielded >1 kg
and 4 yielded >10 kg. Densities ranged from 0.0398 kg.km? (CPUE ranged 0.005-76.7

kg.h™). Catches occurred in the north of the surveyetezn stations deeper than 200 m. A
total of 421 specimens were assessed, just fotHengguency and as they were too soft to

be assessed for sex and maturity. Specimens radnged8 to 17 cm total length and 3
cohorts can be identified on the length frequeneyly with modes at 9, 12 and 14 cm.
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Figure 15: Biological data ofGymnoscopelus nicholsiNichol's lanternfish, GYN), map of the densitiesn
kg.km™ (A), percentage of specimens of each sex per maityrstage (B; I, immature; Il, resting; IIl, early
developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesh of each sex with 1 cm size class (C).



3.2.15 Sebastes oculatus —red fish — RED

A total of 70.4 kg of red fish was caught at 15t 89 trawl stations sampled (Figure 16).
Catches ranged from 0.02 to 20.3 kg. Among thetdttoss, 10 yielded >1 kg of red fish and
2 stations yielded >10 kg. Densities ranged fromnt6.101 kg.k¥ (CPUE ranged 0.02—20.3
kg.h™). Catches occurred in stations shallower thanr@0@ different locations throughout
the surveyed zone. A total of 116 specimens wesessed (50 females and 66 males), 102
for length frequency, 7 for length—weight relatibipsand 7 for otolith collection. Minimum
sizes were 21 and 13 cm for females and males agply and maximum size was 40 cm
for both species. Cohorts are hardly identifiabidloe length frequency histogram and modes
appear at 13, 27, 29, 31, 34, 37 and 40 cm. Femeaes observed resting (34%), early
developing (14%), ripe (2%), spent (8%) or recawvgrspent (36%). Males were immature
(3%), resting (21%), early developing (36%), laeveloping (3%) or recovering spent
(37%).
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Figure 16: Biological data of Sebastes oculatugred fish, RED), map of the densities in kg.knf (A),
percentage of specimens of each sex per maturityage (B; I, immature; Il, resting; Ill, early developing;
IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length frequency (n
percentage of the total sample assessed) of eack with 1 cm size class (C).



3.2.16 Congiopodus peruvianus — Horsefish — COP

A total of 30.7 kg of horsefish was caught at hef 89 trawl stations sampled (Figure 17).
Catches ranged from 0.8 to 8 kg. Densities ranged # to 58.6 kg.knf (CPUE ranged 0.8—

8 kg.h). Catches occurred to the west and to the northofesVest Falkland where the
higher densities were recorded. A total of 60 gpeais were assessed (25 females and 35
males), 26 for length frequency and 34 for lengtight relationship. Females ranged from
26 to 34 cm and males from 24 to 31 cm. The leffigtquency histogram exhibits 2 to 3
cohorts (with modes at 26, 29, 31 and 33-34 cmhdfes were late developing (8%), ripe
(68%), running (20%) or recovering spent. Males evexarly developing (29%), late
developing (48%)), ripe (14%) or running (9%).
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Figure 17: Biological data ofCongiopodus peruvianughorsefish, COP), map of the densities in kg.km
(A), percentage of specimens of each sex per matyristage (B; I, immature; Il, resting; Ill, early
developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesh of each sex with 1 cm size class (C).



3.2.17 Patagonotothen tessellata — marbled rock cod — PTE

A total of 27.8 kg of marbled rock cod was caughti@ of the 89 trawl stations sampled
(Figure 18). Catches ranged from 0.2 to 15.7 kgoAmthe 10 stations, 5 yielded >1 kg of
marbled rock cod and 1 station yielded >10 kg. Dierssranged from 1.18 to 86.7 kg.Km
(CPUE ranged 0.2-15.7 kg Marbled rock cod was caught in the northern drthe
Loligo box where highest densities were recorded andhen station to the west of West
Falkland. All catches occurred in stations shallotan 200 m. A total of 392 specimens
were assessed (165 females and 227 males), d#érfgth frequency. Minimum size was 9
cm for both sexes and maximum total length was 24 23 cm for females and males
respectively. The length frequency histogram exiiBi cohorts (with modes at 11 and 16
cm). Females were observed immature (16%), regi08o), early developing (11%) or
recovering spent (2%). Males were immature (14%stimg (79%), early developing (7%) or
spent (0.4%).
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Figure 18: Biological data ofPatagonotothen tessellatgmarbled rock cod, PTE), map of the densities in
kg.km™ (A), percentage of specimens of each sex per maityrstage (B; |, immature; Il, resting; I, early
developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesh of each sex with 1 cm size class (C).



3.2.18 Cottunculus granulosus — Sculpin — COT

A total of 20.4 kg of sculpin was caught at 5 o# ®80 trawl stations sampled (Figure 19).
Catches ranged from 0.45 to 9 kg. Densities rarfiged 2.42 to 27.5 kg.kii (CPUE ranged
0.45-4.5 kg.h). Catches occurred in stations deeper than 206 thé FOCZ and to the
north of East Falkland. A total of 119 specimensensssessed (64 females and 55 males), all
for length frequency. Females ranged from 7 to @9and males from 7 to 28 cm. Several
modes appear on the length frequency but cohomstifecation would require more
advanced methods. Females were observed immat#®) (testing (30%), early developing
(17%), ripe (11%), spent (20%) and recovering sigéft). Males were immature (36%),
resting (29%), early developing (4%), late develgp{18%), spent (4%) or recovering spent
(9%).

100 —
Abundance (Kg/km?)
27 H Females
@“ O Males

80 —

Latitude (S)
Frequency (%)

()]

o

\

N
o
|

L e

| Il ] v v Vvi Vi Vi

Longitude (W) Maturity stage

[ Juveniles
B Females
[ Males

Frequency (%)

[ T I I ] !
5 10 15 20 25 30

Total Length (cm)

Figure 19: Biological data ofCottunculus granulosugsculpin, COT), map of the densities in kg.kif (A),
percentage of specimens of each sex per maturityage (B; I, immature; Il, resting; Ill, early developing;
IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length frequency (n
percentage of the total sample assessed) of eack with 1 cm size class (C).



3.2.19 Champsocephalus esox — icefish — CHE

A total of 19.5 kg of icefish was caught at 15 loé 889 trawl stations sampled (Figure 20).
Catches ranged from 0.01 to 11.4 kg. Among thetdttoss, 4 yielded >1 kg of icefish, and 1
station yielded >10 kg. Densities ranged from 0t®87.6 kg.km* (CPUE ranged 0.01—
11.42 kg.hY). Catches occurred in shallow waters to the ncetiivof West Falkland and in
the northern part of theoligo box. A total of 127 specimens were assessed @njle; 70
females and 56 males), 111 for length frequency Xhébr otolith collection. The juvenile
specimen was 13 cm, females ranged from 14 to 3Aaminmales from 13 to 31 cm. The
length frequency histogram exhibits 3 cohorts (witbdes at 14-15, 28 and 37 cm). 4% of
the females were immature and 96% resting while dithe males were immature and 89%
resting.
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Figure 20: Biological data of Champsocephalus esagcefish, CHE), map of the densities in kg.kaf (A),
percentage of specimens of each sex per maturityage (B; I, immature; Il, resting; Ill, early developing;
IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length frequency (n
percentage of the total sample assessed) of eack with 1 cm size class (C).



3.2.20 Physiculus marginatus — Dwarf codling — PYM

A total of 51.4 kg of dwarf codling was caught dtdf the 89 trawl stations sampled (Figure
21). Catches ranged from 0.01 to 22 kg. Among thesthtions, 12 yielded >1 kg of dwarf
codling and 1 station yielded >20 kg in the netnfiges ranged from 0.05 to 105 kg.¥m
(CPUE ranged 0.01-22 kg A total of 91 specimens were assessed (46 fansaid 45
males), all for length frequency. Minimum size wlidscm for both sexes and maximum size
was 17 and 18 cm for females and males respectivVdlg length frequency histogram

exhibits 1 cohort (with mode at 14 cm). For botkese all the specimens were resting.
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Figure 21: Biological data ofPhysiculus marginatugDwarf codling, PYM), map of the densities in kg.km
2 (A), percentage of specimens of each sex per maityrstage (B; |, immature; II, resting; Ill, early
developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesd of each sex with 1 cm size class (C).



3.3 Biological data of squids

3.3.1 Doryteuthis gahi (former Loligo gahi) — Falkland calamari — LOL
A total of 2,385 kg of Falkland calamari was caughB5 of the 89 trawl stations sampled
(Figure 22). Catches ranged from 0.02 to 791 kgoAgthe 85 stations, 77 yielded >1 kg of
Falkland calamari, 53 yielded >10 kg, 7 yielded kgp@nd 2 stations yielded >100 kg.
Densities ranged from 0.1 to 3,889 kgkmM{CPUE ranged 0.02-791 kg'h Catches
occurred throughout the surveyed zone and highitilessvere recorded in the north of the
Loligo box. A total of 14,803 specimens were assesseduiddghiles, 8,935 females and
5,852 males), 14,161 for length frequency, 375lémgth—weight relationship and 267 for
statolith collection. Juveniles ranged from 3 t6 @m, females ranged from 3.5 to 17.5 cm
and males ranged from 3 to 18.5 cm. The lengthueraqy histogram exhibits 1 cohort with a
mode at 7.5 cm. Females were observed immature )(5@%ting (39%) early developing
(1%), late developing (0.5%) or ripe (0.5%). Malgsre immature (55%), resting (40%),
early developing (3%), late developing (1%) or rffheo).
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Figure 22: Biological data ofDoryteuthis gahi(Falkland calamari, LOL), map of the densities in kg.km™

(A), percentage of specimens of each sex per matyristage (B; I, immature; Il, resting; Ill, early
developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesh of each sex with 0.5 cm size class (C).



3.3.2 Moroteuthis ingens — greater hooked squid — ING

A total of 115 kg of greater hooked squid was caugtb9 of the 89 trawl stations sampled
(Figure 23). Catches ranged from 0.19 to 10.9 kgoAg the 59 stations, 32 yielded >1 kg of
greater hooked squid and 1 yielded >10 kg. Demssitimged from 0.95 to 51.8 kg.Km
(CPUE ranged 0.19-10.9 kg‘h Catches occurred throughout the surveyed aréahighest
densities observed in deep water stations in théha@st and in the north of th®ligo box.

A total of 90 specimens were assessed (49 femald<th males), all for length frequency.
Females ranged from 11.5 to 27 cm and males rafiged13.5 to 23 cm. Due to the low
number of specimens assessed, cohorts are diffcidentify and modes appear at 14, 16.5,
18, 19, 21.5 and 23 cm. Females were observethgef6%) or early developing (4%).
Males were immature (10%) or resting (90%).
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Figure 23: Biological data of Moroteuthis ingens(greater hooked squid, ING), map of the densitiesni
kg.km™ (A), percentage of specimens of each sex per maityrstage (B; |, immature; Il, resting; I, early

developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesh of each sex with 0.5 cm size class (C).



3.3.3 lllex argentinus — Argentine shortfin squid — ILL

A total of 46.4 kg of Argentine shortfin squid waaught at 60 of the 89 trawl stations
sampled (Figure 24). Catches ranged from 0.005.6@ Kg. Among the 60 stations, 13
yielded >1 kg of Argentine shortfin squid, and 8lgied >5 kg. Densities ranged from 0.03 to
41 kg.km? (CPUE ranged 0.005-7.62 kghh Catches occurred throughout the surveyed
area, mainly, but not only in stations shalloweanti200 m. A zone of high density was
recorded in the northwest of the surveyed areaoaedstation in the north of theligo box
exhibited also a high density. A total of 1,124 @pens were assessed (177 juveniles, 462
females, 365 males and 120 undetermined), 988efagth frequency, 96 for length—weight
relationship and 40 for statolith collection. Judesm ranged from 5.5 to 11 cm, females
ranged from 7 to 27.5 cm, males ranged from 6.33t6 cm and undetermined ranged from
7.5 to 14.5 cm. Two cohorts can be identified anléngth frequency histogram with modes
at 10 and 22 cm. Females were observed immatufeé)(8@ésting (10%) or early developing
(3%). Males were immature, (92%), resting (4%),yedeveloping (1%), late developing
(2%) or ripe (1%).
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Figure 24: Biological data oflllex argentinus (Argentine shortfin squid, ILL), map of the densities in
kg.km™ (A), percentage of specimens of each sex per maityrstage (B; |, immature; Il, resting; Ill, early

developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
frequency (in percentage of the total sample assesh of each sex with 0.5 cm size class (C).



3.4 Biological data of skates

3.4.1 Bathyraja brachyurops — blonde skate — RBR

A total of 693.14 kg of blonde skate was caughtéabf the 89 trawl stations sampled (Figure
25). Catches ranged from 0.07 to 47.74 kg. Amoeg7#h stations, 64 yielded >1 kg, and 24
stations yielded >10 kg. Densities ranged from @B8371.33 kg.knf (CPUE ranged 0.07—
47.74 kg.hY). A total of 398 specimens were assessed (193lésnaamd 205 males), all for
length/disc—width/weight. Females ranged from 89a@m and males ranged from 9 to 63 cm
DW. The size frequency histogram exhibits 3 coh(with modes at 10-15, 25-30 and ~45—
55 cm). Females and males were observed in all rityatstages. Ten of the 63 females
(15.8%) in stage 4 or above had egg capsules (S)age
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Figure 25: Biological data ofBathyraja brachyuropgblonde skate, RBR), map of the densities in kg.krh
(A), percentage of specimens of each sex per matyristage (B; I, juvenile; I, adolescent, maturing;lll,
adult, developing; IV, adult, mature; V, adult, laying; VI, adult, resting) and length frequency (in
percentage of the total sample assessed) of eack with 5 cm size class (C).



3.4.2 Bathyraja griseocauda — grey tailed skate — RGR

A total of 605.59 kg of grey tailed skate was cduath21 of the 89 trawl stations sampled
(Figure 26). Catches ranged from 0.07 to 152 kgoAgnthe 21 stations, 18 yielded >1 kg,
11 stations yielded >10 kg, and 2 stations yield&80 kg. Densities ranged from 0.39 to
817.17 kg.kr? (CPUE ranged 0.07-152 kg'h A total of 106 specimens were assessed (56
females and 50 males), all for length/disc—widthght and 9 for vertebrae/thorns. Females
ranged from 15 to 99 cm and males ranged from 188ta@m DW. The size frequency
histogram exhibits 3 cohorts (with modes at 20-Z%)-60 and 80-90 cm). Females and
males were observed in all maturity stages. Twihef7 females (28.6%) in maturity stage
4-6 had egg capsules (stage 5).
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Figure 26: Biological data of Bathyraja griseocauda(grey tailed skate, RGR), map of the densities in
kg.km™ (A), percentage of specimens of each sex per matyrstage (B; I, juvenile; I, adolescent,
maturing; Ill, adult, developing; IV, adult, mature ; V, adult, laying; VI, adult, resting) and length

frequency (in percentage of the total sample assesh of each sex with 5 cm size class (C).



3.4.3 Zearaja chilensis — yellow nose skate — RFL

A total of 505.61 kg of yellow nose skate was cdwyhd8 of the 89 trawl stations sampled
(Figure 27). Catches ranged from 0.64 to 69.048kgong the 48 stations, 46 yielded >1 kg,
and 14 stations yielded >10 kg. Densities rangech f8.09 to 349.38 kg.krh (CPUE ranged
0.64-69.04 kgH). A total of 192 specimens were assessed (151lésngad 41 males), all
for length/disc—width/weight. Females ranged frot@ 76 cm and males ranged from 35 to
73 cm DW. The size frequency histogram does ndllyreahibit any cohorts (with one mode
at 55-60 cm). Females and males were observedaityredl maturity stages, only stage 5
females were absent.
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Figure 27: Biological data ofZearaja chilensis(yellow nose skate, RFL), map of the densities ingkkm™
(A), percentage of specimens of each sex per matyristage (B; I, juvenile; Il, adolescent, maturing;lll,
adult, developing; IV, adult, mature; V, adult, laying; VI, adult, resting) and length frequency (in
percentage of the total sample assessed) of eack with 5 cm size class (C).



3.4.4 Bathyraja cousseauae — joined—fin skate — RBZ

A total of 95.84 kg of joined—fin skate was caugiit4 of the 89 trawl stations sampled
(Figure 28). Catches ranged from 0.89 to 46.41Aqgong the 4 stations, 3 yielded >1 kg,
and 2 stations yielded >10 kg. Densities rangeth fAo34 to 140.36 kg.km (CPUE ranged
0.89-23.21 kg.H). A total of 31 specimens were assessed (18 fenzald 13 males), all for
length/disc—width/weight. Females ranged from 202ocm and males ranged from 17 to
69 cm DW. The size frequency histogram exhibitsoBoets (with modes at 20-25, 40-45
and 55-60 cm). Females and males were observedituarity stages 1-4, whereas males
only in stages 1-3. Only one of the females wastage 4.
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Figure 28: Biological data ofBathyraja cousseaua§oined—fin skate, RBZ), map of the densities in kdgm™
2 (A), percentage of specimens of each sex per maityrstage (B; I, juvenile; I, adolescent, maturing Il
adult, developing; IV, adult, mature; V, adult, laying; VI, adult, resting) and length frequency (in
percentage of the total sample assessed) of eack with 5 cm size class (C).



3.4.5 Bathyraja albomaculata — white spotted skate — RAL

A total of 90.23 kg of white spotted skate was d¢dgg 23 of the 89 trawl stations sampled
(Figure 29). Catches ranged from 0.34 to 21.73Akgong the 23 stations, 21 yielded >1 kg,
and 2 stations yielded >10 kg. Densities rangeth fio66 to 66.20 kg.km (CPUE ranged
0.34-10.87 kg:H). A total of 56 specimens were assessed (37 fenzald 19 males), all for
length/disc—width/weight. Females ranged from 1®iem and males ranged from 10 to
48 cm DW. The size frequency histogram exhibitoBorts (with modes at 10-15 and 40—
45 cm DW). Females and males were observed inatlimty stages. Three of the 16 females
(18.8%) in stage 4 or above had egg capsules (S)age
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Figure 29: Biological data ofBathyraja albomaculata(white spotted skate, RAL), map of the densitieqi
kg.km™ (A), percentage of specimens of each sex per matyrstage (B; |, juvenile; I, adolescent,
maturing; Ill, adult, developing; IV, adult, mature ; V, adult, laying; VI, adult, resting) and length
frequency (in percentage of the total sample assesh of each sex with 5 cm size class (C).



3.4.6 Bathyraja macloviana — Falkland skate — RMC

A total of 68.64 kg of Falkland skate was caugh#@tof the 89 trawl stations sampled
(Figure 30). Catches ranged from 0.01 to 12.45%8kgong the 40 stations, 24 yielded >1 kg,
and only 1 station yielded >10 kg. Densities ranffedn 0.05 to 37.65 kg.km (CPUE
ranged 0.01-6.23 kg}. A total of 72 specimens were assessed (24 fensaid 48 males),
all for length/disc—width/weight. Both females amgles ranged from 8 to 41cm DW. The
size frequency histogram exhibits 2 cohorts (withdes at 5-15, 35-40 cm). Females and
males were observed in most maturity stages, Ioudlestage 5 were absent.
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Figure 30: Biological data ofBathyraja maclovianaFalkland skate, RMC), map of the densities in kg.k~
2 (A), percentage of specimens of each sex per maityrstage (B; I, juvenile; Il, adolescent, maturing Ill,
adult, developing; IV, adult, mature; V, adult, laying; VI, adult, resting) and length frequency (in
percentage of the total sample assessed) of eack with 5 cm size class (C).



3.4.7 Bathyraja multispinis — multispined skate — RMU

A total of 51.78kg of multispined skate was caught3 of the 89 trawl stations sampled
(Figure 31). Catches ranged from 7.3 to 36.28 kgoAg the 3 stations, 1 yielded >10 kg.
Densities ranged from 22.08 to 191.38 kgk(CPUE ranged 3.65-36.28 kg'h A total of

5 specimens were assessed (3 females and 2 malle&); length/disc—width/weight and
vertebrae/thorns. Females ranged from 73-87cm aiédsmanged from 72—74cm DW. The
females were in stages 2, 3 and 6, whereas theswale in stage 3 and 5.
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Figure 31: Biological data ofBathyraja multispinis (multispined skate, RMU), map of the densities in
kg.km™ (A), percentage of specimens of each sex per matyrstage (B; I, juvenile; Il, adolescent,
maturing; Ill, adult, developing; IV, adult, mature ; V, adult, laying; VI, adult, resting) and length
frequency (in percentage of the total sample assesh of each sex with 5 cm size class (C).



3.4.8 Psammobatis spp. — sand ray — RPX

A total of 33.16 kg of sand ray (most likely to bt Psammobatis normanihe species with
very slender claspers) was caught at 38 of thea8#@ stations sampled (Figure 32). Catches
ranged from 0.01 to 4.62 kg. Among the 38 statidfsyielded >1 kg. Densities ranged from
0.05 to 22.32 kg.knf (CPUE ranged from 0.01 to 4.62 kg)h A total of 66 specimens were
assessed (32 females and 34 males), all for lefigthividth/weight. Females ranged from
5-29 cm and males ranged from 6-30cm DW. The siguéncy histogram exhibits 2
cohorts (with modes at 10-15 and 25-30 cm). Fenaaddamales were found in all maturity
stages, and one of the 18 females in stages 4—6dtpdapsules (5.6%).
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Figure 32: Biological data of Psammobatis spp(sand ray, RPX), map of the densities in kg.kif (A),
percentage of specimens of each sex per maturityagie (B; I, juvenile; 1l, adolescent, maturing; Ill, adult,
developing; IV, adult, mature; V, adult, laying; VI, adult, resting) and length frequency (in percentge of
the total sample assessed) of each sex with 5 czesilass (C).



3.4.9 Dipturus argentinensis — Argentine black skate — RDA

A total of 15.44 kg of Argentine black skate wasigiat at 3 of the 89 trawl stations sampled
(Figure 33). Catches ranged from 1.15 to 12.92Awong the 3 stations, 1 stations yielded
>10 kg. Densities ranged from 6.47 to 67.12 kg4«(CPUE ranged 1.37-12.92 kgh
Three specimens were assessed, all males, fohldsg—width/weight. These ranged from
50 to 98 cm DW. All specimens were juvenile (stayje
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Figure 33: Biological data ofDipturus argentinensigArgentine black skate, RDA), map of the densitiem
kg.km™ (A), percentage of specimens of each sex per matyrstage (B; I, juvenile; Il, adolescent,
maturing; Ill, adult, developing; IV, adult, mature ; V, adult, laying; VI, adult, resting) and length
frequency (in percentage of the total sample assesh of each sex with 5 cm size class (C).



3.4.10 Bathyraja scaphiops — cuphead skate — RSC

A total of 13.01 kg of cuphead skate was caughbt@itthe 89 trawl stations sampled (Figure
34). Catches ranged from 0.06 to 5.95 kg. Amongétis¢ations, 5 yielded >1 kg. Densities
ranged from 0.33 to 31.39 kg.KM(CPUE ranged from 0.06 to 5.95 kghh A total of 9
specimens were assessed (5 females and 4 maldsy, lahgth/disc—width/weight. Females
ranged from 28-50 cm and males ranged from 14-4D¥h Females were found in all
maturity stages except stage 5, whereas for malgsame stage 1 and three stage 5 were
found.
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Figure 34: Biological data ofBathyraja scaphiopgcuphead skate, RSC), map of the densities in kg.kfm
(A), percentage of specimens of each sex per matyristage (B; I, juvenile; I, adolescent, maturing;lll,
adult, developing; IV, adult, mature; V, adult, laying; VI, adult, resting) and length frequency (in
percentage of the total sample assessed) of eack with 5 cm size class (C).



3.4.11 Amblyraja doellojuradoi — starry skate — RDO

A total of 7.13 kg of starry skate was caught af $he 89 trawl stations sampled (Figure 35).
Catches ranged from 0.02 to 4.45 kg. Among thatosts, 2 yielded >1 kg. Densities ranged
from 0.10 to 28.03 kg.km (CPUE ranged 0.02—4.45 kgth A total of 13 specimens were
assessed (6 females and 7 males), all for lengtifdidth/weight. Females ranged from 11
to 36 cm and males ranged from 8 to 39 cm DW. Fesnakre observed in maturity stages 1,
2 and 6, whereas males in stages 1, 4 & 5.
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Figure 35: Biological data ofAmblyraja doellojuradoi(starry skate, RDO), map of the densities in kg.knt
(A), percentage of specimens of each sex per matyristage (B; I, juvenile; I, adolescent, maturing;lll,
adult, developing; IV, adult, mature; V, adult, laying; VI, adult, resting) and length frequency (in
percentage of the total sample assessed) of eack with 5 cm size class (C).



3.4.12 Bathyraja magellanica — Magellanic skate — RMG

A total of 5.06 kg of Magellanic skate was caughtaof the 89 trawl stations sampled
(Figure 36). Catches ranged from 0.05 to 3.58 k@oAg the 5 stations, 2 yielded >1 kg.
Densities ranged from 0.23 to 17.61 kg-kfCPUE ranged 0.05-3.58 kgh A total of 15
specimens were assessed (7 females and 8 maldsy, lahgth/disc—width/weight. Females
ranged from 8-18 and males ranged from 10 to 39¥h The size frequency histogram
exhibits 2 cohorts (with modes at 10-15 and 30-+#). dMost females and males were in
stages 1-3, except for one mature male (stage 5).
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Figure 36: Biological data of Bathyraja magellanica(Magellanic skate, RMG), map of the densities in
kg.km™ (A), percentage of specimens of each sex per matyrstage (B; I, juvenile; Il, adolescent,
maturing; Ill, adult, developing; IV, adult, mature ; V, adult, laying; VI, adult, resting) and length

frequency (in percentage of the total sample assesh of each sex with 5 cm size class (C).



3.5 Biomass estimations

Biomass estimations were undertaken for some oftcttbemercial species and for surveys
carried out using data collected by rock cod anfisfn surveys carried out in February 2010—
2011, October 2014 and February 2015-2016 throbghfinfish area. As the DNRFD
bought sensors to measure the horizontal net opehiomasses were estimated for all the 5
surveys with corrected horizontal net opening (G284.6) to ensure biomass estimations are
comparable from year to year. However, one shoalddutious when comparing 2014 data
with other years as the 2014 survey was conduat€xtiober and not in February.

3.5.1 Common rock cod

For 2010 survey data, horizontal net opening has loerived using the vertical net opening
(Gras, 2016). Observed densities ranged from 4lékgto 58.4 t.km?. Following the steps
described in section 2.6, a Box—Cox transformatérthe density was carried out using
A=0.5 and the cauchy model was the only model abléttthe experimental variogram
plotted with 32 distance classes (Figure 37). Tloelehhad no nugget effect, a range of 44
km and reached the sill at 8487. Kriged densitesjed from 60 kg.kmi to 56.9 kg.km. On
average, density was 6,125 kg-Krand the total estimated biomass was 653,009 tigimut
the surveyed area. Highest densities were observdte northwest and in the northeast of
the surveyed area.
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Figure 37: Experimental variogram (dots) and Cauchyvariogram model (line) of the ZDLT1-02-2010
survey (left) and kriged map of density with legendn kg.km™(right).

For 2011 survey, horizontal net opening was aldmmased using the vertical net opening
(Gras, 2016). Following the steps described iniege@.6, a Box—Cox transformation of the
density was carried out usifg=0.5 and the spherical model was found to besthft
experimental variogram plotted with 32 distancessés (exponential and Gaussian models
were also tested). The model had no nugget effenge of 90 km and reached the sill at
10,157. Observed density ranged from 3.2 kg?km 45.3 t.km? (Figure 38). On average,
kriged density was 7541 kg.kfiranging from 169 kg.kii to 45.2 t.km? The total biomass
was estimated at 803,955 t. Stock structure catsist two patches of high densities, in the
northwest and in the northeast. In the northwestplatch is larger than observed in 2010 but
highest densities were not as high.
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Figure 38: Experimental variogram (dots) and sphertal variogram model (line) of the ZDLT1-02-2011
survey (left) and kriged map of density with legendn kg.km™(right).

For the 2014 survey, horizontal net opening wasneséd using both the door spread and the
trawl speed (Gras, 2016). Following the steps desdrin section 2.6, a Box—Cox
transformation of the density was carried out ugn@.5 and the spherical model was found
to best fit the experimental variogram plotted wg@ distance classes (exponential and
Gaussian models were also tested; Figure 39). Tddehihad no nugget effect, a range of 51
km and reached the sill at 5,938. Observed dernaitged from 3.2 kg.km to 41.8 t.km?>

On average, kriged density was 2,461 kgkmanging from 24 kg.knf to 41.3 t.km? The
total biomass was estimated at 262,415 t. Stocictsire consisted of three patches of high
densities, two in the northwest and one in thehsast. In the northwest, catches of the two
patches consisted of large fish while small fismensaught in the northeast.
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Figure 39: Experimental variogram (dots) and sphertal variogram model (line) of the ZDLT1-10-2014
survey (left) and kriged map of density with legendn kg.km™(right).

For 2015 survey, horizontal net opening was esgdhaising both the door spread and the
trawl speed (Gras, 2016). Following the steps desdrin section 2.6, a Box—Cox
transformation of the density was carried out ugim@.5 and the spherical model was found



to best fit the experimental variogram plotted w8 distance classes (exponential and
Gaussian models were also tested). The model hauigget effect, a range of 34 km and
reached the sill at 3,246 (Figure 40). Observedsitiemanged from 11.1 kg.kthto 43.8
t.km. On average kriged density was 1,937 kgkranging from 45 kg.kif to 43.7 t.km?

The total biomass was estimated at 206,485 t. Sttvokture consisted of one main patch of
high density in the northwest of the surveyed afea less significant patches appeared, one
in the northwest and one in the northeast. Thehpaidhe northwest consist of large fish
while in the northeast small fish were taken.
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Figure 40: Experimental variogram (dots) and sphertal variogram model (line) of the ZDLT1-02-2015
survey (left) and kriged map of density with legendn kg.km™(right).

For the 2016 survey, horizontal net opening wassuneal in situ using the sensors bought by
the DNRFD. Following the steps described in secfid) a Box—Cox transformation of the
density was carried out using=0.5 and the exponential model was found to besthé
experimental variogram plotted with 33 distancessés (spherical and Gaussian models were
also tested; Figure 41). The model had no nugdettefa range of 146 km and reached the
sill at 3,166. Observed density ranged from 2.kig’ to 31 t.km% On average kriged
density was 1,836 kg.kmranging from 9 kg.kaf to 29.7 t.km?® The total biomass was
estimated at 195,696 t. Stock structure consisteohe main patch of high density in the
northeast of the surveyed area and catch therested®f small specimens. Another patch in
the northwest showed lower abundances and congistathe fish.
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Figure 41: Experimental variogram (dots) and exponastial variogram model (line) of the ZDLT1-02—-
2016 survey (left) and kriged map of density withdgend in kg.km?(right).

The stock structure of rock cod appears to be dmeesthroughout the studied period with
high abundances in the northwest and in the nosthda the northwest, where fishers
generally target rock cod, assessed specimenslarges probably adults. The time series of
abundance (Figure 42) shows an increase of thedsisiinom 653,009 t to 803,955 t between
the first two surveys. However, in October 2014 Hemass was down to 262,415 t. In
February 2015, a decrease of the biomass was aipmerved (206,485 t) and the last
biomass estimation revealed that rock cod was 9856 The maximum density, after
decreasing between the first two years, remainkdively stable until 2015. However, in
2016, the northwest patch of large fish did notileixlan abundance as high as the previous
years which is probably the origin of the biomassrdase observed. In the meantime, the hot
spot observed in the northeast consisting of smak cod remains from year to year. This
spot could be a nursery for the species. This net exploited by trawlers, a situation that
protects this nursery.
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Figure 42: Time series of the rock cod biomass
using the finfish survey data collected from 2010.



3.5.2 Red cod

The experimental variogram was plotted using 2@adie classes and data were Box—Cox
transformed usin@=0.5 (Figure 43). Spherical model best fitted te se@mivariogram with
no nugget effect, a range of 74 km and reachedithat 3,377. Kriged density ranged from
4 kg.km? to 37.7 t.km? Highest abundances were observed in the westetropthe FICZ
alongside its western limit. Biomass estimationsreased from 2010 (89,324 t) to 2011
(137,041 t), decreased to 101,664 t in 2014, djigimcreased in 2015 (114,792 t) and
remained stable in 2016 (112,882 t).
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Figure 43: Experimental variogram with spherical malel fitted (A), kriged map of red cod density (B)
and time series of biomass using the finfish survejata collected from 2010 (C).



3.5.3 Hake

The experimental variogram was plotted using 2@adie classes and data were Box—Cox
transformed usin@=0.5 (Figure 44). Spherical model best fitted te se@mivariogram with
no nugget effect, a range of 228 km and reachediliret 123. Kriged density ranged from O
to 244 kg.km?. Highest abundances were observed to the northof@¥est Falkland in two
main hot spots, one close to the shore and one ¢tbshe northwest border of the FICZ.
Biomass estimations increased from 2010 (7,478 911 (9,418 t), 2014 (13,707 t) and
2015 (17,580 t) and finally decreased in 2016 (8,07 The survey is generally conducted
before the migration of hake to Falkland waters tfog feeding season (which generally
occurs around April) except in 2014 when it wasdwated in October, i.e. at the time of
emigration of hake to spawning grounds. Biomassgsnated in February and October
should not be taken as an indicator of abundancthéofollowing/previous fishing season as
time of the migration can vary according to oceaaphic conditions.
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Figure 44: Experimental variogram with spherical malel fitted (A), kriged map of hake (B) and time
series of biomass using the finfish survey data detted from 2010 (C).



3.5.4 Toothfish

The experimental variogram was plotted using 32adie classes and data were Box—Cox
transformed using.=0.5 (Figure 45). Exponential model best fittedthhe semivariogram
with no nugget effect, a range of 265 km and reddhe sill at 93. Kriged density ranged
from 0 to 458 kg.knf. Highest abundances were observed in the southavestin the
northeast of the surveyed zone. Biomass estimasiagistly increased from 2010 (7,052 t) to
2011 (7,314 t), dropped in 2014 (1,033 t), slightigreased in 2015 (1281 t) and finally
increased to 4,464 t in 2016. The toothfish samgdesisted mainly of small specimens pre—
recruited to the longline fishery. Data from thig\&y is a good source of information to
monitor toothfish pre—recruit abundances, and eajecohorts of the year and probably 1
and 2 year old specimens. Finally, it is also adgopportunity to gather otoliths from young
specimens.
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Figure 45: Experimental variogram with exponential model fitted (A), kriged map of toothfish (B) and
time series of biomass using the finfish survey datcollected from 2010 (C).



3.5.5 Kingclip

The experimental variogram was plotted using 3%adie classes and data were Box—Cox
transformed usin@=0.5 (Figure 46). Spherical model best fitted te se@mivariogram with
no nugget effect, a range of 48 km and reachedithat 838. Kriged density ranged from 1
kg.km? to 7.8 t.km® Highest abundance was observed in the north efsthveyed area
alongside the limit between FICZ and FOCZ. Biomassimation increased from 2010
(20,968 t) to 2011 (46,988 t), then slightly desezhto 43,343 t in 2014, picked in 2015
(99,991 t) and went back to 31,700 t in 2016.
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Figure 46: Experimental variogram with spherical malel fitted (A), kriged map of kingclip (B) and time
series of biomass using the finfish survey data detted from 2010 (C).



3.5.6 Hoki
The experimental variogram was plotted using 28adie classes and data were Box—Cox
transformed usin@=0.5 (Figure 47). Spherical model best fitted te se@mivariogram with
no nugget effect, a range of 95 km and reachedilih&t 3804. Kriged density ranged from 1
kg.km ™ to 35 t.km? Highest abundance was observed in the southvése surveyed zone

in deep waters where hoki is generally abundant \ahdre the fishing fleet targets it.
Biomass estimation tripled from 2010 (61,836 tp6i1 (182,440 t) and was almost null in
2014 (182 t). In 2015, biomass increased to 61t42fl doubled in 2016 (147,857 t).
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Figure 47: Experimental variogram with spherical madel fitted (A), kriged map of hoki (B) and time
series of biomass using the finfish survey data detted from 2010 (C).



3.5.7 Southern blue whiting

The experimental variogram was plotted using 34adie classes and data were Box—Cox
transformed usin@=0.5 (Figure 48). Gaussian model best fitted todbmivariogram with
no nugget effect, a range of 250 km and reachediliret 763. Kriged density ranged from O
kg.kmto 6.1 t.km> Highest abundance was observed in the south\iéisé surveyed area
in deep waters where southern blue whiting is gdlyerabundant. Biomass estimation
slightly increased from 2010 (27,442 t) to 2011,732 t), dropped in 2014 (15,938 t) and

was then stable with some variation in 2015 (14 fj2®d 2016 (17,379 t).
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Figure 48: Experimental variogram with Gaussian moel fitted (A), kriged map of southern blue whiting
(B) and time series of biomass using the finfish seey data collected from 2010 (C).



3.5.8 Argentine short—finned squid

The experimental variogram was plotted using 3iadie classes and data were Box—Cox
transformed usin@=0.5 (Figure 49). Spherical model best fitted te se@mivariogram with
no nugget effect, a range of 134 km and reachedilihegt 6.65. Kriged density ranged from 1
kg.km ™ to 28 kg.km? Highest abundances were observed to the northofié¥est Falkland
alongside the border of the FICZ and in the eagtarhof the surveyed area which is also the
north of theLoligo box. Biomass estimations almost doubled from 2@057 t) to 2011
(10,720 t), was almost nil in 2014 (21 t) picked2@l5 (216,921 t) and dropped in 2016
(265 t). Abundance in 2014 was assessed in Octeben lllex argentinusis not yet in
Falkland waters.
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Figure 49: Experimental variogram with spherical malel fitted (A), kriged map of Argentine short—
finned squid (B) and time series of biomass usingp¢ finfish survey data collected from 2010 (C).



3.5.9 Falkland Calamari
The experimental variogram was plotted using 18adie classes and data were Box—Cox
transformed usin@=0.5 (Figure 50). Gaussian model best fitted todbmivariogram with

no nugget effect, a range of 23 km and reachedithat 138. Kriged density ranged from 0
kg.km to 3.9 t.km? Highest abundance were observed in the southéasie surveyed
which is also the north of theoligo box. Biomass estimations were stable between 2010
(17,953 t) and 2011 (18,831 t) and 2014 (19,598112015, biomass decreased to 10,890 and
then slightly increased in 2016 (12,252 t).
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Figure 50: Experimental variogram with Gaussian moe| fitted (A), kriged map of Falkland calamari (B)
and time series of biomass using the finfish survejata collected from 2010 (C).



3.5.10 Catch composition Isaacs Kidd trawl

The 14 plankton tows (7 just below the surfacen#hie backscattering layer if present)
yielded a total wet weight of 11,407 g (X-814g,garv1-2675¢g). Table 2 summarises all
species (or groups) caught grouped by their redadlyundance, except for the fish fry, which
are discussed below.

Table 2: Catch summary for Isaacs—Kidd Midwater trawls (n=14)

Species Latin Name Dominant| Abundant| Common| Occasional| Rare Total
code (30-80%) | (5-30%) | (1-5%) (<1%) (n=1-2)

THE Themisto gaudichaudi 5 3 2 3 2 15
MUG Munida gregaria 2 1 5 1 3 12
CHA Chaetognatha 1 4 2 3 10
BEO Beroe ovata 1 7 1 9
EUP Euphausids 4 2 6
EUV Euphausia vallentini 3 1 2 6
AMP Amphipoda 5 5
COA Copepoda 1 2 3
SAT Salpa thompsoni 2 2
LOL Doryteuthis gahi 2 2
PHS Phronima sedentaria 2 2
ICA Icichthys australis 1 1
MNL Mnemiopsis leidyi 1 1
MUN Munida spp. 1 1
MXX Myctophidae 1 1
PHH Physophora hydrostatica 1 1
THV Thysanoessa vicina 1 1
THY Thysanoessa gregaria 1 1

3.5.11 Fish larvae and fry, abundance, distribution and morphology

A total of 143 pelagic larvae and fry with an appnoate size range between 11 and 51 mm
TL were captured at 9 of the 14 stations. It wassfme to identify captured fish larvae to
consist of a minimum of 7 species groupings. Thgoritg of the specimens (n=108),
tentatively identified a$prattus fuegensi®.g. Figure 51) and measuring ~20 mm TL, were
caught at 5 stations. The second most numerousl]nsédreSebastes oculatyg.g. Figure
52), measuring 11-17 mm TL and caught at 4 statemmdSalilota australis(e.g. Figure 53)
(n=11), measuring 25-51 mm TL also at 4 stationk.leSser abundance (n=5) were 5
Myctophidae at 5 stations, andC®ttoperca gobide.g. Figure 54) measuring 22—-33 mm TL
at one station. Two Notothenoids, tRatagonotothen ramsapif 16 mm TL (e.g. Figure 55)
and one 28 mm TL grenadier (Figure 56) were alsgica

Figure 51: Sprattus fuegensis st 1985 — 27 mm — TL



Figure 53: Salilota australis —-st 2005 — 35 mm — TL

Figure 55: Patagonotothen ramsay st 2053 — 16 mm — TL



Figure 56: Grenadier — st 2053 — 28 mm — TL

3.6 Oceanography

Oceanographic data were collected at 93 statioigsi@ 57). The area covered ranged from

48°32.46'S to 52°26.61'S and 56°53.61'W to 63°28/4™o outlier was observed in the

down—casts and so up—cast data were removed. Fsgubelow shows the location of the
stations.

AF AG AH Al AK AL AM AN AP

AQ AR
XB [/
2040
XC 2042, 2038 L
2036
XD 2032
L]
XE 20?2030 °|
sl 2044
XF ™ 2023 20265 o
\, 2025" 2045 2047/ N
2020
xGy, o |eo °
\ \ /21 2016 20492051 @
XH 19971 ° 2063 2064 @
f/f’%ff\' 19921} 199> | ©20107, )| 2055 o 2066’2068 o
XJ B o | 19851982 2002 on, | Sove 2074
1972? o 2060 22077
XK °
975 1998 2082 |o
T [ )
1970 1076 ¢ 18 | o 5084
XL 71997 e a 1903 °0§0 .2087.
\ ® 1967 | o 1908 | 2089— 209352092
XM ,,\ 1968 < 2094
. L 1956 < - °
O e ; L 2096
: o
960 ) e
XN \ 9401942 17;53 val . ¥R
° ° .
° o lgso |
XpP 1945194671949 - | .-
1938 o - b
o | 1929 ; #i
xQ 1933 ad -
° z . .
°| 23 =
XR 921 71926 L
1919, © ] o g AL :
XS s\’11"1910 L5
XT 1913
1915
XU

Figure 57: Location and number of CTD stations



Figure 58, Figure 60 and Figure 62 below show #mperature, salinity ane-t density,
gridded using ODV4 DIVA gridding algorithm, at depths 10, 50, 100 m anabsd. The

first layer at 10 m is the shallowest depth commorall CTD casts. The surveyed area

covered depth range of 84 to 380 m; however theritajof the stations are on the shelf with
all bar 15 stations in less than 180 m water.

The temperature data shows 2 patterns, with wartarved the surface in the north west over
the shelf, but as depth increases, the water isnef@apon the eastern edge of the shelf, in
Figure 58 below, the warmer water (than surrourslisigthat depth) can be seen at the edge

of the shelf. The seabed in the north is far dedpaar that seen at stations 2047 to 2096, and
the depth causes cooler water at 200—400 m.
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Figure 58: Temperature at 10 m, 50 m, 100 m and skeed (contours at 0.25°C)

Figure 59 shows the change in temperature from 2@&ds are warmer than 2015, blues are
cooler than 2015). At the surface, the water inrtbeh and southwest over the deep water is
less than 2015, whilst on the shelf in the eastwa¢er was slightly warmer than that

surveyed in 2015, on the western shelf the watarshightly cooler.

At the seabed the water was generally cooler, éxitep eastern branch of the Falklands

current which was slightly warmer. The temperatlifierence was less than that seen at the
surface, with only a small area more than 0.25e=gwarmer or cooler.

! DIVA is a gridding software developed at the Umsity of Liege (http://modb.oce.ulg.ac.be/projetidiva)
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Figure 60: Salinity at 10 m, 50 m, 100 m and seabddontours at 0.05 PSU)

Figure 60 shows the salinity over the surveyed .a@enerally salinity was lower in the
waters on the shelf in the northwest and highethenwater close to the 2 branches of the
Falklands Current.
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Figure 61: TS plots, 2015 data on the left and 201d&ata on the right (water mass terminology Arkhipkin
et al., 2013)

A plot of conservative temperature against absofiaténity is shown in Figure 61 with
comparison to the survey undertaken in 2015. Thems less saline at temperature than that
seen in 2015, particularly at the western shelfiia where salinity was 0.2 %o lower in
2016.

The density map (Figure 62) shows lower densityewatt 10 and 50 m over the shelf,
reflecting the higher temperatures and lower ggliseen in Figure 58 and Figure 60. Away
from the deeper layer, there is a higher densitemwaass pushing in through XFAH, XHAH

and then moving south east into XKAJ. There is msdewvater mass moving north through
XTAD up to XMAE.
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Figure 62: Density at 10 m, 50 m, 100 m and seabgmbntours at 0.05 sigma—t)

Figure 63 below shows the oxygen level at 10, 1) fin and seabed in ml/l of water.
Oxygen concentration is highest at the surfacd) leiels of 7 ml/l in the southwest over the
deeper water and around the north coast of thddraldslands. Below the surface oxygen

concentration is fairly uniform, with high levels ¢he edge of the shelf and over the deep
water in the southwest, with small variation ove shelf at 50, 100 m and the seabed.
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Figure 63: Oxygen at 10m, 50m, 100m and 200m (conts at 0.1ml/l)



4.0 Conclusion

The 2016 rock cod and finfish biomass survey gasmapshot of the various commercial
finfish species present in the finfish area in kelby. A total of 197 stations were carried out
(90 trawl stations, 93 CTD and 14 plankton towietet) through the 21 days spent at sea. A
total of 41390 specimens from 48 species were ssdefor sex, maturity and length
frequency, 1708 for length—weight relationships 8286 for otolith or statolith collection.
From 2010 to 2016, some of the commercial specibfited a decreasing abundance like
rock cod, toothfish, southern blue whiting and kalkl calamari. At the same time, the
majority of commercial species did not show anysigant increasing or decreasing trend
like red cod, hake, kingclip, hoki and Argentine@ghn squid.

CTD data showed that the SST was warmer over thénamtal shelf than over the slope.
However, the situation was reverted near the séarbhcand temperatures were cooler over
the shelf and warmer over the slope. Compared 1%,28ST is generally warmer and sea
bottom temperature is generally cooler. Watershefdurveyed area were less saline on the
shelf than on the slope. Finally oxygen concerdreti appeared to be fairly uniform
throughout the area and the water column. Oceapbigraconditions, and especially
temperatures have probably impacted the distributiothe commercial species in Falkland
waters like Argentine shortfin squid which was adbamt in 2015 and almost absent in 2016.

A total of 14 plankton stations (7 at the surfand @ at the backscattering layer) were carried
out throughout the survey. A total of 143 pelagicvde and fry were sampled and identified.
Pictures were taken for future identification. Rfmm study was not the main objective of the
survey, however and even if no toothfish larvaeeneaught, larvae from other commercial

species were assessed.

Results of this survey will be used as a basigHer2017 licence advice, especially rock cod
biomass estimations. It is the intention of the IMNIRo build a time series of biological and
oceanographic data by repeating this finfish sumegry year at the same time of the year
and concurrently with the pre-recruitment survegr Bome of the commercial species,
results of this survey will be used to fit stocksessment models and use in trials age
structured models. If February is the right timeassess some commercial species (rock cod,
hoki) it is not the right for other important comroial species like common hake. Finally,
data of this survey give a better insight of th@sgstem structure and how it changes
throughout the years.
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Appendix

Table 3: Catch table ZDLT1-02-2016

Species | Species hame Total Catch| Total Sampled| Total Proportion
Code (kg) (kg) Discarded (kg) | (%)

PAR Patagonotothen ramsayi 31,656.880 987.771 21,114.900 31.17%
WHI Macruronus magellanicus 21,666.570 1,262.290 93.590 21.33%
BAC Salilota australis 18,644.480 1,570.470 1,646.300 18.36%
KIN Genypterus blacodes 5,401.570 2,992.950 0.000 5.32%
BLU Micromesistius australis 3,178.080 206.660 2,922.270 3.13%
CHR Chrysaora cf. plocamia 3,020.060 0.000 3,020.060 2.97%
GRF Coelorhynchus fasciatus 2,702.100 30.200 2,702.100 2.66%
SAR Sprattus fuegensis 2,420.865 18.100 2,320.865 2.38%
LOL Doryteuthis gahi 2,386.720 302.430 296.710 2.35%
DEH Desmonema cf. chierchianum| 1,373.610 0.000 1,343.610 1.35%
MED Medusae 1,230.240 0.000 1,230.240 1.21%
TOO Dissostichus eleginoides 730.730 692.280 0.040 0.72%
RBR Bathyraja brachyurops 693.140 692.770 10.816 0.68%
HAK Merluccius hubbsi 692.940 692.940 0.000 0.68%
SPN Porifera 679.129 0.000 679.129 0.67%
RGR Bathyraja griseocauda 605.586 605.586 2.720 0.60%
CGO Cottoperca gobio 542.490 88.430 542.490 0.53%
RFL Zearaja chilensis 505.610 505.610 0.000 0.50%
SQT Ascidiacea 428.125 0.000 428.125 0.42%
THO Thouarellinae 365.377 0.000 365.377 0.36%
EEL lluocoetes fimbriatus 293.340 92.600 292.580 0.29%
DGS Squalus acanthias 224.760 137.330 224.760 0.22%
PAT Merluccius australis 215.410 215.410 0.000 0.21%
POR Lamna nasus 200.000 200.000 200.000 0.20%
GYN Gymnoscopelus nicholsi 160.500 4.710 160.500 0.16%
DGH Schroederichthys bivius 148.740 0.620 148.740 0.15%
STA Sterechinus agassizi 139.460 0.000 139.460 0.14%
ING Moroteuthis ingens 122.950 10.080 121.890 0.12%
RBZ Bathyraja cousseauae 95.840 95.840 0.000 0.09%
RAL Bathyraja albomaculata 90.230 90.230 1.000 0.09%
SER Serolis spp. 82.080 0.000 82.080 0.08%
SHT Mixed invertebrates 74.080 0.000 74.080 0.07%
RED Sebastes oculatus 70.370 70.060 0.310 0.07%
RMC Bathyraja macloviana 68.641 68.641 39.030 0.07%
RMU Bathyraja multispinis 51.780 51.780 0.000 0.05%
PYM Physiculus marginatus 51.420 1.720 51.420 0.05%
ILL lllex argentinus 46.376 35.786 41.538 0.05%
BUT Stromateus brasiliensis 36.226 10.466 36.226 0.04%
HYD Hydrozoa 34.167 0.000 34.167 0.03%
RPX Psammobatis spp. 33.158 32.568 31.658 0.03%
COP Congiopodus peruvianus 30.670 22.460 30.670 0.03%
ALF Allothunnus fallai 28.600 14.550 0.000 0.03%
PTE Patagonotothen tessellata 27.830 16.210 27.830 0.03%
ANM Anemone 22.231 0.000 22.231 0.02%
COT Cottunculus granulosus 20.400 19.210 20.400 0.02%
GOC Gorgonocephalus chilensis 20.102 0.000 20.102 0.02%
CHE Champsocephalus esox 19.660 19.140 18.510 0.02%
FUM Fusitriton m. magellanicus 19.653 0.000 19.653 0.02%
MUG Munida gregaria 18.992 0.310 18.682 0.02%




RDA Dipturus argentinensis 15.440 15.440 0.000 0.02%
RSC Bathyraja scaphiops 13.013 13.013 2.513 0.01%
BRY Bryozoa 11.740 0.000 11.740 0.01%
GYM Gymnoscopelus spp. 10.460 0.100 10.360 0.01%
ZYP Zygochlamys patagonica 9.721 0.000 3.261 0.01%
CTA Ctenodiscus australis 9.660 0.000 9.660 0.01%
AUC Austrocidaris canaliculata 7.951 0.000 7.951 0.01%
NEM Neophyrnichthys marmoratus| 7.774 0.000 7.774 0.01%
RDO Amblyraja doellojuradoi 7.130 7.130 6.620 0.01%
CAS Campylonotus semistriatus 6.985 0.000 5.325 0.01%
CAZ Calyptraster sp. 6.095 0.000 6.095 0.01%
AST Asteroidea 5.410 0.000 3.410 0.01%
Muusoctopus longibrachus

MLA akambei 5.270 0.000 5.270 0.01%
RMG Bathyraja magellanica 5.060 5.060 3.850 <0.01%
MUO Muraenolepis orangiensis 4.690 3.900 4.690 <0.01%
OPV Ophiacanta vivipara 4,557 0.000 4,557 <0.01%
POA Porania antarctica 3.817 0.000 3.817 <0.01%
COL Cosmasterias lurida 3.725 0.000 3.725 <0.01%
PMX Protomictophum spp. 3.460 0.010 3.450 <0.01%
UHH Heart urchin 3.385 0.000 3.385 <0.01%
MUE Muusoctopus eureka 3.180 0.000 3.180 <0.01%
SUN Labidaster radiosus 2.860 0.000 2.860 <0.01%
CEX Ceramaster sp. 2.764 0.000 2.764 <0.01%
MUU Munida subrugosa 2.624 0.050 2.484 <0.01%
ADA Adelomelon ancilla 2.583 0.000 2.583 <0.01%
CAM Cataetyx messieri 1.950 1.950 1.950 <0.01%
ODM Odontocymbiola magellanica | 1.800 0.000 1.800 <0.01%
CIR Cirripedia 1.750 0.000 1.750 <0.01%
PAG Paralomis granulosa 1.710 1.710 0.000 <0.01%
SEC Seriolella caerulea 1.620 0.530 1.620 <0.01%
ZYX Dead Zygochlamys 1.510 0.000 1.510 <0.01%
BAO Bathybiaster loripes 1.450 0.000 1.450 <0.01%
SRP Semirossia patagonica 1.215 0.590 0.865 <0.01%
BAL Bathydomus longisetosus 1.180 0.000 1.180 <0.01%
THB Thymops birsteini 1.160 0.000 0.890 <0.01%
ASA Astrotoma agassizii 1.062 0.000 1.062 <0.01%
ODP Odontaster pencillatus 1.040 0.000 1.040 <0.01%
CYX Cycethra sp. 1.005 0.000 1.005 <0.01%
MAV Magellania venosa 0.984 0.000 0.984 <0.01%
BDU Brama dussumieri 0.960 0.950 0.010 <0.01%
ALG Algae 0.960 0.000 0.960 <0.01%
FLX Flabellum spp. 0.755 0.000 0.755 <0.01%
OPL Ophiuroglypha lymanii 0.639 0.000 0.639 <0.01%
ALC Alcyoniina 0.611 0.000 0.611 <0.01%
EUL Eurypodius latreillei 0.609 0.000 0.609 <0.01%
LOS Lophaster stellans 0.520 0.000 0.520 <0.01%
COG Patagonotothen guntheri 0.510 0.490 0.510 <0.01%
EUO Eurypodius longirostris 0.405 0.000 0.405 <0.01%
NEH Neomenia herwigi 0.300 0.000 0.300 <0.01%
WRM Chaetopterus variopedatus 0.280 0.000 0.280 <0.01%
PES Peltarion spinosulum 0.242 0.000 0.242 <0.01%
NUD Nudibranchia 0.235 0.000 0.235 <0.01%




Z0OX Zoarcid sp. 0.224 0.184 0.174 <0.01%
ICA Icichthys australis 0.210 0.000 0.210 <0.01%
ACS Acanthoserolis schythei 0.207 0.000 0.207 <0.01%
PYX Pycnogonida 0.188 0.000 0.188 <0.01%
LYB Lycenchelys bachmanni 0.180 0.180 0.000 <0.01%
CRY Crossaster sp. 0.165 0.000 0.165 <0.01%
SOR Solaster regularis 0.150 0.000 0.150 <0.01%
OPH Ophiuroidea 0.100 0.000 0.100 <0.01%
HCR Paguroidea 0.090 0.000 0.090 <0.01%
AGO Agonopsis chilensis 0.070 0.000 0.070 <0.01%
XXX Unidentified animal 0.068 0.048 0.048 <0.01%
GYB Gymnoscopelus bolini 0.060 0.000 0.060 <0.01%
POL Polychaeta 0.052 0.000 0.052 <0.01%
TED Terebratella dorsata 0.050 0.000 0.050 <0.01%
NUH Nuttallochiton hyadesi 0.045 0.000 0.045 <0.01%
THN Thysanopsetta naresi 0.040 0.040 0.040 <0.01%
SYB Symbolophorus boops 0.040 0.000 0.040 <0.01%
OCC Octocoralia 0.040 0.000 0.040 <0.01%
MOP Momonatira paulini 0.035 0.000 0.035 <0.01%
BIV Bivalve 0.035 0.000 0.035 <0.01%
MAU Maurolicus muelleri 0.030 0.000 0.030 <0.01%
ISO Isopoda 0.023 0.000 0.023 <0.01%
AMP Amphipoda 0.021 0.000 0.021 <0.01%
ANT Anthozoa 0.020 0.000 0.020 <0.01%
MUN Munida spp. 0.020 0.000 0.020 <0.01%
PMC Protomictophum choriodon 0.020 0.000 0.020 <0.01%
HOL Holothuroidea 0.015 0.000 0.015 <0.01%
GOR Gorgonacea 0.011 0.000 0.011 <0.01%
MIR Mirostenella sp. 0.010 0.000 0.010 <0.01%
MUS Smooth mussel 0.010 0.000 0.010 <0.01%
PLU Primnoellinae 0.005 0.000 0.005 <0.01%
LEY Lepas spp. 0.002 0.000 0.002 <0.01%
101,560.020 11,909.583 40,723.351




Table 4: Random sample numbers

Code | Name Number
Sampled
LOL Doryteuthis gahi 14,824 | 35.9%
PAR Patagonotothen ramsayi 9,341 | 22.6%
BAC Salilota australis 4,933| 12.0%
WHI Macruronus magellanicus 1,950 | 4.7%
KIN Genypterus blacodes 1,767 | 4.3%
TOO Dissostichus eleginoides 1,306 | 3.2%
ILL lllex argentinus 1,171 | 2.8%
BLU Micromesistius australis 1,025| 2.5%
HAK Merluccius hubbsi 1,002 | 2.4%
EEL lluocoetes fimbriatus 611 | 1.5%
GYN Gymnoscopelus nicholsi 421 | 1.0%
RBR Bathyraja brachyurops 398 | 1.0%
PTE Patagonotothen tessellata 392 | 0.9%
CGO Cottoperca gobio 259 | 0.6%
SAR Sprattus fuegensis 205 | 0.5%
GRF Coelorhynchus fasciatus 195 | 0.5%
RFL Zearaja chilensis 192 | 0.5%
CHE Champsocephalus esox 127 | 0.3%
CoT Cottunculus granulosus 119 | 0.3%
RED Sebastes oculatus 116 | 0.3%
DGS Squalus acanthias 108 | 0.3%
RGR Bathyraja griseocauda 106 | 0.3%
PYM Physiculus marginatus 91 | 0.2%
ING Moroteuthis ingens 90 | 0.2%
PAT Merluccius australis 86 | 0.2%
RMC Bathyraja macloviana 72 | 0.2%
RPX Psammobatis spp. 67 | 0.2%
COP Congiopodus peruvianus 60 | 0.1%
RAL Bathyraja albomaculata 56 | 0.1%
RBZ Bathyraja cousseauae 31| 0.1%
BUT Stromateus brasiliensis 26| 0.1%
COG Patagonotothen guntheri 20 | 0.0%
RMG Bathyraja magellanica 15| 0.0%
CAM Cataetyx messieri 13| 0.0%
RDO Amblyraja doellojuradoi 13| 0.0%
MUO Muraenolepis orangiensis 12 | 0.0%
ZOX Zoarcid sp. 11| 0.0%
RSC Bathyraja scaphiops 9| 0.0%
PAG Paralomis granulosa 5| 0.0%
RMU Bathyraja multispinis 5| 0.0%
POR Lamna nasus 3| 0.0%
RDA Dipturus argentinensis 3| 0.0%
ALF Allothunnus fallai 2| 0.0%
XXX Unidentified animal 2| 0.0%
SEC Seriolella caerulea 1] 0.0%
SYB Symbolophorus boops 1] 0.0%
THN Thysanopsetta naresi 1] 0.0%
BDU Brama dussumieri 1] 0.0%
41,264




