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1.0 Introduction

Falkland Island waters are part of the Patagonieaif $arge marine ecosystem, one of the
most productive zones of the world (Bakun, 1993)e TFalkland Islands declared the
Falkland Interim Conservation Zone (FICZ) in 1986dathe Falkland Islands Fisheries
Department (now Directorate of Natural Resourcé&ssheries; DNRF) was created in 1987
to regulate and manage the fisheries. In 1990F#tdand Outer Conservation Zone (FOCZ)
extended the FICZ. Fishing vessels that want toraipein Falkland waters have to be
licensed by the DNRF. The finfish fleet is managesihg a total allowable effort (TAE)
which is in theory derived from the five—year axggaffort required to reach the catch limit
of the main finfish species (FIFD, 2016). Southblune whiting Micromesistius austral)s
was the main species and used to calculate TAE.edery when southern blue whiting
crashed in the 2010s, rock cddatagonotothen ramsgytook over and became the most
abundant species exploited by the finfish fleetptildovsky et al., 2013). Since 2007, rock
cod total annual catches ranged from 2,530 to 7645

Since 2010, six research cruises were conductestiimate the biomass of the rock cod stock
in February 2010 (Brickle and Laptikhovsky, 2012),11 (Arkhipkin et al., 2011), October—
November 2014 (Pompert et al., 2014), and FebrB@fp - 2017 (Gras et al., 2015; 2016;
2017), prior to this survey. From 2011 to 2013, r&gearch cruises were also undertaken to
test various fishing gears. The objective was mol 2 new setup for the trawl to fish more
efficiently by reducing the bycatch of undersizextk cod and non—commercial species
(Brickle and Winter, 2011; Roux et al., 2012a; I®12a; b; c). The outcome was the
publication of the new regulation in 2014 that cante force on 1 January 2015 to increase
the mesh size from 90 to 110 mm in the cod-end.

The finfish fishery is a multi-species fishery wheressels work under licences A
(unrestricted finfish), G (combinelllex and restricted finfish), and W (restricted finfish)
While rock cod was the primary target species f2007 to 2012, and in 2014, vessels also
targeted or took as bycatch other finfish speciehsas commonMerluccius hubbgiand
PatagonianNlerluccius australiy hakes, kingclip Genypterus blacodgshoki (Macruronus
magellanicuy red cod $alilota australiy, southern blue whiting, and one species of
cephalopod, the Argentine shortfin squillek argentinu$. In recent years, the TAE
estimation based on the primary species rock cadshawn its limitations, especially in
years when rock cod was not the primary targeteckst.e. 2013, 2015-2017 (FIFD, 2014;
2015; 2016; 2017). It was then advised to not dobus on rock cod but also to collect as
much data as possible about all the other speciesuatered throughout the survey, i.e.
moving from single-species to multi-species sunays management.

Over the last three decades, scientists have empdathat trophic relationships play an
important role in marine ecosystems (Bax, 1998) thad the ecological role of individual
species within an ecosystem is dependent on traptecactions, geographical distribution,
other species present in the community, and typé&eding guild (Vaudo and Heithaus,
2011). Understanding the trophic interactions withharine ecosystems is linked to
ecosystem function and is crucial for developingtaimable models to inform ecosystem-
based management decisions in fisheries scieno,(BD02; Corrales et al., 2015). Hence,
the data time series spent sampling the entire aamtyn over most of the finfish area,
supported by occasional collection of stomach cuntlata (as per Gras et al., 2017) and
parasite survey, can help identify ecosystem shifid changes in trophic interactions over
time; crucial elements for moving towards an ectesysbased management of the Falkland
Islands fishery.



The primary objective of the survey was to asshesbiomass and abundance of demersal
commercial species encountered in the survey ZBiodogical data (length, sex, maturity,
and otoliths) were collected for a sample of eguries at each station and used to describe
the stock in February. In the present report, lgiclal data are presented for all the species
that more than 30 specimens were assessed thrdugi®ucruise. Parasite data were
collected for rock cod from every station and théat will be presented in a separate report.
Finally, this report presents the maps of the ocgeaphic situation based on data collected
in the vicinity of each trawl station.



2.0 Material and methods

2.1 Cruise vessel and surveyed area

The ground fish survey ZDLM3-02-2018 was conductedoard the F/V Monteferro (LOA
63.7 m, GRT 1499) from 3 to 24 February 2018. Ekibgrand disembarking occurred on 2
and 25 February respectively. In order to be abledampare data with previous biomass
estimate surveys carried out since 2010 (Bricklg baptikhovsky, 2010; Arkhipkin et al.,
2011; Pompert et al., 2014; Gras et al. 2015; 20067a; b) it was decided to repeat stations
already explored in 2011, 2014, 2015, 2016 and 20heé map of the stations sampled
during the cruise is presented in Figure 1 anddioates are given in Table 1. Because the
survey was firstly designed to study rock cod, it dot cover the deep water zone to the
southwest and to the south of West Falkland. Ireortd better monitor southern blue
whiting, hoki, grenadier, and toothfish, 23 statiomere added in the south of the FICZ and
10 stations were removed in the east of the suaveg in the north western part of th@igo
box since this region was already covered by ltbkgo pre—recruitment survey running
concurrently. The total number of trawl station vl&2. However, in 2018 an unusual high
abundance of jellyfish was observed to the wesWest Falkland. Several tonnes of jellyfish
were caught at 7 stations. After close examinaiothe catchlogs and length frequency data
of species caught at these stations, scientistsoard concluded that catchability of the net
was altered at stations 143, 144, 156, and 164s&prently, these stations were removed
from the dataset used to study length frequencytaras$timate biomass. At station 183, the
portside wing and the belly of the net were damamedn unidentified object. Although the
catch seemed to be OK, it was decided to discasdstation as well.
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Figure 1: Location of trawl, plankton and CTDO stations
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Table 1: Trawl stations number, date, geographicatoordinates, depth, duration and
associated comments. A CTD was also carried out lmeé or after each trawl.
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2.2 Trawl gear

The DNRF owns a bottom trawl fitted with rockhoppgrar and used the Monteferro’s
Injector cobra 6.5 m2 2,600 kg bottom doors. The-emd has a 90 mm mesh size. The cod—
end was also fitted with a 10-15 mm cod end limee MarPort Net Monitoring System was
used to monitor the geometry of the net. Originansors were fitted on both the trawl
doors to monitor door depth, door horizontal spreegle and tilt as well as one on the net to
monitor vertical net opening. Of these data, onbprdhorizontal spread and vertical net
opening were recorded. Until the 2015 researchseruthe only information about the
horizontal net opening was the wing spread deragtbllows:

In 2016, two additional sensors were bought byDN&RF and attached 2 m behind the trawl
wings to monitor the horizontal net opening at shene time as the door spread. Significant
differences between calculated and measured vafueg horizontal net opening were noted
during the research cruise. A method was therefexeloped to correct historical geometry
net data (Gras, 2016).

During the research cruise ZDLT1-10-2014 (Pompkdl.e 2014), a discussion with the
captain about the gear configuration revealed titzatl setup was the same from 2011 to
2017 (ZDLT1-02-2011), but not the same as in 2@DL{T1-02—-2010) when Morgéere
Ovalfoil OF12.5 (3400 x 2200 cm) doors were useccadkding to the captain, the doors used
from 2011 to 2017 on the F/V Castelo opened thel tagbit more than previously. The trawl
setup was asked to be rigorously the same as el Bo 2017 and especially the bridle
length, which was 115 m. During ZDLT1-02-2010 aml Z1-02-2011 surveys, the bridle
length was 100 and 120 m, respectively.



2.3 Biological sampling

For all the trawled stations, the entire catch waeesghed by species (for finfish, squids,

skates and sharks) or by the lowest taxonomic |@eelinvertebrates) using the electronic

marine adjusted POLS balance. In the past, at statiens, when the catch was too large to
be weighed, the crew processed the catch, a sanfiplee species concerned was taken
before factory processing, weighed (green weigh{) Gorocessed by the crew and weighed
again (processed weight; PW) to estimate the cemefactor (CF) as:

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

At each station, random samples were taken fronfirdish species as well as squitliex
argentinus, Doryteuthis gahandMoroteuthis ingensWhen it was possible, 100 specimens
of each finfish and squid species were randomlenaldll skates were sampled for total
length, disk width, weight, sex, and maturity. Métu stages were determined for all
sampled specimens using an 8 stage maturity soalénfish (see observer manual), a 6
stage maturity scale for both species of squid ¢(d=®rver manual), and a 6 stage maturity
scale for chondrichthyans (see observer manuahgthefrequencies were recorded using
fish measuring board and paper form.

Otolith extraction was undertaken for 29 finfishesigs and statoliths were extracted ashore
from I. argentinus, D. gahiandM. ingens(associated information were length, weight, sex
and maturity). No vertebrae/thorn samples wereectdd from skates this year.

Skate specimens from the genBsammobatiswere not identified to species, due to
confusion with available identification guides aadhilable literature (i.e. McEachran, 1983).
It is likely that the most common species foundaveters deeper than 120 mAsammobatis
normani (slender claspers) whereas in shallower waters nlost common species is
Psammobatis rudigshort and stout claspers). During the surveyethgere no shallow
stations and all specimens are most lik&lynormani.

2.4 Biomass estimation

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

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

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

The variable used in this report is the densityeath species of interest (derived from the
catch and swept—area). The methodology describémlvbases R scripts developed to
perform the 2010 rock cod assessment (Winter 2l0) in packages rgdal (geographical
coordinates projection) (Bivand et al., 2017) ardR (geostatistics) (Ribeiro Jr and Diggle,
2016).

The distance covered by the trawl was estimatedgutsie geographical coordinates of the
stations. For each station, coordinates of thda stare extracted from the database fields
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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 tramsforfirst in decimal degrees (deg)
and then in radians (rad) as:

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

"#$H%&S " H&S " S 'S ' $ ( ")

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

is the end latitudelonF is the end longitude anl is the radius of the earth (6,371 km).
Density of the studied specie® {n kg-knm?) was finally derived using the catcB)( the
distance coveredlf and the horizontal net openingNO; see Gras (2016) for details)

* 4+

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 collectgdgithe World Geodetic System of 1984
(WGS 84). However, as the Earth is a sphere anausecthe 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 Sygtme 21; UTM 21) which keeps the
distances between stations both in latitude angditote. 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'fieof the rgdal R package.
Previously in the Falkland Islands Fisheries Departt, the Easting Northing system was
used. A comparison between the UTM 21 projectiah Basting Northing system showed no
significant differences (Pompert et al., 2014).

2.6 Geostatistics methods

Geostatistic methods must be performed in 4 s{gpplotting 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 éeemated data. The following criteria
were used at different steps of the process tthéitright 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® semi-variance values should
increase with distance and reach the sill. The @ugepted exception is the pure
nugget effect.
The range must be shorter than the maximum distatserved on the semi-
variogram. In the studied dataset, some models fdahog transformed data
(lambda=0) well, however they exhibit a range farthhan 400 km which is not
biologically consistent in our case.
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Exponential, Gaussian and spherical models wetedfito the semi-variogram data
and residual sum of square (RSS) were used asis tbashoose the most suitable
model. The lowest RSS suggesting the most suitabliel.

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

The kriging area was 122,494 knit was recently changed and extended from theesur
area to the whole finfish zone. Biomass estimation€ommon rock cod, red cod, common
hake, toothfish, kingclip, southern blue whitingdaArgentine shortfin squid were estimated
using derived horizontal net opening for data addd in 2010, 2011, 2014 and 2015 (Gras,
2016) and using measured horizontal net opening2@6—-2018 datasets and time series
displayed for every species.

2.7 Abundance estimation

At each survey station, a random sample of 100is@es was assessed for total length, sex,
and maturity. The total number of fish—at—stationwas estimated using the number of fish
in the sample (), the station catch weight () and the sample weight () as

The total abundance in the water was estimated using the total biomasgestimated
following protocol of section 2.6)

The total number of fish—at-lengthfor each station (o ) was then estimated using the total
number of fish—at—station () and the number of fish per size class in the $&amp

/0,

/0,

Finally the total abundance of fish—at—length ie thater was estimated using the biomass
estimation ( ; see section 2.6)

/0,
/0-
/0,

The numbers—at—length were then presented in héstegyto show how the structures of the
stocks have changed over the years.
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2.8 Oceanography

A single CTD (SBE-25, Sea-Bird Electronics Inc.,llBeue, USA) instrument, Serial No
0247, was used to collect oceanographic data irvittieity of all trawl stations. Soak time
was one minute at10 m depth to allow flushing of the system. OrlusHing completed, the
CTD was raised to a minimum depth of 5 m belowaeeaf then lowered towards the sea bed
at a speed of 1 m-sécThe CTD collected: (1) pressure in dbar; (2) terapure in °C; (3)
conductivity in mS/cm; (4) Oxygen voltage; and fl&prescence. At the first station the CTD
wrote the data to a greater number of columns thias recorded, and this has not been
recovered. Luckily this was noticed before the selc€TD station, and resetting the CTD
back to factory settings and rebuilding the inteéomafiguration allowed for good data to be
collected at all subsequent stations. The raw fliex were converted and processed using
SBE Data Processing (version.7.22.5) using the Gi@N0247_2017_06.xmlcon. Up-cast
data was filtered out. Depth was derived from pressising the latitude of each station, with
dissolved oxygen in ml/L derived at the same tisedapth. Practical salinity (PSU) and
density (sigma-t [-t]) were derived following derivation of depth. ftuer derived variables
of conservative temperature (°C) and absolute isal{g/kg) were calculated in Ocean Data
View version 4.5.4 (Schlitzer, 2013).
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3.0 Results

3.1 Catch composition

Bottom trawling was conducted at 102 stations (@fias were considered good to study
stock structure and estimate biomass) as showrigwrd-1 and Table 1. Seabed trawling
times during the survey was 60 minutes for 96 efttiawls. At stations 134, 143, 144, 146,
156, and 164 the time of trawling ranged from 15%amin (see Table 1 for exact values). As
a result of the high abundance of jellyfish in thest of the FICZ, the net catchability was
altered and the doors closed leading to an ant@iplaauling and the discard of stations 143,
144, 156 and 164.

During the survey a total of 130,402.1 kg of biomass caught comprising 125 species or
taxa (Appendix Table 2). The largest catches byhteinll exceeding 950 kg in total, were in
order of importance: jellyfish (37,476 kg); hoki%235 kg); red cod (12,734 kg); rock cod
(11,383 kg); Argentine shortfin squid (10,694 Kganded whiptail grenadie€felorhynchus
fasciatug (6.854 kg); ridge scaled rattaM@crourus carinatuls (3,945 kg); kingclip (3,351
kg); lobster krill Munida spp.) (2,522 kg); southern blue whiting (2,201; kammon hake
(1,732 kg); toothfish (1,389 kg); and Falkland cadai (D. gah) (968 kg).

3.2 Biological information of finfish species

Species summaries are presented in alphabetioal @vdsed on species code) of commercial
species (BAC [3.2.1] to WHI [3.2.9]) followed by meommercial species (BUT [3.2.10] to
SAR [3.2.21)).
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3.2.1 Salilota australis —red cod — BAC (Figure 2)

The total catch of red cod was 12,734 kg. It waggb&at 81 of the 97 stations (Figure 2A)
sampled throughout the research cruise. Catchgedanom 0.02 to 7,559 kg. Among the 81
stations, 34 yielded >10 kg, 14 >100 kg, and oné. Hlensities ranged from 0.09 to 34,512
kg-km™ (CPUE ranged 0.02—7,559 kg*h Catches of red cod occurred almost everywhere
across the survey area, but in small quantitieg@xto the west of West Falkland between
50°30’S and 53°00’S where higher abundances weseraed. The number of fish sampled
for length frequency was 3,188 (2,025 females afi®3l males) and 255 were taken for
otoliths including 11 as non—-random. Total lengihged from 14 to 80 cm for females and
from 13 to 72 cm for males (Figure 2C). The hisamgrexhibits a series of modes, but due to
the overlap between them it is difficult to ideptihdividual cohorts. Females were observed
immature (10%), resting (87%), early developing J2%pent (0.1%) and recovering spent
(1%) (Figure 2B). Males were immature (13%), rest(B3%), early developing (4%) and
late developing (0.3%) (Figure 2B).
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Figure 2: Biological data of Salilota australis(red cod; BAC), map of the densities in
kg-km™ (A), percentage of specimens of each sex per maityrstage (B; |, immature; I,
resting; lll, early developing; IV, late developing V, ripe; VI, running; VII, spent; VIII,
recovering spent), and length frequency (in perceage of the total sample assessed) of
each sex with 1 cm size class (C; n= 3,188).
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3.2.2 Micromesistius australis — southern blue whiting — BLU (Figure 3)

The total catch of southern blue whiting was 2,801 It was caught at 62 of the 97 trawl
stations sampled throughout the research cruisgu@i3A). Catches ranged from 0.01 to
420 kg. Among the 62 stations, 20 yielded >10 kg sin yielded >100 kg. Densities ranged
from 0.04 to 2,017 kg-kif (CPUE ranged 0.01-420 kg'h Highest densities were observed
in the southwest of the survey area, especialbyadions that were added to this year’s survey
(Figure 3A). The highest densities were observemalthe border between the FICZ and
Argentine waters at deep water stations. The nurabésh sampled for length frequency
was 2,704 (38 juveniles, 1,157 females and 1,50@shand 249 were sampled for otolith
including 76 taken non—-randomly. Total lengths ethffom six to 11 cm for juveniles, from
19 to 65 cm for females, and from 20 to 63 cm falen (Figure 3C). Four cohorts were
easily identifiable on the length frequency histrgrwith modes at ten, 24, 32 and 42 cm
(Figure 3C). Females were observed immature (70%sgting (25%), early developing
(0.1%), and recovering spent (5%) (Figure 3B). Malere immature (64%), resting (23%),
and recovering spent (13%) (Figure 3B).

A B
‘ e 100

-48 = Females

Males

-50
60

Latitude (S}

40

20 I
I d 0 I I I I I 4

Frequency (%)

-56 -54 | Il 1 A% VooV I VIl
Longitude (W) Maturity stage
C
20 — l Undetermined
|| Juveniles
M Females
71 Males

Frequency (%)

| |
10 20 30

0 e . —_— M—————. e
| |
40 50 60

Total Length (cm)

Figure 3: Biological data ofMicromesistius australigsouthern blue whiting; BLU), map
of the densities in kg-km? (A), percentage of specimens of each sex per matyrstage
(B; I, immature; Il, resting; Ill, early developing ; IV, late developing; V, ripe; VI,
running; VII, spent; VIII, recovering spent), and | ength frequency (in percentage of the
total sample assessed) of each sex with 1 cm silesg (C; n= 2,704).
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3.2.3 Macrourus carinatus — grenadier-ridge scaled rattail — GRC (Figure 4)

The total catch of grenadier—ridge scaled rattai$ \8,945 kg. It was caught at 15 of the 97
trawl stations sampled throughout the researcrser(iigure 4A). Catches ranged from 1.00
to 936 kg. Among the 15 stations, 13 yielded >10akd eight >100 kg. Densities ranged
from 5.39 to 5,783 kg-knf (CPUE ranged 1.00-936 kg'h Highest densities were observed
in the south-western part of the survey zone, eslbhe deeper waters, the usual habitat for
this species. The number of fish sampled for lerigituency was 1,072 (one juvenile, 715
females, 355 males, and one unsexed), 135 wera takeollection of otoliths; all of them
were taken as part of the random sample. Pre-angths were six cm for the juvenile and 21
for the undetermined, and ranged from six to 33fanfemales and from six to 28 cm for
males (Figure 4C). Cohorts were difficult to idénton the length frequency histogram as
they are most likely overlapping (Figure 4C). OVermales appeared to be smaller than
females. Females were observed immature (1%)nge€liB%), early developing (16%), late
developing (30%), ripe (12%), spent (7%), and reciong spent (16%) (Figure 4B). Males
were immature (4%), resting (7%), early develofit2®o), late developing (77%), and spent
(0.3%) (Figure 4B).
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Figure 4: Biological data of Macrourus carinatus (Grenadier-Ridge Scaled Rattail;
GRC), map of the densities in kg-knf (A), percentage of specimens of each sex per
maturity stage (B; I, immature; Il, resting; Ill, e arly developing; 1V, late developing; V,
ripe; VI, running; VII, spent; VIII, recovering spe nt), and length frequency (in
percentage of the total sample assessed) of eack wéh 1 cm size class (C; n=1,072).
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3.2.4 Merluccius hubbsi — common hake — HAK (Figure 5)

The total catch of common hake was 1,732 kg. It eaagyht at 56 of the 97 trawl stations
sampled throughout the research cruise (Figure Bajches ranged from 0.23 to 223 kg.
Among the 56 stations, 36 yielded >10 kg and tkw&@0 kg. Densities ranged from 1.07 to
1,046 kg-km? (CPUE ranged 0.23-223 kg#h Common hake was observed to the west of
60°W and to the north of 51°S, an area where hakéfstorically been observed at this time
of the year. The number of fish sampled for lerfgtiquency was 2,508 (2,105 females, 401
males and two unsexed), 160 were taken for otahthuding one non-randomly chosen
individual. Total length was 28 and 38 cm for twoeseaxed individuals, respectively, and
ranged from 23 to 75 cm for females and from 25%@ocm for males (Figure 5C). Two
cohorts can be distinguished on the length frequérstogram (Figure 5C). The first one
most likely consists of three—year old animals. Dileer cohorts most likely overlap each
other, but a clear second cohort can be seen at4@igure 5C). Females were observed
immature (0.2%), resting (34%), early developing%®, late developing (0.1%), spent (1%),
and recovering spent (6%) (Figure 5B). Males wenenature (0.2%), resting (29%), early
developing (1%), late developing (0.2%), ripe (0)2%unning (0.2%), spent (65%), and
recovering spent (4%) (Figure 5B).
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Figure 5: Biological data of Merluccius hubbsi (common hake; HAK), map of the
densities in kg-kmi? (A), percentage of specimens of each sex per matyrstage (B; |,

immature; Il, resting; lll, early developing; IV, | ate developing; V, ripe; VI, running;

VII, spent; VIII, recovering spent), and length frequency (in percentage of the total
sample assessed) of each sex with 1 cm size cl@€ 2,508).
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3.2.5 Genypterus blacodes - kingclip — KIN (Figure 6)

The total catch of kingclip was 3,351 kg. It wasiglat at 81 of the 97 trawl stations sampled
throughout the research cruise (Figure 6A). Catcarged from 0.44 to 389 kg. Among the
81 stations, 54 yielded >10 kg and nine >100 kqudixees ranged from 2.11 to 1,667 kg-km
% (CPUE ranged 0.44-389 kg'h Highest densities were observed in three diffeszeas of
the survey zone, one in the north along the bobatveen the FICZ and the FOCZ where
high densities of kingclip are usually observed] amo were in the west and exhibited lower
densities (Figure 6A). The number of fish sampled length frequency was 2,871 (one
juvenile, 1,623 females, 1,245 males and two urdeX@81 were taken for otolith (all of
them were randomly sampled). Total length was 23amthe juvenile, and ranged from 27
to 134 cm for females and from 25 to 125 cm foresdFigure 6C). One cohort can be seen
on the histogram and the others are difficult teniify due to overlap (Figure 6C). Females
were observed immature (4%), resting (76%), eaglyetbping (14%), late developing (4%),
ripe (1%), spent (0.1%) and recovering spent (0.2P4Qure 6B). Males were immature
(14%), resting (72%), early developing (11%), ldeveloping (3%), and recovering spent
(0.1%) (Figure 6B).
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Figure 6: Biological data ofGenypterus blacode&ingclip; KIN), map of the densities in
kg-km™ (A), percentage of specimens of each sex per matyrstage (B; I, immature; Il
resting; Ill, early developing; 1V, late developing V, ripe; VI, running; VI, spent; VIII,
recovering spent), and length frequency (in perceage of the total sample assessed) of
each sex with 1 cm size class (C; n= 2,871).
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3.2.6 Patagonotothen ramsayi — common rock cod — PAR (Figure 7)

The total catch of common rock cod was 11,383 kgas the only species caught at all 97
trawl stations sampled throughout the researcrser(iigure 7A). Catches ranged from 0.09
to 2,035 kg. Among the 97 stations, 81 yielded k@024 >100 kg and three >1 t. Densities
ranged from 0.56 to 8,753 kg-KA(CPUE ranged 0.09-2,035 kg+h Highest densities were
observed to the north of East Falkland where ydiisig are generally sampled and to the
northwest of West Falkland where bigger fish awenfb (Figure 7A). The latter is where the
bulk of the commercial exploitation occurred betwe&®07 and 2014. The number of fish
sampled for length frequency was 9,834 (ten juesni#t,875 females, 4,927 males, and 22
unsexed), 12 were sampled for length—weight, ar®&féi7otolith including 39 taken as non—
random samples. Total length ranged from five te@hXor juveniles, from nine to 39 cm for
females, and from ten to 38 cm for males (Figurg. A@e histogram exhibits two different
cohorts with modes at 14 and 20 cm, respectivaedyadles were observed immature (17%),
resting (80%), early developing (1%), ripe (0.1%pent (0.6%), and recovering spent (1%)
(Figure 7B). Males were immature (21%), resting®jB8and early developing (1%) (Figure
7B).

B
100 —
B Females
Males
~ 80 —
@ £ 60
© )
=} v =
3 \ (5}
= '. =
] 2 40
1 [V
20
' [ g ] I == | [
-64 -62 -60 -58 -56 -54 | 1] 1l [\ A4 VI VIE VI
Longitude (W) Maturity stage
C
M Undetermined
|1 Juveniles
10 W Females

[ Males

Frequency (%)
[a2]

10 20 30 40

Total Length (cm)

Figure 7: Biological data for Patagonotothen ramsayicommon rock cod; PAR), map of
the densities in kg-km? (A), percentage of specimens of each sex per maityrstage (B;
I, 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 assessed) of each sex with 1 cm size cl&$£9,834).
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3.2.7 Merluccius australis — Patagonian hake — PAT (Figure 8)

The total catch of Patagonian hake was 268 kg.ak waught at 20 of the 97 trawl stations
sampled throughout the research cruise (Figure 8ajches ranged from 0.89 to 34.2 kg.
Among the 20 stations, nine yielded >10 kg. Deesitianged from 4.09 to 185 kg-Km
(CPUE ranged 0.89-34.2 kgh Almost all the stations where Patagonian hakeewe
observed were in the southwest of the survey zetgden the 200 m isobath and the border
between the FICZ and Argentine waters (Figure 8R)is area is in deep waters where
Patagonian hake are the most abundant. Patagoakenwas also sampled at one station to
the north of West Falkland in waters shallower tB806 m (Figure 8A). The number of fish
sampled was 79 (78 females and a single male) toiidhe were taken from all of them.
Total length ranged from 54 to 98 cm for femaled aas 83 cm for the lone male (Figure
8C). The small number of fish and the large sizegeadid not enable us to identify cohorts
on the length frequency histogram. Females wererabd resting (33%), early developing
(38%), late developing (28%) and recovering spé#t)((Figure 8B). The male was late
developing (Figure 8B).
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Figure 8: Biological data of Merluccius australis (Patagonian hake; PAT), map of the
densities in kg-km? (A), percentage of specimens of each sex per matyrstage (B; |,
immature; Il, resting; Ill, early developing; IV, | ate developing; V, ripe; VI, running;
VII, spent; VIII, recovering spent), and length frequency (in percentage of the total
sample assessed) of each sex with 1 cm size cl&€ 79).
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3.2.8 Dissostichus eleginoides — Patagonian toothfish — TOO (Figure 9)

The total catch of Patagonian toothfish was 1,3§9lkwas caught at 77 of the 97 trawl
stations sampled throughout the research cruisgu@i9A). Catches ranged from 0.36 to
198 kg. Among the 77 stations, 28 yielded >10 kd #mee yielded >100 kg. Densities
ranged from 1.71 to 902 kg-KM(CPUE ranged 0.36-198 kg'h Highest densities were
observed in the southwest of the survey zone, edjyeat stations sampled for the first time
in 2018 (Figure 9A). A high density station wasoatsbserved to the south of the Jason
Islands and consisted of young toothfish. The nunabdish sampled for length frequency
was 1,123 (657 females, 460 males, and six unseX&dyvere sampled for length—weight
and 533 for otoliths; all of them taken as rand@mgles. Total length ranged from 24 to 82
cm for females and from 23 to 70 cm for males (Feg@C). The first cohort is easily
identifiable on the length frequency histogram withmode at 30 cm (Figure 9C). Two other
cohorts might appear with modes at 49 and 57 cmabaidifficult to identify (Figure 9C).
Females were observed immature (36%), and res®d§o) (Figure 9B). Males were
immature (44%), resting (55%), and early develofit¥) (Figure 9B).

B

100

B Females
Males

60

Latitude (S}

40

Frequency (%)

20

I d 0 I I I I I I
-56 -54 1] I L \ VI VIl VI

Longitude (W) Maturity stage

l Undetermined
|| Juveniles

M Females
71 Males
—_ 6
=
[y
=
g
o 4 -
@
i
2 —
0 - —
I I I I
20 30 40 50 60 70 80

Total Length (cm)

Figure 9: Biological data of Dissostichus eleginoidegtoothfish; TOO), map of the
densities in kg-km? (A), percentage of specimens of each sex per matyrstage (B; |,
immature; Il, resting; Ill, early developing; IV, | ate developing; V, ripe; VI, running;
VII, spent; VIII, recovering spent), and length frequency (in percentage of the total
sample assessed) of each sex with 1 cm size cl&$€1,123).
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3.2.9 Macruronus magellanicus — hoki — WHI (Figure 10)

The total catch of hoki was 29,335 kg. It was caugh75 of the 97 stations sampled
throughout the research cruise (Figure 10A). Catchaged from 0.2 to 4,663 kg. Among
the 75 stations, 31 yielded >10 kg, 24 >100 kg, @gtit >1 t. Densities ranged from 0.96 to
21,245 kg-km? (CPUE ranged 0.2—-4,663 kg'h Highest densities were observed in the
southwest of the survey area to the south of 5Ef@i(e 10A). This area is characterised by
deeper waters and it is the fishing grounds whea s generally targeted. One station
exhibited a high density in the northwest (FiguBAL The number of fish sampled for
length frequency was 2,970 (1,778 females and 1rh8s), 223 were taken for otoliths
including 68 non-randomly. Pre-anal length rangethf14 to 41 cm for females and from
13 to 37 cm for males (Figure 10C). The length detpy histogram exhibits two well
identified cohorts with modes at 19 cm and 28 cnguyfe 10C). Females were observed
immature (1%), resting (97%), early developing (1%nd recovering spent (1%) (Figure
10B). Males were immature (6%), resting (92%), yeakbveloping (2%), and recovering
spent (0.1%) (Figure 10B).
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Figure 10: Biological data of Macruronus magellanicus (hoki; WHI), map of the
densities in kg-km? (A), percentage of specimens of each sex per matyrstage (B; |,
immature; Il, resting; Ill, early developing; IV, | ate developing; V, ripe; VI, running;
VII, spent; VIII, recovering spent), and length frequency (in percentage of the total
sample assessed) of each sex with 1 cm size cl&a ¢ 2,970).
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3.2.10 Stromateus brasiliensis  — butterfish — BUT (Figure 11)

The total catch of butterfish was 169 kg. It wasgta at 21 of the 97 trawl stations sampled
throughout the research cruise (Figure 11A). Catchaged from 0.67 to 23.2 kg. Among
the 21 stations, six yielded >10 kg. Densities eshfjom 3.57 to 114 kg-km (CPUE ranged
0.67—23.2 kg-i"). Butterfish was caught to the northwest of Wealkland along the border
between the FICZ and Argentine waters (Figure 1TAg number of fish sampled for length
frequency was 319 (298 females and 21 males), wene sampled for otoliths or for length—
weight. Total length ranged from 12 to 38 cm famédes and from 25 to 34 cm for males
(Figure 11C). The histogram exhibited possibly wterent cohorts with modes 28 cm and
31 cm (Figure 11C). However, if there were two athohe overlap between them did not
ease their discrimination. Females were observedaiture (0.3%), early developing (89%)
and late developing (10%) (Figure 11B). Males westing (5%), early developing (48%)
and late developing (48%) (Figure 11B).
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Figure 11: Biological data of Stromateus brasiliensigbutterfish; BUT), map of the

densities in kg-km? (A), percentage of specimens of each sex per matyrstage (B; |,

immature; Il, resting; lll, early developing; IV, | ate developing; V, ripe; VI, running;

VII, spent; VIII, recovering spent), and length frequency (in percentage of the total
sample assessed) of each sex with 1 cm size cl@n¢ 319).
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3.2.11 Cottoperca gobio — frogmouth — CGO (Figure 12)

The total catch of frogmouth was 255 kg. It wasgtdiat 58 of the 97 trawl stations sampled
throughout the research cruise (Figure 12A). Catchaged from 0.05 to 26 kg. Among the
58 stations, seven yielded >10 kg. Densities rarfiged 0.23 to 123 kg-kaf (CPUE ranged
0.05-26 kg-h'). Frogmouth was observed to the west of 60°W piilnan waters shallower
than 200 m (Figure 12A). The number of fish samgtadlength frequency was 618 (300
females, 289 males, and 29 unsexed), 29 were sdrfgrléength—weight and kept alive in a
tank in the framework of the projecEVolution of microRNA regulation of gene expression
in Antarctic and Sub-Antarctic notothenioid fisiotal length ranged from 18 to 48 cm for
unsexed, from eight to 50 cm for females, and feaght to 58 cm for males (Figure 12C).
The histogram exhibited a series of modes but ¢sheere not discernible (Figure 12C).
Females were observed immature (9%), resting (468&)ly developing (37%), late
developing (7%), ripe (0.3%), spent (0.3%), anavecing spent (0.3%) (Figure 12B). Males
were immature (30%), resting (67%), and early deyel (3%) (Figure 12B).
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Figure 12: Biological data ofCottoperca gobidfrogmouth; CGO), map of the densities
in kg-km™ (A), percentage of specimens of each sex per maityrstage (B; |, immature;
I, resting; Ill, early developing; IV, late developing; V, ripe; VI, running; VII, spent;
VIII, recovering spent), and length frequency (in rcentage of the total sample
assessed) of each sex with 1 cm size class (C; h8)6
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3.2.12 Champsocephalus esox - icefish — CHE (Figure 13)

The total catch of icefish was 129 kg. It was cdughsix of the 97 trawl stations sampled
throughout the research cruise (Figure 13A). Catchaged from 0.18 to 64.6 kg. Among
the six stations, two yielded >10 kg. Densitiesgesth from 0.84 to 311 kg-kr (CPUE
ranged 0.18-64.6 kgH). Icefish were observed to the west and the sceshwef West
Falkland in shallow waters and highest densitiesewabserved to the south of the Jason
Islands (Figure 13A). The number of fish sampled length frequency was 396 (234
females, 157 males, and five unsexed), 141 wergleanfor length—weight, one was taken
for otoliths and non-randomly chosen. Total lengthged from 28 to 32 cm for unsexed
individuals, from 13 to 37 cm for females, and frarhto 34 cm for males (Figure 13C). The
histogram exhibited one cohort with a mode at 30(Emgure 13C). Specimens of 13, 14 and
20 cm also appeared in the sample and could beairigro other cohorts, however the
number of specimens does not enable us to idetitéyn (Figure 13C). Females were
observed immature (0.4%), resting (85%), early threg (1%), spent (1%), and recovering
spent (12%) (Figure 13B). Males were resting (94&6)Jd recovering spent (6%) (Figure
13B).

A B
" = 100
- ‘ | B Females
nunﬁo_nc:‘ Emm-'} ; . Males
49 — g L o~ 80
-50 —_
@ £ 60
© &
5 : ' g 40
55 - '.‘ I.'I L
53 : 20
I | ‘ I ’ o - = I [ [
-64 -62 -60 -58 -56 -54 1] 1l [\ A4 VI VIE VI
Longitude (W) Maturity stage
C
B Undetermined
25 |1 Juveniles
Il Females
[ Males
20
=
15 7
=
@
3
T
&S 10
5 —
0 S —_ —_— —
I I [ I
10 15 20 25 30 35 40

Total Length (cm)

Figure 13: Biological data ofChampsocephalus esdicefish; CHE), map of the densities
in kg-km™ (A), percentage of specimens of each sex per maityrstage (B; |, immature;
I, resting; Ill, early developing; IV, late developing; V, ripe; VI, running; VII, spent;
VIII, recovering spent), and length frequency (in prcentage of the total sample
assessed) of each sex with 1 cm size class (C; 86)3
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3.2.13 Coelorinchus kaiyomaru — Campbell whiptail — COK (Figure 14)

The total catch of Campbell whiptail was 2.09 kgwias caught at two of the 97 trawl
stations sampled throughout the research cruiggi(@il4A). Catches were 0.23 and 2.67 kg,
respectively. Densities were 1.45 and 13.8 kg(EPUE were 0.24-2.67 kg$. The two
stations where this species was sampled were thestations at the southern end of the
survey area (Figure 14A). The number of fish sachgla length frequency was 30 (23
females and seven males), all of them had theirtletoextracted. Pre—anal length ranged
from five to 11 cm for females and from six to niom for males (Figure 14C). The
histogram exhibited a single cohort with a modeeight cm (Figure 14C). Females were
observed immature (4%), resting (48%), early dgselp (17%), and recovering spent (31%)
(Figure 14B). Males were resting (43%), spent (43&6d recovering spent (14%) (Figure
14B).

A B
s —_— 100 —
B Females
_-?n;{rf;o&[m-w_\ ." ., N Males
49 — it B} ~ 80 —
-50 -
@ £ 60
S .51 ; _— g
% | e };H?g;;; I & —
T ! RN A ! £
: =., R e
53 T e 20
I;F \“\ P . I
54 _
[ | [ 0 = [ [ [
-64 -62 -60 -58 -56 -54 | I I A% \ Vi VIE VI
Longitude (W) Maturity stage
C
l Undetermined
|| Juveniles
M Females
30 71 Males
=
& 20
=
@
=3
(=
o
[T
10
0
I I I [
4 4] 8 10 12

Pre-Anal Length (cm)

Figure 14: Biological data ofCoelorinchus kaiyomaru(Campbell whiptail; COK), map
of the densities in kg-km? (A), percentage of specimens of each sex per matyrstage
(B; I, immature; Il, resting; Ill, early developing ; IV, late developing; V, ripe; VI,
running; VII, spent; VIII, recovering spent), and | ength frequency (in percentage of the
total sample assessed) of each sex with 1 cm silesg (C; n=30).
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3.2.14 Congiopodus peruvianus — Pigfish — COP (Figu re 15)

The total catch of pigfish was 33.4 kg. It was daugt 13 of the 97 trawl stations sampled
throughout the research cruise (Figure 15A). Catchaged from 0.45 to 5.23 kg. Among
the 13 stations, ten yielded >1 kg and one >5 lendiies ranged from 2.13 to 24.6 kg¥m
(CPUE ranged 0.45-5.23 kg'h Highest densities were observed in the northwéghe
FICZ along the border between the FICZ and Argentuaters. The number of fish sampled
for length frequency was 89 (28 females and 61 spaleone were sampled for length—
weight data or for otolith collection. Total lengtanged from 23 to 39 cm for females and
from 22 to 35 cm for males (Figure 15C). The hishog exhibits potentially two cohorts
(modes at 24 and 27 cm) (Figure 15C). However,tduge low number of fish, cohorts are
not distinctly discernible (Figure 15C). Femalesravebserved early developing (4%), late
developing (14%), ripe (82%) (Figure 15B). Malesreveesting (2%), early developing
(48%), and late developing (51%) (Figure 15B).
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Figure 15: Biological data of Congiopodus peruvianugPigfish; COP), map of the
densities in kg-km? (A), percentage of specimens of each sex per matyrstage (B; |,

immature; Il, resting; lll, early developing; IV, | ate developing; V, ripe; VI, running;

VII, spent; VIII, recovering spent), and length frequency (in percentage of the total
sample assessed) of each sex with 1 cm size cl& € 89).
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3.2.15 Cottunculus granulosus - fathead — COT (Figure 16)

The total catch of fathead was 15.2 kg. It was baag) 14 of the 97 trawl stations sampled
throughout the research cruise (Figure 16A). Catchaged from 0.01 to 7.45 kg. Among
the 14 stations, three yielded >1 kg, and one >5De@nsities ranged from 0.05 to 34.8
kg-km™ (CPUE ranged 0.01-7.45 kg*h Highest densities were observed in the nortinef
FICZ, in the north of the FOCZ, and to the soutWst Falkland (Figure 16A). Most of the
stations where this species was observed weredpedaevaters (> 200 m). The number of
fish sampled for length frequency was 81 (34 fesialed 47 males), no length—weight data
were recorded nor otoliths extracted for this speciotal length ranged from ten to 28 cm
for both sexes (Figure 16C). The histogram exhibaé least two modes at 18 and 25 cm
most likely representing two separate cohorts (f€dgL6C). Other cohorts were difficult to
discern due to the low number of fish sampled (Fegu6C). Females were observed
immature (15%), early developing (3%), late devielgp6%), ripe (6%), spent (65%) and
recovering spent (6%) (Figure 16B). Males were inure (38%), resting (13%), early
developing (4%), spent (23%) and recovering sp&t) (Figure 16B).
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Figure 16: Biological data of Cottunculus granulosus(fathead; COT), map of the
densities in kg-km? (A), percentage of specimens of each sex per matyrstage (B; |,
immature; Il, resting; Ill, early developing; IV, | ate developing; V, ripe; VI, running;
VII, spent; VIII, recovering spent), and length frequency (in percentage of the total
sample assessed) of each sex with 1 cm size cl&¢€ 81).
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3.2.16 Coelorinchus fasciatus — banded whiptail grenadier — GRF (Figure 17)

The total catch of banded whiptail grenadier w&%4 kg. It was caught at 29 of the 97 trawl
stations sampled throughout the research cruiggi(@il7A). Catches ranged from 2.88 to
642 kg. Among the 29 stations, 26 yielded >10 kd 28 >100 kg. Densities ranged from
12.8 to 3,216 kg-kaf (CPUE ranged 2.88-642 kg Highest densities were observed in
the southwest of the survey zone between the 2B®Ibath and the border between the FICZ
and Argentine waters at stations deeper than 20(Figure 17A). The number of fish
sampled for length frequency was 2,610 (1,502 femal,102 males, and six unsexed), 91
were sampled for otolith including 12 non—-randorsglected. Pre—anal length ranged from
nine to 11 cm for unsexed individuals, from threeld4 cm for females and from four to 12
cm for males (Figure 17C). The histogram exhibigedingle cohort (mode at nine cm)
(Figure 17C). Females were observed immature (i€sding (46%), early developing (36%),
late developing (5%), ripe (1%), spent (1%), arabvering spent (10%) (Figure 17B). Males
were immature (1%), resting (98.6%), early deveigp{0.3%), and spent (0.1%) (Figure
17B).
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Figure 17: Biological data ofCoelorinchus fasciatugbanded whiptail grenadier; GRF),
map of the densities in kg-knf (A), percentage of specimens of each sex per maityr
stage (B; I, immature; Il, resting; Ill, early developing; IV, late developing; V, ripe; VI,
running; VII, spent; VIII, recovering spent), and | ength frequency (in percentage of the
total sample assessed) of each sex with 1 cm silesg (C; n= 2,610).
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3.2.17 Gymnoscopelus nicholsi  — Nichol’'s lanternfish — GYN (Figure 18)

The total catch of Nichol's lanternfish was 35.6 Kgwas caught at five of the 97 stations
sampled throughout the research cruise (Figure .18&jches ranged from 0.03 to 35.21 kg.
Among the 5 stations, a single station yielded gl Rensities ranged from 0.16 to 157
kg-km™ (CPUE ranged 0.03-35.2 kg*h Highest densities were observed in the nortinef
FOCZ at one station (Figure 18A). The number df 8ampled for length frequency was 100
and none of the sampled fish were sexed. Totattheragnged from 13 to 17 cm (Figure 18C).
The histogram exhibited a single cohort (mode atr (Figure 18C).

A B
i ——— 100 —
) ‘ B Females
Males
49 - | 4 < 80 —|
-50 —_
@ _ £ a0
= -51 i R [
3 .- N e :
— : ¥ b%;'h . P . z 40
52 4 ‘a‘;’ﬁiﬁ’-
53 o : 20
N \'\\ ~
54 lT R
[ | ' [ 0 [ [ [ [ [ [
-64 -62 -60 -58 -56 -54 I I A% \ Vi VIE VI
Longitude (W) Maturity stage
C
40 W Undetermined
|| Juveniles
M Females
[1 Males
30 —
£
S
o 20
=0
o
[
i
10 4

12 14 16 18

Total Length (cm)

Figure 18: Biological data ofGymnoscopelus nicholgiNichol’s lanternfish; GYN), map
of the densities in kg-km?® (A), percentage of specimens of each sex per matyrstage
(B; I, immature; Il, resting; lll, early developing ; IV, late developing; V, ripe; VI,
running; VII, spent; VIII, recovering spent) and length frequency (in percentage of the
total sample assessed) of each sex with 1 cm sitess (C; n= 100).
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3.2.18 Patagolycus melastomus — Black—mouthed eelpout — PAU (Figure 19)

The total catch of black—mouthed eelpout was 117Itkgzas caught at 30 of the 97 trawl

stations sampled throughout the research cruigi@il9A). Catches ranged from 0.05 to
38.9 kg. Among the 30 stations, 11 yielded >10 kd tree >10 kg. Densities ranged from
0.22 to 185 kg-krif (CPUE ranged 0.05-38.9 kg*h Highest densities were observed in the
north and south of the survey area in waters ap de€200 m (Figure 19A). The number of
fish sampled for length frequency was 93 (52 fesalled 41 males), and six fish randomly
sampled had their otoliths extracted. Total lermgiihged from 12 to 37 cm for females and
from 26 to 38 cm for males (Figure 19C). The lerfgdgiuency histogram exhibited one clear
cohort (mode at 27 cm) and potentially two othdr@Zaand 32 cm (Figure 19C). Females
were observed immature (2%), early developing (11%G@ developing (64%), ripe (19%)

and spent (4%) (Figure 19B). Males were restingdh®nd early developing (42%) (Figure

19B).
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Figure 19: Biological data of Patagolycus melastomugeelpout; PAU), map of the
densities in kg-km? (A), percentage of specimens of each sex per matyrstage (B; |,

immature; Il, resting; lll, early developing; IV, | ate developing; V, ripe; VI, running;

VII, spent; VIII, recovering spent), and length frequency (in percentage of the total
sample assessed) of each sex with 1 cm size cl&¢€ 93).
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3.2.19 Physiculus marginatus — dwarf codling — PYM (Figure 20)

The total catch of dwarf codling was 807 kg. It wamsught at 23 of the 97 trawl stations

sampled throughout the research cruise (Figure .2CA)ches ranged from 0.03 to 146 kg.
Among the 23 stations, 13 yielded >10 kg, and t&060>kg. Densities ranged from 0.15 to

782 kg-km? (CPUE ranged 0.03-146 kg'h Highest densities were observed in deep
waters either in the north of the FOCZ or in thatemf the FICZ (Figure 20A). The number

of fish sampled for length frequency was 2,175 node of them were sexed. Total length
ranged from 11 to 23 cm (Figure 20C). The histogexmibited one cohort (mode at 17 cm)

(Figure 20C).
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Figure 20: Biological data ofPhysiculus marginatugdwarf codling; PYM), map of the

densities in kg-km? (A), percentage of specimens of each sex per matyrstage (B; |,

immature; Il, resting; Ill, early developing; IV, | ate developing; V, ripe; VI, running;

VII, spent; VIII, recovering spent), and length frequency (in percentage of the total
sample assessed) of each sex with 1 cm size cl&a ¢ 2,175).

33



3.2.20 Sebastes oculatus - redfish — RED (Figure 21)

The total catch of redfish was 16.1 kg. It was ¢aw@ag seven of the 97 trawl stations sampled
throughout the research cruise (Figure 21A). Catchaged from 0.39 to 5.45 kg. Among
the seven stations, five yielded >1 kg, and one&kg5Densities ranged from 1.78 to 28.2
kg-km™ (CPUE ranged 0.39-5.45 kg"h Highest densities were observed to the north and
to the northwest of West Falkland (Figure 21A). Tinanber of fish sampled for length
frequency was 33 (19 females and 14 males), aridri@oliths. Total length ranged from 26
to 38 cm for females and from 16 to 38 cm for m@kegure 21C). Due to the low number of
fish in the sample it was difficult to identify cofis on the length frequency histogram.
Females were observed resting (16%), early devalo(h%), late developing (11%), ripe
(16%), running (5%) and recovering spent (47%) Feg21B). Males were immature (7%),
resting (64%), early developing (14%), late develgpand recovering spent (14%) (Figure
21B).
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Figure 21: Biological data ofSebastes oculatugedfish; RED), map of the densities in
kg-km™ (A), percentage of specimens of each sex per matyrstage (B; I, immature; Il
resting; Ill, early developing; 1V, late developing V, ripe; VI, running; VII, spent; VIII,
recovering spent), and length frequency (in perceage of the total sample assessed) of
each sex with 1 cm size class (C; n= 33).
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3.2.21 Sprattus fuegensis — Falkland herring — SAR (Figure 22)

The total catch of Falkland herring was 208 kgvdis caught at eight of the 97 trawl stations
sampled throughout the research cruise (Figure .2€A)ches ranged from 0.01 to 201 kg.
Among the eight stations, two yielded > 6 kg and gielded >200 kg. Densities ranged from
0.04 to 954 kg-kif (CPUE ranged 0.01-201 kg Stations with presence of Falkland

herring were observed to the northwest of the Viasitland and two inshore stations to the
south of the Jason Islands exhibited the highessitdes (Figure 22A). The number of fish

sampled for length frequency was 206 (110 fematelsS® males) and no length—weight data
were collected nor were any otoliths extractedall@ngth ranged from 15 to 22 cm for both
sexes (Figure 22C). The histogram exhibited a sictgar cohort with a mode at 20 cm and
two specimens of 15 cm might have belonged to amnatbhort (Figure 22C). Females were
observed resting (82%), early developing (14%¥k @veloping (4%) (Figure 22B). Males

were all resting (Figure 22B).
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Figure 22: Biological data of Sprattus fuegensigFalkland herring; SAR), map of the
densities in kg-kmi? (A), percentage of specimens of each sex per matyrstage (B; I,
immature; Il, resting; lll, early developing; IV, | ate developing; V, ripe; VI, running;
VII, spent; VIII, recovering spent), and length frequency (in percentage of the total
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3.3 Biological information of squids

3.3.1 lllex argentinus — Argentine shortfin squid — ILL (Figure 23)

The total catch of Argentine shortfin squid was6®d, kg. It was caught at 68 of the 97 trawl
stations sampled throughout the research cruigpi@i23A). Catches ranged from 0.02 to
1,905 kg. Among the 68 stations, 44 yielded >1028),>100 kg, and two >1 t. Densities
ranged from 0.09 to 8,662 kg-KM(CPUE ranged 0.02—1905 kg Highest densities were
observed in the northwest of the survey zone, ésibeto the west of 60°W and to the north
of 51°30’S (Figure 23A). Argentine shortfin squidasvcaught in small quantities at many
other stations to the south and to the east opéneneter outlined above (Figure 23A). The
number of squid sampled for length frequency w844} (three juveniles, 3,238 females, and
1,603 males), 141 were sampled for length—weigh?, fbr statoliths (including four non—
randomly selected individuals). Dorsal mantle l&sgtanged from 8.5 to 10 cm for juveniles,
from 8 to 29 cm for females, and from 8.5 to 27 fommales (Figure 23C). The histogram
exhibited two different cohorts with modes at 11 a&nad 23-24 cm (Figure 23C). The smaller
cohort was also observed in 2016 and 2017 (Grak,e2016; 2017). Females were observed
young (6%), immature (75%), preparatory (13%), matu(2%), and mature (4%) (Figure
23B). Males were young (8%), immature (3 %), prapay (6%), maturing (17%), and
mature (66 %) (Figure 23B).
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Figure 23: 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;
[, young; Il, immature; Ill, preparatory; IV, matur ing; V, mature; VI, spent), and
dorsal mantle length frequency (in percentage of th total sample assessed) of each sex
with 0.5 cm size class (C; n= 4,844).
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3.3.2 Moroteuthis ingens — greater hooked squid — ING (Figure 24)

The total catch of greater hooked squid was 397ltkgias caught at 50 of the 97 trawl
stations sampled throughout the research cruiggi(@i24A). Catches ranged from 0.24 to
118 kg. Among the 50 stations, eight yielded >1Ghkd one >100 kg. Densities ranged from
1.11 to 570 kg-kif (CPUE ranged 0.24-118 kg Greater hooked squid were caught
almost throughout the research cruise. However dnigiensities of this species were
observed to the north of East Falkland and to ththsof West Falkland (Figure 24A). In the
south, the species was caught at deep water stdfien deeper than 200 m) (Figure 24A).
The number of squid sampled for length frequency Wa8 (one juvenile, three unsexed, 398
females and 306 males), two taken from the randampte were sampled for statoliths.
Dorsal mantle length was 13.5 cm for the juvend@ged from 19.5 to 22 cm for the unsexed
individuals, from 13 to 36.5 cm for females, anohfir9.5 to 34.5 cm for males (Figure 24C).
It is difficult to identify cohorts on the histogres and length—at—age should rather be derived
from statoliths. The smaller cohort was also obsgmn 2016 and 2017 (Gras et al., 2016;
2017). Females were observed young (6%), immatiB@o), preparatory (13%), maturing
(2%) and mature (4%) (Figure 24B). Males were yo(8f), immature (3%), preparatory
(6%), maturing (17%) and mature (66 %) (Figure 24B)

A B
8 —— 100
‘ M Females
B Males
-49 1 T - ~ 80
-50 —
2} £ 60
© S &
5 -5 P ey ®
= : C R, Sy : =
L. > & T
S22 T m;wgéﬁ)
53 : 20
N
s |1 : L
| [ [ 0 | | [
-64 -62 -60 -58 -56 -54 | Il i % \ Vv I
Longitude (W) Maturity stage
C
B Undetermined
5 |1 Juveniles
B Females
1 Males
4 —
£
g 3
—
@
3
cr
@
i 2
1
0 | " L
I I
10 15 20 25 30 35

Dorsal Mantle Length (cm)

Figure 24: Biological data oflllex argentinus (greater hooked squid; ILL), map of the
densities in kg-km? (A), percentage of specimens of each sex per matyrstage (B; |,
young; I, immature; Ill, preparatory; 1V, maturing ; V, mature; VI, spent), and dorsal
mantle length frequency (in percentage of the totadample assessed) of each sex with 0.5
cm size class (C; n= 708).
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3.3.3 Doryteuthis gahi (former Loligo gahi ) — Falkland calamari — LOL (Figure

25)
The total catch of Falkland calamari was 968 kgvds caught at 90 of the 97 trawl stations
sampled throughout the research cruise (Figure 26A)ches ranged from 0.02 to 76.9 kg.
Among the 90 stations, 31 yielded >10 kg and tw0 k&. Densities ranged from 0.12 to 378
kg-km™2. (CPUE ranged 0.02 — 76.9 kgh Falkland calamari was caught almost throughout
the survey and densities were not that variable/den stations given that during this year’s
survey we did not sample any station in tidigo box (Figure 25A). The number of squid
sampled for dorsal mantle length frequency was (8&ht juveniles, 3,974 females, 3,517
males, and 21 unsexed), 281 were sampled for lemglight and 351 for statoliths
(including three non—randomly selected individual®)rsal mantle length ranged from 5.5 to
8 cm for juveniles, from 4 to 17.5 cm for femalésm 3.5 to 21.5 cm for males, and from
4.5 to 11 for unsexed individuals (Figure 25C). @ohort appeared on the length frequency
histogram (mode at 7.5 cm) (Figure 25C). Femalese weung (35%), immature (62%),
preparatory (2%), maturing (0.5%), and mature (Q.%Fgure 25B). Males were young
(42%), immature (48 %), preparatory (6%), matu @), and mature (2%) (Figure 25B).
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Figure 25: Biological data of Doryteuthis gahi(Falkland calamari; LOL), map of the
densities in kg-km? (A), percentage of specimens of each sex per matyrstage (B; |,
young; I, immature; Ill, preparatory; 1V, maturing ; V, mature; VI, spent), and dorsal
mantle length frequency (in percentage of the totabample assessed) of each sex with
0.5 cm size class (C; n= 7,520).
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3.4 Biological information of skates

3.4.1 Bathyraja albomaculata — white spotted skate — RAL (Figure 26)

The total catch of white spotted skate was 46 kgvas caught at 18 out of the 97 trawl
stations sampled through the research cruise Eig@6A). Catches ranged from 0.02 to
5.92 kg. Of the 18 stations, three yielded >5 kgnéities ranged from 0.09 to 28.23 kg-m
(CPUE ranged 0.02 to 5.92 kg*h Highest densities were observed in the nortipem of
the survey zone (Figure 26A). The number of skateed for total length, disc—width and
weight was 28 (53.6% male). Disc width ranged ftemto 53 cm for females and from ten
to 45 cm for males (Figure 26C). The histogram leitbia juvenile and an adult cohort.
Females (n = 13) were juvenile (23%), adolesceatunng (23%), adult, developing (15%),
adult, mature (23%), adult, laying (8), and adtdsting (8%) (Figure 26B). Males (n = 15)
were juvenile (7%), adolescent, maturing (20%), ladideveloping (20%), adult, mature
(40%), and adult, running (13%) (Figure 26B).
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Figure 26: Biological data ofBathyraja albomaculatawhite spotted skate, RAL), map of
the densities in kg/km? (A), percentage of specimsrof each sex per maturity stage (B; I,
juvenile; Il, adolescent maturing; 1ll, adult, developing; IV, adult, mature; V, adult
laying/running; VI, adult resting), and length frequency (in percentage of the total
sample assessed) of each sex with 5 cm size cl@E 28).
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3.4.2 Bathyraja brachyurops - blonde skate — RBR (Figure 27)

The total catch of blonde skate was 337 kg. It easght at 61 out of the 97 trawl stations
sampled throughout the research cruise (Figure .2CAjches ranged from 0.02 to 62.76 kg.
Of the 61 stations, 66 yielded >10 kg, and one k§0 Densities ranged from 0.10 to
342.02 kg-km? (CPUE ranged 0.02 to 62.76 kgHr Highest densities were observed in the
NE part of the survey zone (Figure 27A). The nundjeskate sampled for total length, disc—
width and weight was 177 (50.8% males). Disc widdrgged from six to 77 cm for females
and from seven to 67 cm for males (Figure 27C). Misogram exhibits a single clear
juvenile cohort in the 10-14cm size class (Figur€R Females (n = 87) were observed
juvenile (25%), adolescent, maturing (43%), addéyeloping (12%), adult, mature (9%),
adult, laying (1%) and adult, resting (10%) (FigeéB). Males (n = 90) were juvenile
(26%), adolescent, maturing (31%), adult, develgpih4%), adult, mature (22%), adult,
running (7%) (Figure 27B).
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Figure 27: Biological data ofBathyraja brachyurops(blonde skate, RBR), map of the
densities in kg/km?2 (A), percentage of specimens efch sex per maturity stage (B; I,
juvenile; I, adolescent maturing; Ill, adult, developing; IV, adult, mature; V, adult
laying/running; VI, adult resting), and size frequency frequency (in percentage of the
total sample assessed) of each sex with 5 cm silesses (C; n= 177).
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3.4.3 Bathyraja cousseauae - joined—fin skate — RBZ (Figure 28)

The total catch of joined—fin skate was 112 kgw#s caught at nine out of the 97 trawl
stations sampled throughout the research cruiggi(@i28A). Catches ranged from 1.02 to
28.70 kg. Of the nine stations, five yielded >10 Kegnsities ranged from 4.41 to 156.40
kg-km™ (CPUE ranged 1.02 to 28.70 kgHr Highest densities were observed in the
northern, NE, and SW part of the survey zone (H@8A). The number of skate sampled for
total length, disc—width and weight was 24 (54.2%lep Disc width ranged from 27 to 74

cm for females and from 28 to 84 cm for males (FRRBC). Females were juvenile (27%),
adolescent, maturing (27%), adult, developing (378 adult, mature (9%) (Figure 28B).

Males were juvenile (38%), adolescent, maturing )(88dult, developing (23%), and adult,

running (31%) (Figure 28B).
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Figure 28: Biological data ofBathyraja cousseaua@oined—fin skate, RBZ), map of the
densities in kg/km? (A), percentage of specimens efch sex per maturity stage (B; I,
juvenile; I, adolescent maturing; Ill, adult, developing; IV, adult, mature; V, adult
laying/running; VI, adult resting), and length frequency (in percentage of the total
sample assessed) of each sex with 5 cm size cl@nE 24).
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3.4.4 Zearaja argentinensis — Black Skate — RDA (Figure 29)

There was one catch of black skate of 11.3 kg.aks waught at 1 out of the 97 trawl stations
sampled through the research cruise (Figure 298hsily was 61.58 kg-km, and the CPUE
was 11.3 kg-hr'). The single juvenile female specimen caught ftbe\NE part of the survey
was taken back to Stanley for detailed analyses.
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Figure 29: Biological data of Zearaja argentinensis(Black skate, RDA), map of the
densities in kg/km2 (A), percentage of specimens efch sex per maturity stage (B; I,
juvenile; I, adolescent maturing; Ill, adult, developing; IV, adult, mature; V, adult
laying/running; VI, adult resting), and length frequency (in percentage of the total
sample assessed) of each sex with 5 cm size cl&s¢€ 1).
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3.4.5 Amblyraja doellojuradoi  — Starry Skate — RDO (Figure 30)

The total catch of starry skate was three kg. & waught at 11 out of the 97 trawl stations
sampled through the research cruise (Figure 30Ajch@s ranged from 0.01 to 1.06 kg.
Densities ranged from 0.04 to 4.96 kg¥n(CPUE ranged 0.01 to 1.06 kg-Hr Highest
densities were observed in the northern and wegtams of the survey zone in deeper waters
(Figure 30A). The number of skate sampled for tabth, disc—width and weight was 14
(50% female). Disc width ranged from eight to 33 funfemales and from seven to 35 cm
for males (Figure 30C). Females were juvenile (71&dult, mature (14%), and adult, laying
(14%) (Figure 30B). Males were juvenile (86%), aaldlt, mature (14%) (Figure 30B).
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Figure 30: Biological data ofAmblyraja doellojuradoi(Starry skate, RDO), map of the
densities in kg/km2 (A), percentage of specimens efch sex per maturity stage (B; I,
juvenile; I, adolescent maturing; Ill, adult, developing; IV, adult, mature; V, adult
laying/running; VI, adult resting), and length frequency (in percentage of the total
sample assessed) of each sex with 5 cm size cl&s€ 14).
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3.4.6 Zearaja chilensis - yellow nose skate — RFL (Figure 31)

The total catch of yellow nose skate was 361 kgvds caught at 50 out of the 97 trawl
stations sampled throughout the research cruiggi(@i31A). Catches ranged from 0.76 to
48.94 kg. Of the 50 stations, nine yielded >10 Rgnsities ranged from 3.44 to 227.68
kg-km™ (CPUE ranged 0.76 to 48.94 kgdr Highest densities were observed in the NW
part of the survey zone (Figure 31A). The numbeslaite sampled for total length, disc—
width and weight was 114 (80.7% female). Disc widthged from 35 to 84 cm for females
and from 36 to 65 cm for males (Figure 31C). Thstdgram exhibits no clear cohorts.
Females (n = 92) were observed juvenile (14%), esbant, maturing (65%), adult,
developing (20%), and adult, resting (1%) (Figut®B Males (n = 21) were juvenile (9%),
adolescent, maturing (33%), adult, developing (30&ault, mature (9%), adult, running
(19%) (Figure 31B).
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Figure 31: Biological data of Zearaja chilensis(yellow nose skate, RFL), map of the
densities in kg/km2 (A), percentage of specimens efch sex per maturity stage (B; I,
juvenile; I, adolescent maturing; Ill, adult, developing; IV, adult, mature; V, adult
laying/running; VI, adult resting), and length frequency (in percentage of the total
sample assessed) of each sex with 5 cm size cl@n¢ 114).
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3.4.7 Bathyraja griseocauda - grey tailed skate — RGR (Figure 32)

The total catch of grey tailed skate was 814 kgwds caught at 30 out of the 97 trawl
stations sampled through the research cruise Ei@2A). Catches ranged from 0.38 to
114.00 kg. Of the 30 stations, 24 yielded >10 kg ane >100 kg. Densities ranged from
1.73 to 621.26 kg-knf (CPUE ranged 0.38 to 114.00 kgHr Highest densities were

observed in the northern, NE, and SW part of theesuzone (Figure 32A). The number of
skate sampled for total length, disc—width and Wwemas 122 (50.8% male). Disc width

ranged from 15 to 102 cm for females and from 28@ocm for males (Figure 32C). The
histogram exhibits no clear cohorts (Figure 32@mBles (n = 60) were observed juvenile
(43%), adolescent, maturing (27%), adult, develgp{fi%), adult, mature (13%), adult,

laying (3%) and adult, resting (7%) (Figure 32B)alds (n = 62) were juvenile (32%),

adolescent, maturing (18%), adult, developing (1,82ult, mature (11%), and adult, running
(21%) (Figure 32B).
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Figure 32: Biological data ofBathyraja griseocauddgrey tailed skate, RGR), map of the
densities in kg/km? (A), percentage of specimens efch sex per maturity stage (B; I,
juvenile; Il, adolescent maturing; Ill, adult, developing; IV, adult, mature; V, adult
laying/running; VI, adult resting), and length frequency (in percentage of the total
sample assessed) of each sex with 5 cm size cl&nE 122).
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3.4.8 Bathyraja macloviana - Falkland skate — RMC (Figure 33)

The total catch of Falkland skate was 45 kg. It wasght at 28 out of the 97 trawl stations
sampled throughout the research cruise (Figure .3@A)ches ranged from 0.43 to 6.49 kg.
Among the 28 stations, one vyielded >5 kg. Densit@sged from 2.03 to 29.82 kg-km
(CPUE ranged 0.43 to 6.49 kg-Hr Highest densities were observed to the NW ofJteon
Islands (Figure 33A). The number of skate sampbteddtal length, disc—width and weight
was 40 (65% male). Disc width ranged from 14 tocADfor females and from 21 to 39 cm
for males (Figure 33C). Females (n = 14) were juee{T%), adolescent, maturing (14%),
adult, developing (29%), adult, mature (29%), adialying (7%) and adult, resting (14%)
(Figure 33B). Males (n = 26) were juvenile (4%),0ldcent, maturing (23%), adult,
developing (12%), adult, mature (15%), and adulining (46%) (Figure 33B).
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Figure 33: Biological data ofBathyraja macloviana(Falkland skate, RMC), map of the
densities in kg/km? (A), percentage of specimens efch sex per maturity stage (B; I,
juvenile; Il, adolescent maturing; Ill, adult, developing; IV, adult, mature; V, adult
laying/running; VI, adult resting), and length frequency (in percentage of the total
sample assessed) of each sex with 5 cm size cl@€ 40).
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3.4.9 Bathyraja magellanica — Magellanic skate — RMG (Figure 34)
There was one catch of Magellanic skate of 0.3%Fkgure 34A). Density was 1.9 kg-Kf
and the CPUE was 0.35 kgf)r The single juvenile female specimen caught frim
western part of the survey was taken back to Stdoledetailed analyses.
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Figure 34: Biological data ofBathyraja magellanica(Magellanic skate, RMG), map of
the densities in kg/km? (A), percentage of specimsrof each sex per maturity stage (B; I,
juvenile; Il, adolescent maturing; Ill, adult, developing; IV, adult, mature; V, adult
laying/running; VI, adult resting), and length frequency (in percentage of the total
sample assessed) of each sex with 5 cm size cl&€ 1).
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3.4.10 Bathyraja multispinis — multispined skate — RMU (Figure 35)

The total catch of multispined skate was 59 kgvds caught at eight out of the 97 trawl
stations sampled through the research cruise (EigbA). Catches ranged from 2.56 to 29.57
kg. Of the eight stations, one yielded >10 kg. Désranged from 11.24 to 161.16 kg-¥m
(CPUE ranged 2.56 to 29.57 kgr Highest densities were observed in the NE path®
survey zone (Figure 35A). The number of skate sachpbr total length, disc—width and
weight was 11 (63.6% female). Disc width rangeanfi®6 to 85 cm for females and from 48
to 74 cm for males (Figure 35C). Females were ofeskfjuvenile (29%), adolescent,
maturing (29%), adult, developing (29%), and adukiture (14%) (Figure 35B). Males were
adolescent, maturing (75%) and adult, developisgqR(Figure 35B).
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Figure 35: Biological data of Bathyraja multispinis (multispined skate, RMU), map of
the densities in kg/km? (A), percentage of specimesrof each sex per maturity stage (B; I,
juvenile; Il, adolescent maturing; 1ll, adult, developing; IV, adult, mature; V, adult
laying/running; VI, adult resting), and length frequency (in percentage of the total
sample assessed) of each sex with 5 cm size cl&s€ 11).
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3.4.11 Pasmmobatis spp .- Sandray Unidentified — RPX (Figure 36)

The total catch of sandrays was 12 kg. It was chaghl7 out of the 97 trawl stations
sampled through the research cruise (Figure 36Ajch@s ranged from 0.02 to 1.38 kg.
Densities ranged from 0.10 to 6.18 kg¥n(CPUE ranged 0.02 to 1.38 kg-Hr Highest
densities were observed in the NW part of the sum@ne (Figure 36A). The number of
skate sampled for total length, disc—width and Weigas 21 (52.4% female). Disc width
ranged from 14 to 29 cm for females and from si&acm for males (Figure 36C). Females
(n = 11) were observed juvenile (9%), adolescermttunng (27%), adult, developing (9%),
adult, mature (27%), and adult, resting (27%) (Feg86B). Males (n = 10) were juvenile
(30%), adult, developing (30%), adult, mature (20&hd adult, running (20%) (Figure 36B).
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Figure 36: Biological data ofPsammobatis spgSandray Unidentified, RPX), map of the
densities in kg/km? (A), percentage of specimens efch sex per maturity stage (B; I,
juvenile; I, adolescent maturing; 1ll, adult, developing; IV, adult, mature; V, adult
laying/running; VI, adult resting), and length frequency (in percentage of the total
sample assessed) of each sex with 5 cm size cl@€ 21).
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3.4.12 Bathyraja scaphiops - cuphead skate — RSC (Figure 37)

The total catch of cuphead skate was 33 kg. It eeaght at 13 out of the 97 trawl stations
sampled throughout the research cruise (Figure 3CA)ches ranged from 0.96 to 6.63 kg.
Of the 13 stations, one yielded >5 kg. Densit@syed from 4.27 to 30.05 kg-ki(CPUE
ranged 0.96 to 6.63 kgH). Highest densities were observed in the north W parts of
the survey zone (Figure 37A). The number of skateped for total length, disc—width and
weight was 16 (50% female). Disc width ranged frnto 57 cm for females and from 36 to
50 cm for males (Figure 37C). The histogram exhkiprimarily an adult cohort (Figure 37C).
Females (n = 8) were observed adolescent, mat(tf%p), adult, developing (13%), adult,
mature (62%), and adult, resting (13%) (Figure 3Males (n = 8) were juvenile (13%),
adolescent, maturing (62%), adult, and mature (25%)
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Figure 37: Biological data of Bathyraja scaphiops(cuphead skate, RSC), map of the
densities in kg/km2 (A), percentage of specimens efch sex per maturity stage (B; I,
juvenile; I, adolescent maturing; 1ll, adult, developing; IV, adult, mature; V, adult
laying/running; VI, adult resting), and length frequency (in percentage of the total
sample assessed) of each sex with 5 cm size cl&s€ 16).
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3.5 Biomass estimation and cohort analysis

3.5.1 Red cod (Figure 38 and Figure 39)

Red cod observed densities ranged from 0.1 kgfkm 34.5 t-km? (Figure 38B). These
densities were Box—Cox £0.5) transformed and used to plot the semi—vaaiogusing 25
distance classes (Figure 38A). The best variogrardeinwas spherical and reached the sill
(2,037) at a range of 35 km. The average krigeditemas 643 kg-kif and the biomass
estimation was 78,797 t (Figure 38C). The krigeg slaowed one hot spot of red cod in the
FICZ to the west of West Falkland. The hot spotd there observed in previous years were
not seen in 2018. From the temporal perspectiwk,coel biomass increased from 2010 to
2011 (from 103,566 t to 161,707 t) (Figure 38CprRr2011 to 2017 a decreasing trajectory
was observed to 75,979 t (Figure 38C). This deereess non-significant until 2016 and
became significant in 2017. In 2018 a non-signiicencrease of the biomass was seen
(Figure 38C). The abundance followed the samedi@jg as the biomass from 2010 to 2015
and from 2016 to 2017 (Figure 38C). From 2015 tbd&the abundance increased while the
biomass decreased (Figure 38C) a consequence dethnease in the average length of fish
in the stock (Figure 39). The opposite trend waseoked between 2017 and 2018 which
shows that the stock consisted of bigger fish (/@@BC). That could be further observed on
the length frequency histogram (Figure 39).
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(C) and total catch of each survey (D).
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Figure 39: Length frequency histograms of red cod>drapolated to the estimated total
biomass for years 2010-2011 and 2015-2018.
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3.5.2 Southern blue whiting (Figure 40 and Figure 4 1)

Southern blue whiting was caught at a limited numifestations. The observed densities
ranged from 0.04 kg-kmi to 2,017 kg-km? (Figure 40B). Observed densities were used to
plot a semi—variogram after Box—Cox transformatfon0.5) and using 29 distance classes
(Figure 40A). The model that best fitted the datswhe exponential model without any
nugget effect. The variogram was fitted to a maximdistance of 250 km. The model
reached the sill (250) at a range of 115 km (Figi&). The kriged density ranged from 2 to
1,927 kg-km? averaging 103 kg-km (Figure 40B). The biomass estimation for 2018 was
12,647 t (Figure 40C). In 2018, unlike in previogesars, the survey went to the south in
deeper waters where southern blue whiting is mosh@ant. As a result, the hot spot of that
species was found in the southwest of the FICZ rieig®B). Southern blue whiting biomass
decreased from 2010 to 2017 (from 36,512 to 1,974nd rebounded in 2016 (39,051 t)
(Figure 40C). Over the 2010-2017 the survey aréandit cover well the southern blue
whiting stock and conclusions about trend in biosnsisould be interpreted carefully. The
abundance of the stock did not follow the samettayy as the biomass (Figure 40 C) and as
shown by the length frequency, the compositiorhefdtock highly varied from year to year
(Figure 41). This was probably again the conseque@fi@ survey design that did not cover
well the stock prior to 2018.
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Figure 40: Experimental variogram with exponential model fitted (A), kriged map of
southern blue whiting density (B), time series ofstimated biomass and numbers of fish
(with associated 95% confidence intervals) using ghground fish survey conducted from
2010 (C) and total catch of each survey (D).
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Figure 41: Length frequency histograms of southerrblue whiting extrapolated to the
estimated total biomass for years 2010-2011 and Z32018.
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3.5.3 Common Hake (Figure 42 and Figure 43)

Observed densities of common hake ranged from Kg@#n = to 1.046 t-km? (Figure 42B)
and were Box—Cox transformed=0.5). The semi—variogram was plotted with 33 dista
classes and a spherical model with no nugget effgetl to the observed values (Figure
42A). The model reached the sill (302) at 258 kigFe 42A). Kriged densities ranged from
1 to 955 kg-km? and averaged 81.6 kg-ki(Figure 42B). The estimated biomass was 9,997
t (Figure 42C). Over the years that the ground fsiveys have been conducted, hake
biomass first increased from 8,586 t to 20,714o0mfr2010 to 2015 (Figure 42C). After
reaching its maximum in 2015, the biomass followetkcreasing trajectory until 2018 when
it was estimated at 9,996 t (Figure 42C). The |lavbezmass was observed in 2016 (4,798 t)
(Figure 42C). Even if hake is present in Falklaradess in February, it is not the ideal time to
assess this species as this research cruise opdarsto the period of migration from
spawning to feeding grounds, which is suspecte@dour around April each year. The
abundance of hake roughly followed the same trafgcas the biomass. The length
frequency histograms showed a variability of thedalototal length of fish (Figure 43).
However, this figure does not show a trend in tloels structure as the specimens sampled
during the survey were smaller and not represestaii the stock.
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Figure 42: Experimental variogram with spherical madel fitted (A), kriged map of red
cod density (B), time series of estimated biomassid numbers of fish (with associated
95% confidence intervals) using the ground fish swey conducted from 2010 (C) and
total catch of each survey (D).
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Figure 43: Length frequency histograms of common Hee extrapolated to the estimated
total biomass for years 2010-2011 and 2015-2017.
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