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1.0 Introduction

Situated in the southwest Atlantic, the Patagosiagif large marine ecosystem is one of the
most productive zones of the world (Bakun, 1993). 1986, the Falkland Interim
Conservation Zone (FICZ) was declared by the Fatklslands Government (FIG) and was
further extended by the Falkland Outer Conservafione (FOCZ) in 1990. The directorate
of natural resources — Fisheries (DNRF) delivefteranspection, licences to ships that
would like to fish in the FICZ/FOCZ. The finfishshiery is currently regulated using a total
allowable effort (TAE) which is derived from theygar average effort required to reach the
catch limit of the main finfish species (FIFD, 2018he main species was southern blue
whiting but after its decrease in abundance, rack(atagonotothen ramsayi) took over and
became in 2010 the most abundant finfish specipioiad by trawlers in Falkland waters
(Laptikhovsky et al., 2013; FIFD, 2010). In recgatirs, catches and CPUE of common hake
(Merluccius hubbsi) increased and this species has become the pritaeggt species for
finfish trawlers who applied to fish under A licenc

Two species of hake are encountered in Falklanéraratommon hakeMerluccius hubbsi)

and Patagonian hak&lérluccius australis) with the former the more abundant of the two
species (Tingley et al., 1995, Arkhipkin et al. 18D Their distribution areas are primarily to
the north and in shallow waters (<200 m) for comrhake and to the south in deeper waters
(>200 m) for Patagonian hake but distribution a&fahe two species overlap. Both species
of hake are straddling stocks. After the spawniagssen, which occurs in Argentine waters
from November to April, part of the common hakecktanigrates to Falkland waters to
forage (Macchi et al., 2004). It is a batch spawarad females spawn once a week to every
other week. Common hake is sexually dimorphic witdes smaller than females (Macchi et
al., 2004).

Since 2010, 6 research cruises were conducteditnats the biomass of the rock cod stock:
in February 2010 (Brickle and Laptikhovsky, 2012011 (Arkhipkin et al., 2011), October—
November 2014 (Pompert et al., 2014), February Z@Gkas et al., 2015), 2016 (Gras et al.,
2016) and 2017 (Gras et al., 2017). These survaysred most of the finfish box, especially
the shallow waters. Even though this is the arearg&/kommon hake is generally abundant,
all previous surveys were conducted at periods whest of the common hake is probably in
Argentine waters for the spawning season. Nonéedd previous surveys could be used to
reliably estimate the hake biomass.

Three types of licences are issued for bottom wesmargeting finfish, A, G and W. One of
the primary target species in the finfish fishergswiirst southern blue whiting which was
then replaced by rock cod. In recent years theseblean a growing interest in common hake
as its abundance increased. Apart from these spaxaptains sometimes target or take as a
bycatch other finfish species such as common atagBaian hakes, kingclip, hoki, red cod,
southern blue whiting and squids Argentine shorsfijuid and Falkland calamari. In recent
years, the TAE estimation based on the primaryispeock cod has shown its limitations,
especially in years when rock cod was not the pynargeted stock (2013, 2015 and 2016;
FIFD, 2014; 2015; 2016; 2017). Given the limitasaof the TAE estimations as a basis for
ITQ calculations DNR scientists suggested thateatgr focus should be placed on a more
ecosystem based approach to management, and imglilngi biomass of a number of species.

The primary objective of this survey was to asghssbiomass and abundance of common
hake and other demersal commercial species encedntethe survey zone. Biological data
(length, sex, maturity and otoliths) were collecteda sample of each species at each station
and used to describe the status of the stockslyn Bimally, this report presents maps of the
oceanography based on CTD data collected in theityiof each trawl station.
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2.0 Material and methods

2.1 Cruise vessel and surveyed area

The ground fish survey ZDLT1-07-2017 was conduaedboard the FV Castelo (LOA
67.8 m, GT 1321) from 10 to 27 July 2017. Embarkang disembarking occurred on 9 and
28 July respectively. In order to be able to corapdata with previous biomass estimate
surveys carried out in 2010 (Brickle and Laptikioys2010), 2011 (Arkhipkin et al., 2011),
2014 (Pompert et al., 2014), 2015 (Gras et al.5p@016 (Gras et al., 2016) and 2017 (Gras
et al., 2017) it was decided to repeat statioreadly explored in 2011, 2014, 2015, 2016 and
2017. However, as the number of days of fishing lvaged to 18, stations in the northern
part of theLoligo box were removed. This area would be covered leyLtlligo pre—
recruitment survey conducted from 13 to 28 Julyr(i&fi et al., 2017).
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Figure 1: Location of trawl and CTDO stations



Table 1: Trawl stations number, date, geographicalcoordinates, depth, duration and associated
comments. A CTD was also carried out before or afteesach trawl.

Station Date Latitude (S)  Longitude (N) Modal Duration Activity Comments
2508 10/07/2017 50.21 57.93 275 60 B
2509 10/07/2017 50.37 58.03 140 60 B
2510 10/07/2017 50.21 58.33 177 60 B
2511 10/07/2017 50.1 58.61 164 60 B
2516 11/07/2017 50.35 58.62 145 60 B
2517 11/07/2017 50.31 59.04 151 60 B
2518 11/07/2017 50.15 59.16 157 60 B
2519 11/07/2017 50.07 59.52 162 60 B
2524 12/07/2017 49.94 58.87 209 60 B
2526 12/07/2017 49.84 59.25 228 60 B
2528 12/07/2017 49.82 59.77 169 60 B
2529 12/07/2017 49.8 60.26 167 60 B
2532 13/07/2017 49.65 59.85 192 60 B
2534 13/07/2017 49.59 60.35 174 60 B
2536 13/07/2017 49.4 60.27 209 60 B
2537 13/07/2017 49.35 60.72 177 60 B
2540 14/07/2017 48.65 60.75 245 60 B
2542 14/07/2017 48.89 60.63 242 60 B
2544 14/07/2017 49.06 60.78 196 60 B
2545 14/07/2017 49.16 60.99 174 60 B
2548 15/07/2017 49.53 60.87 167 60 B
2550 15/07/2017 49.6 61.16 164 60 B
2552 15/07/2017 49.63 61.55 159 60 B
2553 15/07/2017 49.48 61.32 164 60 B
2556 16/07/2017 49.84 61.18 163 60 B
2558 16/07/2017 49.82 60.76 165 60 B
2560 16/07/2017 50.11 60.69 160 60 B
2561 16/07/2017 50.11 61.11 161 60 B
2564 17/07/2017 50.36 61.33 160 60 B
2566 17/07/2017 50.41 60.86 152 60 B
2568 17/07/2017 50.44 60.43 154 60 B
2569 17/07/2017 50.18 60.47 161 60 B
2572 18/07/2017 50.91 60.14 134 60 B
2574 18/07/2017 50.7 60.31 144 60 B
2576 18/07/2017 50.78 60.64 135 60 B
2577 18/07/2017 50.62 60.76 150 60 B
2580 19/07/2017 50.62 61.28 152 60 B
2582 19/07/2017 50.61 61.72 178 60 B
2584 19/07/2017 50.4 61.76 163 60 B
2585 19/07/2017 50.14 61.71 160 60 B
2588 20/07/2017 49.88 61.78 158 60 B
2590 20/07/2017 49.83 62.09 147 60 B
2592 20/07/2017 50.06 62.29 147 60 B
2593 20/07/2017 50.21 62.56 148 60 B
2596 21/07/2017 50.53 62.19 165 60 B
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2598 21/07/2017 50.46 62.41 156 60 B
2600 21/07/2017 50.48 62.79 149 60 B
2601 21/07/2017 50.74 62.99 153 60 B
2604 22/07/2017 50.91 62.28 187 60 B
2606 22/07/2017 50.92 62.69 168 60 B
2608 22/07/2017 51.14 62.76 171 60 B
2609 22/07/2017 51.06 63.16 155 60 B
2612 23/07/2017 51.34 63.32 164 60 B
2614 23/07/2017 51.57 63.37 182 60 B
2616 23/07/2017 51.88 63.34 205 60 B
2618 23/07/2017 52.12 63.27 228 60 B
2619 23/07/2017 52.33 63.26 253 60 B
2622 24/07/2017 51.34 62.68 189 60 B
2624 24/07/2017 51.61 62.73 207 60 B
2626 24/07/2017 51.93 62.71 235 60 B
2628 24/07/2017 52.17 62.7 256 60 B
2629 24/07/2017 52.32 62.83 265 60 B
2632 25/07/2017 52.14 62.35 275 60 B
2634 25/07/2017 51.91 62.36 263 60 B
2636 25/07/2017 51.87 61.87 187 60 B
2637 25/07/2017 51.7 61.97 178 60 B
2640 26/07/2017 51.63 62.3 251 60 B
2642 26/07/2017 51.43 62.26 231 60 B
2644 26/07/2017 51.38 61.89 199 60 B
2645 26/07/2017 51.22 62.07 200 60 B
2648 27/07/2017 51.39 61.39 141 60 B
2650 27/07/2017 51.19 61.34 139 60 B
2652 27/07/2017 51.04 61.77 179 60 B
2653 27/07/2017 50.86 61.63 149 60 B

2.2 Trawl gear

The DNR-F owns a Boris Net bottom trawl fitted witbckhopper gear and used the
Castelo’s Morgere V3 bottom doors (1800 kg, 318180 cm). The cod—end had a 90 mm
mesh size. The cod—end was also fitted with a 10nfrtbcod end liner. The MarPort Net

Monitoring System was used to monitor the geomefryhe net. Originally sensors were

fitted on both the trawl doors to monitor door deptoor horizontal spread, angle and tilt as
well as one on the net to monitor vertical net apgnOf these data, only door horizontal

spread and vertical net opening were recorded.| Wmti 2015 research cruise, the only
information about the horizontal net opening waswing spread derived as follows:

Door Spread X Net Length
Bridle Length + Net Length

Wing spread =

In 2016, two additional sensors were bought by IiINR—F 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 2016 research cruise. A ndethas therefore developed to correct
historical net geometry data (Gras, 2016).



During the research cruise ZDLT1-10-2014 (Pompedl.e 2014), a discussion with the
captain about the gear configuration revealed trewl setup was the same as in 2011
(ZDLT1-02-2011) but not as in 2010 (ZDLT1-02-20%hen Morgere Ovalfoil OF12,5
(3400 x 2200 cm) doors were used. According todaetain, the doors used since 2011
opens the trawl a bit more than previously. Thalirsetup 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 brigiegth 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 stationsnwhe catch was too large to be
weighed, the crew processed the catch. At stati&32the hake catch was estimated using a
conversion factor which turned out to be 1.82 iadtef 1.9 officially used in the fisheries
department. A sample of the species concernedakas tefore factory processing, weighed
(green weight; GW), processed by the crew and vesighgain (processed weight; PW) to
estimate the 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 each station, random samples were taken fronfirdish species as well as squitliex
argentinus andDoryteuthis gahi. When possible, 100 specimens of each commeoéaies
were randomly taken for all sampled species. Matusiages 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 ¢deerver manual) and a 6 stage maturity
scale for Chondrichthyans (see observer manuahgthefrequencies were recorded using
fish measuring board and paper form. All fish akdtes were measured to the nearest cm
below, whereas all squids were measured to theesie@r5 cm below. When plotting size
frequencies, all species except skates were platséng their recorded sizes. For skates
however, data was aggregated into 5 cm size bitistive plots showing the nearest 5 cm bin
below (.e. 10=10-14 cm, 15=15-19 cm etc.).

Otolith extraction was undertaken for 21 finfishesigs (species were selected following
DNRF protocols; taken at sea) and statoliths wedteaeted ashore fronD. gahi and|.
argentinus (associated information was length, weight, sed araturity). Vertebrae/thorn
samples were taken from 1 species of skate.

Specimens from the genBsammobatis were not identified to species, due to confusidai w
available identification guides and available htiewre (i.e. McEachran, 1983). It is likely that
the most common species found in waters deeper 2B8nm wasPsammobatis normani
(adult males with slender claspers) whereas in@hat waters the most common species is
Psammobatis rudis (adult males with short and stout claspers). Qutive survey there were
no shallow stations and all specimens were moshjiRsammobatis normani.



2.4 Biomass estimation

Biomass estimations using trawl surveys generate—aarrelated data (Rivoirard et al.,
2000). To avoid processing auto—correlated dataoaecestimating the biomass of fish in the
survey area, geostatistical methods were usedrstlyfidescribe and model data auto—
correlation and secondly to estimate by kriginguabiased mean of the studied variable and
provide an interpolated map of the studied variable

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 et2@fl0) using packages rgdal
(geographical coordinates projection) and geoRg@istics).

The distance covered by the trawl was estimatedgutsie geographical coordinates of the
stations. For each station, coordinates (recorgduatidge officers) of the start were extracted
from the database fields DegS_ Start Seabed, Mia& Seabed, DegW_Start Seabed,
MinW_Start Seabed and end from the database fieldegS Finish_Seabed,
MinS_Finish_Seabed, DegW_Finish_Seabed, MinW_FirBglabed and transformed first in
decimal degrees (deg) and then in radians (rad) as:

deg X
180

rad =

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

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

whered is the distance covered in khaiSis the start latituddpnSis the start longitudeatF

is the end latitudelonF is the end longitude and is the radius of the earth (6,371 km).
Density of the studied specieB {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 inputidatze geostatistical procedure to estimate
the abundance of each species.

2.5 Geographical coordinates

Station’s geographical coordinates were collectsdgithe 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 ousecaanges from 48° to 52°S), one longitude
degree does not have the same length as one é&atiegiee. Data were therefore projected in
the Universal Transverse Mercator Coordinate Sygimme 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 DNRF, the Easting Northing systeas used. A comparison between the
UTM 21 projection and Easting Northing system shiwe significant differences.



2.6 Geostatistic methods

Geostatistic methods must be performed in 4 s{@pplotting and (i) modelling the semi—
variogram (describing the auto—correlation of tlaagl (iii)) using the variogram model to
krige data in order to estimate an unbiased medneo$tudied variable, and (iv) mapping the
estimated data. The following criteria were usedlifierent steps of the process to fit the
right variogram model and estimate a realistic l@esfor 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) westdd to obtain a scatter plot best
describing the auto—correlation at short distandé& semi—variance values should
increase with distance and reach the sill (valoesvhich semi—variance levels out).
The only accepted exception is the pure nuggetcteff@hen data are not auto—
correlated).

* The range (distance at which the correlation vassimust be shorter than the
maximum distance observed on the semi—variogranthénstudied dataset, some
models could fit log transformed data (lambda=0)Iwewever they exhibited a
range further than 400 km which is not biologicalbnsistent in our case.

* Exponential, Gaussian and spherical models wetedfito the semi—variogram data
and sum of square residuals (SSR) were used asistbachoose the most suitable
model. The lowest SSR suggesting the most suitabliel.

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

The kriging area was 106,609 krfor the February 2017 ground fish survey. As state
before, for the July survey the kriging area waduoed. The northern grid squares of the
Loligo box were removed and the kriging area was henbe 3$802 k. In order to be
able to compare biomasses with the other groumdsiisveys, for the purpose of this report
all the biomasses were re—estimated. Biomass dgiimsafor common rock cod, red cod,
common hake, toothfish, kingclip, southern blue tialgi, Argentine shortfin squid and
Falkland calamari were estimated using derivedzootial net opening for data collected in
2010, 2011, 2014 and 2015 (Gras, 2016) and usiraguned horizontal net opening for 2016
onward datasets and time series displayed for espegies. Confidence intervals of the
biomass for each species were derived using 10g0@ditional simulations (Gimona and
Fernandes, 2003; Woillez et al., 2009). That metlvad implemented in the geoR package
(Ribeiro and Diggle, 2001).

2.7 Abundance estimation

At each survey station, a random sample of 100isers was assessed for total length (pre—
anal length for hoki and grenadier; dorsal margtegth for squid; total length disk width and
body weight for skates), sex and maturity. The |totamber of fish—at—statio; was
estimated using the number of fish in the sampl¢, ¢the station catch weighty) and the
sample weightlf;) as

_nsts

W

The total abundance in the wat¥y was estimated using the total biomdsgestimated
following protocol of section 2.6)

N _ BXXYN;
D Yo
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The total number of fish—at—lengthfor each station\; ;) was then estimated using the total
number of fish—at—statiorN() and the number of fish per size class in the $amp

RCTRS Cs
s —
Ws

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

N = B XY N
bt Z Cl,s

The numbers—at—length were then presented in héteyto show how the structures of the
stocks have changed over the years and over teersea

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 bar 2 trawl stations, an
interim station was run between these stationsvadfieys later. At all CTD stations the CTD
was deployed to a depth of c.10m below surfaca fawak time of more than one minute, this
allowed the pump to start circulating water andgliluihe system, following this the CTD was
raised to a minimum depth of 5 m below surface. Th® was then lowered toward sea bed
at 1m/sec. The CTD collected pressure in dbar, éeatpre in °C, conductivity in mS/cm,
Oxygen Voltage and Fluorescence. The fluorometer deenaged after station 2,461, and the
partial dataset is not discussed here. The rawileewas converted and processed using SBE
Data Processing Version.7.22.5 using the CON fid 1IdCTD_2016_May.xmlcon. Up-
cast data was filtered out. Depth was derived fppessure using the latitude of each station,
with dissolved oxygen in ml/l derived at the samneetas depth. Practical Salinity (PSU) and
Density as sigma-oft) were derived following derivation of depth. Ewar derived variables
of conservative temperature (°C) and Absolute 8gl{ig/kg) were calculated in Ocean Data
View version 4.5.4 (Schlitzer, 2013).

3.0 Results

3.1 Catch composition

Bottom trawling was conducted at 74 stations (Feglirand Table 1). Seabed trawling times
during the survey was 60 minutes for all trawlsriBg the survey a total of 44,895.78 kg of
biomass was caught comprising 114 species or fappendix Table 3). The largest catches
by weight, all exceeding 1,000kg in total, wereoirder of importance: 1) common hake
(Merluccius hubbsi), 2) hoki(Macruronus magellanicus), 3) Falkland calamakDoryteuthis
gahi), 4) kingclip (Genypterus blacodes), 5) common rock codPatagonotothen ramsayi), 6)
Squat Lobster Mlunida gregaria), 7) red cod(Salilota australis), 8) Dogfish Ggualus
acanthias) and 9) CatsharkSthroederichthys bivius), together amounting to 93% of the total
catch. Table 4 in the appendix lists numbers otispens analysed by species and sample
type (R, S or N). 170 specimens of two squid sgsehiad their statoliths extracted, 1,252 sets
of otoliths were extracted from 21 fish species] &nrspecimens of skate from one species
had their vertebrae and thorns removed. The finfislmponent of the catch amounted to
33,612.3 kg which represented 74.9% of the entathc The cephalopod component
amounted to 4,713.6 kg (10.5%), the elasmobranafpooent was 4,093.7 kg (9.1%), and
the benthos + crustacea component amounted to.2,kg§5.5%).
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3.2 Biological information of finfish species

3.2.1 Merluccius hubbsi — common hake — HAK

The total catch of common hake was 18,324 kg. # eaught at all 74 trawl stations sampled
throughout the survey (Figure 2). Catches rangethf2.21 to 2,197 kg. Among the 74
stations, 71 yielded >10 kg, 47 yielded >100 kgj &nyielded >1 t. Densities ranged from
12.2 to 9,346 kg-km (CPUE ranged 2.21-2,197 kg'h Highest densities were observed in
the northern (along the 200 m isobath) and norttemesparts of the survey zone. The
number of fish sampled for length frequency wa$£9,8!,623 females, 976 males), 141 were
sampled for otolith (including 132 taken randomliptal lengths ranged from 20 to 88 cm
for females and from 21 to 57 cm for males. Theolgimm exhibits 2 cohorts with modes at
26 cm and 42 cm, however, cohorts most likely @apernd are not visible on the length
frequency histogram. Females were immature (2%jing (69%), early developing (28%),
late developing (0.1%) and recovering spent (1%gldsl were immature (3%), resting (3%),
early developing (4%), late developing (0.1%), $[87%) and recovering spent (3%).

A B
100 —

Abundance (Kg/km?)

H Females
O Males

80 —

Latitude (S)
()]
o
\

N
o
|

Frequency (%)

20

0 - I T I —

| Il ] v v vi vl Vi

Longitude (W) Maturity stage

l Undetermined
5 — [ Juveniles

B Females

[ Males

Frequency (%)

[ I T ] T I I !
20 30 40 50 60 70 80 90

Total Length (cm)

Figure 2: Biological data ofMerluccius hubbsi (common hake; HAK), map of the densities in kg- ki (A),
percentage of specimens of each sex per maturityage (B, 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; n=5,599).

12



3.2.2 Macruronus magellanicus — hoki — WHI

The total catch of hoki was 6,450 kg. It was caugghB0 of the 74 trawl stations (Figure 3).
Catches ranged from 0.14 to 2,506 kg. Among thetéfions, 16 yielded >10 kg, 7 yielded
>100 kg, and 2 yielded >1 t. Densities ranged f@66 to 12,670 kg-km (CPUE ranged
0.14-2,506 kg-H). Highest densities were observed in the southweshe survey zone,
especially in deep waters where hoki is usuallyndlant. The number of fish sampled for
length frequency was 2,246 (1174 females and 104123}y 90 specimens were sampled for
otolith (including 87 taken randomly). Pre—analdg#s ranged from 8 to 31 cm for females
and from 12 to 30 cm for males. The histogram aihib cohort with mode at 8 cm, 14 cm,
24 cm and 28-31 cm. There might be other cohords 24 and 28-31 cm but the number of
fish sampled is too low to identify these as cahiofiemales were immature (98.4%), resting
(1.4%), early developing (0.2%) and late develogiid %). Males were immature (97.9%),
resting (2%) and spent (0.1%).
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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, 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; n=2,246).
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3.2.3 Genypterus blacodes — kingclip — KIN

The total catch of kingclip was 4,088 kg. It wasiglat at 57 of the 74 trawl stations (Figure
4). Catches ranged from 0.33 to 1,402 kg. Among3Shestations, 19 yielded >10 kg, 5
yielded >100 kg, 2 yielded >1 t. Densities rangeuinf 1.54 to 6,801 kg- ki (CPUE ranged
0.33-1,402 kg-1). Highest densities were observed in the nortthefsurvey zone where
kingclip is also observed in February and to thehweest and to the west of West Falkland.
The number of fish sampled for length frequency w08 (672 females, 635 males and 1
undetermined (no gonads present)), 171 were samipledtolith (including 154 taken
randomly). Total lengths ranged from 26 to 114 anfémales and from 32 to 104 cm for
males. The histogram exhibits a series of modes daanot be used to identify cohorts.
Females were immature (15%), resting (81%) andyedeveloping (4%). Males were
immature (33%), resting (57%), early developing J9%te developing (0.3%) and spent
(0.3%).
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Figure 4: Biological data of Genypterus blacodes (kingclip; KIN), map of the densities in kg-km? (A),
percentage of specimens of each sex per maturityage (B, 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 wih 1 cm size class (C; n=1,308).
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3.2.4 Patagonotothen ramsayi — common rock cod — PAR

The total catch of rock cod was 2,003 kg. It wasgtd at all 74 trawl stations (Figure 5).
Catches ranged from 0.66 to 178 kg. Among the &4osts, 38 yielded >10 kg and 4 yielded
>100 kg. Densities ranged from 36 to 986 kg-k(@PUE ranged 0.66-178 kg-h Highest
densities were observed in stations surroundingsJiison Islands. The number of fish
sampled for length frequency was 6,355 (11 juvenik208 females, 3109 males and 27
undetermined), 257 were sampled for otoliths (idirilg 251 taken randomly). Total lengths
ranged from 7 to 9 cm for juveniles, from 6 to 36 tor females and from 7 to 33 cm for
males. The histogram exhibits 3 cohorts with maate® cm, 16 cm and 24 cm. The second
cohort seems skewed and 2 cohorts might overlagmakes were immature (45%), resting
(23%), early developing (11%), late developing (20fd recovering spent (0.1%). Males
were immature (50%), resting (35%), early develgdilil%) and late developing (3%).
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Figure 5: Biological data of Patagonotothen ramsayi (common rock cod; PAR), map of the densities in
kg-km? (A), percentage of specimens of each sex per matyrstage (B, immature; II, resting; lIl, 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; n=6,355).
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3.2.5 Salilota australis —red cod — BAC

The total catch of red cod was 1,784 kg. It waggbtiat 64 of the 74 trawl stations (Figure
6). Catches ranged from 0.06 to 430 kg. Among thestations, 24 yielded >10 kg and 4
yielded >100 kg. Densities ranged from 0.26 to 1,9§ km? (CPUE ranged 0.06—430 kg-h
1). Highest densities were observed to the northeislands at 2 stations in the southwest of
the survey zone. The number of fish sampled fagtlefrequency was 3,012 (1,593 females,
1,418 males and 1 undetermined), 126 were sammedtbliths (including 123 taken
randomly). Total lengths ranged from 9 to 75 cmfénales and from 10 to 62 cm for males
and the undetermined fish was 13 cm. The histogndmbits 2 clear cohorts at 12 cm and 21
cm. Other cohorts exist (possibly one at 28 cm) det difficult to identify. Females were
immature (61%), resting (37%), early developing E*d late developing (1%). Males were
immature (66%), resting (22%), early developing )/%te developing (4%), spent (0.2%)
and recovering spent (0.1%).
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Figure 6: Biological data of Salilota australis (red cod; BAC), map of the densities in kg-km (A),
percentage of specimens of each sex per maturityage (B, 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 wih 1 cm size class (C; n=3,012).
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3.2.6 Stromateus brasiliensis — butterfish — BUT

The total catch of butterfish was 278 kg. It waagtd at 23 of the 74 trawl stations (Figure
7). Catches ranged from 0.02 to 165 kg. Among tBestations, 4 yielded >10 kg and 1
yielded >100 kg. Densities ranged from 0.09 to Kg§«m? (CPUE ranged 0.02-165 kg-h
1. Highest densities were observed to the west e§t/¥alkland and most of the catch was
taken along the border of the FICZ. The numberigif sampled for length frequency was
293 (269 females and 24 males), 12 were sampletemgth—weight, 6 for otoliths and all
these specimens were taken randomly. Total lerrgtigged from 27 to 39 cm for females and
from 12 to 36 cm for males. The histogram exhibitdear cohort at 34 cm with one juvenile
specimen at 12 cm. Females were resting (61%) daxleloping (26%) and late developing
(13%). Males were immature (4%), resting (4%), \eadeveloping (54%) and late
developing (37%).

100 —
Abundance (Kg/km?)
784 B Females
49 | @ﬁf 0 Males
80 —
50 —_
@ & 60
Yy oy
o f
:‘3 51 | g
3 g 40 -
w
-52
N 20
-53 T ‘
I I \ I I I I ] (U I I \ I
64 -63 -62 -61 60 -59 -58 -57 | 1l 1] \Y \ \| VIL VI
Longitude (W) Maturity stage
C
25 - l Undetermined
[J Juveniles
B Females
[ Males
20 —
S
= 15
[$]
o
[}
=]
g
T 10
5 —
0 — | s—
\ \ \ T T \ \
10 15 20 25 30 35 40

Total Length (cm)

Figure 7: Biological data ofStromateus brasiliensis (butterfish; BUT), map of the densities in kg- kn? (A),
percentage of specimens of each sex per maturityage (B, 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; n=293).
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3.2.7 Cottoperca gobio — frogmouth — CGO

The total catch of frogmouth was 157 kg. It wasgtdwat 45 of the 74 trawl stations (Figure
8). Catches ranged from 0.02 to 41.4 kg. Amongdthstations, 2 yielded >10 kg. Densities
ranged from 0.09 to 179 kg-KM(CPUE ranged 0.02-41.4 kg'h Highest densities were
observed in the northwest of the survey zone. Tamber of fish sampled for length
frequency was 320 (1 juvenile, 152 females andrélés and 1 undetermined), 14 were
sampled for length—weight, 3 for otoliths, all dlem were taken randomly. Total lengths
ranged from 7 to 48 cm for females, from 9 to 58fonmales and the undetermined one was
7 cm. The histogram exhibits many cohorts but duthé low number of fish sampled it is
difficult to identify them. Females were immaturE3%o), resting (51%), early developing
(17%), late developing (18%) and ripe (1%). Malesravimmature (54%), resting (29%),
early developing (6%) and late developing (11%).
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Figure 8: Biological data of Cottoperca gobio (frogmouth; CGO), map of the densities in kg-kn? (A),
percentage of specimens of each sex per maturityage (B, 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; n=320).
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3.2.8 Micromesistius australis — southern blue whiting — BLU

The total catch of southern blue whiting was 126 lkgvas caught at 16 of the 74 trawl
stations (Figure 9). Catches ranged from 0.02 ® Kd. Among the 16 stations, 1 yielded
>100 kg. Densities ranged from 0.09 to 667 kg*k(@PUE ranged 0.02—118 kg*h The
only relatively high density was observed to thetmaf Falkland Islands along the 200 m
isobath at one station. The number of fish samptedlength frequency was 391 (150
juveniles, 109 females, 129 males and 3 undetedjii8 were sampled for length—weight
and 84 for otoliths, all these specimens were rartgggampled. Total lengths ranged from 14
to 19 cm for juveniles, from 15 to 21 cm for fenglFom 15 to 20 cm for males and from 17
to 18 cm for undetermined. The histogram exhibitsohort with mode at 17 cm. All the

sampled specimens were immature.
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Figure 9: Biological data ofMicromesistius australis (southern blue whiting; BLU), map of the densitiesn
kg-km? (A), percentage of specimens of each sex per matyrstage (B, immature; II, resting; lIl, early
developing; IV, late developing; V, ripe; VI, running; VII, spent; VIII, recovering spent) and length
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3.2.9 Dissostichus eleginoides — Patagonian toothfish — TOO

The total catch of Patagonian toothfish was 122 lkgvas caught at 27 of the 74 trawl
stations (Figure 10). Catches ranged from 0.046t8 kg. Among the 27 stations, 3 yielded
>10 kg. Densities ranged from 0.24 to 70 kg-k(@PUE ranged 0.04-16.3 kg*h Highest
densities were observed in the southwest of theegurone in deep waters and in the north
along the 200 m isobath. The whole catah,516 specimens (323 juveniles, 120 females, 73
males), was sampled for length frequency. A tofaR@b pairs of otoliths were sampled.
Total lengths ranged from 17 to 26 cm for juvenikesm 18 to 74 cm for females and from
19 to 75 cm for males. The histogram exhibits ameoct of juveniles (mode at 21 cm). The
other cohorts are difficult to identify as the nuenlof specimen sampled was low. Females
were immature (87%), resting (13%). Males were iumea(97%), resting (3%).
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Figure 10: Biological data ofDissostichus eleginoides (toothfish; TOO), map of the densities in kg- ki
(A), percentage of specimens of each sex per matyristage (B, immature; II, 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 assesh of each sex with 1 cm size class (C; n=516).
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3.2.10 Merluccius australis — Patagonian hake — PAT

The total catch of Patagonian hake was 43 kg. & eaught at 8 of the 74 trawl stations
(Figure 11). Catches ranged from 0.55 to 12.9 kgoAg the 8 stations, 1 yielded >10 kg.
Densities ranged from 2.4 to 61.6 kg-kKmM{CPUE ranged 0.55-12.9 kg'h Highest
densities were observed in the southwest of theeguzone, in waters deeper than 200 m.
The number of fish sampled for length frequency WM&¢16 females and 2 males) and all of
them were sampled for otolith. Total lengths ranfyfech 49 to 94 cm for females and from
46 to 77 cm for males. The number of specimens twadow to identify cohorts on the
length frequency histogram. Females were restiriefo]/ early developing (19%) and
recovering spent (6%). One male was resting andttier one was running.
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Figure 11: Biological data ofMerluccius australis (Patagonian hake; PAT), map of the densities in kgm™

(A), percentage of specimens of each sex per matyristage (B, 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 asses of each sex with 1 cm size class (C; n=18).
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3.2.11 Congiopodus peruvianus — Pigfish — COP

The total catch of pigfish was 20.3 kg. It was dawag 10 of the 74 trawl stations (Figure 12).
Catches ranged from 0.41 to 5.52 kg. Among the tafloss, 1 yielded >5 kg. Densities
ranged from 1.75 to 30.5 kg-kM(CPUE ranged 0.41-5.52 kg'h Highest densities were
observed in the north—western part of the surveyeznd pigfish was also observed at two
stations to the west of West Falkland. The numlbdisbh sampled for length frequency was
51 (31 females and 20 males), 10 were samplectfgtth—weight all of them were randomly
taken. Total lengths ranged from 23 to 32 cm fdhls@xes. The histogram exhibits 2 cohorts
with modes at 24 cm and 29 cm and there might b@rd one at 32 cm. Females were
resting (39%), early developing (13%), late deveigp spent (29%) and recovering spent
(19%). Males were resting (30%), early develop#isp), late developing (5%), spent (15%)
and recovering spent (5%).
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Figure 12: Biological data ofCongiopodus peruvianus (pigfish; COP), map of the densities in kg-km (A),
percentage of specimens of each sex per maturityage (B, 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 wéh 1 cm size class (C; n=51).
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3.2.12 Coelorhynchus fasciatus — banded whiptail grenadier - GRF

The total catch of banded whiptail grenadier wad Xg. It was caught at 6 of the 74 trawl
stations (Figure 13). Catches ranged from 0.044t6 kg. Among the 6 stations, 1 yielded
>2 kg. Densities ranged from 0.1 to 74.9 kg-k(CPUE ranged 0.04-14.6 kg"h Highest
densities were observed in the southwest of theegurone in deep waters. The number of
fish sampled for length frequency was 125 (102 femmand 23 males), 1 was sampled for
length—weight, 2 for otoliths (all of them were damly taken). Pre—anal lengths ranged
from 5 to 13 cm for females and from 4 to 8 cmifwales. The histogram exhibits 2 cohorts
with modes at 7 cm and 11 cm. Females were immaiidéo), resting (48%), early
developing (9%) and late developing (3%). Malesenemmature (52%), resting (44%) and
early developing (4%).
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Figure 13: Biological data of Coelorhynchus fasciatus (banded whiptail grenadier; GRF), map of the
densities in kg- kn? (A), percentage of specimens of each sex per matyrstage (B, 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 samplassessed) of each sex with 1 cm size class (C;25)1
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3.2.13 Sebastes oculatus — redfish — RED

The total catch of redfish was 14.3 kg. It was ¢taweg 6 of the 74 trawl stations (Figure 14).
Catches ranged from 0.12 to 7.86 kg. Among thafiosts, 1 yielded >5 kg. Densities ranged
from 0.54 to 35.3 kg- km (CPUE ranged 0.12-7.86 kg‘h Highest densities were observed
to the northwest of West Falkland. The number st Sampled for length frequency was 28
(13 females, 15 males), 24 were sampled for otdqbih randomly taken). Total lengths
ranged from 23 to 39 cm for females and from 194@m for males. The histogram exhibits
2 to 3 different cohorts with modes at 27 cm, 3@ @4 cm. Females were early developing
(69%), late developing (23%) and ripe (8%). Malesravresting (7%), early developing
(73%) and late developing (20%).
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Figure 14: Biological data of Sebastes oculatus (redfish; RED), map of the densities in kg-kmi (A),
percentage of specimens of each sex per maturityage (B, 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 wéh 1 cm size class (C; n=28).
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3.2.14 Sprattus fuegensis — Falkland herring — SAR

The total catch of Falkland herring was 5.4 kgwéts caught at 8 of the 74 trawl stations
(Figure 15). Catches ranged from 0.005 to 3.18 Dxgnsities ranged from 0.02 to 14.6
kg-km? (CPUE ranged 0.005-3.18 kghh Highest densities were observed inshore around
the Jason Islands. The number of fish sampledefogth frequency was 110 (68 females and
42 males), no fish was taken for length—weightth®eei for otoliths. Total lengths ranged
from 15 to 21 cm for females and from 14 to 21 @nrhales. The histogram exhibits 1
cohort with mode at 18 cm. Females were resting)(#®arly developing (40%) and late
developing (53%). Males were immature (2%), res(Bifo) and early developing (67%).
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Figure 15: Biological data ofSprattus fuegensis (Falkland herring; SAR), map of the densities in k- km?
(A), percentage of specimens of each sex per matyristage (B, immature; I, 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 assesh of each sex with 1 cm size class (C; n=110).
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3.3 Biological information of squids

3.3.1 Doryteuthis gahi (former Loligo gahi) — Falkland calamari — LOL

The total catch of Falkland calamari was 4,672 lkgvas caught at all 74 trawl stations
(Figure 16). Catches ranged from 1.3 to 581 kg. Agnthe 74 stations, 55 yielded >10 kg
and 12 yielded >100 kg. Densities ranged from ©.2,800 kg-kn? (CPUE ranged 1.3—
581 kg- h'). Highest densities were observed to the nortBasft Falkland next to tHeoligo
box but also to the west of West Falkland. The nemab squid sampled for length frequency
was 8,050 (2 juveniles, 4,036 females, 4,003 mates9 undetermined), 127 were sampled
for length—weight, 103 for otolith (all of them @omly taken). Dorsal mantle lengths were
4.5 and 8.5 cm for the two juveniles, ranged fragt8 23.5 cm for females, from 3.5 to 26.5
cm for males and form 3.5 to 8 cm for undetermingte histogram exhibits 1 cohort with
mode at 8.5 cm. Females were young (12.5%), imma&i0%), preparatory (10%), maturing
(3%) and mature (5%). Males were young (7%), immeat(B3%), preparatory (25%),
maturing (13%) and mature (22%). 9 females weremasl embedded with sperm at station
2650 and sampled for statoliths.
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Figure 16: Biological data ofDoryteuthis gahi (Falkland calamari; LOL), map of the densities inkg- km™
(A), percentage of specimens of each sex per matyristage (B; | young; Il, immature; Ill, preparator y;
IV, maturing; V, mature; VI, spent) and dorsal mantle length frequency (in percentage of the total
sample assessed) of each sex with 0.5 cm size dl@s$=8,050).
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3.3.2 lllex argentinus — Argentine shortfin squid — ILL
The total catch of Argentine shortfin squid wasktg It was caught at 48 of the 74 trawl
stations (Figure 17). Catches ranged from 0.0278 Rg. Among the 48 stations, 3 yielded
>1 kg. Densities ranged from 0.09 to 11.6 kg-k(@PUE ranged 0.02—2.73 kg*h Shortfin
squid was caught throughout the surveyed zone ard more abundant to the west and to
the north of the Falkland Islands. The whole catels sampled for length frequency 347
(193 females, 153 males and 1 undetermined), 6 wangpled for length—weight, 67 for
statolith (all of them were taken randomly). Tokahgths ranged from 7 to 25.5 cm for
females and from 8.5 to 20.5 cm for males. The terdened squid was 9 cm. The histogram
exhibits one cohort (mode at 12.5). Other cohoitthtrbe present but are difficult to identify
due to the low number of specimens caught. Fenvades young (44%), immature (52%),
preparatory (2%), maturing (1%) and mature (1%).dglavere young (30%), immature
(54%), preparatory (11%), maturing (4%) and ma{wfeé).

A B

100 —
Abundance (Kg/km?)
B Females
O Males

80 —

[}
o
|

Latitude (S)

IS
o
|

Frequency (%)

20

B

| I 1l v v Vvl Vil Vi

Longitude (W) Maturity stage

12 B Undetermined
[J Juveniles
B Females

10 7 ] Males

oo
|

Frequency (%)
[o)]
\

[ I I |
10 15 20 25

Dorsal Mantle Length (cm)

Figure 17: Biological data oflllex argentinus (Argentine shortfin squid; ILL), map of the densities in
kg-km? (A), percentage of specimens of each sex per matyrstage (B; | young; Il, immature; Il
preparatory; IV, maturing; V, mature; VI, spent) an d dorsal mantle length frequency (in percentage of
the total sample assessed) of each sex with 0.5 sige class (C; n=347).
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3.4 Biological information of skates

3.4.1 Zearaja chilensis — yellow nose skate — RFL
The total catch of yellow nose skate was 920.18291% of the skate catch). It was caught
at 58 of the 74 trawl stations (Figure 18). Catataeged from 0.59 to 102.46 kg. Among the
58 stations, 29 yielded >10 kg and 1 yielded >1@0 Rensities ranged from 3.25 to
727.58 kg-krif (CPUE ranged 0.59-102.46 kg)h Highest densities were observed in the
south—western and western parts of the survey Zidmenumber of skates sampled for size
frequency was 380 (260 females and 120 maleswexé sampled for length, disc—width,
sex/maturity and weight. Disc widths ranged fromt8184 cm for females and from 33 to
77 cm for males. The histogram exhibits no cledrocts with one mode at size class 45-
49 cm. Females were observed juvenile (32%), adefesmaturing (49%), adult, developing
(16%), adult, mature (1%) and adult, resting (2Mles were juvenile (13%), adolescent,
maturing (36%), adult, developing (28%), adult, mnat(4%), adult, running (20%).
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Figure 18: Biological data ofZearaja chilensis (yellow nose skate, RFL), map of the densities ingkkm?
(A), percentage of specimens of each sex per matyristage (B; | juvenile; Il, adolescent maturing; I,

adult, developing; IV, adult, mature; V, adult laying/running; VI, adult resting) and disc width frequency
(in percentage of the total sample assessed) of baex with 5 cm size class (C; n=380).
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3.4.2 Bathyraja brachyurops — blonde skate — RBR
The total catch of blonde skate was 406.612 kgd@@7of the skate catch). It was caught at
58 of the 74 trawl stations (Figure 19). Catchesyea from 0.05 to 55.65 kg. Among the 58
stations, 9 yielded >10 kg. Densities ranged fra@2Qo 395.18 kg-km (CPUE ranged
0.05-55.65 kg-H). Highest densities were observed in the westechsauthwestern part of
the survey zone. The number of skates sampledZerfiequency was 236 (117 females and
119 males), all were sampled for length, disc widix/maturity and weight. Disc widths
ranged from 9 to 71 cm for females and from 8 tacBdfor males. The histogram exhibits
one clear juvenile cohort at 10-14 cm, an adoldscehort at 35-39 cm, and a weaker adult
cohort at 50-54 cm. Females were observed juveBif8o), adolescent, maturing (32%),
adult, developing (9%), adult, mature (5%), adldying (4%) and adult, resting (12%).
Males were juvenile (18%), adolescent, maturing%§g3adult, developing (18%), adult,
mature/running (31%).
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Figure 19: Biological data ofBathyraja brachyurops (blonde skate, RBR), map of the densities in kg/kin
(A), percentage of specimens of each sex per matyristage (B; | juvenile; Il, adolescent maturing; I,
adult, developing; IV, adult, mature; V, adult laying/running; VI, adult resting) and disc width frequency
(in percentage of the total sample assessed) of baex with 5 cm size classes (C; n=236).

29



3.4.3 Bathyraja macloviana — Falkland skate — RMC

The total catch of Falkland skate was 37.595 k§%of the skate catch). It was caught at 24
of the 74 trawl stations (Figure 20). Catches rdnfyjem 0.015 to 4.39 kg. Among the 24
stations, 3 yielded >3 kg. Densities ranged frof60o 22.41 kg-knf (CPUE ranged 0.15—
4.39 kg-hY). Highest densities were observed in the nortlaemh north—western part of the
survey zone. The number of skates sampled forfeezpiency was 38 (21 females and 17
males), all were sampled for length, disc widthx/seturity and weight. Disc widths ranged
from 8 to 40 cm for females and from 8 to 38 cmrfales. The histogram exhibits a weak
juvenile cohort at 5-14 cm, and a prominent adatiact with a mode at 35-39 cm. Females
were observed juvenile (14%), adolescent, matuf@#$o), adult, developing (5%), adult,
mature (5%), adult, laying (10%) and adult, res(#8%). Males were juvenile (24%), adult,

developing (18%), adult, mature (12%), and adulining (47%).
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Figure 20: Biological data ofBathyraja macloviana (Falkland skate, RMC), map of the densities in kd¢m?
(A), percentage of specimens of each sex per matyristage (B; | juvenile; Il, adolescent maturing; I,
adult, developing; IV, adult, mature; V, adult laying/running; VI, adult resting) and disc width frequency

(in percentage of the total sample assessed) of kaex with 5 cm size class (C; n=38).
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3.4.4 Amblyraja doellojuradoi — Starry Skate — RDO
The total catch of starry skate was 32.052 kg (202%he skate catch). It was caught at 11 of
the 74 trawl stations (Figure 21). Catches rangedhf0.12 to 21.06 kg. Among the 11
stations, 2 yielded >5 kg and 1 yielded >20 kg. $¥es ranged from 0.05 to 149.55 kg-km
(CPUE ranged 0.12—-21.06 kghh Highest densities were observed in the southterepart
of the survey zone. The number of skates sampleside frequency was 42 (16 females and
26 males), all were sampled for length, disc widilax/maturity and weight. Disc widths
ranged from 7 to 35 cm for females and from 8 ta@®Bfor males. The histogram exhibits a
prominent adult cohort with a mode at 30—-34 cm. &emwere observed juvenile (19%),
adolescent, maturing (19%), adult, developing (686lylt, mature (6%), adult, laying (0%)
and adult, resting (50%). Males were juvenile (12#golescent, maturing (15%), adult,
developing (15%), adult, mature (19%), and adulining (38%).
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Figure 21: Biological data ofAmblyraja doellojuradoi (Starry skate, RDO), map of the densities in kg/kf
(A), percentage of specimens of each sex per matyristage (B; | juvenile; Il, adolescent maturing; I,
adult, developing; IV, adult, mature; V, adult laying/running; VI, adult resting) and disc width frequency
(in percentage of the total sample assessed) of baex with 5 cm size class (C; n=42).
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3.4.5 Bathyraja albomaculata — white spotted skate — RAL

The total catch of white spotted skate was 20.9841k4% of the skate catch). It was caught
at 9 of the 74 trawl stations (Figure 22). Catafaegyed from 0.044 to 11.11 kg. Among the 9
stations, 1 yielded >10 kg. Densities ranged fro@600 78.89 kg-kni (CPUE ranged
0.044-11.11 kgH). Highest densities were observed in the southtemepart of the survey
zone. The number of skates sampled for size fregueras 16 (4 females and 12 males), all
were sampled for length, disc width, sex/maturitgd aveight. Disc widths ranged from 12 to
45 cm for females and from 11 to 48 cm for maldse histogram exhibits an adult cohort
with a mode at 40-44 cm. Females were observedilevé50%) and adult, developing
(50%). Males were juvenile (17%), adolescent, miaguf25%), adult, developing (25%),
adult, mature (8%), and adult, running (25%).

100 —
Abundance (Kg/km?)
79 H Females
49 | @j’i O Males
80 —
-50 — =
D < 60
® )
© c
:g 51 | g
3 8 40 -
[T
-52
N 20
-53 T
\ \ \ \ \ \ T \ 0 - \ \ﬂ \ \ \ \
-64 -63 -62 -61 -60 -59 -58 -57 | Il 1 \% \% \ Vil Vil
Longitude (W) Maturity stage
(o4
30 — l Undetermined
[J Juveniles
B Females
25 — [ Males
& 20
3
g 15 —
o
o
[T
10 —
5 —

[ I I T ] I !
0 10 20 30 40 50 60

Disk Width (cm)

Figure 22: Biological data ofBathyraja albomaculata (white spotted skate, RAL), map of the densitiei
kg/km2 (A), percentage of specimens of each sex pematurity stage (B; | juvenile; Il, adolescent
maturing; 1ll, adult, developing; 1V, adult, mature ; V, adult laying/running; VI, adult resting) and disc
width frequency (in percentage of the total samplassessed) of each sex with 5 cm size class (C; =16
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3.4.6 Psammobatis spp. — Sandray Unidentified — RPX

The total catch of sand rays was 19.525 kg (1.3%hefskate catch). It was caught at 25 of
the 74 trawl stations (Figure 23). Catches rangedchf0.005 to 2.27 kg. Among the 25
stations, 2 yielded >2 kg. Densities ranged frof8@o 12.91 kg- kit (CPUE ranged 0.005—
2.27 kg-h"). Highest densities were observed in the northtemesart of the survey zone.
The number of skates sampled for size frequencyA@423 females and 17 males), all were
sampled for length, disc width, sex/maturity andght Disc widths ranged from 5 to 29 cm
for females and also from 5 to 29 cm for males. filseogram exhibits an adult cohort with a
mode at 25-29 cm, and a weaker juvenile cohort-tcin. Females were observed juvenile
(22%), adolescent, maturing (13%), adult, develgp{a%), adult, mature (20%), adult,
laying (13%) and adult, resting (30%). Males weugepile (24%), adolescent, maturing
(12%), adult, developing (12%), adult, mature (6&6)] adult, running (47%).
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Figure 23: Biological data of Psammobatis spp. (Sandray Unidentified, RPX), map of the densitiesn
kg/km? (A), percentage of specimens of each sex pematurity stage (B; | juvenile; 1l, adolescent
maturing; 1ll, adult, developing; IV, adult, mature ; V, adult laying/running; VI, adult resting) and disc
width frequency (in percentage of the total samplassessed) of each sex with 5 cm size class (C; =40
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3.4.7 Bathyraja scaphiops — cuphead skate — RSC

The total catch of cuphead skate was 18.1 kg (h&#te skate catch). It was caught at 10 of
the 74 trawl stations (Figure 24). Catches rangedhf0.15 to 5.37 kg. Among the 10
stations, 3 yielded >2 kg, 1 yielded >5 kg. Demsitranged from 0.75 to 27.23 kg-Km
(CPUE ranged 0.15-5.37 kg*h Highest densities were observed in the southtenepart

of the survey zone. The number of skates sampledite frequency was low with 11 (7
females and 4 males), all were sampled for lergdjt, width, sex/maturity and weight. Disc
widths ranged from 33 to 54 cm for females and fi@o 45 cm for males. Females were
observed adolescent, maturing (29%), adult, dewadpopl4%), adult, mature (14%) and
adult, resting (43%). Males were juvenile (50%) addlt, running (50%).
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Figure 24: Biological data ofBathyraja scaphiops (cuphead skate, RSC), map of the densities in kgfi
(A), percentage of specimens of each sex per matyristage (B; | juvenile; Il, adolescent maturing; I,

adult, developing; IV, adult, mature; V, adult laying/running; VI, adult resting) and disc width frequency
(in percentage of the total sample assessed) of baex with 5 cm size class (C; n=11).
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3.4.8 Bathyraja griseocauda — grey tailed skate — RGR

The total catch of grey tailed skate was 12.61k8% of the skate catch). It was caught at
10 of the 74 trawl stations (Figure 25). Catcheweal from 0.2 to 4.74 kg. Among the 10
stations, 1 yielded >4 kg. Densities ranged froBLGo 25.29 kg- kit (CPUE ranged 0.2—
4.74 kg-hY). Highest densities were observed in the westem @f the survey zone. The
number of skates sampled for size frequency waswdtv 23 (6 females and 17 males), all
were sampled for length, disc width, sex/maturitgd aveight. Disc widths ranged from 16 to
48 cm for females and from 15 to 44 cm for malesn&les were observed juvenile (83%)
and adolescent, maturing (17%). Males were juveBii€s), adolescent, maturing (6%) and
adult, running (50%).
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Figure 25: Biological data of Bathyraja griseocauda (grey tailed skate, RGR), map of the densities in
kg/km2 (A), percentage of specimens of each sex pematurity stage (B; | juvenile; 1l, adolescent
maturing; 1ll, adult, developing; IV, adult, mature ; V, adult laying/running; VI, adult resting) and disc
width frequency (in percentage of the total samplassessed) of each sex with 5 cm size class (C; =23
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3.4.9 Bathyraja multispinis — multispined skate — RMU

The total catch of multispined skate was 10.08k@% of the skate catch). It was caught at
2 of the 74 trawl stations (Figure 26), both in gwthwest of the survey zone. The two
catches were 4.68 and 5.4 kg, with respective tdesas27.39 and 33.23 kg-km(CPUEs
4.68 and 5.4 kgf). The number of skates sampled for size frequevasy only 3 (1 female
and 2 males), all were sampled for length, discthyidsex/maturity and weight and
vertebrae/thorns. Disc widths were 49 cm for theejule female and 53 & 62 cm for the two
males which were both adolescent, maturing.
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Figure 26: Biological data of Bathyraja multispinis (multispined skate, RMU), map of the densities in
kg/km?2 (A), percentage of specimens of each sex pematurity stage (B; | juvenile; 1l, adolescent
maturing; lll, adult, developing; IV, adult, mature ; V, adult laying/running; VI, adult resting) and disc
width frequency (in percentage of the total samplassessed) of each sex with 5 cm size class (C; n=3)

36



3.4.10 Bathyraja magellanica — Magellanic skate — RMG

The total catch of Magellanic skate was 2.2 kg¥®df the skate catch). It was caught at 2 of
the 74 trawl stations (Figure 27), both close te #ason Islands. Catches were 0.07 and
2.13 kg, with associated densities 0.33 and 9.68rkg (CPUEs 0.07 and 2.13 kg'h The
number of skates sampled for size frequency wag diiboth female), all were sampled for
length, disc width, sex/maturity and weight. Discdths were 14 and 42 cm. The 14 cm
female was juvenile, whereas the 42cm female wak, adsting.
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Figure 27: Biological data of Bathyraja magellanica (Magellanic skate, RMG), map of the densities in
kg/km?2 (A), percentage of specimens of each sex pematurity stage (B; | juvenile; Il, adolescent

maturing; lll, adult, developing; 1V, adult, mature ; V, adult laying/running; VI, adult resting) and disc

width frequency (in percentage of the total samplassessed) of each sex with 5 cm size class (C; n=2)
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3.4.11 Bathyraja cousseauae — joined—fin skate — RBZ

The total catch of joined-fin skate was 2.12 kgvdts caught at only 1 of the 74 trawl stations
in the south-western part of the survey zone (Eig®8). The density was 11.02 kg-¥m
(CPUE 2.12 kg-1). The single adolescent, maturing female had @wligth of 46 cm.
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Figure 28: Biological data ofBathyraja cousseauae (joined—fin skate, RBZ), map of the densities in ¢gfkm?
(A), percentage of specimens of each sex per matyristage (B; | juvenile; Il, adolescent maturing; I,

adult, developing; IV, adult, mature; V, adult laying/running; VI, adult resting) and disc width frequency
(in percentage of the total sample assessed) of baex with 5 cm size class (C; n=1).
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3.5 Biomass estimation and cohort analysis

3.5.1 Hake
Hake was observed in higher densities in the naofrtiine survey zone. It is generally where
hake is the more abundant in Falkland waters (Eig2®). It was also abundant to the
northwest of West Falkland, but to a lesser extédbserved densities ranged from
12.8 kg-km? to 9.35 t-kri* and were Box—Cox transforme#i=0.5). The semi—variogram
was plotted with 38 distance classes and an expiahemdel with no nugget effect fitted to
the observed values. The model reached the slli28),at 186 km. Kriged densities ranged
from 34 to 8,697 kg-km and averaged 1,003 kg-KmThe estimated biomass was 97,072 t.
Over the years that the ground fish surveys haea losenducted, hake biomass in February
ranged from 7,336 to 17,357 t and was 13,550 tatoker 2014. All these surveys were
conducted when hake was in Argentine waters forsgievning season. Abundance in July
2017 did not increase as much as the biomass gigimg the presence of bigger fish than in
February. This is further showed by the length dexecy histograms (Figure 30) where one
can see the increase in abundance for all theckizees and especially the biggest ones.
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Figure 29: Experimental variogram with exponential model fitted (A), kriged map of hake density (B),

time series of estimated biomass and abundance @t (with associated 95% confidence intervals) usin

the ground fish surveys conducted from 2010 (C) andotal catch of each survey (D). Biomass and
abundance estimations in 2014 and 2017 second semas@re carried out in October—November and July

respectively and illustrate the seasonal trends.
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Figure 30: Length frequency histograms of common heae extrapolated to the estimated total biomass for
February and July 2017.
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3.5.2 Common rock cod

Common rock cod biomass was estimated using deisitgtation ranging from 3.6 kg-km

to 985 kg- k. Observed densities were Box—Cox transforme®.6) and the experimental
variogram was plotted with 44 distance classesuf€igl). The variogram model that best
fitted the data was spherical with no nugget effaatange of 87 km and reached the sill at
180. The average kriged density was 133 kg?kand ranged from 7 to 917 kg-KmFinally,

the estimated total biomass on the survey zone Ma833 t. Biomass of rock cod first
increased from 2010 to 2011, from 606,736 t to 83B,t but then decreased significantly to
221,500 t in 2014 (estimated in October). In 2048 3016 a non-significant decrease was
observed to 190,371 t followed by a significant rdase in 2017 to reach 75,379 t and
12,883t in February and July respectively. Thémedted number of rock cod in the water
also decreased over the period but to a lessentaxighlighting a change in the size structure
of the stock with an increase of abundance of smaiials. Inter-seasonal comparison
presented on Figure 32 shows that the number lofifisluly decreased as well as the size.
Only one cohort appears on the length frequencyldity and it seems that fish between 20

and 30 cm that were observed in February were aligen the surveyed zone.
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Figure 31: Experimental variogram with spherical madel fitted (A), kriged map of rock cod density (B),

time series of estimated biomass and abundance @t (with associated 95% confidence intervals) usin

the ground fish surveys conducted from 2010 (C) andotal catch of each survey (D). Biomass and
abundance estimations in 2014 and 2017 second seas@re carried out in October—November and July

respectively and illustrate the seasonal trends.
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Figure 32: Length frequency histograms of common rck cod extrapolated to the estimated total biomass
for February and July 2017.
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3.5.3 Red cod
Red cod observed densities ranged from 0.2 kgf konl,951 kg- knf. These densities were
Box—Cox transformed\E0.5) and used to plot the semi—variogram usingi&&nce classes
(Figure 33). The best variogram model was sphedndl reached the sill (297) at a range of
38 km. The average kriged density was 121 kg’kamd the biomass estimation was
11,694 t. Three hot spots were identified througltloe survey, two in the north of the survey
zone and one to the west of West Falkland, therlatthibiting a lower abundance than the
formers. From 2010 to 2016, red cod biomass vapiedwas not significantly different
between years. However, in February 2017, a sgnifidecrease in biomass and abundance
was observed. In July, the biomass was signifigalttiver and the abundance did not
decrease as much as the biomass. This is furtlgighted by the length frequency
histogram that shows a decrease of abundancesfor80 cm (Figure 34).
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Figure 33: Experimental variogram with spherical malel fitted (A), kriged map of red cod density (B),
time series of estimated biomass and numbers of liigwith associated 95% confidence intervals) usinthe
ground fish survey conducted from 2010 (C) and tofecatch of each survey (D). Biomass and abundance
estimation in 2014 were carried in October—Novembeand illustrate the seasonal trends.
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3.5.4 Southern blue whiting
Southern blue whiting was caught at 16 stationse Bhserved densities ranged from
0.09 kg-km? to 666 kg-kn’. Observed densities were used to plot a semi-graio after
Box—Cox transformationi€0.5) and using 25 distance classes (Figure 35.mbdel that
best fitted the data was the spherical model wittamy nugget effect. The variogram was
fitted to a maximum distance lag of 200 km. The eiagached the sill (14) at a range of
32 km. The kriged density ranged from O to 537 ky% averaging 5.4 kg-kih The
biomass estimation was 519 t across the survey Smahern blue whiting was only caught
in the north of the surveyed zone and one statidnbéed a high density. Southern blue
whiting biomass was stable in 2010 and 2011 andl tbiéowed a decreasing trend until July
2017. The abundance did not follow the same trajgcas the biomass, decreased first in
2010 and 2011, then increased until February 20h6é. lowest abundance was reached in
February 2017 and was followed by an increase ip. Jihe length frequency histogram
shows that in February 2017, at least 3 cohortewampled while only the smallest one
appeared in July samples (Figure 36).
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Figure 35: Experimental variogram with spherical malel fitted (A), kriged map of southern blue whiting

density (B), time series of estimated biomass andumbers of fish (with associated 95% confidence
intervals) using the ground fish survey conductedrébm 2010 (C) and total catch of each survey (D).
Biomass and abundance estimation in 2014 were caed in October—November and illustrate the
seasonal trends.

45



ZDLT1-02-2017

B Undetermined
6e+06 O Juveniles
B Females
HAe+06 ] Males
2e+06 —
0e+00 — Jhi I I T I |
0 20 40 60 80 100
Total Length (cm)
ZDLT1-07-2017
B Undetermined
6e+06 O Juveniles
B Females
Fet+06 ] Males
2e+06 —
0e+00 — I I I I |
0 20 40 60 80 100

Total Length (cm)

Figure 36: Length frequency histograms of southerrblue whiting extrapolated to the estimated total
biomass for February and July 2017.
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3.5.5 Argentine shortfin squid

Observed densities of Argentine shortfin squid ezhffom 0.09 to 11.6 kg-Kf The semi—
variogram was plotted with 10 distance classesaanelxponential model with a nugget effect
(0.97) was fitted (Figure 37). It reached thedill7’5) at 153 km. The averaged kriged density
was 1.4 kg-krf ranging from 1 to 5 kg-km The total estimated biomass was 139 t. In July,
highest densities were observed at three statimasto the west of West Falkland and one to
the north in the FOCZ. Over the years that the midiish survey has been conductdtex
argentinus biomass ranged from 19 to 13,116 t. The only etxaepvas observed in 2015
when the biomass estimation was 217,371 t prigdhéorecord catch taken in the fishery by
jiggers and trawlers. The length frequency histograhat compare abundances in February
and July show the decrease in abundance of theéfishequid between February and July
(Figure 38). Moreover, the cohorts seen in Februaese absent from the survey zone and a
new cohort (mode at 12 cm) was present in Falklaaiers.
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Figure 37: Experimental variogram with exponential model fitted (A), kriged map of Argentine shortfin
squid density (B), time series of estimated biomassd numbers of fish (with associated 95% confiderc
intervals) using the ground fish survey conductedrébm 2010 (C) and total catch of each survey (D).
Biomass and abundance estimation in 2014 were caed in October—-November and illustrate the
seasonal trends.
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Figure 38: Length frequency histograms of Argentineshortfin squid extrapolated to the estimated total
biomass for February and July 2017.
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3.5.6 Kingclip
Observed densities for kingclip ranged from 1.5-4686-km. These densities were Box—
Cox transformedA&=0.5) and used to plot a semi—variogram with 3%adise classes. The
best model that fitted the data was spherical witimugget effect. The model reached the sill
(869) at 53 km. The kriged densities ranged froky&ni? to 5,563 kg- kit and averaged
270 kg-km? The biomass estimation was 26,133 t. Three hatsspvere identified
throughout the survey in the southwest, west anthrad the survey zone. From a temporal
perspective, kingclip abundance increased from 202D11. In 2015 the highest abundance
of the series was observed (91,884 t). A decreasetinen observed until February 2017 and
was followed by a non-significant increase in Ja@17. Abundances increased more
between February and July as fish were smalldrenJtlly sample.
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Figure 39: Experimental variogram with spherical malel fitted (A), kriged map of kingclip density (B),
time series of estimated biomass and numbers of liigwith associated 95% confidence intervals) usinthe
ground fish survey conducted from 2010 (C) and tofacatch of each survey (D). Biomass and abundance
estimation in 2014 were carried in October—Novembeand illustrate the seasonal trends.
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Figure 40: Length frequency histograms of kingclipextrapolated to the estimated total biomass for
February and July 2017.
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3.5.7 Toothfish

Toothfish observed densities ranged from 0.24—7.@&rkigf and were Box—Cox transformed
(r=0.5) before using them to plot a semi—variogranm\80 distance classes (Figure 41). The
model that fitted the best the data to a maximustadice of 200 km was spherical without
any nugget effect. It reached the sill (20) at k88 Using this variogram model, the kriged
density averaged 7.4 kg- kimanging from O to 66 kg-kth The total biomass was estimated
to be 714 t. Highest biomasses of toothfish wergenled in deep waters especially in the
southwest of the survey zone where adults werentakaother hot spot was found to the
south of the Jason Islands inshore where smalirspes were sampled. Biomasses as well
as abundance were found to be stable between 20d02@11. However a significant
decrease of the biomass was observed in 2015 fedldwy an increase and another decrease
in 2016 and 2017. In July 2017, a further decrezsthe biomass was observed but the
abundance did not decrease as much. The lengthefney histogram comparison shows that

the proportion of small fish was higher in July €onohort is well represented) than in
February (at least three cohorts were sampledy&idn).
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Figure 41: Experimental variogram with exponential model fitted (A), kriged map of toothfish density
(B), time series of estimated biomass and numberd fish (with associated 95% confidence intervals)
using the ground fish survey conducted from 2010 (Cand total catch of each survey (D). Biomass and
abundance estimation in 2014 were carried in OctolseNovember and illustrate the seasonal trends.
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Figure 42: Length frequency histograms of toothfishextrapolated to the estimated total biomass for
February and July 2017.
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3.5.8 Falkland calamari
Falkland calamari catches ranged from 1.3 to 581Higher catches were observed to the
north of theLoligo box and in the southwest of the surveyed zonesifies ranged from
9 kg-km? to 2.8 t-km?. After Box—Cox transformatiorh£0.5), observed densities were used
to plot the semi—variogram and the best modelfitiatl the data was Gaussian with a nugget
effect of 172 (Figure 43). Its sill was 397 and weached at 262 km. Kriged densities ranged
from 77 to 1,250 kg-km (average was 353 kg-Kf The estimated total biomass in the
survey area was 34,169 t. Over the years, Falldataimari biomass appeared to be stable in
2010, 2011 and 2014, decreasing in 2015 and tHEwiag an increasing trend to reach its
maximum of the time series in July 2017. The lerfgdguency histogram of February and
July samples (Figure 44) show that the range @fisiduly was bigger than in February.
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Figure 43: Experimental variogram with gaussian moel fitted (A), kriged map of Falkland calamari
density (B), time series of estimated biomass andumbers of fish (with associated 95% confidence
intervals) using the ground fish survey conductedrbm 2010 (C) and total catch of each survey (D).
Biomass and abundance estimation in 2014 were caed in October—November and illustrate the
seasonal trends.
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Figure 44: Length frequency histograms of Falklanctalamari extrapolated to the estimated total biomas
for February and July 2017.
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3.5.9 Hoki

Hoki densities varied from 0.66 kg-kfito 12,670 kg-knf. After Box—Cox transformation
with A=0.5, a semi—variogram was plotted with 33 distarlesses and the best model that
fitted the data was exponential with no nugget aff@igure 45). The sill (1,016) was
reached at 40 km. The estimated kriged densityageer 318 kg-kni (ranging from 9 to
20,199 kg-knf). The total biomass on the survey area was 3@,78®st of the hoki was
observed in the southwest of the survey zone ip dexders (>200 m) where hoki is usually
abundant. Over the years 2010-2017, hoki biomassdecreased, albeit not significantly,
between 2010 and 2011 (from 273,377 to 182,44Dh§. biomass further decreased in 2015,
increased in 2016 and decreased again in 2017.uly 2017, the biomass increased
significantly compared to February and the abundancreased even more. As detailed on
the length frequency histogram (Figure 46), thellestacohort was the only cohort observed

in July whereas at least 3 cohorts appeared ik¢bheuary samples.
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Figure 45: Experimental variogram with exponentialmodel fitted (A), kriged map of kingclip density (B),
time series of estimated biomass and numbers of liigwith associated 95% confidence intervals) usinthe
ground fish survey conducted from 2010 (C) and tofacatch of each survey (D). Biomass and abundance
estimation in 2014 were carried in October—Novembeand illustrate the seasonal trends.
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Figure 46: Length frequency histograms of hoki extapolated to the estimated total biomass for Februgr
and July 2017.
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3.6 Oceanography

Oceanographic data were collected at 74 statiomadihout the survey. The area covered
ranged from 48° 37.8'S to 52° 22.9'S and 57° 58.8063° 22.2'W. Good data were
collected on all the down—casts. Figure 47 showddbation of the stations.
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Figure 48, Figure 49 Figure 50 show the temperagatnity ando—t density, gridded using
ODV4 DIVA! gridding algorithm, at depths 10, 50, 100 and Sdalhe first layer at 10 m is
the shallowest depth common to all CTD casts. Timeeyed area covered depth range from
133 to 277 m.

Overall the seasonal influences have reduced teamc variability, with temperature and
salinity fairly steady through the water column.eThbnly real variation occurs in the

southwest where the western branch of the Falkl&dsent is in evidence at the sea bed,
pushing under the shelf water.

The temperature data (Figure 48) shows cold wersfin from the southwest, unlike the
February cruise there is no warm water gyre overdhelf to the north of the Falklands.
Overall the temperature range is very short, withimimum measured temperature of 5.56°C
(interpolation suggests a value of 4.9°C in the peaparea) at seabed and a maximum
temperature of 7.06°C (7.3°C interpolated over nedparea) at the surface. There is little

variation in the temperature profile at each statib2 stations the temperature range exceeds
1°C, at 5 station the range exceeds 0.75°C antil stations the range exceeds 0.5°C.
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! DIVA is a gridding software developed at the Umaity of Liege (http://modb.oce.ulg.ac.be/projetidiva)
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XV : \

Figure 49 shows the salinity over the surveyed.af¢assurface the salinity is fairly stable
33.5 and 33.8 PSU. As depth increases there iseatayr variation, with significant
differences at the seabed. At seabed, salinitigiseln the water close to the 2 branches of the
Falklands Current. The waters to the north eastgatbe shelf and in the trough to the south

west show measured salinity greater than 34.1 RSiH.possible to clearly see the colder
more saline water from the eastern branch of thiddrals Current.
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The density map (Figure 50) shows lowest densitiema 10 metres over the shelf. As depth
increases density increases slowly, however ihig at the seabed that the density shows any

variation, with the same water mass to the soutst-aed north-east of the islands in the deep
water, below the less dense shelf water seen isutface and 50 m depth map.
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Figure 51 shows the oxygen level at 10, 50, 100 sembed in ml/l of water. Oxygen
concentration is highest at the surface, with w#16.2-6.7 ml/l over area. In deeper water
the oxygen levels fall slightly with the range beem 6.1 and 6.6 ml/l at 100 meters. On the

seabed the in contrast to the February survey @vher west branch of the Falklands Current
brought higher levels of oxygen) the oxygen legdbwer. There is also a marked low to the

north of the Falklands where the lowest oxygenlkeaee at 5.39 ml/l. The CTD Profiles to
the north and west of this showed a marked deciiead@ at 90 to 110 m from ¢ 6.5 ml/l to

between 6.0 and 5.5ml/l. the low oxygen stream hesclosely to the high Salinity path to
the west of the Falklands. However the sudden dr@ is far more prominent than the rise
in Salinity around stations 2567 and 2570.

AE AF AG AH A) AK AL AM AN AP AQ AR

AH AJ AK AL AM AN AP AQ AR
ﬁws A AB AC AD AE AP AG ﬁas
XA T 1® xa vl h'» 1
. & )
X8 0 s 30
xc S e b——T—+— 45
49°S 49°5
XD y XD i
15' 15
XE XE
30' - 20
XF & XF <)
45 45
XG A XG y.
XH 50°S - 65 re S 5 s0°5
& [ ) )
3 ) 15 o - o 15
) o : )
XK 30 XK ) 30
45' 45'
XL 6/5f XL 6 6.5,
. 6 .
XM 51°S XM 51°S
XN 15 XN " 15
30' 20
o Iy E e N
® - A . 45' / = 45'
x| % ) x| Kee X o2l |
xR = o %2 52°S xR e & F ‘ i oS
n-r "a *d 15' > "a > 15
Xs o) ’ xs | {2 5.5, o] ‘ ‘
30' 20
XT ‘ XT 64 ‘ f
45' 45'
Xu XU
v s w Jsa“s
T e1ow 30' 60°W 30' 59°W 30 58°W 30 57°W 30" 56°W e1ow 30' 60°W 30' 59°W 30' 58°W 30' 57°W 30 56°W
i a0 63w 30 €W 20 BLW 30 60°W 30 59°W High : 6.8 sy 20 63w 30 G2°W 30" 61W 30' 60°W 30' 59°W
- Low:55
100M AL AM AN AP AQ AR Seabed AL AM AN AP AQ AR
AG AH Al AK AG AH Al AK
AA AB AC AD AE AF 48°S AA AB AC AD AE AF 48°S
XA LN I 15'
X8 . O 0 s "’ 30
o} 3 9 ,
XC 45 XC a\’ 45
T —49°S ‘- 5 T —49°S
XD 6.6 XD
15' o 15'
XE - ® XE
A ® 30" 30
XF £ XF
o 45 45
X6 & X6
50°S 50°S
XH & 2 7 XH
) ey )
X £3 N 1 X3 63, N 15
63 30 30"
XK XK
& 25 o 45
XL 65 XL ) >
. a .
XM o7 51°S x| A 51°5
XN . A 15 XN C & 15
< | IS } = g . 30 xp & o o 30
A w Ny .
< e o SRR /i
i " M i = M A s
xs | & s B ’ 15 XS 2 e \ ‘ 15
9
XT B %0 XT %0
XU 45' XU 45'
53°5
XV . 58°W 30' 57°W 30' 56° XV
o 3y 61°W 30' 60°W 30° 59°W 30' 58°W 30' 57°W 30" 56°W
ganw a0 63w 30" 62°W 30" 6T 6acw 30" 63°W 3

61

53°S
0 62°W 30° 61°W 30' 60°W 30' 59°W 30' 58°W 30" 57°W 30" 56°W

Figure 51 Oxygen at 10m, 50m, 100m and 200m (contsuat 0.1mi/l)



4.0 Discussion

The survey conducted from 10 to 27 July 2017 was#thground fish survey since 2010.
Five surveys were conducted in February and or@ctober—November 2014. This year was
the first time a ground fish survey took place utyJoncurrent to the second seasmhgo
pre—recruitment survey. The data collected throughas survey gave a new insight into the
Falkland marine ecosystem, especially the populastructure of species encountered
(length, sex ratio and maturity stages), their Itdimmass (summarised in Table 2),
abundance, spatial structure and the oceanograjphation.

The species of primary interest during this summe@g common hakilerluccius hubbsi. Data
collected throughout the survey enabled a religistenate of the biomass available within
Falkland waters. The spatial structure of the steeks also highlighted and highest
abundances observed to the north and to a lestmmtdr the northwest of West Falkland.
This cruise was also an ideal opportunity to obiafarmation about size structure, sex ratio
and maturity stages and take note of temporal adsrngsh appeared to be bigger than in
February highlighting the migration of fish fromaspning grounds to Falkland waters.
Females were bigger and more abundant than malésegsare in February and females
appeared to be at the start of the reproductiveedyesting or early developing) while most
of the males were spent. Although this survey gageod insight in the population foraging
within Falkland waters, it is only part of the dtathat was sampled as no information was
gathered from Argentine waters nor from the higlissghere a significant part of the stock is
also generally present and exploited.

Collecting data on common hake was the primaryativie of this research cruise, data were
also collected on all other demersal species. datergly, some finfish stocks exhibited
significant differences compared to February 20 size structure was found different for
red cod, rock cod, hoki, southern blue whiting aodthfish. For these species, several
cohorts were observed during the most recent Fepgraund fish survey whereas only one
cohort was evident in the July survey. The Julyweurtook place during rock cod and red
cod spawning seasons. As a result, fish appearbd to developing stages. Judging by the
resulting biomass and size structure it seemsphdtof the stocks were outside the survey
zone as we observed fish primarily of the small@norts but not many of the larger sized
cohorts observed in February 2017. Fish may haea Ipeesent on spawning grounds that
were not well covered by the survey. In the casleod and southern blue whiting the survey
design was not ideal to sample these two specié@scasered primarily the shelf (shallower
than 200 m) while these two species are abundatiteoslope (deeper than 200 m). It is then
difficult to conclude if current results are shogian inter—seasonal pattern or if fish was
outside the surveyed zone. Only the smallest cabifothe toothfish stock appeared in the
samples suggesting that age 2 and 3 cohorts thegtasgd in the February surveys have
migrated outside the survey zone.

The oceanographic situation appeared to be signifig different from that in February.
Ocean temperatures were colder and their rangdesmdioreover, the water column did not
exhibit any clear temperature structure and thes golsserved over the Falkland shelf in
February 2017 was not observed in the July suf/bg.only water temperature gradient that
was found was observed near the bottom in the safutiie surveyed zone in waters deeper
than 200 m.

Since 2010 and the first ground fish survey, bismaisdemersal commercial species were
estimated using geostatistical methods. Geostatibave been recognized as the best tool to
estimate biomass taking into account spatial autwelation of the data. Kriging methods
are known to smooth values and derived confidemtenials are small (Gimona and
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Fernandes, 2003). In order to address that issodittmal simulations were used to derive
more realistic confidence intervals (Woillez et 2009).

The July research cruise enabled a data colledir@ctly comparable to all the other ground
fish surveys conducted since 2010. It showed hosvdabosystem and the oceanographic
situation were different compared to the summewreur In the February 2017 report a
significant decrease of the biomass for a humbespeties over the years was highlighted
and this was further observed in July. Howevas difficult to conclude if the lower biomass
observed in July 2017 was merely a seasonal effiedt the overall biomass is still on a
decreasing trend.

The July survey was a first snapshot of our undaihg of the marine ecosystem around the
Islands in winter time. Even though the spatiabreatand structure of the various stocks was
described, no suitably comparable information isrently available on the inter—annual
variability. It is therefore recommended to repiéd survey in July 2018 to further study the
annual variability of both the biological and ocegraphic components. Moreover, as some
species are not well sampled due to the surveygdesot going into deep waters, an
extension of the surveyed zone to the south coaldiscussed in the near future.

Data gathered during the current survey that tgont deals with, and indeed all other
surveys conducted since February 2010, will bengfdrtance to provide scientifically robust
advice that will help the management make evidem&ged decisions in the context and
framework of the 2019 licence advice.

Table 2: Summary of the biomass estimated for commeial species using geostatistic methods

Species Estimated biomass (t)
Common hake (HAK) 97,072
Common rock cod (PAR) 12,883

Red cod (BAC) 11,694
Southern Blue Whiting (BLU) 519
Argentine shortfin squid (ILL) 139
Kingclip (KIN) 26,133
Toothfish (TOO) 714

Falkland calamari (LOL) 34,169

Hoki 30,752
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Appendix

Table 3: Catch table ZDLT1-07-2017

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

HAK Merluccius hubbsi 18,323.630 5,381.11p 0.000 40.85%
WHI Macruronus magellanicus 6,450.400 368.950 5,110.460 14.38%
LOL Doryteuthis gahi 4,671.510 244,432 16.730 10.41%
KIN Genypterus blacodes 4,087.501 1,274.920 0.380 9.11%
PAR Patagonotothen ramsayi 2,003.330 472.724 1,681.010 4.47%
MUG Munida gregaria 1,865.454 0.703 1,865.454 4.16%
BAC Salilota australis 1,784.050 853.928 505.290 3.98%
DGS Sgualus acanthias 1,345.140 0.00( 1,237.140 3.00%
DGH Schroederichthys bivius 1,266.600 12.11( 1,263.960 2.82%
RFL Zearaja chilensis 920.130 920.13( 16.380 2.05M%
RBR Bathyraja brachyurops 406.612 406.612 41.570 0.91p%
BUT Sromateus brasiliensis 277.610 161.87( 269.230 0.62%
SPN Porifera 181.48 0.0Q00 181.4B80 0.4Dp%
CGO Cottoperca gobio 156.850 154.74( 156.850 0.35%
BDU Brama dussumieri 139.250 139.25( 0.00p 0.31po
BLU Micromesistius australis 126.000 11.514 125.450 0.28%
TOO Dissostichus eleginoides 122.256 122.256 0.16D 0.27%
SQT Ascidiacea 99.05 0.000 99.050 0.2P%
SIB Siboglinidae 62.332 0.450 61.882 0.14%
BRY Bryozoa 61.010 0.000 61.010 0.14%
STA Serechinus agassizi 47.210 0.000Q 47.210 0.11%
PAT Merluccius australis 43.430 43.430 0.000 0.10%
RMC Bathyraja macloviana 37.595 37.595 16.79b 0.08%
RDO Amblyraja doellojuradoi 32.052 32.052 32.05P 0.07%
ING Moroteuthisingens 23.911 12.260 23.900 0.05%
RAL Bathyraja albomaculata 20.984 20.984 2.164 0.05%
COP Congiopodus peruvianus 20.130 20.130 20.130 0.04%
RPX Psammobatis spp. 19.525 19.525 18.47H 0.04%
SUN Labidaster radiosus 18.712 0.000 18.71p 0.04%
ILL Illex argentinus 18.178 18.178 13.608 0.04%
RSC Bathyraja scaphiops 18.100 18.100 5.060 0.04%
GRF Coelorhynchus fasciatus 17.060 12.710 17.060 0.04%
FUM Fusitriton m. magellanicus 16.140 5.000 11.140 0.04%
ANM Anemone 15.830 0.000 15.640 0.04%
RED Sebastes oculatus 14.300 14.300 0.120 0.03%
RGR Bathyraja griseocauda 12.610 12.610 1.630 0.03%
GOC Gorgonocephalus chilensis 11.965 0.000Q 11.965 0.03%
RMU Bathyraja multispinis 10.080 10.080 0.000 0.02%
ALF Allothunnus fallai 9.760 9.760 0.00( 0.02%
SEP Seriolella porosa 9.030 9.030 0.00( 0.02%
CAZ Calyptraster sp. 8.280 0.000 8.28( 0.02%
POA Porania antarctica 6.517 0.000 6.517 0.01%
AUC Austrocidaris canaliculata 6.155 0.000 6.15% 0.01%
ZYP Zygochlamys patagonica 6.117 0.000 6.117 0.01%
SAR Sorattus fuegensis 5.385 5.380 2.20% 0.01%
MUL Eleginops maclovinus 4,930 4.930 0.00( 0.01%
PAU Patagolycus melastomus 4.080 0.000 4.08( 0.01%
COL Cosmasterias lurida 3.460 0.000 3.46( 0.01%
NEM Neophyr nichthys marmoratus 3.410 3.410 3.41( 0.01%
CEX Ceramaster sp. 3.310 0.000 3.31( 0.01%
ADA Adelomelon ancilla 2.910 1.630 1.28( 0.01%
CTA Ctenodiscus australis 2.883 0.000 2.883 0.01%
COT Cottunculus granulosus 2.400 0.040 2.40( 0.01%
MUE Muusoctopus eureka 2.390 0.920 1.47( 0.01%
OPV Ophiacanta vivipara 2.313 0.000 2.313 0.01%
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RMG Bathyraja magellanica 2.200 2.200 0.070 <0.01%
RBZ Bathyraja cousseauae 2.120 2.120 0.000 <0.01%
THO Thouarellinae 2.063 0.000 2.063 <0.01%
OPL Ophiuroglypha lymanii 1.584 0.000 1.584 <0.01%
GYN Gymnoscopelus nicholsi 1.525 0.000 1.52% <0.01%
SEC Seriolella caerulea 1.310 1.310 0.000 <0.01%
PES Peltarion spinosulum 1.244 0.000 1.244 <0.01%
MAV Magellania venosa 1.122 0.000 1.122 <0.01%
MUU Munida subrugosa 1.117 0.000 1.117 <0.01%
ODM Odontocymbiola magellanica 1.115 0.340 0.77% <0.01%
POL Polychaeta 0.98P 0.000 0.982 <0.01%
BAO Bathybiaster loripes 0.975 0.000 0.97% <0.01%
EUO Eurypodius longirostris 0.951 0.000 0.951 <0.01%
FLX Flabellum spp. 0.790 0.000 0.79 <0.01%
Muusoctopus longibrachus
MLA akambei 0.740 0.000 0.00 <0.01%
WRM Chaetopterus variopedatus 0.730 0.000 0.73 <0.01%
ZYX Dead Zygochlamys 0.70D 0.000 0.700 <0.01%
CHE Champsocephal us esox 0.690 0.690 0.37 <0.01%
UHH Heart urchin 0.677 0.00D 0.6717 <0.01%
ALC Alcyoniina 0.617 0.000 0.61y <0.01%
CYX Cycethra sp. 0.615 0.000 0.61% <0.01%
SOR Solaster regularis 0.595 0.000 0.59% <0.01%
NUD Nudibranchia 0.361 0.000 0.361 <0.01%
ASA Astrotoma agassiZii 0.310 0.000 0.31 <0.01%
EUL Eurypodius latreillei 0.307 0.000 0.307 <0.01%
CAM Cataetyx messieri 0.300 0.300 0.30 <0.01%
TED Terebratella dorsata 0.287 0.000 0.287 <0.01%
MAT Achiropsetta tricholepis 0.250 0.000 0.25 <0.01%
AST Asteroidea 0.248 0.000 0.248 <0.01%
OCC Octocoralia 0.200 0.000 0.200 <0.01%
MED Medusae 0.20( 0.000 0.200 <0.01%
SER Serolis spp. 0.159 0.000 0.159 <0.01%
ANT Anthozoa 0.150 0.000 0.150 <0.01%
COG Patagonotothen guntheri 0.146 0.076) 0.146 <0.01%
PYX Pycnogonida 0.12Y 0.000 0.127 <0.01%
OPH Ophiuroidea 0.07¢Y 0.040 0.0y7 <0.01%
PYM Physiculus marginatus 0.050 0.050 0.05 <0.01%
HOL Holothuroidea 0.046 0.000 0.046 <0.01%
HCR Paguroidea 0.04p 0.000 0.045 <0.01%
MMA Mancopsetta maculata 0.030 0.000 0.03 <0.01%
BAL Bathydomus longi setosus 0.030 0.000 0.03 <0.01%
THB Thymops birsteini 0.030 0.000 0.03 <0.01%
SRP Semirossia patagonica 0.020 0.000 0.02 <0.01%
NUH Nuttallochiton hyadesi 0.020 0.000 0.02 <0.01%
CAS Campylonotus semistriatus 0.015 0.000 0.01% <0.01%
BUC Bulbus carcelles 0.015 0.000 0.01% <0.01%
CRI Crinoidea 0.015 0.00p 0.015 <0.01%
PMX Protomictophum spp. 0.015 0.000 0.01% <0.01%
SYB Symbolophorus boops 0.010 0.000 0.01 <0.01%
SET Sertulariidae 0.01D 0.000 0.010 <0.01%
CRY Crossaster sp. 0.010 0.000 0.01 <0.01%
BIV Bivalve 0.010 0.000 0.010 <0.01%
LYB Lycenchelys bachmanni 0.010 0.000 0.01 <0.01%
ODP Odontaster pencillatus 0.009 0.000 0.009 <0.01%
MUN Munida spp. 0.005 0.000 0.00% <0.01%
ISO Isopoda 0.005% 0.000 0.005 <0.01%
PLB Primnoellinae 0.00% 0.000 0.005 <0.01%
44,859.326 10,844.841 13,024.0p56
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Table 4: Sample numbers by sample type

Code Species Name N R S5 Total
LOL Doryteuthis gahi 7,697 353 8,050 26.9%
PAR Patagonotothen ramsayi 6| 3,912 2,443 6,361 21.3%
HAK Merluccius hubbsi 9| 2,701 2,898 5,608 18.8%
BAC Salilota australis 3| 2,426 586 3,015 10.1%
WHI Macruronus magellanicus 3| 1,324 922 2,249 7.5%
KIN Genypterus blacodes 17 581 727 1,32% 4.4%
TOO Dissostichus eleginoides 50 516 566, 1.9%
BLU Micromesistius australis 38 353 391 1.3%
RFL Zearaja chilensis 380 380| 1.3%
ILL Illex argentinus 299 48 347 1.2%
CGO Cottoperca gobio 317 3 320 1.1%
BUT Stromateus brasiliensis 258 35 293 1.0%
RBR Bathyraja brachyurops 235 1 236 0.8%
GRF Coelorhynchus fasciatus 125 125| 0.4%
SAR Sprattus fuegensis 110 110| 0.4%
MUG Munida gregaria 105 105| 0.4%
BDU Brama dussumieri 88 2 90| 0.3%
COP Congiopodus peruvianus 51 51| 0.2%
RDO Amblyraja doellojuradoi 42 42| 0.1%
RPX Psammobatis spp. 40 40| 0.1%
RMC Bathyraja macloviana 38 38| 0.1%
RED Sebastes oculatus 28 28| 0.1%
RGR Bathyraja griseocauda 23 23| 0.1%
PAT Merluccius australis 18 18| 0.1%
RAL Bathyraja albomaculata 16 16| 0.1%
SEP Seriolella porosa 15 15| 0.1%
ING Mor oteuthis ingens 13 13| <0.1%
CHE Champsocephal us esox 11 11| <0.1%
RSC Bathyraja scaphiops 11 11| <0.1%
NEM Neophyr nichthys marmoratus 6 6| <0.1%
COG Patagonotothen guntheri 5 5| <0.1%
MUL Eleginops maclovinus 4 4] <0.1%
RMU Bathyraja multispinis 3 3| <0.1%
SEC Seriolella caerulea 3 3| <0.1%
RMG Bathyraja magellanica 2 2| <0.1%
ALF Allothunnus fallai 1 1| <0.1%
CAM Cataetyx messieri 1 1| <0.1%
DGS Squalus acanthias 1 1| <0.1%
PYM Physiculus marginatus 1 1| <0.1%
RBZ Bathyraja cousseauae 1 1| <0.1%
29,905
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