Cruise report

Skate biomass and
biological survey

Ludovic Goyot, Alex Blake, Georgina Roberts
& Andreas Winter

ZDLM3-10-2019

Falkland Islands Government
Directorate of Natural Resources

Fisheries Department

oy At
S
K

Stanley, Falkland Islands
15/01/2020




ParticipatingContributing Scientific Staff

Ludovic Goyot Lead scientist, trawl survey, repdgill sections but those mentioned)
Alex Blake CTD, trawl survey, repof©ceanography section)

Georgina Roberts Trawl survey, report (Biomass estimates section)

Amy Guest Trawl survey

Theofelus Kairua Trawl survey

Vasana Tutjavi Trawl survey

Tomasz Zawadowski Trawl survey

Commentsand inputs provided by Andreas Winter @hass estimates sectiorgnd Alexander
Arkhipkin.

Acknowledgements

The scientific team would like to thamBC, the captain Jose Vicente Santos Reaisavell as all the
officers and crew members of the Monteferro, for their professionalism and constant help throughout
the survey

© Crown Copyright 2020

No part of this publication may be reproduced without prior permission from the Falkland Islands
Government Fisheries Department.

For citation purposes this publication should be referenced as follows:

Goyot L., Blake A., Roberts G. & Winter(2920. Skate biomass and biological surv&cientific
Report ZDLM310-2019 Fisheries Department, Direcate of Natural Resources, Falkland Islands
Government, Stanley, Falkland Islarg3.p.

Distribution: Public Domain

Reviewed and approved by:

Woson

Dr Andrea Clausen Date:15/01/2020
Director of Natural Resources




Contents

1. INTRODUCTION. ..ottt e e e e e et e e ettt e et aeeaaaeaaaeaaaaaaeaaasaassaaaaannaanen 3
2. AIMS & OBJIECTIVES. ...t ettt e e e e e e e e e eeebeaaaas 4
3. METHO D S .. et e e e et e ettt a e e e e et aebr b aaaas 4
3.1  Vessel, trawl gear and proSPected @rBa..........c.uuvriieeiiiirriieeeeeeiiiiiee e e e 4
3.2 Biological SAMPIING.......cccooiiiiiiii e a e e e e e e e e e e e e e e 6
TR T B L= L = WY g T= 1V PP 6
3.3.1  SKate DIOMSS ESHMALES. ........uviiiiiiiieiiiee et 6
3.3.2  Skate community and DIOIOGY.......cceiiiiuiiiiiiiee i 8
3.3.3 Finfish and cephalopod DycatChi...........ccuviiiiiiiii e 8
3.3.4  Benthic invertebrate DYyCatCh............coooiiiiiiiii 8
3.3.5  Catchability COMPAIISON........ccccciiiiiiiiiiiiiereer e e e 9
3.3.6  OCEANOGIAPNY.....coiiiiiiiiiie e 9

4. RESUL T S ettt e e e e e et et e e et b e e e e e e et e e e e e b e aaeaees 10
4.1  Skate community and DIOIOGY.........cceeeiiiiiiiiiiiieei s 14
4.2  Finfish and cephalopod species byCatCh.............cccooviiiiiiiiiiii e 35
4.3  Benthic invertebrate bycatCh............ccooiiiiiiiiiiinn 4D
4.4  Catchability COMPAriSON..........ccoiiiiiii e e a7
45 OCEANOGIAPNY...ciiiiiiiiiiee e e 49
LT O 0 ][ @ L 151 [ ] N PSR PPPPTPT 55
B.  APPENDDX ... a e e e et 56
7. REFERENCES..... .o et e e et e e e e e 64



1. INTRODUCTION
Skates (Rajiformgsare an important component of the Falkland Island fisheries, being both
managed by a dedicated license (F license) since 1994 and a total allowable effort attributed
to licensed vessels (FIFD 2018). However firdiahgeting trawlers are responsible foe
majority of skates caught as bycatch (tablel). Furthermore, the last survey dedicated to the
description of the skate species assemblage in the region, in 2013, identified 1) changes in the
distribution of species and 2) shifts in their biological paaters- notably the size at 50%
maturity (Pomperéetal. 2014).

Tablel - Skate fisheries summary per year

Total catch  Catch under Number of F license days
(tonnes)
F license (%) F license days used used / purchased (%)

2013 5,923 37.6 246 100
2014 5,552 53.2 259 100
2015 6,357 37.2 249 95

2016 5,882 36.2 152 58.6
2017 3,177 35.8 133 59.6
2018 1,933 25.8 64 24.8

Since then, the total catches of skates throughout the lyasr$ollowed a decreasing trend
associated with a decrease of fishing effort undicehce (table 1).

In parallel to that, and though extensive research has already been conducted on Rajiformes
over the years (Agneet al. 2000, Wakeforaet al. 2004, Arkhipkinet al 2008, Arkhipkinet

a.l 2012 Winter et al. 2015, the biology or even identification of some species in the
Falkland Islands waters are still poorly understood and necessitate further investigation. One

of the questions that remain is the identification of the differeecisp of the genus
Psammobati§ ver nacul arly named fAsand skateso) pot
waters. Morphometric and associated genetic samples have been collected on a number of
specimens but additional individuals still need to be sadpb complete this egoing

research project.

Finally, the surveys of 2010 and 2013 were conducted with two different net settings, with
rockhopper and groundrope respectively. As these settings affect the catchabilityamnalte
therefore the interpretan of the species assemblage, notably in terms of abundatiee

data collected during these last two research cruises necessitated prior standardization.

The Falkland Islands Fisheries Department (FIFD) has therefore opted for the option of a
skatededrcated survey to be conducted in October 2019.



2. AIMS & OBJECTIVES
The purpose of th2019 survey waito:

- Update our knowledge of the skate species distribution in the northern slope of the
continental shelf

- Assess the evolutioand changes in the skate assemblage six years after the last
dedicated research cruise.

- Collect exhaustive catch / bycatch information , including on teleost and invertebrate
species, associated with the skate community

- Collect associated oceanographitada

- Collectindividuals of Psammobatis spjor genetic and morphometric information

- Assess the catchability rates of the two net settings previously used in 2010 and 2013
to allow an acute comparison of data collected during these cruises.

3. METHODS
3.1 Vessel, rawl gear and prospected area

The research cruise was carried out on the Monteferro ZDLMS3, operated by RBC,ukder a
license (number FKO54E19). The Monteferro is a bottom trawler registered in Stanley
(Falkland Islands flag), with a gross tonnage of 14&8d a length overall of 63.7 m.

In 2013, during the last survey dedicated to the skate biomass and distribution estimates, two
zones were explored: the sowthea covering twelve grids of the Loligo box surrounding
Beauchene Island, and therth / nath eastarea where skatesre usually targeted under an
F-license. However, it was rapidly noted that the fishing net used during this survey differed
from the one used in the 2010 survey, altering catchabdificiency and hence the
comparison of théish assemblage between 2010 and 2013.
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Figurel- Prospected area

In 2019, it was decided to prospebe northern areanly (north of 51°S) to update the
assemblage distribution in the skate fishing ground. Twelve days were allocated to this initial
mapping, during which8 stationswere sampledFigure 1- Prospected area The vessel
departed orl1™ October a®:00pm with the intention of being on the fishing ground the next
morning. From12" October until23® October included, the sampling was conducted with
commercial net fitted with a 9@m codend and a ground rope with a tickler chain, as it was

the case in 2013. For the last two days of the survey, 8 stations were replicated using the
same net and cod end but fitted with rock hopper gear, i.e. foliotnm same setting as in
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2010. Each trawl was 60 minutes long (seabed timg}h an average trawl speed 410
knots (min 3.4, max 4.6). On the™8f October, the net wadamaged beyond repair and had
to be changed for a nevidenticalone because thaet broke early during the trawling
operation, the catch was neither sampled nor integrated into the .sOnvag" October, the
net was damagednd hauled after 50 minutésit could be repairedThe total catch was
extrapolated to 60 minutes, to be catent with the other statissampled Only 3 trawls
were carried out these days, which were compeddstés trawlsbeingcarried out on 18
October and 2¥ October.

3.2 Biological sampling

All finfish, cephalopod and elasmobranch catches were identdi¢lae species level and

weighed usingan 80 kg Marel balanceBecause tlte use of a groundrope couplwith a

tickler chain tends to maximise the bycatctbehthicinvertebrats, thelatterwassometimes
numerousmportantto beentirely sorted by specie©n these occasions, it was decided to

divide this bycatch in twgarts the main, dominant mien one handand the rarer species

on the other handThe main components of the bycatch (most often a mix of sponges and
crushed sea urchinsyere weighed as avhole andrandomly subsampled in two to three

baskets, which were sorted to the lowest possible taxa, weighed and extrapolated to the total
catch. The rarer species (starfighplluscs crustaceansé) were sor
weighed separately, and theotal weight was added to the extrapolated one.

All skatediscwidths were masured to the lowest centimetend their sex and maturity was
determinedi however on three occasions, the catches of the skate species were too big to
conduct this workFor the most abundant specieswias decided to identify the maturity

stage of males onlyecordingf e mal es wi t h a Iinuaidentified.t y st age of

Psammobatisspecies were as usual recorded as RPX, however they were sampled for
morphometric, geneticra@ ontogenetic analyse$his separate studgims at refining our
understanding of thBsammobatisomplex present in the Falkland Islands watarg] the
resultsare not included in the present report.

Each species of commercial interest that was caugingithe survey was randomly sampled

(up to 100 individuals), and their length frequencies were analysed. Otoliths were collected
according to the quarterly strategy (2 to 5 individuals per sex per 1cm class size). A sample of
Doryteuthis gahivas also collected for statolith extraction.

3.3 Data Analyses

3.3.1 Skate biomass estimates
Skate biomass estimates were calculated by extrapolating catch density (catch weight per
trawl sweptarea) using a cubic spline algorithm (Akir96). The trawl swept area was
defined as trawl distance x wing spread (horizontal net opening), whereby trawl start and end
positions used during calculation were obtained from logged positions recorded by the vessel
officers.



Wing spread values weret recorded during this trip due to sensor technical faults, and as
such were calculated using the formula:

Q& £QQI 0 OEAB'Q O 1AEFTNO

L 00 ® O"Qaaomaﬁgmm 0 QARPEVQI QO

with door distance, sweep area and bridle length recorded for each trawl. The footrope used
was the same as the one diggeviously in skate surveyius an average footrope length
taken from previous survey data was used for this calculatiothefutescription of the trawl

swept region definition is given in the 2010 skate survey report (Arkhipkin et al., 2010).

For any biomass calculations, the trawl capture efficiency specific to each vessel / net must
be taken into consideration (Dickson 1998s described for the previous 2010 and 2013
skate surveys (Arkhipkiet al, 2010, Pomperet al, 2019, catch density was scaled by a
catchability coefficient adjusting for the relatively light contact gear generally used by
Spanish / Falkland trawlgr as it is the case for the vessel used during this survey. These
were calculated using an index ratio between the CPUE of all catch of commercial skate
fishing vessels in 2010 and 2013 (the last surveyed years) vs. the CPUE of all catch of these
two suveys for northern trawl stations (north latitude 51 °S) (see Arkhipkial, 2010,
Pompertet al, 2014). The survey catchability coefficient used in 2013 was a combination of
two factors: the ratio between Spanish and Korean vessels (0.600), antictHzetraeen

2010 and 2013 (1.690). This was supposedly the same in 2019 as the same gear setting was
used in 2013 and 2019. Because no significant commercial skate fishing occurred in 2019,
the catchability coefficient factor used for the 2019 survey we0x 1.690 = 1.014.

Skate biomass was first estimated with refe
region that had been definéat the previous two survey@rkhipkin et al, 2010, Pompett

al., 2019, covering26 FIFD grids and26082.2 krA. However, progression of the fishery

since 2013 has showwider distributions of skatestoclks, and a new Skate Box was
ddineatedfor this surveycovering38 FIFD grids and38211.% kn. For this report the two

Skate Boxes are designated as respectively t

To calculate the variability of the skate biomass estimates a bootssamp#ingalgorithm
(Efron, 1981) was applied to the survey data as in 2013 (10t8fdtions).As a fixed
catchability coefficient was assumed for the current survey, the catchability coefficient was
not varied in the bootstrap. Howevehree componentsf the biomass estimation were
randomised separately per bootstrap iteration:

1) Surveytrawl position.
For variability estimates, the survey trawl catch was ranged on a random uniform
distribution between trawl start and end positions rather than on the trawl midpoint.

2) Catchcompositionper survey trawl.
All species (including bycatch)ithh FIFD-defined lengthweight relationships were
randomly resampled per trawl by extrapolating the individual composition of each
trawl from its lengthfrequency samples. These lengths were converted to weight
using calculated lengtiveight parameters. e extrapolated individual composition
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of each trawl was then randomly-sempled with replacement. Because the total
catch filling a trawl relates more to catch weight than to the number of individuals, the
re-sample of each trawl was looped until it feed the closest approximation to the
original catch weight of all lengttveight defined species in that trawl.

3) Total catch per trawl
Total catch per trawl may itself be considered a partially random variable. A
generalized additive model found that 55%ti@wl catch weight of FIFRlefined
species in this survey was predicted by position parameters east and north (projected
coordinates), and depth. Thus, 45% of trawl catch weight of fi&fined species
was randomly resampled, with replacement, per borpt iteration, and the catch
composition resample (above) applied to the sum of the 45%ampled plus 55%
empirical trawl catch weights.

3.3.2 Skatecommunity andbiology
The CPUE (kg.h") and size distributiomf each skate species according to 1) theirtjoosi
and 2) the dep at which they were caught wepdotted, and disevidth frequency and
distribuion along the depth gradient wearalysedThe size at 50 % aturity Lnso, Which is
the theoretical diswidth above which 50% of the individuals have reed reproductive
size, was determined per species and per sex with the use of logistic regrasdion
compared to the values observed in 2010 and 2013.

3.3.3 Finfish and cephalopod bycatch
The CPUE andize frequency of each bycatsheciesof commercial interest was analysed
and plotted. The sex ratand modal maturity stage was also assessed for each spamies.
commercial species were also occasionally sampled for Kiregthency or otoliths.

3.3.4 Benthic nvertebrate bycatch
The use of a @mmercial net with a 90 mm mesh size preventiirect analysis on raw
biomass for benthic invertebrate species. Indeed, there are at least two possible biases with
such data: the fact that all animalstioé smaller species may not be retained by thktively
wide mesh, and the likelihood of the animal not getting to the conveyor belt once on board
(trapped on the net [/ deck [ f itoshénatorallg moeet c é) .
abundant oheavy than others, and their presence at a statigromeweight the presence of
lighter, rarer species. For these three reasons, it has been decided to transform the biomass
data with a logarithmic function [Lag(x+1)]. Although not as comprehensive as the use of
raw data would have been, it allows ovenog the three aboveentioned limits without
completely disregarding the differences of abundance between the different stations.

The similarities between stations according to their invertebrate species composition has then
been assessed with theseuof a similarity matrix (BrayCurtis index) coupled with
hierarchical clustering. Each group of station hasnmapped tanvestigateany potential

spatial pattern of the benthic community, and the characteristic species discriminating each
group have been @htified with the use of SIMPERCIarke, 1993and IndValanalysegDe
Cacere®t al, 2009)



3.3.5 Catchability comparison
In total, 16 stations of the survey have been used for assessing the catchability rates of the
two tested settings.€. with a groundrop@r a rockhopper). The average catches and species
richness have first been compared, and then the group of species being caught in higher or
lower quantities with the two different settings have been identified with the use of a
principal component analigs(PCA).

3.3.6 Oceanography
A single CTD (SBE25, Se&Bird Electronics Inc., Bellevue, USA) instrument, Serial No
0389, was used to collect oceanographic data in the vicinity of most trawl stations. On the
13" October the final CTD was not run due to bad Wwegton the 18 due to the proximity 3
trawls the central CTD was skipped, and on the final 2 days CTD were not collected during
the repeated trawls. The CTD instrument was last calibrated in May to June 2016, with an
oxygen sensor fitted to the instrumhém January 2017 and a Fluorometer fitted in June 2017.
At all stations the CTD was deployed to a depth of c.10m below surface for a soak time of
more than one minute, this allowed the pump to start circulating water and flush the system,
following this the CTD was raised to a minimum depth of 5 m below surface. The CTD was
then lowered toward sea bed at 1m/sec. The CTD collected pressure in dbar, temperature in
°C, conductivity in mS/cm, Oxygen Voltage and Fluorescence. The raw hex file was
converted andorocessed using SBE Data Processing Version.7.22.5 using the CON file
0389 2016806-O2_Fl.xmlcon. Upcast data was filtered out. Depth was derived from
pressure using the latitude of each station, with dissolved oxygen in ml/l derived at the same
time as dpth. Practical Salinity (PSU) and Density as sigma-t] wiere derived following
derivation of depth. Further derived variables of conservative temperature (°C) and Absolute
Salinity (g/kg) were calculated in Ocean Data View version 4.5.4 (SchlitzeQdean Data
View, http://odv.awi.de2013).



http://odv.awi.de/

4. RESULTS

Table 2 shows the biomass estimates and 95% confidence intervals from 10,000 bootstrap
iterations in the survey region when using previous skate fishing ground parameters (Old
Box), and the new exterd box (New Box). 2013 results have also been included for ease of
estimate comparisons. All estimates include the conversion factors described in each report
(2013 = approx. 1.69/ 2019 = approx. 1.09) that account for the differences in gear usage and
fishing effort.

Table2 - Skate biomass estimate (tonnes) and 95% confidence intervals (Cl)

2013 2019 (Old Box) 2019 (New Box)
Species Code Est. 95% C.1. Est. 95% C.1I. Est. 95% C.1.

RAL 4556 1985 - 11293 3818 3058-4136 5475 4819 - 6135
RBR 8022 3597 - 20693 4264 3972 - 5640 4680 4674 - 6476
RBZ 742 343 - 2065 860 764 - 1387 2195 1979 - 2875
RDA 291 115- 893 126 58-244 129 63 - 255
RDO 743 321-1853 1030 661-1166 1783 1485 - 2086
RFL 2997 1288 - 7424 3007 2131-3371 3234 2372 -3637
RGR 4629 2013 - 11585 4029 3711 -5687 7781 6990 - 9436
RMC 1160 529-3018 1019 931 - 1458 1454 1430-2039
RMG 4 1-13 4 0-18 4 0-19
RMU 580 223 - 1447 771 617-1175 1333 1243 -2084
RPX 587 257 - 1494 206 180-671 288 243 -916
RSC 1135 485 - 2861 768 563-972 1252 1134 -1674
RTR 44 21-217 145 4-399 551 236-1376
Total 25492 11289 - 64135 20045 16650 - 26324 30161 26668 - 39008

10



AH A AK AL AM AN AP AQ AR AS AT AU AV AW AX AY Az AF AG AH AJ AX AL AM AN AP AQ AR AS AT AU AV AW AX AY
A A8 AC AD AE ARG - =4 : . BA BB aD AE AP AG 01 D) . = V AX AY a2 Ba g
M2 I JHOT B =2 o st ma P70 K y TORTNET B Ay 47
| I fh. APRER S ) i 1 [ 8 /AW 1T RARA1I5 9 g ] i
il ! I RAL (km2) |30 PR, L T RBR (tkm2) |30
. Sy . 45 A\———1 Tt &7 > s
we R T B Max: 1310 | o N B I Max: 1540 |
XA e E FET i 15 Y B T A b
x8 I 22 TP T 0 RN i
X o N e e A PO
X0 = % - e
XE : > 15 v }
o i R 5 oA G W
45! L =
x| Tk s0°5 *NH-T:T 44—14 =T
o] b AT
| - R x| oA —— e |
n 7 B \ / as' awl LA r‘]j—_l_
L T P ¥ . 17 HE 5195
XN » s 15
X £ - I3
xQ| 45'
XR | ' 52°5
xs - 5
AT / 30
o 3 . o) a5
i i T ls3s
XY - < B e e oo
o >3 45’
4 [ - 54°5
W 15 o |-
YB 30
YCig a5t
R sss
YE' ¢ ;-15-
YF - D [ ok SN ok Y5 30 b5
Y6 [SUlx v 7 8 1% 4s'
YU Xy ’ T ; 5 -isees
::(' : 15
. s = i
. 5 ' B smaanic
eqow 63°W 62W BIoW 60°W S9W SEW 300 300 300 300 3g g 57 Y;ﬁ 6-‘31@ S2ow 61°W 60°W SIW S8W
AC AD AE AF AG MM M) AX AL AL AN WP AQ IR AS AT AU AV AW AX AY 02 8A BB o AD AE AR AG AR AK ML NA A AP NO AR AS AT NI KY AW AN A2 6K
wﬁw"lf’]'“rj e M N 9 S Y P 5 O S s P Wi‘ 8 T ) I A . ] AEEoreys) s
t T T RARS 7, W | o o i RAEA W |15
HIT i " i RBZ (t/km2) |30 il = o W S RDA (t/km2) |~ 30
- I 3 L [ 45 A 4 3 |45
' = B Mx: 1570 | wel N B Max: 0.106 |
v l1s XA\ 1 = SR T 15
— £ i ST 15 ] 7
L] 5 - 0 XB q 2 T 4
S o » X
Fee:
XE
S XF|
XG
x|
x /L
XK | i
X V)
XM = =
XN A
s 2
x|
xR
x| p
: o :
xu
7 x| q
5 Xwho =
X0 < =
s Xy NP
28 xz * =1 B
F 1 YA
8| i
Ll e
- YD
3 YE '
a5 F i 7 A
V5 i L] Y6 5
7 YH -
o
; YK
i % 2 i - = # 7 : e
A V0 7 ™ A o) y
V;'w S S2ow 61w 60W SOW SEW 30T 30 30 300 3p g5 57 ey G3°W 62°W G1°W 60°W SOW S8°W 3030 300 300 30 zp 57
A AC KO KE A AG M A A AL AM AN‘APlAQ’ fR ‘ASIAT AN AW A AY A2 e ® i AG__VLHTA_{lM AL AM miwlwléjl‘s(‘llﬁlyﬁiw‘l‘qlﬂ“("‘zf% P
v | N0 A WIRAER . - PQT A9 s
e 5 R RDO (t/km2) [~ 30 { oy T RFL (km2) |~
‘ ! ) e Y 47 X - 45
vzl SRR A s I Max: 0.616 || 4gec T -{ Shs = I Max: 1.700 | | igos
‘ - LA AR RN e Wi
: EEa. =i au e
i A 5 &, P 45" V5! o st
XD - X 49°5 T 4ees
X [} : : 15 u ¢ ? o 15’
XL fio S i e — I«‘— R X 30
X i 45 rl— [ 45
x| Y fses + P “t? Ts0s
0 3| 15" = @ J A “—r_ 15
XK - — S S X jm I NI O t’ 20
X 1 _ 7\ 4s' S €' 2N T ] v T TS
™ =" Y - . / 313 515 - St J ‘_\1» I ‘—bjsn-s
XN s LI : 15 2
XP £ I - — I3
’;‘;‘ E / 45 ]
[ 2 K/ is2°s
xs — - i
A 2 30
oy 1 . ) 2 s
xv| L > /535
XWH = = > 150y s
XX > 7 = — -
P 2 S - 57 ot
& > 7 45
¥ e 2
’ = S
Y8 = 20
el das
o sss
‘;i E1s
NP 30 .
Yo [Ulx i g A e P % G Sitles
YK o s o ELciag - o
L = 45 b 3F 7 ? ) 45
Y™, . M e T y "
wwwwgpwmwso-wsrwsa'w 30 57° “"ﬁ'w.wszuw6l'wmwsﬂ"w 300300 30 30 30 39 57

11



AcmuAF__AGMA;AKALMMA[{QARASATAuAvAwA?(AYAZNBB AcAnAE__”‘G‘E'”‘K,.‘“‘"_ _‘RBﬁA’lAD:VAWA‘xAY“
W LT e et s DS UE S i . G =i
wl A A | RGR (t/km2) j.“; ) RMC (t/km2) j‘jg
w2 N ) B Max: 3.420 | g B Max: 0762 | /45
::(:\ 2 e T =15 TS 15
30
e :
XD 2
ol
XF|
x|
XH |
xJ
XK | b
XI.}
x|\ L !
x| I
Xp
Q >
XR T 4
A
.
xu! 6’
o Sy s .
XX - =
i\ o
YA » r
Y8 3 iE
s
YD =
YE' £
YF % = IR ¥F
¥6 I 6.
VHA' A M X YH
v i
YK 3 YK 3
YL i a5 YL 35T "
T 2w GIW GOW SSW W 30T 0 30 30 ap g s g G3ow 629W 61W 6°W SIW SEW 3003030 50 g 5757
MAEEE#Af_AamA?AKALAMMAPMZUR‘ASATAU'AVAWA‘KAYAZ 0 MﬁmwuulﬁmuAKMMANAP‘AQ'fRPSIA[AU]AVAWA{AvAZ .
W‘”‘}; LR [ I’xs‘ W;erjFrT W EBIS I 20| J]ﬁ'
wlod i i; I RTR (km2) [~ 30 b i I o J; i3 'f RMU (tkm2) |30
wal e i B Max: 0495 | o we. A T e I Max: 0573 [
x| 2 T i <is 1 ) '
;: i 5% 30 2 ¥ 30
X0 .
XE"JP— C
XF| 3 i
X6 | | i
o NEYE o
X
XK | \
XL}_\ 7 1 .
w1 - 7 7
XN
XP I - _i.‘
xQ| z L
XR e s M A >
N L
o 4 A
ot / -
oS : % o
XX s 3
e 0 3
YA al e
YB 1 3
e S
YD
YE - s o5
YF e ¥
Y6 % =
YH! -
! %
YK
YL = % @Y a5’ A, == 1 £ i
v:;ws;,wepwsn«ww-wsrwsa'w 0030 30 300 30 3y 575 v:.wegwjarwﬁl"wwmw EC T T
L R Bl m[”\mlf‘l £ra w‘AVIAw i A!TE“IE B a5 ‘E*AF‘ETA!' il 1 TR, N\ i 7#?-!#’73"& . a5
v > X QUBAEA LS S e ; Uﬂ‘T i IRAEZ 1%, W s
wl ¥ T RPX (t/km2) :(:«r I U R 1 N / | RSC (t/km2) 41!"'
iy }':: e o Max: 0.279 | N o Max: 0.453 | g
XA o e > & S
s H = i SR i e i
xol F “
xEL -
x| .l
XGr—‘T'
XH
x|
XK |
x:.k_l ; | i \|
XM
G- ]
XN
xpk B A
% n >
XR
):?L. = g b /
xul 7 / Z
XV
e ]
XY o i £
Xz ) t >r 2
YA - >
Y8|
Yo
YD <
YE' ! ]" (2
YF S i T 1T
YG 0
™
Yl 7ot
oDt
n i s’ n % U ~Sas
Y e oW 1w GOW SW SEW 30T 3030 300 ap g st sﬁta‘wﬁw W SPW SEW 30 30 30 30 3 39
Figure 2 - Interpolated skate density (t/kni, New Boy across the survey region for 201Pensity varies from 0 (blue) to

the value shown in each legend (red). RMG not included (only 2 ind caught in)2019

12



Biomass estimatas the Old Box weresignificantlylower in 2019 thar2013 for RPX, RSC,

RDA and RBR, whereas biomasstimatesof RBZ, RDO, RMU and RTRwere higher.

RMG was caught in low quantities as in 2013 as in 2019 (only 2 individuals caught for this
present survey).

Altogether, the total biomass estimate of the fRajies in theOld Box appeared to have
dropped by 21%, from 25452 tonnes in 2013 to 20045 tonnes in(Zabe: 2).

The New Box is larger than the Old Box by a factoB8211.%/26082.2 = 165 In 2019,
six of the 13skatespecies had a biomass estimate ragtween the New Box and Old Box
greater than 1.46RBZ, RDO, RGR, RMU, RSC and RTR (Table #)dicative that for
these species, concentrations were distributed fuotiiehan previously evaluateBRBR had
the highesabsolutebiomass decrease from 2013 to 2019, and no&BR in 2019switched
from having the highestkatebiomassestimatan the Old Box to only the thirtlighestskate
biomass estimate in the New Box (Table 2).

Spatial distributions of the skate spes in 2019 are shown iAgure 2, where eight skate
species (RGR, RMC, RMU, RSC, RDA, RBR, RAL and RBZ) showed higher densities in
the northen partof thesurvey area (which is largely the same between the Old Box and the
New Box)in 2019 when compared with 2013. RBZ was not found in the south of the box in
2019 as in 2013. RFL and RPX showed similar geographic distribution between 2013 and
2019. RTRhad very similar localised hotspots to that of RDA in 2019, with higher densities
than in 2013. RDO was much more widespread throughout the fishing area in 2019 and in
higher densities than in 2013. However RBRdespite the lower biomass estimate
(approxmately 50% of 2013} was much more widespread throughout the fishing box in
2019 than in 2013with correspondingly lowezonfidence interval (C.I.) margins
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4.1 Skate community and biology

Bathyraja griseocaudéRGR)
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Figure3 - Distribution anddiscwidth repartition of RBR

A total of 4,987.5 kg, representing 29.1% of the total skate catch, was cadghofrihe 48

initial stations(i.e not including the net catchability trial stationg)th the higlest catch

recorded at 434 m. 1861 RGR were caught and sampled, which represents the third highest
catch in number of individual®isc width ranged between 10 and 109 cm, with a mean of
4014cm( e F = 40.61 cm; eM = 39. 65enales(518h0h%W) a s | |
There is a clear distribution pattern with smaller individualg@<m)being more abundant
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altogether but mainly distributed below 400 m, when larger individuals were mainly
occupying deeper waters7 females werearrying egg capsule¥hey were all caught north

of 49A3006 S,.109rMemalesld.ple%) waveaabae theylat 50 % maturity
which was of 75.0 cm, slightly lower than thgsk of 75.87 reported in 2013 he male ly

at 50 % maturity was of 66.5 cm in 2019, 2 cndevitharthe one observed in 2013.
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BathyrajaalbomaculataRAL)

2,89741 kg of Bathyraja albomaculat#16.9% of the total skate catrlwerecaught in Z of

the 48 initial stationsThe catches were evenly distributed throughout the zone and depth

strata with a slightly higher abundance in the north of the FO@hést catch of 245 kg at
300 m) 2785RAL were caught and sampled, whislasthe highestatd in terms of number

of individuals.
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Figure6 - Distribution and disewidth repartition of RAL

Disc width ranged betweetD and 5&m, with a mean 082.53¢c m

( 8F54c=m; e M

32.52 cm) and a sligh predominance ofemales (51.60%). No distribution patternof
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individuals in accordancéo their size wa discernablel8 females were carrying egg
capsules. They were caughroughout the zone, both in shallemand deeper waterd12
females 28.67%) were above thedl, at 50 % maturity which was @&8.2 cm, 2 cm wider
thanto the Lusp of 36.8cmreported in 2013. The malegy-at 50 % maturity was d4.4cm
in 2019,very similar tothe one observed in 20134.2) cm
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Bathyraja brachyurop$RBR)

In 2019, the ¥ highest skate catch was made Rdthyraja brachyuropsthe dominant
species of 2013. 2342.8 kg of RBR were caught at 41 of the 48 initial stations, which
represerdgd 13.7 % of the total skate catch. The catches do not seem to be driven by latitude
so much as they are by depth, with a clear preference of shallower waters for this species.
Although the species was recorded between 127 and 541 m, most of the catthvesdoc
above 350 m, with the highest catch of 192.5 kg at 303 ™2 RBR were caught and

sampled.
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Disc width ranged betweelD and 77cm, with a mean 085.15¢c m ( 8&53c=m; e M
33.45cm) and a predominance of femaleS.{5 %). On average, the wider individuals were
recorded at intermediate depit2507 300 m).18 females were carrying egg capsutegy
were mainly caught in the shallower waters of éhea. 22%emales (3.83 %) were above
the Lgw at 50 % maturity which was @f6.7cm, 8 cm wider than the one reported in 2013,
and comparable to what was observed in 2010. Similarly, ghatl50 % maturity of males
was of 41.2 cm, 4 cm wider than the one observed in,ZiBsimilar to the 2010 value
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Bathyraja cousseaug®BZ)

A total of 1592.7 kgpf Bathyraja cousseaua®.29 % of the skate catch, was caught in 40

stationsi mainly deeper ones (300+ meters), with a highest peak of abundance in the north of

the FOCZ.The highest catch of 221 kg was recorded at 346 m depth. Altogether, 647

individuals were caught and sampled.
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Disc width ranged betweehand 81 cm, with a mean 089.49¢c m
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deeper waterOnly 7 females were carrying egg capsulé3females 20.13%) were above
the Lgw at 50 % maturity which was @0.1 cm in 201&m, consistent with theneobserved
in 2013.The Lgy at 50 % maturity of males was 59.3cm, similar tothe ons observed in

2013and in2010Q
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Zearajachilensis = Dipturus lamillai (RFL)

A total of 1502.4kg Zearaja chilensiswhich represented 8.7% o the skate catch, was
caught at38 stations Although the species was recorded between rh58nd 541 m, the
biggest catch were made in between 200 28@ m, in the arth of the FOCZ. The highest
catch of 182.6 kg was recorded a244 m depth, and 63fhdividuals were caught and
sampled.
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Figurel5- Distribution and disewidth repartition of RFL

Interestingly, ésc width ranged betweed? and82 cm, with a mean of 52.34m ( 5263 =
cm; e49.17em) and avery marked predominance ofemales 91.55 %). No small

22



juveniles were recorde@n average, the size of the individuals appears to be correlated with
depth with wider individuals being more frequeat intermediate dep#h at 400- 450 m
However these wide individuals were not very numerous and smaller individuals were more
frequent, and found in shallower waté&ts females carrying egg capsulesre recorded. 81
females 13.84%) were above thedly at 50 % maturity which was of363 cm in 2019 cm,
intermediate between the values observed in 2010 and Z0&3Ly, at 50 % maturity of
males was of8.4cm, similar to the ones observed in 2013 #n2010.

Prop Mature
Prop Mature

Disc Width (cm) Disc Width (cm)

Female Male

ZDLT1-10-2010 | ZDLT1-11-2013 | ZDLM3-11-2019 | ZDLT1-10-2010 | ZDLT1-11-2013 | ZDLM3-11-2019

LM50= 67.6cm LM50= 60.7cm LM50= 63.3cm LM50= 49.0cm LM50= 47.0cm LM50= 48.4cm

Figurel6 - Maturity ogives of RFL

23



Amblyraja doellojurado{RDO)

A total of 1033.4kg of Amblyraja doellojuradqi which represented 6.0% of the skate
catch,was caught during the initial survey. It is the only species that has been caught at every
station (48), but this ubiquitous distribution is not uniform as the biggest catches were
recorded in the southern part of the studied arneawever at all depth3.he highest catch of

76 kg was recorded &12m depth.2638individuals were caught and sampledhich makes

this species the second most abundant Biényraja albomaculata
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Disc width ranged betweenand40 cm, with a mean 023.59¢ m
24.19cm), females were more abundant thraales (53.18 %)nterestingly, the depth ranges
in which the highest catches were recordedle also the ones where the smaller individuals
occurred, which indicates the presence of juvenile / small skate hot2gdtsnales were
carrying egg capsule896 females 28.23%) were abov&8.0 cm,the Ly, at 50 % maturity
observedin 2019 The Ly at 50 % maturity ofboth females andnalesappeared very

consistent over the years.
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Bathyraja macloviangRMC)

881.28 kg oBathyraja macloviandRMC), which represented 5.14 % of the skate catch, was
caught during the initial survey. The species was fountbaif the 48 initial stationswith

the main catches distributed between 300 and 400 m.depttever, the highest catch was
recorded at 420n and was of 95.3 kg. In total, 1381dividuals were caught and sampled
during the 2019 survey.
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Figure20 - Distribution and disewidth repartition of RMC

Disc width ranged betwee®iand 40 cm, with a mean @7.55cm € F 2%73c m; eM =
27.35cm); females werenore abundant thamales (53.04%). Depth seems to play a key
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role in the distribution of the individuals, with an increase of the average ddtb wi
correlated to depth. 1females were carrying egg capsulasd were all caught in deeper
waters 251 females 85.6 %) were above30.9 cm, the lg, at 50 % maturity observed in
2019. The Ly at 50 % maturity of both females and madeemed to have slightly dropped
between 2010 and 2013, and showed an increase bed@¢8rand 2019
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Bathyraja multispinifRMU)

Bathyraja multispiniscatches represented 4.68 % of the skate catch, for a total of 802.8 kg
caught during the initial survey. The species was found at 43 of the 48 initial stations, with no
clear pattan of depth / catch distributioriThe highest catch wasf 80.32 kg and was
recorded aR99 m. In total,only 156individuals were caught and sampled during the 2019

survey.
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Figure23 - Distribution and disewidth repartition of RMU

Disc width ranged betweelhl and99 cm, with a mean of 58.97 m

( &&F17c=m; e M

59.55 cm). Although males tended to be larger than females on average, the largest
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individuals werdemales Males were more abundant tHamales (58.336). The size of this
species did not appear to be correlated wégbtld No femalesvere carrying egg capsule3f
the 65 females sampled, (&3.08%) were abovehe Ly at 50 % maturity of 67.@m. The
Law at 50 % maturity of both females and males seemdaktoonsistent with the values
observed 2010 and 2013
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BathyrajascaphiopgRSC)

Bathyraja scaphiopsised to be among the main species caught in the Falkland Islands
waters. In 2019, only 679.6 kKg3.96 % of the skate catéhwas caught during the initial
survey. The species was found at 45 of the 48 initial statwitis,no clear hotspoas the
catches were very homogenous between 200 and 438omever, the highest catch was

recorded at 303 m and was of 67.7 kg. A total of 672 individuals was caught and sampled
during the 2019 survey.
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Disc width ranged between BHhd60 cm, with a mean 085.99¢c m ( 8&66c=m; e M
35.22cm); females werslightly more predominan{53.12 %). The distribution of small vs
wide individuals did not appear to be correlated widptth Only 2 females were carrying
egg capsuleshowever it is possible that most of the females were in agpastning stage
(Maturity 6) as 124 of then(34.7 %) were wider than 44dm, the lgy at 50 % méurity
observed in 2019. Thegyl at 50 % maturity of both females and males seemed to have
increased since 2013, both of them by 2.2 cm.
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Psammobatis s(RPX)

Psammobatisatches were very scarce, as they were only caught at 7 stations (48.54 kg, 0.28
% of the skate catch). On one occasion, the catch was of 32.88 kg, at a depth of 159 m. In
total, 143 individuals were caught and sampled during the 2019 survey, 93 ofdhengc

from this shallow water statioffhe distribution of this complex of species seems to be very
patchybelow 130 mand may not be detectedtrawls.
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Figure27 - Distribution and disewidth repartition of RPX

Disc width ranged betweell and 2cm, with a mean 021.73c m ( 2191c=m; eM =
21.52cm); females were more abundant tmaales (55.24%0). Only 1 female was carrying

32



an egg capsuleBecause of the paucity of data and the fact that RPX is a complex of
potentially 6 species, the followingw at 50 % maturityvalues should béreated with
caution. In 201951 of the 79 females sampled (64.6 %) were abovédhat 50 % maturity

of 20.2 cm. Both males and femaleg,lat 50 % maturity values observed 2019 were
consistent with the one reported during the 2010 and 2013 cruises

Prop Mature
Prop Mature

Disc Width (cm) Disc Width (cm)

Female Male

ZDLT1-10-2010 | ZDLT1-11-2013 | ZDLM3-11-2019 | ZDLT1-10-2010 | ZDLT1-11-2013 | ZDLM3-11-2019

LM50= 21.3cm LM50= 20.6cm LM50= 20.2cm LM50= 21.4cm LM50= 20.4cm LM50= 21.0cm

Figure28 - Maturity ogives of RPX
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Dipturus trachyderma(RTR), Dipturus argentinensis(RDA), Bathyraja
magellanica(RMG)

Because these three species were caught in very limited quantity, their statistic
summarized in the followin@able3 - Biological and catch data of RTR, RDA and.Fbty the
distribution of RR and RDA hadeen mapped as only two specimen of RMG Haesen
caught in one statiohnamely station 462.
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Figure29 - Distribution of RTR and RDA

Table3 - Biological and catch data of RTR, RDA and RMG

N ind DW min | DW max e DW Mat | Mat Ii Total catch
(cm) (cm) (cm) (kg)

RTR 13 86 140 104.6 5 8

302.5
RTR 12 80 125 100.8 9 3
RDA | 19 36 66 49.7 16 3

73.7
RDA | 16 40 89 59.8 16 0
RMG | 2 20 24 - 1 1 0.56
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4.2

Finfish and cephalopod species bycatch

Commercial bycatch

A total of 14,929.04 kg of bycatch species presenting a potential commercial interest were
recorded at the 48 initigtations of the survey, of which 18.81 % were discarded and 40.04
% were sampled.

Table4 - FIFD Codg Latin and vernacular names of commercial species

Species code Speciedatin name

Species common name

BAC Salilota australis Redcod, Tadpole codling

BLU Micromesistius australis australis Southern blue whiting

GRC Macrourus carinatus Ridge scaled grenadier

HAK Merluccius hubbsi Argentine hake

KIN Genypterus blacodes Kingclip, Pink cuséel

LAR Lampris immaculatus Southernopah

LOL Doryteuthis gahi Falkland calamari

PAR Patagonotothen ramsayi Rockcod, Longtail southern cod

PAT Merluccius australis Southern hake

TOO Dissostichus eleginoides Patagonian toothfish

WHI Macruronus magellanicus Hoki, Patagnian grenadier

Table5 - Catch, discard and sample recorded of commercial species
Species  Station | Catch Catch Discard Discard| Sample Sample
code nb (kg) (%) (%) (kg) (%)

GRC 28| 5730.21 38.38| 1671.07  29.16 1782.86 31.11
HAK 44| 3876.68 25.97| 216.76 5.59 1936.45 49.95
WHI 22| 2082.52 13.95| 261.58 12.56 513.8 24.66
LOL 41| 1462.29 9.79 31.80 2.17 214.18 14.65
TOO 44 703.21 471 41.14 5.85 703.21 100.00
PAR 47 420.33 2.82| 364.77 86.78 296.17 70.46
KIN 11 296.80 1.99 54.10 18.23 270.78 91.23
BAC 15 176.16 1.18 34.15 19.39 91.04 51.68
BLU 18 129.93 0.87| 129.93 100.00 121.16 93.26
PAT 7 28.08 0.19 2.50 8.90 25.58 91.10
LAR 1 22.84 0.15 0.00 0.00 22.84 100.00
Total 48 | 14929.04 -1 2807.51 18.81 5977.88 40.04
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Ridge scaled grenadierGRC (Macrourus carinatus

A total of 5,730.2 kg of GRC was caughithin 28 stations, mainly in deeper waters with

two noticeable catches of 1,403.4 kg at 541 m and 868.5 kg at 4bB1@individuals were
sampled, of whih 74.56 % were female. The paea | l ength ranged from
2021 cm e M = 16.05 c¢cm), and the majority of
stage 2.
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Figure30- Distribution, lengthfrequency and maturity stages d6RC
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Argentine haké HAK (Merluccius hubbgi

Argentine hake was the second species in terms of bycatch, with 3,876.68 kg caught at 44
stations.Although the species was widely distributed in the prospected zone, catches were
higher in the north of the FOCZ and in shallower waters (highest catches of 633.78 kg and
606.06 kg at 237 m and 187 m depth respectively. 14&0@iduals were sampledargely
represented by females (96.67.%hetotal length ranged from5 to84c m ( 5486 cm

€ M 48.15cm),a dissymmetry between sexes that is also found in the modal maturity stage,
most of the females having a maturity stage of 11l when most malesstegie VII
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Figure31- Distribution, lengthfrequency and maturity stages diAK
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Hoki, Patagonian grenadienVHI (Macruronus magellanicys

A total of 2,082.68 kg of WHI was caught at 22 stations, mainly in the north of the FOCZ

with an exceptional catch of 425 kg at one station (depth = 346 m). Altogether, 980
individuals were sampled; 62.35 of them were female. The pamal length ranged fronbl

to 33 c¢m, both sexes showing a comparabl e av
The majority of the sampled individuals were of maturity stage 2.
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Figure32- Distribution, length-frequency and maturity stages ofVHI

38



Falkland calamaii LOL (Doryteuthis gahi

Falkland calamari was caught in relatively hgghantity, the total catch reaching 1,462.29 kg
in 41 out of the 48 initial statioristhe catches repartition being somewhat homogenous in
the shallower waters (biggest catch: 149.34 kg at 127 3861 individuals were sampled
among which 79.52 % wererfale. The smallest individual was 8 cm and the largest 27.5
cm( ¢ F14.84c m; ¢1ML19em). For both sexeshe large majority of the sampled
individuals were of maturity stage 5
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Figure33- Distribution, lengthfrequency and maturity stages dfOL
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Patagonian toothfish TOO (Dissostichus eleginoidgs

Patagonian toothfish was caught at 44 stations, for a total of 703.21 kg. No clear hotspot was
identified for this species in the prospected zdiee biggest catch of 49.10 kg was made at
414 m depthAltogether,433 individuals were sampledvith similar amounts of females
(53.35 %) and males (46.65 %). These individuals ranged 3tm 80 cm, females tending

to be slightly bigger than males on averége F55.37¢ m;  &M/8cm). The majority of

the sampled individuals wenmmature- stagel.
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Figure34 - Distribution, lengthfrequency and maturity stages oafFOO
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Rockcod, Longtail southern cédPAR (Patagonotothen ramsagyi

A total of 420.33 kg of rock cod was caught among 47 stations, whichsitiagepecies the
most widespread one. Although there seémnbe some heterogeneity in the distribution of
this species, it was never caught in high abundance as the highestaatch33.90 kg (346

m depth).2842 individuals were sampled, females slightly outnumbering males (54.07 %).

The individual sampled ranged from 12 c¢cm
modal maturity stage of Il.
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Figure35 - Distribution, lengthfrequency and maturity stages d?AR
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Kingclip, Pink cuskeeli KIN (Genyypterus blacodgs

296.80 kg of kingclip wereaugh among 11 stations, with a clear preference of this species
for shallower water$ the main catch of 125.86 kg having been made at a depth of2B%/.
individuals were sampled68.14 % of them being femaleshe individual sampled ranged
from34cmto 133c m ( &F31cm; 522 =m).Females were mostly of maturity
stage Il, when malematurity stage | were more abundant

Maturity stage I Il Il v \% VI VIl VIl
Female 54 130 14 - - - - 3
Male 56 34 4 - - - - -

Figure36 - Distribution, lengthfrequency and maturity stages dfIN
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