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Abstract

Population biology of Antarctic krill, Euphausia superba, was studied
from samples taken in 1991 during krill fishing operations around the
South Shetland Islands on board the Chilean factory vessel Kirishima.
Hauls were made using a commercial midwater trawl (mouth area
approximately 40 x 40 m and mesh size from 1.5 to 3 cm). Two
subsamples of 100 specimens each were taken from 50 samples and
analysed. The fishing ground was divided into two areas: Area A, north
of the South Shetland Islands; and Area B, north of Elephant Island.
The samples were grouped by time of capture: daytime, twilight and
night-time. The specimens were measured (total length, TL) to the
nearest millimetre and weighed (wet weight) to the nearest 0.01 g.
Mean catch-per-hour and mean catch-per-towing time were determined
from a total of 419 hauls. In Area A, a unimodal size frequency
distribution was found; the size range was between 30 and 55 mm TL,
with a mean TL of 45 mm for females and 48 mm for males. A very
weak mode for juvenile specimens between 26 and 36 mm TL was also
found. The sex composition was 65.1% females, 34.4% males and
1.4% juveniles. Of the females sampled, 25.2% bore spermatophores.
Although the smallest specimen found with a spermatophore had a
36.5 mm TL, 80% of the females with spermatophores had a TL larger
than 45 mm. In Area B, a bimodal size frequency distribution and a
larger size range were found, with one mode between 32 and 55 mm TL
(mean length 43 mm for females and 46 mm for males), and the other
(modal length 32 mm) for juvenile specimens between 20 and 39 mm
TL. Females comprised 47.1%, males 40% and juveniles 12.9%. Of
the females sampled, 27.1% bore spermatophores, with a size range
between 35.4 and 56 mm TL, although 80% of them had a TL larger than
45 mm. The size frequency distribution showed no significant
differences between the three time periods. However, when the sex
composition is considered, males are more abundant in night-time
catches while females are more abundant during daytime catches, thus
showing a different trend. Considering all catches, the yield in terms of
tonnes-per-mile and tonnes-per-hour was higher during the daytime
than during twilight and night in both fishing areas. These daytime
catches were also made at consistently greater depths. Research was
financed by INACH (Chilean Antarctic Institute).

Résumé

Etude de la biologie des populations du krill antarctique, Euphausia
superba, fondée sur des échantillons prélevés en 1991 au cours des
opérations de péche de krill autour des iles Shetland du Sud a bord du
navire-usine chilien le Kirishima. Les traits ont été effectués au chalut
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pélagique (surface de I'ouverture d'environ 40 x 40 m et maillage de 1,5
a 3 cm). Deux sous-échantillons de 100 spécimens chacun ont été
prélevés de 50 échantillons, puis analysés. Le lieu de péche était divisé
en deux secteurs: la zone A, au nord des iles Shetland du Sud, et 1a zone
B, au nord de l'ile Eléphant. Les échantillons ont ét€ groupés selon
I'heure de capture: de jour, en période de demi-jour et de nuit. Les
spécimens ont ét€ mesurés (longueur totale, TL) au millimetre prés et
pesés (poids humide) au 0,01 g preés. La capture moyenne par heure et
la capture moyenne par heure du chalutage ont été déterminées a partir
des 419 traits. Dans la zone A, une distribution unimodale de
fréquences de tailles a été observée; la TL variait de 30 & 55 mm, dont
une TL moyenne de 45 mm pour les femelles et de 48 mm pour les
males. On a également observé un mode trés faible pour les spécimens
juvéniles d'une TL de 26 2 36 mm. La composition par sexe a révélé
65,1 % de femelles, 34,4% de males et 1,4% de juvéniles. Des femelles
échantillonnées, 25,2% portaient des spermatophores. 80% des
femelles portant des spermatophores était d'une TL supérieure a 45 mm,
le plus petit spécimen étant pourtant d'une TL de 36,5 mm. Dans la zone
B, on a observé une distribution bimodale de fréquences de tailles et une
gamme de tailles plus étendue, avec un mode pour le groupe d'une TL de
32 & 55 mm (longueur moyenne de 43 mm pour les femelles et de
46 mm pour les miles), et un mode (longueur modale de 32 mm) pour
les spécimens juvéniles d'une TL de 20 a 39 mm. 47,1% étaient des
femelles, 40% des males et 12,9% des juvéniles. Parmi les femelles
échantillonnées de 35,4 a 56 mm de TL, mais dont 80% excédaient
toutefois 45 mm, 27,1% portaient des spermatophores. La distribution
de fréquences de tailles n'a révélé aucune différence majeure entre les
trois périodes. Toutefois, si la composition par sexes est prise en
compte, on remarque que les miles sont plus abondants dans les

-captures de nuit, alors que les femelles prédominent dans celles de jour,

ce qui indique donc une tendance différente. Compte tenu de toutes les
captures, le rendement dans les deux lieux de péche, en termes de tonnes
par mille et de tonnes par heure, était plus élevé de jour qu'an crépuscule
ou de nuit. De plus, les captures effectuées de jour étaient régulicrement
réalisées a des profondeurs plus importantes. Les recherches ont été
financées par 1'NACH (I'Institut antarctique chilien).

PesoMe

BuoJsioruss nonyJasiuuil aHtapktudeckoro kpuass Euphausia
superba uayuajsacb no npo6am, B3SITBIM B XOJ€E MNpPOMbICJA
Kpuiasa y IOxHpix IleTaaHACKMX  O-BOB  UMJHMCKUM
[1JAB3aBOJIOM Kirishima. TpaneHus NPpOBOAUJIHCH
KOMMepUecKUM cpeAHeryay6HHHBIM TPaJIOM C MJOMAablo YCThsl
npubiausurespbHo 40x40 M U pa3MepoM siuen 1,5 - 3 cm. U3 50
npo6 6bs B3sITHI U NPOAaHAJU3UPOBaHb JBe NOABBIGODKH,
cocTosiue U3 100 ocobeil.  IIPOMBICJIOBBII YUaCTOK 6blJ
pasjaesieH Ha JBa pabioHa: PalioH A - Kk ceBepy OT IOXHbIX
IleTnanAckUX o-BOB U Palion B - k ceBepy oT o-Ba djedaHT.
llpo6bl 6bI1M CrpyNNUpPOBaHbl B COOTBETCTBMU C BpPEMEHEeM
BblJIOBA: JHEM, B CyMepKaX M Houbw, Ocofu H3MepslJHCh
(o6mast gauHa, TL) fgo 6uuxalimlero MHJJIMMETpa U
B3BElIMBAJUChL (MOKpbI Bec) zo 6umxanmero 0,01 r. Bcecero
6b1y10 BBIMOJIHEHO 419 TpajieHuil. OnpeAesMUJMCh CpeJHUN
BBIJIOB 33 UaC U CpeJIHUH BbIJIOB 3a BpeMsl TpaJieHUs. B PalioHe



AHa6soAaNOCh OAHOMOJAJbHOE paclnpejesieHiie UacTOThl
AJUH C© JUana3oHOM pasMepoB Mexay 30 u 55 MM TL, cpeaHel
obumelt AJuHONM 45 MM y caMoK U 48 MM y caMuoB. Takxe
HabJjoAaslachk oueHb cJabasi MoJaJibHasl AJIMHA Y MOJIOAH,
obmasi AJMUHA KOoTOopoil 6blja 26 - 36 MM. IIOJIOBOH COCTaB:
CaMKU - 65,1%; camMubl - 34,4%; u MoJaoxab - 1,4%. 252%
obc/ieJOBaHHBIX CaMOK HMeJsio cnepMaTogopbl. HecMoTpsi Ha
To, uTo obmass AJMHA HauMeHbliel ocobu, uMelner
criepMaTogophl, cocTaB asia 36,5 MM, obmas AauHa 80% caMok,
UMeIux cnepMaTtodopsl, npeBbicuJa 45 MM, B PafioHe H 6bly10
OTMeueHO 6UMOoJa/bHOE pacnpeAesieHUe 4YacToThl AJUH U
6osbMUN AUaNa30H AJHH - OJHa MoJa Mexay 32 u 55 MM E/J
(cpeAHs1st AJst caMOK - 43 MM U AJsT caMUoB - 46 MM), JApyras
MoJa 6blyla 32 MM B cayuae MoJsioau, TL KOTopoii 6blyia MeXAy
20 u 39 MM, IlosoBO# cocTaB: caMKHM - 47,1%; camupl - 40%; u
MoJloZib - 129%. 27,1% o6CAeAOBAHHBIX CaMOK UMeJo
criepMaTogopb! M HaXOAUJach B Auana3soHe AJUH 354 - 56 MM
TL, xoTs1 y 80% ocobeit TL npeBbicusa 45 MM. PacnpeZesieHue
YacTOThl AJIMH He YKa3aJo Ha 3HAUUTeJibHblE PacXOXAE€HWUU
MeXay TpeMs nepuoaaMu. TeM He MeHee, ec/d TIPUHSATL BO
BHUMaHUE MOJOBON cocCTaB, 6d4Jibllee KOJUUECTBO CaMUOB
BCTPEYAETCS B HOUHBIX YJOBaX, a 60Jbllee caMOK - B AHEBHbBIX
yJOBaX, YuerT Bcex YJIOBOB ITOKa3bIBAET, UTO BhIJIOB B e AUHUILIAX
"TOHHBI/MUAK" U "TOHHbI/Uac" 6b1J1 Bbille TPpHU AHERHOM CBRETE,
UeM B CyMepKax HJU HOUbKW B O60OMX NMPOMBICJIOBBIX palioHax.
[IHeBHbIE YJOBBl TaKXe peryJsipHo 6nhlJiUM MoJayueHbl B 6oJiee
rayb6oknux BoAaxX. HayuHble uHccseAoBaHUS (GUHAHCUPOBRAJ
UUAUHICKUI aHTApKTUUECKHUI UHCTUTYT,

Resumen

Se realizd un estudio bioldgico del stock de kril antdrtico Euphausia
superba, a partir de 1la muestras recogidas en 1991 por el buque factoria
chileno Kirishima durante sus operaciones pesqueras realizadas en las
aguas del archipiélago de las Shetland del Sur. Se emple6 un arrastre
peldgico comercial (abertura de unos 40 x 40 m y luz de mallade 1.5 a
3 ¢cm). De un total de 50 muestras, se separaron 2 submuestras de
100 especimenes cada una para ser analizadas. Los caladeros se
dividieron en dos zonas: el Area A, al norte de las Shetland del Sur y el
Area B al norte de la isla Elefante. Las muestras se agruparon segtn la
hora de recogida: diurnas, crepusculares o nocturnas. Los especimenes
se midieron al milimetro més préximo (TL, longitud total) y se pesaron
(peso himedo) al 0.01 g més préximo; también se calcularon las medias
de captura por hora y por arrastre de los 419 lances realizados. Para el
Area A, la distribucion de frecuencia de TL fue unimodal y oscilé entre
30y 55 mm, siendo 45 mm la media para las hembras y 48 mm para los
machos. La moda de TL para los juveniles era baja, entre 26 y 36 mm.
La composicién de sexos fue de un 65.1% de hembras, 34.4% de
machos y 1.4% de juveniles. De las hembras muestreadas el 25.2%
tenfa espermatoforas. Aunque la TL mds pequefia era 36.5 mm, en el
80% de los casos la talla superaba los 45 mm. En el Area B, la
distribucién de frecuencia de TL era bimodal con una gama de tallas mds
amplia; una moda oscilaba entre 32 y 55 mm (43 mm de media para las
hembras y 47 mm para los machos) y la otra para ejemplares juveniles
entre 20 y 39 mm (con una moda de 32 mm). Las hembras constituian
el 47.1%, los machos el 40% y los juveniles el 12.9%. De las hembras
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muestreadas el 27.1% tenfa espermatoforas, con una gama de TL que
oscilaba entre 35.4 y 56 mm, aunque el 88% superaba los 45 mm. La
distribucién de frecuencia de tallas no mostré diferencias significativas
entre los tres horarios. Sin embargo, al examinar la composicién de
sexos resulté que los machos eran mds abundantes en las capturas
nocturnas, mientras que las hembras lo eran en las diurnas, lo que
representa la tendencia contraria. Cuando se consideré la captura total
realizada se vié que el rendimiento en términos de tonelada por milla y
por hora fue mayor durante el dia que en las horas crepusculares o
nocturnas en ambas zonas de pesca. Las capturas diurnas se realizaron
a mayor profundidad. Este estudio estuvo subvencionado por el INACH
(Instituto Antdrtico Chileno).

1. INTRODUCTION

CCAMLR has determined that since krill, (Fuphausia superba), is by far the most
abundant marine living resource in Antarctic waters, the major task of its Working Group on
Krill (WG-Krill) should be analysis of the krill fishery. Obtaining information about the size,
distribution and composition of commercial krill catches is one of the key aspects of the work of
WG-Krill. Marin et al. (1991) made a preliminary analysis of the haul-by-haul data collected
during 1991 in the fishing grounds near Livingston Island, Robert Island, Nelson Island and
Elephant Island.

During the 1991 fishing season, scientific observers on board the Chilean factory vessel
Kirishima belonging to the company Empresa de Desarrollo Pesquero (ENDEPES), collected
biological information on krill catches. The main objective of this article is to present an
analysis of that information, in particular in respect of E. superba population biology.

A

2. MATERIALS AND METHODS

Samples were taken (20 February to 25 March, 1991) from 50 fishing tows of a total of
419, on board Kirishima which operated in the Drake Passage off the South Shetland Islands
(Figure 1).

Catches were obtained using a commercial midwater trawl, (mesh size 1.5 to 3 cm and
mouth area approximately 40 x 40 m), which was towed at a mean velocity of 2.65 knots for 5 to
95 minutes, at minimum depths between 25 to 100 m determined by a netsonde device mounted
on top of the net.

In order to determine size frequency distribution and sex ratio, two subsamples of
100 specimens were taken from each haul; a total of 10 000 specimens was analysed. Each
specimen was sexed and measured (Total Length, TL and Cephalothorax Length, CL) to the
nearest millimetre and weighed (wet weight) to the nearest 0.01 g and its maturity stage
determined.

Krill diurnal distribution was analysed using values obtained for mean catch-per-hour
and mean catch-per-distance towed (n miles) from the 419 tows and by dividing the fishing
grounds into areas A and B (see Figure 1) and the catches into three time categories (daytime,
from 90 minutes after sunrise to 90 minutes before sunset; twilight, from 90 minutes before to
90 minutes after sunrise and sunset; and night-time, from 90 minutes after sunset to 90 minutes
before sunrise).
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The tow number, time of tow, date, position, towing velocity and minimum depth of the
tows where samples were taken are shown in Table 1.

3. RESULTS

In Area A north of the South Shetland Islands, close to unimodal size frequency
distribution was found with the main length mode of specimens between 30 and 55 mm TL, a
mean TL of 45 mm for females and 48 mm for males, and a very small mode for juvenile
specimens (sex undetermined) between 26 and 36 mm TL (Figure 2). The sex composition of
the samples from this area was 65.1% females, 34.4% males and 1.4% juveniles or specimens
of undetermined sex. Of the total number of females sampled, 25.2% bore spermatophores, and
although the smallest specimen found with a spermatophore was 36.5 mm TL, 80% of these
females were between 45 and 53.7 mm TL with a mode of 46.5 mm TL (Figure 3).

In Area B north of Elephant Island, a clear bimodal size frequency distribution and a
larger size range were found, with one mode of specimens between 32 and 55 mm TL, (mean TL
of 43 mm for females and 46 mm for males), and the other (32 mm) for juvenile specimens (sex
undetermined) between 20 and 39 mm TL (Figure 4). Females were also more abundant in this
area (47.1%), while males (40%) and juveniles or specimens of undetermined sex (12.9%) were
much more abundant than in Area A. Of the total number of females sampled, 27.1% bore
spermatophores with a size range between 35.4 and 56 mm TL, although 80% of them were
larger than 45 mm TL, with the largest modes between 46 and 47 mm TL (Figure 5).

The analysis of the size frequency distribution of catches taken during the three different
time periods showed no significant differences among them; sizes were between 20 and 55 mm
TL and a bimodal distribution was found. Two maximum frequencies were around 48 mm TL
and between 32 and 34 mm TL for juveniles during the three time periods (Figure 6). However,
when sex ratio is considered, males tended to be more abundant in night-time catches while
females were more abundant in daytime catches (Figure 7), showing a different trend i.e., the
percentage of males in the catches increases from daytime to night-time while the percentage of
females decreases.

Considering all catches, the yield in terms of tonnes/mile (Figure 8) and tonnes/hour

(Figure 9) was higher during the daytime than during twilight and at night in both fishing areas.
These daytime catches were also made at consistently greater depths.
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Table 1:  Tow number, time of tow, date, position, towing velocity and minimum depth of tows
containing a fish by-catch during krill fishing.

Tow Time Date Position Towing | Minimum
Velocity Depth
Latitude | Longitude
AREA A
9 10:00 21.02.91 62°01,2’ 60°29,0° 270 50
10 12:30 21.02.91 62°06,2’ 59°57,3° 3.10 30
13 19:25 21.02.91 62°08,0° 59°55,3’ 2.60 58
14 21:30 21.02.91 62°08,1’ 59°51,5 240 50
20 09:30 22,0291 62°08,9° 59°56,4° 2.60 84
24 17:45 22.0291 62°08,9° 59°54,5° 2.80 55
25 19:55 22.02.91 62°08,7° 59°55,2° 2.80 50
33 12:10 23.02.91 62°23,6° 60°40,5° 220 50
36 16:10 23.02.91 62°31,8’ 61°09,0° 2.50 45
40 23:20 23.02.91 62°30,5 61°21,0° 3.20 52
44 07:05 24.02.91 62°31,3’ 61°24,2° 3.60 50
46 11:30 24.02.91 62°31,5° 61°26,8’ 3.70 45
47 13:30 24,0291 62°32,6’ 61°28,2° 3.10 45
48 15:35 24.02.91 62°32,8’ 61°28,2° 3.30 45
54 16:00 25.02.91 62°29,1° 61°03,2’ 3.00 50
62 06:30 26.02.91 62°40,6’ 61°46,0° 3.20 34
63 08:05 26.02.91 62°40,9° 61°46,5’ 3.40 50
74 08:50 27.02.91 62°40,3’ 61°35,6° 3.80 48
77 14:50 27.0291 62°39,5’ | 61°37,5 2.70 50
93 21:25 28.02.91 62°27,6° 60°58,2’ 2.70 50
05 19:15 01.03.91 62°26,8’ 60°26,8’ 3.20 40
16 18:20 02.03.91 62°19,2’ 60°51,5’ 2.50 50
28 14:40 03.03.91 62°27,6° 61°17,6° 270 50
30 18:20 03.03.91 62°26,0° 61°17,8’ 2.80 40
39 08:30 04.03.91 62°33,5’ 61°22,7° 290 35
57 21:05 05.03.91 62°34,8’ 61°27,3° 2.40 40
66 15:55 06.03.91 62°40,5’ 61°26,3’ 2.60 40
68 18:40 06.03.91 62°40,5’ 61°26,0° 2.60 40
81 17:10 07.03.91 62°41,0° 61°21,5’ 2,70 40
90 10:20 08.03.91 62°40,0° 61°24,6° 3.00 50
91 11:15 08.03.91 62°40,5’ 61°24.6° 2.80 50
95 17:40 08.03.91 62°39,9° 61°33,3° 2.70 40
04 07:35 09.03.91 62°32,7° 61°22.4° 2.50 35
47 18:10 12.03.91 62°00,9’ 59°18,7° 2.20 40
60 19:00 13.03.91 61°54,5’ 58°41,8’ 3.10 40
AREA B
75 07:00 15.03.91 60°51,2° 55°35,2 2.60 45
82 18:15 15.03.91 60°50,7° 55°34,1° 2.20 50
90 07:05 16.03.91 60°52,6’ 55°37,5° 2.30 35
04 07:50 17.03.91 60°52,8’ 55°35,4° 2.10 50
44 04:30 20.03.91 60°59,5° 55°10,4° 2.70 70
59 05:50 21.03.91 60°52,7° 55°22,1° 2.50 50
12 06:10 25.03.91 60°50,2’ 55°50,2’ 2.10 60
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Figure 2: Size frequency distribution of E. superba juveniles, males and females in Area A.
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Numéro, heure, date, et position du trait, vitesse du chalutage et profondeur
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CIUCOK PUCYHKOB
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cnepMaTodops, B PaitoHe A.

PacnpeieJleHUe UacTOThl AJWH MOJIOZAU, CAMIIOB H CaMOK E. superba B
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PacnpeesieHHe 4YacTOThl AJUH BCEeX CaMOK M CaMOK, HMEWIHX
cnepMatodopsi B PaiioHe B.
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Lista de las tablas
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las estaciones en las que se pescaron peces como pesca secundaria en la
pesquerfa del kril.

Lista de las figuras

Caladero en el que Chile realizé la pesqueria del kril.

Distribucién de frecuencia de tallas de peces juveniles, machos y hembras de
E. superba, correspondientes al Area A.

Distribucién de frecuencia de tallas del total de hembras y hembras con
espermatoforas correspondientes al Area A.

Distribucién de frecuencia de tallas de juveniles, machos y hembras de
E. superba correspondientes al Area B. :

Distribucién de frecuencia de tallas del total de hembras y hembras con
espermatoforas correspondientes al Area B.

Distribucién de frecuencia de tallas de las capturas diurnas, crepusculares y
nocturnas respectivamente.

Composicién de sexos de E. superba de los tres periodos.

Captura total (toneladas/milla) para ambas 4reas de los tres perfodos
temporales.

Captura total (toneladas/horas) para ambas 4reas en los tres periodos
temporales.
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