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Preface

This volume contains the scientific papers prc 1ted for
consideration of the Scientific Committee at its meeti in 19B5. Papers
are presented in their original form in the languagc ©f gsubmission. Each
paper has an abstract translated into all the offlcial anguages of CCAMLR.
Captions of tables and figures are alsc translated.

Pré&face

La plupart des communications présentdes au Co & Scientifigue

pour cxamen lors de sa réunicn de 1985 figurent dans cc wolume. Les

communications sont présentées sous leur forme origina et dans la langue

ol elles ont &té soumises. TUn résumé traduit dans tou 5 lea langues
officielles de la CCAMLR est annexé & chague document. Ont dgalement &t&

traduites les légendes des tableaux =t diagrammes.

BpepgeHue

HacToamaa OYVOIMKALMA COOEDHHT HAOKYMEHTH, KOTOPHe OGHMHN
npencrapileldid Ha paccMOTReHHe HayuHOMY HOMHTET HA COBEWAHHH
1985 r. NMoxyMeHTH MNpPedCTARIeHH HA A3HKEe QPUTE Ia Ses mepesona
HX Ha OpyrHe A3HKH, KaynHE JOKYMEHET CONDOBOXKI TCA pe3nMe, Iepe-
BeAeHHNM Ha Bce OQHUHANBHHEHEe AXHKE AHTKOM a. 3aromnoskn TAGAHII M

[IOONHECH K PHCYHHaM TaKgEe NepeBerneHH.

Prefacic

Este volumen conticne los documentos presentados para consideracicn
del Comité Cientifico en su reunidén en 1885, TLos documentos se presentan
en su forma original en el idioma en el cual fueron presentados. Cada
documenteo tiene una sinopsis traducida a todos los idiomas oficiales de CCAMLR

También se han traduclide los titulos de los cuadros ¥ cifras.
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K.-H. Kock SC~CAMLR-1IV/BG/12
(FRG) 1985

ESTIMATES OF FISH STOCK BIOMASS AROUND SOUTH GEORGIA IN JANUARY/FEBRUARY
1985

Abstract

Catch data from a bottom trawl survey in
January/February 1985 have been used to estimate stock
sizes of the commercially exploited Notothenia rossii,
N. guntheri, N. gibberifrons, Dissostichus eleginoides,
Champsocephalus gunnari, Chaenocephalus aceratus and
Pseudochaenichthys georgianus around South Georgia. Due
to the small data base and the scarcity of comparative
information the state of N. guntheri and D. eleginoides
stocks is difficult to assess. The by—catch species

N. gibberifrons, Ch. aceratus and Ps. georgilanus have
been considerably affected by the fishery. Stock sizes
of N. gibberifrons and Ps. georgianus were at a level of
about 25 — 40% of that of the pristime state. The
stocks most greatly affected by fishing are still

N. rossii and C. gunnmari. Biomass estimates indicate a
reduction in stock size to 10 — 20% of that estimated
before the onset of heavy fishing. 1In C. gunnari the
fishery is dependant on the abundance of the recruiting
year class. Conservation measures adopted by CCAMLR in
1984 are discussed. Their effect on a recovery of the
stocks seems, however, doubtful.

ESTIMATIONS DE LA BIOMASSE DE POISSONS AUTOUR DE LA GEORGIE DU SUD EN
JANVIER/FEVRIER 1985

Résumé

Les données de prises a partir d'une étude par chalut de
fond en janvier/février 1985 ont servi & évaluer la
biomasse, autour de la Géorgie du sud, des espdces
suivantes exploitées sur le plan commercial: Notothenia
rossii, N. guntheri, N. gibberifrons, Dissostichus
elegincides, Champsocephalus gunnari, Chaenocephalus
aceratus et Pseudochaenichthys georgianus. Vu la petite
base de données et le peu de renseignements comparatifs,

il est difficile d'évaluer 1'état des stocks de

N. guntheri et D. eleginoides. Les espéces prises
accidentellement, N. gibberifons, Ch. aceratus et

Ps. georgianus, ont été considérablement affectédes

par la péche. Le niveau de la biomasse de N. gibberifrons
et Ps. georxgianus était d'environ 25-40% du niveau originel.
Les stocks les plus sérieusement touchés par la péche sont
encore N. rossii et C. gunnari. Les estimations de
biomasse indiquent une réduction de 10-20% du stock




évalué avant le début de la péche intensive. Dans le cas

de C. gunnari, l'abondance de la classe d'dge recrutée est
primordiale pour la pé&che. Les mesures de conservation
adoptées par la CCAMLR en 1984 font 1'objet d'une discussion.
On peut cependant douter de leur effet sur le repeuplement des
réserves.

OIIEHKA BHOMACCH PHEHHX 3AIACOB B PAWOHE O-BA iXHASA T'EOPTUA
B SIHBAPE~OQEBPAJIE 1985 r.

Peswome

NaHHHE YyJIOBOB, IOJIYUEHHHE NYTEM NPOBEISHUA B
AsHBape-dpeBpane 1985 r. cbhbeMOK IOHHEM TpaJiOM,
HCIIOJIB30BANIUCEH MJIS OLIEHKM BEJIMUMHH 3amnacoB No-
tothenia rossii, N. guntheri, N. gibberifrons,
Dissostichus eleginoides, Champsocephalus gun-
nari, Chaenocephalus aceratus u Pseudochaeni-
chthys georgianus, noOBepraBIKHXCS KOMMEPYECKO-—
My BRJIOBY. BcClencTBHEe HeOBOJNBIIOH 0a3k JaHHHX H
CKYIOOCTH CBEeOEeHHHN IJid CpaBHEHHSA TPYIOHO IIPUIOTH
K OlleHKe cocTrosHus 3anacoB N. guntheri u D.
eleginoides. IlpoMECeN OKa3all 3HAYUTEJIbHOE BIIM-—
ssHMe Ha 3amnacH BunoB N. gibberifrons, Ch. ace-
ratus u Ps. georgianus, BXOOAULIMX B COCTaB IIPH—
JoBa. Pasmep 3amacoB N. gibberifrons um Ps. ge-
orgianus HaxomATCs Ha YPOBHe OKOJO 25-40% mep-
BOHAYaNIbHOW BeJIMUMHH. 3amacH N. rossii u C.
gunnari NOpPOAOIKAKT OCTABATBhCA [IOABEPXeHHHMH
BJIMAHHIO INPOMHCJIa. OIEeHKH 6MOMACCH YKAa3HBAKT Ha
CHHXeHHe pasMepa 3amnacoB mo 10-20% mpemnosiara-
eMO¥ BeJIMUMHE OO Hava/la HMHTESHCHUBHOI'O IIPOMEHCHA.
lpomeicen C. gunnari 3aBHCHT OT YMCJIEHHOCTH I'O-
IIOBOr'O KJjlacca IIONOJIHEHNMs. O6CyXOalnTCA MepH IO
COXpaHeHuw, yTBepxrneHHele AHTKOM’oMm B 1984 r.
Ux BO3@mencTBHE Ha BOCCTAHOBJIEHHEe 3alacoB Npemn-
CTaBJIAETCsA, OMHAKO, COMHHTEJILHHM.

CALCULOS DE LA BIOMASA DE LAS RESERVAS DE PECES ALREDEDOR DE GEORGIA DEL SUR
EN ENERO/FEBRERO DE 1985

Extracto

Se han utilizado los datos de una inspeccidn de arrastre
de fondo en enero/febrero de 1985 para calcular el tamafio
de las reservas de las explotaciones comerciales de
Notothenia rossii, N. guntheri, N. gibberifrons,
Dissostichus eleginoides, Champsocephalus gunnari,
Chaenocephalus aceratus y Pseudochaenichthys georgianus
alrededor de Georgia del Sur. Debido a que la base de
datos es pequefia y la informacién comparativa es escasa
resulta dificil evaluar el estado de N. guntheri y

D. eleginoides. Las especies de captura accidental

N. gibberifrons, Ch. aceratus y Ps. georgianus han sido
afectadas apreciablemente por la pesca. El tamafio




de las reservas de N. gibberifrons y Ps. georgianus
estaban a un nivel de aproximadamente un 25-40% del
estado original. Las reservas que se encuentran mds
seriamente afectadas por la pesca siguen siendc

N. rossii y C. gunnari. Los cdlculos de la biomasa
indican una reduccifn en el tamafio de las reservas
de un 10-20% del que se calculaba antes de comenzar
la pesca en grandes cantidades. En el caso de

C. gunnari la pesqueria depende de la abundancia
del restablecimiento de la clase-afio. Se delibera
sobre las medidas de conservacién adoptadas por
CCAMIR en 1984. Sin embargo, parece ser dudoso el
efecto que éstas tengan en la recuperacién de las
reservas.




1 Introduction

Published information on fish biomass in the Southern Ocean is still very
limited, The "swept area'" method (SAVILLE, 1977) has become an important
tool in assessing Antarctic fish stocks quantitatively both in terms of
weight and numbers, The method has its limitations (i.a. CARROTHERS, 1981;
KOCK, 1985a) but nevertheless has been shown to provide acceptable results
at least for some of the exploited fish stocks around South Georgia and

ITles Kerguelen (KOCK, DUHAMEL & HUREAU, 1985).

In this paper catch data from a bottom trawl survey in January/February
1985 have been used to estimate stock sizes of commercially exploited

species around South Georgia.

2 Material and methods

Before the survey the area had been stratified into the three depth zones
50 - 150 m, 151 - 250 m and 251 - 500 m based on data in EVERSON (1984).
The number of hauls was allotted in proportion of the area of each depth
stratum and weighted by the abundance from previous surveys. All sampling
stations were chosen randomly but restricted to areas where fishing condi-
tions were known to be moderate or good so as to reduce the chance of

damage of the gear.

From 27 January to 10 February 1985 a total of 80 hauls operating the
200" bottom trawl used on previous surveys in the area (STEINBERG, 1978)
were carried out by TRV "Walther Herwig" around Shag Rocks (7) and the
mainland of South Georgia (73) during daylight hours. The following divi-
sions (according to EVERSON, 1984) have been covered: 54-62, 64, 65, 91-93
96, 99, 105 (fig. 1) and 89 around Shag Rocks (not shown here). They made
up 10 064 mm® (= 34 516 km®) which is 75.7 % of the total area between
50 and 500 m depth (EVERSON, 1984).

The area swept by the net is given by the distance between the tips of
the net wings: 23.5 m (= 0.0127 nm) the speed of the vessel (3.5-5.3 kn)
and the duration of the haul. Net height was 6 m. Net selection should
have been negligible due to the use of a small meshed liner of 20 mm.
No data are available to estimate the catchability factor C. A catching
efficiency of 100 Z (i.e. C=1) had therefore to be adopted as a conserva-

tive approach,



3 Results

Evaluations were carried out for the following species: Notothenia gun-—

theri, N. rossii, N. gibberifrons, Dissostichus eleginoides, Champso-

cephalus gunnari, Chaenocephalus aceratus, Pseudochaenichthys georgianus.

3.1 Notothenia guntheri

Notothenia guntheri ,a benthopelagic species, is so far only know from

the Shag Rocks area. Evalutions are thus confined to division 89. Length
frequency composition (fig. 2) shows that our catches cover a similar
length range (9-23 cm) as the Soviet commercial catches (ANON. 1984).
Evaluation of mean trawlable biomass is considerably biased by the small
number of hauls and the exclusive use of a bottom trawl for the survey.
The total biomass of 7256 t is similar or even below the annual catches

and for this reason it appears unrealistically low.

3.2 Notothenia rossii

Although the species is known from the entire shelf area the main catches
were concentrated to the east and southeast of the island in divisions
61 and 62 (fig. 3, fig. 1) mostly in the 250-500 m depth =zone. This
stratum was therefore further stratified by the observed fish abundance

in estimating the biomass.

Length frequency distribution (fig. 4) indicate that the offshore part
of the population was probably adequately covered by the sampling. The
bulk of specimens were 45-55 cm long (see KOCK, 1985b). The biomass esti-
mate (table 1) is however considerably biased by the patchy distribution
of the species. Even though the variance is very high indicating that
the estimated stock size may only be correct to within an order of mag-
nitude it is clear that the stock size is very small and only a small

proportion of its unexploited state.
3.3 Notothenia gibberifrons
The species was more or less evenly distributed over the whole shelf

area with some larger concentrations in the southeast (fig. 5).The length

composition (fig.6) indicates that with the exception of the early juve-



niles (age class 0 and 1) the entire population had been sampled adequate-
ly. In comparison to the latest length frequency (SLOSARCYK et al., 1984)
distribution available from 1981/82 the proportion of specimens}4Q cm

had slightly increased.

Stock size of 15 762 t (table 1) is obvioudy still at a low level and
was only little more than one third of the 40 000 t estimated for the
virgin stock in 1975/76 (KOCK, DUHAMEL & HUREAU, 1984, table 50).

3.4 Champsocephalus gunnari

Except for one haul yielding 1.4 t/30 min catches of C. gunnari were
in general less than 100 kg/30 min which indicates an even distribution

of the species over the shelf (fig. 7).

The length frequency distribution shows that catches consisted mostly
of age classes I (mean length~ 17 cm) and II (mean length~ 25 cm) and
a minor proportion of age classes III-V. Only single specimens larger

than 40 cm was caught (fig. 8).

The biomass estimate was considerably biased by the single haul of 1.4t.
Furthermore the benthopelagic mode of 1ife of this species may have led
to an underestimate of the actual stock size. Even under these con-
straints, however, stock size is assumed to be very low in comparison
to that of 141 000 t at the onset of large scale commercial fishing in
1975/76 (XOCK,DUHAMEL & HUREAU, 1985).

3.5 Chaenocephalus aceratus

Chaenocephalus aceratus was more or less evenly distributed over the

shelf with some larger concentrations in Royal Bay and the station on

the eastern shelf where C. gunnari was abundant (fig. 9).

Catches consisted of juveniles from age class I onwards and adults (45
- 60 cm). Individuals larger than 60 cm which were still abundant in

1977/78, were only encountered occasionally (fig. 10).



The biomass estimate of 11 542 t (table 1) is similar to the 10 013 t given
by SLOSARCZYK et al. (1984) for 1982/82 and about 62 7 of that evaluated
for the pristine stock in 1975/76 (KOCK, DUHAMEL & HUREAU, 1985).

3.6  Pseudochaenichthys georgianus

The species was evenly distributed over the shelf forming no concentrations

(fig. 11).

Sampling covered mostly older juveniles (30-40 cm) and the adult part of
the population. Length composition of the adults shows a distinct peak at
48-49 cm (fig. 12) which is an increase of more than 3 cm in comparison
to the latest available length frequency distribution from 1981/82 (SLOSAR-
CZYK et al., 1984).

Evaluated stock size of 8 134 t (table 1) may be an underestimate of the

actual stock size as Ps. georgianus exhibits regular vertical migrations.

It is nevertheless low (aboﬁt 25 7Z) compared to the estimated stock size
of 36-39 000 t before the onset of commercial exploitation (KOCK, DUHAMEL &
HUREAU, 1985).

3.7 Dissostichus eleginoides

Except for some concentrations observed in the Shag Rocks area D. eleginoides

was evenly distributed with catches rarely exceeding 50 kg/30 min. Juveniles
of 30-70 cm predominated in the catches (fig. 13). In 1975/76 and 1977/78

catches consisted mostly of individuals of 50-80 cm.

Stock size evaluation was considerably influenced by some catches around Shag
Rocks yielding up to 640 kg/30 min. Estimated stock size of 8 159 t may
thus be rather inaccurate (table 1). It is in the order of the estimate
for 1977/78 (KOCK, DUHAMEL & HUREAU, 1985).

4, Discussion

Due to the small data base and the scarcecity of comparative information

from recent years the state of N. guntheri and D.eleginoides stocks is diffi-

cult to assess. Our catches of N. guntheri sampled the same length range



as given for the Soviet commercial catches. A length composition from Febru-
ary 1979 (NAUMOV et al., 1983) shows the same distinct peak at 15-16 cm as
exhibited in fig. 2, The proportion of individuals > 16 cm was, however,
considerably larger than in NAUMOV's length frequency distribution. According
to Soviet investigations there has been little effect on the stock so far
(ANON., 1984), although about 100,000 t had been taken from 1978/79 to 1982/
83. In D. eleginoides a considerable decrease in mean length in the catches
at the end of the 1970s has been observed compared to 1975/76 - 1977/78
(SLOSARCZYK et al., 1984). A similar trend is evident from our surveys, Due

to the low annual catches reported for the species these changes can be hardly
attributed to fishing influence. Furthermore it should be noted that it is
still not known which proportion of the juvenile part of the population lives
actually within the range of the fishery. The Patagonian stock has a vertical
range down to 1500 m (KOCK, DUHAMEL & HUREAU, 1985).

Apart from single seasons N. gibberifrons, Ch. aceratus and Ps. georgianus

does not appear to have supported a directed fishery. They have nevertheless
been considerablyaffected by the fishery. In Ch. aceratus the proportion of

iniividuals larger than 60 cm, which are exclusively females, has been consi-

derably reduced compared to 1977/78. Mean length in catches of N. gibberifrons
and Ps. georgianus in 1981/82 were close to length at sexual maturity after

6 or 7 years of fishing (KOCK, DUHAMEL & HUREAU, 1985). During our survey
stock sizes were still at a level of about 25 - 40 Z of that of the pristine
state in 1975/76. An increase in the proportion of longer (= older) indivi-

duals in the populations both of N. gibberifrons and Ps. georgianus compared

to 1981/82 may, however, indicate a slight improvement of the situation.

The stocks most greatly affected by fishing are still N. rossii (see KOCK,
1985b) and C. gunnari and are in need for conservation measures. Biomass
estimate in C. gunnari indicates a reduction in stock size to 10 - 20 7 of
that estimated for 1975/76. Similar values had, however, been found already
at the end of the 1970s in Polish surveys (SLOSARCZYK et al., 1984). Since
the period of intensive fishing in 1976/77 when fish older than 5 years
(> 35 cm) were still common, recent catches were seen dominated by 3 years
old fish (age class II) which is presumably the recruiting year class. Varia-
bility in annual catches and CPUE may therefore directly reflect variability
in recruitment. The dramatic increase in catches in 1982/83 to 128,000 t

can thus partly be explained by the recruitment of one or two abundant year



classes. The dependance of the fishery on the abundance of the recruiting
year class, however, makes fishing extremely vulnerable to any change in

recruitment pattern.

Conservation measures were established by CCAMLR in 1984 which come into
force from September 1985. The prohibition of fishing within 12 nm will pro-
tect its spawning grounds in nearshore and inshore waters. As far as it is
known the spawning grounds have never been fished other than for scientific

purposes. No direct effect can thus be expected from that measure.

A minimum mesh size of 80 mm, although its scientific basis (e.g. selectivity
experiments) is not known, may increase size at first capture. A more suitable
option to rebuild the spawning stock would, however, be to refrain from direc-
ted fishing for the species for two years on the premises of a normal recruit-
ment, Minimum mesh size should then be set at 115 mm. Mean selection length
(2 length at first capture, 1c ) would them be 32 cm (2 3.8 years) (ANON.
1984). This would minimize the risk of recruitment overfishing that may occur

at the present state of exploitation and would lead to a more stable situation

both in the spawning stock as well as in the fishery. It would furthermore

result in a gain in Y/R of about 15 - 20 Z.
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Table 1: Mean trawlable biomass (t), standard deviation (sd) of the mean and mean density Dr ground South Georgia in

January/February 1985.

! 50 = 150 m 151 = 250 m 251 - 500 m total

| No. of |Mean trawl. S4 Dr No. of {Mean trawl. 84 Dr No. of |Mean trawl. 84 Dr t 83
} hauls |biomass (t) (%) Ft/nmz)hauls biomass (t) (%) (t/nm2)hauls biomass (t)| (%) (t/nmz) (%)
EN. gu. ntheri 1 5320 - {14.62 5 ! 1902 203 | 2.66 1 100 - 10.07 | 7256[ 47.1
’ Shag Rocks ! !

N. rossii 18 5 7T 120.45 0.1 34 i 4026 101.1, 0.97 | 21 8577 142.1 = 12781 99.9
éN. gibberifrons ! 19 : 2625 49.6: 1.211 39 § 9900 43.212.04 | 22 3236 33.2[ 1.07 15762 28.4
C. gunnari E 19 i 999 71.0. 0.46]| 39 5 13918 117.5/2.88 | 22 904 66.4| 0.30 |158211101.4
bh. aceratus ; 19 i 2904 95.4% 1.33 39 6766 57.8{ 1.39 | 22 1872 30.5| 0.62 [11542 40.6
r : !

%Ps. georgianus : 19 1736 47.2] 0.80| 39 5160 49.9/1.06 | 22 1238 42.6| 0.41 | 8134] 33.0
i ! j

[D- eleginoides | 19 1152 =204.4’ 0.53! 39 4892 116.9/ 1.01 | 22 2115 79.7/ 0.70 | 8159| 76.5
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K.-H. Kock SC-CAMLR-IV/BG/11
(FRG) 1985

PRELIMINARY RESULTS OF INVESTIGATIONS OF THE FEDERAI, REPUBLIC OF GERMANY ON
NOTOTHENTA ROSSIT MARMORATA (FISCHER, 1885) IN JANUARY/FEBRUARY 1985

Abstract

A bottom trawl survey carried cut by FRV "Walther
Herwig” in Jamuary/February 1985 was used to collect
further basic data needed for stock assessment purposes,
to aasess the actual aslze of Notothenla rossii around
South Georglia and Elephant Island and the extent to
which the measures adopted by CCAMLE to rebulld the
stock around South Georgila might be successful.

Although reported catches in recent years have been low,
N. roseli around South Géorgia is still largely affected
by the fishery. Stock size is probably still less than
10% of the pristine stock. Mean length in the catches
has only slightly increased since 1981/827 and is srill
close to length at sexual maturity. The major part of
the population consisted of age classes ¥V - VIII. It
seems doubtful if the conservation measures adopted in
1984 will really help tc rebuild the atock around South
Georgla.

RESULTATE PRELIMINAIRES DES ETUDES DE LA REPUBLIQUE FEDERALE D'ALLEMAGNE
SUR NOTOTHENIA ROSSII MARMORATA ( FISCHER, 1885) EN JANVIER/FEVRIER 1985

Récume

Une étude par chalut de fond menée par le navire de pé&che

et de recherche "Walther Herwig™ en janvier/février 1985

& permis de relever de nouvelles données de baze i des fins
d'¢valuation de stock, pour permettre l'dvaluation de la
taille de Notothenia roesii autour de la Géorgie du sud

et de 1'Tle Eléphant. Le but était aussi d'évalucr le succes
¢ventusl des mesurcs adoptées par la CCAMLR pour reconstruire
le stock autour de la Géorgie du Sud. Bien que les prises
déclarées ces dernidres années alent &té& faibles, N. rossii
autour de la Géorgie du sud est encore grandement touché

par la péche. Sa biomassc est probablement encore inférieure
a 10% du stock originel. La longueur moyenne des prises n'a
que légérement augmenté depuis 19831/B2 et est encore proche
de la lengueur 3 la maturité sexuvelle. Ta majeure partis
de la population comprenait les classes d'Age V - VIII.

Il semble peu probable que les mesures de conservation
adopt&es en 1984 permettront effectivement de reconstruire
le stock autour de la Géorgie du Sud.
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[IPEOBAPHTEIIRHEE PE3YIBTATH HCCIEOOBAHHA NOTOTHENIA ROSSII
MARMORATA (OHwep, 1385}, TPOBOINHUBIETOCHA B AHBAPE-OEBPAJNE
1985 r. OEINEPATHBHON PECIOVEIHKOA TEPMAHHH

Peanme

IposcouEmAACH B AHBape—despane 1985 r. ¢ HHC
"BankTep XepBHr" CbeMKa JOHHHWM TDPANOM HCIIONL-—
30BaNIack A cBopa OONONHHTENBHHX OCHOBHHX
OAHHHX, TpefiyeMeXx B LelAX OUSHKH Banacos,
uyTO6H CHpenesmTh QaKTHUECKHH paszMep 2amaca
Wotothenia rossii B patioHe o-BoB KHasa ['eop-
THA K DnedaBT, a Tax¥e CTEeNeHhL YCIemMHOCOTH
Mep, YTRepxmeHHHX AHTKOM oM c© Iennw BOCHon-—
HEeHHA 3anaca B palHoHe xHoi TeoprrH. XoTa oo-
JIYYeHHHE 3a MocJenHde rofb maHHEEe TOoBOPAT O
HHM3IKOM BHUIOBE, [NPOMHCEN BCE Me B SOARMON Me-—
pPe OKa3HBaeT EBIHAHHe Ha =2amnac N. rossii =
pafioHe IxHOR T'eopruM. BeposTHHNA pasMep 3anaca
BCe eme MeHbme 10% NMepBOHAYAJBHONWN BEIHYHHH,
Cpeagnaa mmHHEA ocobell B yroBax ¢ 1981/82 r.
YBENHYHJIACE TONBKD OYEHL HEBHATYHTENBHO H BCe
eme OJM3KA K IJHHEe [IpPH IIONOBO3PEJIOCTH. OCHOB-—
Had YacThk NONYJALHH COCTOHT KR I'OOOBHX XJIAacC—
cor V-VIII. [IpendcTaBJAASTCA COMHETEJNBHHM, YTQO=-
6H MepH 10 COoXpaHeHHW, YTBEDXKIOcHHHe B 1984 r.,
OelCTBEHTENBEHO OOMOIVIH BOCCTAROBHTL 3arac B
panoHe o-Ba kHaAa T'eQprHA.

RESULTADOS PRELIMINARES DE LAS INVESTIGACIONES DE LA REPUBLICA FEDERAL DE
ALEMANTA SOBRE NOTOTHENIA ROSSIT MARMOBRATA (FISCHER, 18R85) EN ENERQO/FEBRERO
DE 1985

Extracto

Se utilizd una inspeccidn de arrastre de fondo efectuada
por el FRV "Walther Herwig" en cnero/febrero de 1985
para recolectar mis dates bisicos necesarics para fines
de evaluacidn de reservas, para poder evaluar el tamafio
mismo de Notothenia rossil alrededor de Georxrgia del Sur
¥ de la Isla Elefante y para evaluar hasta gue punto
podrian tener &xito las medidas aprobadas por CCAMLR
para restablecer las reservas alrededor de Georgia del
Sur. A pesar de gue los informes de las capturas en

los vltimes afios las indican bajas, N. rossii alrededor
de Georgia del Sur, sigue siende afectada en gran parte
por la pesca. El tamailo de la reserva probablemente sigue
siendo mencs del 10% de la reserva coriginal. El largo
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medio en lag capturas sélo ha aumentado lovemente

desde 1981/82 y migue aproximindoss a la talla de
madurez sexual. La mayor parte de la poblacidn
consistia de clases de edad V-VIII. Parece dudoso

gque las medidas de conservacidn aprobadas en 1984 ayuden
realments a reccnetruir la reszerva alrededor de Georgia
del Sur.
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1. InLroduclion

The Westantarctic subspecies of the marbled notothenia, Notothenia rossii,

marmoraka, is present around the islands of the Scotia arc (FREYTAG, 1980).
Before the onsct of large scale commercial exploitakion at the end of the
1960s Lhe species was probably one of the wmost abundant (if not the most
abundant) fish species around South Georgia: large near surface concentrations
had already becn noted by sealers in the early 19th (PANXTNG, 1833) and whalerg
in the early 20th centuries (LONMBERG, 1906). Dense concentralions occurring
repularly off Elephant Island had been reported in the cecurse of the AntLarc-
tic Expedition 1975/76 of the Feders]l Republic of Germany (KOCK, 1978). They
were prohahly commercially fished there in 1979/80 for the firsL timec, Skock
sizes around the South Orkney lslands and South Sandwich Tslands are obviously
much smaller. Concentralions were only reported from the shell east of laurie

Island in 300 - 400 m depth (ANON, 1984).

Preliminary stock assessments (BLOMASS, 1980; KOCK, DUIAMEL & IURFAU, 1985)
based on rather incomplete material up ko 1981/82 show Lhabt the populations
around South Georgia and off ¥lephant Island have been greatly affected by the
fishery and have obvicusly been reduced to a small fraction of their original

silzes,

In September 1984 during its annual meeting CCAMIR established the following
measures to help rebuild the spawning stocks arcund Soulh Georgia principally

Notothenia rossiiz

- Prohibition ol [ishing other than for scientilic purposes in waters within
12 nautical miles of South Georpia.

— Minimum mecsh sizes of 120 mm for dirccted fishing on Notothenia rossii.

A prohibition of any dirccted fishing on N. rossii for a number of years,
however, which would have bcen the most suitable oplion to restore the spaw-
ning stock, was not accepted. Fishing vessels are only requested Lo relrain
from directed fishing feor the species and Lo aveld its by-catch in directed

fishing for other specics in the 1984785 season.
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A boltom Lrawl survey carried out by FRV "Walther Herwig" in the Scotia arc
region in late January/Febrvary 1983 gave ug the opportunity to collect further
basic data needed for stock assessment purposes, to assess the actual state of
Lhe stocks aronnd South Georgia and Flephant Tsland and to indicate the extent
to which the measures adopted By CCAMLE Lo rebuild the stock around South
Georgia might be successlul. As parl ol the material collected off Elephant
Island is still under investigation this paper deals mainly with the South

Georgia stock.
2. Matcrial and methods

Before the survey Lthe area had been stratified into the three depth zones
50 - 150 m, 151 - 230 m and 251 - 500 m based on data in EVERSOY (1984)}.
The number of hauls was allotted in proportion of the area of each depth

stratum and weightad by the abundance from previous surveys.

Material was collecled [rom 73 hauls around South Georgia (28 January - 10
February) and 37 hauls off Elephant Island (2! - 28 tebruary)} using a 200' be-—

tom trawl with a small meshed liner of 20 mm (figs. 1,2),

Total length of the specimens was wmeasured to Lhe nearest cm below, total
weilght to Lhe nearest 50 z below, Maturity stages were deteormined according

to LVERSON's (1977) [ive point-scale. Age determination was carried out by
means of scales following methods and results of FREYTAG (1980). Fish =stock

biomass was estimated by the "swept area" method (see KOCK, 1985).

for estimating size at sexual maturity fish have been grouped in 2 cm groups

Total lengih and age versus proportion mature for each sex (L A_ .} scom

50 7RO
to conform the logistic equation

Lye —Garbl)

whoro p

estimated proportion cof wmature [ish

1

total length

coefficient

b = coefficient for the stecpness of the logistic curve

{ Ni & Sandeman , 1984)
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3. Resules

3.1 The catches

Around South Georgia calbches were mainly confined to the east and southeast
of the island where yields varied between 2 and 5100 kg/30 min. The best
catches were taken south ofl Cooper Island {(Stations 81, 83) with 1.4 and 5.1 t.

In other parts of the shelf only single specimens were caught (fip. 3).

Off Tlephant Island N. rossii concentraled west and north of the island where
catches from 1 to 1736 kp/30 min could be obtained. Only single specimens ware

found in other parts of the shelf.

3.2 Biomass eslimate

The biomass estimate (table 1) is considerably influenced by the patchy
distribution of the =specics in relation to the smwall number of hauls, alt-
hough it has been tried to reduce the variance by restratification of the sur—
veyed area according to the ohserved differcnces in abundance (KOCK, 1985a).
Even I the estimated stock size might nol be vervy accurate iL may indicate
the order of magniLude. Tt can thus be concluded thal the biomass of Lhe
offshure part of the population is still very low and only z small fraction of
the estimated pristine stock size of aboul 500,000 t (EVERSON, 1977). fvalu—

ation of the stock size off Dlephant Island has not been carried out yet,

3.3 Length composition

Around South Geuvrgia length varied from 34 to 73 cm. The bulk of specimens
measured 45 - 55 cm (Fig. 4). Mean length was 49.9 cm (wales: 50.2 cem, Fema-

les: 31.2 cm).

The length frequency distribution off Elephant Island differed considerably
from that of South Georgia: dindividuals of 40 — 50 cwm predominated (Fig,
4). Minimum length was 34 cm. No specimen larger than 38 cm had beecn obser—

ved. Mean length was 44.7 ecm (males: 44,1 cm, females: 45.3 CHlj.
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3.4 Length - weight relationship

Evaluation of the length - total weight relationship Wt = a LD was based on
the entire lenmgkh range sampled Lut the Tength range of 43 - 55 cm predominated

(Lig. 5). The equation

W = 0.014752 * 1, 2.9986

{n = 429, r = 0,96)
falls, however, within anticipated limits [rom other equations (KOCK, DUHAME],
& HUREAU, 1985, tab. 3).

3.5 Age composition

Results of age determination were similar to thosc ol FREYTAG {1980) and
BURCTIKTT (1583) (sec KOCK, DUHAMKL & IIURLCAU, 1985, tab, 14). Mecan length at age
and mean weight at age is sel out in table 2. Age classes IV — XIIT werc
present in the stock, Age groups V - VIII, however, predominated ( table3),

Due to the lack of data from age classes 0 - IIT (IV) and those older than IX,

data were not fitted to a growth curve,

3.6 Length and ape at sexual maturity (L ,i )
50 50
Lengths at sexual maturity for South Georgia and Flephant Island and age

at sexnal maturity for South Georgia are set out in tahle 4,

Data base for Lhe estimation ol [50 tfor males from South Georgia and females
from Elephant Island was small ([ig. 6~8). Values in table &4 arc approxima-

tions and. thus given a brackets, Length at sexual maturity in our material was
smaller than that estimated by SCHERBICH (1976) in the first years of commer—
cial exploitation. Our data arc close to those reported by DUHAMEL {1982) for-

the Kerguelen subspecics Notothenia rossii rossii.

Maturity in males is reached at a smaller size and about one year earlier

than in females.
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3.7 Recruitment to the offshore stock

The largest specimens in the inshore (= [jord) stock ohserved by BURCIHETT
(1983) were about 44 cm long, the bulk, however, measured less than 40 cm. Re—
cruitment to the offshore pavt of the population siarts at about 35‘Em although
few individuals less than 40 cm are caught {fiz. 4). Duc to the lack of quan_
Litative information on recruitment from hoth parts of the population im
the B84/83 scason lr = 4] cm may he taken as reasonable approximation for further
analyses. Most of the specimens are then about 5 years old {table 3). Age class
VI seems ta be the first fully {more than 95 %) recruited age class, Age

at recrultment t may thus be in the order of about 5 years.
i

4, Discussion

From our results it iz obvious that N. rossii around Seuth GGeorgia is still
largely affccted by Lhe [ishery alrhough toported catches in recent years
(1980/81 - 1982/83) have been low (KOCK, DUFAMFL & HURKAU, 1985, Lable 30):

a. Stock size is probably still less than 19 % of the pristine steck estimated

by EVERSON (1977)

b. Mean lenglth In the catches has only slightly increased {by about 2 cm)

since 1981/82 and is still close to lensth at sexual maturity

¢. As in 1981/82 the major part of the population conseisted of age clazses
V - VITI (on the premises that age determinations by SLOSARCZYE et Al
1884 and ours are comparable). This may indicate Lhat the stock has changed

little within a 3 years period even under low fishing pressurc

d. Ttis not know Lfthe decrease in length at sexual maturity might be a response
of the species to the heavy dopletion of the stock or if it night bec merely
an artefact in Lhe determination of waturity stages by different authors

or from the different amount of material investigated,

It seems doubtful if the conservation measures set in force by CCAMIR from

September 1985 onwards will really help to rebuild the stock of N. rossii,
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Feeding grounds and spawning grounds, as far as they are known are mostly
located ocutside 12 nautical miles of the island, so little effect can be
expected from that measure. An increase of minimum mesh size to 120 mm may
increase size at first caplure. The 50 % retention length of 160 wn mesh size,
however, is prohably in thc order of 43 - 46 cm (see ANON., 1884, p. 30), IL
can thus be assumed that a codend of 120 mm will still retain nearly all 8peci—

mens samupled by the net.,

It is obvious that the best option to restore the stock of N. rossii around
South Georgia would be to stop any directed fishing op the specics for a
number of years. An allernative approach might be Lo close cerlain areas
for Lhe fishery, where it is knownthat N. rossii concentrate. One of these
areas might be the region scuth and southeast of Cooper Island where we ob-

served concentrations during all our surveys in 1975/76, 1977/78 and 1984/85.
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Table $3 Mesn trawlsbie biomase {£}, etandari deviation (ad) of the wean and mear densify ﬁy sf Hotothenis Tempii arcund
Buwth Georgis in Janvary/Fehrusyy 1985

B0 - 150 @ 151 « 250 m 251 - B0 m total
Mo, off Moan trawl. 84 }}:r: ¥No. of | ¥=zan trawl. By Dr ¥o. of | Mean trawl. a4 I}t Hean trawi. 84
hawle | blomses (8)] (%) (5/un®)| navis | biomass ()] (%) {(+/xe” )| hauls | biemass (%) (%) !{t/za")|biomass. (t}] (%)
18 177 120.4 0.1 34 4026 161,17 | 0,97 24 e%7? 142.1] - 12791 $9.%

Mgtﬂ—
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Table 2: Mean length ( cm ) and weight ( g ) of Notothenia

rossii from South Georgia in January/February 1985

age class n mean length magn weight (g
( om ) (1) ézg

4 6 39.8 200 Bop
5 56 hiy 4 1236 1237
6 112 4.3 15073 1494
7 a7 51.6 1850 1938
8 58 55.4 2432 2396
9 25 58.5 2758 2820
10 7 62.5 3514 3436
11 3 66,2 3916 Loso
12 4 66.0 Lis50 Lokh3
13 1 73.5 5800 5577

(1) direct measurement

{(2) from length - weight - relationship W = 0.014752 .L2-9686
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Age - Length - Key of Notothenia rTossii from South Gecorgia

January/ February 1985

Length age class

(cm) Y 5 6| 7 8 9 10 11 12 13 E
34 1 1
35

36

37

3d 1 1 2
39 2 2 L
4o 1 2 3
i1 3 3
L4z z 6 8
43 1] 6 17
hh 714 11
45 7113 20
hoé 10 21+ 2 33
L7 6 27! 5 38
48 1 121 6 o8
4o 11 6 17
50 6|22 28
51 21161 4 22
52 13 3! 16
53 13 8 21
54 5 3 10
55 51 14 2 21
56 3 12 3 18
57 1 9 5 i5
58 2! b a
59 L5 5
60 1121 3 ; 6
61

62 2| 2 A
63

6h 1 1

65 : (I 3
66 1 3
67

68 é 1 E 1
69

70 i

71 l ;

12 l |

13 | a4 4




Notothenia rossii

Table 4: Lenpth and age at sexual maturity (LSO’ A ) in
o0

South Gecrgia Flephant Is. Kerguelen
(KOCK, {SCIIERBICH, {KQCK, DUHAMEL,
this paper) 1976) " this paper) 1982}
Loy (em) & (42.2) 49.1 42.2 43.0
0
+ 46.9 51.0 (49.0) 48,5
ASD {years) ¢ (4.8) - - 5.5
)
+ G.3 - - 6.5
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RESEARCH CURRENTLY BEING UNDERTAKEN BY THE REPUBLIC OF SOUTH AFRICA ON
"DEPENDENT AND RELATED SPECIES" WITHIN THE ANTARCTIC MARINE ECOSYSTEM

Abstract

Selected componente of the biological sciences programme
are described. The primary objective of the sudies
being undertaken is to improve our understanding of the
ecology of important predators (especially seals and
seabirds) and thelr prey (especially krill and squid) imn
the Antarctic, and cleosely related marine ecosystems.

RECHERCHES FNTREFEISES ACTUELLEMENT PAR LA REPUBLIQUE D'AFRIQUE DU SUD SUR
"LES ESPECES DEPENDANTES ET VOISINES"

Rézumé

Les compogantes sélectionndes du programme des sciences
blologiques sont décrites. Le principal objectif des
détudes entreprises est d'améliorer notre compréhension
da 1'écologie des pédateurs importants (surtout las
pheques et les olseaux marins) et de leurs proies

{en particulier le krill et le calmar) en Antarctique
et dans les écosystémes marins étroitement 1liés.

HCCIENOBAHHA, NPOBONKMMHE B HACTOAONEE BPEMS KKHO-ACPHKAHCKOH
PECOYEIHKOH IIC BOMNFPOCY “3ABHCHMHX H CBS3AHHEX BHIOB" B MOPCKOHR
IKOQCHCTEME AHTAPKTHKH

PeaswMe

OMHCcaHH BHIOSJeHHHEe KOMIOHEHTH GHOTOTHYSCKOH
nporpaMMs=. [JlaBHO# 3amadell nmpoBOIHMEX HCc—
CremoBAHHA SBIASTCH YCOEBEPIeHCTBOBAHHE 3HAHHM
06 DKOJOTHH OCHOBHHX XHIHHKOB (OCo6eHHO THJIE—
HEll M MOPOKHX ITHIL) B HX XepTBH (ocofBeHHO
KDUJIH ¥ KAaJIbMapOB) B AHTAPKTHKC ¥ TECHO CBHA-
3aHHHX C Hel MOPCKHX 3KOCHCTEeM.

INVESTIGACIONES QUE LA REPUBLICA DE SUDAFRICA ESTA LLEVANDO A CAEO ACTUALMENTE
RESPECTO A& "LAS ESPECIES DEPENDIENTES Y AFINES" DENTRO DLl ECOSISTEMA MARING
ANTARTICO

Extracto
Se describen componentes selecclonados del programa de

ciencias biolégicas. El cbjetiveo principal de los
estudios que se estdn efectuando es mejorar nuestra



comprensidn de la ecologia de los depredadores
importantes (especialmente las focas y las aves
marinas) y sus presas (especialmente el krill y los
cazlamares) en la BAntdrtida, ¥ en los ecosistemas
marinos estrechamente relacionades.
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Sowuth Africa carries oult 8 wide veriety of scientific research in
the Coavention ares and on the Subk-antarctic isiands. These all
fall wunder the susrices of South African Scientific Committee on

antarctic Research (SASCARY.

This rerort deals With selgcted componsnts of the kiolepdgical
scisnces Prodramme of the Sovth African Nationsl Antarctic
frodravmme. As swchy these components are of direct relevence to
imeroving our understandindg of the status of and scolodical
retrplLionshir between derendent/related porulations of Antarctic

marineg living resovrces and their prey,

(1) MARINE_MAMMALS

Introduction

Scienltists based at the Mammazl Resesrch Institute of the University
of Fretoria spend up to three months each wear in the Antarcticy
and from three to eighteen months at 2 time on Goush Island in
the South Atlzsntic Dgesn  and on the sub-Antsrctic Prince Edward
(incoreporzting Marion Island), Amsterdam and Kerdguelen islends in
the South Indian Ocean studuing the mammals in theme regions.
Belwegn visits thew carry out laboratory and statistical analuses
of materizl and dats collected. There is a [ow seecies diversity

of mammals adsepied to the Antarctic and Subantarctic environments:
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but the few that do occur Frovide an ideal oerportunitys for

scientists to investidate their interaction with their environment.

Sezls

Research on various pspects of the mammai fsunz - mainly  sesls -
in the southern oceans and on the islamds south of southern Africas
bedgan in earnest during 1973, Since then sewverszl erodects have
been comrleted and a number gre still in Prodgress. Research
rriorities have bheen set in accordance with those of npational and
international srogrammesr Lheir obdectives conforming with those
of the Souvth African National Antarclic Frodgrsmme, the internatio-
nal Scientific Committee on Antarctic Research (SCAR) and the
internationzl BIOMASS (Biolodical Invesztigations nf Marine

Antarctic Sustems and Stocks) erodramme.

Research on  the four species of truly Antarctic sesls - the
Weddellr cratbeater, leorard and Koss seals — originalty cancentra~
ted on their spatiazl =znd temroral distribution in Lhe King Raasbon
VII sea off the Fimbul Ice Shelfy wpon which the Souwth African
Antarctic bzser SANAE is situated. The resuits indicaled thal the
rarest of the speciesr the KRoss seals was present in lardger
nwmbers in  that region than snywhere elze survesed wp to that
time. A lons~term prodect investigating various oasrects of Koss
sez!{ porulation ecology, rerroduction and feeding Wwas conseauently
initiated. This research:r conducted in the rack ice from the

surply and research shiprs S.A. Asulhas, is caerried out annuazllw
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during the SaAHaAE relief vovadges pach austral summer.

Research on different seal porulations around the sub-Antar-
ctic isiands Is carried out since these islands serve a3z ‘platfo-
rms’ wupon Wwhich seals breed and mouwlt esch sear, Studies on
several asepects of Lhe biolods of the sub-Anlarctic fur seal and
southern elephant sesl sre beindg investidated on temrerate Goush
Isiand in the Soulh Atlanlic Ocean snd on the sub-Antarclic Frince
Edward {incorporating HMarion Istand) snd Kersuelen istands in the

South Indian Ocean.

Since 1974, stuwdies at Goush Island have concentrated on the
behaviourr population ecolosy and reproductive phusiology  of tLthe
fiast expanding +Fur seazl porulation. This particular porulation:
which now reresents nearlwy 93 repr cent of the world stock of this
spegiesy, hes been estimated at 200 000 and is increasing st a
rate of ahout 1& per cent Per wesar. Distribution of these sesls
around the shore nf the istand during the breedind season - in
summer - arpears to be limited by the seal’s inabilite to rphusio~
logical ly regulate its body temererature during seellis of relsliveily
higsh a2mbient temperature experienced on Lthe islsnd betwesn
October and  Harch, Eehavioural adartations {(body postures and
lacal movement}) which ars of importance in overcoming this
problen have been identified. Social or<anization and seszzonal
changdes in the asge 3and sex cowrosilion of the porulation have

glso been described. In zadditions studies hiave been undertasken
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on population dunamic characteristics and reproductive Phusiologsy.

Investidalions of the fur seal rporpulation at Marion Izsland
started duering 1973 and soon indicated that two fur seal srecies
ware intermindling and possibla interbregedind on the istand., The
initial stwudw on the zbundance, distribution and anpuatl cacle of
fur seals was therefore followed by an inveslidation of the
ecolosical and denetic seraration of these srecies., Considering
that the Frince £dward islands are one of the only two loczlities
where bolh species breedr the results of this study were of
importance to the understanding of the mechanisms which make it

Fossible for related srecies to co-existh,

Research on the elerphant s=al rorulations at Goughr Marion and
Kerguelen isliands <(on the latter in co-~ordination with France)
forms 23 maJor comPonent of activities on the sub-Antarctic
islands. These investigations began durins 1972 and indicate =
decrease of S5 to 11 rer cent rer year in the rorulations at
Marion ¢4 500) and Kerduelen (118 000} jslands. This trend
arrarently results from competition for food with fishind fleets:
glthoudh social factorsy resuiting from differentisl chandes in
bull and cow numbers, may also be of importance — the latter

aspecls is being investidated.

The activities of elerhant and fur sezls when ashore at Marion

Istand to breed or mowlt have an imrFortant effect on the nutrient
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and enersw cucles of the rlant and invertebratie communities of the
adiacent coastal erizsins. This effect is mainly through trame!ling
and enrichment by manurins. gn attemrt has tbeen made to auantifw

these influences.

The {ong-term monitoring of these sea! roruUlations throudh an
intensive taddind prodramme is rFroviding informstion on local and
large—-scale (inter-island) distribution and movement of seals, the
agde of sexual maturitu, longevity and mortal ity patterns. Enviro-
nneental variables of iwmpPortance in the habitat preferences of

these species form an imPportant component of the investiaation.

Hild Cats
Most of the exotic mammalian speciees introduced onto sub-aAntarctic
islands through human activities have had a3 deleterious effect on

the islzands: parficularlyg on their birds.

An rovestisation into the influence af the cat rorulation on
Marion Island was initiated douring 1974, This indicated that
arrox imately 400 000 petrels were beind killed annualls by the
feral or wild cat porulations which was estimated at spPrroximately
2 000. The high rate of annual increase (17-22 per cent rer
vesr) of this cat eforuiation coutd eventually have resulted in
the burrowing petrel fauna of the island being exterminated, so
measures were taken to control the cats. A Riolodicel control

factor was introduced durind 1277 which was successful in reducing
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the number of cats to about 400 in 1983,

Hice

House mice were introduced to Marion Island through sesling activi-
ties. Genetic studies sugsdest that the present-day mouse rorulation
is of Scendinavian origin., Studies of +the feeding rpatterns of
thesa mice indicate that they feed mainly on invertebrates. They
zre widely distribwted sround the perirhery of +the istands
szeasonzl in their breeding activities, and well adapted to
survive under the prevailing environmentzl conditions. Informa-
tion on the epopulation ecolody and its interaction with the fauns

and florz of Marion Island is now being znalozed,

(=) SEABIRDS

Introduction

Research on seabirds within the Souwth African Nstional Antarctic
Frogramme is carried oul by the Percy FitzFatrick Institute of
Africen Ornitholagy, University of Care Town. The scupe of the
work is primarily ecolodicaly simed at  an improved understanding
of how seabirds contribute to the structure and functioning of

gcogystems.

South Africa’s Frince Edward islands and the seas arpund the
country’s continental mainlsnd surport some of the most sbundant

relagic sealbird porpulations found &nuwhere in the world. The
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eguntry s well risced and eauipped to take & major share in the
international regronsibiiity for seeing that these birds continue
to thrives which derends on the state of the ecaosvystems of which
the Lirds are an intedral rart., Msn neads to expinit the resources
uf these ecosystems but showuild 4o so onty within certein kounds,
Eccipgical studies of peledic seabirds can helr determing these

Bounds,

A sembird may be defined 26 one that ebtainz its food from the
828, Hroadis #reskinds sesbirds maw be errended etolodiceiiy as
inshures offshore ar Felagic serecies, Amond the inshpore birds are
Lhe cormorsnts and dulis, which seidom move out oF sight of fand
and normaliy Tpost ashore alt night, The z#inets are hkypical
rerrpsentatives of the predominant|y fish~gpating offahore sesbirds
which tend nct t3 ranse bevond tha continental adde. Feladic
seabhirds can 1ive for many months far from f3nds obtaining their
food frum the oren sk3. The alhatrosses; characteristic inhabi~
tants of the SBouthesErn Uceany Leiong to this communits, Mere than
Moi¥ the swabirds found in South African wegters beiond to the
rtaizdic grourr most of whose member: only Fo0 ashore to breed on

remate cvceanic isipnds,

The seabirds of the worid comeprise gsome 250 species: of which
sbaut &5 are found in  Soputh African waters., However; oniy 13
species breed within Sowvth Africsn  territorz:s, exciudind the

sub-Antarctic aceanic isiands of Marian and Frince Ldwardr snd
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none oFf these belongs to the pelagic communite. In contrast, 24
species breed at the Frince Edward islandss the majoritw bheing

relasdic,

South African research

South African research on peladic seabirds in the Southern Ocean
is carried out mainly in four areas! the Frince Edward islandsi
Gouzgh islsndi the Bensuveiz Current redion} and that rart of the
Southern Ocean bounded by |atitudes 30-70 5 and ionditucles 10 H

to 40 E.

Research is pPrimarily ecologicaly aimed at an improved
understanding of how seabirds contribhute to the structure and
functioning of ecosvstems., The continuwed Ppossibiility for exeploi-
tstion by man of renswable naturzl resouvrces: such  as fishy
derends not onlw on the rate 2t which thes asre exrloited but on
Lthe mzintenance of the ecosdstem. Thus, much of the direction of
South African seszbird resesrch is &imed 2t vunderstanding the
ec¢olodgical roles of seabirds 85 tor-arder predators: either of
reladic shosfing Fishy soch 35 pilchards snd anchover in walers
around the southern African subcontinent, or of krill a2nd sauid

in the Spouthern Oceen.

Eirds of the Prince Edward islands
Fenduins, eretrels) aitbalrossesr sbtuzsy dulls and terns are amond

the wide variety of seahirds encountered when vonading sowuthward
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from Care Town. Most of these birds - =zlso the sheathbills and
cormorants - breed on islands in the Sub-antarctic ocean. Arart
from occasional stravs from Jower latitudes and 2 few true land
birds: the avian communities of the isiands sre exclusivels
maring. The species are either ncean—feeders or are dependent: as

scavendgers and predators: on other seabirds.

Some of the largest bird colonies in the world zre to be
found on sub-~Antarctic islands. Fenduins wususily occury the
coastiz! slopesr cormorants and smalier alhbatrosses the cliffs,
[arder albatrosses +tha higherr flatter «grounds and petreis
honewcomb the iniand surface with their nest~burrocws. Marion
Island harbours about cne million breeding Macaroni eenduins: and
gbout 500 000 breeding King penguinsy accounting for some 19 @nd
30 per cent: reseactivelyr of the world rporulzations of these

SPECIieS.

What accounts for this great zhundance of birdlife? BRirds
need a stabler solid surface on which to |law and incubate their
egds and rear their wpung. MNowhere is the erorortion of sea to
land #reater than in the southern hemisrhere between latitudeg 40
and 40 dedrees S. This vast pcesnic area is very produchive -
especially Iin the repsion of the Antarctic Folar Front where cold
surface waler from Antizrctics meets snd sinks below the warner
waters of the sub-Antarctic = providing food for millions of

sealhirds., Most of the sub-Antarciic islan«ds are situzted in this
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region.

Reference to the birds sishted on the Frince Edward islands
w3s made bw Cartain Cook in 1774, who mentioned sieeindg ’pansuins
znd sheadgs, the former so nomerous that the rocks seemed coverad
with them as with 2 crust”. Harriss & shir’s endinper znd sealer
made the first detziled observations of the birds on the isiands
in 1832. Additional information was collected by members of the
Cha!lenger exredition in 1873, No further nrnitholesice! records
were made vntil the Sputh Africac annexation of the islands in

1947-48.

The Marion Island ecosustem

In a description of the vesetation on Marien Islznd given more
than 200 sears agor it was steted thst the rplants s=re probably
especially luxuriant because of & surfeit of the dun= of numerous
zeabirds. About 10 wears z290; a8 lond-term research Feraodect was
initisted by  SASCAR, zimed at determining the roles aof birds in
ecolodical rrocesses affecting the structure and functioning of
the terresirial ecosustem b Merion Island, more rarticulariy to
determine the amounts of essentizl noutrients transferred by hirds
from the marine ecosvstem tor and withins the terrestriz! ecosys-—

tem.

Carcassesr ferthers, esdsdgs and suano are the main evian

products introduced into the island’s escosustem. 0OFf the 26 birds
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sPecies which breed on Marion Isdiandr research wasz restricted

during the 1970’s *to the refatively conspicuousr Ilarde and
surface~nesting sreciegs. These comprise asbout 1,5 &million birds
of 14 species. The balznce of the known breeding avifauna:r

consisting of 10 srecies of small retrels which nest underground

a2nd are mainily active nocturnallyr are now being studied.

The resuvits to date show that birds significantiy affect
virtuyzlly all parts of the islsnd’s ecosustem. The nutrientis
introduceds recycted and distribueted arrear to be crucial for the
maintensnce of meny vitel Processes. The amount of nitroden
along introduced =znnualis by  avian c3rcassesr manure: edds and
feasthers is about 36 kdgs/hs or aproximalely 12 per cent of the
total content of nitroden in the elant matter (above and below
ground}) of the island’s low-zltitude vedetation. The islandts

soils are inherently deficiept in nitrogen.

Avian prodocls deeosited annually on Marion island are of the
order of 32 000 tones of fresh duanor 500 tonnes of feathers:» 330
tonnes bpf dezd birds and 200 tonnes of eddgs. The edds alone
contazin enoudh enerdy to drive a small motor car 2ight times
around the worid, or sufficient energy to sustzin an active human
baing for 300 usars. These c2lculations take na account of the

input of hundreds of thousands of burrpw-nesting petrels.

Seashirds have 2 eprofound influence on the istand?’s vegetation:
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gfuzno and other fertilizindg rrocducts promoting luxuriant drowth
of plants, 3s recorded eariier., On  the other handr the steadws
tramp of penguin kills vedetztion =londg regular rowtes:r leadins to
soil erosion. In places the birds even ergde bare rock., After
raipny which falls alwost dails:r the sea asbuttingd on the mzdor
colonies of breeding pendwins is stained with slush and ernding
soil. Yeil this erosion is part of a cucle returning material fo
the sear enriching inshore waters and promoting the rroduction of

food for animals which feed close to the coast.

Birds indicate chandes in rporPulation of frey

The Convention for the Conservation of Antarctic Marine Living
Resources (CCAMLR), of which South Africa it one of Lhe contracling
nations: defines these resources a5 afl species of living ordanisms
found south of the Antarctic Folar Front. It thus recognizes the
interderendence of atl comronents of the Antarttic marine ecosy-

stems not only Lhe exploitablie ones.

The Antarctic ecosvystem differs from other marine ecosuwstems
in the dominant role occuried bs krill in the food web. The fterm
"krill" here is used to describe reladgicy shosling crustaceans
ganerzilyr not merels the euvrhausiid Eurhausia superhg. These
wmall shrimp~like creatures comPrise 3 large part of the zooriank-
ton biomasss and are the mazin food item contribwting either

directlws or indirectlu, to the dizts of many seabirds, esrecially

certzin Ppenspin species. Significant chandges in porulations of
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kritl, whieh may be caused by man’s exploitation of them: are
likely to affect the porulations of mwanw animalts: including
seabirds, further ur the food chain in the Sowthern Ocezn. Current-
Ivs the overall| consumption of kril!l by sezbirds rrobably apeproxi-

mztes that of sither seals aor whales.

Since the Frince Edward islands harbour a2 substantial eroror-
tion of these sezhirdss South Africa chose +to studys selected
species in this area with a2 view to using them for monitoring ans
future chandes which might occur in kritl PpPorulations., This
research incorroraftes threes components: first, determination of
the diets of the Jifferent sreciesr including seszonal and annual
variationsi secondliyr determinztion of their &nerdy reauvitements:
which vars from serecies to spPecies 2ccordindg to their |ife
stytess ands thirdldy monitoring of their numbers and breedind
success, Simifar, but less intensiver studies are alto heing
carried out by South African scientists at Gough Islznd. This
work Wikl Frovide +the informetien nepded to understand the
ralationship beltween the porulstion dynamics of these selected
seciess chiefly renguinsy and of their reprev, mainly Ekrill =nd

saugid.

Studies of birds at sea
Hhero do  the millions of birds which breed at the Prince Edward
islands obtain their prey? Hhere do they feed: snd on what: when

not breeding? How important arg the seas arounid South Africa for
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peladic sesbirds: inciudins rpopulations which breed at the Frince
Edward islands? Io these sezbirds consume significant dvantities
of resources expfoited by man? Cazn the distribution of bhirds st
se3 be wsed to predict rpeculiar oceanodrarhic conditions: Frerhaes
associated with concentrations of the birds? princiral prey tures,
for ex;mple krill and fish, which are 2igo sxploited by man? HWhat
effects do man’s exploitation of marine resources have on Feladic
seabirds? These and a host of other «auestions can only be answersd

fully throush studwing birds st sea,

One rperticular proJect of the internationzal BIOHASS eprodramme
accordingly 2ims to imFrove current estimastes of the amount of
krill consumed at sea by +the avian community of the Sowthern
Orean. Bouth African scientists B8re taking &n Bctive part in
this programme, providing information on the densities of birds
ganid of their feood reavirements. For this research South African
scientists have avagilable to them two modernr desp—-szses research
shirsy S.A. AzZulhas and Africansrs suerorted by a number of smeller

vesselsy fixed-wing aircraft and helicorters,

This form of ornithological resesarch is rarl of 23 fairlsy
recent develorment in international science. It refliects modern
conservation standards which require that the state of the
ecosystems as a wholes not merely the effects of exrloiting

resourcesr should be taken into account by manadement authorities.



To avercome Hhese erabismsrs SASCAR estabtished a FPrew
Identification f9ervice at the Fori Elizakbeth Mussum in 1983 ta
ciater for €he newds of those Southeern Ocebn biciodists studping

tor pradatorsy psearigily seyls and seabirds,

The iaitia! tesk of the Service is to sssemble comPreheansive
cofiections of suitable reference matariai, particuiarliy Lhe jess
digestibie part of Fighes, sqiiids and crusteeeans: which form Lhe
butk of the prey of tor predators in the Southern Dcean, Fresh
materizl is colipcied where rpossibler and suerfgmented With
materiz! extractted from srecimens held in caillections in Sowth
Africa or abroad. These reference coltectionns will consist
primariiy pf Fish ear stones or otoliths: sauid mandibies or

beaks and crusiacean exoskeielons.

ftal iths; caicareous strustures found in the inney sar of
nearly ali Fish with bopny skpletons {Leiponst fishes) vary sufFfic—
ientiy to ke jdertifipi:le 4o zrpcizs in most irislancess aveh when

groded zlightia be stiomach aiid.

Sauvid besks, sa-called becsugese thes resemble the beak of a2
Parrot; ere rogrosed of chitin and  are extremsiy  resistant to
digestion., The identification of savids from their hesks is &
comparalively new field: timited somewhat by the inpate difFFicui~
tiers of sauvid taxopomy and man’s inabiiity to carture ysefpl

nugt:zrse of peiavic sauids -~ those thzl {ive in the orsn sez -



(3} SEAFOOD OF SEALS AND SEARIRDS

Introductiaon

Research aimed a8t & comprehensive understznding of Scuthern Ocesn
food wabs and the interaction between epredators and prey iz an
intesrz!l and imPortant part of the South Africaen biolosical
research sround Marion and Frince FEdward islands and in the

Seuthern Ocean.

Rerort on work

As part of the ecolosical study of seals znd seabirds in relstion
to their environment: work is focused on their diets. Some of the
Lird species ara potential indicators of the availahility of
their ma.jor prev: particulariy squid and krillt, and it is therefore

imrertant to study their feeding hahkits,

Information on the diets of Lthese predators is derived almost
entirely from the asnalusis of stoem3ch contents celfected from
live 8imals with the =id of stomach pumrs: or from carcssses. fs
maringe efredestors digest their prew rapidly  and efficiently;
intact items are rareld found in their stomachs and the identifi-~
cation of most prew  items must be hased on the less digestible
fradments. The seecialized nature of such identifications is
general ly oulside +Lthe exrerience of those concerned with mors
tradionzl taxonoms of prew drours, and  their normal reference

material s often ill-suited to the Frurrose.
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esrecially the larger forms. However, identification to genus is
rossible ands with some focal knowleidge, often also identification

to srecies.

The most imeprtant crustaceans are evrhausiids: amphirords and
coreroids. Their identification is uswally based on traditional
features such as the structure of the arrendases: mouth parts and

Cararace.

With these resesrch tools: the Prev Identification Service
aims to identify al] prey items to the lowest rossible classifiable
level and eventually to eprovide estimstes of the original bodu
size and mass of esch item consumedr using arPprorriate length to

mass relationships derived from reference srecimens.

Althoush the Service at the FPort Elizsbeth Museum is intended
rrimarily for the wse of Soulh African resezsrchers in the Nastional
Antzrclic Prodramme: serlications for identifications from other
biclogists both in South Africa and abroad sre welcomer since such

identifications provide useful comprarative inTormation.
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T.G. Lubimova SC—CAMLR-IV/BG/18
(USSR) 1985

RESULTS OF SOVIET INVESTIGATIONS OF THE DISTRIBUTION AND ECOLOGY OF PELAGIC
SQUIDS (DEGOPSIDA) IN THE SOUTHERN OCEAN

Abstract

The USSR has carried out e long—=term investigation of
the distributlon and ecology of pelagle sguids
(Oegopsida) in the Southern Ocean. In 1965<1977 a total
of 326 squid specimens were collected at 124 statioms
with sampling by midwater nets. 125 specimens of that
total were identified as Brachioteuthis riigei. 1In
recent years (1978-1984) the collection was lncreased by
two or three dozen specimens mostly ldentifled as the
little—atudied Alluroteuthis antarcticus (family
Neuleuthidae). 14 species of squid are considered to
inhabit permanently the Southern Qcean. They belong to
9 families (13 genera). The pelagic squids are very
seldom caught by fishing mets in Antarctic waters and
data on squid beaks taken from sperm whale stomachs were
also considered.

Up—to-date descriptions of all fourteen species are
suggested. Where data are available the deacription
ineludes geographical distribution, habltat, size, food
diet and position of a species in a food weh. Such
description 1s also suggested for M. hamiltoni, the data
on which come only from beaks found in sperm whale
stomachs. All specles are divided into three major
groups in accordance with their hablraks
troplco—subtropicel, notal and Antarctic types.

In view of the absence of squid heaka in the bottom
sediments in the Antarctic, two hypotheses are

suggested : all squids migrate to the Antarctic in the
summer seasons from the sub-tropical amd notal areas, or the
abundance of the true meso— and bathypelagic squida is
very low.

It is proposed to concentrste future research on gquids
in the waters of high bloproductivity south of 60°S.

RESULTATS DES ETUDES SOVIETIQUES SUR LA REPARTITICN ET L'ECOLOGIE DES
CALMARS PEIAGIQUES (CEGOPSIDA) DANS L'OCEAN AUSTRAL

Résumé

L'URSS a mené une étude & long term sur la répartition et
1'écolegle des calmare pélaglques (Degopsida) dans 1l'océan
Austral. En 1965-77, au total, 326 spécimens de calmars
ont été prélevés a 124 stations par échantillonnage & I'aide
de filets mésopélagiques. Sur ce total, 125 spécimens ont

été identifiés comme &tant de 1'espéce Brachioteuthis riisei.




Au cours des dernidres années (1978-1984), la collectian s'est
élargie par le prélavement de deux ou trols douzaines de
spécimens identifiés pour la plupart comme faisant partie

de l'espice peu étudide Alluroteuthis antarcticus {famille

des Neuleuthidae). 14 ocspiéces de calmars habiteraient de
manitére permanente 1'ocdan Rustral. Ces espéces appartiennent
a2 9 familles (13 genres). Les calmars pélagiques ne sont que
trés rarement pris au filet dans les ecaux antarctiques et

les données provenant des becs de calmars trouvés dans les
estomacs de cachalots ont également £té dtudides.

Des descripticons trdg récentes de toutes ces guatorze

espices sont suggérées. Dans les cas ol les données disponibles
le pcrmettent, la description comprend la répartiticon
géographique, lhabitat, la taille, le régime alimentaire et

la position de l'espice dans la chalne alimentaire. Une
description semblable est également suggerée en ce gui

concerne l'esspéce M. hamiltoni, pour lagquelle les données

ne proviennent gue des becos trouvées dans les esctomacs de
cachalots. Toutes les especes sont réparties en tTrois

groupes principaux selon leur habitat: type tropico-subtropical,
type notal et type antarctigue.

Etant donné l'absence de becs de calmars dans les sédiments
de fond en Antarctigue, deux hypotheses ont été avancées:
tous les calmars émigrent en Antarctique au cours de la
saison d'étd, guittant les rdégions subtropicales et notales,
ou bien 1l'abondance des calmars proprement méso- et
bathypélagiques est tr2s faible.

On propose de concentrer les futures recherches sur les
calmars dans les eaux de haute bicproductivité au sud de
60°S.

PE3VIILTATH COBETCKHMX HUCCHENOBAHWH MO BOINPOCAM EBACMNPOCTPAHEHMA H
SKOJOTUY NEJIATHYECKHY KAJIBMAPOB {OEGOPSIDA) B KOKHOM OKERHE

Pesume

CCCP OHNA MpoeEeldcHa IoNTOoCcCpOYHad NporpaMmMa
HCCQNEemOBAHHA MO BONPOCY PACIPOCTPRHEeHHA H 3KO-
AOTHH TIeNlarmdyeckKHx kaneMapond (Oegopsida) B k-
HOM OreatHe. B 1965 -1977 r.rv. 6rUIO COGpPAHO B
obmel cnoxHocTH 326 O0O0pa3uoR kanemapos Ha 124
CTAHUIHAX MMpd MNOMOWH CPEemRernyfHHHEX TpanoB.
125 oBbpasnoE H3I obmero wHcaa OHENO oIpenesieHo
xax NpHHapgiexamMe kK BHMOY Brachioteuthis
riisei. B nHepmasHee ppeM= (1978-1984 r.r.} komi-
NexUHd OHIla MNONOIHEHA [ABRYMS HIH TDeMs [OI0KHHaMM
o6pa’los, olpenReneHHHX B GOIBAMHCTBE CAYYaeB
Kax TpHHamjexalo¥e X MaloH3IydYeHHOMYy Buoy Allu-
roteuthis antarcticus {cemeficTso Neuleuthi-
dae). CumTaercsa, uTo 14 BHIOOR KalbMaAPOB MOCTO-
AHHO Of6uTaeT P KxHOM OkeaHe., OHH mnpdHHagnexaT

¥ 9 cemercTeam (13 pomam). Menaruyeckue kKanb-
MapH OY2HE PEOKO BRIIABJHBAKNTCHA PHOQAOBHEHMH Ce-
TAMH B BOaxXx AHTAPHKTHHKH; OHNH PaACCMOTPEHEH TAaHK-—
X2 OaHHHES MO KAWBaM KAalbMapoB, HAHIEHHEM B Xe-
JAYONKAX KaDalgQTOoB.




— 8] ~

IIpennarawTcA HOBeHIMEe OIMCAHHA BSCceX YeTHpHano-
IIATH BHOCE. [IpH HaMMYHM COOTBETCTEYWMEX JXaH—
HHY ONUCAHMA BKJOYAWT B Cce6A reorpadHyecxoe
pacnpensieHHe, MecTO OGHTaHHA, pasMep, NHme-—
BOH pexuM M [MOJIOKeHHME BHIOA B TROGHUYCCKOA [LEIH.
Nopob6Hoe ONECAHHE TaKkKe NpeljaraeTcs ¥ IJd BH-
ma M. hamiltoni, DadHHHE MO KOTOPOMY OHUIH NOJIy-
YeHK TOJBKQO IO KJOBAaM, HAADEeHUBEM B HeJiyokax
KanaJoTos. Bce BUIH palpescHH HA TPH OCHOEBEHHE
TpYIIN B COOTBETCTBHH C HX MeCTOM OOHTaHHK:
TPOOMI&CKRO—CYSTPOIIMIECKHe, HOTAJLHEEEe H aHTADH-—
THYECKHE .

BeHAY OTCYTCTBHA KAWBOR KaJbMApPOE B HOHHHEX OT-
JIOKEeHHAY AHTAPKTHKH MMpemLlarakTcda ABe THMNOTESH:
BCE& KanbMaph MHIDHPYHNT B AHTADKTHKY BO BpeMA
JeTHero nepuola ¥s CYOHTPONHUESCKHX M HOTANLHHX
obrracrei, nAGO YHCHEHHOCTDh MNOIJIHHHO Meso— H
SaTHN2JarvyecCKknx KalbMapOR HABIACTCHA BeChMa
HHU3KOH .

[l[peonaraeTcda COCPENOTOYHTE bHyIOymee HCCIegopa-—
HHH KaJlbMAPOR B gonax BHCOKOHN GHONDOAYKTHBHO-
CTH, X WI'y OoT 607 .m.

RESULTADOS DE LAS INVESTIGACIONES SOVIETICAS SOBRE LA DISTRIDUCION Y
ECOLOGIA DE LOS CALAMARES PELAGICOS (OEGOFSIDA) EN EL OCEAND AUSTRAL

Extracto

La URSS ha llevado a gabo investigacioncs a largo plazo
scbre la distribucién y ecclogia de los calawares peldgicos
{Oegopsida) en el Qcéano Austral. En 1965-1977 se
recolectd un total de 326 especimenes de calamares en

124 estariones ¢on muestrece hechos por redes semipelagicas.
De dicho total 125 especimenes se identificaron como
Brachioteuthis riisei. Durante los idltimos afios

(1978-1984) la coleccidn se aumentd en dos o tres docenas
de especimenes la mayoria de los cuales han sido identifi-
cados cowo los poco estudiados Alluroteuthis antarcticus
{familia Neuleuthidae). Se considera gue 14 especies

de calamares habltan el Ocfano Austral permanentemente.
Pertenecen a 9 familias (13 génercs). Los calamares
pelégicos son gapturados muy raras veces por redes
pesqueras en las aguas antdrticas y tawmbién se considera-
ron los datos sobre los picos de calamar obtenidos de los
estdmagos de ballenas enanas.

Se sugileren deacripciones actualizadas todas estas
14 especies. Donde hay datos disponibles, la descripcicn
incluye la distribucidn geogrdfica, habitat, tamafio, dieta
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alimenticia, y la ubicacicdn de la especie en la red
alimenticia. Tal descripcidn también se sugiere

para M. hamiltoni, los datos sobre los cuales sdlo

ce aobtuvieron de los pices hallades en estdmagos de
ballanae enanas, Todas las especies guedan divididas
en tres grupcs principales segun sus habitats: tipos
tropicales-subtropicales, notales y antdrticos.

En vista de la abundancia de picos dc calamar en los
sedimentcs de fondo de la Antartida, se sugieren dos
hipStesis: teode calamar emigra a la Antdrtida en las
temperadas de veranc desde las dreas subtropicales y
notales, o la abundancia del verdadero calamar
mesopeldgicc y bathypeldgico es muy baja.

Se propone ccncentrar las investigaciones futuras

en los calamares de las aguas de alta bioproductividad
o]

al sur de los 605,
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Less 18 known of the squids of the Southern Ocean Lthan all other
groups of marine animals which nsually oceur in this vast reglom or migrate
into Antarctic waters in warmer seasons. Thia gap In our knowledge of the
group of Antaretic pelagic cephalopods seems to be due to the fact that
they are rarely caught by fighing gear and the main material available for
examination by apecialists is represented by samples from the stomach
contents of sperm whales taken in the Southern Ocean. The samples
collected by such indirect methods conslst primarily of beaks, sometimes
fregments of bodles, or very rarely Intact specimens of squid. Because of
rhis, it is difficult not only to study the blology and ecology of squids,

bnt even to identify species found in the stemschs of sperm whales.

A total of 326 specimena of Antarctic Squids vere collecked at 124
stations with midwater hauls in the Southern Ocean during studies carried
out by the Soviet Union in the years 1965-1377. O©Of that total, 125
specimens from 42 stations were 1dentified as Brachioteuthls rilsei

{Filippova, Yukhov, 1979). 1In recent yeare (1978-1984), the collectlon was

1ncreased by two or three dozen specimens taken during Antarctie
expeditions carried out by VHIRO and AZCherNIRO in certain areas of the
Southern Ocean. Most apecimens were identified as the little-atudied

Alluroreuthis antarcticus (famlly Neoteuthlidae) and as a result the firsc

description made by Odhner (1923) was completed and the identlficstion
description of the genus Alluroteuthls and family Neoteuthidae was changed
(Filippova, Yukhow, 1982; 1%83).

Although squids are not often found in the catches of pelagic
fishing gear, the collected data provide a general idea of the spatial
distributioun of species in the Southern Ocean. In turn, the analysis of
data on the distribution and feeding habits of the sperm whale, the
principle conasumer of squids, and materlal on apatial and quantitative
distribution of mejor Eood specles of squids (mesopelagic fish) indicate

certain ecological characteristice of thils group of nekbton animals.

Pelagic squids from the sub-order Degopslda are widely distributed
in the Southern Ocean. As 1s already known, in contrast to the meridional
distribution pattern of specles of the sub-order Myopsida, representstives

of Degopslda are characterised by a laritudinal distribntion pattern, thelr
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habitats being confined to latitudinal climatir zones of the World Ocean
{Zuev, Nesis, 1971). Analysis of the available data indicates that the
group of oceaniec squlds In the Southern Ocean has the same pattern of
distributfon. This regularity in the distribution pattern of sgnids in the
latitudinal elimatle zones of the ocean 1s in full agreement with
prineiples of zonatien in the oceauographic and biological structure in the
Southern Ocean and with principles of separatliou of two different natural

latitudivual zones (Deacon, 1982; Lubimova, 1982; 1983; 1984).

The sub-order Qagopsida includes 23 families, 77-81 genera and 226
specles. A considerable part of the species are warm-water cosmopolitans,
36% of all specles occur in more than one ocean and !3% occur in more than
two oceans. More than half of all species (120) are found in the Atlantic
Ocean (Nesis, 1982). Latitudinally, complex specles composition (over 60%
of all species) is noted for the tropical and sub-troplcal waters, whereas
to the north and aputh of the equatorial zone, {.e. 1u the temperate and
particularly in the sub-polar waters of the Northern and Southern
Hemispheres, the specles composition is much less diverse (Zuev, Nesis,
19713,

Tt 1s ascertained that the families Onychoteuthidae, Cranchiidae,

Histloteuthidae are diversely represented in the equatorial zone
(Akimushkin, 1963: Zeuv, Nesis, 1971; Filippova, 197t; Nesis. 1973). These

are the same famllles which compose the bulk of the species compositiou of
squids oecurring in the Southern Ocean. The diversity and richness of
forms of oceanic mquids in the troplical and sub-tropical waters undoubtedly
Indicate their warm-water origin and thelr subsequent diaspersion from the
equatorlal zone lnte the boreal and notal zones in the geologlcal ancient

past.

Squids are kuown to be one of the most ancient groups among all
existing groups of nekton animals. The fossil ancestors of squids,
Belemnitidae, which differ from squids only in the specific gravity of
their calcified skeletons, inhabited warm oceaniec waters. Theilr fosailized
skeletous are Found in the Jurassic layer of Central Europe {Kabanov, 1967,
1983; Akimushkin, 1968). It is evident that the ancient origin and the
cosmopolitan character of oceanlc aquids Oegopsida, are responsible for
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their fairly wide distribution 1n the warm waters of the World Orean, and
fer the penetration ¢f some species into the productive areas of the
temperate waters of the boreal and notal zones. At the same time, it is
substantiated that the distributlion of pelagic squids in the temperate
waters 15 limited to some extent as their existence is rclosely assoclated
with warm currents and thelr vertical distribution 1s dependent upon
warm—-water masses. Therefore, desplite the diversicey of Oegopaida forms in
the Atlantic Ocean, Lt is shown that the Gulf Stream appears to be a
mechanism responeible for such an elementary evolutional factor as
1solation of species in the temperate zone. The current is a natural
barrier preventing the penetration of species inhabiting and spawning in
the mesopelagic layer of the warm North Atlsntiec water massl, beyond ita
northern boundary. 8Squlids brought by Gulf Stream eddies into cool coastal
waters of the Northwest Atlantic, die particularly in the winter-spring
season (Froerman, 1983). Similar regularities in the distribution of
oceanic squids in the system of warm currenta (Kuroshio, East Anstralian
Current, Alaska Current) are also known for the temperate zone of the

Pacific in the Northern Hemisphere (Zuev, Nesis, 1971; Berzin, 1971}.

Ho doubt, the ssme regularity of the distribution of squids
Oegopsida should be Eound in the notal and Antarctic areas of the Southern
Hemisphere. Therefore, the data on the feeding habits of sperm whales in
the Southern Hemisphere summarised by Soviet researchers (Klumow, 1971},
information on squid ocecurrences in the stomach mamples of sperm whales and
in fiahing gear catches {Filippova, Yukhov, 1979) and on the different
types of species habitats (Nesis, 1982), indlcate a close associetion of
squids from the Southern Ocean with the Antarctie Circumpolar Current
waters (ACC). According to inatrumental measurements of depthes where sperm
whales dive In search of squids {from 400 to 600 m on average ; Yukhov,

1982) and information on the depths ¢f hauls where the most specimens were

1 The North Central water mass 1a characterised by high salimity and

temperature according to Sverdrup's Classification, 1942, cited by the
Russian translation (1974, pll4-118) of the Encyclopedia of Oceanography,
A. Gordon, New York, 1965.
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caught in the Southern Ocean {Filippova, Yukhov, 1979; 1982) we may come to
a definite conclusion that the permanent environment of squids in the
Antarctic Iis the Antarctic Deep Warm Water Hasszo In view of this fact,
the lack of epipelagic forms of oceanie squids in the Antarctic noted by
all researchers does not seem to be aceidental (Klumov, 1971; Zuev, Nesis,
1971; Filippova, Yukhov, 1979; Nesis, 1982). It is known that the upper
200 m layer in the Antarctie is held by the Antarctic Surface Cool Water
Mass which is characterised by constant low salinity and low temperature
(1t may drop below 2ero in winter and in summer there 1s a residual layer

of the sub-surface temperature minimum ; Makarov, 1956; Sarukhaanyan, 1980).

The attachment of oceanic squids to warm currents and water masses
seems to be 8 general feature in thelr distribution northwards and
southwards from the equatorlal zone of the World Ocean, and the main
characteristic of their ecology due to thalr warm—water origin. No doubt,
this characteriscic is formed In the process of long-term evolution in
Oegopsida as adaptation to the conditions of the remperate and subpolar
waters of the World Ocean. Racent paleogeographical, paleoclimatic and
paleoceanographic data show that the penetration of oceanic warm-wakter
squids into Antarctic waters probably took place in the early Tertiary
period. According to the data (Verbitaklj, Kvasov, 1980; Myagkov, 1980;
Znachko-Yavorski§, 1980; Zonenshain, 1980; Losev et al., 1980}, the early
Tertiary perlod (Paleocene and Eocene) was characterised by rhe existence
of one mainland in the Southern Hemisphere consisting of the medern
continents of South dmerica, Australia and Antarctica. At that time, the
continent was washed around by warm currents moving away from the egquater,
and temperate climatic conditions were prevalling in the Antarctie.
However, in the early Oligocene when a deep—water stralt was formed between
Australla and Autarctica, the glaciation of the Antarctic continent started

aud was responsible for the predominance of cold currents there. Omly

The upper boundary of the Antarctic Deep Warm Water Mase {s at the deprch
of 200m, the lower boundary is 3000-2000 m deep on average (Dencon, 1937;
Sarukhanyan, 1980).
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three of these eguatorial curreuts remain. Such meridionral currents
existed in the Southeast Indian Ocean and Southweet Pacific up to the
mid-Miocene. A warm current originated in the Atlantic, in the coastal

water of South America, and penetrated into the Weddell Sea.

Thus the temperate climste in the Antarctic in the Paleocene and
Eocene and the existence of three powerful equatorial currents moving south
iu the Pacific, Atlantic and Indian Ocean untll the mid-Miocene, are likely
to have attributed to the penetration and dlispersal of the tropical and
sub—tropical fauna {Oegopsida) in the Antarctic. Later, in iate
Miocene—-szarly Pliocene, the Antarctic was separated from South America,
resulting in complete 1solatlion of the Antarctiec contineut and its rapid
cooling, an lncrease in the volume of cool Antarctic waters and the
formation of the ACC, The influx of warm weter from the equator is
econfined to the Antarctic Daep Water Masa. This seems to have resulted in
the adaptation of warm-water squids to the ACC waters and thelr assoclation
with the Antarctic Warm deep water. At the same time, 1t is quite evident
that only a few species from the sub—order Oegopsida with very rich species
composition (226 apaciea), could sdspt themselvea to the Southern Ocean.
The evidence i3 supported by the fact that the species composition of
oceanlc squids occurring in the notal and Antarctic areas 1s extremely poor
{Nesis, 1982). Moreover, the most widely distributed species in the
Southern Ccean are not typical for the Antarctle. As 1s known, endemism 1s
not specific to the group of oceaniec squids as a whole {Akimushkin, 1963).
Nevertheless, some specles are referred to ms endemic Antarctie forms
because they have never been found to the north of the Antarctic

Convergeuce (Filippova, Yukhov, 1979).

Therefore, squids of the Southern Ocean belong to 9 famllies, 13
genera and 14 apeciles {Table 1). Six famliles out of nine are monotypic
and represented by one genus and one species each. The remaining three
families include 1-3 genera and 203 species each ; thev are tropical or

sub—tropical by origiun : Crauchiidae {3 genera, 3 specles), Onychateuthidae

{2 genern, 3 spaciss) and Histioteuthidae {1 genus, 2 species). Among the

former aix families there are two cosmopolitan families (Brachioteuthlidee

and Bathyteuthidae), a tropical Neotelithidee, a bipolar Gonatidme mnd two

families (Paychroteuthidae and Batoteuthidae) which never occur in the

Morthern Hemisphere (Wesis, 1982).
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Besides the abowementioned species, there are indications that such

wldely spread cosmopolitan forms as Architeuthis sp., Onychoteuthis

banskii, Chiroteuthys veranyi, which permanently inhabit the tropical

waters, can penetrate into the Southern Ocean. Thelr occurrence 1s known
only from the stomach contents of sperm whales both in the Northern
Hemisphere and in the sub-tropical and notal waters of the Ssuthern
Hemisphere. They are mainly bathypelagic species (Klumav, 1971; Zuev,
Nesis, 1971; Nesis, 1982). Since they are not typical for the Southern

Ocean they are not Ineluded in the list of species contained in Table 1.

Relying on the data summarised by Klumov (1971), Filippova and
Yukhov {1979; 1982; 1993), the present analysis includes all materials used
by them, date on the snalysias of whale stomach contents, data on captures
by midwater fishing gears, including data published in other countries and
in the monographic review "World Ocean Cephalopods™, Nesis (1982). Using
a2ll the material, the complex characteristics of each of 14 aspecles

occurring Iin the World Ocean are suggested. Meaonychoteuthis hamiltonl is

consgldered separately as oplnions on the distribution of the species in the
Antarctic are controversial becaunse they rest only on data on the znalyses
of stomach contents of sperm whales and are represented malnly by besks
{Klumov, Yukhov, 1975).

Moroteuthis ingens {Smich, 1881) is known to ocecur in the Southern Ocean

according to data on the stomach contentas of sperm whales and samples from
midwater fishing gear collected at 37 stations between 40% and 55%. 1t
was encountered on the Patagonlon shelf, off Southern Chlile, the Falkland
Izslands, Prince Edward Island, Crozet, Kerguelen, New Zealand and once off
South Georglis. It inhabits the bathypelagic layer and is characterised as
a clrcumpolar notsl apecies entering the Antarctie Convergence. The length
of the mantle 18 up to 32 cm. Mesopelagic fish from the family Myctophidae

and smali-sized squids are found in the diet of some specimens.

Morotheuthis knipovitchi (Filippowva, 1972) 1s known to occur {n the

Southern Ocean according to data on the stomach contents of sperm whales
and from data on catches of midwater fishing gear. It waa once found in

the stomach of an Antarctic toothfish (Dissostlichus mawsonl) withdrawn
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from the stomach of a sperm whale. Tt was encountered at 18 starions
between 45° and 55°S in the Indian Southern Ocean, between 55° and 65°5 in
the Atlantie Seuthern Ocesn and some specimens are Found at 4 stations in
the vicinity of the South Polar Cirele. 1t inhabits the mesopelagic and
bathypelagic layecs and is characterised as a circumpolar Antarctic
specles, but it alse occurs nerth of the Antaretlc Convergence. The length
of the mantle 18 up to 45 cm. Mesopelaglc Fish from the family Myctophidae

and small-siged squide are found in the diet of some specimens.

Kondakovia longimana (Filippova, 1972) is known to occur in the Southern

Ocean according to data on the stomach contents of sperm whales and from
midwater net samples collected at 28 astations, including 21 etations in the
Pacific Southern Ocean from 56O to 6805, aome gpecimens in the Atlantic
Socuthern Ocean are found at 60°S and in the waters of the Antaretic
Convergence in the Indian Ocean. It inhabita the mesopelagic layer and can
rise inte the eplpelagic layer. It 1s characterised as a circumpolar
Antarctle specles, which has not yet been encountered north of the
Antarctic Convergence. The length of the mantle is 80-115 cm. Mesopelagic
fish from the fam{lies Myctophidae and Paralepididae, small-siged squide

and Antarctic krill are found in the diet of acme specimens.

Galiteurhls glacialia {Chun, 1906) (synonyms G.as era, Fllippova, 1972,

Crystalloteuthia glaecialis (Chun, 1906) 1s known to occur in the Southern

Ocean according to data on the stomach contents of aperm whales caught off
Prince Edward end Crozet Telands and from midwatetr fishing gear catches at
4 stations i{n the Scotia Sea. It inhabite the meso— and bathy- pelagice
layers and can rise into the lower epipelagic layer ; it 1s characterised
as a clreumpolar Antarctic species, but is Found also in the notal water
north of the Antarcrie Convergence. There are no data on the length of the

mantle. TFeeding habits are not known.

Taonius pavo (LeSueur, 1321} is known from the stomach contents of Sperm
whales in the Worthern Hemiéphere as a widely disrcributed form, but the
evidence of its occurence in the diet of sperm whales in the Southern
Hemisphere atill needs to he proven. It is characterised as a widely

distributed but rare troplcal-subtropical specfes. It is supposed to
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penetrate into the notal waters, but it was not found in the Senthern
Ocean. 1t seems to occur 1n the mesopelagic layer. The length of the

mantle 1s up to 40-45 ems There are no data on the feeding habits.

Histioteuthis atlantica (Hoyle, 1B85) and H. eltaninae {N. Voss, 1962) are

species which are not typlcel for the south polar area of the World Ocean.

Numerous representatives of the family Histloteuthidae in the sub-tropical

and temperate waters occur in the diet of sperm whales. They are
distributed everywhere except for the Arctic and Antarctic areas. They
inhabit the meso— and bathy- pelagle layers and the abysspelagic layer ae
well, H. atlantica ims characterlaed as a circumglobal south sub-tropical
and notal species. It is supposed to be able to penetrate into the
Antarctic Convergence, but no specimenas have baen found in the Southern
Ocean. The length of the mantle {s up to 20 e¢m. There are no data on the
feeding habits. H. eltaninae is characterised as a clrcumglobal notal
specles. 1t 15 encountered off the Falkland Islands and Wew Zealand. Twa
specimena were observed In the Antarctlc Convergence. The length of the

mantla 1s up te 7 cm. There are no data on feeding habita.

Gonatus antarcticus (L¥nnberg, 1898) 15 known from the stomach contenta of

sperm whales in the Southern Hemlsphere and some specimens were encountered
in midwater fishing gear in the notal wateram off the Falkland and Crozet
Islands. It is distributed up to South Africa aud North Feru, north of the
Antarctic Convergence. It inhabits the meao- and bathy— pelagic layers and
1s characterlsed as a circumpolar notal species entering rhe Antarctic
Convergence. The length of the mantle 1s up to 35 cm. There are no data

on the feeding habits.

Allurotevuthis antarcticus (Odhner, 1923) is known from the stomach contents

of sperm whales and midwater fishing gear catches at 34 statlons In the
Southern Ocean. There 1s information that epecimens occur infrequently in
the diet of aperm whalea becaumse of theilr low abundance. Specimens were
caught In the Antarvctic Ablantic Ocean south of the Antarctic Convergence
from 510 to 6505, and in the Anterctic Pacific and Antarctic Indian Oceans
- up to 67°-69°5. Tt inhabits the bathypelagle layers, although two

specimens were encountered in the epipelagic layer. 1t Is characterlsed as
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a clrcumpalar Antarcic species, no occurrence was registered north of the
Antarctic Convergence. The length of the mantle is up to 24-27 cm. The
diet of young specimens contains squids including specimens of Lhe same
species, and crustaceans : euphansilds (probably Antarccie Krill),

hyperiids, mysids. Squids of family Chiroteurhidae, mesopelagie fiah,

euphausiids {including E. suEerba3) are fonnd in the stomach contents of

adult specimens.

Peychroteuthia glacialis (Thiele, 1921) is known in the Southern Ocean from

the stomach contents of the Weddell Seal and Antarctic Toothfish extracted
from the stomachs of sperm whales. Two specimens were found in the catches
of midwater fishing gear at 13 stations and all of them were found south of
the Antarctic Convergence, up to 6905. It inhabits the mesopelaglc layer,
off the Antarctie islands — in the bathyal layer near the bottom. It is
supposed to bhe able to rise inte the lower epipelagle layer. It is
characterised as a circumpolar Antarctie species. The length of the mantle

i5 up to 44 cm. There are no data on the feeding habits.

Brachlotenthis riisel (Sceenstrup, 1882) 1s known in the Southern Ocean

mainly from the catches of mldwater fishing gear (125 specimens were
coliected at 42 stations). Most specimens were collected in the Scotia Sea
between the Antarctic Convergence and 60°S. Three specimens were caught in
the Indian Ocean : one north of the Antarctic Convergence and two at 50°s,
A total of geven specimens were caught in the Pacific Southern Oecean,
mainly at 60°S. There are indications of occurrences of this species in
the stomach contents of sel whales and fin whales. Tt Inhabits the meso-
and epl- pelagic layers but was also fouud in the bathypelagic laver.
According to present knowledge it is a cosmopolitan species spread widely
in the productive temperats waters of the World Ocean except for the boreal

Pacific Ocean. 1In the Southern Ocean it 1s characterised as a clircumglobal

3 The identification was made by some fragments of euphausiids, so the
assumptlon was made that E. Superba 1s included in the diet of
A. antarcticus (Filippova, Yukhov, 1982)}.
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notal-Antarctlec specles. According to data on its occurrences 1n the
Atlantie Ocean in partieular (125 specimens) the assumption 1s made that
sqnids are concentrated off Sonth Georgla and adjacent waters of the Scotia
Sea In the meso— and epl- pelagle layers. The length of the mantle 1s up
to 14 em. The diet of speclmens caught in the Scotia Sea contalned

euphausiide, including Antarctic krill.

Bathyteuthlis abyssicola {Hovle, 1885) has never been found elther in the

stomach contents of sperm whales or in midwater fishing gear during the
long-term period of Soviet fishery research. At the same time it is
believed that the abundance of species is high in the notal area of the
Southern Ocean {Roper, 1969). Squids inhabit the bathypelaglc layer and
young speclmens occur occaslonally 1n the lower epilpelagle layer. It is
characterised as 2 cosmopolitan specles which Iis widespread in the
eutrophlc areas of the World Ocean. The distribution i3 circumglobal in
the notal and Aptarctle waters. There are indications that ahundance is
low in the Southern Ocean and therefore the species cannot be a foed {tem

for sperm whales as Alluroteuthls antarcticus, (Xlumov, 1971). The length

of the mantle 1s up to 6 em. There are no data on the feeding habits.

Datoteuthis scelops (Young and Roper, 1958) is known in the Socuthern Ocean

from the stomach contents of sperm whales and from the catches of mldwater
fishing gear. Specimena were caught at 6 stationa, 3 of whleh are in the
south west Atlantie in the Antarctic Convergence and north of it. The
stomachs of sperm whales caught in the Pacific Southern Ocean contained
three specimens, one occurring north of the Bellingahausen Sea. Specimens
of the species were not Found in the Indian Ocean. 1t 1s bellieved that
squid do not migrate and inhabit the bathypelagle layer. It is
characterlised as a notal-bathypelagic specles entering the Antarctic

waters. There are no data on the feading habits.

The abovementioned data indicate that all species of squids
occurring in the Southern Ocean in snmmer can be clearly divided into
separakte groups according to thelr types of habltats. The
tropical-subtropical and notal types of habitat are characteristic of 5

species : T, pave, H. atlantica, H. eltaninae, G. antarcticus, M. ingaes.
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The notal type 15 inherent for 3 species : B. riise, B. abyssicola, B.

scolops and 5 species belong to the Antarctic type : K. longimana, A.
antareticus, P. glaclialis, M. knipovitchi, G. glaeislis the last three

specles of which may be consildered as endemic for the Antarctic because
they have never been encountered north of the Antarctic Convergence.
Unfortuunately, it 15 not evident to which group we shall refer

Mesonychoteuthis hamiltoni (Robson, 1925) since the data on the

distribution rely only on the occurresuces of beaks in the atomachs of sperm
whales.

It is ascertained that information on the occurrences of beaks of
squids in the stomachs of sperm whalas 1is not conclusive enough to draw up
8 true pattern of the spatial and, moreover, the quantitative distribution
of these or other species of Cephalopods. Beaks of squlds are not
destroyed while the food Is digested and they are accumulated in stomachs
in large numbers {up to 28000 beaks per stomach}, but in general & stomach
contains 70008000 beaks {4skimushkin, 1963; Betesheva, 1961; Korabel'nikov,
1959; Tarasovieh, 1968; Berzin, 1971). Nevertheless, an attempt was made
by Soviet investigaters to delineate the boundaries of the habltat of
M. hapiltonl using such indirect data (Klumov, Yukhov, 1975). It was
necessary that such an sttempt should he made hecause no specimens of this
spacies have been caught in the Southern Ocean gsince it was described by
Robaon 1n 1925. Efforts of many Soviet and foreign expeditions which
included special studies of Antarctic Cephalopoda {as U.S. expeditions on
board "Eltanin" started in 1962) were fruitless in this respect and until
now no specimens have been caught with the exception of four larvae
collected in the Pacific Southern Ocean and in the Drake Fassage (McSweeny,
1970). Material from the stomachs of sperm whales analysed by Klumov and
Yukhov was collected on board the Soviet whallng motherships "Yurl
Dolgoruky"” (1961-1355) and "Sovetskaya Rossiya" {1966-1968) and consisted
only of beaks. Material collected on board "Sovestskaya Ukrania"
(1967-1973) contaiued not only beaks, hut alsc fragments of bodles aund even
aome Intact animals {Klumov, Yukhov, 1275). In their work they provide the
results of the analyses of twenkty specimens of M. hamiltenl and, for six of
them, the description of exterior and interlor morphological features with

reference to the places where sperm whalaes weras caught.
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Date Position of Cacch Mantle Lengrh in cm
31.1.1968 62°43's, 170%5'% 155

4,4.1969 68%437s, 122% 65

6.1.1971 41°36's, 48950'E 19 and 45 (2 mpecimens)
1.3.1971 43%0'3, 46%0'E 19

17.3.1972 42%0°'s, 31%20'E 47

Unfortunately, no coordinates are given for the remaining
specimens, although the lengths of thelr mantles are provided {(from 36 to
200 e¢m). This indicates that the specimens of M. hamiltoni are larger in
size than those of other specles occurring in the Southern Ocean. Some
morphological and weristic characters of M. hamiltoni are also given in the
work. As a regult of the study the previously accepted opinion that the
species belongs to the family Granchiildae was supported (Clarke, 1966;
Roper et al., 1969). The maln feature ¢of the family 1s the preseuce of a
coelom which contains a considerable amount of H'H‘.CI in its flulds. Owing
to a lower deusity of the solution (as compared to sea water) neutral
buoyancy of the large-sized squld is sustained, therefore investigators
believe that this species is a plankton or a seml-plankton form (Hesis,
1982)., Judging from the fact that the mantle of the specles iz gelacinous,
without well developed mantle muscles and fibre sktructure, the squld seems
co be glightly movable, it hovers In the water and drifte with water masses

(Klumov, Yukhov, 1975).

The analysis of the stomach contents of the collected squids

revealed mesopelagic fish of families Myctophidae and Paralepididae,

probably Electroua antarctlca, Bymnoscopelus brauerli and

Paralepis atlantica, and some unidentifiled squids as the maln ¢omponeuts.

So far as maturity is coucerned, It is assumed that specimens with mantle

smaller than 100 ¢m are immature,

With the same indirect method it is ascertained that the habltat of
M, hamiltonl in the Southern Hemisphere extends from 32%-24% to 68°-70° -
1.2, from the sub-tropical zone to high Antarctic latitudes. The most

frequent occurrences of this specimen in the stomach contents of sperm
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whales are registered in the East Atlantic and West Indlan sectors of the
Southern Ocean between 18W and 90°E. Echosounder measurements have shown
that sperm whales dive to the 500-600 m layer in some areas of the Southern
Ocean in search of this specles of msquid (Xlumow, Yukhov, 1975} Yukhov,
1982},

It seems that all the datas obtamined by Xlumov and Yukhov supporcs
the evidence that M. hamiltoni should be charackterised as a notal-Antarctic
specles which inhabits the meso— and bathy~ pelagic layers and with the
Antarctic Deep Warm Water Mass it penetrates south of the Antarctie
Convergence because it 1s a plankton or semi-plankton form. The Antsarctic
Deep Warm Water Mass In the Southern Ocean moves southward with a speed of
5-20 cm/sec in the 200-1000/3500 m layer and according to the results of
the Inveatigations conducted under the internatiomnal program POLEX~-SQUTH,
the centre of this water mass Is in the southwest part of the Indian Ocean
{Ledenev, 1969; Sarukhanyan, 1981)., However, when data on feeding habits
of aperm whales in the Southern Ocean for 13 years were snmmed up, the
scope of material on M. hamiltoni from the stomach contents of sperm whales
caught south of the Antarctie Convergence appeared considerably greater
than that of sperm whales caught in the notal waters. Therefore the
authors came to an unexpected conclusion on the diatribution of
M. hemiltonl in the Southern Ocean. They characterise the specles as a
circumpolar Antarctic species, with the centre of its habitat being in the
Antarctic ineluding high latitude areas south of 60°5. They belleve that
the squid permanently inhabits the bathypelagic layer and it 1s restricted
wlthin off-bottom cool water mass moving from south to north j therefore
the species, having a planktonlc way of life, drifts from the coaatal

Antarctic waters to the notal and troplcal watera.

The conclusion 18 in contradiction with the warm-water character of
the specles of the family Cranchhiidae and of the subfamily Taoniinae,
representatives of which inhabit the tropical, sub~troplecal and temperate
waters of the Northern and Southern Hemispheres {Voss, 1980; Nesis, 1982),
whereas the Antarctic off-bottom water 1s characterised by a very low
temperature up to —0.5°C. The conclusion also contradicts the authora’ own

data when they state that M, hamiltoni occurs in sbundance at the depth of
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500-600 m feeding on mesopelagle fish and 2t the same time being a prey for
sperm whales (Klumov, Yukhov, 1975). However, the upper boundary of the
Antarctic off-bottom cool water mass in the coastal waters of the Antarctie
is at the depth of 1500-2000 m ; over the whole Antarctic region — the
depth of 3000-3500 m; &and in the north of the Southern Ocean, north of the
Antarctic Convergence, the boundary lies at the depth of 4500-5000 m
(Sarukhanyan, 1981).

We believe, therefore, that M. hamiltoni should be temtatively
considered as an Antarctie speecles for the time being, or rather as a
notal-Antarctic species untll specimens of the species are captured by
midwater fishing gear se that the pattern of its distribution in the

Southern Ocean can be better understood.

In genersl, according to the data avallable, all the species of
pelagic squids of the Southern Hamisphere found in the stomachs of sperm
whales and in the catches of the mlidwater fishing gear, are distributed in
the Antarctie Circumpolar Curvent which is the most powerful eclrenlation
system in the World Ocean covering circumpolarly the 0-3000/3500 m layer
and having many streams (Neyman, 1961; Deacon, 1937; 1963; Sarnkhanyan,
1980). It is aseertalned that the north periphery of the ACC extends in
the Atlantic Southern Ocean from the Falkland Islands to 43°S and to 37° in
the vicinity of the zero meridian; in the Indian Ocean between 43° and
47°5; in the Pacific Southern Ocean between 47° and 55°S and in the Drake
Passage between 50° and 56°8. The principal stream of the ACC moves mainly
along the Antarctic Convergence between 50° and 55°8 shifting south of
Anstralia and New Zealand to 62°-63°S and in the Drake Passage ta 56°-59°5.
The southern components of the principal stream of the ACC flow along
60°-61°5 with some divergences to the north to 57°-58°S in the Scotia Sea
and to the south from the Ross sea to the Bellingshawusen Sea reaching
66°-68°5. (Trechnikov, Maksimov, Gindysh, 1966; Sarukhanyan, 1980). Tt is
evident that the species of squids with the troplcal—-subtropical and notal
types of habltat are distributed in the north periphery of the ACC
{Snb-tropical Convergence which at the same time is a northern boundary of
the Southern Ocean). These speecies do not, as a rnle, reach the Antarctic

Convergence. Speclies with notsl-Antarctic and Antaretie types of the
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habitat are distributed In the principal stream of the ACC, im the
Antarctiec Convergence and, to the south of 1t, 4in the_Polar frontal zone,
the medium posltion of which is loceted between 50° &nd 60°5 in the
Atlantic Southern Ocean, between 50° and 55° 5 in the Indian Ocean and
between 57° and 61°5 in the Pacific Southern Ocean (Gordon, 1971;
Sarukhanyan, 1980). The Antarctie and even notal—-Antarctic specles can
penetrate to fairly high latitudes of the Antarctic {up to 680—?005) in
southward moving streams of the ACC. Sclentiate observe cases where
fragments of bodiea or intact bodies of squide are found in the stomachs of
sperm whales and seals in high latitudes. Several cases of captures of
some specles with midwater fishing gear are registered {Filippova, Yukhov,
1979 1982; 19283; Yukhov, 1982; Clarke and MacLeod, 1982). This
penetration of squids Into high laritudes of the Antarctic ie facilitated
to a considerable extent by powerful quas{-stetionary eddies induced in the
ACC system (and for some speciea the phenomenon seems ro be expatriatlon
Erom the centre of thelr habitat). The position of eddies of
bottom—topographic origin is sacertained In the Drake Passage, Scotla Sea
and its adjacent northeast area from the; in che Indiau Ocean between
Africa and the coastal Lasarev, Riser-Larsen, Kosmonavtov and Sodruzestvo
Seas } in the Pacific in waters adjacent from the north to the Ross,
Amundsen and Bellingshausen Seag (Sarukhanyan, 1980).

It is Fairly safe to say that nelcher Antarctlic¢ nor neotal-Antarctic
squids of the Southern Cecean can live in cool coestal Antarctie waters
because thelr habltat i1s the Antarctic Deep Warm Water Mass. At the same
time the investigations indicate that this water mass 1s strongly
transformed in the coastal aeas due to supercooled shelf waters, loses its
characteristics and is not observed any more inm the wvertical structure of
water column {Gordon, 1967; 1975; Deacon, Moorey, 1975; Ledenev, 1969;
Foster and Garmack, 1976; Sarukhanyan, 1981).

Rare cases of squid captures with midwater fishiug gear during the
long—term perlod of research and indirect data on the distribution and
feeding habita of sperm whales in the Southern Ocean provide evidence that
this group of aspecles of nekton animals 1s very scarce in the Antarctic

waters south of 60°S. In view of the fact thar many specles of meso— and
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bathy— pelagic squids are the mafin food species of sperm whales in the
Antartic, the relatlve abundance of squlids can be evaluated from the
distribution pattern of sperm whales in summer which feed only in places

where cephalopods are concentrated {Berzinm, 1971; Klumov, 1971).

Long—term Iinvestigations of the blology and ecology of the sperm
whale and the analysis of all available data, published material and catch
statiaticae of the International Whaling Cormission {INC), summarised in
Berein's monograph (1971), indicate that sperm whales are malnly
distributed latitudinally in the zone between 40°-60%s, 1t 1a nocted that
south of 6078 only the large—size solltary male occurs, whlech constantly
moves From area to area and does not gather in groups. Empty whale
stemachs are Frequently observed which is believed to be the result of
unfavourable conditions involving low abundence and species compositlon of
cephalopods (Kirpichnikov, 1949; 1950; Korabellnikov, 195%; Arsenyev, 1989;
Berzin, 1971).

Althongh the area of the mass distribution of sperm whales 1n the
Antarctie is confined to 6005, thelr habltat extends south of the Antarctic
Convergence to 60°-62°5 in the Atlantic and Indian Southern Ocean and to
62°-66°S in the Pacifilc (Berzin, 1971). Therefore, not only the area of
mass distribution of sperm whales, but their whole habltat ln fact 1s
within the boundarles of the principal stream of the ACC. As was shown
previously, the prinecipal stream area differs greatly from other areas of
the South Antarctic. 1t 1s influenced by the clrculation systems of the
coastal seas, by the climatiec conditlons, by the oceanographic and
biolegical strueture and therefore, it may be described as a "natural zone

of open Antarctle waters" in contrast to a "natural zone of drifting ice"

{Lubimova, 1982; 1983; 1984).

It 15 ascertained that the area of the principal stream of the ACC,
which corresponds to the natnral zone of open Antarctie waters, and
particnlariy the Polar Frontal Zone 1s the centre of the habitat of mass
plankton-eating mesopelagic species of fish, family Myctophidae. The fish
feed on abundant copepod plankton in the 500-600 m layer, the secondary

production of which amounts to up to 1.2 milliard cons a year. This type
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of fish also prevails in the area in terms of biomasa (Lubimova, Makarov,
Shust, Lisovenko, Zemsky, Studenetskaya, 1983; Lubimova, Shust,

Troyanovsky, Semenov, 1983).

Analysis of the stomach contents of squids of families

Onychoteuthidae, Cranchiidae and others which are regular food components

in the diet of sperm whales and which are found in the stomachs of sperm
whales and toothfish, indicates that squids feed moetly on mesopelaglc
Myctphidse (Yukhov, 1982). Consequently, the area with predominant blomass
of notal-Ancarctie and Antarctic meso— and bathy—- pelagic squids coincides
with the arca where mesopelagic Myctophidae are in great abundauce and
where most sperm whales are distributed, since they usually feed in the
areas where squids sre concentrated. In other words, meso— and bathy-
pelagic squids of the Southerm Ocean represent one of the components of the
bioiogical structure of = large, falrly l1sclated mesopelaglc ecosystem of
the natural zome of open Antarctic waters, the trophic dynamies of which
rests upon high secondary producklion of copepod plankton and the final link
of the food web 1s represented by sperm whales, {Lubimova, 1985b). Besides
aperm whales, the final lipk of the web s very likely to include the

Southern Elephant Seal (Mirounge leonina) which 1a characterised 28 a

notal-Antarctic species (Laws, 1977). 1In accordance with recent
obgervations the diet of the Elephant Seal contains squids of Gonatidae and

Onychoteuthidae (Clark and Macleod, 1982).

At present 1t is lmpossible to determine the quantitative
characteristice of trophle relations in the mesopelagic community of the
naturel zone of open Autarctic waters. In regard to such components of the
trophic structure as mass mesopleaglic Myctophlidae, the first approximate
assessment has been made of thelr quantitative distribution and biomass
formed in the Polar Frontal Zone where they form schools (Lublmova,
Makarov, Shust et al., 1983). There 18 Information on the abundanca of
sperm whales in the Southern Hemisphere (statiatics of IWC)}. An estimarion
of the annual secondary prodactlon of Antarctle copepods has also been
obtained {Voronona, Menshutkin, Tseytlin, 19B0), However, there are no
direct quantitative data on meso— and bathy- pelagic squids in the Southem

Ocean. Furthermore, it has been ascertained that there are ne beaks of
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squids in the bottom sedimeuts south of the Antarctic Convergence. At the
same time, the number of beaks found in the bottem sediments in the natal
area {50°-30°8) north of the Antarctic Convergence exceeds 100}'m2 and their
numbar 1s up to 10000/1112 in the Equatorial Zone (Belyaev, 1962). As 1t is
known, this index 15 the most reliable for the agsessment of the abundance
of pelagic squlds 1in some of the other areas of the World Ocean
(Akdmushkin, 1968 Zuev, Nesis, 1971). 1In view of the absence of beaks in
the bottom sediments of the Antarctle it is possible to suggest two
hypotheges : elther all squlds eaten by sperm whales migrate here From the
sub—troplcal and notal areas in the summer seasons, or the abundance of

Erue Antarctlec meso- and bathy— pelagic suqids is vary low.

Relying on the study of the spatial and gquantitative distribution
of pelagic cephalopods 1n the World Ocean, the well known Soviet
malacologist Nesis (1983) distinguishes three latitudinal zones
characterised by higher productivity and bliomass of oceanle squids :
boreal, equatorial and notal. They alternate with four latitudinal zones
charactertsed by a lower biomass : Arctic, central north, central south and
Antarctic. In the Southern Hemisphere the maximum biomass 15 observed in
the Sub-tropical Convergence waters {Nesls, 1983}, i.e. near the northern
boundary of the Southern Ocean. W¥esis made an attempt to assesas the
biomass and relative distribution of cephalopads in the World Ccean using
food ratlions of specific predators (sperm whales and other marine mammals
and birds}. The cephalopod biomass in the World Ocean 1s estimated Lo be
2.2 milliard tons {Akimushkin, 1970}, and the biomass of neritic—ocesnic
and oceanic squids is assessed at the level From 5-6 million tons
(Molseev, 1969) to dozens or hundreds of million tons (Gulland, 1970).
According to the estimates made by Nesis the total consumptlon of pelagic
cephalopods by predators in the World Ocean 1s 175-200 million tons from
the present stock and 325-350 million tons from the initial stock. Using
the annual P/B coefficient of 3.5-2.0, which reiated to pelagic cephalopods
with 2 one- and two— year life span and a 50%—grazing factor, Nesls
obtgined a rough estimate of the total biomass of pelagic squlds in the
World Ocean which ls equal to 115-150 million tons at the present rate of
consumption and to 220-280 miilion tons at the maximum rate of consumption

(Nesis, 1983).
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It is difficulr to say what portion of the total biomass of the
mesopelagic community of the natural zone of open Antarctic waters is
referred to squlds, and as Neais points out {1983), the the whole Anterctic
grea i1s characterised by a lower biomasse of pelagic cephalopods. It is
even mere difficult to asaess the abundance of squids occurring in high
latitudes of the Antarctic south of 6005, where the scale of long-term
research of baleen whales and Antarctic krill is much breader but the

information availlable on sgquids 1 s0 small,

The study of the biology of squids (feeding habits, reproduction,
life history), regularities of spatial and quantitative distribution aud
asgessment of thelr blomass iu the Antarctic, are very important for the
investigation of the structure and functioning of the Antarctlc ecosystems
and setting up monltoring. These problems may be resolved on the basis of
the analyeils of the factual data which can be collecred in the course of
wide~scale specific research expeditions. At first such Investigations
should be conducted in tLhe Horth Antarctic, i.e. 1n the area influenced by
the principal stream of the AGCC which corresponds with the uatural zone of
open waters, and particularly in rhe Antarctie Convergence. The arca may
turn out to be the closest {in terms of productivity} to the reglon near
the Sub-tropic Convergence which 1z known for a higher biomass of meso— and
bathy— pelagic squids. The reasous may be the well known simllarity in
such important environmentasl factors as horizontal and vertical edirculation
of waters, the heat content in the midwater and the character of
bioproductive processes at the inltial level of the productive cyele
{Lubimova, 1982; 1983; 1985a). It does uot seem to be accldental that most
speclies of meso— and bathy— pelagic squids occurring in the Artarctic are
knowu for their subtropical-notal and uotal-Antarctic habitats. Special
attention should be pald to the notal-Antarctle small-sized squid

Brachioteuthis riisel which penetrates into the northern part of the Scotla

Ser and into the waters off South Georgla where the abundance of squid
seems to be fairly high. Besldes, this squid inhabits the meso— and epi-
pelagic layer aud can feed, to some or other extent, on mass Antarctic

euphausiids, such as the relatively deep—sea Euphausia triacantha and

E. superba brought here by the Heddell Sea currents In their turm, the
squld can be a food component in the diet of numercus birds, ascuthern fur
seal {Aretocephalus gazella), southern elephant seal {Miorouaga leonina)

and baleen whales on their migration routes to the high Antarctic.
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It is worth noting that efforts should be concentrated on the study
of the highly productive area where the southern components of the ACC
interact with waters of the High-Latirude Modification of the coastal seas.
This area is gituated fin the high Anktarctic, south of 6005, in the region
of cyclonle quasi-statlonary circulation systems assocliated with coastal
seas. The area corresponds with the natural zone of drifting ice. The
area can be comparatively easily found by the high horizontal deep-sea
maximum temperature gradient, by the maximum horizontal gradient in the
distribntion of Si and 81/P (Maslennikov, 1980; Arzhanova, Mikhaylovskij,
1980: Bogdanov, Solyankin, Rodionov, 1980). In accordance with the
analysis of data on the distribution of equids of the Southern Ocean, only
a few specliea penetrate into the high latitudes of the Antarctie, up to
679-69%s, Judging from direct captures of some specimens and findings in
the stomach contents of seals of ice formé it is possible to note that such

mesc— bathy- pelagic squids as Kondakovia ilongimana, Alluroteuthis

antarcticus, Psychroteuthis glacialls can;play a certain, unknown at

present, role in the trophic dynamics of the ecosystem of this natural
zone. As mentioned above, these specles can rise into the lower eplpelagic
layer and can therefore feed on Antarctic krill in places of its heavy
abundance. When they are In the lower epipelagic and upper mesopelagic
layers, at the depths of 300-400 n (Kooyman, 1966; Yukhoy, 1982) they can
be a food component in the diet of Sonthern Toothfish, Weddell and Ross
geals. At the seme time, 1t 1is important to escertain whether these
specles of squids are permanent inhabitants of the natural zome of drifting
ice, whether they migrate from relatively low latitudes of the Antarctic,
or penetrate into the high latitudes with the southern components of the
ACC in the layer of the Anrarctic Deep-sea Warm Water Mass. It is worth
recalling that the coastal seas and the adjacent areas up to 58°5 1n the
Atlantic Southern Sea, up to #0°-61°5 in the Indian Ocean and up to
64°-67%8 in the Pacific Southern Ocean in the autumn—winter period are
covered with ice, and as a result the midwater 1s supercooled and extreme

conditions are formed for these warm-waeter animals.
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Table 1

The specles composition of squlds occurring ip

the Southern Ocean {from Filippava, Yukhav, 1979)

Families Speciesn

Onychoteuthidae Moroteuthis ingens (Smich, 1881}

Morateuthis knipovitehl (Filippova, 1972)
Kondakovia longimana {(Filippova, 1972)
Cranchiidze Mesonychoteuthlis hamiltoni (Robson, 1925)
Galiteuthis glacialls (Chun, 1906)
[Synon. Crystalleoteuthis glaclalis (Chun, 1906) and
Galiteuthis asper (Filippova, 1972} - Nesis's
recent data (1%82)1
Taonius pavo {LeSueur, 1821)
Histicteuthlidsge Histicteuthls atlantica (Heyle, 1885)
Histioteuthis eltaninae {N. Voss, 1962)
Parateuthis tunicata {(Thiele, 1921%)

Gonatidae Gonatus antarcticus (LBnnberg, 1893)
Neoteuthidae Alluroteuthis antarcticus (Odhner, 1921)
Psychroteuthidae Psychroteuthis glaclalis (Thiele, 1921)
Brachioteuthidae Brachloteuthis rilsel {Steenstrup, 18B2)
Bathyteuthidae Bathyteuthis abyssicola (Hoyle, 1885)
Batoteuthidae Batoteuthis scolops (Young and Hoper, 1968)

* parateuthis tunicata (Thiele, 1921) is included in the present list

arbitrarily beecause the specles was descrlbed only by two larvae with
mantles 5-B mm long caught =2t a depth of over 2000 m in Antarctic waters
and since that time no specimens have been encountered. According to the
data available, the larvae do not belong to any known famlly of Degopsida
(the family Insertae sedis according to Nesis, 1982)}.
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