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Abstract

Data on the Soviet krill fishery in the Atlantic Sector of the Antarctic from 1977 to 1992
are discussed. The total fishing effort from 1977 to 1991 was 50 086 vessel-days fished, in
Subareas 48.3 (45% of the total for the period), 48.2 (36%) and 48.1 (19%). Three distinct
patterns in the distribution of monthly fishing effort between subareas were recognised:
Type I covered the period 1981-1982, Type 11 1983-1986 and Type III 1987-1988. It is likely
that environmental conditions and operational constraints influenced the distribution
of fishing effort. The three types of distribution correspond to the spatial and temporal
variability of the meridional atmospheric processes. Retrospective data analyses show
that the fishing effort is most intense in the subarea where air transfer from the south is
greatest. The phenomenon occurs in Subareas 48.1 and 48.2 under conditions of increased
westward component of the zonal air exchange and in Subarea 48.3 of decreased westward
component.

Résumé

Les auteurs examinent les données de la péche soviétique de krill dans le secteur
Atlantique de I’ Antarctique de 1977 a 1992. L'effort de péche total de 1977 a 1991 comptait
50 086 jours de péche-navire, dont 45% dans la sous-zone 48.3, 36% dans la sous-zone 48.2
et 19% dans la sous-zone 48.1. La répartition de l'effort de péche mensuel dans ces
sous-zones affiche trois tendances distinctes : de type I pour la période 1981-1982, de
type II pour celle de 1983-1986 et de type III pour celle de 1987-1988. Il est probable
que les conditions environnementales et les contraintes opérationnelles aient influencé la
répartition de I'effort de péche. Les trois types de répartition correspondent a la variabilité
spatio-temporelle des processus atmosphériques méridiens. Les analyses rétrospectives
des données indiquent que l'effort de péche le plus intense est déployé dans les sous-zones
ot1 le déplacement d’air en provenance du sud est le plus important. Ce phénomeéne se
produit dans les sous-zones 48.1 et 48.2 lorsque 1’échange d’air zonal vers 1'ouest est accru
et dans la sous-zone 48.3 lorsqu’il diminue.

Pesrome

B crarbe paccMaTpuBarOTCs JaHHBIE IO COBETCKOMY IPOMBICITY KPHJIS B aTJIAHTHYECKOM
cextope AHtapkTuku ¢ 1977 mo 1992 r. CymmapHoe npomsicioBoe ycunue ¢ 1977 no
1991 . coctaBmio 50 086 cyno-cyTok JioBa B oApaionax 48.3 (45% ot obmiero 3a 3TOT
niepuon), 48.2 (36%) u 48.1 (19%). BeineneHo Tpu XxapakTepHBIX THITA pacIpeieieHus
€XKEMECSYHOIO IPOMBICIOBOTO YCWIIMSI MEXIy THoiapaiioHamMu: Tun | oxBarbiBaer
mepuon 1981-1982 rr, tun II — 1983—-1986 rr. m tun III — 19871988 rr. BeposTHo,
Ha pacrpe/elieHne MPOMBICIIOBOTO YCHJIMS BIMSJIM YCJIOBHSI OKpYXKAIOIIEH Cpenbl H
OTpaHUYCHUsI TPAKTHYECKOTO XapakTepa. DTH TPH TUIIA PACIPEIENICHNs] COOTBETCTBYIOT
MIPOCTPAHCTBEHHO-BPEMEHHOW ~ M3MEHYMBOCTH  MEPUAMOHAIBHBIX  aTMOC(hEpHBIX
MPOLIECCOB. AHAIIU3 PETPOCIIEKTUBHBIX JaHHBIX MOKA3bIBACT, YTO MPOMBICIIOBOE YCHIIHE
BBIIIIE BCETO B TOM IOpaioHe, T/e IpeodIagaeT IepeHoc BO3ayxXa ¢ ora. JTO SBICHHE
HMMeEET MECTO B nozpaiioHax 48.1 1 48.2 B yCIOBUSAX YCUJICHUS 3aMaJHOM COCTaBISIOMEH
30HAJIHOTO aTtMocdepHoro nepenoca u B Iloapaiione 48.3 B ycinoBusax ee ocinabaeHus.

Resumen

Se analizan los datos de la pesqueria soviética de kril que operé en el sector atlantico de
la Antartida entre 1977 y 1992. El esfuerzo total de pesca en el periodo de 1977 a 1991 en
las Subareas 48.3 (45% del total para el periodo), 48.2 (36%) y 48.1 (19%) fue de 50 086 dias
de pesca/barco. Se observaron tres patrones definidos en la distribucién del esfuerzo de
pesca mensual entre las subareas: el Tipo I cubri6 el periodo de 1981 a 1982, el Tipo II de
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1983 a 1986y el Tipo Il de 1987 a 1988. Es probable que las condiciones del medio ambiente
y las limitaciones operacionales hayan afectado la distribucién del esfuerzo pesquero. Los
tres patrones de distribucion estan asociados con la variabilidad espacial y temporal de los
procesos atmosféricos meridionales. Analisis retrospectivos de los datos demuestran que
la intensidad del esfuerzo pesquero es mayor en la subarea que experimenta una mayor
transferencia de aire del sur. Este fenémeno ocurre en las Subareas 48.1 y 48.2 cuando la
zona de intercambio del aire tiene un componente mayor del oeste, y en la Subarea 48.3

donde el componente del oeste es menor.

Keywords: Antarctic krill fishery, Atlantic Sector of the Antarctic, fishing effort,
atmospheric air movements, CCAMLR

INTRODUCTION

Information on the Soviet krill fishery is rather
scarce in the literature. Some data on the earlier
krill fishery are given in Lubimova et al. (1985),
which discusses the role of krill in the trophic
structure of the Antarctic ecosystem. Limited
data on the deployment of the Soviet krill fishing
fleet from 1972 to 1985 are presented by Maklygin
(1987), while information on the Soviet krill fishery
is also given in the FAO review of the world krill
fishery (Nicol and Endo, 1997). In describing the
history of Soviet scientific research on the Antarctic
ecosystem, Sushin and Litvinov (1999) also pro-
vided some information on the krill fishery.

The main purpose of the present paper is to
describe the distribution of fishing effort (vessel-
days fished (VDF)) in Subareas 48.1, 48.2 and 48.3
from 1977 to 1992 and to discuss factors that may
influence patterns in the distribution of the fishing
fleet.

MATERIAL AND METHODS

Data on vessel type and days of fishing by
month and subarea that had been annually com-
piled in the Atlas of Fisheries in the Southwestern
Atlantic (Anon., 1978-1992) were used in the analy-
sis. These data were computerised, allowing their
further sorting and processing.

Data on monthly VDF were analysed to investi-
gate variations in seasonal, interannual and spatial
distribution between subareas in the 15-year
period from January 1977 to December 1991, the
period during which the Soviet krill fishery
reached its peak. Therefore, it is the most complete
compilation of data for this period. It should be
noted that the VDF data presented in this paper
were collected by observers and may differ from
fishery statistics officially published in the USSR.
For a comparative analysis of the distribution of
the krill fleet and environmental conditions, mean
monthly values of atmospheric pressure at sea
level were used, each value representing an area
of 5° latitude x 10° longitude. These data were

obtained from the Russian Hydrometeorological
Centre (Moscow). The interannual variability of
atmospheric pressure gradients in Subareas 48.1,
48.2 and 48.3 from 1970 to 2000 were analysed.
An evaluation of these gradients gives an initial
approximation of the geostrophic movements of
air masses in the zonal (along longitude) and meri-
dional (along latitude) directions (Kats, 1960). In
the southern hemisphere the positive values of the
latitudinal and longitudinal gradients correspond
to movements to the south and east respectively.

RESULTS AND DISCUSSION

The Soviet krill fishery recorded the highest
catches between 1977 and 1991 (Sushin and
Litvinov, 1999) with a total catch of 3 538 229 tonnes
of krill, corresponding to a total of 50 086 VDF in
the Atlantic Sector (Table 1). During that period
the fishing gear generally described as ‘pelagic
midwater rope-trawl” was most commonly used.
Anon. (1978-1992) recorded 16 different types of
krill vessels in use during that period (Table 2).
Unfortunately there were no standard abbrevia-
tions for some of the vessel types in use at that
time. A detailed description of different vessel
types is given in The Fleet of the Fishing Industry
(Anon., 1990), but in certain cases it is difficult to
match the descriptions from this publication with
the abbreviations given in Anon. (1978-1992).
Table 2 presents an interpretation of these abbre-
viations based on advice from Sundakov, Boronin
and Milavsky (pers. comm.).

Large freezer trawlers for the production of
frozen products and meal which are summarised
as BMRT vessels (miscellaneous projects, Table 2)
accounted for over 33% of the total fishing effort,
while the even larger freezer trawlers (PPR, projects
‘Grumant’ and ‘Rembrant’, Table 2) accounted
for over 25%. The proportions of other types of
fishing vessel were significantly less, with large
freezer trawlers (BMRTM, project ‘Luchegorsk’)
accounting for 8.3% and all other types, less than
6% (Table 2).
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Table 3:  Fishing effort (vessel-days fished) deployed by the krill fishing fleet of the
regional fishery associations of the former Soviet Union (FSU).
Years Azcherryba Zapryba Sevryba Dalryba Total
(Kerch) (Riga) (Murmansk) (Vladivostok)
1977 271 1637 663 0 2571
1978 153 1155 582 0 1890
1979 1165 1177 2174 0 4516
1980 785 1613 1501 0 3899
1981 1219 1054 1542 0 3815
1982 760 993 398 1061 3212
1983 727 307 386 750 2170
1984 703 226 367 0 1296
1985 1171 785 911 0 2867
1986 1434 718 1750 0 3902
1987 1398 549 2417 0 4364
1988 1056 882 2610 0 4548
1989 1112 930 1592 0 3634
1990 1140 1149 1920 0 4209
1991 833 743 1617 0 3193
Total 13 927 13918 20430 1811 50 086

The fishery for Antarctic krill was operated
by three regional Soviet fishery associations: the
Azov and Black Sea Fishery Association (Azcher-
ryba, based in Kerch), the Western Fishery Asso-
ciation (Zapryba, based in Riga) and the Northern
Fishery Association (Sevryba, based in Murmansk)
(Table 3). In 1982 and 1983, vessels of the Far East
Fishery Association (Dalryba, based in Vladivos-
tok) also took part in the krill fishery, accounting
for 1811 VDF in total. During that period the
levels of fishing effort deployed by Zapryba and
Azcherryba were similar (13 918 and 13 927 VDF
respectively), while those deployed by Sevryba
were higher (20 430 days).

At that time the main objective of the Soviet
krill fishery was to maximise the quantity of
catch rather than the quality of krill caught, so the
pattern of Soviet krill fishing activities, although
influenced by economic and political factors,
tended to reflect the distribution of the most
abundant and stable krill aggregations and their
availability given the prevailing ice and weather
conditions. Due to the distinctive characteristics
of the socialist economy; it is very difficult to trace
market demand during that period. The majority
of the krill catch was destined for agriculture:
whole frozen krill and krill meal were used as
agriculture fertilizers and nutrient supplements for
feeding animals. Only a relatively small part of the
krill catch was directed for human consumption.
The Soviet krill fishery operated principally in
three South Atlantic subareas: the South Shetland
Islands (48.1), the South Orkney Islands (48.2)
and South Georgia (48.3). Between 1977 and 1991
most fishing effort occurred in Subarea 48.3 (45%

of the total), followed by Subarea 48.2 (36%) and
then Subarea 48.1 (19%). Annual and interannual
changes in the distribution of fishing effort were
significant (Figure 1). From 1977 to 1991, the
fishing fleet tended to show similar patterns of
distribution for several years at a time: the three
major patterns in the distribution of fishing effort
(FE) are described below.

Type FE-I: 1981 and 1982. The krill fishery oper-
ated in Subarea 48.1 from January to April,
and then the fleet moved to Subarea 48.3 via
Subarea 48.2. Between 1978 and 1982, the impor-
tance of Subarea 48.1 increased, with fishing effort
reaching a maximum for that area in 1982 before
ceasing abruptly in 1983. Such changes may be
due to the fluctuations in krill biomass observed
by Siegel (2000).

Type FE-II: 1983 to 1986. These years were quite
different from the previous period, with the krill
fishery occurring in Subarea 48.2 in the first half
of the year. There were some differences between
these years, notably the month during which the
fishery moved from Subarea 48.2 to Subarea 48.3.
This move occurred in June 1983 and 1985, and
in May 1986, while in 1984 the krill fishery was
conducted mostly in Subarea 48.2.

Type FE-III: 1987 to 1989. Fishing effort was con-
centrated mainly in Subarea 48.3, from March—-April
to September—-November, with the importance of
this subarea increasing from June 1985.

It is likely that the following three main factors
have influenced the distribution of fishing fleet:
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Figure 1:  Distribution of fishing effort (vessel-days fished) by subarea from 1977 to 1992.
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Table 4:  Reasons for cessation of fishing in certain subareas, as described in Anon. (1978-1992).
Period Shift between Reason Indicated
Subareas
1978 January 48.3-48.2 Stormy weather, poor catches.
1978 December 48.1-48.2 ?
1979 February/March (48.1+48.2)-48.3 ?
1979 September 48.3-48.1 Poor catches, shortage of krill aggregations.
1980 February 48.1-48.2 Shortage of krill aggregations in the second half of February.
1980 April-May 48.2-48.3 Ice conditions.
1981 March/April 48.1-48.3 and 482  Unstable conditions of fishery.
1981 September 48.3—- ?
1982 April 48.1-48.2 Poor catches: krill decrease in Subarea 48.1.
1982 May 48.2 — Patagonian Under orders from the Ministry of Fisheries of the USSR, the
shelf whole of the Soviet fleet in the area moved to the Patagonian
shelf on 10 May 1982.
1983 May /June 48.2-48.3 Ice conditions.
1984 June 48.2— Ice conditions.
1985 May /June 48.2-48.3 Ice conditions.
1985 September 48.3-48.2 Decrease in density of krill aggregations due to stormy weather.
1986 May 48.2-48.3 Ice conditions.
1986 October 48.3-48.2 Decrease in density of krill aggregations due to stormy weather.
1987 March 48.2-48.3 Decrease in catches.
1987 October 48.3-48.2 Fishing vessels changed target from krill to fish.
1988 April/May 48.2-48.3 Ice conditions.
1988 September 48.3— Bad conditions for fishery.
1989 February 48.2- Stormy weather, ice conditions.
1989 March 48.1-48.3 Decrease in catches.
1989 October 48.3—-(48.1+48.2) Bad conditions for fishery.
1990 June 48.2-48.3 Winter time.
1990 October 48.3-48.2 Decrease in catches.
1991 May 48.2-48.3 Ice conditions.
1991 September 48.3-48.2 Decrease in catches.
1992 May 48.2-48.3 Decrease in catches.

(i)  the presence and stability of aggregations of
krill of appropriate quantity and quality for
the fishery. Krill quality is determined by
its size and feeding status: very small and
intensively feeding krill can only be proc-
essed into krill meal. In general the highest
priority for the Soviet fleet as a whole was
to maximise catches, i.e. FE reflected the
presence of large, dense and stable krill
aggregations rather than the quality of krill;

(i)  ice and weather conditions; and

(iii) economic and logistic factors such as avail-
ability of fuel and other fleet supplies, the
political situation, management and selec-
tion of target species (e.g. krill or icefish).

Therefore, only the first and second factors
are determined by environmental processes in
the ocean and atmosphere. An attempt is made
here to trace the connection between fishing fleet
distribution and oceanic and atmospheric condi-
tions. However it should be emphasised that all
three factors may influence patterns of fishing

activities, and even decision-makers may not be
able to determine which factor was most important
at any particular time.

The data from Anon. (1978-1992) show the fol-
lowing two main reasons for changing the subarea
fished (Table 4):

(i)  shortage of krill aggregations and bad ice
conditions; and

(i)  stormy weather which negatively influenced
the fishery, and dispersal of krill aggregations
which usually had a short-term small-scale
effect and rarely led to a change of subarea.

However, in some cases, stormy weather might
have coincided with the beginning of a longer-term
dispersal of krill aggregations, which resulted in
the reduction of krill densities below the threshold
for a viable fishery. Most krill catches were taken
under fishing conditions that were classified as
‘satisfactory conditions’, resulting in catch rates no
higherthan?7tonnes/hour (Figure2). Relatively few
hauls were carried out under what was described
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as ‘good conditions” which led to catches higher
than 10 tonnes/hour. It appeared that adverse ice
conditions (extensive sea-ice) were the main reason
for shifting the fleet from Subarea 48.2 to 48.3 in
April-May. In other cases, the main reason for the
shift was a deterioration in fishing conditions
(decrease in the size, density and stability of krill
aggregations), sometimes accompanied by stormy
weather, which hampered fishing operations and
dissipated krill aggregations.

On 10 May 1982, the entire USSR fleet stopped
fishing in the Atlantic Sector and moved to the
Patagonian Shelf; this was a unique operational
move most probably due to the Falkland/Mal-
vinas crisis. Before leaving, vessels worked in Sub-
area 48.2 and reported good fishing conditions with
up to 10-20 tonnes of krill taken in 1-2 hauls during
the day and 10-20 tonnes in 3—4 hauls at night.
In January 1983, the krill fishery was restarted.
From May to August 1983 fishing conditions in
Subarea 48.3 were reported as either “unstable’ or
‘satisfactory’, and fishing effort was low (partly due
to the fleet’s involvement in the intensive icefish
fishery). In 1984 conditions were not suitable for
a winter krill fishery in Subarea 48.3 (Anon., 1978-
1992). Heywood et al. (1985) reported an extremely
low abundance of krill in Subarea 48.3 from July
to October 1983 that could not be attributed to the
environmental factors investigated. Siegel (2000)
noted a more than 10-fold interannual variation
in the kill biomass off South Georgia, but the
1983 austral winter period was very unusual in

Distribution of Soviet krill catches under different fishery conditions from 1986 to 1990.

this respect and a similar situation was probably
repeated in 1994. Fedoulov et al. (1996) observed
some evidence that the Weddell-Scotia Confluence
was located in the extreme south of the Scotia Sea
during summer 1983/84. According to Latogursky
et al. (1990), krill biomass near South Georgia in
June 1983 and October 1984 were the lowest ever
observed from 1974 to 1988. This low biomass in
1983 was attributed to the absence of any clearly
discernible eddies in the current field, but due to
lack of data, no reasons were offered for the low
biomass in 1984. Siegel (2000) noted that changes in
krill abundance and biomass in Subarea 48.1 seem
to represent transient oscillations over a period of
the order of at least 3—4 years.

In order to see how the distribution of fish-
ing effort varied according to environmental
conditions, the relationship between atmospheric
gradients and the three types of fishing effort
distribution observed above was examined.

The analysis of interannual variability in zonal
and meridional air exchange observed in atmos-
pheric circulation in Subareas 48.1, 48.2 and 48.3
shows that the western component of zonal ex-
changeincreased until the mid-1980s and com-plete-
ly dominated zonal air exchange during the latter
half of the 1990s in all three subareas (Figure 3). In
the system of meridional air exchange over the is-
lands, the southern component predominates for
most of the time, with quasi-10-year, 4-6 year and
quasi-2-year oscillations (Figure 4). The following
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features of the spatial and temporal variability of
southern meridional air exchange in the Atlantic
sector were identified.

The beginning of the southern phase of meri-
dional air exchange can be recognised by the
sustained transition of circulation indices from
positive to negative values. Similarly, periods of
peak activity of the processes can be identified
by inflection points. The timing of these processes
varies between Subareas 48.1, 48.2 and 48.3, with
a quasi-4-year lag between the South Shetlands,
the South Orkneys and South Georgia. Periods of
the dominant southern meridional air exchange in
Subareas 48.1, 48.2 and 48.3 were observed in 1975,
1979 and 1983 respectively. These processes would
have reached their peak in the early and mid-1980s
and the early 1990s respectively. The years 1980,
1986 and 1991 corresponded to the observed max-
ima of three periods of extensive winter ice cover
northwest of the Antarctic Peninsula (Hewitt,
1997). It is clear, from a comparison of Figure 1,
Figure 4 and the description given above, that
the peak of the southern phase of meridional
air exchange was observed in Subarea 48.1 from
1980 to 1982 and corresponded to Type FE-I; in
Subarea 48.2 it was observed from 1983 to 1986 and
corresponded to Type FE-II, while in Subarea 48.3 it
was observed from 1987 to 1991 and corresponded
to Type FE-III. There is a clear correlation between
peaks in southern meridional air transfer and the
distribution of the krill fishing fleet, but this is
difficult to account for. According to Sundakov
(pers. comm.), the general requirement for the krill
fishery in Subareas 48.1 and 48.2 was the absence of
ice in the austral summer months because relatively
dense krill aggregations were available there most
of the time. Conversely, the primary condition for
a krill fishery in Subarea 48.3 was the presence
of krill aggregations, as this subarea is generally
ice-free. One may speculate that both factors, i.e.
the absence of ice in Subareas 48.1 and 48.2 and
the presence of krill aggregations in Subarea 48.3
reflects the influence of the Antarctic Circumpolar
Wave which has a periodicity of four to five years
(White and Petersen, 1996).

CONCLUSIONS

From 1977 to 1991, the total effort deployed by
the Soviet krill fishery was 50 086 days of fishing.
The FE was unequally distributed between three
subareas: 48.3 (45% of the total for the period),
48.2 (36%) and 48.1 (19%). The VDF distribution
between subareas was, furthermore, very variable;
three main patterns of VDF distribution were
distinguished, corresponding to three major time

Soviet krill fishery in the Atlantic Sector, 1977-1991

periods: 1981-1982, 1983-1986 and 1987-1989.
These general patterns of FE distribution cor-
respond to spatial and temporal variability in
the zonal and meridional atmospheric processes.
While patterns in krill fishing distribution may
be influenced by both environmental conditions
and operational constraints, it was found that, in
general, the VDF value was highest in the subarea
where maximum southern atmospheric exchange
took place.
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