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Abstract

STATLANT data reported to the Commission for the Conservation of
Antarctic Marine Living Resources (CCAMLR) are used to discern
observable trends in catch and effort for the Antarctic krill
(Euphausia superba) fishery between 1972/73 and 1987/88. The
annual krill catch rose gradually to a peak of some 500 000 tonnes in
1981/82 before dropping to a low level in 1983/84 and stabilizing
at about 400 000 tonnes thereafter. In terms of both catch and effort
the Soviet and Japanese krill fisheries in Subareas 48.1, 48.2 and
48.3 prevail in the CCAMLR Convention Area. Monthly fishing
patterns (November to April) are similar in all areas, except in
Subarea 48.3 where fishing is predominantly confined to the winter
months (April to August). Trends in the fishery with respect to
independent estimates of krill abundance and minke whale
(Balaenoptera acutorostrata) catches are discussed.

Résumé

Les données STATLANT présentées a la Commission pour la
conservation des ressources marines vivantes de I'Antarctique
(CCAMLR) sont utilisées pour discerner les tendances apparentes de
capture et d'effort pour la pécherie du krill antarctique (Euphausia
Ssuperba) entre 1972/73 et 1987/88. La capture annuelle du krill
a augmenté petit a petit jusqu'a un maximum de quelques
500 000 tonnes en 1981/82 avant de baisser jusqu'a un niveau
faible en 1983/84 et de se stabiliser par la suite, & environ
400 000 tonnes. Il semble qu'en termes de capture ainsi que
d'effort, les pécheries soviétiques et japonaises dans les sous-zones
statistiques 48.1, 48.2 et 48.3 dominent I'exploitation du krill dans
la Zone de la Convention de la CCAMLR. Les fagons de pécher, par mois
(de novembre a avril), sont similaires dans toutes les zones, a
I'exception de la sous-zone 48.3 ou les activités de péche sont
limitées pour la plupart aux mois d'hiver (d'avril a ao(t). Les
tendances dans la pécherie en ce qui concerne des estimations
indépendantes de I'abondance du krill et les captures de petits
rorquals (Balaenoptera acutorostrata) sont examinées.

PeswoMe

HdanHole mo STATLANT, npezcrtaBjeHHble B KoMUCCUIO IO
COXpaHEeHUI MOPCKUX XHBbIX pecypcoB AHTapKTUKU (AHTKOM)
HCMOJb3YITCS  AJI  TOro, UTO6bl BBISIBUTb OUEBH/HBIE
3aKOHOMEPHOCTH W3MEHEeHUN YJIOBOB U IPOMbBICJOBOI'O YCUJIUSE
IIPU NpOMBICJIE aHTapKTHUUeckoro KpuJust (Euphausia superba) B
TeueHue nepuona 1972/73 - 1987/88 rr. ExXeroaHulli BbLJIOB
KpuJisi MOCTENEHHO BO3pacTasg A0 MakKCHUMyMa IpUMEpPHO B
500 000 1. B 1981/82 r.; 3aTeM BBLIJIOB HAXOAUJICS Ha HU3KOM
YpoBHe B 1983/84 r. M BHOCJIEACTBUH CTabUJIU3UPOBAJICST Ha
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yporHe okoJio 400 000 T. HUMewnTest CBUJIETENbCTBA TOI'O, UTO
KakK B OTHOWEHWU BBIJIOBA, TaK W IPOMBICJAOBOIO YCUJINUA
COBETCKHUI U SINOHCKUU NpoMeiceJ B loApalioHax 48.1, 48.2, u
48.3 urpawoT IVIABHYK pOJIb B 3KCIJyaTallUU KpUJs B 30HE
neiicteust KonseHiun AHTKOM, ExXeMeCsiuHbII IIPOMbBICJIOBBIN
peXuM (Hosibpb-anpeJsib) noAob6eH BO BCEX palioHaxX 3a
uckJawuyeHreMm IloapafioHa 48.3, rae INpoMbicesJ BeaeTcs
rJIaBHbIM ob6pazoM B TeueHue 3UMHUX MecsLEeB
(ampeJsib-aBrycrt), PaccMaTpHBaIOTCsl HallpaBJEeHUs U3MEHEHUM
NpOMBICJIA KPUJIS, OlNpeieJIEeHHble 110 HE3aBUCUMBIM  OLIEHKAM
UHCJIEHHOCTU KpWJisd M pa3Mepa YJOBOB MaJoro MOJIOCATUKA
(Balaenoptera acutorostrata).

Resumen

Los datos notificados a la Comisién para la Conservaciéon de los
Recursos Vivos Marinos Antarticos (CCRVMA) en formularios
STATLANT se utilizan para distinguir tendencias visibles en la
captura y esfuerzo para la pesca de krill Antartico (Euphausia
superba) entre 1972/73 y 1987/88. Hubo un aumento gradual en
la captura anual de krill llegando a un maximo de 500 000 toneladas
durante un tiempo en 1981/82, antes de disminuir a un nivel
minimo en 1983/84 para estabilizarse alrededor de
400 000 toneladas de ahi en adelante. En términos de captura y
esfuerzo, las pesquerias de krill soviética y japonesa en las Subareas
48.1, 48.2 y 48.3 predominan en el Area de la Convencion de la
CCRVMA. Los patrones mensuales de pesca (noviembre a abril) son
semejantes en todas las areas, excepto en la Subédrea 48.3 donde la
pesca es limitada principalmente a los meses de invierno (abril a
agosto). Se debaten las tendencias en la pesqueria con respecto a
estimaciones independientes sobre la abundancia de krill y rorcual
aliblanco (Balaenoptera acutorostrata).



1. INTRODUCTION

During the past three decades a growing demand for protein from the sea combined
with increasingly restricted access to historical fishing grounds has resulted in the
development of many “unconventional” fisheries (cf Robinson, 1982; Budzinski et al.,
1985). In particular, such development has been focussed on the Antarctic krill (Euphausia
superba Dana).

Krill has long been recognised as a key component of many Antarctic marine food webs
(cf Marr, 1962; Everson, 1977; Knox, 1984 amongst others) and exhibits several
attributes which enhance its potential as an exploitable resource. These include:

- high global abundance estimates (Everson, 1977; Gulland, 1983);

« high nutritional value (Grantham, 1977; Budzinski et al., 1985); and

- relative ease of capture arising from the species’ tendency to aggregate (Eddie,
1977; El-Sayed and McWhinnie, 1979).

Exploratory fishing for krill as a commercial resource commenced in the early
1960’s and initially catches were relatively small (Table 1). The build-up of annual
catches was slow and it was not until the 1973/74 season that exploitation of krill could in
any way be considered to have been on a commercial basis.

The primary aim of this paper is to review krill catches over the past fifteen years.
Catch statistics will be used to indicate areas where the fishery has been most active and
from which the largest catches have been taken. Discernible trends in the catches will be
considered in the light of available theories on krill distribution and some attempt will be
made to provide insights into possible relationships between krill fisheries. and the species’
distribution. As a secondary aim, some attempt will be made to assess possible links between
the information provided by the fisheries data and available knowledge on krill predators. It
is hoped that this approach will contribute to current efforts aimed at assessing the role of
the minke whale (Balaenoptera acutorostrata) as an indicator of krill stock dynamics.

2. THE KRILL FISHERY
2.1 Available Data

Krill catches are reported from three major statistical areas in the Antarctic.
Originally defined by the FAO, these areas have been subsequently adopted by the Commission
for the Conservation of Antarctic Marine Living Resources (CCAMLR) (CCAMLR, 1988a).
They are termed the Atlantic (Statistical Area 48), Indian Ocean (Statistical Area 58) and
Pacific Antarctic (Statistical Area 88), and for convenience have been further subdivided
into various subareas and divisions (Figure 1).

Summary catch and effort data are supplied annually to CCAMLR using the STATLANT A
and B formats. For reporting purposes, catches are summarized by split-years; a
split-year being the twelve month period from 1 July in one year to 30 June in the next.
The catch year is designated according to the second of the two split-years. Krill STATLANT
data contain information on catch with respect to year, month, major gear type, vessel type
and geographical subarea.

Both STATLANT A and B data are considered in this paper, although only data where
krill were specified as the target or only species caught have been used to analyze fishing
effort. The bulk of catches taken during the period under consideration (1973 to 1988)
were by the Soviet fishery (see below). Prior to 1983, however, Soviet catch data in all
areas were not ascribed by month, and effort data (e.g. hours fished) are only available from
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that year onwards. Fine-scale catch and effort data (taken in groups by 10-day period and
0.5° latitude x 1° longitude) have been available since 1985/86 for Subareas 48.1 and
48.2 only. Such data have not been considered to any great extent in the analyses reported
here.

2.2  Trends in Catches
2.2.1 Annual catch

During the period 1973 to 1988 (Figure 2) annual krill catches in the CCAMLR
Convention Area rose steadily from 19 785 tonnes in 1973/74 (with a minor reduction of
28 891 tonnes, from 477 023 tonnes to 448 132 tonnes, between 1979/80 and 1980/81)
to a peak of 528 201 tonnes in 1981/82. After 1982, catches declined sharply to a trough
of 130 875 tonnes in 1983/84; a level close to that observed in 1977/78
(132 349 tonnes) during the early expansion of the fishery. Thereafter, annual catches
gradually increased to a second peak of 445 673 tonnes in 1985/86 and subsequently
levelled off at about 370 000 tonnes in the remaining years. From Figure 2 it is also
apparent that the Soviet Union (£85% total) and Japan (+14% total) are by far the two
major krill fishing nations, together accounting for about 99% of all catches.

2.2.2 Annual Catch By Area and Subarea

The annual catch in Statistical Area 48 is consistently larger (except for the |
1975/76 season when no krill were taken in this area) than in Statistical Areas 58 and 88
for any one year (Figure 3). This trend has been especially obvious since the 1983/84
season.

Trends in the annual catch from the three areas (Figures 4 to 6) show slight
differences, although Soviet and Japanese catches remain dominant. In Statistical Area 48
(Figure 4) the overall catch trend is similar to that for all three areas combined (Figure
3), which is not surprising given that Statistical Area 48 accounts for the major proportion
of the annual catches. Gradually increasing catches in Statistical Area 58 peaked in
1980/81 (155 030 tonnes), at a much lower level than the 1985/86 peak
(425 871 tonnes) in Statistical Area 48, before falling to consistently lower levels
(£20 000 tonnes) thereafter (Figure 5). Sporadic catches in Statistical Area 88 reached a
peak of 10 637 tonnes in 1982/83 and exhibited a subsequent decline similar to that in
Statistical Area 58 (Figure 6). The 1983/84 season yielded the lowest post-peak catch
levels in Statistical Areas 48 and 88 (104 680 and 641 tonnes respectively), which
occurred (5 932 tonnes) in Statistical Area 58 two seasons later (1985/86).

Plots of cumulative catch by subarea (Figures 7 and 8) again illustrate the relatively
large catches in Statistical Area 48 compared with the other two areas, despite the fact that
both Statistical Areas 58 and 88 are substantially larger than Statistical Area 48. It is also
apparent that prior to 1979/80 substantial catches in Statistical Area 48 were reported
from subareas “unknown”. These were predominantly taken by the Soviet fishery and
suggest that the total catch from Statistical Area 48 over the years is substantially greater
than that reflected in the designated subarea data presented.

The accumulated catches were greatest in Subareas 48.2 (1 161 678 tonnes) and
48.3 (977 118 tonnes) (Figures 7a and 7b) as were annual catches (Figure 9). Similarly,
the pattern of both the underlying annual trend in catches and a low 1983/84 catch in these
two subareas closely resembles the overall trend for Statistical Area 48 illustrated in
Figure 4. Given the relative importance of catches from Statistical Area 48, therefore, the
following analyses have tended to concentrate on Subareas 48.1, 48.2 and 48.3.
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2.2.3 Catch By Subarea and Month

Although monthly Soviet catches are not available prior to 1983, it is possible to plot
total catches by month for various subareas and time periods (Figure 10). Monthly catch
trends are remarkably similar in Subareas 48.1 and 58.4 and Area 88 as a whole (Figures
10a, 10d and 10e). Fishing commences in early spring (i.e. October/November) and is
followed by a gradual increase in catches until peak levels are reached in early to
mid-summer (January/February). Catches then decrease until cessation of fishing in
April/May. In Subarea 48.2, on the other hand, fishing commences at a similar time but
large monthly catches are taken over a much longer period (January through to April) and
peak slightly later (March/April) (Figure 10b). By contrast, the fishing pattern in
Subarea 48.3 is entirely different (Figure 10c). Although catches may be taken the whole
year round, the highest catch levels occur between April and August (i.e. in late autumn
through winter) with peak catches in June. This observed trend has been independently
confirmed by Dolzhenkov et al. (1988) and in the absence of further information it must by
concluded that the observed pattern of fishing in Subarea 48.3 reflects a re-direction of
effort northwards as a result of the seasonal encroachment of pack-ice in Subareas 48.1 and
48.2.

A further breakdown of catches by subarea, split-year and month is shown in
Figure 11. Although data are scarce prior to 1983 in Statistical Area 48 (Figures 11a to
11c), both the annual and monthly tends described above are still observable. Similarly,
even though catch data are far fewer and the underlying trend more erratic, this holds true
for Subareas 58.4 (as illustrated by Division 58.4.1, Figure 11d) and 88.1 (Figure 11e).

2.3 Trends in Catch-Per-Unit of Fishing Effort
2.3.1 Annual Trend

Both Shimadzu (1985a) and Everson (1988) have concluded that the most
appropriate index of catch-per-unit of fishing effort for krill (particularly for the
Japanese fishery) is derived from catch/hour spent fishing. Using STATLANT B data, it is
possible to calculate three annual indices of catch (tonnes)/hour fished (CPH). These are:

« total CPH/year (i.e. total catch/total hours fished/split-year);

» mean CPH/fishing season (i.e. mean monthly CPH for the months when fishing
took place); and

« mean CPH/year (i.e. mean monthly CPH for a full 12 month split-year).

Values for the above three indices in Statistical Area 48 are shown for the period
1982 to 1988 (both Soviet and Japanese fishery combined) in Figure 12. Indications are
that despite fluctuations from year to year, all three indices illustrate a gradual increase in
CPH over the past seven years, particularly in Subareas 48.1 and 48.2 (see Figures 12a and
12b). (N.B. It must be noted that a large catch of 89 tonnes in one hour reported by the
Japanese fishery in Subarea 48.2 during October 1982 (see below) has been omitted from
this and, unless specifically mentioned otherwise, subsequent analyses. Although there are
no indications that this particular result was invalid, its inclusion would serve to magnify
fluctuations in CPH and would not conform with the underlying trend indicated by the total
CPH/year (see Figure 12b)). It is also apparent that the greatest returns per unit of fishing
effort were from these two subareas.

Plotting CPH for the Japanese fishery (Figure 13), including "mother ship”

operations between 1977/78 and 1981/82 (cf Shimadzu, 1985a; Shimadzu and Ichii,
1985; Everson, 1988), it can also be seen that although there are wide year to year
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fluctuations the annual catch-per-unit of fishing effort has increased markedly, at least up
until the three most recent seasons (i.e. 1985/86 to 1987/88). It must also be noted that
there was a marked decline in CPH during the 1983/84 season which can be compared to the
decline in total catch for that season (see Figure 2). Since 1985/86, catch rates have
stabilized and this is probably attributable to the rigid operational characteristics of the
Japanese fishery, particularly the commitment of a limited number of vessels to specific
areas (cf Shimadzu, 1985b).

2.3.2 Trends By Area and Subarea

CPH indices for both the Japanese and Soviet fisheries by subarea are given in Table 2
for all years for which data are available. From this table and data presented in Figure 14,
it would appear that the Japanese catch rate is markedly better than that of other nations.
With respect to the Soviet fishery, however, two factors caution against unqualified
acceptance of this conclusion. First, there is a marked difference between the operational
characteristics of the two fisheries (cf Ichii, 1987; Dolzhenkov et al., 1988) and, second,
Soviet effort data are only available from 1983 onwards. Nevertheless, it is apparent from
the CPH values given in Table 2 that Subareas 48.1 and 48.2 are the most productive for
both the Soviet and Japanese fisheries, an observation supported by the catch figures already
discussed.

2.3.2.1 Japanese Fishery

Monthly CPH values for the Japanese fishery in Subareas 48.1 and 88.1, and Division
58.4.1 are plotted in Figures 15a to 15c for split-years 1977 to 1988. Overall trends in
the fishing pattern are similar to that observed in the catches from each area (see
Figure 11).

From comparison of Figures 16 and 15b, it can be seen that the fishery in Subarea
58.4 moves southwards as the season progresses. Everson (1988) has concluded that this is
a consequence of the retreat of the pack ice into the East Wind Drift zone. In addition, it is
apparent that individual monthly CPH values fluctuate widely and no dominant trend is
visible. Everson (1988), citing Sugimito (1977), attributes the high CPH in Division
58.4.2 (see also Figure 16a) during December 1976 to the result of fishing on a large
aggregation of krill or “super-swarm”. A similar effect may have produced the high CPH
observed in Subarea 48.2 for October 1982 (see below).

Shimadzu (1985a) showed that during 1977 Japanese operations extended eastwards
into Statistical Area 88 (Figure 15c). Subsequently, monthly CPH values in this area and
Division 58.4.1 are comparable, suggesting some similarity in the type of fishing operation
being undertaken and in the catchability of the krill encountered.

The Japanese krill fishery moved into Statistical Area 48 from the 1980/81 season
(Shimadzu, 1985a; Everson, 1988) and both Figure 15a and Table 2 indicate that CPH was
very much higher here than elsewhere. Monthly CPH values from 1981 to 1988 for the
Japanese fishery in Statistical Area 48 are shown in Figure 17. These tend to follow a
similar pattern to the monthly catch figures (i.e. as shown in Figures 11a and 11b),
although it can be seen that since 1985/86 the fishing season in Subarea 48.1 has been
extended to include April (Figure 17).

Patterns in Japanese fishing effort to a large degree reflect trends in the catch, both
within and between years, already discussed. Unlike the general trend in CPH shown in
Figures 12 and 13, a gradual increase and levelling off of effort in both Subareas 48.1 and
48.2 during the past three years is not apparent (Figure 18). In fact effort has declined in
Subarea 48.2 since 1984/85, while increasing effort in Subarea 48.1 from 1982/83 was
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broken by a marked decline in the 1984/85 season. In the absence of further information,
this would tend to suggest some operational change in the fishing pattern during 1984/85.
Based on a report contained in the official proceedings of the CCAMLR Scientific Committee
(SC-CAMLR, 1985, paragraph 5.26), there does in fact appear to have been a reduction in
the number of Japanese vessels operating in both subareas during that particular season.

Other than these general trends, it is not possible to discern any clear pattern in
Japanese fishing effort in the two subareas under consideration. However, as Everson
(1988) has noted, the presence of fishing activity in what are effectively two adjacent
subareas should allow some comparison (both between and within seasons) to be made
between Subareas 48.1 and 48.2. Comparing seasonal mean CPH in the subareas
(Figure 19), however, indicated that they have little in common. Similarly, plotting mean
CPH in Subarea 48.1 compared with Subarea 48.2 for all fishing months and for mid-season
months alone (December to February) (Figure 10) supports this observation. On the other
hand, if values from the same month are compared (Figure 21) there is a tendency for a high
CPH in Subarea 48.1 to be associated with a high CPH in Subarea 48.2. Everson (1988) has
concluded that this suggests some link between the catchability of krill in the two subareas
and given the currently expanded data set (compared with that originally analyzed by
Everson) probably indicated a “real effect”.

2.3.2.2 Soviet Fishery

Available Soviet CPH data (1983 to 1988) from Area 48 are confined to Subareas
48.2 and 48.3, and as for the Japanese fishery, the seasonal mean indicates a gradual
increase in CPH since data became available in 1983 (Figure 22). This increase was most
marked, however, from 1985/86 onwards and especially in Subarea 48.3.

Trends in the mean monthly CPH for the Soviet fishery in Subareas 48.2 and 48.3
(Figure 23) indicate a similar pattern to that of the catches (Figures 10b and 10c), namely
high CPH in Subarea 48.3 from April to October compared with high values in Subarea 48.2
from December through to May. This observation is borne out by both monthly fishing effort
(Figure 24) and CPH values (Figure 25) over the past six seasons, particularly high
catch-per-unit effort between January and April of the 1986/87 season. In this connection
it should be noted that it was during 1986 that CCAMLR restrictions on directed fishing for
Notothenia rossii in Subarea 48.3 came into force (CCAMLR, 1988a). Plotting monthly
fishing effort on an annual basis indicates a substantive increase in effort for krill during
January to April, 1987 (Figure 26). It is also interesting to note that 1986/87 was the
only season during which fishing occurred all year round in Subarea 48.3 and subsequently
the annual mean fishing effort was highest (Table 3).

As with the Japanese fishery in Subareas 48.1 and 48.2, comparison of Soviet CPH in
Subareas 48.2 and 48.3 indicates little association between krill catchability in the latter
two subareas (Figure 27). Furthermore, differences in the pattern of fishing limit a
comparison of CPH values from similar months in Subarea 48.2 and Subarea 48.3. As such,
similarities in krill catchability observed for the Japanese fishery in Subareas 48.1 and
48.2 were not evident (i.e. comparing Figures 21 and 28).

2.4  Comparison of Fishery Dependent Data
With Other Sources of Information

A number of fishery-independent surveys of krill abundance have been undertaken in
the same areas and at the same time as the fisheries data described above were collected. The
two methods principally employed during these surveys were acoustics (i.e. using calibrated
echo-sounders) and systematic net sampling with relatively small scientific nets (Table 4).
As Everson (1988) has emphasized, the data in Table 4 indicate that incongruities between
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survey-based estimates of krill abundance are reflected in similar estimates based on catch
and effort data from the fishery. As such, CPH mdnces do not exhibit any clear trend relative
to acoustic or net estimates.

3. DISCUSSION

In terms of CCAMLR, knowledge concerning the amount(s) of krill removed by
commercial fishing operations per se is unlikely to be of substantial application in the
management of the fishery. As both Butterworth (1986) and Everson (1988) have
emphasized, there are two major reasons for this. Firstly, the Convention requires that
krill resources be managed on a sustainable basis and despite information on krill removed
by the fishery, knowledge concerning the long-term proportionate mortality from fishing,
predation and other natural causes is still incomplete. Such knowledge is vital in
ascertaining whether particular stocks can sustain themselves in the face of exploitation.
Secondly, the stipulation that krill harvesting should not prejudice the potential
productivity of dependent species (i.e. predators) requires careful consideration of
functional relationships between predator and krill population dynamics.

Krill's large-scale distribution has been extensively discussed by various authors
and a number of theories for observed patterns exist (e.g. Marr. 1962; Makarov et al.,
1970; Mackintosh, 1973; Lubimova et al., 1982; Miller and Hampton, 1989). The present
analyses confirm that although major concentrations of krill may be distributed throughout
the CCAMLR Convention Area, commercial fishing operations have tended to concentrate in so
called “hot spots” in the Atlantic (Statistical Area 48) and Indian Ocean (Statistical Area
58) sectors. Of these, both catch and catch-effort statistics indicate Statistical Area 48 to
have been the most productive for most of the fishery’s available history. Both these
observations do not substantially contradict any of the current theories on krill distribution.

Although there is little doubt that developments in the krill fishery. have been closely
governed by logistic (e.g. the possible connection between restrictions on finfish and
increased krill harvesting discussed for Subarea 48.3) and economic constraints (cf
Shimadzu, 1985a; Everson, 1988), it would appear from the catch/effort data analyzed
here and from similar analyses undertaken by Everson (1988) that there is a large natural
variation in the abundance of exploited krill stocks. As far as CCAMLR is concerned, the
major difficulty is that such variability cannot be adequately quantified or separated from
fishery-related variation. Nevertheless it would appear that a number of unifying
principles link abundance, catch and fishing effort. Such factors are demonstrated by low
catches and reduced CPH for the Japanese fishery during the 1983/84 season, the relatively
high “catchability” of krill in the Atlantic sector (Statistical Area 48) and some
anomalously high values for catch in terms of effort (e.g. during October 1982). These
results tend to confirm one of the major conclusions of the CCAMLR sponsored Krill
Simulation Study, namely that catch and effort data only provide a reasonable index of krill
abundance in the immediate vicinity of the fishing fleet.

Both the Soviet (Dolzhenkov et al., 1988) and to some extent the Japanese (Ichii,
1987; Butterworth, 1988) fleets tend to focus their activities on krill concentrations and
swarms'. In this context, fishing a super-swarm (such as observed in October 1982 or
described in Sugimito, 1977) would represent an extreme case of such activity. Therefore,
in order to realistically determine abundance over a wider area, some measure of “search
time” by the fishery is necessary to assess the spatial heterogeneity of the krill stock(s)
being fished (cf Butterworth and Miller, 1987; Butterworth, 1988; Mangel, 1988).
According to recommendations forthcoming from the recently held Workshop on the CCAMLR

1 For definition of what constitutes a krill “concentration” and “swarm” refer to Butterworth

and Miller (1987) and the “patch-within-patch model” developed by Butterworth (1988).
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Krill CPUE Simulation Study this would require documentation of the start and end times of
fishing (specifically for the Japanese fishery) as well as classification of the type of krill
aggregation being fished (CCAMLR, 1989). Only very detailed catch/effort data on a
fine-scale are likely to provide such potentially important information. Similarly, crucial
information on both krill swarms and concentrations (particularly for the Soviet fishery)
would be best collected acoustically (CCAMLR, 1989).

As far as dependent species (i.e. krill predators) are concerned, Murphy et al.
(1988) have emphasized that a first step in determining the effects of possible interactions
between krill and other species requires definition of the temporal and spatial scales over
which such interactions occur. An important consequence of this approach is that in a
manner analogous to catch/effort data for the fishery, localized predator population
processes are unlikely to provide a suitable index of krill abundance over a wide area
(Everson, 1988).

Croxall et al. (1988) have fully discussed the problems inherent in monitoring
warm-blooded predators to obtain some indication of variability in krill abundance. They
make the point that even if krill harvesting was to increase markedly, it would be difficult to
exclude the possibility that reductions in the rate of increase of seabird and seal populations
are, independently of krill harvesting, attaining the natural carrying capacity of the
environment. In addition, many monitoring programs are likely, for logistic reasons, to be
confined to predators that are accessible at specific times (e.g. during breeding ashore).
Such circumstances tend to restrict studies of krill variability as related to predator
parameters within relatively confined temporal and spatial boundaries (i.e. the foraging
ranges of land-based predators). This has been recognized by Bengtson (1984) as a major
shortcoming in any attempt to assess possible relationships between krill and predators over
the former's greater distributional range. For this reason the CCAMLR Ecosystem
Monitoring Program (SC-CAMLR, 1986) has to come to recognize the potential importance
of assessing the impact of feeding over a wide area by mobile krill predators. The minke
whale is a specific example of such a predator.

Returning to the fisheries data analyzed in this paper, it can be seen that despite the
fact that the fishery is essentially circumpolar it is predominantly confined to three major
localities, of which Subareas 48.1, 48.2 and 48.3 appear to be most important. These
particular subareas already contain a number of key monitoring sites for land-based krill
predators (CCAMLR, 1988b) and it remains to be seen how important these specific
subareas may be with respect to more wide-ranging krill predators, such as the minke
whale.

The minke whale is one of the six rorqual (Mysticeti: family Balaenopteridae) species
which has been least affected by commercial whaling (Tonnessen and Johnsen, 1982,
Mizroch, 1984). Like the other species of the family, the minke whale is characterized by
unique anatomical adaptations which facilitate filter-feeding on krill swarms by “guiping”
or “engulfment” (Nemtot, 1959). In fact it is the swarming of krill which allows minke
whales to feed on krill over almost the same spatial and temporal scales as those of its own
habitat (cf Murphy et al., 1988). From this, it could be assumed that if the krill fishery is
also geared towards exploiting swarms (see above), then some congruence between fisheries
activities and minke whale distribution could be expected.

Information on the distribution of minke whale catches is shown (Figure 29) for the
months of December to March and between 1972/73 and 1979/80. It can be seen, however,
that there are only relatively few similarities between whale catches and data from the krill
fishery.

To a large extent, whaling during the period under consideration was predominantly

confined to the Indian Ocean (Statistical Area 58) and Pacific (Statistical Area 88) sectors.
In contrast, krill fishing was primarily undertaken in the west Atlantic (Statistical
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Area 48). Although there may be logistic reasons for this, the overall lower
catch-per-unit of effort for the krill fishery in Statistical Areas 58 and 88 (Figure 15)
suggest that (for whatever reason) minke whales were in fact being harvested in areas
where krill were being fished. Such conclusions, however, are reached in the absence of
detailed information from the major krill fishery (i.e. that of the Soviet Union) which only
became available from 1983 onwards. In this connection, it is interesting to note that Ichii
(1987) has reported considerable variability in observed associations between minke whale
sightings and the presence of krill swarms.

Despite the above observations, some similarities exist between the geographic
distribution of minke whale and krill catches by month. It can be seen that as the austral
summer progresses, whale catches are taken farther south, particularly in the Indian Ocean
(i.e. Statistical Area 58). This is directly analagous to the southward movement of the krill
fishery in the same area (Figure 16). Furthermore, there is a steady decline in the number
of whales caught between January and March which is similar to the decline in krill catches
(Figures 10d and 10e) over the same period in Statistical Areas 88 and 58. Given the state
of the available data, however, it is not possible to draw more specific associations between
the distribution of krill fishing and minke whale catches.

It must be concluded therefore that in view of the demonstrated incompatibilities
between the krill fishery and minke whale catch data, there is little to be gained in terms of
understanding minke whale-krill interactions from coarse comparisons of the kind
undertaken here. This is not to say that plotting the temporal and spatial associations of
krill fishing and whale catches on a finer scale may not lead to some insight(s) into the form
of the functional relationship(s) between krill distribution and whale feeding. It is
difficult, however, to see how such information could be realistically applied in the absence
of minke whale stomach contents data at a similar level of resolution as fine-scale
information from the fishery. Finally, in attempting to monitor the recovery of whale
stocks (also a requirement of CCAMLR) in the face of krill exploitation, considerably more
information is required on the functional relationship(s) between krill aggregation and
whale distribution at a variety of scales. In this connection, comparison of contemporaneous
minke whale sightings (particularly on feeding animals) with both fisheries-dependent and
independent survey data on krill distribution/abundance, especially acoustic information on
aggregations, should be encouraged.
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Table 1:  Annual krill catches prior to 1973/74 (from Everson, 1978 and Bengtson,

1984).
Season Catch Comments Reference
(1)

1961/62 4 krill Burukovskiy and Yaragov (1967)
1963/64 70 krill Stasenko (1967)
1964/65 306 krill Nemoto and Nasu (1975)
1966/67 ? krill Nemoto and Nasu (1975)
1967/68 >140 krill lvanov (1970)
1969/70 100 UMC* FAO (1976)
1970/71 1300 UMC* FAO (1976)
1971/72 2100 umc* FAO (1976)
1972/73 7459 krill FAO (1976)

Nemoto and Nasu (1975)

* Catches of “Unspecified Marine Crustacea” for areas closely adjacent to the Antarctic are
assumed by Everson (1978) to be krill.

Table 2:  Total catch/hour fished/year (1), mean catch/hour fished/fishing season (2),
and mean catch/hour fished/year (3) for the Soviet and Japanese krill fisheries
by subarea. All data are given in t/hr; for explanation of indices of effort refer
to text.

48.1 48.2 48.3 58.4 58.4.1 58.4.2 88.1

Japanese fishery

1 12.13 18.89 - - - - - - - - 5.81 5.73 5.32
2 12.96 14.80 - - - - - - - - 4.18 4.67 5.54
3 4.55 562 - - - - - - - - 1.97 1.71 1.21
Year* 81-88 82-88 - - - - - - - - 76-87 74-83 77-87

Soviet fishery

1 - - 6.20 5.69 3.88
2 2.44 5.20 4.85 4.05 R 3.43
3 - - - - 3.44 3.16 1.55
Year* 83 83-88 83-88 83-88** - - - - - - - - 87
*  Split-year

* * Excluding 1986 (no data)
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Table 3: Mean annual (/12 month period) and seasonal (/months fished) fishing effort
(hours fished) for the Soviet krill fishery in Subarea 48.3, 1983 to 1988.

Year Mean annual effort Mean seasonal effort
(hours fished) (hours fished)
1983 170.92 683.67
1984 576.50 1383.60
1985 726.92 1744.60
1986 2233.50 2978.00
1987 3635.83 3635.83
1988 2913.92 3885.22
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Table 4:  Updated version of Table 3 in Everson (1988) comparing CPH and independent survey estimates of abundance during the same
months and in approximately the same areas. Data pairs in brackets are the result of different analyses on the same data sets.
Date Location Subarea Biomass Density Density CPUE (Japan) Ref for
of study (tonnes) (published) estimated survey
(g/m?)
Acoustic surveys (FRG)
Oct/Nov 1983 SIBEX | 48.1 51680 7.2g/10%m?3 0.72 10.25, 13.75 Kilindt 1986
Nov/Dec 1984 SIBEX Il 48.1 379750 54.89/10°m?3 5.48 9.89, 18.15 Kiindt 1986
Mar/Apr 1985 SIBEX I 48.1 16490 2.6g/103m3 0.26 (9.46 Feb) Klindt 1986
Acoustic surveys (Poland)
Feb/Mar 1981 FIBEX (Drake Pass.) 48.1 (1195572 28.9t/nm2 8.40*) 20.08 - Kalinowski 1982
(62000 ) 20.08 - BIOMASS 1986
FIBEX (Drake Pass.) 48.1 (70827 34.0t/nm?2 9.93*) 20.08 - Lillo & Guzman 1982
(182000 7.2/m3 715.00) 20.08 - BIOMASS 1986
FIBEX (Bransfield St) 48.1 (2271000 346.0t/nm?2 100.00*) 20.08 - Kalinowski 1982
(136000 4.79/m3 468.00) 20.08 - BIOMASS 1986
FIBEX (Bransfield St)  48.1 (448795 76.2t/nm? 22.26*) 20.08 - Lillo & Guzman 1982
(800000 32.2g/m3 3225.00) 20.08 - BIOMASS 1986
Dec/Jan SIBEX | (Drake Pass.) 48.1 122470 4.0t/nm? 1.17* 18.15,10.70 Kalinowski et al.
1983/84 1985
SIBEX | 48.1 70593 3.0t/nm?2 0.88* 18.15,10.70 Kalinowski et at.

(Bransfield Strait)

1985

*  Assumes one tonne per nautical square mile = 0.292 g/m2. All density values assume a depth range of 100 m.

* * Daytime data only.
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Table 4 (continued)

Date Location Subarea Biomass Density Density CPUE (Japan) Ref for
of study (tonnes) (published) estimated survey
(g/m2)
Acoustic surveys (Australia, France, Japan, South Africa)
Feb/Mar FIBEX (Prydz Bay 58.4.2 4512000 - 1.97 4.24, 3.60 BIOMASS 1986
1981 Bouvet Is.) 48.6 :
Feb/Mar 1985 SIBEX Il (Prydz Bay) 58.4.2 124000 48.0g/m3 0.48 - - Miller 1987
Jan/Mar 1981 FIBEX (Prydz Bay) 58.4.2 **1600000 1.1g/m? - 3.30, 4.24, Higginbottom et al.
4.60 1988
Jan/Feb 1984 ADBEX (Prydz Bay) 58.4.2 **3500000 2.7g/m? - - Higginbottom et al.
1988
Jan 1985 SIBEX li 58.4.1 **3700000 2.9g/m? - 5.04 Higginbottom et al.
(Prydz Bay) : 1988
Net haul surveys
Oct/Nov 1983 SIBEX | 48.1 723000 103.2g/103m?3 10.32 10.25,13.75 Nast 1986
Mar/Apr 1984 SIBEX | 58.4.2 550000 34.8g/103m?3 3.48 - - Miller 1986
Nov/Dec 1984 SIBEX I 48.1 25200 36.0g/103m3 3.60 -, 106
Mar/Apr 1985 SIBEX Il 48.1 164000 23.49/103m3 2.34 (9.46 Feb) Nast 1986

*  Assumes one tonne per nautical square mile = 0.292 g/m2. All density values assume a depth range of 100 m.
* * Daytime data only.
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AREA 48  ATLANTIC ANTARCTIC AREA
48.1 Peninsula Subarea
48.2 South Orkney Subarea
48.3 South Georgia Subarea
48.4 South Sandwich Subarea
48.5 Weddell Subarea

50
60 48.6 Bouvet Subarea
60" AREA 58 INDIAN OCEAN ANTARCTIC AREA
. 70 58.4 Enderby-Wilkes Subarea
707
- 58.4.1 Enderby-Wilkes Division 1
° 0
80 58.4.2 Enderby-Wilkes Division 2
90° o0° 58.4.3 Enderby-Wilkes Division 3
100° 58.4.4 Enderby-Wilkes Division 4
100° 58.5 Kerguelen Subarea

no’ 58.5.1 Kerguelen Division

no® 58.5.2 McDonald-Heard Division
58.6 Crozet Subarea
58.7 Marine-Prince Edward Subarea

120°

1120°

130°

Boundery of Cenvention
Area

----- - Boundary of Arecs
ol|l-==-- Boundary of Sub-Arecsi®
1407 Boundary of Divisions

AREA 88 PACIFIC ANTARCﬁC AREA
88.1 Eastern Ross Subarea
88.2 Western Ross Subarea

West 150° &P 170° 180° 7@
est 150 1 ! 88.3 Amundsen Sea Subarea

Figure 1: Statistical areas, subareas and divisions of the CCAMLR Convention Area (CCAMLR, 1988a).
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Figure 15: Monthly CPH values for the Japanese krill fishery in (a) Subarea 48.1 (1980/81 to 1987/88), (b) Division 58.4.1 and
(c) Subarea 88.1 from 1876/77 to 1987/88.
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Figure 16: Monthly CPH values for the Japanese krill fishery in Divisions (a) 58.4.2 and (b) 58.4.4 from 1973/74 to 1982/83.
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Figure 17: Monthly CPH values for the Japanese krill fishery in Subareas 48.1 and 48.2
for the period 1980/81 to 1987/88.
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Figure 18: Annual fishing effort (hours fished) by the Japanese krill fishery in Subareas 48.1 and 48.2 (1980/81 to 1987/88).
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Figure 19: Seasonal mean CPH of the Japanese fishery in Subareas 48.1 and 48.2
(1980/81 to 1987/88).
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Figure 22: Seasonal mean CPH for the Soviet krill fishery in Subareas 48.2 and 48.3
(1982/83 to 1987/88).

267




+—248.2
. n=6 FOR MEAN 1983 -1988 e——248.3

b o) o
I | I

MEAN CATCH (t) PER HOUR FISHED
®)
]

| | I | ! | [ ! ] I 1
JUL. AUG. SER OCT NOV. DEC. JAN. FEB.MAR. APR. MAY JUN.
MONTH

Figure 23: Mean monthly CPH for the Soviet krill fishery in Subareas 48.2 and 48.3 for
the period between 1982/83 and 1987/88.
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Fishing effort (hours fished) per month for the Soviet krill fishery in

Subareas 48.2 and 48.3 (1982/83 to 1987/88).

Figure 24:
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Figure 25: Monthly CPH for the Soviet fishery in Subareas 48.2 and 48.3 (1982/83 to
1987/88).
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Figure 26: Monthly fishing effort (hours fished) by year for the Soviet fishery in
Subarea 48.3 (1982/83 to 1987/88).
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Figure 27: Seasonal mean CPH for the Soviet fishery in Subarea 48.2 versus
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Mizroch et al., 1985).
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Liste des tableaux

Captures anuelles du krill avant 1973/74 (d'aprés Everson, 1978 et
Bengtson, 1984).

Capture totale/heure de péche/année (1), capture moyenne/heure de
péche/saison de péche (2), et capture moyenne/heure de péche/année (3)
pour les pécheries du krill soviétiques et japonaises par sous-zone. Toutes
les données sont enregistrées en t/hre; pour une explication des indices
d'effort, se référer au texte.

Effort de péche (heures de péche) moyen annuel (/période de 12 mois) et
saisonnier (/mois péchés) pour la pécherie du krill soviétique dans la
sous-zone 48.3, 1983 a 1988.

Version mise a jour du Tableau 3 dans Everson (1988), comparant CPH et
les estimations d'abondance par les campagnes d'évaluation indépendantes
pendant les mémes mois et dans a peu prés les mémes zones. Les paires de
données entre parenthéses sont les résultats d'analyses différentes des
mémes ensembles de données.

Liste des figures

Zones statistiques, sous-zones et divisions de la zone CCAMLR (CCAMLR,
1988a).

Captures annuelles du krill déclarées, par pays, de la zone CCAMLR
(SUN = Union soviétique, JPN = Japon. "All but SUN, JPN" comprend le
Brésil, le Chili, la République démocratique d'Allemagne, la Corée et la
Pologne).

Captures annuelles du krill déclarées, par zone statistique, provenant de la
zone CCAMLR.

Captures annuelles du krill déclarées, par pays, dans la zone 48.
Captures annuelles du krill déclarées, par pays, dans la zone 58.
Captures annuelles du krill déclarées, par pays, dans la zone 88.

Captures cumulatives du krill provenant des sous-zones (a) 48.1,
(b) 48.2, (c) 48.3, (d) 48.4, (e) 48.6 et (f) "sous-zone inconnue".

Captures cumulatives du krill provenant des sous-zones (a) 58.4, (b) 58
"inconnue”, (c) 88.1, (d) 88.2, (e) 88.3 et (f) "inconnue".

Captures annuelles du krill de la zone 48, par sous-zone sélectionné.

Captures du krill par mois dans les sous-zones (a) 48.1, (b) 48.2 et
(c) 48.3 (1982/83 a 1987/88), et dans les zones (d) 58 (1973/74 a
1987/88 - les données de 1982/83 ne comprennent que les données
soviétiques) et (e) 88 (1976/77 a 1986/87 ne comprennent que les
données japonaises).
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division 58.4.1 (données japonaises seulement). Les mois sont numérotés
selon l'année australe (c.-a-d. 88.3 représente septembre dans l'année
australe 1987/88) - voir le texte pour des détails supplémentaires.

Indices de capture du krill (tonnes) par heure de péche (CPH) dans les
sous-zones (a) 48.1, (b) 48.2 et (c) 48.3.

CPH moyenne pour la pécherie japonaise entre 1972/73 et 1987/88.

Comparaison entre les valeurs de CPH pour la pécherie japonaise et celles
pour les autres nations dans la méme sous-zone et pendant le méme mois.

Valeurs CPH mensuelles pour la pécherie du krill japonaise dans (a) la
sous-zone 48.1 (1980/81 a 1987/88), (b) la division 58.4.1 et (c) la
sous-zone 88.1 de 1976/77 a 1987/88.

Valeurs mensuelles de CPH pour la pécherie du krill japonaise dans les
divisions (a) 58.4.2 et (b) 58.4.4 de 1973/74 a 1982/83.

Valeurs mensuelies de CPH pour la pécherie du krill japonaise dans les
sous-zones 48.1 et 48.2 pour la période 1980/81 a 1987/88.

Effort de péche annuel (heures de péche) par la pécherie du krill japonaise
dans les sous-zones 48.1 et 48.2 (1980/81 4 1987/88).

CPH moyenne saisonniére de la pécherie japonaise dans les sous-zones 48.1
et 48.2 (1980/81 a 1987/88).

Comparaison entre la CPH moyenne saisonniére pour la pécherie du krill
dans la sous-zone 48.1 et celle dans la sous-zone 48.2.

Comparaison entre les valeurs de CPH pour la pécherie japonaise du krill
pendant les mémes mois, entre décembre et avril, pour la sous-zone 48.1,
et celles pour la sous-zone 48.2.

CPH moyenne saisonniére pour la pécherie soviétique du krill dans la
sous-zone 48.2 et 48.3 (1982/83 & 1987/88).

CPH moyenne mensuelle pour la pécherie soviétique du krill dans les
sous-zones 48.2 et 48.3 pour la période entre 1982 et 1987/88.

Effort de péche (heures de péche) par mois pour la pécherie soviétique du
krill dans les sous-zones 48.2 et 48.3 (1982/83 a 1987/88).

CPH mensuelle pour la pécherie soviétique dans les sous-zones 48.2 et 48.3
(1982/83 a 1987/88).

Effort de péche mensuel (heures de péche) par année pour la pécherie du
krill dans la sous-zone 48.3 (1982/83 a 1987/88).

CPH moyenne saisonniére pour la pécherie du krill soviétique dans la
sous-zone 48.2 comparée avec celle dans la sous-zone 48.3.

Comparaison entre les valeurs CPH dans les sous-zones 48.2 et 48.3 pour la
pécherie du krill pendant les mémes mois (1982/83 a 1987/88).




Figure 29:

Tabauna 1.

Tabuuna 2:

Tabauia 3:

Tabuunna 4:

PucyHok 1:

PucyHnok 2:

PrcyHok 3.

PucyHok 4:

PucyHox 5.

PucyHox 6.

PucyHok 7.

Captures des petits rorquals en Antarctique, prises entre 1972/73 et
1979/80 pendant (a) décembre, (b) janvier, (c) février et (d) mars
(d'aprés Mizroch et al., 1985).

CnucoK TabJuaui

ExerozHbili BbIJIOB Kpuasa Ao 1973/74 r. (Everson, 1978 u Bengtson,
1984).

O6muli BbIJIOB/Uac TMpombicja’/ros (1), cpeAHU  BblJIOB/Uac
npomsicaa/roz (2), U cpeAHUN BbBIJIOB/Yac Mpomblcjaa/roa (3) npu
nnpoMmeicye kKpuiada CCCP u dnoHuer no nofpaiioHaM. Bce paHHble
BbIpaXXeHbI B T/4ac; ollpeeseHUsT MHAECKCOB NTPOMBICJIOROIC yCUJIIUS
NPUBOASITCS B ' TEKCTE,

CpeaHee exerozHoe (/12-MeCsiUHBIM NEePUOA)} U CE30HHOE (/MeCsILibl
[IpOMBICJIa) [TPOMBICJIOROE YCUJIUE (Uachl MPOMBICJA) IIPU COBETCKOM
rnpomseicye Kpuas B llofpatioHe 48.3, 1983-1988 T,

HonosHenHslii BapuaHT Ta6auusm 3 (Everson, 1988) B koTopoit
cpaBHHUBawTCsl yJsoB/uac (CPH) u He3aBHCHMblE ChbeMOUHbIE OL€HKU
UHUCJEHHOCTH B TeUeHUe OJHUX U TeX Xe MeCsLUeB U NPpUBJIU3UTENbHO
B OZHHUX U TeX Xe palioHax. [lapbl aHHBIX B CKO6KaX HbIJIU MTOJIYUEHbI
B pe3yJbTaTe pa3/JUUHBIX BUJOB aHaJU3a OAHHUX U TeX Xe Habopor
JIaHHBIX,

CIINGOK PUCYHKORB

CratucTUueckue palioHbl, IloapalioHbl U YUacTKH 30HB AeHCTBUSA
Konpennuu (AHTKOM, 1988a).

IIpencTaBisieHHble AaHHbIE I10 BBIOBY KpPHJISI B 30HE JAEHCTBUS
KonBenuun no crpaHaM. (SUN-Coperckuit Comws, JPN-dnonus,
OcTtaJsbHble cTpaHbl kpoMe SUN, JPN - Bpazusus, Yuau, I'[P, Kopes u
oabma).

IIpeacraBJieHHbie JaHHbie MO €XeroJHoOMYy BBIJIOBY KPUJsS MO
CTaTUCTHUECKHUM pafioHaM 30HbBI ZIeNCTBHUA KOHBEHIIMY,

[IpeacTtaBJieHHble JaHHBIE IO €XErOAHOMY BBIJIOBY KPUWJIS I1O CTpaHaM
B CTaTUCTUUECKOM palioHe 48,

IIpeacTaBJ/ieHHble AaHHbBIE IO €XEroHOMY BbIJIOBY KPUJIsl TO CTpaHaM
B CTATUCTUUECKOM palioHe 58,

IIpeacTaB/IeHHbIE ZJaHHbBIE TIO €XEroJHOMY BbIJIOBY KPUJIS ITO CTpaHaM
B CTaTHCTUYECKOM parioHe 88,

KyMyIsTUBHbBIE yJIOBBI KpUJs, NIoJyueHHble B [logpalioHax (a) 48.1, (b)
43.2, (c) 48.3, (d) 48.4, (e) 48.6 u (f) "HenssecTteH",
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PucyHok 8:

PucyHoKk 9:

PucyHok 10:

PucyHnok 11:

PucyHok 12:

PucyHok 13:

PucyHoK 14

PucyHok 15:

PucyHOK 16:

PucyHok 17:

PucyHok 18:

PucyHok 19:

PucyHoxk 20:

PucyHok 21:

PucyHoOK 22:

PucyHok 23:
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KyMyJ/isiTUBHBIE YJIOBBI KpUJS, NoJiyueHHble B [loapatioHax (a) 58.4, (b)
58 "HeussecTeH", (€) 88.1, (d) 88.2, (e) 88.3 u (f) 88 "HeuzpecTeHn",

ExerozHnlii BBIJIOB KpWJsi B CTaTUCTUYECKOM palioHe 48 1o
OTAEJbHBIM NOApalioHaM,

VoBbl KpuJist o MecsiaM B llogparionax (a) 48.1, (b) 48.2 u (c) 48.3
(1982/83 - 1987/88 rr.) u B PafioHax (B) 58 (1973/74 - 1987/88 rT. -
COBETCKHE JaHHble TOJbKO 3a 1982/83 r.) u (y) 88 (1976/77 - 1986/87
IT. - TOJbKO SITOHCKHE AaHHbIE),

YoBbl KpUJIst IO pa3bUTBIM roZaM M MecsillaM 3a nepuoA 1976/77 -
1987/88 rr. B I[loApaiioHax (a) 48.1, (b) 48.2 u (c) 48.3, (d) YuacTok 58.4.1
(ToJibko simoHCKHe AaHHble) U (e) lloapalioH 88.1 (TOMBKO SAMOHCKUE
JaHHble), Mecsipl NpPOHYMEpPOBaHbl B COOTBETCTBUU C Pa3BbUTHIM
roaoM (Hanp. 88.03 Ha TOpPU3CHTAJBHOM OCH - TpETUl Mecsl
pas6uToro 1987/88 roza - T.e. ceHTs16pb). CM. o6bsICHEHUE B TEKCTE,

Huaekcol yJoBOBR KpUJst (T.) 3a uac npoMeicsa (CPH) B lloagparioHax (a)
48.1, (1) 48.2 u (c) 48.3.

Cpeanuit CPH npu siTOHCKOM NpPOMBICJE KPUJS B TeueHUe NepHoa
1972/73 - 1987/88 rr.

CpaBHeHue BesuunH CPH npu sinoHckoM npoMsbicie U BeauuuH CPH
NpH NpoMbicje ApYyrux CTpaH - B OJAHOM U ToM Xe IlogpafioHe B
TeueHHe OJHOI'O U TOrO Xe Mecsila.,

ExxeMecsiuHble BesauuuHbl CPH nmpu sinoHckoM NMpoMbicje KpUJis B (a)
Ilogpatione 48.1 (1980/81 - 1987/88 rr.), (b) Ha YuacTke 58.4.1 u (c)
Noxpaiione 88.1 ¢ 1976/77 no 1987/88 rT.

ExeMecsiunble BesuuuHbl CPH mpu SSNOHCKOM NpOMBICJIE KPUJIsT Ha
VYVuacTkax () 58.4.2 u (b) 58.4.4 ¢ 1973/74 o 1982/83 rr.

ExxeMecsiunble BesiuuuHbel CPH npu SIMOHCKOM INpOMBICJE KPUJsT B
Hoapationax 48.1 1 48,2 ¢ 1980/81 no 1987/88 rT.

ExeroziHoe NpoMbICJ/IOBOE YCHJIME (Uachl POMbBICJIA) NIPH SITOHCKOM
npowmbicde KpuJsi B logpaiioHax 48.1 1 48,2 (¢ 1980/81 no 1987/88 rr.).

CezoHHbIlt cpeanHuit CPH npu siMOHCKOM INpOMBICJiE KPUJS B
MoapaiioHax 48.1 1 48.2 (c 1980/81 no 1987/88 r.).

CpaBHeHHe ce3oHHoro cpeaHero CPH npu snmoHCKOM NpoOMEIc/e
kpuJs B llogpaiioHax 48,1 u 48.2,

CpaBHeHue BequuuH CPH npu sinoHCKOM NMpOMBIC/E KPHJISE 34 OZIHU U
Te Xe Mecsilbl ¢ lekabps o anpeJb B [logpalioHax 48.1 1 48.2.

Ce3soHHblil cpeanuit CPH npu COBETCKOM HpOMBICJE KpUJisS B
Hoapationax 48.2 1 48.3 (c 1982/83 no 1987/88 r.).

ExeMecsaunbiii cpeaHuii CPH npu coOBeTCKOM NpOMBIC/IE KPUJS B
lloapaiionax 48.2 u 48.3 ¢ 1982/83 no 1987/88 rT.




PucyHoOK 24:

PucyHok 25:

PucyHok 26:

PucyHok 27:

PucyHok 28:

PucyHok 29:

Tabla 1:

Tabla 2:

Tabla 3:

Tabla 4:

Figura 1:

Figura 2:

Figura 3:

Figura 4:

Figura 5:

IIpoMbicsioBOE ycUJIME (4achl MPOMBICJA) 3a MeCsil, NPU COBETCKOM
rnpombicJie KpuJais B [logpaiioHax 48.2 1 48.3 ¢ 1982/83 nmo 1987/88 rT.

ExeMecsunbiii CPH npu coBeTckoM npowmbicie B I[loapatioHax 48.2 u
48.3 ¢ 1982/83 o 1987/88 T,

ExxeMecsiuHO€E NMPOMBICJOBOE yCUJIHE (Wachl IIPOMbICJA) IO ToZlaM IpU
COBETCKOM NpoMbiciie B lloapaiioHe 48.3 ¢ 1983/83 no 1987/88 rr.

CezonHbll cpeanuilt CPH npu coBeTcKOM npowebicje B IloapalioHax
48.2 1 48.3,

CpaBHenue BeauuuH CPH npu coretckoM npowmsbicie B MoapalioHax
48.2 1 48.3 3a OAHU U Te Xe Mecsilbl ¢ 1982/83 mo 1987/88 rr.

Y JIOBBI MAJIOT'O ITOJIOCATHKA, MOJyUeHHble B AHTapKTUKe ¢ 1972/73 no
1979/80 rr. B TeueHue (a) Aekabps, (b) sHBaps, (C) derpand u (d) MapTa
(Mizroch et al., 1985).

Lista de las tablas

Capturas anuales de krill previas a 1973/74 (de. Everson 1978 y Bengtson
1984).

Captura Total/hora de pesca por afio (1), captura media/hora de pesca por
temporada de pesca (2), y captura media/hora de pesca por afio (3) para las
pesquerias soviética y japonesa de krill por Subareas. Todos los datos se dan
en t/hr; para explicacion de los indices de esfuerzo, refiérase al texto.

Esfuerzo de pesca (horas de pesca) anual medio (/periodo-de 12 meses) y de
temporada (/meses de pesca) para la pesqueria soviética de krill en la
Subarea 48.3, desde 1983 hasta 1988.

Versién actualizada de la Tabla 3 en Everson (1988) que compara CPH y las
estimaciones de abundancia de los estudios independientes realizados durante
los mismos meses y en aproximadamente las mismas areas. Datos en
paréntesis son el resultado de diferentes analisis hechos en los mismos
conjuntos de datos.

Lista de las figuras

Areas estadisticas, subareas y divisiones del area de la Convencién de la
CCRVMA (de CCRVMA, 1988a).

Capturas de krill anuales notificadas por pais procedentes del area de la
CCRVMA (SUN = Unién Soviética, JPN = Japén, Todos, con la excepcion de
SUN y JPN = Brasil, Chile, RDA, Corea y Polonia).

Capturas anuales de krill notificadas por area estadistica del area de la
Convencién de la CCRVMA.

Capturas anuales de krill notificadas por pais en el Area Estadistica 48.

Capturas anuales de krill notificadas por pais en el Area Estadistica 58.
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Capturas anuales de krill notificadas por pais en el Area Estadistica 88.

Capturas de krill acumulativas de las Subdareas (a) 48.1, (b) 48.2,
(c) 48.3, (d) 48.4, (e) 48.6 y (f) “desconocida”.

Capturas de krill acumulativas de las Subéareas (a) 58.4, (b) 58
“desconocida”, (c) 88.1, (d) 88.2, (e) 88.3 y (f) 88 “desconocida”

Capturas anuales de krill en el Area Estadistica 48 por Subarea seleccionada.

Capturas de krill por mes en las Subéareas (a) 48.1, (b) 48.2 y (c) 48.3
(1982/83 a 1987/88), y en las Areas (d) 58 (1973/74 a 1987/88 -
informacion soviética de 1982/83 solamente) y (e) 88 (1976/77 a
1986/87 - informacién japonesa solamente).

Capturas de krill por afio dividido y por mes para el periodo de 1976/77 a
1987/88 en las Subareas (a) 48.1, (b) 48.2, y (c) 48.3, (d) Divisidn
58.4.1 (informacién japonesa solamente) y (e) Subarea 88.1 (informacion
japonesa solamente). Los meses estan enumerados de acuerdo al afio dividido
(por ej. 88.03 en el eje horizontal correspondera al tercer mes del afio
dividido 1987/88, esto es, septiembre) - refiérase al texto para mayor
informacion.

Indices de captura de krill (t) por hora de pesca (CPH) en las Subéreas
(a) 48.1, (b) 48.2 y (c) 48.3.

CPH media para la pesqueria de krill japonesa entre 1972/73 y 1987/88.

Comparacién de los valores mensuales de CPH para la pesqueria de krill
japonesa con aquellos para otras naciones en la misma Subarea y durante el
mismo mes.

Valores mensuales de CPH para la pesqueria de krill japonesa en (a) Subéarea
48.1 (1980/81 a 1987/88), (b) Division 58.4.1 y (c) Subarea 88.1
desde 1976/77 a 1987/88.

Valores mensuales de CPH para la pesqueria de krill japonesa en las
Divisiones (a) 58.4.2 y (b) 58.4.4 de 1973/74 a 1982/83.

Valores mensuales de CPH para la pesqueria de krill japonesa en las Subéareas
48.1 y 48.2 para el periodo 1980/81 a 1987/88.

Esfuerzo de pesca anual (horas de pesca) de la pesqueria de krill japonesa en
las Subdareas 48.1 y 48.2 (1980/81 a 1987/88).

CPH media de temporada de la pesqueria japonesa en las Subgreas 48.1 y
48.2 (1980/81 a 1987/88).

Comparacién de CPH media de temporada para la pesqueria de krill japonesa
en la Subdrea 48.1 versus Subarea 48.2.

Comparacién de valores de CPH para la pesqueria de krill japonesa en los
mismos meses entre diciembre y abril para la Subarea 48.1 versus
Subarea 48.2.

CPH media de temporada para la pesqueria de krill soviética en las Subareas
48.2 y 48.3 (1982/83 a 1987/88).
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CPH media mensual para la pesqueria de krill soviética en las Subareas 48.2
y 48.3 para el periodo entre 1982/83 y 1987/88.

Esfuerzo de pesca mensual (horas de pesca) para la pesqueria de krill
soviética en las Subareas 48.2 y 48.3 (1982/83 a 1987/88).

CPH mensual para la pesqueria soviética en las Subareas 48.2 y 48.3
(1982/83 a 1987/88).

Esfuerzo de pesca mensual (horas de pesca) por afio para la pesqueria
soviética en la Subarea 48.3 (1982/83 a 1987/88).

CPH media de temporada para la pesqueria soviética en la Subarea 48.2
versus Subdrea 48.3.

Comparacién de los valores de CPH en las Subéreas 48.2 y 48.3 para la
pesqueria soviética durante los mismos meses (1982/83 a 1987/88).

Capturas de rorcuales aliblancos en la Antartida entre 1972/73 y 1979/80

durante (a) diciembre, (b) enero, (c) febrero y (d) marzo (de Mizroch et
al.,, 1985).
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