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Abstract

An assessment of the competition between the Japanese krill (Euphausia superba) fishery
and penguins during the penguins’ breeding season (December to March) in the South
Shetland Islands (Subarea 48.1) was made based on available information on the fishery,
penguins and krill. The krill catch is very low in December while the catch rate for the
following three months is roughly constant (3 000 to 10 000 tonnes/10-day period) due
to an increase in fishing intensity in areas closer to the northern shelf of either
Livingston or Elephant Island. In contrast, food consumption by penguins is estimated
to be high to the north of King George, Nelson and Robert Islands (9 746 tonnes/10-day
period), and around Low (6 102 tonnes/10-day period) and Clarence (5 663 tonnes/10-
day period) Islands, but small to the north of Livingston (1 921 tonnes/10-day period)
and Elephant (1 991 tonnes/10-day period) Islands. Thus, the overlap between the main
fishing and foraging areas is insignificant and implies a low level of competition
between the fishery and penguins. Krill biomass was estimated to be as large as 200 to
1 500 x 10° tonnes within the preferred fishing areas during the breeding season.
Compared with the level of biomass (200 x 10° tonnes) and its variability (the order of
100 x 10° tonnes/10-20-day period), the present catch rate (<10 x 10° tonnes/10-day
period) is smaller by one or more orders of magnitude within the localised areas. Thus,
the present fishery is very unlikely to have an adverse impact on the local krill biomass,
and hence on penguins, when catch levels are also taken into account.

Résumé

La concurrence entre la pécherie japonaise de krill (Euphausia superba) et les manchots
pendant leur saison de reproduction (de décembre & mars) aux iles Shetland du Sud
(sous-zone 48.1) a été évaluée a partir des informations disponibles sur la pécherie, les
manchots et le krill. La capture de krill, trés faible en décembre, est suivie d'un taux de
capture & peu pres constant (de 3 000 a 10 000 tonnes/période de 10 jours) pendant les
trois mois suivants, a la suite d’un accroissement de l'intensité de péche dans des
secteurs plus proches du plateau septentrional de I'ile Livingston ou de I'lle Eléphant.
Par contre, la consommation de nourriture des manchots est estimée élevée au nord des
iles du roi George, Nelson et Robert (9 746 tonnes/ période de 10 jours) et autour des iles
Low (6 102 tonnes/période de 10 jours) et Clarence (5 663 tonnes/période de 10 jours)
mais faible au nord des iles Livingston (1921 tonnes/période de 10 jours) et Eléphant
(1991 tonnes/ période de 10 jours). Le chevauchement des principaux secteurs de péche
et d’approvisionnement est donc insignifiant et laisse entendre un faible taux de
concurrence entre la pécherie et les manchots. Pendant la saison de reproduction, la
biomasse de krill présente dans les lieux de péche les plus fréquentés a été estimée de
I'ordre de 200 a 1 500 x 103 tonnes. Par comparaison au taux de biomasse
(2200 x 10° tonnes) et & sa variabilité (de 'ordre de 100 x 10° tonnes/période de
10-20 jours), le taux de capture actuel (<10 x 10° tonnes/période de 10 jours) est inférieur
a 10% de la biomasse a I'intérieur des secteurs localisés. La pécherie actuelle est donc
fort peu susceptible d’avoir un impact faicheux sur la biomasse du krill local et de ce fait
sur les manchots, siI'on prend également en considération les taux de capture.

Pesrome

Ha ocHoBe umeromeiics uadopMannn O NPOMBICJIE, MUHI'BUHAX U KpHJe Obljia
BBIIOJIHEHA OLEHKA KOHKYDPEHUMH MEX/JY AMNOHCKHM NMpPOMBICJIOM Kpuss (Euphausia
superba) v IMHIBHHAMY BO BpPEMS CE€30HA Pa3MHBOXKEHHS NMUHIBHHOB. [lexaOpbckuii
BBIJIOB KPHUJISL OUEHb HN30K, ONHAKO B TEUCHHE CJEAYIOMHX TPEX MECAUECB
HHTEHCHBHOCTD JioBa Oouiee ni menee crabunsha (3 000 - 10 000 toun/10-aHeBHbIH
HEePHOO), YTO BBHI3BIBAHO YBEJIMUEHHUEM IIPOMBICJIOBOH MHTEHCHBHOCTH B paflOHax
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OsmKe K ceBepHOMY Liesibdy 0-BoB JIMBHHICTOH min Dsecant. [lo cpaBHEHHIO C
ITUM, 110 OLECHKAM, YPOBEHb NOTPEOJICHHS MUILM IHHIBHHOB BBICOK OKOJIO CEBEPHOI
vacth 0-BoB Kunr-/xopax, Henbcon u PoGepr (9 746 toun/10-auesHbil nepuomn),
Jloy (6 102 tonnnl/10-gHeBHBIH nepuon) u Kiapeuc (5 663 tonnbl/10-gHeBHBI
Hepuoa), HO HU30K OKOJIO CEBEepHOi 4acTu 0-BOB Jluuurcron u Dedant (1991
TOHHa/10-gHeBHbIH neproa). I1oaToMy coBMellienue OCHOBHBIX MPOMBICIOBHIX
YUacCTKOB H HATYJIBHBIX 4PEajlOB HE3HAUMTEJIBHO W YKA3blBAET HA HU3ZKHI YpOBEHb
KOHKYDEHIMH MeXOy NPOMBICIIOM W NUHTBHHAMHU. B npenesiax npeanoddTaeMbIix
MPOMBICJIOBBIX YyYaCTKOB BO BPEMsd CE€30HA pPa3MHOXeHUs OuomMacca KpPHJIs
ounenusasach B 200 - 1 500 x 10° Tonn. ITo cpaBHeHHIO ¢ YpOBHEM OHOMACCHI
(2200 x 10° Toun) u ce uzmenunBocTbio (nopsaka 100 x 10° Tonn/10-20-aueBHPIH
Hepuoa), B Npeaesiax JIOKaJIU30BAHHBIX PAHOHOB COBpeMeHHAs MHTEHCHBHOCTH JIOBA
(210 x 10° Tosn/10-nAeBHBII NEpHO) MEHbILE HA OQUH WM GoJiee NOpAAKoB. B CBs3u
€ JTHM, €CJI MPUHATH BO BHUMAHHE YPOBCHD BBIJIOBA, TO BECHMa MAJIOBEPOSITHO, UTO
CYIIEeCTBYIOIHMH NpOMBIcesT HEOIArONMPUSITHO CKaXeTCs Ha JIOKaJbHOH Guomacce
KPWUJISL M, TEM CAMBIM, HA MUHI'BHHAX.

Resumen

Se evalu¢ el grado de competitividad entre la pesqueria japonesa de kril (Euphausia
superba) y los pingiiinos de las islas Shetland del Sur (Subérea 48.1) durante su época de
reproduccién (diciembre a marzo). Esta evaluacion se hizo sobre la base de la
informacion disponible de la pesqueria, pingiiinos y kril. El nivel de captura de kril en
el mes de diciembre es muy bajo, mientras que el nivel de captura de los tres meses
siguientes se mantiene relativamente constante (3 000 a 10 000 toneladas por periodo de
10 dias). Esto es causado por un aumento en la intensidad de la pesca efectuada en las
zonas mas proximas a la plataforma septentrional de las islas Livingston y Elefante. En
contraste, se estima que el kril consumido por pingiiinos cerca del norte de las islas rey
Jorge, Nelson y Robert (9 746 toneladas por periodo de 10 dias), y cerca de Low
(6 102 toneladas por periodo de 10 dias) y Clarence (5 663 toneladas por periodo de
10 dias) es alto. Por el contrario, hay un bajo consumo de kril al norte de las islas
Livingston (1 921 toneladas por periodo de 10 dfas) y Elefante (1 991 toneladas por
periodo de 10 dfas). Asf, la superposicién entre la pesca mas importante y las zonas de
alimentacién es insignificante, suponiendo un bajo grado de competencia entre la
pesqueria y los pingiiinos. La biomasa de kril se estimé de 200 a 1 500 x 10° toneladas
dentro de la zona de pesca preferida durante la época de reproduccion. Al contrastar
este valor con el nivel de biomasa (2200 x 10% toneladas) y su variabilidad (del orden de
100 x 10° toneladas por periodo de 10 a 20 dias), el nivel actual de captura
(<10 x 10° toneladas por periodo de 10 dfas) resulta inferior en uno o mas 6rdenes de
magnitud dentro de las zonas localizadas. De esta manera, cuando se consideran los
niveles de captura, resulta muy poco probable que la pesca actual perjudique a la
biomasa de kril local, y por consiguiente, a los pingiinos.

Keywords: krill, fishery, penguins, competition, CCAMLR

INTRODUCTION

Although the current level of Antarctic krill
(Euphausia superba) harvesting is very low in
comparison to the total krill biomass, the fishery is
concentrated in localised areas in the South Atlantic
sector (Everson and Goss, 1991). Agnew (1992) has
indicated that in the South Shetland Islands (Subarea
48.1) (Figure 1) a substantial fishery consistently
operates within the foraging ranges of land-based
krill predators during their critical breeding periods.
This temporal and spatial overlap between fishing
and foraging activities has raised serious concerns
regarding the potential impact of localised krill
catches on predators (SC-CAMLR, 1992).
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However, the actual competition between
predators and the fishery should be assessed not only
in terms of overlap, but also in terms of the influence
of fishing on the availability of krill to predators
(Croxall, 1987; Croll, 1990). Unfortunately, estimates
of krill availability are not yet to hand; only those of
krill biomass in penguin foraging areas are
obtainable. Since there may be some relationship
between krill availability and biomass, information
on biomass should be taken into consideration when
assessing the level of competition. The objective of
this study is to make a more realistic assessment of
the potential competition in Subarea 48.1 by
considering not only the overlap between the fishery
and predators, but also local krill biomass.
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In Subarea 48.1 the Japanese catch has
amounted to as much as 80% of the total catch for
the past ten years (CCAMLR, 1993), so only
Japanese data were used here. As regards
land-based predators, we considered only
penguins, which are the major predators in terms
of krill consumption in this subarea (Croll, 1990).
Antarctic fur seals (Arctocephalus gazella) have not
been included here because their estimated total
consumption of food is only 1% of that of
penguins (Croll, 1990).

SPATIAL AND TEMPORAL PATTERNS
OF KRILL CATCHES

In order to clarify the distribution and timing
of fishing effort, krill catches were calculated for
each square of 10 minutes latitude by 20 minutes
longitude (=10 x 10 n miles) per 10-day period
during the penguin breeding season. The
breeding season was assumed to be the four
months from December to March (Agnew, 1992).
The two most recent fishing seasons (i.e., the
1990/91 and 1991/92 seasons) and the 1988/89
season, when the largest catch was taken from
Subarea 48.1, were chosen for the study of the
pattern of fishing activities.

In the 1988/89 season the fishery began with a
low catch in late December, followed by catches of
3 300 to 10 000 tonnes/10-day period for the
following three months (Figure 2). Fishing was
initially (in early and mid-January) concentrated
over the slope to the west or northwest of
Elephant Island. It then shifted to the north of
Livingston Island in late January, when it was
concentrated over the shelf and slope. Fishing
activities in the area to the north of Livingston
Island gradually moved closer to the coast until
mid-March. The total catch from December to
March amounted to 67 056 tonnes, which is the
highest value recorded in the history of the
Japanese krill fishery.

The 1990/91 fishing season began with very
low catches in late December, followed
by roughly constant catch levels (3 000 to
6 000 tonnes/10-day period) for the following
three months (Figure 3). Fisheries activities
tended to spread over the slope to the north of
Livingston Island during early January to
mid-February. In late February and early March
fishing operations became concentrated over the
Livingston Island shelf. The fishery then shifted
to an area north of Elephant Island in mid-March,
and was concentrated over the shelf until late

March. The total catch from December to March
was 41 492 tonnes.

In the 1991/92 season the fishery began with
a low catch in December, followed by roughly
constant catch levels of 4 300 to 5 800 tonnes/10-day
period for the following three months (Figure 4).
Initially (from early January to late February),
fishing tended to spread over the shelf and slope of
Livingston Island, except in mid-January when it
was concentrated over the shelf of Livingston
Island. From early March onward fishing
operations were concentrated in the Livingston
Island area and moved increasingly closer to the
island itself. The total catch from December to
March amounted to 46 648 tonnes.

When other fishing seasons are taken into
account, the following observations may be
made regarding catches in Subarea 48.1: in
December catches are very low, whereas
throughout the following three months they
remain roughly constant, between 3 000 and
10 000 tonnes/10-day period; they are initially
widely distributed over the shelf and slope and
are later confined to particular areas on the shelf
of either Livingston or Elephant Island.

SPATIAL PATTERN OF FOOD
CONSUMPTION BY PENGUINS

Krill consumption by penguins was estimated
for each 10 x 10 n mile square per 10-day period
to allow a comparison with the pattern of krill
catches. Due to the lack of data, no account
is taken of temporal changes in foraging intensity
for each square. The distribution of penguin
foraging effort was evaluated, based on:
(i) the location and size of breeding colonies;
(ii) their foraging ranges; and (iii) estimated
consumption of krill. Details on the size and
location of colonies were available for chinstrap
(Pygoscelis antarctica), Adélie (P. adeliae) and
gentoo (P. papua) penguins from Woehler (1993).
The above-mentioned species comprise 94,
4 and 2% respectively of the total penguin
population in Subarea 48.1. Where an estimate of
colony size was given in terms of a minimum-
maximum range, we chose the maximum
estimate. With regard to foraging ranges,
predators were assumed to forage equally within
radii of 60 km of their respective colonies for
chinstraps, 80 km for Adélies and 20 km for
gentoos (Everson, 1987; Trivelpiece et al., 1987;
Agnew, 1992). Consumption rates of krill
were assumed to be 1 090 g/adult/day for
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chinstraps, 1 240 g/adult/day for Adélie and
1130 g/adult/day for gentoos, which were
presented by Agnew (1992) as values for the
period of highest food demand.

Considerable differences were noted in the
location of chinstraps, Adélies and gentoos
(Figure 5). Large colonies (=200 x 10° breeding
adults) of chinstraps were located on the northern
shores of King George, Nelson and Robert
Islands. It should also be noted that Low,
Clarence and Deception Islands supported large
chinstrap populations, and the fishery has never
occurred near there. In contrast, Adélie and
gentoo colonies were all small (<40 x 10° breeding
adults) and were scattered on the southern sides
of King George and/or Livingston Islands.

The consumption by penguins in a 10-day
period was estimated to be 36 725 tonnes over
the region shown in Figure 6. The overall
distribution of food consumption by penguins
reflects that of chinstraps, which are by far
the dominant species in the region (Figure 6). High
consumption was confined to the northern shelf and
slope of King George, Nelson and Robert Islands
(9 746 tonnes/10-day period) and around Low
(6 102 tonnes/10-day period) and Clarence
(5 663 tonnes/10-day period) Islands. Consumption
was lower in the waters over the shelf and slope to
the north of Livingston Island (1 921 tonnes/10-day
period) and to the west and north of Elephant
Island (1 991 tonnes/10-day period) where fishing is
most active. Total consumption from December to
March amounted to 440 700 tonnes throughout the
region shown in Figure 6.

SPATIAL AND TEMPORAL PATTERNS
FOR KRILL BIOMASS

Estimates of krill biomass are available for grid
squares of 20 x 20 or 30 x 30 n miles from recent
surveys (1989/90 and 1990/91). The krill biomass
for each of these squares was divided equally so
as to be given on the same grid (10 x 10 n miles) as
for catch and consumption.

During the 1989/90 season, four successive sets
of acoustic data were obtained in the vicinity of
Elephant Island during January and February
(AMLR, 1990; Hewitt and Demer, 1993). During
the first survey (mid-January; Figure 7(1)), a major
krill concentration (352 x 10° tonnes) was observed
on the shelf and slope to the northwest of Elephant
Island. During the second survey (late January;
Figure 7(2)) the krill concentration increased over
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the northern (268 x 10° tonnes) and northeastern
(610 x 10° tonnes) shelf and slope of the island. In
the course of the third survey (mid-February;
Figure 7(3)), krill biomass was observed to have
increased further near the northeastern slope of
Elephant Island (996 x 103 tonnes), while it had
decreased to the northwest of the island. A
considerable amount of krill (1 134 x 10° tonnes)
was also observed in deeper water off the slope to
the northeast of the island. During the fourth
survey (late February; Figure 7(4)) krill
concentrations generally combined and appeared
to move westward, making krill biomass along
the northern slope of the island as much as 1 495 x
10° tonnes. A high biomass of krill was also
observed in deep water off the slope to the north
(711 x 10° tonnes) and northeast (326 x 10° tonnes)
of Elephant Island.

Thus, krill abundance varied both spatially
and temporally with the overall biomass along the
shelf and slope of Elephant Island increasing from
500 to 1 800 x 10° tonnes throughout the
two-month observation period. It should be
noted that large krill concentrations, having a
biomass of 200-1 500 x 103 tonnes, occurred
regularly within the traditional fishing grounds.
During this season the principal fishing activities
took place in the Elephant Island area from
mid-February onward, and coincided with areas
of highest krill concentration north of the island
(Figure 7(5)). The distribution of food
consumption by penguins is also shown for

comparison with krill biomass and catches
(Figure 7(6)).

In the 1990/91 season two successive sets of
data were obtained around Elephant Island
and the eastern end of King George Island in late
January and early March (AMLR, 1991; Hewitt
and Demer, 1993). During the first survey
(late January; Figure 8 (1)), a high krill biomass
was observed along the shelf and slope to
the northwest (186 x 10° tonnes) and north
(224 x 10° tonnes) of Elephant Island, and in
deeper water northeast of the island (235 x
10° tonnes). Approximately 200 x 10° tonnes of
krill in total were found around King George
Island. During the second survey (early March;
Figure 8(2)) the biomass along the shelf and slope
north of Elephant Island intensified to 660 x
10% tonnes, but few krill were detected around
King George Island.

Thus, the overall krill biomass along the shelf
and slope of Elephant Island increased from 500 to
1 000 x 10° tonnes over a period of approximately
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one month. High krill concentrations with 220 to
660 x 10° tonnes of biomass occurred within the
preferred localised fishing grounds. Intensive
fishing took place in the area of the highest
biomass from mid-March onward (Figure 8(3)).

An additional set of acoustic data, for the area
north of the South Shetland Islands in late
January, was also available for the 1990/91 season
(Figure 9(1)) (Ichii ef al., 1991). Krill biomass was
estimated to be 1 220 x 10° tonnes over the shelf
and slope north of the South Shetland Islands and
was very high from the north of Livingston Island
to the northwestern end of King George Island
(650 x 10° tonnes). During this period fishing
activity was widespread over the shelf and slope
north of Livingston Island (Figure 9(2)).

DISCUSSION

Agnew (1992) indicated that 90% of the catch
in Subarea 48.1 is usually taken within 80 km of
penguin colonies, suggesting that there is
potential for competition between penguins and
krill fishing. This study, by showing that the
densest colonies of chinstraps are not close to the
areas of highest fishing intensity, may help to
quell concerns regarding this possible
competition. In other words, there is little overlap
between the major fishing and foraging areas.
This implies that less potential exists for
competition between the fishery and penguins
than is implied by Agnew (1992).

The largest colonies of chinstraps are located
in the areas where little or no fishing takes place.
Croll et al. (1993) suggested that chinstraps do not
require extremely dense aggregations of krill in
order to capture sufficient krill to meet their
energy needs. This implies that chinstraps are
associated not only with krill abundance, but also
with other factors such as ice conditions or space
for nest sites. According to the sea-ice maps
(Zwally et al., 1983), Low Island is located within
a coastal polynya (an area of open water in the
midst of consolidated pack-ice) during the austral
winter. Open waters were also observed near
Clarence Island during spring while the sea was
still ice-covered near Elephant Island (Anon.,
1987). Volcanic activity at Deception Island keeps
its surrounding waters ice-free (Anon., 1985).
Since the breeding success of chinstraps is closely
connected with the date of break-out of ice in
spring (Croxall et al., 1988), the earlier annual
occurrence of open water may be closely linked to
the formation of large colonies of chinstraps at

Low, Clarence and Deception Islands, and
probably at King George, Nelson and Robert
Islands as well.

Foraging ranges used in this study are
maximum ranges estimated from a knowledge of
swimming speed, activity budgets and foraging
trip duration (Everson, 1987; Trivelpiece et al.,
1987). During shipboard studies at Seal Island,
near Elephant Island, empirical measurements
were taken of the foraging ranges of chinstrap
penguins. These show that chinstraps performed
most of their foraging dives at a distance of about
3 to 25 km offshore, irrespective of annual
conditions, i.e., even in a krill-poor year (AMLR,
1990, 1991; Bengtson et al., 1993). If chinstraps do
not require dense aggregations of krill, as is
suggested in Croll ef al. (1993), the more limited
foraging range derived from the empirical
measurements may indicate that the actual
overlap between the major fishing and foraging
areas is even less than that implied by this study.

Krill trawling locations are selected on the
basis not only of the quantity of krill, but also its
quality, such as greenness, size, proportion of
gravid females and mixture of salps (Ichii, 1987).
This may give the impression that fishing
grounds do not necessarily correspond to areas of
high krill density. This study, however, suggests
that krill biomass in fishing areas is usually very
high. For example, although the biomass varied
substantially within the preferred favourite
fishing areas near Elephant Island, as a result of
immigration and emigration of krill into and out
of the area (Amos ef al., 1990), a high krill biomass
(200-1 500 x 10° tonnes) was regularly observed
there (Figures 7 and 8). In comparison with the
biomass of krill (2200 x 10° tonnes) and taking
into account local variability (in the order of 100 x
10° tonnes) on a temporal scale of 10 to 20 days,
the present catch rate (<10 x 10° tonnes/10-day
period) is smaller by one or more orders of
magnitude in the areas of intense fishing.
Therefore, when catch sizes are also taken into
account, the fishery is at present very unlikely to
have an adverse impact on local krill biomass and
hence on penguins (Agnew, 1992).

The fishery is not as active near King George,
Nelson and Robert Islands, where the penguin
colonies are congregated. Fishermen indicate that
numerous rocks exist off the northern coasts of
these islands, discouraging intensive trawling
near the shelf where krill is abundant.
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Figure 3b:  Distribution of krill catches per 10-day period from February to March during the 1990/91 season.
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Impact of the Krill Fishery on Penguins in the South Shetlands

(D to (4) Krill biomass distribution in the Elephant Island area from January to February 1990.
Data are from AMLR (1990) and Hewitt and Demer (1993). (5) Distribution of krill catches in
the last 10 days of February 1990. (6) Distribution of estimated consumption of krill by

penguins per 10-day period.
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Figure 8: (1) and (2) Krill biomass distribution around Elephant Island and at the
northern end of King George Island from January and March 1991. Data
are from AMLR (1991) and Hewitt and Demer (1993). (3) Distribution of
krill catches in the middle 10 days of March 1991.
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Figure 9 (1) Krill biomass distribution in the area north of the South Shetland
Islands in late January 1991. Data are from Ichii et al. (1991).
(2) Distribution of krill catches in the last 10 days of January 1991.
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Légendes des figures

Carte du secteur étudié aux iles Shetland du Sud. Les profils bathymétriques 200, 1 000 et 3 000 m
sont indiqués.

Distribution des captures de krill par période de 10 jours de décembre a janvier, pendant la saison
1988/89.

Distribution des captures de krill par période de 10 jours de février a mars, pendant la saison
1988/89.

Distribution des captures de krill par période de 10 jours de décembre a janvier, pendant la saison
1990/91.

Distribution des captures de krill par période de 10 jours de février & mars, pendant la saison
1990/91.

Distribution des captures de krill par période de 10 jours de décembre a janvier, pendant Ja saison
1991/92.

Distribution des captures de krill par période de 10 jours de février & mars, pendant la saison
1991/92.

Position et taille des colonies de manchots a jugulaire, Adélie et papous. Données de Woehler
(1993).

Distribution de la consommation estimée de krill par les manchots par période de 10 jours pendant

leur saison de reproduction. La surface des cercles est a la méme échelle que celle des captures
(Figures 2 a 4).

(1) a (4) Distribution de la biomasse de krill dans le secteur de I'ile Eléphant de janvier a février 1990.
Données AMLR (1990) et Hewitt et Demer (1993). (5) Distribution des captures de krill des
10 derniers jours de février 1990. (6) Distribution de la consommation estimée de krill par les
manchots par période de 10 jours.

(1) et (2) Distribution de la biomasse de krill autour de I'ile Eléphant et & I'extrémité septentrionale
de I'fle du roi George en janvier et en mars 1991. Données AMLR (1991) et Hewitt et Demer (1993).
(3) Distribution des captures de krill des 10 jours du milieu de mars 1991.

(1) Distribution de la biomasse de krill dans le secteur situé au nord des iles Shetland du Sud fin
janvier 1991, Données de Ichii ef al. (1991). (2) Distribution des captures de krill des 10 derniers

jours de janvier 1991.
CrucoK pUCYHKOB

Kapra usyuaemoro paiiona - FOxusie Illlernanackune o-a. [Tokazanst 200, 1 000 u 3 000-
METPOBbIC H300aThI.

PacrnpenejieHde YJIOBOB KpHJIS 3a KaXAablil 10-IHeBHBIH NepHoOa B TeYeHHE NEPHOAA
JaeKaOpb—sHBaph ce3oHa 1988/89 r.

Pacnpenesienue yjioBOB Kpuas 3a KaxAanlii 10-gHeBHBIN nepuog B TE€UYECHHE MEpUoAa
deBpasb-Mapr ce3oHa 1988/89 r.

Pacnpenenenue ynoBOB Kpuss 3a Kaxawpit 10-gaeBrbill nepuon B TeYeHUEe nmepuoaa
Aekabpb—aHBapb ce3oHa 1990/91 r.

Pacnpenenenue yoBOB Kpujsd 3a xaXaplh 10-IHeBHBIH nepuog B TeueHHE mepuoma
deppanb-maptT ce3ona 1990/91 r.
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Figura 2a:

Figura 2b:

Figura 3a:

Figura 3b:

Figura 4a:

Figura 4b:

Figura 5:

Figura 6:

Figura 7:

Impact of the Krill Fishery on Penguins in the South Shetlands

Pacnpepesiende yJoBOB KpuJjs 3a KaxAbiii 10-gHEeBHBIH NepuUoOl B TEYeHHE Nepuoaa
nexabpp—sHBaph ce30Ha 1991/92 r,

PacnpenesieHue yJIOBOB KpuJid 3a KaxAbift 10-IHEBHBIH NEpUOJ B TEUYEHHUE NEPUOAA
¢deppanb-mapr ce3oHa 1991/92 .

MecTOHAX0X ICHUE W pa3Mep KOJIOHUI NMMHIBUHOB UMHCTpan, AJE/id W nanyacckux. /faHHble
B3sTHI U3 padborel Woehler (1993).

Pacnpeueﬂeﬂue OHCHCHHbIX BCJIMYMH BBICIAHNUA KPHJIA [IMHICBUHAMMU 3a IO-ﬂHCBHbIﬁ nepuojl BO

BpeMs ce30Ha pa3zMHoXeHus. [lyomans KpyXKOoB B TAKOM XKe Macwitade, YTO U yJOBBI
(Pucynku 2-4).

(1) - (4) Pacnpenenenue Guomaccel KpuJisi B palioHe 0-Ba DnedaHT 3a nepuop siHBapb-espasb
1990 r. lannsie u3 pa6or AMLR (1990) u Hewitt and Demer (1993). (5) Pacnpepenenne y/10BOB
Kpusd 3a nociaeanune 10 gHeit depans 1990 r. (6) PacnpenesieHye OUCHEHHBIX BeJIMYHH
Bble1aHNsI KPUJIST THHrBHAAMH 32 10-qHeBHbII NepHOL.

(1) u (2) Pactipenesienue 6uomMacchl Kpusist B paiioHe 0-Ba DsiehaHT M ceBepHOIt uacTu 0-Ba Kunr-
J>xopaox B TeueHue nepuona siHpapb-mMapt 1991 r. {ansasie 34Tl 13 AMLR (1991) u Hewitt and
Demer (1993). (3) Pacnpenesienue ynoBoB xpung 3a 10 guefi B cepenuse Mapta 1991 1.

(1) Pacnpenesienue OuomMaccsl KpuJis B paiioHe K cesepy oT FOxnpix HleTnannckux o-BoB B KOHLE
suBapst 1991 r. Jannsie B3sTH U3 pabothl Ichii et al. (1991). (2) Pacnpeaesienue yjI0OBOB KPHJIS
3a nocsrenaue 10 greit suBapsa 1991 r.

Lista de las figuras

Mapa que muestra las areas de estudio en la isla Shetland del Sur. Se muestran las curvas de 200,
1000 y 3 000 m de profundidad.

Distribucién de las capturas de kril por cada periodo de 10 dias, de diciembre a enero durante la
temporada 1988/89.

Distribucién de las capturas de kril por cada periodo de 10 dias, de febrero a marzo durante la
temporada 1988/89.

Distribuciéon de las capturas de kril por cada periodo de 10 dias, de diciembre a enero durante la
temporada 1990/91.

Distribucién de las capturas de kril por cada periodo de 10 dias, de febrero a marzo durante la
temporada 1990/91.

Distribucién de las capturas de kril por cada periodo de 10 dfas, de diciembre a enero durante la
temporada 1991/92.

Distribucién de las capturas de kril por cada periodo de 10 dias, de febrero a marzo durante la
temporada 1991/92.

Ubicacion y dimensiones de las colonias de pingiiinos de barbijo, adelia y papda. Datos de Woehler
(1993).

Distribucién estimada del kril consumido por pingiiinos por cada periodo de 10 dias durante su
época de reproduccién. El 4rea en los circulos estd en la misma escala que las capturas (Figuras 2

ad).

(1) al (4) Distribucién de la biomasa de kril en la zona de isla Elefante, de enero a febrero de 1990.
Datos de AMLR (1990), Hewitt y Demer (1993). (5) Distribucién de las capturas de kril en los
altimos 10 dias de febrero (1990). (6) Distribucién del consumo estimado de kril por parte de
pingiinos por cada periodo de 10 dias.
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Figura 8:

Figura 9:
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(1) y (2) Distribucién de la biomasa de kril alrededor de la isla Elefante y en el extremo norte de la
isla rey Jorge, de enero a marzo de 1991. Datos de AMLR (1991), Hewitt y Demer (1993).
(3) Distribucién de las capturas de kril en los 10 dias de mediados de marzo de 1991.

(1) Distribucién de la biomasa de kril al norte de las islas Shetland del Sur a fines de enero de 1991.
Datos de Ichii ef al. (1991). (2) Distribucion de las capturas de kril en el Gltimo periodo de 10 dias de
enero de 1991.



