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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/lO-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/lO-day 
period), and around Low (6 102 tonnes/lO-day period) and Clarence (5 663 tonnes/lO- 
day period) Islands, but small to the north of Livingston (1 921 tonnes/lO-day period) 
and Elephant (1 991 tonnes/lO-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 103 tonnes within the preferred fishing areas during the breeding season. 
Compared with the level of biomass (2200 X 103 tonnes) and its variability (the order of 
100 X 103 tonnes/10-20-day period), the present catch rate (110 X 103 tonnes/lO-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. 

Resume 

La concurrence entre la pecherie japonaise de krill (Euphausia superba) et les manchots 
pendant leur saison de reproduction (de decembre a mars) aux iles Shetland du Sud 
(sous-zone 48.1) a Cte 6valu6e A partir des informations disponibles sur la pscherie, les 
manchots et le krill. La capture de krill, tres faible en decembre, est suivie d'un taux de 
capture a peu pres constant (de 3 000 a 10 000 tonnes/periode de 10 jours) pendant les 
trois mois suivants, a la suite d'un accroissement de Itintensite de psche dans des 
secteurs plus proches du plateau septentrional de l'ile Livingston ou de l'ile Elephant. 
Par contre, la consommation de nourriture des manchots est estimee 6levee au nord des 
iles du roi George, Nelson et Robert (9 746 tonnes/periode de 10 jours) et autour des iles 
Low (6 102 tonnes/periode de 10 jours) et Clarence (5 663 tonnes/pQiode de 10 jours) 
mais faible au nord des iles Livingston (1921 tonnes/periode de 10 jours) et Elephant 
(1991 tonnes/pbriode de 10 jours). Le chevauchement des principaux secteurs de p6che 
et d'approvisionnement est donc insignifiant et laisse entendre un faible taux de 
concurrence entre la pscherie et les manchots. Pendant la saison de reproduction, la 
biomasse de krill presente dans les lieux de psche les plus frequentes a et6 estimee de 
l'ordre de 200 a 1 500 X 103 tonnes. Par comparaison au taux de biomasse 
(2200 X 103 tonnes) et a sa variabilite (de l'ordre de 100 X 103 tonnes/periode de 
10-20 jours), le taux de capture actuel (S10 X 103 tonnes/pkriode de 10 jours) est infkrieur 
a 10% de la biomasse 21 l'interieur des secteurs localis6s. La p6cherie actuelle est donc 
fort peu susceptible d'avoir un impact fgcheux sur la biomasse du krill local et de ce fait 
sur les manchots, si l'on prend egalement en consideration les taux de capture. 

Ha ocHoBe a ~ e m u e l c x  a~@opwaqaa  o npoMbIcne, naHrsaHax a Kpane 6b1na 
BbIIlonHeHa OQeHKa KoHKYpeHqllH MeKfly XIIOHCKMM IIpOMbICJIOM KpMnR (Euphausia 
superba) I4 IIllHrBIlHaMll B 0  BpeMX Ce3OHa pa3MHOXeHHX IIllHTBHHOB. fle~a6pbc~Hfi 
BbInOB KpIlnX OYeHb HH30K, OflHaKO B TeYeHlle CJIeAyIoWHX TpeX MeCXueB 
MHTeHCIlBHOCTb nOBa 6onee Hnll MeHee cTa6~mb~a (3 000 - 10 000 T O H H / ~ ~ - A H ~ B H ~ I ~  
nepllo~), YTO BbI3bIBaHO YBenIlYeHlleM I ~ ~ o M ~ I c J I ~ B ~ ~  MHTeHCllBHOCTH B pa60~ax 



Ichii, Naganobu and Ogishima 

6naxe  K CeBePHOMY ~ueJIb@y 0-BOB ~ ~ M B H H ~ C T ~ H  M J I M  3JIeQaHT. n o  CpaBHeHPIK, C 

3TMM, no OQeHKaM, YpOBeHb llo~pe6neHHR l l M I l p l  nMHrBHHOB BbICOK OKOJIO c e ~ e p ~ o f i  
YaCTM 0-BOB KMHr-AXOPBX, HenbcoH PI Po6ep~  (9 746 T O H H / ~ ~ - A H ~ B H ~ I ~ ~  HepUo~), 
flay (6 102 T O H H ~ I / ~ ~ - ~ H ~ B H ~ I ~  nepM0~) PI K n a p e ~ c  (5 663 T O H H ~ I / ~ ~ - A H ~ B H ~ I ~ ~  
IlepMo~), H 0  HM3OK OKOnO ce~epH0fi qaCTM 0-BOB ~ M B P I H ~ C T O H  M ~ J I ~ @ ~ H T  (1991 
T O H H ~ / ~ O - A H ~ B H ~ I ~ ~  IIepUon). ~ O ~ T O M Y  COBMeIQeHPIe OCHOBHbIX nPOMbICJIOBbIX 
YYaCTKOB PI HarynbHbIX apean0B He3HavMTenbHO PI yKa3bIBaeT Ha H P I ~ K P I ~ ~  YPOBeHb 
KOHKYPeHUEIIl MeXAy IIpOMbICJIOM 11 IIIIHTBMHBMLI. B npeAeJIaX IlpeAIIOqPITaeMbIX 
IIpOMbICJIOBbIX YqaCTKOB B 0  BpeMR Ce3OHa pa3MHOXeHMX 6 ~ 1 o ~ a c c a  KpEInX 
OQeHMBaJIaCb B 200 - 1 500 X 103 TOHH. n o  CpaBHeHUKl C YpOBHeM ~ M O M ~ C C ~ I  

(2200 X 103 TOHH) I? ee M3MeHYMBOCTbKl (n0pR~Ka 100 X 10' T O H H / ~ ~ - ~ ~ - A H ~ B H ~ I ~ ~  
IIepMoa), B npeAeJIaX nOKanM30BaHHbIX p a f i 0 ~ 0 ~  COBpeMeHHaR UHTeHCllBHOCTb JIOBa 
(510 X 10' T O H H / ~ O - ~ H ~ B H ~ I ~ ~  neplio~) MeHbJUe Ha OAMH M J I M  6onee llOpRAKOB. B CBR3M 

C 3TAM, eCnM IIPUHRTb B0 BHHMaHMe YPOBeHb BbInOBa, TO BeCbMa ManOBePORTHO, 9 T O  

c y w e c ~ ~ y m u @ i  npoMbrcen ~ e 6 n a r o n p ~ x ~ u o  ceaxerccsr Ha n o ~ a n b ~ o f i  6 e o ~ a c c e  
KpPInR M, TeM CaMbIM, Ha HMHTBMHaX. 

Resumen 

Se evaluo el grado de competitividad entre la pesqueria japonesa de kril (Euphausia 
supeuba) y 10s pingiiinos de las islas Shetland del Sur (Subarea 48.1) durante su Ppoca de 
reproduccion (diciembre a marzo). Esta evaluation 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 10s 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 a1 norte de las islas 
Livingston (1 921 toneladas por periodo de 10 dias) y Elefante (1 991 toneladas por 
periodo de 10 dias). Asi, la superposici6n entre la pesca mas importante y las zonas de 
alimentacion es insignificante, suponiendo un bajo grado de competencia entre la 
pesqueria y 10s pingiiinos. La biomasa de kril se estimo de 200 a 1 500 X 103 toneladas 
dentro de la zona de pesca preferida durante la 6poca de reproduccion. A1 contrastar 
este valor con el nivel de biomasa (2200 X 103 toneladas) y su variabilidad (del orden de 
100 X 103 toneladas por periodo de  10 a 20 dias), el nivel actual de  captura 
(510 X 103 toneladas por periodo de 10 dias) resulta inferior en uno o mas 6rdenes de 
magnitud dentro de las zonas localizadas. De esta manera, cuando se consideran 10s 
niveles de captura, resuita muy poco probable que la pesca actual perjudique a la 
biomasa de kril local, y por consiguiente, a 10s pingiiinos. 

Keywords: krill, fishery, penguins, competition, CCAMLR 

INTRODUCTION 

Although the current level of Antarctic krill 
(Euphausia supeuba) harvest ing i s  very  l ow  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 
knll 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). 

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 knll availabiity are not yet to hand; only those of 
krill  biomass i n  penguin  foraging areas  a r e  
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 (Arctocepkalus 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 (=l0 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/lO-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/lO-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/lO-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/lO-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), Adelie (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 Adklies and 20 km for 
gentoos (Everson, 1987; Trivelpiece et al., 1987; 
Agnew, 1992). Consumption rates of krill 
were assumed to be 1 090 g /adul t /day  for 
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chinstraps, 1 240 g/adult/day for Adelie and 
1 130 g/adul t /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, Adelies and gentoos 
(Figure 5). Large colonies (2200 X 103 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, Adelie and 
gentoo colonies were all small (540 X 103 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/lO-day period) and around Low 
(6 102 tonnes/lO-day period) and Clarence 
(5 663 tonnes/lO-day period) Islands. Consumption 
was lower in the waters over the shelf and slope to 
the north of Livingston Island (1 921 tonnes/lO-day 
period) and to the west and north of Elephant 
Island (1 991 tonnes/lO-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 SO3 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 

the northern (268 X 103 tonnes) and northeastern 
(610 X 103 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 SO3 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 

SO3 tonnes. A high biomass of krill was also 
observed in deep water off the slope to the north 
(711 X 103 tonnes) and northeast (326 X 103 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 10Vonnes  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 (S)), a high krill biomass 
was observed along the shelf and slope to 
the northwest (186 X 103 tonnes) and north 
(224 X 103 tonnes) of Elephant Island, and in 
deeper water northeast of the island (235 X 

103 tonnes). Approximately 200 X 103 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 

103 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 103 tonnes over a period of approximately 
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one month. High krill concentrations with 220 to 
660 X 103 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 et al., 1991). Krill biomass was 
estimated to be 1 220 X 103 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 103 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 o f  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., 19831, 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., 19881, 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 et 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 et al., 1990), a high krill biomass 
(200-1 500 X 103 tonnes) was regularly observed 
there (Figures 7 and 8). In comparison with the 
biomass of krill (2200 X 103 tonnes) and taking 
into account local variability (in the order of 100 X 

103 tonnes) on a temporal scale of 10 to 20 days, 
the present catch rate (S10 X 103 tonnes/lO-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 1: Map showing the study area in the South Shetland Islands. 200, 1 000 and 
3 000 m depth contours are shown. 
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Figure 2a: Distribution of krill catches per 10-day period from December to January during the 1988/89 season. 
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Figure 2b: Distribution of krill catches per 10-day period from February to March during the 1988/89 season. 
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Figure 3a: Distribution of krill catches per 10-day period from December to January during the 1990/91 season. 
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Figure 4a: Distribution of krill catches per 10-day period from December to January during the 1991/92 season. 

CATCHES 

( Vl0xXh.m.  ) 

e 24.000 

a 2.000 

1 . 0 0  

500 

S50 



l l l l ~ l l l l l , , ~  

6 ~ 5  
EARLY MAR. / I I / / /  
C A T C H = 4 9 9 9  t / 1 ! ! I 

L A T E  FEB. 

CATCH.4262  t 

l l l l l l l l l l l l l  

605 - 
- L A T E  MAR. 

1 CATCH.4960 t 

62.5 

Catches in 1991/92 ( Feb. - Mar. ) 

Figure 4b: Distribution of krill catches per 10-day period from February to March during the 1991/92 season. 
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Figure 5: Location and size of chinstrap, Adhlie and gentoo penguin colonies. Data are from Woehler (1993). 
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Figure 6: Distribution of estimated consumption of krill by penguins per 10-day period 
during their breeding season. The area of circles is on the same scale as that for 
catches (Figures 2 to 4). 
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Figure 7: (1) 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 e t  al .  (1991). 
(2) Distribution of krill catches in the last 10 days of January 1991. 
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Legendes des figures 

Figure 1: Carte du secteur 6tudi6 aux iles Shetland du Sud. Les profils bathymetriques 200, 1 000 et 3 000 m 
sont indiquks. 

Figure 2a: Distribution des captures de krill par periode de 10 jours de decembre B janvier, pendant la saison 
1988/89. 

Figure 2b Distribution des captures de krill par periode de 10 jours de fevrier a mars, pendant la saison 
1988/89. 

Figure 3a Distribution des captures de krill par periode de 10 jours de decembre a janvier, pendant la saison 
1990/91. 

Figure 3b Distribution des captures de krill par periode de 10 jours de fevrier B mars, pendant la saison 
1990/91. 

Figure 4a Distribution des captures de krill par periode de 10 jours de decembre B janvier, pendant la saison 
1991 /92. 

Figure 4b Distribution des captures de krill par periode de 10 jours de fevrier B mars, pendant la saison 
1991 /92. 

Figure 5: Position et taille des colonies de manchots a jugulaire, Adelie et papous. Donnees de Woehler 
(1993). 

Figure 6 Distribution de la consommation estimee de krill par les manchots par periode de 10 jours pendant 
leur saison de reproduction. La surface des cercles est B la m@me echelle que celle des captures 
(Figures 2 a 4). 

Figure 7: (1) a (4) Distribution de la biomasse de krill dans le secteur de l'ile Elephant de janvier B fevrier 1990. 
Donnees AMLR (1990) et Hewitt et Demer (1993). (5) Distribution des captures de krill des 
10 derniers jours de fevrier 1990. (6) Distribution de la consommation estimee de krill par les 
manchots par periode de 10 jours. 

Figure 8 (1) et (2) Distribution de la biomasse de krill autour de l'ile Elephant et a l'extremite septentrionale 
de l'ile du roi George en janvier et en mars 1991. Donnees AMLR (1991) et Hewitt et Demer (1993). 
(3) Distribution des captures de krill des 10 jours du milieu de mars 1991. 

Figure 9: (1) Distribution de la biomasse de krill dans le secteur situe au nord des Eles Shetland du Sud fin 
janvier 1991. DonnPes de Ichii et al. (1991). (2) Distribution des captures de krill des 10 derniers 
jours de janvier 1991. 
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Lista de las figuras 

Figura 1: Mapa que muestra las areas de estudio en la isla Shetland del Sur. Se muestran las curvas de 200, 
1 000 y 3 000 m de profundidad. 

Figura 2a: Distribucion de las capturas de kril por cada periodo de 10 dias, de diciembre a enero durante la 
temporada 1988/89. 

Figura 2b: Distribucion de las capturas de kril por cada periodo de 10 dias, de febrero a marzo durante la 
temporada 1988/89. 

Figura 3a: Distribucion de las capturas de kril por cada periodo de 10 dias, de diciembre a enero durante la 
temporada 1990/91. 

Figura 3b: Distribucion de las capturas de kril por cada periodo de 10 dias, de febrero a marzo durante la 
temporada 1990/91. 

Figura 4a: Distribucion de las capturas de kril por cada periodo de 10 dias, de diciembre a enero durante la 
temporada 1991 /92. 

Figura 4b: Distribucion de las capturas de kril por cada periodo de 10 dias, de febrero a marzo durante la 
temporada 1991 /92. 

Figura 5: Ubicacion y dimensiones de las colonias de pingiiinos de barbijo, adelia y papua. Datos de Woehler 
(1993). 

Figura 6: Distribucion estimada del kril consumido por pingiiinos por cada periodo de 10 dias durante su 
epoca de reproducci6n. El area en 10s circulos estA en la misma escala que las capturas (Figuras 2 
a 4). 

Figura 7: (1) a1 (4) Distribucion 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 )  Distribuci6n de las capturas de kril en 10s 
ultimos 10 dias de febrero (1990). (6) Distribucion del consumo estimado de kril por parte de 
pingiiinos por cada periodo de 10 dias. 
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Figura 8: (1) y (2) Distribuci6n 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) Distribucion de las capturas de kril en 10s 10 dias de mediados de marzo de 1991. 

Figura 9: (1) Distribuci6n de la biomasa de kril a1 norte de las islas Shetland del Sur a fines de enero de 1991. 
Datos de Ichii et al. (1991). (2) Distribucion de las capturas de kril en el ultimo period0 de 10 dias de 
enero de 1991. 


