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Abstract 

The foraging ranges of six female and four male Adelie penguins 
breeding at Bechervaise Island near Mawson Station (Mac. Robertson 
Land) were determined by satellite tracking using the ARGOS system. 
Birds were tracked over four foraging trips (two females and four 
males) during the incubation period (November to December 1991) and 
17 trips (four females and two males) throughout January 1992 when 
birds were feeding chicks. Most birds made foraging trips to the 
continental shelf break (1 000 m isobath) approximately 110 km distant 
at its closest point. Birds feeding chicks also made journeys of one to 
two days ranging up to 12 km after 17 January when the sea became ice 
free to the coast. Concentrations of krill, Euphausia superba, which 
have in the past been the subject of a fishery, occur along the shelf break 
zone where the birds were foraging. There is potential for overlap 
between the foraging range of Adelie penguins breeding along the Mac. 
Robertson Land Coast (approximately 150000 pairs) and any future 
harvest of krill in the region. The foraging range of the birds at 
Bechervaise Island considerably exceeds the 15 to 50 km determined 
for birds in the South Shetland and South Orkney Islands and reflects 
the distance offshore of krill, one of their major food sources. 

Resume 

Les secteurs d'alimentation de six femelles et quatre males de manchots 
Adelie se reproduisant a l'lle Bechervaise, pres de la base Mawson 
(Terre Mac. Robertson) ont ete determines par suivi par satellite grace 
au systeme ARGOS. Les oiseaux ont ete suivis lors de quatre sorties 
alimentaires (deux femelles et quatre males) pendant la periode 
d'incubation (de novembre a decembre 1991) et 17 sorties (quatre 
femelles et deux males) pendant tout le mois de janvier 1992 alors que 
les oiseaux elevaient des poussins. Les sorties alimentaires de la plupart 
des oiseaux les ont menes jusqu'a la rupture de pente du plateau 
continental (isobathe 1 000 m) distante d'environ 110 km en son point le 
plus proche. Les oiseaux elevant des poussins ont egalement effectue 
des sorties d'un ou deux jours et d'un maximum de 12 km apres le 
17 janvier quand la mer s'est liberee des glaces jusqu'a la cote. Des 
concentrations de krill, Euphausia superba, qui par le passe ont fait 
l'objet d'une pecherie, sont presentes le long de la zone de la rupture de 
pente, la OU les oiseaux se sont alimentes. 11 est possible qu'a l'avenir le 
secteur d'alimentation des manchots Adelie se reproduisant le long de la 
cote de la terre Mac. Robertson (environ 150000 couples) et une 
exploitation de krill dans la region se chevauchent. A l'lle Bechervaise, 
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le secteur d'alimentation des oiseaux, depassant considerablement 
l'intervalle de 15 it 50 km determine pour les oiseaux des lles Shetland 
du Sud et des Orcades du Sud, reflete la distance du kriU, l'une de leurs 
principales sources d'alimentation, par rapport it la cote. 

Pe310Me 

HarYJIbHbIe apeaJIbI meCTJ.-1 caMOK H '-IeTbIpex CaML\OB nHHrBHHa 

A~eJIH, pa3MHO>KaIOIIlHXC5I Ha O-Be EemepBe3 OKOJIO CTaHL\HH 

MOYCOH (3eMJI5I MaK-Po6epTCOH), 6bIJIH YCTaHOBJIeHbI C 

nOMOIllblO cnYTHHKOBoro CJIe>KeHH5I, HCnOJIb3Y5I CHCTeMY 

"Aproc". CJIe>KeHHe 3a nTHL\aMH BeJIOCb B xo~e '-IeTbIpex 

nOXO~OB 3a nHIIleH (~Be caMKH H '-IeTbIpe CaML\a) B Te'-leHHe 

nepHo~a HaCH>KHBaHH5I 5IHL\ (H05I6pb-~eKa6pb 1991 r,) H 

17 nOXO~OB ('-IeTbIpe caMKH H ~Ba CaML\a) B Te'-leHHe 5IHBap5I 

1992 r., Kor~a nTHL\bI BCKapMJIHBaJIH CBOHX nTeHL\OB. 

EOJIbmHHCTBo nTHL\ cOBepmHJIO nOXO~bI 3a nHIIleH Ha rpaHHL\Y 

KOHTHHeHTaJIbHOrO meJIb<pa (H306aTa 1 000 M), 6JIH>KaHma5I 

TO'-lKa KOTOPOH pacnOJIO>KeHa npH6JIH3HTeJIbHO 110 KM OT 

6epera. IIocJIe 17 5IHBap5I, Kor~a Mope CTaJIO CBo6o~HbIM OTO 

JIb~a ~O 6epera, nTHL\bI, BCKapMJIHBalOIIlHe CBOHX nTeHL\OB, 

COBepmaJIH O~HO- ~BYX~HeBHble nOXO~bI Ha paCCT05IHHe ~O 

12KM. KOHL\eHTpaL\HH KPHJI5I (Euphausia superba), KOTopble B 

npOmJIOM 5IBJI5IJIHCb 06beKTOM npOMbICJIa, BCTpe'-laIOTC5I B~OJIb 
rpaHHL\bI meJIb<pa, r~e nTHL\bI HCKaJIH KOpM. CYIIlecTByeT 

B03MO>KHOCTb '-IaCTH'-IHOrO COBna~eHH5I Me>K~Y HarYJIbHbIM 

apeaJIOM nHHrBHHa A~eJIH, pa3MHO>KaIOIIlerOC5I B~OJIb 
n06epe>Kb5I 3eMJIH MaK-Po6epTCOH (npH6JIH3HTeJIbHO 150 000 

nap), H 6y ~YIIlHM npOMbICJIOM KPHJI5I B ~aHHOM paHoHe. 

HarYJIbHbIH apeaJI nTHL\ Ha O-Be EemepBe3 HaMHoro npeBblmaeT 

15-50 KM, YCTaHOBJIeHHbIX ~JI5I nTHL\ Ha IO>KHbIX ill eT JIaH~CKHX 
H IO>KHbIX 0pKHeHCKHX O-Bax, H OTpa>KaeT paCCT05IHHe OT 

6epera MeCTOHaXO>K~eHHH KPHJI5I, KOTOPbIH 5IBJI5IeTC5I O~HHM 
H3 OCHOBHbIX KOMnOHeHTOB paL\HOHa nHHrBHHOB. 

Resumen 

Se determin6 la zona de alimentaci6n de seis hembras y cuatro machos 
adelia durante la reproducci6n en isla Bechervaise cerca de la base 
Mawson (Territorio de Mac. Robertson) mediante e1 seguimiento por 
satelite con el sistema ARGOS. Se sigui6 el curso de cuatro viajes de 
alimentaci6n (dos ayes hembras y cuatro machos) durante el perfodo de 
incubaci6n (noviembre y diciembre 1991); y 17 viajes (cuatro hembras 
y dos machos) realizados durante el mes de enero de 1992, cuando las 
ayes estaban alimentando a sus poUuelos. La mayorfa de las ayes se 
desplazaron al borde continental (is6bata 1 000 m) el cual queda a unos 
110 km de distancia en su punto mas cercano. Aquellas ayes que 
estaban alimentando a sus polluelos realizaron viajes de uno a dos dfas 
de duraci6n hasta una distancia maxima de 12 km despues del 17 de 
enero, fecha en la cual el mar esta libre de hielo hacia la costa. Los 
cardumenes de kril, Euphausia superba, que en el pas ado han sido el 
objetivo de la pesquerfa, se encuentran a 10 largo del borde continental 
que es donde las ayes se estaban alimentando. Por 10 tanto, existe la 
posibilidad de que se produzca una superposici6n entre la zona de 
alimentaci6n de los pingiiinos adelia, cuyas colonias se encuentran a 10 



largo de la costa del Territorio de Mac. Robertson (alrededor de unas 
150000 parejas), y cualquier recoleccion de kril que se pudiera realizar 
en el futuro en la zona. La extension de la zona de alimentacion de las 
aves de isla B6chervaise excede en gran medida los 15 a 50 km 
determinados para las aves de los archipi6lagos de las Shetland del Sur 
y Orcadas del Sur y refleja la distancia costa afuera a la que se 
encuentra el kril, una de sus fuentes de alimento mas importante. 

1. INTRODUCTION 

The foraging range of Ad6lie penguins is limited during the breeding season by the time 
they must remain in the colony to brood, guard and feed their chicks and the frequency of 
feeding visits required. During the incubation period birds make foraging trips of between two 
and three weeks. Later in January/February both parents are required to forage to feed the chick 
and each bird must provide food everyone to three days. It is during this time that the greatest 
pressure is placed upon the birds to nourish themselves and their chicks and thus when they are 
most vulnerable to the impacts of a fishery on their food source. 

The probable overlap of the foraging range of 50 to 100 km of Ad6lie (and chinstrap and 
gentoo) penguins with the krill fishery in the South Shetland and South Orkney Islands was 
highlighted by Agnew (1991). He pointed out the theoretical possibility of the existing krill 
fishery taking an amount of krill up to 50% of that required by these krill predators to 
successfully raise their chicks. 

The krill catch in the Indian Ocean sector of the Southern Ocean (Statistical Area 58) has 
in the past been significant, with fishing being undertaken by a number of nations, particularly 
the Soviet Union, Korea and Japan. The Soviet Union was most active in the region during the 
early 1980s, taking a maximum annual krill catch of 119381 tonnes in 1982 (CCAMLR, 1992). 
The location of these catches has not been reported. Fishing by Japan has taken place 
intermittently and at a lower level since 1973 (Ichii, 1990); Korea has also been fishing for krill 
since 1982 (Anon., 1982). Reports of these fisheries show that much of their catch occurred in 
the Prydz Bay region (Division 58.4.2). The Soviet Union has also conducted limited fishing in 
this subarea since 1988 and it is likely that a large proportion of their earlier catches also took 
place here. 

Although there has been no significant harvest of kriU in Division 58.4.2 since 1988 it is 
likely that further harvests will take place. A CCAMLR Ecosystem Monitoring Program (CEMP) 
site has been established at B6chervaise Island (67°35'S, 62°48'E), offshore from the coast of 
Mac. Robertson Land near Mawson Station, in order to monitor kriU predators in this subarea. 
As part of the program the foraging range of Ad6lie penguins during all stages of the 1991/92 
breeding season was determined by satellite tracking. We report here data that show for the first 
time an overlap occurring in the Prydz Bay region between the foraging range of Ad6lie 
penguins and the locations of previous krill fisheries. 

2. METHODS 

The study was commenced in November 1991. Birds in good condition were selected 
from breeding birds with eggs or chicks and were marked at the nest. They were caught as they 
departed the breeding colony and a Platform Transmitter Terminal (PTT) attached; they were 
then sexed by c10acal examination and given an implanted electronic tag (Tiris, Texas 
Instruments). 
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The birds were tracked by the ARGOS satellite system using either Telonics ST -6 or 
Toyocom 2038 PTf set on a 50s repeat transmission cycle. These were packaged together with 
their batteries in epoxy resin. The packages weighed approximately 160 g and were slightly 
negatively buoyant in sea water. They were virtually identical to those used in the study by 
Davis and Miller (1992), both being packaged by Sirtrak in New Zealand. The number of 
satellite passes capable of detecting the PTTs averaged 22 per day. Few passes occurred 
between 0900 to 1300 hours solar time. 

Each PTT was attached to the bird using a VelcroTM patch and cable ties which were 
glued to the middle of the bird's back; the corresponding half of the Velcro™ was glued to the 
PTf. The PTf was then placed on the bird's back and the cable ties tightened over the package. 
When required the PTf could be removed after cutting the ties. The Velcro™ patch remained on 
the bird to be moulted off later. This system of attachment allowed the bird some flexing of its 
back. Birds were logged in and out of their colony by an automated monitoring system (Kerry 
et al., 1992). 

The location of the fast ice was detennined from A VHRR images obtained from NOAA 11 
and NOAA 12 satellites and relayed to Hobart from the receiver at Casey Station. The ice front 
was determined for each 0.20 longitude at various dates throughout the summer. 

3. RESULTS AND DISCUSSION 

Ten birds were instrumented utilising seven PTTs. Twenty-one foraging trips were 
recorded ranging in duration from 1 to 34 days between 25 November 1991 and 1 February 
1992 thus covering the period from early laying to early fledging. The periods over which each 
bird was tracked, the stage of the breeding cycle and the distance and the direction of travel are 
given in Table 1. The tracks, together with the position of the continental shelf break and the 
locations of previous krill fisheries, are shown in Figure 1. 

During the incubation period the off-duty birds travelled in a northwesterly direction; the 
two females reached distances of 341 and 243 km and the two males 161 km and 164 km from 
the colony. All four birds travelled in a generally northwesterly direction until the edge of the 
fast ice was reached and then two (a male and a female) travelled in westerly direction along the 
edge of the continental shelf at approximately the same speed (1 km/hr) as the prevailing 
currents. All four birds appeared to forage at leisure as they travelled away from the colony. 
Once the birds started to return they did so directly and quickly following along the edge of the 
fast ice to a point north-northwest from the colony and then walking. 

The pattern of foraging changed after hatching (24 December onward). The journeys 
were less than seven days duration and appeared more purposeful than those made during the 
incubation period. Birds travelled directly to points between north-northeast and 
north-northwest from the colony and usually spent less than two days at the northern most point 
before returning again directly. Journeys were made to the edge of the fast ice, up to 80 km 
distant, with some reaching the edge of the continental shelf approximately 110 km from the 
colony. Once the sea-ice had blown out from the coast (17 January) penguins spent time within 
a few kilometres of the colony before suddenly departing out to the edge of the continental 
shelf. Others made short journeys of up to 12 km range and then returned briefly to land before 
making the longer journeys just described. 

Numerous research cruises and fishing operations have shown the occurrence of krill 
Euphausia superba in considerable concentrations at the shelf break along the coast of 
Mac. Robertson Land (Higginbottom et al., 1988; Ichii, 1990). This study suggests that the 
penguins specifically travel to this region to forage throughout the breeding season. The long 
distances of up to 135 km travelled to forage even when feeding chicks are thus in marked 
contrast to the suggested foraging range for Ad6lie penguins in the Antarctic Peninsula region 
of 50 km (Trivelpiece et al., 1987) and 15 km (Wilson et al., 1989) although similar to 83 to 
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119 km detennined by Lishman (1985). The shorter foraging range for birds in the Antarctic 
Peninsula region (Trivelpiece et al., 1987; Wilson et al., 1989) reflect the closer proximity of 
E. superba to shore and hence to the breeding colony. Since all birds in the present study 
carried an instrument package causing considerable drag in water it is expected that 
unencumbered penguins would be able to decrease the time necessary for foraging and probably 
extend the foraging range. 

There is a clear overlap, as Figure 1 shows, between the foraging range of penguins from 
Bechervaise Island and the locations of areas where fishing has been undertaken by Korea 
(Anon., 1982), Japan (Ichii, 1990) and the Soviet Union (CCAMLR, unpublished data). Breeding 
colonies of Adelie penguins with an estimated breeding population of 150 000 pairs (Home, 
1983; Woehler et al., 1989) including those on Bechervaise Island are found scattered along the 
coastline of Mac. Robertson Land between 56°E and 65°E. These birds forage in the same 
region and their range presumably also extends into the same fishing grounds. 

The foraging range of the birds from Bechervaise Island extends only into the southern 
end of the fishing grounds. This may be due however to the fishing vessels staying to the north 
of the pack-ice. It would appear at present that the penguins are able to obtain sufficient food 
without having to extend their range much beyond the continental shelf break. Considerably 
more overlap could occur in those years where ice conditions allow the fishing fleet to operate 
further south or in poor krill seasons when the penguins are forced to forage further north. 
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Table 1: Details of each foraging trip by Ad€lie penguins as determined by satellite tracking. The bearing is given in degrees true from 
B€chervaise Island. Each PTT was used twice as designated by A or B after the PTT number. Where the PTT failed the point of 
failure is recorded as the furthest distance; in each case the PTT failed on a north bound track. 

PTTNo. Sex Date Days Latitude Longitude Distance Bearing Approx. Stage of Notes 
Departed Away (km) Position of Breeding Cycle 

Fast Ice Front 

S E S 
1396A F 25 November 1991 34 65.7° 56.8° 341 307 66.8° flrst foraging trip post travelled along continental shelf 

laying 
8402A F 26 November 1991 21 65.9° 59.2° 243 319 66.8° flrst foraging trip post travelled along and to north of 

laying continental shelf 
1397A M 11 December 1991 23 66.2° 62.0° 164 347 67.0° long foraging trip after travelled north of continental shelf 

flrst incubation shift before PIT failed 
1399A M 18 December 1991 15 66.7° 59.8° 161 307 67.2° long foraging trip after travelled along ice edge south of 

flrst incubation shift continental shelf 
8404A F 3 January 1992 3 67.0° 63.0° 62 11 67.2° feeding young chick travelled to ice edge 

9 January 1992 6 66.5° 62.0° 128 344 67.4° feeding young chick travelled to continental shelf 
16 January 1992 5 66.5° 61S l35 335 67.5° feeding young chick travelled to continental shelf 

1398A M 4 January 1992 1 2 67.2° feeding young chicks only 1 to 2 km from colony 
7 January 1992 1 2 67.4° feeding young chicks only 1 to 2 km from colony 
11 January 1992 4 66.9° 63.3° 76 15 67.4° feeding young chicks travelled to ice edge before PIT 

failed 
1396B M 19 January 1992 1 5 275 none feeding growing chick only 1 to 5 km from colony 

20 January 1992 1 5 263 none feeding growing chick only 1 to 5 km from colony 
23 January 1992 1 5 263 none feeding growing chick only 1 to 5 km from colony 
26 January 1992 1 4 148 none feeding growing chick only 1 to 5 km from colony 
27 January 1992 4 67.2° 62.9° 43 5 none feeding growing chick travelling north when PIT failed 

8402B F 18 January 1992 7 66.5° 62.2° 125 348 none feeding small chick travelled to continenta1 shelf 
1399B M 17 January 1992 1 3 357 none feeding small chick only 1 to 2 km from colony 

19 January 1992 45+ 67.5° 62S 20 318 none feeding small chick travelling northwest when PIT 
failed 

8404B M 27 January 1992 1 67.5° 62.9° 12 11 none feeding large chick short foraging trip 
28 January 1992 3 66.7° 63.80 114 23 none feeding large chick travelled to continental shelf 
1 February 1992 1 67.6° 62.30 6 286 none feeding large chick short foraging trip 
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Tracks of all penguins and the position of the continental shelf break (1 000 m isobath). The locations of the Korean and Japanese 
fisheries and the positions of single commercial hauls made by the USSR in the 1987/88 season, (CCAMLR, unpublished data) are 
shown. 
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Figure 1: 

PHCYHOK 1: 
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Ugende des tableaux 

Details de chaque sortie alimentaire des manchots Adelie, determines par suivi 
par satellite. L'orientation est donnee en degres actuels a partir de l'lle 
Bechervaise. Chaque plate-forme de terminal de transmission (PTT) a ete 
utilisee deux fois comme l'indiquent les lettres A et B apres le numero de la 
PTf. Lorsque la PTT n'a pas fonctionne, le point d'echec est enregistre comme 
etant l'emplacement le plus distant; chaque fonctionnement defectueux de la PTT 
s'est produit sur une piste se dirigeant vers le nord. 

Legende des figures 

Pistes de tous les manchots et position de la bordure du plateau continental 
(isobathe 1 000 m). La position des pecheries coreenne et japonaise et 
l'emplacement des traits commerciaux isoles effectues par l'URSS pendant la 
saison 1987/88 (CCAMLR, donnees non publiees) sont indiques. 

CnHCOK Ta6JIH~ 

l{eTaJIH Ka)l{,llorO nOXO,lla 3a nHII1eH mmrBHHOB A,lleJIH, 
onpe,lleJIeHHbIe C nOMOII1bIO cnYTHHKoBoro CJIe)l{eHH5I. Kypc ,llaeTC5I B 
HCTHHHbIX rpa,llycax OT O-Ba EernepBe3. Ka)l{,llbIH nepe,llaTl.IHK (PTT) 
HCnOJIb30BaJIC5I ,llBa)l{,llbI, l.ITO 0603Hal.leHO 6YKBaMH A HJIH B nOCJIe 
HOMepa PTT. B CJIYl.lae npeKp~eHH5I pa60TbI PTf, TOl.lKa npeKpaII1eHH5I 
perHcTpHpOBaJIaCb CaMa5I ,llaJIbH5I5I TOl.lKa noxo,lla 3a nHII1eH. B 
Ka)l{,llOM CJIYl.lae PTT nepeCTaBaJI pa60TaTb npH npO,llBH)I{eHHH Ha 
ceBep. 

CnHCOK PHCYHKOB 

KypCbI Bcex nHHrBHHOB H rpaHHlJ.a KOHTHHeHTaJIbHOrO rneJIb<pa 
(H306aTa 1 000 M). IIOKa3aHbI MeTOnOJIO)l{eHH5I npOMbICJIOB KopeH H 
51noHHH H n03HlJ.HH OT ,lleJIbHbIX KOMMepl.leCKHX TpaJIeHHH, 
npOBe,lleHHbIX CCCP B Tel.leHHe ce30Ha 1987/88 r. (Heony6JIHKOBaHHbIe 
,llaHHbIe AHTKOMa). 

Lista de las tablas 

Detalles de cada viaje de alimentacion de los pingliinos adelia, segun 10 indica el 
rastreo por satelite. La direccion se expresa en grados geograficos desde la isla 
Bechervaise. Cada transmisor se utilizo dos veces, representado por A 0 B, 
siguiendo al numero de PTT. Cuando elPTT fall0, la posicion del fracaso se 
registra como la distancia mas lejana; en cada ocasion el PTf dejo de funcionar 
durante la trayectoria norte. 

Lista de las figuras 

Trayectorias de todos los pingliinos y la posicion del borde continental (isobata 
de 1 000 m). Se muestra la ubicacion de las pesquerfas japonesa y coreana y 
las posiciones de lances comerciales individuales realizados por la URSS en la 
temporada 1987/88 (datos ineditos de la CCRVMA). 


