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Abstract

This paper presents a summary of the foraging locations of Adélie penguins,
determined by satellite tracking, at seven widely-spaced breeding colonies along the
coast of eastern Antarctica between 55°E (Enderby Land) and 175°E (Ross Sea). Adélie
penguins feeding chicks regularly travelled up to 120 km offshore to the continental
shelf and returned with krill, Euphausia superba. Locations of penguins on foraging trips
were compared with historical records of fine-scale krill catch data for the regions of
interest. The potential for overlap with krill fishing occurs particularly where ice
conditions permit the fishing fleet to approach the edge of the continental shelf or where
penguins forage downstream from the fishery. It is suggested that the potential for
overlap between foraging areas of Adélie penguins and fishable concentrations of krill
be investigated before a decision is made to establish a new CEMP site.

Résumé

L’auteur présente une récapitulation des secteurs d’approvisionnement déterminés par
des suivis par satellite de manchots Adélie de sept colonies de reproduction largement
espacées le long de la cbte est de I’Antarctique, entre 55°E (terre Enderby) et 175°E (mer
de Ross). Les manchots Adélie nourrissant leurs jeunes parcourent régulicrement
jusqu’a 120 km au large, jusqu’au plateau continental et reviennent avec du krill,
Euphausia superba. La position des manchots lors des sorties alimentaires est comparée
aux anciennes données a échelle précise de captures de krill des régions en question. II
est possible que la pécherie de krill entre en compétition avec les manchots, notamment
lorsque les conditions glaciaires permettent a la flottille de péche de s’approcher de la
bordure du plateau continental ou lorsque les manchots s’approvisionnent en aval de la
pécherie. II est suggéré d’étudier le chevauchement potentiel des secteurs
d’alimentation des manchots Adélie et des concentrations exploitables de krill avant
que ne soit prise la décision de mettre en place de nouveaux sites du CEMP.

Pesrome

B Hacrose#l pabore mpeacTaBsieHa CBOAKA JaHHBIX MO HATYJIBHBIM apealiaMm
OUHIBHHOB AJeJiH, ONpEe/IeHHBIM ¢ MOMOIIBID CIyTHUKOBOIO CJICKCHUS, H3 CeMHM
JlaJIeKO PACHOJIOXKEHHBIX APYr OT ApYra FHEe3J0BBIX KOJIOHM{I BAOJIb BOCTOYHOIO
nodepexbsa AHTApKTHABI MeX 1y 55°B.4. (3emuis Dupepdu) u 175°8.4. (Mope Pocca).
[Mubnreunsl Agesi, KOPMHEBIIHE CBOMX NTEHIORB, PErYySPHO HOOBIBANN KPUs
(Euphausia superba) Ha KOHTHHEHTAJIbHOM wLiesb(e, T.€. B 120 KM OT nobepexbsl.
Jlanubie 1O MECTONOJIOKEHNI) MHHI'BHHOB, COBEPIIMBLINX HOXOB 32 mullell, ObLmu
CPABHEHBI C PETPOCTIEK TUBHBIMYE MeIKOMACHITaOHBIMA TaHHBIMH 1O YJIOBaM KPwJis,
NOJIYYEHHBIM B H3yvaeMbix paiionax. Hamsiyuumme ycioBHS U1 KOHKYPEHIM MeX Oy
NUHIBUHAMH M MPOMBICJIOM KPHJIS CO3QAKOTCS TOrOa, KOrga JieaoBas o0CTaHOBKA
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M03BOJISIET cynam padoTats OJIM3KO K TpaHuile mieabda Uin HAryJIbHbIH apead
AMHIBUHOB HaXOAMTCS BHU3 MPOMBICJIOBOTO y4yacTKa Mo TedeHuto. [enaercs
NPEeAJIOKEHUE O TOM, UTOOBI O NPUHATUS PELISHHS 00 YUPeXACHUH HOBOIO yuacTKa
CEMP 011 110ABEPTHYT M3yUEHHIO BOIPOC BO3MOXKHOTO COBMELICHHS HAryJIBHBIX
apeasioB MUHIBMHOB AJIE/IM U MPOMBICJIOBBIX KOHUCHTPALHIT KPUJTs.

Resumen

Este trabajo presenta un resumen de los lugares de alimentacion de los pingliinos adelia,
determinados mediante el rastreo por satélite de siete colonias de reproduccién situadas
a gran distancia entre si, a lo largo de la costa este de la Antartida entre los 55°E
(Territorio de Enderby) y 175°E (Mar de Ross). Los pingiiinos adelia que alimentaban a
sus polluelos hicieron viajes regulares hasta la plataforma continental (aprox. 120 km de
la costa), y retornaron con kril, Euphausia superba. Se hizo una comparacién entre las
zonas de alimentacion de los pingiiinos y los registros historicos de las capturas de kril a
escala fina en las regiones de interés. La posibilidad de que ocurra una superposicién
con la pesqueria de kril aumenta cuando las condiciones del hielo son tales que
permiten un acercamiento de la flota pesquera al borde de la plataforma continental, o
cuando los pingiiinos se alimentan corriente abajo del lugar donde esta operando la
pesqueria. Se propone investigar primero la posible superposicién entre las zonas de
alimentacién de los pingiiinos adelia y las concentraciones explotables de kril, antes de

decidir el establecimiento de nuevas localidades det CEMP.

Keywords: Adélie, Casey, CEMP, Dumont d'Urville, foraging, krill, Mawson, monitoring, penguin,
satellite tracking, Terra Nova Bay, CCAMLR

INTRODUCTION

The CCAMLR Ecosystem Monitoring Program
(CEMP) seeks to determine whether the harvest of
krill is likely to have an impact on krill predators.
Although Adélie penguins are being monitored at
a number of sites around Antarctica, a spatial
overlap between the foraging areas of these birds
and the areas where krill fishing has taken place
in the previous seasons was demonstrated only in
the case of Béchervaise Island (67°31’S, 62°49'E)
near Mawson Station (Kerry et al., 1992, 1995a).
The possibility of an overlap between the krill
fishery and the foraging areas of penguins at
locations in the Antarctic Peninsula region
(Subarea 48.1) was investigated by Agnew (1992)
based on the time penguins are away from their
colonies and their average swimming speed as
reported by, for example, Lishman (1985) and
Trivelpiece et al. (1987). Since then, however,
significant competition between the overall
penguin population and this krill fishery has been
considered unlikely because the preferred fishing
areas are not adjacent to the largest penguin
colonies (Ichii et al., 1994; Agnew and Phegan,
1995).

We have been tracking Adélie penguins on
foraging trips by satellite for up to five breeding
seasons at seven sites along the coast of eastern
Antarctica. Four of the sites are in CCAMLR
Statistical Division 58.4.2, two in Division 58.4.1
and one in Subarea 88.1 (Figure 1). This work was
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undertaken to determine the foraging range of
breeding Adélie penguins and to examine the
temporal and spatial constraints facing them
when it comes to obtaining food for their
offspring. The following presents a synthesis of
all tracking data obtained from the above sites
between the 1992/93 and 1995/96 breeding
seasons, and compares these foraging locations
with fine-scale catch data on Antarctic krill,
Euphausia superba, for each of the subareas.

METHODS

Locations of the Adélie penguin colonies from
which tracking was undertaken are shown in
Figure 1. The numbers of penguins tracked, the
numbers of trips and the years over which
tracking took place are provided in Table 1.

The ARGOS satellite Global Positioning
System (GPS) was used to track penguins. The
method for tracking birds by ARGOS satellite
telemetry is given in Kerry et al. (1995a). The
locations of all satellite fixes of ARGOS quality 1
or better (i.e. the geolocation should be within
1 km of the true position; ARGOS, 1996) are
plotted in Figure 2 for the Mawson and Davis
regions, and in Figure 3a—c for Casey, Dumont
d’Urville and Edmonson Point. Foraging
locations of birds rearing chicks were determined
at each site during every season in which tracking
was carried out. In addition, penguins foraging
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Table 1:  Number of Adélie penguins tracked for each location.

Colony Location of Colony Years Birds Trips
Béchervaise Island (Mawson) 67°31'S 62°49'E 1992-1996 46 112
Scullin Monolith 67°48'S 66°42'E 1996 5 10
Ufs Island 67°28'S 61°08'E 1996 6 9
Magnetic Island (Davis) 68°33’S 77°54'E 1994 3 5
Shirley Island (Casey) 66°17’S 110°29'E 1996 13 27
Petrel Island (Dumont d'Urville) 66°40’S 140°01'E 1996 15 30
Edmonson Point 74°21’S 165°10'E 1995, 1996 25 54

during incubation were tracked at Béchervaise
Island, Magnetic Island and Edmonson Point. No
distinction is made between male and female
foraging patterns, although differences have been
demonstrated (Clarke et al., 1995). The position
data are presented as a cloud of points since the
purpose of this paper is to show where the birds
concentrate to forage rather than to present
individual foraging trips.

The data on krill catches presented in
Figures 2b and 3a-c were derived from the records
submitted by Japan and held in the CCAMLR
Data Centre. These data are shown as the sum of
all past harvests of krill taken within a grid of
0.5° latitude by 1° longitude (approximately
30 km by 30 km) between 1972 and 1994. They
are taken as indicating the consistent presence of
harvestable amounts of krill. Details of a
hydroacoustic survey which covers areas close to
Casey and Dumont d'Urville in March 1996 are
presented separately in Nicol et al. (1996) and
Pauly et al. (1996).

RESULTS
Mawson and Davis Regions (Figure 2)

The four sites from which birds were tracked
in this region lie within Division 58.4.2 (Figure 1).
Adélie penguins from all these sites foraged out to
the edge of the continental shelf break at some
stage during the breeding season. This is a direct-
line distance of 100 to 120 km, except from Davis
where the distance is approximately 200 km.

During the incubation period penguins from
Béchervaise Island remained within the pack-ice
zone and travelled progressively westward at
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approximately the position of the continental
shelf break. Individual tracks of penguins from
this colony are reported in Kerry et al. (1995a). At
Davis, birds foraging during the incubation
period headed northwards and some reached the
continental slope.

Penguins foraging for their chicks at the
Béchervaise Island CEMP site travelled up to
120 km north to northwest from the colony in a
V-shaped area with an angle of approximately
30°. Whilst fast-ice was still present they walked
to the closest edge of a polynya which forms each
vear in this region (Kerry et al., 1995a). The
location of this polynya may often be identified
from the colony by the presence of ‘water sky".
Birds from Ufs Island tracked during the early
creche period also showed a similar V-shaped
foraging area. At Scullin Monolith, to the east of
Mawson, birds tended to move in a northeasterly
direction, but once out near the shelf break moved
to the west before returning to the colony.
Penguins foraging for their chicks at Davis
remained within Prydz Bay, normally feeding
within a 100-km radius and rarely reaching the
shelf break.

Penguins which foraged above the continental
slope generally returned with E. superba
(unpublished data). Analyses of stomach contents
during chick rearing showed E. superba to be the
major dietary component in most seasons at
Mawson (Table 2). In two seasons, however, fish
(mainly Pleuragramma antarcticum) predominated.
Euphausia crystallorophias was more important in
the diet of penguins feeding chicks at Davis
(Table 2), especially in the early stages when birds
tforaged in shallower waters over the continental
shelf.

The under-surface of clouds above open water within the pack-ice zone often appears dark. This is called ‘water

sky’. Its appearance contrasts with a light under-surface caused by the reflection of light from sea-ice. The
presence of ‘water sky’ is obvious at a distance and is used for vessel navigation in ice. It is possible that the
same phenomenon is used by penguins to locate open water among the sea-ice.
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Table 2:  Diet composition (% mass) of Adélie penguins at five locations.
Colony E. superba E. crystallorophias Krill Mush Fish No. of Seasons
(%) (%) (%) (%)
Mawson * 11 -84 1-9 5-21 8-59 7
Davis ** 25-77 13 - 42 5-32 3
Casey * 4 57 8 31 1
Dumont d’Urville * 33 30 6 31 1
Edmonson Point * 0-2 4-9 7 -39 47 - 76 2
*  Unpublished data **  From Whitehead (1991)
Casey (Figure 3a) Edmonson Point (Figure 3¢)

The region offshore from Casey is dominated
by the relatively shallow Petersen Bank which is
generally less than 500 m in depth. At the
western and northern edges of the bank the
continental shelf slopes steeply down to a depth
of 1 000 m or more. Sea-ice remains over the bank
for most of the summer, and shipping must skirt
to the west of it before approaching Casey. This
would also apply to fishing vessels.

Penguins from Shirley Island (about 1 km
offshore from Casey) were tracked during the
chick-rearing period until the end of January.
They foraged along the western margin of the
Petersen Bank and at its northern edge to a
maximum distance of 135 km. Stomach analyses
showed that the penguins were feeding
predominantly on E. crystallorophias (Table 2},
although some E. superba (less than 20% of the
total) occurred in the diet of birds during the
chick guard phase.

Dumont d’Urville (Figure 3b)

Adélie penguins were tracked from Petrel
Island during the guard and early creche phases
of chick rearing. These birds foraged only to
about 50 km from the colony and thus much
closer inshore than at other locations. The bottom
depth is between 200 and 500 m very close
inshore. The penguins ingested 33% E. superba
and 30% E. crystallorophias overall. Net hauls
carried out in the foraging region of these
penguins several weeks later were dominated by
the nearshore euphausid, E. crystallorophias. The
bottom topography to the northwest of Dumont
d’Urville is poorly mapped and it is possible that
a deep-water channel exists which brings
upwelling water close to the colony itself. This in
turn may bring E. superba closer to shore than at
other locations and explain the differences
between bird stomach contents and net haul
samples.
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The coast to either side of Edmonson Point
extends north—south and the Adélie penguins
there must forage to the east of the colony. This
contrasts with all other sites where the coast runs
east—-west. The continental shelf, however, is a
similar distance offshore at approximately 80 to
100 km. During the incubation period penguins
foraged east and southeast of the colony over the
continental slope. Those which travelled
southeast appeared to be feeding within a large
polynya associated with the Drygalski Ice
Tongue. This recurrent feature has been
previously described in relation to a nearby
Emperor penguin colony (Kooyman and Mullins,
1990).

Penguins rearing chicks often foraged out to
the edge of the continental shelf east of the colony
and returned with E. superba in their stomachs.
Many birds also foraged closer inshore where
they consumed a higher proportion of fish
(Table 2). Although E. superba appears to be an
important part of the diet of these Adélie
penguins, there are no recorded major
concentrations of E. superba in the region.

Foraging Range in Relation
to the Krill Fishery

The locations of penguins on foraging trips are
shown in Figures 2 and 3 and are related to or
superimposed on a background of historic krill
catch data. Bathymetric data are also presented.
The edge of the continental slope is approximated
by the 1 000-m isobath.

Although there is currently very little krill
fishing in eastern Antarctica, a spatial overlap
does occur between the foraging range of Adélie
penguins and the locations where krill fishing has



taken place. The potential for overlap for birds
from Béchervaise Island near Mawson (Figure 2)
was described earlier by Kerry et al. (1992, 1995a).
At Scullin Monolith and Ufs Island in the Prydz
Bay region the known foraging range of 100 to
120 km would imply overlap also.

The northern extremity of the foraging range
of penguins at Casey coincided with the area in
which krill had been harvested previously,
indicating that an overlap between penguin
foraging areas and the krill fishery is possible.
However, the existence of the Petersen Bank and
the associated persistence of sea-ice into late
summer could serve to keep the fishery to the
north of the foraging range of the penguins in
many seasons. Although penguins at Dumont
d'Urville appeared to find sufficient food within
50 km of the coast in the season of our study, the
edge of the continental shelf, where krill has
previously been harvested, may lie within their
foraging range in other years.

DISCUSSION

These data suggest that Adélie penguins in
eastern Antarctica regularly forage within a range
of up to 120 km from their colonies during chick
rearing. At all locations covered by this report
(except Dumont d'Urville) it appears that the
maximum foraging distance of penguins feeding
chicks was related to the location of the edge of
the continental shelf where concentrations of
E. superba tend to occur (Hosie and Cochran,
1994). The birds are capable of foraging further
afield but this may be at the expense of
successfully rearing their offspring. At Mawson
in the 1994/95 breeding season when birds
attempted to forage up to 170 km from the colony,
no chicks were fledged and there appeared to be
an absence of krill within the normal foraging
range and beyond (Kerry et al., 1995b).

The foraging range of breeding penguins is
constrained by the need to feed chicks at frequent
intervals, especially when they are small. Any
direct overlap or downstream impact of a krill
fishery that prevents effective foraging within
these time constraints may reduce the
productivity of a colony. The presence of sea-ice
may also limit foraging ranges during early chick
rearing since birds can only walk over ice at about
2.4 km/hr; they swim at approximately twice this
speed (Kerry et al., 1995a).

When chicks have grown sufficiently to be left
alone, each parent has double the time to forage
and bring back larger meals. For all sites except
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Davis this meant that the birds were able to reach
the edge of the continental shelf easily once chicks
had creched. It is noteworthy that at all sites the
end of the guard phase tended to coincide with
the period of minimum sea-ice coverage.

The results of this study show that for all sites
examined between 50°E and 160°E there is the
possibility of an overlap of penguin foraging
areas with any krill fishery that extends to the
edge of the continental slope if the fishery is closer
than 100 km, in a direct line, from the penguin
colony. Such an overlap has been demonstrated
for penguins breeding along the Mawson Coast.
Studies at Davis suggest an overlap could occur
during the incubation period but is unlikely when
the birds have chicks. At Casey penguins have
the potential to overlap a fishery throughout chick
rearing, but at Dumont d'Urville the situation is
less certain as the penguins foraged much closer
to the coast in the season of our study.

Although a spatial overlap can be inferred
from the data, the timing of the fishing (usually
January to March) and the extent of the sea-ice
cover through each season suggest that for eastern
Antarctic waters a temporal overlap between
foraging birds and fishing is most likely while the
penguins are feeding chicks. It is also important
to note that, although direct spatial overlap may
occur at a particular time, competition for krill
cannot be assumed.

CCAMLR has developed the concept of the
‘critical period-distance’ (CPD) as an indicator of
the potential overlap between predator foraging
and the krill fishery (Agnew, 1992). The CPD
refers to the proportion of the total catch of krill in
a subarea which is within 100 km of penguin
colonies between December and March when the
foraging range of breeding birds is limited. This
concept was refined by Agnew and Phegan (1995)
into a new index, the ‘foraging-fishery overlap’
(FFO). This index is the total number of penguins
presumed to be foraging in fine-scale squares
multiplied by the catch in those squares and the
consumption over December to March. These
indices are useful for describing the distribution
of a krill fishery with respect to its predators but
again cannot be used to indicate competition.

CONCLUSIONS

The data described above provide some
insight into the foraging behaviour of Adélie
penguins along a very large part of the Antarctic
coastline. At Mawson it is clear that there is
potential for overlap with the fishery. At Davis
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this is so during part of the breeding cycle only,
while at Casey and Dumont d’Urville the
situation is equivocal. It is suggested, therefore,
that if the establishment of a new CEMP site is to
be contemplated, then consideration should be
given to demonstrating that the penguins forage
on concentrations of E. superba which could be
conceivably the target of commercial exploitation.
CEMP sites which conform to this criterion but
where there is no current fishing may be used to
provide baseline data should harvesting occur at a
later date. Satellite tracking or employing devices
with accurate geolocation on penguins are useful
for demonstrating congruence between foraging
zones of the birds and locations of the fishery.

Additional information will be required on
krill flux through the foraging zone of a particular
penguin colony if there is potential for a fishery to
occur upstream from the colony. Equally, a
CEMP site upstream from the fishery may
provide a useful control against which the impact
of a fishery on an overlapping penguin foraging
zone might be measured. It is suggested that new
CEMP sites in eastern Antarctica would be best
established where concentrations of E. superba
occur closer than 100 km from the proposed
colony to be monitored and where open water in
January to March extends close inshore.
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Figure1:  Map of Antarctica and the Southern Ocean showing the boundaries of the CCAMLR statistical
divisions and the locations of Adélie penguin colonies from which satellite tracking of penguins

was carried out.
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Figure 2: (a) The location of each position fix obtained from penguins carrying platform transmitter terminals
(PTTs). The PTTs were placed on birds at the colonies shown on the map. Isobaths are given for
500-metre intervals.

(b) The krill catch for each 0.5° latitude and 1° longitude provided as a total for the years 1972-1994.
These data are presented on a map at the same scale as Figure 2a.
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Figure 3:  The positions of satellite fixes obtained from foraging Adélie penguins together with krill catch data
from (a) Shirley Island (Casey, (b) Petrel Island (Dumont d'Urville) and (c) Edmonson Point. The

krill catch for each 0.5° latitude and 1° longitude is provided as a total for the years 1972-1994,
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rr. JlaHubple npeACTaB/ICHbl Ha KapTe B TaKOM XKe Macmrade, uyTo u Pucysox 2a.

Koopounats! onpenesieHuil MeCTOHaXOX AeHUST JOOBIBABIUMX HNULIY NUHTBHHOB AJEJ/H, a TaKXke
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Mapa de la Antértida y del Océano Austral con los limites de las divisiones estadisticas de la
CCRVMA vy la ubicacién de las colonias de pingiiinos adelia desde donde se efectué el rastreo por
satélite.

(a) Situacién de cada lectura de posicién obtenida de los pingiiinos que portan circuitos planos de
transmision (PTT). Estos aparatos fueron fijados a las aves en las colonias mostradas en el mapa.
Las isobatas estdn dadas en intervalos de 500 metros.

(b) Total de las capturas de kril para los afios 1972-1994 en &reas de 0.5° de latitud por 1° de
longitud. Estos datos se presentan en el mapa en la misma escala dada en la figura 2a.
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Edmonson. Total de las capturas de kril para los afios 1972-1994 en areas de 0.5° de latitud por 1° de
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