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ABSTR•CT.--Territorial and foragingbehaviorof the South Polar Skua (Catharactamaccormicki) were studied in 1971-72 at the Cape Hallett Adglie Penguin (Pygoscelisadeliae) rookery.

The skua populationwas at maximum98 pairs, and the Adglie Penguinpopulationwas some
43,000 pairs. The size of the skuas'territoriesvaried between0.5 and 1.8 ha (between730 and
3,190 penguinpairs). Areas betweenadjacentterritoriesoverlapped.The behaviorof three dyemarked pairs in their territoriesis described.A large enoughfeeding territory in the penguin
rookery apparently enabledcertain skua pairs to subsistexclusivelyon a penguindiet throughout
the whole skua breedingseason.Skuasbreedingfarther away from the penguinrookeryusually
defendedonly nest territories,which were much smallerthan the above all-purposeterritories.
They hunted in the northwestpart of the rookery in "preferred feeding areas" that were not
defendedagainstother skuas.Somepairs apparentlyforagedat sea. The number of skuashunting
per unit area is about sixfoldin the parts of the rookery usedby skuasas preferredfeedingareas,
but no resultingdeclinein penguinbreedingsuccesscouldbe found. The breedingsuccess
of skua
pairs with feeding territories was significantlyhigher than that of pairs with preferred feeding
areas. The possiblecausesof this differenceare discussed.---MaxPlanck-lnstitutfiir Verhal-

tensphysiologie,
Ethologische
Abteilung,8131Seewiesen,
WestGermany.Accepted
3 May 1976.

IN the Ross Sea area of the Antarctic the South Polar Skua (Catharacta maccormicki, subsequentlytermed skua) frequently breeds closeto rookeriesof the Adglie
Penguin (Pygoscelisadeliae, subsequentlytermed penguin). Maher (1966) considered
the skua-penguin associationto reflect long-term predator-prey adjustment. He
stated, "It is probable that the skua could not maintain itself in Antarctica if it were
not for the Adglie." But Young (1963a, 1963b)thought this associationwas due to the
scarcity of suitable breeding placesfor either species,resulting in the use of a common habitat. He showedthat the skua acted mainly as a scavengerin the penguin
rookery and pointed to the existenceof skua coloniesin McMurdo Sound, far away
from penguin colonies,where the birds must live on seafoodonly.
The potential amount of food available to skuaswithin penguin rookeriesvaries
considerably.At Hallett, where Maher (1966) pursued his study, there were at that
time about 350 penguin pairs/skuapairs, whereas at Cape Royds there were only
about 230 penguin pairs/skua pairs (Young 1963b), and at Cape Crozier about 150
penguinpairs/skuapairs (Wood 1971).Young (1963b)notedthat at Cape Royds6 out
of 17 breedingskua pairstook part of their foodfrom the 1,400-pairpenguinrookery.
These6 skua pairs defendedterritoriescontainingbetween90 and 540 penguinpairs.
D. and C. Mfiller-Schwarze(1973) at Cape Crozier, where 950-1,000 skua pairs and
about 150,000 penguin pairs breed (Wood 1971), showed that skua pairs breeding
near the edge of the penguin rookery defended adjacent parts of the peripheral
rookery as territories and that skuasbreedingfarther inland, away from the rookery,
apparently foraged all over its central parts and beaches.In both these penguin
rookeries, the food available to the skuas seemed to be rather limited. That they
utilize it fully is evidentfrom the fact that no carcasses
of penguinchicksare left lying
around at the end of the breeding season. At Hallett many chick carcassesremain
untouchedafter the penguinbreedingseason(Reid 1964), which supplementthe skua
diet in the following spring.
During my stay at Hallett Station in 1971-1972, I investigated how the potentially
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greater food resourcesat the Cape Hallerr penguin rookery affected the territorial
and foraging behavior of the skuas and how the associationof the two species
influenced their breeding success.
TERMINOLOGY

A rookery is a geographicalarea containing one or more colonies(groups)of
breeding penguinsand a landing beach used to reach the nesting groundsfrom the
sea (after Penney 1968). A colony is a geographicallycontinuousgroup of breeding
penguins whose territorial boundaries are contiguous (after Penney 1968). "A territory is any defended area" (Noble 1939).
Three narrower terms need specialdefinition: A feeding territory is a spacethat a
skua pair exploits and defendsagainst other skuas. A preferred feeding area is any
part of a penguin rookery in which a skua hunts regularly without defending it
against other skuas (no skua has been noted to have both a preferred feeding area
and a feeding territory). A nest territory is the area immediately surroundingthe nest
itself; it contains no food for the skua, but it is vigorously defended against other
skuas.The nestterritory may be locatedwithin the feedingterritory, adjacent to, or
completelyseparatedfrom it. Whenever the term "territory" is usedin this paper, it
signifiesboth feeding and nest territories together.
The breedingcycleof the penguinsis describedwith Penney's(1968) terms. Perdeck's (1960) terms are used to describe the behavior of the skuas.
METHODS

From November 1971 to 22 January 1972, I studied the foraging behavior of marked skuas in the
penguinrookeryat Hallett Station (72ø19'S,170ø13'E),Antarctica. Many skuashad beenbandedwith
coloredand aluminum bandsby previousinvestigatorsand couldbe recognizedindividually.
A creektrap (after Beckerin Bub 1966:64) was baited with a plasticegg. Birds were caught2-20 rain
after settingthe trap. One bird of eachof five skuapairs(4 males,1 female)werecapturedand onewing
dyed. Sex was deducedfrom copulatoryposition.All activitiesof the currentlynonincubating
partner
were recordedfor periodsof 2-5 h at a time. Observationson three pairs (blue, green, and white dyed)
were spread throughout the incubation period. Nest positionsare indicated in Fig. 1. Each pair was
watched for 24 h and its territory mapped as accuratelyas possible.All points at which pair partners
showeddefenseactivitiesagainstother skuaswere recorded,100-200 suchpointsbeingmappedfor each
of the 3 territories.A line connectingthe outermostpointsat which suchattacksoccurredenclosedan area
identical with the hunting area of the skua pair concerned.This is assumedto indicate the maximum
territorial

extension.

The other 2 dye-markedpairs were watched for 8 h and 18 h respectively.One pair separatedtowards
the end of December, but the male still occupiedthe territory. Observationson the other pair were
discontinued as the birds became disturbed.

The area called the "Hook" is shownin Fig. 1. Hunting flights were recordedin addition to territorial

defenseflights(= chases)
to map the territoriesof skuapairsbreedingon the Hook (Figs. 1 and 2). Only
slightlymore than 8 h were neededto map their territoriesas much of the information was already known

from weeklycontrols,frequentcensus-taking
at somepenguincolonies,and otherobservations.
On the
average, six hunting flights and two chaseswere mappedfor each territory on the Hook. For 2 territories,
the mapped area increased17% and 6% respectivelyfrom the secondto the third 90-min observation
period on the sameday. The actual territorial area should, therefore, be coveredquite satisfactorily(for
discussionof the method, see Odum and Kuenzler 1955). With this mapping method, errors in the

determinationof the maximumterritorialextensionmay reach 20%. The boundariesshownin Fig. 2
cannot, therefore, be regardedas absolutelyexact.
PENGUIN

AND SKUA POPULATIONS AT HALLETT

STATION

Hallett Station was built in 1956-57 on the edge of a penguin rookery on a flat
peninsula covering 40.5 ha. According to Reid (1964) 62,900 penguin pairs were
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Fig. 1. Map of the CapeHallett Ad•lie Penguinrooke• with nestterritoriesof 94 skuapairs(on2
January1972).The nestsof the dye-markedpairsblue(square),green(circle),and white (tri•gle) are
shown.Theroadfromthestationto theglaciercutsoffthesouthwest
partof therookeureferredto asthe
"Hook."

breedingat Hallett in 1959-60. The populationdeclineduntil in 1967-68 it was estimated to be about 43,000 pairs (Tenaza 1971). Persecutionby station personnel
reducedthe numberof skuapairsfrom 181in 1960-61(Maher 1966)to 98 pairsin
1968-69 (Johnston1971). In 1971-72 I also counted98 skua pairs.
The area coveredby the penguinrookery(after Reid 1964), the nestterritoriesof
skuason 2 January1972,and the termsusedfor differentpartsof the Hallett Station
peninsulaare given in Fig. 1. About 75% of the skua populationin 1971-72 were
activebreeders,of which 10%bredin betweenpenguincolonies,20% on the edgeof
the rookery,and 70% fartheraway from the rookeryin the protectedarea (a plant
protection area).

Exceptwhen taking out trash, navy personnelneverwent into the penguinrookery duringthe 1971-72season.In Octobernavy personnelwere feedingskuasnear
the galley.From aboutmid-Novemberfoodwas withheld, and all kitchenrefusewas
covered and burned weekly.
TERRITORY ESTABLISHMENT DURING NOVEMBER AND DECEMBER

The skuasarrivedat Hallerrin the lastthird of October.Duringthe first half of
Novemberbothpartnersof thepairsontheHookbeganto attackskuastrespassing
in theirfuturenestterritories.In searchof foodtheyrangedthroughout
mostof the
rookery,wherein thefirstweekof Novembertheironlyfoodwascarcasses
ofyoung
penguinsfromthe previousyear.They werealsoseenfeedingon garbagenearthe
stationgalley and out on the seaice, where they fed on the afterbirthsof Weddell
seals(Leptonychotes
weddelli).More than90% of theirrestingtimewasspentwithin
their future territories.

From aboutmid-November(peakof penguinegg-laying11 November1971)the
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Fig. 2. Skua territories on the Hook with areas of overlap between adjacent territoriesstippled. The
black dots indicate either the nest or roost of a pair. The upper circle shows the roost of a pair breeding in

the protectedarea. The lower circle indicatesthe roost of a pair whose nest territory was not known.

dye-marked skuas (red, blue, green, and white) limited their hunting activities to
their feeding territories, which they defendedvigorouslyagainst skuasflying over or
landing. After egg-laying(first skua clutch completed20 November 1971)theseskuas
left their territories only for bathing (onceor twice a day for 5-20 min), during brief
chases,or for very rare foragingflights to the station galley.
TERRITORY

SIZE AND FOOD RESOURCES

Twelve territories (that were nest and feeding territories simultaneously)were
mappedon the Hook (onebelongingto the pair dye-markedblue), three on the north
edge of the protected area (one belongingto the pair dye-marked green) and one on
the east edgeof the rookery(of the pair dye-markedwhite). Territory sizesvaried
between 0.5 and 1.8 ha (median 1.1 ha). The number of penguin pairs in 13 of these
territories was counted from an aerial photograph (U.S. Navy, 4 November 1970;
this photo was kindly provided by Leigh H. Fredrickson). Numbers varied between
730 and 3,190 pairs. Territory size and the number of penguin pairs on a territory
were significantly correlated (Spearmanrank correlation:rs -- 0.66; P < 0.02, twotailed test).
Territories overlapped deeply as shown in Fig. 2. The overlap with all adjacent
territories amounted to 22 _+ 14% of the total territory area. Casual observations
indicated that one of the pairs was dominant in such a region of overlap. For
example, pair 6 seemedto be dominant over pair 7 but subordinateto pairs 5 and 8A
in the areas of overlap with their respectiveterritories. Skuas other than neighbors
from adjacent territorieswere chasedout of the area of overlap by any of the territory
owners concerned.
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Fig. 3. Utilization of the territory area on the groundby the three dye-markedpairs blue, green,and
white, each observedfor 24 h. The largestdot, indicatinglongestoccupationof the squareby the
nonincubatingskua, always coincideswith the positionof the nest.

TERRITORY UTILIZATION

BY THE DYE-MARKED

PAIRS

To facilitate description,nest and feedingterritorieshave been defined as if they
were separate entities. But this was only rarely the case. The nest territory was

located (1) among the penguincolonies,in which caseit mergedwith the feeding
territory, with the boundarydifficultto define;(2) just outsidethe area colonizedby
penguins, with the penguin rookery boundary being consideredto bound the nest
territory also;(3) farther away from the rookery;most of theseskua pairs had no
feeding territories (seebelow).
The nestterritory of the pair dye-markedblue belongedto the first type, the nest
territories of the pairs dye-markedgreen and white to the second.
In thesethree pairs, the currently nonincubatingbird stayedon the nestterritory
for about half its time off the nest. About 94% of the time on the nest territory the
skuas rested on a little mound (roost), preening occasionally.The duration of a
restingperiodaveragedabout12min (n = 151).As no penguinsbredwithin 10-15 m
aroundthe nest, disturbanceby trespassingpenguinswas very rare (4 in 32 h). About
four times per hour the nonincubatingbird took off, usually to chaseoff strange
skuas. During the skua incubation period about half the penguin chicks and eggs
taken in the feeding territory were carried to the vicinity of the nest and consumed
there.

The other half of their time off the nest theseskuasspent on their feedingterritories. Either directly after nest relief, or after some time on the roost, the skuas

flew to the penguincolonies.On their feedingterritoriesrestingand preeningcombined took 72% of the skuas'time. These restingperiodswere shorterthan thoseon
the nest territory, averaging about 9 min (n = 133). The skuas often walked very

closeto the penguincoloniesand were chasedaway by the penguinsabout three
times per hour, sometimesfor several meters.
For thesethree dye-markedpairs the total duration of stay at various sitesin the
territory was plotted from 24 h of observation.Restingand hunting activitieson the

groundwere mostlyconfinedto a few preferredsitesin the territory.As is shownin
Fig. 3 the "blue"pair usedonly 17 (32%) out of 53 squares(onesquare-- ca. 300 m2)
aslandingand restingplaces,the "green"pair 17 (66%)of 26, and the "white"pair 14
(66%) of 21 squares. Ground areas of heaviest utilization were the roost in the nest

territoryand usuallyonepreferredrestingsitein the feedingterritory.Althoughthese
birds usually hunted on the ground they defendeda considerablylarger area (maximal territory)when in the air, even consideringthe fact that of coursethey couldnot
move within penguin colonies.The behavioral observationsindicated that the feed-
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Fig. 4. Landing points of birds from the protected area in the penguin rookery (black dots). The shaded
area indicatesthe regionfrom which thesebirds took off. The other symbolsshownest(largersymbol)and
landing points (smaller symbol) of three pairs with separate nest and feeding territories.

ing territory with its penguin colonieswas the only sourceof food for four of the
dye-marked pairs during their incubation period.
In all these activities no significant differences between male and female were
found. Qualitative observationsshow that a similar pattern was followed by the
other skuas defending feeding territories.
SUBDIVISION
WITH

OF THE ROOKERY AREA BETWEEN
AND WITHOUT

FEEDING

SKUA PAIRS

TERRITORIES

The dye-marked skuas, and all skua pairs on the Hook, claimed parts of the
rookery as their feedingterritories, as mapped in Fig. 2. Observationselsewherein
the rookery showed that its eastern parts were split up by the skuas breeding
on its periphery into feeding territories adjacent to their nest territories. Three
skua pairs (possiblyfour) breeding farther south in the protected area (see Fig.
4) also held feeding territories in the rookery. Whenever they were on their
feeding territories they defended them successfullyagainst other skuas.
More than 75% of the rookery space was occupiedby about 30% of the skua
population. Figure 5 shows that only the northwest part of the rookery was not
occupiedby territorial skua pairs.
FORAGING OF SKUAS WITHOUT

FEEDING

TERRITORIES

All skuas of the protectedarea defendeda spaceimmediately surroundingtheir
nestsas nest territory. To feed they regularly flew to the penguin rookery.
During approximately30 h of observationsof the flight paths of skua pairs breeding in the protectedarea, birds were traced from takeoff near the nestto landing in
the rookery 83 times. Their landing points were mapped and their behavior there
was followed as long as the birds were clearly visible. Most often this was for only
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Fig. 5. Partsof the penguinrookeryclaimedas feedingterritoriesor usedas preferredfeedingareasby
skuas.

5-10 min, maximally for 45 min. Some flights back to the nest in the protected area
could alsobe mapped. The 83 traced flight paths included 16 flights of pairs holding
feedingterritorieson the Hook (seeFig. 4). Of the 67 remaining flight paths 14 ended
in placesclaimed as territory by other skuas, 9 in the station, and 36 in the northwest

part of the rookery (Fig. 4), while on 8 occasionsskuastaking off from the vicinity of
the nest flew north or south, far beyond the rookery, presumably to feed at sea.
Skuasfrom the protectedarea alighting in parts of the rookery claimed as feeding
territoriesby otherskuaswere usuallydriven off immediately.If they got any foodat
all they usually snatched it in a dive and carried their prey back to their nest
territories. During the penguinegg-layingperiod, egg snatchingfrom the feeding
territories on the Hook by birds from the protected area was common. On their way

back theseskuaswere oftenharassedby othersand robbedof their prey. During the
penguins'late guard and cr[chestagesa strangeskua was never seento kill a penguin
chick on a feedingterritory on the Hook, and only rarely succeededin tearing a few
scrapsof flesh from the carcassof a young penguin.
Skuas landing in the northwest part of the rookery usually limited their hunting
activities there to a region comparable in size to a feeding territory. For five skua
TABLE

1

PENGUIN BREEDING SUCCESSIN RELATION TO EXPLOITATION BY SKUAS

3 penguin colonies
inside skua

Maximum number of penguin pairs
Maximum number of active pairs
Maximum number of eggs
Maximum

number of chicks

Hatching success
Breeding successto late guard stage

3 penguin colonies
inside skua

feeding territories

preferredfeedingareas

299
249
460
389

158
124
219
183

84.6%
79.4%

83.6%
80.4%
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2

SKUA BREEDING SUCCESSIN R-ELATION TO FEEDING TEP•RITORY 1971-72

Total

% of pairs
with E

Total

Total

E and C
per total

pairs

or C

eggs
•

chicks•

pairs

prs with f.t. a

26

88

42

0

1.6

prs w/o f.t.

72

63

67

0

0.9

28
72

82
71

43

9-11 December

p2

1971
<0.001

2 January 1972

prs
withf.t.
prs w/o f.t.
20-22 January 1972
prs with f.t.

28

prsw/of.t.

72

75

65

9
2

4

25
29

1.2
1.0

28

1.1

49

0.7

<0.5
<0.02

• If unknown, assumedto be 1.

• The differencein the distributions
of pairswith 0, 1 or 2 eggsor chicksbetweenpairswith and withoutfeedingterritorieswas

testedby meansof a Chi2-test.

a Abbreviations:
C = chicks;
E = eggs;f.t. = feedingterritory;prs= pairs;w/o = without.

pairs the flight paths of male and female were followed several times. Partners
usually landed independentlyof each other in the same region in the northwest part
of the rookery. Skuasin the near neighborhooddid not react visibly to displaysgiven
by alighting birds. These usually remained for some time near their first landing
point, hunting on the ground and on the wing, until their flight back to the nest
territory. These observationssuggestthat both partners of a skua pair used the same

limited part of the rookeryas preferredfeedingarea.
PENGUIN

BREEDING

SUCCESS ON SKUA FEEDING

AND ON SKUA PREFERRED FEEDING

TERRITORIES

AREAS

The ecologicaldensityof skuapairs with feedingterritorieswas about 1.8 pairs/ha
rookery area, that of pairs with preferred feeding areas in the northwest part of the
rookery 12 pairs/harookeryarea. The latter value may be a little too high as someof
these pairs searched for food at sea. To establish whether skua density affected
penguinbreedingsuccess,six colonieson the Hook inside skua feedingterritoriesand
six in the northwest part of the rookery usedas preferred feeding areaswere checked
at regular intervals. The colonieswere enteredand nestchecksmade from egg-laying
through late guard stage(4 November-28 December 1971) (Table 1). No significant
differencein the breedingsuccessof penguinsbreedinginside skua feeding territories
or on skua preferred feeding areas was found.
BREEDING

SUCCESS OF SKUA PAIRS WITH
FEEDING

AND WITHOUT

TERRITORIES

An advantage or disadvantageafforded by feeding territories or the use of preferred feeding areas and/or foraging at sea could be indicated by differences in
breeding success.To establish any possibledifferencesthree censusesof the skua
population were made in 1971-72.

All pairs holding nest territories were mapped. For the calculationof breeding
successof the two groupsof birds (with or without feedingterritories), in either group
the maximum number of pairs holding nest territories was used. In the first two
censusesthe skuas were not removed from the nest, and it was noted only whether
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they were incubating or had chicks, which was evident from their behavior. About
90% of the birds took off when the observerapproached, whereupon nest contents
were checked.In the last census(20-22 January 1972) the contentsof all nestswere
checked.

Pairs with feeding territoriesbeganto breed about 8-10 days earlier than the other
pairs. At the first censusof 9-11 December 1971 most of the pairs with feeding
territories already had eggs, while many of the other pairs were still in courtship.
Also, in the censusof 2 January 1972, pairs with feeding territories had significantly

higherratiosof chicksto eggsthan pairs without (X2 test;P < 0.001).
In all three censusespairs with feeding territories averaged more eggs and/or
chicksper pair than pairs without feedingterritories. In the first census(Table 2) I
did not know the contents of a few nests. Even when all unknown

nests of birds

without feeding territories (n = 8) are assumed to contain 2 eggs and all unknown

nests of birds with feeding territories (n = 3) to contain 1 egg, the difference in
eggs/pairbetweenthe two groupsis still significant(X2 test; P < 0.02), but this
only indicatesthat the pairs with feeding territories began to breed earlier than those
without. In the second census(Table 2) at the end of the incubation period both
groups averaged the same brood size, so that up to this time the only difference
between the two groupslay in the onsetof breeding. After hatching chick mortality
was much lower in pairs with feeding territories than in pairs without, which is
expressedin the significantlyhigher breeding successof the former group (Table 2).
DISCUSSION

The penguin-skuasystemdescribedin this paper hasbeen greatlydisturbedby the
establishment of the station and the activities there (Fredrickson 1971). The skua
population declinedto ca. 54% and the penguinpopulation to ca. 67% of ti•eir former

sizes.Spatial arrangementsand the relation of skuasto penguinsmay have changed
considerably, and the relatively great food resourcesavailable to some skua pairs at
Hallett may have been created artificially. Bekoff (pers. comm.) reported spacerelated behavior of skuasat Cape Crozier similar to that at Hallett, and D. and C.
Miiller-Schwarze (1973) gave a descriptionof the skuas'foraging behavior at Cape
Crozier, which also applies to the skuas at Hallett. Thus the situation at Hallett may
not be so artificial as the dramatic population decrease of penguins and skuas
suggests.The comparisonof the skuas' widely differing foraging and territorial
behavior in the same rookery and of its consequences
for the skuascan be conducted
regardlessof how closethe penguin-skuasystemis to its former natural state.
Foraging.--Until the end of January, the pairs dye-markedblue, green,and white
supportedthemselvesexclusivelyfrom their rookery feeding territories. Food should

have been plentiful for theseskua pairs even after the penguinshad left Hallett,
becauseevery spring many intact carcassesof penguin chicks from the preceding
seasonremain, frozen through the winter. This means that although the skuas'
breedingcycleis not adaptedto that of the Ad•lie Penguin(Spellerberg1975),territorial behavior should enable some skua pairs at Hallett to subsistexclusivelyon the
penguin food resourcesuntil the very end of the skua breeding season.This they
more likely achieve by safeguardingfood resourceson their feedingterritoriesfrom
other skuas, than by actively preying on the penguins.D. and C. Miiller-Schwarze
(1973) described a strategy of this kind for skuas at Cape Crozier.

Young's opinion (1963b) that the skua is more a scavengerthan a predator in
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Ad•lie Penguinrookeriesis borneout by the findingthat no disparityexistsin penguin
breedingsuccess
on skua feedingterritoriesor on skua preferredfeedingareaswith
their sixfold higher skua density. This contrastsmarkedly with Nettleship's(1972)
data on the predator-prey interactionsbetween gulls (Larus marinus and L. argentatus) and the Common Puffin (Fratercula arctica). He reports that the fledging
success
of 90.5% of puffinsin colonieswithout gullsfell to 37.1% in colonieswith gull
interference.

Breedingsuccess.--Onthe average,skuaswith feedingterritoriesin the rookery
had greater breedingsuccessthan pairs without. Several factorssinglyor in combination, could accountfor this finding:
(1) Young (1963a) gave examples of pugnaciousfighting between skua chicks
within the first week of the secondchick hatching, and often proving fatal for the
secondchick. At hatchingtime of the skua chicksa feedingterritory in the penguin
rookery at Hallett provided a skua pair with an abundant, easily accessiblefood
supply. In very short hur/ts these skuas could secure more than their own and their

chicks'needs,as evidencedby food cachednear the nest. This allowed each parent
skua to care for one chick nearly continuously,thus keepingthem separatedand
avoiding combat. In pairs without feedingterritories,whether they fed on preferred
feedingareasor at sea,oneparent was oftenaway for hours,and it couldhave been
difficult for the other parent to prevent chick fighting (exampleseeYoung 1963a:
222).

Thereforethe abundantfood supplyfrom a rookeryfeedingterritory (alsoavailable in unfavorableweather)togetherwith the muchlongerperiodsof attendanceof
both parents at the nest site are considered to increase the survival chancesof the

secondchickgreatly.This would enhancethe breedingsuccess
of the skuapairswith
feedingterritoriesover that of the pairs with preferredfeedingareas.
(2) It is known in the SouthPolar Skua (Wood 1971)as well as in the Arctic Skua
(Stercorariusparasiticus)that pairs breedingearly have a higher reproductivesuccessthan later ones.In the Arctic Skua the malesof the early pairs are usually darker
in color (O'Donald et al. 1974). O'Donald et al. (1974) explained these resultsby

assumingthat the fittest femalesbegin to breed earliest. Becauseof their higher
fitnessthey produceon the averagemore young than other females. These authors
suggestedthat thesefittest females, when first breeding, choosethe darker males.
No conspicuous
differencesin the relative frequencyof dark and light phasemales
with and without feeding territories were evident at Hallett. For these skuas it
thereforeseemsequally plausibleto assumethat the fittest females,when first breeding, selectmales becausethey have obtained the better territories in the rookery in
male-male competition (seeMayr 1972: 95). This could account for the observed
earlier onsetof breedingin skua pairs with feedingterritories.The above average
fitnessof thesefemales(if O'Donald'sassumptionsare correct)may alsoplay a part in
the greater breedingsuccessof suchpairs.
(3) Skua nest densityis positivelycorrelatedwith intraspecificpredation on eggs
and chicks(Burton 1968). Therefore intraspecificpredation should have affected
pairs with feedingterritories,where nestdensityis lower (seeFig. 1) lessthan pairs
with preferredfeedingareas.Also adult birds of pairs with feedingterritoriesdid not

have longjourneysfrom the nestto forage,so that their eggsand chicksmay have
beenbetterprotectedagainstpredationby conspecifics.
At Hallerr predationof skuas
on skua eggswas observedonly once in 1971-72 and may scarcelyhave impaired
breedingsuccessof pairs with preferred feeding areas.

January1978]

SouthPolarSkuas

33

ACKNOWLEDGMENTS

Thisstudywassupported
bytheDeutsche
Forschungsgemeinschaft
grantTr 105/1
,andbytheNational
ScienceFoundationgrant GA~23744to JohnR. Baker, Iowa StateUniversity.He hasearnedmy gratitude
by generouslymakingit possiblefor me to work at Hallerr, and for his adviceon the manuscript.I thank
Rainer Hertel for his whole-heartedsupportbeforeand after this study. Dirk V. Derksen, Chuck Steffen,
and Jerry Weinrich kindly assistedin the field and with many stimulatingdiscussions.
Constructive
criticismby M. Casimir,E. Curio,L. H. Fredrickson,H. Hoek, D. Miiller-Schwarze,C. and P. Rechten,
B. Svoboda,andM. W. Wellergreatlyimprovedthemanuscript.It isa pleasureto recallthesupportgiven
meby theU.S. Navy SupportForceandespecially
the 1971-72crewat Hallerr Station.P. andC. Rechten
kindly helpedtranslatethe manuscript.
LITERATURE

CITED

BUB, H. 1966. Vogelfangund Vogelberingung,I. Wittenberg, A. Ziemsen Verlag.
BURTON,R. W. 1968. Breeding biologyof the Brown Skua, Catharactaskua lSnnbergi(Mathews), at
SignyIsland, SouthOrkney Islands. Brit. Antarct. Surv. Bull. 15: 9-28.
FREDRICKSON,
L.H. 1971. Environmental awarenessat Hallett Station. Antarctic Journal, U.S. 6: 57.
JOHNSTON,
B.R. 1971. Skua numbersand conservationproblemsat Cape Hallett, Antarctica.Nature
231: 468.

MAHER, W.J. 1966. Predationsimpact on penguins.Nat. Hist. 75: 42-51.
MAYR,E. 1972. Sexualselectionand naturalselection.Pp. 87-104 in Sexualselectionand the descentof
man 1871-1971(B. Campbell, Ed.). London, Heinemann.
MOLLER-SCHWARZE,
D., AND C. MOLLER-SCHWARZE.
1973. Differential predationby South Polar
Skuasin an Ad•lie Penguinrookery. Condor 75: 127-131.
NETTLESHIP,D. N. 1972. Breedingsuccessof the Common Puffin (Fratercula arctica L.) on different
habitats at Great Island, Newfoundland. Ecol. Monogr. 42: 239-268.
NOBLE, G. K. 1939. The role of dominancein the life of birds. Auk 56: 263-273.
O'DONALD,P., N. S. WEDD, ANDJ. W. F. DAVIS. 1974. Mating preferencesand sexualselectionin the
Arctic Skua. Heredity 33: 1-16.
ODUM, E. P., AND E. J. KUENZLER. 1955. Measurementof territoryand homerangesizein birds. Auk
72: 128-137.

PENNEY,R. L. 1968. Territorial and socialbehaviorin the Ad•lie Penguin. Pp. 83-131 in Antarctic bird
studies(O. L. Austin, Jr., Ed.). Washington, D.C., Amer. Geophs. Union.
PERDECK,A. C. 1960. Observationson the reproductivebehaviorof the Great Skua or Bonxie,Stercorariusskua skua (Briinn), in Shetland, Ardea 48:111-136.
REID, B. E. 1964. The Cape Hallerr Ad•lie Penguinrookery--its size, compositionand structure.Rec.
Dom. Mus. Wellington 5: 1-37.
SPELLERBERG,
I. F. 1975. The predatorsof Penguins.Pp. 413-434 in The Biologyof Penguins(B.
Stonehouse,Ed.). London and Basingstoke,MacMillan Press.
TENAZA,R. 1971. Behaviorand nestingsuccess
relative to nestlocationin Ad•lie Penguins(Pygoscelis
adeliae). Condor 73: 81-92.
WOOD,R. C. 1971. Populationdynamicsof breedingSouth Polar Skuasof unknown age. Auk 88:
805-814.

YOUNG, g. C. 1963a. The breedingbehavior of the South Polar Skua, Catharacta maccormicki.Ibis
105: 203-233.

1963b. Feeding habits of the South Polar Skua, Catharacta maccormicki.Ibis 105: 301-318.

