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We investigated allofeeding (feeding of offspring by adults other than their own parents) in the king penguin, Ap-
tenodytes patagonicus, a long-lived pelagic bird that faces severe food shortages during its reproduction and in
which parents leave their fasting chick in dense créches. A 1-year monitoring of 103 breeding pairs and 70 chicks
was carried out in a colony in the Crozet Archipelago. We examined whether allofeeding was common enough to
alter survival costs or benefits for both the allofed chicks and the allofeeders. Twenty-two per cent of marked
adults allofed more than 65% of all the chicks without repeatedly feeding the same chick. Allofeeding in king pen-
guins benefited allofed chicks by increasing their survival, yet little or no fitness cost was detected among allo-
feeders. We identified proximal factors affecting allofeeding: (1) the breeding conditions of the population
were not unusual; (2) allofeeding occurred mostly when parental provisioning was low; (3) alloparents did not
respond to increased begging by regurgitating more meals; (4) allofeeders were mostly failed breeders, although
successful breeders occasionally allofed; (5) when the colony was no longer organized into breeder territories, al-

lofeeders preferentially fed chicks that had been reared by close neighbours at the time of brooding.
© 2005 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Alloparental feeding occurs when one or several individ-
uals provide temporary feeding to alien young. Allofeed-
ing can also include full adoption of young when a 'foster
parent(s)’ provides exclusive care of another’s offspring in
the absence of one or both original parents (Riedman
1982). Allofeeding raises intriguing evolutionary ques-
tions, because it can be viewed as an altruistic and repro-
ductively costly behaviour (Wilson 1975). Allofed
offspring survival is promoted at the expense of the allo-
feeders, but the energetic or fitness costs are not experi-
enced by the allofed offspring (Brown 1987). In this
case, an ‘intergenerational conflict’ might appear, where
offspring are selected to gain from alloparental feeding,
but alloparents are selected not to provide such allofeed-
ing (Pierotti & Murphy 1987).

Most of the 150 bird species that allofeed are seabird
species that show several specific life-history traits and
environmental constraints that promote allofeeding
(Riedman 1982; Brown 1987; Heinsohn et al. 1990;
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Arnold & Owen 1999). For example, seabird chicks are
semiprecocial or altricial at hatching. They require pro-
longed periods of biparental care because of slow growth
rates, and they endure long periods of parental absentee-
ism because of distant and unpredictable food resources.
King penguins, Aptenodytes patagonicus, show all those
life-history traits that may be favourable to alloparental
feeding. As pelagic predators (Bost et al. 1997; Charrassin
& Bost 2001), they leave their colony for long periods, and
return periodically with food for the chick. Their breeding
cycle takes over 14 months (Stonehouse 1960; Barrat
1976; Weimerskirch et al. 1992; Olsson 1996). The large
size of the species (Stonehouse 1960), combined with
a short window of food abundance during the austral
summer (El Sayed 1988), make completing chick rearing
impossible before the onset of winter, but only until the
next summer. Breeders do not build a nest, but brood their
egg and single chick on their feet for 53 days during the
austral summer (Barrat 1976). Before the onset of winter,
breeding territories no longer exist and chicks aggregate
in dense groups called creches (Stonehouse 1960; Davis
1982; Evans 1984; Tourenq et al. 1995). During the winter,
feeding of their single chicks by parents is reduced and
may not even occur from the beginning of autumn until
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the next spring (Stonehouse 1960; Barrat 1976; Cherel &
Le Maho 1985; Cherel et al. 1987; Jouventin & Lagarde
1995). In king penguins, chick prewinter mass, créching
behaviour and the age of the chick are the key variables
that explain winter survival (Stonehouse 1960; Barrat
1976).

We studied alloparental feeding in a king penguin
colony by observing feeding exchanges between adults
and chicks during one breeding cycle. We assessed
whether allofeeding was common enough to alter surviv-
al costs or benefits for both the allofed chicks and the
allofeeders. We verified whether the same alloparent fed
repeatedly the same chick. We then explored in king
penguins five hypotheses of behavioural mechanisms
commonly associated with allofeeding in colonial sea-
birds species: (1) occasional and unusual breeding con-
ditions (such as changes in the breeding habitat or
breeding success of a colony: Roberts & Hatch 1994),
(2) young solicitation towards alloparents (Birkhead &
Nettleship 1984; Mock 1984; Pierotti & Murphy 1987;
Hebert 1988; Morris et al. 1991; Brown 1998), (3) subop-
timal parental care (Pierotti & Murphy 1987; Hebert
1988; Morris et al. 1991), (4) breeding failure (Riedman
1982; Birkhead & Nettleship 1984; Jouventin et al.
1995) and (5) spatial proximity of breeding adults in col-
onies (Roulin 2002).

METHODS

This study was undertaken at Possession Island (Crozet
Archipelago, 46°25'S, 51°45'E), which has a subantarctic
climate (mean annual temperature and precipitation: 5°C,
2800 mm). Winter conditions prevail from April to No-
vember, when marine resources are at their minimum
(Hart 1942; Foxton 1956).

We carried out an all-occurrence sampling of feeding
events on one subcolony (N = 200 breeding pairs) in a cen-
tral part of the ‘La Grande Manchotiére’ colony
(N =30000 breeding pairs), from the beginning of incu-
bation (December 1998) to the departure of the juveniles
(February 2000). We also recorded the rate of créching
chick calls (average number of calls per minute) each
time they encountered an adult (parent or alloparent) dur-
ing the winter. Clear topographic features (slope and
rocks) defined the limits of our subcolony and prevented
mixing with the populations of other subcolonies.

We marked 74 breeding adults with no identified
partner and 103 breeding pairs with a unique dye-mark
code of Nyanzol-D (dark colouring) on their white under-
bellies. We also implanted a miniaturized transponder
(TIRIS, Texas Instruments, Dallas, Texas, U.S.A.; Gendner
et al. 1992; Le Maho et al. 1993; E. E Prentice & D. L.
Park, unpublished data, available at NWFSC, 2725 Mon-
tlake Blvd., Seattle, WA 98112-2097, U.S.A.) subcutaneously
in the tail fold of each animal. We defined ‘young
chicks’ as those with a parent, ‘créching chicks’ as those
with brown down in close association with other créching
chicks, and ‘juveniles’ as those with growing subadult
feathers and no longer in the créches. Breeding failure
(offspring abandonment or mortality) may occur at the

egg stage, early chick age or créching stage. Successful
breeding was established by the departure of the juveniles
to the sea. Chick mortality was determined either by see-
ing giant petrels (Macronectes sp.) kill starving chicks or
by finding carcasses at a distance from the colony. Early
marking of the young chicks was essential to associate
a single chick with its biological parents. Among the 103
breeding pairs, 95 chicks were marked under the skin
with a transponder and externally with an individual tag
on their back (made by Floy Tag Inc., Seattle, Washington,
U.S.A.) when they were 5-10 days old. During handling,
each chick was replaced by a dummy egg to avoid parent
abandonment. At the beginning of the creching period
(April), we banded and weighed the remaining 70 marked
chicks. We removed bands from all marked juveniles just
before their departure to the sea (from the end of the fol-
lowing December to the beginning of February). Daily ob-
servations were carried out with a spotting scope (20 x 60)
and binoculars (10 x 50) in three blinds situated more
than 7 m from the subcolony. Three pairs of antennae at
the subcolony entrance detected all departures and arriv-
als of the transponded individuals (Descamps et al.
2002). A video system provided additional data (infrared
video camera connected to a videotape recorder), especially
at night.

Between foraging trips, adults regurgitated their stom-
ach contents to one or more chicks in the colony while
partly joining bills with them. Feeding transfers were
considered to be alloparental when an adult provided
food to a nonoffspring chick. To estimate the amount of
food delivered to the chick, we established a semiquanti-
tative scale of three meal sizes that were distinguishable at
a distance: F (large meal), f (small meal), L (liquid similar
to a thick mucus). To avoid disturbance in the subcolony
under study, F and f masses were calibrated in another
subcolony by weighing 30 chicks before and after feeding.
These observations suggested the following mean + SE
mass for each meal size: F: 80+2.5g (N=351); £
80+1.8g (N=159);L:25+1.2g (N=43).

We calculated the proximity of neighbouring breeders
to each other using daily photographs of the subcolony
and monitoring with the Animal Movement 2.04b exten-
sion (Hooge & Eichenlaub 1997) for ArcView 3.2c¢ (ESRI
2000). We established a proximity index, where 1 corre-
sponds to the nearest neighbour of a breeding pair and
15 means a neighbour 15 breeders away from the pair
(maximum value obtained from the limited size of the
subcolony under study).

All statistical analyses were performed using SAS soft-
ware (SAS Institute 1998). For all data, normality was
checked with the Kolgomorov-Smirnov test (Lilliefors op-
tion). When necessary, independent variables were log-
transformed to improve normality and homoscedasticity.
The alpha level of all tests was 0.05. For multiple analyses
on similar hypotheses, we used the Bonferroni correction.

We used a multiple logistic regression model (Trexler &
Travis 1993; Legendre & Legendre 2000) to test the null
hypothesis that chick survival (binary variable) during
winter did not differ by chick age (days), chick prewinter
mass (g), number of winter parental and alloparental
food events for each food meal class received by each



chick (F f and L) and all possible interactions. All indepen-
dent variables were standardized, and multicollinearity be-
tween each of those variables was nonsignificant. We used
a multimodel inference procedure derived from the AIC
procedure to select our model (Akaike 1973; Hurvich &
Tsai 1991; Burnham & Anderson 1998; o = 0.05; PROC
LOGISTIC). If the 95% confidence intervals of the weight-
ed average (B) for the estimates of one independent vari-
able among all the selected models did not include O,
then this variable was considered to have an effect on
the dependent variable.

Ethical Note

Our study was undertaken under the approval of the
Ethical Committee of the French Polar Institute (IPEV)
and of the Scientific Committee of IPEV, following the
SCAR (Scientific Committee for Antarctic Research) code
of conduct. The species under study is listed in Appendix
III to the Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora (CITES). The
minimum number of birds needed for our study was
a function of survival rate of the chicks, which was
previously estimated by two pilot studies (N. Lambert &
C. A. Bost, unpublished data).

RESULTS

In our subcolony, 25% of the adults (Table 1) performed
alloparental feedings. The mean + SE number of allofeed-
ing events per alloparent was 22.1 + 9.5 during winter
(N =583). At least 91.43% of chicks were fed by their pa-
rents (64 of 70), although 65.71% of all the chicks (46 of
70) were also allofed. Each alloparent that failed to breed
returned to the subcolony, on average, four times (+1,
N = 46) and allofed different chicks each time.

Only 23 chicks survived to the onset of the fledgling
period from the 70 chicks that were banded at the
beginning of winter. A one-tailed ¢ test indicated that
chicks that survived were heavier at the beginning of win-
ter (X +SE = 7.41 4+ 1.13 kg, N = 24) than were nonsurvi-
vors (6.70 + 1.28 kg, N =44; PROC TTEST: fe4 = —2.35,
P =0.02). Chicks that survived were also allofed more
than were nonsurvivors (X +SE number of allofeeding
events: survivors: 10.12+ 1.1, N =23; nonsurvivors:

Table 1. Percentage of marked alloparental feeders classified by
breeding status in the king penguin subcolony under study (sample
sizes in parentheses)

Percentage of Percentage of all
alloparental adult feeders of

Breeding status feeders the subcolony
Successful breeders 18.64 (13) 52.47 (147)
Breeders failed at egg stage 48.31 (34) 25.21 (70)
Breeders failed at early 17.80 (12) 11.32 (32)
chick stage
Breeders failed at créching 15.25 (11) 11.00 (31)
Total (70) (280)

LECOMTE ET AL.: KING PENGUIN ALLOFEEDING

4.28 £ 0.8, N=47; PROC TTEST: tgg5 =—2.78, P=0.01;
significant after Bonferroni correction at 0.05/2 = 0.025).

The multimodel inference procedure showed that chick
age, chick prewinter mass, parental L and alloparental L
had no effect on chick survival (95% CI of their B included
0). However, we found a positive effect on chick survival
of parental f (B =87.41; 95% CI: 85.27-89.03), parental F
(B=83.72; 95% CI: 83.11-86.02), alloparental f (8 = 3.89;
95% CI: 3.15-4.37), and alloparental F (B = 3.27; 95% CI:
2.92-3.72). Seven créching chicks that lost meals because
one or both of the parents allocated food to foreign young
survived until the fledgling period. This was also the case
for seven creching chicks that never received alloparental
meals. In both cases, all chicks returned to their natal col-
ony after 2 years.

All observed allofeeders returned to the colony the year
after and 2 years after allofeeding (their transponders were
detected by the TIRIS antenna). We found no significant
correlations between the number or the rate of créching
chicks calls and the number of alloparental meal classes
given to the chickimmediately after the calls (PROC CORR:
number of calls: r=0.07, N= 125, P =0.89, R*> = 0.005;
rate of calls: r=0.04, N =125, P =0.61, R> =0.001) and
one foraging trip after the calls (PROC CORR: number of
calls: r=0.01, N=17, P = 0.81, R = 0.0001; rate of calls:
r=0.08, N=17, P =0.24, R? = 0.009).

In our subcolony, the number and the types of allopar-
ental meals varied from April to November (Fig. 1b). How-
ever, 81.98% of allofeeding events (478 of 583) occurred
between May and September (Fig. 1b). This coincided
with a decrease in parental feeding (Fig. 1a).

Mean + SE breeding success in the subcolony was
24.21 £+ 4.5% (N = 95), which was not significantly differ-
ent from the mean breeding success previously observed in
king penguin colonies on Possession Island (Weimerskirch
et al. 1992; X + SE = 30.6 + 4.2%; %3 = 0.05, P = 0.82).

Only adults performed allofeeding. An average + SE of
81.4 +2.43% (N = 57) of allofeeders were failed breeders
(Table 1). Parents that had lost their chick during winter
did more allofeeding after the death of their chick than be-
fore (PROC UNIVARIATE for paired t tests: t;, = 3.21,
P=0.03; X+ SE number of allofeeding events: before
death: 9.10 £ 1.00; after death: 12.90 + 2.10). We observed
four events of allofeeding (0.68% of the total number of
allofeeding events, N = 583) by two adults that had just
completed their moult, and thus were no longer raising
a chick.

The index of proximity between the breeding territory
of allofed chicks and of adults that became their allo-
feeders was negatively correlated with the number of
allofeeding meals received by those chicks during créching
(PROC CORR: 15 = —0.90, N=17, P =0.001). About 90%
of alloparents for each chick were present within six
breeding places, even though breeding territories and
créches were in different locations.

DISCUSSION

Our study provides information on a poorly documented
stage of the king penguin’s life cycle and is the first
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Figure 1. Relative importance of allofeeding events during the king penguin breeding cycle with regard to parental rearing, level of marine
resources and créching chick mortality in the king penguin subcolony under study. (a) Relative importance (%) of each meal class
(N =1968; sample sizes over bars) given by parents. Feeding classes are: f (feeding < 80 g); F (feeding > 80 g); L (liquid feeding). (b) Relative
importance (%) of meal class (N = 583; sample sizes over bars) given by alloparents. We adjusted the scale of the ordinate axis in (b) to be
proportional to (a) by considering that winter allofeeding (F, f and L) represented 26.9% of the total amount of winter chick feeding. (c) Chick

mortality (N = 41) during the créching period.

extensive investigation of alloparental feeding in this
species. We found that allofeeding among king penguins
is common during the breeding cycle and that many
allofeeders, especially failed breeders, may donate meals
repeatedly, thereby enhancing allofed chick survival.
Allofeeding in the king penguin does not correspond to
adoption of the allofed chick, because allofeeders do not
feed the same chick several times. Allofeeding might be
considered a cost for the offspring that lost parental meals;
however, all the chicks in this situation survived for at
least 2 years after créching. The alloparental cost of
feeding foreign chicks (several grams) is minimal relative
to the nutritional costs for an adult king penguin (several
kilograms; Green & Gales 1990). Therefore, allofeeders
might contribute to foreign chick survival without delete-
rious effects to themselves. All observed allofeeders re-
turned to the colony the following year and after 2
years. Moreover, to our knowledge there is no published
evidence of reduced survival or reduced future fecundity

of alloparents (Emlen et al. 1991). Alloparental and paren-
tal meal classes, except the liquid food class, enhanced
winter survival of chicks, yet any direct benefits to allopar-
ents are difficult to demonstrate, especially for failed
breeders.

What mechanistic factors might influence alloparental
feeding in the king penguin? Roberts & Hatch (1994) ar-
gued that unusual breeding conditions might influence al-
lofeeding behaviour. Breeders in our king penguin
subcolony, however, did not face abnormal breeding con-
ditions; breeding success was close to the mean breeding
success of the colony. In addition, two pilot studies con-
firmed the occurrence of allofeeding behaviour elsewhere
in the colony (N. Lambert & C. A. Bost, unpublished data)
and Stonehouse (1960) briefly described potential allopar-
ental brooding in king penguin colonies on South Georgia
Island (54°17'S, 36°30'W). Other observations of allopar-
ental behaviour were also made in other king penguin col-
onies in the Crozet Islands and also in the Kerguelen



Archipelago (49°20'S, 70°20'E; Dobson & Jouventin 2003;
N. Lecomte & C. A. Bost, unpublished data).

In our study, the number and the rate of chick calls did
not appear to influence the amount of allofeeding a chick
received. Adults did not respond to increased begging by
regurgitating more meals to the chick. It is well established
that competitive siblings signal hunger to their parents by
using begging behaviour (e.g. Leonard & Horn 2001).
However, there are only two studies, with contrasting re-
sults, on begging behaviour in the absence of sibling com-
petition, as in the case of the king penguin chicks.
Granadeiro et al. (2000) concluded that begging rate had
no effect on the provisioning rate in Cory’s shearwater,
Calonectis diomedea. Quillfeldt (2002) found a positive re-
lation between the number of begging events and provi-
sioning rates in Wilson’s storm petrels, Oceanites
oceanicus. Quillfeldt argued that the use of begging rates
by Granadeiro et al. (2000) instead of the total number
of begging calls by the chicks led to a difference between
the two studies. However, in our study, these two param-
eters were used and we found no link between chick solic-
itation and alloparental response.

In many seabird species, a period of low parental rate of
provisioning might be a factor allowing the expression of
alloparental care (Pierotti & Murphy 1987). In our study,
allofeeding occurred mostly during winter when parental
absenteeism is high and food provisioning is low. During
that period, creching chicks and allofeeders are accessible
to each other. However, before that, when the chicks were
kept on the feet of their parents, no alloparent could gain
access to neighbouring chicks because of the protection
and the territorial behaviour of their parents.

We confirmed that allofeeders were mostly failed
breeders, which is consistent with Stonehouse’s (1960)
earlier observations, although successful breeders were
occasionally involved in allofeeding events. However,
having a living chick to care for seemed to reduce the
likelihood of allofeeding. Adults performed more allo-
feeding events after the death of their creching chick
than they did before their breeding failure. The pro-
nounced occurrence of allofeeding at the beginning of
winter might be explained by the high number of
allofeeders that had just failed reproduction. Four adults
that had started a new breeding cycle were also seen
allofeeding. This observation suggests that the breeding
status of allofeeders in king penguins is more variable
than expected according to studies involving other
species (Riedman 1982).

Finally, allofeeding in the king penguin seemed to be
affected by the spatial proximity of breeding adults in
colonies. Allofeeders preferentially fed créching chicks
that were reared by close neighbours at the time of
brooding. Hence, the closer that a breeding neighbour
was, the greater the chance that a chick would be allofed
by this adult at the creching stage. It is remarkable that the
colony was no longer divided into breeding territories at
the time of creching. This observation suggests that
allofeeders may recognize the chicks that they feed by
a mechanism that has not been described. Further studies
of chick recognition by adults during brooding are needed
to explore this hypothesis.

LECOMTE ET AL.: KING PENGUIN ALLOFEEDING

Acknowledgments

This study was a part of a long-term research project on
penguin ecophysiology (ECOPHY Program). The Institut
Polaire Francais Paul-Emile Victor (IPEV) and the Terres
Australes et Antarctiques Francaises (TAAF) provided
financial and logistical support. We thank Yohann Mainguy,
Guillaume Froget, Cyprien Bourrihlon, Pierre-Emmanuel
Chaillon, Colin Gilly and Gilles Rudelles as well as all the
members of the 36th Mission at Crozet Islands for
contributing to the data collection and monitoring. We
are truly indebted to Alain Caron for help during data
analysis and to Jean-Pierre Ouellet, Stéphanie Boucher,
Corentin Chaillon and Michel Gauthier-Clerc for their
support and advice. We thank F. Stephen Dobson, Geof-
frey Hill, France Dufresnes, Bruno Vincent, Jean Ferron,
Bernard Thierry, Vanessa Viera, Francois Fournier, Steeve
Coté, Gilles Gauthier and one anonymous referee for
comments on an early draft of this article. We thank Anna
M. Calvert, Derek Mueller and K. Burner for proofreading.
Finally, we are grateful for funding provided by Université
du Québec a Rimouski (UQAR; Alain Potvin Grant).

References

Akaike, H. 1973. Information theory as an extension of the maxi-
mum likelihood principle. In: Second International Symposium on
Information Theory (Ed. by B. N. Petrov & F. Csaki), pp. 267-
281. Budapest: Akademia Kiado.

Arnold, K. E. & Owen, I. P. F. 1999. Cooperative breeding in birds:
the role of ecology. Behavioral Ecology, 10, 141-148.

Barrat, A. 1976. Quelques aspects de la biologie et de I'écologie du
Manchot royal (Aptenodytes patagonicus) des lles Crozet. Commu-
nication of the National French Research in the Antarctic, 40, 9-52.

Birkhead, T. R. & Nettleship, D. N. 1984. Alloparental care in the
common murre (Uria aalge). Canadian Journal of Zoology, 62,
2121-2124.

Bost, C. A., Georges, }. Y., Guinet, C., Cherel, Y., Piitz, K., Char-
rassin, ). B., Handrich, Y., Zorn, T., Lage, . & Le Maho, Y.
1997. Foraging habitat and food intake of satellite-tracked king
penguins during the austral summer at Crozet Archipelago.
Marine Ecology Progress Series, 150, 1-33.

Brown, J. L. 1987. Helping and Communal Breeding in Birds: Ecology
and Evolution. Princeton, New Jersey: Princeton University Press.
Brown, K. M. 1998. Proximate and ultimate causes of adoption in

ring-billed gulls. Animal Behaviour, 56, 1529-1543.

Burnham, K. P. & Anderson, D. R. 1998. Model Selection and Infer-
ence: a Practical Information-theoric Approach. New York: Springer-
Verlag.

Charrassin, ). B. & Bost, C. A. 2001. Utilization of the oceanic hab-
itat by king penguins over the annual cycle. Marine Ecology-
Progress Series, 221, 285-297.

Cherel, Y. & Le Maho, Y. 1985. Five months of fasting in king pen-
guin chicks: body mass loss and fuel metabolism. American Journal
of Physiology, 249, 387-392.

Cherel, Y., Stahl, J. C. & Le Maho, Y. 1987. Ecology and physiology
of fasting king penguin chicks. Auk, 104, 254-262.

Davis, L. S. 1982. Creching behaviour of Adélie penguin chicks
(Pygoscelis adeliae). New Zealand Journal of Zoology, 9, 279-286.

Descamps, S., Gauthier-Clerc, M., Gendner, J.-P. & Le Maho, Y.
2002. The annual breeding cycle of unbanded king penguins Ap-
tenodytes patagonicus on Possession Island (Crozet). Avian Science,
2, 87-98.



462

ANIMAL BEHAVIOUR, 71, 2

Dobson, F. S. & Jouventin, P. 2003. Use of the nest site as a rendez-
vous in penguins. Waterbirds, 26, 409-415.

El Sayed, S. Z. 1988. Seasonal and interannual variability in Antarctic
phytoplankton with reference to krill distribution. In: Antarctic
Ocean and Resources Variability (Ed. by D. Sahrage), pp. 101-
119. Berlin: Springer-Verlag.

Emlen, S. T., Reeve, H. K., Sherman, P. W., Wrege, P. H., Rat-
niecks, F. L. W. & Shellman-Reeve, ). 1991. Adaptive versus non-
adaptive explanations of behavior: the case of alloparental
helping. American Naturalist, 138, 259-270.

ESRI. 2000. ArcView 3.2c. Redlands, California: Environmental Sys-
tems Research Institute.

Evans, R. M. 1984. Some causal and functional correlates of créch-
ing in young white pelicans. Canadian Journal of Zoology, 62, 808—
813.

Foxton, P. 1956. The distribution of the standing crop of zooplank-
ton in the Southern Ocean. Discovery Report, 28, 191-236.

Gendner, J. P., Gilles, )., Challet, E., Verdon, C., Pluméré, C.,
Reboud, X., Handrich, Y. & Le Maho, Y. 1992. Automatic
weighing and identification of breeding king penguins. In: Wildlife
Telemetry (Ed. by I. G. Priede & S. M. Swift), pp. 29-30. Chichester:
E. Horwood.

Granadeiro, ). P., Bolton, M., Silva, M. C., Nunes, M. & Furness,
R. W. 2000. Responses of breeding Cory’s shearwater Calonectris
diomedea to experimental manipulation of chick condition. Behav-
ioral Ecology, 11, 274-281.

Green, B. & Gales, R. P. 1990. Water, sodium, and energy turnover
in free-living penguins. In: Penguin Biology =~ (Ed. by L. S.
Davis & J. T. Darby), pp. 245-268. San Diego: Academic Press.

Hart, T. J. 1942. Phytoplankton periodicity in Antarctic surface
waters. Discovery Report, 21, 261-356.

Hebert, P. N. 1988. Adoption behaviour by gulls: a new hypothesis.
Ibis, 130, 216-220.

Heinsohn, R. G., Cockburn, A. & Mulder, R. A. 1990. Avian coop-
erative breeding: old hypotheses and new directions. Trends in
Ecology and Evolution, 5, 403-407.

Hooge, P. N. & Eichenlaub, B. 1997. ‘Animal Movement’ Extension
to ArcView. 1.1. Anchorage: Alaska Biological Science Center,
U.S. Geological Survey.

Hurvich, C. M. & Tsai, C. L. 1991. Bias of the corrected AIC criterion
for underfitted regression and time series models. Biometrika, 78,
499-509.

Jouventin, P. & Lagarde, F. 1995. Evolutionary ecology of the king
penguin Aptenodytes patagonicus: the self-regulation of the breed-
ing cycle. In: The Penguins (Ed. by P. Dann, I. Normann & P. Reilly),
pp. 80-95. London: Surey-Beatty.

Jouventin, P., Barbraud, C. & Rubin, M. 1995. Adoption in the
emperor penguin, Aptenodytes forsteri. Animal Behaviour, 50,
1023-1029.

Le Maho, Y., Gendner, J. P., Challet, E., Bost, C. A., Gilles, J.,
Verdon, C., Plumeré, C., Robin, ]J. P. & Handrich, Y. 1993.
Undisturbed breeding penguins as indicators of changes in marine
resources. Marine Ecology Progress Series, 95, 1-6.

Legendre, L. & Legendre, P. 2000. Numerical Ecology. 2nd edn.
Amsterdam: Elsevier.

Leonard, M. L. & Horn, A. G. 2001. Begging in the absence of
parents by nestling tree swallows. Behavioral Ecology, 49, 601-
613.

Mock, D. W. 1984. Siblicidal aggression and resource monopoliza-
tion in birds. Science, 225, 731-733.

Morris, R. D., Woulfe, M. & Wichert, G. D. 1991. Hatching
synchrony, chick care and adoption in the common tern: can
disadvantaged chicks win? Canadian Journal of Zoology, 69, 661—
668.

Olsson, O. 1996. Seasonal effects of timing and reproduction in the
king penguin: a unique breeding cycle. Journal of Avian Biology,
27, 7-14.

Pierotti, R. & Murphy, E. C. 1987. Intergenerational conflicts in
gulls. Animal Behaviour, 35, 435-444.

Quillfeldt, P. 2002. Begging in the absence of sibling competition in
Wilson'’s storm petrels, Oceanites oceanicus. Animal Behaviour, 64,
579-587.

Riedman, M. L. 1982. The evolution of alloparental care and adop-
tion in mammals and birds. Quarterly Review of Biology, 57, 405—
435.

Roberts, B. D. & Hatch, S. A. 1994. Chick movements and adoption
in a colony of black-legged kittiwakes. Wilson Bulletin, 106, 289-
298.

Roulin, A. 2002. Why do lactating females nurse alien offspring? A
review of hypotheses and empirical evidence. Animal Behaviour,
63, 201-208.

SAS Institute. 1998. SAS Guide for Personal Computers. Version 8.12.
Cary, North Carolina: SAS Institute.

Stonehouse, B. 1960. The king penguin Aptenodytes patagonicus
of South Georgia. |. Breeding behavior and development.
Scientific Report of the Falkland Islands Dependences Survey, 23,
1-81.

Toureng, C., Johnson, A. R. & Gallo, A. 1995. Adult aggressiveness
and créching behavior in the greater flamingo, Phoenicopterus rub-
ber roseus. Colonial Waterbirds, 18, 216-221.

Trexler, ). C. & Travis, J. 1993. Nontraditional regression analyses.
Ecology, 74, 1629-1637.

Weimerskirch, H., Stahl, ). C. & Jouventin, P. 1992. The breeding
biology and population dynamics of king penguins Aptenodytes
patagonica on the Crozet Islands. Ibis, 134, 107-117.

Wilson, E. O. 1975. Sociobiology: the New Synthesis. Cambridge,
Massachusetts: Harvard University Press.



	Alloparental feeding in the king penguin
	Methods
	Ethical Note

	Results
	Discussion
	Acknowledgments
	References


