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Abstract
Southern giant petrels (Macronectes giganteus) are opportunistic generalists whose feeding strategies include hunting, 
scavenging and fishing. While seals are important for southern giant petrels as a source of carrion, we documented that live 
seals also provide feeding opportunities for southern giant petrels. We tracked breeding southern giant petrels from Harmony 
Point, Antarctica, during incubation and chick rearing with solar-powered GPS-UHF devices. Tracking results showed that 
animals often visited confirmed haul-out sites of seals, mainly Weddell seals (Leptonychotes weddellii). Feeding on seal 
faeces was confirmed by direct observation. Southern giant petrels were more likely to visit haul-out sites during incubation 
than during chick-rearing. This behaviour suggests that the birds fed on seal faeces mainly when fasting, which could last as 
long as 15 days. Seal faeces could be a resource consumed to quickly recover from the fast before leaving for a longer trip.
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Introduction

Breeding is an energetically demanding activity during 
which seabirds invest great effort in successfully raising a 
chick (Markones et al. 2009). Scavenging on fur seal (Arc-
tocephalus gazella), Weddell seal (Leptonychotes weddel-
lii) and southern elephant seal (Mirounga leonina) carcasses 
and placentas provides an important source of food during 
breeding for giant petrels (Macronectes spp.), especially 
during the post-hatching period (Hunter 1984; de Bruyn 
et al. 2007). Carcasses also play an important role in the 
growth and survival of chicks due to their high energetic 
and nutritional value (de Bruyn et al. 2007). However, living 
seals can also provide feeding resources for giant petrels. 
Casaux et al. (1997) briefly described southern giant petrels 

(M. giganteus) gathering around hauled-out Weddell seals 
at Harmony Point (Nelson Island, Maritime Antarctic Pen-
insula) to feed upon faeces and regurgitations. They sug-
gested that this source of food should be further inspected, 
as many diet items recorded for southern giant petrels could 
have been consumed through scavenging on Weddell seal 
scat and vomit. In this study, we quantified the incursions 
of southern giant petrels tracked with GPS to areas where 
Weddell and elephant seals haul out to rest or moult at Har-
mony Point and showed that breeding southern giant petrels 
frequently feed on seal faeces. We thus provide evidence 
that coprophagy is a common behaviour for Southern giant 
petrels in the studied population. We also discuss possible 
causes and consequences of this behaviour.

Materials and methods

We monitored feeding behaviour and movements of breed-
ing southern giant petrels from a population breeding at 
Harmony Point (Fig. 1a). The area holds a large southern 
giant petrel population of ca. 480 breeding pairs (Krüger 
2019). While Weddell and elephant seals haul out at 
Harmony Point throughout the warm season (October to 
February), there is no recent local evidence of breeding 
behaviour by either seal species [although three female 
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elephant seals were recorded with pups in 2001 (Carlini 
et al. 2003; Harris et al. 2015)]. Non-breeding adult fur 
seals start arriving at the area at the end of January, after 
the breeding season. Therefore, seal placentas and carrion 
are scarce or even absent in the area, and faeces is the main 
resource provided by seals [regurgitations are produced 
less frequently than faeces at seal haul-out sites (Casaux 
et al. 1997)]. We equipped 10 breeding pairs of southern 
giant petrels with solar-powered GPS-UHF (Ecotone Kite-
M, 20 g) attached with Teflon harnesses. We continuously 
tracked the 20 southern giant petrels between 3 December 
2019 and 31 January 2020. GPSs were programmed to 
collect a geographical fix every 5 min. A foraging trip was 
considered to comprise all fixes recorded after the bird’s 
departure from the breeding colony—following the arrival 
of its breeding pair—until its return.

As we focussed our efforts on inspecting areas that were 
accessible by foot (so we could confirm birds’ behaviours 
in situ), we selected GPS fixes positioned inside the Har-
mony Point area. We excluded all fixes within 100 m from 
the colonies, so that positions taken when individuals were 
incubating, resting by the nest or arriving/leaving the colony 
were not mistaken with feeding areas (Fig. 1b). By apply-
ing a kernel utilization distribution (KUD) function using 
the ‘kernelUD’ command of the ‘adehabitatHR’ R package 
(Calenge 2011), KUDs were calculated for each individual 
separately, and were averaged a posteriori to generate a 
non-biased population-level KUD. We specified an Epane-
chnikov kernel (Samiuddin and El-Sayyad 1990), a smooth-
ing bandwidth (h) of 250 m and a grid size of 1000 m. Areas 
with a greater density of fixes are represented by 50% KUD 
contours (Fig. 1b). Aiming to obtain visual confirmation of 

Fig. 1  a Location of Nelson Island on the Maritime Antarctic Pen-
insula and b location of Harmony Point on Nelson Island; b at-land 
kernel usage density of southern giant petrels (Macronectes gigan-
teus) at Harmony Point; red squares with solid contour are areas 
where we registered groups of seals resting; black squares with 
dashed contour are areas frequented by southern giant petrels where 

no seals were observed. Frames 1 to 6 present pictures of the areas 
identified by numbers in a. Frames 1, 3 and 6 are resting areas exclu-
sively used by Weddell seals (Leptonychotes weddellii), whereas 
frames 2, 4 and 5 are also used by elephant (Mirounga leonina) and 
fur seals (Arctocephalus gazella)
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faeces ingestion by southern giant petrels, we visited acces-
sible places used by tracked individuals at least once (frames 
2–6, Fig. 1b). We took aerial photographs using a MAVIC 2 
Pro DJI drone to characterize main seal haul-out sites at Har-
mony Point (Fig. 1). Sites 1 and 6 are on the border of gla-
ciers and covered by snow year-round (Fig. 1). Only Weddell 
seals were seen resting on the ice. Site 2 is a pebble beach 
covered by beached sea algae; the site is used as a haul-out 
site by elephant seals. Site 3 is located close to the beach at 
the distal end of a talus slope (Rodrigues et al. 2019) and 
is covered by ice most of the summer. Again, only Weddell 
seals were seen resting over the ice. Sites 4 and 5 are beaches 
formed by thin sand, where both elephant and Weddell seals 
haul out. The substrate of sites 1 and 3–6 were classified as 
homogeneous and that of site 2 as heterogeneous.

The frequency of visits to haul-out sites was compared 
between sexes using a binomial linear mixed model in the 
‘lmerTest’ R package (Kuznetsova et al. 2018), using both 
individual ID and foraging trip number as random factors. 
Incubation occurred until early January, when eggs started 
to hatch. The number of complete trips (including points 
from the start to the end of the foraging trips) and the num-
ber of visits to seal haul-out sites were calculated for each 
individual, and a Poisson generalized linear model was used 
to test whether the number of visits was proportional to the 
number of foraging trips.

Results

We recorded 55 foraging trips by 20 southern giant petrels. 
A total of 38 trips from 16 southern giant petrels were com-
pleted. Out of the 38 foraging trips, 28 (73.7%) evidenced 
that 14 southern giant petrels (7 males and 7 females) vis-
ited 6 seal haul-out sites at Harmony Point (50% and 95% 
KUDs, Fig. 1b) at least once (min. = 1, max. = 4). Females 
and males used the haul-out sites with the same frequency 
(z =  −1.14, β =  −1.5, p = 0.255), but the effect of random 
terms (individual ID and foraging trip number) was sig-
nificant (Fig. 2). Southern giant petrels were more likely to 
repeatedly visit seal haul-out sites during incubation than 
during chick-rearing (Fig. 2). The individual number of vis-
its to seal areas was associated with the total number of trips, 
with a general trend of animals visiting seal areas on half the 
trips (z = 2.75, β = 0.48, p = 0.006). All except one haul-out 
site (site 2, with heterogeneous substrate) were not visited 
by southern giant petrels. Out of the seven areas frequently 
used by southern giant petrels at Harmony Point, two were 

not haul-out sites, but chinstrap penguin (Pygoscelis ant-
arcticus) colonies (Fig. 1). Ground observations confirmed 
southern giant petrels were feeding on Weddell seal faeces 
(Fig. 3), displaying resource defence behaviour patterns 
(Fig. 3b, c). 

Discussion

Our results show that seals provide feeding resources to 
southern giant petrels not only as carrion (i.e. Hunter 1984; 
de Bruyn et al. 2007). When at Harmony Point, tracked 
southern giant petrels visited Weddell seal haul-out sites 
more often than other areas, including those with penguin 
rookeries. Although we did not quantify the number of times 
that petrels consumed faeces, at each of our visits to haul-out 
sites 1, 3 and 6 (Fig. 1), at least one petrel was consuming 
Weddell seal faeces. Tracking data showed that areas with 
homogeneous substrate (i.e. accumulated snow, glaciers, or 
thin sand beaches) were more often visited by southern giant 
petrels. The substrate probably influenced detection of faeces 
and increased faeces accumulation, thereby facilitating feed-
ing. This could be the reason why no tracked birds visited 
site 2 (Fig. 1). Its heterogeneous substrate probably favours 
outflow of faeces, making detection by southern giant petrels 
more difficult.

Breeding southern giant petrels undergo long periods 
of fasting during incubation, when female and male alter-
nate long bouts of incubation (González-Solís et al. 2000; 
Schulz et al. 2014). The southern giant petrels we tracked 
carried out foraging trips that lasted between 5 and 15 days. 
Fasting can decrease body reserves before the return of the 
pair to the nest, thereby reducing the probability of survival 
(González-Solís et al. 2000). Our data show that southern 
giant petrels visited seal haul-out sites mostly at the start of 
foraging trips, before going to forage for a longer distance 
out at sea, and visits to haul-out sites were more likely to 
occur during incubation when fasting was longer. Weddell 
seals’ diet includes cephalopods, crustaceans and fishes, 
and a part of the nutrients and fat present in prey can be 
retained in faeces (Casaux et al. 1997, 2006). We hypoth-
esise that, after a long period of fasting, southern giant 
petrels ingest seal faeces as a way to gain a quick intake 
of energy before starting a long foraging trip in search of 
more energetic food. However, faeces are probably a less 
important item after the chick hatches. To promptly attend 
the chick’s energetic demands, southern giant petrels shift 
to shorter foraging trips, and consequently undergo shorter 
fasting periods at the nest. They also focus on feeding the 
chick with high-energy-content prey, such as penguin and 
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seal carrion (Forero et al. 2005; Raya Rey et al. 2012), 
while seal faeces possibly do not contain sufficient energy 
to boost chick growth. This study reinforces the importance 
of mammals as sources of food for southern giant petrels 
during the breeding season. Finally, it adds coprophagy as 
a further behaviour to the broad feeding repertoire of south-
ern giant petrels.
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Fig. 2  Random effects (intercept) of binomial linear mixed mod-
els comparing the probability of breeding southern giant petrels 
(Macronectes giganteus) visiting seal haul-out sites at Harmony 
Point, Nelson Island, during foraging trips. a Individual identification 
is based on sex (F females, M males) and nest number; individuals 
with the same nest number are breeding pairs; b foraging trip num-

ber estimated based on date of GPS deployment on each bird. Akaike 
information criteria (AIC) is a measure of prediction error; the 
smaller the AIC, the better the model. The likelihood ratio test (LRT) 
compares differences among models with and without a random term. 
***p < 0.001
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Fig. 3  a Weddell seals (Leptonychotes weddellii) at haul-out site sur-
rounded by southern giant petrels (Macronectes giganteus) (dashed 
black circles). Solid red circles depict seal faeces—this area corre-
sponds to frame 1 in Fig. 1. b, c Group of southern giant petrels dis-

puting access to faeces. d–e Evidence of seal faeces consumption by 
southern giant petrels. Arrow in e indicates a tagged individual feed-
ing on faeces
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