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Abstract
Skuas are top predator and scavenger seabirds in marine and terrestrial ecosystems and monitoring their diet can provide 
valuable insights on the abundance and distribution of prey. The diet of the brown skua was studied at Mayes Island, Ker-
guelen archipelago, by collection of prey remains during their breeding cycle in 2013. We investigated a potential diet shift 
by comparing our results to those obtained two decades ago at the same colony. Our results confirmed the high specialisation 
of this skua colony in active predation of two burrowing petrels: the blue petrel and the thin-billed prion. We observed a shift 
in the diet of the brown skua with the importance of the thin-billed prion dropping significantly by 15%. Concomitantly, we 
observed a decreasing trend of burrow occupancy of the two main preys, with a more severe decline for the thin-billed prion. 
We suspected a dietary shift of brown skuas at Mayes Island related to a change in the relative abundance of blue petrels 
and thin-billed prions. Diet of brown skuas appears to be a valuable indicator of the relative abundance of burrowing petrels 
when they constitute the main food resource during breeding.
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Introduction

Skuas are top predator and scavenger seabirds in marine 
and terrestrial ecosystems and monitoring their diet can 
provide valuable insights on the abundance and distribu-
tion of prey (Montevecchi and Myers 1995; Furness and 

Camphuysen 1997; Croxall et al. 1999; Furness and Tasker 
2000; Dell’Arte et al. 2007). Skuas are dietary general-
ists and can display a wide range of foraging techniques 
according to the prey type (Carneiro et al. 2015), but they 
usually are highly specialised according to the local avail-
ability of prey, focusing on one or few main prey items 
(Mougeot et al. 1998; Reinhardt et al. 2000). Skuas actively 
depredate small mammals (Andersson 1976; Votier et al. 
2003) and other seabirds (Adams 1982; Fraser 1984; Zipan 
and Norman 1993; Mougeot et al. 1998), steal penguins’ 
eggs and chicks (Jouventin and Guillotin 1979; Micol and 
Jouventin 2001), fish at the sea surface (Stahl and Mougin 
1986; Young 1994), scavenge on dead animals, feed on seal 
placentae or are kleptoparasitic of other seabirds (Furness 
1987; Spear et al. 1999; Reinhardt et al. 2000; Anderson 
et al. 2009). When there is a decrease in the availability of 
a prey, predators with a generalist diet may switch to alter-
native prey source (Garrott et al. 2007; Votier et al. 2004). 
However, very few studies have quantified the links between 
diet changes in skuas and changes in the abundance or dis-
tribution of their prey. The great skua Catharacta skua in 
Foula Island, Shetland, experienced a dietary shift from 
lesser sand eels Ammodytes marinus to bird prey (Hamer 
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et al. 1991; Ratcliffe et al. 1998), and these changes were 
correlated with the decline in lesser sandeel abundance since 
1970 (Hamer et al. 1991; Ratcliffe et al. 1998; Wanless et al. 
2004). On Marion Island (Prince Edward Islands, Southern 
Indian Ocean) where an invasive mammal (cat Felis catus) 
was eradicated, brown skua (Catharacta lonnbergi generic 
assignment following Carlos 2016) prey remains before 
and two decades after the eradication were used to assess a 
potential recovery in burrowing petrel populations (Cerfon-
teyn and Ryan 2016). The proportion of burrowing petrels 
in the diet of brown skuas changed slightly over the two 
decades and the authors suggested that there has been little 
recovery in the population of burrowing petrels since the 
eradication. This suggestion was confirmed by the compari-
son of burrow density estimation using quadrats before and 
after cat eradication (Dilley et al. 2017).

Here, we investigate whether the diet of the brown skua 
at the Kerguelen archipelago has shifted after two decades, 
and if changes could be related to a change in prey abun-
dance. We assessed the diet of brown skuas by collecting 
prey remains in territories in 2013 and compared the results 
to those obtained in Mougeot et al. (1998) in 1992 at the 
same colony. We investigate the variation in prey abundance 
thanks to a long-term monitoring of burrow occupancy of its 
prey, two burrowing petrels: blue petrels Halobaena caeru-
lea and thin-billed prions Pachyptila belcheri.

Material and methods

Study site and seabird species

The study was conducted in the valley “Val des Garrodias”, 
Mayes Island (49°28′S, 69°57′E), Kerguelen archipelago 
(Fig. 1). Mayes is a volcanic island of nearly 3  km2 culmi-
nating at 60 m. Its topography is shared by rocky plateaus 
and old glacial valleys covered on their slopes and bottom 
by a dense but short height vegetation growing in a peat soil 
(> 50% of the surface, Robin et al. 2011).

The brown skua breeds in isolated nests or colonies on 
subantarctic islands and the Antarctic continent (Furness 
1987). Between 100 and 120 pairs breed annually on Mayes 
Island (2 000 to 4 000 on the Kerguelen archipelago), and 
100 non-breeding individuals generally aggregate in two 
groups (“clubs”) on the island (Weimerskirch et al. 1989; 
Mougeot et al. 1998). The number of brown skua breed-
ing pairs remained constant during the last decades (Online 
Resource 1 Figure S1, Barbraud and Delord unpublished 
data). Pairs arrive on their breeding ground in September 
(Delord et al. 2018), and usually 2 eggs are laid at intervals 
of 2–4 days between October and December. Hatching of 
the eggs occurs in November–December and chicks fledge 
50 days after (see Fig. 2 for breeding phenology of the brown 
skua, Hahn and Peter 2003). Diet studies of brown skuas 
during the breeding period (Mougeot et al. 1998; Reinhardt 

Fig. 1  Map of the study site 
in Mayes Island (49°28′S, 
69°57′E, Kerguelen archi-
pelago) with the location of the 
area of burrow monitoring, the 
location of brown skua nests 
sampled in 1992 (Mougeot et al. 
1998) and in 2013
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et al. 2000) have reported petrel species constitutes more 
than 90% of the diet in the majority of subantarctic popula-
tions studied, with often one main prey item representing 
more than half, and up to 96% on Prince Edward Island 
(Ryan et al. 2009), of the diet. Brown skuas predate bur-
rowing petrels in flight at night (Sinclair 1980) and mostly 
when they are on the ground (Young 1978; Fraser 1984; 
Furness 1987; Mougeot et al. 1998). Petrels are particularly 
vulnerable and detectable during the courtship behaviour 
when vocalising at the entrance of burrows (Mougeot and 
Bretagnolle 2000a, b). On Mayes Island, brown skuas are 
highly specialised and feed predominantly, i.e. 92%, on 
two burrowing petrels: blue petrels and thin-billed prions 
(Mougeot et al. 1998). The two petrel species are nesting 
in sympatry in Kerguelen (Weimerskirch et al. 1989; see 
Fig. 2 for breeding phenology of the two petrels species 
adapted from Marchant and Higgins 1990; Mougeot et al. 
1998, CEBC-CNRS unpublished data). Nevertheless, they 
differ in some habitat requirements: blue petrel burrows are 
exclusively in peat soil under a taller and denser vegetation 
cover than thin-billed prions, which are preferentially under 
a sparse vegetation cover in rocky soils (Genevois and Buf-
fard 1994), although both species share sometimes the same 
burrow. Mouse Mus musculus, which is not currently known 
predating petrel eggs at Kerguelen, is the only terrestrial 
mammal introduced in Mayes Island. The number of blue 
petrels was estimated at ~ 142 000 breeding pairs (Barbraud 
and Delord 2006). There is no estimate of the number of 
breeding pairs of thin-billed prions on the island, but the 
species is probably 3–6 times less abundant than the blue 
petrel (Mougeot et al. 1998; Barbraud and Delord unpub-
lished data).

Collection of prey remains

Brown skuas are highly territorial and defend their terri-
tory a few days after establishment and do not end till the 
breeding season is over. Adult brown skuas hunt on their 
territory (almost 10,000  m2 here, Mougeot et al. 1998) and 
return their prey on the nest to feed their chick(s), leaving 

wings and pellets within approximately 10 m around the 
nest (Mougeot et al. 1998, see also Trivelpiece et al. 1980; 
Adams 1982). Fresh wings of blue petrels and thin-billed 
prions were collected on skua territories situated in the same 
southern part of the Val des Garrodias as Mougeot et al. 
(1998), and also on 700 m around where the topography 
and vegetation cover did not differ (Fig. 1). Wing collection 
was made once on 11 brown skua territories between the 
29th January and the 5th February 2014 (referenced as year 
2013, for the beginning of the breeding season), following 
the same protocol for collection as in Mougeot et al. (1998). 
The collecting period corresponded to the end of the chick 
rearing of brown skuas and before the fledging peak of blue 
petrels (10th February) and thin-billed prions (25th Febru-
ary). This collection was therefore assumed to cover the prey 
accumulation during the breeding season since September of 
the preceding year. Storms may have removed some wings 
in the most exposed nests nearest to the coast. However, if it 
likely affected the total number of wings collected, it did not 
affect the wing proportions between blue petrels and thin-
billed prions. Petrel wings from previous years, recognisable 
with their heavily degraded feathers, were discarded (3–5%). 
Species identification between blue petrel and thin-billed 
prion was made on colour criterion (Shirihai and Kirwan 
2008) and in some case on wing measurements (Mougeot 
and Bretagnolle 2000a). When wings were not connected 
to the sternum and clavicle (60% of cases), only left wings 
were counted to avoid double counting. Wings from com-
mon diving petrels Pelecanoides urinatrix and white-headed 
petrels Pterodroma lessonii were found occasionally (< 3% 
of the total number of wings counted) but not collected.

Testing for differences in diet between 1992 
and 2013

We tested for the similarity in proportion of blue petrels 
(over thin-billed prions) in the prey remains found in the 
territories of brown skuas during the breeding season 1992 
and during the breeding season 2013. For this purpose, we 

Sept. Oct. Nov. Dec. Jan. Feb March 

Brown skua 

Blue petrel

Thin-billed prion 

Fig. 2  Breeding phenology of brown skuas and of its two main preys, 
blue petrels and thin-billed prions, at Mayes Island, Kerguelen archi-
pelago ( adapted from Mougeot et al. 1998). Grey colours, from very 

light to very dark, correspond, respectively, to the prelaying period, 
the incubation period and the chick rearing period
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used a non-parametric Wilcoxon Mann–Whitney test due to 
the small sample sizes (2 × 11 brown skua territories).

Modelling petrel burrow occupancy

We estimated temporal trends in burrow occupancy for the 
two petrel species, which was used as a proxy of prey abun-
dance, based on a monitoring dataset. Monitoring started in 
1985 for blue petrels and in 1986 for thin-billed prions (i.e. 
year of nest opening). An annual monitoring was performed 
on 221 ± 76 burrows of thin-billed prions and 251 ± 89 bur-
rows of blue petrels per year (Online Resource 1 Figure 
S2). A total of 440 different burrows were monitored over 
30 years, reaching 14,402 control events, where 219 bur-
rows have a double-species occupation. Burrows were vis-
ited each year two to three times during the early breeding 
period (blue petrel: September, thin-billed prion: October, 
Fig. 2) and again two to three times at the beginning of the 
reproductive season (blue petrel: early November, thin-billed 
prion: late November, Fig. 2) (see Nevoux and Barbraud 
2006; Barbraud and Weimerskirch 2003 for the monitor-
ing procedure). The burrow was noted as occupied: “1”, if 
at least an individual was found, and empty: “0” when no 
individual was found. The species occupying each burrow 
was also reported. The first monitoring of each burrow was 
systematically removed from the dataset (i.e. year 1985 for 
blue petrel and 1986 for thin-billed prion) to avoid bias in 
occupancy estimation due to the first occupation of a burrow 
being inevitably occupied. When several nests had the same 
burrow entrance, i.e. 48% of the burrows, we considered 
the burrow occupied when at least one nest was occupied. 
Consequently, an empty burrow corresponded to an absolute 
absence of breeders, while an occupied burrow may have 
corresponded to one or two (rarely more) pairs of breeders.

We performed a generalised linear mixed model (GLMM) 
with binomial distribution to investigate a linear trend in 
burrow occupancy over years and also the potential dif-
ference of the trend between species (package glmmTMB 
v0.2.2: Magnusson et al. 2017). Burrow occupancy was the 
response variable and we analysed the influence of year as a 
continuous fixed effect (standardised). The model accounted 
for repeated measurements in each burrow by adding burrow 
identity as a random effect, nested in a species effect. One 
model was run on the whole monitoring period (1986–2016) 
and another was run on the period between the two skua diet 
sampling years (1992–2013). We computed the explained 
variance based on Nakagawa et al. (2017) using the package 
sjstats v0.016 (Lüdecke 2018). We also provided a comple-
mentary analysis to ensure that the occupancy trends were 
not only driven by the time since burrow monitoring (Online 
resources 2).

Analyses were performed with the statistical software R 
V. 3.5.1 (RC Team 2018). The parameters were estimated 

based on maximum likelihood estimations. The parameter 
estimates were tested using a Wald z-test with a significance 
level of 0.05.

Results

On the 11 brown skua territories visited in 2013, 479 left 
wings were counted with a mean of 44.5 ± 35.2 wings per 
nest, ranging from 13 to 137 wings. The proportion of blue 
petrels compared to thin-billed prions in the brown skua 
diet increased significantly from 79.0 ± 8.1% in 1992 to 
94.9 ± 4.0% in 2013 (w = 2, p = 0.0001, Fig. 3). The propor-
tion of blue petrels in 2013 found around the brown skua 
nests located exactly in the same area (n = 4) between the 
two years was 93.1 ± 1.7%.

Burrow occupancy strongly decreased over the whole 
monitoring period (Fig.  4; β ± SE = −  1.13 ± 0.08, 
z = −  13.487, p value < 0.0001) and over the period 
1992–2013 (β  = −  0.78 ± 0.04, z  = −  19.496, p 
value < 0.0001). The decline was more severe for thin-billed 
prions than for blue petrels (Fig. 4; β1986–2016 = − 0.36 ± 0.05, 
z = − 7.187, p value < 0.0001; β1992–2013 = − 0.35 ± 0.05, 
z = −  6.495, p value < 0.0001). In 1992, the predicted 
burrow occupancy was 0.57 [95% CI 0.52–0.61] for thin-
billed prions and 0.43 [95% CI 0.39–0.47] for blue petrels, 
and in 2013, 0.10 [95% CI 0.08–0.11] and 0.13 [95% CI 
0.12–0.15], respectively. No significant difference in aver-
age burrow occupancy between blue petrels and thin-billed 
prions was detected (β1986–2016 = − 0.06 ± 0.11, z = − 0.518, 
p value = 0.6; β1992–2013 = −  0.06 ± 0.13, z = −  0.431, p 
value = 0.7). The total variance explained by the model 
based on the whole monitoring period was 40% (conditional 
r squared), with 11% due to the fixed effects (marginal r 
squared).

Fig. 3  Proportion of blue petrels compared to thin-billed prions in the 
diet of brown skuas in 1992 (Mougeot et al. 1998) and 2013 (present 
study)
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Discussion

This empirical study confirmed the blue petrel as the main 
component of brown skua diet at Mayes Island and clearly 
evidenced a difference in the ratio of blue petrels over thin-
billed prions as prey remains between the years 1992 and 
2013. Brown skuas seemed to rely around 15% more on blue 
petrels in 2013 than two decades ago. Both blue petrels and 
thin-billed prions showed a negative temporal trend in their 
burrow occupancy between 1992 and 2013, but the decline 
was around 2.5 times more severe for thin-billed prions. We 
suspect from our results a dietary shift of brown skuas at 
Mayes Island related to a change in the relative abundance of 
blue petrels and thin-billed prions, suggesting that the diet of 
brown skuas feeding on petrels provides a rapid assessment 
of the relative abundance of burrowing petrels.

Brown skua diet shift related to prey abundance

Our results suggested a dietary shift of brown skuas at 
Mayes Island twenty years apart. Fluctuation in relative prey 
abundance may induce a shift in dietary selection and thus 
in the ratio of species as prey items found in remains (Reif 
et al. 2004; Garrott et al. 2007; Marone et al. 2017). Between 
the two sampling years, i.e. 1992 and 2013, thin-billed prion 
burrow occupancy declined by on average 82% vs. 70% for 
the blue petrel. This 12% relative increase in the propor-
tion of blue petrel abundance was coherent with the average 
increase by 15% of the blue petrel proportion in the prey 
remains. Blue petrel consisted in 2013 of almost all remains 
found in brown skuas’ diet. The high degree of specialisation 
on blue petrels was consistent with other studies in Prince 
Edward Island (Adams 1982; Schramm 1983), in two other 
islands of the Kerguelen archipelago (Moncorps et al. 1998) 
and on the same site two decades ago (Mougeot et al. 1998).

The prey intake by brown skuas reflect the colony attend-
ance patterns of thin-billed prions and blue petrels (Mougeot 
et al. 1998). Therefore, predation rates are high during laying 

and hatching, which coincide with periods of intense court-
ship by non-breeding individuals (probably both immatures 
and adults), but also during the fledging period when skuas 
predate mostly fledglings. Therefore, the relative number 
of skua preys (the burrowing petrels) reflects several demo-
graphic parameters of the prey such as productivity, breeding 
proportions or immigration, although the relative contribu-
tion of each parameter to the proportion of prey remains is 
unknown. It is thus difficult to infer what aspect of popula-
tion change the proportions in skua diet may reflect. How-
ever, since all these demographic parameters affect the popu-
lation growth rate, we can hypothesise that over long-time 
periods these proportions reflect the changes in the local 
population.

Methodological considerations

Remains could under-represent the contributions of soft-
bodied prey (such as fish) and directly ingested food (when 
scavenging or feeding on seal placentae or little prey items). 
Brown skuas at Mayes Island appeared to feed mostly on 
burrowing petrels as indicated by isotopic data from feath-
ers of brown skua chicks (Blévin et al. 2013; Delord et al. 
2018). Few small prey items may also be consumed in situ, 
like dug up petrel chicks or mice, but it seemed to be anec-
dotal behaviour. In theory, the relative decrease in thin-billed 
prions in the brown skua diet in 2013 could be explained 
by three non-exclusive alternative hypotheses on breeding 
phenology: (i) an earlier breeding of the skuas, mismatching 
the activity peak of thin-billed prions, (ii) a later breeding of 
thin-billed prions, mismatching the peak of highest energy 
demand of brown skuas and (iii) a later breeding of the blue 
petrels, flooding the peak of highest energy demand for the 
skuas. We do not believe that these mechanisms were the 
main source of the diet shift as, in order to be influential, 
phenological shifts should have been tremendous, i.e. about 
10 or 20 days (Mougeot et al. 1998) (Fig. 2). Brown skuas 
seemed to be flexible in their laying date and conversely to 

Fig. 4  Trends in burrow 
occupancy (±95% CI, binomial 
regression) for blue petrels 
(black, 1986–2016) and thin-
billed prions (grey, 1987–2016). 
Trends are decreasing at a 
significant different rate. Points 
represent the predicted values of 
occupancy per burrow and per 
species
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the hypothesis (i); in 2013, the pairs holding sampled ter-
ritories were relatively late breeders (mean date of laying: 
51 days after 1st October) compared to the pairs studied by 
Mougeot et al. (1998) (28 days after 1st October). Thus, 
the proportion of thin-billed prions in remains should have 
instead been higher in 2013 due to their later attendance 
rate on breeding colonies than blue petrels (Fig. 2). Finally, 
a lower nest fidelity of thin-billed prions can decrease their 
observed burrow occupancy, but despite we do not have 
accurate information on the alternative burrow sites, the bur-
row fidelity is actually very high and very similar between 
thin-billed prions (87.5%) and blue petrels (88.3%) at Mayes 
Island, where we performed our study (Bried and Jouventin 
2001).

Potential implication for conservation

Long-term seabird population monitoring is often chal-
lenging in subantarctic islands but the diet of brown skuas 
appears to be a valuable indicator of the relative abundance 
of burrowing petrels at a point in time as indicated by our 
study at Kerguelen and by Cerfonteyn and Ryan (2016) at 
Marion Island. Several burrowing petrel species have expe-
rienced rapid changes in abundance since the last decades in 
most of the subantarctic islands due to the negative effects 
of invasive predator species (Brooke et al. 2010), fisheries 
bycatch (Barbraud et al. 2008), climate change (Nevoux and 
Barbraud 2006) or to the positive effects of conservation 
measures at sea (Løkkeborg 2011) and on breeding islands 
(Lavers et al. 2010). Collection of prey remains over several 
years from breeding brown skuas could represent a simple 
and accessible method to evaluate variations in prey abun-
dance when one prey abundance is known, and thus allow-
ing to track the effectiveness of conservation measures, as 
it is done for raptors (Redpath et al. 2001; Sutherland et al. 
2004).
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