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Abstract Feral cats (Felis catus) are a potential
threat for several seabird species including medium
sized albatrosses, but studies documenting predation
behavior, demographic impacts and effects of predator
control are scarce. Here, we present data on feral cat
predation behavior on one of the world’s largest
seabirds, the wandering albatross (Diomedea exulans)
at Kerguelen Island, and show how it affects breeding
success and rate of population growth. We assess the
effect of a feral cat control experiment on breeding
success and population viability. Using 32 camera
traps we monitored 25 nests of albatross and detected
295 events showing a potential predator. Of these,
75.2% and 24.8% involved feral cats and giant petrels,
respectively. Giant petrels were never implicated in
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direct predation. We recorded 17 attacks of feral cats
on 13 albatross chicks. Attacks lasted in average
52.1 ± 72.9 min, and resulted in the death of 10 of the
13 (76.9%) monitored chicks. Breeding success where
attacks were recorded was low (12%) compared to
areas with no attack (86%). Mean breeding success
during 3 years before cat control was 26% and
increased to 80% during the 3 years following the
experiment. According to predation scenarios, population modelling showed that the albatross population
would decline by 2.7–4.5% per year without cat
control. Following cat control the population would
increase at 1.8% per year. Our results demonstrate that
feral cats predate and have negative impacts on
breeding success and population growth rate of
wandering albatrosses at Kerguelen Island. We
provide recommendations on feral cat control and
eradication to mitigate the risk of population decline
or local extinction of large albatrosses.
Keywords Breeding success  Diomedea exulans 
Felis catus  Population control  Population growth
rate  Predation behavior

Introduction
Invasive non-native species are considered as the
second most important cause of biodiversity loss on
island ecosystems (Whittaker and Fernández-Palacios
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2007; Doherty et al. 2016; Blackburn et al. 2019).
Among invasive alien species, mammals are recognized as the most threatening on native fauna and flora,
and mammalian predators are the main cause of
animal extinctions on islands (Courchamp et al. 2003;
Donlan and Wilcox 2008; Harris 2009; Medina et al.
2011; Bellard et al. 2016).
Seabirds are particularly threatened by invasive
species as many breed on islands, are endemic, and
evolved without the presence of land predators. They
have slow demographic strategies making them particularly sensitive to additional mortality due to nonnative mammalian predators (Hilton and Cuthbert
2010). About 30% of seabird species are threatened
with extinction, primarily due to invasive species
(Towns et al. 2011; Croxall et al. 2012). Among
seabirds, albatrosses are one of the most endangered
groups with many species at risk of extinction (Croxall
et al. 2012; Phillips et al. 2016). Despite their large
body size, albatrosses may be impacted by introduced
mammals such as mice (Mus musculus) and rats
(Rattus sp.), but also by feral cats (Felis catus)
(Croxall et al. 2012; Dilley et al. 2016; Phillips et al.
2016; Jones et al. 2019). Cats are currently a potential
threat for several populations of at least nine species of
albatrosses breeding on islands in the Southern
Hemisphere, including several rare and endangered
species (Phillips et al. 2016). Although numerous
studies showed detrimental effects of introduced feral
cats on seabird populations (Keitt et al. 2002; Keitt and
Tershy 2003; Martınez-Gomez and Jacobsen 2004;
Ruffino et al. 2008; Medina et al. 2011; Bonnaud et al.
2012; Ozella et al. 2016), to our knowledge, none has
documented and assessed the impact of predation by
feral cats on great albatrosses (wandering albatross
group: Diomedea exulans, D. dabbenena, D. antipodensis, D. amsterdamensis, and royal albatross group:
D. sanfordi, D. epomophora).
Feral cat diet studies in sub-antarctic islands
(Kerguelen Island, Hog Island, Marion Island and
Macquarie Island) suggested that, contrary to burrow
nesting Procellariform species, large surface nesting
albatrosses did not seem to be affected by feral cat
predation (Derenne 1976; Derenne and Mougin 1976;
Jones 1977; Van Aarde 1981; Furet 1989; Pontier et al.
2002). At Marion Island before cat eradication in 1991
(Bester et al. 2002), the possibility of predation or
disturbance by feral cats on wandering albatrosses and
sooty albatrosses (Phoebetria fusca) was suggested
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but never confirmed, and no evidence of predation was
found on adults or chicks (Van Aarde 1981). Furet
(1989) found evidence that cats significantly fed on
yellow-nosed albatrosses (Thalassarche carteri) and
northern rockhopper penguins (Eudyptes moseleyi) at
Amsterdam Island but ascribed food remains to
scavenging rather than direct predation. Dreux and
Milon (1967) suspected cat predation on young
wandering albatross chicks to occur on Kerguelen
Island. This behavior was poorly documented and
never observed again (Derenne 1976). Thus, until
now, cat predation was not considered as a serious
threat for wandering albatross populations (Phillips
et al. 2016; Weimerskirch et al. 2018).
At Kerguelen Island, cat-attacks on wandering
albatross chicks were suspected in 2006 when the
breeding success of the closely monitored colony of
Pointe Morne dropped dramatically to complete
failure during the chick-rearing stage (Barbraud and
Delord pers. obs.). Preliminary tests with camera traps
in 2014 showed attacks of chicks by cats. A specific
study was thus initiated to investigate feral cat
predation on wandering albatrosses. The wandering
albatross is listed as Vulnerable with a declining
population trend (IUCN 2020) and Kerguelen Island
hosts almost 14% of the world population (Weimerskirch et al. 2018). It is therefore of importance to
understand the role of feral cat predation on the
population dynamics of this species.
The aim of this study was to document whether
feral cat predation does occur on wandering albatrosses and if it does how it affects breeding success.
Firstly, we document whether such a predation
behavior occurs, while accounting for and comparing
it to that of other potential predators present on
Kerguelen Island. Secondly, we determine if predation
by introduced feral cats could explain variations in
breeding success observed at different breeding areas
on Kerguelen Island. Thirdly, we assess if feral cat
control could have beneficial effects on breeding
success. Finally, we quantify the long term consequences of feral cat predation on wandering albatross
population growth rate.
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Methods
Study site
This study was carried out between 2014 and 2017 at
Kerguelen Island (48°50S, 68°70E), southwestern
Indian Ocean. This archipelago, covering a total
surface area of 7200 km2 consists of one main large
island (6600 km2) called ‘‘Grande Terre’’ and about
three hundred islands. Since 2006, Kerguelen Island,
which are part of the French Southern Territories, are
listed as a National Nature Reserve. Our study took
place in the Courbet Peninsula on the eastern part of
‘‘Grande Terre’’ (Fig. 1) and was focused on two
wandering albatross breeding areas separated by
approximately 20 km. The first one, Cap Ratmanoff
(49°13S, 70°32E; Ratmanoff hereafter) was located in
the eastern part of the Courbet Peninsula and was

about 7 km2. The second one, Pointe Morne (49°22S,
70°26E; Morne hereafter) was located in the southeastern part of the Courbet Peninsula, and was about
2.5 km2. Both areas had the same habitat types, mainly
open flat meadows covered by a monospecific short
vegetation of Acaena magellanica. Both sites had the
same community of introduced mammals: mice,
rabbits (Oryctolagus cuniculus), feral cats and infrequent reindeers (Rangifer tarandus).
Study species
Domestic cats were introduced at on the base of
Kerguelen Island in 1951 to control rodents and then
turned feral (Derenne 1976; Pascal 1980; Kidder
1876). At the end of the 1990s the population size was
estimated at around 7000 individuals with densities
between one and two cats per km2 (Say et al. 2002).

Fig. 1 Courbet Peninsula, eastern part of Kerguelen Island, French Southern Territories. The two study areas of Morne and Ratmanoff
(divided in 2 sectors) are shown (hatched areas). Inset shows the location of the Courbet Peninsula on the Kerguelen Island
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Cats prey upon rabbits, mice and burrowing petrels
(Derenne 1976; Pontier et al. 2002). Burrowing petrels
constituted more than 66% of feral cat’s diet in the
1970s (small-sized petrels: mainly blue petrel Halobaena caerulea, diving petrels Pelecanoides sp.,
Antarctic prion Pachyptila desolata, and chicks of
medium-sized petrels such as soft-plumaged petrel
Pterodroma mollis, white-headed petrel P. lessonii
and great-winged petrel P. macroptera) and the rest
being rabbits (Derenne 1976). In 1998–1999, after the
progressive decline of petrels following cat introduction, these proportions shifted with no more than 30%
of petrel items (with Antarctic prion, white-headed
petrel and white-chinned petrel Procellaria aequinoctialis being the most common) (Pontier et al. 2002).
Feral cat is considered to be the only introduced
predator able to affect wandering albatrosses in our
study sites since injuries due to mice were never
recorded on wandering albatrosses at Kerguelen
Island, contrary to Gough and Marion Islands (Jones
et al. 2019).
Wandering albatrosses breeding on the eastern part
of the Courbet Peninsula have been monitored since
1971 (* 320 breeding pairs, Weimerskirch et al.
2018), and breeding success has been monitored at
Morne since 2000. Population monitoring consisted of
direct counts of breeding pairs during the early
incubation (in late January–early February) and of
fledglings during late chick-rearing (October). On
average, 45 and 60 pairs of wandering albatrosses
breed each year in Ratmanoff and Morne, respectively. Wandering albatrosses have a long reproduction cycle; laying occurs from 10th December of year
t to 20th January of year t ? 1, and fledglings leave the
island from the end of November of year t ? 1 to mid
of January of year t ? 2 (Marchant and Higgins 1990).
Incubation lasts about 80 days and the guard phase of
the chick lasts approximately one month, the mean
date of thermal emancipation at Kerguelen Island is
20th April (unpublished data). During growth, chick
weight increases from about 350 g at hatching, to
2900 g at the end of the brooding period, and reaches
about 10,000 g at fledging (Weimerskirch et al. 2000).
Assessing the impact of cats on wandering
albatross breeding success
Two sources of data were used to assess the impact of
feral cats on wandering albatross breeding success.
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First, surveys quantifying the intensity of predation on
wandering albatross chicks by cats or indigenous
predators were conducted at the Ratmanoff site in
2017. Second, breeding success of a wandering
albatross colony was compared before (2000–2014)
and after (2015–2017) a local control of the feral cat
population at the Morne site. Since 2015, feral cat
control has been initiated at Morne according to the
management plan of the French Southern Territories
National Nature Reserve. The limitation or eradication
of populations of invasive non-native mammalian
predators constitutes one of the main objectives of this
management plan.
Camera trap monitoring of wandering albatross
chicks
The breeding site Ratmanoff was divided in two
sectors (northern and southern sectors) which differed
by their resource availability for feral cats. Indeed, the
presence of a large king penguin (Aptenodytes patagonicus) colony (Delord et al. 2015) and southern
elephant seal (Mirounga leonina) population (Authier
et al. 2010) in the southern sector offered more
abundant food resources for cats in the form of carrion
for scavenging, compared to the northern sector. Both
sectors also had mice and rabbits as food resources for
cats.
We monitored 25 wandering albatross nests during
day and night using motion-activated infra-red cameras (Reconyx Hyper Fire Professional Infrared passive camera traps, model HC500 and HC600, Holmen,
USA). The infra-red system using flash allows illuminating the central subject while minimizing animal
disturbance. Preliminary observations suggested that
nest mortalities mainly occurred once chicks were left
alone by their parents. We thus decided to focus our
present survey from the end of the guarding period to
pre-fledgling stage. Nest monitoring took place during
a maximum 57 consecutive days between April 13th
and June 9th 2017. As a single set of 19 camera traps
were available, some traps (n = 6) were deployed
again if breeding failures occurred in initially monitored nests allowing us to follow more than 19 nests.
Therefore, monitoring initiation dates differed
between all monitored nests. The cameras were
equally and randomly distributed between all the
available nests with hatchlings at the northern and
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southern sectors of Ratmanoff (41 out of total 47 nests
detected).
Cameras were mounted 6 m from the nest, 1.2 m
above ground and fixed on iron poles. They were set on
both ‘motion-activated’ and ‘5 min-time lapse’ modes
with ‘high’ sensitivity, taking three images every 1 s
upon motion activation (0.2 s upon motion act). A
similar mounting able to detect cats or similar size
mammals was used efficiently elsewhere (Rovero
et al. 2013; Nichols et al. 2017). Regular camera
inspections were made every 10 days to collect
pictures and inspect cameras. During each inspection,
monitored chicks were checked by observers from all
sides and their health condition recorded. Albatross
chicks were never handled or approached to avoid
stress regurgitations that may attract potential predators or scavengers.
All pictures downloaded from camera traps were
individually visualized looking for the presence of a
potential predator: feral cat, mice, rats, giant petrel
(Macronectes spp.) and brown skua (Stercorarius
lonnbergi). Only confident observations were considered for further analysis. Each recorded event involving a potential predator was grouped into one of the
three following categories of behavior: (1) Crossing:
when the predator only crossed the detection zone
without showing any interest for the chick; (2)
Approach: when the predator was prowling/heading
towards the chick; (3) Attack: as soon as the predator
came into contact with the chick. One event was
considered as the period going from the motion
activation to the disappearance of one or more
individuals (predator) from the camera’s field of view.
If an event was not clearly defined, we assigned it into
the lower behavioral level, i.e. an unclear attack was
defined as an approach and an unclear approach as a
simple crossing. For each event, we recorded the
following parameters: time, duration and health condition of the chick (alive or dead, trace of vomit or
blood on the down, slack head or wings). When chick
mortality occurred, the date was recorded and then
used in chick survival rate analyses. In addition, a
three-step individual identification of feral cats was
performed following Bengsen et al. (2012) and
McGregor et al. (2015) to determine whether a
specific behavior of predation was widespread in the
feral cat population or only observed in a small
number of specialized individuals. The first step
consisted in selecting pictures with a cat in front of a

camera to isolate usable ones and constituting a bank
of images. In a second step we selected pictures that
allowed individual identification based on visible
markings: targeting legs, flanks and forehead we
isolated different coat colors and patterns of the
patches or stripes using shape, location and size, but
also recording distinct criteria such as body size, scars,
hairballs and broken tail. In the last step each image of
the bank was inspected and compared with other
images until a possible match was made for those
likely belonging to the same individual. We reiterated
the process until no more inconsistencies were found.
Effects of the local control of feral cat population
After the first observation of attacks by cats of
wandering albatross chicks in 2014, each year since
2015, two trapping sessions of 10 days each were
performed to control the feral cat population in the
wandering albatross breeding area Morne. Up to 30
non-lethal traps (ÓTomaHawk-Pro double door trap)
were deployed according to a 450 m 9 450 m sampling grid overlaid to the breeding area in order to be
able to cover each surface of 0.2 km2 with at least one
trap. Remaining traps were set in a way to perform a
higher trapping pressure in some places according to
topography and knowledge of feral cat habits (Martin
et al. 2013). Indeed, previous field observations and
surveys allowed identification of the paths preferentially used by feral cats (Martin et al. 2013). To
optimize efficacy, trapping campaigns were conducted
in winter when resources are scarce for cats (Devillard
2004). Pieces of carcasses of rabbits that were found
dead were used as bait. Before being euthanized, livetrapped cats were tranquilized with a mixture of an
intramuscular injection of Ketamine (Imalgene 1000)
and Acepromazine (Vetranquil 5.5%), according to
best practices formulated in the French legislation
(decree no 2013–118 of February 1st 2013). Handling
was performed by persons allowed to work with
animals. For each cat, we determined sex, age (three
age-classes inferred from body size and the wear of the
teeth: juvenile from birth to age 1, adult from age 1 to
age 3, and old adult after age 3) and weight to the
nearest 100 g with a 10 kg Pesola spring balance.
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Assessing the impact of cats on wandering
albatross population growth rate
We used a matrix population model for wandering
albatrosses developed by Barbraud et al. (2013) and
modified by Goutte et al. (2014) to account for
environmental stochasticity. Briefly, this pre-breeding
census model consists of five juvenile age-classes, one
pre-breeding stage-class, and four adult stage-classes
according to breeding status in wandering albatrosses
(successful breeder, failed breeder, and to account for
quasi-biennial breeding, post-successful breeder and
post-failed breeder). The model parameters were the
recruitment probability, adult survival probabilities
(for individuals older than 6 years), transition probabilities between states, breeding success, juvenile
survival probabilities during the first 2 years of life,
immature survival probabilities between 3 and
5 years. Environmental stochasticity was included
by sampling yearly value of demographic parameters
from a beta distribution with mean and variance equal
to those estimated from previous capture-mark-recapture models. All parameters were taken from Goutte
et al. (2014), except juvenile and immature probabilities which were taken from Fay et al. (2015). To
assess the impact of cats on population growth rates
we first searched for a value of breeding success, all
other parameters remaining unchanged, corresponding to a population growth rate of 1 (i.e. population
stability). Then, we used breeding success estimates
obtained in the sites of Ratmanoff and of Morne before
cat control (i.e. prior 2015). The matrix population
models were analyzed by Monte Carlo simulations
(10,000 iterations) using package popbio (Stubben and
Milligan 2007) and popdemo (Stott et al. 2012)
implemented in R (R Development Core Team 2019).
Statistical analyses
To investigate the causes of variability of the number
of events detected using camera-traps we used generalized linear models. Models were fitted using the
package MASS and the function ‘‘glm’’ with a
Gaussian distribution and identity link. Events
recorded by each camera in a given nest were
classified according to predatory species, time of day
(daylight vs night), and event category (crossing,
approach, attack). Final sample size for analyses was
295 events. We started with model E * Sec ? Sp ?
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ToD ? Type ? Sec*Sp ? Sec*ToD ? Sec*Type ? Sp*ToD ? Sp*Type ? ToD*Type, where E
is number of events detected divided by the number of
days camera traps were deployed in a given nest, Sec is
sector (northern vs southern), ToD is time of day, type
is event category, and * denotes an interaction.
Additionally, since apart from cats, giant petrels were
also identified as relevant predators of wandering
albatrosses (see results ‘Camera trap survey’), we also
included predatory speies (Sp – cat vs giant petrel) in
models to assess for potential differences in their
predatory behaviours. To test whether the duration of
events (Dur) was affected by the predatory species and
by the type of event, we used the linear model
Dur * Sp ? Type ? Sps*Type. We then tested for
competing models by removing factors one by one and
selecting the model with the lowest Akaike information criterion (AIC). We used the function ‘‘fitdist’’
from the package DHARMa to assess the fit of
residuals to a normal distribution.
Breeding success was calculated as the number of
chicks fledged divided by the number of pairs that laid
an egg. Change in breeding success of wandering
albatrosses between pre- and post- feral cat control
periods at Morne was tested using a Student’s t-test.
Wandering albatross chick survival rate at nests
monitored with camera-traps was estimated using the
Kaplan-Meyer estimator for right-censored data. Survival curves between sites were compared using logrank tests. Analysis was performed in R 3.6.1 (R
Development Core Team 2019).

Results
Camera trap survey
At Ratmanoff the cameras monitored 61% of the nests
where eggs hatched successfully (25 out of 41),
comprising 13 of 21 nests in the sector north and 12 of
20 in south sector. The 57 consecutive days of
monitoring yielded nearly 22,300 h of observation
by camera traps and about 323,000 pictures. Of these,
295 events showing a potential predator were clearly
identified, of which 199 events (67.5%) involved one
feral cat, 24 events (8.1%) involved two or more feral
cats, 57 events (19.3%) involved one giant petrel and
15 events (5.1%) involved two or more giant petrels.
Records involving other bird species (brown skua and
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kelp gull Larus dominicanus) were highly uncommon
(less than 10 records cumulated) and never showed
direct interactions with wandering albatross chicks.
Mice were occasionally seen climbing onto nest
mounds but without interactions with the chicks. We
did not see evidence of mice wounds on wandering
albatross chicks. No rats were observed.
For nests where events with feral cats were
recorded, the mean duration of events was 8.5 min
but lasted up to nearly 30 min (Table 1). The mean
number of events with cats per nest was 19.4 but with
important variation from a minimum of one event to a
maximum of 29 events (Table 1). The mean number of
cats involved was 1.1 ± 0.1 and the maximum was
three (Table 1).
Giant petrels were never implicated in direct
predation (no attack recorded). However, we counted
17 attacks of feral cats on wandering albatross chicks
(Fig. 2), all in the north sector of Ratmanoff where 10

of the 13 monitored chicks died. All the chicks that
died were attacked by one or more cats. Evidence of
predation by cats was found for 100% of dead chicks
monitored in the north sector. Among the 10 dead
chicks that were monitored, eight attacks were
captured on camera. Indeed, two cameras did not
trigger correctly and failed to record the time before
the chick disappeared. However, in these two cases
there was strong evidence to support that cat attacks
caused the death of the chick: wounds under the bill
(Fig. 3) and tracks left on surrounding grass similar to
those recorded following confirmed cat attacks. In the
south sector all monitored chicks survived and we did
not record any attack by feral cats.
The number of events per unit effort (E) differed
between sectors, predatory species, time of the day and
type of events (Table 2, Fig. 4). There were fewer
events in the southern sector relative to the northern
sector, giant petrels interacted less with wandering

Table 1 Descriptive statistics of events between feral cats and wandering albatross chicks recorded by camera traps at Ratmanoff,
Kerguelen Island, in 2017
Nest number

Number of events

Mean duration of events (min)

Mean number of cats (max)

Duration of monitoring (days)

A79

18

19.6

1.2 (2)

10

A83

14

28.8

1.2 (2)

36

A84
A85

13
5

27.1
0.4

1.6 (3)
1 (1)

10
18

A86

4

3.1

1.2 (2)

23

A87

29

2.7

1 (1)

50

A88

9

6.2

1 (1)

26

A92

1

NA

1 (1)

104

A93

18

3.1

1.1 (2)

75

A94

27

2.1

1.1 (2)

75

A96

7

\ 0.1

1 (1)

75

B76

7

5.0

1 (1)

64

B81

3

6.7

1 (1)

57

B82

3

8.4

1 (1)

57

B83

1

NA

1 (1)

63

C68

8

4.1

1 (1)

36

C70

8

0.9

1 (1)

75

C72

3

1.7

1 (1)

26

D44
D45

15
28

15.5
17.7

1.2 (2)
1.1 (2)

28
19

D46

1

NA

1 (1)

8

D54

1

NA

1 (1)

47

19.4 ± 45.3

8.5 ± 9.1

1.1 ± 0.1

44.6 ± 26.7
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Fig. 2 Images from camera traps showing the different
behaviors of feral cats when interacting with wandering
albatross chicks at Kerguelen Island. Top row left: passing;

top row right: approach; second row and third row left: attack by
daytime; third row right: attack by two individuals; bottom row:
attacks during the night

albatross chicks than cats, there were more events
during daytime than during the night, and there were
more attack events than approach and crossing events.
Three interaction terms were retained in the selected
model (Table 2). The interaction between sector and
species indicated that there were more events due to
cats in the northern than in the southern sector, and that
events due to giant petrels did not differ between
sectors. The interaction between species and time of
day indicated that there were more events due to cats
than to giant petrels during daytime but not during the
night (Fig. 5). The interaction between sector and time
of day indicated that there were more events in the

northern sector than in the southern sector during
daytime but not during the night.
The number of approaches per unit effort differed
between sectors, predatory species and time of day.
There were fewer approaches in the southern sector
relative to the northern one, by giant petrels relative to
cats, and at the night relative to daytime. In addition,
cats made proportionally more approaches in the
northern sector than giant petrels compared to the
southern sector, and there were more approaches in the
northern sector during the night relative to daytime
than in the southern sector. The same effects and
trends were observed for the number of crossings per
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by feral cats, half of them died following the ultimate
attack while three died from their wounds. Chicks
injured following attacks were weaker, offering less
and less resistance against feral cats before eventually
dying. Concerning the two remaining predated chicks,
feral cats carried them out of the picture frame so the
outcome of the attacks was unknown. Following
attacks that did not directly cause death, the chicks
showed a high level of stress, being restless and
appeared not able to sleep. Death came a few days
later. Images showed that attacks caused an important
weakening of chicks (loss of wing and head tone,
vomiting) compared to those never attacked.
Fig. 3 Puncture wounds from feral cat incisors to the neck of
wandering albatross chick. Image by Jacques Devaux

Feral cat identification

unit effort. Since attacks were only observed in the
northern sector and by cats, we only tested for an effect
of time of day on this behavior. The number of attacks
per unit effort was higher during daytime than during
the night.
The duration of events differed between types of
events (Table 3). Attacks (52.1 ± 72.9 min) lasted
longer than approaches (12.2 ± 24.6 min) and crossings (6.8 ± 19.8 min), although there was high variability in the duration of events (max: 4 h 39 min for a
cat attack).
All cases of attack displayed a similar behavior of
predation with feral cats targeting the part of the neck
located directly under the bill (Figs. 2, 3; Supplementary information). Of the 10 chicks that were attacked

Identification was restricted to feral cats displaying
individually unique markings and fur colors. Cats
could be identified for 35% (n = 75) of all events
involving cats. All other cats observed had a wholly
black fur impeding individual identification. From
these 75 records we identified a minimum of 19
different individuals (adults and young), with respectively 10 and nine individuals in the northern and
southern sector of Ratmanoff. Among the 10 individuals identified in the northern sector where attacks
were observed, five individuals performed attacks on
wandering albatross chicks. One single adult cat was
observed attacking five different chicks, while a single
litter of four juveniles were implicated in four
predation events. These five individuals were never

Table 2 Generalized linear model results for the mean number of interaction events per day (n = 217) between wandering albatross
chicks and potential predators (feral cats and giant petrels) at Ratmanoff, Kerguelen Island
Covariate
Intercept
Sector (S)

Estimate

SE

t test

P

0.051

0.003

15.029

\ 0.001

- 0.033

0.005

- 6.912

\ 0.001

Species (GP)

- 0.021

0.005

- 4.274

\ 0.001

Time of day (N)

- 0.020

0.004

- 4.945

\ 0.001
\ 0.001

Event (attack)

0.020

0.006

3.665

- 0.005

0.003

- 1.640

0.104

Sector 9 Species

0.028

0.006

4.419

\ 0.001

Sector 9 Time of day

0.023

0.006

3.848

\ 0.001

Species 9 Time of day

0.011

0.007

1.703

0.091

Event (passing)

Reference variables are North for sector, cats for species, daytime for time of day, and approach for event. S: southern sector; GP:
giant petrel; N: night. Model R2 = 45.9%
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Fig. 5 Daily variation of the mean number of events (crossing,
approach, attack) per day for cats and giant petrels at Ratmanoff
area. The time zone for Kerguelen Island is UTC ? 5. Dark
shaded areas indicate the night, light shaded areas indicate the
variability of dusk and dawn period between late-April and midJune. Error bars are ± 1 standard error
Table 3 Generalized linear model results for the duration of
events (n = 295) between wandering albatross chicks and
potential predators (feral cats and giant petrels) at Ratmanoff,
Kerguelen Island
Covariate

Estimate

SE

t-test

P
\ 0.001

Intercept

643.6

167.6

3.840

Species (GP)

304.9

305.7

0.998

0.319

Event (attack)

2481.4

437.5

53,672

\ 0.001
0.051

Event (passing)

- 443.7

226.3

1.960

Species 9 attack

NA

NA

NA

NA

Species 9 passing

649.0

445.2

1.458

0.146

Fig. 4 Mean number of events (crossing, approach, attack) by
sector (N: North, S: South), predator type, and time of day at
Ratmanoff area. Error bars are ± 1 standard error. No attack
was recorded in the southern sector. Numbers indicate sample
sizes

Reference variables are cat for species and approach for event.
GP: giant petrel. Reference levels are cat for species, and
approach for event. Model R2 = 14.8%

identified in the area where the three albatross chicks
survived in the northern sector. Among the feral cats
that were individually identified, no individual was
observed in both sectors.

Table 4 Number of cat individuals removed from the site
Morne during population control period between 2015 and
2017

Effect of local control of the feral cat population

Trapping effort (in trap.night)

320

437

479

Number of cats removed
Male

17
10

18
9

24
11

Female

7

9

13

Number of cat removed per trap.night

0.05

0.04

0.05

From 2015 to 2017, six sessions of control of feral cats
were accomplished cumulating a total of 1236 trap.nights at Morne. We trapped and removed 59 cats
including 30 males and 29 females from the wandering
albatross breeding area at Morne (Table 4). The
average age of feral cats that were trapped decreased
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Year

2015

2016

2017
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from 35 ± 4 months in 2015, 15 ± 2 months in 2016
to 11 ± 2 months in 2017 (Table 5). Mean body mass
for males and females was 3.6 ± 0.2 kg and
2.7 ± 0.1 kg, respectively.
In 2017, the breeding success in the Courbet
peninsula was 58%, from a total of 362 eggs laid. At
Ratmanoff, 47 pairs of wandering albatrosses bred in
2017, 25 in the northern breeding sector and 22 in the
southern breeding sector. The two sectors strongly
differed in terms of breeding success (northern sector
12%; southern sector: 86%; v2 = 16.03, P \ 0.001). In
April, when the camera monitoring started, six eggs
did not hatch, four in the northern breeding sector and
two in the southern breeding sector. Chick survival
curves differed between sectors (log-rank test,
v2 = 22.3, P \ 0.001). The survival rate of chicks in
the southern sector quickly reached a plateau after the
median thermal emancipation date (20th April), while
in the northern sector it decreased monotonically from
that date until the beginning of June (Fig. 6).
While mean breeding success was only 26% during
the 3 years before the feral cat control was initiated at
Morne, it increased to 80% during the 3 years after cat
control (t test = 14.194, P \ 0.001, Fig. 7).

Fig. 6 Survival curves for wandering albatross chicks in
Ratmanoff area in 2017. Northern breeding sector (grey dashed
line) and southern breeding sector (black dashed line). The
vertical black line shows the mean thermal emancipation date of
chicks (20th April). 95% confidence intervals are not shown to
improve clarity

Effects of cat predation on albatross population
growth rate
The matrix population model indicated that a breeding
success of at least 52.6% was needed to maintain
population stability, all other things being equal
(Fig. 8). With a breeding success similar to the one
observed at Morne before cat control (26%), the
population growth rate was 0.973, corresponding to a
decrease of 2.7% per year. When breeding success was
set to the one observed in the northern sector of
Table 5 Number of feral cats caught for each age group
during 2015 to 2017 population control
Juvenile
N (%)

Adult
N (%)

Old adult
N (%)

2015

2 (11.8)

6 (35.3)

9 (52.9)

2016

3 (16.7)

13 (72.2)

2 (11.1)

2017

18 (75.0)

6 (25.0)

0 (0.0)

No kitten less than 3 months was caught. Juvenile: \ 1 year
(1.5–3 kg); adult: C 1 year and \ 3 years (2.5–5 kg); old
adult: C 3 years (2.9–5.1 kg)

Fig. 7 Wandering albatross breeding success before and after
feral cat control implementation (vertical dashed line) in Morne
site, Kerguelen Island. Error bars are ± 1 standard error.
Numbers indicate annual number of breeding pairs

Ratmanoff (12%), the population growth rate was
0.955, corresponding to a decrease of 4.5% per year.
Using the average breeding success recorded on the
Courbet Peninsula for the period 2000 to 2017, the
population growth rate was 1.004. For a mean
breeding success corresponding to population stability
(52.6%), population inertia (i.e. the inertial effect of
unstable short-term dynamics of population structure
on long-term population size) was 1.03, and upper and
lower transient bounds of inertia were 1.23 and 0.59,
respectively.
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Fig. 8 Stochastic population growth rate of the wandering
albatross population at Kerguelen Island modelled as a function
of breeding success. Dashed lined indicate population stability.
Arrows and text indicate different scenarios (see ‘‘Results’’),
including high feral cat predation (Ratmanoff northern sector),
before feral cat control (Morne before control), and after feral
cat control (Morne after control)

Discussion
Feral cats on islands are known to feed on a wide
variety of species including mammals, birds, reptiles,
amphibians, fish and invertebrates (Bonnaud et al.
2011), but to our knowledge no case of predation on
birds as large as wandering albatrosses has been
reported. Our results show that, at Kerguelen Island,
feral cats are predating wandering albatross chicks,
that these predation events cause a major decrease in
breeding success, which threatens the persistence of
the albatross population. Results show that cat control
resulted in an improvement of breeding success in
subsequent years.
Cat predation on wandering albatross chicks
The two potential predators that interacted most
frequently with wandering albatross chicks at Kerguelen Island were feral cats and giant petrels. Cats
were involved in 75% of the interactions, and were the
only species implicated in direct attack and predation.
Thus, among the different types of interactions
recorded, both cats and giant petrels made approaches
and passed by albatross chicks, but only cats performed attacks. We strongly suspect that approaches
by giant petrels were enhanced by cat attacks, with
giant petrels attracted by chick remains (down), chick
injuries (blood on the down), or dead chicks
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consecutive to cat attacks. This is supported by the
fact that most approaches by giant petrels were
observed in the northern sector where most cat attacks
were recorded. Most attacks recorded by camera traps
occurred by night but when taking into account the
monitoring effort by camera traps, attack rate was
higher during daytime (0.084 ± 0.022) than during
the night (0.049 ± 0.027). This is in agreement with
the activity of feral cats at Kerguelen Island determined using GPS collars, which are mainly active
during the warmest hours of the day (Martin et al.
2013). However, activity data indicate that cats can be
active during the night (Martin et al. 2013). We indeed
recorded attack events during the night, mainly from
dusk until eight hours after sunset.
Quantifying the proportion of attacks by cats that
ended in predation on albatross chicks could not
achieved for two main reasons. First, once albatross
chicks were killed they were nearly systematically
transported by cats outside the camera field of view.
Second, albatross chick carcasses were probably
quickly discovered by giant petrels, which scavenged
on the carcasses and likely pushed away the cats from
the carcasses. Nevertheless, anecdotal field observations confirm that cats predate on albatross chicks
(Electronic Supplementary Material S1).
Pontier et al. (2002) identified rabbits as the
primary prey of cats at Kerguelen Island (72.6%),
followed by house mice (11.6%) and birds (all species
combined, 14.9%). These authors did not record any
albatross remains in their study of cat diet, only those
of burrowing petrels, storm petrels, lesser sheathbill
Chionis minor and medium sized penguins. Pontier
et al. (2002) also found that proportions of the prey
species varied among sites, and noted that birds were
consumed much less frequently in their study compared to a 1976 study in the same area (Derenne 1976),
suggesting that cats had a strong negative impact on
the native avifauna. Our results suggest that despite
the availability of an abundant food resource (rabbits),
cats are now a threat to populations of one of the
largest surface nesting seabird, the wandering albatross. Indeed, breeding success of albatrosses was very
low (12%) in the northern sector of Ratmanoff where
we observed cat predation, and breeding success
during the three years before cat control in the Morne
area was also low (26%), with total breeding failure in
2006.
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Other causes of wandering albatross chick mortality such as starvation or disease are extremely unlikely
to explain the poor breeding success observed at
Ratmanoff and at Morne before cat control. Firstly,
wandering albatrosses forage over vast areas at sea
when rearing chicks, and individuals breeding at the
two sectors of Ratmanoff and at Morne likely foraged
in the same areas where they were exposed to similar
oceanographic constraints, resources availability and
risks of incidental bycatch in fisheries (Delord et al.
2014). Secondly, no infectious agent of epizooties,
such as Pasteurella multocida at Amsterdam Island
(Jaeger et al. 2018), was detected on wandering
albatrosses chicks at Kerguelen Island (n = 12 chicks
sampled at Morne in 2013; Jaeger et al. unpublished
data). In addition, all monitored chicks appeared in
good body condition before the attacks were recorded,
and breeding success was relatively high before 2006.
In 2017, our camera trap survey showed that at least
48% of the wandering albatross chicks in the northern
sector of Ratmanoff were killed by feral cats. However, we suspect that this proportion was higher since
camera traps were not always recording and could not
be deployed on all occupied nests. Interestingly, only
five of the 19 individual feral cats identified were
involved in attacks and predation on albatross chicks.
In addition, among these five individuals, four were
probably belonging to the same litter and performed
four attacks, and one single individual performed five
attacks. Together these observations suggest a specialization of some individual feral cats specifically
targeting wandering albatross chicks for prey. Such
specialization in seabird predation has been observed
in cats introduced to Juan de Nova, Indian Ocean
(Ringler et al. 2015), and to Auckland Islands, New
Zealand (Russell et al. 2020). According to body mass
growth data (Weimerskirch et al. 2000), at the
beginning of the survey period when the first predation
events were observed (mid-April), wandering albatross chicks weighted at least 2 kg. When the last
predation event was recorded in late May, body mass
was at least 5 kg for male chicks and 4 kg for female
chicks. This constitutes remarkably large prey since
maximum feral cat body mass at Kerguelen Island
reaches 5.5 kg (Fromont et al. 2001). This predation
behavior on large prey may appear surprising given
the much larger abundance of alternative prey such as
rabbits and mice on the Courbet Peninsula at Kerguelen Island. However, wandering albatross chicks

constitute profitable prey given their large size and
their low antipredator behaviour.
Local control of the feral cat population
As expected, under the hypothesis of cat predation on
wandering albatross chicks, breeding success strongly
increased during the years following the initiation of
feral cat control at Morne. Since the beginning of the
monitoring of wandering albatrosses at Morne, breeding success remained relatively high between 2000
and 2008, with the notable exception of 2006 when no
chick fledged, before decreasing from nearly 80% in
2008 to 31% in 2014, the year before the feral cat
control started. Our observations of direct predation of
wandering albatross chicks by cats, together with the
spectacular increase in breeding success since the
initiation of cat control at Morne, strongly suggest that
the decrease in breeding success was caused by cat
attack and predation. Furthermore initial camera
trapping in 2014 showed attacks of cats on wandering
albatross chicks. The very low breeding success from
2009 to 2014 was not likely explained by a progressive
increase in cat numbers during this relatively short
period of time. Since several cats, perhaps belonging
to a family, were observed predating upon wandering
albatross chicks, we rather suspect that this behavior
spread in the cat population by social learning and
became more common since 2009.
The number of cats removed from the Morne area
during the first year of control corresponds to a density
of & 7.1cats/km2, much higher than the maximum
density (2.4 cats /km2) estimated by Say et al. (2002) at
Kerguelen Island. This suggests that feral cat densities, and therefore population, may have increased
since the early 2000s. Indeed, estimates of feral cat
densities and abundance suggest an increase since the
mid-1990s at Kerguelen Island (Devillard et al. 2011;
Santin-Janin et al. 2014). Although the factors causing
this increase are poorly known, increasing temperature
due to climate change may be involved (Santin-Janin
2010). An alternative to the hypothesis of an increase
in cat numbers is that cat trapping and removal
allowed new cats to move into the Morne trapping area
from beyond the trapping boundaries, causing an
apparent increase in numbers.
The number of cats caught remained high during
the 2 years following the initiation of cat control. The
temporal changes in the age distribution of the cats
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caught suggest that cats removed were quickly
replaced by immigrants, but also by young recruits
as the proportion of juvenile cats strongly increased
between 2015 and 2017. These results are in line with
the demo-genetic scenario proposed by Devillard et al.
(2011) for the Kerguelen Island cat population. These
authors suggested that natal dispersal and/or local
recruitment were the major demographic processes
contributing to the abundance and genetic patterns
observed in feral cats. Thus, local cat population
control significantly reduces the number of cats but the
local population appears to rebound within a few
years.
Management implications.
Population modelling clearly suggests that if values
of breeding success as low as those observed at Morne
before cat control or at Ratmanoff in 2017 were to
occur at the scale of the entire Courbet Peninsula, the
wandering albatross population would decline in the
long term. Currently, with the average breeding
success observed on the Peninsula, the long-term
population growth rate is 1.004. Bounds on of the
short-term dynamics of the population (i.e. transient
dynamics) represent the most extreme possible values
of amplification (i.e. short-term increase in population
density relative to long-term population growth rate)
and attenuation (i.e. short-term decrease in population
density relative to long-term population growth rate)
following changes to the demographic structure of the
population as a result of an exogenous forces (Koons
et al. 2007; Stott et al. 2011). Our results suggest that
following such changes, the population can grow to an
absolute maximum of 123% its current size and to an
absolute minimum of 59% its current size. So, despite
having a stable predicted long-term growth rate, there
is a real danger that the population may in fact decline
in size following environmental disturbance.
The wandering albatross breeding success time
series suggest that intense attack and predation by cats
on chicks might be a relatively recent behavior. Cat
predation was strongly suspected as the main factor
implied in the poor breeding success of 2006 since
healthy chicks disappeared from nests, but no direct
observation of attack or predation was made. If recent,
this new behavior is an important concern for the
conservation of wandering albatrosses at Kerguelen
Island. Based on the known distribution of feral cats
(Say et al. 2002) and wandering albatrosses (Weimerskirch et al. 1989, 2018) it can be estimated that 26%
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of the wandering albatross population breeding at
Kerguelen Island is currently threatened by feral cats.
Feral cats have not yet colonized the entire
suitable areas of Kerguelen Island (Devillard et al.
2011) and 74% of the wandering albatross population
is still not exposed to cat attack and predation. Given
that the cat population may continue its increase in
future years (Santin-Janin 2010; Devillard et al. 2011),
our results suggest the necessity to implement a
management plan to attenuate the impact of cat attack
and predation on wandering albatrosses and other
seabirds at Kerguelen Island. From a management
point of view, complete cat eradication on the main
island of Kerguelen Island is an extremely difficult and
costly task with existing techniques. Indeed, the cat
population has now established for a long time and is
spread over the entire eastern part of the main island.
Therefore, based on our results on the effects of cat
control on albatross breeding success and following
Pontier et al. (2005), we suggest local eradication of
cats to protect wandering albatross and seabird nesting
as a suitable action. Eradication of cats on insular
ecosystems has proven beneficial for seabirds (Cooper
et al. 1995; Ratcliffe et al. 2010; Brooke et al. 2018).
Another suitable management action may be to
prevent the colonization of the southwestern part of
Kerguelen Island hosting the majority of the breeding
population of wandering albatrosses.
Management actions should also be taken on other
islands where wandering albatrosses or other large
albatross species breed and are exposed to feral cat
attack and predation. Total eradication of feral cats
might be desirable at Hog Island (Crozet archipelago)
where they were introduced during the nineteenth
century (Derenne and Mougin 1976). This island hosts
16% of the world breeding population of the wandering albatross, and the number of breeding pairs has
declined by nearly 20% between 1961 and 2017
(Weimerskirch et al. 2018). The endangered Amsterdam albatross Diomedea amsterdamensis, endemic
from Amsterdam Island with around 50 breeding pairs
(Barbraud et al. unpublished data), may also be
threatened by feral cats which have been introduced
on the island before 1950 (Martin de Vivies 1960). The
only diet study of feral cats on Amsterdam Island
showed that they mainly feed on mice and Norway rats
Rattus norvegicus, but seabirds such as northern
rockhopper penguin and Indian yellow-nosed albatross were also consumed (Furet 1989). Feral cats
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frequent the breeding area of Amsterdam albatrosses
on the Plateau des Tourbières, but have never been
observed attacking or predating chicks. Nevertheless,
the particularly low breeding success observed in 1990
(36.4%) and 2001 (25.8%) remained unexplained
(Rivalan et al. 2010), and feral cats could be suspected.
Total eradication of feral cats would thus be suitable on
Amsterdam Island and Hog Island for seabird conservation, but need to be accompanied with eradication of
other introduced mammalian predators to avoid
potential meso-predator release effects (Courchamp
et al. 1999; Russell et al. 2009).
In conclusion, this study documented attack and
predation of wandering albatross chicks by feral cats
with a negative impact on breeding success. Other
populations of large albatrosses may thus be threatened by feral cats elsewhere. We have demonstrated
that such attacks and predation may have negative
long-term consequences for the population of wandering albatrosses at Kerguelen Island. Conservation
efforts should thus focus on cat eradication, since
considerable time may be needed to mitigate other
global threats such as bycatch in fisheries, contamination by pollutants or climate change. Nonetheless
eradication must be undertaken with a whole-ecosystem perspective, particularly when complex trophic
relationships among multiple species occur. Our
study, together with studies at other sites (impact of
mice at Gough or Prince Edward on seabirds),
suggests that the behavior of introduced predators
may have changed during recent years, possibly in
relation to environmental changes. This underlies the
urgency of their control, even in cases where they are
not a cause of concern today, but may become so in the
future.
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