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Abstract
Today albatrosses are threatened worldwide, especially by fishing activities, and many populations are currently in decline.
Albatrosses breeding at the French Southern Territories in the south-western Indian Ocean, on the Crozet, Kerguelen and
Saint-Paul–Amsterdam island archipelagos, are monitored regularly. This monitoring has been based on a sample of species
and sites, and there was a need for an assessment of the population trends for all species at each site. During the past 3 years
most populations have been surveyed, allowing an assessment of the trends of albatrosses breeding at the archipelagos of the
French Southern Territories over the past 40 years. Wandering Albatrosses show similar trends at all sites within the Crozet
and Kerguelen archipelagos, with a recent recovery of colonies after strong declines in the 1970s. Amsterdam Albatrosses
are increasing, albeit at lower rates during recent years. Indian Yellow-nosed Albatrosses show a global decline over the
entire range. The trends among Black-browed and Grey-headed Albatrosses vary between colonies and archipelagos. Sooty
Albatrosses have continuously decreased in numbers whereas Light-mantled Albatross numbers vary considerably between
years, with an overall increase over the past 30 years. These results confirm that the French Southern Territories in the southwest Indian Ocean support a significant portion of the world populations of several albatross species. Several species appear
to be steadily decreasing probably because of the impact of fisheries and disease outbreaks. The reasons for different trends
among populations of the same species are not well understood and require further investigation.
Keywords Crozet · Kerguelen · Amsterdam · Fisheries · Monitoring

Introduction
Seabirds are one of the most threatened bird families globally (Croxall et al. 2012) and albatrosses are especially at
risk, having the highest proportion of threatened species for
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any bird family (Phillips et al. 2016). Several factors have
been identified as the causes of decreases in populations,
especially accidental mortality in long-line fisheries, introduced predators at breeding sites, and diseases (Phillips et al.
2016). For these reasons, an international agreement has
been set up to improve the status of albatrosses and large
petrels across their range (Agreement for the Conservation of Albatrosses and Petrels, ACAP 2001). The status of
albatross populations is well known from a few sites where
long-term monitoring programmes were set up as early as
the 1960s, but there is a need for better information on the
status of many populations occurring on remote sites that
are seldom visited and surveyed.
The French Southern Territories in the south-western
Indian Ocean include two archipelagos (Crozet and Kerguelen) and Saint-Paul–Amsterdam islands that host a
diverse albatross community comprising eight breeding species. Because of their uniqueness, these groups of islands
were included in the National Reserve of French Southern
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Territories under French jurisdiction since 2006. Some
albatross species have been monitored there since the early
1960s. They show varying trends, with some populations
rebuilding such as the critically endangered Amsterdam
Albatross Diomedea amsterdamensis (Rivalan et al. 2010),
while others have declined severely. The decline of Indian
Yellow-nosed Albatrosses Thalassarche carteri (Rolland
et al. 2009) has been attributed to diseases (Weimerskirch
2004), whereas the decline in the numbers of Sooty Albatrosses Phoebetria fusca (Delord et al. 2008) is probably
due to fisheries bycatch (Rolland et al. 2010). Due to the
extent of the Crozet and Kerguelen archipelagos, many sites
are rarely visited and the status of several important albatross populations has not been updated since the early 1980s.
Thus it has become a priority for ACAP to update the status
of these isolated populations.
The aim of this paper is to provide an update on the albatross populations in the French Southern Territories, following surveys carried out during several expeditions over
recent years. We were particularly interested to compare the
counts of rarely visited populations with those of regularly
monitored populations in the French Southern Territories
but also with those at other islands in the Southern Ocean
to establish whether trends were similar or different between
sites.

Materials and methods
The French Southern Territories lie in the southern western Indian Ocean and include the Crozet Islands (50–52°E,
46°S), the Kerguelen Islands (68–70°E, 48–50°S) and
Saint-Paul and Amsterdam islands (77°E, 37–38°S)
(Fig. 1). The Crozet Islands consist of five main islands,
three larger islands (67, 150 and 130 km2) 10–18 km long
(Ile aux Cochons, Ile de la Possession and Ile de l’Est), and
two smaller (2–3 km2) islands 2–3 km long (Ile des Pingouins and Ile des Apôtres) (Fig. 1). Long-term monitoring
studies have been limited to Ile de la Possession where
there is a permanently occupied research station. The Kerguelen Islands comprise a large main island (6000 km 2)
and numerous islands ranging in size from large islands
(15–27 km long) to hundreds of small islands and islets
(Fig. 1). Monitoring studies are centred on the eastern part
of the archipelago where the research station is located,
whereas the western part of the archipelago, especially
the north and south-western part, where many albatrosses
breed, is poorly known (Weimerskirch et al. 1989b). SaintPaul and Amsterdam islands are 8 and 58 km2, respectively, but only Amsterdam Island has a research station.

Fig. 1  Map of the south-western Indian Ocean showing the location of the French Territories, with detailed map of the Crozet and Kerguelen
Islands
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Regularly monitored breeding sites
Long-term studies have been carried out on albatrosses
since the early 1960s on the islands with research stations;
some populations have been monitored annually for the past
40 years (Weimerskirch et al. 1997; Delord et al. 2008; Rolland et al. 2010) (Table 1). However, although all breeding
sites have been visited at least once, there are few population estimates from the other islands of the archipelagos.
The most recent counts at islands of the Crozet archipelago
other than Ile de la Possession were made in 1982 (Derenne
et al. 1976; Jouventin et al. 1984; Voisin 1984) and the western part of the Kerguelen Archipelago was last surveyed
in 1984–1985 (Weimerskirch et al. 1989b). On Amsterdam
Island, some breeding colonies of Indian Yellow-nosed and
Sooty Albatrosses have been monitored annually, but surveys covering the entire island are scarce. At regularly monitored colonies (reference colonies), the numbers of breeding
pairs of each albatross species are counted visually or from
photographs taken by observers during the early incubation
period (see Weimerskirch et al. 1997; Delord et al. 2008;
Rolland et al. 2010) for further details.

Counts of remote populations
From 2014 to 2017, we had the opportunity to conduct
counts of all remote major breeding colonies, except Ile de
l’Est, Crozet, during early incubation, and to compare them
with the estimates and trends on annually censused islands.
Helicopter-based photographic surveys were carried out
from a number of platforms from 2014 to 2017. In November 2014, FL conducted photographic surveys from helicopter flights carried out from the RS Marion Dufresne over Iles
Nuageuses off north-west Kerguelen, where the main colonies
of the small, cliff-nesting albatrosses are located. In November
2016 helicopter flights from the surveillance navy ship Floreal
were used to photograph albatross colonies at Ile des Apôtres and Ile des Pingouins in the Crozet Archipelago (HW). In
January 2017, during the Antarctic Circumpolar Expedition
(ACE), helicopter-based photographic surveys of albatross
colonies were carried out from RS Akademik Tryoshnikov
Table 1  Albatross species
monitored on a quasi-annual
basis in the French Southern
Territories

over Ile aux Cochons, Crozet Archipelago (PGR, FL). In
February 2017, helicopter surveys from the surveillance navy
ship Nivose were carried out over the south-western coast
of Kerguelen by personnel of the National Reserve. Images
were taken from a helicopter at an elevation of approximately
300–500 m with one or several passes if necessary. Two
observers used a Nikon D810 camera and Nikon 70–200 mm
f2.8 lens, a Canon 5DS camera with a Canon 70–200 mm
f2.8 lens and a Canon 5D Mark IV camera with a Canon
24–105 mm f4 lens. Images from each observer were stitched
together separately using the package Autopano Giga 64 bits
4.2.3 and counted using iTAG Version 0.7.0.2. Where there
were discrepancies between the two sets of images, these were
resolved by comparing individually recognisable nests, and a
consensus estimate for the colony obtained.
In addition, we used high-resolution satellite images from
the WorldView-3 VHR satellite to count breeding Wandering
Albatrosses Diomedea exulans, with the visible bands (2/3/5)
pan-sharpened to provide 31-cm resolution colour images
from Digital Globe (https://www.digitalglobe.com). Details of
image analysis and the algorithm used to estimate wandering
albatross numbers are given in (Fretwell et al. 2017). Satellite
images were obtained for Ile des Apôtres, Crozet Archipelago
on 12 February 2017 and the south-western coast of Kerguelen
on 17 March 2017. For Ile de l’Est, Crozet Archipelago we
counted Wandering Albatrosses with the same technique on
Pleiade Image (Airbus Defence & Space) on 8 January 2018.

Estimating population trends
From the counts of the number of breeding pairs we estimated
annual population growth rates λ using the relationship:

(

Nt
N0

( )

)

1
T

,

where N0 is the number of breeding pairs at the time when
the first count of the period was made, Nt the number at the
end of the same period, and T the number of years elapsed
between 0 and t (Caughlet 1980). We also estimated the

Archipelago Island/Site

Species

Years monitored Entire island

Crozet

Wandering Albatross
Sooty Albatross
Light-mantled Sooty Albatross
Wandering Albatross
Black-browed Albatross
Amsterdam Albatross
Sooty Albatross
Indian Yellow-nosed Albatross

1960–2017
1980–2017
1981–2017
1971–2017
1978–2017
1981–2017
1997–2017
1984–2017

Kerguelen
Amsterdam

Possession
Possession
Possession
Courbet Peninsula
Canon des Sourcils Noirs
Plateau des Tourbières
Entrecasteaux
Entrecasteaux

Yes
No
No
No
No
Yes
No
No
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percent change in the numbers of breeding pairs using the
relationship:

Nt − N0
N0
To compare population trends between reference colonies and remote colonies we estimated annual population
growth rates during similar time periods. Given that breeding albatrosses are large and conspicuous surface nesting
seabirds we assumed that detection probability of breeding
individuals was 1 and that counting error was negligible
(Robertson et al. 2008). However from photographs there
are uncertainties whether birds are breeding or not when the
birds are sitting on a nest in an incubating/brooding position.
Furthermore, since failures occur throughout incubation, the
best period for counting breeding birds is just after laying
ends. All surveys were carried out during the early incubation period for all species, i.e. in November for the small
albatross species, in January for Wandering Albatrosses and
in March for Amsterdam Albatrosses. The only exception
was for photographs of wandering albatrosses taken over the
south-western coast of Kerguelen taken 1 month after egg
laying ended, and thus resulting in a potential underestimate
of the total number due to early breeding failures.

Results
Wandering Albatrosses
Numbers of Wandering Albatrosses breeding on the Crozet
and Kerguelen archipelagos have overall decreased by
30–35% from the 1960s to 2017 (Table 2). At Ile de la Possession (Crozet) and on the Courbet Peninsula (Kerguelen),
detailed long-term population surveys show similar trends
with a steep decline from the 1970s to the mid-1980s, followed by an increase and a stabilisation of populations at
lower levels than those of the 1960s (Fig. 2). Recent surveys on Ile aux Cochons and Ile des Apôtres (Crozet), and
on the west coast of Kerguelen demonstrated that since the
last counts in the 1980s the rates of change were similar
to those of the populations monitored annually (Online
Resource Table 1). The large population on Ile aux Cochons,
which has been surveyed four times over the past four decades, showed a similar trend to the reference population
surveyed annually at Possession Island (Fig. 2). On Ile de
l’Est, whereas the decline of the population was similar
to those of the other populations, the count from satellite
image indicates that the population has not recovered since
1982 (Fig. 2, Online Resource Table 1). At two sites in the
Kerguelen Archipelago, where satellite imagery (Online
Resource Image 1) and aerial photographs were taken at the
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same time (March 2017), counts made from satellite imagery
were 17% (Grande Coulée) and 49% (Feu de Joie) lower than
counts made from the aerial photographs (Online Resource
Table 1).

Amsterdam Albatrosses
The breeding population of Amsterdam Albatrosses has
increased from eight pairs in 1981 to 46 pairs in 2014. The
breeding population does not appear to have changed much
since 2014 (Fig. 3).

Grey‑headed Albatrosses
Although Grey-headed Albatrosses Thalassarche chrysostoma breed at both the Crozet and Kerguelen archipelagos,
there is no annual monitoring of populations because all
colonies are located on remote islands and the last surveys
date back from the 1980s. All major colonies, except those
at Ile de l’Est (Crozet), were counted during the past four
years from helicopters in November, during the early incubation period. Whereas the Crozet colonies appear to have
increased at 0.4–1.3% per year, the Kerguelen population
has decreased by 0.5% per year (Table 2, Online Resource
Table 2).
In addition to the colonies reported by (Weimerskirch
et al. 1989b), a new colony of 85 breeding pairs of Greyheaded Albatrosses was discovered during a ground survey
at Baie Ducheyron, north-west Loranchet Peninsula, on the
north-western tip of Kerguelen, in January 2012.

Indian Yellow‑nosed Albatross
Indian Yellow-nosed Albatrosses breed on all three groups,
although Amsterdam Island represents the major breeding ground for the species and Kerguelen has only a few
breeding pairs. On Amsterdam, the main breeding colonies
decreased steadily at 1.1% per year from the early 1980s to
2015 (Fig. 4), resulting in an estimated 38.6% decrease from
1983 to 2015 (Table 2, Online Resource Table 3). The rate
has been faster in the reference colonies monitored annually
(− 5.7% per year), which decreased from 332 pairs in 1983
to 13 pairs in 2017.
At Crozet, the second most important breeding site for the
species, Indian Yellow-nosed Albatrosses decreased steadily
at 0.3 and 1.4% per year, similar to the rate at Amsterdam
Island (Fig. 4, Online Resource Table 3). The largest colony,
at Ile des Pingouins, decreased more rapidly than the colony
at Ile des Apôtres (Online Resource Table 3). At Kerguelen,
23 nests were detected in photographs from 2016, whereas
50 nests were counted in 1984.
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Table 2  Population trends for albatross species breeding at different localities in the French Southern Territories
Species

Archipelago Breeding site

Wandering Albatross

Crozet

Kerguelen

Amsterdam Albatross
Grey-headed Albatross

Indian Yellow-nosed Albatross

Amsterdam
Crozet
Kerguelen
Kerguelen
Crozet
Amsterdam

Black-browed Albatross

Crozet
Kerguelen

Sooty Albatross
Light-mantled Sooty Albatross

Crozet
Amsterdam
Crozet

Ile de la Possession
Ile aux Cochons
Ile des Apôtres
Ile de l’Est
Courbet Peninsula
Anse de l’Ours
Grande Coulée
Feu de Joie
Teluromètre
Gallieni
All colonies south-western
coast
Plateau des Tourbières
Ile des Apôtres
Ile des Pingouins
Ile de Croy, Nuageuses
Ile de Croy, Nuageuses
Ile des Apôtres
Ile des Pingouins
All island
Ile des Apôtres
Ile des Pingouins
Canon des Sourcils Noirs
Ile de Croy, Nuageuses
Ile de la Possession
All island
East coast

N

λ

% change

Time period

389 (2017)
1280 (2017)
171 (2017)
284 (2018)
322 (2017)
17 (2017)
700 (2017)
87 (2017)
151 (2017)
10 (2017)
965 (2017)

0.993
0.995 (0.993)
1.016 (1.010)
0.983 (1.001)
0.991
1.028 (1.003)
1.005 (1.003)
1.003 (1.003)
1.024 (1.003)
1.003 (1.003)
1.007 (1.003)

− 30.6
− 22.4 (− 19.4)
+ 50.0 (+ 30.7)
− 35.0 (+ 2.0)
− 35.1
+ 142.8 (+ 9.2)
+ 16.7 (+ 9.2)
+ 8.7 (+ 9.2)
+ 115.7 (+ 9.2)
+ 11.1 (+ 9.2)
+ 25.9 (+ 9.2)

1960–2017
1961–2017
1982–2017
1972–2018
1971–2017
1985–2017
1985–2017
1985–2017
1985–2017
1985–2017
1985–2017

35 (2017)
259 (2016)
2300 (2016)
6360 (2014)
23 (2014)

1.042a
1.012
1.005
0.994
0.977

+ 337.5a
+ 43.9
+ 15.0
− 15.6
− 54.0

1981–2017
1985–2016
1985–2016
1985–2014
1985–2014

1114 (2016) 0.997
− 9.4
3098 (2016) 0.982
− 46.6
22753 (2015) 0.986 0.961 (0.908) − 38.6
− 38.2 (− 68.5)
252 (2016) 0.992
− 23.6
108 (2016) 0.970
− 64.0
1105 (2016) 0.998
− 7.8
1290 (2014) 1.001 (0.999)
+ 2.9 (− 0.3)
− 74.7b
74 (2017) 0.963b
− 16.9 (− 22.6)
394 (2012) 0.980b (0.972)
1004 (2017) 0.990
− 29.9

1982–2016
1982–2016
1981–2015
2003–2015
1982–2016
1982–2016
1978–2016
1985–2014
1980–2017
2003–2012
1981–2017

N indicates the most recent count of breeding pairs with the year of the count in parentheses. λ indicates the multiplicative population growth
rate and % change indicates the percent change relative to the first year of the time period. Numbers in parentheses for λ and % change indicate
the values for reference colonies when present for the same time period
a

b

Indicates entire world population
Indicates entire island population

Black‑browed Albatrosses
At Kerguelen, Black-browed Albatrosses Thalassarche
melanophris breed on the south-eastern end of the Jeanne
d’Arc Peninsula, and at the north-western extremity on Ile
de Croy (Nuageuses Islands); a small colony exists at the
north-western tip of the mainland (Cap-Français) where
334 and 369 breeding pairs were counted at all of these
sites in 2012 and 2013, respectively.
At Kerguelen, long-term monitoring of the study colony
at the Jeanne d’Arc Peninsula indicates that the population
has decreased by 0.3% per year (Fig. 4, Table 2). At Ile de
Croy, the largest population, censuses conducted in 1985

and 2014—an interval of 30 years—gave similar numbers
(Fig. 5).
At Crozet, Black-browed Albatrosses breed on Ile des
Apôtres, des Pingouins and Ile de l’Est, where they declined
at a rate of 1.3% per year from 1982 to 2016 (Fig. 5, Online
Resource Table 4).

Salvin’s Albatross
Counts based on aerial photographs in November 2016
detected one breeding Salvin’s Albatross Thalassarche salvini on Ile des Pingouins, where three pairs were observed
in 1987 (Jouventin 1990). Given their small population
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Fig. 2  Observed changes in the
number of breeding pairs of
wandering albatrosses at Crozet
(in white, Ile de la Possession,
Ile aux Cochons and Ile des
Pingouins) and Kerguelen (in
black Courbet Peninsula and the
south-western coast) over the
past 50 years

Fig. 3  Observed changes in the
number of breeding pairs of
Amsterdam albatrosses from
1981

Fig. 4  Observed Changes in
the number of breeding pairs of
Indian Yellow-nosed Albatrosses on Amsterdam Island
(black, two main colonies and
study plot), on Kerguelen (Grey,
Ile de Croy) and Crozet (white,
Ile des Apôtres et Ile des Pingouins) from 1982 to 2017
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Fig. 5  Observed changes in the
number of breeding pairs of
Black-browed Albatrosses at
Kerguelen (Ile de Croy and reference colony) and Crozet (Ile
des Apôtres and Ile des Pingouins) over the past 35 years

size in 1987, they may have been overlooked in the recent
aerial survey. However, on Ile des Apôtres, where the species was not known to breed, four nests were occupied by
breeding birds, together with several non-breeding individuals, among a large Indian Yellow-nosed Albatross colony
(Online Resource Image 2).

Sooty and Light‑mantled Sooty Albatrosses
Sooty Albatrosses breed on all three island groups, whereas
Light-mantled Sooty Albatrosses Phoebetria palpebrata
breed only at the Crozet and Kerguelen archipelagos. Sooty
Albatross numbers have declined steadily on the reference
colony of Ile de la Possession (Crozet) since 1980, and the
total population on Amsterdam Island decreased by 22.6%
from 2003 to 2012, mirroring trends in reference colonies
from 1996 to 2013 (Fig. 6). On the east coast of Ile de la
Possession, the numbers of Light-mantled Sooty Albatrosses
breeding on the east coast of Possession Island have varied
considerably between years. Overall, the population was stable 1980–2017 (Fig. 6) (Table 2). On the islands other than
Ile de la Possession at Crozet, and at Kerguelen, numbers

of both species are not known precisely because their dark
plumage makes them hard to detect on their cliff-side breeding sites.

Discussion
During the last 4 years it has been possible to update the
status of most albatross populations in the French sub-Antarctic territories thanks to various expeditions using mainly
aerial photographic counts from helicopters, augmented
by satellite imagery for Wandering Albatrosses. The only
site not updated for small albatrosses is Ile de l’Est in the
Crozet Archipelago. The large populations of the seven main
species breeding at the French Islands highlight the global
importance of these islands for albatrosses (Table 3). These
figures stress the value of formally protecting the sites by
creating a National Reserve that includes vast Marine Protected Areas surrounding the islands. However, it is important to note that despite the protected status afforded to these
islands and offshore areas, many of the study species have
continued to decline. Counts from photographs taken from

Fig. 6  Observed change in
the number of breeding pairs
of Sooty and Light-mantled
Sooty albatrosses at Crozet
Islands (east coast and reference
colony), and Amsterdam Island
(whole island and reference
colony)
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Table 3  Updated numbers of albatrosses (in numbers of annual pairs)
breeding in the French Territories of the Southern Ocean in 2016–
2017

Wandering Albatross
Amsterdam Albatross
Grey-headed Albatross
Indian Yellow-nosed
Albatross
Black-browed Albatross
Sooty Albatross
Light-mantled Sooty
Albatross

Crozet Kerguelen Amsterdam–St
Paul

% World
population

2125

1327

5319
4212

6680
23

37.4
100
15.1
83.8

710
2040
2300

3290
10
3–5000

33
22000

394

0.5
20.2
c. 30

helicopter allowed us to observe Salvin’s Albatrosses breeding on Ile des Apôtres where it was not known to breed.
Only one breeding Salvin’s Albatross was observed in 2016,
whereas four pairs were observed on Ile des Pingouins in
1987 (Jouventin 1990). Salvin’s Albatross constitutes the
eighth albatross species breeding on the French Southern
Territories. Given their small population size it is impossible to infer whether the species is progressively colonising
the Crozet Islands, or just present in small numbers. Adult
Salvin’s Albatrosses are frequently observed in small numbers at sea around the western Crozet Islands.
All recent counts at remote islands were based either on
oblique aerial photographs, or on satellite images. They
were made during the incubation period, allowing comparisons with previous ground counts. Aerial photographs
were detailed enough to separate incubating birds from
non-breeding birds not on a nest, or standing/displaying
with other birds, and to separate species of the smaller albatrosses. However, the counts based on photographs probably
overestimated the breeding populations slightly because of
the presence of non-breeding loafing individuals appearing
to sit on nests (Robertson et al. 2008; Wolfaardt and Phillips
2013). High-resolution satellite images have recently been
used to estimate the size of colonies of large albatrosses
(Fretwell et al. 2017). However, we counted 20% less Wandering Albatrosses at two colonies along the south-western
coast of Kerguelen when using satellite imagery compared
to aerial photographs taken on the same day (see Online
Resource Table 1). The reasons for this underestimation are
not clear but often the clarity and resolution of aerial images
are superior to that of satellite images. In addition, in wandering albatrosses plumage of breeding adults is variable
(Weimerskirch et al. 1989a), with a significant proportion of
young adults having darker plumage compared to the white
plumage of mature adults that is easily detectable on satellite
images (Fretwell et al. 2017).
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In the south-western Indian Ocean, population trends of
Wandering Albatrosses show a remarkable synchrony, not
only within archipelagos, but also between archipelagos
(Fig. 2, Table 2). The exception of the Ile de l’Est population where numbers have continued to decline between
1982 and 2018, with only the largest colony of Ile de l’Est
(representing half of island population) declining steadily,
the other colonies were stable. The specific situation of this
colony may be due to adverse local conditions on land, or
at sea, since on Crozet birds of different colonies have distinct foraging zones (Weimerskirch et al. 1993), and are thus
potentially in contact with different fisheries and mortality
risk. Trends of Wandering Albatrosses breeding at the Prince
Edward Islands, 1000 km west of Crozet, show similar
trends to those observed at Crozet and Kerguelen (Ryan et al.
2009). This suggests that common factors have influenced
population changes in this species over the past 50 years.
Demographic analyses suggest that the main causes for the
earlier decline in the numbers were probably due to longline fisheries that started in the Southern Ocean in the 1960s
(Weimerskirch et al. 1997; Nel et al. 2003). The recovery
of the south-west Indian Ocean populations from the mid1980s contrasts markedly with the other major breeding
grounds of Wandering Albatrosses at South Georgia (Pardo
et al. 2017), where the population has decreased continuously since the 1960s (Tuck et al. 2011; Poncet et al. 2017).
This regional difference is probably linked to exposure to
different fisheries during the breeding and non-breeding
periods. However, other demographic processes may contribute to the contrasting population trajectories, such as
density dependence and climate change (Fay et al. 2015,
2017) and differential susceptibility to fisheries between age
classes (Barbraud et al. 2013; Tuck et al. 2016; Pardo et al.
2017).
The French Southern Territories islands are home to
more than 80% of the global population of Indian Yellownosed Albatrosses; Amsterdam Island is the stronghold
for the species. At Amsterdam, Crozet but also Kerguelen,
the species has declined rapidly over the past 30 years.
Declines at Amsterdam Island have been attributed mainly
to the impact of diseases, especially avian cholera that
mainly affects chicks, but in the past probably also reduced
adult survival (Weimerskirch 2004; Rolland et al. 2009).
Through increased sea-surface temperatures and decline in
productivity, climate change may also have contributed to
the observed decline (Rolland et al. 2010). The origin of
avian cholera at Amsterdam is still under investigation, but
there is some indication that it may have been introduced
with poultry that used to occur on the island (Weimerskirch
2004; Jaeger et al. 2018). At Crozet, there has been no landing on the islands where Yellow-nosed Albatrosses breed.
The decline there of similar magnitude to the decrease at
Amsterdam is unlikely to have resulted from the introduction
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of diseases by human. Since there are no introduced predators on these islands, climate change and fisheries bycatch
(Gales et al. 1998) may again be responsible for the decline
at Crozet. Further analyses on the presence of diseases in the
Crozet population and on the foraging distributions during
and outside the breeding season are necessary to address
this question. Interestingly, the population breeding at Prince
Edward Island, west of Crozet, appears to have been stable
over the past 10 years (Ryan et al. 2009). This period is too
short to be compared with the 30-year decline at Crozet and
trends may differ at Prince Edward.
Black-browed Albatrosses have declined at Crozet over
the past 40 years, but numbers at Kerguelen appear to have
been relatively stable, although with a decrease during the
2000s. Black-browed Albatrosses from Kerguelen winter off
Australia. Climatic conditions in their winter quarters and
illegal fisheries bycatch in the Kerguelen area during the
late 1990s and early 2000s are probably the main causes for
population fluctuations and decline during the 2000s (Rolland et al. 2008; Michael et al. 2017).
The populations of Grey-headed Albatrosses show contrasting trends at Kerguelen and Crozet, with a decline at
Kerguelen and an increase at Crozet. By comparison, on the
nearby Prince Edwards Islands, populations of Grey-headed
Albatrosses are stable (Ryan et al. 2009), whereas at South
Georgia in the south-west Atlantic Ocean, the population has
decreased steadily over the past three decades (Poncet et al.
2006, 2017; Pardo et al. 2017). The contrasting trends at
Kerguelen and Crozet, and particularly the causes for decline
at Kerguelen, are not clear because Grey-headed Albatrosses
are not by-caught in significant numbers in fisheries in the
Indian Ocean (Huang and Liu 2010) compared to the Atlantic Ocean where these seabirds are caught in larger numbers.
The populations of Sooty and Light-mantled Sooty
Albatrosses show opposite trends on the Crozet Islands,
with Sooty Albatrosses declining rapidly and Light-mantled Sooty Albatrosses being stable or increasing slightly.
Among sooty albatrosses similar trends were observed at
the Prince Edward Islands until 2008 (Ryan et al. 2009), but
have reversed in the last decade; at Marion Island, Sooty
Albatrosses have increased to their highest ever population levels in the last few years (Schoombie et al. 2016).
The cause of the steady decline of Sooty Albatrosses at
Crozet has been attributed to fisheries bycatch and climate
change (Rolland et al. 2010). Sooty Albatrosses forage in
sub-tropical waters (Pinaud and Weimerskirch 2007) where
they encounter tuna long-line fisheries and are by-caught
(Pinaud and Weimerskirch 2007; Huang and Liu 2010). At
Amsterdam Island, their decline is mainly caused by the
occurrence of avian cholera that induces high chick mortality and therefore limits recruitment into the population
(Jaeger et al. 2018). Light-mantled Sooty Albatrosses have
a more southern distribution than Sooty Albatrosses (Pinaud

and Weimerskirch 2007; Delord et al. 2013), and this difference may put them less at risk with long-line fishing. However, in recent years their breeding success at Marion Island
has been much lower than that of Sooty Albatrosses, which
might account for their decrease over the last decade at this
site (Schoombie et al. 2016).
Overall, for most species the results of this study strongly
suggest that albatross populations of the same species nesting at various sites in the south-western Indian Ocean show
similar trends, indicating that common factors may affect
their populations. This is particularly true for Wandering
Albatrosses and Indian Yellow-nosed Albatrosses. Although
each population has a distinct foraging range (Nel et al.
2002; Weimerskirch et al. 2014), they probably move in
similar water masses and encounter similar fisheries. Our
results also indicate that several species appear to be declining over their entire range, such as Sooty Albatrosses and
Indian Yellow-nosed Albatrosses, which is a major source
of concern for the future of these populations. Decreases
are probably caused by a combination of factors, including
fisheries bycatch, diseases, climate change and introduced
predators (Rolland et al. 2010). Some of these factors have
been identified as the major cause of declines at specific
sites, e.g. diseases on Amsterdam Island. Our results suggest that for a particular species, the causes of population
trajectories, may differ and vary between sites for the same
species. Further studies should focus in trying to understand
how these various factors interplay.
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