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a b s t r a c t

Seabirds are increasingly threatened worldwide, with population declines for many species that are
faster than in any other group of birds. Here the Important Bird Area (IBA) criteria recommended by
BirdLife International were applied to a large tracking dataset collected from a range of seabirds, to
identify areas of importance at an ocean basin scale. Key areas were identified using tracks obtained from
both the breeding and non-breeding periods of 10 species that have different habitat requirements.
These species range in their IUCN threat status from Least Concern to Critically Endangered. An
evaluation of spatial overlap between the key areas for these species and the jurisdiction of Regional
Fisheries Management Organisations (RFMOs), national Exclusive Economic Zones (EEZs) and other
stakeholder bodies highlighted the major importance of the French EEZs (around Crozet, Kerguelen and
Amsterdam Islands) for seabird conservation. The majority of the candidate marine IBAs that were
identified were located in the High Seas, where Marine Protected Areas cannot easily be designated
under existing international agreements, except in the Commission for the Conservation of Antarctic
Marine Living Resources Convention Area. In the short term, it seems that only fisheries regulations
(through international agreements) can bring about efficient protection for seabirds in the High Seas. The
BirdLife IBA approach, although sensitive to heterogeneity in the data (species selected, inclusion of
different life stages, years etc.), proved valuable for selecting important areas corresponding to large-
scale oceanographic structures that are considered to be key foraging habitats for many species.

& 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Seabirds are increasingly threatened worldwide, with popula-
tion declines in many species that are faster than for any other
group of birds [1,2]. They face a variety of threats both on land
and at sea, and their life history traits (high longevity and low

fecundity compared to other bird species) make them particularly
vulnerable to any increase in adult mortality [3]. Currently,
a critical conservation problem facing many seabirds is incidental
mortality associated with commercial longline, trawl and artisanal
fisheries; however, other important threats include the potential
impacts of competition arising from human harvesting of prey
stocks, disease, climate change and the introduction of invasive
alien species at breeding colonies [4–8]. Increasing concern over
the threats faced by seabirds whilst at sea, especially albatrosses
and petrels, has provided the impetus for analyses of telemetry
data in order to identify areas of critical importance that may
warrant national or international protection [9–11].

National governments have jurisdiction only over their Exclu-
sive Economic Zones (EEZs) which extend to 200 nautical miles
from the coast. Currently, there are very few protected areas in
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pelagic waters despite their high importance for many seabird
species. For example, many seabirds are truly oceanic; breeding
birds may forage from 100s to 1000s of km from their colonies,
and pre-breeders and non-breeders travel even further, crossing
jurisdictional boundaries to reach important feeding areas located
in international waters or distant EEZs. Consequently, the design of
spatially-explicit pelagic conservation networks is problematic,
both ecologically and politically, given the different legal and
jurisdictional constraints [12].

Thus, identifying areas important for seabird protection
requires an integrated approach, potentially covering different
spatial scales, with engagement from multiple stakeholders. These
may range from national and international fishery management
organisations, shipping, hydrocarbon and other extractive indus-
tries, and scientific institutes and conservation lobbies [13].

As a preliminary step towards identifying candidate marine
protected areas in the open ocean, the Convention on Biological
Diversity has recommended that it is critical to identify “ecologi-
cally and biologically significant marine areas in need of protection in
open-ocean waters and deep-sea habitats” (EBSAs; COP 9 Decision
IX/20). The Important Bird Areas (IBAs) programme of BirdLife
International [14] also seeks to identify, and ultimately protect,
sites that are critical for the long-term viability of seabird popula-
tions. BirdLife has established a mechanism for selecting impor-
tant bird areas based on quantitative, standardised, globally
relevant criteria, reflecting threat status, whether populations
have a restricted-range or are biome-restricted, or if a site is a
globally important multi-species aggregation.

Expanding the IBA network to fully encompass the marine
realm poses both conceptual and practical challenges, as data on
at-sea bird distribution are still lacking for most species and
analytical methods are still under development [15]. The EBSA
and IBA criteria show considerable congruence, and hence
many marine IBAs identified using the BirdLife criteria could be
considered as candidate EBSAs [16]. Although identification of
IBAs and EBSAs is a critical first step, neither designation affords
any legal protection or management status. Consequently, to
ensure that recent global initiatives aimed at ensuring the sustain-
able management of marine resources and biodiversity can be
achieved, important areas for seabirds need to be proposed so that
they can be included in relevant international legal systems for
designation as formal Marine Protected Areas (MPAs; [17]).

Important areas must also be considered in other, wider marine
spatial planning initiatives, as not all EBSAs or IBAs will need to be
designated as MPAs. Currently, MPAs only cover 1.2% of the world's
oceans; even within EEZs, only 4.3% of continental shelf areas and
0.9% off-shelf waters are protected [2,18]. Indeed, even though
there are no legal ramifications, virtually all BirdLife IBAs occur
within EEZs; these have been identified by using data from at-sea
surveys and individual tracking, sometimes combined in habitat
models [19–21]. Identifying and then protecting important areas
for seabirds on the High Seas is therefore a challenge and a
priority. In this context the French government has committed
to designate MPAs in subantarctic French EEZs through the
international conservation and fisheries management framework
of the Commission for the Conservation of Antarctic Marine

Living Resources (CCAMLR). The present work is part of this
initiative.

The main objectives of this paper are therefore to test the
feasibility of applying IBA criteria recommended by BirdLife
International [15,16] to a large tracking dataset from a range
of seabirds, at an ocean basin scale. As a first step, key sites
(candidate marine IBAs) were identified using tracking data
from both the breeding and non-breeding periods for 10 species
(14 breeding populations) of seabirds with different habitat
requirements, and ranging in threat status from Least Concern to
Critically Endangered according to IUCN [22]. Next the spatial
overlap between these key sites and the areas of jurisdiction of
Regional Fisheries Management Organisations (RFMOs), national
EEZs and other stakeholder bodies was evaluated. We then
determined whether these sites are represented in any relevant
existing protected area (PA) systems, identifying the priorities for
conservation action. Finally, the applicability of this methodology
for identifying areas of ecological importance was tested, and its
benefits and limitations are discussed.

2. Material and methods

The at-sea distribution of the 10 study species ranged across
501 of latitude and 1401 of longitude in the southern Indian Ocean
(201S–701S; 101E–1501E). Seabirds were tracked from 3 separate
archipelagos (French Southern Territories): Crozet (461250S;
511510E), Kerguelen (491190S; 691150E) and Amsterdam (371500S;
771330E) islands (Fig. 1a).

2.1. Data sources

Extensive long-term tracking data were used to characterise at-
sea distribution during the breeding and non-breeding periods. In
terms of threat status, the number of species in each IUCN threat
category was as follows: 1 Critically Endangered (CR), 2 Endan-
gered (EN), 4 Vulnerable (VU), 2 Near Threatened (NT) and 1 Least
Concern (LC) (Table 1). ARGOS Platform Terminal Transmitters
(PTTs) powered with a battery and working in “continuous” mode
(transmission every 60 or 90 s.) were deployed to track adults
during breeding, and solar powered, duty-cycled ARGOS PTTs to
track adults during the breeding or non-breeding periods, and to
track juveniles. ARGOS telemetry data were analysed according to
[23], including all locations in ARGOS Location Classes (LC) Z, A, B,
0, and 1 to 3 (which are of decreasing accuracy and quality), except
those that were unrealistic based on flight speed. In addition,
Global Location Sensing (GLS) loggers (British Antarctic Survey,
Cambridge) were deployed on adults of six species for the study of
large scale movements during the non-breeding period (Table 1).
This approach allows for the estimation of latitude and longitude
from daylight measurements, and although it provides lower
accuracy locations (�1867114 km; [24,25] cf. �1 km for ARGOS
locations in LC 1–3), the low cost facilitates deployments on a
larger number of individuals. Light data recorded by GLS devices
were analysed using a standardized procedure following [25]

Fig. 1. Maps of at-sea distribution of tracked seabirds in the Southern Indian Ocean based on the BirdLife marine Important Bird Area framework (see Methods Section),
(a) core distribution – 50% Utilisation Distribution – identifying key areas by species for 9 species: Amsterdam albatross, wandering albatross, Indian yellow-nosed albatross,
white-chinned petrel, grey petrel, king penguin, gentoo penguin, macaroni penguin and northern rockhopper penguin and (b) key areas (n¼19) and overlap between
Protected Areas [55]. Breeding colonies where the birds have been tracked are indicated (blue square). Boundaries of CCAMLR – Commission for the Conservation of Antarctic
Marine Living Resources are shown (brown lines), with 3 (5: Crozet – del Cano, 6: Kerguelen Plateau, 7: Eastern Antarctica) of the 9 MPA Planning Domains which overlaid.
Boundaries of selected Regional Fisheries Management Organisations (RFMOs) (IOTC – Indian Ocean Tuna Commission and ICCAT – International Commission for the
Conservation of Atlantic Tunas) and of Exclusive Economic Zones (EEZs) and bathymetry are also shown Frontal structures delimit 4 distinct biogeographic domains:
subtropical waters north of the subtropical Front (STF), the convergence zone between the STF and the subantarctic Front (SAF), subantarctic waters between the SAF and the
Polar Front (PF), and Antarctic waters south of the PF. SACCF: Southern Antarctic Circumpolar Current Front ([79], updated 2006).
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for flying species. When available location estimates from GLS
were obtained by reconciling logger-derived water temperature
for diving species with satellite remotely-sensed Sea Surface

Temperatures (SSTs) (see [26]). The mass of each device used
during the study was well below the recommended threshold of
3% of body mass for each species [27].
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Table 1
Population trends, World Conservation Union (IUCN) status and sources of tracking data for the 10 seabird species included in this study.

Species Site Device Life stage Number of
individuals
tracked

Threshold used
(1% of the global
population i
n number of
individuals)

Years IUCN Statusa Population
trend

Data sources

Amsterdam albatross
(Diomedea amsterdamensis)

Amsterdam Is. Argos PTT Adult (breeding/non
breeding) and
juveniles

24 1 1996, 2000, 2005,
2009

CR Increase [48,64–66]

Wandering albatross
(Diomedea exulans)

Crozet and
Kerguelen Is.

Argos PTT Adult (breeding) 273 276 1989–2008 VU Decrease (CEBC-CNRS
Unpublished data;
[64,66–68])

Indian yellow-nosed albatross
(Thalassarche carteri)

Amsterdam Is. Argos PTT and GLS Adult (breeding/non
breeding)

133 1600 1995, 2001, 2002,
2007, 2008

EN Stable [66,69]

White-chinned petrel
(Procellaria aequinoctialis)

Crozet and
Kerguelen Is.

Argos PTT and GLS Adult (breeding/non
breeding)

135 35,000 1997, 2006–2009 VU Decrease [23,44,45,66,70,71]

Grey petrel (Procellaria cinerea) Kerguelen Is. Argos PTT and GLS Adult (breeding/non
breeding)

29 4000 2007–2008 NT Unknown [71]

King penguin (Aptenodytes
patagonicus)

Kerguelen Is. Argos PTT Adult (breeding) 60 40,000 1998–2004 LC Stable CEBC-CNRS
Unpublished data; [72]

Gentoo penguin (Pygoscelis
papua)

Kerguelen Is. Argos PTT Adult (breeding)
and juveniles

22 10,000 2002, 2008 NT Decrease [73–75]

Macaroni penguin (Eudyptes
chrysolophus)

Crozet and
Kerguelen Is.

Argos PTT and GLS Adult (breeding/non
breeding)

87 180,000 2006, 2007, 2010 VU Unknown [75–77,77]

Southern rockhopper penguin
(Eudyptes chrysocome)

Crozet and
Kerguelen Is.

GLS Adult (non-
breeding)

25 30,000 2007 VU Unknown This study; [78]

Northern rockhopper penguin
(Eudyptes moseleyi)

Amsterdam Is. GLS Adult (non-
breeding)

9 17,000 2007 EN Unknown This study; [78]

a IUCN Red List Category: CR – Critically Endangered, EN – Endangered, VU – Vulnerable, NT – Near Threatened, LC – Least Concern; [22].
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2.2. Characteristics, criteria and identification of key sites

Although the BirdLife IBA Programme was initially developed
for terrestrial sites (for key characteristics of IBAs see Appendix A),
the principles have recently been applied in the marine context
[15,19–21,28]. According to [29], a marine IBA should, as far as
possible: (i) have a distinctive character that sets it apart from the
surrounding areas; (ii) be of a ‘practical’ size for management
(there is no fixed maximum or minimum size); (iii) be defined
along existing geographical boundaries, and; (iv) be manageable in
some way under national or international legal instruments.

Determining the regular presence of threshold numbers of
birds is a key requirement for demonstrating that IBA criteria
have been met in core areas. For the wide-ranging study species
studied here, the A1 and A4 global criteria that define IBAs at the
global level (Appendix A, Table A1, [14]) are applicable to places
where birds are known to gather or breed. Thus, reliable census
data need to be available in order to identify those areas used on a
regular basis. In most cases, this method is mostly restricted to
open waters, where direct observations or counts are available
[15]. Elsewhere, modelled tracking data helped us to identify
hotspots visited more regularly by birds and for long periods.
Tracking data may also complement information on seabird
distribution provided by direct observations [11].

Tracking data were used to identify key areas where seabirds
regularly gathered in large numbers which could also be consid-
ered as candidate marine IBAs [9,15]. These sites might be used for
feeding, moulting or resting. Some may be migration “bottlenecks”
where multiple routes overlap but there are no stopovers. The
areas identified may partly or wholly overlap with oceanographic
features such as shelf-breaks, eddies and upwellings. The bound-
aries of such areas where birds concentrate should be delineated
using repeatable, objective methods. Moreover, statistical tests
should be used to assess the representativeness of the identified
hotspots and the extent to which they may be considered as
candidate marine IBAs [30].

Core areas for a given species were defined using fixed kernel
density estimation or utilisation distributions (UDs) based on [31].
Kernel density analyses have been used successfully to quantify
habitat use in numerous studies [32–34]. The UDs provide a
probability contour indicating the relative proportion of the
distribution within a particular area. The smoothing parameter
(h) was fixed to 11 for Argos data and to 21 for GLS data, based on
the lowest resolution of the devices and the smallest practical unit
of management on the High Seas [9,25]. Although the use of
degrees means the shape of the kernel will vary with changes in
latitude, the effect is small in relation to the scale of interest.

Candidate marine IBAs were identified in two steps. First, the
50% contours for all locations [20,35] were used to define core
areas for a particular year and life-history stage (juvenile, adult
breeder or adult non-breeder) for each species (i.e. dataset).
Second, candidate marine IBAs for each species were then
considered to be those areas within these 50% UDs where a
threshold number of individuals occurred (or less if the A1
threshold is lower) of one or more species of conservation concern
– globally threatened and near-threatened (NT) species – during at
least two life-history stages and year combinations, thus providing
some measure of the stability of sites (representativeness) over
time. The thresholds in terms of number of individuals depend on
the population size and the proportion of individuals tracked at
each colony. Thresholds values were calculated as the ratio of the
number of individuals tracked by the proportion of the world
population represented by the colony studied (see Appendix A,
Table A2).

The following assumptions were made: (i) the sample sizes
(number of birds and tracking duration) reliably reflect the actual

distribution of birds, (ii) multi-year tracking of birds of the same
status and stages permits the identification of areas of consistently
high use, and, (iii) the differing location accuracy associated with
each type of device produces minimal biases at the scale of
interest. In relation to assumption (i), sample sizes were relatively
large for a number of species; however, it should be noted that if
this assumption is invalid, then the predictions concerning the
number of birds present at a site are unreliable, thus affecting
the ability to assess if it meets the IBA threshold criteria. To assess
the representativeness of each dataset, an analytical approach
developed by BirdLife International aiming to quantify how dis-
tribution changes with increased sample size was applied. This
approach (hereafter termed “bootstrapping”) randomly selects
samples, with replacement, of 1/n trips. For every sample (from
1 to n trips) the 50% UD is estimated, and the proportion of the
un-sampled trips that falls within this UD area is then calculated.
The results indicate the change in size of the 50% UD with
increasing numbers of trips. When the rate of increase decreases
to 0 (i.e. when adding new trips simply replicates distributions
already sampled) the dataset is assumed to be fully representative
of the population. By fitting a non-linear regression to these
results it is possible to calculate this asymptotic value (i.e. to
predict the sample size of a completely representative dataset),
which can be compared with the actual number of tracks. The
number of tracks in each dataset as a percentage of this asymptote
was then used as a measure of representativeness.

Given the number of southern rockhopper penguins (Eudyptes
chrysocome) that were tracked and the small percentage of the
world breeding population represented by the colony that was
studied, data for this species did not meet any of the criteria used
here to identify marine IBAs (see Appendix A, Table A2).

As the Amsterdam albatross (Diomedea Amsterdamensis) is CR
according to IUCN, this species qualifies under the A1 criterion
because of its extremely small global population (threshold: 1 ind.;
see Table 1).

Spatial analyses (production of UDs) and statistical analyses
were performed using R (R Development Core Team 2008), ESRI
ArcGIS Hawths tools (ESRI 1999–2006) and Mapinfo Professional
9.5 (Pitney Bowes Software Inc. 2008).

3. Results

Applying the criteria presented in [14] to tracking data from the
10 study species (14 breeding populations) from islands in the
Indian Ocean, 19 key areas were identified; 17 in the Indian Ocean,

Fig. 2. Areas (103 km2) in relation to the number of species.
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one in the Atlantic Ocean and one overlapping both oceans (Fig. 1a
and b).

In total, these summed to approximately 7.2�106 km2. The
numbers of tracked birds were much lower than the thresholds

needed to fulfil either criteria A1 or A4, except for the Amsterdam
albatross (Appendix A, Table A1, [14]. However, of the 10 species of
seabirds considered, for only one – the southern rockhopper
penguin – was it not possible to identify a candidate marine IBA
based on the BirdLife criteria.

3.1. Number and status of species in key areas

There was no correlation between the size of the key area and
the number of species included (Fig. 2).

Most of the important areas identified by kernel analyses were
triggered by the tracking data from just 1 or 2 species (respectively
7 and 6 areas, Fig. 3b, Appendix A, Table A3). The remaining six key
areas were identified from kernel analyses of tracking data from
3 to 4 species.

Ten candidate marine IBAs were identified for the Amsterdam
albatross. Half of these key areas also overlap with the key areas
for 1–3 additional species. Given the extremely low global popula-
tion of the Amsterdam albatross and its IUCN status (CR), the 50%
UD from every season or life-history stage meets the A1 criterion,
and no other qualifying criterion is necessary (Table 2). Overall,
53% of the identified candidate marine IBAs were based on the
presence of one EN or CR species (Fig. 3b).

3.2. Key areas and oceanography

The 10 species (14 breeding populations) of seabird foraged
over 3 distinct water masses with contrasting sea surface tem-
perature: the neritic subtropical upwelling zone off South Africa
and Namibia (14–16 1C; Figs. 1 and 2 key areas no. 1 and 2), the
oceanic subtropical zone (12–15 1C; 9 key areas no. 3–11), sub-
antarctic waters (6–12 1C; 8 key areas no. 5, 12–18), and Antarctic/
subantarctic waters (�1–5 1C, 1 key area no. 19) (Harris and Orsi
2001, updated 2006).

3.3. Key areas and RFMOs

The distribution of the 10 species in this study overlapped with
the areas of jurisdiction of the CCAMLR and two RFMOs: the
International Commission for the Conservation of Atlantic Tunas
(ICCAT) and the Indian Ocean Tuna Commission (IOTC) (Fig. 1a).
CCAMLR has a mandate to manage activities within an ecological
framework and to ensure species are conserved, as well as
maintain sustainable fisheries; therefore although not strictly an
RFMO, it is considered as such in the context of this paper.

Fig. 3. Frequency of threatened status of the 10 species of seabirds for (a) grouped
or (b) individual key areas. Critically endangered (CR), endangered (EN), vulnerable
(VU), near-threatened (NT), least concern (LC) IUCN Red List categories [22].

Table 2
Characteristics of important bird areas based on analysis of tracking data from 10 seabird species in the southern Indian Ocean.

Species Total area of 50%UD
(103 km2)a

Total area key sites
(103 km2)

Percentage of 50% UD
that meets BirdLIfe IBA
criteria

Area of key sites (103 km2)

International waters EEZs

Amsterdam albatross 1634.4 1634.4 100 1179.4 491.9
Wandering albatross 3347.6 1963.5 58.65 1136.5 826.9
Indian yellow-nosed
albatross

6882.0 1120.5 16.28 801.5 319.0

White-chinned petrel 20,259.0 2634.4 13 891.5 1742.9
Grey petrel 3880.8 561.8 14.48 455.7 106.1
King penguin 83.7 32.1 38.36 0.04 32.1
Gentoo penguin 1.3 1.1 87.1 0 1.1
Macaroni penguin 1809.3 989.6 54.7 749.4 240.3
Southern rockhopper
penguin

1777.8 0 0 455.7 0

Northern rockhopper
penguin

941.2 370.1 39.32 337.6 32.5

a UD: utilisation distribution; see Materials and Methods section.
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The percentage of the total area of the candidate marine IBAs that
overlapped with each RFMO was as follows; CCAMLR – 28%, ICCAT
– 10% and IOTC – 62% (Fig. 4a).

Key areas for four species overlapped with one RFMO, and for
four others with two RFMOs, mainly CCAMLR and IOTC. The only
species for which the key areas overlapped with all three RFMOs
was the white-chinned petrel (Procellaria aequinoctialis), which
had the largest 50% UD. The key areas for Amsterdam albatross
overlapped with the IOTC and ICCAT.

3.4. Key areas and national jurisdictions

Most of the key areas identified were in international waters
(Table 2; 63%). The remainder (37%) overlapped with seven
different EEZs (three French, two South African, one Australian
and one Namibian; Fig. 1a). Key areas for four species overlapped
with one EEZ, four other species overlapped with two or three
EEZs, and only one species (the white-chinned petrel) overlapped
with all seven EEZs (Fig. 4b). All the species that meet the criteria
(n¼9; Appendix A, Table A3) overlapped with the French EEZs.

3.5. Key areas and existing protected areas

Seven of the key areas overlapped with existing marine
protected areas (all within EEZs, Fig. 1), although this represented
only 1.8% of the total area identified. The candidate marine IBAs
with the highest percentage of overlap with protected areas were
around Marion and Prince Edward islands (IBA no. 12: 44.8%), and
Heard and McDonald islands (IBA no. 16: 39.5%).

4. Discussion

The analyses performed here led to the identification of a total
of 19 different important areas for 10 species that meet the criteria
for consideration as candidate marine IBAs as defined by BirdLife
International. These highlight the importance of the French EEZs
in terms of seabird conservation; however, this is not surprising
given that all tracked individuals originated from colonies within
the French Southern Territories, and all are central place foragers
during the breeding season. However, we were also able to
identify key areas remote from the main breeding sites that
corresponded to particular oceanographic features.

4.1. Location of key areas and regional oceanographic structure

Many of the key areas that were identified for the different
species reflect the location of persistent, large-scale oceanographic
features in the region, principally the Benguela upwelling system,
the subtropical Frontal Zone, the subantarctic Frontal Zone, the
Polar Frontal Zone and the Southern Antarctic Circumpolar
Current Frontal Zone (see Fig. 1). These features have all been
recognised previously as important foraging habitats for these
species [36–40]. For example, king penguins (Aptenodytes patago-
nicus) specialise in feeding on myctophid fish at the Polar Front
[41], whereas wandering albatrosses (Diomedea exulans), which
prey mainly on squid [42], tend to forage at static topographic
features (shelf slope, ridges or seamounts), as well as dynamic
oceanographic features such as convergence zones [43].

4.2. Representativeness of the key sites identified in this study

In applying the BirdLife marine IBA framework to extensive
tracking data from numerous species, our intention was to identify
core areas that were used consistently in multiple years, by several
species or during different life stages. The tracking data were
unusually comprehensive and certainly represent the best avail-
able for the region, although in one case (southern rockhopper
penguin) the sample size was too limited to implement all of the
BirdLife criteria (A1 Global IBA criterion, see Methods section);
further, there was no data from immatures for several species. The
A1 and A4 criteria that help define candidate marine IBAs may be
applied to tracking data. Nonetheless the number of tracked birds
was in most cases much lower than the threshold numbers
required to fulfil A1 or A4 criteria, except in the case of the
Amsterdam albatross.

Ideally only a dataset covering large numbers of individuals of
all species and life-history stages in multiple years can provide a
completely unbiased assessment. Further, in those species that
show high variability in distribution within and between indivi-
duals [44], or have broad habitat preferences, there will always be
difficulties in finding sites that fulfil the IBA criteria. The distribu-
tion of seabirds is known to vary in time and space [43–45], but to
obtain a thorough understanding of this would require a large
number of individuals tracked in each life stage from the majority
of colonies, which is not practical in the foreseeable future. Since
multi-year datasets for similar life-history stages and birds of

Fig. 4. Percentage of identified key areas overlapping with (a) Regional Fisheries
Management Organisations (RFMOs) (CCAMLR – Commission for the Conservation
of Antarctic Marine Living Resources, IOTC – Indian Ocean Tuna Commission and
ICCAT – International Commission for the Conservation of Atlantic Tunas) and (b)
Exclusive Economic Zones (EEZs). Amsterdam albatross (AMAL), wandering alba-
tross (WAAL), Indian yellow-nosed albatross (YNAL), white-chinned petrel (WCPE),
grey petrel (GRPE), king penguin (KIPE), gentoo penguin (GEPE), macaroni penguin
(MAPE), northern rockhopper penguin (NRPE), southern rockhopper penguin
(SRPE). The threatened status are also shown, critically endangered (CR), endan-
gered (EN), vulnerable (VU), near-threatened (NT), least concern (LC) IUCN Red List
categories [22].
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comparable status were used, the key areas identified should
reflect those areas used most persistently in the southern Indian
Ocean. The inclusion of tracking data from other subtropical and
subantarctic species, and from penguins during the non-breeding
period would assist with the identification of additional areas of
importance for birds, including in near-shore habitats. It would be
also be worthwhile in the future to incorporate tracking data both
from additional species breeding at the French southern territories
that have different distributions and ecology (e.g. black-browed
albatross Thalassarche melanophris, light-mantled albatross Phoe-
betria palpebrata, sooty albatross P. fusca, giant petrels Macronectes
spp., small burrowing petrels and Kerguelen shag Phalacrocorax
verrucosus), and from species breeding on other islands in the
region (Marion, Prince Edward, Heard and McDonald Is.; [46,47]).
This would allow the refinement of the key areas identified in the
present study and provide a more robust assessment of key areas
at the regional scale.

Regardless, given the large dataset that was used, the results of
this study are robust, and the candidate IBAs identified should be
given due consideration as the basis of a more fully comprehensive
network of marine IBAs in the southern Indian Ocean. By including
species that are classified by IUCN as threatened (Vulnerable,
Endangered or Critically Endangered), a number of candidate
marine IBAs that met the A1 criteria were identified, many of
which also incorporated core areas of between one and three
additional species of conservation concern. For the Amsterdam
albatross, which has an extremely small population (E170 indi-
viduals, [48]), the representativeness criterion (A4ii: areas holding
41% of the global population) was easily met just from the few
individuals that were tracked, such that the 50% utilisation
distribution in any season, year or for any life history class would
be regarded as a key area. It is therefore debateable whether the
1 million km2 key area identified for c.150 individual Amsterdam
albatross is a sensible outcome, given the difficulties of obtaining
legal protection for such a large area through the policy mechan-
isms outlined below. Deciding what should be classified as a
marine IBA for a Critically Endangered species that is widely-
dispersed but has a very low population is problematic, and
suggests that the criteria require some refinement. For example
a more cautious approach towards identifying IBAs with such a
small population may be to raise the threshold to a minimum of
2 individuals, or to only designate areas visited two or more times
in successive trips, or breeding or nonbreeding stages, by the same
individual. Closer examination of the use by different individuals
of areas within each candidate IBA may also help with prioritisa-
tion. Nevertheless, the areas identified as candidate IBAs for
Amsterdam albatross overlapped with a large proportion (23%)
of all areas identified for the other 9 species (Table 2). Therefore, in
this situation, meeting the needs of a single, highly threatened
species in terms of marine protection would also provide for the
conservation of other taxa, assuming that they faced similar
threats that are equally responsive to whatever management
was put in place. Thus, Amsterdam albatross might be considered
as a flagship or “umbrella” species that stimulates wider conserva-
tion awareness and action [49].

Due to the extensive volume of data used in this analysis, it was
necessary to ensure the method was pragmatic. Kernel density
analyses requires minimum data preparation, and is relatively
straightforward and rapid to execute compared with more sophis-
ticated methods such as habitat modelling, which incorporates
information on habitat preferences to predict the location of key
feeding areas for untracked birds from other colonies or times of
year [43,50–52], or identification of feeding areas from analysis of
track metrics using First-Passage Time or State-Space Modelling;
these latter methods require considerable expertise and are much
more time-consuming [53]. Hence, previous studies have tended

to use kernel analysis to identify areas of importance, in some
cases supported by at-sea observations [19–21,30]. Given sufficient
expertise and time, the areas identified by this study could also be
further refined and amended, however, and additional candidate
protected areas or IBAs potentially identified using the approaches
mentioned above.

4.3. Under which existing legal frameworks can key marine areas for
birds be protected?

The core areas identified in this study should be incorporated
into conservation planning within legal frameworks that guaran-
tee effective ecosystem-wide conservation of biodiversity. The 19
candidate IBAs overlap with seven EEZs belonging to four states
(France, Australia, South Africa and Namibia), and High Seas
waters within the jurisdiction of five RFMOs, including CCAMLR,
IOTC, Commission for the Conservation of Southern Bluefin Tuna
(CCSBT), ICCAT, and the South East Atlantic Fisheries Organization
(SEAFO). Another RFMO is about to be created in the Indian Ocean
through the Southern Indian Ocean Fisheries Agreement (SIOFA),
but this has not yet entered into force. Only a small proportion of
candidate marine IBAs proposed here were located in waters
within the jurisdiction of ICCAT and SEAFO (i.e. mainly in the
Atlantic Ocean) beyond the EEZs of South Africa and Namibia.
Similarly, few sites had existing formal Protected Area (PA) status;
these were entirely located in EEZs [54,55].

The huge spatial extent of the candidate marine IBAs identified
here, and the large proportion that are in the High Seas, brings into
question the legal mechanisms under which protection or man-
agement can be afforded. Regulation of fishing and of other
activities within MPAs are among the key means of protecting
seabirds at sea. However, with the current lack of a legal mechan-
ism for designating MPAs in areas beyond national jurisdiction,
fisheries regulation (including temporary closure of some areas,
which is not considered to be the creation of a protected area
under the IUCN definition, since it is impermanent) is currently
the most efficient option.

It is more straightforward to establish marine protected areas
in EEZs; for example, the Government of South Georgia and the
South Sandwich Islands has recently declared one of the largest
MPAs (41 million km2) in the world within its EEZ. In interna-
tional waters, establishing MPAs is, for now, very difficult, because
the relevant international legal framework is not sufficiently
developed except for the CCAMLR zone, where high-seas MPAs
can be created. Indeed, neither IOTC, CCSBT, ICCAT or SEAFO
include any legal or management framework within their consti-
tution that applies specifically to the establishment of protected
areas, so the options for their designation in the High Seas north of
the Antarctic Polar Front are currently limited. However, the
fisheries commissions could close areas for fishing, impose strin-
gent bycatch mitigation practices and ensure compliance. In
comparison, in 2009, CCAMLR passed a Conservation Measure
designating an MPA in international waters – the South Orkney
Island southern shelf marine protected area. The creation of
further MPAs is still under active discussion on a case by case
basis within CCAMLR.

In areas south of 601S managed under the Antarctic Treaty,
marine areas may be designated as Antarctic Specially Protected
Areas (ASPAs) or Antarctic Specially Managed Areas (ASMAs).
However, these require the approval of CCAMLR if they affect
harvesting of marine living resources or other activities within the
CCAMLR remit (article 6, Section 2 of Annex V of the Madrid
Protocol), and to date the majority have been designated in near-
shore areas where such activities do not take place.

Under existing international law, it is difficult to create MPAs:
the treaties related to the sea (United Nations Convention on Law
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of the Sea (UNCLOS) and United Nations Agreement on Straddling
and Highly Migratory Fish Stocks notably), and the international
seabed authority (http://www.isa.org.jm/en/home) are applicable
to the High Seas but their provisions must be interpreted before it
would be possible to create MPAs (except perhaps article 195,
Section 5 of the UNCLOS, which only deals with marine pollution).
The treaties related to biodiversity protection, including the UN
Convention on Biological Diversity (CBD), the UN Convention on
Migratory Species (CMS), which includes the daughter Agreement
on the Conservation of Albatrosses and Petrels (ACAP) do cover
activities on the High Seas but do not have the legal competence to
designate MPAs. The International Maritime Organisation (IMO)
can designate particularly sensitive sea areas (PSSA) by a resolution
of the Committee for Environmental Protection following a pro-
posal by one or more Parties. This tool allows a targeted protection
of high biodiversity areas through “associated protective mea-
sures” aiming primarily to minimise pollution rather than regulate
fishing practices.

By comparison, considerable progress has been made in recent
years in improving the regulation of fishing at international levels,
including better provision for the protection of non-target species
in some fisheries [56]. Probably such protection measures are
nowhere as well developed as in CCAMLR waters, south of the
Antarctic Polar Front, where a suite of Conservation Measures deal
with incidental mortality of seabirds in longline and trawl fisheries
(CM 25-02 (2003), CM 24-02 (2008), CM 25-03 (2009)), and there
is a well-developed monitoring and control system, including for
catch documentation to reduce levels of Illegal, Unreported and
Unregulated (IUU) fishing. Further north, IOTC and CCSBT, and
more recently ICCAT, have also taken measures to limit sea
bird bycatch (respectively: Resolution 10/06 on the reduction of
seabirds' bycatch in longline fisheries (2010) and Recommendation
to mitigate the impact on ecological related species of fishing for
southern bluefin tuna (2008)). Nevertheless, only the IOTC resolu-
tion is binding on member states, and without independent
observer programmes to monitor compliance, it is impossible to
gauge the effectiveness of any of these measures. Thus, the
mechanisms by which RFMOs ensure the application of their
conservation measures (i.e. monitoring and control systems, catch
documentation schemes, etc.) have to be improved, particularly as
without dedicated bird observers on board vessels, levels of bird
bycatch tend to be grossly under-reported [57–62].

Under international law, although the protection of non-target
species is not explicit in the UNCLOS, the UNSFA – to which almost
all States fishing in the area of the study are parties – does provide
for non-target species protection (see notably article 5, d. or article
10, d.) and articles of ACAP impose obligations on parties
concerning impacts of fishing, notably that of reducing or eliminating
incidental mortality (see point 3.2 of the Action Plan, Annex 2 of
ACAP). Nevertheless, the main barrier to the effectiveness of MPAs as
well as fishing regulations in general, remains third parties, i.e., states
that are not party to any of the RFMO or UN conservation agree-
ments and thus not bound by any measures agreed by these legal
instruments. That is why international discussions in relation to
biodiversity conservation in the High Seas have been launched,
including the “Ad Hoc Open-ended Working Group on Article 8
(j) and Related Provisions” of CBD and, more generally, the United
Nations' “Ad Hoc Open-ended Informal Working Group to study
issues relating to the conservation and sustainable use of marine
biological diversity beyond areas of national jurisdiction”. If such
cooperative solutions do not succeed, states could, as a last resort
and under numerous and specific conditions, adopt unilateral
measures, including import prohibitions on fishery products caught
or processed in a manner detrimental to the environment (such as is
now the case in the EU), to encourage the adoption of seabird-
friendly fishing methods.

Each nation has an obligation to conserve marine resources
within its EEZ (articles 61 to 67 of the UNCLOS) but they also have
sovereign rights to exploit them and responsibilities to ensure the
protection and preservation of the marine environment (article 56
of the UNCLOS). The candidate IBAs identified in this study
overlapped with the waters of four nations: Namibia (continental
EEZ), South Africa (continental and Prince Edward Islands EEZs),
Australia (Heard Island and MacDonald Island) and France (Crozet
Archipelago, Saint-Paul and Amsterdam Islands, Kerguelen
Islands) (see also [54,55]). All have adopted measures at various
times that related to designation and management of MPAs, and
improved regulation of fishing practices that minimise impacts on
non-target species. However, to date, South Africa, Namibia and
France have created MPAs only in territorial waters within 12
nautical miles from the coast.

CCAMLR and the Committee for Environmental Protection
(CEP) of the Antarctic Treaty have been actively discussing the
development of a representative system of MPAs throughout the
Southern Ocean. Based on a broad-scale bioregionalisation [63],
CCAMLR identified 9 MPA Planning Domains of the Southern
Ocean where attention should be focussed on the identification
of candidate MPAs (CCAMLR MPA Planning Domains: 1 Western
Peninsula – South Scotia Arc; 2 North Scotia Arc; 3 Weddell Sea;
4 Bouvet – Maud; 5 Crozet – del Cano; 6 Kerguelen Plateau;
7 Eastern Antarctica; 8 Ross Sea; 9 Amundsen – Bellingshausen; cf
Fig. 1b). The 13 candidate marine IBAs within the CCAMLR
convention area identified in the present study fall with 3 of the
9 Domains. The CCAMLR bioregionalisation and the identification
of Planning Domains did not incorporate distribution data from
top predators; consequently, the analyses here complement these
approaches.

4.4. Conclusions

The application of the marine IBA framework developed by
BirdLife International proved invaluable for identifying key areas
for seabirds from the French Southern Territories in the Southern
Ocean. The wider ecological importance of these areas is under-
lined by their high overlap with large-scale oceanographic features
that are well known to be important foraging habitats for many
species. This study also highlighted the major importance of the
French EEZs around Crozet, Kerguelen and Amsterdam Islands for
seabird conservation. Despite the large size and number of
datasets, this study should be considered as an initial step in the
identification of a more fully comprehensive network of marine
IBAs in the southern Indian Ocean, to be supplemented with data
from other adjacent islands (Marion, Prince Edward, Heard and
McDonald Is.), from additional species, and potentially more
stringent or detailed analysis of a combination of tracking and
at-sea survey data.

The majority of the key areas identified here were located in
the High Seas, where MPAs cannot easily be designated under
existing international legislation, except that of CCAMLR. At
present, it seems that only fisheries regulation (through interna-
tional agreements) can bring about efficient protection for sea-
birds in the High Seas. The results presented here show clear
progress in terms of identifying priority areas in which conserva-
tion efforts should be concentrated.
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Appendix A

The key characteristics of IBAs are that they: (i) are places of
international significance for the conservation of birds at the
global level; (ii) are practical tools for conservation; (iii) are chosen
using standardized, agreed criteria applied with common sense;
(iv) must, wherever possible, be large enough to support self-
sustaining populations of those species for which they are impor-
tant; (v) must be amenable to conservation and, as far as possible,
be delimited from surrounding areas; (vi) will preferentially
include, where appropriate, existing Protected Area (PA) Net-
works; (vii) are not appropriate for all bird species, and for some
are only so in parts of their ranges; and (viii) should form part of a
wider, integrated approach to conservation that embraces sites,
species and habitat protection [15,28].

See Tables A1–A3 here.
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Table A1
Global criteria that define Important Bird Areas [15].

Criteria

A1. Species of global conservation
concern

The site regularly holds significant
numbers of a globally threatened
species, or other species of global
conservation concern

A2. Restricted-range species

The site is known or thought to hold a
significant component of the restricted
range species whose breeding
distributions define an Endemic Bird
Area (EBA) or Secondary Area (SA)

A3. Biome-restricted species

The site is known or thought to hold a
significant assemblage of the species
whose breeding distributions are
largely or wholly confined to one
biome

A4. Congregations
i. The site is known or thought to

hold, on a regular basis, 1% of a
biogeographic population of a
congregatory waterbird species

ii. The site is known or thought to
hold, on a regular basis, 1% of the
global population of a congregatory
seabird or terrestrial species

iii. The site is known or thought to
hold, on a regular basis, 20,000
waterbirds or 10,000 pairs of
seabird of one or more species

iv. The site is known or thought to be
a ‘bottleneck’ site where at least
20,000 storks (Ciconiidae), raptors
(Accipitriformes and
Falconiformes) or cranes (Gruidae)
regularly pass during spring or
autumn migration

K. Delord et al. / Marine Policy 48 (2014) 1–1310



Table A3
Species composition and total area (103 km2) of key sites obtained using tracking data of 10 species of seabirds in the Southern Indian Ocean.

Key sites
identified

Species IBA criteria triggered Total area
IBAs
(103 km2)

1 White-chinned petrel NMa WCPE: wintering adults, UDb 53 individual tracks (2006–2008) 357
2 White-chinned petrel, Amsterdam albatross A1, A4ii AMAL: wintering juveniles, UD 4 individual tracks (2005) 656

WCPE: wintering and breeding adults, UD 81 individual tracks
(1997, 2006–2009)

3 Amsterdam albatross A1, A4ii AMAL: wintering juveniles, UD 4 individual tracks (2005) 54
4 Amsterdam albatross A1, A4ii AMAL: wintering juveniles, UD 4 individual tracks (2005) 106
5 Amsterdam albatross, wandering albatross,

Indian yellow-nosed albatross white-chinned
petrel

A1, A4ii AMAL: wintering juveniles, UD 4 individual tracks (2005); breeding
adults, UD 7 individual tracks (1996)

993

WAAL: breeding adults, UD 130 individual tracks (1989–2008)
YNAL: breeding adults, UD 11 individual tracks (2000–2001);
wintering adults, UD 17 individual tracks (2007–2008)
WCPE: wintering adults UD 35 individual tracks (2007–2009)

6 Amsterdam albatross, Indian yellow-nosed
albatross

A1, A4ii AMAL: wintering juveniles, UD 4 individual tracks (2005); breeding
adults, UD 7 individual tracks (1996)

663

YNAL: breeding adults, UD 56 individual tracks (2001, 2002,
2006–2008)

7 Amsterdam albatross A1, A4ii AMAL: wintering juveniles, UD 4 individual tracks (2005) 30
8 Amsterdam albatross, Indian yellow-nosed

albatross
A1, A4ii AMAL: wintering juveniles, UD 4 individual tracks (2005) 163

YNAL: breeding adults, UD 21 individual tracks (2001, 2007);
wintering adults, UD 17 individual tracks (2008)

9 Northern rockhopper penguin, Amsterdam
albatross, Indian yellow-nosed albatross,
white-chinned petrel,

A1, A4ii NRPE: 34,000 breeding pairs, wintering adults, UD 9 individual
tracks (2007)

723

AMAL: 30 breeding pairs, wintering juveniles, UD 8 individual
tracks (2005, 2009); breeding adults, UD 17 individual tracks
(2008–2009)
YNAL: 27,000 breeding pairs, breeding adults, UD 117 individual
tracks (1995–2008)
WCPE: wintering adults, UD 21 individual tracks (2008–2009)

10 Amsterdam albatross A1, A4ii AMAL: wintering juveniles, UD 4 individual tracks (2005) 79
11 Northern rockhopper penguin, Amsterdam

albatross
A1, A4ii NRPE: wintering adults, 9 UD individual tracks (2007) AMAL:

wintering juveniles, UD 4 individual tracks (2005)
357

12 Wandering albatross, white-chinned petrel NM WAAL: breeding adults, 155 UD individual tracks (1989, 1990, 1998–
2001, 2003, 2008)

92

WCPE: wintering & breeding adults, UD 21 individual tracks
(1997, 2008)

13 Northern rockhopper penguin, wandering
albatross, white-chinned petrel, macaroni
penguin,

A1, A4ii NRPE: 500,000 breeding pairs; wintering adults, UD 14 individual
tracks (2007)

434

WAAL: 500,000 breeding pairs, breeding adults, UD 248
individual tracks (1998–2008).
WCPE: breeding & wintering adults, UD 32 individual tracks
(1997 & 2008).
MAPE: 4500,000 breeding pairs, breeding and wintering adults,
UD 37 individual tracks (2007–2010)

14 Wandering albatross NM WAAL: breeding adults, UD 248 individual tracks (1989, 1990,
1998–2001, 2003, 2008)

205

15 King penguin, wandering albatross, white-
chinned petrel, grey petrel

A1, A4ii KIPE: 4170,000 breeding pairs, breeding adults UD 60 individual
tracks (1998–1999, 2002–2003)

455

WAAL: 1050 breeding pairs, breeding adults, UD 125 individual
tracks (1999, 2002, 2008)
WCPE: breeding adults, UD 21 individual tracks (2006 and 2008);
wintering adults, UD 58 individual tracks (2006–2009)
GRPE: 1,910 breeding pairs, wintering adults, UD 13 individual
tracks (2007–2008).

16 Wandering albatross, white-chinned petrel,
grey petrel, macaroni penguin

NM WAAL: breeding adults, UD 71 individual tracks (1989, 1992, 2002,
2008)

107

WCPE: breeding and wintering adults, UD 50 individual tracks
(2005–2009)
GEPE: wintering adults, UD 21 individual tracks (2008)

17 Macaroni penguin, white-chinned petrel, grey
petrel

NM MAPE: wintering adults, UD 37 individual tracks (2006–2007) 1 166
WCPE: wintering adults, UD 43 individual tracks (2006–2009)
GRPE: wintering adults, UD 22 individual tracks (2007, 2008).

18 Macaroni penguin, grey petrel NM MAPE: wintering adults, UD 21 individual tracks (2006) 48
GRPE: breeding adults, UD 14 individual tracks (2008) and
wintering adults, UD 9 individual tracks (2007–2008)

19 White-chinned petrel NM WCPE: breeding adults, UD 39 individual tracks (2007–2009) and
wintering adults, UD 37 individual tracks (2008–2009)

501

TOTAL 7189

a Sites of importance identified which do not meet any IBA criteria are indicated by NM.
b UD: utilisation distribution (see Methods Section); Amsterdam albatross (AMAL), wandering albatross (WAAL), Indian yellow-nosed albatross (YNAL), white-chinned

petrel (WCPE), grey petrel (GRPE), king penguin (KIPE), gentoo penguin (GEPE), macaroni penguin (MAPE), northern rockhopper penguin (NRPE), southern rockhopper
penguin (SRPE).
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