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Abstract

Numerous seabird and marine mammal species occur, often in high abundance, in the
subtropical and subantarctic zones of the southern Indian Ocean. They breed, moult and
rest at French, South African and Australian islands in the region and forage at sea in
areas including the Exclusive Economic Zones of these nations, Areas Beyond National
Jurisdiction and also the area to which the Convention on the Conservation of Antarctic
Marine Living Resources applies. Information on the at-sea distribution of these species
is important for understanding ecosystem patterns and processes in the region, and is a
key component of any spatial conservation and management frameworks. Information on
the distribution of marine predators is widely used to define priority areas for conserva-
tion and management, with several such initiatives already having been implemented in
the extended Southern Ocean. Seabird and marine mammal distribution has been stud-
ied mainly using two methods: animal-borne biotelemetry/biologging and at-sea sighting
records. Here, we give an overview of data on the distribution of marine mammals and
seabirds — collected mainly through long-term tracking programmes at French and South
African islands — with the aim of identifying data sources that can inform pelagic ecore-
gionalisation to support spatial conservation and management planning in this region.
We identify priorities for further distribution data collection related to life-history stages,
sites and species and we identify broader challenges for understanding marine predator
distribution in this region, towards spatial conservation and management planning.
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Résumé

De nombreuses especes d’oiseaux et de mammiféres marins sont présentes, souvent en
grand nombre, dans les parties subtropicales et subantarctiques du sud de I’océan In-
dien. Elles se reproduisent, muent et se reposent dans les iles frangaises, sud-africaines et
australiennes de la région et se nourrissent en mer dans des zones comprenant les zones
économiques exclusives de ces pays, les zones situées au-dela des juridictions nationales
et la zone a laquelle s’applique la Convention sur la conservation de la faune et la flore
marines de I’ Antarctique. Les informations sur la répartition géographique en mer de ces
espéces sont importantes pour comprendre les schémas et les processus écosystémiques
dans la région, et constituent un élément clé de tout cadre spatial de conservation et de
gestion. Les informations sur la répartition des prédateurs marins sont largement utilisées
pour définir les zones prioritaires pour la conservation et la gestion, plusieurs initiatives
de ce type ayant déja été mises en ceuvre dans la zone élargie de I’océan Austral. La ré-
partition des oiseaux et des mammiféres marins a été étudiée principalement a 1’aide de
deux méthodes : 1a biotélémétrie/le biologging a 1’aide de balises portées par les animaux,
et les repérages visuels en mer. Ici, nous donnons un apergu des données sur la répar-
tition géographique des mammiféres et des oiseaux marins, collectées principalement
grace a des programmes de suivi a long terme dans les iles francaises et sud-africaines,
dans le but d’identifier les sources de données qui peuvent informer 1’écorégionalisation
pélagique, afin de favoriser la conservation spatiale et la planification de la gestion dans
cette région. Nous identifions les priorités pour la collecte d’autres données de distribu-
tion liées aux étapes du cycle vital, aux sites et aux espéces et nous identifions des enjeux
plus importants pour la compréhension de la distribution des prédateurs marins dans cette
région, dans une optique de conservation spatiale et de planification de la gestion.

AOcTpakT

B cyOTponnyeckux U cyOaHTApKTHUCCKUX 30HAX FOKHOW YacTH WHAMKICKOrO OKeaHa
OOUTAIOT MHOTOYHCJICHHBIC BHJII MOPCKUX NTHI[ U MOPCKUX MIICKOMHUTAIONIUX, YaCTO
B OoybInx KonmdectBax. OHU pa3MHOKAIOTCS, JIMHSIOT U OTJBIXAIOT HA (PPaHITy3CKUX,
IOKHOA(PUKAHCKUX ¥ aBCTPAJHMICKUX OCTPOBaX B JIAHHOM PETHOHE, a KOPMSTCS B
MOpE B paiiOHaX, KOTOPHIC BKIIFOYAIOT HCKIFOYUTEIBHBIC SKOHOMHUYCCKUE 30HBI 3THX
CTpaH, pallOHBI 3a MpecIaMH HAIMOHATIBHOM OPUCIAMKIINY, & TAKXKE 30HY, Ha KOTOPYIO
pacnpoctpansiercss KOHBEHIHS 0 COXPaHCHUH MOPCKHX KHBBIX PECYpCOB AHTapKTHUKU.
WHupopmanius o pacrpeieIieHUH ITUX BUOB B MOPE BaXKHA JJIs1 TOHUMAHHSI YKOCUCTEMHBIX
MOJICIICH U MTPOIICCCOB B PETHOHE U SIBJISICTCS KITFOUCBBIM KOMIIOHCHTOM JTFOOBIX CTPATETHiA
MPOCTPAHCTBCHHOTO COXPAHCHUs U yrpaBieHus. MHpopmanus o pacrpeaeicHHH
MOPCKHUX XHUIIHUKOB ITUPOKO UCIOIB3YCTCS JIJIsl OTMPENCIICHUS] IPUOPUTETHBIX PAiOHOB
JUTS. COXPAHCHHS W YIPABJICHUS, ¥ HECKOJIBKO TAKUX WHUIMATHB YK€ PCAIM30BAHO HA
obmmpHo# Tepputopun KOxHOrO okeana. PacmpesencHue MOPCKHX MTHII U MOPCKHX
MJICKOTTUTAIOIINX U3y4YaJIOCh B OCHOBHOM C IIOMOIIIBIO JIByX METOIOB: OMOTEIIEMETPUH UITH
OHMOJIOTUYECKOTO MOHUTOPHHTA C TIOMOIIBIO YCTPOMCTB, YCTAHOBICHHBIX HA KUBOTHBIX,
U pETUCTpaIuy HAOMIOJCHUN B Mope. B maHHOM paboTe mpeacTaBieH 0030p JaHHBIX O
pacIpeie]ICHUH MOPCKHUX MJICKOTIMTAOIINX ¥ MOPCKUX ITHII, COOpPaHHBIX B OCHOBHOM B
XOJIe JTOJITOCPOYHBIX TPOTPAMM OTCIICKUBAHUS HA (PPAHITY3CKUX U HOKHOA(DPHUKAHCKUX
OCTPOBAX, C IIEJIbIO BBISBIICHUS HCTOYHUKOB JJAHHBIX, KOTOPBIC MOT'YT OBIThH HCITOJIh30BAHBI
JUIS. SKOPCTHOHAIM3ALUU TEIAarndecKuX 30H B IENAX CONCHCTBHS IJIAHUPOBAHHIO
COXpaAHCHUS U TIPOCTPAHCTBEHHOTO YIPABIICHHS B TAHHOM PErroHe. B paboTe BBISBICHBI
MPUOPUTETHBIC HAPABIICHUS TaTbHEHIIIEro cOOpa JaAHHBIX O PACIIPECIICHIH, CBI3aHHBIX
C 3Tanamu KU3HCHHOTO ITHKJIa, MECTaAMU OOUTAHUS ¥ BUJJAMH, a TAK)KE OTPEICIICHBI 0oJice
o0IIIMe 3a/1a4¥ 10 M3YYCHHUIO PACTIPEICIICHISI MOPCKUX XHUIHUKOB B JIAHHOM PETHOHE B
LEJISAX [IAHUPOBAHUS COXPAHCHUS U MIPOCTPAHCTBCHHOTO YIIPABICHHS.
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Resumen

Las zonas subtropicales y subantarticas del sur del Océano Indico sirven de hébitat para
numerosas especies de aves y mamiferos marinos, a menudo con poblaciones muy abun-
dantes. Esas especies se reproducen, mudan y descansan en las islas francesas, sudafri-
canas y australianas de la region y su espacio de busqueda de alimento en el mar incluye
las Zonas Econémicas Exclusivas de estas naciones, las Areas Fuera de Jurisdiccion Na-
cional y el Area de la Convencion sobre la Conservacion de los Recursos Vivos Marinos
Antarticos. La informacion sobre la distribucion en el mar de esas especies es importante
para comprender las pautas y procesos de los ecosistemas de la region, y es un compo-
nente clave en todo enfoque de conservacion y ordenacion espacial. La informacion sobre
la distribucion de los depredadores marinos se utiliza a menudo para definir las zonas
prioritarias de conservacion y ordenacion. El Océano Austral y sus aledafios ya han visto
implementadas varias iniciativas de este tipo. La distribucion de las aves marinas y los
mamiferos marinos se ha estudiado principalmente mediante dos métodos: la biotelemet-
ria/biologging con animales y los registros de avistamientos en el mar. Aqui presentamos
una vision general de los datos sobre la distribucion de mamiferos marinos y aves marinas
—recogidos principalmente por programas de seguimiento a largo plazo en islas franc-
esas y sudafricanas— con el objetivo de identificar fuentes de datos que puedan informar
la ecorregionalizacion pelagica con fines de conservacion espacial y de planificacion de la
ordenacion en esta region. Identificamos las prioridades para la recopilacion adicional de
datos de distribucion relacionados con las etapas del ciclo vital, los sitios y las especies,
e identificamos temas de investigacion a abordar para el conocimiento de la distribucion
de los depredadores marinos en esta region, de cara a los fines ulteriores de conservacion
espacial y planificacion de la ordenacion.
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Introduction

The subtropical and subantarctic zones of the
southern Indian Ocean region (here defined as the
area 20°W to 160°E and 30°S to 60°S; Makhado
et al. 2023, Fig. 1) host rich marine mammal and
seabird communities. These breed on islands in
French (Saint Paul and Amsterdam Islands, Crozet
Islands, Kerguelen Islands), South African (Prince
Edward Islands) and Australian (Heard Island and
McDonald Islands) territories and utilise the waters
in the Exclusive Economic Zones (EEZs) of these
nations as well as the area which the Commission
for the Conservation of Antarctic Marine Living
Resources (CCAMLR) manages.

A rich diversity of marine predator species
breeds in the French Island EEzs, including 51
seabird species (including six! penguin species,
32 albatross and petrel species and four endemic
species) and three seal species (Delord and Duriez,
2012). Their counterparts, South Africa’s Prince
Edward Islands, provide terrestrial breeding
and moulting sites for three seal species, and
breeding sites for 30 seabird species including four
penguin species, five albatross species, 14 petrel
species, and five further seabird species (Ryan and
Bester, 2008). Three species of seal, 15 species
of flying seabird and four penguin species breed
on Australia’s Heard and McDonald Islands and
three non-breeding penguin species and nine non-
breeding flying seabird species have been recorded
there (Meyer et al., 2000).

In their assessment of Southern Ocean birds and
marine mammals, Bestley et al. (2020) identify the
key impact that environmental change has had on
birds and marine mammals, as well as identifying
interactions with factors including direct and
indirect fisheries interactions, global pollution,
diseases and land-based disturbances (see also
Trathan et al., 2007; Constable et al., 2014; Peron
etal., 2012; Delord et al., 2013; Delord et al., 2014;
Gutt et al., 2021; Gimeno et al., 2024).

Populations of seabirds and marine mammals
are monitored in the French Southern Territories,
in the framework of the long-term monitoring
projects ‘Seabirds and Marine Mammals as
Sentinels of Global Change in the Southern

Ocean’ (Project 109 ORNITHOECO, principal
investigator C. Barbraud) and ‘Foraging Ecology
and Energetics of Southern Diving Predators in
Relation to Climatic Variability’ (Project 394
OISEAUX PLONGEURS OIPLO, principal
investigator C.-A. Bost), supported by the French
Polar Institute Paul Emile Victor (IPEV). At the
Prince Edward Islands, long-term monitoring
and research on seabirds and marine mammals
has been conducted by South African universities
and the Department of Forestry, Fisheries and
the Environment for several decades (Hénel and
Chown 1999; Ryan and Bester, 2009) under the
South African National Antarctic Programme
(SANAP). Seabird and marine mammal studies are
conducted periodically at Heard and MacDonald
Islands (Goldsworthy, 1995; Slip and Burton, 1999;
Page et al., 2003; Staniland et al., 2010; Wienecke
and Robertson, 2006) in line with the Heard and
MacDonald Islands Marine Reserve Management
Plan 2014-2024 (Commonwealth of Australia,
2014).

Marine higher predators, such as marine
mammals and seabirds, are increasingly treated as
indicators in marine ecosystems: their position at
or near the top of marine food webs means they
integrate information about lower trophic levels
and biophysical conditions (Hazen et al., 2019).
One of the most straightforward such indicator
metrics 1is the spatial distribution of higher
predators, which is often indicative of biologically
rich areas (Raymond et al., 2015; Reisinger et al.,
2018; Hindell et al., 2020).

Information on the spatial distribution of
marine predators is critical for understanding
marine biological processes, assessing natural
and anthropogenic effects on these processes,
developing response actions to catastrophic events,
and formulating long-term management strategies
for marine resources.

Distribution has been studied mainly using two
methods: animal-borne biotelemetry / biologging
and at-sea sightings records. These two types of
data have been used in a number of broad efforts
to identify important spatial areas for marine
mammals and seabirds in the extended Southern
Ocean, including Areas of Ecological Significance

1 King penguin, gentoo penguin, Adélie penguin, eastern rockhopper penguin, northern rockhopper

penguin, macaroni penguin.
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(AES, Hindell et al., 2020), Important Marine
Mammal Areas (IMMA, Tetley et al., 2022), marine
Important Bird and Biodiversity Areas (mIBA,
Delord et al., 2014; Lascelles et al., 2016; Handley
et al., 2021) and Key Biodiversity Areas (KBAs,
Becker et al., 2025).

Here, we give an overview of data on the
distribution of marine mammals and seabirds
in the subtropical and subantarctic zones of the
southern Indian Ocean region, with the aim of
identifying data sources that can inform pelagic
ecoregionalisation to support spatial conservation
planning in this region. We also identify data gaps
and priorities for further data collection.

Spatial distribution

Biologging datasets

Online databases such as Movebank (https://
www.movebank.org/) aim to help researchers
archive and analyse animal tracking data and
make these datasets discoverable and reusable
(Kranstauber et al.,, 2011; Kays et al., 2022).
Relevant here is BirdLife International’s Seabird
Tracking Database (https://www.seabirdtracking.
org/), which on 30 May 2024 held 53 288 tracks for
168 seabird species, including most of the seabird
tracking data that has been collected within the
southern Indian Ocean. There have been a number
of regional multi-species efforts, and a circumpolar
effort, to combine multi-species biotelemetry
data for analysis, with the most relevant to spatial
prioritisation being outlined below.

France: French Southern Territories

Delord et al. (2013) summarised biotelemetry
data for ~800 individuals from 22 bird and seal
species tracked in the French Southern Territories
over 20 years. Species richness maps created from
these data identify several important areas for
higher predators in subantarctic and subtropical
waters, including the breeding colonies and their
surrounding zones, upwelling-current zones
(Benguela and Agulhas Currents Systems) and
several oceanic zones. Some of these data were
used in regional analyses centred on Amsterdam
Island (Heerah et al., 2019) and the Kerguelen
Islands (Thiers et al., 2014) and for an analysis
identifying important areas for ten seabird species

Higher predator ecoregionalisation

(Delord et al., 2014).

South Africa: Prince Edward Islands

Analysis of biotelemetry data from 538
individuals of 14 bird and marine mammal species
tracked from the Prince Edward Islands has
identified areas of high mean importance located
broadly from the Subtropical Zone to the Polar
Frontal Zone in summer and from the Subantarctic
to Antarctic Zones in winter (Reisinger et al., 2018).
Areas of high mean importance were best predicted
by factors including wind speed, sea surface
temperature, depth and current speed (Reisinger
et al., 2018). These data are available in Reisinger
et al. (2018), with data for a subset of the species
included in the Retrospective Analysis of Antarctic
Tracking Data (RAATD) project (see below).

Australia: Heard Island and McDonald Islands

In the 2003/2004 austral summer, 178
individuals from five seabird and seal species
were tracked from Heard Island (Patterson et al.,
2016). Tracking data were used to predict areas of
likely high foraging value for each species, and to
quantify the overlap of these areas (Patterson et al.,
2016). These data contributed to the Retrospective
Analysis of Antarctic Tracking Data (RAATD)
project (see below) and the recent expansion of
the Heard and Macdonald Islands Marine Reserve
(Federal Register of Legislation — Environment
Protection and Biodiversity Conservation (Heard
Island and McDonald Islands Marine Reserve)
Amendment Proclamation 2024, https:/www.
legislation.gov.au/F2024L.01644/asmade/text).

The Retrospective Analysis of Antarctic Track-
ing Data (RAATD) project

Ropert-Coudert et al. (2020) assembled
biotelemetry data for ~4,600 individuals of 17 bird
and mammal species, and Hindell et al. (2020) used
these data to predict circumpolar habitat selection
for each species. They combined these predictions
to identify circumpolar ‘Areas of Ecological
Significance’, including areas in the region 20°W
to 160°E and 30°S to 60°S — our region of interest.
However, predictions extend only north to 40°S,
omitting northern Subantarctic and southern
Subtropical zones. Reisinger et al. (2022a) used
the habitat selection predictions for each species
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to statistically delineate 17 ‘predator ecoregions’
south of 40°S (Figure 1). Several of these predator
ecoregions — mainly ‘Distant subantarctic’ and
‘subantarctic’ ecoregions — lie in our region of
interest but areas north of 40°S are not classified

(Figure 1).

At-sea sightings

At-sea sightings, often during dedicated
surveys, are a second major source of information
on the distribution of marine higher predators.
Sightings, particularly when collected in a

standardised manner, can provide information on
the distribution, seasonality, and ecology of marine
higher predators (e.g. Péron et al., 2010; Branch,
2011; Ainley et al., 2012).

Figure 1:
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Predator-derived bioregions resulting from clustering of habitat importance scores of 17 marine predator species. The
clusters are aggregated into four higher-level regions: Antarctic, Scotia Arc, Distant Subantarctic and Subantarctic.
Enclosed with an orange polygon is the subtropical and subantarctic zones of the southern Indian Ocean region as
defined by Makhado et al. (2023). Black points indicate colony locations for the 14 colony-breeding species, from
Hindell et al. (2020). Black lines indicate fronts associated with the Antarctic Circumpolar Current (ACC) (from
north to south, the northern boundary of the ACC, the Subantarctic Front, the Polar Front, the Southern Antarctic
Circumpolar Current Front, and the southern boundary of the ACC) from Park and Durand (2019), and white lines
indicate median sea ice extent from 1981 to 2010 in September (maximum sea ice) and March (minimum sea ice)
(Fetterer et al., 2017). Teal lines indicate the Commission for the Conservation of Antarctic Marine Living Re-
sources’ Marine Protected Area planning domains, with domains 5, 6 and 7 labelled. Bioregions data from Reisinger
et al. (2022a). Marine Protected Area planning domain data from the CCAMLR GIS repository: https://github.com/
ccamlr/data/tree/main/geographical data/mpapd (CCO licence).



South African data

Within the study area, at-sea sightings of seabirds
enroute to the Prince Edward Islands were obtained
from the Atlas of Seabirds at Sea (AS@S) and
BirdLasser, a collaboration between Department of
Forestry, Fisheries and the Environment, BirdLife
South Africa and the University of Cape Town. A
total of 112 514 birds have been recorded on the
AS@S database. Makhado et al. (unpublished data)
analysed a subset of this dataset, supplemented with
data from surveys aboard the SA Agulhas travelling
from Cape Town to Marion Island annually between
April and May (2016, 2018 and 2019). The resulting
dataset comprises 2 284 transects, covering a total
of 77 893 km from 2016-2019. From 2016-2021,
32 505 birds of 82 species were identified (Makhado
et al., unpublished data). Marine mammals were
encountered during the transects, but those data
are not included in Makhado et al. (unpublished
data). Some cetacean presence data in and around
the South African mainland EZZ, overlapping with
the northern extent of our region of interest, are
reported in Purdon et al. (2020), sourced mainly
from the Whale Unit of the Mammal Research
Institute at the University of Pretoria and the
Ocean Biogeographic Information System Spatial
Ecological Analysis of Megavertebrate Populations
(OBIS-SEAMAP) (Halpin et al., 2009).

French Southern Territories data

At-sea sightings data have been collected since
1978 on board the R.V. Marion Dufresne I and II
during logistic or oceanographic cruises between
La Réunion Island (21°06’S; 55°6’E) and the
French subantarctic islands of Crozet (46°30’S;
51°00°E) and Kerguelen (49°30°S; 69°30°E) (see
Péron et al., 2010; Chaigne et al., 2024). A total of
530 000 birds, 2 400 pinnipeds and 4 000 cetaceans
have been observed during the survey. The dataset
comprises 4 900 transects, covering 133 000 km.

Australian data

The Seabirds of the Southern and South Indian
Ocean (Australian Antarctic Data Centre 2022)
contains 153 820 records of seabird and marine
mammal observations collected from 1977-2006,
from ships performing marine science work or
taking personnel and cargo to Antarctic stations.
The dataset also includes data from the Biological
Investigation of Marine Antarctic Systems and

Higher predator ecoregionalisation

Stocks (BIOMASS) cruises in the 1980s. See also
Woehler and Raymond (1999).

Biogeographic Atlas of the Southern Ocean

As part of the Biogeographic Atlas of the
Southern Ocean (De Broyer et al., 2014), Ropert-
Coudert et al. (2014) published maps of sightings
data, collected from 1955-2011 and south of
40°S, for penguins (nine species), flying seabirds
(>38 species), seals (seven species) and cetaceans
(14 species). Some of the cetacean sightings data
published in Ropert-Coudert et al. (2014) are from
the comprehensive surveys of cetaceans in the
Southern Ocean conducted over a 32-year period
(1978 — -2010). This was under the guidance of the
International Whaling Commission (IWC), initially
as a component of the International Decade of
Cetacean Research (IDCR). The annual Southern
Ocean Whale and Ecosystem Research Programme
(SOWER) cruises covered an estimated 400
000 km in the area south of 60°S. The Antarctic
continent was circumnavigated three times and 43
000 sightings of cetaceans were made, including,
notably, 25 333 sightings of Antarctic minke whales
(Balaenoptera bonaerensis) and 400 sightings of
Antarctic blue whales (Balaenoptera musculus
intermedia) (https://iwe.int/scientific-research/
sower).

Bird and marine mammal spatial prioriti-
sation

AESs: Areas of Ecological Significance

Hindell et al. (2020) used the RAATD dataset
(Ropert-Coudert et al., 2020) to predict circumpolar
habitat selection for 17 seabird and marine mammal
species. These predictions were used to calculate a
‘mean habitat importance’ layer in which the most
important areas (top 10% of values) were defined
as ‘Areas of Ecological Significance’ (Hindell et
al., 2020). The rationale being that areas preferred
by multiple marine predator species (that is,
areas of high mean habitat importance), should
indicate high levels of lower trophic biomass and
biodiversity.

IMMAs: Important Marine Mammal Areas

Important Marine Mammal Areas (IMMAs)
are an initiative of the Marine Mammal Protected
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Areas Task Force of the International Union for
the Conservation of Nature (Notarbartolo di Sciara
and Hoyt, 2020). Resulting from an expert-driven
process, IMMAs ‘identify discrete portions of
habitat that are important for one or more marine
mammal species, and that have the potential to be
delineated and managed for conservation’ (Tetley
et al., 2022). During a 2018 workshop, experts
proposed 15 candidate IMMASs, of which 13 have
been defined as IMMAs (IUCN Marine Mammal
Protected Areas Task Force 2020). Tracking data
from the RAATD project (Ropert-Coudert et al.,
2020), the Prince Edward Islands (Reisinger et al.,
2018) and the CEBC-CNRS Marine Top Predators
Team (unpublished dataset) were a key information
source for delineating the extended Southern Ocean
IMMAs. IMMA spatial data can be obtained from
https://www.marinemammalhabitat.org/immas/
imma-spatial-layer-download/.

mIBAs: Marine Important Bird and Biodiversity
Areas

BirdLife International’s Important Bird and
Biodiversity Area (IBA) Programme uses objective
and transparent criteria to define sites of key
conservation importance at global and regional
scales (Fishpool and Evans, 2001). To qualify as
an IBA, a site must hold a regular presence of a
threshold number of birds (>1% of the global or
biogeographic population); threatened species
(e.g., IUCN Endangered or Critically Endangered)
with small populations may not have to meet
this abundance criterion (Lascelles et al., 2016).
Lascelles et al. (2016) developed methods to
standardise the analysis of tracking data to identify
marine IBAs. Using a global compilation of seabird
tracking data (http://www.seabirdtracking.org/),
including 60 species from 55 locations, the authors
delineated 1052 polygons that triggered three mIBA
criteria >1500 times together. The subtropical and
subantarctic zones of the southern Indian Ocean
region have a very high number of these mIBAs
(Lascelles et al., 2016, Figure 6). Earlier, Delord
et al. (2014) had used CEBC-CNRS tracking data
for ten seabird species from the French southern
territories to identify 19 candidate mIBAs in the
region 20°S-70°S, 10°E-150°E. These mIBAs
often corresponded to large-scale oceanographic

structures considered to be key foraging habitats
for many species (Delord et al., 2014).

Key Biodiversity Areas (KBAs)

The Key Biodiversity Area (KBA) Standard is a
standardised framework established to identify sites
essential for the persistence of global biodiversity,
using specific criteria and quantitative thresholds
(IUCN 2016). Becker et al. (2025) used tracking
data for 14 species of Antarctic and subantarctic
seabirds and pinnipeds, from the RAATD
dataset (Ropert-Coudert et al., 2020), to identify
30 potential KBAs for 13 species, distributed
throughout the Southern Ocean. Abundance
estimates at each site were compared to thresholds
for KBA Criteria A1 (globally threatened species),
B1 (geographically restricted species) and DI
(demographic aggregations?) (Becker et al., 2025).
The KBAs thus indicate sites vital for each specific
individual species, population, and life-history
stage for which they were determined. Several of
the KBAs are in our region of interest, including
extensive albatross KBAs (Becker et al., 2025,
Figure 2).

Marine spatial planning for biodiversity
conservation

As part of the Kunming-Montreal Global
Biodiversity Framework (GBF), parties aim,
by 2030, to ensure that at least 30% of land,
water and seas, particularly areas important for
biodiversity and ecosystem functions and services,
‘are effectively conserved and managed through
ecologically representative, well-connected and
equitably governed systems of protected areas
and other effective area-based conservation
measures’ (Target 3; Convention on Biological
Diversity, 2022). Moreover, Target 1 is to ensure
that ‘all areas are under participatory, integrated
and biodiversity inclusive spatial planning and/or
effective management processes addressing land-
and sea-use change’ (Convention on Biological
Diversity, 2022).

Within the CCAMLR Convention area (but
outside EEZs), CCAMLR committed in 2002 to

2 Defined as geographically-restricted aggregations of individuals of a species, at high relative abundance,
during life-cycle processes such as breeding, feeding or migration (IUCN, 2016, p. 11; KBA Standards

and Appeals Committee, 2019. p. 33).
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establishing a representative network of Marine
Protected Areas (MPAs) but has only designated
two (Brooks et al., 2020). Two proposed MPA
networks — the East Antarctic MPA and the Weddell
Sea MPA — lie south of our region of interest. Within
our region of interest, South Africa, Australia, and
France have designated or proposed MPAs in their
EEZs around subantarctic islands.

Large areas of our region of interest are outside
any EEZs, but within the CCAMLR Convention
Area (specificallyy, MPA Planning Domains 5,
6 and North of 7); further, the BBNJ Agreement
(Agreement under the United Nations Convention
on the Law of the Sea on the Conservation and
Sustainable Use of Marine Biological Diversity
of Areas Beyond National Jurisdiction, 2023)
provides a potential mechanism for establishing
protection in the subantarctic high seas outside the
CCAMLR Convention Area.

Marine spatial planning (Ehler, 2021) is the
current gold standard for designing MPAs, and
the Pelagic high seas ocean ecoregionalisation
of the Indian subantarctic (PHOCIS) project
(Makhado et al., 2023) includes an integrated
ocean management (marine spatial planning) work
package towards a pelagic subantarctic Indian High
Seas Representative System of MPAs. The PHOCIS
study region (Figure 1) is biogeographically
defined and thus extends north of the CCAMLR
Convention area into the adjacent areas managed
by Regional Fisheries Management Organisations
(RFMOs). Implementing representative protected
areas in the region will thus require agreements
among CCAMLR, the RFMOs, the BBNJ Treaty as
well as the nations with EEZs in the region (South
Africa, France and Australia).

While PHOCIS considers only the pelagic
environment, a second complementary project is
underway to provide a scientific base for improved
protection in South Africa’s Prince Edward Islands
(led by the NGO WildOceans in South Africa).
Negotiations are underway with funders to expand
the study area of this work to the entire PHOCIS
planning domain (excluding areas within EEZs),
which will allow benthic data to be considered as
well.

The data sets and prioritisations described here
can a) be used to inform on ecological pattern
and process in the region, and b) used as data in
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a formal marine spatial planning exercise. Further,
regionalisations based on these data can contribute
to ensuring that proposed MPAs are ecologically
representative.

Gaps and challenges

These data and information sources lay
the groundwork for a marine higher predator
ecoregionalistion to support spatial conservation
planning in the subtropical and subantarctic zones
of the southern Indian Ocean region. However, key
data gaps and challenges remain.

Distribution data gaps

Regarding biologging data, data gaps concern
a) life-history stages of some species, b) certain
breeding colonies, and ¢) species. In the biologging
datasets for French Southern Territories population,
gaps broadly concern 19 data deficient species: 1)
Life history stage gaps include breeding Eudyptes
penguins; ii) Breeding colonies gaps include
small to medium sized albatrosses (mollymawks:
Thalassarche spp.) as the important population
breeding at Iles Froides (Apdtres Is. and Pingouins
Is.) in the Crozet archipelago; iii) Species gaps
include small to medium sized petrels such as
prions (e.g. Salvin’s prion (Pachyptila salvini)) and
gadfly petrels.

Atthe Prince Edward Islands, a data gap is a lack
of biologging data for colonies on Prince Edward
Island (which does not have a continuous research
presence like Marion Island). Previous life history
stage gaps for some species, and gaps on the diet
and foraging ecology of some albatross, petrel and
prion species are being addressed through recent
and ongoing work.

Updated biologging data from Heard Island and
McDonald Islands is another important general
gap. Collecting distribution data for many cetacean
species is also a priority.

Broad challenges

We have described several datasets with
varying spatial and temporal extents, relevant to
ecoregionalisation within the Southern Ocean.
Within the scope of the project defined by Makhado
et al. (2019), work is required to extend existing
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initiatives spatially and temporally by harmonising
disparate datasets and data types into a form that
can be analysed to produce a robust higher predator
ecoregionalisation for the region of interest.
Challenges here are broadly related to current
scientific data principles (e.g. Wilkinson et al.,
2016), specifically the accessibility/availability of
datasets for re-use, and accurate data descriptions
to minimise data duplication across datasets
when harmonising them (e.g. avoiding duplicate
biologging tracks or sightings across datasets).
A near-term focus will be on using these data to
determine the distribution and characteristics of
higher predator assemblages to inform spatial
prioritisations. A related priority will then be to
identify spatial overlap of these communities with
pressures such as fishing.

Further information is required on the foraging
ecology, especially diet, of several species, such as
mollymawks (Thalassarche spp.) and small petrels.
This will allow an approach at the higher predator
community-scale. More generally, information on
the distribution and abundance of prey species in
the region is required. Related to this, a priority
is linking active acoustic survey data, as a proxy
for the prey field with the distribution and density
of higher predator assemblages (e.g. Proud et al.,
2019).

Connectivity across seascapes is increasingly
recognised as an important factor in marine
spatial conservation and management (Balbar and
Metaxas, 2019). Connectivity is especially relevant
for marine predators, which often range widely
in their regular movements, and it can be studied
using biologging data, mark-resight (capture-mark-
recapture) information, biogeochemical tracers and
genetic information (Dunn et al., 2019; Reisinger
et al., 2022b; Kot et al., 2023). We suggest that this
is an important avenue for research in the region.
Genetic information should also be used to increase
our understanding of population structure in many
species.

Finally, an overarching research priority is
understanding the effects of climate change and
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environmental variability on higher predators in
the region (see Orgeret et al., 2022).Meeting each
of these challenges requires resourcing and close
collaboration among French, South African and
Australian governments, institutes, programmes
and researchers.
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