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Abstract

The ongoing expansion of Highly The ongoing expansion of Highly Pathogenic Avian Influenza Virus
(HPAIV) H5N1 is driving unprecedented wildlife mortality and raising global health concerns. To date,
Oceania remains the last region free of HPAIV, offering a critical opportunity to anticipate and mitigate
future emergence. Here, we assess the risk of HPAIV introduction and spread within seabird
communities of New Caledonia, a key biodiversity hotspot of the South Pacific located along major
transoceanic migratory routes. We compiled a comprehensive list of seabird species previously exposed
to HPAIV and evaluated their likelihood of occurrence in New Caledonia using literature and global
biodiversity databases. Species were classified as breeding or non-breeding, and their potential roles in
virus dynamics were quantified using trait-based indices. Additionally, seabird migratory connectivity
between New Caledonia and surrounding regions was estimated. Among 71 retained seabird species,
several long-distance migrant species—particularly within Procellariidae and Charadriiformes—
emerged as potential high-risk vectors, although often with low probability of occurrence locally. In
contrast, highly colonial breeding species, including Thalasseus bergii and Fregata minor, showed the
greatest potential to amplify local transmission. Network analyses revealed that the strongest ecological
connections occur with nearby regions not yet affected by HPAIV, whereas links to infected areas
involve distances > 2000 km, potentially constraining virus emergence in the South Pacific. Our results
identify priority species and critical knowledge gaps, providing a framework to guide targeted
surveillance and proactive management strategies in the South Pacific.

Keywords: avian flu; disease outbreak; H5N1; movement ecology; emerging infectious disease; South
Pacific

Introduction

Avian influenza is a contagious viral disease which primarily infects domestic and wild birds
(Alexander and Brown, 2009). In 2020, a new lineage of Highly Pathogenic Avian Influenza Virus H5N1
clade 2.3.4.4b (hereafter HPAIV), emerged in Northern Europe, causing the death of millions of farmed
poultry as well as millions of wild terrestrial and marine birds (Bellido-Martin et al., 2025; Wille and
Barr, 2022). The particularity of this HPAIV strain is that it infects a broader range of hosts including
terrestrial and marine birds and mammals at an unprecedented geographic range (Peacock et al., 2025).
It also reaches higher viral loads and thus causes larger and more intense outbreaks with massive
mortalities and dramatic demographic consequences on animal populations (Couty et al., 2026). The
global spread of HPAIV now represents a major threat not only to wildlife and farmed animal health
but also human health, as first HPAIV transmission cases to humans have occurred in dairy cow farms
of the United States (Nguyen et al., 2025).

The rapid propagation of HPAIV through Europe, America, Africa and Antarctica, has been
facilitated by wild migratory birds, which can cover thousands of kilometres during their seasonal
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migration. Among them, seabirds, which most species are long-distance migrants, have been heavily
impacted by HPAIV outbreaks and are likely responsible for the spread of the virus between continents
(Couty et al., 2026; Lane et al., 2024; Wille and Barr, 2022). Beyond migration, seabirds also have specific
life history traits that may accelerate the transmission of HPAIV between individuals, such as their high
coloniality on land during the breeding season. Moreover, some of their feeding strategies such as
scavenging or kleptoparasitism can facilitate pathogen spread within and among colonies but also
within and among vertebrate species (Clessin et al., 2025; Gorta et al., 2024).

Despite the global spread of HPAIV, the last region still spared by the virus is Oceania (Clessin et
al., 2025; Wille et al., 2024). It therefore represents an area of utmost importance in the surveillance of
HPAIV spread dynamics. More than 50 wild bird species living in Oceania have been infected by
HPAIV in other parts of the world and could therefore introduce the virus through major migratory
routes (Plaza et al.,, 2024). New Zealand and Australia are currently actively monitoring the potential
emergence of HPAIV both in farmed and wild animals with enhanced surveillance networks (Airey and
Short, 2024; Stanislawek et al., 2024). However, information in other parts of the region are missing,
notably in small tropical islands where the circulation of viruses in general is rarely addressed
(Lebarbenchon et al., 2023).

New Caledonia, in the Coral Sea, is situated on important migratory pathways of birds migrating
from East Asia to Oceania or from Antarctica/Oceania towards Western and Eastern North Pacific,
regions where HPAIV have already been detected (Plaza et al., 2024). Infected migrating birds making
stop-overs or extended stays in New-Caledonian waters could increase encounters with locally
breeding seabirds and constitute an overlooked entry point for HPAIV in the region. Moreover, New
Caledonia constitutes a globally important biodiversity hotspot. It is composed of one main island
(Grande-Terre) and hundreds of smaller more or less remote coral islands where 27 tropical seabird
species regularly breed (Dalloyau, 2024). Due to their geographic isolation and smallness, New
Caledonian ecosystems are particularly vulnerable to perturbations such as infectious diseases
(Fernandez-Palacios et al., 2021). The emergence of HPAIV in this insular ecosystem could thus have
dramatic effects on populations of wild birds and more particularly, seabirds.

Seabird distribution has been investigated in all marine ecosystems of the world but seabird species
breeding in tropical areas have received less attention compared to species breeding in temperate or
polar environments, especially in the South Pacific (Bernard et al.,, 2021). In New Caledonia, precise
knowledge on the abundance and distribution of seabirds is still missing, due to islet remoteness and
the asynchrony of breeding in some seabird species (Gaskin et al., 2025). We therefore do not currently
know the degree of connectivity of seabird populations at a local and regional scale. Those big data gaps
prevent robust predictions about the potential areas of HPAIV emergence in the South Pacific region,
the subsequent potential spread dynamics of HPAIV among and between seabird populations and
potential spill-over risks to farmed birds and humans of the region.

This study aims at conducting a risk assessment of the emergence and spread of HPAIV in seabird
species of New Caledonia. To do so, we first identify the non-breeding migratory seabirds coming from
other regions which may be the most susceptible to introduce HPAIV in the New-Caledonia region.
Then, we identify the seabird species breeding in New Caledonia which are the most likely to spread
the virus locally and regionally. By reviewing specific life history traits and distribution, we calculate
an index of exposition, susceptibility and vulnerability and point out the species to study in priority to
monitor the emergence and spread of HPAIV in the South Pacific region. The study also aims at
determining the current state of scientific knowledge on the presence of breeding and non-breeding
seabirds in New Caledonia.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.1437.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 April 2026 doi:10.20944/preprints202604.1437.v1

Methods

Study Area

Our study primarily focuses on New Caledonia (NC) and its islets located within the French
Exclusive Economic Zone (Figure 1). To account for the potential origin of migratory seabird species,
we assumed that countries geographically closest to NC and Oceania were the most likely sources of
HPAIV via direct migration movements of seabirds. Our study area does not extend beyond India and
Eastern Russia (>10 000km). Beyond these distances, too many steps in the transmission chain would be
necessary for HPAI to reach NC.
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Figure 1. Study area in New Caledonia. The dashed line represents the Exclusive Economic Zone of New Caledonia
and the blue lines, territorial waters with mainland and islets holding breeding seabird colonies. These two

shapefiles were retrieved from http://www.georep.nc.

Selection of Candidate Species and Probability of Presence in NC

We first compiled a global list of wild bird species previously infected by HPAIV using scientific
articles, books and governmental reports. Then, we exclusively selected seabird species present,
observed in NC or whose global distribution overlapped with NC, based on nine scientific reports (Barré
et al.,, 2009, 2006; Bismuth and Borsa, 2022; Borsa et al., 2divided021, 2021; Gurney, 2023; Rancurel, 1976;
Spaggiari et al., 2007a, 2007b), the Pacific Seabird Atlas (Dalloyau, 2024), and a document from the
Regional Oceanic Environmental Programme (Gaskin et al., 2025). The list was completed using
observation data from three global ornithological databases: BirdLife, [IUCN, et Avibase (Appendix I).

Once the list established, we defined four qualitative categories of presence probability of species
in NC. Each was determined by considering both redundancy of observations for a given species, based
on its range defined in the selected literature and in the UICN list (i.e, theoretical presence), and
confirmed observations in the field from databases maintained by eBird, iNaturalist, GBIF, SCO and
INPN (i.e confirmed presence).

For confirmed presences, only verified observations from human observations without spatial or
temporal mismatches, were considered. To obtain the total amount of confirmed presence by species,
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we summed data from SCO, iNaturalist and took the maximum value among data from Bird, INPN and
GBIF databases, to account for redundancies.
The four probabilities of presence categories were defined as follow:

- Absent: no actual observation et no theoretical presence

- Unlikely: species without theoretical presence and with fewer than 10 confirmed observations in
total or with theoretical presence and without actual observation.

- Likely: species with at least one confirmed observation in total and theoretical presence

- Present: species with theoretical presence and at least one confirmed observation in each database,
with a total of more than 10 confirmed observations in total.

For the subsequent analysis, species identified as absent were excluded.

Transmission Potential Score Via Migratory Seabirds and Establishment of HPAIV Within neo-Caledonian
Colonies

For the selected species, we recorded the following information: Order, Family, Genus, Latin name,
English name, their status in NC (breeding, migratory, observed), whether they have been affected by
HPALIV in other parts of the world, their conservation status according to the UICN (LC, NT, VU, EN,
CR, DD), whether they are migratory or not, their diet during the breeding season (surface feeder, diver,
scavenger, predator, follow boats), and whether the species is victim of kleptoparaistism or
kleptoparasitic itself.

Species were then divided in two categories: breeding species and non-breeding species. For non-
breeding species, we identified life-history traits most likely enhancing HPAIV transmission by
assigning a score to each trait (Appendix II) and calculated their average. This yielded a final potential
transmission score for each migratory species.

For breeding species, we additionally recorded the maximum number of individuals per colony in
NC (gregariousness) and population size in NC. To calculate the virus establishment score within NC
colonies, we based our approach on the framework developed by (Pearce-Higgins et al., 2025). We
selected a set of seabird life-history traits considered to be the most relevant for virus transmission and
establishment. Each trait was assigned a numerical score according to species characteristics. Each trait
was also weighted according to its relative importance in virus transmission and establishment (cf
Appendix I). Traits were then grouped into three main categories: exposure (EF), sensitivity (SF), and
impact (IF). For each category, a weighted mean score was calculated based on the traits composing that
category. Finally, the three category scores were multiplied to obtain a single final spread potential score
by species, representing the virus establishment potential:

VF = EF x SF % IF

Network of Interactions Between Neighbouring Countries and New Caledonia

In this analysis, only non-breeding species of NC were considered, as we assumed that the primary
transmission pathway for HPAIV is via the migration of seabirds breeding outside NC. For each species,
we recorded their global distribution within the study area using IUCN and eBird data. To simplify the
geographic network, the small Pacific islands were grouped into the three regions: Melanesia (Vanuatu,
Solomon Islands, Marianas, Marshall Islands, Nauru, Norfolk, Fiji), Micronesia (Micronesia, Guam,
Kiribati) and Polynesia (Samoa, French Polynesia, Cook Islands, Tokelau, Tonga, Tuvalu, Wallis &
Futuna, Pitcairn, Niue).

We obtained the number of occurrences of each species in countries whose migratory flow could
potentially be linked to NC. For each species in each country, a score was assigned based on its status:

- Breeding or resident: 3
- Present during the non-breeding period: 2
- Vagrant, observed, or uncertain origin/presence: 1
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Thus, each country was connected to NC with the sum of occurrences for each trait determining
the “thickness” of the connection. We then calculated distances between each country and NC in R using
their nearest coastal line. For grouped regions such as Melanesia, Polynesia, and Micronesia, we
averaged the distances of the constituent countries. Euclidian distances to NC were measured using
Google Earth for Cocos Island and Christmas Island, as they were absent from the world shapefile file
generated by the rnaturalearthdata R package (South et al., 2024).

Results

Of the 147 species initially selected among Anseriformes, waders, raptors, seabirds, 71 were
included in our study. Forty non-breeding seabird species in NC were identified as potential vectors of
HPALIV, as well as 31 breeding species.

Procellariidae, followed by Diomedeidae, were the families with the highest number of non-
breeding species considered as potential candidates for the introduction of HPAIV into NC, with 21 and
6 species respectively (Figure 2a). For species breeding in NC, the most represented families were
Laridae followed by Procellariidae, with 13 and 6 species respectively (Fig .2b). Sulidae breeding in NC
ranked third, whereas this same family ranked last among non-breeding species.

Overall, non-breeding birds included 14 species that had already recorded cases of HPAIV, while
breeding species included 7. The number of non-breeding species that had already experienced HPAIV
cases was similar among affected families, ranging between two and three species per family, except for
Procellariidae, which appeared to be much more affected (six species). All non-breeding species
belonging to the Laridae family had already recorded cases of HPAIV. Among species breeding in New
Caledonia, Laridae followed by Sulidae were the families with the highest number of species affected
by HPAIV, with a maximum of three species.

The non-breeding species that had higher HPAIV potential transmission score were Thalassarche
melanophris, Stercorarius parasiticus, Stercorarius maccormicki, Stercorarius antarcticus, Pterodroma gouldi,
Macronectes halli, Macronectes giganteus, as well as Larus dominicanus (Figure 3a). Thus, these species are
potentially the most likely to introduce the virus to NC, added to the fact that their presence is likely in
this country, and all had at least one confirmed case of HPAIV in their world’s population. Nevertheless,
Stercorarius antarcticus, Macronectes halli et Larus dominicanus showed a low probability of being
encountered in NC.

The only two non-breeding species whose presence was confirmed in NC, Puffinus tenuiostri and
Sternula albifrons, both had high potential transmission scores. But overall, the highest scores were for
species with the lowest probability of occurrence in NC.

For breeding species in NC, seabirds with the highest spread potential score were Thalasseus bergii
and Fregata minor, followed by Sula sula, Sula leucogaster and Sterna dougallii (Figure 3b). All of these
species had at least one confirmed case of HPAIV in their world’s population. All species with the
highest scores—either breeding or non-breeding in NC—had their IUCN world conservation status as
Least concern (Figure 3), suggesting that demographic impacts of HPAIV may not immediately put
species at risk of extinction.

The four geographic areas and countries sharing the highest number of species with New
Caledonia, and therefore exhibiting the greatest number of theoretical connections with NC, were
Australia, New Zealand, Melanesia, and Polynesia (Figure 4). All are located within 3,000 km of NC and
have not been affected by HPAIV yet. Among regions already affected by HPAIV, those showing the
strongest potential migratory connections to NC were the French Southern and Antarctic Territories
(TAAF), followed by Japan, both located more than 4,500 km from NC. The closest infected country was
Indonesia (2330 km) but had intermediate connection with NC (Figure 4).
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Discussion

Which Species May Be Involved in HPAIV Emergence and Spread in New Caledonia?

Procellariidae and Diomedeidae, generally robust, large-bodied, and long-distance migratory
seabirds, were the non-breeding seabird families with the highest number of species candidates (Figure
2). Despite their smaller body size, Oceanitidae and Hydrobatidae are also long-distance migrants and
may facilitate the spread of HPAIV over large distances (Morten et al., 2025). However, only one non-
breeding Hydrobatidae species was observed in New Caledonia. The low number of observations of this
family may indeed due to the fact that they do not actually migrate to NC but we cannot rule out an
observation bias, as most of Hydrobatidae species are nocturnal and primarily pelagic (Schreiber and
Burger, 2001). Sulidae were represented by one single non-breeding species in NC (Morus serrator)
primarily remaining in the Tasman Sea (Ismar et al., 2011). In our analysis, the number of breeding
seabird species actually observed in NC was, 31 species. Other sources considered 27 (Dalloyau,
2024)and 23 breeding species (Gaskin et al., 2025). Those differences highlight the strong disparity of
data regarding breeding seabird species in NC, especially for Puffinus bailloni, Pterodroma heraldica,
Anous ceruleus, Onychoprion lunatus, and Pterodroma nigripennis. They underpin the need for updates on
which species regularly breed in the different remote areas of New Caledonia.

Our findings also show that non-breeding Charadriiformes (including Stercorariidae and Laridae)
had a high number of species previously infected, in agreement with other studies which state that this
seabird order is considered as a reservoir for HPAIV (Lebarbenchon et al., 2023; Stanislawek et al., 2024).
Among non-breeding seabirds, all species of the family Laridae had previously shown cases of HPAIV.
This family also had the highest number of species affected by the virus, followed by the family Sulidae.
Predictive phylogenetic studies have shown that Laridae, like Sulidae, are among the bird families the
most at risk if HPAI ever reaches Oceania (Ryding et al., 2025). Procellariidae had the highest number of
non-breeding species impacted by this virus, despite not being among the most affected families.
However, Macronectes halli and Macronectes giganteus two species among Procellariidae were in the first
position for potential transmission score in NC (Figure 3a). These two species had previously been
identified as “high-risk” species for introducing HPAIV into Oceania (Banyard et al., 2024; Clessin et
al., 2025). They do circumpolar or trans-equatorial migrations and potentially cross the waters of
countries already affected by the virus, as do other species with similar risk scores, such as Stercorarius
maccormicki (Weimerskirch et al., 2015). Stercorarius antarcticus, which also had a high score among non-
breeding species, has previously been considered responsible for the introduction of the virus into
Antarctica (Lisovski et al., 2024) and for its spread in French subantarctic territories (Clessin et al., 2025).
However, the probability of occurrence of these 3 species remains hypothetical in New Caledonia, in
contrast to other non-breeding species whose presence has been confirmed (even though their score was
lower). Indeed, Sternula albifrons is a non-breeding species that migrates from Asia to Australia
(Hayakawa et al., 2022) and has previously been infected with HPAIV. Populations of Sternula albifrons
have been observed on several occasions in NC, in association with other breeding species such as Anous
stolidus, Thalasseus bergii, and Sternula nereis (Dalloyau, 2024). This observation is noteworthy because
Thalasseus bergii had the highest spread potential score of breeding species (Figure 3). Thalasseus bergii
and Fregata minor, both at the top of ranking, exhibited life-history traits promoting close contact
between individuals, which could facilitate rapid virus spread. Moreover, Fregata minor is a confirmed
kleptoparasite on sympatric breeding species (Gorta et al., 2024). Sula leucogaster ranks second in the
vulnerability assessment and is the most abundant Sulidae species in NC. Its all-year breeding leads to
prolonged, dense aggregations, which can enhance virus transmission within colonies (Dalloyau, 2024).
Sula sula and Sterna dougallii also rank second; their high colony densities in NC likely explain their
elevated vulnerability scores.

All species with the highest scores—either breeding or non-breeding in NC—had their IUCN
world conservation status as Least Concern (Figure 3), suggesting that demographic impacts of HPAIV
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may not immediately put species at risk of extinction at the global scale. Nevertheless, breeding seabird
conservation status in the South Pacific has not been assessed so depending on the size and trends of
local seabird populations, HPAIV may have contrasting effects on local population dynamics. It hence
advocates for local population surveys.

New Caledonia Still Spared from HPAIV?

We observed that no country located within 2,000 km of NC was affected by HPAIV (Figure 4).
Furthermore, all affected countries that are the most connected to NC are located beyond this distance
limit. This apparent “barrier” effect can be explained by the large geographic distance separating these
regions from NC. If migratory seabirds excrete the virus for up to eight days, as shown in ducks and
gulls (Brown et al., 2006), an infected migrating seabird could potentially travel long distances. Flying
continuously at an average speed of 50 km/h for eight days, it could theoretically cover up to 9,600 km.
However, it’s unlikely that seabirds would fly continuously for long periods, suggesting that by the
time birds reach NC, viral excretion would have ceased. In addition, survival rates of infected birds are
low, and among survivors, the virus can impair body condition and consequently reduce their flight
capacity and mobility (Bennison et al., 2024; Duriez et al., 2023). Therefore, multiple transmission steps
would be required for the virus to reach NC. As a result, for countries located more than 2,000 km away,
the probability of HPAIV introduction remains relatively low. This “barrier effect” may be reinforced
by the oligotrophic waters surrounding NC, which offers low nutrient availability (Menkes et al., 2015)
and are potentially less attractive to migratory birds which prefer more productive waters.

Moreover, NC includes more than 600 islets around Grande-Terre (Dalloyau, 2024), leading to
strong spatial isolation of colonies, which is considered a major barrier to virus transmission in Oceanic
islands (Lebarbenchon et al., 2023). Combined with expected seabird breeding-site fidelity, connectivity
among populations breeding on different islands is likely low, further limiting virus transmission.

Limitations et Perspectives

This study provides a broad overview of the species that should be targeted in future research
aiming at monitoring HPAIV circulation and emergence in the last untouched region of the world.
However, the species list presented here is not exhaustive, and research efforts aimed at monitoring
migratory, breeding, and resident species found in NC need to be improved. Limited data availability
for some species, resulting from insufficient research effort or monitoring issues, may sometimes be
mistaken for a true absence of the species in NC.

While this study focused on large-scale species distributions, local distributions within NC should
also be considered by examining breeding population dynamics to identify breeding sites, foraging
areas and potential contact zones with non-breeding migratory seabirds. In addition, this study only
addresses potential spatial overlap between breeding and non-breeding marine species in NC, whereas
temporal overlap is equally critical for the transmission of HPAIV. Identifying the annual and monthly
seasonality of species present in NC would help determine periods when interspecific contact can occur.
For some breeding species, foraging range also varies with reproductive stage, as individuals do not
travel the same distances during egg incubation and chick-rearing (Rayner et al., 2023; Soanes et al.,
2021). Finally, daily temporal overlap should also be considered, as some species such as Pterodroma spp.
forage primarily at night (Rayner et al., 2008, 2023). It would be interesting to also study the age of
individuals, because young birds often differ in their spatial use compared to adults, being less
competitive or less constrained by reproduction (e.g., Péron and Grémillet, 2013). For non-breeding
species, some life-history traits are also seasonal, like species that scavenge during the breeding season
and not during the non-breeding season, reducing their potential to transmit the virus (Gorta et al.,
2024).

Other potential pathways for virus introduction should also be considered, such as through NC
breeding seabirds that migrate to other regions. Because little is known about their migration routes and
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wintering areas, it is difficult to assess this risk. Additionally, some “vagrant” individuals may
occasionally reach NC waters and encounter local species while foraging, although such encounters
remain rare (Ramirez-Garofalo and Lockwood, 2025).

Finally, our study focuses only on seabird species. Many non-marine birds are long-distance
migrants and could potentially introduce HPAIV to NC such as Anseriformes, considered as the main
reservoirs of the virus (Stanislawek et al., 2024). Shorebirds are also important to consider, as some
species migrate over long distances and pass through NC, like the Bar-tailed Godwit (Limosa lapponica)
(Stanislawek et al., 2024). Migratory raptors could act as potential virus carriers, such as the Peregrine
Falcon (Falco peregrinus), a major predator of many breeding seabird species in New Caledonia
(Dalloyau, 2024), although their migration routes to and from NC remain largely unknown.

Overall, our results highlight the need to give particular attention to certain families of seabirds in
monitoring the emergence and spread of HPAIV in NC. Future studies could benefit from mapping
interaction networks among both breeding and non-breeding marine species, identifying where and
when these species are likely to come into contact. This would reveal at-risk species and the locations
to target in priority to conduct fieldwork and collect crucial tracking and/or serological data crucial for
detecting and managing disease outbreaks (Talmon et al., 2025). With the right support from
governmental veterinary services, the network should include interactions between wild and domestic
species, in order to pinpoint areas conducive to HPAIV transmission. Such an approach aligns with the
global « One Health » perspective, addressing health concerns across wildlife, domestic animals, and
humans.
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Figure 2. Number of identified seabird species per family that have been affected (dark green) or not (light green)
by HPAIV in other parts of the world, for (a) non-breeding species and (b) breeding species in New Caledonia.
Procellariidae = petrels and shearwaters; Diomedeidae = albatrosses; Stercorariidae = skuas; Laridae = terns,
noddies, gulls; Oceanitidae = storm-petrels; Hydrobatidae = storm-petrels; Sulidae = boobies; Phalacrocoracidae =

cormorants; Fregatidae = frigatebirds; Phaethontidae = tropicbirds.
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Figure 3. (a) HPAIV potential transmission score in non-breeding species regarding their probability of presence in
NC; (b) HPAIV spread potential score in breeding species of NC. Red stars indicate species previously affected by
HPAIV in other parts of the world. Abbreviations in brackets indicate IUCN conservation status. LC = Least
Concern; NT=Near-threatened; VU = Vulnerable; EN=Endangered; CR = Critically Endangered; DD = Data
Deficient.

Figure 4. Importance of potential migratory flows of non-breeding species passing by/stopping in New Caledonia,
according to IUCN presence status. Countries shown in green are those affected by HPAIV, considering all host
species (wild and domestic birds, and mammals). Each region was connected to New Caledonia (NC), with the
sum of occurrences calculated for each seabird species, resulting in varying line thicknesses according to the total
score assigned. TAAF = French Southern and Antarctic territories; East Russia = Russian Far East; USMOI = United
States Minor Outlying Islands; Cocos = Cocos Islands; Papua NG = Papua New Guinea. Distances represent the

closest coastline point from the centroid of New Caledonia mainland.
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Appendix 1

Table S1. Assignment of life-history trait scores based on hypotheses for non-breeding species and framework
of Pearce-Higgins et al. (2025).

Score Justifications

Our hypothesis: A species that has already been affected,
regardless of the population concerned, is more likely to

H5N1 introduce H5N1 into NC.
. Affected: 4
(Breeding and NON 1 frocted: 1
breeding species) ' For breeding species based on Pearce-Higgins et al.’s framework:

Weight =2

These scores are based on potential interactions among
individuals. Scavengers and predators feeding directly on other
_species are the most likely to get infected and spread H5N1,
icavenger / predator: followed by kleptoparasitic species, for which there is a high risk
Diet ... . Of fluid exchange. Ship-following species are also at risk due to
(Breeding and nongklsptf%};f;izlrﬁlsr/n' 3 aggregations around fishing vessels and surface-feeding species
breeding species) Surlfoace feo def » may engage in competition for food, whereas diving species are
Diver: 1 ' generally less likely to come into contact with infected
’ individuals

For breeding species based on Pearce-Higgins et al.’s framework:
Weight =2

Occurs in large
(1000’s individuals)
breeding
aggregations: 4

Gregariousness Occurs in moderate

(maximum (100’s individuals)

Tmrflb.er of breedmg. Based on Pearce-Higgins et al.’s framework
individuals per aggregations: 3 Weight = 10

colony in NC)

(just for breeding Occurs in small (10’s

species) individuals) breeding

aggregations: 2

small (<10) family
groups: 1

Population size in

NC (maximum Very rare (<1,000

individuals): 4

?;;?‘zzl:;s) Based on Pearce-Higgins et al.’s framework
(just for breedin Rare (1,000-10,000  Weight =1

Just 8 individuals): 3

species)
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Common (10,000-
100,000 individuals):
2

Abundant (>100,000
individuals): 1
Threatened
(vulnerable or
higher): 4

Global
conservation
status according ) Based on Pearce-Higgins et al.’s framework
to the TUCN Near threatened: 3 Weight = 4

(just for breeding

. NA: 2
species)

Least Concern: 1
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