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Abstract

Seabirds are exposed to numerous threats throughout their life-cycles, includ-

ing land-based threats during their breeding season such as invasive species,

diseases, or light pollution. Here we assess the timing, scope, and severity of

land-based threats to populations of highly mobile petrels, albatrosses, storm-

petrels, and alcids in the Atlantic Ocean, to guide priorities for their conserva-

tion across their mostly island-breeding areas. By combining our own field

expertise of these species with a literature review, we built a dataset character-

izing 18 threats for 49 species across 38 Large Marine Ecosystems. We analyze

this dataset by highlighting the most impactful threats and the most impacted

regions. Addressing invasive alien species on Tristan da Cunha & Gough and

on the islands of the Canary Current are the interventions with the greatest

potential to stimulate seabird population recovery across the Atlantic Ocean.

Our results highlight priorities for targeted management actions that can sup-

port seabird conservation.
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1 | INTRODUCTION

Seabirds, named “sentinels of the ocean” (Thibault
et al., 2019), are considered good environmental indica-
tors (Parsons et al., 2008). As marine top predators, their
demography integrates changes across multiple levels of
food webs (Hazen et al., 2019). For many species, data on
demographic parameters (e.g., survival, fertility) and on
population trends can be obtained relatively easily from
colony monitoring (e.g., Parsons et al., 2008). And even if
there are relatively few species (370), they occur across
all oceans, with many breeding on islands (Mulder
et al., 2011). Therefore, seabird population dynamics can
thus provide valuable insights into changes in marine
ecosystems (Parsons et al., 2008), their conservation sta-
tus serving as a proxy measure of the health of marine
environments (Phillips et al., 2023).

Seabirds are among the most threatened bird groups
(Dias et al., 2019), with 30% of species classified as glob-
ally threatened with extinction (Critically Endangered,
Endangered or Vulnerable) by the International Union
for Conservation of Nature (IUCN) Red List
(IUCN, 2023), plus 11% as Near Threatened, and with
57% of species experiencing population declines (BirdLife
International, 2023). A global review of threats to sea-
birds (Dias et al., 2019) found that at sea, the main threat
(in number of species as well as in cumulative impact) is
bycatch from fisheries, affecting more than 100 species.
Depletion of fish stocks through overfishing affects fewer
species but is nearly as impactful. According to the same
review, seabirds are mainly threatened on land by inva-
sive species, particularly predation by introduced rats
Rattus spp., mice Mus musculus and cats Felis catus
(Phillips et al., 2023). The impacts of invasives are partic-
ularly felt on islands, most of which originally lacked
native predators (Doherty et al., 2016), and which act
today as crucial reservoirs of endemic species (Kier
et al., 2009). Overabundant native species are also a
threat to some seabirds, particularly as predators, but also
as nest competitors (Anker-Nilssen et al., 2023; Dias
et al., 2019; Rodriguez et al., 2022). Seabirds were histori-
cally overharvested in their breeding sites (leading nota-
bly to the extinction of the great auk, Pinguinus
impennis; Hufthammer & Hufthammer, 2022), and for
some species this remains a threat (Dias et al., 2019).
Some threats occur both on land and at sea, with differ-
ent effects. This is the case with climate change and

severe weather conditions, an increasingly important
driver of population declines (Grémillet &
Boulinier, 2009; Sydeman et al., 2012). At sea, changes in
oceanographic processes associated with climate change
can result in reduced food availability around colonies
(Hovinen et al., 2014), or increased at-sea mortality dur-
ing more frequent storms (Clairbaux et al., 2021). On
land, colonies may be affected by sea level rise (Von
Holle et al., 2019) and extreme weather conditions
(Descamps et al., 2015), and climate change may also
increase the occurrence and virulence of avian pathogens
(e.g., avian cholera; Phillips et al., 2016). Light pollution,
and other forms of pollution, can also originate from—
and affect birds in—both terrestrial and marine ecosys-
tems (Dias et al., 2019). Many seabird species, particu-
larly highly pelagic groups and island breeders, are
exposed to multiple anthropogenic pressures (Dias
et al., 2019). Seabird declines have broader impacts on
the health of insular and marine ecosystems surrounding
colonies, through the disruption of nutrient fluxes vec-
tored by seabirds between their foraging and breeding
areas (Benkwitt et al., 2022; Davis, 2013; Jones
et al., 2016).

The global picture of threats faced by seabirds is now
improved, with a characterization per species of each
threat in terms of scope (i.e., the fraction of the global
population affected) and of severity (i.e., the effects in
terms of declines of an affected population) (Phillips
et al., 2023). The magnitude of main marine threats such
as bycatch, overfishing and plastics has been recently
documented at global and regional scales, supporting
marine management (Clark et al., 2023; Grémillet
et al., 2018; Phillips et al., 2024; Ramirez et al., 2024;
Votier et al., 2023). Such an approach—which compiles
local-scale information across threats from an oceanic
perspective to identify priorities for research and
conservation—is still lacking for land-based threats but is
of paramount importance given the fragile status of sea-
birds. Indeed, tackling land-based threats is not only fun-
damental in its own right to the conservation of many
species (Dias et al., 2019), it is also often more immedi-
ately achievable when compared with the challenges of
addressing marine threats. This is particularly so for spe-
cies whose small and isolated island nesting areas (where
targeted and effective actions are relatively easier to
implement) contrast with very large at-sea distributions
(including areas managed by multiple countries as well
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as international waters). Additionally, islands hold many
endemic and threatened seabird species, thereby provid-
ing important conservation opportunities for seabirds
(Spatz et al., 2014).

Here, we analyzed the ongoing land-based threats
affecting seabird species in the Atlantic Ocean, an ocean
whose islands and coastal zones host numerous seabird
breeding populations (BirdLife International, 2023;
O'Hanlon et al., 2023), experiencing a considerable
cumulative impact of human activities (Halpern
et al., 2019). We focused on highly mobile pelagic species
belonging to five families: Alcidae (auks), Diomedeidae
(albatrosses), Hydrobatidae (northern storm-petrels),
Oceanitidae (southern storm-petrels), and Procellariidae
(petrels and shearwaters). Exclusive island breeders in
particular, such as albatrosses and petrels, are among the
most threatened families of seabirds compared to coastal
groups such as terns and gulls. We compiled a new data-
set characterizing land-based threats across populations
of these groups of seabirds within the Atlantic Ocean by
reviewing information previously dispersed across the lit-
erature and by consulting experts with field experience of
the focal species to obtain yet unpublished information.
We make this dataset available as a contribution to sup-
porting strategic planning for the conservation of seabirds
in their breeding grounds.

We use this dataset to identify: (1) the land-based
threats most impactful to highly mobile Atlantic seabirds,
(2) the Atlantic regions that have suffered the strongest
impacts, and (3) the land-based management actions
with the strongest potential positive impact on species
recovery.

2 | MATERIALS AND METHODS

2.1 | Study area

Our study area includes the archipelagos in, and coastal
areas around, the Atlantic Ocean, from the Arctic to the
Antarctic, including adjacent seas (herein: “Atlantic
Ocean”; Figure S1). For analytical purposes, we split the
breeding grounds of seabirds into 38 spatial units following
Davies et al. (2021). Continental areas (including adjacent
islands) were split following the boundaries of Large
Marine Ecosystems (LMEs), which are large oceanic
regions characterized by distinct bathymetry, hydrography,
productivity, and trophically dependent populations
(Sherman, 2001; Sherman & Alexander, 1986). LMEs do
not cover all oceanic archipelagos, so in the case of the
Canary Current LME we considered that it also included
the nearby Canary Islands, Madeira (including Selvagens),
and Cabo Verde. In addition, we added nine spatial units to

cover other oceanic archipelagos in the study area: Azores,
Bermuda, Trindade and Martim Vaz, Ascension Island,
Saint Helena, Tristan da Cunha & Gough, South Orkney
Islands, South Georgia and the South Sandwich Islands,
and Bouvet Island. For simplicity, we refer throughout to
all these spatial units as “LMEs” (Figure S1; Table S1).

2.2 | Species and populations

We focused on an initial set of 49 species of pelagic and
highly mobile seabirds in families Alcidae, Diomedeidae,
Hydrobatidae, Oceanitidae and Procellariidae with at
least one breeding colony in the Atlantic (Supporting
Methods 1; Table S2). We considered as highly mobile
species those with evidence that individual birds under-
take long-distance journeys over their life cycles (more
than 2000 km away from their breeding colony; as deter-
mined based on tracking data and a literature review
conducted under a parallel study; Rouyer, 2025).

We subdivided each species into populations, each
population corresponding to the set of breeding colonies
within a given LME, following Davies et al. (2021) and
Frederiksen et al. (2012, 2016), resulting in 141 analyzed
populations (Table S2). We obtained the current propor-
tion (Pc) of the Atlantic population of each species
S breeding in each LME L (PcS,L, Table S3) from an
extensive literature review (Rouyer et al., 2025).

2.3 | Threats

We followed the IUCN (2023) definition of threat as “the
proximate human activities or processes that have
impacted, are impacting, or may impact the status of the
taxon being assessed”. We worked from the threat classi-
fication of Dias et al. (2019), who adapted the IUCN Red
List Threats Classification Scheme to better represent
threats to seabirds. We focused on land-based threats:
invasive alien species; problematic native species; dis-
eases; hunting/trapping; human intrusion and distur-
bance; pollution; light pollution; energy production and
mining; residential and commercial development; agri-
culture; transportation and service corridors; natural sys-
tems modifications; logging and wood harvesting;
geological events; and climate change and severe weather
conditions (except when related to changes in oceano-
graphic conditions). We divided the threat “invasive alien
species” into cats, rats, mice, and other, which allows a
more precise analysis of the most frequent seabird threat
(Dias et al., 2019; Jones et al., 2008). This resulted in a
total of 18 classes of land-based threats considered in this
study (Table S4).
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2.4 | Review of threats per population

We compiled a new dataset characterizing the timing,
scope, and severity of each land-based threat to each sea-
bird population studied by combining expert knowledge
with a literature review.

We initially solicited expert knowledge through a
questionnaire (Table S5, emailed in March 2023) sent to
about 200 researchers or practitioners who had published
tracking studies (reviewed by Bernard et al., 2021) or
uploaded data to the seabird tracking database (Carneiro
et al., 2024) on the populations included in this study. In
this questionnaire, experts were asked to characterize
land-based threats per population. More specifically,
given a population and each of the 18 threats analyzed,
experts were asked to indicate if one or more age groups
are (or have been, or will likely be) affected by the threat,
and if so to qualify:

• Timing of the threat: past; ongoing; future;
• Scope (the percentage of population in the LME

affected by the threat): minority (0%–50%); majority
(50%–90%); whole (90%–100%); unknown;

• Severity (the known or likely rate of population decline
caused by the threat over three generations): no
decline (0%); negligible declines (0%–5%); causing/
could cause fluctuation (5%–20%); slow, significant
declines (5%–20%); rapid declines (20%–30%); very
rapid declines (30%–100%); unknown.

Experts were asked to provide data for as many popu-
lations as they were familiar with, and for any threats
they had information on. We received information from
34 experts, all of whom became co-authors in this study.

In parallel, we carried out a detailed literature review
of land-based threats affecting the studied populations.
We started by reviewing relevant summary species
accounts on existing databases (ACAP, 2023; BirdLife
International, 2023; HBW Alive, 2023; IUCN, 2023) and
in (Dias et al., 2019), who had reviewed information on
threats for every seabird species up to 2017. We then
searched recent (2017–2024) relevant scientific studies on
each species, using its common and scientific name as
search terms on the Web of Knowledge. We extracted
information on the spatial occurrence of each threat
(by attributing it to a specific LME/population), and esti-
mated, when possible, timing, scope, and severity
(recording the corresponding reasoning and references).

We combined the data collected through expert con-
sultation and the literature review into an intermediate
dataset, which included in many cases multiple entries
for a given threat affecting a given population in a given
LME. Whenever there were discrepancies, the co-authors

with expertise on the corresponding species/population
jointly revised the associated data entries to reach a con-
sensus. The final dataset consists of a single entry per
threat per population, indicating in each case the age
group, timing, scope, severity and listing the data sources
(Table S6).

2.5 | Characterizing the impacts of
threats

We analyzed the dataset on threats per population
(Table S6) to characterize the impact of ongoing threats
per LME, per species, and per threat. For this purpose,
we estimated a standardized unit of relative impact—
variable ΔS,T,L—characterizing the extent to which a
given threat T, occurring within a given LME L, impacts
species S across its Atlantic-wide population.

We estimated values of ΔS,T,L in three steps (described
in Supporting Methods 2, Figure S2, Table S7). First, we
obtained a measure of the relative impact of each threat
on the current population size of each species within
each LME, by combining the corresponding information
on scope and severity (building on the “Impact Score”
formula in Dias et al. 2019). Second, we calibrated these
estimates using data on the proportion (PcS,L) of the
Atlantic population of each species S breeding in each
LME L (Table S3) to estimate the magnitude of impacts
at the Atlantic-wide scale. Finally, we partitioned this
Atlantic-wide impact across LMEs, and then across
threats within each LME, to obtain the ΔS,T,L values.

By aggregating values of ΔS,T,L across threats, across
species, and across LMEs, we obtained four indicators of
impact (formulae in Supporting Methods 3):

1. Impact per threat. Combined impact of each threat
T across the Atlantic, measured as the sum of ΔS,T,L

values across all species affected by the threat and all
the LMEs where the threat is ongoing. We divided this
by the total number of species analyzed to obtain a
calibrated measure independent of species richness.
From this indicator, we could identify the land-based
threats most impactful to highly mobile Atlantic
seabirds.

2. Impact of each threat per LME. We partitioned impact
per threat θT across LMEs to obtain a θT,L value per
threat and per LME, and then mapped the result. We
inferred the land-based management actions with the
strongest potential positive impact on species recovery
across the Atlantic based on this indicator.

3. Cumulative impact in each LME. As an indicator of
the total impact incurred in each LME, we summed
ΔS,T,L values across all species breeding in the LME,
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across all ongoing threats affecting them. From this
indicator, we could identify the Atlantic regions that
have suffered the strongest impacts.

4. Average impact per species in each LME. As an indi-
cator of the relative impact incurred by the species of
each LME, we divided the cumulative impact in each
LME by the number of species in the LME for which
we had quantifiable threat data.

3 | RESULTS

3.1 | Dataset on land-based threats

Our final dataset totals 985 entries, derived from data
provided by the 34 experts who replied to the question-
naire and from the literature review, covering 141 popula-
tions, 49 species, 38 LMEs and 18 threats (Table S6). Of
these, 55 entries correspond to populations for which we
obtained no information on any past, ongoing, or future
threats. The remaining 930 entries correspond to the
characterization of one threat affecting one population.

The dataset contains 366 entries on the existence
(“yes” or “probably yes”) of ongoing threats, 347 for past
threats and 305 for potential future threats. It includes a
characterization of both threat scope and severity for
388 entries, and of the age group affected by the threat
for 835 entries. Moreover, 402 entries include informa-
tion on the presence or absence of management actions
against the threat, and 233 specify the management
actions in place. The dataset also contains information on
the absence of threats at different times (classed as “no”
or “probably not”): 272 entries for ongoing threats,
215 for past threats, and 230 for future threats.

When subsetting the dataset to include only assess-
ments of ongoing (or probably ongoing) and knowingly
absent (not ongoing or probably not ongoing or “age
group affected: none”) land-based threats, we obtained
796 entries, corresponding to 81 populations, across
44 seabird species (Table S2) breeding across 25 LMEs
(Table S1). These assessments had a quantifiable impact
and therefore were included in the analysis presented
below.

3.2 | Impact across threats and LMEs

Our analysis indicates that the threat that has caused the
greatest impact on the studied seabird species across
the Atlantic over the past three generations is—by far—
“invasive alien species” (Figure 1), predominantly mice,
rats, and cats. Based on our current dataset, the impact of

mice is particularly important in Tristan da Cunha &
Gough, whereas rats are particularly problematic in the
Canary Current, Bermuda, Mediterranean Sea, and
Azores (Figure 2b), and cats in the Canary Current
and the Mediterranean Sea (Figure 2c).

“Climate change and severe weather conditions” came
out as the second most impactful threat (Figure 1), partic-
ularly affecting populations in the Canary Current, Ber-
muda and Azores (Figure 2d), followed by “geological
events” and “problematic native species” impacting mostly
seabird colonies in the Canary Current (Figure 2e,f).

The dominant threat varies among LMEs (Figure 3).
“Invasive alien species” emerged as the most impactful
threat in 44% of the LMEs, particularly those located in
the northeastern Atlantic (including the Mediterranean)
and in the remote archipelagos of Azores, Bermuda, Tris-
tan da Cunha & Gough, and Trindade and Martim Vaz.
“Climate change and severe weather conditions”
appeared as equally impactful in Trindade and Martim
Vaz, and as the most impactful threat in Antarctica and
the subantarctic archipelagos of South Georgia and the
South Sandwich Islands. Problematic native species stood
out in the coastal northeastern and northwestern Atlan-
tic, “natural system modifications” in the Caribbean Sea,
“hunting/trapping” around Greenland, and “diseases” in
the North Sea and Northeast U.S. Continental Shelf.

FIGURE 1 Impact per threat. For each threat, this corresponds

to its cumulative impact (across species and across LMEs) on highly

mobile seabirds across the Atlantic (calculated as the sum of ΔS,T,L

values across species and LMEs, divided by the number of species

in this study for which we had data on threats). The threat

“invasive alien species” is composed of impact by rats, mice, cats,

and other species (o), and represented as such. Scale: One unit of

impact is theoretically equivalent to, for example, a 100% decline in

the Atlantic-wide population of a species, or a 50% decline in each

of two species, or a 25% decline in each of four species, over the last

three generations. Values should however be interpreted cautiously

given the uncertainty associated with the data.
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FIGURE 2 Combined impact of each of the top 4 land-based threats per LME, namely invasive alien species (a, mice; b, rats; c, cats), climate

change and severe weather conditions (d), geological events (e) and problematic native species (f). Only LMEs with breeding populations are

represented. LMEs with breeding populations but no data for the corresponding threat are colored in dark gray. Scale: A value of 0.1 is

theoretically equivalent to the impact of a threat within an LME translating into the equivalent of a 10% Atlantic-wide decline of a species over

the last three generations, or a 5% decline in two. Values should however be interpreted cautiously given the uncertainty associated with the data.
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3.3 | Cumulative impact on species
across LMEs

The Canary Current was the LME with the highest
cumulative impact (290%), followed by Tristan da
Cunha & Gough (118%), Azores (115%), Mediterranean
Sea (99%) and Patagonian Shelf (99%) (Figures 4a
and S3a).

3.4 | Average impact on species
across LMEs

We found the highest average threat impact per species
in Bermuda (34%), followed by the Canary Current
(26%), the Mediterranean Sea (25%) and the Patagonian
Shelf (25%), the Caribbean Sea (21%) and the Azores
(19%). In contrast, LMEs in northern latitudes had lower
values, below 10% (Figures 4b and S3b).

3.5 | Management priorities

Our results suggest that the management action that
would have the greatest benefit in a single LME (i.e., the
management action with the largest estimated Atlantic-
wide benefits) would be eliminating the impacts of inva-
sive alien species in Tristan da Cunha & Gough

(Figure 5). Controlling this same threat in four other
LMEs (Canary Current, Mediterranean Sea, Azores, Ber-
muda) would also bring substantial benefits, as would
the mitigation of the impacts of climate change and
severe weather conditions (Canary Current and Azores),
of geological events (Canary Current), and problematic
native species (Canary Current).

4 | DISCUSSION

4.1 | A new dataset on land-based
threats to highly mobile Atlantic seabirds,
and its limitations

We compiled a new Atlantic-wide dataset of land-based
threats affecting highly mobile seabirds and illustrate
how these data can be used to quantify the impact of
ongoing threats across species, across regions (LMEs) and
across threats, in order to highlight conservation priori-
ties. Other possible applications of this dataset include
evaluating historical and prospective threats.

The dataset is incomplete, and we hope it will be
expanded in the future. There are multiple sources of
missing information. First, we focused on a selection
of highly mobile pelagic seabirds in the Atlantic. In the
future, the dataset could be expanded to include all sea-
bird species breeding in the Atlantic Ocean, and even all

FIGURE 3 Most impactful

land-based threat identified for

each LME. In the Scotian Shelf

there was equality between two

threats (problematic native

species + invasive alien species)

while Trindade and Martim Vaz

had equality between 3 threats

(climate change and severe

weather conditions +

problematic native species +

invasive alien species).
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370 species worldwide. Second, we only focused on land-
based threats. Quantifying exposure to marine-based
threats would require analyzing the at-sea movements of
seabirds in each population, to understand the extent to
which they are exposed to pressures such as those associ-
ated with marine fisheries (bycatch, depletion of
resources) or interactions with human infrastructure
(windfarms, oil industry) (Davies, Carneiro, et al., 2021;
Dias et al., 2019).

Third, there are many gaps in the dataset regarding
the land-based threats affecting each population. Among
the 49 species analyzed, there were five for which we
found no information on ongoing threats (including
assessments with unknown scope/severity) (Supporting
Methods 1; Table S2). For 22 more species, we could not
find information for at least one of the LMEs where they
breed (corresponding in total to 60 populations with no
data on ongoing threats). Additionally, out of the

FIGURE 4 Impact of land-based threats across LMEs. (a) Cumulative impact. Scale: One unit of impact is theoretically equivalent to,

for example, a 100% decline in the Atlantic-wide population of a species over the last three generations, or a 50% decline in each of two

species, or a 25% decline in each of four species. (b) Average impact. A value of 0.1 means that, on average, for each species breeding in the

LME, the threats it suffered in that LME translated into a 10% decline in its Atlantic-wide population. LMEs for which we did not find threat

data are represented in dark gray.

FIGURE 5 Top 10 threats in a given LME that have the highest impacts on highly mobile seabirds (causing the strongest declines across

the Atlantic). Mitigating these (where possible) is thus the greatest management priority for highly mobile seabirds in the Atlantic. Scale:

One unit of impact is theoretically equivalent to, for example, a 100% decline in the Atlantic-wide population over the last three generations

of a species, or a 50% decline in each of two species, or a 25% decline in each of four species.
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81 populations analyzed in this study (with assessments
of ongoing, or probably ongoing, and knowingly absent
threats), we found information for all 18 threats for only
43 populations. The missing information may correspond
to cases where populations are not impacted by the
threats considered, or to gaps in knowledge. Expert infor-
mation proved fundamental to fill gaps in the literature:
78% of the entries analyzed benefited from expert knowl-
edge, adding information to 43 populations out of the
81, including nine for which we had no literature data
(Table S1). Expert knowledge contributed substantially to
reporting the absence of threats: 88% of the total entries
with “no” or “probably no” ongoing threats, or “age
group affected: none” were reported by experts. The
resulting distribution of data inevitably reflects variation
in scientific knowledge, with a higher concentration not
only of database entries per population (Figure S4a) but
also of unknown entries (Figure S4b) in the North Atlan-
tic. Our results are therefore likely to underestimate the
impact of threats on the less studied LMEs.

Fourth, it was not always possible to characterize the
impact of ongoing threats, as for many species their biol-
ogy and demography remain poorly known. Measuring
severity was particularly challenging. We often relied on
expert knowledge rather than quantitative data, which
increases the risk of inconsistencies across species and
LMEs (e.g., associated with misinterpretation, error, and
observer bias). To account for uncertainty, we used large
arithmetic intervals for scope and severity, yet they
remained “unknown” for 14% and 20%, respectively, of
the entries with existing ongoing threats.

Lastly, the dataset only considers extant colonies of
the selected seabird species, and results must be inter-
preted accordingly. Indeed, even though many islands in
the Atlantic suffered the local extirpation of entire sea-
bird colonies or species (Hilton & Cuthbert, 2010;
Hufthammer & Hufthammer, 2022; Olson, 1975), partic-
ularly because of invasive species and harvesting, these
past threats are not considered in our dataset and assess-
ment. For example, on both Ascension and Saint Helena,
the only remnant breeding colonies of the species consid-
ered in our assessment are on inaccessible rock stacks
that are free of invasive species, whereas the presence of
invasive species has led to the disappearance of far larger
colonies of the same species on the main islands
(Olson, 1975; Ratcliffe et al., 2010). These historical colo-
nies and threats are not accounted for in our dataset.

4.2 | Most impactful ongoing threats

In agreement with previous studies (Dias et al., 2019;
Holmes et al., 2023), we found that invasive alien species

are, by far, the land-based threat with the strongest
impact, essentially invasive predators (mice, rats and cats;
Figure 1). In our analysis, this is exacerbated by the fact
that we focused on pelagic seabird species, which breed
mainly on islands with no native mammalian predators
(Blackburn et al., 2004). With some of these archipelagos
harboring endemic species (e.g., Bermuda Petrel Ptero-
droma cahow in Bermuda; Zino's Petrel Pterodroma
madeira and Desertas Petrel Pterodroma deserta in
Madeira) and/or globally important populations of some
species (e.g., Trindade Petrel Pterodroma arminjoniana in
Trindade and Martim Vaz), local impacts can translate
into global consequences for species' extinction risk.
Indeed, the introduction of alien invasive predators to
oceanic islands was the main driver of historical bird
extinctions (Bellard et al., 2016; Szabo et al., 2012),
including two petrel species from Saint Helena (Small
Saint Helena Petrel Bulweria bifax; Large Saint Helena
Petrel Pterodroma rupinarum) (IUCN, 2023).

The second most impactful land-based threat emerging
from our analysis is climate change and severe weather
conditions (Figure 1), affecting 19 LMEs (Figure 2d) and
being the dominant threat in four LMEs (Figure 3). Expert
knowledge highlighted storms (causing erosion and ulti-
mately destroying nests and contributing to habitat loss),
flooding (including from heavy rains, but also large swells
that can destroy nests on low-lying islands), and tempera-
ture extremes (high temperatures decreasing survival and
reproductive success; Mauck et al., 2018) as the main con-
sequences of climate change affecting seabirds at their
breeding grounds (Table S6). Whereas our study focuses
on land-based threats, disentangling the impacts of climate
change as a sea- versus a land-based threat is not always
straightforward, because the effects of climate change on
food availability (a sea-based threat) may express them-
selves as reduced productivity observed in the colonies
(e.g., Hovinen et al., 2014) and may occur concomitantly.
Already 27% of seabird species are considered globally
threatened by climate change (Dias et al., 2019), and our
results indicate that this emergent threat is becoming a sig-
nificant driver of population losses, particularly in Antarc-
tic and subantarctic regions and on some remote islands.

Problematic native species were the third most
impactful threat (Figure 1), and a dominant one in some
of the North Atlantic LMEs (Figure 3). In particular,
experts highlighted that American Herring Gulls Larus
smithsonianus as predators in the Scotian Shelf and
Labrador-Newfoundland, including of Leach's Storm-
petrel Hydrobates leucorhous, likely influenced by the
availability of fishery discards (Bond et al., 2023). Prob-
lematic native species can also affect seabirds through
other types of relationships, including nest competition
(e.g., Oro et al., 2009).

KALAITZAKIS ET AL. 9 of 16
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Geological events appear as the fourth most impactful
threat in our analysis (Figure 1), particularly to popula-
tions in the Canary Current (Figure 2e). Experts reported
that volcanic eruptions, earthquakes landslides and rock
falls (not linked to erosion events caused by invasive spe-
cies or climate change) contribute to reduced reproduc-
tion due to habitat loss, which can be particularly
problematic for burrow-nesting species (i.e., Rodríguez
et al., 2019).

Hunting and trapping had historically very strong
impacts on seabird populations across the Atlantic
(Hufthammer & Hufthammer, 2022), but currently affect
mostly coastal species (Dias et al., 2019) and did not come
out as a major threat to pelagic species (Figure 1). None-
theless, it still emerged in our results as the most impact-
ful threat in regions around Greenland, where some
species are still actively exploited, such as the Thick-
billed Murre Uria lomvia and the Little Auk Alle alle
(Merkel et al., 2016; Mosbech et al., 2018).

Diseases appear as a relatively minor threat in our
analysis (Figure 1) but our data collection took place just
before the devastating effects of the ongoing highly path-
ogenic avian influenza epidemic, which has already
caused tens of thousands of seabird deaths across the
world (Boulinier, 2023), including in the Atlantic
(Avery-Gomm et al., 2024; Lane et al., 2024; McPhail
et al., 2024). Both Alcidae and Procellariiformes have
been affected by the epidemic (Couty et al., 2025), with
potential conservation implications for some species such
as the Sooty shearwater Ardenna grisea (Kuiken
et al., 2025). In our database, disease appears as an ongo-
ing threat (“yes,” or “probably”) for 11 species, with four
more marked as “unsure.” It is mentioned as a possible
future threat for 21 species, but mostly with high uncer-
tainty (“unsure” for 14 species), highlighting the chal-
lenges of making such predictions and the need for close
monitoring in the face of rapidly evolving threats.

4.3 | Most impacted LMEs

The most impacted LMEs—both in terms of cumulative
impact and of average impact per species—correspond
to seabird colonies located mostly on islands (Figures 4
and S3). The Canary Current LME (including the archi-
pelagos of Madeira, Canary Islands, and Cabo Verde)
stands out as having the highest cumulative impact
(Figure 4a) and as being second in terms of average
impact per species (Figure 4b). It hosts numerous species
among those considered in this study (13, Table S1), their
abundant populations supported by the highly productive
waters of the North-West Africa coastal upwelling, which
find suitable breeding areas in the numerous islands and

islets (Semedo et al., 2021). This LME has high endemism
of seabird species (Alho et al., 2022; Semedo et al., 2021),
including five of the species in our analysis (Cape Verde
Storm-petrel Hydrobates jabejabe, Cape Verde Shearwater
Calonectris edwardsii, Desertas Petrel, Cape Verde Petrel,
and Zino's petrel), of which four are threatened or near-
threatened. Many of these species were historically
exploited and highly affected by invasive predators subse-
quent to the European colonization (Alho et al., 2022;
Semedo et al., 2021), with predation by mice, rats and
cats having caused multiple local extinctions (Gonz�alez-
Solís et al., 2024; Semedo et al., 2021). Today, invasive
alien species remain the main threat in this LME
(Figures 2 and 3), compounded by climate change and
geological events (Figure 5).

The LMEs that follow in terms of cumulative impact
are Tristan da Cunha & Gough and the Azores (respec-
tively, 8th and 6th in average impact per species). The
former hosts some of the most important seabird colonies
in the South Atlantic, with four endemic and threatened
species: Tristan Albatross Diomedea dabbenena, Atlantic
Yellow-nosed Albatross Thalassarche chlororhynchos,
Spectacled Petrel Procellaria conspicillata and Atlantic
Petrel Pterodroma incerta. Thirteen out of the 16 seabird
populations from Gough included in our study are
severely affected by invasive mice (Oppel et al., 2022),
while on Tristan da Cunha the impact of predation by
rats and cats is less understood and thus more difficult to
quantify (Jones et al., 2021). The Azorean islands host an
important community of seabirds, which suffered mas-
sive declines upon the arrival of the first human settlers
(Monteiro et al., 1996). We considered in this study data
from five Azorean seabird populations, including the
endemic and Vulnerable Monteiro's Storm-petrel Hydro-
bates monteiroi, all of which are impacted by invasive
alien species (particularly rats) and, to a lesser degree, by
climate change.

The Mediterranean Sea LME (fourth in cumulative
impact, third in average impact per species), which covers
seabird colonies located in the Balearic, the Eolian and the
Maltese Islands (among others), hosts breeding popula-
tions of four seabird species considered in this study,
including the endemic and Critically Endangered Balearic
Shearwater Puffinus mauretanicus, the most endangered
European breeding seabird (Genovart et al., 2016). Sea-
birds that breed in the Mediterranean Sea are heavily
affected by invasive alien species and their distribution is
often limited to invasive species-free islands (Jones
et al., 2008). They are also impacted by habitat loss associ-
ated with urbanization, coastal development and tourism
infrastructures (Portolou et al., 2022).

The Patagonian Shelf (fifth in cumulative impact,
fourth in impact per species), which covers the very large

10 of 16 KALAITZAKIS ET AL.

 25784854, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.70249 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [18/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



seabird colonies in the Falkland/Malvinas archipelagos,
hosts four assessed species (Table S1), the most impacted
being the Slender-billed Prion Pachyptila belcheri affected
by invasive alien species and climate change, and the
Black-browed albatross Thalassarche melanophris,
affected by climate change (Table S6). Invasive alien spe-
cies is the most impactful threat in this LME (Figure 3):
cats predate three out of the four species (Table S6),
despite past eradication efforts (IUCN, 2023). Climate
change affects the breeding species through extreme
weather events (Table S6), which have shown contrasting
local-scale impacts on sympatric Black-browed albatross
populations (Ventura et al., 2023), highlighting the diffi-
culty of quantifying the demographic impacts of this
threat.

Bermuda stands out when relative impact is averaged
across species (Figures 4 and S3). It hosts only one of the
seabird species we analyzed, the Bermuda Petrel. Listed
as Endangered by the IUCN Red List (IUCN, 2023), it
was thought to be extinct before its rediscovery in 1951
(Madeiros et al., 2012; Raine et al., 2021). Historically,
the Bermuda petrel was highly threatened by hunting
and trapping and by cat predation, but these threats have
now ceased, with the breeding islets being highly pro-
tected through restricted visits and control of invasive
predators (cats, mice and feral bees; Table S6). Rats how-
ever remain a main threat, compounded by the effects of
climate change and severe weather conditions (Madeiros
et al., 2012; Raine et al., 2021).

4.4 | Management priorities

The management interventions that we predict would
have the greatest Atlantic-wide impact on seabirds
would be eliminating invasive alien species in colonies
located on islands, particularly on archipelagos hosting
important populations of threatened species (Figure 5):
Tristan da Cunha & Gough, and those located in the
Canary Current. The eradication of invasive alien species
from Gough Island would potentially allow for a global
recovery of two endemic species: Atlantic petrel
(Endangered) and Tristan Albatross (Critically Endan-
gered) (Oppel et al., 2022; Wanless et al., 2012). Two
other threatened species not covered by our analysis
(Broad-billed Prion Pachyptila vittata and MacGillivrays
Prion P. macgillivrayi) would also benefit from this action
(Dawson et al., 2015; Jones et al., 2021). The conservation
benefits of removing invasive mammals from islands are
well documented (e.g., Jones et al., 2016), but eradication
efforts still pose technical challenges and are not always
successful (RSPB, 2023). Furthermore, although mice are

currently the most impactful alien predator across this
archipelago (Figure 2b), cats are also present on Tristan
da Cunha island (Figure 2c), and they should be removed
alongside rodents.

Addressing invasive alien species in the Canary Cur-
rent LME would also have a strong positive impact
(Figure 5), benefiting eight seabird species (Table S6).
The most problematic invasive alien species in this LME
are rats and cats (Figure 2a,c), and it would be beneficial
to eradicate them simultaneously where they coexist
(Rayner et al., 2007; Zavaleta et al., 2001). Cat trapping
alongside rat and mouse eradication is ongoing at the
main seabird breeding sites of this LME (Table S6). Given
that the Canary Current is the second most impacted
LME (Figure 4), addressing the threat posed by invasive
alien species is of utmost importance, considering that
the other main threats in this LME (climate change and
geological events) are more challenging to address (Dias
et al., 2019).

5 | CONCLUSION

This study provides a new dataset summarizing the
results of an Atlantic-scale assessment of land-based
threats affecting highly mobile pelagic seabirds. By using
this dataset to characterize the impacts of threats at the
level of species and of regions, we highlight management
priorities that translate local actions not only into bene-
fits for other seabird species from the same locality, but
also into ocean-wide conservation benefits. Island sys-
tems stand out as strategic priorities from this assess-
ment, stressing their key role in seabird conservation and
recovery. Given uncertainties associated with the input
datasets (on land-based threats, as well as on relative
population sizes), our numerical results should not be
interpreted at face value but rather as relative measures
of impact.

AUTHOR CONTRIBUTIONS
Ioannis Kalaitzakis: Conceptualization; methodology;
formal analysis; investigation; writing-original draft;
writing—review and editing. Marie-Morgane Rouyer:
Conceptualization; methodology; writing—review and
editing; supervision; funding acquisition. Ana S. L.
Rodrigues: Conceptualization; methodology; writing—
review and editing; supervision; funding acquisition.
Maria P. Dias: Conceptualization; methodology;
writing—review and editing. Tammy E. Davies: Con-
ceptualization; methodology; writing—review and edit-
ing. All authors contributed to the assessment of threats
to seabirds and to the review of the manuscript.

KALAITZAKIS ET AL. 11 of 16

 25784854, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.70249 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [18/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



AFFILIATIONS
1CEFE, Univ Montpellier, CNRS, EPHE, IRD,
Montpellier, France
2Dipartimento di Scienze e Politiche Ambientali,
Università degli Studi di Milano, Milan, Italy
3Centre for Ecology, Evolution and Environmental
Changes, Faculdade de Ciências da Universidade de
Lisboa, Lisbon, Portugal
4BirdLife International, The David Attenborough
Building, Cambridge, UK
5SUNY Plattsburgh, Center for Earth and Environmental
Science, Plattsburgh, New York, USA
6United Nations Environment Programme World
Conservation Monitoring Centre (UNEP-WCMC),
Cambridge, UK
7Centro Okeanos, MARE (Marine and Environmental
Sciences Centre), Horta, Açores, Portugal
8MARE–Marine and Environmental Sciences Centre/
ARNET–Aquatic Research Network, Ispa–Instituto
Universit�ario, Lisbon, Portugal
9Ornis Italica, Rome, Italy
10Department of Life Sciences, University of Coimbra,
MARE—Marine and Environmental Sciences Centre /
ARNET—Aquatic Research Network, Coimbra, Portugal
11Istituto Superiore per la Protezione e la Ricerca
Ambientale (ISPRA), Area Avifauna Migratrice, Ozzano
dell'Emilia (BO), Italy
12Norwegian Institute for Nature Research, Tron,
Norway
13Sociedade Portuguesa para o Estudo das Aves, Lisbon,
Portugal
14Université de Franche-Comté, UMR 6249 Chrono-
environnement, CNRS, Besançon, France
15Groupe de Recherche en Ecologie Arctique,
Francheville, France
16Departament de Biologia Evolutiva, Ecologia i Ciències
Ambientals (BEECA), Universitat de Barcelona (UB),
Barcelona, Spain
17Institut de Recerca de la Biodiversitat (IRBio),
Universitat de Barcelona (UB), Barcelona, Spain
18FitzPatrick Institute of African Ornithology,
Department of Biological Sciences, University of
Cape Town, Cape Town, South Africa
19Associação Projeto Biodiversidade, Mercado Municipal,
Santa Maria, Cabo Verde
20Departamento Científico, Instituto Ant�artico Chileno,
Chile, Chile
21Instituto Milénio Biodiversidad de Ecosistemas
Ant�articos y Subant�articos, Ciencia para la toma de
decisiones en pr�acticas de conservaci�on de la
biodiversidad, Santiago, Chile
22Falklands Conservation, Stanley, Falkland Islands

23Department of Biological Sciences, University of New
Brunswick, Saint John, New Brunswick, Canada
24Department of Biology, Acadia University, Wolfville,
Nova Scotia, Canada
25Centre for Functional Ecology—Science for People &
the Planet (CFE), Associate Laboratory TERRA,
Department of Life Sciences, University of Coimbra,
Coimbra, Portugal
26Swiss Ornithological Institute, Sempach, LU,
Switzerland
27Royal Society for the Protection of Birds, RSPB Centre
for Conservation Science, David Attenborough Building,
Cambridge, UK
28British Antarctic Survey, Department of Ecosystems,
Natural Environment Research Council, Cambridge, UK
29IMBE, Aix Marseille Univ, Avignon Univ, CNRS, IRD,
Europôle Méditerranéen de l'Arbois, Aix-en-Provence,
France
30Archipelago Research and Conservation, Hanapepe,
Hawaii, USA
31Environment and Climate Change Canada, Wildlife
and Landscape Science Directorate, Mount Pearl,
Newfoundland and Labrador, Canada
32UK Centre for Ecology & Hydrology, Midlothian, UK
33Istituto Superiore per la Protezione e la Ricerca
Ambientale (ISPRA), Ozzano Emilia BO, Italy

ACKNOWLEDGMENTS
This project was carried out with the support of LabEx
CeMEB, an ANR “Investissements d'avenir” program
(ANR-10-LABX-04-01), funded through the I-SITE Excel-
lence Program of the University of Montpellier, under
the Investissements France 2030. The views expressed are
those of the authors and do not necessarily reflect the
views of their respective institutions.

CONFLICT OF INTEREST STATEMENT
The authors have no conflicts of interest to declare.

DATA AVAILABILITY STATEMENT
All data necessary to reproduce the results presented in
this paper are available either as Supporting Information
or through open datasets listed in the manuscript.

ETHICS STATEMENT
This work is based on a review of existing knowledge and
does not require approval by an ethics committee.

ORCID
Ioannis Kalaitzakis https://orcid.org/0009-0007-4294-
6266
Ingrid L. Pollet https://orcid.org/0000-0001-7207-8294

12 of 16 KALAITZAKIS ET AL.

 25784854, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.70249 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [18/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0009-0007-4294-6266
https://orcid.org/0009-0007-4294-6266
https://orcid.org/0009-0007-4294-6266
https://orcid.org/0000-0001-7207-8294
https://orcid.org/0000-0001-7207-8294


Gregory J. Robertson https://orcid.org/0000-0001-8452-
5506
Marie-Morgane Rouyer https://orcid.org/0000-0003-
4915-7191

REFERENCES
ACAP. (2023). Agreement on the conservation of albatrosses and

petrels—ACAP species assessments. https://www.acap.aq/
resources/acap-species

Alho, M., Granadeiro, J. P., Rando, J. C., Geraldes, P., & Catry, P.
(2022). Characterization of an extinct seabird colony on the
Island of Santa Luzia (Cabo Verde) and its potential for future
recolonizations. Journal of Ornithology, 163(1), 301–313.
https://doi.org/10.1007/s10336-021-01923-8

Anker-Nilssen, T., Fayet, A. L., & Aarvak, T. (2023). Top-down con-
trol of a marine mesopredator: Increase in native white-tailed
eagles accelerates the extinction of an endangered seabird pop-
ulation. Journal of Applied Ecology, 60(3), 445–452. https://doi.
org/10.1111/1365-2664.14343

Avery-Gomm, S., Barychka, T., English, M., Ronconi, R. A.,
Wilhelm, S. I., Rail, J.-F., Cormier, T., Beaumont, M.,
Bowser, C., Burt, T. V., Collins, S. M., Duffy, S., Giacinti, J. A.,
Gilliland, S., Giroux, J.-F., Gjerdrum, C., Guillemette, M.,
Hargan, K. E., Jones, M., … Wight, J. (2024). Wild bird mass
mortalities in eastern Canada associated with the highly patho-
genic avian influenza a(H5N1) virus, 2022. Ecosphere, 15(9),
e4980. https://doi.org/10.1002/ecs2.4980

Bellard, C., Cassey, P., & Blackburn, T. M. (2016). Alien species as a
driver of recent extinctions. Biology Letters, 12(2), 20150623.
https://doi.org/10.1098/rsbl.2015.0623

Benkwitt, C. E., Carr, P., Wilson, S. K., & Graham, N. A. J. (2022).
Seabird diversity and biomass enhance cross-ecosystem nutri-
ent subsidies. Proceedings of the Royal Society B: Biological Sci-
ences, 289(1974), 20220195. https://doi.org/10.1098/rspb.2022.
0195

Bernard, A., Rodrigues, A. S. L., Cazalis, V., & Grémillet, D. (2021).
Toward a global strategy for seabird tracking. Conservation Let-
ters, 14(3), e12804. https://doi.org/10.1111/conl.12804

BirdLife International. (2023). BirdLife data zone. http://datazone.
birdlife.org/home

Blackburn, T. M., Cassey, P., Duncan, R. P., Evans, K. L., &
Gaston, K. J. (2004). Avian extinction and mammalian intro-
ductions on oceanic islands. Science, 305(5692), 1955–1958.
https://doi.org/10.1126/science.1101617

Bond, A., Wilhelm, S., Pirie-Hay, D., Robertson, G., Pollet, I., &
Arany, J. (2023). Quantifying gull predation in a declining
Leach's storm-petrel (Hydrobates leucorhous) colony. Avian
Conservation and Ecology, 18(1), 5. https://doi.org/10.5751/
ACE-02388-180105

Boulinier, T. (2023). Avian influenza spread and seabird move-
ments between colonies. Trends in Ecology & Evolution, 38(5),
391–395. https://doi.org/10.1016/j.tree.2023.02.002

Carneiro, A. P. B., Dias, M. P., Clark, B. L., Pearmain, E. J.,
Handley, J., Hodgson, A. R., Croxall, J. P., Phillips, R. A.,
Oppel, S., Morten, J. M., Lascelles, B., Cunningham, C.,
Taylor, F. E., Miller, M. G. R., Taylor, P. R., Bernard, A.,
Grémillet, D., & Davies, T. E. (2024). The BirdLife seabird
tracking database: 20 years of collaboration for marine

conservation. Biological Conservation, 299, 110813. https://doi.
org/10.1016/j.biocon.2024.110813

Clairbaux, M., Mathewson, P., Porter, W., Fort, J., Strom, H.,
Moe, B., Fauchald, P., Descamps, S., Helgason, H. H.,
Brathen, V. S., Merkel, B., Anker-Nilssen, T., Bringsvor, I. S.,
Chastel, O., Christensen-Dalsgaard, S., Danielsen, J., Daunt, F.,
Dehnhard, N., Erikstad, K. E., … Gremillet, D. (2021). North
Atlantic winter cyclones starve seabirds. Current Biology,
31(17), 3964. https://doi.org/10.1016/j.cub.2021.06.059

Clark, B. L., Carneiro, A. P. B., Pearmain, E. J., Rouyer, M.-M.,
Clay, T. A., Cowger, W., Phillips, R. A., Manica, A., Hazin, C.,
Eriksen, M., Gonz�alez-Solís, J., Adams, J., Albores-
Barajas, Y. V., Alfaro-Shigueto, J., Alho, M. S., Araujo, D. T.,
Arcos, J. M., Arnould, J. P. Y., Barbosa, N. J. P., … Dias, M. P.
(2023). Global assessment of marine plastic exposure risk for
oceanic birds. Nature Communications, 14(1), 3665. https://doi.
org/10.1038/s41467-023-38900-z

Couty, M., Guinat, C., Fornasiero, D., Briand, F.-X., Henry, P.-Y.,
Grasland, B., Palumbo, L., & Loc'h, G. L. (2025). The role of
wild birds in the global highly pathogenic avian influenza H5
panzootic. Npj Biodiversity, 5, 1. https://doi.org/10.1038/s44185-
025-00114-5

Davies, T. E., Carneiro, A. P. B., Tarzia, M., Wakefield, E.,
Hennicke, J. C., Frederiksen, M., Hansen, E. S., Campos, B.,
Hazin, C., Lascelles, B., Anker-Nilssen, T., Arnard�ottir, H.,
Barrett, R. T., Biscoito, M., Bollache, L., Boulinier, T., Catry, P.,
Ceia, F. R., … Dias, M. P. (2021). Multispecies tracking reveals a
major seabird hotspot in the North Atlantic. Conservation
Letters, 14(5), e12824. https://doi.org/10.1111/conl.12824

Davies, T. E., Carneiro, A. P. B., Campos, B., Hazin, C.,
Dunn, D. C., Gjerde, K. M., Johnson, D. E., & Dias, M. P.
(2021). Tracking data and the conservation of the high seas:
Opportunities and challenges. Journal of Applied Ecology,
58(12), 2703–2710. https://doi.org/10.1111/1365-2664.14032

Davis, F. R. (2013). Worlds built on avian excrement. Science,
340(6140), 1525–1526. https://doi.org/10.1126/science.1239339

Dawson, J., Oppel, S., Cuthbert, R. J., Holmes, N., Bird, J. P.,
Butchart, S. H. M., Spatz, D. R., & Tershy, B. (2015). Prioritizing
islands for the eradication of invasive vertebrates in the
United Kingdom overseas territories. Conservation Biology,
29(1), 143–153. https://doi.org/10.1111/cobi.12347

Descamps, S., Tarroux, A., Varpe, Ø., Yoccoz, N. G., Tveraa, T., &
Lorentsen, S.-H. (2015). Demographic effects of extreme
weather events: Snow storms, breeding success, and population
growth rate in a long-lived Antarctic seabird. Ecology and Evo-
lution, 5(2), 314–325. https://doi.org/10.1002/ece3.1357

Dias, M. P., Martin, R., Pearmain, E. J., Burfield, I. J., Small, C.,
Phillips, R. A., Yates, O., Lascelles, B., Borboroglu, P. G., &
Croxall, J. P. (2019). Threats to seabirds: A global assessment.
Biological Conservation, 237, 525–537. https://doi.org/10.1016/j.
biocon.2019.06.033

Doherty, T. S., Glen, A. S., Nimmo, D. G., Ritchie, E. G., &
Dickman, C. R. (2016). Invasive predators and global biodiver-
sity loss. Proceedings of the National Academy of Sciences,
113(40), 11261–11265. https://doi.org/10.1073/pnas.1602480113

Frederiksen, M., Descamps, S., Erikstad, K. E., Gaston, A. J.,
Gilchrist, H. G., Grémillet, D., Johansen, K. L., Kolbeinsson, Y.,
Linnebjerg, J. F., Mallory, M. L., McFarlane Tranquilla, L. A.,
Merkel, F. R., Montevecchi, W. A., Mosbech, A.,

KALAITZAKIS ET AL. 13 of 16

 25784854, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.70249 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [18/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-8452-5506
https://orcid.org/0000-0001-8452-5506
https://orcid.org/0000-0001-8452-5506
https://orcid.org/0000-0003-4915-7191
https://orcid.org/0000-0003-4915-7191
https://orcid.org/0000-0003-4915-7191
https://www.acap.aq/resources/acap-species
https://www.acap.aq/resources/acap-species
https://doi.org/10.1007/s10336-021-01923-8
https://doi.org/10.1111/1365-2664.14343
https://doi.org/10.1111/1365-2664.14343
https://doi.org/10.1002/ecs2.4980
https://doi.org/10.1098/rsbl.2015.0623
https://doi.org/10.1098/rspb.2022.0195
https://doi.org/10.1098/rspb.2022.0195
https://doi.org/10.1111/conl.12804
http://datazone.birdlife.org/home
http://datazone.birdlife.org/home
https://doi.org/10.1126/science.1101617
https://doi.org/10.5751/ACE-02388-180105
https://doi.org/10.5751/ACE-02388-180105
https://doi.org/10.1016/j.tree.2023.02.002
https://doi.org/10.1016/j.biocon.2024.110813
https://doi.org/10.1016/j.biocon.2024.110813
https://doi.org/10.1016/j.cub.2021.06.059
https://doi.org/10.1038/s41467-023-38900-z
https://doi.org/10.1038/s41467-023-38900-z
https://doi.org/10.1038/s44185-025-00114-5
https://doi.org/10.1038/s44185-025-00114-5
https://doi.org/10.1111/conl.12824
https://doi.org/10.1111/1365-2664.14032
https://doi.org/10.1126/science.1239339
https://doi.org/10.1111/cobi.12347
https://doi.org/10.1002/ece3.1357
https://doi.org/10.1016/j.biocon.2019.06.033
https://doi.org/10.1016/j.biocon.2019.06.033
https://doi.org/10.1073/pnas.1602480113


Reiertsen, T. K., Robertson, G. J., Steen, H., Strøm, H., &
Th�orarinsson, T. L. (2016). Migration and wintering of a declin-
ing seabird, the thick-billed murre Uria lomvia, on an ocean
basin scale: Conservation implications. Biological Conservation,
200, 26–35. https://doi.org/10.1016/j.biocon.2016.05.011

Frederiksen, M., Moe, B., Daunt, F., Phillips, R. A., Barrett, R. T.,
Bogdanova, M. I., Boulinier, T., Chardine, J. W., Chastel, O.,
Chivers, L. S., Christensen-Dalsgaard, S., Clément-Chastel, C.,
Colhoun, K., Freeman, R., Gaston, A. J., Gonz�alez-Solís, J.,
Goutte, A., Grémillet, D., Guilford, T., … Anker-Nilssen, T.
(2012). Multicolony tracking reveals the winter distribution of a
pelagic seabird on an ocean basin scale. Diversity and Distribu-
tions, 18(6), 530–542. https://doi.org/10.1111/j.1472-4642.2011.
00864.x

Genovart, M., Arcos, J., Alvarez, D., Mcminn, M., Austin, R.,
Wynn, R., Guilford, T., & Oro, D. (2016). Demography of the
critically endangered Balearic shearwater: The impact of fisher-
ies and time to extinction. Journal of Applied Ecology, 53(4),
1158–1168. https://doi.org/10.1111/1365-2664.12622

Gonz�alez-Solís, J., Riera, J., Dinis, H., De Pina, A., & Militão, T.
(2024). Life history, population dynamics and impacts of cat pre-
dation on an endemic gadfly petrel in Cabo Verde. Endangered
Species Research, 55, 187–203. https://doi.org/10.3354/esr01369

Grémillet, D., & Boulinier, T. (2009). Spatial ecology and conserva-
tion of seabirds facing global climate change: A review. Marine
Ecology Progress Series, 391, 121–137. https://doi.org/10.3354/
meps08212

Grémillet, D., Ponchon, A., Paleczny, M., Palomares, M.-L. D.,
Karpouzi, V., & Pauly, D. (2018). Persisting worldwide seabird-
fishery competition despite seabird community decline. Current
Biology: CB, 28(24), 4009–4013.e2. https://doi.org/10.1016/j.cub.
2018.10.051

Halpern, B. S., Frazier, M., Afflerbach, J., Lowndes, J. S.,
Micheli, F., O'Hara, C., Scarborough, C., & Selkoe, K. A. (2019).
Recent pace of change in human impact on the world's ocean.
Scientific Reports, 9(1), 11609. https://doi.org/10.1038/s41598-
019-47201-9

Hazen, E. L., Abrahms, B., Brodie, S., Carroll, G., Jacox, M. G.,
Savoca, M. S., Scales, K. L., Sydeman, W. J., & Bograd, S. J.
(2019). Marine top predators as climate and ecosystem senti-
nels. Frontiers in Ecology and the Environment, 17(10), 565–574.
https://doi.org/10.1002/fee.2125

HBW Alive. (2023). Handbook of the birds of the world alive. https://
birdsoftheworld.org/bow/home

Hilton, G., & Cuthbert, R. (2010). The catastrophic impact of inva-
sive mammalian predators on birds of the UK overseas terri-
tories: A review and synthesis. Ibis, 152, 443–458. https://doi.
org/10.1111/j.1474-919X.2010.01031.x

Holmes, N., Buxton, R., Jones, H., Méndez S�anchez, F., Russell, J.,
Spatz, D., & Samaniego-Herrera, A. (2023). Biosecurity, control,
and eradication of invasive species threats. In L. Young & E.
VanderWerf (Eds.), Conservation of marine birds (pp. 403–438).
Academic Press. https://doi.org/10.1016/B978-0-323-88539-3.
00019-4

Hovinen, J. E. H., Welcker, J., Descamps, S., Strøm, H., Jerstad, K.,
Berge, J., & Steen, H. (2014). Climate warming decreases the
survival of the little auk (Alle alle), a high Arctic avian predator.
Ecology and Evolution, 4(15), 3127–3138. https://doi.org/10.
1002/ece3.1160

Hufthammer, A. K., & Hufthammer, K. O. (2022). The great auk in
Norway: From common to locally extinct. International Journal
of Osteoarchaeology, 33, oa.3161. https://doi.org/10.1002/oa.
3161

IUCN. (2023). The IUCN Red List of Threatened Species. IUCN Red
List of Threatened Species. https://www.iucnredlist.org/en

Jones, C. W., Risi, M. M., Osborne, A. M., Ryan, P. G., & Oppel, S.
(2021). Mouse eradication is required to prevent local extinc-
tion of an endangered seabird on an oceanic Island. Animal
Conservation, 24(4), 637–645. https://doi.org/10.1111/acv.12670

Jones, H. P., Holmes, N. D., Butchart, S. H. M., Tershy, B. R.,
Kappes, P. J., Corkery, I., Aguirre-Muñoz, A., Armstrong, D. P.,
Bonnaud, E., Burbidge, A. A., Campbell, K., Courchamp, F.,
Cowan, P. E., Cuthbert, R. J., Ebbert, S., Genovesi, P.,
Howald, G. R., Keitt, B. S., Kress, S. W., … Croll, D. A. (2016).
Invasive mammal eradication on islands results in substantial
conservation gains. Proceedings of the National Academy of Sci-
ences of the United States of America, 113(15), 4033–4038.
https://doi.org/10.1073/pnas.1521179113

Jones, H. P., Tershy, B. R., Zavaleta, E. S., Croll, D. A., Keitt, B. S.,
Finkelstein, M. E., & Howald, G. R. (2008). Severity of the
effects of invasive rats on seabirds: A global review. Conserva-
tion Biology, 22(1), 16–26. https://doi.org/10.1111/j.1523-1739.
2007.00859.x

Kier, G., Kreft, H., Lee, T., Jetz, W., Ibisch, P., Nowicki, C.,
Mutke, J., & Barthlott, W. (2009). A global assessment of ende-
mism and species richness across Island and mainland regions.
Proceedings of the National Academy of Sciences of the
United States of America, 106, 9322–9327. https://doi.org/10.
1073/pnas.0810306106

Kuiken, T., Vanstreels, R. E. T., Banyard, A., Begeman, L.,
Breed, A. C., Dewar, M., Fijn, R., Serafini, P. P., Uhart, M., &
Wille, M. (2025). Emergence, spread, and impact of high-
pathogenicity avian influenza H5 in wild birds and mammals
of South America and Antarctica. Conservation Biology, 40,
e70052. https://doi.org/10.1111/cobi.70052

Lane, J. V., Jeglinski, J. W. E., Avery-Gomm, S., Ballstaedt, E.,
Banyard, A. C., Barychka, T., Brown, I. H., Brugger, B.,
Burt, T. V., Careen, N., Castenschiold, J. H. F., Christensen-
Dalsgaard, S., Clifford, S., Collins, S. M., Cunningham, E.,
Danielsen, J., Daunt, F., D'entremont, K. J. N., Doiron, P., …
Votier, S. C. (2024). High pathogenicity avian influenza (H5N1)
in northern gannets (Morus bassanus): Global spread, clinical
signs and demographic consequences. Ibis, 166(2), 633–650.
https://doi.org/10.1111/ibi.13275

Madeiros, J., Carlile, N., & Priddel, D. (2012). Breeding biology and
population increase of the endangered Bermuda petrel Ptero-
droma cahow. Bird Conservation International, 22(1), 35–45.
https://doi.org/10.1017/S0959270911000396

Mauck, R. A., Dearborn, D. C., & Huntington, C. E. (2018). Annual
global mean temperature explains reproductive success in a
marine vertebrate from 1955 to 2010. Global Change Biology,
24(4), 1599–1613. https://doi.org/10.1111/gcb.13982

McPhail, G. M., Collins, S. M., Burt, T. V., Careen, N. G.,
Doiron, P. B., Avery-Gomm, S., Barychka, T., English, M. D.,
Giacinti, J. A., Jones, M. E. B., Provencher, J. F., Soos, C.,
Ward, C. R. E., Duffy, S., Wilhelm, S. I., Wight, J., Rahman, I.,
Hargan, K. E., Lang, A. S., & Montevecchi, W. A. (2024). Geo-
graphic, ecological, and temporal patterns of seabird mortality

14 of 16 KALAITZAKIS ET AL.

 25784854, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.70249 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [18/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.biocon.2016.05.011
https://doi.org/10.1111/j.1472-4642.2011.00864.x
https://doi.org/10.1111/j.1472-4642.2011.00864.x
https://doi.org/10.1111/1365-2664.12622
https://doi.org/10.3354/esr01369
https://doi.org/10.3354/meps08212
https://doi.org/10.3354/meps08212
https://doi.org/10.1016/j.cub.2018.10.051
https://doi.org/10.1016/j.cub.2018.10.051
https://doi.org/10.1038/s41598-019-47201-9
https://doi.org/10.1038/s41598-019-47201-9
https://doi.org/10.1002/fee.2125
https://birdsoftheworld.org/bow/home
https://birdsoftheworld.org/bow/home
https://doi.org/10.1111/j.1474-919X.2010.01031.x
https://doi.org/10.1111/j.1474-919X.2010.01031.x
https://doi.org/10.1016/B978-0-323-88539-3.00019-4
https://doi.org/10.1016/B978-0-323-88539-3.00019-4
https://doi.org/10.1002/ece3.1160
https://doi.org/10.1002/ece3.1160
https://doi.org/10.1002/oa.3161
https://doi.org/10.1002/oa.3161
https://www.iucnredlist.org/en
https://doi.org/10.1111/acv.12670
https://doi.org/10.1073/pnas.1521179113
https://doi.org/10.1111/j.1523-1739.2007.00859.x
https://doi.org/10.1111/j.1523-1739.2007.00859.x
https://doi.org/10.1073/pnas.0810306106
https://doi.org/10.1073/pnas.0810306106
https://doi.org/10.1111/cobi.70052
https://doi.org/10.1111/ibi.13275
https://doi.org/10.1017/S0959270911000396
https://doi.org/10.1111/gcb.13982


during the 2022 HPAI H5N1 outbreak on the Island of New-
foundland. 103, 1–12. Canadian Journal of Zoology. https://doi.
org/10.1139/cjz-2024-0012

Merkel, F., Boertmann, D., Falk, K., Frederiksen, M., Johansen, K.,
Labansen, A. L., Linnebjerg, J. F., Mosbech, A., & Sonne, C.
(2016). Why is the last thick-billed Murre Uria lomvia colony in
central West Greenland heading for extinction? Bird Conserva-
tion International, 26(2), 177–191. https://doi.org/10.1017/
S0959270915000040

Monteiro, L. R., Ramos, J. A., & Furness, R. W. (1996). Past and
present status and conservation of the seabirds breeding in the
Azores archipelago. Biological Conservation, 78(3), 319–328.
https://doi.org/10.1016/S0006-3207(96)00037-7

Mosbech, A., Johansen, K. L., Davidson, T. A., Appelt, M.,
Grønnow, B., Cuyler, C., Lyngs, P., & Flora, J. (2018). On the
crucial importance of a small bird: The ecosystem services of
the little auk (Alle alle) population in Northwest Greenland in
a long-term perspective. Ambio, 47(2), 226–243. https://doi.org/
10.1007/s13280-018-1035-x

Mulder, C., Anderson, W., Towns, D., & Bellingham, P. (Eds.).
(2011). Seabird islands: Ecology, invasion, and restoration.
Oxford University Press.

O'Hanlon, N. J., Johnston, D. T., Cook, A. S. C. P.,
Robinson, R. A., & Humphreys, E. M. (2023). A crowded ocean:
The need for demographic and movement data in seabird con-
servation. Ocean & Coastal Management, 244, 106833. https://
doi.org/10.1016/j.ocecoaman.2023.106833

Olson, S. L. (1975). Paleornithology of St. Helena Island, South
Atlantic Ocean. http://repository.si.edu/xmlui/handle/10088/
1952

Oppel, S., Clark, B. L., Risi, M. M., Horswill, C., Converse, S. J.,
Jones, C. W., Osborne, A. M., Stevens, K., Perold, V.,
Bond, A. L., Wanless, R. M., Cuthbert, R., Cooper, J., &
Ryan, P. G. (2022). Cryptic population decrease due to invasive
species predation in a long-lived seabird supports need for erad-
ication. Journal of Applied Ecology, 59(8), 2059–2070. https://
doi.org/10.1111/1365-2664.14218

Oro, D., Pérez-Rodríguez, A., Martínez-Vilalta, A., Bertolero, A.,
Vidal, F., & Genovart, M. (2009). Interference competition in a
threatened seabird community: A paradox for a successful con-
servation. Biological Conservation, 142(8), 1830–1835. https://
doi.org/10.1016/j.biocon.2009.03.023

Parsons, M., Mitchell, I., Butler, A., Ratcliffe, N., Frederiksen, M.,
Foster, S., & Reid, J. B. (2008). Seabirds as indicators of the
marine environment. ICES Journal of Marine Science, 65(8),
1520–1526. https://doi.org/10.1093/icesjms/fsn155

Phillips, R. A., Fort, J., & Dias, M. P. (2023). Conservation status
and overview of threats to seabirds. In L. Young & E. Vander-
Werf (Eds.), Conservation of marine birds (pp. 33–56). Academic
Press. https://doi.org/10.1016/B978-0-323-88539-3.00015-7

Phillips, R. A., Fox, E., Crawford, R., Prince, S., & Yates, O. (2024).
Incidental mortality of seabirds in trawl fisheries: A global
review. Biological Conservation, 296, 110720. https://doi.org/10.
1016/j.biocon.2024.110720

Phillips, R. A., Gales, R., Baker, G. B., Double, M. C., Favero, M.,
Quintana, F., Tasker, M. L., Weimerskirch, H., Uhart, M., &
Wolfaardt, A. (2016). The conservation status and priorities for
albatrosses and large petrels. Biological Conservation, 201, 169–
183. https://doi.org/10.1016/j.biocon.2016.06.017

Portolou, D., Fric, J., Evangelidis, A., Latsoudis, P., &
Papaconstantinou, C. (2022). Seabirds of the Aegean. In C. L.
Anagnostou, A. G. Kostianoy, I. D. Mariolakos, P. Panayotidis,
M. Soilemezidou, & G. Tsaltas (Eds.), The Aegean Sea environ-
ment. The handbook of environmental chemistry (pp. 1–36).
Springer. https://doi.org/10.1007/698_2022_905

Raine, A., Gjerdrum, C., Pratte, I., Madeiros, J., Felis, J., &
Adams, J. (2021). Marine distribution and foraging habitat
highlight potential threats at sea for the endangered Bermuda
petrel Pterodroma cahow. Endangered Species Research, 45,
337–356. https://doi.org/10.3354/esr01139

Ramirez, I., Mitchell, D., Vulcano, A., Rouxel, Y., Marchowski, D.,
Almeida, A., Arcos, J. M., Cortes, V., Lange, G., Mork�unas, J.,
Oliveira, N., & Paiva, V. H. (2024). Seabird bycatch in
European waters. Animal Conservation, 27, acv.12948. https://
doi.org/10.1111/acv.12948

Ratcliffe, N., Bell, M., Pelembe, T., Boyle, D., Benjamin, R.,
White, R., Godley, B., Stevenson, J., & Sanders, S. (2010). The
eradication of feral cats from Ascension Island and its subse-
quent recolonization by seabirds. Oryx, 44(1), 20–29. https://
doi.org/10.1017/S003060530999069X

Rayner, M. J., Hauber, M. E., Imber, M. J., Stamp, R. K., &
Clout, M. N. (2007). Spatial heterogeneity of mesopredator
release within an oceanic Island system. Proceedings of the
National Academy of Sciences, 104(52), 20862–20865. https://
doi.org/10.1073/pnas.0707414105

Rodríguez, A., Arcos, J. M., Bretagnolle, V., Dias, M. P., Holmes, N. D.,
Louzao, M., Provencher, J. F., Raine, A. F., Ramírez, F.,
Rodríguez, B., Ronconi, R. A., Taylor, R. S., Bonnaud, E.,
Borrelle, S. B., Cortés, V., Descamps, S., Friesen, V. L.,
Genovart, M., Hedd, A., … Chiaradia, A. (2019). Future directions
in conservation research on petrels and shearwaters. Frontiers in
Marine Science, 6, 94. https://doi.org/10.3389/fmars.2019.00094

Rodriguez, B., Rodriguez, A., Siverio, F., Martinez, J. M.,
Sacramento, E., & Acosta, Y. (2022). Introduced predators and
nest competitors shape distribution and breeding performance
of seabirds: Feral pigeons as a new threat. Biological Invasions,
24(6), 1561–1573. https://doi.org/10.1007/s10530-022-02746-1

Rouyer, M.-M. (2025). Bridging science, policy and society to inform
marine conservation at an ocean basin scale: A case study of
marine protected areas and seabirds in the Atlantic (PhD thesis).
University of Montpellier.

Rouyer, M.-M., Carneiro, A. P. B., Clark, B. L., Davies, T. E.,
Rodrigues, A. S. L., & Dias, M. P. (2025). A dataset on the popu-
lation sizes of Atlantic highly-mobile seabirds (Version V1)
[Dataset]. https://doi.org/10.5281/zenodo.14228381

RSPB. (2023). Gough Island Restoration Programme Conservation
Project. The RSPB. https://www.rspb.org.uk/our-work/
conservation/projects/gough-island-restoration-programme/

Semedo, G., Paiva, V. H., Militão, T., Rodrigues, I., Dinis, H. A.,
Pereira, J., Matos, D., Ceia, F. R., Almeida, N. M., Geraldes, P.,
Saldanha, S., Barbosa, N., Hern�andez-Montero, M.,
Fernandes, C., Gonz�alez-S�olis, J., & Ramos, J. A. (2021). Distri-
bution, abundance, and on-land threats to Cabo Verde seabirds.
Bird Conservation International, 31(1), 53–76. https://doi.org/
10.1017/S0959270920000428

Sherman, K. (2001). Large marine ecosystems. In J. H. Steele (Ed.),
Encyclopedia of ocean sciences (pp. 1462–1469). Academic Press.
https://doi.org/10.1006/rwos.2001.0292

KALAITZAKIS ET AL. 15 of 16

 25784854, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.70249 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [18/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1139/cjz-2024-0012
https://doi.org/10.1139/cjz-2024-0012
https://doi.org/10.1017/S0959270915000040
https://doi.org/10.1017/S0959270915000040
https://doi.org/10.1016/S0006-3207(96)00037-7
https://doi.org/10.1007/s13280-018-1035-x
https://doi.org/10.1007/s13280-018-1035-x
https://doi.org/10.1016/j.ocecoaman.2023.106833
https://doi.org/10.1016/j.ocecoaman.2023.106833
http://repository.si.edu/xmlui/handle/10088/1952
http://repository.si.edu/xmlui/handle/10088/1952
https://doi.org/10.1111/1365-2664.14218
https://doi.org/10.1111/1365-2664.14218
https://doi.org/10.1016/j.biocon.2009.03.023
https://doi.org/10.1016/j.biocon.2009.03.023
https://doi.org/10.1093/icesjms/fsn155
https://doi.org/10.1016/B978-0-323-88539-3.00015-7
https://doi.org/10.1016/j.biocon.2024.110720
https://doi.org/10.1016/j.biocon.2024.110720
https://doi.org/10.1016/j.biocon.2016.06.017
https://doi.org/10.1007/698_2022_905
https://doi.org/10.3354/esr01139
https://doi.org/10.1111/acv.12948
https://doi.org/10.1111/acv.12948
https://doi.org/10.1017/S003060530999069X
https://doi.org/10.1017/S003060530999069X
https://doi.org/10.1073/pnas.0707414105
https://doi.org/10.1073/pnas.0707414105
https://doi.org/10.3389/fmars.2019.00094
https://doi.org/10.1007/s10530-022-02746-1
https://doi.org/10.5281/zenodo.14228381
https://www.rspb.org.uk/our-work/conservation/projects/gough-island-restoration-programme/
https://www.rspb.org.uk/our-work/conservation/projects/gough-island-restoration-programme/
https://doi.org/10.1017/S0959270920000428
https://doi.org/10.1017/S0959270920000428
https://doi.org/10.1006/rwos.2001.0292


Sherman, K., & Alexander, L. (1986). Variability and management
of large marine ecosystems. Westview Press. https://www.osti.
gov/biblio/6958679

Spatz, D. R., Newton, K. M., Heinz, R., Tershy, B., Holmes, N. D.,
Butchart, S. H. M., & Croll, D. A. (2014). The biogeography of
globally threatened seabirds and Island conservation opportu-
nities. Conservation Biology, 28(5), 1282–1290. https://doi.org/
10.1111/cobi.12279

Sydeman, W. J., Thompson, S. A., & Kitaysky, A. (2012). Seabirds
and climate change: Roadmap for the future. Marine Ecology
Progress Series, 454, 107–118. https://doi.org/10.3354/
meps09806

Szabo, J. K., Khwaja, N., Garnett, S. T., & Butchart, S. H. M. (2012).
Global patterns and drivers of avian extinctions at the species
and subspecies level. PLoS One, 7(10), e47080. https://doi.org/
10.1371/journal.pone.0047080

Thibault, M., Houlbrèque, F., Lorrain, A., & Vidal, E. (2019). Sea-
birds: Sentinels beyond the oceans. Science, 366(6467), 813.
https://doi.org/10.1126/science.aaz7665

Ventura, F., Stanworth, A., Crofts, S., Kuepfer, A., & Catry, P.
(2023). Local-scale impacts of extreme events drive demo-
graphic asynchrony in neighbouring top predator populations.
Biology Letters, 19(2), 20220408. https://doi.org/10.1098/rsbl.
2022.0408

Von Holle, B., Irish, J. L., Spivy, A., Weishampel, J. F., Meylan, A.,
Godfrey, M. H., Dodd, M., Schweitzer, S. H., Keyes, T.,
Sanders, F., Chaplin, M. K., & Taylor, N. R. (2019). Effects of
future sea level rise on coastal habitat. The Journal of Wildlife
Management, 83(3), 694–704. https://doi.org/10.1002/jwmg.
21633

Votier, S. C., Sherley, R. B., Scales, K. L., Camphuysen, K., &
Phillips, R. A. (2023). An overview of the impacts of fishing on
seabirds, including identifying future research directions. ICES

Journal of Marine Science, 80(9), 2380–2392. https://doi.org/10.
1093/icesjms/fsad173

Wanless, R. M., Ratcliffe, N., Angel, A., Bowie, B. C., Cita, K.,
Hilton, G. M., Kritzinger, P., Ryan, P. G., & Slabber, M. (2012).
Predation of Atlantic petrel chicks by house mice on Gough
Island. Animal Conservation, 15(5), 472–479. https://doi.org/10.
1111/j.1469-1795.2012.00534.x

Zavaleta, E. S., Hobbs, R. J., & Mooney, H. A. (2001). Viewing inva-
sive species removal in a whole-ecosystem context. Trends in
Ecology & Evolution, 16(8), 454–459. https://doi.org/10.1016/
S0169-5347(01)02194-2

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Kalaitzakis, I.,
Rodrigues, A. S. L., Dias, M. P., Davies, T. E.,
Baran, M. A., Bhola, N., Boulinier, T., Bried, J.,
Campioni, L., Ceia, F. R., De Pascalis, F.,
Dehnhard, N., Fagundes, A. I., Gilg, O.,
Gonz�alez-Solís, J., Grémillet, D.,
Hern�andez-Montero, M., Krüger, L., Kuepfer, A., …
Rouyer, M.-M. (2026). Assessment of land-based
threats to Atlantic pelagic seabirds. Conservation
Science and Practice, e70249. https://doi.org/10.
1111/csp2.70249

16 of 16 KALAITZAKIS ET AL.

 25784854, 0, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.70249 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [18/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.osti.gov/biblio/6958679
https://www.osti.gov/biblio/6958679
https://doi.org/10.1111/cobi.12279
https://doi.org/10.1111/cobi.12279
https://doi.org/10.3354/meps09806
https://doi.org/10.3354/meps09806
https://doi.org/10.1371/journal.pone.0047080
https://doi.org/10.1371/journal.pone.0047080
https://doi.org/10.1126/science.aaz7665
https://doi.org/10.1098/rsbl.2022.0408
https://doi.org/10.1098/rsbl.2022.0408
https://doi.org/10.1002/jwmg.21633
https://doi.org/10.1002/jwmg.21633
https://doi.org/10.1093/icesjms/fsad173
https://doi.org/10.1093/icesjms/fsad173
https://doi.org/10.1111/j.1469-1795.2012.00534.x
https://doi.org/10.1111/j.1469-1795.2012.00534.x
https://doi.org/10.1016/S0169-5347(01)02194-2
https://doi.org/10.1016/S0169-5347(01)02194-2
https://doi.org/10.1111/csp2.70249
https://doi.org/10.1111/csp2.70249

	Assessment of land‐based threats to Atlantic pelagic seabirds
	Abstract
	1  |  INTRODUCTION
	2  |  MATERIALS AND METHODS
	2.1  |  Study area
	2.2  |  Species and populations
	2.3  |  Threats
	2.4  |  Review of threats per population
	2.5  |  Characterizing the impacts of threats

	3  |  RESULTS
	3.1  |  Dataset on land‐based threats
	3.2  |  Impact across threats and LMEs
	3.3  |  Cumulative impact on species across LMEs
	3.4  |  Average impact on species across LMEs
	3.5  |  Management priorities

	4  |  DISCUSSION
	4.1  |  A new dataset on land‐based threats to highly mobile Atlantic seabirds, and its limitations
	4.2  |  Most impactful ongoing threats
	4.3  |  Most impacted LMEs
	4.4  |  Management priorities

	5  |  CONCLUSION
	AUTHOR CONTRIBUTIONS
	AFFILIATIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


