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A B S T R A C T

Knowing the spatial scales at which effective management can be implemented is fundamental for conservation
planning. This is especially important for mobile species, which can be exposed to threats across large areas, but
the space use requirements of different species can vary to an extent that might render some management
approaches inefficient. Here the space use patterns of seabirds were examined to provide guidance on whether
conservation management approaches should be tailored for taxonomic groups with different movement char-
acteristics. Seabird tracking data were synthesised from 5419 adult breeding individuals of 52 species in ten
families that were collected in the Atlantic Ocean basin between 1998 and 2017. Two key aspects of spatial
distribution were quantified, namely how far seabirds ranged from their colony, and to what extent individuals
from the same colony used the same areas at sea. There was evidence for substantial differences in patterns of
space-use among the ten studied seabird families, indicating that several alternative conservation management
approaches are needed. Several species exhibited large foraging ranges and little aggregation at sea, indicating
that area-based conservation solutions would have to be extremely large to adequately protect such species. The
results highlight that short-ranging and aggregating species such as cormorants, auks, some penguins, and gulls
would benefit from conservation approaches at relatively small spatial scales during their breeding season.
However, improved regulation of fisheries, bycatch, pollution and other threats over large spatial scales will be
needed for wide-ranging and dispersed species such as albatrosses, petrels, storm petrels and frigatebirds.

1. Introduction

Decision makers often have to select among a suite of management
actions that might benefit a given species, and management options can
range from small-scale solutions that protect a local area from outside
disturbance or destruction, to large-scale or global actions that regulate
human activities which are considered detrimental. In the marine
realm, the unambiguous delineation of important areas for the protec-
tion of biodiversity is complicated by the lack of obvious habitat
boundaries [1–3], and in many cases the spatial scale of marine pro-
tected areas is inadequate to fully protect the species of interest [4,5].
Selecting the most appropriate conservation management option will
therefore benefit from accurate knowledge about the spatial scale at
which management is required to protect highly mobile species [6].

Seabirds are distributed across all of the world’s oceans and adjacent
coastlines and islands [7,8]. They face multiple threats on land and at
sea, and are more threatened than other groups of birds [9–11]. Be-
cause many seabirds feed on fish and are near the apex of the marine
food chain, they are useful indicator species for the health of the marine
environment and for marine spatial planning [12–14]. To protect sea-
birds at sea it is essential to understand their spatial distribution and
potential exposure to anthropogenic threats. During the breeding
season, seabirds are constrained to marine areas which they can reach
from their nest while maintaining parental duties of incubating eggs or
feeding chicks. The areas exploited during the breeding season are
therefore important for the persistence of populations, and may be
more feasible to manage than areas used during other life stages.
However, some seabird species can travel thousands of kilometres even
during the breeding season [e.g. 8,15,16], and the spatial scale of ap-
propriate management may therefore vary.

Currently available approaches for seabird conservation at sea can
be implemented across a range of spatial scales and within a variety of
regulatory frameworks [5,17]. Area-based management approaches
such as marine protected areas can be based on a broad variety of
management frameworks that range from complete protection from all
extractive and destructive activities (‘marine reserves’) to multiple use
areas that permit and regulate economic activity [18–20]. For seabirds,
area-based measures range from the protection of breeding colonies at
the very local scale, to marine foraging areas around colonies and

further offshore where significant seabird concentrations occur
[21–23]. At larger spatial scales, additional conservation management
options exist for seabirds that are not based on the protection of a
specific area [17]. For example, regulations that reduce or eliminate the
incidental mortality (bycatch) of seabirds in industrial or artisanal
fishing operations [11,24,25], or regulations that limit the extraction of
food resources [26,27], can be implemented across all spatial scales and
may therefore mitigate key threats to widely dispersed species [28–30].
Deciding which of these policy instruments may be most appropriate
for a given seabird species of conservation concern can be informed by
a better understanding of the species’ broad spatial distribution and
aggregation patterns.

The distribution of seabird species was often inferred from ob-
servations at sea, until the development of small tracking devices in
recent decades [31–33]. By 2017, more than 100 of the 360 species of
seabirds had been equipped with tracking devices [34]; hence, suffi-
cient seabird tracking data exist on the spatial scales of foraging to
inform effective management at a broad taxonomic level [6,35,36]. To
synthesize the existing information for management planning, two
complementary aspects of seabird distribution patterns are particularly
important, albeit not entirely independent: (1) the distance a species
travels and the size of the marine area that birds of a given colony
exploit; and (2) to what extent individuals of the same colony use the
same areas at sea, which is referred to as 'spatial aggregation'. Even very
mobile species can show high spatial aggregation at sea, and areas in
which they congregate may be in national or international waters de-
pending on the distance the birds travel from the colony [37,38]. Here,
seabird space-use with respect to these two aspects is quantified to
indicate appropriate spatial scales for conservation management of
breeding seabirds at the family level.

Existing tracking data from 52 species of ten different families col-
lected in the Atlantic Ocean basin over the past two decades were used.
These data were analysed with previously established methods
[1,39,40] to quantify the broad space-use requirements and spatial
aggregation patterns of adult seabirds during the breeding season, and
variation among families was tested. This approach allowed an as-
sessment of whether the patterns of taxonomically coherent groups of
species are sufficiently consistent to provide guidance for marine
management.
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