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Abstract

The Convention on Biological Diversity aspires to designate 10% of the global oceans as
Marine Protected Areas (MPAs), but so far few MPAs protect pelagic species in the high
seas. Transparent scientific approaches are needed to ensure that these encompass areas with
high biodiversity value. Here we used the distribution of all globally threatened seabirds
breeding in a centrally located archipelago (Tristan da Cunha) to provide guidance on where
MPAs could be established in the South Atlantic Ocean. We combined year-round tracking

data from six species, and used the systematic conservation-planning tool Zonation to
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delineate areas that would protect the largest proportion of each population. The areas used
most intensively varied among species and seasons. Combining the sites used by all six
species suggested that the most important areas of the South Atlantic are located south of
South Africa, around the central South Atlantic between 30°S and 55°S, and near South
America. There was no overlap between the identified areas and any of the existing MPAs in
the South Atlantic. The conservation of these highly mobile pelagic species cannot be

achieved by single countries, but requires a multi-national approach at an ocean-basin scale.

Keywords: Important Bird and Biodiversity Areas; Marine Protected Areas; Seabirds;

Threatened species; Tristan da Cunha

1. Introduction

The designation of Marine Protected Areas (MPAs) is an important mechanism to conserve
marine areas of biological importance (Game et al. 2009). In 2016, MPAs covered 5.6% of
the global ocean surface (Boonzaier and Pauly 2016; Juffe-Bignoli et al. 2014), which
remains substantially less than the 10% envisioned by the Convention on Biological Diversity
by 2020 (CBD 2010). Most existing MPAs are in near-shore waters, and there are very few
MPAs s to protect the diverse pelagic ecosystems of the world (Game et al. 2009). Many of the
world’s most charismatic animals such as marine mammals, seabirds, turtles, sharks, and tuna
inhabit pelagic ecosystems. Because these species often face a diverse range of pressures due
to their extensive movements (Croxall et al. 2012; Tuck et al. 2003; Zydelis et al. 2009),
many pelagic species are now highly threatened, and there is a critical need to identify and
designate an effective global network of pelagic MPAs to protect these species and the food
webs on which they depend.

The processes by which MPAs are identified, designated, and enforced are complex
(Game et al. 2010; Hobday et al. 2014; Kaplan et al. 2010). The approaches differ
enormously depending on whether MPAs are designated opportunistically, if their location is
based on strict scientific criteria that aim to maximise biodiversity benefits (BirdLife
International 2010; Jessen et al. 2011; Smith et al. 2014), or whether the social and economic
costs are considered in the site selection process (Ban 2009; Mazor et al. 2014). Due to the

commitment of many national governments to protect a certain proportion of the marine area
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within their jurisdiction, there is the risk that large MPAs are designated that fail to meet
scientific principles of systematic conservation planning (Barr and Possingham 2013;
Devillers et al. 2014). To avoid the protection of large marine areas that are of comparatively
low biodiversity value and do not adequately represent the full range of marine ecosystems, it
is fundamental that identification of MPAs is based on transparent scientific approaches

(Fernandes et al. 2005; Gleason et al. 2010; Klein et al. 2009).

Many species depending on pelagic ecosystems can travel large distances (Block et al.
2011). However, long-term studies have revealed considerable site fidelity or consistent use
of well-defined habitats for many species or populations, despite their mobility (Arthur et al.
2015; Dias et al. 2011; Wakefield et al. 2015). Sites and habitats used persistently by multiple
species or populations would be suitable candidates for enhanced management or protection
as an MPA (Lascelles et al. 2014). Understanding the spatial distribution of pelagic species is
therefore crucial for the identification of sites with high biodiversity value; however, due to
the logistical difficulties in sampling pelagic areas, our knowledge of site use by many
marine animals is comparatively poor. The movements and distribution of large and
charismatic mega-fauna, including marine mammals or seabirds, is much better understood
than that of invertebrates and most fish (Chown et al. 1998; Mora et al. 2008; Tittensor et al.
2010). Moreover, seabirds can act as umbrella species and represent the spatial distribution of
diverse organisms at lower trophic levels (Aslan et al. 2015; Williams et al. 2014). By
considering seabirds as a surrogate group representing wider marine biodiversity, robust
analyses of their spatial distribution should therefore avoid the designation of MPAs in areas

of low biodiversity value.

The South Atlantic Ocean is a globally important ecosystem with a high diversity of
seabirds, fish, and marine mammals (Trebilco et al. 2011; Williams et al. 2014), but has a
relatively poor coverage of MPAs, despite demonstrated high biodiversity especially around
the Falkland Islands (Juffe-Bignoli et al. 2014), and off the coast of South America (Ramos et
al. 2016; Tancell et al. 2016; Yorio 2009) and southern Africa (Ludynia et al. 2012). Given
its global importance for pelagic biodiversity, delineating MPAs using objective criteria
based on umbrella species would fill a critical gap in terms of conservation. Here we use a
unique dataset covering the year-round distribution of all globally threatened seabirds
breeding in a centrally located archipelago in the South Atlantic (Tristan da Cunha) to fill this
critical data gap and provide guidance on where potential MPAs could be established in the

region. The seabird community of Tristan da Cunha represents a variety of trophic levels and
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foraging guilds, and the spatial distributions of several of the larger species have been studied
using various tracking devices (Cuthbert et al. 2005; Reid et al. 2014; Reid et al. 2013). We
combined the tracking data from this pelagic guild to determine which areas are likely to be

the most important for these and other pelagic species in the central South Atlantic Ocean.

Our main objectives were to quantify the use of distinct areas in the South Atlantic by
six seabird species, and delineate areas that are used consistently by a large proportion of
each population. We used international criteria and thresholds for Important Bird and
Biodiversity Areas (IBAs) (BirdLife International 2010; Lascelles et al. 2016) to
systematically identify areas of particular conservation relevance. Such areas could contribute
to the establishment of a network of pelagic MPAs in the South Atlantic Ocean. This study is
one of the few approaches to date to assess the combined use of pelagic areas by a suite of
marine top predators (Delord et al. 2014; Le Corre et al. 2012; Tancell et al. 2016), and the

first combining year-round data for all threatened seabirds breeding in a single island group.

2. Methods

2.1. Study area

The Tristan da Cunha archipelago consists of four major islands, separated by 20 - 400 km:
Inaccessible (37°18°S, 12°39°W; 14 km?), Nightingale (37°25°S, 12°29°W; 4 km?), Gough
(40°18’S, 9°57°W; 65 km?) and Tristan da Cunha (37°07°S, 12°16°W; 96 km?), the only
island with a permanent human population. These four islands host colonies of 25 seabird
species, of which six are globally threatened. Four of these species breed exclusively in the
Tristan da Cunha archipelago (Tristan Albatross Diomedea dabbenena, Atlantic Yellow-
nosed Albatross Thalassarche chlororhynchos, Spectacled Petrel Procellaria conspicillata,

Atlantic Petrel Pterodroma incerta).

For the purpose of our spatial marine prioritization, we defined our study area in the South

Atlantic Ocean from 12° S to 80° S, and from 65° W to 35° E.
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2.2. Tracking data

We compiled the available tracking data for all six globally threatened seabird species
(Critically Endangered - CR, Endangered — EN or Vulnerable - VU) that breed in the Tristan
da Cunha archipelago: Tristan Albatross (CR), Sooty Albatross Phoebetria fusca (EN),
Atlantic Yellow-nosed Albatross (EN), Spectacled Petrel (VU), Atlantic Petrel (EN), and
Northern Rockhopper Penguin Eudyptes moseleyi (EN). Most species were tracked during
their breeding and non-breeding seasons from their major colonies between 2000 and 2013
on Gough and Inaccessible islands; some of these data were used in previous studies focusing
on individual species (Cuthbert et al. 2005; Reid et al. 2014; Reid et al. 2013). However,
Northern Rockhopper Penguins were only tracked during the non-breeding season. All 380
tracks of adult birds were obtained from colonies holding a significant proportion of the
world population (> 5%; Table 1). Of these tracks, 231 were collected with satellite
transmitters (Platform Terminal Transmitters, PTTs), and 149 with Global Location Sensor
(GLS) devices, providing a total of 70,786 bird locations. Locations collected with PTTs
were filtered using the R package “argosfilter” and then interpolated to obtain hourly
positions. GLS data were processed following the procedures described in detail by Phillips
et al. (2004).

2.3. Identification of marine Important Bird and Biodiversity Areas (IBAs) for each

species and season

An Important Bird and Biodiversity Area (IBA) is defined as a site known to regularly hold
significant numbers of a globally threatened species, or a site that supports >1% of the global
population of a congregatory seabird species (i.e., at least 20% of a colony with more than
5% of the world population; Fishpool and Evants 2001; Lascelles et al. 2016). We analysed
each dataset following the procedures developed by BirdLife International to identify marine
IBAs using seabird tracking data (BirdLife International 2010; Lascelles et al. 2016). Many
seabirds are known to use different areas at sea during different stages of their annual cycle,
and the identification of IBAs generally benefits from analysing data separately for breeding
and non-breeding seasons (Lascelles et al. 2016). However, because the six species in this
study do not breed synchronously (Fig. A1), yet the management of MPAs requires the
identification of areas that are important at certain times of the year, we split the data from

each breeding population (species-island combination) into four seasons, defined by calendar
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months rather than the breeding cycle. This approach allowed us to identify areas that are
important for multiple species at the same time of year, and facilitates the integration of the
results in dynamic management plans that consider seasonal use. We defined four seasons
corresponding to four quarters of the year, and use the terms 'summer' (January - March),
'autumn' (April - June), 'winter' (July - September), and 'spring' (October - December)

throughout this paper.

For each population and season we calculated the 50% kernel utilisation distribution
of all individual tracks (likely corresponding to their core foraging areas; e.g. Wood et al.
2000), using the scale of interaction of the birds with the environment as estimated by first
passage time analysis (Fauchald and Tveraa 2003) as a smoothing factor. We then quantified
the number of overlapping core foraging ranges across all tracked individuals from each
breeding population in each 0.2 x 0.2° grid cell, and identified the sites used by >20% of the
tracked birds (following a conservative approach due to the limited number of individuals of
each species tracked in each year; see Lascelles et al. 2016). Core foraging ranges of birds
tracked with GLS were estimated using a smoothing factor of 180 km due to the spatial error
of the geolocation method (Phillips et al. 2004), and the resulting sites were cropped (90 km
inner buffer), to avoid overestimation of areas due to the large kernel radius and the error of

the geolocation method.

When tracking data from multiple years were available (Tristan Albatross and Sooty
Albatross in all seasons, and Atlantic Yellow-nosed Albatross in winter and spring), we
identified important areas for each year separately. Although this approach reduced the
sample size for each annual site identification (Table 1), it allowed us to assess consistency
among years, which is important for understanding the stability of sites over time (Meier et
al. 2015; Robertson et al. 2014; Tancell et al. 2016). In these cases we only considered sites
overlapping in more than one year, unless sample sizes were sufficiently large in any given
year (>30 individual core ranges overlapping). Finally, we calculated the percentage of
overlap between the important areas identified for each species and the Exclusive Economic

Zones (EEZ) of countries surrounding the South Atlantic Ocean.

2.4. ldentification of candidate MPAs across all species and seasons

To identify priority areas for conservation in the South Atlantic, the IBAs identified for each

population and season need to be combined systematically to assess which areas were the
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most important given their frequency of use by each of the target species. We used the sites
identified for each population in each season (see above) in the spatial prioritization
algorithm 'Zonation' (Moilanen 2007; Moilanen et al. 2005), which has been used
successfully in large-scale marine applications to rank areas according to their priority for
conservation (Leathwick et al. 2008; Oppel et al. 2012; Winiarski et al. 2014). The spatial
prioritization is achieved by sequentially removing grid cells from the study area that have
low proportions of usage by a given species in a season, and therefore the lowest
conservation value. The sequential removal also considers proximity of cells to areas of high
conservation priority and therefore results in a spatially constrained set of priority areas
(Moilanen 2007; Moilanen et al. 2005). The approach is designed for use with multiple
species, which adds weight when justifying the designation of a marine reserve (Ainley et al.

2009; Nur et al. 2011).

We used the IBAs identified for six species across four seasons, yielding a total of 22
spatial data layers (no tracking data were available for Northern Rockhopper Penguin in
spring and summer). We explored the use of different weights for each data layer based on
the threat status of each species (CR, EN, or VU), the quality of the dataset (GLS or PTT),
and whether the layer included breeding-season data. However, as the relative weight did not
materially affect the location and extent of prioritized areas (Fig. A3), each layer was
assigned the same weight in the prioritization to avoid arbitrary ranking. We used a simple
core-area prioritization in Zonation 4.0 to guarantee the retention of intensively used areas
that were either consistently important in all seasons or of outstanding importance in some
seasons. We ran the algorithm without boundary quality penalties, but with a boundary length
penalty of 0.01 to provide the most biologically-detailed map of priority areas for
conservation. We present the most important 10% of grid cells identified in this spatial
prioritization, thus corresponding to the CBD target of protecting 10% of the global marine
habitat (CBD 2010).

All analyses were carried out in R 3.1.2 (R Core Team 2016) using the approach
provided by Lascelles et al. (2016) to identify IBAs and the code provided by Oppel et al.

(2012) to implement the spatial prioritisation.
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3. Results

3.1. Important Bird and Biodiversity Areas by species and season

The at-sea areas that were used most intensively by the threatened seabirds from Tristan da
Cunha archipelago (representing candidate IBAs) varied among species and seasons (Fig. 1).
The Tristan Albatross was the most widespread of the study species, using almost all South
Atlantic waters located between 30°S and 45°S. In contrast, the Sooty Albatross had a more
constrained distribution, foraging within 1200 km of the Tristan da Cunha archipelago
throughout the year (Figs. 1 and S2). The Atlantic Yellow-nosed Albatross showed a
consistent use of both the waters surrounding Tristan da Cunha, and the Benguela upwelling
region, while Atlantic and Spectacled petrels mostly used South American coastal waters
throughout the year. The non-breeding distribution of the Northern Rockhopper Penguin
(Apr-Sep) was mostly confined to the waters south-east of the Tristan da Cunha EEZ.

3.2.Consistency of IBAs across years

Despite some annual variation, many of the core areas of the albatrosses were used
consistently from year to year (Fig. A2). The exception was the Atlantic Yellow-nosed
Albatross in winter, for which there was no overlap in the areas used in the two different
years for which data were available (Fig. A2); however, given the large sample sizes in each

year, both areas were retained for the prioritisation (Fig. 1 and Table 1).

3.3.0verlap of IBAs with EEZs and current MPA network

The overlap between core sites and national EEZs varied greatly among species (Table 2).
For Tristan Albatross, Sooty Albatross and non-breeding Northern Rockhopper Penguin,
almost all the sites identified (>80% of the total area - all seasons combined) were in pelagic
waters beyond national jurisdiction. In contrast, almost 50% of the core areas of Atlantic
Yellow-nosed Albatross were in the EEZs of Namibia, South Africa and Tristan da Cunha.
The Brazilian EEZ was particularly important for Spectacled and Atlantic petrels (Table 2).
Only a small proportion of the core areas that were identified overlapped with any of the

existing pelagic MPAs in the South Atlantic (Fig. 1). Sooty Albatross and Atlantic Petrel
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winter core areas overlapped 5.1% and 1.0%, respectively, with the South Georgia and South

Sandwich Islands MPA.

3.4.Candidate MPAs important for multiple species across seasons

We found little overlap between the most important areas used by different species (Fig. 2).
The exceptions were those areas around the colonies, i.e., within the Tristan da Cunha EEZ
(especially during the early breeding season of most species — spring and summer) and, to a
lesser extent, the coastal waters of Brazil and Uruguay (October-March), Argentine Basin

(July-September) and south of the Tristan da Cunha EEZ (April-June).

The areas identified using the Zonation algorithm as those of greatest importance for
the conservation of all globally threatened seabirds of Tristan da Cunha reflect the wide range
of sites used by this community (Fig. 3). The areas were located around the Tristan da Cunha
archipelago, coastal South America (Uruguayan and Brazilian EEZ and Argentine Basin) and

in the Benguela and Agulhas currents, off the South African coast.

4. Discussion

Our study demonstrates that the conservation of highly mobile pelagic species cannot be
achieved effectively by single countries, but requires a multi-national approach at an ocean-
basin scale. Due to the central location of the Tristan da Cunha islands, the pelagic seabird
species that breed there can forage over a wide area, ranging from the highly productive
waters in the Benguela Current along the African coast, to the coast of southern South
America, both known to be important for pelagic seabirds (Abrams and Griffiths 1981;
Bugoni et al. 2008; Guilford et al. 2009). By combining tracking data from multiple species
and years, covering the complete annual cycle, we have shown that this seabird community
takes advantage of the central location of this archipelago by using a few regions widely

distributed across the width of the South Atlantic Ocean.
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4.1.Importance of areas for multiple species and priority areas for conservation

The areas that we identified meet international criteria to qualify as IBAs. We further showed
that for Tristan and Sooty albatrosses, the most important areas were used consistently in at
least two different years by different individuals (Fig. A2), providing additional confidence
that these are used regularly by a large number of birds (BirdLife International 2010; Meier et
al. 2015). Seabird populations tend to be faithful to their foraging areas and migration
corridors, both at small-medium spatio-temporal scales (e.g., during the breeding season;
Meier et al. 2015), and also at very large (ocean-wide) scales when released from the
constraints of a breeding site (Dias et al. 2013; Dias et al. 2011; Phillips et al. 2005). Because
of this site fidelity at large spatial scales, it is possible to identify sites of major importance
for seabird populations that are used consistently over time (Fig. 3), and are therefore good

candidates for incorporation in a network of MPAs (Montevecchi et al. 2012).

In addition to the temporally consistent use, some areas were important for more than
one species. The EEZ of Tristan da Cunha was important for all species during their
respective breeding seasons, and there were additional areas in Brazilian and Uruguayan
waters and in the Argentine Basin where core areas of two species overlapped (Fig. 2).
However, elsewhere there was generally little overlap among species in core areas used
within the same seasons (Fig. 2), revealing a high degree of spatial niche segregation at a
broad (ocean basin) scale. This pattern of dispersion is likely facilitated both by the central
location of the Tristan da Cunha group (Abrams and Miller 1986), and the highly mobile
nature of the study species, which can travel thousands of kilometres even during the
breeding season (Figs. 1 and S2). Spatial segregation among species breeding sympatrically
on small oceanic islands has been shown in many pelagic seabird species, and is likely a
mechanism to reduce inter-specific competition (Navarro et al. 2009; Quillfeldt et al. 2013;
Ratcliffe et al. 2014). Although the spatial segregation of different species is of great
biological interest, the comparatively low overlap of core areas has implications for the
establishment of MPAs, because the candidate MPAs that we identified may omit critical
areas for some species at certain times of the year. Therefore, the sites we identified should
not be regarded as the definitive set of key areas for our target species; instead, they are the
minimum that should be integrated in a broader MPA network for pelagic seabirds in the
central South Atlantic Ocean, and should be supplemented by additional sites that are

important at other times of the year and for other threatened species.
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The most important areas identified in our study in the South Atlantic are also known
foraging grounds of many other threatened or near-threatened seabirds, including the
Wandering Albatross Diomedea exulans (VU), Northern Royal Albatross D. sanfordi (EN),
Southern Royal Albatross D. epomophora (VU), Grey-headed Albatross Thalassarche
chrysostoma (EN), Black-browed Albatross T. melanophris (NT), Light-mantled Albatross
Phoebetria palpebrata (NT), White-chinned Petrel Procellaria aequinoctialis (VU), Desertas
Petrel Pterodroma deserta (VU), Cape Verde Shearwater Calonectris edwardsii (NT), and
Southern Rockhopper Penguin Eudyptes chrysocome (VU) (Ramirez et al. 2016; Ramos et al.
2016; Tancell et al. 2016). In addition, some sites are also important non-breeding
destinations for some long-distance migrants from the North Atlantic, such as Cory’s
Calonectris borealis and Manx Puffinus puffinus shearwaters and Bulwer’s Petrel Bulweria
bulwerii (Dias et al. 2011; Guilford et al. 2009; Ramos et al. 2015), as well as other species
from the South Atlantic. Therefore, these sites are good candidates for MPAs in the South
Atlantic, given their high biodiversity value and their potential to benefit a wide number of

species from Tristan da Cunha and elsewhere, including many that are threatened.

4.2.1s MPA designation an effective tool for threatened seabirds from Tristan da Cunha?

MPAs can be an effective tool in mitigating some of the major threats to seabirds,
such as fisheries bycatch and some types of pollution (Hyrenbach et al. 2000), but the
establishment of MPAs in the pelagic realm has been under intense debate due to the highly
dynamic nature of this environment (Devillers et al. 2014; Game et al. 2009). We found no
overlap of the most important areas and existing MPAs in the South Atlantic, mostly because
the existing MPAs were designated to protect other biodiversity values. Because more than
half of the most important areas that we identified were in pelagic waters beyond national
jurisdiction, the effective establishment and enforcement of MPAs will be politically

challenging.

Many of the threatened seabirds breeding at Tristan da Cunha are susceptible to
bycatch in fishing gear; the bycatch is a particularly serious threat to the Critically
Endangered Tristan Albatross, but other species, such as the Sooty and Atlantic Yellow-
nosed albatrosses and the Spectacled Petrel, are also frequently by-caught (Bugoni et al.
2008; Cuthbert et al. 2005; Wanless et al. 2009). All areas highlighted in Fig. 3 are important

for at least one of these species, and some are known hotspots of seabird bycatch globally
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(Lewison et al. 2014). The long-line fishing effort in the most important areas reported by the
International Commission for the Conservation of Atlantic Tunas (ICCAT) ranged from 11.3
to 18.1% of the fishing effort reported across the South Atlantic (south of 12° S). Because our
most important areas cover 17% of the area from which ICCAT data were available, the
recorded effort in the most important bird areas is equal to, or slightly less than, the effort
expected by chance if fishing effort was distributed randomly (Table A1). Nevertheless, and
in absolute values, 11 million hooks are set on average each year in these most important
sites (Table A1). Given their importance for some of the threatened seabirds mentioned
above, and also for species breeding at other colonies (Jiménez et al. 2014; Tuck et al. 2011),
improvements in monitoring of bycatch rates and enforcement of compliance with bycatch
mitigation requirements by fisheries in these areas would be highly beneficial. Therefore, our
results reinforce the need for ICCAT to strengthen and enforce regulations to reduce bycatch
and to develop appropriate levels of surveillance of fishery practices by independent
observers in both national and international waters, in particular within the Brazilian,

Namibian and South African EEZs (Melvin et al. 2014; Phillips 2013; Small et al. 2015).

Regardless of whether MPAs are established or whether seabird protection is
achieved by enforcing bycatch reduction across a wider region, it will be important to specify
explicit quantitative objectives that the protection measures need to deliver in order to assess
whether the management of the priority areas actually results in tangible benefits to the

seabird community (McGowan and Possingham 2016).

5. Conclusions

By using a unique dataset collected over a 13-year period for all the threatened seabird
species breeding in a single archipelago, we show that it is possible to find areas used
consistently by a suite of highly-mobile marine predators, and that conservation and
management mechanisms are required at the level of the ocean basin. The sites we identified
are highly relevant for the delineation of an effective network of pelagic MPAs in the South
Atlantic and for identifying potential high-risk areas of seabird bycatch, therefore meriting
particular attention for monitoring of bycatch rates and compliance with recommended

mitigation methods from fisheries regulators.
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630  Table 1: Summary of the tracking data used to identify important areas for conservation in the South Atlantic Ocean. N indicates the number of
individual tracks of adult birds. For Atlantic Petrels and Northern Rockhopper Penguins, data from multiple years were pooled due to small
632  sample sizes. Values in parentheses correspond to the percentage of the world population breeding on each island (following ACAP species

assessments [http://acap.aqg/en/acap-species], and BirdLife International (2016) for Atlantic Petrel and Northern Rockhopper Penguin).

Species Colony Summer (Jan-Mar) Autumn (Apr-Jun) Winter (Jul-Sep) Spring (Oct-Dec)
Year Device N Year Device N Year Device N Year Device N
Tristan Albatross Gough 2001 PTT 31 2001 PTT 81 2001 PTT 24| 2004 GLS 24
(~100%) 2005 GLS 18 2005 GLS 13 2004 GLS 14| 2005 GLS 7
2006 GLS 12 2010 GLS 12 2005 GLS 12| 2010 GLS 12
2011 GLS 12 2011 GLS 11 2010 GLS 12| 2011 GLS 10
2012 GLS 10 2011 GLS 10
Atlantic Yellow-nosed Gough 2005 GLS 40 2005 GLS 54 2004 GLS 30| 2000 PTT 7
Albatross (~8%) 2005 GLS 31| 2004 GLS 90
Sooty Albatross Gough 2004 GLS 20 2004 GLS 12 2004 GLS 17| 2003 GLS 22
(~30%) 2005 GLS 7 2005 GLS 6 2005 GLS 6 2004 GLS 7
2006 GLS 6 2005 GLS 6
2007 PTT 5
Spectacled Petrel Inaccessible 2010 PTT 8 2010 PTT 5 - - - 2009 PTT 8
(100%)
Atlantic Petrel Gough (~100%) 2011-12  GLS 7 |2010-12 GLS 7 |2010-12 GLS 7 | 2009-11 GLS 7
Northern Rockhopper Gough (24%) - - - | 2011-12 GLS 9 | 2011-12 GLS 9 - - -
Penguin

634
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Table 2: Percentage of overlap between the distribution of threatened seabirds breeding in Tristan da Cunha (areas used by >20% of the
636  population of each species at Tristan da Cunha for which tracking data were available; see Table 1) and Exclusive Economic Zones and Areas

Beyond National Jurisdiction (ABNJ, % in relation to the total area used by each species).

Tristan Atlantic-Yellow- Sooty Spectacled Atlantic  Northern Rockhopper
Albatross nosed Albatross Albatross Petrel' Petrel Penguin?
Tristan da Cunha 19.3 16.4 13.9 26.9 33 0.2
Brazil 10.8 10.4
Uruguay 7.2 3.9
Argentina 8.1 5.2
Falkland Islands 5.6
South Georgia and South 1.8 0.4
Sandwich Islands
Angola 2.3
Namibia 19.1
South Africa 0.1 10.1
ABNJ 80.6 52.1 84.3 47.0 71.2 99.8
Total area (x 1000 km?) 3256 2800 2153 1115 2885 761

638 1 — Excluding winter (see Methods and Table 1)
2 — Only non-breeding period (autumn and winter) considered (see Methods and Table 1)
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Figure captions:

Figure 1: Important areas used by >20% of the tracked population of six globally threatened
seabirds from the Tristan da Cunha archipelago based on tracking data collected between
2001 and 2013. Important areas were identified for each season, which are indicated by
different colours. Currently existing marine protected areas are shaded grey. Light grey lines

indicate the Exclusive Economic Zones of all adjacent countries and territories.

Figure 2: Season-specific Important Bird and Biodiversity Areas for globally threatened
pelagic seabirds breeding in the Tristan da Cunha archipelago, based on tracking data
collected between 2001 and 2013 (Fig. 1). Dark red borders indicate sites used by more than
one species, the red shading gradient indicates the number of species for which an area was
considered important. Light grey lines indicate the Exclusive Economic Zones of all adjacent

countries and territories.

Figure 3. Marine areas in the South Atlantic Ocean with the highest value for the
conservation of six globally threatened seabird species breeding in the Tristan da Cunha
archipelago. Areas were identified using the systematic conservation-planning algorithm
‘Zonation’ (see text for details); the shading reflects the priority for conservation. Only the
10% most important areas (i.e., those scoring > 0.9 on a scale from 0 to 1) are shown. Light

grey lines indicate the Exclusive Economic Zones of all adjacent countries and territories.
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Supporting Information

2 Using globally threatened pelagic birds to identify priority sites

for marine conservation in the South Atlantic Ocean

Maria P. Dias'", Steffen Oppel?, Alexander L. Bond?, Ana P. B. Carneiro', Richard J.
6  Cuthbert?, Jacob Gonzales-Solis’, Ross Wanless®*, Trevor Glass’, Ben Lascelles!, Cleo

Small?, Richard A. Phillips® and Peter G. Ryan’

® non-breeding ™ incubation B chick-rearing

Morthern Rockhopper Penguin —
Spectacled Petrel —
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Figure Al: Breeding cycle of the six threatened seabirds at the Tristan da Cunha archipelago,
10  and overlap with each season. Tristan Albatrosses are biennial breeders, so the plot reflects
the alternation between breeding and sabbatical years. Based on ACAP species assessments
12 (available at http://acap.ag/en/acap-species), Cuthbert (2004) for Atlantic Petrel and Cuthbert
(2013) for Northern Rockhopper Penguin.

14 Cuthbert, R., 2004. Breeding biology of the Atlantic Petrel, Pterodroma incerta, and a population estimate of
this and other burrowing petrels on Gough Island, South Atlantic Ocean. Emu 104, 221-228.

16 Cuthbert, R. J. 2013. Northern Rockhopper Penguin. Pages 131-143 in Penguins: natural history and

conservation (P. G. Borboroglu, and P. D. Boersma, Eds.). University of Washington Press, Seattle.
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Figure A2: Spatial overlap of important areas identified for three globally threatened seabird

species tracked from the Tristan da Cunha archipelago in more than one year. Each year is

shown in a different colour, see Table 1 for details of sample sizes and tracking devices. Grey

areas correspond to the IBA for each species (corresponding to the overlap of 2 or more years

of data, when available).
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Figure A3: Marine areas in the South Atlantic Ocean with the highest value for the
conservation of six globally threatened seabird species breeding in the Tristan da Cunha
archipelago, derived from various iterations of the spatial prioritisation algorithm using
arbitrary weights for device type (‘dev’, giving higher weight to PTT than GLS), global threat
status (‘IUCN’, ranking CR > EN > VU), and breeding season (‘breed’, giving higher weight
to the breeding season than the non-breeding season). Colour scheme is analogous to Figure 3
in the main text; only the 10% most important areas (i.e., those scoring > 0.9 on a scale from

0 to 1) are shown.



42

44

46

48

50

52

54

Table S1: Fishing effort (millions of hooks deployed during the years 2000-2014) reported by
the International Commission for the Conservation of Atlantic Tunas (ICCAT; obtained at
https://www.iccat.int/en/accesingdb.htm on 15 Nov 2016) within the entire South Atlantic
study area, and within the priority sites identified based on the IBAs for threatened seabirds
breeding in Tristan da Cunha. Because the ICCAT data do not cover our entire study area, we
estimated a “random fishing index” to take into account the difference in the areas being
compared. The random fishing index was calculated as (total number of hooks in South
Atlantic Study Area/ number of hooks within the priority area)/proportion of ICCAT fishing
effort data covered by the priority area (fixed value=0.17). The random effort index indicates
whether fishing effort within the priority area is greater (>1) or smaller (<1) than expected by

chance if fishing effort was distributed randomly.

Year Estimated number of hooks Estimated number of Random
within South Atlantic study hooks within the 10%  fishing index

area [millions] priority area [millions]
2000 90.53 14.06 0.90
2001 110.53 19.96 1.05
2002 98.16 14.95 0.89
2003 78.65 11.37 0.85
2004 82.97 11.92 0.84
2005 72.99 9.66 0.78
2006 83.65 9.47 0.67
2007 74.42 9.69 0.75
2008 68.14 9.19 0.79
2009 69.96 8.26 0.69
2010 70.41 8.45 0.69
2011 81.75 9.31 0.67
2012 66.43 9.9 0.96
2013 66.02 9.86 0.88
2014 50.67 6.6 0.76
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Figure 2
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