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ABSTRACT  

Cabo Verde is an archipelago off West Africa which is a hotspot of biodiversity, hosting 

numerous species of seabirds, turtles, whales, dolphins and fishes that are threatened by industrial 

fisheries and barely protected by a small network of Marine Protected Areas (MPAs). The 

implementation of protected areas in this region is essential to preserve its biodiversity and 

maintain the ecosystem services needed by the local population of the islands.  

Seabirds possess many characteristics which turn them suitable to be used as sentinel 

species. They feed from the sea but breed on the land which makes them more accessible. These 

attributes make them easy to be observed and monitored, thus seabirds are often used in research 

to estimate the health status of ecosystems.  

  In order to determine Key Biodiversity Areas (KBAs) of Cabo Verde, we used two 

species of seabirds: the Cape Verde shearwater (Calonectris edwardsii) and the Bulwer’s petrel 

(Bulweria bulwerii) from Cabo Verde. Two colonies of each species were tracked during 7 years, 

from 2013 to 2019 during the incubation and chick-rearing periods. Their core foraging areas 

were estimated using the ‘track2KBA’ R package. Their distribution was then compared to the 

current KBAs and MPAs networks, other species distribution and fishery activities around the 

archipelago.  

 The Cape Verde shearwaters performed long trips to the coast of Senegal and Mauritania 

and short trips around the colonies. The Bulwer’s petrels were more pelagic but their core foraging 

areas were focused around their colonies. These core foraging areas highly overlap with the 

current network of KBAs around the archipelago, but not with the MPAs (with the exception of 

Curral Velho’s population of Cape Verde shearwaters). Moreover, the core foraging areas of the 

Cape Verde shearwater and the Bulwer’s petrel overlap in total with 21 species out of the 24 

selected for the analysis, and, overall, the fishing vessels off West Africa overlap with most of 

the core foraging areas of the Cape Verde shearwaters, especially trawlers. However, fishery 

activities barely overlapped with the core foraging areas of the Bulwer’s petrels.  
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 Therefore, the Cape Verde shearwaters and the Bulwer’s petrels showed different Key 

Biodiversity Areas that are also used by other taxa and threatened by industrial fisheries. The next 

step is to implement protection regulations on these areas to preserve biodiversity and its 

ecosystem services.   
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RESUMO 

Cabo Verde é um arquipélago ao largo da África Ocidental e é um hotspot de 

biodiversidade, albergando inúmeras espécies de aves marinhas, tartarugas, baleias, golfinhos e 

peixes que estão ameaçados pela pesca industrial e pouco protegidos por uma pequena rede de 

Áreas Marinhas Protegidas (AMPs). A implantação de áreas protegidas nesta região é essencial 

para preserver a sua biodiversidade e manter os serviços ecossistémicos necessários à população 

local das ilhas. 

 As aves marinhas possuem muitas características que as tornam adequadas para serem 

utilizadas como espécies sentinelas. Eles alimentam-se do mar, mas reproduzem-se em terra, o 

que as torna mais acessíveis. Esses atributos torna-as fáceis de serem observadas e monitorizadas, 

por isso as aves marinhas são frequentemente utilizadas em investigação para estimar o estado de 

saúde dos ecossistemas. 

Para determinar as áreas-chave para a biodiversidade (Key Biodiversity Areas; KBAs) de 

Cabo Verde, foram utilizadas duas espécies de aves marinhas: a cagarra de Cabo Verde 

(Calonectris edwardsii) e o pedreiro (Bulweria bulwerii) de Cabo Verde. Duas colónias de cada 

espécie foram monitorizadas durante 7 anos, de 2013 a 2019, durante os períodos de incubação e 

alimentação dos filhotes. As suas principais áreas de procura de alimento foram estimadas usando 

o pacote R ‘track2KBA’. A sua distribuição foi então comparada com as atuais redes de KBAs e 

AMPs, distribuição de outras espécies e actividades de pesca em redor do arquipélago. 

As cagarras de Cabo Verde realizaram longas viagens à costa do Senegal e Mauritânia e 

pequenas viagens em redor das colónias. Os pedreiros foram mais pelágicos, embora as suas 

principais áreas de procura de alimento se tenham concentrado nos arredores das colónias. Estas 

áreas de procura de aliemnto sobrepõem-se muito com a actual rede de KBAs em redor do 

arquipélago, mas menos com as AMP (com excepção da população de cagarra de Cabo Verde da 

colónia de Curral Velho). Além disso, as principais áreas de procura de aliemnto da cagarra de 

Cabo Verde e do pedreiro sobrepõem-se no total com 21 das 24 espécies seleccionadas para a 

análise e, globalmente, os navios de pesca ao largo da África Ocidental sobrepõem-se à maioria 
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das áreas de procura de alimento das cagarras de Cabo Verde, especialmente os arrastões. No 

entanto, as atividades piscatórias sobrepõem-se muito pouco com as principais áreas de procura 

de alimento dos pedreiros. 

Assim, as cagarras de Cabo Verde e os pedreiros apresentaram diferentes KBAs que 

também são utilizadas por outros taxa e ameaçadas pela pesca industrial. O próximo passo será 

implementar regulamentações de proteção nessas áreas para preservar a biodiversidade e seus 

serviços ecossistémicos.   
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Marine Ecosystems 

It is no secret today that human activities have a huge negative impact on biodiversity 

with 97.7% of the ocean’s surface being affected by human-related stressors such as climate 

change, plastic pollution, fisheries, and others (Halpern et al., 2015; van Sebille et al., 2015; Game 

et al., 2009). Whilst humans started to harvest marine animals at least 42 000 years ago (O’Connor 

et al., 2011), overfishing only started a few centuries ago with big vertebrates and shellfish being 

intensively harvested by industrial fisheries. The consequences of overfishing were not immediate 

because the unfished species first took the trophic place of overfished ones until they were the 

target too, or died of other reasons (Jackson et al., 2012). This may cause an increase in the 

number of endangered species, which could destabilize the entire ecosystem. Moreover, Game et 

al., (2009) estimated that the threats’ intensity will not only be more intense, but will also affect 

deeper strata of the ocean, with industrial fisheries targeting areas deeper than ever. Plastic 

pollution is omnipresent in the marine environment, with approximately 5.25 trillion plastic 

particles weighting 268 940 tons circulating (Eriksen et al., 2014). Plastic pollution affects marine 

animals because the size of microplastic particles is quite similar to the food they usually 

consume, but its effect does not stop on marine taxa as it climbs way up the food chain to humans 

(Thushari and Senevirathna, 2020). Plastic pollution also has socio-economic effects such as the 

decreasing tourism or human health, or less apparent effects like affecting the national economy 

by demanding an extra budget to remove the plastic waste (Thushari and Senevirathna, 2020).  

This loss of biodiversity has an important impact on marine ecosystem services. With a 

huge amount of human population living by the coast and primarily depending on marine 

resources, marine ecosystems should be carefully watched because they provide a broad variety 

of services, not only provisioning for food and raw materials, but also supporting, regulating and 

cultural. A meta-analysis was published by Worm et al. (2006) showing the impacts of marine 

biodiversity loss on ecosystem services. They found a decreasing number of viable fisheries and 

nursery habitats, with the decreasing filtering and detoxification. Moreover, the risks increased 

too, with increased flooding events and species invasions. 
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Marine Protected Areas 

Marine Protected Areas (MPAs) appeared as a holistic way to protect marine biodiversity 

and reduce negative impacts on ecosystem services. In 2008, the International Union for 

Conservation of Nature (IUCN) defined protected areas as “a clearly defined geographical space, 

recognised, dedicated and managed, through legal or other effective means, to achieve the long-

term conservation of nature with associated ecosystem services and cultural values” (IUCN, 

2022a).  There are multiple types of MPAs, each with different intensity of regulations. In marine 

no-take areas, protection is fully implemented, and fishing is prohibited whilst in some other 

MPAs protection can be much less strict, allowing fisheries and implementing surveillance for 

illegal fishing or touristic practices (Dudley, 2008). In 2016, the IUCN World Conservation 

Congress set a target to reach at least 30% of MPAs by 2030, but currently only 7.7% of the ocean 

is protected and only 2.8% is fully protected (i.e. are marine protected areas; IUCN, 2016).  

To implement these protected areas, some criteria must be met. Indeed, not every zone 

of the ocean can be put under protection, because of social, economic, legal, and institutional 

factors. Indeed, potential MPAs can not only be seen as simple geographical zones, because they 

are used by local communities and international companies, they are subject to laws and 

regulations, and are connected to their surrounding areas. Moreover, these secondary dimensions 

will also help the development of MPAs. The human dimension, notably, was found to have a 

significant impact on the success of MPAs. Involving local communities has increased the 

benefits and effectiveness of the Great Barrier Reef Marine Park MPA, and even if this high level 

of participation cost time and other resources, it was proven to be cost-effective (Day, 2002). 

Using local people’s knowledge can also show a great advantage in the implementation and 

management of MPAs. However, there is a distinction between coastal and pelagic areas, as 

people tend to care more about coastal zones that are closer to their home, culture and traditions 

than pelagic regions, which are far from their reach/perception. In 1999, IUCN listed and 

explained the criteria for implementing MPAs, and they are as followed. The biogeographic 
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criterion is respected when there are rare biogeographic qualities or unique geological features in 

the selected area. There is the ecological criterion when there are important characteristics for the 

ecosystem such as endangered species, a variety of habitats or the presence of feeding, breeding 

or resting areas. The naturalness criterion demands that the area has not been subject to human-

induced change. The economic criterion is respected if there is an economic contribution due to 

protection. There is the social importance when the area has a value to communities because of 

different qualities such as history, traditions, or aesthetic. There is the scientific importance when 

the site has a value for research and monitoring. There is the international or national significance 

when the site could be listed on a national or international system. The practicality or feasibility 

criterion asks for some protection against external destructive influences, and compatibility with 

other activities like education, tourism and existing uses. And finally, the duality or replication 

criterion which is important because MPAs can be affected by a destructive influence, so more 

than one sample of every major ecosystem type should be put under protection (Kelleher, 1999). 

Less than 10% of the ocean has been put under protection, so much further protection is 

needed to determine wether the current network of MPAs have been effective or not in protecting 

and enhancing biodiversity indicators and to identify possible ways to turn this protection 

effective (Rodrigues et al. 2004). A meta-analysis done by Ferreira et al. (2022) on coastal MPAs 

of Brazil found that biodiversity metrics, like species diversity or density, are higher in protected 

sites than in non-protected areas. Yet, they noticed that fully protected areas are more effective 

than the partially protected ones. Indeed, partially protected MPAs have limited results unless 

they are 15 years old or more, and if they have a high level of connectivity, which are the most 

influential predictors (Halpern et al., 2014). However, the factors influencing the effectiveness of 

MPAs depends on the target of the protected area. Indeed, if the goal is to increase conservation, 

then there are five key features: “no take, well enforced, old (>10 years), large (>100 km2), and 

isolated by deep water or sand” (Edgar et al., 2014). But when the goal is to optimize catch the 

influence of the MPA’s size varies as larger MPAs are more effective for species with a high 

value and/or low harvesting cost and smaller MPAs are more effective for species that are more 
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lightly harvested for their low value and high harvesting cost (Cabral et al., 2019). Moreover, 

non-exploited species can also benefit from MPAs, which expands the positive impacts of these 

protected areas. No-take MPAs usually function as source of fish stocks to replenish contiguous 

unprotected areas, thus favouring commercial fisheries. This last point is an interesting dimension 

that brings a bigger picture of the MPA. Indeed, it is considered important, if not essential, to look 

at the overall picture before implementing and whilst managing an MPA. Focusing strictly on the 

defined areas could lead to “islands of protection” (Salm, Clark and Siirila, 2000). Whilst the high 

mobility of most of marine animals helps them, with some limitation, to respond to climate change 

stress, it poses a challenge for the implementation and the effectiveness of MPAs. So, another 

important point in the implementation of MPAs is taking into account the larvae, juvenile and 

adult’s mobility. For instance, small marine reserves which only include the core distribution 

areas of targeted species are not so effective if the species forage in other area with potential 

threats. Considering dispersal, pelagic species might accentuate the difficulty of implementing 

the MPA as it demands a larger protected area or a network of MPAs with a high connectivity 

(Pittman et al., 2014).  Furthermore, the activity that used to take place inside the MPA might be 

displaced in its surrounding, particularly for coastal MPAs and local fisheries as they usually 

happen near the fishers’ home ports and thus can be moved too far away. The implementation of 

coastal MPAs can negatively affect the local fishers unless they keep fishing inside the MPA, 

even in a no-take zone, which is possible if their impact on the fish stock is less important than 

the that of outsiders (Charles and Wilson, 2009). And this agreement with local people, could also 

enhance the success of the MPAs, as seen previously. However, if the threat is by-catch of non-

target species like birds, turtles, sharks or mammals, areas that are closed specifically to fishing 

gear such as industrial longliners, have been effective (Hall et al., 2000). 

 

Seabirds 

Seabirds possess many characteristics which turn them suitable to be used as sentinel 

species, for instance to estimate the health status of marine ecosystems. Among these 
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characteristics are the fact that they are top predators, have a high longevity, are philopatric, often 

colonial, conspicuous, and large in size (Burger and Gochfeld, 2004). 

Whilst most plant and animal marine species only live underwater, seabirds feed from 

the sea but breed on the land which makes them more accessible. These attributes make them 

easy to be observed and monitored, thus seabirds are often used in research to estimate the health 

status of ecosystems. Their diet, foraging effort, foraging success and efficiency are linked to 

environmental features, and population dynamics also have been related with climate changes 

(Grémillet and Charmantier, 2010). Besides being good indicators of marine environment health, 

seabirds are also interesting in conservation. Indeed, umbrella species are species whose 

requirements encapsulates the requirements of other less demanding species (Lambeck, 1997). 

And seabirds, being top predators and foraging over an often large area, fulfil this role. So, the 

conservation of seabirds can also impact the conservation of other co-occurring species. Hence, 

using foraging data of seabirds is an interesting method of determining Key Biodiversity Areas 

(KBAs) that would be potential MPAs. Key Biodiversity Areas are defined as “sites contributing 

significantly to the global persistence of biodiversity” in all ecosystems (IUCN, 2022c). A study 

made by Paleczny et al. (2015) between 1950 and 2010 showed that the monitored seabirds 

population declined by almost 70%. So, the conservation of seabirds is essential. Marine 

Important Bird Areas are sites that are essential for the conservation of marine birds, they cover 

about 2% of the sea (BirdLife International) and some of these areas are overlapping with MPAs 

like in Antarctica where marine IBAs overlap with 80.5% of key management areas, including 

MPAs (Handley et al., 2021). This emphasizes the utility of seabirds as umbrella species to 

determine MPAs. Some researchers used seabird sightings of 30 species during 8 years along the 

Portuguese coast to identify potential MPAs (Pereira et al., 2018). They found that the current 

IBAs already cover about one third of the areas prioritized for breeding species but less than 4% 

for the non-breeding species. So, by using the distribution of seabirds, they assessed the 

effectiveness of the current Portuguese coastal IBAs and determined new candidate areas for 

conservation. 



 

24 
 

However, one downside of using seabirds is the lack of data concerning pelagic species, 

which is problematic because wide-ranging pelagic species seem to be the group with the steepest 

decline in population numbers (Paleczny et al., 2015). This is the main reason why it is important 

to start focusing on pelagic seabirds, to collect more data on pelagic marine ecosystems. Using 

seabirds as indicators for Key Biodiversity Areas and the implementation of MPAs is new but 

increasing (Krüger et al., 2017; Paiva et al., 2015). A recent study was done in the South Atlantic 

Ocean, on the Tristan da Cunha Islands, where researchers tracked six globally threatened seabird 

species to identify areas of conservation interest (Dias et al., 2017). They concluded that for highly 

pelagic species, the conservation effort cannot only be focused on one country but requires a 

multi-national approach because they cover a wide area. Moreover, recently and for the first time, 

a MPA was implemented exclusively using seabird tracking information from 21 species, tagged 

at 56 colonies, and collected by dozens of researchers. It was in the North Atlantic Current and 

Evlanov Seamount, which is a hotspot for seabirds as up to 5 million individuals use this area 

(Davies et al., 2021).  

 

Cabo Verde  

Despite its arid climate conditions, the Cabo Verde archipelago possesses a wide marine 

biodiversity, including emblematic species of marine mammals, turtles, birds, and sharks 

(Benchimol et al., 2009). Over 17 whale and dolphin species have been reported in Cabo Verde 

islands and the neighbouring countries, such as the Common bottlenose dolphin (Tursiops 

truncatus) or the Humpback whale (Megaptera novaeangliae) (Reiner et al., 1996). The latter 

migrates thousands of kilometres every year from high latitudes where they find their feeding 

grounds to lower latitudes such as Cabo Verde where they breed (Duarte and Romeiras, 2009). 

In total, five species of marine turtles were reported for Cabo Verde: the leatherback 

(Dermochelys coriacea), the hawksbill (Eretmochelys imbricata), the olive ridley (Leidochelys 

olivacea), the green (Chelonia mydas), and the loggerhead (Caretta caretta) (Duarte and 

Romeiras, 2009). Boavista Island has recently been described as the third most important nesting 
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site in the world for the loggerhead because more than 3000 individuals come to nest every year 

(Duarte and Romeiras, 2009). Moreover, the coral reefs of Cabo Verde have been identified as 

one of the world’s top 10 threatened coral reef hotspots of biodiversity (Roberts et al., 2012).  

Semedo et al. (2020) listed the seabird species that have been reported on the archipelago, 

including six species of Procelariiformes, some of which are endemic, like the Cape Verde 

shearwater (Calonectris edwardsii), the Boyd’s shearwater (Puffinus lherminieri boydi), the Cape 

Verde Petrel (Pterodroma feae), or the Cape Verde Storm-petrel (Hydrobates jabejabe), and 

others are only there for the breeding season, like the Bulwer’s petrel (Bulweria bulwerii), the 

White-faced Storm-petrel (Pelagodroma marina aedesorum). There are also two species of 

Suliformes, the recently locally extinct Magnificent Frigatebird (Fregata magnificens) and the 

Brown Booby (Sula leucogaster), and one species of Phaethontiform, the Red-billed Tropicbird 

(Phaethon aethereus). Cabo Verde offers breeding habitats for 9 species of seabirds and about 

130 bird species of migrants that mainly come from the Palearctic region to spend their winter 

months in the archipelago (Duarte and Romeiras, 2009).  Seabirds are threatened by two main 

factors: climate change and anthropogenic-related stressors (Dias et al., 2019). In Cabo Verde, 

human activities have had a dramatic impact on the different seabird populations. Indeed, cats 

were introduced and observed predating on seabirds on several Islands such as like Santa Luzia 

(Oliveira et al., 2013) and Fogo (Militão et al., 2017), but other mammals like rats, dogs and goats 

also represent a threat, by predating or disrupting the potential seabirds’ habitats. (Semedo et al. 

2020).  Seabirds of Cabo Verde face other predators like the ghost crab (Ocypode cursor) that 

feeds on their chick (Murphy, 1924; Semedo et al., 2020) or the giant gecko (Tarentola gigas) 

that feeds on the seabirds’ eggs (Semedo et al., 2020). A quite recent menace for seabirds is the 

introduction of artificial light on the islands because it can disorient the birds, especially 

fledglings which could then be captured by introduced mammals or humans (Militão et al., 2017; 

Rodriguez et al., 2014).  Cabo Verde archipelago has a MPA network, but it is small and coastal. 

In 2021, it had 27 MPAs which was the largest number of West Africa, but it covered  only about 

0.13% of the Cabo Verde sea jurisdiction, lower than any other country of the region except for 
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Gambia and Western Sahara (Assis et al., 2021). Two MPAs were recently implemented: a large 

polygon close to Boa Vista Island which is now the largest marine protected area in this region, 

and a smaller polygon on the South-West coast of Santiago Island, called Parque Natural da Baia 

do Inferno e do Monte Angra. The lack of marine protected areas could be explained if there was 

no threat to the marine species around Cabo Verde, but this is not the case. Indeed, the industrial 

fishery activities around the archipelagos are quite intense, especially off West Africa (GFW | 

Map, 2021). The number of countries involved in fishing in the high seas, the landings, and the 

value of landed catch have been relatively stable between 1990 and 2006 whilst the fishing effort 

more than doubled, so countries are competing to catch limited resources, using increasingly 

larger fleets (Merrie et al., 2014), which increase the risk of by-catch.  Drifting longlines were the 

most used fishing method in the high seas with 59% of the active vessels using longlines in 2016 

(Sala et al., 2018), and thus they are one of the main threats to seabirds, which are caught by the 

hook of longlines when trying to grab the bait. It was estimated that between 160 000 and 320 

000 seabirds are caught by longlines every year (Anderson et al., 2011). Bottom trawling was the 

fourth fishing gear operating in the high seas in 2016 and might be the most damaging fishing 

techniques because of its many impacts on the sediment, which reduces significantly organic 

matter and biodiversity (Pusceddu et al., 2014). Moreover, the purse-seine fishing method is also 

a potential threat to seabirds, especially due to the increasing use of Fish Aggregating Devices 

since the mid-1990s, on which diving seabird species such as shearwaters could get entangled 

(Baker and Hamilton, 2016). Between 2010 and 2015, on the Portuguese continental waters, 

Balearic shearwaters (Puffinus mauretanicus) highest annual mortality rate was obtained in purse 

seines (Araújo et al., 2022), and between 2005 and 2019 by the Chilean coast, the Sooty 

shearwater (Ardenna grisea) presented a high spatial overlap and time correlation with purse seine 

fishing effort (Simeone et al., 2021). 
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Study subject and purpose 

The combination of the presence of important bird areas, the intense fishery activities, 

and the lack of protection in the region of Cabo Verde is a matter of strong concern for the marine 

biodiversity which is already declining. All these factors are the reason for this study, as we want 

to know which areas are important for marine species to protect them. 

In this study, two seabird species, the Cape Verde shearwater (Calonectris edwardsii) 

and the Bulwer’s petrel (Bulweria bulwerii) were tracked for 7 years (2013-2019) during their 

incubation and chick-rearing period in Cabo Verde. These seabirds are used as umbrella species 

for the rest of the marine biodiversity of the archipelago and their tracking data will help identify 

their core foraging areas and thus Key Biodiversity Areas off West Africa. The first step is to 

determine the overlap between the current MPA and KBA networks of Cabo Verde and the 

estimated core foraging areas (1). Furthermore, we will determine the environmental drivers of 

the interannual use of these core foraging areas (2). Then, to evaluate the effect of putting these 

core foraging areas under protection on the rest of the marine biodiversity around the archipelago, 

these sites will be compared to the distribution of other species including marine turtles, sharks, 

whales, dolphins, and other seabirds (3). Moreover, the estimated core foraging areas will also be 

compared to the fishery activities around Cabo Verde to estimate the potential threat of industrial 

fishing on the study species, and thus on the other species of the ecosystem (4). 

We hypothesised that (1) the newfound KBAs will overlap with the current networks of 

MPAs and KBAs off West Africa especially during the chick-rearing period because the foraging 

distribution of the study species, particularly the Cape Verde Shearwater, is coastal during chick-

rearing and pelagic during incubation (Paiva et al., 2015). (2) We expect the Cape Verde 

shearwaters and the Bulwer’s petrels’ foraging distribution to correlate with the distribution of 

their prey. (3) It is expected that the foraging distribution of the study species overlap with the 

distribution of other marine species due to the many observations around the archipelago and off 

West Africa (GBIF.org, 2022; movebank.org, 2022). (4) Fishing activities will likely overlap with 
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the newfound KBAs because industrial fisheries currently operate in extensive regions off West 

Africa (Global Fishing Watch, 2021). 
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MATERIAL AND METHODS 
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Study area 

 

Cabo Verde archipelago is located 570km off the coast of Senegal and is made of ten 

volcanic islands and several islets (Duarte and Romeiras, 2009). The islands can be classified in 

three groups: the Northern Islands that include Santo Antão, São Vicente, Santa Luzia and São 

Nicolau, the Eastern Islands that include Sal, Boavista and Maio and the Southern Islands that 

include Santiago, Fogo and Brava (Duarte and Romeiras, 2009). All islands expect for Santa 

Luzia are inhabited. Whilst the Eastern islands are quite flat with a maximum altitude of 436m 

on Maio island, the Northern and Southern islands have high mountains, including Pico do Fogo 

which is Cabo Verde’s tallest mountain that rises to 2829m (Duarte and Romeiras, 2009). The 

climate of Cabo Verde is arid to semiarid (Martins and Rebelo 2009) and the annual precipitations 

ranges from 80-300 mm in the arid coastal zones to 1200-1600 mm in the highlands of the 

mountain islands (Duarte and Romeiras, 2009). A study made between 1865 and 2011 showed 

that the temperatures in the archipelago vary annually between 20.9°C for February and 26.4°C 

for September in average, but summer temperatures increased by at least 0.40°C per decade from 

1981 to 2010 (Cropper and Hanna, 2014). Cabo Verde can be characterised by three oceanic-

atmospheric phenomena: annual rainfall cycles, annual cycles of dust from the Sahara Desert and 

upwelling cycles from the West African coast like the Canary Current system which consists of 

a constant and nutrient-rich up-welling phenomena that gathers and sustains high abundance of 

small pelagic preys (Medina et al., 2015; Paiva et al., 2015).  

 

Study species 

 

Cape Verde shearwater 

 

Cape Verde shearwater, Calonectris edwardsii, is an endemic species of Cabo Verde and 

is considered a near-threatened species by the IUCN red list (IUCN, 2022b). In Cabo Verde, the 
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shearwaters are exposed to three main threats. On land, the introduction of invasive mammals 

like cats and rats is a menace to the populations of these shearwaters, as mentioned previously. 

Until 2009, the main threat on the archipelago was human capture as it was estimated that 10 000 

juveniles were captured annually on the islands of Raso and Branco and sold on Santo Antão 

Island in order to cook the traditional dish called “caldo de Cagarra” (Monteiro, 2005; Hazevoet, 

1997). However, their capture seemed to have decreased, if not ceased on Raso Island, due to the 

NGO Biosphere I which raised awareness on this practice and exposed the importance of the 

protection and conservation of this species (Alcyon team, 2019). Another risk is the accidental 

capture of the birds by fishing gear when they forage along the African West Coast during the 

breeding period.  

The shearwaters reach the colony in March, they lay one egg in June that will hatch in 

July (Hazevoet 2015). Depending on the breeding period, the Cape Verde shearwaters display 

different foraging strategies. Indeed, during the incubation period, the birds perform longs trips 

of more than three days to the Northwest African coast where there is a nutrient-rich coastal 

upwelling (Paiva et al., 2015). However, during the chick-rearing period, the birds present a dual 

foraging strategy. They perform short trips close to the colony to provide for the chicks, and a 

few long trips to provision themselves (Paiva et al., 2015). Both parents feed the chick, they leave 

the nest before sunrise and return after sunset (Navarro and González-Solís, 2007). Then the 

fledging occurs around October and November (Rodrigues, 2014). The birds feed on the most 

abundant commercial fish species like the Madeiran sardinella (Sardinella maderensis) or the 

bigeye scad (Selar crumenophthalmus) and on non-commercial prey such as the keeltail 

needlefish (Platybelone argalus lovii) or the squid (Loligo sp) (Rodrigues, 2014). 

Moreover, the Cape Verde Shearwater is considered as an ideal sentinel species of the 

health of the marine ecosystem of West Africa due to its top predator status, relative abundance, 

size, easy access to the colonies, low fecundity, and its high sensitivity to human-induced 

alterations to marine ecosystems (Paiva et al., 2015).  
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Bulwer’s petrel 

 

The second study species is the Bulwer’s petrel, Bulweria bulwerii, which breeds on 

tropical and non-tropical islands in the Atlantic or Pacific oceans (del Hoyo, Elliot and Sargatal, 

1992). They are probably the most nocturnal seabird species, as they forage about 90% of the 

night (Spear, Ainley and Walker, 2007). They predate on pelagic and mesopelagic fishes and 

cephalopods (Zonfrillo, 1986; Neves, Nolf and Clarke, 2011). Even if they are one of the most 

abundant species in the tropical and sub-tropical of the Atlantic Ocean (del Hoyo, Elliot and 

Sargatal, 1992), there is still little data on their distribution and foraging strategies during the 

breeding season (Dias et al., 2016).  

Adults return to the breeding sites late April, they lay one egg in late May or early June, 

which hatches near the end of July after both parents incubate and the chicks fledge in September 

(Monteiro et al., 1996).  

 

Tracking methods 

  

Cape Verde shearwaters from Raso Islet (Lat, Long - 16.61, -24.6) and Curral Velho, 

Boavista Island (15.99, -22.79) were tracked with CatLog2 devices (Perthold Engineering; 

http://www.mrlee.com/science.html) while Bulwer’s petrels from Cima (14.97, -24.64) and Raso 

(16.61, -24.6) Islets were tracked with nanoFix mini-GPS (Pathtrack Ltd; 

https://www.pathtrack.co.uk/products/productrange.html) (Figure 1). Both species were tracked 

during incubation and chick-rearing phases totalizing 1402 foraging excursions by 373 Cape 

Verde shearwaters and forays 682 by 187 Bulwer’s petrels. The Cape Verde shearwaters from 

Curral Velho and the Bulwer’s petrels from both colonies were tracked from 2017 to 2019, whilst 

the Cape Verde shearwaters from Raso were tracked from 2013 to 2019. Devices were attached 

to the bird’s back feathers using TESA tape model 1640 and the overall process did not take more 

than 10 minutes.  
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Figure 1. Study site locations were Cape Verde shearwaters (Raso Islet and Curral Velho-Boavista Island) and 
Bulwer’s petrels (Raso, Cima and Rabo de Junco Islets) were tracked with GPS-loggers between 2013-2019. 

 

Consistency in space use 

 

In order to identify Key Biodiversity Areas using the foraging distribution of the Bulwer’s 

petrel and the Cape Verde shearwater, the data was analysed for each species and each colony 

separately. A new trip was counted every time a bird returned to the colony. Then, all the trips 

were first divided between the chick-rearing and incubation phases, and in parallel they were 

divided between long and short trips from the colonies. The first subset is to visualize the potential 

change of behaviour from the birds between these two breeding phases. The second subset is to 

identify both coastal and pelagic important foraging areas. The analysis was done on R Studio 

using the ‘Track2KBA’ R package (Beal et al., 2021). A trip was considered long distance if a 

bird went more than 180 km away from the colony, if not, it was considered a short trip. This 



 

34 
 

distance was determined using the distance distribution of the birds. All trips were sorted to 

eliminate the incomplete ones using the ‘tripSplit’ function and a return buffer of 200 km. The 

buffer value was chosen by using the visual output of the function, decreasing the value until all 

incomplete trips were recognised as such by the algorithm. The smoothing parameter was 

estimated using the ‘findScale’ function with a ScaleARS of 1.5 km for chick-rearing breeding 

phase and short trips, and 5 km for the incubation phase and long trips. However, for the Curral 

Velho’s population of the Cape Verde shearwaters, too many birds were tracked for the 

‘sumTrips’ function to process the data needed for the ‘findScale’ function. So, a smoothing 

parameter of h=10 was used for the incubation phase and long trips, and h=3 for chick-rearing 

and short trips. The utilisation distribution (UD) of the birds was estimated using the 

‘estSpaceUse’ function with a kernel of 50% (Figure 2), and the accuracy of this distribution was 

calculated with the ‘repAssess’ function. Finally, the important foraging areas were estimated 

using the ‘findSite’ function, with a level UD of 50% and estimated sizes of the populations 

(10000 Bulwer’s petrel on each island, 13000 Cape Verde shearwaters for Raso and 7000 for 

Curral Velho) (Figure 2).  
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Figure 2. 50% Kernel Utilization distributions (UD) (top) and Key Biodiversity Area (KBA) (bottom) of Cape Verde 
shearwaters from Ilhéu Raso (S. Nicolau, Cabo Verde) during the incubation phase. Different colours are different 
individuals (top) and red polygon represents proposed KBA at 93.4 % representativeness (bottom). Central dot 
represents the breeding colony. 
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Overlap of the core foraging areas with the current network of protected areas.  

 

To know if the estimated important foraging areas are already covered by the current 

network of KBAs and MPAs off West Africa (Figure 3) or if they need further protection, an 

overlap analysis was performed on QGIS using the current MPAs’ network from Western Africa 

imported from (UNEP-WCMC and IUCN, 2022) and the current network of KBAs obtained from 

the Key Biodiversity Areas database (https://www.keybiodiversityareas.org). The total area and 

the percentage of the area of each estimated core foraging area covered by implemented MPAs 

and KBAs was then calculated.  
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A 

 

B 

 

Figure 3. Map of current (A) Key Biodiversity Areas (blue polygons) and (B) Marine Protected Areas (green polygons) 

off West Africa. Only the coastal areas of the green terrestrial polygons are considered as MPAs. 
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Environmental drivers of the interannual use of core foraging areas 

 

To determine the environmental drivers of the interannual use of the estimated KBAs by the 

two studied species, we extracted Spatial Ecosystem and Population Dynamics Model – 

SEAPODYM data (http://www.seapodym.eu) from Copernicus database 

(https://myocean.marine.copernicus.eu), at spatio-temporal resolutions of 0.1º and monthly, 

respectively. Environmental predictors included (1) net primary productivity (mg m-2 day-1), (2) 

mass content of zooplankton (g m-2), (3) mass content of epipelagic fish (g m-2) and (4) mass 

content of mesopelagic fish (g m-2). Downloaded rasters were then processed through several 

functions of raster R package (Hijmans 2022) to aggregate the monthly values to the different 

tracking periods, using the average and extracting the raw values from inside the estimated KBAs 

each study year (2013-2019) for each combination of study species – population – phase. 

 

 

Overlap of the core foraging areas with the distribution of other marine predators 

 

To know if the estimated KBAs can also protect other marine species, former studies 

from Cabo Verde and its neighbouring countries where other species were tracked were used. 

Polygons were drawn on QGIS (QGIS Desktop v. 3.18.2) using maps of the tracking data of two 

species of turtles, fifteen species of birds, two species of sharks, three species of whales, one 

species of dolphin and one species of ray (Table 1) 

The polygons were drawn by doing the following steps: (1) Layer – Create Layer – New 

Shapefile Layer – Geometry type: Polygon – Toggle Editing – Add Polygon Feature. Then, (2) 

the Overlap analysis tool for QGIS was used to calculate the area and percentage of the area of 

the estimated KBAs covered by the distribution of each selected taxa.  
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Table 1. List of the species used to calculate the overlap with the estimated core foraging areas of the Cape Verde 
shearwaters and the Bulwer's petrels. 

Common English 
name 

 

Scientific name IUCN red list 
category 

 (ICUN, 2022b) 

Reference 

Audouin’s gull Ichthyaetus audouinii Vulnerable Bécares et al., 2016. 
Audubon’s 
shearwater 

Puffinus lherminieri Least concern Gonzalez-Solis, 2007-
2021; Paiva, 2018-2019. 

Blue shark Prionace glauca Near threatened  Queiroz et al., 2016 ; Vedor 
et al., 2021. 

Brown booby Sula leucogaster Least concern Gonzalez-Solis, 2007-
2021; Paiva, 2018-2019. 

Cape Verde petrel Pterodroma feae Near threatened  Gonzalez-Solis, 2007-
2021. 

Cape Verde storm 
petrel 

Hydrobates jabejabe Least concern Gonzales-Solis, 2019-2021. 

Caspian tern Hydroprogne caspia Least concern Veen et al., 2014-2015. 
Chilean devil ray Mobula tarapacana Endangered  Thorrold et al., 2014. 
Common bottlenose 
dolphin 

Tursiops truncatus Least concern Correia et al., 2022 ; de 
Vries, 2022 ; Happywhale, 
2021; iNaturalist, 2022; 
Lanfredi and Notarbartolo 
di Sciara, 2014; Maughan 
and Arnold, 2010. 

Cory’s shearwater Calonectris borealis Least concern Dias et al., 2012 ; Missagia 
et al., 2015. 

Humpback whale Megaptera 
novaeangliae 

Least concern Correia et al., 2022 ; de 
Vries and Lemmens, 2022. 
Happywhale, 2021 ; 
iNaturalist, 2022 ; 
Woolmer, 2013. 

Leatherback sea turtle Dermochelys coriacea Vulnerable Cooper, 2021; Correia et 
al., 2022; Dondorp and 
Creuwels, 2022; United 
States Geological Survey. 

Lesser black-backed 
gul 

Larus fuscus Least concern Stienen et al., 2017. 

Loggerhead sea turtle Caretta caretta Vulnerable ADS Biodiversidad, 2020; 
Cruz, 2021. 

Northern gannet Morus bassanus Least concern Gremillet et al., 2015. 
Red-billed tropicbird Phaethon aethereus Least concern Gonzalez-Solis, 2009-

2021; Paiva, 2017-2019. 
Red footed booby Sula sula Least concern Paiva, 2018-2019. 
Royal tern Thalasseus maximus Least concern Veen et al., 2014-2015. 
Scopoli’s shearwater Calonectris diomedea Least concern Gremillet et al., 2015. 
Shortfin mako shark Isurus oxyrinchus Endangered  Queiroz et al., 2019. 
Short-finned pilot 
whale 

Globicephala 
macrorhynchus 

Least concern de Vries and Lemmens, 
2022; Happywhale, 2021; 
iNaturalist, 2022; Maughan 
and Arnold, 2010. 

Slender-billed gull Larus genei Least concern Veen et al., 2014. 
Sperm whale Physeter 

macrocephalus 
Vulnerable  Correia et al., 2022 

White faced storm 
petrel 

Pelagodroma marina Least concern Gonzales-Solis, 2019-2021. 
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Overlap of the core foraging areas with fishery activities 

 

Fisheries are one of the main threats for seabirds in Cabo Verde, so it is important to study the 

intensity of fishing activities at the important foraging areas for our two study species. The data 

was collected through the fishRmen dashboard (Buonomo, 2021; 

https://shyentist.shinyapps.io/fish-r-man/) using specific parameters to match fishery data to our 

tracking data in terms of range, study period and fisheries with which seabirds (and other marine 

taxa) might interact and be by-caught (Table 2). 

 

Table 2. Parameters used to download fisheries data. 

Query table AIS data at 100th degree 
 

Date Bulwer’s petrel: 
12 June 2017 – 31 August 2017 
24 April 2018 – 02 September 2018 
20 April 2019 – 29 August 2019 
 
Cape Verde shearwater: 
2 July 2013 – 26 September 2013 
17 June 2014 – 09 July 2014 
10 June 2015 – 02 October 2015 
14 June 2016 – 11 July 2016 
11 June 2017 – 15 September 2017 
15 June 2018 – 13 September 2018 
20 June 2019 – 23 September 2019 
 

Latitude Min = 8 ; Max = 25 
 

Longitude Min = -33 ; Max = -15 
 

Geartype Drifting longlines and Set longlines ; 
Trawlers ; 
Pole and line ; 
Purse seines, tuna purse seines, other purse seines, other seines, 
seiners 

 

Then, the fishing areas were delimited with a 95% kernel on R using the ‘adehabitatHR’ 

package (Calenge, 2006). We chose to use this high kernel value to be consistent with the overlap 

analysis of the other marine predators, which available data was their entire distribution, and not 

their core foraging areas. To only keep the data on vessels actually fishing and not only passing 



 

41 
 

by, only the data of the vessels fishing more than 0.01 hours was computed. A map of the core 

fishing areas was exported as a shapefile and added on QGIS where the overlap between the 

estimated KBAs and the yearly fishing activities was calculated. The overlap is calculated for 

every year of the study to potentially observe a variation in the impact of fisheries on seabirds’ 

distribution. 

 

Data analysis 

To assess the consistency in area use (1) within and (2) between study years by diverse 

populations of different seabird species, the kerneloverlap function and Bhattacharyya’s affinity 

(BA) method of the adehabitatHR package (Calenge, 2006) was used to compute the overlap 

between the seabirds’ foraging distribution. We analysed populations that had been tracked in 

multiple years to compare the distribution of the core foraging areas (50% Kernel UD) of the 

birds from the same year with the distribution of the core areas in different years with an ANOSIM 

(analysis of similarity) analysis from the vegan package in R (Oksanen et al., 2013). ANOSIM 

uses a bootstrap randomization procedure (1,000 repetitions) to test for differences between 

groups (i.e., years). Results vary between -1 (when within-year is more variable than between-

years distributions) and 1 (when between-years is more variable than within-year distributions). 

A value of 0 reveals no difference between and within year distribution. 

Shapefiles of current KBAs within the Cabo Verde EEZ were provided by BirdLife 

International upon request (https://www.keybiodiversityareas.org) and MPA files within the Cabo 

Verde EEZ were obtained from the Cabo Verde governmental authorities (INGT – Instituto de 

Nacional de Gestão do Território) and from different organizations (e.g., University of Cabo 

Verde, Lantuna). To quantify the use of current KBAs and MPAs and proposed KBAs, custom R 

scripts were built using functions from the sp (Bivand et al. 2013) sf (Pebesma 2018), raster 

(Hijmans 2021) and spatialEco (Evans 2021) R packages. 
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General Linear Models (GLMs) were used to test the effect of study year (2013-2019) on 

the (1) Net primary productivity (NPP; mg m-2 day-1), mass content of (2) zooplankton (ZOO; g 

m-2), (3) epipelagic fish (EPI; g m-2) and (4) mesopelagic fish (MES; g m-2). 
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RESULTS 
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Foraging patterns  

The tracks of the two colonies of the Cape Verde shearwaters from Raso Islet and Curral 

Velho exhibited high similarity in their foraging patterns and distribution. Indeed, both colonies 

foraged around the nest and travelled as far as off West Africa (Figure 4). Cape Verde shearwaters 

showed different foraging strategies depending on the breeding phase, performing a lower number 

of trips per bird during incubation (2.1 ± 0.6 trips per bird) than chick-rearing (6.4 ± 2.2 trips per 

bird), yet incubation trips were usually longer in duration and distance from the breeding colony. 

Cape Verde shearwaters from Raso performed 29% of short trips during chick-rearing, against 

7% during incubation. Curral Velho’s population performed 5% of short trip during chick-rearing 

against 27% during incubation (Table 3).  

Unlike Cape Verde shearwaters, Bulwer’s petrels from Raso and Cima Islets did not 

overlap/ exhibited spatial segregation in their foraging distribution. Indeed, the population of 

Cima Islet foraged more to the South whilst the population of Raso Islet foraged mostly towards 

Northern latitudes. However, both colonies were comparably more pelagic than the Cape Verde 

shearwaters, foraging West of their respective colonies, towards the middle of the Atlantic (Figure 

4). Moreover, the Bulwer’s petrels also performed less trips during the incubation (1.6 ± 0.4 trips 

per bird) than during the chick-rearing period (4.0 ± 1.2 trips per bird), and the birds also foraged 

during a longer period of time and at longer distance from their colony during incubation (Table 

4).  
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Figure 4. Foraging distribution of Bulwer’s petrel (upper panel) tracked from Raso (red) and Cima (light blue) Islets 
and Cape Verde Shearwater (down panel) from Raso Islet (brown) and Curral Velho (yellow; Boavista Island), between 
2013 – 2019. 
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Table 3. Summary statistics for the Cape Verde Shearwater (Calonectris edwardsii). Also shown are mean trip 
duration (Trip. Dur.) and mean maximum distance from colony (Max. Dist.). 

Colony Year Phase N birds  N trips  Trip. Dur. ± 

SD (days) 

Max. Dist. ± SD 

(km) 

Curral 

Velho 

2017 Chick-rearing — — — — 

Incubation 34 62 3.80 ± 3.35 292.56 ± 272.36 

2018 Chick-rearing 23 84 1.61 ± 1.99 90.13 ± 164.88 

Incubation 32 66 4.51 ± 4.77 329.41 ± 311.62 

2019 Chick-rearing 27 109 2.04 ± 3.04 148.25 ± 221.70 

Incubation 56 137 4.57 ± 5.33 349.00 ± 319.11 

Raso 2013 Chick-rearing 7 58 1.83 ± 2.76 176.49 ± 205.72 

Incubation 11 13 7.83 ± 4.04 618.70 ± 333.92 

2014 Incubation 7 19 3.78 ± 3.97 364.64 ± 357.00 

2015 Chick-rearing 12 109 1.18 ± 1.27 94.22 ± 92.12 

Incubation 13 42 2.50 ± 3.06 222.66 ± 296.42 

2016 Incubation 13 24 5.35 ± 3.63 584.17 ± 354.09 

2017 Chick-rearing 27 229 1.77 ± 2.02 229.13 ± 274.13 

Incubation 16 44 3.60 ± 3.65 382.44 ± 375.81 

2018 Chick-rearing 36 195 1.79 ± 2.27 236.37 ± 274.05 

Incubation 20 36 4.64 ± 3.13 589.37 ± 336.84 

2019 Chick-rearing 29 160 1.99 ± 2.54 210.84 ± 265.61 

Incubation 10 15 3.68 ± 2.80 606.09 ± 376.27 

 

Table 4. Summary statistics for the Bulwer’s petrel (Bulweria bulwerii). Also shown are mean trip duration (Trip. 
Dur.) and mean maximum distance from colony (Max. Dist.). 

Colony Year Breeding 

phase 

N birds  N trips  Trip. Dur. ± 

SD (days) 

Max. Dist. ± 

SD (km) 

Cima 2017 Chick-rearing 15 63 1.91± 1.63 196.24 ± 140.20 

Incubation — — — — 

2018 Chick-rearing 24 133 2.10 ± 1.94 201.51 ± 174.55 

Incubation 16 37 4.80 ± 5.47 235.30 ± 253.50 

2019 Chick-rearing 44 230 1.97 ± 1.94 206.46 ± 198.48 

Incubation 14 21 6.84 ± 4.81 393.16 ± 252.90 

Raso 2017 Chick-rearing 13 34 2.50 ± 1.86 304.78 ± 259.02 

Incubation 4 6 3.36 ± 2.76 291.80 ± 247.92 

2018 Chick-rearing 25 91 2.75 ± 2.31 333.92 ± 271.00 

Incubation 7 11 6.36 ± 4.01 393.35 ± 208.86 

2019 Chick-rearing 14 41 2.81 ± 2.50 337.03 ± 276.10 

Incubation 11 15 5.88 ± 3.99 475.88 ± 299.29 
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Consistency in space use 

 

During incubation and long trips, Cape Verde shearwaters from Curral Velho foraged 

both in the colony surroundings and off West Africa, between the middle coast of Mauritania and 

the northern coast of Senegal, with core foraging areas of 7923.23 km² and 6932.14 km² 

respectively (Figure 5). During the chick-rearing phase, the shearwaters also foraged near the nest 

and off West Africa, but only by the northern coast of Senegal, and their core foraging area was 

smaller, with 1460.85 km². The foraging strategy of the shearwaters during short trips differed, 

as the birds focused their foraging effort near the nest, on a smaller area of 665.025 km², so 10 

times smaller than the core area used during long trips. Cape Verde shearwaters from Raso also 

relied on areas surrounding their colony to forage during their short trips, using a core area of 

2095.12 km². Cape Verde shearwaters had similar core foraging areas during the chick-rearing 

period and short trips, with similar site locations and sizes of respectively 4169.01 km² and 

3698.91 km². During incubation, Cape Verde shearwaters mainly foraged close to the northern 

coast of Senegal and on a small site at close distance from their colony, using a total area of 

1489.051 km². The R-value of the ANOSIM analysis varied between -0.10 and 0.10, showing 

spatial consistency in their core foraging sites (50% Kernel UDs) both within and between the 

years, for both colonies during the two breeding phases and for the two trip durations (Figure 6).  

Bulwer’s petrels from Cima Islet used a core foraging area of 12179.2 km² during chick-

rearing in their colony surroundings, which was 3.4 times larger than during incubation, although 

the sites overlapped. The core foraging area used during the long trips was 11168.2 km², which 

was very similar to the area of the chick-rearing phase. A similar pattern was observed on the 

population of Raso Islet, with a core foraging area during chick-rearing of 8122.44 km² which 

was 51 times larger than the one used during incubation (158.588 km²). The size of the core area 

covered by Bulwer’s petrels during long trips was 2008.71 km², which was 1.7 times larger than 

the one covered during short trips (1199.09 km²) (Figure 7). The R-value from the ANOSIM 
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analysis is around 0.2 for the two breeding periods and trip durations of both colonies meaning 

that the core foraging areas are quite consistent within the year but with considerable variation 

between years (i.e. positive R-values; Figure 6).  

 

Figure 5. Important foraging areas for the Cape Verde shearwater. Incubation phase (top left), Chick-rearing phase 

(top right), long trip (bottom left), short trip (bottom right). 
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Figure 6. Results of the ANOSIM analysis, showing the variability in R values in the datasets analysed for the 
Bhattacharyya’s affinity index. ANOSIM R values can potentially vary between -1 (within-year variability > between-
years variability) and 1 (between-years variability > within year-variability). 
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Figure 7. Important foraging areas for the Bulwer’s petrel. Incubation phase (top left), Chick-rearing phase (top right), 

long trip (bottom left), short trip (bottom right). 
 

Overlap of the core foraging areas with the current network of Key Biodiversity 

Areas (KBAs) and Marine Protected Areas (MPAs) 

 

For the two study species, the estimated core foraging areas were much less covered by 

the MPAs than by the KBAs. Indeed, Cape Verde shearwaters from Raso Islet had their core 

foraging areas highly covered by KBAs with an overlap varying between 99.68% and 73.73%, 

with overlaps higher than expected by change (i.e. permuted overlaps) (Table 5). Yet MPAs 

covered less than 1% of the four core foraging areas (Incubation, Chick-rearing, Long trips and 

Short trips) of this population. This pattern was also noticeable for the population from Curral 

Velho, but with less drastic results, the short trips area still being covered by 83.33% (Table 6).  
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The current network of KBAs showed a maximum coverage of only 7.38% of the 

estimated core foraging area of Bulwer’s petrels from Cima Islet during the chick-rearing period 

(Table 5). As for the population of Raso, the overlap varied greatly with a coverage of 80.0% for 

the incubation period whilst only a quarter of the chick-rearing core foraging area overlapped 

with the KBAs. However, foraging Bulwer’s petrels from both study colonies exhibited a 

generally low overlap with the current network of MPAs. Indeed, less than 1% of the core 

foraging areas of birds from Cima Islet are protected, and the maximum protecting reached for 

birds from Raso was 1.94% for the long trips category (Table 6). The greatest difference occurred 

during the incubation period which had a coverage of 80% by KBAs, but 0.1% by MPAs. 
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Table 5. Metrics of Bhattacharyya’s affinity (BA) overlap (in %) between core foraging distribution (50% kernel 
Utilization Distribution, UD) of Cape Verde shearwaters and Bulwer’s petrels and the current network of Key 
Biodiversity Areas (KBAs) off the west Africa marine region. P represents the proportion of randomized overlaps that 
were smaller than the observed overlap. Significant differences are shown in bold. 
 

 Observed overlap Permuted overlap 

(mean±SD) 

P 

Cape Verde shearwater    

Raso    

Chick-rearing 86.5 80.1 ± 16.4 0.21 

Incubation 99.7 56.2 ± 18.9 0.01 

Long trip 96.4 65.3 ± 11.1 0.02 

Short trip 73.7 82.2 ± 17.4 0.03 

Curral Velho    

Chick-rearing 91.8 81.3 ± 22.2 0.09 

Incubation 60.8 58.2 ± 16.7 0.21 

Long trip 67.5 69.9 ± 18.9 0.17 

Short trip 96.6 75.4 ± 19.9 0.01 

Bulwer’s petrel    

Raso    

Chick-rearing 25.5 71.3 ± 18.4 0.01 

Incubation 80.0 56.3 ± 21.1 0.03 

Long trip 63.4 53.9 ± 23.2 0.10 

Short trip 56.4 76.2 ± 19.0 0.02 

Cima    

Chick-rearing 7.4 76.3 ± 11.6 0.001 

Incubation 12.7 61.3 ± 15.3 0.01 

Long trip 7.5 56.2 ± 11.9 0.001 

Short trip — — — 

 



54 
 

Table 6. Metrics of Bhattacharyya’s affinity (BA) overlap (in %) between core foraging distribution (50% kernel 
Utilization Distribution, UD) of Cape Verde shearwaters and Bulwer’s petrels and the current network of Marine 
Protected Areas (MPAs) off the west Africa marine region. P represents the proportion of randomized overlaps that 
were smaller than the observed overlap. Significant differences are shown in bold. 

 Observed overlap Permuted overlap 

(mean±SD) 

P 

Cape Verde shearwater    

Raso    

Chick-rearing 0.1 11.4 ± 13.8 0.02 

Incubation 0.1 5.3 ± 4.3 0.01 

Long trip 0.1 4.2 ± 2.9 0.01 

Short trip 0.2 22.7 ± 11.9 0.01 

Curral Velho    

Chick-rearing 61.5 15.3 ± 11.3 0.02 

Incubation 18.1 6.7 ± 1.9 0.20 

Long trip 18.5 7.3 ± 3.8 0.19 

Short trip 83.3 28.1 ± 12.6 0.01 

Bulwer’s petrel    

Raso    

Chick-rearing 1.1 15.6 ± 1.8 0.01 

Incubation 0.1 6.4 ± 4.6 0.01 

Long trip 1.9 9.7 ± 8.4 0.01 

Short trip 0.4 19.6 ± 11.7 0.01 

Cima    

Chick-rearing 0.1 18.4 ± 4.7 0.001 

Incubation 0.2 5.2 ± 1.9 0.02 

Long trip 0.1 6.9 ± 2.3 0.02 

Short trip — — — 
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Environmental drivers of the interannual use of core foraging areas 

 

Within the core foraging areas of the population of Cape Verde shearwaters from Raso 

Islet, the net primary productivity as well as the mass content of epipelagic fish decreased 

significantly in 2015, 2018 and 2019 when compared with 2013 (Table 7). The mass content of 

zooplankton remained nearly constant among study years, only decreasing significantly in 2015. 

Unlike for the epipelagic fishes, the mass content of mesopelagic fishes did not vary between 

2013 and 2018, only decreasing in 2019. The net primary productivity and the mass content of 

zooplankton were significantly lower in 2019 than in 2017 within the core foraging areas of the 

Curral Velho’s population (Table 7). Whilst the mass content of epipelagic fishes decreased 

significantly in 2018 and 2019, the mass content of mesopelagic fishes remained stable. Within 

the core foraging areas of Bulwer’s petrels from Raso, the net primary productivity and the mass 

content of zooplankton did not vary significantly during the years of the study (Table 8). 

However, the mass content of epipelagic fishes decreased significantly in 2018 and 2019 when 

compared to 2017. The mass content of mesopelagic fishes also decreased, but only in 2018. The 

net primary productivity of core foraging areas of Bulwer’s petrels from Cima Islet also remained 

stable during the study years, but the mass content of zooplankton, epipelagic and mesopelagic 

fishes all significantly decreased in 2018 and 2019 compared to 2017 (Table 8). 
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Table 7. Results from models showing the effect of study year (2013-2019) on the (1) net primary productivity (NPP; 
mg m-2 day-1), (2) mass content of zooplankton (ZOO; g m-2), (3) mass content of epipelagic fish (EPI; g m-2) and (4) 
mass content of mesopelagic fish (MES; g m-2) within the Key Biodiversity Areas (KBAs) estimated for the overall 
foraging distribution of Cape Verde shearwaters from Raso Islet. Year 2013 was used as a reference against which 
other study years are compared. Significant differences are shown in bold. 

 

 

Table 8. Results from models showing the effect of study year (2017-2019) on the (1) net primary productivity (NPP; 
mg m-2 day-1), (2) mass content of zooplankton (ZOO; g m-2), (3) mass content of epipelagic fish (EPI; g m-2) and (4) 
mass content of mesopelagic fish (MES; g m-2) within the Key Biodiversity Areas (KBAs) estimated for the overall 
foraging distribution of (A) Cape Verde shearwaters from Curral Velho (Boavista Island), (B) Bulwer’s petrels from 
Raso Islet and (C) Bulwer’s petrels from Cima Islet. Year 2017 was used as a reference against which other study years 
are compared. Significant differences are shown in bold. 
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Overlap of the core foraging areas with the distribution of other marine predators 

 

Cape Verde shearwaters from Raso had their core foraging areas overlapping with 19 out 

of the 24 species using the West Africa marine area, including four vulnerable species (Audouin’s 

gull, Leatherback Sea turtle, Loggerhead turtle, Sperm whale), two near threatened species (Blue 

shark, Cape Verde petrel) and one endangered species (Shortfin mako shark). There are 11 bird 

species, two shark species, one dolphin species, two turtle species, and three whale species. Some 

species fully overlapped with the core foraging areas of the four categories (i.e. core foraging 

areas during chick-rearing, incubation, long trips and short trips), like the Audubon’s shearwater 

and the Shortfin mako shark, some species overlapped very partially with the four categories, like 

the Cape Verde storm petrel, the Loggerhead turtle or the Northern gannet, and some species 

overlap both greatly and slightly with the categories. Indeed, the Blue shark, Brown booby and 

Cape Verde petrel overlapped almost totally with the short-trips category, by 50% with the chick-

rearing but less than 10% for the long-trips and incubation (Figure 8).  

 

 

Figure 8. Overlap percentage of the core foraging areas for the Cape Verde shearwaters from Raso Island with the 
distribution of other marine predators. 
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Core foraging areas of Cape Verde shearwaters from Curral Velho overlapped with 18 

species out of the 24 selected. Amongst them, there were three vulnerable species (Audouin’s 

gull, Leatherback Sea turtle, Sperm whale), two near threatened species (Blue shark, Cape Verde 

petrel), and one endangered species (Shortfin mako shark). The same observation can be made 

concerning amount of the core foraging area covered by the species’ distribution. In total there 

are 11 bird species, two shark species, one dolphin species, one turtle species and three whale 

species (Figure 9).  

 

Figure 9. Overlap percentage of the core foraging areas for the Cape Verde shearwaters from Curral Velho Island with 
the distribution of other ’marine predators. 
 

 Core foraging areas of Bulwer’s petrels from Cima Islet overlapped with a total of 10 

species out of the 24 selected for the analysis, which is almost half of the number of species 

overlapping with the core foraging distribution of the Cape Verde shearwaters. Amongst these 

species, there is one vulnerable species (Sperm whale), two near threatened species (Blue shark, 

Cape Verde petrel) and one endangered species (Shortfin mako shark). There are four bird 

species, two shark species, one dolphin species and three whale species. All species overlapped 

almost completely with all three core foraging areas, expect for the Humpback whale that covers 

less than 20% of the three sites (Figure 10).  
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Figure 10. Overlap percentage of the core foraging areas for the Bulwer's petrels from Cima Islet with the distribution 
of other marine predators. 
 

 Core foraging areas of Bulwer’s petrels from Raso overlapped with the distribution of 15 

out of the 24 species using the West Africa region. There were two vulnerable species 

(Leatherback Sea turtle, Sperm whale), two near threatened species (Blue shark, Cape Verde 

petrel) and two endangered species (Chilean devil ray, Shortfin mako shark). However, the 

endangered Chilean devil ray’s distribution overlaps with only 0.3% of the core foraging area 

during the chick-rearing phase. Like for the population from Cima Islet, the percentage overlap 

is either high (>80%) or low (<25%), except for the Common bottlenose dolphin and the 

Leatherback Sea turtle which have more varying coverage, even between categories. In total, 

there are seven bird species, two shark species, one ray species, one dolphin species, one turtle 

species and three whale species (Figure 11). 
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Figure 11. Overlap percentage of the core foraging areas for the Bulwer's petrels from Raso Island with the distribution 
of other marine predators. 
 
 
 

Overlap of the core foraging areas with fishery activities 

Across all years, the main vessel type operating within the core foraging areas of Cape 

Verde shearwaters from Raso seem to be trawlers, but the pole and line method appeared in 2018 

and increased rapidly in 2019 reaching a 80% overlap with the core foraging area during the short 

trips of the birds (Figure 12). Longlines do not have an important activity in this area, reaching a 

maximum overlap of ~15%. During 2013, 2014 and 2016 fishery activities exhibited a maximum 

overlap of 30% by seiners for the core foraging area of the shearwaters’ long trips in 2016, but 

did not reach more than 20% for the remain categories of core foraging areas and fishing methods. 
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Figure 12. Overlap percentage of the core foraging areas for the Cape Verde shearwaters from Raso Islet with areas of 
core fishery activities. 
 

 

During the three years of the study, the fishery activities did not vary much within the 

core foraging areas of Cape Verde shearwaters from Curral Velho. Indeed, seiners’ activity inside 

the areas decrease after 2017 whilst trawlers’ activity increased, but 2018 and 2019 were very 

similar in terms of overlap percentage between the four fishing methods and seabird core foraging 

areas (Figure 13). Fishery activities overlapped the most with the core foraging areas of long trips 

during the incubation period.  

 
 
Figure 13. Overlap percentage of the core foraging areas for the Cape Verde shearwaters from Curral Velho Island 
with areas of core fishery activities. 

 

Within the core foraging areas of Bulwer’s petrels from Raso, pole and line were the 

dominant fishing methods during 2018 and 2019. In 2017, only longliners operated within the 
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core foraging areas of the long-trips during the chick-rearing period (Figure 14). In 2019, there 

was more vessel diversity, with the appearance of seiners in the seabirds’ core foraging areas. The 

fishery activities also seemed to increase in intensity, with a percentage overlap ~16 times higher 

in 2019 than in 2017.  

 

 
Figure 14. Overlap percentage of the core foraging areas for the Bulwer's petrels from Raso Island with areas of core 
fishery activities. 
 
 

Within the core foraging areas of Bulwer’s petrels from Cima Islet, the only fishing 

vessels were longliners and seiners, but the seiners were only present in 2019 with an overlap 

lower than 1% (Figure 15). Overall, fishery activities did not overlap more than 15% with the 

core foraging areas for the Bulwer's petrels from Cima Islet. 
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Figure 15. Overlap percentage of the core foraging areas for the Bulwer's petrels from Cima Islet with areas of core 
fishery activities. 
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DISCUSSION 

 





67 
 

Foraging patterns and consistency in space use 

The foraging distribution of the two populations of Cape Verde shearwaters (from Raso 

and Cima Islets) had many similarities, and almost only naturally differed in their starting 

locations. Indeed, shearwaters performed short trips to forage within their colony surroundings 

and long excursions to forage off West Africa. They showed different foraging behaviours during 

the incubation and chick-rearing periods. They generally exhibited a dual foraging behaviour, 

which has been previously described for the species (Paiva et al, 2015), alternating especially 

during chick-rearing, between several short forays for chick provisioning with a long excursion 

to off West Africa mostly for self-provisioning (i.e. to restore their body condition). From 2013 

to 2019, Cape Verde shearwaters had four core foraging areas: one around each colony, one off 

Mauritania and one off North Senegal. During incubation both populations foraged mostly on the 

sites off West Africa than in the colony surroundings, whilst the opposite was naturally observed 

during chick-provisioning. This behaviour is coherent with the foraging behaviour of the species 

during the different breeding phases. Moreover, Cerveira et al. (2020) found Cape Verde 

shearwaters of Raso Islet to exhibit foraging plasticity, investing in a higher number of long trips 

towards off West Africa in years of poor oceanographic conditions within the Cabo Verde 

archipelago, and shorter trips around the colonies during years of good oceanographic conditions. 

Despite this differential strategy, the areas targeted between years were very similar as shown by 

the general pattern of values around 0 on the ANOSIM (similarity) analysis. 

As for the Bulwer’s petrels, the two colonies displayed similar generally oceanic foraging 

distributions, albeit a certain degree of between populations spatial segregation. Indeed, whilst 

both colonies foraged around the breeding colony, off West Africa and in more pelagic area west 

of Cabo Verde, the population of Cima foraged in southern areas when compared to the more 

northern distribution of Raso’s population. This might have happened because there is a 

considerable difference in the breeding phenology of these populations, although their proximity 

in breeding locations (~180 km apart). Ecological/ evolutionary drivers behind this are still under 

investigation, but led to a temporal mismatch on tracking data collection, with the tracking 
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information of Raso’s colony being recorded two months later than Cima’s colony. Thus, the 

mesopelagic fish distribution might have changed during these months, and Bulwer’s petrel 

already showed some adaptative skills to prey availability (Dias et al., 2016). Compared to former 

studies where Bulwer’s petrels travelled very long distances, up to 1700 km from the colony 

during the breeding period (Dias et al., 2016), individuals of our study travelled shorter distances 

with a maximum of 979 km from the colony. Despite being overall more pelagic than the Cape 

Verde shearwater, the core foraging areas of Bulwer’s petrels were larger but centred around the 

colonies. During chick-rearing, core foraging areas overlapped almost perfectly with the long trip 

areas especially for Cima’s population, whilst during incubation the areas are even smaller than 

those for short trips. Populations of this species showed some inconsistency in their foraging 

spatial distribution among years in their foraging patterns, which might also be linked to the 

oceanographic conditions and the adaptative behaviour of the petrels to find their preys (Dias et 

al., 2016; Waap et al., 2017).  

 

Overlap of KBAs off West Africa with the estimated core foraging areas 

 

KBAs off West Africa overlap with most of the core foraging areas and particularly the 

areas of the Cape Verde shearwater, both populations of Raso and Curral Velho. Indeed, the Raso/ 

São Nicolau – marine KBA covers most of the areas for Raso’s population, and the smaller KBAs 

of Ilhéu Branco, Ilhéu Raso and Beaches of Sao Nicolau Island also overlap with these areas. 

However, for Curral Velho’s population, whilst the core foraging areas near Curral Velho Island 

and Dakar are well covered by the Ilhéu de Curral Velho – marine, and the Northern Senegal 

shelf-break KBAs, the core foraging areas by the Northern Mauritanian coast are only slightly 

overlapping with the Canary current shelf-break (South) KBA, which is too North to wholly cover 

the sites. This zone was implemented as a KBA in 2016 because it has been identified as an area 

of ecological importance due to the presence of eight birds including the Audubon’s and Cory’s 

shearwaters and the Northern gannet, but neither the Cape Verde shearwater nor the Bulwer’s 
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petrel (Key Biodiversity Areas Partnership, 2022). As for the Ilhéu de Curral Velho – marine 

KBA, it was implemented in 2017 due to the presence of the Cape Verde shearwater (Key 

Biodiversity Areas Partnership, 2022). The Northern Senegal shelf-break KBA was implemented 

in 2016, also due to the presence of the Cape Verde shearwaters, respecting two criteria (B1: more 

than 10% of the global population and more than 10 reproductive units of any species, D1a: more 

than 1% of the global population size of a species over a season and during more than one key 

stage in the life cycle) (Key Biodiversity Areas Partnership, 2022). So, this explains the high 

overlap of the core foraging areas around Curral Velho (Boavista Island) and Dakar (Senegal), 

and it shows the possibility of extending the Canary current shelf-break (South) KBA to include 

the important foraging areas of the two study species.  

As for the Bulwer’s petrel, only 6 out of the 11 coastal KBAs near Cabo Verde are 

overlapping with the estimated core foraging areas, because individuals of these populations are 

comparably more pelagic, these KBAs only covered a small amount of the core foraging areas, 

especially for the population of Cima Islet with a maximum coverage of less than 13%. This low 

coverage could be explained by the characteristics of the KBAs. Indeed, Ribeira de Fajã de Água 

is a terrestrial MPA with a small sea extension that was implemented because of the presence five 

endangered and critically endangered plant species (Key Biodiversity Areas Partnership, 2022), 

not taking into account the distribution of any marine taxa. Ilhéus do Rombo is a terrestrial and 

marine KBA which was implemented in 2017 for the presence of four bird species and one reptile 

endemic to Cabo Verde, the Delalande's Skink (Chioninia delalandii). Both are relatively small 

areas, more than 1900 times smaller than the core foraging areas of Cima’s population of Bulwer’s 

petrels, so the core foraging areas are covering these small KBAs entirely. The terrestrial and 

marine area around Ilha do Fogo is a larger KBA implemented in 2017 around Fogo Island due 

to the presence of the Cape Verde petrel (Pterodroma feae) (Key Biodiversity Areas Partnership, 

2022). However, the KBA is larger at the North of the Island whilst the Bulwer’s petrels tend to 

forage more on the South, thus the low percentage of overlap. On the other hand, during the 

incubation period the core foraging distribution of Bulwer’s petrels from Raso Islet was totally 
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covered by the Raso / São Nicolau – marine KBA whilst during the chick-rearing period only 

25% of the area was covered by Raso / São Nicolau – marine, Ilhéu Branco and Ilhéu Raso KBAs. 

This could be explained by the size of the sites, the core foraging area during chick-rearing being 

51 times larger than during incubation. And the KBAs are relatively small: Raso / São Nicolau – 

marine is 2560 km², Ilhéu Branco 15.55 km² and Ilhéu Raso is 10.47 km² (Key Biodiversity Areas 

Partnership, 2022), so they are respectively 3, 522 and 776 times smaller than the core foraging 

area of this population during the incubation period.  

So, the KBAs currently implemented near Cabo Verde are much smaller than the 

important foraging areas for the populations of Cape Verde shearwaters and Bulwer’s petrels. 

Considering the potential of these two seabirds to be umbrella species for other marine taxa, the 

current network of KBAs off West Africa are not yet covering all the important sites for marine 

biodiversity, but it seems to be improving with new implementations covering more important 

ecological areas. Moreover, the identification of KBAs is only the first step in a conservation plan 

as the criteria only consider the biological characteristics and no other components like economic 

or social factors, which are evaluated during the identification of MPAs. 

 

Overlap of MPAs off West Africa with the estimated core foraging areas 

 

Out of the 9 MPAs near the coast of Senegal and Mauritania, only one overlaps with the 

core foraging areas of the Cape Verde shearwaters. This MPA is situated on the sea-floor trench 

of Kayar, where there is a rich upwelling enriching the waters in phytoplankton. These two 

features allow a great diversity of fish species, like the Spotted seabass (Dicentrarchus punctatus), 

the Common octopus (Octopus vulgaris) or the near-threatened White grouper (Epinephelus 

aeneus). Because of overfishing in the region of Kayar, fish stocks decreased drastically, like the 

Spotted seabass that has not been caught since 1968, leading to economic issues with the fish 

prices dropping and conflicts between fishermen communities (PAG AMP CAYAR, 2011-2015). 

In order to counter this, the government of Senegal implemented rules, some concerning fisheries 
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like the surveillance of traditional fisheries up to 6 nautical miles from the coast, where industrial 

trawlers are forbidden (PAG AMP CAYAR, 2011-2015). However, this MPA and its regulations 

remain coastal and do not take into consideration other taxa such as reptiles or birds. Yet, one of 

the measures is to monitor birds, marine mammals, and turtles so the data collected in our study 

could add to the knowledge of the biodiversity around Kayar and protecting a larger area around 

the upwelling could contribute to the issues targeted in this MPA.  

 Concerning the MPAs surrounding Cabo Verde, there are currently 31 protected areas, 

and only 7 are overlapping with core foraging areas of Cape Verde shearwaters and Bulwer’s 

petrels. Around Raso Islet, Bulwer’s petrel core foraging areas are overlapping with two MPAs: 

the Reserva natural de Santa Luzia and the Reserva natural integral Ilhéus Branco e Raso. For 

each breeding phase and trip duration, the overlap does not exceed 2%, which is particularly small 

knowing that Bulwer’s petrels overlapped between 25% and 100% with KBAs. As seen 

previously, the KBA overlapping the most with Bulwer’s petrels is the Raso / São Nicolau – 

marine KBA which is not under any protective regulations despite having been identified as an 

ecologically important area. The core foraging areas of the population of Cape Verde shearwaters 

overlapped only with the Reserva natural integral Ilhéus Branco e Raso. Bulwer’s petrels and 

Cape Verde shearwaters showed the same tendency of having their core foraging areas highly 

covering this MPA during their long and short trips, during the chick-rearing period though much 

less during the incubation phase. Indeed, during this period, birds seem to forage mostly in a small 

area in the South of Raso islet, where there is no MPA in place. 

Around Cima Islet, the core foraging areas of the Bulwer’s petrels overlapped with two 

MPAs: the recently implemented Parque Natural da Baia do Inferno e do Monte Agra (PNBIMA), 

on the South-West coast of Santiago Island, and the Reserva Natural Integral de Ilhéus do Rombo. 

However, this overlap does not exceed 0.2%, so the important foraging areas of Bulwer’s petrels 

from this population are barely protected.  

The population of Cape Verde shearwaters from Curral Velho had their core foraging 

areas overlapping with three MPAs: the Reserva natural integral de Ilhéu Curral Velho, the 
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Reserva natural de Tartaruga, and Oceania, the recently implemented large marine pelagic MPA. 

These core foraging areas are the most protected compared to the other colonies, which is due to 

the large polygon that covers a large area on the South-East of Boa Vista, where the Cape Verde 

shearwaters frequently forage.  

Moreover, the MPAs of Cabo Verde were organised in three categories, depending on 

their protection priority and level of management costs (República de Cabo Verde, 2016). None 

of the MPAs mentioned before are in the high priority category. For Raso Island, the Reserva 

natural de Santa Luzia is classified as moderate priority whilst the Reserva naturel integral Ilhéus 

Branco e Raso is classified as low priority (República de Cabo Verde, 2016). For Cima Islet, the 

Reserva natural integral Ilhéus do Romba is classified as low priority (República de Cabo Verde, 

2016) and the Parque Natural da Baia do Inferno e do Monte Angra has not been classified yet. 

Two of the MPAs overlapping with the core foraging areas around Curral Velho (Reserva batural 

integral Ilhéus de Curral Velho, Reserva natural Tartaruga) are classified as moderate priority 

(República de Cabo Verde, 2016), the large polygon has not been classified yet. So, Curral Velho 

is not only the site with the highest overlap, but also the site with the highest investment in the 

MPAs.  

Overall, the core foraging areas are not under protection, leaving the Cape Verde 

shearwaters, the Bulwer’s petrels, their prey, and coexisting species under the threat of 

anthropogenic activities, like fisheries. However, the situation could evolve positively, by 

continuing to add new MPAs and increasing the protection efforts. The numerous KBAs around 

the archipelago as well as the results of this study already show that the region off West Africa is 

ecologically important and has a rich biodiversity. However, the economic and social challenges 

also need to be considered. Indeed, even though tourism plays a major part in Cabo Verde’s 

economy, representing 25% of the GDP in 2018 (Ministère de l’économie, des finances et de la 

relance, 2020), fisheries are still important and their decrease would impact the economy and the 

lives of the locals depending on them (Ferreira et al., 2021). Nevertheless, a synergy between 

MPAs, tourism and fisheries can be explored. Indeed, in the Paraty Bay MPA, in Brazil, whilst 
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fisheries are still in conflict with MPA regulations, fishermen involved in tourism have a higher 

income that the ones who do not (Lopes et al., 2015). So, Lopes et al. (2015) came with the idea 

of implementing a mosaic of uses including fisheries and tourism to obtain sustainable and non-

conflicting use of marine ecosystem services. 

 

Overlap of the core foraging areas with the distribution of other marine predators 

 

The core foraging areas of the Cape Verde shearwater and the Bulwer’s petrel overlapped 

in total with 21 species out of the 24 selected for the analysis. These 21 species can be separated 

into six taxa: bird, dolphin, whale, ray, shark and turtle. This diversity, in terms of taxa but also 

species, underlines the ecological importance of the estimated core foraging areas. Indeed, the 

presence of a great variety of predators implies the presence of numerous preys. The Chilean devil 

ray can dive up to 2000m deep and is thought to predate at depth on fish or squid in high-density 

layers (Thorrold et al., 2014). The leatherback sea turtle populations of West Atlantic use the 

region off West Africa as foraging grounds where the zooplankton biomass is higher and their 

foraging success increase (Fossette et al., 2010). They are shallow divers around Cabo Verde and 

West Africa where the zooplankton biomass is high but dive up to 300m when the biomass is low 

(Fossette et al., 2010). Thus, the core foraging areas of both Cape Verde shearwaters and Bulwer’s 

petrels encompass/ are also used by a great taxa biodiversity on different vertical layers, from 

above the ocean with the avifauna to deeper levels with diving species and underwater predators. 

Moreover, the 21 species include two endangered species (Chilean devil ray, Shortfin 

mako shark), two near-threatened species (Blue shark, Cape Verde petrel), and four vulnerable 

species (Audouin’s gull, Leatherback Sea turtle, Loggerhead turtle, Sperm whale). This highlights 

the potential of protecting the core foraging areas of the Cape Verde shearwaters and the Bulwer’s 

petrels for the protection of other threatened species. Indeed, these species are facing similar 

threats to the two species studied on this thesis. The endangered Chilean devil ray also faces the 

threat of accidental by-catch by tuna purse seines and longline fisheries (Couturier et al., 2012). 



 

74 
 

A collapse of the survival of a population of Northern gannets from Rouzic Island in France was 

observed by Grémillet et al. (2020) who hypothesised that accidental by-catch and intentional 

harvest are the most likely causes of mortality, especially for the individuals spending their inter-

breeding period off West Africa which is a distant-water fishing hotspot (Cabral et al., 2018). The 

endangered Shortfin mako shark also suffers from accidental by-catch from fishery activities and 

Cabo Verde was distinguished as one of the regions where the impact of Spanish longline vessels 

on these sharks it’s the highest (Duarte, 2020). Therefore, the vessels threatening the Cape Verde 

shearwater and the Bulwer’s petrel are also the ones threatening other taxa distributed off West 

Africa.  

Some species’ distributions do not overlap temporally with the core foraging areas, or 

only overlapped partially, like the Lesser black-backed gull recorded off West Africa from 

September to April (Stienen et al., 2017), the endangered Chilean devil ray that was monitored 

near Cabo Verde in November-December (Thorrold et al., 2014), or the Humpback whale that 

winters by the archipelago between January and May (Hazevoet et al., 2011) though some 

individuals of Humpback whales were recorded near Cabo Verde outside the winter season, 

during the months of June, July and August (Reiner et al., 1996; P. López Suárez; B. Gravanita). 

Therefore, these areas are not only ecologically important during the breeding period of the Cape 

Verde shearwater and the Bulwer’s petrel but also during the rest of the year, hence the necessity 

of protecting these sites.  

Moreover, these species have been recorded consistently over the years. From 2008 to 

2018, the Shortfin mako shark showed a high fidelity to productive areas including Cabo Verde 

(Duarte, 2020), the humpback whale comes to Cabo Verde to breed and was observed in Cabo 

Verde each year between 2010 and 2013 (Ryan et al., 2014), sightings can go back to the 19th 

century (Smith and Reeves, 2003). 
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Environmental drivers of the interannual use of the core foraging areas 

 

In 2019, the decline of epipelagic fishes within the core foraging areas of Cape Verde shearwaters 

from Curral Velho (Boavista Island) matched with the decrease of net primary productivity and 

mass content of zooplankton, but not in 2018. So, whilst in 2019 the decrease of net primary 

productivity might have led to the decrease in zooplankton and then epipelagic fishes, there must 

be another reason for the productivity pattern of 2018, which could be a higher fishery intensity 

around Curral Velho and off West Africa. Moreover, the lower net primary production could be 

due to anthropogenic pressures like global warming or reduced nutrient input (Capuzzo et al., 

2017). As for the foraging areas of Cape Verde shearwaters from Raso, there also was a decrease 

of the net primary productivity, the mass content of zooplankton and epipelagic fishes in 2015 

compared to 2013. However, in 2018 and 2019, although there was a decrease of the net primary 

productivity and epipelagic fishes (and mesopelagic fishes for 2019), the mass content of 

phytoplankton remained similar to the average value of 2013. Cape Verde shearwaters’ main 

preys are epipelagic fish, like the Madeiran sardinella, the bigeye scad or the keeltail needlefish 

(Rodrigues, 2014), so if the mass content of epipelagic fish keeps decreasing with the years, 

individuals foraging behaviour will be affected. They also prey on benthopelagic preys like squids 

(Rodrigues, 2014), but these can also live near the surface, and thus can be subject to the same 

threat as epipelagic fishes. Within the core foraging areas of Bulwer’s petrels from Raso, the 

environmental drivers are quite constant during the study years, except for the mass content of 

epipelagic fishes which decreased after 2017. This might not have a big impact on the Bulwer’s 

petrels’ diet as they rely mostly on mesopelagic fishes (Zonfrillo, 1986; Neves, Nolf and Clarke, 

2011, Waap et al. 2017). There was however a significant decrease in mesopelagic fishes in 2018, 

compared to 2017 which could impact their distribution and might explain the slight inconsistency 

in the foraging patterns between years. Moreover, Bulwer’s petrels’ second main preys are 

cephalopods (Zonfrillo, 1986; Neves, Nolf and Clarke, 2011) and Cabo Verde was recently 

identified as a cephalopod biodiversity hotspot holding at least 102 cephalopod taxa (Merten et 
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al., 2021), so they might have compensated the lower number of mesopelagic fishes by preying 

on cephalopods. The same observations can be made within the core foraging areas of Bulwer’s 

petrels from Cima Islet, except that the decrease of biomass also appears at lower level of the 

food chain, with the mass content of zooplankton decreasing significantly after 2017. Here, the 

decline in mass content of phytoplankton might be a reason for the lower mass content of 

mesopelagic and epipelagic fishes, but it cannot be explained by a decrease in marine 

productivity, as the net primary productivity remained stable during the study years.  

For the four population’s core foraging areas, there was a significant decrease in mass 

content of epipelagic fishes in 2018 and 2019 which could have been caused by a decrease of 

available zooplankton, but it is only observed within the core foraging areas of Bulwer’s petrels 

from Cima Islet. So, this decline in fishes could be due to higher fishery activities around the 

archipelago and off West Africa.  

 

Overlap of the core foraging areas with fishery activities 

 
Overall, the fishing vessels off West Africa, especially trawlers, overlapped with most of 

the core foraging areas of the Cape Verde shearwaters. However, the fishery activities barely 

overlapped with the core foraging areas of Bulwer’s petrels from the two populations, breeding 

phases or trip types (short or long forays). Only the pole and lines fisheries overlapped with 

Bulwer’s petrels from Raso during the last two years of the study. This difference between the 

two species is related to the foraging behaviour of the birds because the Cape Verde shearwaters 

were observed preying on fishes drove to the surface by tuna around fishing vessels (Bugoni et 

al., 2010). They use fisheries to find prey more easily, therefore they are expected to interact more 

with fisheries (Montrond 2020). Moreover, closely related species like the Cory’s shearwater 

(Calonectris diomedea) feed on fishery discards (Belda and Sánchez, 2001; Bicknell et al., 2013), 

which might also be the case for the Cape Verde shearwater. Reducing fisheries in the core 

foraging areas of the shearwaters like in the MPA of Kayar where trawlers are banned a few 
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kilometres from the coast (PAG AMP CAYAR, 2011-2015), or banning discards could reduce 

the bycatch rates of the seabirds and thus reduce their mortality rate (Anderson et al., 2011; Dias 

et al., 2019). This strategy could be particularly effective given the fact that fishery waste is 

considered as the equivalent of junk-food for seabirds because of the negative indirect effects it 

has on seabirds like reducing the nestlings’ survival and the growing pattern of the chicks 

(Grémillet et al., 2008; Romano et al., 2006). Moreover, there are currently several seabird 

bycatch mitigation measures, either at a testing phase (e.g. blue-dyed bait at pole and line fishing; 

Cocking et al., 2008) or fully implemented and validated (e.g. hookpod to mitigate seabird 

bycatch on longlines; Sullivan et al., 2018) which should help reduce seabird and other marine 

taxa (e..g seaturtles) bycatch off West Africa and worldwide (Løkkeborg et al., 2011, Mangel et 

al., 2018). 

 



78 
 



79 
 

REFERENCES 

 

Alcyon team, 2019. Aves Marinhas de Cabo Verde. [online] Available at: 

<https://avesmarinhasdecaboverde.info> [Accessed on 21 April 2022]. 

 

Anderson, O.R.J., Small, C.J., Croxall, J.P., Dunn, E.K., Sullivan, B.J., Yates, O. and Black, A., 

2011. Global seabird bycatch in longlines fisheries. Endangered Species Research. 

 

Araújo, H., Correia-Rodrigues, P., Debru, P., Ferreira, M., Vingada, J. and Eira, C., 2022. Balearic 

shearwater and northern gannet bycatch risk assessment in Portuguese Continental Waters. 

Biological Conservation, 267, p.109463. 

 

Assis, J., Failler, P., Fragkopoulou, E., Abecasis, D., Touron-Gardic, G., Regalla, A., Sidina, E., 

Dinis, H. and Serrao, E., 2021. Potential Biodiversity Connectivity in the Network of Marine 

Protected Areas in Western Africa. Frontiers in Marine Science, 8. 

 

Baker, B. and Hamilton, S., 2016, May. Impacts of purse-seine fishing on seabirds and approaches 

to mitigate bycatch. In Seventh Meeting of the Seabird Bycatch Working Group, La Serena, Chile 

(pp. 2-4). 

 

Beal, M., Oppel, S., Handley, J., Pearmain, E., Morera‐Pujol, V., Carneiro, A., Davies, T., 

Phillips, R., Taylor, P., Miller, M., Franco, A., Catry, I., Patrício, A., Regalla, A., Staniland, I., 

Boyd, C., Catry, P. and Dias, M., 2021. track2KBA: An R package for identifying important sites 

for biodiversity from tracking data. Methods in Ecology and Evolution, 12(12), pp.2372-2378. 

 



 

80 
 

Bécares, J., Arcos, J. M., and Oro, D., 2016. Migración y ecología espacial de la gaviota de 

Audouin en el Mediterráneo occidental y noroeste africano. Monografía n.o 1 del programa 

Migra. SEO/BirdLife. Madrid. 

 

Belda, E.J. and Sanchez, A., 2001. Seabird mortality on longline fisheries in the western 

Mediterranean: factors affecting bycatch and proposed mitigating measures. Biological 

Conservation, 98(3), pp.357-363. 

 

Benchimol, C., Francour, P. and Lesourd, M., 2009. The preservation of marine biodiversity in 

West Africa, the Case of Cape Verde Islands: proposal of a new biodiversity policy management. 

In 1st Cape Verde Congress of Regional Development, Praia, Santiago Island, Cape Verde. 

APDR (pp. 297-318). 

 

Bicknell, A.W., Oro, D., Camphuysen, K. and Votier, S.C., 2013. Potential consequences of 

discard reform for seabird communities. Journal of Applied Ecology, 50(3), pp.649-658. 

 

Bivand, R.S., Pebesma, E. and Gómez-Rubio, V., 2013. Applied spatial data analysis with R, 

Second edi. Springer, NY. 

 

Bugoni, L., McGill, R.A. and Furness, R.W., 2010. The importance of pelagic longline fishery 

discards for a seabird community determined through stable isotope analysis. Journal of 

Experimental Marine Biology and Ecology, 391(1-2), pp.190-200. 

 

Buonomo P., 2021. fishRman: A Shiny R Dashboard improving Global Fishing Watch data 

availability. Journal of Open Source Software. https://doi.org/10.21105/joss.03467. 

 



 

81 
 

Burger, J. and Gochfeld, M., 2004. Marine Birds as Sentinels of Environmental Pollution. 

EcoHealth, 1(3). 

 

Cabral, R.B., Halpern, B.S., Lester, S.E., White, C., Gaines, S.D. and Costello, C., 2019. 

Designing MPAs for food security in open-access fisheries. Scientific reports, 9(1), pp.1-10. 

 

Cabral, R.B., Mayorga, J., Clemence, M., Lynham, J., Koeshendrajana, S., Muawanah, U., 

Nugroho, D., Anna, Z., Ghofar, A., Zulbainarni, N. and Gaines, S.D., 2018. Rapid and lasting 

gains from solving illegal fishing. Nature Ecology & Evolution, 2(4), pp.650-658. 

 

Calenge, C., 2006. The package “adehabitat” for the R software: a tool for the analysis of space 

and habitat use by animals. Ecological modelling, 197(3-4), pp.516-519. 

 

Capuzzo, E., Lynam, C.P., Barry, J., Stephens, D., Forster, R.M., Greenwood, N., McQuatters‐

Gollop, A., Silva, T., van Leeuwen, S.M. and Engelhard, G.H., 2018. A decline in primary 

production in the North Sea over 25 years, associated with reductions in zooplankton abundance 

and fish stock recruitment. Global change biology, 24(1), pp.e352-e364. 

 

Cerveira, L.R., Ramos, J.A., Rodrigues, I., Almeida, N., Araújo, P.M., Dos Santos, I., Vieira, C., 

Pereira, J.M., Ceia, F.R., Geraldes, P. and Melo, T., 2020. Inter-annual changes in oceanic 

conditions drives spatial and trophic consistency of a tropical marine predator. Marine 

Environmental Research, 162, p.105165. 

 

Charles, A. and Wilson, L., 2008. Human dimensions of Marine Protected Areas. ICES Journal 

of Marine Science, 66(1), pp.6-15. 

 



 

82 
 

Cocking, L.J., Double, M.C., Milburn, P.J. and Brando, V.E., 2008. Seabird bycatch mitigation 

and blue-dyed bait: A spectral and experimental assessment. Biological Conservation, 141(5), 

pp.1354-1364. 

 

Cooper, B., 2021. Sea Turtles of Dominica. Data downloaded from OBIS-SEAMAP 

(http://seamap.env.duke.edu/dataset/1386) on 2022-04-19 originated from Satellite Tracking and 

Analysis Tool (STAT; http://www.seaturtle.org/tracking/index.shtml?project_id=1209). 

https://doi.org/10.15468/r36vn8 accessed via GBIF.org. 

 

Correia, A.M., Oliveira-Rodrigues, C., Gandra, M., Liberal, M., Valente, R., Gil, A., Rosso, M., 

Pierce, G.J. & Sousa-Pinto, I., CIIMAR - UP., 2022. CETUS: Cetacean monitoring surveys in the 

Eastern North Atlantic. Marine Data Archive. http://dx.doi.org/10.14284/547 accessed via 

GBIF.org on 2022-04-19. 

 

Couturier, L.I.E., Marshall, A.D., Jaine, F.R.A., Kashiwagi, T., Pierce, S.J., Townsend, K.A., 

Weeks, S.J., Bennett, M.B. and Richardson, A.J., 2012. Biology, ecology and conservation of the 

Mobulidae. Journal of fish biology, 80(5), pp.1075-1119. 

 

Cropper, T.E. and Hanna, E., 2014. An analysis of the climate of Macaronesia, 1865–2012. 

International Journal of Climatology, 34(3), pp.604-622. 

 

Cruz N. 2021. Juvenile loggerheads: Canary Islands reintroduction program. Data downloaded 

from OBIS-SEAMAP (http://seamap.env.duke.edu/dataset/1801) on 2022-04-19 originated from 

Satellite Tracking and Analysis Tool (STAT; 

http://www.seaturtle.org/tracking/index.shtml?project_id=1310). 

https://doi.org/10.15468/p5smt6 accessed via GBIF.org. 

 



 

83 
 

Davies, T., Carneiro, A., Tarzia, M., Wakefield, E., Hennicke, J., Frederiksen, M., Hansen, E., 

Campos, B., Hazin, C., Lascelles, B., Anker‐Nilssen, T., Arnardóttir, H., Barrett, R., Biscoito, 

M., Bollache, L., Boulinier, T., Catry, P., Ceia, F., Chastel, O., Christensen‐Dalsgaard, S., Cruz‐

Flores, M., Danielsen, J., Daunt, F., Dunn, E., Egevang, C., Fagundes, A., Fayet, A., Fort, J., 

Furness, R., Gilg, O., González‐Solís, J., Granadeiro, J., Grémillet, D., Guilford, T., Hanssen, S., 

Harris, M., Hedd, A., Huffeldt, N., Jessopp, M., Kolbeinsson, Y., Krietsch, J., Lang, J., 

Linnebjerg, J., Lorentsen, S., Madeiros, J., Magnusdottir, E., Mallory, M., McFarlane Tranquilla, 

L., Merkel, F., Militão, T., Moe, B., Montevecchi, W., Morera‐Pujol, V., Mosbech, A., Neves, 

V., Newell, M., Olsen, B., Paiva, V., Peter, H., Petersen, A., Phillips, R., Ramírez, I., Ramos, J., 

Ramos, R., Ronconi, R., Ryan, P., Schmidt, N., Sigurðsson, I., Sittler, B., Steen, H., Stenhouse, 

I., Strøm, H., Systad, G., Thompson, P., Thórarinsson, T., Bemmelen, R., Wanless, S., Zino, F. 

and Dias, M., 2021. Multispecies tracking reveals a major seabird hotspot in the North Atlantic. 

Conservation Letters, 14(5). 

 

Day, J., 2002. Zoning—lessons from the Great Barrier Reef Marine Park. Ocean & Coastal 

Management, 45(2-3), pp.139-156. 

 

del Hoyo, J., Elliot, A., and Sargatal, J., 1992. Handbook of the Birds of the World, Volume 1. 

Lynx Editions. 

 

de Vries H., Lemmens M., 2022. Observation.org, Nature data from around the World. 

Observation.org. Occurrence dataset https://doi.org/10.15468/5nilie accessed via GBIF.org on 

2022-04-19. 

 

Dias, M., Romero, J., Granadeiro, J., Catry, T., Pollet, I. and Catry, P., 2016. Distribution and at-

sea activity of a nocturnal seabird, the Bulwer's petrel Bulweria bulwerii, during the incubation 

period. Deep Sea Research Part I: Oceanographic Research Papers, 113, pp.49-56. 



 

84 
 

 

Dias, M.P., Granadeiro, J.P. and Catry, P., 2012. Do seabirds differ from other migrants in their 

travel arrangements? On route strategies of Cory’s shearwater during its trans-equatorial journey. 

PLoS One, 7(11), p.e49376. 

 

Dias, M.P., Martin, R., Pearmain, E.J., Burfield, I.J., Small, C., Phillips, R.A., Yates, O., 

Lascelles, B., Borboroglu, P.G. and Croxall, J.P., 2019. Threats to seabirds: a global assessment. 

Biological Conservation, 237, pp.525-537. 

 

Dias, M.P., Oppel, S., Bond, A.L., Carneiro, A.P., Cuthbert, R.J., González-Solís, J., Wanless, 

R.M., Glass, T., Lascelles, B., Small, C. and Phillips, R.A., 2017. Using globally threatened 

pelagic birds to identify priority sites for marine conservation in the South Atlantic Ocean. 

Biological Conservation, 211, pp.76-84. 

 

Dondorp E., Creuwels J., 2022. Naturalis Biodiversity Center (NL) - Amphibia and Reptilia. 

Naturalis Biodiversity Center. Occurrence dataset https://doi.org/10.15468/ythnjq accessed via 

GBIF.org on 2022-04-19. 

 

Duarte, D.C., 2020. Trans-Atlantic movements and behaviour of mako sharks in the north 

Atlantic. 

 

Dudley, N. (Editor), 2008. Guidelines for Applying Protected Area Management Categories. 

Gland, Switzerland: IUCN. x + 86pp. WITH Stolton, Shadie, S., P. and Dudley, N., 2013. IUCN 

WCPA Best Practice Guidance on Recognising Protected Areas and Assigning Management 

Categories and Governance Types, Best Practice Protected Area Guidelines Series No. 21, Gland, 

Switzerland: IUCN. xxpp. 

 



 

85 
 

Edgar, G.J., Stuart-Smith, R.D., Willis, T.J., Kininmonth, S., Baker, S.C., Banks, S., Barrett, N.S., 

Becerro, M.A., Bernard, A.T., Berkhout, J. and Buxton, C.D., 2014. Global conservation 

outcomes depend on marine protected areas with five key features. Nature, 506(7487), pp.216-

220. 

Ferreira, H., Magris, R., Floeter, S. and Ferreira, C., 2021. Drivers of ecological effectiveness of 

marine protected areas: A meta-analytic approach from the Southwestern Atlantic Ocean (Brazil). 

Journal of Environmental Management, 301, p.113889. 

 

Eriksen, M., Lebreton, L.C., Carson, H.S., Thiel, M., Moore, C.J., Borerro, J.C., Galgani, F., 

Ryan, P.G. and Reisser, J., 2014. Plastic pollution in the world's oceans: more than 5 trillion 

plastic pieces weighing over 250,000 tons afloat at sea. PloS one, 9(12), p.e111913. 

 

Evans, J.S., 2021. _spatialEco_. R package version 1.3-6, <URL: 

https://github.com/jeffreyevans/spatialEco>. 

 

Ferreira, J.C., Monteiro, R., Vasconcelos, L., Duarte, C.M., Ferreira, F. and Santos, E., 2021. 

Perception of Citizens Regarding Marine Litter Impacts: Collaborative Methodologies in Island 

Fishing Communities of Cape Verde. Journal of Marine Science and Engineering, 9(3), p.306. 

 

Fossette, S., Hobson, V.J., Girard, C., Calmettes, B., Gaspar, P., Georges, J.Y. and Hays, G.C., 

2010. Spatio-temporal foraging patterns of a giant zooplanktivore, the leatherback turtle. Journal 

of Marine systems, 81(3), pp.225-234. 

 

Game, E., Grantham, H., Hobday, A., Pressey, R., Lombard, A., Beckley, L., Gjerde, K., 

Bustamante, R., Possingham, H. and Richardson, A., 2009. Pelagic protected areas: the missing 

dimension in ocean conservation. Trends in Ecology & Evolution, 24(7), pp.360-369. 

 



 

86 
 

GBIF.org, 2022, GBIF Home Page. [online] Available at: <https://www.gbif.org> [19 April 

2022]. 

 

Global Fishing Watch, 2021. [online] Available at: <https://globalfishingwatch.org/map/> 

[Accessed 10 December 2021]. 

 

Gonzalez-Solis, J., 2007-2021. Cape Verde petrel GPS tracking via Cabo Verde. Accessed via 

seabirdtracking.org.  

Gonzalez-Solis, J., 2007-2021. Audubon’s shearwater GPS tracking via Cabo Verde. Accessed 

via seabirdtracking.org. 

 

Gonzalez-Solis, 2009-2021. Red-billed tropicbird GPS tracking from Cabo Verde. Accessed via 

seabirdtracking.org.  

 

Gonzalez-Solis, J., 2014-2020. Brown booby GPS tracking via Cabo Verde. Accessed via 

seabirdtracking.org.  

 

Gonzalez-Solis, J., 2019-2021. Cape Verde Storm Petrel GPS tracking via Cabo Verde. Accessed 

via seabirdtracking.org.  

 

Gonzalez-Solis, J., 2019-2021. White-faced Storm Petrel GPS tracking via Cabo Verde. Accessed 

via seabirdtracking.org.  

 

Grémillet, D. and Charmantier, A., 2010. Shifts in phenotypic plasticity constrain the value of 

seabirds as ecological indicators of marine ecosystems. Ecological Applications, 20(6), pp.1498-

1503. 

 



 

87 
 

Gremillet, D., Peron, C., Provost, P. and Lescroel, A., 2015. Adult and juvenile European seabirds 

at risk from marine plundering off West Africa. Biological Conservation, 182, pp.143-147. 

 

Grémillet, D., Pichegru, L., Kuntz, G., Woakes, A.G., Wilkinson, S., Crawford, R.J. and Ryan, 

P.G., 2008. A junk-food hypothesis for gannets feeding on fishery waste. Proceedings of the 

Royal Society B: Biological Sciences, 275(1639), pp.1149-1156. 

 

Hall, M.A., Alverson, D.L. and Metuzals, K.I., 2000. By-catch: problems and solutions. Marine 

pollution bulletin, 41(1-6), pp.204-219. 

 

Halpern, B., Frazier, M., Potapenko, J., Casey, K., Koenig, K., Longo, C., Lowndes, J., 

Rockwood, R., Selig, E., Selkoe, K. and Walbridge, S., 2015. Spatial and temporal changes in 

cumulative human impacts on the world’s ocean. Nature Communications, 6(1). 

 

Halpern, B.S., 2014. Making marine protected areas work. Nature, 506(7487), pp.167-168. 

 

Handley, J., Rouyer, M., Pearmain, E., Warwick-Evans, V., Teschke, K., Hinke, J., Lynch, H., 

Emmerson, L., Southwell, C., Griffith, G., Cárdenas, C., Franco, A., Trathan, P. and Dias, M., 

2021. Marine Important Bird and Biodiversity Areas for Penguins in Antarctica, Targets for 

Conservation Action. Frontiers in Marine Science, 7. 

 

Happywhale. 2021. Happywhale - Common Bottlenose Dolphin in North Atlantic Ocean. Data 

downloaded from OBIS-SEAMAP (http://seamap.env.duke.edu/dataset/1947) on 2022-04-19 

originated from Happywhale.com. https://doi.org/10.15468/2m8x7j accessed via GBIF.org. 

 



 

88 
 

Happywhale, 2021. Happywhale - Humpback Whale in North Atlantic Ocean. Data downloaded 

from OBIS-SEAMAP (http://seamap.env.duke.edu/dataset/1764 on 2022-04-19 originated from 

Happywhale.com. https://doi.org/10.15468/xhfm33 accessed via GBIF.org. 

 

Happywhale, 2021. Happywhale - Short-finned Pilot Whale in North Atlantic Ocean. Data 

downloaded from OBIS-SEAMAP (http://seamap.env.duke.edu/dataset/1712) on 2022-04-19 

originated from Happywhale.com. https://doi.org/10.15468/ud6r9a accessed via GBIF.org. 

 

Hazevoet, C.J., Gravanita, B., López Suárez, P. and Wenzel, F.W., 2011. Seasonality of 

humpback whale Megaptera novaeangliae (Borowski, 1781) records in Cape Verde seas: 

evidence for the occurrence of stocks from both hemispheres. Zoologia Caboverdiana, 2(1), 

pp.25-29. 

 

Hazevoet C.J., 2015. Aves Reprodutoras/ breeding birds In: Vasconcelos, R., Freitas, R. & 

Hazevoet C.J. (Eds.), Cabo Verde – História Natural das ilhas Desertas/ The Natural History of 

the Desertas Islands – Santa Luzia, Branco e Raso. Sociedade Caboverdiana de Zoologia, 

Portugal, pp. 204–240. 

 

Hazevoet, C.J., 1997. Notes on distribution, conservation, and taxonomy of birds from the Cape 

Verde Islands, including records of six species new to the archipelago. Bulletin Zoologisch 

Museum, 15(13), pp.89-100. 

 

Hijmans, R.J., 2022. raster: Geographic Data Analysis and   Modeling. R package version 3.5-

15. [online] Available at: < https://CRAN.R-project.org/package=raster > [Accessed on 15 May 

2022]. 

   



 

89 
 

iNaturalist contributors, iNaturalist, 2022. iNaturalist Research-grade Observations. 

iNaturalist.org. Occurrence dataset https://doi.org/10.15468/ab3s5x accessed via GBIF.org on 

2022-04-19. 

 

IUCN, 2016. Increasing marine protected area coverage for effective marine biodiversity 

conservation. Gland, Switzerland: IUCN. 

 

IUCN, 2022a. About – Protected Areas. [online] Available at: 

<https://www.iucn.org/theme/protected-areas/about> [Accessed on 22 February 2022]. 

 

IUCN, 2022b. The IUCN Red List of Threatened Species. Version 2021-3. [online] Available at: 

<https://www.iucnredlist.org> [Accessed on 21 April 2022]. 

 

IUCN, 2022c. Key Biodiversity Areas. [online] Available at: 

https://www.iucn.org/regions/mediterranean/our-work/biodiversity-knowledge-and-

action/biodiversity-standards-and-indicators/key-biodiversity-areas [Accessed on 06 June 2022]. 

 

Jackson, J.B., Kirby, M.X., Berger, W.H., Bjorndal, K.A., Botsford, L.W., Bourque, B.J., 

Bradbury, R.H., Cooke, R., Erlandson, J., Estes, J.A. and Hughes, T.P., 2001. Historical 

overfishing and the recent collapse of coastal ecosystems. science, 293(5530), pp.629-637. 

 

Kelleher, G., 1999. Guidelines for Marine Protected Areas. IUCN, Gland, Switzerland and 

Cambridge, UK. xxiv +107pp. 

 

Key Biodiversity Areas Partnership, 2022. Key Biodiversity Areas factsheet. Extracted from the 

World Database of Key Biodiversity Areas. Developed by the Key Biodiversity Areas 

Partnership: BirdLife International, IUCN, American Bird Conservancy, Amphibian Survival 



 

90 
 

Alliance, Conservation International, Critical Ecosystem Partnership Fund, Global Environment 

Facility, Global Wildlife Conservation, NatureServe, Rainforest Trust, Royal Society for the 

Protection of Birds, World Wildlife Fund and Wildlife Conservation Society. Downloaded from 

http://www.keybiodiversityareas.org/ on 10/05/2022. 

 

Krüger, L., Ramos, J.A., Xavier, J.C., Grémillet, D., González‐Solís, J., Kolbeinsson, Y., Militão, 

T., Navarro, J., Petry, M.V., Phillips, R.A. and Ramírez, I., 2017. Identification of candidate 

pelagic marine protected areas through a seabird seasonal‐, multispecific‐and extinction risk‐

based approach. Animal Conservation, 20(5), pp.409-424. 

 

Lambeck, R., 1997. Focal Species: A Multi-Species Umbrella for Nature Conservation. Especies 

Focales: Una Sombrilla Multiespecifica para Conservar la Naturaleza. Conservation Biology, 

11(4), pp.849-856. 

 

Lanfredi, C. and Notarbartolo di Sciara G., 2014. Tethys Research Institute shipboard survey 

cetacean sightings 1986-2012. Data downloaded from OBIS-SEAMAP 

(http://seamap.env.duke.edu/dataset/774) on 2022-04-19. https://doi.org/10.15468/j4vfkj 

accessed via GBIF.org. 

 

Lopes, P.F., Pacheco, S., Clauzet, M., Silvano, R.A. and Begossi, A., 2015. Fisheries, tourism, 

and marine protected areas: conflicting or synergistic interactions?. Ecosystem Services, 16, 

pp.333-340. 

 

Løkkeborg, S., 2011. Best practices to mitigate seabird bycatch in longline, trawl and gillnet 

fisheries—efficiency and practical applicability. Marine Ecology Progress Series, 435, pp.285-

303. 

 



 

91 
 

Mangel, J.C., Wang, J., Alfaro-Shigueto, J., Pingo, S., Jimenez, A., Carvalho, F., Swimmer, Y. 

and Godley, B.J., 2018. Illuminating gillnets to save seabirds and the potential for multi-taxa 

bycatch mitigation. Royal Society Open Science, 5(7), p.180254. 

 

Maughan, B. and Arnold, K., 2010. UK Royal Navy Marine Mammal Observations. Data 

downloaded from OBIS-SEAMAP (http://seamap.env.duke.edu/dataset/64) on 2022-04-19. 

https://doi.org/10.15468/6zsrhp accessed via GBIF.org. 

 

Medina, A., Gomes, I., Araújo, S., Lima, L., & Monteiro, R., 2015. Fifth National Report on the 

Status of Biodiversity in Cabo Verde. Retrieved from https://www.cbd.int/doc/world/cv/cvnr-05-

en.pdf 

 

Merrie, A., Dunn, D.C., Metian, M., Boustany, A.M., Takei, Y., Elferink, A.O., Ota, Y., 

Christensen, V., Halpin, P.N. and Österblom, H., 2014. An ocean of surprises–Trends in human 

use, unexpected dynamics and governance challenges in areas beyond national jurisdiction. 

Global Environmental Change, 27, pp.19-31. 

 

Merten, V., Bayer, T., Reusch, T.B., Puebla, O., Fuss, J., Stefanschitz, J., Lischka, A., Hauss, H., 

Neitzel, P., Piatkowski, U. and Czudaj, S., 2021. An Integrative Assessment Combining Deep-

Sea Net Sampling, in situ Observations and Environmental DNA Analysis Identifies Cabo Verde 

as a Cephalopod Biodiversity Hotspot in the Atlantic Ocean. Frontiers in Marine Science, 9, 

pp.Art-Nr. 

 

Militao, T., Dinis, H.A., Zango, L., Calabuig, P., Stefan, L.M. and González-Solís, J., 2017. 

Population size, breeding biology and on-land threats of Cape Verde petrel (Pterodroma feae) in 

Fogo Island, Cape Verde. PloS one, 12(4), p.e0174803. 

 



 

92 
 

Ministère de l’économie, des finances et de la relance, 2020. Cap-vert, Indicateurs et conjoncture. 

[online] Available at: <https://www.tresor.economie.gouv.fr/Pays/CV/indicateurs-et-

conjoncture> [Accessed on 12 May 2022]. 

 

Ministère de l’Environnement et de la Protection de la Nature, 2011-2015. Plan d’aménagement 

et de gestion de l’air marine protégée (AMP) de Cayar.  

 

Missagia, R.V., Ramos, J.A., Louzao, M., Delord, K., Weimerskirch, H. and Paiva, V.H., 2015. 

Year-round distribution suggests spatial segregation of Cory’s shearwaters, based on individual 

experience. Marine Biology, 162(11), pp.2279-2289. 

 

Monitoring programme of juvenile loggerheads (Caretta caretta) from the project: "Enlargement 

of the reproductive habitat of loggerhead turtles in the Macaronesia region”. ADS Biodiversidad 

with the collaboration of Cabildo de Fuerteventura // Programa de monitorización de juveniles de 

tortuga boba (Caretta caretta) procedentes del “Proyecto de Ampliación del hábitat reproductor 

de la tortuga boba en la Macaronesia”. ADS Biodvirsidad, con la colaboración del Cabildo de 

Fuerteventura. 

 

Monteiro, A.R., 2005. Importância socioeconómica da cagarra Calonectris edwardsii nas 

comunidades de Ribeira Grande e Paul, Santo Antão. Póster. 

 

Monteiro, L.R., Ramos, J.A., Furness, R.W. and Del Nevo, A.J., 1996. Movements, morphology, 

breeding, molt, diet and feeding of seabirds in the Azores. Colonial waterbirds, pp.82-97. 

 

Montrond, G., 2020. Assessing sea turtle, seabird and shark bycatch in artisanal, semi-industrial 

and industrial of fisheries in the Cabo Verde Archipelago (Master's thesis, Faculty of Science). 

 



 

93 
 

Murphy, R.C. and Correia, J.G., 1924. The marine ornithology of the Cape Verde Islands: with a 

list of all the birds of the archipelago. Bulletin of the AMNH; v. 50, article 3. 

 

Navarro, J. and González-Solís, J., 2006. Experimental increase of flying costs in a pelagic 

seabird: effects on foraging strategies, nutritional state and chick condition. Oecologia, 151(1), 

pp.150-160. 

 

Neves, V., Nolf, D. and Clarke, M., 2011. Diet of Bulwer's Petrel (Bulweria bulwerii) in the 

Azores, NE Atlantic. Waterbirds, 34(3), pp.357-362. 

 

O’Connor, S., Ono, R. and Clarkson, C., 2011. Pelagic fishing at 42,000 years before the present 

and the maritime skills of modern humans. Science, 334(6059), pp.1117-1121. 

 

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., Minchin, P.R., O’hara, R.B., Simpson, G.L., 

Solymos, P., Stevens, M.H.H., Wagner, H. and Oksanen, M.J., 2013. Package ‘vegan’. 

Community ecology package, version, 2(9), pp.1-295. 

 

Oliveira, N., Oliveira, J., Melo, T., Melo, J. and Geraldes, P.L., 2013. Possible breeding of Cape 

Verde storm-petrel Oceanodroma jabejabe (Bocage, 1875) on Santa Luzia, Cape Verde Islands. 

Zoologia Caboverdiana, 4(1), pp.17-20. 

 

Paiva, V.H., Geraldes, P., Rodrigues, I., Melo, T., Melo, J. and Ramos, J.A., 2015. The foraging 

ecology of the endangered Cape Verde shearwater, a sentinel species for marine conservation off 

West Africa. PloS one, 10(10), p.e0139390. 

 

Paiva, V.H., 2017-2019. Red-billed tropicbird GPS tracking from Raso Islet. Accessed via 

seabirdtracking.org.  



 

94 
 

 

Paiva, V.H., 2018-2019. Audubon’s shearwater GPS tracking from Raso Islet. Accessed via 

seabirdtracking.org.  

 

Paiva, V.H., 2018-2019. Brown booby GPS tracking from Raso Islet. Accessed via 

seabirdtracking.org.  

 

Paiva, V.H., 2018-2019. Red-footed booby GPS tracking from Raso Islet. Accessed via 

seabirdtracking.org.  

 

Paleczny, M., Hammill, E., Karpouzi, V. and Pauly, D., 2015. Population Trend of the World’s 

Monitored Seabirds, 1950-2010. PLOS ONE, 10(6), p.e0129342. 

 

Pebesma, E.J., 2018. Simple features for R: standardized support for spatial vector data. R J., 

10(1), p.439. 

 

Pereira, J.M., Krüger, L., Oliveira, N., Meirinho, A., Silva, A., Ramos, J.A. and Paiva, V.H., 

2018. Using a multi-model ensemble forecasting approach to identify key marine protected areas 

for seabirds in the Portuguese coast. Ocean & Coastal Management, 153, pp.98-107. 

 

Pittman, S.J., Monaco, M.E., Friedlander, A.M., Legare, B., Nemeth, R.S., Kendall, M.S., Poti, 

M., Clark, R.D., Wedding, L.M. and Caldow, C., 2014. Fish with chips: tracking reef fish 

movements to evaluate size and connectivity of Caribbean marine protected areas. PLoS One, 

9(5), p.e96028. 

 



 

95 
 

Protecting birds where they live and migrate. [online] BirdLife International. Available at: 

<https://www.birdlife.org/projects/ibas-mapping-most-important-places/> [Accessed 12 

December 2021]. 

 

Pusceddu, A., Bianchelli, S., Martin, J., Puig, P., Palanques, A., Masque, P. and Danovaro, R., 

2014. Chronic and intensive bottom trawling impairs deep-sea biodiversity and ecosystem 

functioning. Proceedings of the National Academy of Sciences, 111(24), pp.8861-8866. 

 

Queiroz, N., Humphries, N.E., Couto, A., Vedor, M., Da Costa, I., Sequeira, A.M., Mucientes, 

G., Santos, A.M., Abascal, F.J., Abercrombie, D.L. and Abrantes, K., 2019. Global spatial risk 

assessment of sharks under the footprint of fisheries. Nature, 572(7770), pp.461-466. 

 

Queiroz, N., Humphries, N.E., Mucientes, G., Hammerschlag, N., Lima, F.P., Scales, K.L., 

Miller, P.I., Sousa, L.L., Seabra, R. and Sims, D.W., 2016. Ocean-wide tracking of pelagic sharks 

reveals extent of overlap with longline fishing hotspots. Proceedings of the National Academy of 

Sciences, 113(6), pp.1582-1587. 

 

Reiner, F., Santos, M.E.D., Wenzel, F.W. and Whale, A., 1996. Cetaceans of the Cape Verde 

archipelago. Marine Mammal Science, 12(3), pp.434-443. 

 

República de Cabo Verde, 2016. Estratégia e plano nacional de negócios das áreas protegidas. I 

série — no 17 sup « B. O. » da república de Cabo Verde. 

 

Roberts, C.M., McClean, C.J., Veron, J.E., Hawkins, J.P., Allen, G.R., McAllister, D.E., 

Mittermeier, C.G., Schueler, F.W., Spalding, M., Wells, F. and Vynne, C., 2002. Marine 

biodiversity hotspots and conservation priorities for tropical reefs. Science, 295(5558), pp.1280-

1284. 



 

96 
 

 

Rodríguez, A., Burgan, G., Dann, P., Jessop, R., Negro, J.J. and Chiaradia, A., 2014. Fatal 

attraction of short-tailed shearwaters to artificial lights. PLoS One, 9(10), p.e110114. 

 

Rodrigues, A.S., Andelman, S.J., Bakarr, M.I., Boitani, L., Brooks, T.M., Cowling, R.M., 

Fishpool, L.D., Da Fonseca, G.A., Gaston, K.J., Hoffmann, M. and Long, J.S., 2004. 

Effectiveness of the global protected area network in representing species diversity. Nature, 

428(6983), pp.640-643. 

 

Rodrigues, I., 2014. "Ecologia trófica/ alimentar da cagarra-de-Cabo-Verde (Calonectris 

edwardsii) da população do ilhéu Raso, Cabo Verde. BSc thesis in Marine Biology and Fisheries. 

Faculty of Engineering and Marine Sciences, University of Cabo Verde, Mindelo, Cabo Verde." 

 

Romano, M.D., Piatt, J.F. and Roby, D.D., 2006. Testing the junk-food hypothesis on marine 

birds: effects of prey type on growth and development. Waterbirds, 29(4), pp.407-414. 

 

Ryan, C., Wenzel, F.W., López-Suárez, P. and Berrow, S., 2014. An abundance estimate for 

humpback whales Megaptera novaeangliae breeding around Boa Vista, Cape Verde Islands. 

Zoologia Caboverdiana Journal. 

 

Sala, E., Mayorga, J., Costello, C., Kroodsma, D., Palomares, M., Pauly, D., Sumaila, U. and 

Zeller, D., 2018. The economics of fishing the high seas. Science Advances, 4(6). 

 

Salm, R., Clark, J. and Siirila, E., 2000. Marine and coastal protected areas. Gland, Switzerland: 

International Union for Conservation of Nature and Natural Resources. 

 



 

97 
 

Semedo, G., Paiva, V.H., Militao, T., Rodrigues, I., Dinis, H.A., Pereira, J., Matos, D., Ceia, F.R., 

Almeida, N.M., Geraldes, P. and Saldanha, S., 2021. Distribution, abundance, and on-land threats 

to Cabo Verde seabirds. Bird Conservation International, 31(1), pp.53-76. 

 

Simeone, A., Anguita, C., Daigre, M., Arce, P., Vega, R., Luna-Jorquera, G., Portflitt-Toro, M., 

Suazo, C.G., Miranda-Urbina, D. and Ulloa, M., 2021. Spatial and temporal patterns of beached 

seabirds along the Chilean coast: Linking mortalities with commercial fisheries. Biological 

Conservation, 256, p.109026. 

 

Smith, T.D. and Reeves, R.R., 2003. Estimating American 19^ t^ h Century Catches of Humpback 

Whales in the West Indies and Cape Verde Islands. Caribbean Journal of Science, 39(3), pp.286-

297. 

 

Spear, L.B., Ainley, D.G. and Walker, W.A., 2007. Foraging dynamics of seabirds in the eastern 

tropical Pacific Ocean. The Cooper Ornithological Society. 

 

Stienen, E. W., Desmet, P., Aelterman, B., Courtens, W., Feys, S., Vanermen, N., Verstraete, H., 

Van de walle, M., Deneudt, K., Hernandez, F., Houthoofdt, R., Vanhoorne, B., Bouten, W., Buijs, 

R., Kavelaars, M. M., Müller, W., Herman, D., Matheve, H., Sotillo, A., Lens, L., 2017. Bird 

tracking - GPS tracking of Lesser Black-backed Gulls and Herring Gulls breeding at the southern 

North Sea coast. Version 5.6. Research Institute for Nature and Forest (INBO). Occurrence 

dataset https://doi.org/10.15468/02omly accessed via GBIF.org on 2022-04-19. 

 

Sullivan, B.J., Kibel, B., Kibel, P., Yates, O., Potts, J.M., Ingham, B., Domingo, A., Gianuca, D., 

Jiménez, S., Lebepe, B. and Maree, B.A., 2018. At‐sea trialling of the Hookpod: a ‘one‐

stop’mitigation solution for seabird bycatch in pelagic longline fisheries. Animal Conservation, 

21(2), pp.159-167. 



 

98 
 

 

Thorrold, S.R., Afonso, P., Fontes, J., Braun, C.D., Santos, R.S., Skomal, G.B. and Berumen, 

M.L., 2014. Extreme diving behaviour in devil rays links surface waters and the deep ocean. 

Nature communications, 5(1), pp.1-7. 

 

Thushari, G.G.N. and Senevirathna, J.D.M., 2020. Plastic pollution in the marine environment. 

Heliyon, 6(8), p.e04709. 

 

UNEP-WCMC and IUCN, 2022. Protected Planet: The World Database on Protected Areas 

(WDPA) and World Database on Other Effective Area-based Conservation Measures (WD-

OECM) [Online], May 2022, Cambridge, UK: UNEP-WCMC and IUCN. Available at: 

www.protectedplanet.net. 

 

United States Geological Survey: NOAA Southeast Fisheries Science Center (SEFSC) Fisheries 

Log Book System (FLS) Commercial Pelagic Logbook Data https://doi.org/10.15468/sgyn9w 

accessed via GBIF.org on 2022-04-19. 

 

van Sebille, E., Wilcox, C., Lebreton, L., Maximenko, N., Hardesty, B., van Franeker, J., Eriksen, 

M., Siegel, D., Galgani, F. and Law, K., 2015. A global inventory of small floating plastic debris. 

Environmental Research Letters, 10(12), p.124006. 

 

Vedor, M., Queiroz, N., Mucientes, G., Couto, A., da Costa, I., Dos Santos, A., Vandeperre, F., 

Fontes, J., Afonso, P., Rosa, R. and Humphries, N.E., 2021. Climate-driven deoxygenation 

elevates fishing vulnerability for the ocean's widest ranging shark. Elife, 10, p.e62508. 

 

Veen, J., Dossa, J., Bouten, W., 2014. Slender-billed Gull GPS, Delta du Saloum, Senegal. 

Accessed via seabirdtracking.org.  



 

99 
 

 

Veen, J., Dossa, J., Bouten, W., 2014-2015. Caspian Tern GPS, Delta du Saloum, Senegal. 

Accessed via seabirdtracking.org.  

 

Veen, J., Dossa, J., Bouten, W., 2014-2015. Royal Tern GPS, Delta du Saloum, Senegal. 

Accessed via seabirdtracking.org.  

 

Waap, S., Symondson, W.O.C., Granadeiro, J.P., Alonso, H., Serra-Gonçalves, C., Dias, M.P. 

and Catry, P., 2017. The diet of a nocturnal pelagic predator, the Bulwer’s petrel, across the lunar 

cycle. Scientific reports, 7(1), pp.1-10. 

 

Woolmer, G., 2013. Historical distribution of whales shown by logbook records 1785-1913. Data 

downloaded from OBIS-SEAMAP (http://seamap.env.duke.edu/dataset/885) on 2022-04-19. 

https://doi.org/10.15468/jyp4fg accessed via GBIF.org. 

 

Worm, B., Barbier, E.B., Beaumont, N., Duffy, J.E, Folke, C., Halpern, B.S., Jackson, J.B.C., 

Lotze, H.K., Micheli, F., Palumbi, S.R., Sala, E., Selkoe, K.A., Stachowicz, J.J., 2006. Impacts 

of Biodiversity Loss on Ocean Ecosytem Services. Science. 

 

Zonfrillo, B., 1986. Diet of Bulwer's Petrel Bulwaria bulwerii in the Madeiran Archipelago. 

International Journal of Avian Science, pp570-572. 

 

 


