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Abstract

Bycatch mortality, or the incidental catch of non-target species in fishing gear, is a major cause
of the rapid declines of marine megafauna such as sea turtles, seabirds and elasmobranchs
(sharks and rays). The island nation of Cabo Verde hosts an important diversity of fisheries
within its Exclusive Economic Zone but the effect of bycatch on its diverse marine megafauna
is poorly known. I assess and compare the bycatch of sea turtles, seabirds and sharks in different
fishing gears from artisanal, semi-industrial and industrial vessels based on fisher interviews
conducted at five Cabo Verde islands. Among all interviews (n = 94 fishers, representing 160
fishery-specific responses), almost all fishers reported shark bycatch (91%), and high
proportions of fishers also reported turtle (73%) and seabird (66%) bycatch. Fishers reported
(100%, n= 40 and 3 of respondents reported bycatch on handline) of bycatch of loggerhead
Caretta caretta on artisanal and semi-industrial handline respectively, and fishers working on
industrial vessels reported regular turtle bycatch (mainly leatherback turtles Dermochelys
coriacea) using longline fishing gear (89%, n = 19), followed by loggerhead Caretta caretta
(63%, n=19). Seabird bycatch, mainly Cape Verde shearwaters Calonectris edwardsi, was
reported by artisanal and semi-industrial fishers using handlines (96% and 83%, n = 55 and 6
of respondents reported bycatch on handline), followed by industrial vessels using longline
fishing gear (100%, n = 7 of respondents reported bycatch on longline). All longline fishers
from industrial vessels reported mako shark Isurus oxyrinchus bycatch (100%, n = 22), while
artisanal and semi-industrial fishers mainly reported bycatch of smooth hound Mustelus
mustelus and nurse sharks Ginglymostoma cirratum on handlines (68% and 80%, n =63 and 5
of respondents reported bycatch on handline). This study underlines high levels of turtle,
seabird and shark bycatch in Cabo Verde and highlights the need for management actions as
well as the development of an observer program to increase our understanding of bycatch levels

and their impact as well as inform future bycatch management and mitigation measures.



Introduction

Bycatch mortality, or the incidental catch of non-target species in fishing gear, is a major cause
of the rapid population declines of many marine species around the world (Tasker et al., 2000;
Lum, 2006; Moore et al., 2010, Tuck et al., 2011; Croxall et al., 2012; Regular et al., 2013).
In recent decades, the bycatch of marine megafauna (e.g., turtles, seabirds, marine mammals
and elasmobranchs — sharks and rays) has become a cause of concern for the management and
conservation of marine resources (Hall et al., 2000; Soykan et al., 2008). When bycatch occurs,
accidentally caught species with economic value may be kept, compensating for the expense
of damaged or lost materials, while species with no commercial value are usually discarded at

sea (Cook, 2003).

Many marine bycatch species such as turtles, seabirds, marine mammals and sharks and rays
(hereafter referred to as ‘shark’) are characterized by long life spans, late maturity and low
reproductive rates, making them especially susceptible to additional mortality (FAO, 1999a,
1999b; Lewison et al., 2004; FAO, 2005; Dulvy et al., 2008; Read, 2008; Gilman and Lundin,
2010; Wallace et al., 2010; Senko et al., 2013). Migratory species are particularly at risk
because they traverse national boundaries and occupy a large area of the oceans to forage or
reproduce, exposing them to multiple fisheries (Coelho et al., 2015). Many fisheries capture
multiple species and the risk of bycatch can depend on the animal’s biology, life stage, its
distribution and interaction with fisheries and different gear types (Wallace et al., 2008; Moore

et al., 2009; Bjorkland, 2011).

Turtles are particularly susceptible to bycatch. Among the seven species of marine turtles, six
are listed as threatened, and one as Data Deficient (IUCN Red List, 2019). Turtle populations
have decreased mainly through hunting both in the marine environment and at their nesting

sites (Wallace et al., 2010; Coelho et al., 2015). Fisheries bycatch, and other threats (e.g. plastic



ingestion, entanglement, light pollution and climate change) exacerbate these decreases (Pauly
et al., 2005; Brander, 2008; Gilman et al., 2009). While hunting mostly affects females on
nesting beaches (Lopez-Jurado et al., 2000; Marco et al., 2008, 2010, 2012), males are also
targeted at sea due to the popular belief of aphrodisiacal power of the males’ genitals (Merino
et al., 2007; Martins, 2017). Turtles are especially susceptible to pelagic fishing gear such as
pelagic longlines, purse seine and driftnets (Lewison et al., 2004; Gilman et al., 2006, 2009;
Lewison and Crowder, 2007;), and coastal gear such as inshore trawls, gillnets and pound nets

(Alvarez de Quevedo et al., 2010; Gilman et al., 2010).

Seabirds are also distinctly threatened by fishery activities through bycatch and the
overexploitation of their prey (Tasker et al., 2000; Croxall et al., 2012). Although it is difficult
to accurately evaluate the direct mortality rate linked to fishery activities (Uhlmann et al.,
2005), hundreds of thousands of birds are believed to die annually directly or indirectly because
of fishery activities (Zydelis et al., 2009; Brothers et al., 2010, Anderson 2011). In a recent
quantitative assessment of the threats affecting seabirds, bycatch was ranked the second most
important threat to this group because it impacts nearly a third of all seabird species and has
the greatest average impact (Anderson et al., 2011). Seabirds are attracted to fishing vessel
discards, bait and offal, and can become accidentally entangled in fishing gear, hooked on
longlines or collide with warp cables. While most by-caught seabirds are discarded, in some
isolated localities where there is still a demand for seabird meat, they can be kept for
consumption (Melo & Melo, 2013). Some species of albatrosses, petrels and shearwaters are
so affected by longline fisheries that their populations are decreasing to unsustainable levels
because of bycatch alone, even without the numerous other threats such as invasive predators

and climate change that also affect these species (Lewison & Crowder, 2003).

Sharks are also highly susceptible to bycatch, although they are still targeted intentionally more
than is generally the case for turtles and seabirds. Longline fisheries have particularly large
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impacts on shark populations and are believed to be one of the main drivers for the decline in
pelagic sharks worldwide (Cortés et al., 2010). Because the price for shark products,
particularly their fins, is extremely high in Asian markets, several populations are experiencing
drastic declines and more than a quarter of shark species are considered to be threatened
globally (Dulvy et al., 2008; Ferretti et al., 2010; Dulvy et al., 2014). Although many countries
now prohibit the capture of sharks exclusively for their fins, the ratio of sharks to target species
landed is still over 40% in some fisheries (notably pelagic longlines) (Oliver et al., 2015).
However, shark bycatch is rarely recorded at the species level, making it difficult to estimate
annual mortality and the direct effects of bycatch on many shark populations (Bonfil, 1994;

Clarke, 2006).

In the Cabo Verde archipelago, relatively little is known about the bycatch of these marine
megafauna. The island nation has five of the seven species of sea turtles, nine breeding seabird
species and over 100 species of elasmobranchs (sharks and ray), yet few studies have examined
the impact of fisheries on these species. Lopes et al. (2016) assessed turtle and shark bycatch
by interviewing 109 artisanal (handline, free diving, and scuba diving) and 30 semi-industrial
(purse seine and surface longline) fishers from Maio and Santiago and found that 32% of fishers
reported turtle bycatch and 71% shark bycatch. Melo & Melo (2013) concluded that European
longline vessels threaten sea turtle and shark populations in Cabo Verde waters, based on
interviews with 17 Cabo Verde fishers who worked seasonally in the international fishing fleet.
However, neither of these studies assessed the spatio-temporal variability in bycatch,
differences in bycatch rates related to gear types, nor the relative impacts of artisanal, semi-
industrial or industrial fishing. Furthermore, to date, there has been no assessment of seabird

bycatch in Cabo Verde waters.

Globally, most studies of megafauna bycatch have focused on the impacts of industrial fisheries
(Pauly, 2006; Soykan et al., 2008; Moore et al., 2010). However, artisanal fisheries are
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widespread, accounting for over 95% of the world's fishers (Pauly, 2006). Recent studies
suggest that artisanal fisheries potentially have a significant negative impact on these
megafaunal taxa (Lee Lum, 2006; Peckham et al., 2007, 2008; Jaramillo-Legorreta et al., 2007;

Mangel et al., 2010), so the impact of such fisheries needs to be assessed (Moore et al., 2010).

The goal of my study was to investigate how turtles, seabirds and sharks in Cabo Verde waters
interact with different fishing gears and vessel types, and how this changes seasonally and
between islands. To do this, I reviewed the archipelago’s general fishery features using data
from the Instituto Nacional de Desenvolvimento das Pescas (INDP), currently designated as
the Instituto do Mar (IMar). Then, | used structured interviews to address my specific
objectives to: (1) characterize fishing gear and bait types and determine the fishing effort of
artisanal, semi-industrial and industrial fisheries across the archipelago; (2) assess which
fishing gear, bait, areas, times of year and times of day have the highest bycatch rates; and (3)
assess which species have the highest bycatch rates in the various fishery sectors. This study
provides insights into the sustainability of current fishing activity in Cabo Verde and can help
to inform future conservation initiatives and, where necessary, help managers to devise

effective mitigation measures.

Methods

Study area

The Republic of Cabo Verde, a former Portuguese colony which gained independence in 1975,
consists of ten islands and 13 islets of volcanic origin. The country is situated between 14° 50'N
and 17° 20'N and 22° 40'W and 25° 30'W, 750 km off West Africa and has a land area of 4,030
km? (FAO STAT 2013). Nine islands are inhabited, with a human population of 535,000 (FAO
STAT, 2018). The islands are separated into two groups: the Barlavento islands (Santo Antao,

S&o Vicente, Santa Luzia (uninhabited), S&o Nicolau, Sal and Boa Vista) and the Sotavento
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islands (Maio, Santiago, Fogo and Brava) (Fig. 1). The uninhabited islets are often used by
fishers for overnight encampments (Meintel, 1984; Silva, 2009). The islands have an Exclusive

Economic Zone (EEZ) of 804 694 km?.
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Fig. 1 The Cabo Verde archipelago. Red points indicate the fishing ports and landing sites where the
interviews took place on the surveyed islands of Sdo Vicente, Boa Vista, Santiago, Fogo and Brava;
Ellipse show the Islets (Raso and Branco, Rombo) and the black lines within the Islands are the

municipal boundaries.
Review of Cabo Verde fisheries

Until the early 1980s, there were few studies of the Cabo Verde fishing industry (MAAP,
2004). However, in 1981, a national agency began to collect data on fishing effort and landings
(Monteiro, 2002; Stobberup and Erzini, 2006). Currently, the entity responsible for recording
fishery catch and effort data is the IMar. This agency is part of the strategy aimed at the

sustained development of research and technological development activities in the ‘ocean
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economy’ according to decree N°40/2019, September 24 (IMar, 2019), replacing the National

Institute for Fisheries Development (INDP) (Trindade et al., 2013), which was formed in 1992.

In the island nation of Cabo Verde, fisheries are an important source of employment throughout
the archipelago, and contribute fundamentally to the country's development (Silva, 2009).
Gonzalez et al. (2009) suggested that fisheries employ about 2.1% of the population (5.2% of
the active population). Although some studies estimate that fisheries contribute only 1-2% of
the Gross Domestic Product (GDP) (Almeida et al., 2003), the FAO estimates this value to be
3.9%, highlighting the economic importance of the fisheries sector (Ministry of Infrastructure

Transport and Sea, 2008).

Despite the islands’ large EEZ and diversity in fishing resources, fish biomass is relatively
small. This is largely due to the small area of shallow coastal waters (5,394 km?), linked to the
limited extension of the islands’ platform due to their volcanic origin (Bravo de Laguna, 1985;
Menezes et al., 2004). Other factors that contribute to the modest fish biomass include the
depth of these oceanic waters with well stratified surface layers that limit vertical nutrient

exchange.

The fishing fleet in Cabo Verde can be divided into two groups: domestic (artisanal and semi-
industrial fisheries) and foreign (industrial fisheries) (INDP, 2008, 2009; MegaPesca, 2010).
The small-scale artisanal fleet comprises of boats ranging from 3.5 to 8 m in length and 1.5 to
2.5 m wide which are motorized, or powered by sail or paddles and crewed by 2-5 fishers
(INDP, 2008; DNEM, 2016). Target species are mainly tuna, along with some demersal fish
which are caught with hook and line, lobster and conch which are caught by scuba diving, and
small pelagic fish caught with purse seines, gillnets and beach nets (Almeida et al., 2003;
Menezes et al., 2004; DNEM, INDP, 2016; Chuenpagdee et al., 2006; Stocks et al., 2019)

(Table 1). Another, less frequent type of fishing is dredging for whelks (Menezes et al., 2014).
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Products from artisanal fisheries are traded almost exclusively on the domestic market. Most

fish are sold fresh, with only 3% dried, salted or preserved in brine. Marketing is done by

fishmongers in municipal markets or sold door to door.

Table 1. Summary of major gear types and associated target species by fisheries operating

from the Cabo Verde archipelago.

Fisheries

Target species

Artisanal (hook and line)

Artisanal (Scuba)

Artisanal (purse seine, gillnets and beach nets)

Tunas and other large pelagic and
demersal fish

Lobster, conch

Small pelagic

Semi-industrial (hand line, tuna pole fishing)

Tunas and other large pelagic and
demersal fish

Semi-industrial (purse seine) Small pelagic
Semi-industrial (traps) Lobster
Industrial (surface longline) Tunas

Industrial (purse seine)

Tunas and small pelagic fish

There is a strong tradition of artisanal fishing throughout the archipelago. It is a major source

of employment (Baptista et al., 2006), livelihood and animal protein (Tvedten and Hersoug,

1992). In most cases, fishers work exclusively in fishing, but there are also some part-time

fishers who switch from agriculture during periods of drought. Fishers who work exclusively

in fishing usually come from a family where the profession is passed down from parent to child,
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where vessels belong to families (Almeida et al., 2003). In 2018, 5,078 fishers operated 1,588
small boats, landing 4,174 tonnes of fish. This effort and catch shows little change over the last

two decades (National Directorate of Maritime Economy — NDME; INDP, 2018; Fig. 2).
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Fig. 2 Summary of annual artisanal fishery landings from 1995-2018 in the Cabo Verde archipelago in
relation to changes in the number of a) fishers; b) boats, but no data available of active fishers and boats

from 2013 to 2016 and c) total landings (data source: INDP).

14



The semi-industrial and industrial fishing fleet operating in Cabo Verde is composed of so-
called “large-scale” vessels, with lengths ranging from 8 to 28 m, with crews of 5 to 14 fishers
(Fonseca, 2000; INDP, 2000; MegaPesca, 2004, 2010; DNEM, INDP, 2016). Semi-industrial
vessels mainly target large pelagic and demersal fish using handlines and tuna pole fishing,
small pelagic species with purse seine, and lobster using traps (MAAP, 2004; Silva, 2009;
Table 1). Before 1991, tuna landings represented about 80% of the total domestic semi-
industrial catch. However, the introduction of purse seine vessels in 1992 targeting small
pelagic fish reduced the relative importance of tuna landings to around 40% by 1998 (Fonseca,

2000).

The foreign industrial fleet operating in the Cabo Verde EEZ mainly fish with surface
longlines, tuna pole fishing and purse seines (Santos et al., 2013), and the main target species
are tunas, and small pelagic fish (Silva, 2009; Table 1). Industrial fleets typically use a single
gear type to target a defined set of species (Chuenpagdee et al., 2006; Stocks et al., 2019).
Nationally, only one large vessel, ranging up to 20 m in length operates in Cabo Verde's waters,
and the others are semi-industrials engaged in small pelagic, demersal and tuna fisheries
(Report, DGRM, 2018). According to law decree N° 02/2015, foreign vessels may only operate
in Cabo Verde waters under international agreements with the flag or registration State or the
organizations representing them, except in exceptional cases duly authorized by the member

of Government responsible for fisheries (Report, DGRM, 2018).

A fisheries partnership agreement between the European Community and the Republic of Cabo
Verde allows EU vessels to fish in Cabo Verdean waters and is part of the tuna network
fisheries agreements in West Africa. The foreign fleet included in these agreements are mainly
from the European Union (Spain, France and Portugal), Senegal and Japan (Almeida et al.,
2003; Report, DGRM, 2018), although many of the crew are Cabo Verdean fishers. The most
recent license agreement, signed in October 2018, is valid for 5 years and offers EU vessels an
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annual quota of 8,000 tonnes of tuna and other related species. This agreement restricts vessels
to fish beyond 12 nautical miles with tuna poles and from 18 nautical miles with purse seines
and longlines. Catches from industrial fisheries are processed and distributed in national
markets and also exported. Data from INE, Instituto Nacional de Estatistica, reported an export
of a corresponding part of fishery products of the order of 13, 24, 24, and 17 tonnes per year

from 2014 to 2017 (FAO, 1997; INDP, 2009, 2012, 2018).

From 2014 to 2017 the number of foreign vessels licensed increased by 15%. Catches in Cabo
Verde waters were taken by 8, 10, 14 and 13 tuna pole vessels, 26, 31, 36 and 36 tuna seiner
vessels and 27, 28, 33 and 39 surface longliners respectively in 2014, 2015, 2016 and 2017

(Report, DGRM, 2018) (Table 2).
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Table 2. Numbers of licenses granted to foreign industrial fishing vessels to operate in Cabo

Verde waters from 2014-2017 (Source: Directorate General of Marine Resources, 2018).

Vessel type Country 2014 2015 2016 2017
Spain 7 7 7 7
France 1 1 1 1
Tuna pole and line
Portugal - - 1 -
Senegal 0 2 5 5
Total tuna pole and line 8 10 14 13
Spain 13 12 12 11
Tuna purse seiner France 9 9 11 10
Senegal - 3 3 5
Albacore purse seiner 4 7 10 10
Total purse seiner 26 31 36 36
Spanish 9 7 11 16
Surface longliners Portuguese - 2 2 0
Japanese 18 19 20 23
Total longliners 27 28 33 39
Total industrial fleet 61 69 83 88
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Cabo Verde sea turtles, seabirds and sharks

Cabo Verde waters are home to five of the seven species of sea turtles that may be affected by
bycatch (Lépez-Jurado et al., 2000a; Marco et al., 2011; Lopes et al., 2016; Martins et al.,
2015). The most common species is the loggerhead turtle Caretta caretta (Endangered), which
breeds on Cabo Verde sandy beaches, representing the third largest loggerhead nesting
population worldwide (Marco et al., 2011; Martins et al., 2015). Hawksbill turtles
Eretmochelys imbricata (Critically Endangered) and green turtles Chelonia mydas
(Endangered) also feed in the archipelago’s waters (Marco et al., 2011; Martins et al., 2015),
and occasionally nest on Maio and Boavista Island (Lopes et al., 2016; Martins, 2017).
Leatherback turtles Dermochelys coriacea (Critically Endangered) and olive ridley
Lepidochelys olivacea (Vulnerable) occasionally migrate through the waters of the archipelago

(Marcos et al., 2011).

Cabo Verde is also home to several seabird species that may be impacted by fishing operations.
These include four endemic species: Cape Verde shearwater Calonectris edwardsii, Cape
Verde petrel Pterodroma feae, Cape Verde storm-petrel Hydrobates jabejabe, and Boyd’s
shearwater Puffinus boydi. In addition, it hosts large breeding colonies of red-billed tropicbirds
Phaethon aetherus, brown boobies Sula leucogaster and white-faced storm-petrels
Pelagodroma marina. While all Cabo Verde seabird species may be caught as bycatch, the
Near Threatened and endemic Cape Verde shearwater (IUCN Red List, 2018) is likely to be
particularly at risk since it almost exclusively feeds in productive commercial fishing areas off
the West African coast during incubation (Hofstede and Dickey-Collas 2006; Rodrigues,
2014). This area is accountable for a high proportion of global cetacean bycatch, probably with
high proportion to these megafaunal groups as well. As a result, reducing fisheries bycatch may
have important benefits for the conservation of this species (Weimerskirch et al., 1997,
Inchausti & Weimerskirch, 2001, Lewison & Crowder, 2003, Wanless et al., 2009).
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Finally, Cabo Verde waters are home to at least 100 shark and ray species. Smooth-hound
sharks Mustelus mustelus, tiger sharks Galeocerdo cuvieri and blue sharks Prionace glauca
are the sharks most often captured in Cabo Verde (MAHOT, 2014; Lopes et al., 2016). The
practice of finning (removing fins and discarding sharks back into the water) has been
prohibited since 2014 (National Resolution N°8 56/2014, July 31, BO N°8 18-Serie I).
According to the Cabo Verde government, this legislation has been put in place to reduce illegal
fishing practices. In addition, some EU countries have been supporting the archipelago to patrol
the EEZ. Furthermore, several shark’s species that occur in Cabo Verde waters have been listed
on the Convention on the International Trade in Endangered Species of Flora and Fauna
(CITES) which controls their trade through a permitting process and which has triggered
national protections for some. This includes at least five Critically Endangered species: oceanic
whitetip shark Carcharhinus longimanus, great hammerhead Sphyrna mokarran, scalloped
hammerhead Sphyrna lewini, Blackchin guitarfish Glaucostegus cemiculus, and wedgefishes
Rhynchobatus spp., two Endangered species: basking shark Cetorhinus maximus and whale
shark Rhincodon typus, and four Vulnerable species: white shark Carcharodon carcharias,
smooth hammerhead Sphyrna zygaena, porbeagle shark Lamna nasus and bigeye thresher

shark Alopias superciliosus (MAHOT, 2014; IUCN, 2019; Rigby et al., 2019).

Sampling

This study was focused on fisheries operating from five islands: Santiago, Sdo Vicente,
Santiago, Boavista, Fogo and Brava (Fig. 1), from 6 September to 31 October 2019. |
conducted 94 bycatch surveys of artisanal, semi-industrial and industrial fishers. Many fishers
had experience on multiple vessel types, and | completed a separate response form for each
fishery, so the total number of responses for all fisheries was 160 (Table 3). For the semi-

industrial and industrial fishers, | focused mainly on the two largest ports of Cabo Verde:
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Mindelo (Séo Vicente) and Praia (Santiago) because most industrial catches are landed at these
ports. For artisanal boats, surveys were conducted at beaches and ports where the artisanal
boats land, on the islands with the most sea turtle nesting beaches and seabird colonies.

Table 3. Summary of surveys with the three types of fisheries at five Cabo Verde islands (n =

number of fishers interviewed by each island; sample size exceeds the number of fishers

because some fishers reported on multiple fisheries).

Artisanal ~ Semi-industrial  Industrial Total
Sao Vicente (n = 27) 26 13 16 55
Santiago (n = 16) 12 16 7 35
Brava (n = 13) 13 10 3 26
Fogo (n = 16) 16 3 1 20
Boavista (n = 22) 22 2 0 24
Total 89 44 27 160

Interviews were conducted with as many fishers as possible, with the assistance of presidents
of fisher associations and institutions, and friends working in fisheries to identify suitable
candidates. In accordance with the University of Cape Town human ethics permit, the
interviews were done one-on-one to avoid interference and influence from other respondents.
The average time required to complete an interview was 20 minutes, but some took over 1 hour
when fishers felt comfortable to provide additional information and share stories and their

experiences of working in different fisheries.

Before starting each interview, fishers were informed that this was an independent scientific
investigation, not affiliated to the Cabo Verde government or fisheries management bodies. |
explained that the main objective of the study was to learn how turtles, seabirds and sharks
interact with fisheries and to assess the impacts caused by the three different types of vessels

operating in the Cabo Verde waters. Interviews were conducted in Crioulo using a
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questionnaire of 52 semi-structured questions in both open-ended and closed formats
(Appendix 1), adapted from Jabado et al. (2015) and a questionnaire used to collect seabird

bycatch data in the Cabo Verde Islands from 2018 to the present (T. Militdo, unpublished data).

The questionnaire was divided into four sections: 1) general information, including each
fisher’s background, source of income, which months they fish and how many days they spend
at sea per month; 2) boat and gear characteristics, with questions about the type of boat used,
their fishing schedule, the average trip duration, the main target species, the timing of setting
and removing fishing gear, and their fishing areas; 3) seabird, sea turtle and shark catches, with
questions on whether the fisher accidentally or intentionally catch these species and, if they do,
their average monthly and annually catches, the areas, time of day, fishing gear and bait when
most bycatches occur, and what they do with these species when they are caught; and 4) if they
perceive any threat to the persistence of the three study groups as well as if they would like to

be consulted or involved with government and NGO conservation initiatives.

Field guides to local seabirds, turtles and sharks were used to clarify species identifications
(Appendix 1), because fishers often only know the species by their local names which differ
between islands or even communities (Compagno et al., 2005). A map of the marine region in
which the fishers operated was used to identify key fishing areas and the areas with the highest

bycatch (Appendix I11).

Statistical analysis

To determine whether the number of sea turtle, seabird and shark bycatch per year is related to
the type of fishing gear (longline, handline, purse seine or gillnet), the fishing area (outside the
Cabo Verde EEZ, Brava, Fogo Island and Rombo Islet, Cabo Verde EZZ , Northwest of Santo
Antdo, Boavista Island, Sal Island, Santiago and Maio Island and finally the area around Sao

Vicente, Santa Luzia and Sao Nicolau Islands and Branco and Raso Islets ) and the distance
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fished from the coast, | started with Zero Inflated Negative Binomial models with an offset for
the number of reported fishing days. Both distance from the coast and reported fishing days
were scaled and centred to help with model convergence. For each bycatch group, | conducted
backwards stepwise selection to find the best fit model based on Akaike information criterion
(AIC), eventually removing the zero inflation when necessary. For seabirds, there was no
bycatch by gillnets, in the area outside the Cabo Verde ZEE nor in the area around Sal Island
which caused singularity in the models. Therefore, these categories were removed from the

analysis of this group. The models were run in R using the package pscl (Jackman 2020).

To estimate the total amount of turtle, seabird and shark bycatch per year in different fisheries,
| first estimated the total number of vessels using each gear type in Cabo Verde. For industrial
fisheries, | used the number of permits recorded by IMar for longlines, tuna pole fishing and
tuna purse seine from 2018. For artisanal and semi-industrial fisheries, IMar only had
information on the total number of vessels active in 2018. Therefore, | extrapolated the
proportion of different fishing gears recorded in 2012 (handline, purse seine, scuba, gillnet and
beach net) onto the total number of vessels in 2018, resulting in an estimate of the number of
artisanal and semi-industrial vessels using each gear-type in 2018. Then, | estimated the annual

bycatch per by gear type using the following steps:

1) Subset data to gears used by at least 10 respondents (handline, purse seine, scuba,
gillnet, longline)

2) Converted the 4 categories quantifying bycatch (0, 1-4, 5-9, >9) into two numerical
estimates: the minimum bycatch estimates as the minimum value for each category (0,
1,5and 10)

3) Calculated the annual bycatch of each turtle, seabird and shark species per respondent

by multiplying the two numerical estimates (minimum and best bycatch estimates) for

22



each species by the number of months a year in which the fisher reported catching these
species

4) Calculated the total annual turtle, seabird and sharks per respondent by summing the
annual catch of all species within each megafauna group for both the minimum and best
bycatch estimates.

5) Calculated the mean and standard deviation of the total annual turtle, seabird and shark
bycatch per gear type for both the minimum bycatch estimates.

6) Multiplied the minimum bycatch estimates means and standard deviations for each gear

type by the total estimated number of fishing vessels using the same gear.

Results

Description of Cabo Verde fisheries

Fisheries in Cabo Verde waters use eight main fishing gears and three vessel types (artisanal,
semi-industrial and industrial) to catch a wide variety of species. The interviews confirmed that
artisanal, semi-industrial and industrial vessels used different combinations of fishing gears,
crew numbers, boat size, and engine capacity. In artisanal vessels, handlines were the most
used as a main fishing gear (89% of 73 respondents). The crews were composed of groups of
2 to 10 fishers and the boats were 3-9 m long with 5 to 25 hp outboard engines. Semi-industrial
vessels mainly used purse seine nets (82% of 38 respondents). Crews consisted of 4 to 25
fishers and the boats were 8 to 22 m long with ~2500 hp inboard engines. Lastly, all industrial
fishers reported used longline and pole fishing as a main fishing gear, (n = 22 and 4)
respectively, with a crew of 9 to 24 individuals. Vessels were between 27 to 47 m long with
unknown engine power. The artisanal and semi-industrial vessels fished largely over the
shallow shelf waters surrounding Cabo Verde’s islands and islets (Figs 3 and 4), while

industrial vessels fished throughout most of the country’s EEZ (Fig. 5). Fishers from artisanal
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and semi-industrial vessels reported fishing up to depths of 200 £ 66.6 m mainly with handline,

while industrial vessels fished at 20 + 9.3 m deep, targeting pelagic fish (Table 4).

Table 4. Summary of percentage of fishers using the main different fishing gear by vessel type (humbers

in parentheses = sample size)

Active boats used as

% of respondents used as

Vessel type Gear main fishing gear in 2018  main fishing gear, n=160

Handline 14522 89 (65)

Artisanal Purse seine 534 16 (6)
Gilnet 40° 74 (14)
Scuba dive 152 100 (4)
Handline 32% 11 (8)
Purse seine 642 82 (31)

Semi-industrial Gilnet 202 26 (5)
Scuba dive 12 0
Pole fishing 3° 0
Longline 27* 100 (22)

Industrial Purse seine 42 3(1)
Pole fishing 58 100 (4)

& Data on numbers of operating boats in Cabo Verde in 2018 From Instituto Nacional de
Desenvolvimento das Pescas (INDP)
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Fig. 3 Main artisanal fishing areas around the Cabo Verde archipelago (red dots show where interviews

took place)
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Fig. 5 Main industrial fishing areas around the Cabo Verde archipelago (red dots show where interviews
took place). Since all 22 industrial fishers reported fishing throughout the EEZ, only the areas that
fishers defined as important fishing areas are displayed.
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Among all target species in Cabo Verde fisheries, yellowfin tuna Thunnus albacares, grouper
Serranidae sp., wahoo Acanthocybium solandri, scad Decapterus sp. and bigeye scad Selar
crumenophthalmus were the most caught in all five islands where interviews were conducted.
Industrial vessels had the largest catches and were most target-specific, mainly focused on
yellowfin tuna, sharks and swordfish Xiphias gladius, while artisanal and semi industrial

fisheries targeted a much wider diversity of species (Table 5).
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Table 5. Percentage of fishers reported to fish the main target species by the main different fishing gear

used in Cabo Verde archipelago, sample sizes of each fishing gear in brackets.

s o B s S

2§ % 5 % 2

Target species 2 o § ~ ER =

T — o (O] n o

yellowfin tuna (Thunnus albacares) 85 77 - - - 100
wahoo (Acanthocybium solandri) 72 5 2 - 13
groupers (Serranidae spp.) 71 - - - 66 -
Atlantic emperor (Lethrinus atlanticus) 32 - - - 8 -
lesser amberjack (Seriola fasciata) 29 - 2 4 8 -
common dolphinfish (Coryphaena hippurus) 28 - - 4 - -
bigeye scad (Selar crumenophthalmus) 27 - 74 67 - -
guinean grunt (Parapristipoma humile) 16 - - - - -
skipjack tuna (Katsuwonus pelamis) 15 - - - - 88
golden African snapper (Lutjanus fulgens) 14 - 16 - - -
frigate tuna (Auxis thazard) 12 - 47 8 - 13
scad (Decapterus sp.) 12 - 74 29 - -
blue runner (Caranx crysos) 9 - 2 8 8 -
goat fish (Pseudupeneus prayensis) 7 - - 4 - -
seabreams (Sparidae spp.) 6 - - - - -
black jack (Caranx lugubris) 5 - 2 13 - -
blackspot picarel (Spicara melanurus) 5 - 9 67 - -
blue marlin (Makaira nigricans) 10 37 - - - -
smooth flounder (Citharichthys stampflii) 5 0 - - - -
swordfish (Xiphias gladius) 2 82 - - - -
slack seabream (Spondyliosoma cantharus) 1 - - 8 - -
parrot fish (Scaridae Sp) 8 - - 13 50 -
Crustacean / mollusc spp - - - - 74 -
morays (Muraenidae spp) 16 - - - 17 -
monrovia Surgeonfish (Acanthurus monroviae) - - - 4 8 -
pompano (Trachinotus ovatus) - - 5 17 - -
Sharks spp - 91 - 13 - -
West African goatfish (Pseudupeneus prayensis) - - - 8 - -
lesser African threadfin (Galeoides decadactylus) - - 2 4 - -
little tunny (Euthynnus alleteratus) - 0 7 - - -

Factors affecting bycatch

Overall, 78% of fishers reported accidental catch of turtles, 66% reported seabird and 91%

reported shark bycatch. Turtle bycatch was most often reported by fishers using industrial
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longlines (86%), followed by artisanal handline (55%), and by semi-industrial vessel purse
seine (50%). The proportion of fishers that reported seabird bycatch was greatest among
artisanal fishers using handlines (77%) and longlines (32%). All fishers from industrial vessels
using longlines reported shark bycatch, followed by handlines, purse seines and gillnets, all

with over 50% of positive responses (Table 6).

Table 6. Summary of the % fishers reporting turtle, seabird and shark bycatch on different fishing gear

and vessel types in Cabo Verde waters (n = number of respondents used main fishing gear by each

fishery)
Turtles Seabirds Sharks
s _ | _ B _|_ 2 _
= 2 ET|ET B E|g E E
g 8§ 2l & Blg & E
Handline (n = 73) 55 4 0 77 8 0 86 7 0
Purse seine (n = 38) 5 50 3 3 0 0 11 53 3
Longline (n = 22) 0 0 86 0 0 32 0 0 100
Pole and line fishing(n=4) | 0 0 0 0 0 50 0 0 25
Gillnet (n = 19) 47 11 0 - - - 58 11 0

Artisanal, semi-industrial and industrial fishers reported that bycaught turtles were preferably
released alive, as they know their capture is banned by law. Some fishers reported to have tried
to remove the hooks before releasing turtles. However, 27% of fishers reported either
discarding turtle’s dead, using them as bait or selling them. Only 8% artisanal fishers reported
that some turtles were sold mainly in their village. One fisher working on an industrial longline
vessel commented that the fate depended on the species: large leatherback turtles that are too
big to lift onto the boat are released alive whereas smaller species are hauled aboard and killed
to retrieve the hook and then discard at sea (additionally one fisher reported that leatherback
turtle meat tastes bad). Regarding seabird bycatch, all fishers reported to have tried to remove
the hooks or even cut the line to released seabirds alive when possible. However, when seabirds
were caught dead, 21% of fishers reported to release the carcase and only 3% kept the carcass
to eat. Finally, fishers reported 83% and 71% of sharks bycatch were preferably kept to be
eaten and sold respectively, and only 53% reported releasing some sharks alive. This suggests

that shark bycatch mortality is much higher than the other megafauna groups.
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Most fishers reported that sea turtle bycatch did not differ between bait types used (58%; Table
7). However, 16% of fishers suggested bycatch was higher in sea turtles when using scad as
bait. All fishers that reported seabird bycatch suggested that it occurred mainly when using
bigeye scad (40%) as bait, followed by scad (24%). Finally, fishers reported that sharks are
mainly bycaught when they used baits as the frigate tuna (28%) and scad (24%), although 18%

also reported they could be caught with any bait (Table 7).

Table 7. Fishery-specific usage of bait most likely to catch turtles, seabirds and sharks in Cabo Verde

waters
Specific bait use Turtles Seabirds Sharks
Any bait type 58 12 18
Scad (Decapterus spp.) 16 24 24
Bigeye scad (Selar crumenophthalmus) 9 40 7
Frigate tuna (Auxis thazard) 2 8 28
Octopus (Octopus spp.) 9 1 5
Skipjack tuna (Katsuwonus pelamis) 0 0 8
Blackspot picarel (Spicara melanurus) 0 9 0
Madeiran sardinella (Sardinella maderensis) 1 3 1
Yellowfin tuna (Thunnus albacares) 0 0 3
Common dolphinfish (Coryphaena hippurus) 2 1 1
Blue runner (Caranx crysos) 0 0 2
Almoco jack (Seriola rivoliana) 0 0 1
Black seabream (Spondyliosoma cantharus) 0 0 1
Lubbock’s chromis (Chromis lubbocki) 0 1 0
Crabs (Decapoda) 1 0 0
Tropical two-wing flyingfish (Exocoetus volitans) 1 0 0

The location of highest bycatch overlapped largely with the fishing areas reported by fishers.
The artisanal fishery had the highest bycatch of turtles around the Rombo Islets, Brava and Boa
Vista Islands (Fig. 6.a), seabirds around the Rombo, Raso and Branco Islets, Brava, Boavista
and Santa Luzia Islands and west of Sao Vicente Island (Fig. 6.b), whereas sharks were caught
around Sao Vicente and Santa Luzia Islands, Raso and Branco Islets and west of Santo Antéo
(Fig. 6.c). For the semi-industrial vessels, Boavista Island appears to be the most important
area for turtle bycatch, followed by around of Rombo, Branco and Raso Islets and around of

Sao Vicente and west of Santo Antéo Islands (Fig. 7.a). For seabirds, the important areas are
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around Branco and Raso Islets and Santa Luzia Island (Fig. 7.b), whereas sharks show the
highest bycatch around Branco and Raso Islets, Rombo Islets and around of Brava Island (Fig.
7.c). Finally, most fishers from industrial vessels, which operate mainly in oceanic waters,
reported equal bycatch throughout the EEZ (55%, 32% and 91%) for turtles, seabirds and
sharks respectively (Fig. 8). According to them, the area along the13-18 Nautical miles legal
fishing limit around the Islands and Islets is where the majority of bycatch occurs. Other
important bycatch areas are Northwest of Santo Antdo, West of Boa Vista and North of Fogo

and Brava (Fig. 8.a, b and c).
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Fig. 8 Summary of distribution catch areas from industrial vessels by marine megafauna group (a:
turtles, b: seabirds and c: sharks). Since all industrial fishers that reported turtle (17), seabird (9) and
sharks (22) bycatch reported catching these species throughout the EEZ, only the areas that fishers

defined as important bycatch areas are displayed.

33



Handline (73) Purse seine (38)

g 100 1 100 1

Z 80 A 80 -

g

= 60 A 60 -

L

g 40 A 40 1

&

o 20 4 I I 20 -

o

°\° 0 I T T T 0 I T T T
Longline (22) Gilnet (19)

o 100 A 100 -

2 80 80 -

g

S 60 60

(5]

5 40 A 40 -

&

w20 1 20

o

°\° 0 I T T T 0 b T
Scuba dive (4) Pole ﬁshmg

o 100 A 100 -

E 80 A 80 A

S 60 - 60 -

L

g 40 40

5y

w20 1 20 1

(]

°\° 0 i ] 1 T 1 0 T ] L} 1

Sunrise  Day Sunset  Night Sunrise  Day Sunset  Night

Fig. 9 Fishers reported the main time to remove the fishing gear during the fisheries activity in all

vessels type, number inside the parentheses mean the sample size per each main fishing gear.

Fishers reported the day as a main time to remove fishing gear range from 91 % - 100% of
reports in all gear types, suggesting that fishing generally occurs during daylight (Fig. 9).
Resultingly, turtle, seabirds and shark bycatch also mainly occurred during the day, largely

between 6h — 12h with 78%, 62% and 86%, respectively (Fig. 10).
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Fig. 10 The relative percentage of fishers reporting turtle, seabird and shark bycatch at different times
of day

Among turtles, loggerheads bycatch is the highest and varies the most throughout the year,
occurring mainly between May to October, which coincide mainly with their nesting season
(June to October). Green turtle bycatch varied slightly throughout the year with a peak between
May and October as well. All other turtle species are reportedly caught at the same rate
throughout the year (Fig 12). Among seabirds, Cape Verde shearwaters have the highest levels
of bycatch and varied the most throughout the year, occurring mainly during May to October
(Fig. 13), which coincide mostly with their breeding period and fishing months (Fig. 11). All
other seabird species are caught less frequently, and their bycatch vary little during the year
(Fig 13). Finally, sharks are bycaught in nearly the same proportion throughout the year (Fig

14).
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Fig. 13 Variation of seabird bycatch throughout the year. Bars show the percentage catch variation

along the year, and each graphic show the different seabird’s species
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Fig. 14 Variation of shark’s bycatch throughout the year. Bars show the percentage catch variation

along the year, and bars colour show the different shark species.
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Fig. 15 Percentage of fishers who reported that there were more, less, or the same number of interactions

with (a: turtles, b: seabirds and c: sharks in 15, 10 and 5 years ago

Fishers reported the increase of turtle interactions with fisheries in the last 15 years (Fig. 15.a),
and with seabirds in the last 5 years (Fig. 15.b). For sharks, they reported a decrease of

interactions with fisheries in the last 15 years (Fig. 15.c). They were also concerned with the
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future conservation of these megafauna group. In 84% and 95% of interviews, fishers reported
that they were concerned for the future of turtle and seabird conservation. In sharks, this

number was less high, with 67% of respondents expressing concern for shark protection.

Bycatch in the various fishery sectors

Turtle bycatch

All five sea turtle species that occur in Cabo Verde's EEZ were reported to be bycaught in
handline, purse seine, gillnet and longline. Loggerhead turtles were reported to be the most
common species caught from artisanal, semi-industrial and industrial vessels. The fishing gear
most often linked to loggerhead bycatch were handlines on artisanal (100%, n = 40), purse
seine on semi-industrial (95%, n = 19) and longline on industrial vessel (63%, n=19).
Leatherbacks were caught largely by industrial, mainly in longline fishing gear 89%, n = 19)

(Fig. 16).
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Fig. 16 Summary of turtle’s bycatch by different fishing gear operating in Cabo Verde waters, number

in brackets mean the number of bycatches by each fishing gear on different vessels type.
Factors related to the amount of yearly turtle bycatch

The best supported model for yearly turtle bycatch was a negative binomial model with the
coefficient fishing gear (Table 8). In comparison to longlines, handlines and purse seines

caught significantly less bycatch, while the difference with gillnets was insignificant (Table 9).
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Table 8. Model comparison for the turtle’s bycatch. The best-fitting model is indicated in bold font. All
models listed also included random effects for interview ID. The low Akaike Information Criterion
(AIC) of the top model mean the best model

Model Parameters df LogLik AIC w
ZINB_turtle_3 main Fishing gear + offset (fishing days 5 -550.110 1110.6 O.882
per year) ) ) )

ZINB turtle_2  main fishing gear + offset (fishing days per
year) | main fishing gear

ZINB turtle_1  main fishing gear + fishing area +offset
(fishing days per year) | main fishing gear

ZINB_turtle main fishing gear + fishing area +
maximum distance to coast to fishing
+offset (fishing days per year) | main
fishing gear

9 -547.706 1114.7 0.116

16 -543.991 1124.0 0.001

17 -543.549 1125.7 0.000

The most conservative sea turtle annually bycatch estimate (mean estimate and standard
deviation) reported by fishers varied strongly by species and by fishing gear. Loggerhead were
the species with the highest reported bycatch in handline and purse seine fishing gear, followed
by green turtle and leatherback. Leatherback sea turtles were also commonly bycaught,
especially by longline fishing gear (Table 10). These values were also highly variable,
suggesting that although fishers used the same gear, they often declared different amounts of
bycatch (Table. 10). When the mean annual number of sea turtles bycaught per fishing gear
was extrapolated over the number of vessels operating in Cabo Verde, the total number of

turtles bycaught by handline was higher than in other fishing gears (Table. 10).

Table 9. Summary of the results of the model investigating how the reported number of bycaught turtles
per year related to whether fishers worked on different fishing gear. Estimates of fishing gear are
calculated in relation to longline.

Fishing gear Estimate std. Error Z value Pr(>|z|)
(Intercept) 47071 0.4595 10.244 <2e-16***
Handline -1.8281 0.5253 -3.480 0.000502***
Purse seine -1.5182 0.5786 -2.624 0.008695**
Gilnet -0.9681 0.6762 -1.432 0.152218
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Table 10. Estimation of the total annual turtle bycatch per fishing gear type in Cabo Verde. Ranges

indicate the mean and SD estimates

Main fishing gear  Leatherback Hawksbill Loggerhead Green Olive
Fishing pole 00 00 00 0+0 00
Gilnet 6 +19 0+0 704 +£1084 73 £276 00
Handline 1171 +5536 527 +2845 16397 25211 1776 +7569 410 +2682
Longline 1690 +1436 36 +98 596 +847 448 +1136 147 +691
Purse seine 142 +765 31 +135 1081 +1595 585 +1566 40 +197
Scuba dive 0+0 0+0 0+0 0+0 040

Seabird bycatch

Cape Verde shearwaters were the most commonly reported bycaught species, followed by
brown boobies and red-billed tropicbirds. All three species were mainly caught on handlines
(76%, 53% and 22%, respectively, n = 55 respondents reported bycatch on artisanal vessel
type). Fishers from industrial vessels reported 100% of bycatch on Cape Verde Shearwater on
longline and pole fishing (n = 7 and 2 respondents reported bycatch, respectively (Fig. 17).

Trawls, gillnet, beach net and scuba dive had no seabird bycatch in Cabo Verde waters.
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Fig 17. Summary of seabird’s bycatch by different fishing gear operating in Cabo Verde waters, number
in brackets mean the number of bycatches by each fishing gear on different vessels type.
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Factors related to the amount of yearly seabird bycatch

The best supported model for yearly seabird bycatch was a zero inflated negative binomial
model with the count model coefficients fishing gear and fishing area and zero-inflation model
coefficient fishing gear (Table 11). In comparison to longlines, seabird bycatch was
significantly lower in purse sines, although there was no significant difference with handline.
Moreover, in comparison to the area around Fogo and Brava, seabird bycatch was significantly
lower in the Northwest of Santo Antdo, Boavista Island, and around Sao Vicente, Santa Luzia
and Sao Nicolau Island and Branco and Raso Islets (Table. 12). However, there was no significant
difference with the area within all Cabo Verde EEZ and between Maio and Santiago.
Moreover, the model shows that in comparison to longline, there were significantly higher
probabilities of false zeros (unreported or unobserved seabird bycatch) obtained by handline

and lower probabilities in purse seine. (Table 12).

Table 11. Model comparison for the seabird’s bycatch. The best-fitting model is indicated in bold font.
All models listed also included random effects for interview ID. The low Akaike Information Criterion

(AIC) of the top model mean the best model

Model Parameters df LogLik AIC w

ZINB_seabird_2 main fishing gear + fishing area + offset
(fishing days per year) | main fishing 12 -383.353 7935 0.776
gear

Full Model main fishing gear + fishing area +
maximum distance to coast to fishing
+offset (fishing days per year) | main
fishing gear

ZINB_seabird_3  main fishing gear + offset (fishing days
per year) | main fishing gear

13 -383.350 -3.3193 1.6155

7 -399.146 813.2  0.000

The mean bycatch of seabirds per year varied strongly by species and by fishing gear. Cape
Verde shearwaters, brown boobies and red-billed tropicbirds were the most commonly reported
species mainly in handline fishing gear (Table 13). The reported yearly bycatch of seabirds by
handline vessels was higher than in other gear types (Table 12, Table 13). The reported yearly

bycatch was also highly variable, suggesting that fishers using the same gear often declared
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different bycatch rates. Moreover, when the mean annual number of seabirds bycaught per
fishing gear was extrapolated over the number of vessels operating in Cabo Verde, the total
number of seabirds bycaught by handline remained several magnitudes higher than in other

fishing gears (Table 13).

Table 12. Summary of the results of the model investigating how the reported number of bycaught
seabirds per year related to whether fishers worked on different fishing gear. Estimates of fishing gear
are calculated in relation to fishers from longline.

Fishing area / Fishing gear Estimate std. Error Zvalue Pr(>|z|)
Count model coefficients (negative binominal with log link)

Intercept 5.1937 0.7989 6.501 7.98e-11 ***
Handline 0.3100 0.7447  0.416 0.6772
Cabo Verde EZZ area -1.4374 0.9985 -1.440 0.1500
Northwest of Santo Antéo -1.5318 0.7196  -2.129 0.0333 *
Boavista Island -2.3488 0.4247  -5.531 3.18e-08 ***
Santiago and Maio Island -1.5357 0.8239 -1.864 0.0623 .

Sao Vicente, Santa Luzia and Sao Nicolau o
Island and Branco and Raso Islets 19772 03812 -5.187 21307

Zero-inflation model coefficients (binominal with logit link)

(Intercept) 0.1759 0.5240  0.336 0.73705
Handline -2.1335 0.6785 -3.145 0.00166**
Purse seine 2.8432 1.2535  2.268 0.02332*
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Table 13. Estimation of the total annual seabirds’ bycatch per fishing gear type in Cabo Verde. Ranges indicate the mean and SD estimates

Main fishing Cape Verde  Cape Verde Cape Verde Boyd’s Bulwer B boob Red billed White faced
gear shearwater petrel storm petrel shearwater petrel rown booby tropicbird storm petrel
Fishing pole 33 +47 0+0 0+0 010 010 00 00 0+0
Gillnet 00 00 00 00 00 00 00 00
Handline 30764 £31235 010 010 351 £1867 010 12181 +24646 11029 +27388 1171 +5756
Longline 331 +544 0+0 0+0 0+0 00 7 +35 00 0+
Purse seine 18 £544 0+0 010 010 010 00 00 00
Scuba dive 0+0 00 00 00 00 00 00 00
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Shark bycatch

Sharks had the highest bycatch of the three megafaunal groups. In longline fisheries, fishers
reported 100% of mako shark bycatch, followed by blue shark. Fishers on artisanal and semi-
industrial vessels mainly reported catching small, coastal shark species such as smooth hound,
nurse and weasel sharks, whereas industrial vessels tended to catch larger, more pelagic species
such as blue, mako and hammerhead sharks (Fig. 18). In addition, 91% of industrial fishers

reported catching sharks as target species.
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Fig. 18 Summary of shark’s bycatch by different fishing gear operating in Cabo Verde waters, number

in brackets mean the number of bycatches by each fishing gear on different vessels type.
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Factors related to the amount of yearly shark bycatch

The best supported model for yearly shark bycatch was a zero inflated negative binomial model
with the count model coefficient fishing area and zero-inflation model coefficient fishing gear
(Table 14). In comparison to fishing outside of the Cabo Verde EEZ, fishing within the whole
around Boavista Islet had significantly less shark bycatch (table 15). However, there were no
significant differences with all other areas. Moreover, the model shows that the probabilities
of false zeros (unreported or unobserved shark bycatch) insignificantly different between
longline and other fishing gears (table 15).

Table 14. Model comparison for the shark’s bycatch. The best-fitting model is indicated in bold font.

All models listed also included random effects for interview ID. The low Akaike Information Criterion

(AIC) of the top model mean the best model

Model Parameters df  LogLik AIC w

ZINB_shark_3 fishing area + offset (fishing days per
year) | main fishing gear

ZINB shark 2  main fishing gear + fishing area + offset
(fishing days per year) | main fishing gear

ZINB_shark main fishing gear + fishing area + maximum
distance to coast to fishing +offset (fishing 17 -925.623 1889.8
days per year) | main fishing gear

NB_shark Fishing area + + offset (fishing days per
year)

13 -927.056 1882.7 0.919

16 -926.182 1888.4 0.055

0.027

9 -943.352 1906.0 0.000

The mean bycatch of sharks per year varied strongly by species and by fishing gear. Among
the common shark species in Cabo Verde waters, all were caught in large numbers except giant
guitarfish by all vessel types (Fig 15). The reported monthly bycatch was also highly variable,
suggesting that fishers using the same gear often declared different bycatch rates (Fig.15).

When the mean annual number of sharks bycaught per fishing gear was extrapolated over the
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number of vessels operating in Cabo Verde, the total number of sharks bycaught by handline
was several magnitudes higher than in other fishing gears (Table 16).
Table 15. Summary of the results of the model investigating how the reported number of bycaught

sharks per year related to whether fishers worked on different fishing gear. Estimates of fishing gear

are calculated in relation to fishers from longline.

Fishing area / Fishing gear Estimate std.  Error Z value Pr(>|z|)
Count model coefficients (negative binominal with log link)

Intercept 6.6616 0.6342 10.504 <2e-16 ***
Brava, Fogo Island and Rombo Islet -0.3485 0.6763  -0.515 0.6063
Cabo Verde EZZ area -1.3710 0.7760  -1.767 0.0773 .
Northwest of Santo Antéo -0.4786 0.7761  -0.617 0.5375
Boavista Island -1.4233 0.7146  -1.992 0.0464 *
Sal Island 0.9316 1.0351 0.900 0.3681
Santiago and Maio Island -0.1772 0.7763  -0.228 0.8195

Sao Vicente, Santa Luzia and Sao Nicolau
Island and Branco and Raso Islets
Zero-inflation model coefficients (binominal with logit link)

-1.2131 0.6749  -1.798 0.0722 .

(Intercept) -19.03 2887.44  -0.007 0.995
Handline 14.83 2887.44  0.005 0.996
Purse seine 18.25 2887.44  0.006 0.995
Gilnet 18.13 2887.44  0.006 0.995
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Table 16. Estimation of the total annual sharks’ bycatch per fishing gear type in Cabo Verde. Ranges indicate the mean and SD estimates

ggglrn fishing Smooth shark Tiger shark Blue shark Nurse shark Mako shark 5?1':?& Blgﬁ:ﬁ?m Posrhb:fkgle Han;hm;rrl?ead Sicklefin shark
Fishing pole 00 150 +300 150 +300 75 +150 150 +300 00 150 +300 00 00 150 +300
Gillnet 3126 +3153 581 +1703 328 +964 796 +2263 379 +1652 16 +69 1165 +2686 1137 2697 1137 +2697 758 +2270
Handline 73065 +76741 29847 59191 36308 58935 55028 69903 27173 #57052 859 #4319 24088 +56726 25767 £56566 50402 +70491 49348 +73077
Longline 319 +952 1662 +1548 1799 1329 221 +757 2302 +1326 00 295 +953 457 1134 1757 +1556 322 +952
Purse seine 4618 +6362 1884 +4448 3433 +5058 582 +2515 591 +2521 0+0 1019 +3355 369 +2278 1515 +4043 2894 +5533
Scuba dive 010 010 020 010 010 00 020 010 010 020
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Discussion

This is the first widespread study assessing turtle, seabird and shark bycatch in the artisanal,
semi-industrial and industrial fisheries operating in five islands in Cabo Verde. An alarming
proportion of fishers from all sectors reported bycatch of these taxa, many of which are globally
threatened. This suggests that megafaunal bycatch is widespread across Cabo Verde, and is

prominent in many fishing sectors and gear types.

Acrtisanal fishers, principally those using handlines, purse seines and gillnets fishing gear,
reported the highest proportion of bycatch, similar with the previous studies (Lee Lum, 2006;
Peckham et al., 2007, 2008; Jaramillo-Legorreta et al., 2007; Mangel et al., 2010). With over
5000 artisanal fishers and a fishing fleet of 1588 vessels in 2018, the artisanal fishery in Cabo
Verde presents an important threat for marine ecosystems. We estimated that with handlines
alone 20281 +43842 turtles, 55497 £90894 seabirds and 371886 +583001 sharks are caught
each year. However, the impacts of artisanal and semi-industrial fishers may be reduced by
their tendency to release bycatch alive especially for turtles. While industrial fishers had more
bycatch per vessel than in artisanal and semi-industrial fisheries, the fishing fleet is much

smaller, resulting in lower sea turtle, seabird and shark bycatch numbers overall.

Among turtle species, loggerheads were the most commonly reported bycatch by all three
groups of fishers. In previous studies in Maio, Boavista and Santiago Islands, artisanal and
semi-industrial fishers also reported important loggerhead and green turtle bycatch (Monteiro,
2012, Lopes et al., 2016). Lopes et al. (2016) found that a lower overall proportion of fishers
reported turtle bycatch (32%) compared to my study (78%). However, their surveys were not
anonymous so fishers may have been more reluctant to divulge turtle bycatch. Another possible
cause for an increase in turtle bycatch is the increase in loggerhead nesting populations. In 2010

and 2012, Marco et al., suggested that the North East Atlantic subpopulation of loggerhead
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turtles was the second most endangered in the world and that Cabo Verde was the most
important breeding area for this population with over 95% of the nests in the entire eastern
Atlantic. However, since these studies the population and thus the global importance of nesting
loggerhead turtles in Cabo Verde has increased significantly. Between 2012 and 2018, the
number of identified nests in the archipelago increased from 29 thousand to 124 thousand, and
recent data from DNA (DNA, September, 2020), already identified 180 thousand nests of
loggerhead even without finish the season. This population increase can mainly be attributed
to the protection of nesting females from poaching on land with effective legislation and the
translocation of nests to nurseries to avoid predation by ghost crabs. Fishers also echoed this
result as 66%, 64% and 66% reported an increase in interaction between turtles and fishing

gear in the last 15, 10 and 5 years respectively.

The frequent bycatch of loggerhead turtles by artisanal and semi-industrial fishers can also be
explained by the overlap between these vessels’ fishing areas and the turtles’ breeding areas.
Boavista Island, which had 65% of this species nests in 2018 (DNA, 2018), was the area with
the highest turtle bycatch both for artisanal and semi-industrial fisheries. In other regions where
there are large numbers of breeding turtles, fishers also have reported high mortality rates (e.g.
green turtles in Kenya; loggerhead in Tanzania and Mozambique; hawksbill turtles in
Mauritius) (Kiszka, 2012). Prawn and shrimp trawl fisheries operating on the Sofala Bank off
Mozambique catch an estimated 1 932 — 5 436 turtles annually (Gove et al., 2001). Similar
numbers are reported off Kenya, Madagascar and Tanzania, but more studies are needed to

confirm the extent of bycatch in these countries (Bourjea et al., 2008).

Green turtles, the second most commonly reported species, regularly feed in the coastal waters
of Cabo Verde especially as juveniles, which can be found in relatively large numbers close to

shore (Marco et al., 2011). The frequent bycatch of these species by artisanal and semi-
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industrial fishers can also be explained by the overlap between these vessels’ fishing areas and

the turtles’ feeding areas (Marco et al., 2011).

Leatherback turtles were also frequently reported as bycatch by industrial fishers. This is
consistent with a previous study in Cabo Verde where industrial longliners also reported
leatherback turtle bycatch (Melo & Melo, 2013). This species is largely pelagic, thus
overlapping most with industrial fishing effort (> 13-18 nautical miles from the coast). Two
areas with frequently reported bycatch, the northwest of Santo Antdo and west of Boa Vista
Island, are also important fishing areas above seamounts, thus increasing the possibility of

turtle-fishery interactions (Worm et al., 2003).

Regarding seabirds, Cape Verde shearwaters were the most frequently reportedly bycaught
species by artisanal, semi-industrial fishers and industrial fishers within Cabo Verde waters,
followed by brown boobies and red-billed tropicbirds. These 3 species are the largest seabird
species of Cabo Verde, suggesting that there are morphological limitations of getting caught
on certain gear types such as large hooks (Watson et al., 2003, 2005). Worldwide, the most
frequently caught species are also large (Croxall et al., 2012). This can also explain why a
higher number of seabirds are caught in artisanal vessels since the hooks used for handlines are

generally smaller than those used for longlines.

Cape Verde shearwaters may be more frequently caught because of their high abundance
during the breeding season (late February — late November) compared to the other seabirds in
the archipelago (Paiva et al. 2015). Our results of where and when Cape Verde shearwaters are
bycaught are also consistent with their breeding phenology and the location of their colonies.
Breeding Cape Verde shearwaters change their foraging strategies during incubations and
chick-rearing. While animals forage at the African shelf during incubation from June to July,

they mainly forage in the waters surrounding their colonies during chick-rearing from August
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to October (Paiva et al. 2015). This is consistent with the result that bycatch peaked in August
and was mainly concentrated near major colonies in Raso islet and Boa Vista (Curral Velho

Islet).

The temporal and spatial trends in brown booby and red-billed tropicbird bycatch are also
consistent with their phenology and the distribution of nests. Unlike Cape Verde shearwaters,
both species breed year-round, explaining why bycatch was consistent throughout the year.
Moreover, large colonies of brown boobies and red-billed tropicbirds are located in Raso Islet,

Boavista and Brava, where seabird bycatch was the highest (Semedo et al., 2020)

Acrtisanal, semi-industrial and industrial fishers alike reported more shark bycatch than turtles
or seabirds. This is consistent with the results of a previous study in Maio Island, where 71%
of fishers reported sharks’ bycatch in comparison to 32% who reported turtle bycatch (Lopes
et al., 2016). In addition, fewer than 20% of fishers reported releasing sharks alive, suggesting
that shark mortality in Cabo Verde is extremely high. While approximately half of fisher’s
report that shark-fishery interactions have declined in the last 15 years because there are less
sharks, few reported the need to protect sharks (67) in comparison to turtles (84) and seabirds
(95). For artisanal and semi-industrial fishers, this perspective may be caused by shark-human
conflict (Lopes et al., 2016). During interviews, some fishers reported killing the sharks to
avoid the repetitive loss of their fishing gear, bait or even their catches. However, some fishers
also reported the sharks such as driving schools of prey to the surface making them available
for fishers. Sharks are also the most used bycatch, with high proportions being used for food,
to sell or as bait by artisanal, semi-industrial and industrial fishers. Furthermore, most fishers
working on industrial vessels (91%) reported targeting sharks despite the fishery agreement
between Cabo Verde and the European Union only being for tunas. According to Trindade-

Santos et al (2012), foreign fleets operating within Cabo Verde EEZ declared 523, 590, 125,
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331, 110 and 486 tonnes of shark bycatch while catching 493, 235, 326, 385, 199 and 383,
tonnes of tuna from 1997 to 2002. This suggests that unregulated shark fishing in Cabo Verde

is widespread and common and underlines the need for more active regulations.

The shark species reported by fishers is consistent with the distribution of sharks; while
artisanal and semi-industrial fishers reported more bycatch of coastal species such as smooth
hound and nurse sharks, industrial fishers reported bycatch of more pelagic species such as
mako. Throughout the year, shark bycatch did not appear to vary based on the phenology of
any specific species but instead peaked in the summer for all species. Although this may be
due to the peak of two common prey species, bigeye scad and mackerel scad (Decapterus

macarellus), this period also coincides with the period of highest reported fishing.

Although these results provide a good indication of the prevalence of turtle, seabird and shark
bycatch in Cabo Verde, several limitations may have affected the results. For one, most fishers
were aware that the capture of turtles and some shark species is illegal and may have been
unwilling to declare the bycatch of these megafauna groups altogether in fear of persecution.
Although there are no specific regulations preventing seabird bycatch, public awareness
campaigns against seabird consumption and the fact that many important seabird colonies are
located within marine protected areas where fishing is restricted (MAA & DGA, 2003) may
also have resulted in fishers refusing to declare seabird bycatch. In addition, the lack of
onboard observers in industrial fishing vessels (Melo & Melo, 2013) and restrictions at landing
ports can limit the precise quantification of bycatch. Although I tried to limit this effect by
conducting anonymous surveys and declaring that the interviews were not affiliated with any
fishing organizations, some fishers may still have failed to declare accurate bycatch estimates.
This may have caused some of the variability in the amount of bycatch declared by fisher's

using the same gear type.
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Species identification may also have been a limitation. Previous studies have found that fishers
struggled to identify species, particularly seabirds (Brothers et al., 2010; Zhou et al., 2019) and
sharks (Tillet et al., 2012). However, fishers reported seasonal peaks in commonly caught
species such as Cape Verde shearwaters and loggerhead turtles which matched their breeding
periods and peak local abundance, suggesting that at least commonly caught species were

correctly identified.

Moreover, since the last category quantifying bycatch was open ended (>9 individuals per
month), estimates of bycatch may have been underestimated, particularly in the case of shark

bycatch in industrial longline vessels reported targeting this group.

Low sample size of some fishing gears (such as beach net (1) and trawl (3)) or vessel type may
be a limitation to detect the significance difference in the proportion of bycatch within groups

or species.

Finally, the total estimated bycatch was simply calculated by extrapolating the amount of
bycatch | recorded over all vessels using the same gear, irrespective of where these fishing
vessels were operating from. Although this may not affect the results for semi-industrial and
industrial bycatch since these vessels are wide-ranging, the amount of bycatch in artisanal
vessels may be particularly affected by the proximity of their landing ports or beach to
important turtle and seabird breeding areas. Since | focused fisher interviews in landing ports
and beaches close to important turtle and seabird breeding areas, this extrapolation may have

overestimated the total bycatch of these groups throughout Cabo Verde.

Although the results obtained from interviews are limited by the fishers’ perceptions, their
species identification skills and memory and the study design, they can provide useful insights
into at least the relative extent of bycatch in an area and can help inform future observer,

conservation and public awareness programs.
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Management recommendations

Several species of conservation concern were identified as bycatch including Endangered
loggerhead turtles, endemic Cape Verde shearwaters, and Critically Endangered great
hammerhead. The high reports of bycatch of these species is of particular concern since their
populations may not be able to sustain this additional source of mortality. Immediate actions

are required to help offset the bycatch of these marine megafauna groups.

Several techniques and gear innovations can be used to reduce bycatch. In gillnet fisheries,
using light emitting diode (LED) to illuminate nets at night has been found to reduce green
turtle bycatch by 63% (Ortiz et al., 2016). Fitting trawls with Turtle Excluder Devices (TEDs)
and similar devices adapted to reduce turtle and shark bycatch have been shown to be effective
(Epperly, 2003; Walker, 2005). In pelagic longlines, seabirds can be scared away from trying
to take baited hooks with tori lines (Gilman, 2001; Melvin & Parrish 2001; Lokkeberg, 2003).
As shown in my results, longline and handline were the fishing gears with the highest bycatch
in all this megafauna groups. Therefore, bycatch mitigation should be directed towards these
fisheries. Previous studies have found that changes to the equipment such as using circle hooks
instead of J-hooks can reduce the frequency of deeply ingested hooks and consequently help
to reduce bycatch mortality (Bolten et al., 2003; Watson et al., 2003, 2005; Promjinda et al.,
2008; Piovano et al., 2010; Domingo et al., 2012; Graves et al., 2012). Circle hooks not only
reduce turtle and shark bycatch, but can increase target catch, and thus can be readily adopted
by fishers (Megalofonou et al., 2005; Watson et al., 2005; Yokata et al., 2006). In addition,
some fishing areas had more bycatch than others, suggesting that mitigation can be focused in
high-impact areas. In particular, there was high rates of bycatch by artisanal fisheries in areas
around integral reserves such as Rombos, Branco, Raso and Curral Velho Islets and Santa
Luzia Island, suggesting that the current enforcement of legislation in these protected areas is
insufficient. However, all these methods have at least an initial additional cost for them to be
implemented. Public awareness campaigns and creative use of incentives endorsed by the
governmental fisheries authority, with the support of Non-Governmental Organizations
(NGOs), are required to effectively reduce bycatch in Cabo Verde fisheries. The fisheries
authority needs to implement fisheries management practices such as accurate monitoring of
fishery landings, as well as develop an onboard observer programme at least for industrial

fisheries. Scientific data collection, processing and dissemination of findings has to be

59



prioritized, and in this regard the international fleet, operating under agreement with the EU,
represents the easiest target for instituting an observer programme. Finally, there is a need to
improve enforcement of national legislation and to use international policy initiatives to

improve national regulations (e.g. CITES and the FAO National Plan of Action process).

In addition to gear innovations, spatial management techniques can also be used to reduce
bycatch. The bycatch hotspots from this study may be used as a basis to locate important turtle,
seabird and shark areas (feeding, breeding and/or foraging areas). In particular, the areas
surrounding, Boa Vista, Santa Luzia and Brava Islands and Raso and Rombo Islets seem to be
important areas for fishery-megafauna interactions. Combined with the breeding phenology of
the main bycatch species such as loggerhead turtles and Cape Verde shearwaters, seasonal
closures of bycatch hotspot areas can be an essential tool for spatial marine management of
these species. In addition, as turtles, seabirds and sharks are marine top predators, they may
also be indicators of biodiversity hotspots which should be considered conservation priorities

(Worm et al., 2003, Montevecchi et al., 2012).

My data are the first to compare the bycatch of the three vessel types operating in Cabo Verde
on five different islands across turtles, seabirds and sharks. | found that an artisanal fishery
using handline is the dominant fishery in Cabo Verde, followed by a semi-industrial gillnet and
purse-seine fishery and industrial longline. An alarmingly high proportion of fishers reported
turtle, seabird and shark bycatch in all vessel types in Cabo Verde. While fishers reported
higher amounts of bycatch per month in longline industrial vessels than artisanal or semi-
industrial vessels, when extrapolated over the year and over the total number of vessels
operating in Cabo Verde, artisanal vessels with handlines caught the highest amounts of turtles,
seabirds and sharks. These results underline the impact of artisanal fisheries and the need to

implement mitigation measures for bycatch in all vessel types.
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Future studies should focus on combining observer data with more in-depth fisher surveys and
tracking studies to understand the distribution and abundance of turtles, seabirds and sharks
throughout the Cabo Verde EEZ and their interactions with fisheries. These studies may
provide more accurate estimates of the bycatch and mortality rates, allowing us to identify the

species-specific impact of bycatch in Cabo Verde.

61



References cited

Almeida, J.T., Correia, M.A., Pastor, O.T., & Barros, T.P. (2003) Plano de Gestao dos Recursos

da Pesca. Praia: Ministério do Ambiente, Agricultura e Pescas.

Alvarez de Quevedo, ., Cardona, L., De Haro, A., Pubill, & E., Aguilar, A. (2010) Sources of
bycatch of loggerhead sea turtles in the western Mediterranean other than drifting longlines.

Ices J Mar Sci., 67: 677—685

Baptista, A.J.M.S., Gomes, A.P., & Santos, C.M. (2006) Caracteristicas da tecnologia de
producdo da pesca artesanal em Cabo Verde. SOBER XLIV Congresso da sociedade
brasileira de economia e sociologia rural. “Questdes agrarias, educagdo no campo e

desenvolvimento”, 23-37 July, Fortaleza. 20 pp.

Bates, D., Maechler, M., Bolker, B., Walker, S. (2015) Fitting Linear Mixed-Effects Models

Using Ime4. Journal of Statistical Software, 67(1), 1-48. http://<d0i:10.18637/jss.v067.i01>.

BirdLife International (2018) Calonectris edwardsii. The IUCN Red List of Threatened

Species 2018: e.T22729421A132660464. http://dx.doi.org/10.2305/IUCN.UK.2018

2.RLTS.T22729421A132660464.en. Downloaded on 21 November 2019.

Bjorkland, R.H. (2011) An Assessment of Sea Turtle, Marine Mammal and Seabird Bycatch
in the Wider Caribbean Region. Dissertation submitted in partial fulfilment of the
requirements for the degree of Doctor of Philosophy in the Department of Environment in

the Graduate School of Duke University.

Bolten, A., Martins, H.R., Isidro, E.J., Santos, M., Ferreira, R., Bettencourt, E., Giga, A., Cruz,
A. (2003) Experiment to evaluate gear modification on rates of sea turtle bycatch in the

swordfish longline fishery in the Azores —Phase 1 and 2. In Proceedings of the International

62


http://dx.doi.org/10.2305/IUCN.UK.2018

Technical Expert Workshop On Marine Turtle Bycatch In Longline Fisheries (Long, K.J.
and Schroeder, B.A., eds), pp. 139-153, US Department of Commerce, NOAA Technical

Memorandum, National Marine Fisheries Service OPR-26

Bonfil, R. (1994) Overview of world elasmobranch fisheries. FAO Fisheries Technical Paper

341. Rome: Food and Agriculture Organization of the United Nations.

Bravo De Laguna, J. (1985) Plates-formes insulaires et zone économique exclusive e la
République du Cap-Vert. PNUD/ FAO, Projet pour le renforcement du Secrétariat d’Etat

aux Péche du Cap-Vert, CVI/ 82/ 003/Rapport Technique/6, 28 pp.

Brothers, N., Duckworth, A.R., Safina, C., & Gilman, E.L. (2010) Seabird bycatch in pelagic
longline fisheries is grossly underestimated when using only haul data. PLoS ONE

5:e12491.

Clarke, S., McAllister, M.K., Milner-Gulland, E.J., Kirkwood, G.P., Michielsens, C.G.J.,
Agnew, D.J., et al. (2006) Global estimates of shark catches using trade records from

commercial markets. Ecol. Lett., 9:1115-1126.

Coelho, R., Amorim, S., Carvalho, J.F., & Santos, M.N. (2014) Effects of hook and bait in a
tropical northeast Atlantic pelagic longline fishery: Part | - Incidental sea turtle bycatch.

Fish. Res., 164: 302-311. http://dx.doi.org/10.1016/j.fishres.2014.11.008.

Compagno, L., Dando, M., Fowler, S. (2005) Sharks of the World. Princeton: Princeton

University Press

Cook, R. (2003) The magnitude and impact of by-catch mortality by fishing gear. In: Sinclair,
M. & Valdimarsson, G. (Eds.). Responsible Fisheries in the Marine Ecosystem. Rome:
ECABI Publishing, pp. 219-233.

63


http://dx.doi.org/10.1016/j.fishres.2014.11.008

Chuenpagdee, R., Liguori, L., Palomares, M.L.D., & Pauly, D. (2006) Bottom-up, global
estimates of small-scale fisheries catches. Fish. Cen. Res. Rep. 14:110 (available at

http://www.fisheries.ubc.ca/publications/).

Croxall, J.P., Butchart, S.H.M., Lascelles, B., Stattersfield, A.J., Sullivan, B., Symes, A., &
Taylor, P. (2012) Seabird conservation status, threats and priority actions: a global

assessment. Bird Conserv. Int., 22: 1-34.

Domingo, A., Pons, M., Jiménez, S.,Miller, P., Barcel6, C., Swimmer, Y. (2012) Circle hook
performance in the Uruguayan pelagic longline fishery. Bull. Mar. Sci., 88(3):499-

511.doi:10.5343/bms.2011.1069

Dulvy, N.K., Baum, J.K., Clarke, S., Compagno, L.J.V., Cortés, E., Domingo, A., Fordham,
S., Fowler, S., Francis, M.P., Gibson, C., Martinez J., Musick J.A., Soldo, A., Stevens, J.D.,
& Valenti, S. (2008) You can swim but you can’t hide: the global status and conservation

of oceanic pelagic sharks and rays. Aquat Conserv., 18: 459-482.

Dulvy, N.K., Fowler, S.L., Musick, J.A., Cavanagh, R.D., Kyne, P.M., Harrison, L.R., Carlson,
J.K., Davidson L.N.K., Fordham, S.V., Francis, M.E., Pollock, C.M., Simpfendorfer, C.A.,
Burguess, G.H., Carpenter, K.E., Compagno, L.J.V., Ebert, D.A., Gibson, C., Heupel, M.R.,
Livingstone, S.R., Sanciangco. J.C., Stevens, J.D., Valenti, S., White, W.T. (2014)
Extinction risk and conservation of the world’s sharks and rays. eLife 3: e00590.

https://doi.org/10.7554/eLife.00590.001

Epperly, S.P. (2003) Fisheries-related mortality and turtle excluder devices (TEDs). In the

Biology of Sea Turtles (Vol. 2).

64


https://doi.org/10.7554/eLife.00590.001

Fonseca, B. (2000) Expansion of Pelagic Fisheries in Cabo Verde: A Feasibility Study. Cabo

Verde: National Institute for Fisheries Development.

Food and Agriculture Organization of the United Nations (FAQO) (1999a) International Plan of

Action for reducing incidental catch of seabirds in longline fisheries. Rome: FAO.

Food and Agriculture Organization of the United Nations (FAO) (1999b) International Plan of

Action for the conservation and management of sharks. Rome: FAO.

Food and Agriculture Organization of the United Nations (FAQO) (2005) Report of the technical
consultation on sea turtle’s conservation and fisheries, Bangkok, Thailand. FAO Fisheries

Report No. 765. Rome: FAO, 31 pp.

Gilman, E. (2001) Integrated management to address the incidental mortality of seabirds in

longline fisheries. Aquatic Conserv. Mar. Freshw. Ecosyst. 11, 391-414

Gilman, E., Zollett, E., Beverly, S., Nakano, H., Davis, K., Shiode, D., Dalzell, P. & Kinan I.

(2006) Reducing sea turtle by-catch in pelagic longline fisheries. Fish Fish. Issn, 7:2-23.

Gilman, E., Gearhart, J., Price, B., Eckert, S., Milliken, H., Wang, J., Shiode, D., Abe, O.,
Peckham, S.H., Chaloupka, M., Hall, M., Swimmer, Y., Mangel, J., Alfaro-Shigueto, J.,
Paul, D.P., & Asuka, I.A. (2009) Mitigating sea turtle by-catch in coastal passive net

fisheries. Fish Fish. Issn, 11:57-88.

Gilman, E., & Lundin, C. (2010) Minimizing bycatch of sensitive species groups in marine
capture fisheries: lessons from commercial tuna fisheries. In: Grafton, Q., Hillborn, R.,
Squires, D., Tait, M., and Williams, M. (Eds.). Handbook of Marine Fisheries Conservation

and Management. Oxford: Oxford University Press, pp. 150-164.

65



Gilman, E., Chaloupka, M., Peschon, J., Ellgen, S. (2016) Risk Factors for Seabird Bycatch in
a Pelagic Longline Tuna Fishery. PL0S One, 5, €0155477. https://doi:

10.1371/journal.pone.0155477

Gonzélez, J.A., & Tariche, O. (2009) Um olhar sobre a biodiversidade marinha e bases para a
sua gestdo sustentavel. Potenciais recursos pesqueiros de profundidade de Cabo Verde / Una
mirada sobre la biodiversidad marina y bases para su gestién sostenible. Recursos
pesqueiros potenciales de profundidad de Cabo Verde. Presidencia del Gobierno de

Canarias / Fundacion Universitaria de Las Palmas. Las Palmas de Gran Canaria: 176 pp.

Graves, J.E., Horodysky, A.Z., Kerstetter, D.W. (2012) Incorporating circle hooks into Atlantic
pelagic fisheries: case studies from the comercial tuna/swordfish longline and recreational

billfish fisheries. Bull. Mar. Sci., 88(3):411- 422.doi:10.5343/bms.2011.1067

Hall, M.A., Alverson, D.L., & Metuzals, K.I. (2000) Bycatch: problems and solutions. Mar.

Pollut. Bull. 41:204-219. http://dx.doi.org/10.1016/S0025-326X(00)00111-9

Hofstedeter, R., & Dickey-Collas, M. (2006) An investigation of seasonal and annual catches
and discards of the Dutch pelagic freezer-trawlers in Mauritania, Northwest Africa. Fish.

Res., 77:184-191. doi: 10.1016/j.fishres.2005.08.012

Inchausti, P., & Weimerskirch, H. (2001) Risks of decline and extinction of the endangered
Amsterdam albatross and the projected impact of long-line fisheries. Biol Conserv., 100:

377-386.

INDP (2000) Boletim Estatistico. Dados sobre a Pesca Artesanal, Pesca Industrial, Conservas

e Exportacdo. Mindelo: INDP.

INDP (2008) Censo da Frota da Pesca Artesanal do Ano de 2005. Mindelo: INDP.

66



INDP (2009) Dados sobre a pesca artesanal, pesca industrial, conservas e exportacdes.
Ministério do ambiente, do desenvolvimento rural e dos recursos marinhos. Instituto
Nacional de Desenvolvimento das Pescas, Mindelo, Cabo Verde. Boletim estatistico n° 18.

74 pp.

Jabado, R.W., Al Ghais, S.M., Hamza, W., & Henderson, A.C. (2015) The shark fishery in the
United Arab Emirates: an interview-based approach to assess the status of sharks. Aquat

Conserv., 25: 800—816.

Jackman, S. (2020) Classes and methods for R Developed in Political Science Computational
Laboratory. United States Studies Centre, University of Syydney, Sydney New South Wales,

Australia. R package version 1.5.5, https://github.com/atahk/pscl/.

Jaramillo-Legorreta, J., Rojas-Bracho, L., Brownell Jr., R.L., Read, A.J., Reeves, R.R., Ralls,
K., & Taylor, B.L. (2007) Saving the vaquita: immediate action, not more data. Conserv Biol.,

21:1653-1655.

Kiszka, J. (2012) Bycatch assessment of vulnerable megafauna in coastal artisanal fisheries in
the southwest Indian Ocean. Final report to: South West Indian Ocean Fisheries Project

(SWIOFP)

Lewison, R.L., & Crowder, L.B. (2003) Estimating fishery bycatch and effects on a vulnerable

seabird population. Ecol. Appl., 13:743-753.

Lewison, R.L., & Crowder L.B. (2007) Putting Longline Bycatch of Sea Turtles into

Perspective. Conserv. Biol., 21:79-86.

67



Lewison, R.L., Freeman, S.A., & Crowder, L.B. (2004) Quantifying the effects of fisheries on
threatened species: the impact of pelagic longlines on loggerhead and leatherback sea

turtles. Ecol. Lett., 7:221-231.

Lewison, R.L., Crowder, L.B., Read, A.J., & Freeman, S.A. (2004) Understanding impacts of

fisheries bycatch on marine megafauna. Trends Ecol. Evol., 19:598-604.

Lokkeberg, S. (2003) Review and evaluation of three mitigation measures — bird-scaring line,
underwater setting and line shooter — to reduce seabird bycatch in the north Atlantic longline

fishery. Fish. Res. 60, 11-16

Lopez-Jurado, L.F., Evora, C., Cabrera, I., Cejudo, D., & Alfama, P. (2000) Proposals for the
Conservation of Marine Turtles on the Island of Boavista (Republic of Cabo Verde, Western
Africa), in: Proceedings of the Nineteenth Annual Symposium on Sea Turtle Biology and

Conservation: NOAA Technical Memorandum NMFS-SEFSC-443, pp. 204-205.

Lopes, K., Passos, L., Rodrigues, J.G., Franziska, K., Sterbens, V., Székely, T., & Dutra, A.
(2016) Sea Turtle, Shark, and dolphin bycatch rates by Artisanal and semi-Industrial Fishers

in Maio Island, Cabo Verde. Chelonian Conserv. Bio., 15:279-288.

Lum, L.L. (2006) Assessment of incidental sea turtle catch in the artisanal gillnet fishery in

Trinidad and Tobago, West Indies. Herpetol., 3:357—-368.

MAAP (2004) Segundo Plano de Accdo Nacional para o Ambiente - PANA I1. Cape Verde

2004-2014. Vol. 6 Plano de gestdo dos recursos da pesca. 218 p.

Mangel, J.C., Alfaro-Shigueto, J., Van Waerebeek, K., Céceres, C., Bearhop, S., Witt, M.J., &
Godley, B.J. (2010) Small cetacean captures in Peruvian artisanal fisheries: high despite

protective legislation. Biol. Conserv. 143:136-143.

68



Marco, A., Abella, E., Liria-Loza, A., Jimenez-Bordon, S., Medina-Suarez, M.E., Oujo-Alamo,
C., Lopez, O., Martins, S., & Lopez-Jurado, L.F. (2010) The coast of Cape Verde constitutes
the third largest loggerhead nesting population in the world, in: Proceedings of the Thirty

Annual Symposium on Sea Turtle Biology and Conservation. Goa, India, pp. 22-23.

Marcos, A., Abella, P.E., Monzon, A.C., Martins, S., Araujo, S., & Lopez-Jurado, L.F. (2011)
The international importance of the archipelago of Cape Verde for marine turtles, in

particular the loggerhead turtle Caretta caretta. Zool. CV, 2(1):1-11.

Marco, A., Abella, E., Liria-Loza, A., Martins, S., Lopez, O., Jiménez-Bordon, S., Medina, M.,
Oujo, C., Gaona, P., Godley, B.J., & Lopez-Jurado, L.F. (2012) Abundance and exploitation
of loggerhead turtles nesting in Boa Vista island, Cape Verde: the only substantial rookery

in the eastern Atlantic. Anim. Conserv., 15:351-360.

Martins, S., Lopes, S.A., Abella, E., Marco, A. (2015) The first complete report on the status

of the important loggerhead rookery of Cabo Verde: Implications for conservation.

Martins, S. (2017) Influence of external factors in the survival and reproductive success of the
Loggerhead turtle, Caretta caretta, in Maio Island, Cape Verde. Universidade de Lisboa

Faculdade de Ciéncias Departamento de Biologia Animal

MegaPesca (2004) Framework contract for performing evaluations, impact analyses and
monitoring services in the context of fisheries partnership agreements concluded between
the community and non-member coastal states. Specific agreement (06): Cape Verde,

France. 102 pp.

MegaPesca (2010) Specific convention N° 28: Ex-post evaluation of the current protocol to the

fisheries partnership agreement between the European Union and Cape Verde and analysis

69



of the impact of the future protocol on sustainability. Concarneau: Oceanic Development.

135 p.

Megalofonou, P., Damalas D., Yannopoulos, C. (2005) Composition and abundance of pelagic

sharks’ bycatch in the Eastern Mediterranean Sea. Cybium, 29(2): 135-140.

Melvin, E.F. and Parrish, J.K. (2001) Seabird Bycatch: Trends, Rroadblocks, and Solutions,

University of Alaska Sea Grant

Menezes, G.M., Tariche, O., Pinho, M.R., Duarte, P.N., Fernandes, A., & Aboim, M.A. (2004)
Annotated list of fishes caught by the R/V Arquipélago off the Cape Verde archipelago.

ICES J. Mar. Sci., 21A: 57-71.

Merino, S., Correia, S., Cruz, I., & Correia, M.A., 2007. O Arquipiélago de Cabo Verde e a

Conservacdo das Tartarugas Marinhas. Ambient. Sustentable., 2:117-123.

Monteiro, C.A. (2002) Evolution des pécheries du Cap Vert d’apres les jeux de données
statistiques. Description du Systeme statistique et analyse critique des données. Presented
at International Symposium on Marine Fisheries, Ecosystems, and Societies in West Africa:

half a century of change, Dakar 24/28 Juin/2002. 25 p.

Montevecchi, W. A., Hedd, A., Tranquilla, L. M., Fifield, D. A., Burke, C. M., Regular, P. M.,
& Phillips, R. A. (2012) Tracking seabirds to identify ecologically important and high risk

marine areas in the western North Atlantic. Biological Conservation, 156, 62-71.

Moore, J.E., Wallace, B.P., Lewison, R.L., Zydelis, R., Cox, T.M., & Crowder, L.B. (2009) A
review of marine mammal, sea turtle and seabird bycatch in USA fisheries and the role of

policy in shaping management. Mar. Policy., 33:435-451.

70



Moore, J.E., Cox, T.M., Lewison, R.L., Read, A.J., Bjorkland, R., Mcdonald, S.L., Crowder,
L.B., Aruna, E., Ayissi, I., Espeut, P., Joynson-Hicks, P., Pilcher, N., Poonian, C.N.S.,
Solarin, B., & Kiszka, J. (2010) An interview-based approach to assess marine mammal and

sea turtle captures in artisanal fisheries. Biol. Conserv., 143:795-805.

Oliver, S., Braccini, M., Newman, S.J., & Harvey, E.S. (2015) Global patterns in the bycatch

of sharks and rays. Mar. Policy, 54:86-97. doi: 10.1016/j.marpol.2014.12.017

Ortiz, N., Mangel, J.C., Wang, J., Alfaro-Shigueto, J., Pingo, S., Jimenez, A., Suarez, T.,
Swimmer, Y., Carvalho, F., Godley, B.J. (2016) Reducing green turtle bycatch in small scale
fisheries using illuminated gillnets: the cost of saving a sea turtle. Mar. Ecol. Prog. Ser.,

545:251-259. d0i:10.3354/meps11610.

Paiva, V.H., Geraldes, P., Rodrigues, 1., Melo, T., Melo, J., 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): e0139390.

https://doi.org/10.1371/journal.pone.0139390

Pauly, D. (2006) Major trends in small-scale marine fisheries, with emphasis on developing

countries, and some implications for the social sciences. Marit. Stud., 4(2):7-22.

Peckham, S.H., Maldonado-Diaz, D., Walli, A., Ruiz, G., Crowder, L.B., & Nichols, W.J.
(2007) Small-scale fisheries bycatch jeopardizes endangered Pacific loggerhead turtles.

PL0OS One 2:¢1041.

Peckham, S.H., Maldonado-Diaz, D., Koch, V., Mancini, A., Gaos, A., Tinker, M.T., &

Nichols, W.J. (2008) High mortality of loggerhead turtles due to bycatch, human

71



consumption and strandings at Baja California Sur, Mexico, 2003 to 2007. Endanger.

Species. Res., 5:171-183.

Pierce, S.J., & Norman, B. (2016) Rhincodon typus. The IUCN Red List of Threatened Species
2016: e.T19488A2365291. http://dx.doi.org/10.2305/IUCN.UK.2016-

1.RLTS.T19488A2365291.en. Downloaded on 17 December 2019.

Piovano, S., Clo, S., Giacoma, C. (2010) Reducing longline by-catch: The larger the hook, the

fewer the stingrays. Biol. Conserv., 143: 261- 264.doi: 10.1016/j.biocon.2009.10.001

Promjinda, S., Siriraksophon, S., Darumas, N., Chaidee, P. (2008) Efficiency of the circle hook
in comparison with J-hook in longline fisheries. In: Department of Fisheries (ed.) The
Ecosystem-Based Fishery Management in the Bay of Bengal. Department of Fisheries,

Bangkok. p.167-181.

Regular P., Montevecchi W., Hedd A., Robertson G., & Wilhelm, S. (2013) Canadian fishery
closures provide a large-scale test of the impact of gillnet bycatch on seabird populations.

Biol. Lett., 9: 20130088.http://dx.doi.org/10.1098/rsbl.2013.0088

Rigby, C.L., Barreto, R., Carlson, J., Fernando, D., Fordham, S., Herman, K., Jabado, R.W.,
Liu, K.M., Marshall, A., Pacoureau, N., Romanov, E., Sherley, R.B., & Winker, H. (2019a)
Sphyrna zygaena. The IUCN Red List of Threatened Species 2019: e.T39388A2921825.

Downloaded on 17 December 2019.

Rigby, C.L., Barreto, R., Carlson, J., Fernando, D., Fordham, S., Francis, M.P., Herman, K.,
Jabado, R.W., Liu, K.M., Marshall, A., Romanov, E., & Kyne, P.M. (2019b) Cetorhinus
maximus. The IUCN Red List of Threatened Species 2019: e.T4292A2988471. Downloaded

on 17 December 2019.

72



Rigby, C.L., Barreto, R., Carlson, J., Fernando, D., Fordham, S., Francis, M.P., Herman, K.,
Jabado, R.W., Liu, K.M., Marshall, A., Pacoureau, N., Romanov, E., Sherley, R.B., &
Winker, H. (2019c) Carcharhinus longimanus. The IUCN Red List of Threatened Species

2019: e.T39374A2911619. Downloaded on 17 December 2019.

Rigby, C.L., Barreto, R., Carlson, J., Fernando, D., Fordham, S., Francis, M.P., Herman, K,
Jabado, R.W., Liu, K.M., Marshall, A., Pacoureau, N., Romanov, E., Sherley, R.B., &
Winker, H. (2019d) Lamna nasus. The IUCN Red List of Threatened Species 2019:

e.T11200A500969. Downloaded on 17 December 2019.

Rigby, C.L., Barreto, R., Carlson, J., Fernando, D., Fordham, S., Francis, M.P., Herman, K.,
Jabado, R.W., Liu, K.M., Marshall, A., Pacoureau, N., Romanov, E., Sherley, R.B., &
Winker, H. (2019¢e) Alopias superciliosus. The IUCN Red List of Threatened Species 2019:

e.T161696A894216. Downloaded on 17 December 2019.

Rigby, C.L., Dulvy, N.K., Barreto, R., Carlson, J., Fernando, D., Fordham, S., Francis, M.P.,
Herman, K., Jabado, R.W., Liu, K.M., Marshall, A., Pacoureau, N., Romanov, E., Sherley,
R.B., & Winker, H. (2019f) Sphyrna lewini. The IUCN Red List of Threatened Species

2019: e.T39385A2918526. Downloaded on 17 December 2019.

Rigby, C.L., Barreto, R., Carlson, J., Fernando, D., Fordham, S., Francis, M.P., Herman, K.,
Jabado, R.W., Liu, K.M., Marshall, A., Pacoureau, N., Romanov, E., Sherley, R.B. &
Winker, H. (2019g) Sphyrna mokarran. The IJUCN Red List of Threatened Species 2019:

e.T39386A2920499. Downloaded on 17 December 2019.

Rodrigues 1. (2014) Ecologia Trofica/Alimentar da Cagarra-de-Cabo-Verde (Calonectris

edwardsii) da Populacéo do Ilhéu Raso, Cabo Verde.

73



Semedo, G., Paiva, V., Militdo, T., Rodrigues, 1., Dinis, H., Pereira, J., . . . Ramos, J. (2020)
Distribution, abundance, and on-land threats to Cabo Verde seabirds. Bird Conservation

Internacional, 1-24. doi:10.1017/S0959270920000428

Senko, J., White, E.R., Heppell, S.S., & Gerber, L.R. (2013) Comparing bycatch mitigation

strategies for vulnerable marine megafauna. Anim. Conserv., 17:5-18.

Silva, H.D.M. (2009) Pesca Artesanal em Cabo Verde - Arte de pesca linha-de-mdo. Masters

thesis, Departamento de Biologia. Universidade de Aveiro, Portugal. 51 p.

Soykan, C.U., Moore, J.E., Zydelis, R., Crowder, L.B., Safina, C., & Lewison, R.L. (2008)
Why study bycatch? An introduction to the theme section on fisheries bycatch. Endanger.

Species. Res., 5:91-102.

Stobberup, K.A., & Erzini, K. (2006) Assessing mackerel scad, Decapterus macarellus, in
Cape Verde: Using a Bayesian approach to biomass dynamic modelling in a data-limited

situation. Fish. Res., 82:194-203.

Stocks, A.P., Foster, S.J., Bat, N.K., Ha, N.M., & Vincent, A.C.J. (2019) Local Fishers
Knowledge of Target and Incidental Seahorse Catch in Southern Vietham. Hum Ecol.,

47:397-408.

Tasker, M.L., Camphuysen, K.C.J., Cooper, J., Garthe, S., Montevecchi, W., Montevecchi, W.,
& Blaber, S.J.M. (2000) The impacts of fishing on marine birds. ICES J. Mar. Sci.,

57:531-547.

Teo, S.L.H., Block, B.A. (2010) Comparative Influence of ocean conditions on Yellowfin and

Atlantic Bluefin Tuna catch from longlines in the Gulf of Mexico. PLoS One, 5, e10756.

74



Trindade Santos, 1., Monteiro, C.A., Harper, S., Zylich, K., Zeller, D., & Belhabib, D. (2013)
Reconstruction of marine fisheries catches for the Republic of Cape Verde, 1950-2010. pp
79-90. In: Belhabib, D., Zeller, D., Harper, S., & Pauly, D. (eds.), Marine fisheries catches
in West Africa, 1950-2010, part I. Fisheries Centre Research Reports 20 (3). Vancouver:

Fisheries Centre, University of British Columbia.

Tillett, B.J., Field, I.C., Bradshaw, C.J.A., Buckworth, R.C., Meekan, G.M., Ovenden, J.R.
(2012) Accuracy of species identification by fisheries observers in a north Australian shark

fishery. Fisheries Research 127-128:109-115. doi: 10.1016/j.fishres.2012.04.007

Tuck, G.N., Phillips, R.A., Small, C., Thomson, R.B., Klaer, N.L., Taylor, F., Wanless, R.M.,
& Arrizabalaga, H. (2011) An assessment of seabird—fishery interactions in the Atlantic

Ocean. Ices J. Mar. Sci., 68:1628-1637.

Tvedten, 1., & Hersoug, B. (1992) Fishing for development. Small-scale fisheries in Africa.

Uppsala: Scandinavian Institute of African Studies. 227 pp.

Uhlmann, S., Fletcher, D., & Moller, H., 2005. Estimating incidental takes of shearwaters in

driftnet fisheries: lessons for the conservation of seabirds. Biol. Conserv., 123:151-163.

Vieira, S., Kinch, J., White, W., & Yaman, L. (2017) Artisanal sharks fishing in the Louisiade
Archipelago, Papua New Guinea: Socio-economic characteristics and management option.

Ocean Coast Manage., 137:43-56. http://dx.doi.org/10.1016/j.0ocecoaman.2016.12.009

0964-5691

Walker, T.I. (2005) Management measures. In: Musick, R., Bonfil, R. (Eds.), Management
Techniques for Elasmobranch Fisheries. FAO Fish. Tech. Pap., No. 474, Rome, Italy, pp.

216-242.

75


http://dx.doi.org/10.1016/j.ocecoaman.2016.12.009%200964-5691
http://dx.doi.org/10.1016/j.ocecoaman.2016.12.009%200964-5691

Wallace, P.B., Heppell, S.S., Lewison, L.R., Kelez, S., & Crowder, B.L. (2008) Impacts of
fisheries bycatch on loggerhead turtles worldwide inferred from reproductive value

analyses. J. Appl. Ecol., 45:1076-1085.

Wallace, B.P., Lewison, R.L., Mcdonald, S.L., Mcdonald, R.K., Kot, C.Y., Kelez, S.,
Borkland, R.K., Finkbeiner, E.M., Helmbrecht, S., & Crowder, L.B. (2010) Global patterns
of marine turtle bycatch. Conserv. Lett., 3:131-142. http://dx.doi.org/10.1111/j.1755-

263X.2010.00105.x.

Wanless, R.M., Ryan, P.G., Altwegg, R., Angel, A., Cooper, J., Cuthbert, R., & Hilton, G.M.
(2009) From both sides: dire demographic consequences of carnivorous mice and longlining
for the critically endangered Tristan albatrosses on Gough Island. Biol Conserv., 142:

1710-1718

Watson, J. et al. (2003) Experiments in the Western Atlantic Northeast Distant Waters to
Evaluate Sea Turtle Mitigation Measures in the Pelagic Longline Fishery, National Marine

Fisheries Service, Pascagoula

Watson, J., Epperly, S., Foster, D., Shah, A. (2005) Fishing methods to reduce sea turtle
mortality associated with pelagic longlines. Can J Fish Aquat Sci, 62:965-

981.doi:10.1139/F05-004

Weimerskirch H, Brothers N, & Jouventin P (1997) Population dynamics of wandering
albatross Diomedea exulans and Amsterdam albatross D. amsterdamensis in the Indian
Ocean and their relationships with long-line fisheries: conservation implications. Biol.

Conserv., 79:257-270

76



Worm, B., Lotze, H. K., & Myers, R. A. (2003) Predator diversity hotspots in the blue ocean.

Proceedings of the National Academy of Sciences, 100(17), 9884-9888.

Yokota, K., Kiyota, M., Minami, H. (2006) Shark catch in a pelagic longline fishery:
Comparison of circle and tuna hooks. Fish Res, 81:337- 341.doi:

10.1016/j.fishres.2006.08.006.

Zhou, C., Jiao, Y., & Browder, J. (2019) Seabird bycatch vulnerability to pelagic longline
fisheries: Ecological traits matter. Aquatic Conservation: Marine and Freshwater

Ecosystems. doi:10.1002/aqc.3066

Zydelis, R., Bellebaum, J., Osterblom, H., Vetemaa, M., Schirmeister, B., Stipniece, A., Dagys,
M., Eerden, M., & Garthe, S. (2009) Bycatch in gillnet fisheries: An overlooked threat to

waterbird populations. Biol Conserv., 142:1269-1281. 10.1016/j.biocon.2009.02.025.

Appendixes

Appendix | — Questionnaire used during the survey

OPENING STATEMENT

Hello, my name is Gilson Montrond. | am an MSc student at the University of Cape Town,
South Africa, and | am doing a survey on crew from artisanal and industrial fishing vessels to
better understand the interaction between sea turtles, sharks and seabirds with fishing gear.
Understanding the impacts of bycatch will help us to better manage marine resources and help
us keep fish abundant for fishermen. The survey will take about 10-15 minutes. Would you be

willing to participate? Thank you.

SECTION A - BACKGROUND INFORMATION
Questionnaire N° Date: / /2019
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Interviewer: Fisherman Id:
Island: Age: 18-30 31-50 >50
Location: Position:! | Chief Sailor Scuba Diver Other
Beach / Port: Experience:
Group: Boat type: [ | Artisanal Industrial Semi-Industrial
1. Do you come from a family of fishermen? Yes No
2. Is fishing the main way you earn your living? Yes No

If NO, what is/are your other occupations?

3. At which months of the year do you usually fish? (Circle all months when you fish)
Lots of fishing  J F M A M J J A S 0] N D
Little of fishing  J F M A M J J A S O N D
No fishing J F M A M J J A S O N D

4. How many days do you go fishing each month?

Peak fishing month
Low fishing month

5. What is your monthly catch? ( )

Peak fishing month

Low fishing month

SECTION B - BOAT AND GEAR CHARACTERISTICS

6. How many boats do you work on? Artisanal ___Industrial __ Semi-Industrial

7. Boat features (

)

Potency (cv):

Crew number:

Length of the boat (m):

Potency (cv):

Crew number:

Length of the boat (m):
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8. Fishing gear features. (Use illustrations)

Fishing gear

Avrtisanal

Industrial

Semi-Industrial

Hooks / nets
size used to
catch small
fish

Hooks / nets
size used to
catch big
fish

N° of
Hooks
settings

Gear size

Demersal/
Pelagic

when do you use it?

Small fish
target species

Big fish
target
species

JFMAMJJASOND

JFMAMJJASOND

JFMAMJJASOND

JFMAMJJASOND

JFMAMJJASOND

JFMAMJJASOND

JFMAMJJASOND
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9. At which times of the day do you usually fish? ( )

Fishing gear/Time | 6 hr-12hr 12hr —18 hr | 18 hr-00 hr | 00 hr-6 hr | All day
10. What time do you put fishing gear in the sea?

Fishing gear/Time | Sunrise Day Sunset Night All day
11. What time do you remove fishing gear in the sea?

Fishing gear/Time | Sunrise Day Sunset Night All day

12. Which areas do you usually fish in? (

Fishing gear

Areas

Fishing gear depth

Distance from inshore

SECTION C - SEABIRD CATCHES

13. Do you ever catch seabirds accidentally?

Yes

No Intentionally?

Yes! No

14. 1f YES, on average how many in a month and annually (Record separate answer for

each species)?

Species

Monthly

Annually

0 |14

5-9 | >10

0|14 |59

>10

Cape Verde shearwater (Calonetris edwardsii)

Cape Verde Petrel (Pterodroma feae)

jabejabe)

Cape Verde band-rumped storm-petrel (Hydrobates

Cabo Verde little shearwaters (Puffinus Iherminieri boydi)

Bulwer's petrel (Bwulweria bulwerii)

Brown booby (Sula leucogaster)

Red billed tropicbird (Phaethon aethereus)

White-faced storm-petrel (Pelagodroma marina)

15. What is the main time of day to catch seabirds? ( )
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6 hr-12 hr 12 hr-18 hr 18 hr-00 hr

00 hr-6 hr

All

16. When do accidental catches of seabirds occur?

at sea

When placed fishing gear When it is at sea

Sea

When removed from the

17. How do seabirds get engaged in fishing gear?

18. Which species are caught on which gear? (

)

Species / Fishing gear

Longline

Handline | Trawler

Purse seine

Others

Cape Verde shearwater (Calonetris edwardsii)

Cape Verde Petrel (Pterodroma feae)

Cape Verde band-rumped storm-petrel (Hydrobates
jabejabe)

Cabo Verde little shearwaters (Puffinus Iherminieri
boydi)

Bulwer's petrel (Bwulweria bulwerii)

Brown booby (Sula leucogaster)

Red billed tropicbird (Phaethon aethereus)

White-faced storm-petrel (Pelagodroma marina)

19. What is the most three attractive type of bait for seabirds?

20. Which time of the year do you catch more? (

Species / Months

Cape Verde shearwater (Calonetris edwardsii)

Cape Verde Petrel (Pterodroma feae)

Cape Verde band-rumped storm-petrel (Hydrobates
jabejabe)

Cabo Verde little shearwaters (Puffinus Iherminieri
boydi)

Bulwer's petrel (Bwulweria bulwerii)

Brown booby (Sula leucogaster)
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Red billed tropicbird (Phaethon aethereus)

White-faced storm-petrel (Pelagodroma marina)

21. What general location do you catch seabirds? (

)
22. If you catch a seabird, what do you do with it? ( )

Eat Sell Useasbait Discard (dead) Release (alive) Other

23. Have you seen a change in the number of seabirds you catch since you started
fishing?

1 Yes 1 No [ Don't know
If YES, what difference and why do you think so?

24. Do you think seabirds are more abundant, less abundant or the same now compared
to?

15 years ago? 10 years ago? 5 years ago?

If LESS or MORE, why do you think so?

SECTION D - SEA TURTLE CATCHES

25. Do you ever catch sea turtles accidentally? [ 'Yes [__No Intentionally? = 'Yes ' 'No
26. If YES, on average how many in a month and annually (Record separate answer for
each species)?

Species Monthly Annually

0 |14 |59 >10 | O 1-4 |59 |>10

Leatherback (Dermochelys coriacea)

Hawksbill (Eretmochelys imbricata)

Loggerhead (Caretta caretta)

Green turtle (Chelonia mydas)

Olive ridley (Lepidochelys olivacea)

27. What is the main time to catch sea turtles? ( )

6 hr-12 hr 12 hr-18 hr 18 hr-00 hr 00 hr-6 hr All

28. When do accidental catches of sea turtles occur?

When fishing gear placed When it is at When removed from
at sea sea the sea
29. How do sea turtles get engaged in fishing gear?
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30. Which species are caught on which gear? ( )

Species / Fishing gear Longline Handline | Trawler | Purse seine | Others

Leatherback (Dermochelys coriacea)

Hawksbill (Eretmochelys imbricata)

Loggerhead (Caretta caretta)

Green turtle (Chelonia mydas)

Olive ridley (Lepidochelys olivacea)

31. What is the most three attractive type of bait for sea turtles?

32. Which time of the year do you catch more? ( )

Species / Months JIFIMAM|J|J|A|S|O|IN|D

Leatherback (Dermochelys coriacea)

Hawksbill (Eretmochelys imbricata)

Loggerhead (Caretta caretta)

Green turtle (Chelonia mydas)

Olive ridley (Lepidochelys olivacea)

33. What general location do you catch sea turtles? ( )
34. If you catch sea turtle, what do you do with it? ( )

Eat Sell Useasbait Discard (dead) Release (alive)  Other

35. Have you seen a change in the number of sea turtles you catch since you started
fishing?

1Yes 1 No [ Don't know
If YES, what difference and why do you think so?

36. Do you think sea turtles are more abundant, less abundant or the same now compared
to?

15 years ago? 10 years ago? 5 years ago?

If LESS or MORE, why do you think so?
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SECTION E - SHARK CATCHES

37. Do you ever catch sharks accidentally?
38. If YES, on average how many in a month and annually (Record separate answer for

each species)?

Yes No Intentio

nally?

Yes. 'No

Species

Monthly

Annually

0

1-4 |59 |>10 |0

14

5-9 | >10

Smooth-hound shark (Mustelus mustelus)

Tiger shark (Galeocerdo cuvieri)

Blue shark (Prionace glauca)

Nurse shark (Ginglymostoma cirratum)

Mako shark (Isurus oxyrinchus)

Wedgefish (Rhynchobatus spp.)

Blackchin guitarfish (Glaucostegus cemiculus)

Porbeagle (Lamna nasus)

Hammerheads (Sphyrna spp.)

Atlantic weasel shark (Paragaleus pectoralis)

39. What is the main time to catch sharks? (

)

6 hr-12 hr 12 hr-18 hr

18 hr-00 hr 00 hr-6 hr

All

40. When do accidental catches of sharks occur?

When placed at sea When it is at sea

Sea

When removed from the

41. How do sharks get engaged in fishin

g gear?

42. Which species are caught on which gear? (

)

Species / Fishing gear

Longline

Handline | Trawler

Purse seine | Others

Smooth-hound shark (Mustelus mustelus)

Tiger shark (Galeocerdo cuvieri)

Blue shark (Prionace glauca)

Nurse shark (Ginglymostoma cirratum)

Mako shark (Isurus oxyrinchus)

Wedgefish (Rhynchobatus spp.)
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Blackchin guitarfish (Glaucostegus
cemiculus)

Porbeagle (Lamna nasus)

Hammerheads (Sphyrna spp.)

Atlantic weasel shark (Paragaleus
pectoralis)

43. What is the most three attractive type of bait for sharks?

44. Which time of the year do you catch more? ( )

Species / Months JIFIM|A|M|J |J |A|S|O|N

Smooth-hound shark (Mustelus mustelus)

Tiger shark (Galeocerdo cuvieri)

Blue shark (Prionace glauca)

Nurse shark (Ginglymostoma cirratum)

Mako shark (Isurus oxyrinchus)

Wedgefish (Rhynchobatus spp.)

Blackchin guitarfish (Glaucostegus cemiculus)

Porbeagle (Lamna nasus)

Hammerheads (Sphyrna spp.)

Atlantic weasel shark (Paragaleus pectoralis)

45. What general location do you catch sharks? ( )
46. If you catch a shark, what do you do with it? ( )

Eat Sell Useasbait Discard (dead) Release (alive) Other
47. Have you seen a change in the number of sharks you catch since you started fishing?
"1 Yes [ 1 No [ ]Don'tknow
If YES, what difference and why do you think so?

48. Do you think sharks are more abundant, less abundant or the same now compared to?

15 years ago? 10 years ago? 5 years ago?

If LESS or MORE, why do you think so?
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SECTION F - PERCEPTION AND PARTICIPATION
49. Do you think we should be concerned about the future of seabirds?
_IYes [ INo [_!Don'tknow

If YES, why do you think so?

50. Do you think we should be concerned about the future of sea turtles?
_1Yes __INo [ ]Don't know
If YES, why do you think so?

51. Do you think we should be concerned about the future of sharks?
! Yes _ 'No [Don't know
If YES, why do you think so?

52. Would you want to be consulted or involved in government and NGOs initiatives for
the conservation of these species? [ | YES [ ] NO

1 High IMedium [ ] Low

Appendix Il - Field guide to the marine megafauna that occur in Cabo Verde waters
used during the surveys; a - turtles; b — seabirds and ¢ — sharks (Source: NOAA
Fisheries)

Hawksbills turtle » Five species of sea turtles that occur in Cabo Verde waters Loggerhead turtle . a

Tartaruga de pente d Tartaruga cabeguda

Green Turtle
Tartaruga verde

Leatherback sea turtle

Olive ridley Tartaruga de couro

Tartaruga olivicea
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Smooth hound shark
O céo de caga liso

Blue shark
Tubardo Azul

Blackchin guitarfish
" Tubardo violao de queixo preto

Nurse sharks

Tubardo Gata;Tubardo-
enfermeiro; Tubardo-lixa;
Lambaru.

88

1.
£

Giant guitarfish
Peixe gigante ou Peixe-espada branco C

Tiger shark
Tubardo tigre

Mako-shark
Tubardo mako; Tubardo mako-cavala

Sicklefin weasel shark
Tubardes doninha

= Blacktip

8 Tubardo Sardo ou
barrilote Sardo Canexo
NC: Lamna. nasus





