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ABSTRACT

Currently, some sea turtle populations are expanding their home range distribution toward higher latitudes at an
unprecedented rate. These expansions are associated to factors such as climate change or and increased con-
servation efforts. Already home to one of the largest loggerhead turtle (Caretta caretta) rookeries in the world, the
islands of Cabo Verde Archipelago have recorded sporadic nesting of green (Chelonia mydas), olive ridley
(Lepidochelys olivacea) and hawksbill (Eretmochelys imbricata) turtles in recent years. Here, we present the
compiled information on these sporadic nesting events that occurred between 2013 and 2022 and discuss
possible causes for their occurrence. Throughout the study period, the green turtle was documented on 20 oc-
casions, the olive ridley on 25 occasions and the hawksbill on three occasions. All nesting females were found
untagged and were subsequently tagged. Nesting activities occurred on the islands of Santo Antao, Sal, Boa Vista
and Maio, most of them within the Sea Turtle Natural Reserve in Boa Vista Island. We suggest introducing new
conservation strategies targeting the green, olive ridley, and hawksbill turtles nesting in Cabo Verde. We further

suggest the use of genetic studies to determine the population origins of these three species.

1. Introduction

Climate change is considered as the main driver of current altitudinal
and latitudinal expands of species and population ranges [1]. The
observation of new species in previously unknown latitudes is increas-
ingly frequent [2-4] and includes different taxa such as birds [1,5],
terrestrial mammals, fish, zooplankton and even plant species [1,6].

In addition to climate change, other factors are also associated with
range expansion, such as changes in land use, food resource availability,
dispersal ability and intraspecific competition [7-9]. Experimental
studies have showed that when is a decline in predation, due for instance
to fishing pressure, prey have displayed changes in migration patterns or

expansion of habitats [10,11].

Nevertheless, home range expansion may also be related to height-
ened public awareness and advances in communication technologies,
facilitating citizens to report more frequently on species occurrence in
unreported habitats or those with previously sporadic events [2-4].
Citizen science projects that engage volunteers to gather data to address
scientific questions have been particularly useful in improving knowl-
edge on the dynamics of species distributions [12,13] and documenting
potential home range expansion for numerous taxa across the world [1].
Generally, when a species is particularly charismatic, larger, or endan-
gered, it will receive more attention [14-16].

The increase in conservation efforts is driving the recovery of some
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species, for example the humpback whales (Megaptera novaeangliae),
which then leads to an increase in reported sightings [19]. New areas of
sea turtle occurrence and nesting in the Mediterranean region [3,4,17,
18], and on the west African coast [19-25], have been recorded due to
an increase in conservation efforts, increasing monitored areas and
improving staff training.

The West coast of Africa hosts five species of sea turtle both breeding
and foraging, namely the leatherback (Dermochelys coriacea), green
(C. mydas), olive ridley (Lepidochelys olivacea), hawksbill (Eretmochelys
imbricata) and loggerhead (Caretta caretta) [26]. All are listed under the
International Union for Conservation of Nature (IUCN) Red List threat-
ened categories [27]. Specifically, the olive ridley, loggerhead and
leatherback turtles are categorized as vulnerable, the green turtle as
endangered and the hawksbill turtle as critically endangered [27]. In
this region, the most important nesting ground for green turtles is
located in Guinea Bissau, with more than 30,000 nests annually [24] and
for loggerhead turtles is in Cabo Verde with more than 100,000 nests
annually [25].

In the Cabo Verde Archipelago, the first research efforts on sea turtle
occurrence started in the late 1990s, with preliminary results revealing
that the coast of these islands holds important habitats for these five
species [28]. Since then, research on the nesting beaches around all
islands has been conducted, and the results suggest that, during this
time, nesting activity was mostly of loggerhead turtles [29,30], more
than 50 % of which was located on the island of Boa Vista [25]. None-
theless, there was one occurrence of a nesting green turtle on the island
of Sal in the summer of 2002 [31].

Interestingly, in the last 10 years, several sporadic nesting events of
green, olive ridley and hawksbill turtles have been recorded in Cabo
Verde, mainly on the islands of Boa Vista, Sal and Maio during the
loggerhead turtle nesting season which occurs from June to November
[32,33]. Therefore, this manuscript aims to compile the information of
sporadic nesting occurrences of these species within the archipelago of
Cabo Verde and discuss possible causes of its increased occurrence.

2. Materials and methods
2.1. Study sites

The Cabo Verde Archipelago, located approximately 500 km off the
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west coast of Africa, is comprised of ten islands plus one uninhabited
island and various islets (Fig. 1). The study sites include the islands of
Santo Antao, Sal, Boa Vista and Maio, where nesting of the concerned
species has occurred (Fig. 1, 2).

Sal, Boa Vista and Maio are the easternmost and flattest islands of
Cabo Verde (Fig. 1) and those with highest loggerhead turtle nesting
activities, hosting more than 90 % of all loggerhead nesting in the ar-
chipelago [23,25,32,34]. Santo Antao (Fig. 1) is the most mountainous
island with black sandy beaches, contributing approximately 1 % of
nesting in the archipelago [25].

In Sal, although a green turtle was identified in 2002 [31], the turtle
monitoring program started in 2008 with the most important nesting
beaches in the south of the island [34,35]. Since 2008 all nesting bea-
ches have been regularly monitored [34].

In Boa Vista, the turtle monitoring program started in 1998 with
daily monitoring of the most important nesting beaches, within the Sea
Turtle Natural Reserve (STNR; Fig. 1) [28,33]. From 2008, the conser-
vation program expanded the area of implementation, monitoring more
than 85 % of nesting activities [32]. Since 2018, all nesting beaches have
been monitored daily during the loggerhead nesting season. In Santo
Antao, the turtle monitoring program started in 2007 led by locals and
with technical support from the National Institute for Fisheries Devel-
opment and the Municipal Council [36].

In Maio, the turtle monitoring program started in 1999 with several
monthly censuses. From 2006 until 2009, the conservation program was
limited to basic beach patrols by local guards, however, since 2011, the
program expanded to include nesting female and nest monitoring most
important nesting beaches all around the island [37,38].

2.2. Beach and nesting female monitoring

On all islands, beach monitoring was generally conducted from
20:00 to 07:00 nightly across all study years, from mid-June to the end
of October. In general, the fieldwork was carried out by an experienced
supervisor supported by 2 to 4 volunteers or local guards per beach.
When encountering a nesting female, the team remained behind the
turtle until it commenced digging the egg chamber to minimize stress.
Tagging was only conducted after the female finished laying eggs to
prevent disturbing her. Female identity was checked by reading existing
metal tags or using scanners (AVID mini-tracker or Power tracker) to
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Fig. 1. Map of the Archipelago of Cabo Verde and its location 1 in the West African Region. The islands with recordings of the study species are presented in dark

grey; Santo Antao, Sal, Boa Vista and Maio.
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Fig. 2. Map of the Cabo Verdean islands of Santo Antao (a), Sal (b), Maio (c) and Boa Vista (d), where nesting of green, olive ridley and hawksbill turtles has been
observed. Symbols indicate nesting occurrence of green turtles only, “+”, olive ridley only, “x" and hawksbill only, “0". The triangle indicates where both green and
olive ridleys have been sighted and the square where sightings of all three species have occurred. Protected areas of each island are shown in light grey.

read passive integrated transponder (PIT) tags when egg laying finished,
or the turtle started to return to the sea after a failed nesting attempt.
Untagged females were tagged with an AVID FriendChip or Datamars
PIT tag in the right flipper, and/or Inconel metal tags fitted on the
trailing edge of the foreflippers between the proximal second and third
scales, in accordance with the Cabo Verde tagging protocol [39]. The
minimum curved carapace length (CCL) from the anterior point at
midline (nuchal scute) to the posterior notch at midline between the
supracaudals and curved carapace width (CCW) at the widest point,
were measured to an accuracy of 2 mm using a flexible measuring tape
[40]. Species identification was based on the external morphological
features described by Pritchard and Mortimer [41].

Due to the low probability of survival of clutches facing beach
flooding, ghost crab predation, light pollution and dog predation [25,42,
43], affected clutches were relocated to hatcheries where possible. In

zones without hatcheries, the clutches were left in their original place,
after recorded the clutches size, and fenced with plastic mesh to avoid
ghost crab predation or disturbance by other animals or people, or they
were relocated to a safer place within that beach.

Morning nest surveys were conducted by patrolling at sunrise and
those nests from species other than loggerhead turtles were relocated to
a hatchery. All nests were monitored daily during incubation. Three
days after hatchling emergence the nests were excavated to count the
number of hatched eggs [42,44]. Hatch success (%) was calculated as
the total number of hatched eggs over the total number of eggs in each
nest [45].
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3. Results
3.1. Nesting occurrence

The first occurrence of a nesting green turtle was recorded in 2013,
the nesting olive ridley in 2014 and the nesting hawksbill in 2021
(Fig. 3). All these observations were made during the nesting season
between July and October. For instance, the green turtle was recorded
20 times, of which 17 were successful nests. Of the females that suc-
cessfully nested we were able to identify and tag 10 females. The olive
ridley was the most recorded species, with 25 females observed and
tagged (Fig. 3), and successful nesting occurring on all but one occasion.
Regarding the hawksbill turtle, 3 females were identified and tagged, all
during successful nesting events.

Most sightings were recorded on Boa Vista with a total of 24 olive
ridley, 11 green and two hawksbill sightings, followed by Maio with four
green, one olive ridley and one hawksbill sighting (Fig. 2b, ¢, d). Three
green turtle nests were recorded on Sal Island and one green turtle nest
on the island of Santo Antao (Fig. 2a, b, c¢). All nests were recorded
between the months of July and September over differing years (Fig. 4).

The nesting beach with highest occurrence was Joao Barrosa, in the
south-east of Boa Vista (STNR), where all the three species were sighted
(Fig. 2d). For this beach alone, a total of 21 olive ridley, five green and
four hawksbill sightings have occurred. Other beaches where sightings
occurred were Ervatao (two green and three olive ridley sightings) and
Curral Velho (two green sightings) (Fig. 2d) both in Boa Vista, and
Morrinho (two green and one olive ridley sighting) in Maio (Fig. 2c).
Occurrences were recorded within a marine protected area (Fig. 2)
mainly on the STNR, with the exception being those in Praia da Cruz
beach, in Boa Vista (Fig. 2d) and the beaches of Pilao Cao and Ribeira de
Baifa in Maio (Fig. 2c).

3.2. Remigration

On first encounter, all nesting green, olive ridley and hawksbill
turtles were found untagged and were therefore tagged by the field
team. Of these, one green turtle was initially captured and tagged in
Maio (Pedro Vaz beach) on August 26th, 2018 during an unsuccessful
nesting attempt, and was subsequently recorded successfully nesting in
Boa Vista (Figura beach) five days later.

One olive ridley female was recaptured on two occasions in Boa
Vista. After being tagged on August 16th, 2018 the female was recap-
tured on September 9th that same year, and again in June of 2022, with
all sightings occurring on Joao Barrosa beach, during the nesting
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Fig. 3. Occurrence of sea turtle species in Cabo Verde from 2013 to 2022. The
green turtle (Chelonia mydas) is represented in dark grey, the olive ridley
(Lepidochelys olivacea) in light grey and the hawksbill (Eretmochelys imbricata) in
intermediate grey.
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Fig. 4. Seasonality in nesting occurrence of green (Chelonia mydas; light grey),
olive ridley (Lepidochelys olivacea; intermediate grey) and hawksbill (Eret-
mochelys imbricata; dark grey) turtles in Santo Antao, Sal, Boa Vista and Maio
Islands in Cabo Verde, 2012-2022.

process.

One hawksbill female, tagged on August 18th, 2018, was subse-
quently recorded on August 29th and again on September 12th of that
same year, while nesting, with all sightings occurring on Joao Barrosa
beach in Boa Vista.

3.3. Reproductive parameters

The nesting and biometric parameters of all three species are pro-
vided in Table 1. For the green turtle a mean CCL of 104.8 cm (SD = 7.0,
n =11) and CCW of 93.3 cm (SD = 4.3, n = 11) were recorded, with a
mean of 128 eggs laid (SD = 50.7, n = 17) and a hatching success of 59.8
% (SD = 18.2 %, n = 17). For the olive ridley, a mean CCL of 71.2 cm
(SD = 3.2, n = 25) and CCW of 70.9 cm (SD = 2.5, n = 25) were
recorded, with a mean of 119 eggs laid (SD = 30.7, n = 21) and a success
of 40.4 % (SD = 24.5 %, n = 21). For the hawksbill, a mean CCL of 83.9
cm (SD = 3.1, n = 3) and CCW of 75.4 cm (SD = 4.8, n = 3) was recorded
with a mean of 97 eggs laid (SD = 52.6, n = 3) and a success of 57.9 %
(SD = 20.1 %, n = 3).

4. Discussion

The Cabo Verde Archipelago is home to one of the largest nesting
populations of loggerhead turtles in the world, a fact that is well

Table 1

Biometric and nesting data of green (Chelonia mydas), olive ridley (Lepidochelys
olivacea) and hawksbill turtles (Eretmochelys imbricata) on the islands of Cabo
Verde.

Parameters Green turtle Olive ridley turtle Hawksbill turtles
mean min — mean min — mean min —
(SD) max (n) (SD) max (SD) max (n)
(n)

Curved 104.8 98.0 - 71.2 65.0 — 83.9 75.4 —
carapace (7.0) 121.0 (3.2) 77.1 (3.1 100.0
length (cm) an (25) )

Curved 93.3 88.8 - 70.9 65.5 — 75.4 70.9 -
carapace (4.3) 81.1 (2.5) 76.3 (4.8) 81.1 (3)
width (cm) (11) (25)

Clutch size 127.9 24-202 119.1 56 — 97.3 43 -

(50.7) aa7) (30.7) 163 (52.6) 148 (3)
(21

Hatching 59.8 18.0 - 40.4 1.0 - 57.9 43.7 -

success (%) (18.2) 80.0 (24.5) 75.0 (20.1) 72.1 (3)
a7 21)
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documented [22,23,31,34]. This study shows that, for the first time,
green, olive ridley and hawksbill turtles are also nesting in Cabo Verde.

Occurrence of green turtles has been referenced in the Portuguese
navigator’s logbooks since the 15th century, specifically on the islands
of Sao Vicente, Sao Nicolau, Sal and Boa Vista [46,47]. Hawksbill turtles
have also been reported nesting in Cabo Verde. However, it is suggested
that this could be due to misidentification or incorrect assumptions [48].
Both adults and subadults of olive ridley turtles have been found
stranded on the archipelago’s shore, usually emaciated and debilitated
[48].

The repeated nesting found over these years (2013 — 2022), and the
subsequent return of some females, indicates the possibility that Cabo
Verde is beginning to host a small, new growing population of green,
olive ridley and hawksbill turtles, especially in Boa Vista, where most of
the sightings occurred. These recurrent nesting events, at least in the last
ten years, could be caused by either a natural expansion of their nesting
range, a higher monitoring effort or a combination of both. Nesting
range expansion among sea turtles is currently occurring. For example,
several reports on the expansion of the nesting range of loggerhead
turtles in the Mediterranean region [2-4,17] are accredited to the
ongoing occupation from distant nesting beaches and not remnants of a
past population [2]. The kemp’s ridley sea turtle (Lepidochelys kempii)
has expanded its range to include coastal areas in Florida, USA where
nesting now occurs annually, more than 1500 km from their historical
nesting range in Mexico [49]. In some regions of the Atlantic coast,
leatherback turtles are also expanding their nesting grounds, with new
nesting areas documented in southern Brazil [50,51] and Florida [52],
with nest numbers increasing each year. A similar phenomenon could
also be happening in Cabo Verde with green, olive ridley and hawksbill
turtles searching for new breeding areas.

Although an increase in nesting activity has been attributed to
growing monitoring efforts in many rookeries [3,4,17,50,52] this seems
an unlikely reason in the case of Cabo Verde. At least where most nesting
activities were recorded, the monitoring and census of nesting beaches
has been consistent since 1998 by trained staff capable of identifying the
different sea turtle species. The same has been observed on other islands,
where for the last ten years, trained staff have been regularly monitoring
the nesting beaches and records of new species have not increased.
Therefore, it is unlikely that these sightings or tracks (in the case of
green turtle whose tracks differ from the Carettinae subfamily) would
not be detected on the nesting beaches. Indeed, green turtles crawl
leaving symmetrical diagonal markings made by the forelimbs, while
the loggerhead, hawksbill and olive ridley sea turtles crawl leaving
alternating (asymmetrical) diagonal marks made by the forelimbs [44].
Secondly, all sightings occurred within the same season as the logger-
head turtle nesting season, from July until October, when every local sea
turtle NGO is monitoring all nesting beaches. Nests that were laid
outside this season have been monitored until emergence and were all
identified as loggerhead turtle nests. Considering that a PIT tag is a
reliable tagging system, as the chances of losing it is very low [53], all
the recorded females (green, olive ridley and hawksbill) were recorded
as new females. Since none was found with a PIT tag. Which excludes the
possibility that they were previously tagged as loggerhead turtles by
mistake. Most records were successful nests and it is possible that false
crawls were missed suggesting the numbers reported here might be
underestimated.

Most nesting activity of all three species, occurred on the coast of Boa
Vista, within the STNR (Fig. 1). This cannot be considered a result of a
higher monitoring effort compared to other nesting beaches, as identical
efforts are also applied on beaches outside the STNR and in other islands.
Instead, it could represent the females' preference of this nesting
habitat. In fact, this coastal region is the most preferred habitat for
loggerhead turtles in Cabo Verde, supporting approximately 50 % of the
nesting activities of Cabo Verde [32]. Therefore, if the sea turtles re-
ported here are not due to an increased monitoring effort, where have
they come from? Juveniles of green and hawksbill turtles from both
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sides of the Atlantic have been recorded in coastal waters of the shel-
tered, easternmost islands of Cabo Verde (Fig. 1). Nonetheless, the
observed green and hawksbill females were all large adult females,
therefore it is unlike that large adult nesting females reported here are
from Cabo Verde feeding grounds. For instance, there are no records of
adults in the area [54,55]. In addition, juveniles of olive ridleys have
also never been reported in the region [48]. The closest established
green turtle nesting ground to Cabo Verde is 950 km away in the Bijagos
archipelago of Guinea Bissau, one of the largest green turtle populations
in the world [24,56]. The nearest olive ridley population is approxi-
mately 750 km away, in The Gambia, although with lower nesting ac-
tivities [19]. The largest aggregation of hawksbill turtles is in the Gulf of
Guinea, mainly in Sao Tomé and Principe respectively, approximately
4000 km from Cape Verde [57]. The parameters recorded in Cabo Verde,
such as CCL, CCW, clutch size or hatching success, are within the ranges
reported for these neighboring populations in Guinea Bissau, The
Gambia or Sao Tomé and Principe [19,56,57]. However, genetic studies
are needed to determine the origins of these nesting adults, because they
could originate from a more distant population, even as far as the other
side of the Atlantic.

We cannot exclude a possible hybridisation scenario of these three
species with the loggerhead turtle in the East Atlantic region, given the
size of this population having more than 100,000 nests in recent years
[25]. In fact, the hybridisation process has frequently occurred in the
past among the Cheloniidae family [58], and some of the reasons given
is that species with temporal overlapping in nesting seasons or pop-
ulations in decline (presenting a low chance to find a mate of the same
species) often hybridize [59]. Fertile hybrid combination, at least in the
first generation, has been found between five turtle species (olive rid-
leys, Kemp’s ridleys, loggerheads, hawksbills and green turtles) in
different parts of the world [58-60]. Cases of hybridisation have also
been reported in Western Africa [61]. A study using genetic markers
should be performed to identify potential occurrences of hybridisation
among these individuals and its consequences for sea turtle conservation
in the west African region.

4.1. Conservation concern

Although the underlying causes of these sporadic nesting events in
Cabo Verde remain unclear, these species are nesting with success in the
Archipelago. Conservation projects in Cabo Verde should start to include
these three species of sea turtle (green, olive ridley and hawksbill)
within the loggerhead conservation plan or initiate new conservation
strategies for these species, such as the one implemented for the log-
gerhead turtle. This collation of sporadic nesting events could be helpful
as a reference for beaches that are beginning to receive new nesting
turtle species.

There is also a need to initiate the collection of thermal data from
nests and their surrounding area to better understand the incubation
temperature, sex and fitness of hatchlings, as previously practiced with
loggerheads in Cabo Verde [62-64]. This would aid in developing an
effective, climate change resilient conservation strategy and perhaps an
increased understanding of the potential dispersal capacity of such
species.

The main factors driving these nesting events remain unknown,
however, they could be a response to global warming phenomena.
Therefore, it seems important that the local ONGs start to develop a
monitoring plan, with homogeneous protocols, to improve the knowl-
edge on the nesting activity of these species in Cabo Verde and to focus
on the ecological and thermal conditions of these nesting beaches.
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