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ABSTRACT

Shark nursery habitats are priority targets for area-based conservation as they protect key age classes that exhibit restricted
area use. However, the lack of detailed, species-specific biological and ecological data often undermines the efficacy of coastal
management strategies. This study employed complementary Baited Remote Underwater Video (BRUV) and longline surveys to
assess the diversity, distribution and seasonal use of shark species in a possible multispecies nursery in the Bay of Sal Rei (Cabo
Verde), a critical but understudied habitat within the Eastern Central Atlantic (ECA). A total of 132 sharks were identified in
BRUYV footage, and 198 individuals were caught, measured and tagged for recapture. Size estimates from BRUV footage and
maturity assessments from longline surveys revealed possible nursery use by at least 6 shark species. Size ranges indicate that
the BSR is likely a primary nursery for milk (35-125cm), blacktip (60-175cm), scalloped hammerhead (35-54 cm) and spinner
(60-126 cm) sharks, and a secondary nursery for common smoothhounds (61-100cm) and Atlantic weasel sharks (58.5-135cm).
Possible altered space use between age classes was identified, with spatial and temporal differences in habitat partitioning be-
tween the primary and secondary nursery. These results, co-created with local fishers and practitioners, identify the Bay of Sal
Rei as a critical habitat for shark populations in the Eastern Central Atlantic and provide a robust scientific basis for implement-
ing targeted, spatial and seasonal management that both engages and includes local communities.

1 | Introduction shark populations, with initiatives such as the IUCN's Important

Shark and Ray Areas (ISRA) striving to identify discrete regions

As apex predators, sharks occupy key trophic roles in ecosys-
tems, contributing to the maintenance of biodiversity and
ecosystem stability (Ferretti et al. 2010; Dedman et al. 2024).
However, their K-selected life history traits (low fecundity, late
maturity, slow growth) make them particularly vulnerable to
exploitation (Frisk et al. 2005). Subsequently, sharks are among
the most threatened vertebrate groups globally, with over a third
of shark and ray species classified as critically endangered, en-
dangered or vulnerable by the TUCN red list criteria (Dulvy
et al. 2021, 2024). In response, area-based conservation strate-
gies have been proposed as a key element in the safeguarding of

critical for shark survival on which to focus conservation ef-
forts (Hyde et al. 2022). Nursery areas, typically occurring in
delimited, accessible shallow coastal habitats, are a clear target
for conservation, given their crucial role in shark life-history
(Heupel et al. 2007; Heupel et al. 2018) and the relative ease of
monitoring and enforcement of these areas compared with off-
shore habitats.

Shark nurseries are defined as areas (i) where juveniles occur
in relatively higher densities than the surroundings, (ii) where
juveniles tend to remain or return for extended periods and
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(iii) that are used repeatedly across years (Heupel et al. 2007).
Nurseries can further be distinguished between primary shark
nurseries (areas in which sharks are born and spend the initial
stage of their lives) and secondary shark nurseries (areas inhab-
ited by older individuals yet to reach maturity) (Bass 1978). Both
nursery types can occur in the same geographic area and likely
serve to reduce the risk of predation (Bass 1978; Heithaus 2007),
offer increased feeding opportunities for juveniles (Yates
et al. 2015; Heupel et al. 2018) and reduce the overall natu-
ral mortality (Simpfendorfer and Milward 1993; Merson and
Pratt 2001; Heupel et al. 2004; Heupel and Simpfendorfer 2011).
Neonate and juvenile age classes are considered the most crucial
in determining population recruitment (Cortés 1998) and are
hence a critical demographic target for shark conservation, but
their restricted area-use and reliable catchability within coastal
nurseries might expose them to high fishing pressure. As such,
protection and management of nursery areas have been widely
advocated for whenever such sites have been identified.

Despite the bias towards protecting nursery habitats due to their
defined spatial boundaries and implementation feasibility, their
shallow, coastal waters make them particularly susceptible to
temperature increases associated with anthropogenic climate
change, leading to documented shifts in nursery use by some
species due to altered habitat suitability (Bangley et al. 2018;
Crear et al. 2020). Habitat suitability varies between shark spe-
cies, and the simultaneous examination of habitat use across
multiple coastal shark species remains relatively limited, hin-
dering the development of comprehensive spatial and temporal
conservation models regarding multispecies nurseries (Kinney
and Simpfendorfer 2009). The failure to incorporate movement
patterns and ontogenetic shifts in habitat use into management
strategies can further inhibit positive conservation outcomes
if protected areas exclude key behaviours/life histories such as
seasonal migratory movements, diel space use patterns or on-
togenetic shifts in habitat use (Speed et al. 2010). As such, the
long-term monitoring of seasonal use patterns and habitat par-
titioning of nurseries can help to predict how the suitability of
these areas may be altered due to climate change, whilst identi-
fying susceptible species and life stages.

The Eastern Central Atlantic (ECA), despite its ecological sig-
nificance, remains a data-deficient region, whilst facing doc-
umented threats to marine biodiversity due to overharvesting
of marine resources (Polidoro et al. 2017). Within this region,
the archipelagic islands of Cape Verde have emerged as a par-
ticularly important area, supporting high concentrations of en-
dangered species (Rosa et al. 2023; Seymour et al. 2024). Boa
Vista, the easternmost island of the archipelago, faces intensifi-
cation of extractive activities due to an influx of tourism (Varela
et al. 2025). The Bay of Sal Rei, located to the Northwest of Boa
Vista Island (Figure 1), consists of shallow, sandy habitat pro-
tected from wave action by a small islet (Ilheu de Sal Rei). The
Bay of Sal Rei is, based on local anecdotal knowledge, known to
support various juvenile shark species and is used as an artis-
anal fishery for ‘cacao’, which typically refers to any small shark
resembling the milk shark (Rhizoprionodon acutus) or common
smoothound (Mustelus mustelus). Longline and gillnet surveys
have also confirmed multiannual, seasonal nursery use by nurse
(Ginglymostoma cirratum), blacktip (Carcharhinus limbatus),
scalloped hammerhead (Sphyrna lewini) and Atlantic weasel

sharks (Paragaleus pectoralis) (Seymour and Graham 2016; Rosa
et al. 2023), as well as their relative higher abundance compared
with other sites in the island (Rosa et al. 2023). Together, these
surveys appear to fulfil the requirements for nursery area iden-
tification described above, and have prompted discussions re-
garding the establishment of protection in the Northeastern
portion of the bay (Seymour and Graham 2016). However, man-
agement uncertainty persists, largely due to unresolved ecologi-
cal measures regarding residency, species distributions, habitat
associations and seasonal variations in life stage composition.

This study employed complementary baited remote underwater
video (BRUV) and scientific longline surveys to characterise
the nursery function of the Bay of Sal Rei by quantifying shark
species and life stage composition, spatial distribution and sea-
sonal presence and nursery use. Specific objectives were (i) to
determine species-specific abundance and distribution patterns
within the bay; (ii) to identify pupping seasonality through the
presence of neonates; (iii) to document which life stages utilise
the nursery throughout the year.

2 | Methods
2.1 | Study Area

The bay exhibits a range of habitat types across various depths,
including rocky reefs and sand plains (average depth ~10m),
whilst the North-East region consists of a shallow (< 5m), sandy
channel, protected from wave action by a small islet (Figure 1).

2.2 | Survey Methods

Following recommendations for multimethod approaches to
studying coastal elasmobranch species, two complementary
methods were employed to assess shark populations in the Bay
of Sal Rei: Baited Remote Underwater Video systems (BRUVs)
to provide standardised abundance estimates and species dis-
tributions, and fishing surveys, which enable detailed biologi-
cal sampling and individual identification to confirm residency
and maturity. All fieldwork for the study was conducted under
multiannual research permits provided by Direccion Nacional
do Ambiente do Cabo Verde (2016-2019).

BRUVs are a noninvasive method effective for assessing bio-
diversity, abundance and distribution patterns of marine
megafauna whilst eliminating catchability bias (Whitmarsh
et al. 2017). However, the time-limited nature of video capture
compounded by the time-intensive nature of the analysis typ-
ically restricts BRUV sampling to discrete periods, potentially
underestimating abundance of mobile species (Speed et al. 2010;
Seymour et al. 2024). In contrast, scientific longline surveys can
be conducted over extended timeframes and provide imme-
diate data with additional benefits that include captured ani-
mals' precise length measurements, confirmation of maturity
status through umbilical scarring and individual identification
through tagging and recapture (Daly et al. 2018). Conversely,
fishing surveys suffer from selectivity bias resulting from hook
size, bait and fishing method selection. Given these comple-
mentary strengths, this dual-method approach provided a more
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FIGURE1 | Distribution of survey effort. (A,B) Location of the study area (Bay of Sal Rei) in Cabo Verde and survey locations for BRUV surveys

during June and August of 2019 (D), and fishing surveys from 2016 to 2019 (D). Numeric labels in D denote the number of fishing sets conducted at

each station.

comprehensive assessment of shark populations in the Bay of Sal
Rei, following recommendations for multimethod approaches
in elasmobranch research to reduce selectivity bias of methods
(White et al. 2013).

BRUYV sampling was conducted across 56 fixed stations in the
Bay of Sal Rei during June and August 2019, resulting in 112
total deployments. Stations were positioned approximately
2km apart to ensure homogeneous coverage and replication
whilst avoiding bait plume overlap between stations (Exeter
et al. 2025) (Figure 1c). Sampling occurred in June (2-8th) and
August (12-18th), with these months selected to target pre-
and post- pupping periods (based on local anecdotal knowl-
edge). BRUV surveys were conducted during daylight hours
only. Each sampling day, 9-13 randomised deployments were

conducted, achieving complete coverage of all stations in each
period. Bottom depth, temperature and deployment time were
recorded during each BRUV deployment. Following stan-
dardised methodology (Graham 2012; Seymour et al. 2024),
each deployment used a single horizontal-facing camera
(GoPro, 2k resolution, 60fps) and 1.0kg of crushed Frigate
tuna (Auxis thazard) or similar oily fish as bait across all de-
ployments. The bait receptacle extended 1.0 m from the frame
and was positioned 70cm above the seafloor. A 30-cm t-bar
attached to the bait cage enabled size estimation of sharks
that approached the bait and could be viewed laterally. Two
trained observers independently analysed 60-min video seg-
ments, with analysis beginning 5min after BRUV settlement
to allow for the boat to depart and ambient conditions to re-
sume. Sharks were identified to the lowest possible taxonomic
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level, and abundance was quantified using MaxN—a standard
metric used in BRUV surveys that equates to the maximum
number of individuals of each species visible in a single frame
(Willis and Babcock 2000; Cappo 2003). Total length esti-
mates were obtained for sharks that were fully visible laterally
against the 30-cm t-bar reference. Inter-observer size discrep-
ancies were resolved through post analysis discussions, and
size estimates for which variation exceeded 30cm were ex-
cluded from analyses.

Between 2016 and 2019, 328 fishing surveys were conducted,
predominantly between May and October, at various sites
within the bay (Figure 1). Fishing effort was unevenly split be-
tween years, with 31, 2, 157 and 189 fishing surveys conducted
in 2016, 2017, 2018 and 2019, respectively. Sharks were cap-
tured using either short demersal longline sets (10-15 hooks)
or handlines fitted with 4/0 or 6/0 circle hooks and baited with
dead mackerel or other oily fish. Lines were set predominantly
at dusk/night and were left to soak for an average of 30 min be-
tween checks to maximise shark survival post-release (Horton
et al. 2023). Longline sets in 2019 were placed at a sample of
BRUYV stations to offer a comparison in species sightings be-
tween methods. Fishing surveys were often targeted at tag-
and-release operations and so were biased towards locations
and timings that offered the highest chances of catches (ac-
cording to fishers' knowledge). Upon capture, sharks were
secured close to the boat by a tail rope or if very small to con-
duct the procedure more rapidly were brought onboard. Gill
irrigation was not possible when onboard; therefore, handling
procedures and biological sampling were limited to a maxi-
mum duration of 2min per individual to minimise physiolog-
ical stress (Horton et al. 2023). For each shark, precaudal and
total length were recorded, as well as sex, presence of an um-
bilical scar and clasper length and calcification stage to assess
maturity for male sharks (Stehmann 2002). Identification tags
(spaghetti tag) were applied at the base of the first dorsal fin
of each individual, and a fin clip taken from either the anal or
the second dorsal fin for storage and future genetic analysis.

2.3 | Data Analysis
2.3.1 | BRUV Metrics

Three metrics were calculated across all BRUV deployments for
each species: (1) total sightings (N), defined as the sum of MaxN
values; (2) relative abundance (%RA), calculated by dividing N
by the number of BRUVs deployed per season; (3) frequency of
occurrence (%FO), expressed as the percentage of BRUVs where
the species was observed.

2.3.2 | Temporal and Spatial Patterns of Size
Distributions

For species with multiple individual measurements in BRUV
footage, length-frequency distributions were plotted by season,
whilst length-frequency distributions were plotted for all sea-
sons and years from longline efforts. Published size-at-maturity
estimates were used to infer maturity status of individuals
(Branstetter 1987; Castro 1996; Saidi et al. 2008; Ba et al. 2013).

To calculate differences in sizes over season from caught sharks,
catches of each species were grouped into season (Spring: April-
May; Summer: June-August; Autumn: September—October)
and compared using ANOVA followed by post hoc Tukey's test
comparisons following confirmation of normality. For species
with sufficient measurement data, depth-driven patterns of
size distribution were investigated using linear models follow-
ing confirmation of normality. Linear models and ANOVAs
were performed using Program R (Version 2024.04.24764),
with the MASS (V7.3.65; Venables and Ripley 2002) and Vegan
(Oksanen 2017) packages. The tidyverse (V2.0.0; Wickham
et al. 2019) package was used throughout.

2.3.3 | Species Distribution Patterns

Spatial structure of shark sightings (relative abundance) was
analysed through kernel density distributions of BRUV deploy-
ments, weighted by MaxN values for each deployment location.
Analyses were performed using QGIS (version 3.34.12). Kernel
densities were calculated separately for each species on com-
bined data from both seasons (sum of MaxN), with a radius of
1.4km selected based on optimal representation of the under-
lying spatial distribution patterns. Distributions could not be
inferred from catch data due to the opportunistic nature of the
sampling method.

2.3.4 | Environmental Drivers of Abundance

Generalised linear mixed models (GLMMs) were used to ex-
amine the effects of depth (meters), season (June/August) and
sun height (minutes relative to solar noon) on MaxN of each
species. Depth is known to influence the distribution of coastal
shark species (Speed et al. 2010). Seasonality is known to influ-
ence the movement patterns and pupping behaviours of sharks
(Bres 1993). The effect of sun height was included in the full
model as it is known to influence the movement and activity
patterns of coastal sharks (Speed et al. 2010). To calculate sun
height (H), the deployment time was converted into minutes rel-
ative to sunrise, following Equations (1) and (2).

H= Tdep — Thise for Tdep < Tooon (1)

H= (Tnoon - Trise) - (Tdep - Tnoon) for Tdep > Tnoon (2)

where Tdep is the deployment time, T, is the time of sunrise,
and T, is the time at solar noon (all units in minutes). For
times after solar noon, the number of minutes past midday is

subtracted to account for the sun's descent during the afternoon.

This approach standardised time relative to the sun's posi-
tion throughout the day, whilst accounting for differences in
day length across sampling periods. Predictors were tested for
collinearity prior to modelling using linear models; tempera-
ture displayed a significant negative association with depth
(b=-3.05%0.87, p<0.001) and thus only depth was retained for
modelling.

A Poisson error family with a log link was applied to the count
data (MaxN), switching to a negative binomial distribution if
overdispersion was detected using DHARMa residuals (Zeileis
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et al. 2008). Station was included as a random effect to account
for repeated deployments at the same locations but retained
only if it significantly improved model fit (likelihood ratio test).
Models were compared with the null model using ANOVA (chi-
squared). Model selection was guided by Akaike's information
criterion (AIC), and residual diagnostics ensured goodness-of-fit.
Interaction effects between depth and time (an a priori assump-
tion of shallower depth use at night was assumed to discern diel
movement) were tested by comparing models with interactions
against reduced models without interactions using likelihood
ratio tests (chi-squared; Zeileis et al. 2008). Only significant in-
teractions (p <0.05) were retained. Analyses were conducted in
R (Version 2024.04.24+764) using the MASS (V7.3.65; Venables
and Ripley 2002), DHARMa (V0.4.7; Hartig et al. 2024) and glm-
mTMB packages (V1.1.11; Brooks et al. 2017).

3 | Results
3.1 | Sightings and Catch Statistics

All BRUVs (N=56, 56 for June, August) successfully recorded
video, yielding 112h of footage. Species level identification was
achieved for all sharks, leading to the identification of 132 indi-
viduals across eight species. Milk shark (R. acutus) were the most
abundant species, followed by Atlantic weasel (P.pectoralis),
blacktip (C. limbatus), spinner (Carcharhinus brevipinna), smooth-
hound (M. mustelus), nurse (G. cirratum), scalloped hammerhead
(S.lewini) and tiger sharks (G.cuvier) (Table 1). All species, ex-
cluding G. cirratum and G. cuvier, were also caught during fishing
efforts, totalling 198 catches. Species across both survey types gen-
erally displayed similar relative abundances, with the exception
of P.pectoralis, of which catches were proportionally lower than
BRUV sightings (Table 1). A single M. mustelus and C. brevipinna
were recaptured, each 1 month after initial tagging.

TABLE 1 | Species composition of BRUV sightings and scientific
fishing catches. Comparison of relative abundance (RA%) between
BRUV surveys (N=122) and scientific fishing surveys (N=328).

BRUV Fishing
FO RA RA

Species MaxN (%) (%) N (%)
Rhizoprionodon 53 34 40 135 68
acutus
Paragaleus 26 20 20 9 4
pectoralis
Carcharhinus 18 5.3 13 32 16
brevipinna
Carcharhinus 17 13 12 15 8
limbatus
Mustelus mustelus 7 4.5 5 3 2
Ginglymostoma 6 5.4 5 — —
cirratum
Sphyrna lewini 4 2.7 3 4 2
Galeocerdo cuvier 1 0.9 1 — —

3.2 | Size Distribution

A total of 120 size measurements were made from BRUV foot-
age. Neonates and young of the year (inferred by comparing
to published average sizes at birth and maturity) of R.acutus,
C.limbatus, S.lewini and C.brevipinna were observed, whilst
P. pectoralis and M. mustelus were of an older average inferred
age but yet to reach maturity (Figure 2).

Individuals of S.lewini of typical neonate size were exclusively
observed during August, M. mustelus, C.limbatus and C. brevip-
inna displayed decreased average total lengths during August,
whilst P. pectoralis length estimates were lower in June. M. mus-
telus were recorded solely in June across both BRUV and fishing
effort (Figure 2).

During fishing efforts, length measurements and maturity
estimates were achieved for all but two sharks (Figure 3).
Neonates represented all S. lewini and the majority of R. acutus
and C.limbatus catches, whilst catches of C. brevipinna were
dominated by juveniles. P. pectoralis and M. mustelus caught
in longlines were exclusively juveniles and adults (no neo-
nates recorded), with P. pectoralis juveniles of subadult size.
M. mustelus were caught during the summer months, whereas
S. lewini were exclusively caught in August. Significant sea-
sonal variations in size were detected in R.acutus (ANOVA
(2,125), p<0.001) and C. brevipinna (ANOVA (2,29), p <0.005)
(Figure 3), with average total lengths of R. acutus significantly
smaller in both summer (mean TL=48cm) and autumn
(mean TL=47cm) compared with those caught in spring
(mean TL=79cm, Tukey's HSD, p <0.005), whilst C. brevip-
inna were significantly smaller in Autumn (mean TL =79 cm)
than those caught in Summer (mean TL=104cm, Tukey's
HSD, p <0.005).

R.acutus total lengths derived from longline surveys further-
more displayed a significant positive association with depth
(b=2.21£0.16, p<0.001), with larger individuals more com-
monly caught in deeper water.

3.3 | Spatial Distribution and Drivers
of Abundance

Shark species displayed distinct spatial distributions within the
bay (Figure 4). R. acutus were observed throughout the Bay of Sal
Rei, whereas P. pectoralis exhibited a bimodal pattern, with higher
abundances to the NW and SE of the bay. Both S. lewini and C. lim-
batus were most abundant within the shallow, sandy channel be-
tween Ilheu de Sal Rei and Sal Rei, with C.limbatus displaying a
greater range north and south of the islet. C. brevipinna were also
observed in the channel but were distributed throughout the north
of the Bay of Sal Rei. M. mustelus distributions were limited to a
discrete region to the west of Ilheu de Sal Rei.

Generalised linear mixed effect models indicated that the
abundance of all species excluding P.pectoralis was influ-
enced by depth (Table 2). Both M. mustelus (b=1.04£0.018,
Chi(1)<0.01, p<0.01) and C.brevipinna (b=1.01%1.01,
Chi(1) <0.01, p <0.01) displayed significant positive relation-
ships with depth; however, M. mustelus had a considerably
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FIGURE 2 | Size distribution of shark species sighted in BRUV surveys. Seasonal length frequency distributions of sharks for which total length
estimates could be estimated from BRUV footage. Vertical black dashed lines represent the mean size at maturity derived from literature, and ver-
tical red dashed lines indicate average species specific sizes at birth. Light blue =June, dark blue = August. A =Rhizoprionodon acutus (N=35),
B = Paragaleus pectoralis (N=27), C = Carcharhinus limbatus (N =15), D = Carcharhinus brevipinna (N =17), E= Sphyrna lewini (N=4), F = Mustelus

mustelus (N=8), G = Ginglymostoma cirratum (N =6).

lower intercept (—136.2), indicating that they typically ap-
pear at greater depths than C. brevipinna (-12.21). C. limbatus
MaxN was instead predicted to be significantly higher, on aver-
age, in shallow water (b=-1.04 £1.06, Chi(1) <0.01, p <0.05).
The effect of season (June vs. August, categorical predictor)
had a significant positive influence on R. acutus MaxN, indi-
cating higher abundances in August (b=2.52+1.37, p<0.01).
In addition, the interaction between sun height and depth was
also significant (b=-1.0+1.0, p<0.01) for this species, sug-
gesting a preference for deeper water at times nearer to sun-
rise or sunset (Table 2).

4 | Discussion
4.1 | Bay of Sal Rei as a Nursery Area

In the context of declining shark populations due to exploita-
tion and human-induced habitat loss, protecting nursery
areas is a key strategy to promote recruitment and safeguard
threatened shark species. Cabo Verde, in the Eastern Central
Atlantic, is home to a range of elasmobranchs (Seymour
et al. 2024) and likely to host a number of shark nurseries in
the sheltered, shallow coastal waters surrounding the islands
(Rosa et al. 2023; Varela et al. 2025). The Bay of Sal Rei, flank-
ing the western edge of Sal Rei, the main city of Boavista, is
known to host juvenile sharks of numerous species, including
the critically endangered Scalloped hammerhead (S. lewini;
Seymour and Graham 2016; Rosa et al. 2023). Based on pop-
ulation size-structure, seasonality and spatial use, the results
of BRUVs and fishing surveys presented in this study indicate
that the Bay of Sal Rei is likely a primary and secondary shark
nursery, used by at least 6 shark species: scalloped hammer-
head sharks at the initial stage of their lives, milk (R. acutus),
blacktip (C. limbatus) and spinner sharks (C. brevipinna) from
birth to sub-adult stage, and common smoothhound (M. mus-
telus) and Atlantic weasel sharks (P. pectoralis) as subadults.
Adult Atlantic nurse sharks (G.cirratum) and tiger sharks
(G. cuvier) were also recorded in the bay. Previous estimates of
shark diversity in the bay reported the presence of five species
(Rosa et al. 2023), which the results of this study increase to
eight by demonstrating the presence of G. cuvier, M. mustelus
and C. brevipinna in the area (likely a result of the combina-
tion of different survey methods and longer sampling time-
frames). All but one species are of conservation concern:
Atlantic nurse sharks, spinner sharks, blacktip sharks and
milk sharks are listed as Vulnerable in the JTUCN Red List
(Rigby, Carlson, et al. 2020; Rigby, Harry, et al. 2020; Carlson
et al. 2021; Rigby et al. 2021), the common smoothhound
and Atlantic weasel shark are listed as Endangered (Jabado,
Chartrain, Cliff, et al. 2021; Jabado, Chartrain, De Bruyne,
et al. 2021), and the scalloped hammerhead shark is consid-
ered Critically Endangered (Rigby et al. 2019). Tiger sharks

are listed as Near Threatened on a global scale (Ferreira and
Simpfendorfer 2019), though lack of data for the species may
be masking similar population declines to those observed for
most shark populations in West Africa (Sall et al. 2021).

Given the diversity of species recorded, their conservation
status and the diversity of life stages recorded, the Bay of Sal
Rei represents a key area for the conservation of elasmobranch
populations in Cabo Verde and the wider central Atlantic. The
bay is, however, also used for a wide range of recreational
(e.g., sailing, surfing, snorkelling) and extractive activities
(recreational and subsistence fishing), with unknown overlap
and unquantified potential impacts on sharks. A deeper un-
derstanding of the spatio-temporal patterns of shark presence
in the bay is therefore needed in order to inform management
of human activities (e.g., introduction of spatial or temporal
closure areas, identification of critical monitoring/enforce-
ment periods) and build engagement for the safeguarding of
this critical habitat.

4.2 | Space Use of Sharks in the Nursery

The simultaneous examination of habitat use between species is
a key element when developing conservation models for multi-
species nurseries (Kinney and Simpfendorfer 2009), to highlight
hotspots of occupancy or species-specific needs to take into ac-
count in spatial planning of area-based conservation measures.
Within the Bay of Sal Rei, individual species appeared to ex-
hibit distinct distribution patterns. Species for which neonates
were the predominant age class (i.e., C.limbatus, S.lewini and
C. brevipinna) were distributed nearer to the coast, whilst sharks
of an older average age (as inferred by estimated size; that is,
R.acutus, G.cirratum and P. pectoralis) were observed further
offshore, and generally exhibited more dispersed distributions
within the Bay of Sal Rei. Furthermore, the latter also showed
possible higher levels of species separation, whilst species for
which neonates and juveniles were the predominant age class
displayed strong overlaps in distributions, particularly in the
north-east of the bay.

A potential explanation for the differences in space use be-
tween age classes may be related to their primary use of the
nursery (i.e., maximise feeding opportunities or minimise
predation). Whilst some nurseries can be associated with
areas of high productivity, whereby juveniles will exhibit spa-
tial partitioning to reduce competition for resources (Kinney
et al. 2011), distribution patterns of some juvenile shark
species within nurseries are more consistent with predator
avoidance than prey availability, leading to shared occupancy
(Heithaus 2007). In this optic, it is plausible that that deeper,
more productive habitats of the Bay of Sal Rei are used by
some species for their better foraging opportunities, whilst the
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FIGURE3 | Size distribution of shark species caught in fishing surveys. Length frequency distributions of sharks caught during scientific fishing
surveys. Pie charts indicate maturity estimates caught during spring, summer and autumn. Vertical dashed black lines represent average size at ma-
turity, and vertical red dashed lines indicate average size at birth. Boxplots denote total lengths of individuals caught across season, ***=p <0.001.
A =Rhizoprionodon acutus, B=Paragaleus pectoralis, C= Carcharhinus limbatus, D = Carcharhinus brevipinna, E= Sphyrna lewini, F = Mustelus

mustelus, G=R. acutus, H=C. brevipinna.
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FIGURE 4 | Distribution of shark species within the Bay of Sal Rei. MaxN (coloured dots) and kernel density (blue shading) of shark species
sighted in BRUV surveys conducted in the bay of Sal Rei. Darker shading indicates higher measured or estimated abundance. Note the different ker-

nel density scale in A. A =Rhizoprionodon acutus, B=Paragaleus pectoralis, C= Carcharhinus limbatus, D = Carcharhinus brevipinna, E=Mustelus

mustelus, F = Sphyrna lewini, G = Ginglymostoma cirratum, H= Galeocerdo cuvier.

shallow areas, characterised by higher surface temperatures,
high turbidity and sand as the dominant benthic substrate (a
habitat traditionally associated with low primary productiv-
ity and low dissolved oxygen levels; Heupel and Hueter 2002)
may provide refuge from larger sharks, which tend to avoid
hypoxic environments (Waller et al. 2024).

An alternative mechanism to reduce predation risk whilst par-
titioning resources is diel movement. R. acutus displayed higher
abundances in deep water during sunrise and sunset, indicating
diel movement to deeper waters at night. The shallow, coastal
waters of the bay are likely resource limited, therefore diel

movement as a strategy to partition resources is a possibility. Diel
movement has been well documented in S. lewini and C. limba-
tus, but given their low abundance within the Bay of Sal Rei,
coupled with the brief residency of S.lewini, the design of this
study may have underestimated the abundances of these species
due to diel movement during survey periods. Continuous, struc-
tured surveys within the Bay of Sal Rei will reveal movement
patterns and true abundance of species to implement meaning-
ful conservation strategies. To this effect, the installation of an
acoustic tracking network would offer an invaluable comple-
ment to visual and fishery-based surveys in investigating spe-
cies movements in the bay.

Aquatic Conservation: Marine and Freshwater Ecosystems, 2026
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TABLE 2 | Selected GLMM model of relative abundance (MaxN) for BRUV sightings. Estimates and standard errors are back transformed, and
model selection was based on testing against the null model. Significant effects are denoted in bold text.

Output Selection
Species Factor Estimate SE Z D AIC Chi squared

Mustelus mustelus Intercept —136.20 2.98 —4.50 <0.001 52.57 <0.01
Depth 1.04 0.018 2.64 <0.01

Carcharinus brevipinna Intercept -12.21 1.56 —5.64 <0.001 128.98 <0.01
Depth 1.01 1.01 3.07 <0.01

Carcharinus limbatus Intercept -2.60 1.50 —2.37 <0.05 100.95 <0.01
Depth -1.04 1.06 -2.27 <0.05

Rhizoprionodon acutus Intercept —66.92 3.28 —3.54 <0.001 202.28 <0.01
Depth 1.09 1.03 3.27 <0.05
Sun height 1.01 1.00 2.19 <0.05
Season (August) 2.52 1.37 2.94 <0.01
Depth:sun height —-1.00 1.00 -2.71 <0.01

4.3 | Phenology of Shark Presence and Pupping in
the Area

Pupping of sharks in the Bay of Sal Rei displayed clear season-
ality, with occupation of smaller sharks during the late summer
to early autumn months (late July to early October), indicating
pupping during the summer. Temporal differences in pupping
were also observed, with S.lewini and C. brevipinna pupping in
late summer to early August, whilst R. acutus likely pupping in
mid-summer.

Previous studies of S.lewini neonates have described their ten-
dency to inhabit primary coastal nurseries for 3-4 months before
migrating to deeper waters (Klimley and Nelson 1984). It is likely
that neonates in the Bay of Sal Rei display similar behaviour;
however, tagging effort in the present study was insufficient to
quantify site fidelity or residency times. Likely due to the abun-
dance of individuals within the Bay of Sal Rei, few individuals
were recaptured during tagging efforts. Nonetheless, the recap-
ture of juvenile M. mustelus and C. brevipinna months after initial
tagging provides some anecdotal evidence that species exhibit
residency within the Bay of Sal Rei. Future efforts should focus
on the use of electronic tagging as a means to confirm residency.

4.4 | Methodological Comparisons

Multi-method sampling is crucial to evaluate population trends
in coastal regions, as differing sampling methods can yield sig-
nificant differences in elasmobranch diversity, abundance and
habitat use (Elston and Murray 2024). Nonetheless, methods
should be evaluated to assess whether replacement or comple-
mentary noninvasive methods are more appropriate to reduce
the exploitation of vertebrates (Grunow and Strauch 2023). The
results of this study indicate that scientific fishing and BRUV
surveys exhibit broad comparability regarding relative abun-
dances of species, size estimations and changes in size across

seasons. Some key differences were observed, namely in relative
abundance of P. pectoralis and species diversity estimates across
methods. These differences are likely explained by the opportu-
nistic nature of fishing surveys, in which sampling was biased
towards the North-East region of the bay.

Fishing surveys provide comprehensive, immediate biological
data; however, differing catchability of species may lead to un-
derreporting species diversity. In the present study, fishing sur-
veys suggested a lower diversity of species than that obtained
from BRUVs, which were not limited by the catchability of spe-
cies (hook size, bait type). Fishing surveys also yielded lower
abundances of P. pectoralis than estimates from BRUV footage.
Fishing surveys were biased towards shallow water and con-
ducted at dusk, predominantly to the east of the islet, though
BRUYV footage revealed that the species were distributed in
deeper waters, accounting for the method underestimating the
abundance of the species.

Comparisons between longlines and size estimations from BRUV
footage were similar, though the limited number of size estima-
tions, combined with likely high error rates associated with vi-
sual size estimates from footage, hindered the ability to conduct
statistical analyses in BRUV footage. One possible method to
obtain accurate, reliable size estimates in a noninvasive manner
is stereo BRUVs. However, the high cost, calibration needs and
higher analytical burden of this method can represent a barrier
for long-term monitoring in small organisations and engagement
of local fishers turned community shark monitors.

4.5 | Future Research Needs
and Conservation Focus

The reliable catchability and restricted area use of elasmo-
branchs in coastal nurseries may predispose juveniles and ne-
onates to higher rates of fishing. Given the importance of these
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life stages in shark life history (Heupel et al. 2007), measures
directed at alleviating or eliminating anthropogenic pressures
on nursery grounds should be prioritized when possible.

Although the total domestic value created by the fishing sector is
~1% of GDP in Cabo Verde, small scale fisheries contribute 60%
to sector GDP (Fortes 2019). Therefore, management strategies
should prioritise life stages crucial for population recruitment
whilst simultaneously ensuring livelihoods in the community.
The Bay of Sal Rei is often utilised as an artisanal fishery for
‘cacao’, an ambiguous term referring to the dried meat of any
juvenile or small bodied shark resembling R. acutus. Gillnets and
handlines are the preferred fishing methods in the area (ZLM
pers. comm.; Rosa et al. 2023; Seymour and Graham 2016), most
often used to catch small teleost fish but also targeting small
sharks when they are most abundant. Gillnet surveys indicate a
high catchability of S. lewini within the Bay of Sal Rei, as well as
other endangered species (Rosa et al. 2023), raising concerns as
to the long-term sustainability of the fishery. Given the distinct
spatio-temporal patterns of shark presence in the bay described
here, it is possible that dynamic management of fisheries in the
bay may offer benefits to both shark populations and fisheries.
R.acutus were the most abundant species in the Bay of Sal Rei,
exhibiting overlaps in distribution with all other shark species in
all sites but the southeast. Given the conservation status of spe-
cies with lower abundances to the northeast of the bay, possible
restrictions on fishing to the SE could be explored, to reduce the
bycatch of endangered species whilst benefiting stakeholders.
Furthermore, given the limited and predictable time frame of ne-
onate presence, seasonal restrictions on artisanal fishing during
late summer to autumn months could be adopted to reduce the
bycatch of neonates and juveniles and increase their recruitment
to deeper waters, where they are less likely to be caught.

Warm shallow coastal habitats such as the nursery presented
in this study are likely to be disproportionately affected by the
increase in global temperatures caused by climate change. The
altered suitability of coastal habitats may lead to changes in
nursery selection, as Elasmobranchs are highly sensitive to tem-
perature changes, and juvenile sharks actively seek to remain
within their thermal optimum (Skelton et al. 2023). It is unclear
how warming temperatures may affect the Bay of Sal Rei, where
temperatures in the primary nursery were found to already be
significantly higher than in deeper parts of the bay, or whether
juveniles will be able to adapt to the increase in temperature.
Evidence suggests some species are altering their nursery use
in response to increased temperatures (Crear et al. 2020), and
it is possible that these changes in nursery use may even lead to
range expansion into unprotected areas. Therefore, delineating
protection to nurseries that meet current criteria (residency, used
over multiple years, seen more frequently than in other areas)
may not be a sustainable long-term approach. Understanding
the fine scale movements of individuals and the influence of
environmental factors on nursery dynamics is therefore key to
establishing sustainable, long-term protection. Moreover, mon-
itoring the survival rates within nurseries will inform whether
hypothesised altering of habitat use may influence the future
efficacy of nurseries as a means of protection from predation.

While the Bay of Sal Rei is included in planned expansions of the
island's marine protected area network (Coastal and adjacent

Sea Management Plan (POOCM), 2020), management plans are
focused on the shallow, south-easterly region of the bay which
correspond with turtle nesting beaches, and do not explicitly
reference elasmobranchs. For these species, explicit MPA zon-
ing and targeted seasonal gear restrictions could have higher
conservation impact and should be considered in planning sce-
narios. Furthermore, the proximity of two tourism development
zones in the north-eastern region of the bay may pose a risk to
the future safeguarding of the nursery. Long-term monitoring of
the effectiveness of the nursery, particularly by collecting data
regarding survival rates whilst engaging coastal traditional fish-
ers, is therefore critical to inform the implementation of effective
conservation strategies adopted by coastal stakeholders.
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