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Temporal niche partitioning
as a potential mechanism for
coexistence in two sympatric
mesopredator sharks

Neil D. Cook™, Abbie Jenkins®, Sarah L. Perry?,
Sarah E. Perkins* and Jo Cable"!

!School of Biosciences, Cardiff University, Cardiff, United Kingdom, ?Cardigan Bay Marine Wildlife
Centre, The Wildlife Trust of South and West Wales, New Quay, United Kingdom

Global marine biodiversity declines require bold and ambitious plans to safeguard
ecosystem services. Overfishing, habitat loss and projected climate impacts have
yielded deleterious effects on marine predators, in particular, driving increasing
threat of extinction for many shark species with implications for ecosystem
health. Identifying and protecting critical habitat areas for sharks is fundamental
to their protection, and may allow for species recovery. Here we use baited
remote underwater video stations to investigate spatial and temporal patterns of
habitat use by sharks in a Special Area of Conservation (SAC) that is centrally
important to the regional blue economy in the UK, the Cardigan Bay SAC. Our
results show heterogeneous spatial habitat use and temporal trends in habitat
sharing between smallspotted catsharks Scyliorhinus canicula and nursehounds
S. stellaris. Nearshore reef habitats are substantially more important than non-
reef habitats for both species. The relative abundance of each species, however,
is roughly inversely seasonally proportional, with S. canicula and S. stellaris
relative abundance highest in March and September, respectively. Temporal
niche partitioning may be an important mechanism in marine systems, but has
not been widely investigated in sympatric shark communities. These findings are
directly relevant for ongoing development of the Welsh Marine Evidence Strategy
(2019-2025) and the Welsh National Marine Plan, particularly to inform spatial
planning to strengthen the role of SAC management design in protecting
important shark areas.

KEYWORDS

Cardigan bay, elasmobranch, marine protected area, marine spatial planning, Northeast
Atlantic, Scyliorhinidae

Introduction

Marine predatory fish biomass has decreased dramatically since the onset of
industrialised fishing (Myers and Worm, 2003, 2005) and global elasmobranch (shark
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and ray) populations are in long-term decline (Myers and Worm,
2003, 2005; Dulvy et al., 2014; MacNeil et al., 2020; Dulvy et al.,
2021; Pacoureau et al., 2021; Simpfendorfer et al., 2023). The role of
sharks in structuring marine communities (Ferretti et al., 2010;
Heupel et al,, 2014), and thus the potential for wider ecosystem
impacts linked to ongoing depletion (Heithaus et al., 2008;
McCauley et al, 2012), have prompted calls for conservation
action (Chapman and Frisk, 2013). Popular approaches include
implementing marine reserves or shark sanctuaries (Worm et al.,
2013; Chapman et al., 2021), whereby spatial protection may
facilitate population recovery (Speed et al., 2018). Successful
outcomes, however, are linked both to anthropogenic influence
(Kaplan et al., 2015; Juhel et al., 2018; Letessier et al., 2019; MacNeil
et al,, 2020) and ecological factors including species residency and
movement ecology (Dwyer et al., 2020). A panacea for management
would extend benefits to multiple species, but this highlights a
prohibitive knowledge gap: the long-term mechanisms of shark
coexistence (Heupel et al., 2019). Niche partitioning can facilitate
species coexistence through reduced competition for resources
(Chesson, 2000; Albrecht and Gotelli, 2001; Bethea et al., 2004;
Heupel et al.,, 2018). There is evidence for this in sharks, particularly
in the context of trophic (Curnick et al., 2019; Galindo et al., 2021;
Chandelier et al., 2023; Weideli et al., 2023), and spatial partitioning
(Gallagher et al., 2017; Matich et al., 2017; Afonso et al., 2022).
Temporal niche partitioning, on the other hand, may be an
important ecosystem process but has received little research
attention (Lear et al., 2021) - it is unclear even how widespread it
is amongst marine apex and mesopredators (Bass et al., 2021).
Sharks are a diverse taxonomic group, in which ecological
interactions between the same sympatric species can differ
between locations (Shiffman et al., 2019). Hence, elucidating
processes that structure shark communities should be a
priority, to both better predict and mitigate wider effects of
ecosystem decline, and address specific knowledge gaps facing
regional management.

Shark research priorities include population status, movement
ecology and critical habitat areas (Jorgensen et al., 2022). Attention is
skewed towards large, charismatic, high conservation value and/or
heavily depleted species (Shiffman et al, 2020), while temperate
species are relatively under-studied (Jorgensen et al, 2022). The
smallspotted catshark Scyliorhinus canicula is a widespread
Northeast Atlantic mesopredator (trophic level 3.8). It is listed as
‘Least Concern’ by the International Union for Conservation of
Nature (IUCN) Red List, with a stable population (Finucci et al,
2021a). Nevertheless, it should be considered for species-level
management attention given food web centrality (Wieczorek et al.,
2018), genetically distinct populations within the UK (Gubili et al.,
2014), and mesopredator linkage between lower and upper trophic
levels (Vaudo and Heithaus, 2011). Furthermore, given widespread
depletion of marine predatory biomass (Myers and Worm, 2003,
2005), the relative trophic position of mesopredators in exploited
systems is likely higher than in unexploited systems (Prugh et al.,
2009; Ritchie and Johnson, 2009). This could elevate the importance
of species such as S. canicula in structuring marine communities. In
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contrast with S. canicula, the nursehound S. stellaris is listed as
‘Vulnerable’ by the IUCN Red List (Finucci et al, 2021b), yet
relatively under-researched (Supplementary Table S1). Studies have
identified refuging behaviour in both sheltered and exposed coastal
environments, with some philopatry (Sims et al., 2005), and it is
prominent bycatch in Celtic Sea, Irish Sea, and Bristol Channel
lobster and crab pot fisheries (Moore et al, 2023). Nevertheless,
ecological evidence paucity is concerning given trophic level (4.0),
sports fishing blue economy importance (Tim Harrison, personal
comms.), and widespread availability in fishmongers and food
takeaway establishments (Hobbs et al., 2019).

International programmes such as the Decade of Ocean Science
for Sustainable Development (Ryabinin et al., 2019), the European
Union (EU) Biodiversity Strategy 2030 (European Commission:
Directorate-General for Environment, (2021)), and the EU Green
Deal (European Commission: Directorate-General for Research and
Innovation, (2021)) present opportunities for ambitious marine
spatial planning targets. These should seek to strengthen species
and habitat protection, and incorporate restoration and recovery
objectives (Santos et al.,, 2019; Harris et al., 2022; Holness et al.,
2022; Manea et al., 2023). In Wales, UK, a network of Special Areas
of Conservation (SAC) has general objectives to safeguard species
and habitats under the Habitats Directive (SACs; Habitats
Directive, 1992). Additional regional biodiversity action plans
include the Welsh Marine Evidence Strategy (2019-2025) and the
Welsh National Marine Plan. Given that the most vulnerable
species to extinction in continental shelf seas are long-lived and
occupy upper trophic levels (Coulon et al., 2023), meeting these
targets requires regional level species ecology knowledge. As such,
there is currently an important and timely opportunity to
contribute research-driven locally relevant ecological evidence to
further strengthen national SAC management objectives in line
with international programmes.

Baited remote underwater video stations (BRUVS) are commonly
used to study elasmobranch ecology including distribution (White
et al,, 2013) and population trends (Flowers et al., 2022), behaviour
(Sherman et al,, 2020; Lester et al, 2022) and trophic interactions
(Bond et al., 2019), anthropogenic influence (Clementi et al,, 2021;
Letessier et al,, 2024), and diversity (Simpfendorfer et al., 2023) and
abundance patterns (Bond et al,, 2012; MacNeil et al., 2020; Cook
et al, 2024). Here we undertook, to our knowledge, the first
standardised BRUVS sampling of the shark community assemblage
in Cardigan Bay SAC, Wales, UK. Specific objectives were to: 1)
establish a baseline of shark species present; 2) elucidate spatio-
temporal variations in relative abundance of shark species observed;
and, 3) investigate mechanisms of species co-existence in the context
of regional spatiotemporal habitat use by sharks.

Materials and methods

The Cardigan Bay SAC, west Wales, covers approximately 1000
km’, extending from Ceibwr Bay in Pembrokeshire to Aberarth in
Ceredigion (Figure 1). The SAC status is based on seven qualifying
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FIGURE 1

Wales, UK (A) location of Special Areas of Conservation (SAC), including Cardigan Bay SAC. (B) Cardigan Bay SAC baited remote underwater video
stations sampling sites (Birds Rock, Fish Factory, New Quay) with stations therein, including spatially discrete offshore and nearshore stations sites
sampled in May, July and September 2021, and March, May, July and September 2022.

features under Annex I and II of the Habitats Directive, including
river lamprey Lampetra fluviatilis, semi-resident bottlenose dolphins
Tursiops truncatus, and submerged or partially submerged sea caves.
The SAC is important for the regional blue economy, particularly
wildlife watching tours. Sports fishing charters seasonally catch and
release sharks including Scyliorhinus stellaris and tope Galeorhinus
galeus, while S. canicula can be bycatch in small scale local fisheries
(Tim Harrison, personal comms.).

Three sampling sites were identified to represent different
habitat types at comparable distances from the closest human
population centre (New Quay; 52.21515, -4.35887), all frequently
visited by wildlife watching boat trips (Sarah Perry, personal
comms.). All sampling areas were approximately 1 km? within
which GPS coordinates for sampling points (hereafter, stations)
were randomly generated using the Cruise tool in Google Earth.
Ten stations were generated per sampling site for 2021. For 2022, an
additional three oftshore sampling sites were added, both to increase
spatial coverage of the study and to explore spatial connectivity
between nearshore sites and wider Cardigan Bay. Five stations were
randomly generated per sampling site for 2022 (Figure I;
Supplementary Table S2). Thus, each repeat sampling effort
aimed to cover a total of 30 stations across 5 days, although this
was not always possible due to weather conditions. Sampling was
conducted in May (12 - 16™M), July (5™ - 9™ and September (22nd
- 25™) 2021, and March (28" - 29™), May (23™), July (11" - 16'™),
and September (12" - 13 2022.

The BRUVS setup comprised an aluminium frame (approximately
1 mx 0.6 mx 0.6 m) with a 1 m bait arm in front of the camera
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position and supporting a wire mesh cage in the middle of the field of
view. A GoPro Hero7 Black camera set to 1440 video format at 30
frames per second was mounted in a GoPro SuperSuit housing (60 m
depth rated), approximately 40 cm from the base. The mesh cage was
baited with approximately 1 kg of chopped oily fish, scad Trachurus
trachurus or herring Clupea harengus, to encourage bait plume
dispersal (Dorman et al., 2012; Whitmarsh et al., 2017). A rope with
sufficient scope to avoid toppling the BRUVS was attached to a surface
buoy to mark location (Murray et al., 2019).

BRUVS were deployed between 09h00 and 17h00 to ensure
sufficient light for video recording (Jones et al., 2021) and were left
to record for a minimum of 60 minutes before retrieval. This both
aligns with recommended protocol (Langlois et al., 2020) and is the
minimum time required to sample 66% of fish species including
several shark species in nearshore North Atlantic waters (Unsworth
et al., 2014), and therefore conducive to meeting our research
objectives. Up to 11 stations were sampled per day, and BRUVS
deployed simultaneously were separated by at least 1 km to ensure
independent sampling (Harvey et al,, 2019). A Garmin GPSMAP
86s handheld GPS was used to navigate to each station. Depth was
either estimated using a rope marked at 50 cm intervals and
weighted with a dive weight (2021), or measured using a Platimo
Echotest II handheld depth sounder (2022). Additional data were
recorded at both drop and haul time: Beaufort wind force scale as a
measure of sea state and percentage cloud cover.

Data recording began when the BRUVS settled on the
substrate. Video quality was assessed using standardised criteria
(Jones et al., 2021), with four rankings from excellent to unusable
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TABLE 1 Baited remote underwater video stations set in the Cardigan
Bay Special Area of Conservation per year, site and habitat, and the
number of usable sets according to standardised criteria (Jones

et al,, 2021).

Sampling  Sampling Deployments Usable
year month datasets
2021 May 30 29
July 30 30
September 23 22
2022 March 17 8
May 9 2
July 30 28
September 13 2
Sampling Year/location
site
Birds Rock 2021 nearshore 27 25
2022 offshore 10 5
2022 nearshore 7 5
Fish Factory 2021 nearshore 28 28
2022 offshore 10 7
2022 nearshore 13 6
New Quay 2021 nearshore 28 28
2022 offshore 15 9
2022 nearshore 14 8

(Supplementary Figure S1). This excluded a similar proportion of
datasets from each site from analysis (Supplementary Figure S1),
yielding a total of 121 video datasets for full annotation (Table 1;
Supplementary Table S2). For those retained for full annotation,
sampling effort was standardised with two independent observers
watching each video file to 60 minutes using QuickTime Player
software. One observer watched real-time playback to identify
which stations yielded a shark observation. These observations
were cross-referenced by a senior annotator watching at double
playback speed, who also recorded species and the time of first
arrival for each species of shark observed for each BRUVS. Next,
we recorded MaxN, defined as the maximum number of
individuals per species in the field of view at any given point in
time throughout a BRUVS set. This prevents double counting
individuals (Willis et al., 2000).

Data were analysed using R software (v4.2.2; R Core Team, 2022).
We first calculated mean MaxN =+ standard error (SE) as the metric
for relative abundance to standardise sampling effort among study
sites (Goetze et al., 2018). We then excluded Mustelus sp. from
further analyses given only a single observation of this taxon. Given
non-normal data distribution, we used generalised linear models to
investigate the association between sampling year and month
(temporal explanatory variables), site and nearshore/offshore
location (spatial explanatory variables), depth and image quality
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(environmental explanatory variables), MaxN of other shark species
observed (proxy for partitioning), and the relative abundance of each
species (MaxN; response variable). We examined error structure
using the R package ‘DHARMa’ (Hartig, 2020) to check residual
diagnostics for all response variables, selecting a negative binomial
structure for both S. canicula and S. stellaris (Supplementary Table
S3). We then used the ‘dredge’ function in the R package ‘MuMIn’
(Barton, 2020) to identify all possible variable combinations, followed
by an information theoretic approach (Akaike’s information criteria,
AIG; Akaike, 1998) to identify the best predictive model (AAIC = 0;
Supplementary Table S4).

Results

We recorded sharks on 43 of 152 of BRUVS deployed in the
Cardigan Bay SAC, Wales (28%; Supplementary Figure S2). Total
species richness was three: smallspotted catshark Scyliorhinus
canicula (Figure 2), nursehound S. stellaris (Figure 2), and an
individual smooth hound shark Mustelus sp. of unknown species.
The most frequently sighted species, S. canicula, was recorded on
19% of BRUVS, compared with 16% for S. stellaris (Supplementary
Figure S2). Furthermore, of those BRUVS that yielded sightings,
75% recorded both S. canicula and S. stellaris within the first 40
minutes of recording (Supplementary Figure S3), justifying our
standardised 60 minutes sampling effort.

Mean MaxN of S. canicula varied between 0.78 + 0.17 at the
oftshore New Quay sites, and 0 * 0 at the nearshore Fish Factory
sites (Figure 3), while mean MaxN of S. stellaris varied between 0.97
+ 0.16 at the nearshore New Quay sites and 0 + 0 at both the Birds
Rock and Fish Factory offshore sites (Figure 3). The results of our
GLM analysis (p < 0.0001; Supplementary Table S5) support this
finding that the New Quay sites are more important than either of
the other sites for both species, although particularly for S. stellaris
and at the nearshore rather than offshore New Quay sites (Table 2).

Regarding temporal variation, sampling month was a factor in
the second top and the top model predicting MaxN of S. canicula and
S. stellaris, respectively (Supplementary Table S4), with GLM analysis
revealing an association between sampling month and S. stellaris
MaxN (p < 0.01; Table 2; Supplementary Table S5). Temporal
patterns of mean MaxN throughout the year at the New Quay sites
were approximately inversely proportional for each species (Figure 4);
relative abundance of S. canicula was highest in March (1.0 + 0) and
lowest in July (0.37 + 0.14), while for S. stellaris this was highest in
September (1.7 + 0.3) and lowest in March (0.25 + 0.25).

Discussion

Elucidating mechanisms that structure marine communities is
fundamental for management, not least to predict and mitigate
negative global change impacts. Sharks are imperiled predators, and
long-term research bias resulting in ecological evidence paucity for
less charismatic species is a concern given increased mesopredator
importance in depleted systems (Prugh et al., 2009; Ritchie and
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FIGURE 2

A smallspotted catshark Scyliorhinus canicula (below), and a nursehound S. stellaris (above), observed during baited remote underwater video
stations sampling in the Cardigan Bay Special Area of Conservation, UK. Note S. stellaris second dorsal fin origin well ahead of anal fin insertion, anal
fin base equal or greater than interdorsal space, and longer than anal-caudal fin space, blotches on flank.

S. canicula S. stellaris
20 o

Mean MaxN = S.E.
5
4
T
Mean MaxN = S.E.
B3

L3 0 I .,‘.,L+A+
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FIGURE 3

Mean MaxN (+ S.E.) of smallspotted catsharks, Scyliorhinus canicula (left), and nursehounds, Scyliorhinus stellaris (right) recorded at baited remote

underwater video stations sampling sites in the Cardigan Bay Special Area of Conservation, UK. Site codes: BR, Birds Rock; FF, Fish Factory; NR, New
Quay; “N" suffix, Nearshore; "O" suffix, Offshore.
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TABLE 2 Model-averaged coefficients from top models predicting the
association between environmental variables and MaxN observations of
smallspotted catsharks Scyliorhinus canicula and nursehounds S. stellaris
recorded at baited remote underwater video stations sampling sites in
the Cardigan Bay Special Area of Conservation, UK.

10.3389/fmars.2024.1443357

Johnson, 2009). Niche partitioning is an ecological process that may
facilitate sympatry, yet remains a relative knowledge gap. Moreover,
temporal niche partitioning may be an important driver but is less
studied than either trophic or spatial partitioning. In this context,
we use standardised BRUVS sampling to obtain novel insights into
temporal niche partitioning amongst two sympatric mesopredator
sharks. We identify approximately inversely proportional seasonal
nearshore habitat use in a spatially discrete area within our study
site, adding to an evidence base of ecologically similar marine
predators that share space. These behaviours may facilitate long-
term reduction of direct interactions and competition for resources,
and our findings both suggest important habitat areas for multiple
species and highlight opportunities for further research.

BRUVS are widely applied to investigate elasmobranch ecology
but rely on individuals approaching sufficiently close to the camera to
be identified, with inherent potential for species present to not be
recorded. This may be the case with our dataset; species including
tope Galeorhinus galeus and smoothhound Mustelus spp. are caught
by recreational fishers within our study sites, but we observed only a
single smoothhound. This is a shortcoming in our protocol and
precludes establishing a baseline of species present in Cardigan Bay
SAC, but also highlights an opportunity for alternative approaches to
address this remaining knowledge gap, such as environmental DNA.
Nevertheless, we have obtained evidence for spatial use by S. canicula
and S. stellaris, two important mesopredators in nearshore Northeast
Atlantic marine environments, with comparable trophic levels (3.8 +
0.3 SE and 4.0 + 0.3 SE, respectively; Froese and Pauly, 2000). This is
notable given that S. stellaris distribution estimates have, to date,

Mean MaxN = S.E.

S. stellaris

B

05

00

Estimate Std. Error zvalue  Pr(>|z|)
Response = S. canicula
Intercept -3.27 0.67 -4.94 7.7 x 107
Image rank 3 0.21 0.42 0.51 0.61
Image rank 4 1.25 0.56 2.22 0.03
Site New Quay 1.65 0.64 2.58 0.01
Site Birds Rock 0.55 0.77 0.72 0.47
Offshore 1.59 0.46 3.5 0.0004
S. stellaris maxN 0.36 0.21 1.7 0.09
Response = S. stellaris
Intercept -3.98 1.03 -3.85 0.0001
Site New Quay 347 1.01 342 0.0006
Site Birds Rock 0.18 1.41 0.13 0.9
Month March 0.08 1.09 0.07 0.94
Month May 0.19 0.47 0.42 0.68
Month 1.11 0.39 2.82 0.005
September
Offshore -1.79 1.08 -1.67 0.09
S. canicula
20
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o
@
z
%10 ——
:
g
=
0.5
0.0
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FIGURE 4

March July September

Temporal variation in mean MaxN (+ S.E.) of smallspotted catsharks Scyliorhinus canicula (left) and nursehounds S. stellaris (right) recorded at baited
remote underwater video stations within the New Quay sampling sites in the Cardigan Bay Special Area of Conservation, UK.
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predominantly relied on invasive trawl or fisheries-dependent
sampling (Martin et al., 2010; Moore et al., 2023) rather than in
situ sampling. S. stellaris have also been under-reported compared to
S. canicula for BRUVS set in the UK (Jones et al,, 2021), and may be
at risk of local extinction in parts of their distribution (Ragonese
et al,, 2013).

Our results suggest that the New Quay nearshore and offshore
sites are substantially more important for both study species and
should therefore be a priority for regional management, given both a
higher observation frequency and higher relative abundance than the
other study sites. Additionally, both S. stellaris and S. canicula were
recorded during every sampling month and both sampling years at
these sites. Furthermore, spatial partitioning and temporal abundance
variations amongst S. canicula and S. stellaris may constitute temporal
niche partitioning in these sites as distinct from the other study sites,
although the influence of factors such as prey availability, reproduction
or parturition remains unclear. For example, differential S. canicula
relative abundance between March and May could reflect dispersal
behaviours that drive ontogenetic and sexual segregation patterns
(Cook, 2023). Notably, however, the highest seasonal relative
abundance recorded for S. stellaris (September) correlates with
bycatch peaks in Welsh lobster and crab pot fisheries (Moore et al,,
2023). Resource partitioning, whether for space, time, or diet,
facilitates the co-existence of sympatric species (Bethea et al., 2004;
Page et al.,, 2005; Dale et al., 2011; Fossette et al., 2017; Weideli et al,,
2023), and may be a key mechanistic driver of marine community
composition (Kinney et al, 2011; Gavrilchuk et al, 2014). Trophic
partitioning in sharks has been extensively studied through dietary
analyses (Papastamatiou et al., 2006; Sommerville et al., 2011; Vaudo
and Heithaus, 2011; Heithaus et al,, 2013; Tilley et al,, 2013) and,
despite similar trophic levels, has been observed between S. canicula
and S. stellaris (see Yemisken et al., 2019). Temporal niche partitioning
is less well documented, although distinct diel activity patterns within
coastal shark assemblages may facilitate temporal partitioning of
foraging times by driving less dominant predators to suboptimal
foraging times (Lear et al., 2021). Importantly, our BRUVS
sampling was only conducted during daylight hours, therefore it
was not possible to investigate temporal niche partitioning in the
context of either diel or nocturnal behaviours. Although weather
conditions prevented sampling from October 2021 to March 2022, we
would expect continued correlation between abundance patterns and
regional pot fisheries bycatch (see Moore et al., 2023). Should it remain
infeasible to test this in the future using BRUVS (with either or both
seasonal and nocturnal sampling using lights), acoustic telemetry
could elucidate the period of partitioning behaviour, whether on a
short cycle (days) or a long cycle (months/seasons).

Spatial distribution away from core habitat areas (here, New
Quay nearshore) is important to determine spatial connectivity and
migration corridors. Here, S. stellaris was only detected in the New
Quay sites, while S. canicula was detected in both the New Quay
sites as well as the oftshore sites of both Birds Rock and Fish
Factory. The sample size is small but suggests differential use of
areas around the core habitat area that may reflect differential
movement ecology, and should be further investigated. S. canicula
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show a strong tendency to repeatedly use the same entry and exit
areas between a marine protected area and surrounding waters in
Northwest Spain (Papadopoulo et al., 2023). Regional management
requires the identification of such priority areas for protection.
Our results suggest habitats under Cardigan Bay SAC designation
are potentially important areas for both S. canicula and S. stellaris.
These findings are a step towards the ecological evidence base needed
for regional management to confer conservation benefits on local
shark populations. Standardised BRUVS sampling yields comparable
datasets and conservation insights on unprecedented scales (MacNeil
et al, 2020; Simpfendorfer et al, 2023). Therefore we strongly
recommend engagement with other researchers to align continued
BRUVS monitoring of Cardigan Bay with refined objectives and
standardised protocols. For example, better speciation of visually
similar species (such as S. canicula and S. stellaris, and G. galeus and
M. mustelus) arising from small camera advancement encourages the
inclusion of reference images in BRUVS studies. Individual
identification of sharks enables novel insights into social network
structure (Mourier et al.,, 2012; Jacoby et al., 2021; Mourier and
Planes, 2021), and has been achieved with S. canicula in a laboratory
setting (Hook et al., 2019). Verifying in situ individual identification
of S. canicula and S. stellaris on BRUVS could strengthen population
estimates and present a more affordable and non-invasive alternative
to traditional tagging studies, yet yield similar insights (Flowers et al.,
2017; Cerutti-Pereyra et al,, 2018). Stereo-BRUVS analysis that yields
size estimates could be used to determine age classes and possible
ecological drivers of habitat use, such as reproduction or predator
avoidance. For example, nursery areas are used by several shark
species (Zanella et al., 2019; TinHan et al., 2020; LaFreniere et al.,
2023), including S. canicula (see Cau et al,, 2013, 2017). These are
areas where neonate or young-of-year sharks are more commonly
encountered than in other areas, have a tendency to remain or return
for extended periods, and use the area repeatedly across years
(Heupel et al, 2007), and are thus candidates for protection to
safeguard critical life processes such as parturition and maturation.
A paucity of mesopredator ecological evidence is prohibitive for
effective management design, and should not be disregarded given
the ecological importance of these species in depleted systems.
Sharks including S. stellaris and S. canicula should be more
prominent within SAC research and management programmes,
particularly in the context of identifying regionally important shark
areas such as nursery habitats and migration corridors. These
objectives are all relevant for conservation planning, not least the
Welsh Marine Evidence Strategy (2019-2025) and Welsh National
Marine Plan, but also towards the objectives of the international
Decade of Ocean Science for Sustainable Development (Ryabinin
et al, 2019), and could thus strengthen the evidence base for
protection measures to promote regional shark recovery.
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