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Abstract: Elasmobranchs are declining worldwide due to overfishing. In developing countries and
island states in tropical regions, small-scale and recreational fisheries can significantly impact the
dynamics of neritic species. We investigated elasmobranch diversity at Reunion Island, a marine
biodiversity hotspot in the Western Indian Ocean. Combining information from the literature,
catches from the local shark control program, results from a survey of local recreational fishing, and
through barcoding of some specimens, we updated the list of elasmobranchs to 65 species. However,
uncertainties remain about the actual presence of some species, such as the three sawfish species.
Results highlight the disappearance of most coral reef-associated species, as already suspected.
Results also suggest that local populations of scalloped hammerhead shark (Sphyrna lewini) and
bottlenose wedgefish (Rhynchobatus australiae) seem healthy, in contrast with their decline in the
region. For some species, such as bull sharks (Carcharhinus leucas) and scalloped hammerhead sharks,
Reunion Island is a site of reproduction, and as such, the species are exploited at both juvenile and
adult stages, which likely increases their vulnerability. In the context of global elasmobranch decline,
it is urgent to clarify the conservation status and evaluate the degree of isolation of local populations
to identify research and conservation priorities.
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overexploitation

1. Introduction

Human activities have affected coastal ecosystems for centuries and have greatly
impacted marine biodiversity at all levels of organisation [1-4]. Among human activities,
fishing is the primary cause of decline in marine ecosystems [5-7]. Consequently, many
populations of large, slow-growing, predatory species have declined in abundance, and the
number of endangered species is currently growing [8,9]. As large-bodied animals, these
species play important roles in the top-down control of biomass in food webs through direct
predation and indirect risk avoidance behaviour, but also in nutrient cycling, scavenging,
or connecting distant ecosystems [10-12]. The decline of these species can lead to changes
in the stability and productivity of marine ecosystems and a loss of goods and services for
human society [13].

Chondrichthyans are one of the first major marine fish lineages for which extinc-
tion risk has been determined for the entire clade, with recent estimates suggesting that
one-third of them are threatened with extinction globally [9]. Among chondrichthyans,
elasmobranchs (sharks, skates, and rays) are the most impacted by human activities [14,15].
On a global scale, elasmobranchs are mostly caught by industrial fisheries, but the impact
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of small-scale and recreational fisheries is not negligible in coastal areas, particularly in de-
veloping countries [16-18]. As a consequence, it was recently shown that nearly two-thirds
of coral reef-associated shark and ray species are threatened with extinction, mostly due to
overfishing [7]. In coastal areas, sharks and rays are also caught as by-catch [19,20], and
some shark species are specifically targeted in shark control programs in ecosystems where
they interact with ocean users [21].

Reunion Island is a tropical oceanic island located in the southwest Indian Ocean that
belongs to a marine biodiversity hotspot [22]. Although its coastal ecosystems are limited
in size by the geomorphology and age of the island [23], it boasts a particularly rich marine
biodiversity [24-27], with a total of 1143 marine fish species recorded from a total of 182
families [28]. Among these recorded species, Wickel and co-authors [28] listed 63 species of
elasmobranchs and included 15 new species when compared to previous records [26,29,30],
suggesting that the diversity of elasmobranch species around the island remains uncertain
and could be underestimated. A recent study based on environmental DNA conducted
in austral summer concluded that Reunion Island is a regional hotspot of elasmobranch
diversity, which may play a significant role during the life cycle of endangered species such
as the scalloped hammerhead shark Sphyrna lewini [31]. This study also pointed out the
absence of coral reef-associated sharks in the samples, likely a consequence of the local
overexploitation of these species. This theory is in agreement with observations from local
artisanal fisheries, which led to a prefectorial decree protecting five reef-associated shark
species since 2015, namely silvertip sharks, Carcharhinus albimarginatus; grey reef sharks,
Carcharhinus amblyrhynchos; white-tip reef sharks, Triaenodon obesus; blacktip reef sharks,
Carcharhinus melanopterus; and tawny nurse sharks, Nebrius ferrugineus.

Although shark bites have occurred since the colonisation of the island during the 17th
century, the risk was deemed acceptable until a spate of attacks on ocean users along the
west coast of the island after 2011 [32]. Before that year, virtually no study was conducted
on elasmobranchs in Reunion Island except for a general census of species in marine
biodiversity assessments [26,29]. After 2014, a shark control program was implemented on
the west coast of the island to catch bull (Carcharhinus leucas) and tiger (Galeocerdo cuvier)
sharks, the two species responsible for the series of bites [33]. Elasmobranchs are also
traditionally exploited from the shore by recreational fishers, though the real impact of this
activity on these species is unknown. The aim of the study was to combine different sources
of information to improve our knowledge on the diversity of elasmobranchs present in
Reunion Island, identify the species most commonly caught by recreational fishers in
the coastal ecosystem as well as by the shark control program, and thus provide new
information on the spatial and temporal dynamics of some of these species.

2. Material and Methods
2.1. Species Richness and Status of Conservation

A review of the diversity of species in the waters of Reunion Island was conducted
based on published lists of species [26,28-30], the records of eDNA surveys of elasmo-
branchs conducted in 2019 around the island [31], a survey of the recreational fishing
activity (see recreational fishing activity section), records of the catches of the shark control
program [33], and the molecular identification of samples of various origins (recreational
fishers, control programs, customs, etc.). Previous lists of fish species [26,28-30] mostly
concentrated on coastal areas, especially coral reefs, on data from the artisanal and longline
fisheries operating in the Economic Exclusive Zone of Reunion Island, and on occasional
scientific surveys. As the taxonomy is in constant evolution, we used the World Register of
Marine Species (WoRMS, www.marinespecies.org, accessed on 30 April 2023) to confront
the different records of species and to establish an updated list of species of elasmobranchs
for Reunion Island (last visit on the 15th of April 2023). The status of conservation of
different species was updated based on the IUCN red list of species (www.iucnredlist.org,
accessed on 30 April 2023). Since there is no regional or local red list for elasmobranchs to
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our knowledge, the global conservation status was considered, even if it could be biased
for some species for which the local abundance could differ from the global pattern.

2.2. Shark Control Program

A shark control program was implemented in 2014 on the west coast of Reunion
Island, close to areas where nautical activities occur, in order to regulate the population of
bull and tiger sharks. Fishing gear was deployed less than 2 km from the shore, between
10 m and 50 m of depth. As the fishing program was implemented in close vicinity of a
Marine Protected Area (MPA), the use of traditional shark fishing gear was undesirable
due to the high risk of by-catch, including several threatened elasmobranch species. In
these conditions, a specific fishing gear, the SMART (Shark Management Alert in Real
Time) drumline, was specifically developed for this shark control program to facilitate
the rapid release of non-targeted species and hence limit the overall impact of the fishing
program on marine biodiversity. A traditional drumline was modified by the addition of a
GPS buoy connected to the Iridium satellite. When a fish is hooked, it triggers a magnet
that allows the GPS buoy to emit a signal, the “Catch-A-Live” system. This real-time alert
system of this SMART drumline informs the fisherman on duty within just a few minutes
after a fish is hooked, enabling rapid intervention that ensures a very high survival and
release rate of non-targeted species. In addition, due to the rapid handling of the fish
after its catch, this fishing gear allows fishers to tag and measure the specimens before
their release and also provides a very accurate (<5 min) timing of the capture [33]. To
compare the catch composition, its seasonal variability, and the size of the animals with the
catches of recreational fishers along the coast, data from the fishing operations of the shark
control program were extracted from the database for the same time period as the survey
on Facebook, between January 2016 and December 2021.

2.3. Recreational Fishing Activity

Between January 2016 and December 2021, four private groups of local recreational
fishers with 3300 to 19,700 members were surveyed on social media (Facebook). These
groups were visited daily, and whenever information and/or photos of elasmobranch
catches were published, they were recorded with as much information as possible on the
species, location, time of catch, size (estimated total length), weight and sex of the specimens.
In addition, the author of the post was contacted to collect additional information on the
catch, whether the individual was released or kept, the main purpose of the fishing activity
and possibly to collect biological samples to complete a bank of samples at Reunion Island
University. These data remain an underestimation of the total catches, as not all fishers will
be registered on the surveyed social media sites or will always post their catches.

2.4. Species Molecular Identification of Specimens

A total of 63 samples of elasmobranchs from various sources, such as recreational
and artisanal fishers or sanitary authorities (French Food and Drug Administration), with
no clear information on the species identification, were barcoded. All samples were from
local origins, with no doubt about the possible importation of seafood. Total genomic
DNA of all 63 samples was individually extracted using the Qiagen DNeasy Blood and
Tissue Kit (Qiagen, Hilden, Germany), following the manufacturer’s instructions. In order
to identify the species associated with the studied samples, the complete mitochondrial
cytochrome oxidase c subunit I (COI) was amplified using the fish-specific primer cocktails
C_FishF1t1/C_FishR1t1 [34], as in Oury and coauthors [35]. Sequences were checked for
quality and edited using Geneious 8.1.2 [36]. Species identification of the samples was
performed by comparing sequences to DNA records on the Barcode of Life Data System
(BOLD, [37]) and BLAST identification system (https:/ /blast.ncbi.nlm.nih.gov/Blast.cgi,
accessed on 15 February 2023). A ~98% sequence similarity match was considered reliable
for species identification [38].
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2.5. Data Analyses

For seasonal analyses, seasons were defined as “Summer” between January and April,
“Cooling” between May and June, “Winter” between July and October and “Warming”
between November and December following a ten-year survey of sea-surface temperature
in Reunion Island [39].

For the main species, the size distribution of the individuals caught in the shark control
program and by recreational fishers over the studied period was compared to the normal
distribution using Shapiro-Wilk tests and between them using a Kolmogorov-Smirnov
test. For species with a sufficient number of records (n > 30), monthly trends in catches
were studied based on the data from social media. For each species, the monthly catches
were represented as percentages of annual catches, with the hypothesis that the catches are
representative of the relative abundance of the species over time.

3. Results
3.1. Elasmobranch Diversity and Status of Conservation

The comparison of the different lists of elasmobranchs established over the last 25
years in Reunion Island showed an increase in the number of species recorded (Table 1), but
uncertainties remain about the presence of some species locally. With the recent progress
of molecular taxonomy, some species have changed classification (family, genus), which
contributes to these uncertainties about the specific diversity. As an example, the stingray
Dasyatis thetidis was present in published lists of species, but this species was synonymised
with Bathytoshia lata according to WoRMS.

Two species are of particular interest: the bottlenose wedgefish (Rhynchobatus australiae)
and the dusky shark (Carcharhinus obscurus), which have not been recorded in Reunion
Island to date to the best of our knowledge. For the dusky shark, one unidentified shark
sample provided by a recreational fisherman was barcoded as C. obscurus with a similarity
of 99.9%. In the shark control program, two specimens were caught by fishers in 2016
and 2018 and identified as dusky sharks, though not firmly confirmed. For the wedgefish,
several sources of recent information suggest that there was a likely misidentification of
the species in the past. The species is regularly caught in the shark-control program as
a non-targeted species and, as such, is always released. However, in several instances,
photographs were taken by fishers and confirmed the identification of the bottlenose
wedgefish based on the pattern of white spots on the body and especially the presence of
three white spots aligned over the pectoral marking [40]. In addition, on some occasions,
samples were collected (1 = 12) before release, and these samples were barcoded. In all
cases, the molecular identification was R. australiae (99.8-100% similarity), and none of them
was associated with R. djiddensis, while the species was present in all official lists of fish of
Reunion Island until now. The longnose spurdog (Squalus blainvillei) was only mentioned
in one report (Table 1), and its distribution in Eastern Africa and the Western Indian
Ocean, including on Mauritius Island according to WoRMS, suggests that its presence
in Reunion Island is highly plausible, though not firmly confirmed. Considering these
different additions and the corrections to the list of elasmobranchs of Reunion Island, the
number of species is now estimated at 65 in Reunion Island waters, including 50 species of
sharks and 15 species of batoids (Table 1).

Of these 65 species, only four are data deficient (DD) for their global status of conser-
vation. Nine of the sixty-one remaining species are critically endangered (CR), thirteen
endangered (EN), twenty vulnerable (VU), eleven near threatened (NT), and only eight
are least concern (LC). Species with an unfavourable conservation status are present in
all habitats.
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Table 1. Updated list of shark and batoid species in Reunion Island waters with their habitats, status of conservation on the IUCN red list (CR: critically endangered,
DD: data deficient, EN: endangered, LC: least concerned, NT: near threatened, VU: vulnerable), total number of catches (N ind) and total richness of species per
season (W: winter, Wa: warming, S: summer, Co: cooling), mean size of the catches (total length TL in cm or disc length DL in cm + standard error (se)) by the shark
control program and the recreational fishing and comparison with previously published lists of species and number of reads in the eDNA survey conducted in
coastal ecosystems of the island up to 50 m in depth (Mariani et al. 2021). x: presence of the species in the list.

. Shark Control . - Mariani
Present Study (n = 65) Letourneur Fricke et al. Kizska Wickel TUCN Red List Program Recreational Fishing etal. 2021
. et al. 2004 2009 et al. 2009 et al. 2020
Family
. (n=37) (n=39) (n =48) (n = 64) . Status of . Mean . Mean Number of
(I\Isl;r:cl)i:)of Species Habitat Conservation Nind TL/DL (se) Season N ind TL/DL (se) Season Reads
Alopiidae Alopias pelagicus X Neritic/oceanic EN
(n=3) su;ﬁ?z‘llli?sus X X X X Neritic/oceanic VU 1 Co
Alopias vulpinus X X X X Neritic/oceanic vU
Culrchur}lzmus N N N N Nerlt{c /deep VU 4 177 (47) W, Wa
albimarginatus benthic
ufrfbrfy’%’yh;’z;’; C. wheeleri X X X Neritic EN 2 158 (19) w
C;;;fyy’ﬁ?;zs X Neritic/oceanic VU 9 245 (8) 4
Carcharhinus .
L X X X X Neritic vU
Carcharhinidae brevipinna
(n=18) Carcharhinus Neritic/oceanic/
?I]\I{ARSIES falciformis X X X deep Benthic bD 15,679
Cordharhinus x Neritic DD
Carcharhinus Wetland /neritic/ S, Co, W, S, Co, W,
lewcas X X X supratidal vu 107 247 (5) Wa 73 102 (8) Wa 228,385
Ca;fsz;ﬁzus X X X X Neritic/oceanic VU
Clg:gii;:il;nubés X X X X Neritic/oceanic CR
;Z;ZL;;};Z:Z; X X X X Neritic/intertidal VU
Carcharhinus Neritic/oceanic 27 W, Wa 1 w

obscurus
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Table 1. Cont.
. Shark Control . S Mariani
Present Study (n = 65) Letourneur Fricke et al. Kizska Wickel TUCN Red List Program Recreational Fishing etal. 2021
Family et al. 2004 2009 et al. 2009 et al. 2020
. (n=37) (n=39) (n=148) (n=64) . Status of . Mean . Mean Number of
(I\Isl;rgzzls')of Species Habitat Conservation N ind TL/DL (se) Season N ind TL/DL (se) Season Reads
Carcharhinus N N N N Neritic /deep EN 4 150 (17) s W 5 Co
plumbeus benthic
Carcharhinus X X X X Neritic NT
sorrah
Galeocerdo cuvier X X X X Neritic/oceanic NT 349 290 (3) S S\(]z w 9 202 (34) 5 %\(I)a, w, 979,818
Loxodon L. S, Co, W, S, Co, W,
Carcharhinidae macrorhinus X X X Neritic NT 37 82(2) Wa 39 Wa 22
(n=18) -
Neg aprion X X Neritic/intertidal EN
acutidens
Prionace glauca X X X X Neritic/oceanic NT
Triaenodon X X X X Neritic VU 1 55 W
obesus
Centrop hor?ts X X X X Deep benthic vuU 2 S, W
moluccensis
SHARKS  Centrophoridae Deania .
(N =50) (n=3) profundorum X Deep benthic NT
Deania X Deep benthic vu
quadrispinosa
Dalatiidae EubWOt.omlcms X X X X Oceanic LC
_ ispinatus
(n=2)
Isistius .
brasiliensis X Oceanic LC
Ginglymostomatidae Nebrllus N N N N Neritic VU 12 271 (11) S, Co, W, 5 s, W
(n=1) ferrugineus Wa
Heptranchias X X X X Neritic /oceanic/deep NT
perlo Benthic
Hexanchus i
Hexanchidae griseus X X X Deep benthic NT
(n=4) :
Hexanchus H. vitulus X H. vitulus X Ocear}lc/deep NT
nakamurai benthic
Notorynchus X X X Ner1t1f: /deep VU
cepedianus benthic
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Table 1. Cont.

. Shark Control . ‘s Mariani
Present Study (n = 65) Letourneur Fricke et al. Kizska Wickel TUCN Red List Program Recreational Fishing etal. 2021
Family et al. 2004 2009 et al. 2009 et al. 2020
. (n=37) (n=39) (n=148) (n=64) . Status of . Mean . Mean Number of
(Nsumb.er of Species Habitat Conservation N ind TL/DL (se) Season N ind TL/DL (se) Season Reads
pecies)
CHVChﬂrOfJ]On X X X X Neritic/oceanic VU
carcharias
Lamfldae 151mts X X X X Oceanic EN 1 313 W 1 200 Co
(n=3) oxyrinchus
Isurus paucus X X Oceanic EN
Odontaspididae Carcharias taurus X X Neriﬁ.c /deep CR
n=1) benthic
Pseudocarchariidae Pseudcarcharias o . LC
(n=1) kamoharai X X ceanic
Rhm(c:l)cloln)tidae Rhincodon typus X X X X Neritic/oceanic EN
Centroscymnus Oceanic/deep VU
owstonii benthic
Somniosidae Centroselachus Centroscymnus Deep benthic NT
(n=3) crepidater crepidater
Zameus Oceanic/deep
SHARKS squamulosus benthic Le
(N =50)
Sphyrna lewini ? Neritic/oceanic CR 233 (6) 120 51 (2)
Sphyrnidae Sphyrna . .
=3 moknrran X Neritic/oceanic CR
Sphyrna zygaena ? Neritic/oceanic VU 225 (26) 1
Cirrhigaleus Squalus Deep benthic DD
asper asper P
A Neritic/deep
Squalidae Squalus blainville benthic DD
n=4
(n=4) . Neritic/deep
qualus megalops X benthic LC 4
Squalus .
mitsikurii Deep benthic EN
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Table 1. Cont.

. Shark Control . 1 Mariani
Present Study (n = 65) Letourneur Fricke et al. Kizska Wickel TUCN Red List Program Recreational Fishing etal. 2021
Family et al. 2004 2009 et al. 2009 et al. 2020
. (n=37) (n=39) (n =48) (n = 64) . Status of . Mean . Mean Number of
(I\Isl;rgzzls')of Species Habitat Conservation N ind TL/DL (se) Season N ind TL/DL (se) Season Reads
Ste%ogfi“i?“dae S:fg%‘;.; foma x x Neritic/oceanic EN 213,431
fﬁ‘gﬁ Mustelus mosis X X X i‘itlﬁfc/ deep NT 3 100 (15) s, W 35 88 (10) S, Co, W
Triakidae
(n=2) Mustelus N Neritic/deep LC
palumbes benthic
. Dasyatis Dasyatis Dasyatis Neritic/deep S,Co, W, S,Co, W,
Bathytoshia lata "4y 1igis thetidis thetidis X benthic vu 33 151(27) Wa 20 Wa
Dasyatis Dasyatis s
chrysonota pastinaca x Neritic NT
Neotrygon s e .
Dasyatidae caeris leo;ryugnc tata X Neritic/intertidal LC
(n=6)
Pateobatis fai X Neritic VU 9 S,Co, W
P t“";’;‘l)‘;zz o QZJSIZZ;S x Oceanic LC 225,925
BATOIDS Taeniurops Taeniura Neritic/deep S, Co, W, S, Co, W,
(N =15) meyeni meyeni x x x benthic vu % 19 ¢ Wa 4 7 Wa 347,215
Mobulidae Mobula birostris Muntq X Muntq X Neritic/oceanic EN
n=1) birostris birostris
M?:lihﬁae ta%;ltjl?tl;;u X X Neritic/oceanic EN
ﬁi?;ll; [Z:;s X Neritic/oceanic VU 10 116 (5) S, W, Wa 5 S (‘j/\?a' w,
Myliobatidae
n= iobatis aquila X X X X eritic/oceanic
(n=2) Myliobatis aquil Neritic/ i CR
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. Shark Control . 1 Mariani
Present Study (1 = 65) Letourneur  Fricke et al. Kizska Wickel IUCN Red List Program Recreational Fishing et al. 2021
Family et al. 2004 2009 et al. 2009 et al. 2020
. (n=37) (n=39) (n =48) (n=64) . Status of . Mean . Mean Number of
(Nsumb.er of Species Habitat Conservation Nind TL/DL (se) Season N ind TL/DL (se) Season Reads
pecies)
Pristis pectinata X X X X Neritic/intertidal CR
Pristidae Pristis pristis Brlstzs X Brlstls X Wetlapd/ neritic/ CR
=3 microdon microdon intertidal
]?ATOID)S Pristis zijsron X Neritic/intertidal CR
N =15
Rhinidae Rhynchobatus R. R. R. R. L. S,Co, W, S,Co, W,
(n=1) australiae djiddensis djiddensis djiddensis djiddensis Neritic CR 51 1916 Wa 30 182(8) Wa 476,221
Torpedinidae Torpedo Neritic/intertidal/
n=1) fuscomaculata X X X deep benthic Db 3 5, Co, Wa
Unidentified specimens 61 18
Total number of individuals 869 420
Total number of individuals in summer (S) 302 201
Total number of individuals in winter (W) 249 110
Total number of individuals during transition periods (C, Wa) 218 109
Species richness 17 20
Species richness in summer (S) 11 14
Species richness in winter (W) 17 15
Species richness during transition periods (C, Wa) 11 14
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3.2. Composition and Size Distribution of the Catches

Catches of elasmobranchs occurred all around Reunion Island, but they were more
numerous on the west coast of the island, as that is the location of the shark control program
(Figure 1). During the study period (January 2016-December 2021), more than twice as
many elasmobranchs were caught within the shark control program (1 = 869) compared to
the catches recorded in the recreational fishing survey (n = 420), but the species richness
was nearly the same (1 = 20 for recreational fishing, 7 = 17 for the shark control program,
Table 1). In addition, the catch composition was very similar in these two fishing activities.
Over the 65 species of elasmobranchs listed, 24 were recorded in the total catches of the
shark control program and recreational fishing, which in fact represents nearly half (48.9%)
of all elasmobranch species when we remove all the species with a deep-benthic and/or an
oceanic habitat (16 species).

Indian Ocean

S15

REUNION ISLAND

Figure 1. Location of Reunion Island in the Western Indian Ocean (A) and location of the fishing
sites all around the island for recreational fishing (B) and on the west coast of the island for the shark
control program (C). Source: Google maps.

Overall, more sharks were caught than batoids in both the shark control program and
recreational fishing. The shark richness was higher in the shark control program, while
the batoid richness was higher in recreational fishing. In the shark control program, both
targeted species, bull sharks (C. leucas) and tiger sharks (G. cuvier), dominated the catches.
Taeniurops meyeni, S. lewini, and R. australize were the main by-catch. Sphyrna lewini, C.
leucas, T. meyeni, G. cuvier, and R. australize were the main catches by recreational fishers.

Although the catch composition had high similarities between both fishing activities,
the sizes of the individuals were very different for a given species (Table 1, Figures 2 and 3).
In the shark control program, the size distribution was not significantly different from
normality for the bottlenose wedgefish (W = 0.973, p = 0.3304) only (all other species p <
0.05). In recreational fishing, the round ribbontail ray (W = 0.842, p = 0.107) and the tiger
shark (W = 0.93, p = 0.612) had size distributions not different from the normality.
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Bottlenose Round

Tiger Bull
wedgefish ribbon tail ray

shark shark

Scalloped
hammerhead shark
Figure 2. Box plot of the size distribution of the catches of tiger shark Galeocerdo cuvier, bull shark
Carcharhinus leucas, scalloped hammerhead shark Sphyrna lewini, bottlenose wedgefish Rhynchobatus
australiae, and round ribbontail ray Taeniurops meyeni in the shark control program in black and
recreational fishing in grey. Medians, first, and third quartiles of the size distribution are represented.
*: Significant difference from the normal distribution.
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Figure 3. Size distribution of the catches of bull shark Carcharhinus leucas (A), tiger shark Galeocerdo cuvier
(B), scalloped hammerhead shark Sphyrna lewini (C), bottlenose wedgefish Rhynchobatus australiae (D),
round ribbontail ray Taeniurops meyeni (E) in recreational fishing and the shark control program.

Overall, the size of the individuals caught from the shore by recreational fishers
was significantly smaller than the individuals caught within the shark control program
(Kolmogorov-Smirnov p < 0.05 for all comparisons). For the bottlenose wedgefish and
the round ribbontail ray, the low number of measured individuals in recreational fishing
prevented any robust conclusion on the size distribution, yet all individuals caught by
recreational fishers were smaller than the size at maturity for both species (Figure 2).
Similarly, for scalloped hammerhead sharks, only individuals smaller than 100 cm were
recorded in recreational fishing, while the shark control program mostly caught individuals
larger than 160 cm. Interestingly, for the two species targeted by the shark control program,
both small and large individuals were caught from the shore and within the shark control
program, though smaller individuals were clearly more abundant in catches along the
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shore and larger individuals further offshore where the SMART drumlines are deployed
(Table 1, Figure 3).

3.3. Seasonal Variations in the Catches

Both in recreational fishing and the shark control program, sharks and batoids were
caught during all seasons. While this diversity of catches was nearly the same all year
round in recreational fishing, it was higher in winter for the shark control program. Eight
species were caught regardless of the season, among which the five most abundant were in
the catches (C. leucas, G. cuvier, T. meyeni, S. lewini, and R. australiae). Six species of sharks of
neritic and oceanic habitats were exclusively caught in winter, while only Squalus megalops,
a neritic-deep habitat species, was exclusively caught in summer (Table 1). In all cases, the
number of individuals was low, which limited the conclusion about the seasonal dynamics
of these species. Interestingly, one species, the smooth hammerhead shark Sphyrna zygaena,
was only caught in the winter in both recreational fishing and the shark control program.
The low number of individuals also prevented strong conclusions.

In recreational fishing, there was a clear seasonal pattern in catches for both bull
sharks and scalloped hammerhead sharks, which were higher between December and
February during the warming and summer months (Figure 4A). This seasonal pattern was
also observed in catches of the round ribbontail ray, though it was not as marked as in
the former species. Finally, no seasonal pattern was observed in catches of the bottlenose
wedgefish (Figure 4B).
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Figure 4. Percentage of total catches of bull sharks Carcharhinus leucas and scalloped hammerhead
sharks Sphyrna lewini (A) and round ribbontail ray Taeniurops meyeni and bottlenose wedgefish

Rhynchobatus australine (B) per month in recreational fishing.

4. Discussion
4.1. Elasmobranch Richness in Reunion Island and Species Conservation Status

Combining different sources of information allowed for updating the list of elasmo-
branch species in Reunion Island. The number of species is now evaluated at 65, with
50 species of sharks and 15 species of batoids, though uncertainties remain on the taxo-
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nomic identification and the real presence of some species. Similarly, a recent assessment of
the marine biodiversity of the Western Indian Ocean estimated 264 sharks and rays [41],
which is more than the 188 species recorded in an earlier review [42]. This difference in the
number of species highlights that accurately evaluating the marine biodiversity of a region
is challenging, even though it is fundamental to supporting effective fisheries management
and implementing efficient conservation plans for threatened species. This increase in
species diversity does not necessarily imply healthy populations, as suggested by the
overall status of conservation for most species. The species present in Reunion Island could
represent one-quarter of the total diversity of elasmobranchs in the Western Indian Ocean,
which is relevant considering the small size, young age, and position of the island. Yet this
is in agreement with the high diversity of fish already underlined for the island [26,28], and
the fact that the island is part of a marine biodiversity hotspot [22]. This number is close
to the 61 elasmobranch species documented for neighbouring Mauritius [30], an island
slightly smaller but older than Reunion Island, with a larger coral reef ecosystem, and
belonging to the same biodiversity hotspot.

Dusky sharks (Carcharhinus obscurus) and bottlenose wedgefish (Rhynchobatus aus-
traline) were not recorded in Reunion Island in previously published lists of fish [26,28-30].
For C. obscurus, the species was identified from one barcoded sample obtained from a
recreational fisherman and two unconfirmed records from the shark control program. The
species is present in Eastern Africa and Madagascar [30,43], but is not recorded in the
Seychelles [30,44] or Mauritius [30,45]. Due to its ecology and distribution in the region,
its presence in Reunion Island is plausible, but more investigation would help clarify
it locally. All published lists of species in Reunion Island indicated the presence of the
whitespotted wedgefish Rhynchobatus djiddensis, while according to our results, it is very
likely that the only wedgefish species present in the coastal waters of Reunion Island is
the bottlenose wedgefish R. australiae. In the artisanal catches of Mauritius, R. djiddensis
is recorded [45], but based on the misidentification in Reunion Island, it will be useful to
check their taxonomy. Wedgefishes are threatened globally [9] and catches in East Africa
and the Western Indian Ocean are declining, which is considered an indicator of population
reduction [46]. Therefore, it is necessary to clearly identify the species and define their
distribution to accurately evaluate their threats and conservation status and to implement
legislation that protects the proper species.

When all species with a deep-benthic or oceanic habitat are removed, the analysis
of the catches by recreational fishers and the shark control program reveals that nearly
50% of the shark and batoid species were caught during the study period. Five species,
C. leucas, G. cuvier, T. meyeni, S. lewini, and R. australinae, dominated the catches. These
species were all recorded in an eDNA survey around the island, with C. leucas, G. cu-
vier, and S. lewini being the three most frequently recorded species and having the high-
est eDNA read abundance [31]. Coral reef-associated species, such as C. albimarginatus,
C. amblyrhynchos, C. melanopterus, and T. obesus, were notably absent from the catches of
both recreational fishing and the shark control program, in agreement with the observations
made in the recent eDNA survey of the elasmobranch diversity around the island [31] and
in line with the prefectural decree protecting these species since 2015. The small size of
the coral reef in Reunion Island has likely limited its natural abundance around the island,
leading to a local intrinsic vulnerability. This result indicates that the populations of coral
reef-associated species have significantly declined as a main consequence of overfishing and
secondary to the degradation of their habitat, as observed on a global scale [7]. The isolation
of the island, combined with the small home range and high site fidelity to the reef habitat
of these species [12], limits the opportunities for outside individuals to replenish those lost,
explaining the low abundance of coral reef-associated sharks locally while there is a ban
on fishing. The absence of these species in catches is one of the major differences with the
catch composition of the artisanal fisheries of Madagascar [17,43,47], Mauritius [45], or
the Seychelles [44], where coral reef ecosystems are much more developed. Hammerhead
sharks and wedgefish are present in the artisanal catches of these countries, such as in
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Reunion Island. Among hammerhead sharks, both adults and young-of-the-year scalloped
hammerhead sharks are particularly abundant in catches in Reunion Island, suggesting
that the species could be locally abundant, as already noted by Mariani and coauthors [31].
The species has been assessed as critically endangered [48], and as such, the identification
of a possible healthy population in Reunion Island is of significant importance for the
conservation of the species. Similarly, in Reunion Island, mature individuals of R. australiae
are abundant in the catches, while there is a decrease in the catches of the fisheries in the
Western Indian Ocean [46], suggesting that Reunion Island could host a healthy population
that should be protected.

An important aspect to consider when discussing the diversity of elasmobranch species
present in Reunion Island is that there have been no official sightings around the island for
many of these species, at least over the last 25 years, and their status remains uncertain.
More prominent among these are blacktip reef sharks (Carcharhinus melanopterus), the three
species of sawfish (Pristis spp.), sicklefin lemon sharks (Negaprion acutidens), or even zebra
sharks (Stegostoma trigrinum) that have never been sighted but were only detected through
eDNA analysis at one station [31]. Future studies should aim to validate the presence of
these species in Reunion Island waters and investigate the vulnerability of local populations
of elasmobranchs in Reunion Island.

4.2. Spatial and Temporal Dynamics of the Catches of Elasmobranchs in Reunion Island

Overall, catch composition from the shore in recreational fishing and in coastal habitats
in the shark control program was very similar. Both fishing activities exploit primarily
neritic and neritic/oceanic species, while deeper species were rare in the catches. The main
difference was in the average size of the individuals, which was larger in the shark control
program than in recreational fishing. This difference in the size distribution of the catches
is partially related to hook size. In the shark control program, professional fishers target
the largest individuals, which are considered the most dangerous for ocean users, while
they tend to limit by-catches of vulnerable species that are usually smaller than bull and
tiger sharks. As such, they mainly used medium-sized circle hooks (18/0). Along the shore,
shallower waters naturally limit the presence of large individuals. In addition, recreational
fishers use mostly hand fishing rods, which also limits the size of their catches, though
some of them target large individuals successfully, as shown in the recreational fishing
survey. However, the absence of an insular plateau along most of the coastline of Reunion
Island favours the presence of large individuals and oceanic species nearshore, explaining
the presence of small and some large individuals in catches from the shore. Catches of
both small and large individuals suggest that some species are exploited at different life
stages in the coastal habitats of Reunion Island, and this can increase their vulnerability to
exploitation. This is particularly the case for bull sharks and scalloped hammerhead sharks,
for which adults and young individuals are caught in abundance.

The diversity of elasmobranchs caught during the study period was higher in the
winter. Seasonality in the catches per unit of effort of the shark control program was
already observed for giant trevallys, stingrays, bull sharks, and bottlenose wedgefish,
with a higher presence during the early winter period [49]. In the artisanal fishery in the
southwest of Madagascar, a peak in the numbers of sharks landed was observed in June
(early winter), but not in size or catch weight [43]. In recreational fishing, catches were
higher in the summer, but the fishing effort was unknown. Two factors could explain this
trend in the catches. First, recreational fishers favour the warm season to fish, especially
during the summer holidays. Second, the catches of young-of-the-year bull and scalloped
hammerhead sharks peaked during this season and represented more than 50% of the
catches. For bull sharks, this seasonal peak in summer is in agreement with females giving
birth at the end of the year in Reunion Island [50], and for scalloped hammerhead sharks,
this suggests that the birth period would also be in summer in Reunion Island, as already
shown in other locations [51,52]. This matching between the birth period and increase
in catches suggests that this higher abundance in the summer months is real, though it
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cannot be balanced by the fishing effort. In addition, for both species, young-of-the-year
are known to stay in nurseries during the first months of their life [53,54]. These nurseries
are in coastal waters close to or in estuaries, where the turbidity is high and the water
is shallow. This explains why the two species are heavily exploited during the summer
months by recreational fishing, as their nurseries are typically where recreational fishers
fish. Indeed, most of the catches are in the summer, during the rainy season, on the east
coast of the island and at one specific location in the southwest of the island, close to a
large river mouth. For both species, the catches of the shark control program seem to peak
during the mating period, and the catches of recreational fishing seem to peak shortly
after the period of parturition, suggesting that fishing activities could severely impact
local populations. Moreover, Niella and coauthors [49] showed that the catches per unit
of effort of bull sharks in the shark control program have significantly decreased over the
last decade, which reinforces the idea that the fishing pressure has already impacted the
local population. For the ribbontail ray, the seasonal pattern observed in the catches of
recreational fishing may be related to a higher fishing effort in summer, though seasonality
in the dynamics of the individuals is possible.

5. Conclusions

By combining different sources of information, this study updates the list of elasmo-
branchs in Reunion Island and highlights the high diversity of species relative to the age,
size, and geomorphology of the island. Efforts are still needed to stabilise this list of species,
as uncertainties remain concerning rare species. The status of conservation of these species
seems very contrasted, with coral reef-associated species nearly locally extinct, whereas
the critically endangered scalloped hammerhead shark seems to exhibit a rather healthy
local population. Although the insular plateau is very limited in size, a spatial segregation
between juveniles and adults was observed in catches from the shore and further offshore
within the shark control program. This suggests the existence of coastal nurseries for some
species, which is in agreement with the peak of catches for young-of-the-year bull sharks
and scalloped hammerhead sharks in summer. Targeted surveys will be useful to explicitly
identify key nursery areas where fishing pressures should be regulated. In the context
of global declines in elasmobranch biodiversity worldwide, clarifying the conservation
status and evaluating the degree of isolation of local populations are necessary to prioritise
research and conservation priorities.
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