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Abstract Cookie-cutter sharks (Isistius sp.) are small
squaloid sharks that live in tropical and sub-tropical
oceans. Their name comes from their unique tactic of
feeding, which enables them to parasitize marine mega-
fauna, like cetaceans. Due to their morphological and
anatomical characteristics, they are responsible of crater-
like wounds on the skin of marine mammals. Little is
known on Isistius sp. around the globe especially in Mar-
tinique, which represents a potential habitat. Themain goal
of this study was to assess the impact of cookie-cutter
sharks on cetaceans by determining (1) seasonal changes
in the occurrence of bites, (2) intra- and interspecific
differences in frequencies and locations of bites among
the different species of cetaceans, and (3) link behavior
patterns of both cookie-cutter sharks and cetaceans. Data
were collected from a 3-year photo-identification database

of Cetaceans in Caribbean coast of Martinique. 431
wounds of various stages on 396 individuals from nine
species of marinemammals were recorded. Results did not
show any significant variation in the occurrence of wounds
between seasons. Intermediate state was more important,
most injuries were observed on the SCF (Superior Central
Flank) (62.40%) and in a lesser extent on young individ-
uals (3.25%). The predation of cookie-cutter sharks on
different cetacean species has been confirmed consistently
in Martinique. Further studies are required with both sci-
entists and fishermen to better understand their specific
role in this marine ecosystem.
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Introduction

Interactions between sharks and marine fauna are of
great interest to scientists but still poorly known
(Motta and Wilga 2001). For example, cookie-cutter
sharks (Isistius sp.) are known to be predators for nu-
merous species, but heir pelagic and nocturnal lifestyle
makes their direct observation very difficult (Jones
1971; Heithaus 2001; Papastamatiou et al. 2010;
Wenzel and Suárez 2012). Consequently, biology and
ecology of cookie-cutter sharks are sparsely document-
ed, and mainly based by-catch or based on the patterns
and frequency of bites on alive or stranded prey
(Papastamatiou et al. 2010). Isistius sp. are pelagic little
squaloid sharks reaching about 50 cm in maximum total
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length (Nakano and Tabuchi 1990; Papastamatiou et al.
2010; Ebert et al. 2015). For I. brasiliensis, size at birth
is 14–15 cm, males are mature at 31–37 cm, females at
38–44 cm, maximum total length is 39 for males and
50 cm for females (Ebert et al. 2013). For I. plutodus,
maximum total length is 34 cm for males and 42 cm for
females (Ebert et al. 2013). Evolution endowed them
with unique morphological and anatomical characteris-
tics, which involved a specific foraging and feeding
behavior (Strasburg 1963; Jones 1971; Motta and
Wilga 2001).They are known to be responsible of a
characteristic oval, oblong or C-shaped wounds on the
skin surface of their prey, (Best and Photopoulou 2016).
These singular shapes of the bite is due to their powerful
mouth, teeth, tongue and modified pharynx (Jones
1971; Jahn and Haedrich 1988; Hayashi et al. 2015).
Once close enough to their prey, cookie-cutter sharks
clings to them with their sucking lip and their sharp
lower teeth, and remove a piece of flesh by a revolution
of the whole body (Jones 1971;Compagno 1984;
Heithaus 2001). The dorsal part of their body is dark
brownish-grey and their body is covered with a system
of ventral photophores, except near gill slits, where there
is a band of pigmented cells instead (King and Ikehara
1956). Thus, by remaining motionless, they could lure
the prey or mimic bio-luminescent squids (Jones 1971;
Compagno 1984; Wenzel and Suárez 2012; Claes et al.
2014). Therefore, despite their small size, cookie-cutter
sharks can predate various organisms much larger than
themselves, including other sharks (Hoyos-Padilla et al.
2013), pelagic fish (Papastamatiou et al. 2010), pinni-
peds (Le Bœuf et al. 1987), and cetaceans (Jones 1971;
Dwyer and Visser 2011; Wenzel and Suárez 2012). The
latter group seems to be the most frequently observed
with crater-like wounds (Dwyer and Visser 2011).

Actually two species of the genus Isistius are clearly
identified in the Carribean Sea: the cookie-cutter shark
(I. brasiliensis; Quoy and Gaimard 1824) and the
largetooth cookie-cutter shark (I.plutodus) (Garrick
and Springer 1964; Ebert et al. 2013; Petean 2014).
Both species induce crater-like wound on the skin sur-
face of marine mega-fauna (Jones 1971; Dwyer and
Visser 2011). However, the wound pattern slightly dif-
fers from one species to another (Pérez-Zayas et al.
2002; Dwyer and Visser 2011). Moreover, I. plutodus
is less frequently captured and is only described from 10
specimens (Zidowitz et al. 2004; Ebert et al. 2015). This
suggests that their distribution is more limited, they are
less numerous or they don’t have the same ecological

niche (Wenzel and Suárez 2012). Although
I. brasiliensis seems to be wider distributed, the
bitemarks found on cetaceans in our study case may
be caused by the two species of the genus.

Cookie-cutter sharks inhabit epipelagic to bathypelagic
waters, and are known to proceed in diel vertical migra-
tions, especially during the night (Compagno 1984;
Papastamatiou et al. 2010). They are more abundant
throughout tropical and sub-tropical oceans, especially
near islands (King and Ikehara 1956; Strasburg 1963;
Compagno 1984). Martinique is a tropical island situated
between Caribbean Sea andAtlantic Ocean, hosting a high
specific diversity, making it a potential favorable habitat
for cookie-cutter sharks (CEPF 2011). Indeed, in addition
to a variety of sharks and other fish species, 26 different
species of cetaceans can be observed, therefore as many
potential prey (Petit and Prudent 2010; Mayol et al. 2016).
In our study, we have observed 12 of them including:
Pantropical spotted dolphin (Stenella attenuata), Fraser’s
dolphin (Lagenodelphis hosei), Short-finned pilot whale
(Globicephala macrorhynchus), Bottlenose dolphin
(Turs iops truncatus ) , Melon-headed whale
(Peponocephala electra), Risso’s dolphin (Grampus
griseus), Rough-toothed dolphin (Steno bredanensis), Kill-
er whale (Orcinus orca), Clymène dolphin (Stenella
clymene), Sperm whale (Physeter macrocephalus), Dwarf
sperm whale (Kogia sima), and Humpback whale
(Megaptera novaeangliae). Finally, we focused only the
four more frequently observed species of cetaceans:
S. attenuata, L. hosei, G. macrorhynchus and
T. truncatus, or/and individuals with the most numerous
bites.

Our main goal was to study the impact of cookie-
cutter sharks on cetacean species from Martinique by
determining (1) seasonal changes in the number of
bites, (2) intra- and interspecific differences in the
frequency and location of bites, and (3) link behavior
patterns of both cookie-cutter sharks and cetaceans
(Papastamatiou et al. 2010). This new data permit to
better know the ecological behaviour of the sharks of
the genus Isistius and attest their presence in the
waters off Martinique and may provide important im-
pacts on the behaviour and lifestyle of hunted cetacean
populations off Martinique (Heithaus 2001; Dwyer
and Visser 2011). The expected results of this study
have some limits to be determined: difficulty for in
situ direct underwater observations of cookie-cutter
sharks due to their little size and usual bathypelagic
habitat (Ebert et al. 2013).
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The determination at sea of cookie-cutter shark bites
on hunted cetaceans can also be difficult and have some
limits: difficulty to estimate the number of bitten ceta-
ceans individuals, the limited access of the whole body
of bitten cetaceans at sea (Papastamatiou et al. 2010).

Material and methods

Surveys were conducted weekly along the Caribbean
coast of Martinique, from 14°48’03 N; 061°19’92 W
to14°27’30 N; 061°07’70 W (Fig. 1). Data were col-
lected over 3 years, from 04/04/2013 until 01/04/2016.
To standardize the sampling effort, each survey lasted
5 h, from 08:00 to 13:00, aboard two different whale-
watching vessels: a Lagoon 421, a motorized sailing
catamaran, and a Monocap 30, equipped with a 340
horse-power motor. The monitoring of cetaceans at sea
is led in accordance to the Charte d’approche et
d’observation des mammifères marins, an ethical charter
created in 2003 by theDirection de l’Environnement, de
l’Aménagement et du Logement de Martinique (DEAL),
which protects and limits cetaceans disturbance. Then,
at each cetacean observation, the following rules were
respected: boat speed (5 knots max. at 300 m distance
from the animals), observation duration (30 min) and no
animal was hurt, captured, killed, or harassed during the
surveys.

For every observation, recorded both temporal (date,
hour, observation duration), environmental (wind speed,
estimated visibility, sea state, GPS position, presence of
birds or wastes) in addition to biological data (species
observed, groups composition, groups size estimation,
presence of bitemarks or other identification criteria)
were recorded. At the same time, photographs and
videos were shot with a reflex digital Camera Nikon
D7100, 24MPixels (Tokyo, Japan, 2013), and a GoPro
HERO 3 (San Mateo, USA, 2001), respectively
(Durban et al. 2010; Bertulli 2015).

Photographs and videos were sorted by observation
date and treated with XnViewMp software (Version
0.79, Freeware) and QuickTime (Version 7.7.8, Win-
dows), respectively. First, worst quality images were
removed. Then, cetacean species observed were report-
ed on file, group size estimation, number of bites, and
age class of bitten individuals (young, immature, adults
or indeterminate) were recorded in a database, in order
to determine the proportion of individuals with cookie-
cutter sharks bitemarks. Image quality was defined as
follow: Bexcellent^ (clear photograph, with 70% to
100% visible flank), Bgood^ (clear photograph, with
30 until less of 70% visible flank), Bcorrect^ (slightly
diffuse photograph, with less of 30% visible flank),
Breasonable^ (diffuse or backlighting photograph) or
Bpoor^ (really diffuse or backlighting photograph). Ac-
cording to Dwyer and Visser’s (2011) protocol,
bitemarks were also categorized as Bassumed^ (bite
looks similar of those to Isistius sp.) or Bsuspected^ (bite
looks similar in shape but with less definition), and then
listed by bite stage: Bopen^ (fresh bite associated with
crater and pink coloration),Bintermediate^ (bite has not
completely closed, associated with a contraction of epi-
dermis) or Bscar^ (completely healed bite associated
with changes in coloration of skin pigmentation, Fig. 2).
To limit bias, suspected bites have not been used in this
study.

Location of each bite was also recorded in six areas
for both right and left side (Fig. 3): Superior Front Flank
(SFF); Inferior Front Flank (IFF); Superior Central
Flank (SCF); Inferior Central Flank (ICF); Superior
Back Flank (SBF); Inferior Back Flank (IBF;
Papastamatiou et al. 2010).

Statistical analyses were performed using Statistica
software 12.0 (Statsoft, Tulsa, OK). Data were normally
distributed and were tested prior to parametric or non-
parametric tests (Lilliefors test). Time spent to the sam-
pling effort and total number of bites and open bitesFig. 1 Map of the study area (source: Google maps)
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were log-transformed respectively. We also used a
Kruskal-Wallis test instead of one-way ANOVA’s. Var-
ious ratio were calculated to:

– test seasonal changes in the sampling effort [sam-
pling effort each month (hours)/total sampling ef-
fort over 3 years (hours)],

– test seasonal changes in the total number of bites
and open bites for all species combined and for
S. attenuata (number of total or open bites each
month/number of total individuals each month)

– compare bites frequency between cetacean species
(number of total bites (or open bites) for species
«X» /number of total individuals for species «X»),

– determine proportions of bitemarks per individual
for each species (number of total bites (or open
bites) for species «X»/number of bitten individuals
for species «X»).

We also performed a Pearson Chi-square test to com-
pare bite frequencies with cetacean species. Focus was put
on both most commonly observed cetacean species (over
20 observations) and those individuals presenting the
highest occurrence of bites (over 15 bites), to detect

interspecific differences in bites location. Finally, we fo-
cused on most observed cetacean species, in order to have
a representative sample and detect intraspecific differences
in age class of bitten individuals. Eventually, we calculated
an index of presence for each species to reflect their
abundance and determine the likelihood of encountering
them per hour of observation (Flechet 2015):

Ip Xð Þ ¼
With Ip(X) = Index of Presence for species «X»;
Nobservations (X) = number of time species «X» was ob-
served; Es.total = total sampling effort (hours).

Results

We conducted 252 surveys, representing 1260 h of
sampling effort. We treated 16,168 image files, that
includes 15,957 photographs (98.70%), and 211 videos
(1.30%; Table 1). Regarding image quality, 27.5% were
qualified as Bgood^, followed by Bpoor^ (24.5%), cor-
rect (23.50%) Breasonable^ (19.40%) and finally only
5.56% of the images were Bexcellent^.

Fig. 2 Representation of bitemarks inflicted by cookie-cutter sharks to the three states; a. open bite; b. intermediate bite; c. scar bite

Fig. 3 Drawing of morphological cut of pantropical spotted dol-
phin (S. attenuata); a. LSFF: Left Superior Front Flank; LIFF: Left
Inferior Front Flank; LSCF: Left Superior Central Flank; LICF:
Left Inferior Central Flank; LSBF: Left Superior Back Flank;

LIBF: Left Inferior Back Flank; b. RSBF: Right Superior Back
Flank; RIBF: Right Inferior Back Flank; RSCF: Right Superior
Central Flank; RICF: Right Inferior Central Flank; RSFF: Right
Superior Front Flank; RIFF: Right Inferior Front Flank
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There were no significant monthly (p = 0.71), or sea-
sonal changes (p= 0.86) in the sampling effort during the
3 years (data not shown). From the 12 observed species
(Table 2) including a mean of 12,379 individuals (sd = ±
27.8). S. attenuatawas mostly observed (17.70%), follow-
ed by L. hosei (2.62%), P. macrocephalus (2.30%),
G. macrorhynchus (1.98%), T. truncatus (1.75%),
M. novaeangliae (0.63%) and P. electra (0.48%).
S. bredanensis was observed twice (0.16%) and
G. griseus, K. sima, O. orca, and S. clymene were only
seen once (0.08%). The largest number of cetaceans ob-
served was S.attenuata (9767 ± 26.35), followed by
L. hosei (1410 ± 32.09), G. macrorhynchus (507 ±
15.44), T. truncatus (316 ± 9.26), and P. electra (229 ±
23.91). The largest group size was that of L. hosei (mean =
42.71 individuals per observation), followed by
S. attenuata (mean = 41.92 individuals per observation).

Cookie-cutter shark bitemarks were recorded 431
times on 396 individuals, belonging to nine different
cetacean species. Frequency of bites showed significant
differences among cetacean species (p < 0.05).
S. attenuata presented the highest number of occurrence
of Isistius sp. bites (314 bitemarks) relatively to the
sample size. G. griseus showed the highest percentage
of individuals with bitemarks within species (25.0%)
followed by M. novaeangliae (18.18%). No bite was
observed in the following species: K. sima, O. orca,
S. clymene. Only 18 individuals (4.55%) had multiple
bitemarks, M. novaeangliae had the highest bites fre-
quency per individual (ratio = 2.50 bites per individual),
followed by G. macrorhynchus (ratio = 1.79 bites per
individual; Table 2).

In terms of bite stages, a majority of intermedi-
ate bites were recorded (45.2%), followed by scar
bites (35.3%) and to a lesser extent open bites
(19.5%). Almost half of bitten individuals’ class
age could not be determinate (indeterminate =
49.9%). Indeed, as dolphins swam fast, and stayed

very shortly in surface, it was really difficult to
take the whole body in picture, thus, it was some-
times difficult to discriminate immatures and adults
individuals from juveniles. From the known class
age individuals, 3.25% bitemarks were seen on
young individuals’ skin 25.1% on immature and
21.8% on adults (Table 3).

There were no significant seasonal differences in the
number of total bites and open bites all species com-
bined (Fig. 4), nor in the number of total bites and open
bites for S. attenuata (results not showed).

The majority of bites were mostly located on the
Superior Flank, whose 62.40% on SCF and to a lesser
extent on the SFF (19.72%), and on the SBF (10.44%).
The Inferior Flank were largely less bitten (ICF: 3.94%,
IFF: 2.08% and IBF: 1.40%, Fig. 5).

Location of the bites showed some differences
among the most observed species and the most
predated species. S.attenuata, L. hosei and
T. truncatus showed the same profile than all species
combined, with a majority of bites on the SCF
(66.60%, 58.97% and 83.35%; respectively), followed
by the SFF (17.50%, 10.26% and 11.77% respective-
ly), SBF (9.87% and 17.95% respectively) and a mi-
nority for inferior flankson the ICF (4.14% and 7.69%
respectively), IBF (1.27% and 2.56% respectively) and
IFF (0.64%, 2.56% and 5.88% respectively). No bites
were recorded in T. truncatus on the ICF, SBF and
IBF. Conversely, G. macrorhynchus showed a clear
different bites distribution, with much more occurrence
on the SFF and SCF (44.12% for both), fewer on the
SBF (8.82%) and IFF (2.94%) and no bites on ICF
and IBF (Fig. 6).

In S. attenuata, immature and adults individuals
showed higher number of occurrence all over the body
than juveniles. However, on the inferior central flank the
highest number of bites concerned young (30.77%) and
immature individuals (53.85%; Fig. 7).

Table 1 Synthesis of the data analysis

Number of
days

Sampling
effort (h)

Observation
duration (h)

Raw files Treated
files

Photographs 202
(80.16%)

1010 127.53
(75.77%)

27,462
(98.15%)

15,957
(98.7%)

Videos 50
(19.84%)

250 40.78
(24.23%)

517
(1.85%)

211
(1.3%)

Total of
records

252 1260 168,31 27,979 16,168
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Discussion

We present here the first study on Isistius sp. predation on
different cetacean populations in Martinique waters, in
order to better understand Isistius sp. cetaceans interactions
assuming that oval injuries presented on the cetaceans’
skin were caused the predaction acts of these little sealthy
sharks (Jones 1971; McSweeney et al. 2007; Best and
Photopoulou 2016). This new data permit to better know
the ecological behaviour of the sharks of the genus Isistius
and attest their presence in the waters off Martinique and
may provide important impacts on the behaviour and
lifestyle of hunted cetacean populations off Martinique
(Heithaus 2001; Dwyer and Visser 2011).

First, our study confirmed the presence and the op-
portunistic lifestyle of Isistius sp. regarding to the large

variety of cetacean species with bi temarks
(Papastamatiou et al. 2010). It is interesting to note that
all cetaceans with cookie-cutter sharks bitemarks were
squid eaters, excepted M. novaeangliae (Souto et al.
2007). Conversely to Papastamatiou et al. (2010), who
supposed cookie-cutter sharks migration during winter
period in Hawaii, we were not able to detect any seasonal
changes in the number of bites in our study. That suggests
the permanent presence of Isistius sp. population(s) in the
vicinity of Martinique, perhaps because their prey are
available in this area all year round (CEPF 2011). The
lower proportion of OPEN bite could be explained by a
short SCAR stage (Dwyer and Visser 2011).

Bitemarks per individual vary a lot between species,
and could be due to their respective ecological niche
(Shirai 2007; Culik 2010). In fact, asmore than 20 different

Table 3 Number of bites according to states and ages

Young Immatures Adults Indeterminate Number of bites

Open 3 21 19 41 84 (19.49%)

Intermediate 8 51 35 101 195 (45.24%)

Scar 3 36 40 73 152 (35.27%)

Total 14 (3.25%) 108 (25.06%) 94 (21.81%) 215 (49.88%) 431

Table 2 Synthesis of the three years data by cetacean species

Observed species Index of
presence (%)

Mean of total
individuals seen
(+/− sd)

Mean of
individuals
by group

Bitten
individualsa

Number of
bites/Number
bitten individuals

Percentage
of bites (%)c

S. attenuata 17.70 9767 (+/− 26.35) 41.92 300 (314) 1.05 3.07 (3.22)

L. hosei 2.62 1410 (+/− 32.09) 42.71 38 (39) 1.02 2.70 (2.77)

P. macrocephalus 2.30 53 (+/− 1.25) 1.77 2 (2) 1.00 3.77 (3.77)

G. macrorhynchus 1.98 507 (+/− 15.44) 18.78 19 (34) 1.79 3.75 (6.71)

T. truncatus 1.75 316 (+/− 9.26) 14.36 16 (17) 1.06 5.06 (5.38)

M. novaeangliae 0.63 11 (+/− 0.52) 1.38 2 (5) 2.50 18.18 (45.46)

P. electra 0.48 229 (+/− 23.91) 38.17 15 (16) 1.07 6.55 (6.99)

S. bredanensis 0.16 39 (+/− 26.16) 19.50 1 (1) 1.00 2.56 (2.56)

G.griseus 0.08 12 – 3 (3) 1.00 25.00 (25.00)

K. sima 0.08 1 – 0 0.00 0.00 (0.00)

O. orca 0.08 15 – 0 0.00 0.00 (0.00)

S. clymene 0.08 20 – 0 0.00 0.00 (0.00)

Total – 12,379 (+/−27.76) – 396b(431) 1.09 70.64 (11.31)

a Number indicate the number of individuals, number in brackets indicate the number of bites: 18 individuals (4.55%) presented multiple
bites
b Including 13 young (3.28%), 99 immatures (25.00%), 83 adults (20.96%), 201 indeterminate individuals (50.76%).
c Number indicate the percentage of individuals with bites, number in brackets indicate the percentage of bites
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marine mammals species can be observed in Martinique
waters, some of them are residents, i.e. same animals are
observed all the year, as it is the case for S. attenuata and
P. macrocephalus. Others species are encountered punctu-
ally, like L. hosei, G. macrorhynchus, T. truncatus, or
migrate from North Atlantic to tropical region like
M. novaeangliae. Consequently, species were not ob-
served on the same frequency, and those very rarely ob-
served or with low number of total individuals seen were
not necessarily representative of the real population. For
example, K. sima, O. orca, S. clymene were cetacean
species surveyed for which no bites were observed in
Martinique whereas several records exist worldwide
(Jefferson and Curry 2003; Adam 2010; Dwyer and
Visser 2011; Wenzel and Suárez 2012).

Our results demonstrated strong interspecific differ-
ences in the distribution pattern of bitemarks. Indeed,

the head of G. macrorhynchus is more exposed to
Isistius sp. bitemarks. This could be explained by abun-
dant fatty tissue in their bulbous melon (Litchfield and
Greenberg 1974; Culik 2010). They are also known to
hunt between 500 and 800 m depth exclusively at night,
and thus are more exposed at this ectoparasite (Baird
et al. 2002; Stevens 2013). Moreover, they occasionally
eat little sharks that lead them more vulnerable as they
attack them (Heithaus 2001). Similar descriptions have
been realized for P. macrocephalus in the literature,
while we did not observed the same pattern in our study
(Clarke 1978; Evans et al. 2002; Best and Photopoulou
2016). This difference between our results and those
observed from other studies could be explained by the
fact that we used essentially picture taken outside from
water and sperm whales do rarely show their head
outside from water.

Fig. 4 Graphical representation of (a) total bites and (b) OPEN bites seasonally, all species combined

Fig. 5 Graphical representation
of the percentage of bites location
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Smaller cetaceans, like dolphins showed the great ma-
jority of bitemarks on SCF. Unlike the head or the fluke,
flanks do not present any defense system and are less
dynamic. That enables cookie-cutter sharks to feed with
less risks and more success. This is also the largest part of
the cetacean’s body, which contains abundant blubber, i.e.
a rich energetic substance (Struntz et al. 2004; Wenzel and
Suárez 2012). S. attenuata, L. hosei and T. truncatus share

similar ecological niche and they are often observed to-
gether during their travel that could explain some similar-
ities in the location of bites (Culik 2010). Our results were
similar with those in the literature. Souto et al. (2007)
proposed the pattern distribution as follow: B20% was in
the ventral part. The areas most subject to attack in ceta-
ceans were: flanks 40%; head and abdomen 20% each;
dorsal 15%; and genital with 5%^. We have some limits to

Fig. 6 Graphical representation of the proportion in bites location in S. attenuata; L. hosei; G. macrorhynchus; T. truncatus

Fig. 7 Graphical representation of the percentage of bites according to the age and location in S. attenuata
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have such complete attempted results we searched due to
the limits of our chosen protocol, the whole body of the
bitten cetacean can’t be observed and 5.56% of the used
images are excellent in the large amount of exploitable
images (98.70%).

It is interesting to notice that most of cetacean species
encountered in big groups (S. attenuata and L. hosei)
seemed to present fewer bites per individual and, conse-
quently, a lower percentage of bites than those in smaller
group (M. novaeangliae and G. macrorhynchus). That
suggests the benefits of the dilution and the collective
predator’s detection action by cetaceans living organized
in pods, though to be attacked mainly during foraging
activity (Hoezel 2009). The size of the prey can also
explain the amount of bitemarks by species, large species
as humpback or pilot whales present a larger body surface
to be bitten than the two dolphins species.

We also noticed differences in bitemarks per individ-
ual by cookie-cutter sharks according to the individuals
age, as described by Carrier et al. (2012), where the
predation is based on age class and sex. Main of
bitemarks observed on immature and adults individuals
could be linked to their deepest foraging tactic than
younger ones, leaving them more prone to encounter
Isistius sp. Also, on 18 individuals with multiple scars,
just one animal was a juvenile (with two bitemarks),
suggesting that more mature individuals accumulate
more bites in their live (Dwyer and Visser 2011;
Wenzel and Suárez 2012). Perhaps, young individuals
are also better protected by adults, and bitten at the
surface at night during the nycthemeral migrations of
Isistius sp. (Gallo-Reynoso and Figueroa-Carranza
1992). When we focused on S. attenuata, we observed
that young and immature individuals were, in propor-
tion, those more bitten on ICF. These results can be
explained by their playful behavior in surface, allowing
the photography of this part more conspicuous than
adults when were observed.

To our knowledge, it’s the first study which attempt to
characterize cookie-cutter sharks bites on living cetaceans
in Caribbean waters, certainly because it can present nu-
merous difficulties and potential bias (Best and
Photopoulou 2016). Indeed, the number of bites is certain-
ly underestimated because only one part of the body is still
visible during observation. The population size was also
very difficult to estimate, and was only based on seen
individuals. Given that some populations are sedentary,
then some individuals were maybe counted several times.
Moreover, the protocol has not always been well adapted

to all cetacean species. For example, P. macrocephalus
were really discreet on surface water, and it was rare to
see more than 30% of their body. Also, it has been thought
that they heal more rapidly than other species (Best and
Photopoulou 2016).L. hoseiwere often seen in large group
pod, leading difficult for a precise observation of each
individuals and some bitemarks may be hidden.

Finally, the real impact of Isistius sp. on cetacean
population is still not properly understood and more
serious consequences are surely overlooked
(Luksenburg 2014). We know that sharks attacks influ-
ence group and size composition, and individuals’ be-
havior (Heithaus 2001; Motta and Wilga 2001). The
serious wounds due to cookie-cutter sharks bites may
weaken bitten cetaceans, more especially young indi-
viduals (Carrier et al. 2012). Then, they are perhaps least
able to defend themselves against cookie-cutter sharks,
other species of predators – others sharks or orcas -
attacks or are more prone to infection. This phenomenon
could potentially lead to a decrease in the size and
diversity of the cetacean populations.

Nevertheless, our results described for the first time
interaction of Isistius sp. with different cetacean popu-
lations in Martinique waters. Finally, Isistius sp. are
themselves sometimes consumed by other animals
(one have been found in tuna stomach: Best and
Photopoulou 2016). Thus, in order to better understand
dynamics, behavior and interactions of cetaceans and
cookie-cutter sharks, it’s important to increase coopera-
tion with both scientists and fishermen.
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