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ABSTRACT

Aims: This study was to establish the feeding habits of silky shark Carcharhinus falciformis in
waters off Cote d’lvoire.

Study design: All stomachs of the specimens were collected using a standard method and
analysed at laboratory.

Place and Duration of Study: The study of the diet of C. falciformis was carried out at the
laboratory of the Oceanological Research Centre (ORC) between April 2019 and August 2020.
Methodology: To carry out this study, measurements and extractions of the stomachs of silky
sharks were performed using a tape measure and dissection kit. Diet was described using the Index
of Relative Importance (%IRIl). The food overlap between sexes, size groups and marine seasons
were analysed using the Morisita index.

Results: A total of 265 specimens ranging in size from 79 to 254 cm total length were used. Of the
stomachs examined, 163 individuals had food contents (61.51%), whilst 102 were empty (38.49%).
The results indicated that silky shark has epipelagic and mesobathypelagic feeding habits, preying

*Corresponding author: E-mail: konankouadjustin@yahoo.fr;




N’Gouan et al.; ARRB, 36(8): 59-69, 2021; Article no.ARRB.71510

upon a wide number of prey taxa (33 species) but with a diet dominated by teleost fishes, especially
Thunnus albacares (60.62%IRI) and Katsuwonus pelamis (33.18%IRI). The Morisita index and the
Spearman rank correlation coefficient showed similarity of the diet between sexes (CA > 0.60; Rs =
0.776 and p = 0.001 and marine seasons (CA > 0.60; Rs = 0.658 and p = 0.001). The juveniles and
adults did not show any overlap. The Amundsen graphical (Fig. 3) analysis suggested that silky
shark displays specialist feeding behaviour in this area.

Conclusion: Diet consisted mainly of T. albacares and K. pelamis, the proportions of which varied
according to size and marine seasons. Carcharhinus falciformis is considered to be a specialist

predator.

Keywords: Carcharhinus falciformis; feeding habits; shark; waters off Céte d’lvoire; West Africa.

1. INTRODUCTION

The silky shark Carcharhinus falciformis (Muller
and Henle 1839) is one of the common
epipelagic sharks found throughout tropical and
subtropical waters. This species, as most sharks
are regarded as predators playing an important
role within marine ecosystems, maintaining the
balance of food webs, through the regulation of
prey populations of lower trophic levels [1,2]. It is
occasionally occurring inshore where the water is
as shallow as 18 m; in the open ocean it occurs
from the surface down to at least 500 m depth
[3]. The silky shark is one of the shark species
most frequently caught as a by-catch in the
longline and gillnet fisheries targeting the
swordfish and/or tunas in the North and
southwest Atlantic [4]. In recent years, their
abundance has declined drastically [5]. In 2007,
the IUCN Red List of Threatened Species
considered, the silky shark as globally near
threatened, and vulnerable in some areas, due to
continued decline in populations around the
world. Given their role, the disappearance of
these predators from marine ecosystems may
have consequences for their functioning and
resilience [1,2].

Studies on the trophic ecology, diet composition
and trophic level of sharks shed light on their life
histories, roles in marine ecosystems and
species distributions as well as energy flows, and
the impact of predation by different species [6].
Information regarding important feeding and
breeding areas identified by such studies are
used in conjunction with other biological studies
to develop appropriate strategies for the
conservation and management of shark species.
Food preference of predatory fish is complex and
influenced by many factors, such as available
prey and their mobility, prey abundance and size,
seasonal changes and environmental factors [7].
Determining the trophic relationships among
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species assists us to understand their community
organization and effect on ecosystem [8]. Food
ecology of C. falciformis is restricted to
subtropical and tropical inshore areas of the
Indian and Pacific Oceans [7,9,10,11]. These
works indicated a food spectrum including mainly
of bony fishes, cephalopods and crustacea.
Despite the importance of the silky shark as both
top predator and component of the bycatch, no
information can be found on its feeding habits in
the central eastern Atlantic and specifically off
the coastal waters of Coéte d’lvoire. Therefore,
this study aims to describe and quantify the diet
of C. falciformis based on stomach content
analysis and assess possible intraspecific dietary
overlap according to sexes, size groups and
seasons.

2. MATERIALS AND METHODS
2.1 Sampling and Laboratory Processing

Samples were obtained monthly at the fishing
harbour of Abidjan (Cbte d’lvoire), from catches
of the artisanal driftnet fishery operating between
latitudes 4°N and 5°N and longitudes 2.30°W
and 8°W from April 2019 to August 2020 (Fig 1).
The Duration of the tide was 4-5 days and the
fishing activities take place at night. Fishermen
used baited hooks in association with driftnet to
attract sharks. Before collecting the stomach
samples, each individual was sexed and the total
length (TL) was measured to the nearest 0.1cm
using a measuring tape. Stomach samples were

removed and kept frozen at -20°C for
further analysis in the biology laboratory
of the Oceanological Research Centre,
Abidjan.

Laboratory procedures consisted of thawing the
stomachs, separating the remaining food into
different categories of prey, identifying the prey
to the Ilowest taxonomic level possible,
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classifying the prey by digestion state according
to the following classification (1) fresh = prey that
could be identified by external characteristics
such as skin, scales, fins because they were
undigested; (2) intermediate = prey that had lost
some external characteristics (skin, scales); (3)
advanced = well digested prey that showed the
skeleton (fish) ; and (4) digested = fish skeleton
or beaks from cephalopods) [7] (Fig 2), weighing
the prey to the nearest 0.01 g, and enumerating
the prey when individuals were recognizable.
Fish categories were identified using the
identification guides of [12], [13] and [14]. For
cephalopods, all parts and lower beaks of
stomachs were used for prey identification by
comparison with field and beak identification
guides as well as personal cephalopod lower
beak reference collections [15,16]. Whenever the
identification based on morphological
characteristics was impossible, measurements
achieved on beaks as the lower hood length
(LHL) and lower rostrum length (LRL) or upper
hood length (UHL) and upper rostral length
(URL) were used to reconstruct the mantle length
(ML) and total weight, following regression
equations between the biomass and above sizes
of beaks [17,15]. All remaining foods or hard
parts of preys unidentified were classified into
category of undetermined preys. Fish and other
stomach contents with knife cuts were
considered as bait and eliminated in data
processing.

2.2 Data Analysis

Feeding was assessed using vacuity index as
follow:

100°0'0"
p—

_ Number of empty stomachs

%VI x 100 (1

Total number of stomachs

The contribution of each prey item to the diet was
evaluated using the Index of Relative Importance
(IRI). This index was described by [18] and
subsequently converted into a percentage (%IRI)
by [19]:

IRI=%F x (%N + %W) (2)

IRI

> IRI

where, %N is the number and %W is the wet
weight of each food item, expressed as the
percentage of the total of each variable for all
prey items in the stomach contents; and %F is
the percentage frequency of occurrence of each
food item (presence-absence) in all stomachs
that contained food. The classification of prey
items followed the method of [20] Rosecchi and
Nouaze (1987). For this purpose, preys were first
sorted in decreasing order of importance
according to cumulative %IRI was calculated.
The first single item, or group of items, for which
cumulative %IRI was = 50% was regarded as the
preferred food. The %IRl values of other
important prey items were then added to that of
the preferred food until the %IRI reached 75%,
and these were regarded as secondary prey.
Food items between an %IRI of 75 and 100%
were regarded as incidental prey. The IRl was
compared among sexes, maturity groups and
seasons.

%IRI= x100
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Fig. 1. Study map showing landing and sampling sites for silky shark, Carcharhinus
falciformis
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The food Overlaps between sexes, size groups according to sexes, seasons and size groups.
and marine seasons were analysed using the This test was performed using the software
Morisita index [21]. Values between 0 and 0.29 statistica 7.1.

indicate a lower overlap, between 0.30 and 0.59

a medium overlap, and values over 0.60 show a 3. RESULTS AND DISCUSSION

higher overlap. Its formula is as follow.

n
_ 2R (P X Py) 4)
a n 2 n 2 3.1.1 Diet composition
(i1 Pix ¥ 2 =1 Piy)

3.1 Results
CA

A total of 265 specimens of which 128 males and
Where C, is the Morisita-Horn index, Py and Py 137 females ranged in size from 79 to 254 cm,
are proportions (based on %IRI) of a prey i | T were analysed. Of the stomachs examined,
consumed by the predators x and y respectively, 163 individuals had food contents (61.51%),
following the sex and marine seasons. To study  whilst 102 were empty (38.49%). Some
diet variation with fish size, specimens were gpecimens with regurgitated stomachs (13.92%)
divided into two categories according to the \vere found in catches. Several fishes were in an
maturity size of [22] (immature TL < 180 and  intermediate (state 2), and advanced digestive
mature: TL > Lsp, where Lg is the size at state (state 3) in the stomachs of sharks,
maturity). whereas cephalopods were in an advanced state
of digestion (state 4). Taxonomic analyses
included 21 fish species and 12 cephalopod
species belonging respectively to 12 and 10
families (Table 1). Teleost fishes were the
dominant prey group in the stomach contents
analysed, contributing to the overall diet of 98.61
%IRI, whereas cephalopods were considered as
incidental prey items (1.39 %IRI). Among teleost
fishes, the most important prey items were
0/ Q — Scombridae family represented by Thunnus
/08, _(Z Pi/z P)=100 () albacares (60.62 %IRI) and Katsuwonus pelamis
(33.18 %IRI). The other teleost fishes were minor
components (4.77 %IRI). In cephalopod species,
Loligo vulgaris (0.96 %IRI), Taningia danae (0.11

The Spearman’s rank correlation coefficient (Rs) ~ %IRI) and Sepia officinalis (0.09 %IRI) were
was used to test the similarity of the diet More consumed.

§

Feeding pattern was assessed using the
graphical analysis propose by [23] which
provides information about prey importance and
the predator feeding strategy by comparing a
two-dimensional graph of prey-specific
abundance (%S;) plotted versus frequency of
occurrence %0O. The prey-specific abundance
was determined through following formula:

Where P; = weight of the prey i and P = total
weight of preys into stomach containing prey /.

E

|,

Fig. 2. Images showing (A) empty stomach and the state of digestion (B = state 1; C = state 2;
D = state 3; E = state 4)
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Table 1. Prey composition of the silky shark Carcharhinus falciformis caught in coastal waters
of Céte d’lvoire, with their occurrence percentage (%0), numerical percentage (%N), weight
percentage (%W), index of relative importance (% IRI) and specific abundance index (% Si)

Global
Families Species %0 %W %N %IRI %Si
Teleost fishes 89.53 86.21 85.39 98.61 -
Bramidae Brama brama 0.58 0.34 1.37 0.02 15.69
Scombridae Acanthocybium solandri 0.58 0.68 0.46 0.02 25.68
Katsuwonus pelamis 26.28 23.07 26.48 33.18 73.95
Thunnus albacares 29.07 41.65 24.20 60.62 93.84
Euthynnus alletteratus 1.74 1.32 1.37 0.1 26.58
Auxis thazard 2.33 0.85 2.28 0.11 84.99
Sarda sarda 6.98 4.89 6.85 1.85 58.89
Unidentified tunas 7.56 4.60 8.22 1.98 79.67
Lobotidae Lobotes surinamensis 0.58 0.24 0.46 0.01 24.35
Carangidae Seriola carpenteri 2.91 0.73 2.28 0.10 86.93
Caranx crysos 1.74 1.1 1.83 0.11 81.44
Caranx hippos 1.16 1.19 1.83 0.10 54.57
Trachurus trachurus 0.58 0.40 0.46 0.01 31.00
Echeneidea Remora remora 0.58 0.24 0.91 0.01 2212
Sparidae Pagellus bellottii 0.58 0.51 0.46 0.01 21.59
Trichiuridae Trichiurus lepturus 0.58 0.34 0.46 0.01 29.45
Sphyraenidae Sphyraena guachancho 0.58 0.39 0.91 0.02 43.64
Tetraodontidae Lagocephalus 0.58 0.32 0.46 0.01 10.05
lagoceohalus
Diodontidae Diodon holocanthus 1.74 0.55 1.37 0.05 49.82
Dactylopteridae Dactylopterus volitans 0.58 0.59 0.91 0.02 46.88
Albulidae Elagatis bipinulata 2.33 2.33 1.83 0.26 43.30
Cephalopods 10.47 13.66 14.61 1.39 -
Loliginidae Loligo vulgaris 2.9 4.20 5.48 0.96 57.33
Lepidoteuthidae Lepidoteuthis grimaldii 0.58 1.63 0.91 0.06 36.81
Ommastrephidae Martialia hyadesi 0.58 1.36 0.91 0.06 44.39
Eucleoteuthis luminosa 0.58 0.24 0.46 0.01 14.88
Octopoteuthidae Taningia danae 0.58 2.76 0.91 0.1 100.00
Chiroteuthidae Chiroteuthis veranyi 0.58 0.30 0.46 0.01 0.66
Ancistrocheiridae Ancistrocherus lesueuri 0.58 0.25 0.46 0.01 50.57
Cranchiidae Teuthowenia pellucida 0.58 0.31 0.46 0.01 100
Histioteuthidae Histioteuthis miranda 0.58 0.52 1.37 0.02 88.38
Histioteuthis atlantica 0.58 0.49 1.37 0.03 85.12
Onychoteuthidae Onychoteuthis banksii 0.58 0.69 0.46 0.02 1.39
Sepiidae Sepia officinalis 1.74 1.06 1.37 0.09 75.21

3.1.2 Diet interactions between sexes, size
groups and marine seasons

The trophic spectrum of both females and
males consisted of teleost fishes and
cephalopods (Fig 3). The most important prey
species for females and males were T. albacares
(52.95 and 55.43 %IRI, respectively), K. pelamis
(38.79 and 34.58 %IRI) and L. vulgaris (1.34 and
2.03 %IRI). Males also consumed Sarda sarda
(1.18 %IRI), Elagatis bipinulata (0.89 %IRI),
Diodon holocanthus (0.49 %IRI) and Caranx
crysos (0.43 %IRI).
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Regarding size groups, immatures mainly fed on
K. pelamis (61.12 %IRI), T. albacares (29.93 %
IRI), S. sarda (2.24 %IRI) and L. vulgaris (1.56
%IRI). In Matures, the main prey items were T.
albacares (88.33% IRI), K. pelamis (4.17 %IRI),
L. vulgaris (3.13%IRI), T. danae (2.95 %IRI) and
E. bipinulata (1.43 %IRlI).

Concerning seasons, prey diversity for silky
shark collected was highest in cold season (Fig
3). The main prey items in diets were similar in
both seasons but the proportions varied greatly
between the cold and warm seasons. In cold
season, the diet was exclusively dominated by T.
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albacares (42.91 %IRI), K. pelamis (48.83 %IRI)
whereas S. sarda (3.81 %IRI), L. vulgaris (1.14
%IRI), Taningia danae (0.09 %IRI), Seriola
carpenteri (0.32 %IRI) and Caranx crysos (0.18
%IRI) were eaten incidentally. In warm season,
the diet was also dominated by K. pelamis (24.88
%IRl) and T. albacares (34.71 %IRI) but their
quantity decreases in favour of L. vulgaris (17.79
%IRI), A. thazard (4.42 %IRIl) and E. bipinulata
(3.74 %IRI).

100
90
80

The Morisita-Horn index indicated a high trophic
overlap between sexes (CA 0.997) and
seasons (CA= 0.658), whereas there was
medium overlap between size groups (CA
0.466). The Spearman’s tests were
significant between sexes (Rs 0.776;
p = 0.001) and seasons (Rs = 0.950; p = 0.001)
but not according size groups (Rs 0.8;
p=0.2).

Males

Females
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# Loligo vulgaris

- Thunnus albacares

< Sepia officinalis

# Auxis thazard

% Caranx hippos

® Ancistrocherus lesueuri
& Eucleoteuthis luminosa
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= Martialia hyadesi
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& Katsuwonus pelamis
 Trachurus trachurus
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% Lagocephalus lagoceohalus
# Taningia danae

Fig. 3. Index of Relative Importance (%IRI) for prey items of silky shark according sex (males
and females), size (TL < 182; TL > 180) and marine season (cold and warm seasons) in coastal
waters of Cote d’lvoire
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3.1.3 Food strategy

The Amundsen graphical analysis suggests that
silky shark displays specialist feeding behaviour
that focuses on T. albacares and K. pelamis (Fig
4, upper and left side) followed by S. sarda.
Other teleost fishes namely Lobotes
surinamensis, Brama brama, S. carpenteri, Auxis
thazard, Acanthocybium solandri, Caranx hippos,
Pagellus bellottii, Trichiurus lepturus, etc. and
cephalopods such as, L. vulgaris, T. danae,
Eucleoteuthis luminosa, Histioteuthis atlantica,
Eucleoteuthis luminosa, Chiroteuthis veranyi,
were of little importance because of their low
specific abundance and occurrence (Fig 4, lower
left).

3.2 Discussion

The present study addresses food preferences,
feeding strategy, trophic ecology and dietary
overlap between sexes, size groups and seasons
of silky shark in waters off Coéte d’lvoire. The
relatively high percentage of empty stomachs
(38.49%) recorded in this study is common to
most shark species [25,7] as some sharks may
regurgitate their food upon being captured [26]
and some prey may be digested between
capture and sampling. A high incidence of empty
stomachs may also reflect a long time between
capture and examination [27,28,29]. According to
[27], this high incidence of empty stomachs
largely depends on fishing gear. Our study
showed that the duration of the tide was 4-5 days
and silky shark was caught using baited hooks to
attract sharks with empty stomachs which cause
high stress at the time of capture, often resulting
in the regurgitation (13.92%) of stomach
contents. This may partly explain the large
number of empty stomachs. Moreover, fishing
takes place at night, when most of their feeding
occurs; this may result in a higher frequency of
empty stomachs [28].

Most of fish were encountered in a state of
intermediate or advanced digestion (states 2 and
3), while cephalopods showed mostly a state of
advanced digestion (state 4). The states of prey
digestion observed here suggest that this
species feed constantly in the area. This
behaviour has been observed in coastal regions
of the Mexican Pacific [30] and in the equatorial,
eastern and mid-eastern Pacific Ocean [9].

The stomach content analysis in our study clearly
reflects the importance of teleost fishes as an
important food item in the diet of silky shark. The
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most important prey species were Scombridae
family represented by K. pelamis (33.19 %IRI)
and T. albacares (60.65 %IRI), making them
piscivorous. This is probably associated with the
active swimming up to 3000 km [31] and
aggressive of the species, which allows it to
capture prey with high locomotion [3].
Cephalopod species, namely L. vulgaris, T.
danae, E. luminosa, H. atlantica and E. luminosa
were rare or incidental food. The findings of the
current study align well with those of [10] in
Western Indian Ocean who found that silky shark
ate mainly teleost fishes, principally members of
Scombridae and Carangidae families. However,
this observation is in contrast with observations
made elsewhere in the world. In Colombia waters
and Pacific Ocean, the main prey includes
members of the Scombridae and Coryphaenidae
families, the coastal cephalopod Loligo sp., a
small percentage of crustaceans (Euphylax
robustus) and sea turtles (Chelonia mydas)
[32,9,33]. In near-shore areas off Mexico, [7]
reported that silky shark eats mainly red crabs
(Pleuroncodes  planipes), chub  mackerel
(Scomber japonicus) and Humboldt squid (D.
gigas). Food preference of predatory fish is
complex and influenced by many factors, such as
available prey and mobility, prey abundance,
prey energy content, prey size selection, and
seasonal changes [34,35]. In view of the
foregoing, silky shark can adapt its diet to the
availability of food resources, which change in
space and time. [36] reported that when food is
abundant, sharks behave as selective feeders,
maximizing the energy consumed. When food is
limited, sharks are generally opportunistic
feeders, able to use a wide variety of prey from
different habitats throughout the vyear. The
difference in diet of this species could also
depend on the physiological stage of the fish, as
juveniles are more frequent in areas near the
coast, where they consume abundant and easy
(e.g. epipelagic crustaceans) prey to save energy
during capture; while adults are in oceanic
waters feeding on big prey such as tuna, which
supply more energy. Although the individuals
captured in this study are mainly juveniles, their
diet is composed of prey from oceanic waters (for
example tuna) because artisanal canoes in Céte
d'lvoire make their catches in oceanic areas. The
preys consumed by silky shark were classified as
epipelagic fishes (e.g. T. albacares and K.
pelamis) and benthopelagic (e.g. L. vulgaris and
T. danae), which are characterized by being
distributed at 0-500 m and 385-395 m depth,
providing further evidence that this species
undertakes vertical migrations in the water
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column. [37] reported that silky shark dived to
depths greater than 300 m, with a maximum
recorded depth of 1112 m.

In this study, no difference was found in the diet
of C. falciformis, indicating that males and
females feed on similar prey species in the same
area, or males and females use the same
feeding location. On the other hand, even if the
main prey in diets were similar in both seasons,
prey diversity was highest in cold season and the
proportions of teleost fishes decreased slightly in
favour of cephalopods during warm season. Silky
shark feeding patterns indicated that this species

has a broad trophic niche, suggesting that they
make use of a variety of available resources.
Some studies reported that food preference of
predatory fish is complex and influenced by
factors, such as available prey and mobility, prey
abundance, prey energy content, prey size
selection, and seasonal changes [38,39]. When
food is abundant, sharks behave as selective
feeders, maximizing the energy consumed. In
contrast, when food is limited, sharks are
generally opportunistic feeders, able to use a
wide variety of prey from different
habitats throughout the year [40]. Based on the
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Fig. 4. Prey-specific abundance plotted against frequency of occurrence of prey species.
Explanatory axes (a) for foraging Patterns are those of [24] as modified from [23]. The two
diagonal axes represent the importance of prey (dominant vs. rare) and the contribution to the
niche width (high between-phenotype vs. high within-phenotype contribution); The vertical
axis defines the predator feeding strategy (specialist vs. generalist)

Al = Ancistrocherus lesueuri; As = Acanthocybium solandri; At = Auxis thazard; Ch = Caranx hippos; Cr = Caranx
crysos; Cv = Chiroteuthis veranyi; Dh = Diodon holocanthus; Dv = Dactylopterus volitans; Ea = Euthynnus
alletteratus; Eb = Elagatis bipinnulata; El = Eucleoteuthis luminosa; Ha = Histioteuthis atlantica; Hm =
Histioteuthis miranda; Kp = Katsuwonus pelamis; Lg = Lepidoteuthis grimaldii; LI =Lagocephalus lagocephalus;
Ls = Lobotes surinamensis; Lv = Loligo vulgaris; Mh = Martialia hyadesi; Ob =Onychoteuthis banksii; Pb =
Pagellus bellottii; Ss = Sarda sarda; Sc = Seriola carpenteri; Sg = Sphyraena guachancho; So = Sepia officinalis;
Ta = Thunnus albacares; Td = Taningia danae; Tl = Trichiurus lepturus; Tp = Teuthowenia pellucida; Ut =
Undetermined tuna
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Amundsen graphical analysis, C. falciformis is
considered as a selective or specialist predator,
ingesting a wide variety of prey types. This is
consistent with [41], [7] and [9], who considered
C. falciformis as a specialist predator, because
although consuming many preys, some preys are
more important in diet following to sexes and
seasons. The classification of C. falciformis as a
specialist predator elsewhere is most likely due
to the local abundance and availability of prey
species [9] and suggests that this species indeed
fulfil the role of generalist predators in the Gulf of
Tehuantepec. [9] examining a large number of
stomachs from eastern Pacific Ocean concluded
that it is indeed an opportunistic feeder in this
region.

4. CONCLUSION

The information presented here serves as a
strong base for increasing our understanding of
the trophic ecology of silky shark found in waters
off Céte d’lvoire. Diet consisted mainly of T.
albacares and K. pelamis, the proportions of
which varied according to size and marine
season. The silky shark C. falciformis is
considered to be a specialist predator, ingesting
a wide variety of prey types which seems to be
associated with prey availability in the area.
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