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Necrophagy of a nurse shark (Ginglymostoma cirratum)
by tiger shatks (Galeocerdo cuvier)
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Abstract

The aim of this study is to report a scavenging event, involving the consumption of a nurse shark, Ginglymostona
cirratum, by tiger sharks, Galeocerdo cuvier, at Fernando de Noronha archipelago, Brazil. Recreational divers found
and photographed a bitten nurse shark carcass, just after sighting two tiger sharks near of the site. We estimated
the sharks total lengths and discussed aspects of this feeding interaction using of images of forensic analysis. A
straight cut on the nurse shark caudal fin, whose total length was estimated as 200 cm, suggest that it was caught
by illegal fishing. A skin peeling process on the nurse shark fins indicates that the tiger sharks consumed it after its
death, in a scavenging event. This is the first published report of a scavenging event involving the consumption of
an elasmobranch by tiger sharks, allowing a better comprehension of tiger sharks’ alimentary biology.
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Introduction

Many studies on predatory and/or scavenging
behavior of large sharks are based on the analysis of
bites and teeth marks left on dead floating or washed
ashore cetacean and turtle’s carcasses (Bornatowski
et al. 2012a) or on behavioral observations of white
sharks, Carcharodon carcharias (Linnaeus, 1758) and
tiger sharks, Galeocerdo cuvier (Peron & LeSueur, 1822)
feeding on cetacean carcasses (e.g. Bornatowski et al.
2012b, Taylor et al. 2012, Clua et al. 2013, Fallows et al.
2013). Studies focusing on interspecific or intraspecific
elasmobranchs’ feeding interactions are scarce, and
the behavioral and kinematic aspects of this feeding
activity remain almost unknown.
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The tiger shark has a circumglobal distribution
mainly in tropical and subtropical coastal areas
(Compagno 1984) and may reach body size up to
610 cm total length, TL (Castro 2011). The species
is anatomically adapted for consuming large preys
(Castro 2011). Several studies on the feeding habits
of this species show a highly diverse diet, including
preys such as invertebrates (mollusks, crustaceans),
teleost fishes, other elasmobranchs, tetrapods (turtles,
snakes, birds and mammals), as well as the ingestion
of man-made objects (Randall 1992, Simpfendorfer
1992, Lowe et al. 1996, Heithaus 2001, Simpfendorfer
etal. 2001, Ménard et al. 2013). Nonetheless, feeding
studies based on the examination of stomach
contents fail to discriminate whether such diet items
are obtained through active predation or scavenging
behavior. Although tiger sharks are known to
consume dead vertebrates, both of matine and
terrestrial origin, there are few published accounts
of scavenging behavior by this species as compared
to the number of diet studies (Gallagher et al.
2011) and no reports of the consumption of dead
elasmobranchs by this species.

The tiger shark is recorded all along the Brazilian
coast, especially in the northeastern coast, an area

where some recent shark attacks on humans have
been attributed to it (Gadig & Sazima 2003).

In Brazil, data on the feeding behavior of this
species are virtually unknown, with only five papers
focusing exclusively on tiger shark feeding habits
(Rosas et al. 1992, Gasparini & Sazima 1995, Di
Beneditto 2004, Shibuya et al. 2005, Bornatowski
et al. 2007). In addition Gadig (unpublished
data) found three elasmobranch species in tiger
shark stomachs in Northeast Brazil, two batoids
(Urotrygon sp. and Dasyatis sp.) and one small shark
(Mustelus sp.). Gadig (pers. communication) also
reported an opportunistic attack of a tiger shark
on a hooked specimen of Carcharhinus porosus
(Ranzani, 1839).

The present paper reports the consumption of a
nurse shark, Ginglymostoma cirratum (Bonnaterre, 1788),
by G. cuvier at the Fernando de Noronha archipelago,
northeastern Brazil, and points out that the event
represented a scavenging behavior, against the
alternative explanation of active predation.
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Material and methods

The evidences of this feeding event were based on
the forensic analysis of underwater images provided
by one of the divers (C. Rezende), as well on the
report of the visual observations of another diver
(J. T. Oliveira). Underwater images included a 35 s
digital video showing the nurse shark carcass (available
in Suppl. 1), two digital photographs of the tiger
sharks and 13 of the nurse shark carcass.

The dive occurred on the afternoon of December
18, 2009, at the locality named “Pedras Secas I”
(3° 51°00.88” S / 32° 22°24.45” W), in the Marine
National Park of Fernando de Noronha, Brazil.

The analysis of the photographs aimed at three
specific objectives: (1) confirming taxonomic identity
of the species involved in the feeding event; (2)
estimating the total length both of the nurse and
tiger sharks, and (3) obtaining forensic evidence on
the cause of the nurse shark’s death and on the time
clapsed from its death to the finding of the carcass.

The estimation of the nurse shark total length (TL)
was based on body measurements (preorbital length and
predorsal 1 length) made on two digital photographs
of the carcass with the tpsDig program, Version 2.16
(Rohlf 2010). Body measurements were compared
with adjacent photographed diving gear of known size
(dial diameter of Suunto Mosquito diving computer),
as well as with the proportional body measurements
(% TL) given in the literature (Bigelow & Schroeder
1948) and taken on one 64.8 cm TL male specimen of
G. cdrratum, preserved at the Universidade Federal da
Parafba ichthyological collection (UFPB 1972).

The tiger shark TL was estimated using the upper
jaw circumference in the algorithm provided by
Lowry et al. (2009). The upper jaw circumference was
measured on a photograph showing a complete bite
on the nurse shark carcass, using the tpsDig2 program
and the diving computer dial diameter as a scale. The
absence of objects of known size in the available
tiger shark photos precluded direct comparative
measurements on them, but aided to corroborate the
total length estimation, by comparing the individual
with the known ontogenetic changes in the species
color pattern (Bigelow & Schroeder 1948, Compagno
1984).
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Fig. 1. A tiger shatk (Galeocerdo cuvier) photographed at “Pedras Secas 17, exiting the place where the nurse shark (Ginglymostoma cirratum) carcass
was found by divets on December 18, 2009.

Results and discussion

The divers sighted two tiger sharks and one of
them was photographed (Figure 1), representing a
subadult or a small adult individual (sex not visualized
in photos). The photographed tiger shark showed
incompletely fused dark bars in flanks (as in adults)
and lacked the mottled appearance found in juveniles
up to 180 cm TL (Castro 2011). As soon as the divers
reached the position previously occupied by the tiger
sharks, they found, photographed and filmed a carcass
of a female nurse shark lying on the rocky bottom
(Figure 2). Neither the tiger sharks nor the carcass
were collected, and the authors only had access to the
digital images.

Universitas Scientiarnm Vol. 20 (3): 313-320

Some of the nurse shark photos allowed us to
distinguish at least one conspicuous and complete
tiger shark bite on the right flank of the anterior
portion of the trunk. Its circumference measured 40.4
cm and led to the estimation of the tiger shark TL
as 291.7 cm, although it must be taken into account
that total lengths obtained from bite circumferences
usually are underestimated (Lowry et al. 2009). This
is larger than the visually estimated TL reported by
the divers, which ranged from 240 to 250 c¢m, what
suggests that the divers underestimated the G. cuwier
TL or that a third unnoticed and larger individual of
G. cuvieralso consumed the carcass. The preorbital and
first predorsal lengths of the nurse shark estimated
from the photographs ranged from 11.4 — 18.0 cm
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Fig. 2. The nurse shatk (Ginglymostoma cirratum) carcass, showing the skin peeling process at the trailing edges of the dorsal fin and the landmarks
used to estimate its total length (yellow dots) and to calculate the circumference of the tiger shark’s (Galocerdo cuvier) bite (black dots). The outer
hotizontal (W - E) diameter of the diving computer dial (red dots, 4.75 cm) was used as a scale.

and 85.2 — 87.7 cm, respectively. The preorbital length
measured in specimens or given in the literature
represented 0.93 - 7.70 % TL, while the first predorsal
length represented 41.9 - 42.4 % TL. Back-calculated
nurse shark total length ranged from 148.6 - 260.3
cm (mean = 202.0 cm, n = 4) based on the obtained
preorbital lengths, and from 201.0 - 209.2 cm (mean =
205.1 cm, n = 4) based on the obtained first predorsal
lenghts. These mean values did not grossly depart
from the visually estimated total length reported by
the divers, which ranged from 180 to 200 cm. The
missing caudal-fin upper lobe might be accounted for
the slight difference.

Although the actual attack on the nurse shark
body was not observed, the scavenging hypothesis is

Universitas Scientiarum Vol. 20 (3): 313-320

regarded as the more likely, as discussed below. Fishing
is not permitted in the Fernando de Noronha Marine
Park and therefore we assume that the nurse shark
was not hooked at the moment of the attack by tiger
sharks. In any event, illegal fishing occurs along the
Brazilian coast (Santander-Neto et al. 2011) and thus,
it is not an excluded possibility. A straight cut on the
upper lobe of the caudal fin is seen in the video and
in one of the examined photographs and suggests an
artificially cut-off tail by a sharp instrument.

The various examined photographs show several
lacerations by bites, distributed on both flanks and
on the ventral portion of the trunk, and all organs
of the abdominal and pericardial cavities removed
(Figure 2). The upper caudal lobe, pectoral, and left
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pelvic fins are absent, but the anal fin and both dorsal
fins are intact, exhibiting their posterior half margins
clearly worn (Suppl. 2). The loss of scales and the
irregular cropping of the trailing edges of these fins
suggest that the nurse shark carcass had been visited
by smaller fishes and/or invertebrates, indicating that
a considerable time interval must have elapsed since
the shark’s death, thus rendering the necrophagy
hypothesis more robust than the alternative active
predation hypothesis.

The wound pattern herein observed — extensive and
widely distributed irregular wounds in the nurse shark
belly and flanks — suggests that the bites were made by
more than one shark simultaneously. At a scavenging
event reported in South Africa, five adult tiger sharks
were observed feeding concurrently on a large cetacean
carcass (Dudley et al. 2000). These authors suggested
that ventral and lateral extensive bites (similar to those
recorded here) indicate, respectively, twisting and
swaying movements, a typical behavior described in
concurrent scavenging activity by tiger sharks.

Although occurring sympatrically with several
large tropical requiem and hammerhead sharks along
its distribution range, the nurse shark is scarcely cited
as prey of these species. Castro (2011) reports a 45
cm juvenile nurse shark from the stomach of a 234
cm lemon shatk, Negaprion brevirostris (Poey, 1868)
and commented on the underwater observation of
the simultaneous pursuit of an adult nurse shark by
Sphyrna mokarran (Rippell, 1837) and Carcharbinus
lencas (Valenciennes, 1839), where both sharks failed
to attack and the potential prey evaded.

The extremely tough hide of the nurse shark and its
habits of lying on the bottom and in crevasses (Gatla et
al. 2014), providing a greatly reduced field of approach
by a predator, no doubt play key roles in this species’
uncommon occurrence in the diets of sympatric
predators. However, other elasmobranch fishes are
frequently reported as tiger shark preys, but in lower
numbers when compared with teleost fishes, marine
mammals and reptiles (Simpfendorfer 1992, Lowe et
al. 1996, Heithaus 2001, Simpfendorfer et al. 2001).

Some authors mentioned ontogenetic shifts in
the diet of G. awier, in which larger preys are only
consumed by medium or large sized individuals, linked
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to an ontogenetic improvement of hunting ability, use
of different habitats and the enlargement of the jaws
and mouth (Simpfendorfer 1992, Lowe et al. 1996,
Simpfendorfer et al. 2001). The present observation
indicates that tiger sharks about 300 cm TL are apt
to consume large food items such as subadult nurse
sharks. This mirrors the findings of Lowe et al.
(1996), who pointed that elasmobranchs entered in
the diet of tiger sharks above 200 cm TL size classes.
Unfortunately, the feeding studies on G. wwier do
not allow to discern which and how many of these
elasmobranch preys were consumed in predatory or
scavenging attacks.

Several studies also pointed out that the diet of
several elasmobranchs varies according to location,
possibly reflecting prey availability (Cortés & Gruber
1990, Lowe et al. 1996, Shibuya et al. 2005). Despite
its status as “Near Threatened” in the Western Atlantic
subpopulation (Rosa et al. 2000), G. drratum still is
relatively abundantin Fernando de Noronha, surpassed
in numbers among sharks only by Carcharbinus perezi
(Poey, 1876) (RC Garla pers. communication).

On the other hand, the tiger shark is not an
abundant species in the area, with only sporadic
records, and most data on this species in the tropical
Brazilian coast referes to the continental shelf (Gadig
1994, Shibuya et al. 2005, Hazin et al. 2013). Thus,
in spite of being considered as an energetic prey,
G. dirratum probably does not suffer a high predation
pressure by this large predatory shark at Fernando de
Noronha archipelago, indicating that the necrophagy
behavior reported here is an opportunistic event, with
low energetic costs associated to it.

In Brazil, the scarcity of data regarding feeding
interactions involving G. cwier may be related either
to the low investigation level of the feeding aspects
of the species, or to the rare and opportunistic nature
of such observations. According to Aguiar & Valentin
(2010), studies focusing on the feeding biology and
ecology of Brazilian elasmobranchs, including grey
literature, are restricted to only 26 % of the species
known to occur in the country.

As a concluding remark, we emphasize the
importance of further studies on the feeding biology
and ecology of elasmobranchs, particularly of top
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predators which directly affect lower trophic levels
and the structuring and functioning of aquatic
ecosystems. Furthermore, a detailed knowledge on
the biology of elasmobranchs is necessary to the
adequate management of these highly exploited and
often overfished species.

Conclusion

This paper reports the consumption of an adult nurse
shark, Ginglymostoma cirratum, by two or more adult
tiger sharks, Galeocerdo cuvier, at Fernando de Noronha
archipelago. Although this event was not completely
observed, photographs demonstrate that the attacked
carcass had initial signs of decomposition, like skin
peeling all around the body, with more pronounced
signals around the snout and on the posterior margins
of both dorsal and anal fins. It suggests that the nurse
shark was consumed post-mortem, in a scavenging
event. It is known that tiger sharks prey other
elasmobranchs, but this is the first published report of
tiger sharks consuming another shark by scavenging,
Scavenging reports involving tiger sharks are generally
related to opportunistic occasions, including highly
energetic items like cetaceans, turtles and, in this case,
a nurse shark. This report helps to elucidate tiger
sharks’ alimentary biology aspects, especially in the
southwestern Atlantic populations, where scientific
research on this subject is relatively scarce.
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Necrophagy by tiger sharks (Galeocerdo cuvier)

Necrofagia de un tiburén nodriza (Ginglymostoma
cirratum) por tiburones tigre (Galeocerdo cuvier)

Resumen. El objetivo de este estudio es reportar un evento
de necrofagia que involucra el consumo de un tiburén nodriza
(Ginglymostoma cirratum) por tiburones tigre (Galeocerdo cuvier) en el
archipiélago de Fernando de Noronha, Brazil. Buzos aficionados
encontraron y fotografiaron los restos mordidos de un tiburén
nodriza, justo después de ver a dos tiburones tigre cerca del lugar.
Mediante el andlisis forense de imagenes estimamos la longitud
total de los tiburones, y discutimos aspectos de esta interaccion
alimenticia. Una cortada recta en la aleta caudal del tiburon
nodriza, cuya longitud total se estimé en 200 cm, sugiere que fue
objeto de pesca ilegal. El desprendimiento de la piel observado
en las aletas del tiburén nodriza indica que los tiburones tigre lo
consumieron después de su muerte, en un evento de necrofagia.
Este es el primer reporte publicado de un evento de necrofagia que
involucra el consumo de un elasmobranquio por tiburones tigre,
lo cual permite una mejor comprension de su biologfa alimentaria.
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Necrofagia de um tubarao lixa (Ginglymostoma cirratum)
por tubardes tigre (Galeocerdo cuvier)

Resumo. O objetivo deste estudo ¢é relatar um evento de
necrofagia, envolvendo o consumo de um tubario lixa,
Ginglymostoma cirratum, por tubardes tigres, Galeocerdo cuvier, no
arquipélago de Fernando de Noronha, Brasil. Mergulhadores
recreativos encontraram e fotografaram uma carcaga de tubario
lixa com marcas de mordida, logo apés avistarem dois tubardes
tigres no mesmo local. A analise forense das imagens permitiu
estimar o comptrimento total dos tubardes, bem como discutir
aspectos desta interacao alimentar. Um corte reto na nadadeira
caudal do tubario lixa, cujo comptimento total foi estimado em
200 cm, sugere que ele foi vitima da pesca ilegal. A descamagao das
nadadeiras indica que o tubaréo lixa foi consumido pelos tubardes
tigres depois de morto, em um evento de necrofagia. Este ¢ o
ptimeiro reporte publicado de necrofagia de um elasmobranquio
por tubardes tigres, contribuindo para a compreensiao de sua
biologia alimentar.
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