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Predation by white sharks Carcharodon carcharias (Chondrichthyes: Lamnidae)
upon chelonians, with new records from the Mediterranean Sea and a first record
of the ocean sunfish Mola mola (Osteichthyes: Molidae) as stomach contents
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Synopsis
E]

The oceurrence of marine turtles in the diet of white sharks, Carcharodon carcharias, is reviewed worldwide. Four
records of chelonians eaten by white sharks in the Mediterranean Sea are described, which on the busis of carapace
remnants confirmed both the loggerhead Careta caretta and green turtle Chelonia mydas to be preved upon in
thoe waters. The condition of these remains indicates that large white sharks can ingest furtles essentially intact.
As well as falling prey to white sharks, we suspect that some interactions involve turtles being ‘grab-released’ in a
ron-predatory mannner and their survivability from such low-intensity bites or other mouthings may be quite high.
Th white shark may be the chief marine predator of adult chelonians in the Mediterranean Sea, albeit the impEct
of this predation upon turtle populations is nominal compared to othe: sources of mortality, Further, we give an
accouat describing an adult ocean sunfish, Mola mola, in the stomach of a white shark taken in Italian waters,

Introduction

The white shark Carcharodon carcharias is a ver-
satile, cosmopolitan predator and scavenger upon a
wide spectrum of veriebratz and invertebrate taxa,
incloding marine mammals, teleosts, chondrichthyans,
cephalopods, crustaceans, molluscs, reptiles and occa-
sionally sea birds (Compagno 1984). Much contem-
porary study has been directed towards the white
shark’s predatory association with pinnipeds, princi-
pally through intersctions witnessed at the surface in
Californian and South African waters (e.g., Ainbey etal,
1981, 1985, Klimley et al. 1992, authors’ collective
observations at Dver Island, South Africa). Stomach

content data from these regions and elsewhere demon-
strates that the white shark is primarily piscivorous at
all size classes despite a shift with maturity towards
favouring proportionately larger prey, including marine
mammals. Elasmobranchs and teleosts tend to provide
the greater numerical proportion of dietary intake when
compared to marine mammals or ather prey (Tricas &
McCosker 1984, Cliff et al. 1989, Compagno's unpub-
lished data from southem African specimens) and in
those areas where pinnipeds are scarce of essentially
absent, such as the Mediterrancan Sea, large juvenile
and adult white sharks will feed upon odontocetes of
large pelagic fish (Fergusson 1996). These sharks also
feed sporadically upon chelonians in various parts of
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their range worldwide (e.g.. Long 1996). In this paper,
we review records describing predation upon marine
turthes, emphasising the Mediterranean Sea,

Summary of recorded data deseribing
white shark predation upon chelonians

In a global overview of marine wrtle biology, Marquez
(19900 notes that sharks are predators of all marine
turtles and are the most important predators of adulis
and large juveniles. However, although citing the
tiger shark Galeocerdo cuwier in this capacity, he
does not specifically identify C. carcharias as such.
While the white shark has been previously recogp-
nised as a (sporadic) predator of mrtles (Bigelow
& Schroeder 1948, Tortonese 1956, Davies 1964,
D" Aubrey 1964, Tricas & McCosker 1984, Compagno
|984, 1991), dedicated commentary on such preda-
tion is scarce. Coles (1919) wrote of an attack by a
large white shark opon a loggerhead turtle Caretta
carerta off North Carolina and Postel (1958) described
remains of a green (wrle Chelonda mydas from a white
shark taken in Tunisian waters. Long (1996) described
records from Californian waters of two stranded
leatherback foriles Dermochelys coriacea which exhib-
ited wounds attributable to white shark predation or
scavenging.

Bigelow & Schroeder (1948, p. 139) give brief men-
tion of chelonians in the diet of white sharks, stating:
"Sea rtles are also described as a regular item in [the
white shark's] diet in southern waters’, but give no orig-
inating sources or precise geographical remits for their
remark. Tricas & McCosker (1984, their figure 11) list
marine turtles as present in a small (unguantified, but
under 10%) percentage of 33 white sharks considered
in their smdy. Klimley (1985) reports stomach con-
tents in his study of 109 specimens taken in Pacific
Korth American waters, none of which contained tr-
tes. Casey & Pran(1985) do not report chelonians from
the 54 stomachs of juveniles pooled in their discussion
of western North Atlantic white sharks, nor do they
cite them as being & component of adult white shark
diets considered in their study. Bruce (1992) discusses
stomach contents from 17 South Australian specimens;
Biass et al, (1975) those of 43 South African examples
and CIff et al. (1989) those from 299 juvenile white
sharks taken off KwaZnlo-Natal; similarly, LIVC has
compiled stomach content data from a further 75 soath-
em African specimens, Collectively, none of the sharks
in these four datasets from the southem hemispheare

had ingested turtbes. Therefore, based upon available
mformation the significance of turtles in the global
dietary repertoire of C. carcharias would appear very
small when compared to certain other sharks. Specifi-
cally, the pan-tropical 7. euwier is o frequent predatos
of chelonians and other marine reptiles (Balazs 1979,
Witzell 1987, Randall 1992}, and the bull or Zambesi
shark Carcharhinus lencas is also known o take tor-
tles among its prey (Compagno 1984, Cliff & Dudley
1991 ). Closer interspecific comparisons are difficult,
however, due to the nature of the white shark data (pre-
dominantly cold-temperate to subtropical records from
specimens mostly < 4 m total length) and that for tiger
and bull sharks.

Mediterranean records

The feeding ecology of white sharks is scantily known
within many parts of its almeost circumglobal range,
One of us (IKF) has collected data describing a total of
234 capures and sightings of white sharks in Mediter-
ranean waters since 1870, a preliminary summary of
which is presented by Fergusson (1996), Since 1992,
special effort has been given 10 amass stomach con-
tent data both from published accounts and reliable
communications from fishermen or fisheries work-
ers. The stomach contents from 24 Mediterranean
white sharks ranging 250 cm to 550 em TL indicates
4 cosmopolitan diet that includes pelagic bony fishes
such as bluefin una Themmus sy, Atlantic bonito
danda sarda, broadkill swordfish Xiphias pladius and
bullet wna Awxis rochei; elasmobranchs including
blue sharks Priomace plawca, shortfin mako Fsirws
oxyrinchus and stingrays Dasyatis spp.; cetaceans
including Tursiops fruncates, Deiphinus delphiz and
Stenella coerulecalba (Postel 1956, Fergusson 1994,
1996 and unpublished data), and other items inclad-
ing molluscs, termestrial mammalian carcagses, inan-
imate garbage, homan cadavers and the occasional
ingestion of marine turtles. The remains of marine -
tles were found from 4 (17%) of the sharks exam-
ined, all large juvenile or adult specimens = 350cm
total length. Despite the rather small sample size, this
Mediterranean data represents the highest proportion
of chelonians as a dietary component of C. carcharias
when comparad 1o analyses worldwide.

A definitive published account of turtle remains
found in a white shark stomach is that of Postel {1938),
whe deseribed the capture of white sharks during the
19502 within the coastal bluefin tna trap fishery off
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Table I, Records of white shark predation apon chelonians. M-udlhﬂ'rl.nﬂ.u Bea, in :I'I'l:l'rulu-gl.nﬂ arder, = mapped
in Figre 1.
Mo,  Daee Location Species RemurksSaurce
i 1651956 N, Cape Bon, Chelomda wivday  Campace fragments found in the stomach
Tunisia of & 520 cm female (Posel 1%58)
2 6. 1963 (anzirri, Meseina, Caretta caretta Estine carspace of o large specimen found
Sicily (lealy) in stomach of a 350 cm white shark.
Donang Micola personal Communscation,
3 14.8.1974 5, Caterina Pittinurer, anknoan Remmants in stomech of a ca. 450cm
Wastern Sardimia (Ialy) mabs whise shark, Framnco Moronk personal
oommanicalion 10 Maroo Zuffa.
4 1741587 Fibfa Lsbes, Caretes carema Campace of 6 cm kength in stomach of a
S.W. Maka i 530em female white sharks ). Abela &

A Cotnjar persanal commuanication

Sidi Daoud, on the western tip of Tunisia’s Cape Bon.
One such example (adult female, 520cm TL, taken 22
May 1956) contaimed two dolphins Delphinus delphis,
an clasmobranch (almost certainly a juvenile short-
fin mako furus oxprinchus) and tortle remains, Cara-
pace fragments of the latter were identified by Postel
as C. prydas. Our records also identified the logger-
head mwrile a3 present in two (and possibly three; iden-
tity uncerain for one set of remains from Sardinia)
of the four white shark stomachs containing chelonian
remains (Table 1, Figure 1),

In the Straits of Messina, loggerhead wrtles can often
be seen ol the surface, close inshore during the spring
and summer months (IKF and MAM, personal obser-
vations; Antonto Poloschi, Universita di Messina, per-
sonal communication) in the same areas near Ganzirri
(north of Messina) where adult white sharks have pre-
viously been captured or sighted by fishermen har-
pooning swordfish. One of these operators, Donato
Nicola (personal communication to IKF and MAM,
June 1993), recalled very clearly the condition of the
turtle remains he removed from a 350cm TL white
shark harpooned ca. 3km offshore from Ganzirn in
June 1963, The stomach also contained a large wol-
ume of small telenst fish remains; none, however, were
readily identifiable even at a familial level. The accom-
panying illusteation (Figure 2 is redravwn from an omgi-
nal feld-note sketch compiled under Micola's direction.
The turtle was apparently subjected to one powerful
bite that left a semicircular impression, manifesied
by a frociured and crushed area of the carapace, The
prey wis then ingested essentially intact with linle fur-
ther manipulation. According o Micola, o substantial
amount of soft body tissue had remained sttached 1o
the inside of the plastron,

Figure §. Locations of white shark capiures containing sea turtle
remzins in their slomachs. Mumbers refer 1o the specimens fsesd
in Table 1.,

Intact ingestion is also inferred by the remains of
o (probably large juvenile) loggerhead turtle, carapace
length ca, 60 cm, found in the stomach of a very large
female white shark (allegedly 713 cm TL but no larger
than ¢, 550 crm TL hased upon forensic analysis of pre-
viously unexamined photographs: Fergusson's unpub-
lished data), canght near the islet of Filfla, Malta,
on 17 April 1987 (see Fergusson 1996 and Mollet
et al. 1996 for detadlz), The shark's stomach contents
were reported accurately, having been seen by various
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Figure 1. Representation of reported cornpace demage [nflicted
Ty 0 white shark upon a loggerhend tarte off Gangis, Sicily, The
accompanying illusration depicts the likely mode by which the
prey wik selzed and manipulsed (ilusiration by [KF)L

bystanders as the animal was eviscerated and sup-
ported, in part, by photographs, The ingested turtle's
carapace and plastron were intact and marked by only
a few superficial teeth marks on both dorsal and ven-
tral surfaces. The fleshy parts were totally unmarked,
including limbs and head, suggesting that its ingestion
had been sccomplished with very little manipulation.
Indeed, the turtle appeared so fresh that it was reput-
edly sold shorly afterwards by the shark's captor to
a local buyer (John Abela & Alfredo Cutajar personal
COMmMnIcion ).

First record of Mola mola from a white shark
stomach

Our discussions with Donato Nicola revealed his cap-
ture of a secomd specimen of € carcharias near
Messina. In this case it was a shark measuring over
30ecm TL (sex unknown), harpooned on 9 March
19635, The shark was first observed near the breakwater
at Gangzirri, where Nicola approached it with his boat
a5 it cruised conspicuously at the surface some 100m
parallel 1o the shore, in zig-zagging northerly vectors, It
was killed by a single hand-thrown swordfish harpoon
and taken to shore, Two of us (IKF and MAM) were
able to examine the preserved jaws of this shark at the
nearby Universita di Messina's Istitwto di Idrobiclogia
e Pescicoltura, and verify a total length = 500 cm based
on the jaw dimensions,

The shark was eviscerated by Nicola and colleagues,
who found in the stomach a freshly-ingested adult
ocean sunfish Mol mola, bitien into three sections
(head, mid-trunk and posterior with dorsal fin, anal
fin and clavus), When combined, the sunfish measured
about 2m total length. To our knowledge, this repre-
sents the first described account of white shark preda-
tion {or possible scavenging) upon this cosmopolitan
epipelagic species and further illusirates the impres-
sive capabilities of large C. carcharias in dismember-
ing substantially-apportioned prey items.

Dviscuszion ’

The white shark is best described as an occasional and
opportunistic predator of marine wrtles, particularly so
in the Mediterranean Sea. While it is possible that some
tiger sharks selectively hunt for tartles (Witzell 1987),
the white shark, on the other hand, apparently eats them
fortuitously and erratically while seeking more desir-
abile prey,

There are presently insufficient stomach content data
from Mediterranean white sharks to infer the overall
importance of marine turtles in their diet, nor to assess
amy seasomal, gender or uge-class relaed trends in their
vulnerability 1o predation. The only other confirmed
predutor. of adult loggerhead turtles in the region s
the {endangered) Mediterranean monk seal Monachis
monachus (Margaritoulis et al. 1996), and potential
elasmobranch predators of both juvenile and adult che-
lonians in the Mediterranean are few. Tncluded with
C. earcharias in this calegory may be adult dusky




sharks Carcharhinus obscwrms and bronze whalers
Carcharhinus  brachvurns, blue sharks  Priorace
glawca, adult shortfin makos Fsurus exyrinchus and
bluntnose sixgills Hevanchius griseus, However, we
have no relisble data (o confirm this suspicion. Basso
{19492} also proposed the smalltooth sandiiger Odon-
taspis fere as a likely chelonian predator in Italian
waters, but we believe this improbable given the essen-
tially piscivorous diet of this species and it5 unrobust
dentition which appears incapable of dismembering the
carapaces of other hord parts of menne turtles.

The Medilerranean is suspected to support the third
largest loggerhend population in the world, after those
of Omen and the U5 A, (Laurent et al. 1997} The
species nests in various parts of the region, partic-
ulary at besches on the Greek Ionian islands, along
the southern Turkish coast, around Cyprus and along
Libya's largely undeveloped coastline (Margaritoulis
1988, Hays ef al. 1991, Lourent et al, 1997), with the
latter area suspected 1o host one of the langest nest-
ing populations in the Mediterranean (Laurent et al.
1997, Laurent personal communcation). The two white
sharks containing C. carefta remains were taken in the
western-central Mediterranean (Malta and Messina),
some distance from known nesting sites and eardier than
the late Spring—Summer nesting season. Conceivahly,
1 proportion of turtles found in warm waters largely
outside of the white shark’s Mediterranean range in
summer are more vulnerable to predation during the
cooler months, when some migrate to overwinter and
feed in Tunisia's Guif of Gabés (Laurent & Lescure
1994} and perhaps likewise in the north and eastern
Adriatic Sea (Lazar & Tvnkovic 1995) regions where
C. carcharias can be encountered with some regular-
ity. Conversely, the white shark i considerably scarcer
in waters 1o the east of the lonien Sea and Pelopon-
nese (Fergusson 1996) and whilst inhabiting eastern
regions such as the Aepean Sea, or off southem Tarkey
and around Cyprus, wrtles may be rorely exposed to
white shark predation.

The impact of white shark predotion upon tur-
e populations is unknown bub probably extremely
small compared to other sources of mortality, espe-
cially those coused by anthropogenic factors and com-
miercial fisheries in particular. Annwally, over 20000
loggerhead tortles are suspected to be sccidentally
ensnared {and many killed) just by the Spanish sword-
fish longline fishery alone in the Western Mediter-
ranean {Aguilar et al.'). Equally, human degradation

' Agullar R, J. Mas & X. Pasior. 1995, Impact of Spanish
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of traditional nesting sites and other interference with
these amimals in the region has a tangible impact
on their mortality, both in joveniles and adults (e.z.,
Peters & Verhoeven 1994, Venizelos 1993). By way
of numerical example, 205 of 99 loggerhead turles
examined from the central Mediterranean during 1986
were contaminated with plastic, metal of hydrocarbons
(Gramentz 1988),

A problem in assessing the wider impact of white
shark predation upon marine (urles comes in dis-
tinguishing wounds inflicted by C. cancharias versus
those caused by other sources or indeed other species
of shark, Marine turtles are occasionally observed with
injuries such as limb amputations that could be equally
artribatable to boat collisions, fishing gear entangle-
ment, deliberate mutilation by fishermen or shark
ansck, In an instroctive paper, Gramentz (1989) exam-
ined B2 loggerhead murtles taken from Maltese waters
for injuries atttibuiable o predotors, and found that
19.5% exhibited damage ranging from small notches
on the fippers and posterior marginal plates 1o entire
loss of one of the extremities in 4.94% of the coses. Inter-
estingly, these more seriously injured animals seemed
in good condition and Gramentz attributes the ability of
turtles to survive such trauma by viriue of the rapidity
with which their blood coagulates. Similarly, turtles
observed in the Red Sea and central-western Persian
Gulf with evidence of shark-inflicted injuries (likely
made by either tiger sharks or bull sharks), includ-
ing Mippers amputated and carapaces damaged, appear
remarkably resilient (o such trauma and have a high
recovery rate (Elizabeth Salter persomal commupnica-
tion). Howewer, the powerful impact forces generated
by white sharks during motivated biting (with palato-
quadrate profrusion) can apparently readily punciure
and crush the dorsal corapace of even well-protected
chelonids, thereby causing serious inlemal injuries.
Even if forcefully bitten and then released, such injuries
are perhaps invacably fatal w ez,

On the other hand, madne tutles may recover
from less intensive white shark ‘mouthings’, such as
might conceivably account for a proportion of the
limb ampuoiations and other injuries in the sample

swardfish bongline fsheries o the [oggerhead sen tunle Coretie
correttn popudatbon s the western Mediterranean. pp. 1-6, fae
Il Richerdson & TH. Exhardson {ed.) Procesdings of b
Twelfth Aneoal Workshop on Sen Temle Biology and Com-
servation, WOAA Technscal Memorsndism NMFS-SEFSC-361,
1158, Deparmment of Commerce. National Oceanographic and
Aumospheric Adminisration, Muaional Maorine Fisheries Service,
Bouthesst Fisheries Science Center, Miaml
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of . caretta described and illustrated by Gramentz
{1980, his figure 5). Similarly, loggerhead wriles with
missing flippers have been observed at various other
Mediterranean localities (Luc Laurent personal com-
munication). According ko Dimitris Margaritoulis (per-
sonal communication), some 206 of nesting femiles
observed by researchers at Greek mesting beaches
have missing posterior parts, either on the carapace
or flippers, similar 10 those described by Gramentz
{1989),

Thus although our data and that of others clearly
demonstrates that wriles aresingested as prey items,
we also suspect that conversely. a propartion of white
shark attacks on turiles are non-predatory in motiva-
tion. The white shark is a habitval *grab-releaser’ of
varions marine animals, most notably sea otters Enhy-
dra lutris (Ames & Morejohn 1980, Ames et al. 1996),
jackass penguins Spheniscus demersus (Randall et al.
1988, MAM unpublished data), other seabirds, marine
mammals and indeed conspecifics (auther’s collec-
tive observations at Dyer Island). Such interactions,
with either fatal or non-fatal consequences, are mani-
fested by injuries including ‘bashing’ puncture marks
generated by the lower and upper jaw teeth of white
m.mms]uhmmnwﬂ:h}-mmrmlh
and possibly the upper teeth, and mare symmetnc sels
of wounds without substantial flesh removal, made &5
sharks undertake more completz bites but using sar-
pressed force. Marine turtles might represent another
target for non-predatory “grab-release’ bouts, leaving
injuries comparable 10 those observed in other animals
subjected 1o this mode of white shark attention, In seek-
ing to confirm this possibility, we urge detailed future
examination of injured Mediterranean turtles which
may have been inflicted by C. corcharias in ‘grab-
release’ scETATIOS.
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