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FEEDING ASSOCIATIONS

ABSTRACT. — Predation on seabirds by sharks or other large predators is a poorly documented
CORY’S SHEARWATER

issue. The blue shark is a known generalist predator that feeds on seabirds, among other prey.

BLUE SHARK . . . . . ; ¢ .
BLUEFIN TUNA Bluefin tuna is a well-studied species, but to date no species of seabird has been cited as being
STOMACH CONTENTS the prey of any species of Scombridae. The present study reports the first record of Atlantic

TOP-PREDATOR bluefin tuna (Thunnus thynnus) predation on a seabird (Cory’s shearwater Calonectris borealis).

We also provide three new records of blue sharks (Prionace glauca) feeding on terrestrial and
seabirds in the Northeast Atlantic Ocean and in the Mediterranean Sea. Seabirds can associate
with other large marine predators, especially large tunas and marine mammals, in any oceanic
region for the purpose of feeding. It is known that small pelagic fish try to flee from predators
by approaching the surface of the sea, which is when seabirds take advantage of this situation by
attacking them from the air to feed on them. Therefore, during the fishing frenzy, an individual
bluefin tuna could have fed on the shearwater. This hypothesis is consistent with our observa-
tions. However, the case of seabirds found in the stomachs of blue sharks could imply the inten-
tional and opportunistic predation by blue sharks on seabirds floating on the surface of the sea.
On the other hand, exhausted migrating terrestrial birds (non-marine birds) could fall into the
sea and thus become prey.

INTRODUCTION has been cited as prey of any species of Scombridae. The

present study reports the first record of Atlantic bluefin

Sharks are known generalist top predators and/
or scavengers, of which the majority are white sharks
(Carcharodon carcharias),blue sharks (Prionace glauca),
and tiger sharks (Galeocerdo cuvier) (Randall et al. 1998,
Bowman et al. 2000, Fergusson et al. 2000, Meyer et al.
2010). The tiger shark diet often includes birds (Dicken et
al.2017). Predation on seabirds by sharks or other large
predators is a little documented issue, especially if we
consider the different oceans of the world. Seabirds and
terrestrial birds are not only predated by sharks, but also
by some large teleosts, such as the hapuku (Polyprion
oxygeneios), snapper (Pagrus auratus), and yellowtail
kingfish (Seriola lalandi) (Duffy & Taylor 2015).

Due to the high proportion of blue sharks caught by
commercial longliners worldwide, blue sharks are a well-
studied species in terms of distribution, migration, and
feeding habits (Vaske et al. 2009). This shark species is a
known generalist predator that feeds on seabirds, among
other prey (Stevens 1973, Compagno 1984, Carey &
Scharold 1990). Bluefin tuna (Thunnus thynnus) is also
a well-studied species, but to date no species of seabird

tuna predation on a seabird. Furthermore, we provide
three new records of terrestrial and seabirds predated by
blue sharks in the Northeast Atlantic Ocean and the Medi-
terranean Sea.

MATERIAL AND METHODS

The records of digested birds reported in the present article
were obtained from scientific observer programs on different
Spanish tuna and swordfish (Xiphias gladius) fishing vessels
operating in the North Atlantic Ocean and Western Mediterra-
nean Sea. The stomach content of a bluefin tuna was extracted
from a specimen caught in the baitboat fishery targeting blue-
fin tuna near the Canary Islands during April 2018 (Fig. 1).
The stomach contents of blue sharks came from specimens
caught in the longline fishery targeting swordfish in the Atlan-
tic Ocean in FAO areas 1.2, 2.0, and 3.2 (next to Cape Verde)
between December 2017 and February 2018 (Fig. 1). Using a
systematic approach, a scientific observer recruited by the Vigo
Harbour Shipowners Collective (Spanish acronym: ARVI) in
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Canary Islands (B), and Cape

Verde (C).

Vigo (Spain) visually checked the stomach contents of blue
sharks caught during the trip. Since 1997, the Spanish Institute
of Oceanography (Spanish acronym: IEO) has maintained an
observer program on board the longline fleet targeting sword-
fish in the Mediterranean (Garcia-Barcelona et al. 2010). The
data collected by this program are used to comply with the
requirements of various tuna-Regional Fisheries Management
Organizations, the main one being the International Commis-
sion for the Conservation of Atlantic Tunas. One of the program
observers was onboard a surface longliner from Tarragona (NE
Spain) in waters over the continental shelf just north of the Ebro
delta between January and May 2018 (Fig. 1). In contrast to the
situation in the Atlantic Ocean, blue sharks are usually discarded
alive in the Mediterranean Sea because of their low commercial
value. In this case, some blue sharks were eviscerated on board
for commercial use and their viscera were returned to the sea. As
carried out in the Atlantic Ocean, the observer visually checked
their stomach contents.

The birds found in the stomachs of the blue sharks caught
by the Atlantic longliner were photographed and visually identi-
fied to genus level. In the case of the Mediterranean sharks, only

loose feathers were found in a stomach. In this case, a genetic
analysis was conducted to identify the species. The bird found
in a bluefin tuna caught near the Canary Islands was frozen and
subsequently dissected in a laboratory to determine its sex, age,
and other relevant biological information.

DNA extraction, PCR amplification, and sequencing: Total
DNA was extracted in a sterile DNA laboratory (i.e. the Labo-
ratory of Molecular Biology — Dofiana Biological Station).
Several samples of single feathers were analyzed. Each feather
unit was pulverized using steel balls after immersion in lig-
uid nitrogen. Total DNA was extracted using the PowerSoil
Kit (Qiagen, Hilden, Germany), and two different fragments
of a mitochondrial marker (COI) were amplified using differ-
ent combinations of primer set fragments of 350 bp and 380 bp
of the cytochrome oxidase gene subunit I (COI) using primer
sets mICOI/HCO2198 (Leray et al. 2013) and COIPrey-FW/
COIPrey-RW (Pastor-Bevid et al. 2014). Amplification prod-
ucts were sequenced in an ABI 3100 automated sequencer (PE
Biosystems, Warrington, UK) following the manufacturer’s
protocols. Obtained sequences were visually checked using
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Sequencher v. 4.9 (Gene Codes Corp, MI, USA). Subsequently,
the Basic Local Alignment Search Tool (BLAST) was used to
compare the obtained sequences with the available sequences in
the GenBank database.

Dissection procedure: The procedure described by Van
Franeker (2004) was followed to dissect the frozen bird. Its
age and sex were determined by inspecting and measuring its
sexual organs and the presence and size of the bursa of Fabr-
icius (Broughton 1994). Standardized biometric measures were
recorded: culmen length (CL: from bill-tip to feathering); head
and culmen length (HCL: from the bill-tip to the lump of the
supraoccipital region of the skull); bill depth at the base of the
bill (BDBB); bill depth at nostril (BDN: distal edge of nares);
bill depth at gonys (BDG); minimum bill depth (MBD: mini-
mum distance between upper and lower parts of the rhamphoth-
eca), and right tarsus length (RTL: from the middle tarsal joint
to the distal length of the tarsometatarsus of the right leg). All
measurements were taken using a digital caliper (accuracy +
0.1 mm). The bird was refrozen after necropsy.

RESULTS

We report the first record of a Cory’s shearwater
Calonectris borealis in the stomach of a bluefin tuna

Fig. 2. — Storm petrel (genus Oceanodroma) found in the stom-
ach of a blue shark caught north of Cape Verde.

(length 232 cm). It was found in April 2018 in waters
off the Canary Islands during a baitboat survey targeting
bluefin tuna. This was the first time that a bird was found
in a stomach of bluefin tuna during 3 years of surveys in
this area (2016, 2017, and 2018). During this period, we
analyzed 114 stomachs. The corpse of the Cory’s shear-
water was relatively well preserved (Fig. 2), but the inter-
nal organs were partially deteriorated. Table I shows the
biometric measurements. The most abundant fish species
present in the stomach contents of the bluefin tuna was
Macroramphosus spp.

Actotal of 37 fishing sets were observed (and 1252 blue
shark sampling) by the ARVI observer during the longlin-
er targeting swordfish trip in waters north of Cape Verde.
The trip started on 26 December 2017 and finished on
20 February 2018. All blue sharks were checked by the
observer, and a storm petrel of the genus Oceanodroma
(probably O. castro) was found in the stomachs of two
blue sharks. The first event occurred on 27 January 2018
at latitude 21°09°N and longitude 25°05°W, and the sec-
ond occurred on 30 January 2018 at latitude 21°28’N and
longitude 24°36’W. In both cases, the birds were in rela-
tively good condition, although only one photograph was
available for identification (Fig. 3). Unfortunately, the
corpses were returned to the sea along with the viscera of
the blue sharks.

An observer found feathers in the stomach of a blue
shark caught by a longliner in the Mediterranean on 19
May 2018. Genetic analyses clearly showed that the
feathers came from a common swift Apus apus.

Fig. 3. — Cory’s shearwater found in the stomach of a bluefin
tuna caught in waters near the Canary Islands.

Table I. — Standardized biometric measures (mm) of the Cory’s shearwater found in the stom-
ach of the bluefin tuna caught in Canary Islands waters.

CL HCL BDBB BDN BDG MBD RTL
57.5 114.15 22.7 16.8 16.9 16.3 59.8
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DISCUSSION

Interactions between large fish and seabirds are usually
related to the presence of food near the surface (Hebshi et
al.2008). Many species of seabirds show a strong tenden-
cy to form multispecies feeding flocks (Ainley & Boekel-
heide 1983) that are strongly dependent upon prey driven
to the surface by predatory fish, mainly tuna and marine
mammals (Ashmole & Ashmole 1967, Evans 1986, Heb-
shi et al. 2008, Reyes-Gonzilez & Gonzdlez-Solis 2016a).
Moreover, it is also known that small pelagic fish species
try to flee from predators by approaching the surface of
the sea, which is when seabirds take advantage of this
situation by attacking them from the air in the attempt to
feed on them (Martin 1986, Morgan 1986, Clua & Gros-
valet 2001). Therefore, the seabirds are at risk of being
swallowed during the feeding frenzy. This risk is espe-
cially elevated in birds that can plunge to depths of sever-
al meters, such as Cory’s shearwaters (Mougin & Mougin
1998, Paiva et al. 2010). It is thus possible for an individ-
ual large predator, like a bluefin tuna, to unintentionally
swallow a seabird. In fact, Macroramphosus sp. was the
most abundant prey of the bluefin tuna which swallowed
the Cory’s shearwater. This species, together with Capros
aper, is very abundant in Macaronesian waters (Fock et
al.2002), and has also become the usual prey of Cory’s
shearwater around the Azores Islands (Granadeiro et al.
1998). Its association with tunas during these feeding
episodes could be a natural source of seabird mortality.
Thus, Xavier et al. (2011) highlighted the need for further
research on the potentially negative impact on the Cory's
shearwater population by tuna fisheries and fishing ves-
sels. Such impacts can occur either directly, due to com-
petition for prey, or indirectly, due to overfishing for tuna
and the concomitant reduction in feeding associations
between birds and tuna.

The sex and age of the Cory’s shearwater could not be
determined by inspection of the internal organs. Howev-
er, the length of the right tarsus (RTL) and culmen length
(CL) were within the range described for males (Reyes-
Gonzilez & Gonzdlez-Solis 2016b). The bird may have
belonged to one of the following colonies: San Miguel
(Portugal), Flores (Portugal), Corvo (Portugal), Faial
(Portugal), the Azores (Portugal), Madeira (Portugal),
Berlengas (Portugal), or Gran Canaria (Spain).

However, the case of Oceanodroma petrels found in
the stomachs of blue sharks could be due to an intentional
or opportunistic attack by the sharks when the seabirds
were resting, injured, or dead on the sea surface (Kohler
& Stillwell 1981). Blue sharks feed on a wide variety of
prey, including fish, squid, birds, and the carrion of marine
mammals (Cortés 1999). Stomachs often contain anthro-
pogenic material, such as plastic debris and even dogs
(McCord & Campana 2003, Vaske et al. 2009). Therefore,
blue sharks could play an important role as scavenger in
the global ocean ecosystem (Markaida & Sosa-Nishizaki

2010). The opportunistic prey of blue sharks includes dif-
ferent species of birds, such as pigeons, shearwaters, or
mockingbirds (Vaske et al. 2009, Rivera et al. 2015). The
two Oceanodroma specimens found in the stomach of
blue sharks in waters north of Cape Verde were relatively
fresh. This is first time that this species is found in the
stomachs of blue sharks. Given that these two birds were
eaten and then detected during a single trip of only 37
fishing sets, the number of predated Oceanodroma storm
petrels could be relatively high, particularly if they were
O. castro, which is a species with declining populations
(BirdLife International 2016). The birds were not ringed
and thus their geographical origin is unknown.

Finally, the consumption of birds by blue sharks in
the Mediterranean Sea is very little documented, mainly
because the remains of birds or feathers are usually left
unidentified (e.g. Mendong¢a 2009, Markaida & Sosa-
Nishizaki 2010). We decided to use genetic analysis to
identify the species of bird to which the loose feathers
belonged. As result, we identified a new species of terres-
trial bird, the common swift, that had been swallowed by
a blue shark. The common swift is a very abundant trans-
equatorial migratory species in the Palearctic. As previ-
ously described (Dodrill 1977, Gallagher et al. 2011),
exhausted swifts may fall into the sea during their migra-
tory flight. This fact contributes to knowledge on the
scavenger role of sharks in sea ecosystems and to a better
understanding of the functioning of ocean food webs.
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