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ABSTRACT

A total of 425 stomachs of night sharkgrcharhinus signatys and 98 stomachs of scalloped
hammerhead sharkSphyrna lewini from longline and surface gillneters near seam®uoff
northeastern Brazil, were analysed between 19921899. Both predators prey upon reef and
benthopelagic fishes, migrant cephalopods and dempr crustaceans, showing similar feeding
niches (Schoener Index T=0.75). The great preyngsh of the diets may reflect the fact that the
marine food web for these specigsvery extensive in this region. Due to the comion for
feeding of both predators in the seamounts, intéekeries should be monitored to avoid localised
depletions.

Resumo

Um total de 425 estdmagos de tubardo-tonitedharhinus signatyse 98 estdbmagos de tubaréo-
martelo-entalhadaSphyrna lewin)i, oriundos da pesca de espinhel e pesca com eededlhe nas
adjacéncias dos bancos oceanicos do nordeste dib, Bvaanalisado entre 1992 e 1999. Ambas as
espécies predam sobre peixes bento-pelagicos faiseaefalopodes migradores, e crustaceos de
4guas profundas, apresentando nichos alimentarétreis (indice de Schoener T=0.75). A alta
rigueza de presas nas dietas deve ser um reflegoees teias alimentares para estas espécies sao
consideravelmente longas nessa regido. Devido éentnacdo alimentar de ambos predadores nos
bancos oceénicos, a pescaria intensa deve seromaat@itpara evitar deplegdes locais.

Descriptors: Feeding aggregations, Seamo@gs;harhinus signatysSphyrna lewini.
Descritores: Agregages alimentares, Montes subwg€archarhinus signatysSphyrna lewini.

INTRODUCTION et al., 1990; MENNI et al., 1995), being the most
important elasmobranch species in the seamount area

The night sharkCarcharhinus signatugnd ~ being found in up to 90% of catches (SANTANA et
the scalloped hammerhead sh&ghyrna lewiniare @l., 2006). In Brazilian waters, the preferencial
the main elasmobranch species captured in tHéistribution ofC. signatusanges between 20 and 500
adjacencies of the seamounts off northeastern Brazil M depths (SOTO, 2001). In the last decade,

C. signatusis a common semi-oceanic Signatus changed from being a by-catch of semi-
carcharhinid found along the outer continental an@ceanic longliners to being a direct target spedes
insular shelves of the tropical and warm temperatt® increases in the value of their meat and fimgreas
Atlantic (COMPAGNO, 1984), being the commonestof relatively large abundance around seamounts
Carcharhinusin the Brazilian shelf breaks (GADIG; (HAZIN et al., 2000). Only recent studies have been
MOREIRA JUNIOR, 1992; SOTO, 2001). According carried out onC. signatusin northeastern Brazil, the
to HAZIN et al. (1990), the main captures 6f first report on this species in the region havireg
signatusare made westward of 3§ in the area, while undertaken by Menni et al. (1995), followed by stsd
the blue sharkRrionace glauchis the most abundant On its reproductive biology (HAZIN et al., 2000pea
species east of it. The occurrencesCofsignatusare ~ determination and growth (SANTANA; LESSA,
closely related to shallow seamounts, where a high004), and on total mercury contamination

CPUE (Catch per Unit of Effort) is obtained (HAZIN (FERREIRA et al., 2004). The species feeding habits
are still unknown.
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Similarly, S. lewiniis a semi-oceanic species The aim of the present study is to provide
distributed throughout tropical and temperatesupplementary information on the feeding habits and
oceans (COMPAGNO, 1984). As from 1996 severasimilarities of the diets of. signatusandS. lewiniin
vessels of the northeastern oceanic fleet hauwhe adjacencies of seamounts off northeastern Brazil
employed surface monofilament gillnets and, as and as a complementary study to ascertain their
result, the proportion 08. lewiniin the total oceanic population dynamics, thus initiated for both these
captures has increased from 0.05 % to 13 % of thepecies in this region of the Atlantic.
total catch (HAZIN et al., 2001). In Brazilian wager

S. lewini is found along the coast, including the MATERIAL AND METHODS
Fernando de Noronha Archipelago, with distribution
ranging between 10 and 40 m depth, extending out The study area is located betweefVBsand

to the shelf break (SOTO, 2001). Aspects Ofyryy, and 6 and 08S (Fig. 1). Sampling was carried
reproductive biology have been studied in thig,;t petween 1992 and 1999, where sharks were
region by HAZIN et al. (2001). The species is alsqgjiected from fishing vessels that operate loreglin
found in the Saint Peter and Saint Paulg grifting gillnets. The longline used consistdca
Archipelago, where there is a local longline fisher iiilament mainline with secondary lines attaghe
targeting S. lewinj C. falciformis and tunas i cyster of six or seven hooked lineBishing
(OLIVEIRA et al.,, 1997, VASKE JUNIOR et al., gnerations began about 02:00 hours and ended at
2005). The feeding habits .(ﬁ. lewiniare normally 4awn. The baits used were Brazilian sardine
reported for young specimens (CLARKE, 1971ygaginella brasiliensjsand occasionally flying fish
BUSH; HOLLAND, 2002; BUSH, 2003; BRUYN et (Cypselurus cyanopterls Drifting gillnets have a

al., 2005; TORRES-ROJAS et al., 2006) due to thgiretched mesh of 17 to 30 cm, are 12 m in depith, a
ease of obtaining large samples in the beach and iy 7 km in length. The fishing activity was
coastal fisheries, where individuals between 50 angonducted in the vicinity of the shallow seamounts
130 cm are captured. However, there is littlgpetyeen 45 and 230 m depths) off the States oféCear

information concerning the larger individuals te&€ ;.4 Rio Grande do Norte, more precisely on the banks
captured around seamounts. of Aracati, Guara and Sirius
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Fig. 1. Main seamounts off northeastern Brazil. AMracati; G — Guara; S —
Sirius; RA — Rocas Atoll; FNA — Fernando de Nororkiehipelago; SPSPA —
Saint Peter and Saint Paul Archipelago. Isobatli900 and 4000 m are shown.
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The sharks were landed in Natal, measuredignatuscontained some food, 29 taxa of which were
in cm TL, dissected, and their stomachs removed andentified, including 10 species of fish, 14
stored, frozen, for later identification of the piitkems  cephalopods, 3 crustaceans, 1 tunicate, and liska b
in the laboratory. Prey organisms in the stomaclmong the fish noteworthy predation occurred upon
contents were identified to the lowest possiblemall pelagic species suchB®phussp.,Acanthurus
taxon. A prey taxon was called a "food item", and &p.,Howella sp., andBramacaribbea(Table 1). Also
unit of prey organism a "prey". The numberpoéy important were large pelagic fish suchketsuwonus
of each food item, the mantle length for cephal@odpelamis Thunnus albacareand Xiphias gladius The
(cm ML), total length for other organisms (cm TL), cephalopods Histioteuthis sp., Ommastrephes
and wet weight (W,g) of each prey in each stomacbhartramii, Octopoteuthis sp., Vampyroteuthis
were recorded. A richness prey curve was computed infernalis and Cranchiidae were the main
infer whether the stomachs sampled were suffidient representatives in the diet by IRI ranking. The deep
obtain the food spectrum of both predators. water shrimp Heterocarpus ensifewas the main

The importance of each food item in the dietcrustacean item. The presence of salps and thadeab
was obtained by the Index of Relative Importancéuffinus gravisvas observed on two ocasions.
(IRl) (PINKAS et al, 1971; CORTES, 1997),
modified to weight in the pooled samples of the Carcharhinus signatusn = 425 mean = 143.8 cm
species, as follows: IRI= %FQ x (%N x %W),
where %FQis the relative frequency of occurrence of
each food item; %Ns the proportion in prey number
of each item in the total food; and %Ws the %
proportionby weight of each item in the total food.

The niche overlap between predators was
determined by the Schoener Index (T), (SCHOENER
1970): T = 1 - 0.5 |Px — Py |, where, Pxis the
proportion in frequence of occurrence of the food
item “i" in the diet of the predator “x”, and Pig the
proportion in frequence of occurrence of the food
item “” in the diet of the predator “y". Significa Sphyrna lewini n = 98 mean = 173.4 cm
biological similarity was considered to exigten %

T> 0.6 (SCRIMGEOUR; WINTERBOURN, 1987). 15
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The total length of 425 specimens df. 0
signatusand 98 specimens &. lewinj of both sexes, 50 100 150 200 250 300
is shown in Figure 2. If the size at sexual mayuicir
females ofC. signatuds estimated at between 200 and
205 cm TL, while that for males is between 185 andig. 2. Length distributions fo€archarhinus signatusind
190 cm TL (HAZIN et al., 2000), then the majoritly o Sphyrna lewinfrom seamounts off northeastern Brazil.
specimens were considered sexually immature. Sexual
maturity ofS. lewiniranges between 180 and 200 cm In the stomachs of 50 of the @B lewinj
TL for males, and between 180 and 240 cm TL fothere was some food. 27 taxa were observed: 10
females (HAZIN et al., 2000), hence, as with species of fish, 15 cephalopods and 2 crustaceans
signatus the majority of specimens @&. lewinihad (Table 1). The main fish prey items were reef dingll
not reached sexual maturity. species, such adutjanus buccanella Sparisoma

The richness of food items f@@. signatus Viride, Monacanthidae, Muraenidae, but also pelagic
did not attain stability even though 215 stomacksew predators such aSphyraena barracudaCaranx sp.,
analyzed (Fig. 3). There was no tendency tdRuvettus pretiosysand Thunnus obesusThe squid
stabilization forS. lewinieither, but in this case this Histioteuthissp. was the main prey item, followed by
may have been due to the small number of stomack¥mmastrephes bartramiiand Cranchiidae. The
analyzed. similarity of the diets ofC. signatusand S. lewinj

Teleosts and cephalopods were the maimeasured by the Schoener Index (T), showed that bot
prey items for both predators observed in the IR$pecies share the same prey spectrum, with a
ranking, nevertheless, when more specific groups asignificant degree dfimilarity (T = 0.75).
taken into account, some differences and simitriti
are to be observed. A total of 215 stomachsCof

Total length (cm)
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Fig. 3. Richness prey curve f@archarhinus signatuandSphyrna lewinfrom seamounts off northeastern Brazil.

Table 1. Number, weight and frequence of occurrefdeod items, and IRI ranking (first to tenth) f8phyrna lewiniand
Carcharhinus signatuef oceanic banks off northeastern Brazil.

Sphyrna lewini
Stomachs containing food: 50

Empty stomachs: 48

Carcharhinus signatus
Stomachs containirfgod: 215

Empty stomachs: 210

Prey items N %N w %W FO %FO IRl N %N w %W FO %FO IRI
Acanthurussp 3 0.89 2 0.02 1 0.47
Brama caribbea 9 2.68 498 4.13 7 3.26 10
Diaphussp. 1 0.30 9 0.07 1 0.47
Caranxsp. 2 0.28 800 3.26 2 4

Howellasp. 4 1.19 27 0.22 1 0.47
Katsuwonus pelamis 4 1.19 1726 1431 3 1.40
Lutjanus bucanella 1 0.14 6620 26.97 1 2 6

Monacanthidae 1 0.14 390 1.59 1 2

Muraenidae 1 0.14 4664 19.00 1 2 7

Ruvettus pretiosus 2 0.28 3481 14.18 2 4 5
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Table 1. Cont.
Sphyrna lewini Carcharhinus signatus
Stomachs containing food: 50 Stomachs containirfgod: 215
Empty stomachs: 48 Empty stomachs: 210
Prey items N %N W %W FO %FO IRI N %N W %W FO %FO IRI
Serranidae 1 0.30 300 2.49 1 0.47
Sparissoma viride 4 0.56 321 1.31 1 2
Sphyraena barracuda 1 0.14 1200 4.89 1 2
Teleostei 54 756 1697 6.91 25 50 2 1 3.27 2659 22.04 64 29.771
Thunnus albacares 5 1.49 3279 27.18 2 093 9
Thunnus obesus 1 0.14 2810 1145 1 2 10
Xiphias gladius 2 0.60 1270 1053 2 0.93
FISHES 69 9.66 22999 93.69 43 12.8 9941  82.42
Cephalopoda 9 1.26 159 0.65 7 14 9 24 7.14 600 4.97 15 6.98 2
Chiroteuthissp. 10 028 12 0.05 1 2 7 0.89 14 012 3 1.40
Cranchiidae 28 294 246 1 11 22 4 17 357 80 066 10 4.65
Halyphron atlanticus 1 014 4 0.02 1 2
Histioteuthisspp 139 18.35 680 2.77 21 42 1 35 9.23 203 1.68 16 744 3
Hyaloteuthis pelagica 33 4.62 11 0.04 1 2 7 2.08 26 0.22 3 1.40
Japetella diaphana 1 0.14 1 2
Octopodidae 8 0.84 2 0.01 2 4 2 0.30 2 0.02 1 0.47
Octopoteuthisp. 4 0.14 2 0.01 1 2 33 6.25 193 1.60 12 558 7
Acanthurus sp. 3 0.89 2 0.02 1 0.47
Brama caribbea 9 2.68 498 4.13 7 3.26 10
Diaphus sp. 1 0.30 9 0.07 1 0.47
Caranx sp. 2 0.28 800 3.26 2 4
Howella sp. 4 1.19 27 0.22 1 0.47
Katsuwonus pelamis 4 1.19 1726 1431 3 1.40
Lutjanus bucanella 1 0.14 6620 26.97 1 2 6
Monacanthidae 1 0.14 390 1.59 1 2
Muraenidae 1 0.14 4664 19.00 1 2 7
Ruvettus pretiosus 2 0.28 3481 1418 2 4 5
Scombridae 2 0.28 1016 4.14 2 4 3 0.89 171 1.42 3 1.40
Serranidae 1 0.30 300 2.49 1 0.47
Sparissoma viride 4 0.56 321 1.31 1 2
Sphyraena barracuda 1 0.14 1200 4.89 1 2
Teleostei 54 7.56 1697 6.91 25 50 2 11 3.27 2659 22.04 64 29.771
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Table 1. Cont.

Sphyrna lewini Carcharhinus signatus

Stomachs containing food: 50 Stomachs containirfgod: 215

Empty stomachs: 48 Empty stomachs: 210
Prey items N %N W %W FO %FO IRI N %N W %W FO %FO IRI
Thunnus albacares 5 1.49 3279 2718 2 0.93 9
Thunnus obesus 1 0.14 2810 11.45 1 2 10
Xiphias gladius 2 0.60 1270 1053 2 0.93
FISHES 69 9.66 22999 93.69 43 12.8 9941  82.42
Cephalopoda 9 1.26 159 0.65 7 14 9 24 714 600 497 15 6.98 2
Chiroteuthis sp. 10 0.28 12 0.05 1 2 7 0.89 14 0.12 3 1.40
Cranchiidae 28 2.94 246 1 11 22 4 17 3.57 80 0.66 10 4.65
Halyphron atlanticus 1 014 4 0.02 1 2
Histioteuthis spp. 139 18.35 680 2.77 21 42 1 35 923 203 168 16 744 3
Hyaloteuthis pelagica 33 4.62 11 0.04 1 2 7 2.08 26 0.22 3 1.40
Japetella diaphana 1 0.14 1 2
Octopodidae 8 084 2 0.01 2 4 2 0.30 2 002 1 0.47
Octopoteuthis sp. 4 014 2 0.01 1 2 33  6.25 193 160 12 558 7

Discussion Analysis of the diet of small and coastal specimas

S. lewinifrom Hawaii showed that the most common
The concentration of predators aroundprey items were alpheid shrimps and two species of
seamounts is evident by reason of the large nuntfersgoby, the most abundant benthic local megafauna
reef and pelagic fishes that occur there, as dlspio (BUSH, 2003). In the Gulf of California (Mexico),
and mesopelagic cephalopods, which are diverse agdrk squid Koliolopsis diomededeand the bony fish
abundant food resources for other predators togarangidae and Gerreidae were the main prey items
(MORATO et al, 2008). As a consequence, theymong the 87 identified (TORRES-ROJAS et al.,
predators become ttarget of a localized and specific 2006). In South Africa, 60 teleost species werenébu
fishery fleet, as in the case of the fishing rlewini in the stomachs, Trichiuridae, Pomadasydae and
and C. signatusaround the northeastern Brazilian Sparidae being the most representative fish, bastebd

seamounts. _ cephalopods and sharks of the family Scyliorhinidae
The presence of specimens of reef angyere also found (BRUYN et al., 2005).
pelagic fish in the diet of. lewini shows that this In the case ofC. signatus there is a

species searches for its prey close to the reefsuab  preference for migrant squids suchHistioteuthissp.,

as in the adjacent pelagic environment, suggettia Ommastrephes bartramiiOrnithoteuthis antillarum
there is a constant displacement between shall@v a@and alsoVampyroteuthis infernalisThe deep water
deep waters. Nevertheless, all the cephalopode@reyshrimp Heterocarpus ensifeis the main prey among
upon are oceanic species, particulatigtioteuthissp.,  crustaceans, as was also observe®fdewini On the
which is a common species shelf break and oceanic other hand, fish preyed upon Iy signatusbelong
waters (ROPER; YOUNG, 1975). Cephalopods likenore to the pelagic than to the reef habitat, which
Chiroteuthis sp. andVampyroteuthis infernalisand means that the predator searches for prey in the
the shrimpHeterocarpus ensifeinhabit deep waters, pelagic waters around the oceanic banks, and
beyond 300 m, which means th&t lewini make occasionally comes near to the shelf break of the
incursions into deep waters, descending to thetbed panks. Patokina and Litvinov (2005) found shelf
feed upon deep-dwelling prey. Smale and Cliff (1998preak species such @sichiurussp. andOctopoteuthis
observed that adults &. lewinifrom South Africa sjcula in Sierra Leone waters in the stomachs of 11
consumed more oceanic than neritic cephalopodmdividuals ofC. signatus
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The feeding strategy of both predators in the Kaneohe Bay, Oahu, Hawail. exp. mar. Biol. Ecol., v.
region seems to bring them close to seamountsetp pr 278, p. 157 - 178, 2002.
upon the reef and bentho-pelagic fishes and migraﬁlRUYN' P.; DUDLEY, S. F. J.; CLIFF, G.; SMALE, M. J
cephalopods commonly found in shelf breaks, anal als iharks caught in the protective gill nets off Kwiazu

. Natal, South Africa. 11. The scalloped hammerhead

upon deep-water _Crustacea_ns such as, the penaeid sharkSphyrna lewini(Griffith and Smith).Afr. J. mar.
Heterocarpus ensifer According to Cortés (1999), Sci., v. 27, n.3, p. 517 - 528, 2005.
both predators have very similar trophic level fr  CLARKE, T. A. The ecology of the scalloped hammarhe
C. signatus and 4.1 forS. lewinj that is evident at shark,Sphyrna lewiniin Hawaii.Pacific Sci, v. 25, p. 133
these seamounts, because both predators have a-145,1971.
preference for shelf breaks when they are juveniléeOMPAGNO, L. J. V. FAO Species catalogue. Vol. Bai®s
and adults involved. The high prey richness of the of the worl_d. An annotated and illustrated catad_Dg]i
diets suggests that these species belong to very shark species known to date. Part 2. Carcharhinéser

extensive food webs at the seamounts off Brazil anéogﬁé)sFlsEh'AS}lgﬂﬁg;' g\ier A:)’fpr'nﬁﬁ o-diSi’flsiﬁaiﬁsh

reinforce the idea that these sharks occupy Upper feeding based on analysis of stomach contentsicatiph
trophic levels, as proposed by Cortés (1999). to elasmobranch fisheSan. J. Fish. aquat. Sci.,v. 54, p.
Carcharhinus signatuss considered to be 726 - 738, 1997.
globally vulnerable on the basis of significantCORTES, E. Standardized diet compositions and icdpkiels
population declines throughout its Western Atlantic  of sharksICES J. mar. Sci, v. 56, p. 707 - 717, 1999.
range, ands. lewiniis classified as Lower Risk — near FERREIRA, A. G.; FARIA, V. V.; CARVALHO, C. E. V.;
threatened (LR/nt) on the IUCN Red List 2004. As LESSA R. P. T.. SANTANA, F. M. Total mercury in
. the night sharkCarcharhinus signatusn the western
observed by Worm et al. (2003), the Seamountse_n th equatorial AtlanticBraz. Arch. Biol. Tech., v. 47, n. 4:
present study may be an example of concentration of g9 . 634, 2004.
biodiversity, or hotspots in open waters, with e GADIG, 0. B. F.; MOREIRA JUNIOR, W. Tubardes da
that enhance local production and consequently Costa BrasileiraLeopoldianum, v. 18, n. 52, p. 111-
maintain an important concentration of commercial 119, 1992.
sharks. Seamounts shallower than 400 m depth shd¥ZIN, F. H. V.; COUTO, A. A;; KIHARA, K.; OTSUKAK.;
significant aggregation effects (MORATO et al., 2p0g ~ 'SHINO, M. Distribution and abundance of pelagiarks
and a special effort should be made to ensure a in the southwestern equatorft. J. Tokio Univ. Fish., v.

- ) - R, . 77,n.1, p. 51 - 64, 1990.
sustainable fishery in the vicinities of these keibi In HAZIN, F. H. V.. LUCENA, F. M.: SOUZA, T. S. A. L.

this way, due to the concentration for feeding ofhb BOECKMANN, C. E.; BROADHURST, M. K.; MENNI,
predators in the seamounts, intense fisheries dhmall R. C. Maturation of the night shaiRarcharhinus signatus
monitored to avoid localised depletions. in the Southwestern Equatorial Atlantic oceBall. mar.
Sci.,, v. 66, n. 1, p. 173 - 185, 2000.
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