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ABSTRACT . - We studied the contents of 556 stomachs of scalloped hammerhead sharks, ranging from 48 to 160 cm TL,
caught from off Mazatlán, southern Gulf of California, between October 2000 and April 2005: 449 stomachs had food con-
tents, and 87 prey species were identified. The Index of Relative Importance (IRI) showed that the diet is mainly constitut-
ed of dart squids Loliolopsis diomedeae (IRI = 49%) and bony fishes: Carangidae (IRI = 26 %) and Gerreidae (IRI = 7%).
According to the values of niche breadth (0.14) and diversity index (3.49), Sphyrna lewini should be a generalist and
opportunistic predator, with unselective feeding behaviour: the type and amount of the food consumed are determined by
its abundance and availability. The Morisita-Horn indices indicated high niche trophic overlap between sexes (C = 0.95),
and low overlap between size classes (C = 0.50).

R É S U M É. - Régime alimentaire du requin-marteau halicorne, Sphyrna lewini, dans les eaux de Mazatlan, golfe de Cali-
fornie méridional, Mexique. 

Nous avons étudié les contenus de 556 estomacs de requins-marteaux halicornes de 48 à 160 cm LT, capturés au larg e
de Mazatlán, golfe de Californie méridional, entre octobre 2000 et avril 2005; 449 estomacs contenaient de la nourriture et
87 espèces-proies ont été identifiées. L’ indice d’abondance relative (IRI) montre que le régime alimentaire est principale-
ment constitué de calmars-fléchettes Loliolopsis diomedeae(IRI = 49%), et de poissons osseux : Carangidae (IRI = 26%) et
Gerreidae (IRI = 7%). Selon les valeurs de la largeur de niche (0,14) et de l’indice de diversité (3.49), Sphyrnalewini serait
un prédateur généraliste et opportuniste avec un comportement alimentaire non-sélectif : le type et la quantité de nourriture
consommée étant déterminés par son abondance et sa disponibilité. Les indices de Morisita-Horn montrent un grand che-
vauchement des niveaux trophiques entre les deux sexes (C = 0,95), et un faible chevauchement entre les classes de tailles
(C = 0,50). 
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The scalloped hammerhead shark Sphyrna lewinihas cir-
cumtropical distribution, which includes the eastern Pacific
Ocean from southern California to Ecuador. This species is
an important resource for traditional and oceanic fisheries
(Compagno et al., 1995), representing approximately 50%
of the shark catch obtained off the coast of Sinaloa, Mexico.
Sphyrna lewini apparently changes its ontogenetic habitat:
small sharks live in coastal waters and feed on benthonic and
neritic fish, whereas the adults l ive in oceanic waters and
feed on neritic and epipelagic fish, and cephalopods (Klim-
ley, 1983).

Few studies on the biology of S. lewini have been done,
so the main objective of this work was to analyze the feeding
habits of the scalloped hammerhead shark off Mazatlán,
Sinaloa, Mexico, and to compare the diet among sex and
size groups.

MATERIAL AND METHODS

Sharks were obtained from the long line traditional fish-
ing fleet operating in the fishing zone “Playa Sur”  off
Mazatlán, Sinaloa (Fig. 1), between October 2000 and A p r i l
2004. Scalloped hammerhead sharks were landed at the
wharf, where they were identified.

No adult were obtained, but only juveniles with
T L < 1 8 0cm. They were sorted according to the two size
classes defined by Soria- Quiroz (2004): immature sharks
with T L < 100 cm and premature sharks with T L r a n g i n g
from 100 to 180 cm.

The following data were recorded for each shark: total
length (cm), weight (kg), sex, and maturity stage according
to external characteristics (Soria-Quiroz, 2004). The stom-
achs were removed and frozen.
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Prey species were identified to the lowest taxonomic
level possible, and separated for qualitative analysis. T h e
following keys were used to identify the fishes: Clothier
(1950), Monod (1968), Miller and Lea (1972), Miller and
Jorgensen (1973), Allen and Robertson (1994), Fischer et al.
(1995), and Thomson et al. (2000). Cephalopods were iden-
tified by their beaks according to Clarke (1962, 1986), Iver-
son and Pinkas (1971), and Wo l ff (1982, 1984). Crustaceans
were identified using the keys in Fischer et al.(1995).

For analysis of prey composition in the diet, the index of
relative importance (IRI) was used with the modification
proposed by Stevens et al. (1982), who replaced the volume
of food used by Pinkas et al. (1971) by the weight. Thus, for
a particular category of prey, the value of the IRIP is calculat-
ed as follows:

IRIP = (%N+%W) %F
where %N is the percentage of numerical composition,

%W is the percentage in weight, and %F is the percentage of
frequency of occurrence.

The Shannon-Wiener diversity index was used to calcu-
late diversity (Pielou, 1975):

where pi is the proportion of each prey species.
Trophic niche breadth was estimated using Levin’s

(1968) standardized index, which takes values from 0 to 1:

where Bi is Levin’s index for predator i; Pi j is the propor-

tion of the diet of predator i given by prey j, and n is the
number of prey categories.

For our analysis, a value of Bi less than 0.6 was chosen to
represent a specialist diet, which means that predator uses
few prey resources and prefers specific prey, while a value
over 0.6 was chosen to represent a generalist diet, which
means that predator uses many resources without notable
preference.

The Morisita-Horn index (Smith and Zaret, 1982) was
used to evaluate dietary overlap between size classes and
between sexes. This index ranges from 0, when the diets are
completely different, to 1 when the diets are the same. Va l-
ues exceeding 0.6 are considered to overlap significantly:

where C is the overlap index between predator x a n d
predator y; Px i is the proportion of prey i of the total prey
used by predator x; Py i is the proportion of prey i of the total
prey used by predator y, and n is the number total of prey.

RESULTS

A total of 556 specimens of Sphyrna lewini were exam-
ined: 300 males and 256 females. Total lengths ranged from
48 to 160 cm, with a polymodal frequency distribution.
Small sharks with TL <100 cm were more frequent (Fig. 2).

Out of the 556 stomachs collected, 107 were empty
(19%) and 449 contained food (81%). A total of 87 prey
species were identified: 10 crustaceans, 5 cephalopods, and
72 fishes (Tab. I). For both size classes combined, the index
of relative importance for the dart squid L o l i o l o p s i s
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Figure 1. - Fishing area of the artisanal fishing fleet off Mazatlán,
Mexico, where the specimens of Sphyrna lewini were caught.
[Zone de pêche de la flotte artisanale au large de Mazatlán, Me -
xique, où les spécimens de Sphyrna lewiniont été capturés.]

Figure 2. - Total length frequency distribution of Sphyrna lewini
from off Mazatlán, Mexico. [Distribution de la fréquence de taille
des spécimens de Sphyrna lewini pris au large de Mazatlán, Mex -
ique.]
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Table I. - Prey species found in the stomachs of Sphyrna lewinijuveniles from off Mazatlán, Sinaloa, Mexico; results expressed in absolute
numbers, in numerical (N), and gravimetric (G) percentages, in frequency of occurence (F), and as index of relative importance (IRI).
[ P roies trouvées dans les estomacs de jeunes S p h y r n al e w i n ipris au large de Mazatlán, Sinaloa, Mexique; résultats exprimés en nombre s
absolus, en pourcentages numériques (N) et gravimétriques (G), en fréquences de présence (F) et en indices d’abondance relative (IRI).]



d i o m e d e a ewas highest (49%), followed by fishes of the
families Carangidae (26%), Gerreidae (7%), and Sciaenidae
(6%).

Food was found in the stomach of 211 females, out of the
256 obtained. The diet composition consisted of 59 species:
6 crustaceans, 3 cephalopods, and 50 species of fish, as well
as unidentified species of the families Paralichthyidae,
Carangidae, Penaeidae, Labridae, Gerreidae, and
Muraenidae. For females of both size classes combined, the
IRI of the dart squid Loliolopsis diomedeaewas the highest
(40%), followed by fish of the family Carangidae (27%), and
the pelagic red crab Pleuroncodes planipes(4%).

Food was found in the stomach of 238 males, out of the
300 obtained. The diet composition consisted of 73 species:
11 crustaceans, 4 cephalopods, and 58 f ishes, as well as
unidentified species of the families Carangidae, Muraenidae,
and Paralichthyidae. For males of both size classes com-
bined, the IRI of Loliolopsis diomedeae was the highest
(48%), followed by fishes of the family Carangidae (21%)
and Gerreidae (11%).

Immature sharks (TL <100 cm) fed mainly on
Loliolopsis diomedeae (IRI 46.7%), carangid fishes
(17.9%), gerreid fishes (8.9%), P l e u roncodes planipes
(2.9%), and Abraliopsis affinis (0.7%). Premature sharks
( T L 100-180 cm) fed on Loliolopsis diomedeae (IRI 8.5%),

carangid fishes (30.6%), P l e u roncodes planipes (1.5%), and
Abraliopsis affinis (33.9%) (Fig. 3).

The diet of S. lewini in Mazatlán waters had high species
diversity (H’ = 3.42), but niche breadth was low (B i = 0.15).
The diets of males (H’ = 3.39, B i = 0.17) and females (H’ =
3.27, Bi = 0.20) were similar.
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Table I. - Continued. [Suite.] 

Figure 3. - Index of Relative Importance (IRI) by sizes classes of
Sphyrna lewini from off Mazatlán, Mexico. [ Indice d’abondance
relative (IRI) par classe de taille des spécimens de Sphyrna lewini
capturés au large de Mazatlán, Mexique.]



The Morisita-Horn index of overlap between sexes was
high for both size classes combined (C = 0.95), but low
overlap was found for the diet between size classes (C =
0.50).

DISCUSSION

Although sampling effort spanned the whole year, the
traditional fishing fleet of Mazatlán catches the majority of
Sphyrna lewini from October to March. According to the
size ranges and external characteristics observed, all cap-
tured sharks were juveniles. Our study revealed lengths
close to those observed by Klimley (1983), who found juve-
niles of less than 87.5 cm in the bay of La Paz in the Gulf of
California, and by Torres-Huerta (1999), who reported juve-
niles from 45.4 to 186 cm T L caught by gil lnet in the same
area. The modal groups in total length frequency distribution
were similar to those observed by Soria-Quiroz (2004), but
in this study sharks of less than 100 cm T L were more fre-
quent. The catch of juveniles in the fishing ground close to
Mazatlán, indicates that this might be a pupping area (Cas-
tro, 1983), where they find refuge from predators (Allen and
Robertson, 1994).

Sphyrna lewini of both size classes combined in the area
o ff Mazatlán fed on fishes (55.6%), cephalopods (30.2%),
and crustaceans (14.1%). Similar diets (cephalopods and
fishes) were described previously for scalloped hammerhead
sharks from Kaneohe, Oahu, Hawaii (Clarke-Thomas,
1971), Kwazulu-Natal, South Africa (Smale and Cliff, 1988)
and Gulf of California (Klimley, 1983).

The presence of mesopelagic and neritic prey in the diet
of S. lewini in Mazatlan may be related to forays these
sharks make to depths of 50-450 m, which were more fre-
quent at night (Klimley et al., 1993). Our results show that
juveniles of S. lewini consumed more neritic (Loliginidae)
than oceanic cephalopods, but in South Africa, adults of S .
l e w i n i consumed more oceanic than neritic cephalopods
(Smale and Cliff 1988).

The high diversity index value coincides with the high
number of different items consumed by S. lewini (87 prey
species). The low niche breadth index value classified juve-
nile scalloped hammerhead sharks as specialists because
they consume more on few prey. Klimley et al. (1983) clas-
sify to scalloped hammerhead as an opportunistic-generalist
predator in the Gulf of California; however he found more
adults than juveniles, and the feeding behavior in adults is
d i fferent than that of juveniles, because they consume more
on epipelagic and mesopelagic cephalopods (Galvan et al.
1989). The overlap index showed no difference between
sexes, so we inferred that both male and female juveniles
feed on similar prey from October to March. However,
Galván et al. (1989), mentioned sex segregation, in which

males of S. lewini were more common than females during
the spring season, and the catch frequencies of both sexes
were the same during summer. Also they found seasonal dif-
ferences in S. lewini length (190 to 240 cm of total length).
Klimley (1983), mentioned sex segregation in this shark
species throughout the year in the Gulf of California, with a
high percentage (47%) of adult and juvenile females feeding
o ffshore on pelagic prey, while males were caught in coastal
areas (15%), where the incidence of benthic prey was higher.
Even the main prey species of both size classes were larg e l y
the same. Differences in proportion of prey do not cause
overlaping. This result could be explained by a greater home
range of larger sharks, as reported by Klimley (1983), and
Smale and Cliff (1988), who found that the juveniles of S .
l e w i n istay in coastal waters (mainly in bays) for some time,
and that, with grow, they move toward oceanic areas during
the night to feed, and return to the coast during the day.

In summary, the population of S. lewini o ff Mazatlán
consist mainly of juveniles of less than 160 cm TL. They are
specialist predators with similar diets for both sexes, but
showing some variations between size classes.
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