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ASPECTS OF THE REPRODUCTIVE BIOLOGY OF THE SANDBAR SHARK,
CARCHARHINUS PLUMBEUS (NARDO, 1827), IN COASTAL WATERS
OFF PERNAMBUCO, BRAZIL

Fabio H. V. Hazin?, Paulo G. V. Oliveira®, Bruno C. L. Macena®

SUMMARY

A total of 28 sandbar sharks, 11 males and 17 females, caught off the coast of Pernambuco,
northeast Brazil, from December 1994 to January 1996, were examined. Total length (TL)
ranged from 154.0 to 196.0 cm, for males, and from 108.5 to 208.0 cm, for females. All
specimens were already adults. The monthly distribution of sexual stages shows that parturition
and ovulation happen in the same months, suggesting a 12-month gestation cycle, in alternate
years. Litter size ranged from 7 to 10, with a mean value of 8.6, and the sex ratio of embryos
was 1:1.4 (male: female).

RESUME

Un total de 28 requins gris, 11 males et 17 femelles, capturés au large de la cOte de
Pernambuco, Nord-Est du Brésil, de décembre 1994 a janvier 1996, ont été examinés. La
longueur totale s’est établie entre 154,0 et 196,0 cm pour les males et entre 108,5 et 208,0 cm
pour les femelles. Tous les spécimens avaient déja atteint le stade adulte. La répartition
mensuelle des stades sexuels indique que la parturition et I’ovulation surviennent au cours des
mémes mois, ce qui suggeére un cycle de gestation de 12 mois, au cours d’années alternées. La
taille de la portée fluctuait entre 7 et 10, avec une valeur moyenne de 8,6 et le sex-ratio des
embryons s’établissait a 1 :1,4 (méle : femelle).

RESUMEN

Desde diciembre de 1994 hasta enero de 1996 se examind un total de 28 tiburones trozo, 11
machos y 17 hembras, capturados en las aguas situadas frente a costa de Pernambuco,
nordeste de Brasil. La longitud total oscilé entre 154,0 y 196,0 cm para los machos y entre
108,5 y 208,0 cm para las hembras. Todos los ejemplares eran ya adultos. La distribucion
mensual de las fases sexuales muestra que el parto y la ovulacién se producen en los mismos
meses, lo que sugiere un ciclo de gestacion de 12 meses, en afios alternos. El tamafio de las
camadas oscil6 entre 7 y 10 crias, con un valor medio de 8,6, y la ratio de sexos de los
embriones fue 1:1.4 (macho: hembra).
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1. Introduction

The genus Carcharhinus has the largest number of species among all shark genus: 29 species, 10 of which are
present in the Southwestern Equatorial Atlantic Ocean. The sandbar shark, Carcharhinus plumbeus (Nardo,
1827), is a medium-sized grey shark, viviparous with a yolk-sac placenta, found in continental and insular
shelves, as well as in deep waters adjacent to them (Compagno, 1984). Being present in the entire Brazilian
coast, they are highly migratory, with reported movements of over 2,900 km (Merson and Pratt, 2001).

Data on the distribution, biology and reproduction of the sandbar shark have been reported from USA (Bigelow
and Schroeder, 1948; Springer, 1960; Clark and von Schmidt, 1965; Branstetter, 1981), Hawaii (Wass, 1978),
China (Taniuchi, 1971), South Africa (Bass et al., 1973), Australia (Mcauley et al., 2005), Chinese Taipei
(Joung and Chen, 1995) and Mediterranean (Saidi et al., 2005). In Brazil, however, only Amorim et al. (1998)
have provided, so far, biological information on the species.

Mattos and Hazin (1997) examined sharks caught in the coast of Pernambuco, northeast Brazil, between
September 1994 and May 1996 and identified the presence of 9 species. Of these, the blacknose shark,
Carcharhinus acronotus, and the sandbar shark, Carcharhinus plumbeus, were the most abundant ones,
accounting together to about 70% of all specimens. Besides, Wanderley Jr. et al. (1998), studying the
distribution of sharks in the same area, identified a pattern of species segregation by depth, with a clear
predominance of the sandbar shark in deeper areas (between 50 and 60 m), next to the continental slope, whilst
the blacknose shark showed a much shallower distribution, being common only in waters with less than 20-m
depth. The higher abundance of the sandbar shark in the continental slope, as well as in the adjacent oceanic
waters, results in its sporadic catch by longliners targeting tunas and swordfish off Brazilian coast. Nevertheless,
the lack of a targeted fishery for the species in Brazil, associated to its seldom occurrence in the longline catches,
make the study of its biology very difficult. Aiming at filling this gap, at least in part, in the present paper
preliminary information on the reproductive biology of C. plumbeus specimens caught by bottom longline in the
coast of Pernambuco has been provided.

2. Material and methods

A total of 28 sandbar sharks, 11 males and 17 females, caught in the coast of Pernambuco (7° to 10°S; 34° to
35°W), from December 1994 to January 1996, were examined. All specimens were caught with a bottom
longline, close to the edge of the continental shelf and slope. Sharks were dissected and examined immediately
after capture. The reproductive organs of both males and females were collected and preserved in 10% sea-water
formalin solution. From females, both oviducal glands and the ovary were collected, weighted and measured,
and the stage of ovarian development was observed. The number of vitellogenic follicles was counted and the
diameter of the largest one was measured using a Vernier caliper. Both uteri were measured and their contents
observed, following dissection. Whenever there were eggs or embryos present, they were counted, measured,
weighted, and sexed (embryos). Male testes were also collected and measured, including width, length and
weight. Clasper length was measured and the calcification stage was observed.

3. Results and discussion

Total length (TL) of the sandbar sharks examined ranged from 154.0 to 196.0 cm, for males, and from 108.5 to
208.0 cm, for females, with females being consistently larger than males (Figure 1). Maximum reported total
length for males and females is 224 cm and 234 cm, respectively, with females, therefore, also attaining a larger
size (Compagno, 1984). All males examined seem to be adult, with fully developed sexual organs and well
calcified claspers (Table 1). Females were separated into 5 different sexual stages, according to distinctive
characteristics of their reproductive organs (Table 2), as follows: maturing, pre-ovulatory, pregnant, post-partum
and resting. The only maturing female already had vitellogenic follicles in the ovary, but their relatively small
size, with the largest one measuring less than 2.0 cm in width, indicated that it was not yet ready to ovulate. Pre-
ovulatory females, in turn, had ripe ova, with the largest oocyte measuring 2.7 and 2.8 cm, for both specimens,
respectively, being thus very close to ovulation, since ovulation happens at an oocyte diameter from about 3.0
cm (Springer, 1960). Pregnant females had either eggs or embryos in their uteri. All of them, however,
irrespective of embryo size, had very small ovarian follicles, with the largest one measuring 0.5 to 0.6 cm, and
no sign of vitellogenesis. Post-partum females had ovaries in a similar condition to those of pregnant females.
Their uteri, however, were empty, flaccid and dilated, with signs of a recent parturition. Resting females, in turn,
showed no sign of sexual activity, showing an undeveloped ovary and thin uteri.
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Size at first sexual maturity for the species has been provided by numerous authors (Bigelow and Schroeder,
1948; Springer, 1960; Clark and von Schmidt, 1965; Bass et al., 1973; Branstetter, 1981; Saidi et al., 2005),
ranging, in general, from about 160 to 185 c¢cm, for males, and from 170 to 190 cm, for females. This information
confirms that most of the examined specimens were already adults.

Pregnant females were caught from December to May. Litter size ranged from 7 to 10, with a mean value of 8.6
(Table 3). Amorim et al. (1998) found an identical range for the number of embryos per litter, in 15 females
caught off southern Brazil. These figures are also pretty much within the range of litter size reported in the
literature: 9, in North Carolina (Springer, 1960); 4 to 11, with a mean of 9, in Florida (Clark and von Schmidt,
1965); 4-12, in South Africa (Bass et al., 1973); 6-11, in Gulf of Mexico (Branstetter, 1981); 1-8, with a mean of
5, in Hawaii (Wass, 1973); 2-10, mean of 5.6, in China Sea (Taniuchi, 1971); 4-10, mean of 6.9, in the Gulf of
Gabes (Saidi et al., 2005); 4-12, mean of 7.5, in Taiwan (Joung and Chen, 1995); 4-10, mean of 6.5, in Australia
(Mcauley et al., 2005).

Most of the specimens (5) had well developed embryos, the largest one in each litter measuring more than 50.0
cm, up to 57.0 cm. These embryos were probably near term, since size at birth ranges from about 56 to 75 cm
(Compagno 1984). One female had only eggs in the uteri, another one had both eggs and embryos of a maximum
TL of 10.0 cm, and a third one had relatively small embryos, with TL ranging from 14.0 to 17.0 cm. Sex ratio
(male: female) was 1: 1.4, with a predominance of females, which was very similar to the sex ratio of the adult
specimens caught (1: 1.5). Amorim et al. (1998) found a similar sex ratio of embryos (1:1.4), off southern Brazil.
In North Carolina and Central Gulf of Florida, however, females seem to outnumber males in a much larger
proportion, with sex ratios of 1:5 (Springer, 1960) and 1:6 (Clark and von Schmidt, 1965), respectively, being
reported. Springer (1960), nevertheless, suggested that the much larger number of females in U.S. coast could be
due to a feeding inhibition by males. In northeast Taiwan, in turn, a sex ratio very close to the present case, 1:1.6,
was described by Joung and Chen (1995). Wass (1973), on the other hand, reported a sex ratio for the sandbar
shark from Hawaiian waters very close to 1.

The monthly distribution of sexual stages (Figure 2) shows that parturition and ovulation happens in similar
months, from December to March, during austral summer, suggesting thus a 12-month gestation cycle. In
Hawaii, mating, ovulation and parturition also seem to occur in the same period, between July and September,
coinciding thus with summer in the northern Hemisphere. A similar cycle seems also to happen in the east coast
of USA (Springer, 1960). In that region, pregnant females of sandbar shark usually invade lagoons and bays of
shallow waters to give birth to pups (Castro, 1993). It’s likely, therefore, that Pernambuco coast also constitutes
a parturition and nursery ground for the species. The presence of resting females, together with a maturing
specimen in August, provide some indication that gestation might happen in alternate years, or even every 3
years. The fact that pregnant, post-partum and resting females show small ovarian follicles (Figure 3) indicates
that vitellogenesis is not concurrent with embryo development, giving further support to a two or three years
reproductive cycle. Off Hawaii, Wass (1973) also noted that only about half of adult females was pregnant,
suggesting a two year reproductive cycle for the species, with alternate gestations each year. A two-year
reproductive cycle for the sandbar shark has also been supported by several other authors (Springer 1960; Wass
1973; Bass et al. 1973; Branstetter 1981; Joung and Chen 1995; Castro 1996; Saidi et al. 2005).
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Table 1. Monthly distribution of sexual stages of male and female sandbar sharks, caught off Pernambuco,
northeast Brazil, from December 1994 to January 1996.

Sexual Stage Dec. Jan. Feb. March April May June July Aug. Total

Males  Adult 3 2 - 2 - 1 2 - 1 11
Maturing - - - - - - - - 1 1
Pre-ovulatory - 2 - - - - - - 2

Females Pregnant 2 1 1 2 - 2 - - - 8
Post partum - - - 1 - 3 - - - 4

Resting - - - 2 - - - - - 2

Subtotal 2 1 3 5 0 5 0 0 1 17

Total 5 3 3 7 0 6 2 0 2 28

Table 2. Main characteristics of sexual stages of female sandbar sharks, caught off Pernambuco, northeast
Brazil.

Maturing  Pre-ovulatory Pregnant Post-partum Resting
Number of specimens 1 2 8 4 2
Uterus width 4.0 5.6 and 5.5 7.1-275 47-6.5 2.3and 2.5
Oviducal gland width 2.8 45and 4.0 24-40 25-29 2.7
Ovary width 75 7.2 and 10.7 50-75 49-6.2 5.0
Largest ovarian follicle diameter 1.8 2.7and 2.8 0.5-0.6 05-1.0 0.5and 0.6
TL (cm) 204.0 195.0and 197.7 193.0-208.0 180.5-202.0 194.5and 204.0
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Table 3. Litter size, sex ratio and range of total length of embryos of 8 pregnant females, caught off
Pernambuco, northeast Brazil, from December 1994 to January 1996.

Litter Size/ Sex Ratio

Month (males: females) TL range (cm)

1 December 9/5: 4 50.0 - 56.0
2 December 9/4:5 49.0 - 55.0
3 January 9/5: 4 52.0-54.0
4  February - Egg
5 March 8/3:5 53.0 - 56.0
6 March 7/2:5 53.5-57.0
7  May 10/ 4: 6 14.0-17.0
8 May 8/2:6 Egg - 10.0
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Figure 1. Length-frequency distribution of male and female sandbar sharks, caught off Pernambuco,
northeast Brazil, from December 1994 to January 1996.
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Figure 2. Monthly distribution of sexual stages of female sandbar sharks caught off Pernambuco,
northeast Brazil.
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Figure 3. Relationship between largest ovarian follicle diameter and total length of female sandbar
sharks, by sexual stages.
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