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Fig. 6-9. - S. tudes, relationships between total length and gutted weight in females (6), epididymis width, N = 41

(7), ovary weight (8) and oviducal gland width, N = 24 (9).

1984 and April and July 1985, the former two
dates within the rainy season.

Total length-liver weigth relationship is given
by the equation LW = 0.8873 x e205291 wijth r =
0.96 for N = 25,

In both species the increase in liver weight
involves two stages; the former with a slight
increase, and a rapid growth after maturity onset.

DISCUSSION

Four hammerhead sharks make 18% of the
total capture of the artisanal fishery at Maranhao
(Lessa 1986). Most abundant is S. tibure, which
represents 10% (Silva & Lessa 1991; Lessa &
Silva 1992).

The limited size range of S. lewini in the area
(45-173 cm) is accompanied by a high degree of
sexual segregation. Percentage of captures with
only one sex is twice that observed in Squalus
acanthias and Schroedereicthys bivius in the

South Atlantic (Menni et al. 1979 ; Menni 1985,
1986). It appears from Stride et al. (1992) and
the present data (see also Lessa & Menni 1994
and Menni & Lessa in press), that only a small
part of a S. lewini population reaches the Maran-
hao coast. Klimley (1987) suggested that one of
the causes of segregation in S. lewini would be
feeding differences between sexes. Samples of the -
second half of 1984 showed a drastic sexual segre-
gation not observed the following year. This
agrees with the lack of a strong seasonality in the
chondrichthyan community as a whole, though
some aspects as presence of rare species and fee-
ding seasonality are apparently loosely related to
the rainy season. Community composition changes
in different moments, as result of considerable in
and outgoing of species. Permanent species chan-
ged in abundance, but appear organized in assem-
blages (clusters) with some temporal consistency.
Particular combination of species (recurrent
groups sensu Fager 1967 ; associations sensu Mar-
galef 1977) consistently appear at different dates,
but the replacing do not coincide with alternation
of dry and rainy periods or other observable en-
vironmental regularity (Lessa & Menni 1994).
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Table III. — S. tudes. feature of embryos (M : male,
F : female).

Female 115 c¢m TL, W= 8,500 g
LEFT UTERUS
Sex TL W W without

{cm) (g) wvitellus (g)

M 14.2 16 15
M 14.5 16 15
M 15:2 15 14
F 13.6 20 15
F 14.6 18 15
F 15.0 12 15
RIGHT UTERUS
M 14.3 16 15
M 14.4 17 15
M 15.5 18 17

Female 119.5 ¢m TL, TW= 9,200 g

LEFT UTERUS

M 22.0 41.0 39.2
F 22.0 42.8 40.0
F 22.0 41.2 36.8
F 23.0 46.0 43.0

RIGHT UTERUS

M 22.0 44.0 41.0
M 22.3 47.0 45.0
M 22.5 44.0 41.0
E 21.3 45.0 42.8
F 22.0 47.0 43.0

Stride et al. (1992) also observed low similarity
between year occurrences and were unable to find
seasonality patterns.

Sixteen hauls (66.7 %) were composed by one
sex against 8 with both sexes, with the same
number of individuals of each sex; in the Gulf
of Mexico, instead, males greatly outnumbered
females (Branstetter 1981).

Maximum size of this species has been reported
about 370-420 cm TL (Compagno 1984), 295 c¢cm
TL (male, Bass et al. 1975) 316 cm TL (female,
Stevens & Lyle 1989) and 300 cm TL (Branstetter
1990). Our smaller specimen was a 45 cm TL
female, slightly under the minimum (46.8 cm TL)
reported by Stevens & Lyle (1989). It is also
smaller than the smallest free swimming indivi-

duals recorded (Wakabashi & Iwamoto 1981) but
agreeing with the known size at birth about 40-
50 ¢m TL (Clarke 1971 ; Bass et al. 1975). In our
samples, specimens between 47.6 and 55.6 cm TL
still have umbilical scars.

Samples gathered at Maranhao are mainly com-
posed by juveniles. This situation is also reported
by Stride et al. (1992), in spite of the use of
gillnets with larger mesh size (180-300 mm) (90
specimens, mean size 115.2 cm). This does not
appear to be a sampling artifact; Hoff & Musick
(1990) stated that as an adult, S. lewini occupies
offshore waters more commonly than coastal wa-
ters (Clarke 1971, Klimley 1981, Branstetter
1987). Ninety one percent of the specimens exa-
mined by Stevens and Lyle (1989) were smaller
than 150 cm TL and immature. All our females
were in this stage as well as 94.3 % of males.

No mature females were captured. Three ma-
ture males measured 94 cm TL (W = 3.7 k),
150 cm TL (W = 17 k) and 173 cm TL (W =
21.3 k). The largest immature male measured 155
cm TL (W = 3.6 k). Reported sizes of male first
maturity are 145 to 165 cm TL (Bass et al. 1975)
and 140 to 160 cm TL (Stevens & Lyle 1989).
These authors cited the smallest mature specimen
measuring 135 cm and the largest immature mea-
suring 165 cm TL. Although mature specimens
are few, it appears that maturity size of males at
Maranhao are smaller than in other areas. Data
for males (Stride et al. 1992) agree with current
information, but data concerning females show
different results. Available data do not allow the
identification of the three steps in clasper deve-
lopment as observed for example in Isogompho-
don oxyrhynchus, Carcharhinus porosus (Lessa
1986; 1986/87) and S. tiburo (Silva & Lessa
1991).

Stride er al. (1992) examined S. lewini off the
coast of Maranhao finding gravid females measu-
ring 140 cm TL (6 embryos) and 190 cm TL (5
embryos). This is a considerable smaller size than
reported by Compagno (1984, 212 cm TL) and
Branstetter (1987, 250 cm TL). Litter sizes were
also smaller at Maranhao, with 5 and 6 embryos,
against 15 to 31 reported by Compagno (1984).

The available information shows that S. lewini
reaches maturity at smaller sizes in Maranhao than
in other areas, pointing to population differences
in development along the distribution range. Lack
of data about trophic condition of the environment
at the time of fishing renders adventurous to ad-
vance an hypothesis based on local productivity
(which is presumed high), or on food availability.
In the latter case, it should be noted that both S.
tiburo and S. lewini restricted themself to a small
part of the large number of apparently available
preys.

Interpopulation size-reproductive differences
are well known in Squalus acanthias (Ketchen



210 LESSA R., MENNIC., LUCENAF.

Table IV. — Reproductive stages in S. tudes from Maranhao and Trinidad. Measurements in cm, weights in K.

Maranhao Trinidad

This paper

—_

Total range males 44-117
Total range females 37-129
> immature male 85
< mature male 90
> immature female 91
First ovaric eggs at 80.5

vitellogenic eggs

appear at 85

> female without eggs 91

< gravid female 115
Maximum size nid. gland 25
Embryos size 13.6-23
Litter size 8-9
Mother size 115-119
Pregnacy observed March-July-Dec.

stride et al. (1992) castro 1989
IO s i it TR e

43-122 r1oa1t
45-132 &
90 79
82 80
~g90! 92
= 86
104 98
= 92
101 98.7
2.3 3.0
8-34 23/30
5-19° 5/12
101-132 =

June-July/Oct-Nov./ -

Jan.-April
> free swimming
juvenil 48! 32 - 33 32-33%
s> male length/weight 117/8.2 - 121/8.7
» female length/weight 129/7.2 - 120/9.0

1

Average size of adults. 1 pirst maturity calculated at 92 cm

(males) and 115 cm (iemales).] Significantly correlated with mother

size. ! With umbilical scars. 5 gize at birth 30 cm.

1972). Comparison of vital statistics of this spe-
cies in the southwestern Atlantic (Menni 1985)
shows that : — number of embryos by litter (3-14),
is similar to the northeastern Pacific (2-13) and
norteastern Atlantic (2-15), but the mean (7.03)
is closer to the eastern Pacific (7.3; 6.2) than to
the northeastern Atlantic (5.4). — Females mini--
mum maturity length (70 cm, based on eggs or
embryos presence) is smaller in this population
than in other reported by Ketchen (1972; 74 to
> 95 c¢m). — Maximum length of immature fema-
les is also smaller (74 against 80 to 114 cm). —
Largest female (95 cm) was smaller than in other
areas (108 to < 135 cm).

Along the Brazilian coast, differences in bio-
logical traits have been observed in several spe-
cies. In Rhizoprionodon lalandi, while females
mature at 49 cm off Maranhao, Ferreira (pers.
comm.) mentioned 50-60 c¢cm for Rio de Janeiro,
and Compagno (1984) 54 c¢cm. Moreover, 27 cm
size embryos from Maranhao were developed
enough to suggest a birth size about 30 cm. Com-
pagno (1984) stated 33-34 cm for sizes at this
stage and the figure for Rio de Janeiro is 34 cm.

It must be noted that water temperatures off Rio
de Janeiro are between 15 and 18 °C against 27-
30 °C at Maranhao (Menni & Lessa in press).

The largest male of C. acronotus obtained off
Maranhao was smaller than that reported by
Schwartz (1984) from North Carolina but the lar-
gest female (170 cm TL) was larger than that
observed there (154 cm TL). Both male and fe-
male seem to mature at smaller sizes in Maranhao,
where male maturity was observed at 78 cm TL
against 110 ecm TL off North Carolina, and the
smaller pregnant female measured 110 cm TL
against 120 cm TL.

Geographic variation in reproductive traits is
known in populations of S. tiburo only separated by
3 latitudinal degrees (Parsons 1993). Differences
were observed in size and age at maturation, time
of fertilization, rate of embryonic development,
size at birth, gestation period, incidence of infer-
tility, and energetic investment in offspring. Dif-
ferences in timing of reproductive events aré
related to latitudinal differences in seasonal tem-
perature and photoperiod (Parson 1993). This au-
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thor stated that variation in reproductive styles
are not easily explained, and examined food limi-
tation (see above), selective predation and tempe-
rature as possible factors, without reaching a
conclusion. Answer to these questions surely will
result from a detailed ecological analysis of zonal
productivity related to fish populations and gene-
tic approaches.

Previous work on S. tudes in Maranhao based
in larger samples shows size ranges rather similar
to those observed here, with a sexual ratio also
sided to the males (2.44 :1). Calculated sizes of
first maturity were 92 c¢m TL for males and
115 em TL for females. The number of embryos
were 5-19 for mother sizes between 101-132 cm
TL) with an r = 0.76, P < 0.05) (Stride et al.
1992).

The most particular aspect of the biology of S.
tudes in the Maranhao area is that, in spite of the
low number of specimens, both sexes occur in
near all stages of the sexual cycle. Instead, Castro
(1989) reported that in spite of hundreds of golden
hammerheads seen, gravid females were seldom
collected during this surveys, or seen in the mar-
ket. Reproductive stages of S. tudes from Maran-
hao show similar traits to those described for the
same area (Stride et al. 1992) and for the Trinidad
population (Castro 1989) (Table 1V). Anyway,
females in Maranhao are somewhat larger than in
Trinidad (132 against 122 cm). Larger females
were also observed in southern Brazil (Sadowsky
1965). Male sizes are quite similar. Slightly larger
embryos were also observed (34 against 30 cm)
and the number of embryos, which is correlated
with mother size, is also largest (19 against 12)
(Stride et al. 1992).

Stages of nidamental gland development are
very similar in both our and Trinidad samples
(Fig. 9; and Castro 1989, Fig. 4). Also, clasper
development is rather similar, though full calcifi-
cation is reached at larger sizes in Maranhao.
While 98 % of well calcified clasper in Trinidad
were seen in males from 80 cm TL, that percent-
age is reached since 90 cm TL in Maranhao.

Pregnancy in Maranhao has been observed du-
ring almost the whole year, including January to
April, June and July, and October, November and
December (Stride et al. 1992, and original data).
The nutritive dependency index has a value not
far from the mean reported by Otake (1990) for
a few placental species.

Off the Orinoco Delta, S. fudes and C. porosus
are the most common sharks in coastal waters less
than 40 m depth. Also common are S. media and
S. tiburo, which are captured together. S. lewini
and S. mokarran were caught ocassionally (Castro
1989). Within the Maranhao chondrichthyan com-
munity, at similar depths, C. porosus and S. tiburo
are the dominant sharks. Besides, S. lewini is

occasional and S§. mokarran is rare (Lessa & Men-

ni 1994 ; Menni & Lessa in press).

Sharks have been rarely studied from the scope
of community ecology (Lessa & Menni 1994;
Menni & Gosztonyi 1982 ; Muifioz Chapuli 1985a
1985b; Stride et al. 1992). A fossil chondrich-
thyan assemblage in tropical conditions from the
Miocene of France (Bessedick 1984), is similar
to the Maranhao community in the presence of
Actobatus, Dasyatis, and particularly the restric-
ted distributed Isogomphodon (Lessa & Menni
1994). In the Marannhao community Isogompho-
don oxyrhynchus, though not closely associated
with the other species, has a constant presence
and is an important part of the community in
terms of weight. These aspects point to the pos-
sibility of a similar organization of shark commu-
nities in shallow coastal environments in the
tropics.
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