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The chondrichthyan community off Maranh@o
(northeastern Brazil)
I1. Biology of species

by Roberto C. Menni! and Rosangela P. Lessa’
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Summary

We describe the biological traits of shark and batoid species belonging in a chondrichthyan community occurring along
the coast of the Maranhdo state in northeastern Brazil, South America. They arc based on the composition of 49
samples with a total of 1,807 specimens, obtained from a gillnet artisanal fishery mostly during 1984 and 1985.
Thirteen species of sharks from two families (Carcharhinidae and Sphyrnidac) and six batoid species from four families
(Rhinobatidae, Dasyatidac, Myliobatidac and Gymnuridae) werc considered. According to a previous analysis, the
elasmobranch fauna of Maranhdo includes two constant species (Carcharinus porosus and Sphyrna tiburo); eleven
common species and six rare species. Three batoid species were common (Dasyatis guttata, Rhinoptera bonasus and
Aetobatus narinari). In terms of continuity of presence and abundance, the association composed by Carcharhinus
porosus, Sphyrna tiburo, S. lewini, Rhizopriondon lalandii, R. porosus and S. tudes is the most important. These species
spend all or most of their life cycles within the area, S0 pregnant females and adult males in all of them, as also newborn
specimens of most, were observed, as well as lower degrees of sexual segregation than in other species. These traits are
also displayed by Isogomphodon oxyrhynchus, Carcharhinus acronotus, Aetobatus narinari, Carcharhinus limbatus,
Dasyatis guttata and Rhinoptera bonasus, with lower frequencics of occurrence, may or may not have pregnant females
and adult males are scarce, newborn specimens are rare and sexual segregation is high. The rare species Dasyatis
geijkesi, Gymnura micrura, Rhinobatos lentiginosus, Carcharhinus perezi, C. plumbeus and C. obscurus, have no

specimens in reproductive stages within the arca, adult males are generally absent and newborn specimens were not

“obtained. Possible differences in biological parameters between Maranhdo populations and those from other areas are

suggested for R. lalandii, S. lewini, C. acronotus and R. bonasus.

Introduction

Studies of fish community ecology in South munity ecology have been only applied to pat-

America (Lowe McConnell, 1962; Menni and
Gosztonyi, 1982; Menni and Ldpez, 1984) refer
to global faunas in wide areas, and do not discuss
chondrichthyans in particular. Methods of com-

terns of association in chondrichthyans by
Mufioz Chapuli (1985 a, b). The chondrichthyan
fauna of Maranhfio provides a field for this kind
of analysis, because of the relative abundance of
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species and the peculiarities of the
environment. In a previous paper
(Lessa and Menni, 1994), we de-
scribed the structural patterns of the
chondrichthyan community at Ma-
ranhdo in terms of co—occurrences
of species and temporal distribution
of species and species abundance.
Several chondrichthyan species ; :
have been reported from the south \K_ﬂ/\ o
equatorial Atlantic off northeastern  |_ .)
Brazil in the past (Bigelow and -
Schroeder, 1948, 1953), but more Y
comprehensive local reports are fbﬂx
relatively recent. Lessa and Araujo -
(1984), reported the elasmobranchs N
from the Araoca and Cumad bays in
Maranhio, based on material from
artisanal fisheries with gillnets.
There the dominant species were
Isogomphodon oxyrhynchus, Car-
charhinus porosus and Dasyatis -3's
guttata.
Lessa (1986) reported 22 chon- P
45

drichthyan species obtained off s il
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Maranhdo state and a list of spe-  Fig.1
cies from the same area, compris-

ing both chondrichthyans and teleosts, is pro-
vided by Garrido Martins—Juras et al. (1987).
On account of these data, Lessa and Menni
(1994) state that shark and batoid species repre-
sent a 16.7% of fish species richness in the area.
Other recent information is briefly revised in
this paper.

The aim of this work is tho analyze the biolog-
ical features of the species composing the chon-
drichthyan community from Maranho coast, re-
ferred mainly to reproductive stages. These are
discussed in the context of the community struc-
ture described by Lessa and Menni (1994), and
based on original data on fourteen species. Other
information available on this brazilian fauna is
briefly discussed.

Studied area

The coast of the brazilian state of Maranh3o, as
concerned to this work (fig. 1), runs in a NW di-
rection between Baia de Tubarao in the SE and
Baia de Turiacu in the NW. This littoral line is a
low coast with mangrove. It is deeply indented
because of the large number of islands and rivers,
with estuaries, sandy beaches and cliffs. Due to
the large number of indentations, the area is ca-
Hled «zona das reentrancias maranhenses». There
are few real «rias» or flooded valleys. They are
mostly channels made by the development of
sandy banks perpendicular to the coast, left over
eroded land and colonized by mangrove. The
most influential factor in this process are tidal cu-
rrents. Important geographical features i the
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southern part of the area are two large bays, Sdo
Marcos (westerly) and Sdo Jose (easterly) at each
side of the large island of Sdo Luis. The Sdo Mar-
cos bay is an active cstuary where the Mearim
and Pindari rivers enter dredging a deep channel.
The Sdo Jose bay is relatively shallow. Tides am-
plitude: is. 7 meters.. Tidal currents reach to 7.5
knots at Sdo Marcos bay.. Available data give:sa-
Linity values of 36.8%o for oceanic. waters and
33.8%o in coastal waters. At very coastal locatio-
ns salinity ranges from 13.9%o during the rainy
season to 33.6%o during the dry one. Salinity va-
lues obtained during this work, at the same time
as fishing operations, gave a range between 20.0
and 34.41%0 (Mean 27.52%0, N= 18). Surface
water temperature is 28 °C. Toward the coast it
ranges from 21.1 to 31.5 °C. The rainy season
(winter), runs from December to May, the dry
one from June to November (summer) (Sudepe,
1976; Palma, 1979; Lessa, 1986; Stride, 1992).

Material and methods

Samples were taken between 6 and 35 meters
depth by an artisanal local fleet. This was com-
posed by 6-7 m length simple-hull sailing boats.
They spent about a week at sea, lodging about a
ton of fish preserved with ice bars. The fishery is
carried on with a gill net locally called «cagoei-
ra», measuring, depending on boat size, between
180 to 900 m, 4.5 m high and 7 cm mesh. The
fishery is intended for middle water fishes like
Scomberomorus brasiliensis and species of Cy-
noscion. Then probably batoids were underesti-
mated in samples.

For the present paper we considered 19 spe-
cies, 13 shark species and 6 batoid species (table
1). Ginglymostoma cirratum, Carcharhinus leu-
cas, Narcine brasiliensis, Pristis perotteti and

Mobula hypostoma were also captured. As pre-

cise data of capture of these species were not
available, they were not considered in the analy-
sis. Of the 19 species, 1,048 male and 759 fe-
male specimens were considered, in all 1,807

specimens.

Forty nine samples were taken at 14 locations
off Maranhdo. Thirty seven samples were taken
from June 1984 to December 1985, thus provid-
ing a mean of over three samples each month.
Eleven samples were taken from January 1986
to January 1987, and a single sample on May
1988 (table 2). All the specimens in each capture
were considered, so it can be assumed that sam-
ples represent a good estimation ot the occur-
rence and relative abundance of species, as in-
deed, nearly a weekly samples was obtained for
the first period. More probable bias in the net is
its lesser efficiency in collecting bottom strong
related species. '

Frequency of occurrence for each species was
calculated as the ratio between the number of
samples in wich a species occurs and the total
number of samples.

Total length (TL, cm), total weight (TW, g)
and liver weight were obtained for all speci-
mens. Length x width and/or weight of testes,
epididymides width and clasper length (from
cloaca to clasper tip) were obtained for males, as
well as presence or not of liquid in the seminal
vesicle. Maturity in males was determined ac-
cording to size and calcification degree of clasp-
ers and testis development. Ovary size and/or
weight, number and stage (vitellogenic or not) of
oocytes, characteristics of the uterus and size
and number of embryos were obtained for fe-
males. Females were considered mature when
they have uterine eggs or embryos (Ketchen,
1972; Menni, 1985). Disc width (DW, cm) and
total length (TL, cm) were used for batoids.

Results and discussion

The chondrichthyan community at Maran-
hdo. According to Lessa and Menni (1994),
chondrichthyan species in Maranhdo show a re-
gular distribution in terms of number and weight
of individuals. Frequencies of occurrence of spe-
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Table 1 Species occurring off the Maranh@o coast.
Number of specimens, number of stations and percentage of occurrence.

Species Males Females Total TN" of Stations Percent
C. porosus 517 431 947 41 52.4
S. tiburo 98 106 204 31 11.2
R. porosus 168 28 196 19 10.8
R. lalandii 85 50 135 20 74
S. lewini 53 48 101 16 5.5
Isog. oxy. 43 22 65 13 35
D. guttata 29 17 46 9 25
S. tudes 17 19 36 17 19
S. mokarran 6 12 i8 5 0.9
C. acronotus 6 9 15 7 0.8
R. bonasus 10 2 12 8 0.6
A. narinari 6 5 i1 7 0.6
C. imbatus 5 5 10 9 0.5
D. geijkesi 1 3 4 4 02
G. micrura 3 3 2 0.1
C. obscurus I - 1 i 0.05
C. perezi i - 1 i 0.05
C. plumbeus 1 - 1 i 0.05

R | S S S BT

Month

August
September
October
November
December
1986:
January
March
July
August
December
1987:
January
1988:
May

Table 2 Chondrichthyan community of Maranhdo. List of samples.
Month N° of Stations
1984:
June 1-2
July 3-4
August 5
September 7-8-9
October 10
November 11-12-13
December 14-15-16
1985:
January 17-18
February 19-20
March 21-22
April 23-24
May ) 25-26-27
June \ 28

;July 29-30

1985 (cont.):

N° of Stations

31-32
33
34-35
36
37

38-39-40-41
42

43-44

45

46

47-48
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cies according to the Guille’ system (1970)
showed that the Maranh#o fauna includes a pair
of constant species, 11 common species and 6
rare species (table 3). Common species include
two evident subgroups, one with frequencies
over 0.20 (common 1 group), and another with
lesser values (common II group).

A cluster analysis based on Jaccard coefficient
resulted in a well defined main group and a few
minor groups (fig. 2). The main group is com-
posed by C. porosus + S. tiburo + 5. lewini + R.
lalandii + R. porosus + S. tudes. We call this
group the core species (or Core group). Two oth-
er groups at about the same level are formed by
C. limbatus + S. mokarran and D. guttata + R.
bonasus, and D. geijkesi + G. micrura. Other
species joint these groups at lower levels. Core
species occur in Maranhdo practically all the
year, C. porosus and S. tiburo being the most
continuous; other species in the group appear in
a more intermittent way, but within all the span
of the year. The common I species in the Core
group show a rather different temporal pattern
that the common I species (those with lesser
frequencies). I oxyrhynchus, though occurs in
abundance at several moments, differs in its pat-
tern of presence respect to the core species.

Table 3 Frequency distribution of Maranhiio chondrichthyans according to Guille’s system.
Constant species Frequency > 0.50 T Common species (cont.) Frequency 0.50 > £>0.10
C. porosus 0.83 A. narinari 0.14
S. tiburo 0.63 C. acronotus 0.14
S. mokarran 0.10
Common species Frequency 0.50 >1>0.10
S. lewini 0438 Rare species Frequency < 0.10
R. lalandii 0.40 D. geijkesi 0.08
R. porosus 0.38 G. micrura 0.04
S. tudes 0.34 C. obscurus 0.02
L oxyrhynchus 0.26 C. perezi 002
D. guttata 0.18 C. plumbeus 0.02
R. bonasus 0.16 R. lentiginosus 0.02
C. limbatus 0.16 AJ AJ

Neither Stride (1992) nor Lessa and Menni
(1994) perceived any strong seasonality in the
occurrence of the chondrichthyans of Maran-
hiio, with the exception of the loose one be-
tween the less frequent common I species and
the rain cycle.

Biology. Within the chondrichthyan assemblage
occurring in Maranhdo, species display, as com-
mented above, regular patterns of presence and
distribution of abundance and weight. Some spe-
cies are present all the year round in the area,
others appear with some regularity, and some
are only occasional. As expected, their biology
is related to these differences. Of the ten most
abundant species (table 1), only the seventh (D.
guttata) and the ninth (S. mokarran, no data), as
well as the rest of nine species, do not perform
reproductive activities in the area. Eight of the
most abundant species, C. porosus, S. tiburo, R.
porosus, R. lalandii, S. lewint, I oxyrhynchus, S.
tudes and C. acronotus, plus C. limbatus (13th),
spend there at least some parts of their life
cycles. R. porosus 18 represented only by males
in this regard. Species are discussed in the order
provided by the cluster analysis (fig. 2, Lessa
and Menni, 1994).
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Reproductive traits of the
shark fauna

Carcharhinus porosus is widely distributed in
the coastal brazilian waters from Marajé island
(Pard) to Canancia (Sdo Paulo). It is rather com-
mon in the Maranhio area, from where it has
been reported by Lessa and Araujo (1984), Les-
sa (1986; 1987a) and Garrido-Martins Juras
(1987). This species was the most abundant (ta-
ble 1) in Maranh&o during the sampling period,
occurring throughout the year. It was captured in
41 samples. ~

Lessa (1987a) studied the reproductive biolo-
gy of 184 male specimens captured with the
same type of gillnet referred in this paper. Sam-
ples were obtained between October 1983 and
January 1984. Evidence that the species repro-
duces in the area is given by the capture of new-
born specimens with umbilical scars. Besides,

C. obscurus

12 specimens were smaller than the lesser size
reported for Cananeia (Sadowsky, 1967). The
relationship between the total length and the
_clasper growth shows three stages. The juvenile
stage, during wich the clasper length grows
slowly, ends about 60 cm TL. This is followed
by a rapid increase in clasper size from 2.5 to 6.0
cm. The third stage involves developed claspers
(6.5 to 8.4 cm) of the adults.

Growth of testicles and epididymides and the
relationship liver weight - total length do not
show discontinuities, while the relationship liver
weight — total weight has a change in the slope
when the individuals reach 2,200 g or 75 cm.

On account of clasper growth and production
of spermatozoids, first maturity size in C. poro-
sus of Maranhdo was established at 71 ¢cm TL,
and the 100% of maturity at 75 cm TL.

Data {from 517 males and 430 females of C.
porosus were considered for the present re-
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search, the species being, as commented above,
the most abundant and permanent in Maranhdo.
C. porosus shows a low level of sexual segrega-
tion, with only 8 samples (19%) composed by
one sex. We consider that this feature is related
to the fact that the specics spend all the stages of
its life cycle within the arca. ‘

Reproductive stages of one hundred eighty
seven female specimens of C. porosus were ¢X-
amined. Size ranged from 30 to 120 cm TL, with
weights from 250 to 5,800 g. From newborn
specimens with umbilical scars to pregnant ones
were observed.

From 30 to 46 cm TL (N= 30), 9 specimens
showed umbilical scars indicating they werc
born in the area. Within this range nidamental
glands measured from 0.1 to 0.4 cm. First im-
portant size increase appears at 72 cm TL, when
the glands reach 1.5-1.6 cm width. At larger siz-
es, the gland varied from 0.5 to 1.7 cm, but
changed much according to the sexual cycle.

The uterus was threadlike, measuring less than
0.1 cm width in a specimen 30.2 cm TL. From
37 cm TL on it ranges from 0.1 to 0.2 cm, but it
can be described as filiform up to 67.9 cm TL.

Ovary weights (without the epigonal organ)
were markedly variable. Table 4 includes ovary
weights in each 10 cm class showing the in-
creasing weight of the organ with size up to 99
cm TL, and decreasing after.

First macroscopic evidence of oogenesis ap-
pears within the 50-59 cm class, with white 0o-
cytes < 1 mm in a specimen 52 cm TL, and the
ovary as a granular mass in another one 55 cm
TL. First vitellogenic oocyles appear in a speci-
men 64 cm TL. Below 60 cm TL the ovary ap-
pears as an undifferentiated mass or has 4 t 15
small white oocytes < 1 mm (3 specs.). From 64
cm TL up, vitellogenic oocytes are common,
co—occurring with white ones. Within the 60-69
and 70-79 cm classes, white oocytes 0.1-0.5 cm
(maximum amount around 12) and vitellogenic
ones 0.1-0.35 cm (maximum amount 15) were

common, together with quantities of smaller
ones wich give the organ a granular appcarance.

The smallest spccimens in the class 80-89 cm
TL had an ovary 4 g weight with 12 white (0.3
cm) and 12 vitellogenic (0.2 cm) oocytes. The
smallest pregnant female (80 cm TL) had 8 vi-
tellogenic oocytes < 0.5 cm. The following preg-
nant (80.2 cm TL) had more than 10 white and
15 vitellogenic (> 0.2 cm) oocytes. Pregnant fe-
males measuring 91, 92.3 and 94.8 cm TL have
respectively 20, 4 and 20 small vitellogenic 0o-
cytes (0.2-0.5 cmy).

Six pregnant females were in all observed.
Data on the embryos are summarized in the table

5. Note that both the number and size of embryos

increase with mother size. That uterine fecundity
increases with mother size, has been already ob-
served by Stride et al. (1992). Up to a mother size
80.2 cm TL, the embryos are within the capsule.

Most specimens in both sexes sampled by
Stride et al. (1992) (N= 78) were mature. Male
data agree with those reported by Lessa (1987a).
Pregnant females were observed by those au-
thors from March to November, measuring at
least 88 cm TL; uterine fecundity was 4 to 9 em-
bryos, these numbers having a linear relationship
with mother size.

In spite of number of specimens and variety of
sexual development stages, available data do not
allow to perceive a definite cycle in females.
Meari values of the GSI (Wg/Wt x 1,000) for
each capture range from 0.24 (October 84) to 7
(May 85) (table 6). The only indication of regu-
larity is given by the repetition of high values of
the index during April and May 1985 and May
1988 (May values for 1986 and 1987 lacking).

Newborn specimens were observed on June
(N=2), July N= 1) and September (N= 1) 1984;
May (N= 1), July (N= 2), September (N= 1) and
October (N= 1) 1985, then with the same slight
periodicity.

Pregnant females appeared on January and
October 1985, July 1986 and May 1988, not




76

Acta zoolGgica liltoana 44 (1), 1998

Table 4 c porosus from Maranhdo, ovary weigths (g) by female class.
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Table 6 C porosus. Variation of the GST during sampling period. Mean values for each capture.

Date N spec. Av. GSI Date N spec. Av. GSI
June 1984 3 1.00 January 1985 1 1.32
June 1984 3 145 March 1985 10 234
July 1984 2 1.21 March 1985 1 1.55
September 1984 5 1.85 April 1985 8 3.06
September 1984 2 1.40 May 1985 11 3.20
September 1984 3 0.29 May 1985 2 7.00
October 1984 2 0.24 August 1985 2 1.98
November 1984 1 0.83 August 1985 9 1.82
December 1984 1 272 October 1985 1 1.52
December 1984 1 0.69 July 1986 1 122
January 1985 i 1.58 May 1988 3 3.80

Class (cm) Range Mean N
30-39 043 0.43 1
40-49 0.13-1.05 0.51 9
50-59 0.21-8.00 2.61 19
60 - 69 0.36-6.00 271 20
70-79 0.90 - 6.00 3.03 9
80 - 89 3.00-13.30 6.08 9
90-99 4.60-3140 12.04 5

100->10 350-9.00 7.16 3
Table 5 c porosus from Maranhio. Features of embryos.

M(')thcr Uterus Total Weight TL Sex Clasper
size weight without umb. ¢ size
m) | (& & plac. (g) (cm)
80.0 R 61.9 23 M 04
80.2 R 126.0 1244 28 M 05

R 134.0 131.0 275 M 0.5
L 120.0 119.0 27 F -
91.0 R 121.0 120.0 217 M 0.5
R 122.0 100.0 26.5 M 04
R 121.0 100.0 26.6 M 04
L 141.0 140.0 - F -
L 130.0 120.0 - F -
923 R 198.0 188.9 325 F
R 167.0 155.0 30.6 M 0.8
L 184.0 1770 30.5 F -
L 1770 - 303 F -
94.8 R 190.0 180.0 32.5 F -
R 190.0 180.0 30.5 F -
R 180.0 1700 315 F ~
L 200.0 180.0 314 F -
L 180.0 170.0 31.0 F -
L 190.0 180.0 312 M 0.7
B L ) 190.0 180.0 30.7 M 0.7

overlapping with presence of newborn speci-
mens. At Maguari cape (Marajé bay mouth)
(Barthem, 1985) newborn specimens 35-40 cm
TL of C. porosus are captured with gillnets in
suminer.

Sphyrna tiburo. Both juveniles and adults of S.
tiburo occur in the Maranhdo area throughout the
year, being the second species in abundance in
the artisanal captures. Silva and Lessa (1991) and
Lessa and Silva (1992) studied the scxual deve-
lopment of this species based on 191 specimens,
measuring from 38 to 96 cm TL (males) and
from 35.6 t0 125 cm TL (females). Males within
the 80 cm TL length class were considered fully
mature, on account of clasper condition and con-
tent of the seminal vesicle. Vitellogenic oocytes
firstly appear in females over 70 cm TL. The
emallest pregnant specimen measured 90 cm TL,
and the largest embryo measured 31 cm TL. A
noticeable time gap was observed between vite-
Hlogenesis and pregnancy, during wich the fema-
les grow around 30% of their total length.

No relationship was observed between female
body size and ovarian fecundity. The uterine fe-
cundity ranged from 3 to 23 embryos or eggs, in-
creasing with female size. Uterine fecundity at

Maranhio is higher than any other report for oth-
er areas, and may be explained by the large size of
northern Brazil females (maximum 125 cm TL).

In the Maranhdo area ovulation takes place
from August to October, when fully developed
oocytes are found, at the same time as fecunda-
tion. Embryonic growth occurs between August
and February, so pregnancy lasts about 6
months. This relatively short period is attributed
by the authors to higher water temperatures (av-
erage 29°C in the area). Females bearing embry-
os have pre-vitellogenic oocytes. Birth probably
takes place in December—January. After this, fe-
males seem to start an offshore movement, wich
explains the lack or low number of catches from
March to May. S. tiburo has a definite cycle in
the tropical area of Maranh&o.

Rhizoprionodon porosus. Information on this
species in southern Brazil was published by Sa-
dowsky (1967). Paixao (1984), Garrido-Martins
Juras (1987) and Lessa (1986) reported it from
the Maranhdo area. Bezerra ef al. (1990) repor-
ted female schools from northern Brazil, compo-
sed by specimens with sizes between 65 and 84
¢m TL, including pregnant females (N= 7) with
2 embryos in all cases.
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R. porosus is the third species in order of
abundance in the Maranh@o area, and is recorded
practically during all the ycar. The degree of
sexual segregation is very high, with 15 samples
composed by one sex only (78.9%), only one by
a female.

Data on 92 male specimens were available for
this paper, measuring from 49 to 85.2 ¢cm TL,
with weights from 700 to 2,600 g. The smallest
individual with well calcified clasper (6 cm)
measured 61 cm TL (W= 1,100 g), but over this
size up to 69 cm TL (N= 39) specimens could
(N=15) or could not (N= 20) have the organ cal-
cified (no data N= 4). The largest individual
with undeveloped clasper measured 82 cm TL
(W= 2,300 g) being an exception, since from 69
cm TL (W= 1,440 g) up (N= 38) nearly all spec-
imens have consistently well calcified claspers
(N= 35). Increase in the width of the epididymi-
des 1s rather irregular. When calcified claspers
appear (61 cm TL) they measured 0.3-0.4 cm.
They reach 0.7-0.8 and 1.0-1.1 cm in individu-
als measuring 64 cm TL, when well calcified
clasper are common. Larger measurements, in
only onc specimen (73.5 cm TL), were 1.8-1.9.
Testes weight ranged from 3 (52 cm TL) to 20.2
g (85.2 cm TL), weighing 8.1 g when males
reached 63 cm TL, 10 g at 64 cm TL, 14 gat 65
cm TL and 18.2 at 69 cm TL with wide varia-
tions. Testes measured 10.6 x 0.9 cm at 66.2 cm
TL. and 16 x 1.5 cm at 77.5 cm TL, also with
variations. Presence of liquid in the seminal ves-
icle preceded the calcification of the clasper.
Liver weight ranges from 28 to 130 g.

No data on females from Maranh@o have been
reported. Ferreira and Da Silva Santos (1984),
based on samples from the Rio de Janeiro envi-
rons down to 30 m depth, stated that R. porosus
has the left ovary functional, low fecundity,
higher in the Jeft uterus and that parturition time
is in winter. Undeveloped eggs and embryos co-
exist in the uterus. After first maturity, reached
between 70 and 80 cm TL, the species is in a

continuous reproductive state. Parturition time is
in winter, when larger concentrations of adults
occur. During spring recent mated females are
the most abundant, together with small speci-
mens. It is supposed that adults migrate to deep-
er waters in summer, females returning to the
arca in autumn, with well developed embryos
(Ferreira, pers. comm.).

Rhizopriondon lalandii is widely distributed in
the western Atlantic, from the Panamd coast to
southern Brazil (Compagno, 1984).
Reproductive biology of 284 specimens of R.
lalandii in the Maranh@o arca has becn studied
between June 1984 and August 1986 (Lessa,
1988). The length-weight relationship is signifi-
cantly different between sexes, indicating a larg-
er weight increase with size in females than in
males. Vitellogenesis begins at 49 cm TL, and
first pregnancy was observed from 53 to 56 ¢m
TL, with an ovarian fecundity from 2 to 6 eggs
and 2 to 5 embryos. There is not a significant re-
lationship between fecundity and size in fe-
males. Sperm production started at 48 cm TL,
but onty males over 51 cm TL are able to copu-
late, because of clasper development. Liver
weight in near term females is twice that in other
specimens. R. lalandii (as C. porosus) does not
exhibit an annual reproductive cycle in the arca.
Some differences were observed between
length at first maturity and size of embryos
among samples from Maranhdo and data from
Rio de Janeiro and from Compagno (1984).
While females mature at 49 cm TL at Maranhio,
Compagno (1984) mentioned 54 cm, and Ferreira
(pers. com.) 50-60 cm for Rio de Janeiro. More-
over, 27 ¢ size embryos from MaranhZo are de-
veloped enough to suggest a birth size about 30
cm. Compagno (1984) states a size at birth of 33—
34 ¢m, the size for Rio de Janeiro being 34 cm.
There may be some differences in natural history
traits between temperate and tropical populations
of R. lalandii. It must be noted that water temper-
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atures at Rio de Janeiro are between 15 and 18°C
against 27-30°C at Maranhdo.

Isogomphodon oxyrhynchus. It is somewhat
curious that an species with the obvious morpho-
logy of I oxyrhynchus has been overlooked du-
ring recent times. Compagno (1978), who qﬁo—
ted the same distribution as Bigelow and
Schroeder (1948) (Surinam, Guianas and Trini-
dad) suggested its possible occurrence in Brazil,
and particularly (Compagno, 1984), in Bahia.
Schools of this species were reported by Bar-
them (pers. com., 1985) from Maguart cape
(Maraj6 Bay, Pard state) where gravid females
were obtained. Lessa and Araujo (1984) reported
it from two bays in Maranhgo, where they found
a 100% females 124-129 c¢m TL., including
pregnant specimens with 6 embryos (22-24.2
cm TL) in November.

Lessa (1987b) reports 1. oxyrhynchus as an
abundant species in Maranhdo during the Ama-
zonic summer (July-December) and provides in-
formation on its biology. It is captured when sa-
linity in coastal waters reaches to 33%o. Males
reach shallow coastal waters earlier than fe-
males. The complete population enters bays and
low waters during summer, with sexes evenly
represented in captures. Adult males appear
more vulnerable to the fishery than adult fe-
males, wich live during most of the gestation pe-
riod in deep waters where they can not be target-
ed by the artisanal fleet.

Eighty eight males and 38 females were stud-
ied with sizes ranged from 61 to 115 cm TL
(males) and from 56 to 130 cm TL (females).
Length—weight relationship does not show dif-
ferences between sexes. Clasper growth shows
three development stages, the juvenile ending
around 88.5 cm TL. A rapid growth stage occurs
at sizes between 90 and 102 cm TL, and the
adult one beginning at 95 cm TL with clasper
reaching at least 8 cm length. Two stages were
identified in the relationship between testes

weight and eviscerated weight though the corre-
lation is low (r= 0.50; P < 0.05). The first in-
cludes specimens up to 3,000 g, with testes
weight less than 12 g; and the second individuals
over that weight, with testes weight between 15
and 33 g. Two stages were also identified in epi-
didymides growth. Based on clasper condition
and sperm presence, the 100% maturity size was
103 ¢m TL, first maturity size being 95 cm TL.
Females are immature up to 105 cm TL. Vitel-
logenic oocytes were observed between 105 and
112 cm TL, with larger oocytes reaching 1.3 cm
diameter. Pregnancy was observed at 113 c¢m
TL, with 4 embryos, 120 cm TL with 5 and 128-

130 ¢cm TL with 6 embryos, suggesting an in- -

crease of litier size with mother size. Pregnant
fernales occurred between July and December
(Summer), embryos measuring 2.8 cm TL in
August and 26 to 28 cm TL in November. Bar-
them (pers. comm.) observed term embryos 37
cm TL in Pard in November, suggesting that
they born at the end of summer (December).

Newborn specimens were not observed nei-
ther in Maranhdo nor in Para (Barthem, pers.
comm.), also supporting that birth takes place at
the end of summer, when salinity falls to values
incompatible with shark commercial captures.

Lessa (1987b) concluded that birth, ovulation
and mating happen throughout the year, but that
the knowledge of the complete cycle required
winter data. Stride et al. (1992) state that the cy-
cle implies an annual litter, but that each year
has its own chronology, with similar rates of em-
bryonary growth but different periods within the
year. They suggest these differences may be re-
lated to salinity changes. According to Stride ez
al. (1992), though known from several parts of
the Maranhéo coast, this species appears to have
not a wide distribution and abundance, wich
may be subjected to commercial fishery. These
traits explain the low degree of association of 1.
oxyrhynchus with other species found by Lessa
and Menni (1994).
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Sphyrna tudes. In South America S. tudes oc-
curs from Venezuela to Uruguay, having a rela-
tively wide distribution off the Maranhio coast.
Its higher concentrations arc probably localized
in the deeper area off the Cumd Bay (Stride et
al., 1992). At Maguari cape (Marajé bay), speci-
mens between 57-120 cm TL were obtained in
surnmer, including pregnant females (Barthem,
1985).

Thirty six specimens were obtained in 17 sam-
ples. Sexcs were evenly represented. Size range
was from 48 to 117 cm TL for males and from
38 t0 129 cm TL for females. No significant dif-
ferences were found between sexes in length—
weight relationship. The equation for males and
females together is TW= - 5936 + 3.13 In TL.
(r=0.97, N=35).

Ovaries in females from 32 to 72 cm TL ap-

pear as an undifferentiated mass. It was well de-

fined, weighting 46 g, in a female 120.5 cm TL.
Vitellogenic oocytes were observed at sizes over
120.5cm TL.

Pregnant females were captured during
March, October and June, between 13.5 and 16
m depth. The largest one (120.5 ¢cm TL) had
uterine eggs with a mean diameter 4.37 cm. An-
other specimen 115 cm TL had 6 embryos (3
males and 3 females) in the left uterus, the larg-
est 15 cm TL; and 5 embryos (3 males, 2 fe-
males) in the right one, the largest 17 cm TL.
Largest embryos were seen in a female 119 cm
TL with 5 embryos in the left uterus (3 males, 2
females), the largest measuring 23 cm TL, and 4
in the right uterus.

Sphyrra lewini. In the Atlantic coast of South
America S. lewini occurs from Colombia to Uru-
guay (Compagno, 1984; Menni, 1976, 1981).
Stride er @l. (1992) and Lucena ef al. (1993)
found off Maranhdo low captures composed
mainly by immature specimens. -

Fifty three males (47 to 173 ¢m TL) and 48 fe-
males (45 to 149 cm TL) were captured in 24

samples. A high degree of sexual segregation
was observed, 66.7%:of the samples being com-
posed by one sex only. This is more than twice
the values observed for Squalus acanthias and
Schroedericthys bivius in the South Atlantic
(Menni et al., 1979; Menni, 1985, 1986). Klim-
ley (1987) suggested that one of the causes of
segregation in S. lewini would be feeding differ-
ences between sexcs.

No differences were observed in the length—
weight relationship between males and females.

Captures were composed mainly by juvenile
specimens. Recent born specimens, juveniles of
both sexes and mature males were observed, but
no maturc females. A 50.5% of the capture was
composed by specimens between 45 and 58 cm.
Two males and 3 females showed umbilical
scars. The smaller examined specimen was a fe-
male 45 cm TL. This size is somewhat smaller
than the minimum reported by Stevens and Lyle
(1989). Clarke (1971) reported embryos from
429 to 56.2 cm TL. Our specimens from 47.6 to
55.6 with umbilical scars, agree with Clarke
(1971) and Bass et al. (1975) statement that size
at birth 1s around 40-50 cm TL.

Twenty seven of 30 male specimens showed
uncalcified claspers. The clasper length shows a
little increase up to 135 cm TL, the increasing
rate being higher from this size up. Meandered
epididymides were noted from 151 cm CT. Pres-
ence of liquid in the seminal vesicle was ob-
served over 93 cm TL. Mature males measuring
94, 150 and 173 cm TL made a mere 2.8% of
the capture. The largest immature male mea-
sured 155 cm TL. Sizes of male first maturity
provided by Bass ef al. (1975) and Stevens and
Lyle (1989) are 145 to 165 cm TL and 140 to
160 cm TL respectively. So, it seems that the
first maturity size of males at Maranh3o is small-
er than in other areas.

From 48 examined females, 46 have ovaries
without noticeable oocytes. A female measuring

89 cm TL showed a granular ovary. First evi- .
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Table 7 ¢ acronotus. Features of embryos.
T Left uterus
Sex Weight without vitelius (g) Total length (mm) Clasper length (cm)
F 155.24 300 -
F 258.35 300 -
F 167.54 310 —
M 155.72 300 ‘ 05
M 166.85 310 0.6
| Right uterus
Sex Weight without vitelius (g) Total length (mm) Clasper length (cm) »
144.73 290 -
F 150.00 290 -
M 14239 290 0.5
M 160.18 310 0.5
S S S R [ I -

dence of ovary development appears at 149 cm
TL, with no vitellogenic oocytes. Stride et al.
(1992) examined S. lewini off the coast of Mara-
nhdo, finding gravid females from 140 cm TL
on. This is a considerable smaller size than those
reported by Compagno (1984) (212 cm TL) and
Branstetter (1987) (250 cm TL). Also litter sizes
were smaller at Maranhdo, with 5 and 6 embryos
against 15 to 31 observed by Compagno (1984).

Carcharhinus acronotus is in the 10th place in
abundance order in Maranh@o, and its occurren-
ce in the area is irregular, with an evenly distri-
bution between the rainy and dry season. Sexual
segregation is high, with samples with one sex
only reaching 71.4%, though the number of
samples is relatively low (N= 15 stations).
Schwartz (1984) stated that the catch in North
Carolina (where differing from Maranhdo, C.
acronotus is captured with longline) varicd
among years and was probably affected by sca-
sonal water temperaturc and salinity variations.
Six males were examined, with sizes between
78 and 99.2 cm (W= 1,920 to0 5,300 g). Only the

smallest male had well calcified claspers mea-
suring 6 cm. Clasper Jength in the largest speci-
men was 6.1 cm, but the organ was still uncalci-
fied. Specimens of intermediate size show clasp-
er lcngths from 3.0 to 3.5 cm.

Testes measured 1.5-1.6 cm width in the adult
specimen, and 1.8 width x 9 cm length in an 84
cm TL (W= 3,260 g) specimen. In other ones the
width of the testes were about 0.5 cm. The =pi-
didymides width range between 0.5-0.6 and
1.7-1.8. Presence of liquid within the seminal
vesicle was observed at 82.7 cm TL (W= 3,300
@) with the maximum epididymis width (no
clasper data). Total testes weight in the largest
male (immature) was 303 g.

Liver weights range from 52.1 (the adult
male) to 215 g. Nine females were examined
from 82 to 170 cm TL (X= 103 cm), with
weights from 2,800 to 5,400 g. Though the
smallest specimen has an undifferentiated ovary,
the following one in weight (W= 5,200 g) was
considered in a maturing state because of the be-
ginning of uterus development and the presence
of vitellogenic oocytes. These appear again at
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170 cm TL, but both less and more developed
stages were observed at intermediate sizes.

Nidamental gland widths 0.9-1.0 cm were
first observed at 97 cm TL (3,000 g), progres-
sively increasing to 2.0-2.1 c¢m in larger fe-
males. Ovary weights ranged between 7.8 g at
100 cm TL (W= 5,200) to 24.55 g at 170 cm TL
(W= 5,400).

One female 110 cm TL (W= 7,700 g) was
pregnant. Ovaries weighed 18.63 and 4.86 g, and
nidamental glands measured 0.9—1.0 cm width
these being haemorrhagic. Five embryos were
found in the left uterus and 4 in the right (tab]e 7).

Liver weights in females ranged from 73 to
271 g.

The Carcharhinus acronotus population in
Maranhéo includes several reproductive stages.
Most males were immature but females com-
prised pregnant stages, suggesting, in spite of
low captures, that the area is important for the
carly life of the species.

Samples included a female (78 cm TL) of size
near that of the smallest free living known (71.5
cm TL, Schwartz, 1984). The largest male ob-
tained at Maranhdo was smaller than that report-
ed by Schwartz from North Carolina, but the
largest female (170 cm TL) exceeded that ob-
served there (154 cm TL). These sizes agree
with the range provided by Bigelow and Schroe-
der (1948). Both male and female seem to ma-
ture at smaller sizes in Maranh&o. Male maturity
was observed at 78 cm TL, against 110 cm TL
in North Carolina, and a pregnant female record-
ed with 110 cm TL against 120.

Dental formulae values (N= 11) are coincident
with those reported by Schwartz (1984). Upper
jaws always counted 12-1-12, and lower mostly
11-1-11, but 12-1-11, 11-2-11, 10-1-11, and
16-1-11 also appear.

Carcharhinus limbatus. This species is conside-
red uncommon in north and northeastern Brazil
(Bezerra et al., 1990). Barletta and Correa (1989)

reported a join capture (about a ton) of this spe-
cies and C. brevipinna from Paranagud. In Cabo
Maguari, at the mouth of Marajé bay, C. limbatus
is captured with gillnets during summer, speci-
mens ranged from 60 to 180 cm TL, and newborn
specimens were observed (Barthem, 1985).

A small sample of 4 males and 5 females of
this species was obtained from 9 stations. The
two smallest males, 60 and 64.5 TL (W= 1,400 g
each) still showed umbilical scars, therefore they
were probably born in the arca. A third specimen
65 cm TL (W= 1,600 g), with uncalcified clasp-
er, showed some testicular development, testes
weights being 5.0-6.0 g. Epididymides widths
ranged from 0.3-0.4 i0 0.4-0.5 cm. The largest
male, 155 cm TL (W= 20,910 g) was mature,
with a well calcified clasper measuring 15.5 cm,
seminal vesicle full and epididymides 2.6-2.9
cm width.

Liver weights range from 50 to 1,250 g.

Five females were examined. A 64 cm TL
specimen (W= 1,800 g) still showed umbilical
scars. From this size to 95 cm TL (W= 5,320 g)
nidamental glands measured from 0.5-0.6 to
0.7-0.8 cm, and the ovaries were undifferentiat-
ed in two specimens, and weighted 2.5 g in the
other (including the epigonal organ). An speci-
men 114.2 cm TL (W= 9,100 g) shows an ovary
(right one) weighing 15 g (without epigonal or-
gan) without noticeable oocytes and with fili-
form uteri. The largest female, 179 cm TL (W=
40,000 g), has an ovary 25 g weight (without
epigonal organ), with 15 small oocytes and 4 vi-
tellogenic ones, 1.0 cm diameter. Uterus width
was 3.2 cm.

Liver weight in females ranged from 169 to
2,100 g.

Males and females occur together in the same
sample only once (11%), but total number was
similar for both sexes.

Because of the presence of incipient maturing
specimens and juveniles with umbilical scars, it
is evident that reproductive activities are per-
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formed by C. limbatus in: the Maranho arca.
Moreover, captures with gillnets with larger
mesh (Stride et al., 1992) provided 55 specimens
(in 18 months) with a 163.9 cm mean TL. Full
mature males measured over 152 cm TL as in
our own data. Females up to 152 cm were imma-
ture, and one 200 cm TL was pregnant with 9
embryos.

Carcharhinus obscurus has been reported from
Maranhio by Lessa (1986) and from Rio Grande
do Sul by Carneiro and Vooren (1986). An spe-
cimen 149 cm TL (W= 16,000 g) was captured
on November 1986. It was a juvenile, with un-
calcified claspers and cpididymides 0.5-0.9 cm
width. The liver weight was 980 g, and the sto-
mach was empty.

Carcharhinus perezi. The presence of C. perezi
from Guiana to Rio de Janeiro was considered
uncertain by Compagno (1984). Lessa (1986) re-
ported it for Maranhdo. The specimen reported
here (wich is the same referred by Lessa), captu-
red on August 1986, was a juvenile mecasuring
94.5 cm TL (W= 4,500 g). The length of the un-
calcified clasper was 3.1 cm, and the epididymi-
des width was 1.4-1.5 cm. It had no content in
the seminal vesicle. The liver weighted 495 g,
and the stomach was empty. Gadig et al. (1989)
report four males and four females captured bet-
ween 35 and 50 m depth, over a hard calcareous
algae bottom. One of the females, captured in
November at the end of the amazonic summer,
was pregnant, with 4 embryos (1 male, 3 fema-
les) measuring between 68.5 and 74.4 cm.

Reproductive traits of the

batoid fauna

The batoid fauna in the area of Maranhdo is
composed by nine specics, namely Rhinobatos
lentiginosus, Pristis perotteti, Dasyatis geijkesi,
D. guttata, Gymnura micrura, Aetobatus narina-
ri, Rhinoptera bonasus, Narcine brasiliensis and

Mobula hypostoma. For R. lentiginosus, P. pero-
tteti, N. brasiliensis and M. hypostoma we have
only the record of presence, with size data only
for the first.

Dasyatis guttata is found from the Gulf of
Mexico and the Western Indies to southern Bra-
7il (Cervigén, 1966). It was reported from the
state of Parand in estuarine and coastal waters
(Barletta and Correa, 1989) and off Ubatuba,
Sio Paulo (south of Rio de Janeiro) (Cunning-
ham, 1989). It is a common specics at the Bahia
de todos los Santos (13° S), where a strong carci-
nophagous habit has been demonstrated (Quei-
roz et al., 1993).

According to Barthem (1985) it is captured
with gillnets at Cabo de Maguari, off the Maraj6
Bay, during summer (June to December), speci-
mens measuring about 26 cm (TL). Lessa and
Araujo (1984) teported D. guttata as a dominant
species for the Araoca and Cumd bays, within
the studied area, where they found immature in-
dividuals from 50 to 53 cm DL. Paixao (1984)
reported it from the Estreito dos Coqueiros and
Rio dos Cachorros, at the S&o Luis island, also
in Maranhdio. The statement by Bigelow and
Schroeder (1953) that D. guttata is to be expect-
ed anywhere in suitable localities from Rio de
Janeiro to the Caribbean, is then to some extent
confirmed.

We obtained D. guttata in 9 samples. In two
of them (Sts. 22 and 34) females occurred alone,
sexual segregation being low (22,22%).

Males (N= 29) were observed from 28 to 60.1
cm DW, weighing from 600 to 5,800 g. Males
mature about 51.5 cm DW (W= 3,400 g), though
slightly larger specimens were still immature.
Three specimens over that size were mature.

Fifteen females (out of 17 measured) between
25 10 75 cm DW were examined, with weigths
from 420 to 23,130 g. Only the left ovary was
functional.

Four (out of 15) females were in the beginning
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of maturity (with a few vitellogenic oocytes and
emtpy uterus) during the period between De-
cember and March (rainy scason). No evidence
of parturition was observed and the smallest
specimens cxamined were larger than those re-
ported by Bigelow and Schroeder (1953) with
yolk sac.

D. guttata occurs in Maranhdo from Decem-
ber to March and during September and Octo-
ber, being more abundant during the first period,
coincident with the rainy season.

Rhinoptera bonasus. Bigelow and Schroeder
(1953) state that there are two more or less dis-
tinct centers of population of R. bonasus; one in
United States’ waters in the Northern Hemisphe-
1e, and the other along the middle Brazil coast in
the Southern Hemisphere. In spite of this, there
are not so many records as expected. Captures of
R. bonasus appear uncommon. It is not reported
in comprehensive papers about Southern Brazil
(Goes de Araujo and Vooren, 1986; Cunning-
ham ef al., 1991). Barletta and Correa (1989) re-
ported it for the Paranagud bay area, where the
species accounts for the 8.3% in weight among
the chondrichthyans.

The species has been reported for the Maran-
héo area by Lessa (1986) and Garrido Martins—
Juras (1987). '

Our captures at Maranhdo were made mainly
during the rainy season, during December 1984
(3 samples) and January 1985. Larger specimens
were observed from December 1984 to March
1985, two mature males being obtained in these
samples. Males captured in early December
1984 and July 1986 were intermediate in weight,
and the smallest ones were from Augast 1985,
including an specimen 34 cm DW wich appears
to be the smallest free living known.

Males were clearly mature at 89.2 cm DW,
with well developed and calcified claspers, sem-
inal vesicles plenty and testicles weighting over
90 gin all.

A female specimen somewhat larger than that
with embryos reported by Bigelow and Schroe-
der (1953) shows developing eggs in ovary and
the usually called corpora lutea (but see Dodd
and Dodd, 1985), indicating previous ovulation.

A considerable degree of sexual segregation
was observed, with only one joint capture over
seven (14.3%). Males were more common than
females (5:1).

Aetobatus narinari. This species, a visitor in
Maranhdo, was reported from this locality by
Lessa (1986) and for the Pernambuco state coast
by Guedes et al. (1989). It was captured in 7 sta-
tions evenly distributed between the two climatic
seasons. In all cases males and females were se-
parated.

Six males werc cxamined measuring between
110 and > 153 cia TL, 40.6 to 102 cm DW and
weighting from 1,000 to 13,100 g. Claspers
measured from 1.6 to 4.2 c¢m, all specimens be-
ing immature. Epididymides width range from
0.9-1.0 1o 1.9-2.0. Liver weights were between
8010350 g.

Only size data were available for females,
ranging from < 75 to 163 cm TL, 44 to 103 cm
DW and with weights from 1,000 to 13,120.

It is interesting to note that Bigelow and Schr-
oeder (1953) stated that no definite information
was available on the numerical abundance of
this species anywhere along the South American
coast, but that it should be very abundant in Bra-
zilian waters, to judge from the many specimens
collected around Rio de Janeiro. This opinion is
probably true, since we have also seen speci-
mens from Cananeia (Sdo Paulo) and Recifc
(Pernambuco). A

Dasyatis geijkesi. This species was described by
Bocseman (1948) from Surinam (ex Dutch
Guiana). The type was a juvenil male 360 mm
DIL.. Bigelow and Schroeder (1953) quoted
Boeseman data.

R. C. Menn1 & R. P. Lessa: The chondrichthyan community of Maranhdo (Brazil)... 85

The species is known also from the Maranh@o
state (Lessa, 1986; Garrido Martins—}uras et al.,
1987) and was listed by Roux (1979). Captures
were made with igarapé nets (a type of gillnet)
and longline, but capture of the species was not
specifically related to any of thesc.

Cervigbn (1966) provides measurements of
two specimens 291 and 356 mm DW, from the
Venezuelan Guyanas, but states that the largest
specimen observed reached 1 m DW. According
to this author, the species is very abundant bet-
ween 3 to 10 fathoms off the Orinoco river mouth.

D. geijkesi was captured in only 4 stations
from 37 during 1984 and 1985, and was not ob-
tained in 12 samples during 1986 and 1988.
Only one male, 58 cm DW was obtained, rather

larger than the type (34 cm DW). It was an adult

219 cm TL and 4,200 g W. It had well calcified
claspers and gonad measuring 4.2 x 0.8 cm. The
liver weighted 60 g.

Three females were examined, measuring 50,
77 and 98 cm DW, weighting 2,600; 15,320 and
14,100 g respectively. The second specimen had
an undifferentiated ovary and nidamental glands
measuring 2.4-2.5 cm. The liver weight was 152
g. The largest female was in the beginning of
maturity, with 2 vitellogenic oocytes 2.0 cm di-
ameter, and 8 white ones. Width of nidamental
glands were 1.8 and 2 cmn. Liver weights 136 g.

Gymnura micrura was reported from Maranh&o
by Lessa (1986), Garrido Martins—Juras et al.
(1987), and Paixao (1984, Coqueiros strait and
Cachorros river). Only three female specimens,
weighting 200, 900 and 1,200 g were collected.
The largest one has nidamental glands 1,5-1.6
cm width. The ovary plus the glands weighted
25 g. The ovary showed vitellogenic oocytes,
two 1 cm in diameter and 15 smaller ones. The
liver weight was 20.3 g.

Rhinobatos lentiginosus. Only one male of this
species was captured in the station 35 (October

1985). It measured 55.8 cm TL with a 510 g
weight. The uncalcified clasper measured 8.6
cm. R. lentiginosus appears to have not been re-
ported before from MaranhZo.

General reproductive traits

Table 8 shows synoptic biological data for the
chondrichthyan species of Maranhdo. Species
are ordered as in the phenogram based in the
Jaccard index (fig. 2). No data were available for
S. mokarran, so 18 species were considered.
Eight species (44.4%) have pregnant females in
Maranhdo in some moment of the year. Five of
the six core species plus L oxyriynchus were ob-
served in this stage, i.c., an 85.7% of the most
important assemblage at Maranhdo spend some
part or all the pregnancy within the area. The
single exception was R. porosus, in wich sexual
segregation possibly related to oceanographic
conditions precludes the presence of females.

Two (40.0%) of the species in the common II
species group were also found in this stage,
namely C. limbatus and C. acronotus, both be-
ing sharks, and the exceptions all batoids. None
species of the rare species group was pregnant.

Data on embryo sizes were available for six
species. For the three wich, as far as known, per-
form all their cycle or most of it in the area
(namely S. tiburo, S. tudes and 1. oxyrhynchus),
embryo sizes have a wide range, from 5 to 31, 8
to 24 and 2.8 to 28 (37) cm respectively. The
other species have had only relatively advanced
embryos.

Mature males of 12 species were observed.
All core species have mature males in the area,
though they were scarce in S. lewini. An 80% of
the common II species have also mature males,
though in low numbers. A. narinari has not ma-
ture males. The opposite situation is displayed
by the rare species (N= 5, no data available for
C. plumbeus), with only one species, D. geijkesi,
with mature males; the 80% lacking it. Besides,
the degree of sexual segregation was 100% in
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Table 8 Synoptic biological features of Maranhdo chondrichthyans. l
Species ordered as in figure 2.
Species Abundance Pregnant Embryos size Mature Sexual Spec. with
rank stage range (cmy) males segregation (%)| umbil. scars
C. acronotus 10 yes 29-31 yes 714 no
A. narinari 12 no - no 1000 no
C. limbatus 13 yes no data yes 89.0 yes
D. guttata 7 no yes 22.0 no
R. bonasus 11 no yes 85.7 no
C. porosus 1 yes 23-325 yes 195 yes
S. tiburo 2 yes 5-310 yes 484 yes
S. lewini 5 yes no data yes 66.7 yes
R. lalandei 4 yes yes 60.0 no
R. porosus 3 no yes 78.9 no
S. tudes 8 yes 8-340 yes 529 yes
1. oxyrhinchus 6 yes 2.8-28(37) yes 58.8 no
D. geijkesi 14 no yes 100.0 no
G. micrura 15 no no 100.0 no
R. lentiginosus 19 no no 100.0 no
C. perezi 17 no no 100.0 no
C. plumbeus 18 no no 100.0 no
C. obscurus 16 no no 100.0 no

this case. In the common II group segregation
range from 22% in D. guttata to 100% in A. na-
rinari (no males). Core specics show intermedi-
ate degrees of sexual segregation, from 19.5%
(C. porosus) to 78% (R. porosus), with a mean
of 55%.

Newborn specimens were recorded for 4 spe-
cies of the core group (67%), 20% in the com-
mon II group and none in rare species.

The biological results show a pattern which
closely agrees with the structure of the chon-
drichthyan community of Maranhfo as de-
scribed by Lessa and Menni (1994), from the
analysis of co-prescnces and abundance. A
38.8% of the species occurring at Maranhdo per-
form all or an important part of their life cycle

within the arca, as evidenced by its abundance,
presence of pregnant females and of adult males,
and a Jow degree of sexual segregation. A 27.7%
of the species, apparently perform reproductive
activities in the area, but specimens are not
abundant, newborn specimens were observed in
only one case and sexual segregation was high.
Rare species were not represented by mature
specimens of any sex (one exception) and sexual
scgregation is absolute.

According to Lessa (1986), the studied locali-
ties are an important growing area for sharks in
the central tropical Atlantic, deserving protection
and care. This statement is strongly supported by
Lessa and Menni and by the present research.
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