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ABSTRACT. - Reproduction of the sawback angelshark Squatina aculeata is presented with specimens captured off Tuni-
sia (central Mediterranean) and off Senegal (eastern tropical Atlantic). The smallest adult male and adult female were 120
and 137 cm total length (TL), respectively, and weighed 12.7 and 22.0 kg, respectively. Above 122 cm TL for males and
143 cm TL for females, all the observed specimens were adult. The largest male and the largest female were 152 and 175
cm TL and weighed 24.0 kg and 32.0 kg, respectively. Males and females presented similar total length versus total mass
relationships, although the latter were considerably heavier than the former. Size at birth was between 30.3 and 35.0 cm TL
and mass at birth between 276 and 325 g. The two ovaries and the two uteri were functional. Ripe ovarian follicles ready to
be ovulated ranged between 76 and 85 mm in diameter and weighed between 200 and 237.6 g. Gestation lasted one year
approximately, but ovarian follicles growth blocked at the beginning of gestation. However, ovarian follicles growth started
again before embryos were at mid-term gestation. This is a new case of semi-delayed vitellogenesis typical of Squatina
spp- A biannual reproductive cycle remains a suitable hypothesis. A calculated chemical balance of development based on
dry masses of ripe follicles and full-term embryos was # 0.66 and showed that S. aculeata is a purely lecithotrophic species
as other studied squatinid species. Ovarian fecundity ranged from 12 to 22 and is higher than uterine fecundity, which
ranged from 8 to 12. Both categories of fecundity were slightly related with females size. The sex-ratio was 1: 1 in embry-
os. The subadult males significantly outnumbered the female ones. This was not the case for juveniles, adults and for the
total sample.

RESUME. - Reproduction de I’ange de mer épineux Squatina aculeata (Chondrichthyes: Squatinidae) au large du Sénégal
et de la Tunisie.

La reproduction de 1’ange de mer épineux Squatina aculeata est décrite a partir de spécimens capturés au large du
Sénégal (Atlantique oriental tropical) et de la Tunisie (Méditerranée centrale). Le plus petit méle adulte et la plus petite
femelle adulte mesuraient 120 et 137 cm de longueur totale (LT) et pesaient 12,7 et 22,0 kg, respectivement, tous les indivi-
dus observés étaient adultes, au-dessus de 122 cm LT pour les males et de 143 cm LT pour les femelles. Dans notre échan-
tillon, le plus grand male et la plus grande femelle avaient une LT de 152 et 175 cm et pesaient respectivement 24 kg et
32 kg. Les relations taille-masse sont semblables chez les méles et les femelles, bien que ces dernieres soient plus lourdes.
La taille a la naissance se situait entre 30,3 et 35,0 cm LT et la masse entre 276 et 345 g. Les deux ovaires et les deux utérus
sont fonctionnels. Les follicules ovariens mirs, préts a &tre pondus, avaient un diametre compris entre 76 et 85 mm et une
masse comprise entre 200 et 237,6 g (79,7 £ 1,9). La gestation durerait approximativement une année, mais il apparait un
blocage de la vitellogenese au début de la gestation, et une incapacité a ovuler aussitdt apres la gestation. Toutefois la crois-
sance des follicules augmente a nouveau avant que les embryons ne soient a mi-développement. C’est un nouveau cas de
vitellogenese “semi-bloquée”. Un cycle de reproduction bisannuel resterait une hypothese plausible. Une balance chimique
de développement fondée sur les masses seches des ovocytes mirs et des embryons a terme était # 0,66 et montrait que S.
aculeata est une vraie espece “lécithotrophique”, comme le sont les autres squatinidés. La fécondité ovarienne variait de 12
a 22 et elle était plus élevée que la fécondité utérine qui variait de 8 a 12. Les deux catégories de fécondité sont légerement
corrélées avec la taille des femelles. La sex-ratio des embryons était de 1:1 pour les embryons. Les males subadultes étaient
significativement plus nombreux que les femelles, ce qui n’était pas le cas pour les juvéniles et pour les adultes.
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Three species of the genus Squatina Risso, 1810 are  angelshark §. oculata (Bonaparte, 1840) and the common
reported from the FNAM area (Roux, 1977, 1984) and the ~ angelshark §. squatina (Linnaeus, 1758). The former seems
eastern tropical Atlantic (Springer, 1990): the sawback  to be the less abundantly reported whatever the area (Com-
angelshark Squatina aculeata Cuvier, 1829, the smouthback ~ pagno, 1984).
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Figure 1. - Squatina aculeata Cuvier, 1829.
A: General morphology. Dorsal surface;
B: Frontal cephalic lobe; C: External nasal flap;
D: Map of Senegal pointing out the Cape Verde
Peninsula (circle); E: Western part of the Cape
Verde Peninsula (redrawn from Sourie, 1954)
showing the landing sites and captures sites
(black stars) of S. aculeata. A, B, C, redrawn
and adapted from Capapé and Roux (1980).
[Squatina aculeata Cuvier, 1829.
A : Morphologie générale. Face dorsale ;
B : Lobe céphalique frontal ; C : Valvule nasale
externe ; D : Carte du Sénégal mettant en évi-
dence la presqu’ile du cap Vert (cercle). E :
Partie occidentale de la presqu’ile du cap Vert
(redessinée d’apres Sourie, 1954) montrant les
sites de débarquements et les lieux de capture
de S. aculeata. A, B, C redessinés et adaptés a
partir de Capapé et Roux (1980).]

In the Mediterranean Sea, S. aculeata
is recorded in restricted areas and its cap-
ture remains rather rare. In western Medi-
terranean, Moreno (1995) and Barrull and
Mate (2002) considered its occurrence
doubtful off the Spanish coast. Capapé et
al. (2000) did not reported it off France.
Tortonese (1956) and Bini (1967) cited the
species in Italian waters, but records are
based on specimens deposited in ichthyo-
logical collections. De Maddalena (pers.
com., 2004) considers its occurrence
doubtful in these areas. Soljan (1975)
reported it in the Adriatic Sea, but Lipej,
Jardas and Soldo (pers. com., 2004) have
never recorded the species in this sea and
added that this also the case for the two
other Mediterranean squatinids.

Along the Maghrebin shore, S. aculeata was formerly
reported off Algeria (Dieuzeide et al., 1953). However,
Hemida (pers. com., 2004) has never recorded the species
although thorough investigations targeting sharks have been
conducted in the area since 1996 (Hemida, 1998; Hemida
and Capapé, 2003; Hemida et al., 2002), whilst it was also
reported off Tunisia, especially in the Gulf of Tunis (Quig-
nard and Capapé, 1971a; Capapé, 1989) until to date.

In the eastern Mediterranean, S. aculeata is reported off
Greece (Economidis, 1973) and off Turkey (Kabasakal,
2002), where it is very rare (Kabasakal, pers. com., 2004)
and it is not recorded in the Sea of Marmara (Kabasakal,
2003). Golani (1996) reported S. aculeata off the coast of
Israel but at present the sawback angelshark is no more
recorded in the area (Golani, pers. com., 2004).

S. aculeata was never recorded north of the Strait of
Gibraltar, but was reported southward off Morocco (Colli-
gnon and Aloncle, 1972), Mauritania (Maurin and Bonnet,
1970; Maigret and Ly, 1986), Senegal (Cadenat, 1950; Séret
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and Opic, 1990; Capapé et al., 1994), Guinea-Bissau
(Sanches, 1991) and the Gulf of Guinea (Blache et al., 1970).
Its occurrence seems probable off Angola until Namibia
(Poll, 1951; Fischer et al., 1981; Compagno, 1984).

Aspects of the reproductive biology of both S. oculata
and S. squatina from the Tunisian waters were studied by
Capapé et al. (1990), and of S. oculata from the coast of Sen-
egal by Capapé et al. (1999, 2002). By contrast, little infor-
mation is dealt by ichthyological literature on S. aculeata.
Compagno (1984) noted: “Maximum total length about 188
cm, becoming adult at 124 cm”. Moreno (1995) and Barrull
and Mate (2002) added that birth occured at a total length
between 25 and 30 cm. Moreover, scarce information is pro-
vided by Capapé (1974) for specimens from off Tunisian and
by Capapé et al. (1994) for those from the coast of Senegal.
Further observations carried out in these two areas allow to
collect further data in order to expand and improve our cur-
rent knowledge about the reproductive biology of the saw-
back angelshark.
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MATERIAL AND METHODS

A collection of 116 S. aculeata was examined, including
63 males and 53 females. Eighty-nine, 48 males and 41
females, were captured by commercial gill-net, at a depth
less than 80 m, off Senegal, mainly off the Cape Verde Pen-
insula, and landed at the fishing site of Ouakam, 5 km north
of Dakar (Fig. 1). Twenty-seven specimens, 15 males and 12
females were caught at 50-100 m depth, between 1970 and
2002, in the Tunisian waters by trawling, especially in the
Gulf of Tunis (24) and occasionnaly (3) southward, in the
Gulf of Gabes (Fig. 2).

Morphological and reproductive data were similar for the
specimens of both areas, so we have decided to include them
in a single sample. The monthly collection of the observed
specimens is summarized in table 1.

In addition, 34 developing embryos and 33 near term
embryos were examined.

The specimens were measured to the nearest millimetre
for total length (TL) following Bass et al. (1973) and weigh-
ed to the nearest gramme, when possible. Measurements
comprised clasper length (CL, mm) according to Collenot
(1969), and the diameter of yellow yolked or ripe follicles
and developing follicles. All the developing and fully yolked
follicles and the embryos were removed from the ovaries
and the uteri and then measured and weighed to the nearest
decigramme.

The onset of sexual maturity was determined in males
from the condition and the length of claspers (CL). Bass et
al. (1973) and Stevens and Mc Loughlin (1991) noted that
claspers of juveniles are short and flexible and males are
adult when claspers are rigid, elongated and calcified. Some
aspects of the testes and the genital organs are provided. The
size of females at sexual maturity was determined from the
condition of ovaries and the morphology of the reproductive
tract following Natanson and Cailliet (1986), Capapé et al.
(1990, 2002) and Bridge et al. (1998). Three categories of
specimens were distinguished
for both males and females:
juveniles, subadults and adults.
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Figure 2. - Map of Tunisia showing the captures sites (black stars)
of Squatina aculeata in the area. BB: Bahiret El Biban; GG: Gulf
of Gabes; GH: Gulf of Hammamet; GT: Gulf of Tunis; NC: North-
ern Coast. [Carte de Tunisie montrant les lieux de captures (étoiles
noires) de Squatina aculeata dans la région. BB : Bahiret El Biban.
GG : Golfe de Gabeés. GH : Golfe de Hammamet ; GT : Golfe de
Tunis ; NC : Cote septentrionale.]

50% in ripe oocytes and 75% in fully developed embryos
were standard values, based on chemical analyses of the
small spotted catshark, Scyliorhinus canicula by Mellinger
and Wrisez (1989). CBD is a tentative estimate.

Table I. - Monthly collection of Squatina aculeata observed in the sample. [Récolte mensuelle des
Squatina aculeata observés dans I’échantillon.]

To investigate the embry- Months
onie developmenF and the YOIC Sex Category Jan. | Feb.| Mar.| Apr.|May | Jun.| Jul.|Aug.| Sep.| Oct.|Nov.| Dec.|Total
of the mother during gestation, -
a chemical balance of develop- Juvenile ) ! |2 2|43 ! 2 2 ! 18
ment (CBD) was considered. Males |Subadult | 3 6 2 2 7 2 1 2 1 - 1 - 27
CBD is based on the mean dry Adult 2 | 1| 3] 2| 1]5 - -] -1 2] 1] 1]18
mass of fertilized eggs and Total 5 7 6 | 4|10 9|5 5 2 4] 4] 2|63
fully developed embryos. CBD Juvenile | 2 1 3 1 - 3 3 3 - - , - 16
can be computed as the mean | Females|Subadult | 3 | 1 | - | 2 [ 2| 2| -| - |31 [1]|2]|17
dry mass (.>f.fu11y developed Adult 2| 9 3 3 3 |2 2 ) 1 1 11 20
embryos divided by the mean Total T 216l 61 5 5 5 5 2 1 > 3 | 53
dry mass of yellow yolked fol-
licles or eggs. Water content of Grand total 12 | 11 121 10 [ 15| 14 | 10| 10 6 6 5 | 116
Cybium 2005, 29(2) 149
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Tests for significance (p < 0.05) were performed by using
ANOVA, Student t-test and the chi-square test. The linear
regression was expressed in decimal logarithmic coordi-
nates. Correlations were assessed by least-squares regres-
sion. In the relationship mass versus total length, compari-
sons of curves were carried out by ANCOVA.

RESULTS

Size at sexual maturity
Males

Three stages of male development were considered:
juvenile, subadult and adult (Fig. 3). During the juvenile
stage, the males had short and flexible claspers and both tes-
tes and genital duct were membranous and inconspicuously
developed. Juvenile stage included 18 males between 32 and
122 cm TL. Among the juveniles, four small free-swimming
specimens exhibited an unhealed scar on their ventral sur-
face and were probably neonates, ranging between 32 and
34 cm TL.

During the subadult stage, the claspers presented a slight
calcification and elongation. The testes were developed, but
without externally visible spermatocysts and no sperm in the
seminal vesicles. The genital duct was developed and the
ductus deferens (sensu Hamlett et al., 1999) slightly convo-
luted. Twenty seven subadults were observed. The smallest
specimen was 91 cm TL and weighed 6.8 kg, the largest
specimen was 121 cm TL and weighed 14 kg.

During the adult stage, the claspers were rigid, elongated
and calcified. Both testes and genital duct were well-devel-
oped. Spermatocysts were externally visible and sperm
occurred in seminal vesicles. The ductus deferens was clear-
ly twisted. Eighteen adults were collected. The smallest adult
was 120 cm TL and weighed 12.7 kg, but above 122 cm TL,
all the observed males were adult. The largest males reached
151 and 152 cm TL, and both weighed 24 kg.

Females

Similar to males, three categories of females were con-
sidered: juvenile, subadult and adult.

During the juvenile stage, the females, ranging between
30.5 and 102 cm TL, had whitish ovaries, follicles of only
microscopic size, membrane-like oviducts and inconspicu-
ous nidamentary glands. Of the 16 juveniles collected, four
were neonates (see males, above); they ranged between 30.5
and 34 cm TL and weighed between 275 and 298 g.

Seventeen subadult females were collected, ranging
between 102 and 140 cm TL and weighing between 14 and
22 kg. They had primarily white, translucent follicles, a well-
differentiated genital duct and nidamentary glands visible
and slightly rounded.

150

CAPAPE ET AL.

400

u
I. n"
3501 O Juvenile o
0 Subadult =
3001 W Adult a ™
2501 "
g oo %
E 200 1 o o )
2 o B e
150 o o o0
e
100 00
. o}
50 ®
0 T T T T T
400 600 800 1000 1200 1400 1600

TL (mm)

Figure 3. - Clasper Length (CL) vs Total Length (TL) in male Squa-
tina aculeata. [Longueur des ptérygopodes (CL) en fonction de la
longueur totale (LT) chez les mdles de Squatina aculeata.]

The 20 adults TL ranged from 137 to 175 cm TL. The
functional ovary exhibited batches of developing and fully
yolked follicles. Developing follicles observed in non-gravid
females were mostly over 25 mm in diameter. The genital
tract was fully developed and in some specimens both uteri
contained eggs or embryos at different stages of develop-
ment.

The smallest adult female with ovaries containing fully
yolked follicles ready to be ovulated, was 137 cm TL and
weighed 22 kg (Tab. II, record 10), and above 143 cm TL, all
the females were adult. The smallest gravid female was
152 cm TL, weighed 27 kg and carried full term embryos
(Tab. I, record 13). The largest female was 175 cm TL and
also the heaviest female, its mass reached 32 kg (Tab. II,
record 18). Of the 20 adult females examined, eight were
pregnant.

Reproductive cycle

As all squatinids previously studied, the sawback angel-
shark is an aplacental viviparous elasmobranch species, with
two ovaries and two uteri, both functional. The ovaries pro-
duced follicles batches similar in diameter and in mass.
However, a single batch only developed into fully yolked
follicles or ripe follicles which are ovulated. Forty ripe ovar-
ian follicles removed from three females (Tab. II, records 7,
8 and 9), ranged between 76 and 85 mm (79.7 + 1.9) in diam-
eter and weighed between 200 and 237.6 g (221.3 £ 10.4).
Most of observed females exhibited maturing or ripe folli-
cles equally distributed in each ovary. However, in some
females, they were slightly more abundant in the left ovary
than in the right one but in a single female, it was the reverse
(Tab. II, record 18).

Table II shows that follicles reached maturity in March-

Cybium 2005, 29(2)
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Figure 4. - Relationships Total Mass (TM) vs Total Length (TL)

expressed in logarithmic co-ordinates for male and female Squatina

aculeata. TL was measured to the nearest mm and TM to the near-

est g. [Relations entre la masse totale (TM) et la longueur totale

(TL) exprimées en coordonnées logarithmiques pour les mdles et
les femelles de Squatina aculeata. TL est mesurée au mm preés et TM

au g pres.]

April since ripe follicles ready to be ovulated were found in
three females (see above), and eggs in the uteri of a female
caught in April (Tab. II, record 10). Females containing
embryos at different stages of development were caught
between January and March (Tab. II, records 2 and 6). The
pregnant female caught in October (Tab. II, record 19) con-
tained embryos at the beginning of the development, which
exhibited external gill filaments and a large yolk sac, they
were not pigmented and cannot be sexed. Its ovaries were in
a resting phase. The second female caught in January (Tab.
II, record 2) also carried embryos with external gill filaments
but slightly pigmented and which could be sexed; while in
the ovaries translucent follicles began to accumulate yolk.
This suggests that both ovaries were at the end of the resting
phase. Vitellogenesis became evident in a pregnant female
with embryos at mid-term of development (Tab. II, record
6), well formed, pigmented and without external gill fila-
ments. The external yolk sac considerably decreased and
was transferred pro parte into an internal yolk sac externally
visible on the dorsal surface. Females carrying near term
embryos were captured in May (Tab. II, records 11, 12 and
13) and in July, unfortunately this female (Tab. II, record 15)
aborted when handled and a single embryo was recovered by
fishermen. In full-term embryos, the external yolk sac was
totally reabsorbed into the internal yolk sac, used as nutri-
ents by neonates. Parturition probably occurred between
May and July.

152

CAPAPE ET AL.

At the end of gestation, the maturing follicles were only
between 24 and 26 mm in diameter and weighed less than 8
g (Tab. II, records 11, 12 and 13). After parturition vitello-
genesis went on and follicles developed regularly from
May to the end of the gestation, they weighed 6 g (Tab. II,
records 7, 8 and 9) to March-April (Tab. II, records 11, 12
and 13) and were ready to be ovulated and reached about
210 g.

As for S oculata (see Capapé et al., 1999, 2002), an egg-
capsule was not clearly observed around the recently ovulat-
ed eggs. However, remains of capsular structures were found
in one female which carried early stage embryos (Tab. II,
record 2).

The developing embryos carried by females captured in
January (Tab. II, record 2) and in March (Tab. II, record 6)
were in closed uteri without communication with cloaca.
However, near term embryos (Tab. II, records 11, 12, 13)
were surrounded by uteri slightly distended at distal end
which communicate with cloacal chamber, consequently
some embryos were located in cloaca and close to mothers
vent which was slightly distended.

Size and mass

Thirty-three full-term embryos were examined, ranging
between 30.3 and 35.0 cm TL (32.4 + 1.2) and weighing
between 276 and 325 g (295.9 + 57.7). Moreover, seven
smallest free-swimmimg specimens, four males and three
females, were collected by fishermen and ranged from 30.5
to 34.5 cm TL and from 260 to 305 g. They exhibited an
unhealed scar on the ventral surface and a conspicuous inter-
nal yolk sac. They were neonates, or at least, youngs of the
year.

The relationships of total mass vs total length were not
significantly different between males and females (Fig. 4).
For males: log TM =2.89 log TL -4.78 (r =0.98; n = 54) and
for females: log TM =2.80 log TL - 4.47 (r =0.99; n = 50).

Fresh masses of the 28 largest ripe oocytes ranged from
200 and 237.6 g (221.3 £ 10.4). and 33 full-term embryos
ranged in mass from 276 and 325 g (295.9 + 57.7). CBD
based on mean dry masses calculated for S. aculeata was #
0.66.

Fecundity

Ovarian fecundity was based on the number of oocytes
counted in each adult female. We counted the full yolked fol-
licles ready for ovulation in females and the largest follicles in
other pregnant females (in all 17 females, see table II). Ovari-
an fecundity ranged from 12 to 22 (mean: 15.4 +2.7). There
was a slight positive relation between ovarian fecundity and
female size. Uterine fecundity was based on the number of
eggs, developing and/or fully term embryos (in all 7 females,
see table II). It ranged from 8 to 12 (11.1 + 1.5). Similar to

Cybium 2005, 29(2)
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ovarian fecundity, uterine fecundity is
slightly related to female size.

Sex-ratio

Reproduction of Squatina aculeata off Senegal and Tunisia

Table III. - Squatina aculeata sex-ratio for each category of specimens and for the total
sample. [Sex-ratio chez Squatina aculeata pour chaque catégorie de spécimens et pour l’en-
semble de I’échantillon.]

Among the two categories of
embryos we have distinguished, devel-

oping and full-term, males and females

were equally distributed for the total
sample but not in each female. The
subadult males significantly outnum-
bered the female ones. This was not

the case for juveniles and adults
(Tab. III).

Category Males| Females | Males: Females

Uterine content Developing embryos| 11 1 1

Full term embryos 17 16 1.06/1
Total uterine content 28 27 1.03/1

Juveniles 18 16 1.12/1
Free-swimming specimens Subadults 27 17 1.58/1

Adults 18 20 1.11/1
Total free-swimming specimens 63 53 1.43/1
Grand total 91 70 1.30/1

DISCUSSION

The occurrence of the sawback angelshark in some Med-
iterranean areas remains questionable and the records report-
ed in the literature probably are only occasional captures.

At present, S. aculeata is not commonly caught off the
Tunisian coast where it is less abundant than its two sympa-
tric species, S. squatina and S. oculata according to Bradai
(2000), so further observations and demographic analyzes
are needed, prior to confirmation that a sustainable sawback
angelshark population has been established in the area.

By contrast, S. aculeata is relatively abundant in the east-
ern tropical Atlantic, especially off the coast of Senegal
where it is landed throughout the year, but a bit less than its
sympatric species, the smoothback angelshark. For both spe-
cies, the fins are collected and prepared under the vernacular
name of “laaf”, flesh is appreciated and used for local con-
sumption, fresh or dry, salted by handicraft, under the ver-
nacular name of “sali” (Gueye-Ndiaye, 1993; Gueye-Ndiaye
et al., 1996). This economical usefulness could explain as
this was the case for S. oculata and other large sharks, as car-
charhinid species, why in sample both subadults and adults
outnumbered the juveniles.

Off the Senegalese coast, males matured at a smaller size
(120-122 ¢cm TL) than females (137-143 cm TL) while the
latter reached a larger TL than the former, 152 and 175 cm,
respectively. This difference in size between sexes was
reported in other squatinid species such as S. squatina and S.
oculata from the Tunisian coast (Capapé et al., 1990), and
also for S. oculata from the Senegalese coast (Capapé et al.,
2002). A similar sexual dimorphism is found in the ornate
angelshark, S. frergocellata, from the Great Australian Bight
according to Bridge et al. (1998), who noted that “this form
of sexual dimorphism is not universal in elasmobranch spe-
cies but it is common”. Many similar instances were
described in the literature, except in scyliorhinid species
according to Mellinger (1989, 2002).

Size at birth was between 30.3 and 35 cm TL and mass at
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birth between 276 and 325 g. This confirms previous litera-
ture data (e.g., Moreno, 1995; Barrull and Mate, 2002).

Both ovaries were functional in all the observed females,
in agreement with Bridge et al. (1998) for S. tergocellata and
Capapé et al. (1990, 2002) for S. squatina and S. oculata.
Follicles are symetrically distributed in the ovaries of S. ter-
gocellata (Bridge et al., 1998) and S. oculata from both
Tunisian and Senegalese coasts, however; the left ovary
tends to be more productive in S. aculeata. These observa-
tions contrasted with the assymetry observed by Cousseau
(1973) in S. argentina where the right ovary is atretic, and
non-fonctional in other squatinids such as S. dumeril, S. cali-
fornica (Natanson and Cailliet, 1986), S. guggenheim and S.
occulta (Sunye and Vooren, 1997). By contrast, more oocytes
are produced by the right ovary in S. squatina from the Tuni-
sian coast (Capapé et al., 1990).

As noted for squatinids from the Tunisian coast (Capapé
etal.,1990),1in S. oculata caught off Senegal (Capapé et al.,
2002) and S. tergocellata from the Great Australian Bight
(Bridge et al., 1998) an entire egg case was not clearly
observed in S. aculeata. However, Sunye and Vooren (1997)
described a single egg capsule surrounding all uterine ova in
both S. guggenheim and S. tergocellata from Brazilian
waters. Nevertheless, remains of capsular structure found in
S. oculata (see Capapé et al., 2002) and in S. aculaeta sug-
gest that an egg capsule probably occurs in every squatinid
species but is very fragile and Capapé et al. (2002) noted that
“from capture to handling, the specimens were not the object
of adequate handling in order to preserve the integrity of the
capsule”.

Females having yellow yolked follicles in ovaries were
caught in April and other females bearing ova or full-term
embryos in uteri in May. All these records suggest that gesta-
tion period lasted one year, at least. This was also the case
for S. oculata from off Senegal (Capapé et al., 2002). More-
over, a one-year gestation period seems to be corroborated
by records 19, 1 and 6 (Tab. II) which pointed out a regular
increase in size and growth of embryos. Natanson and Cail-
liet (1986) determined that S. californica gestation period
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approximately lasted 10 months. Capapé et al. (1990) noted
that “it was difficult to delineate an annual cycle” for both S.
squatina and S. oculata from off Tunisia. Bridge et al. (1998)
estimated “that S. tergocellata has a gestation period of 6-12
months”. In angelsharks from southern Brazil, Sunye and
Vooren (1997) described a ten-months gestation which ended
by a cloacal gestation, lasting six months. Bridge et al.
(1998) noted that the possibility of uterine-cloacal gestation
in all squatinid species needs further observations. By con-
trast an uterine-cloacal gestation sensu Sunye and Vooren
(1997) cannot be excluded in S. aculaeta with regard to our
observations, but it could last three months approximately
from March to May. Sunye and Vooren (1997) added that
during the second phase “the embryos develops in sea water
and must be autonomous with respect to osmoregulation, a
condition similar to oviparous embryos after pre-eclosion”
and “the quality of the uterine-cloacal environment is expect-
ed to be controlled by the flow of sea water through the vent
into and out the chamber”. Similar patterns were described
by Kormanik and Evans (1986) and Kormanik (1988) in
Squalus acanthias during the second year of gestation. This
phenomenon could partially explain the embryos growth at
the end of the gestation (Tab. II, records 2 and 6 compared
with records 8,9 and 10). With special regard to S. aculeata,
we think that an inadequate handling during capture induced
the presence of near term embryos in cloaca, so in agreement
with Sunye and Vooren’s opinion (1997) a thorough histo-
logical study is needed prior to state on the exact role of clo-
aca during gestation in squatinids.

A semi-delayed vitellogenesis (see Capapé et al., 1990;
Capapé et al., 2002) was observed in S. aculeata. However,
the block of vitellogenesis did not last until mid-term gesta-
tion as this was reported in previously studied squatinids
(Capapé et al., 1990; Capapé et al., 2002). Similar patterns
were suspected in other squatinid species (Cousseau, 1973;
Natanson and Cailliet, 1986) and described without com-
ments by Bass et al. (1975) in S. africana who recorded two
females with “embryos averaged 27 cm in length and ranged
from 26 to 28 cm”, closed to be expelled, size at birth being
between 27 and 35 cm (Fowler, 1925; Bass et al., 1975).
Moreover, they noted that “the ovaries of these two females
contained developing ova of about 17 mm diameter” and
added that diameter of ripe oocytes ranged from 50 to
60 mm.

Translucent follicles started to accumulate yolk at an early
stage of embryonic development (Tab. I, record 2). Then, we
observed a regular increase of follicles until ovulation, which
lasted probably one year, from May to March-April. Conse-
quently, a biannual reproductive cycle remains a probable
hypothesis and agrees with previous observations carried out
on other squatinid species (Capapé et al., 1990.,2002).

The CBD of # 0.66 obtained for S. aculeata is closed to

154

CAPAPE ET AL.

the CBD of # 0.50 obtained for both S. squatina and S. ocu-
lata from the Tunisian coasts and the CBD of # 0.73 for S.
oculata from the Senegalese waters. They are very low val-
ues and typical of purely lecithotrophic species producing
heavier eggs. In lecithotrophic species, the mother only pro-
tected the embryonic development and provided inorganic
nutrients to the embryos (Mellinger, 1989, 2002; Hamlett et
al., 1998a, 1998b). This was also observed in centrophorids
(Ranzi, 1932; Guallart and Vicent, 2001).

By contrast, in matrotrophic elasmobranchs, the contri-
bution of mother-derived organic and inorganic molecules is
very important (Wourms, 1977, 1981; Hamlett and Wourmes,
1984; Hamlett et al., 1985a-e; Hamlett, 1987, 1989; Hamlett
et al., 1993a, 1993b; Fishelson and Baranes, 1998; Hamlett
et al., 2002). These species produce an egg mass that is
clearly less than the mass of fully developed embryos.
Matrotrophy is characteristic of dasyatids, rhinopterids and
gymnurids (Wourms, 1977, 1981; Wourms et al., 1988; Mel-
linger, 1989; Capapé et al., 1992; Seck et al., 2002). For
instance CBD of # 65.8 was calculated for Carcharinus
brevipinna (Capapé et al.,2003), # 69 for C. limbatus (Capa-
pé et al., 2004) and # 47 for Mediterranean Dasybatus viola-
cea (Hemida et al., 2003), # 30.6, for the butterfly ray Gym-
nura altavela from Tunisian waters (Capapé et al., 1992),
and # 31.12 for the bull ray Pteromylaeus bovinus from the
coast of Senegal (Seck et al., 2002).

Ovarian fecundity is higher than uterine fecundity. This
is due to fact that some fully yolked follicles were subjected
to atresia. Moreover, some pregnant females may have been
aborted during capture or handling, and may have partially
lost their brood. Moreover, in squatinids according to Sunye
and Vooren (1997) “the uterine-cloacal chamber communi-
cates with the external environment”, this “explains why
Squatina aborts so easily”. This patterns was observed in
squatinid species by Cousseau (1973), Bass et al. (1975),
Rahn and Yesaki (1976, in Sunye and Vooren, 1997), Capapé
et al. (2002) and in the present article. However, Natanson
and Cailliet (1986) and Capapé et al. (1990) noted “that cap-
ture and transportation of the angelsharks did not cause any
loss of uterine contents”. Both fecundities are slightly related
with females size.

S. aculeata litter-sizes ranged from 8 to 12 with an aver-
age of 11.1. They were between 7 and 18 in S. squatina, 5 and
8 in S oculata from the Tunisian coast (Capapé et al., 1990)
and 3 and 8 in S. oculata from off Senegal. This low fecundi-
ty points out that, as other elasmobranchs species, the saw-
back angelshark is not prolific, and its biannual reproductive
cycle furthermore involves poor recruitment. Moreover, tag-
ging experiments made in the Tunisian waters showed that
Squatina spp. are not prone to large movements in the area
(Quignard and Capapé, 1971b; Capapé et al., 1990). As this
was probably the case for other shark species (Hemida et al.,
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2002), migrations of S. aculeata from the eastern tropical
Atlantic through the Strait of Gibraltar remains doubtful.

The sex-ratio of the embryos shows that the sexes are
approximately in equal numbers. Similar data were reported
by Bridge ez al. (1998) on S. tergocellata and on S. oculata
from off Senegal (Capapé et al., 2002). This was also the
case for different species of sharks from the Australian
waters (Stevens and Mc Loughlin, 1991), the Red Sea
(Waller and Baranes, 1994), the Mediterranean (Capapé et
al., 2003, 2004) and throughout the world (Bridge et al.,
1998). By contrast, among post-partum specimens changes
in sex-ratio appeared. For instance, the subadult males sig-
nificantly outnumbered the female ones, but among the
adults, females were slightly more numerous than the males,
probably because the pregnant specimens approached
inshore waters in order to find accurate areas and expell their
near term embryos, this agrees with Capapé et al. (2002) for
Senegalese S. oculata. Bridge et al. (1998) observed “chang-
es in sex-ratio for S. tergocellata in the commercial catch
throughout the year on a montly basis”. Moreover, sex-ratios
for the other studied angelsharks species were not reported
(Cousseau, 1973; Natanson and Cailliet, 1986; Capapé et al.,
1990; Sunye and Vooren, 1997).

According to Bridge et al. (1998), these changes may be
explained by sampling bias, “species targeting at the time of
capture”, but also by sexual segregation, which could be
considered as a rule in elasmobranch species with regard to
numerous literature data (see Mufioz-Chapuli, 1984), and
“may reduce intra and interspecific competition”.
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