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Abstract Dentition characters of Conomurex persicus
found along the Mediterranean coasts of Turkey were
analyzed. For the analyses of radula, 289 individuals (34
adult males, 140 adult females and the remainder juve-
niles) were examined. Male and female individuals of the
species had different numbers of radular cusps. The
radula of the taenioglossate type was made up of two
marginal teeth, one lateral and one central (rhachidian)
tooth, each being delicate and with different numbers of
cusps. The central and lateral teeth had seven cusps and
five cusps, respectively, in both males and females. Outer
and inner marginal teeth of males had two and one
cusps, while those of females had five and six cusps,
respectively. The female’s radula is yellow-whitish. The
male’s radula is reddish dark brown.

Introduction

Conomurex persicus Swainson, 1821 was recorded first in
the Mediterranean Sea (Iskenderun, southern Turkish
coasts) in 1978 (Nicolay and Manoja 1983). C. persicus
was at first restricted to the south coast of Arabia and
part of the Persian Gulf (Abbott 1960; Moolenbeek and
Dekker 1993). The species was then found on the coasts
of Israel (Minetti 1983; Mienis 1984; Oliverio 1995) and
Lebanon (Bogi and Khairallah 1987), on the southern
coast of Turkey (Crucitti and Rotella 1991; Engl 1995)
and on the coasts of Rhodes (Nicolay 1986) and Cyprus
(Bazocchi 1985).

Radular formula and the male’s verge are basic keys
in identification of species of the genus Conomurex, and
the radula has been used as an important source of
characters in gastropod systematics, both for taxonomy
and for phylogenetic reconstruction. Appreciation of
intra-specific variation in radular dentition can, in some
cases, bring about an understanding of its cause. Previ-
ously, sexually dimorphic radulae have only convinc-
ingly been reported in neogastropods (Nassa,
Mancinella, Vexilla drupella and Pisania luctuosa Tap-
parone-Canefri, 1880) (Arakawa 1958a, 1958b, 1964;
Maes 1966; Cernohorsky 1971) and archaeogastropods
(Tricolia) (Robertson 1971). A hypsogastropod (Atlanta
quoyii Gray, 1850) has been reported to have sexually
dimorphic taenioglossate radulae (Richter 1969). Onto-
genetic variation of the radula has been described in
Conus (Nybakken 1988, 1990; Nybakken and Perron
1988 ) and in trochoideans (Waren 1990), and intra-
individual variation in Peristernia has been suggested to
be a case of fluctuating asymmetry (Taylor and Lewis
1995). Extreme variation between individuals has been
described in littorinids (Reid 1989, 1999) and lottiids
(Simison and Lindberg 1999), and sexual dimorphism in
dentition was found in muricids (Fujioka 1985a, 1985b,
1985c). The discovery of two adult radular types in a
sacoglossan correlated with algal food plants suggests
that radula morphology might be induced by diet
(Bleakney 1990). Recently this has been demonstrated
experimentally in Lacuna (Padilla 1998). Reid and Mak
(1999) reported a study of the littorinid genus Littoraria,
which suggests both ecophenotypic plasticity and phy-
logenetic constraint in radular form.

There have been only a few studies on the radular
characters of C. persicus from the Mediterranean Sea
and Persian Gulf; these did not note sexual dimorphism
in the radulae (Abbott 1960; Nicolay and Manoja 1983;
Wawra and Sattmann 1988; Moolenbeek and Dekker
1993).

The present paper shows sexual dimorphism and
differences in morphological characters in the radulae of
C. persicus.
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Materials and methods

Samples for analyses of the radular characters of Co-
nomurex persicus were collected on the Turkish Medi-
terranean coast, Mersin Bay (Fig. 1a), in February 2000,
April 2002 and July 2002 (location 1), in 8 and 22 March
2003 (locations 2, 3, 6, 7), in April 2003 (locations 2, 3,
4, 5) and in June 2003 (location 1). The samples were
collected with a standard dredge (60·15 cm mouth
opening, 0.5·0.5 cm eye opening of net) deployed from
on board the R.V. ‘‘Erdemli’’ for the first three sampling
times and by diving on all other sampling occasions.
Additionally, six individuals (two adult males and four
adult females) were collected from a sandy coastal re-
gion (Yumurtalık; Fig. 1a) of Iskenderun Bay in April
2001 (Gucu et al. 2001). However, stomach analyses for
diets of males and females were not performed. All
adults occurred on sandy bottom (location 1), while
juveniles inhabited rocks covered by red algae, Jania
rubens Lamouroux, 1812, or sandy bottom covered by
detritus in very shallow waters with depths of <2 m in
the harbor (locations 2, 3, 4, 5, 6, 7; Fig. 1).

Radulae of 289 adult individuals were examined,
including 140 adult females, 34 adult males and the
remainder juveniles (undefined sex). Sex of the adult
individuals was determined according to presence/ab-
sence of the verge. Shell and verge lengths and proboscis
(mouth) diameter of the individuals were measured. The
numbers of cusps on each tooth were counted under a
stereomicroscope.

For examinations in a scanning electron microscope
(SEM, model JEOL JSM-840A), radulae were extracted
from specimens preserved in alcohol (70% v/v). Radular
ribbons were cleaned by soaking in a bleaching solution
(1% w/v sodium hypochlolorite, 8% w/v sodium chlo-
ride) at room temperature (21�C) for up to 5 min, fol-
lowed by gentle cleaning with fine needles and thorough
rinsing in distilled water. Each radula was mounted
damp on a thin layer of polyvinyl acetate glue on a glass
coverslip. Specimens were coated with gold before
examination with a SEM.

Results

Adult specimens were found between 4 and 12 m depth
on sandy bottoms in the study area (Fig. 1b), whereas
juveniles appeared only at <3 m depth and on rocks in
the harbor (Fig. 1b). Shells of adult Conomurex persicus
were thickened and toughened, and a U-shaped notch
near the anterior end of the shell was well developed
(Fig. 2a). Shells of subadults were thin, and the U-
shaped notch was not completely developed (Fig. 2b).

The rhachidian tooth of the radula (taenioglossate
type; Figs. 3a and 4a) was trapezoidal in shape, with
seven obtuse cusps at the tip, lateral (with peg) and
oblong subovate in outline and curved at the tip with
five obtuse cusps the innermost of which is the largest.
The radula had two sickle-shaped marginal teeth (inner
and outer), with 1 cusp on the inner/2 cusps on the outer
(1/1 rarely) in adult males (Fig. 3c) and 5/6 cusps in
adult females (Fig. 4b).

Figure 5 shows changes in the total numbers of
cusps on the marginal tooth, depending on verge and
shell lengths of juveniles and of adult males and fe-
males. All juveniles had verges. As the verge and shell
length of the juveniles increased, the total number of
cusps decreased. The number decreased slightly from
11 (five cusps on the inner marginal tooth plus six
cusps on the outer marginal tooth) to 7 when the verge
length increased from 1 to 12 mm and the shell length
from 1.5 to 4 cm. The number of cusps decreased
abruptly to three when the verge length reached
14 mm. This length characterizes those individuals
which have become adult males. Adult females were
characterized by shell lengths >5 cm, the absence of a
verge and the occurrence of 11 cusps on the marginal
tooth. A significant correlation was found between the
number of cusps and verge length (Spearman rank
correlation, r=)0.87, n=289, P=0.00; Fig. 5). In
Fig. 3, panels b (subadult male) and c (adult male)

Fig. 1 a Locations where Conomurex persicus was observed along
the coastal band (black spots) and at the study area where the
dredge was deployed and b line stations (+) at 5 and 10 m depth
contours and moles of the Institute of Marine Sciences’ harbor. At
location 1 (1, outside harbor) only adult individuals were found;
locations 3, 7 and 5 (3, 7, 5, inside harbor) were of sandy bottom
(bottom type 1); locations 2, 4 and 6 (2, 4, 6, inside harbor) were of
rocks covered by a red algae, Jania rubens (bottom type 2)
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Fig. 2a, b Conomurex persicus.
Shells of adult (a) and subadult
(b) individuals

Fig. 3a–d Conomurex persicus.
Radula of males. Radular
ribbon (a), close-up view of the
radula, with relatively large
marginal cusps decreasing to
three during the progress of
dimorphism (b), close-up view
of the sexually dimorphic
radula (c) and close-up view of
inner and outer marginal teeth,
not coated with gold (d)
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show changes in the numbers of cusps on marginal
teeth. However, the number of cusps of ten adult
individuals with verge lengths varying between 12 and
22 mm (shell lengths of 5.0 and 5.5 cm), which were

collected from bottom type 1 in April 2002, remained
11. The same phenomenon was observed in four
individuals from sandy bottom (location 7) sampled on
22 March 2003.

The color of the female’s radula is yellow-whitish.
The color of the male’s radula is dark brown. The rad-
ular formula of the female differs from that of the male
in morphometry. The middle cusp of the rhachidian
teeth is thinner and longer in the male (113 lm long)
than in the female (40 lm long). The marginal tooth of
the female was flattened, whereas it was a tube-like
cylinder shape in the male. Ratios of the longest cusps to
those on each of the lateral and central teeth were
greater in males than in females (Table 1). The radular
ribbon of the male is wider than that of the female, as a
function of proboscis diameter (Fig. 6).

Discussion

Up to now, sexually dimorphic radulae have not been
reported for a stromboid species (Abbott 1960; Nicolay
and Manoja 1983; Wawra and Sattmann 1988; Moo-
lenbeek and Dekker 1993; Moolenbeek, personal com-
munication), but sexual differences in the sizes of
stromboid shells have already been demonstrated (Ab-
bott 1960).

The occurrence of sexual dimorphisms in the radula
of Conomurex persicus could be related to habitat,
feeding type and/or diet. The radula may be phenotyp-
ically plastic, and the appropriate morphology may be
induced by substrate or diet (Reid and Mak 1999).
Strombus decorus lives in colonies on coral sand, sponge
and weedy bottoms, whereas C. persicus lives on sandy
bottoms and in coral sand of Indo-Pacific regions (Ab-
bott 1960). Adult C. persicus inhabited slightly gravelly,
sandy bottoms and feed on seaweeds and detritus (non-
corallivorous). Juvenile forms (shell length <2 cm) live
in colonies on small rocks covered by algae in the study
area. Reid and Mak (1999) suggested that the inducible
plasticity may explained the nearly perfect correlation
between radula and substrate, as Padilla (1998) sug-
gested that a plastic radular morphology may be adap-
tive for a species in a spatio-temporally variable
environment, in which individuals regularly experience
shifts of habitat during their lifetime. Juveniles of
C. persicus were observed in two different habitats: (1)
rocks covered mostly by the red algal order Corallinales
(Jania rubens; bottom type 2, location 2) and (2) sand
bottom with detritus (bottom type 1, location 3) in the
harbor (Fig. 1).

Microscopic examination of the radula showed that
marginal teeth become sexually dimorphic as follows.
The number of cusps on the marginal teeth of small
juveniles was 11. As the verge and shell became longer,
the number of cusps was reduced as the size of most
cusps decreased and one tooth became pointed. Ulti-
mately, the tooth appeared to be a hook-like structure.
Nybakken (1990) showed that the radular teeth of some

Fig. 4a–c Conomurex persicus. Radula of females. Radular ribbon
(a), close-up view of the radula (b) and close-up view of inner and
outer marginal teeth, not coated with gold (c)

Fig. 5 Conomurex persicus. Total number of cusps on the marginal
teeth as a function of shell and verge lengths (see Fig. 1b for
locations of the bottom types) [T1;aM bottom type 1, adult males;
T2Ja;J bottom type 2, juveniles on rocks covered by Jania rubens
(cross symbol from locations 4 and 7; square symbol from location
2); T1;aF bottom type 1, adult females; T1;maF bottom type 1,
masculinized females; T1;J bottom type 1, juveniles]
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species of the carnivorous genus Conus also underwent a
morphological change during their ontogeny. The type
of change differs according to the different feeding types,
but the initial juvenile tooth appears similar in all. The
change from juvenile to adult tooth appeared to occur
quickly, and presumably resulted from the initiation of
the activity of the superior epithelial tissue. Ontogenetic
change in morphology would occur in those species in
which there was a marked change in diet between juve-
niles and adults, but not in those in which prey remained
unaltered. Robertson (1971) showed that the radular
dimorphism of Hiloa could be due to the males feeding
on calcareous algae while the females feed on Padina
and on epiphytes and detritus. The juveniles of C. per-
sicus from rocky shores had pointed marginal teeth,
whereas those from sandy bottoms with detritus had
bluntly rounded marginal teeth, as Reid and Mak (1999)
suggested for Littorina subrotundata. In her description
of the intra-specific radular dimorphism of Lacuna, Pa-
dilla (1998) remarked only on the difference in shape of
the cusps, classifying them as blunt or pointed, and
suggesting that the former were more effective for
scraping epiphytes from eelgrass blades, while the latter
were more suited to excavation of algal thallus.

Sexually dimorphic marginal teeth were, however,
not observed in ten individuals of the total number (43
females and 22 males) collected on bottom type 1 in
April 2002, even though they had long verges (12–
22 mm). Inherently, the sex ratio of C. persicus was 60–
57% females to 40–43% males in the study area (Mutlu
and Ergev, unpublished data). Total number of cusps on
their marginal tooth remained unchanged at 11. Thus,
these ten individuals could be masculinized females.
Reed (1993a, 1995) showed sexual trimorphism in the
shell (weight/length/width) and the occurrence of mas-
culinized females for Strombus pugilis Linnaeus, 1758
and Conomurex luhuanus Linnaeus, 1758 at Shirahama,
Japan. Masculinized females were indistinguishable
from normal females, except for the presence of a small,
deformed verge, which microscopically resembled that
of a normal male (Reed 1993b). The occurrence of a
masculinized female could have been proved by micro-
scopic examination of the gonad tissue to detect any
undeveloped, inactive spermatogenic tissue, which
would have shown that these individuals were androg-
ynous males, as Reed (1993a) suggested.

In conclusion, sexually dimorphic radulae have not
previously been shown in other strombiid species, and the
occurrences in C. persicus from the Mediterranean Sea
may be altogether exceptional. It is interesting to note that
the marginal teeth of adult male C. persicus all had fewer
cusps than those of corresponding females. Not only size
of the radular ribbon, but also color of the radula differed
between adult males and females. Dimorphism needs to
be considered in all future radular studies of strombiid
gastropods in their habitats worldwide.
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