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Abstract Relative growth and the reproductive cycle of
the date mussel Lithophaga lithophaga were studied from
September 2002 to October 2003 in the Bizerte Bay
(Northern Tunisia). Relationships between shell length and
shell width, shell height as well as volume-related variables
(shell dry weight, soft tissues dry weight and total wet
weight) showed negative allometries in both sexes except
for shell width in males (isometry) and shell height in both
sexes (positive allometry). The sex ratio was unbalanced,
within the length range of 6-48 mm, 49.43 % of the ani-
mals were males, 24.39 % females and 26.17 % sexually
undifferentiated; within the length range of 49-92 mm, the
respective values were 41.19, 52.7 and 6.1 %. Histological
investigations as well as analyses of the condition index
and the gonadosomatic index (CI and GSI) revealed the
presence of a single reproductive cycle per year. Spawning
occurred at the end of August and early September and was
associated with a decrease in seawater temperature and
salinity. A resting phase occurred in winter, coinciding
with the lowest water temperatures. Histological examin-
ations of the gonads of a total of 130 specimens revealed
only two cases of hermaphroditism. The present study
constitutes a useful baseline for a sustainable management
of local wild stocks of L. lithophaga.
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Introduction

Rock-boring bivalves are an important component of
rocky marine ecosystems (Guidetti and Boero 2004; De-
vescovi et al. 2005). The endolithic bivalve Lithophaga
lithophaga (Linnaeus 1758) is part of this community,
digging into limestone by means of chemical secretions
(Morton and Scott 1980; Mojetta and Ghisotti 1996;
Owada 2009). In their tunnels, individuals can live for
50 years or more (Katsanevakis et al. 2008). This go-
nochoristic bivalve is most abundant in the midlittoral and
sublittoral zones (Galinou-Mitsoudi and Sinis 1994). The
species is distributed along Atlantic coasts from Portugal
to Senegal and further to the north of Angola (Gonzalez
et al. 2000). Furthermore, it occurs throughout Mediter-
ranecan coasts (Fischer et al. 1987; Gonzalez et al.
2000).During the last decades, L. lithophaga has been
intensively exploited in some European countries such as
the former Yugoslavia and Spain (Poutiers 1987), and
also in parts of the Moroccan Mediterranean coast (Shafee
1999). Due to the species’ organoleptic quality and thus
extremely high price (Devescovi 2009), it is often col-
lected and sold even where this is inhibited by law (De-
vescovi and Ivesa 2008). In Italy, for example, L.
lithophaga is greatly appreciated as seafood, reaching a
commercial value of up to 60 €/kg (FAO 2004). Illegal
harvesting causes significant environmental damage
(Gargominy et al. 1999), affecting fish population
dynamics and rocky reef ecosystem functioning with a
significant local decrease in species richness and abun-
dances (Fraschetti et al. 2001; Guidetti et al. 2002, 2003;
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Guidetti and Boero 2004). In this context, Guidetti et al.
(2003) have assessed the distribution patterns of two
species of sea urchins, Paracentrotus lividus (Lamarck
1816) and Arbacia lixula (Linnaeus 1758), and barren
habitats (coralline barrens and bare substrates) in rocky
reefs impacted by the destructive fishery for L. lithophaga
(SW Apulia, Italy). Their results showed that the date
mussel fishery may have the potential to affect distribu-
tion patterns of sea urchins and to greatly enhance the
percent cover of barren grounds in shallow Mediterranean
rocky reefs. The restoration of communities destroyed
during the extraction of L. lithophaga is very slow and
often impossible due to the fact that this species is rather
long-lived with a growth rate which is one of the slowest
among bivalves (Katsanevakis et al. 2008).

The date mussel was subject of several studies dealing
with its biology, population dynamics, fecundity and hab-
itat (gimunovic’ et al. 1990; Galinou-Mitsoudi and Sinis
1994, 1995, 1997; Jaafar Kefi et al. 2007; Devescovi 2009).
Some other studies focused on the impact of harvesting and
overexploitation on marine ecosystem and Mediterranean
rocky coasts (Fanelli et al. 1994; Parravicini et al. 2009).
Besides the important ecological role of L. lithophaga in
recent ecosystems, its fossils have been used in paleoeco-
logical and paleogeographic studies for dating some geo-
logical periods and indicating submergence phases (Gilli
and Audra 2004; Ballévre and Lardeux 2005). Ecotoxico-
logical investigations focussing on polycyclic aromatic
hydrocarbons (PAH) (Dujmov and Sucevi¢ 1990) and
persistent organic pollutants (POPs) (Deudero et al. 2007),
suggested that the species can be used as indicator in
biomonitoring programs.

In Tunisia, studies on the date mussel have been scarce
and mainly limited to shell disturbances and health status
(Jaafar Kefi et al. 2004, 2012a, b; Trigui El Menif et al.
2007; El bour et al. 2008). The aim of the present work is
to collect data on the bio-ecology of L.lithophaga, based on
samples gently taken from some areas along the northern
Tunisian coast. These data were expected to provide a
useful baseline for a future management of this endangered
bivalve.

Materials and methods

From September 2002 to October 2003, monthly sampling
of calcareous rocks at approximately three meters depth
was carried out by diving in the infralittoral zone of the
Bizerte Bay (northern Tunisia) (Fig. 1). In this area, the
date mussel habitat shows a wakstone texture that dates
from the tertiary and more precisely the Eocene era (Jaafar
Kefi et al. 2004; Trigui El Menif et al. 2007). Surface
seawater temperature, salinity, and oxygen were measured
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monthly in the study site at the time of sampling, while the
pH value was measured only once per season. In the lab-
oratory, the rocks were broken by a hammer and date
mussel bivalves were extracted. Biometric variables were
assessed for a total number of 975 specimens with a size
range from 8.0 to 90 mm.

The shell length (L), width (W) and height (H) were
measured to the nearest 0.1 mm using a vernier caliper.
The shell was opened, and the soft parts of the organism
were carefully removed and examined under a stereomi-
croscope. Sexing was based on gonad color and micro-
scopic observations of gonad smears.

Shell dry weight (S d.w.), soft tissues dry weight (ST
d.w.) and total wet weight (Tw.w.) were determined using
a precision balance (0.001 g). The dry weights of shells
and soft tissues were measured for each individual after
drying at 60 - C to constant weight.

In order to describe relative growth, relationships were
established between shell length (x) and other biometric
variables [W, H, S d.w., ST d.w. and Tw.w.] by fitting
power functions (y = bx") for the linear variables and
logarithmic functions (log y = a log x + log b) for the
volume-related variables, with “a” as the coefficient of
allometry and “log b” as the intercept. To determine
whether “a” was different from 1 (linear variables) and 3
(volume-related variables), respectively, ¢ tests were per-
formed following Mayrat (1959). In this way, the type of
relative growth (negative allometry for a <1 or a < 3;
isometry for a = 1 or @ = 3; and positive allometry for
a > 1 or a > 3) was determined.

Coefficients of allometry were compared between sexes
by an analysis of covariance (ANCOVA) with shell length
as covariable (Zar 1984) using the software STATISTICA
10 (significance level P < 0.05).

Gonad smears of 1,340 specimens collected from Sep-
tember 2002 to October 2003 were examined microscopi-
cally. This allowed for calculating the sex ratio and
assessing the gonadal cycle using the staging of Lucas
(1965):

e Stage A: The genital gland is not discernible, and sex
identification thus not possible.

e Stage B: The genital gland is discernible, but still
transparent. Sex can be determined by microscopic
observation.

e Stage C: The genital gland is well developed and
inflated by the genital products. In an early phase of
stage C(Ca), most eggs are stalked and sperm are
grouped in rosettes and still largely immobile. In a
subsequent phase of stage C (Cb), all eggs are stalked
and invade the gonad tubes; sperm are highly mobile.

The reproductive cycle was investigated in both sexes
using two biophysiological indices: the condition index
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Fig. 1 Map of Tunisia and
location of the sampling site -
(asterics) of Lithophaga

lithophaga in the Bay of Bizerte

Tunisia

37°16'24.92"N
9°52'46.92"E -
Bay of Bizerte

Lagoon of Bizerte

(CI) according to Walne and Mann (1975) and calculated
as CI = (soft tissues dry weight/shell dry weight) x 100;
and the gonadosomatic index (GSI) calculated as
GSI = (dry weight of the digestive gland—gonad complex/
shell dry weight) x 100.

Monthly changes in the biophysiological indices were
analyzed and compared between the sexes by a one-way
ANOVA. Pairwaise comparisons between the same month
in males and females were made using Tukey’s test (Sigma
stat 3.5, statistical. significance level at P < 0.05).

To allow for a clear distinction of reproductive periods,
ten specimens (five males and five females) per month
were studied histologically. The shell length of these
specimens varied between 40 and 60 mm. The soft parts
were carefully removed from their shells, and the gonads
were fixed in Bouin liquid for 48 h and then stored in 70 %
alcohol. Sections (5 mm thick) were taken from each
specimens, dehydrated in an ascending alcohol series and
embedded in pure paraffin (toluene was used for substitu-
tion). Gonad sections of 5 um were stained with hema-
toxylin—eosin (HE) and Masson’s Trichrome for standard
histopathological assessment. Histological sections were
examined under a light microscopy (Martoja and Martoja
1967). A chi-square test was employed to test for a bal-
anced sex ratio in the studied population of L. lithophaga
using the software R 2.14.1.

Results
Environmental parameters

The seawater temperature during the study period ranged
between 11.5 °C in January and 35.0 °C in August
(Fig. 2a). The annual average was 21.8 °C.

The salinity was high for most of the year, reaching 37.9
in September, and low in rainy season with 20.5 in January.
The annual average was 34.82 (Fig. 2b). The average
content of dissolved oxygen was 6.64 mg/l. The extreme
values were recorded in August (5.1 mg/l) and January
(8.25 mg/l) (Fig. 2c). The pH, measured only once per
season, was rather constant, ranging between 7.43 in
autumn and 8.29 in summer (Fig. 2d).

Relative growth

All biometric variables studied were significantly corre-
lated with shell length (Tables 1, 2).

On an annual basis, shell length (sexes confounded)
grew faster than shell width, although the relationship was
inverse in autumn and summer (Table 1).

When analyzing separately males and females, a negative
allometry was found for females in the relationship W on L,
while this relationship was isometric in males (Table 2).
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Fig. 2 Monthy variations in sea surface temperature (a), salinity (b), level of dissolved oxygen (c¢) and pH (d) in the Bay of Bizerte during the

study period (Sept 2002—Sept 2003)

The shell height increased at a higher rate than shell
length during almost all year, except for winter when no
difference was found (Table 1). Both females and males
displayed a positive allometry in the relationship H on
L (Table 2).

Concerning the relationships between linear and vol-
ume-related variables, a negative relative growth was
recorded for both sexes in S d. w. on L (Tables 1, 2). The
growth in shell length was significantly faster than that of
the soft tissues dry weight in autumn, spring and summer,
while no difference was found in winter (Table 1). No
difference was also found between the sexes (Table 2). For
all four seasons, and in both sexes, shell length increased
faster than total wet weight (Tables 1, 2).

The ANCOVA test showed significant differences
between sexes for all biometric variables. The comparison
of slopes showed that males grew faster than females
(Table 3).

Sex ratio
The gonad of L. lithophaga forms two lateral masses
occupying most of the antero-dorsal part of the animal.

The color of the gonad is orange in females and pearly in
males. From a total of 1,340 specimens analyzed, 531
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(39.6 %) were females, 603 (45.0 %) were males and 206
(15.4 %) were sexually undifferentiated. The studied
population thus presented a statistically unbalanced sex
ratio (y*> = 8.89, df = 1, P = 0.002). Furthermore, it
presented a broad size range (shell length) from 6 to
92 mm. The size—frequency distribution revealed that
individuals were most abundant at lengths ranging
between 49 and 92 mm (53.81 %) (Fig. 3). Males were
more abundant than females (Fig. 3), especially in the
size range between 6 and 48 mm (49.43 %)
(;{2 = 103.789, df =1, P < 0.001). However, females
dominated at sizes greater than 48 mm (52.7 %)
(7> =19.86, df=1, P <0.001) (Fig.3). Sexually
undifferentiated individuals were most abundant in the
length range 648 mm (26.17 %) (Fig. 3).

During this study, two hermaphrodite specimens (43
and 40 mm in shell length) were detected among a total
of 130 individuals examined (Fig. 4A1l, A2). Histo-
logical examinations of the gonads revealed the pre-
sence of both oocytes and spermatozoids inside the
same follicle (Fig. 4A1, A2). The lumina of the gonadic
tubules were filled with residual spermatozoa
(Fig. 4Ala), while the tubule walls consisted of sper-
matogonia and spermatocytes or oogonia (Fig. 4Alb,
A2a, b).
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Table 1 Relationships between biometric variables of Lithophaga lithophaga from the Bay of Bizerte (sexes combined)

Biometric variables Period N y = bx* t P Type of growth
logy =alog x + log b
Won L Annual 975 0.294x%-9°18 3.337 <0.001 -
r =096
Autumn 292 0.2617x"0%! 4.666 <0.001 +
r=097
Winter 181 0.3863x%9272 11.841 <0.001 -
r=095
Spring 240 0.3133x%97"! 4.693 <0.001 -
r=10.96
Summer 262 0.2623x'0173 918.493 <0.001 +
r=097
HonL Annual 975 0.1566x"114® 43.157 <0.001 +
r=096
Autumn 292 0.1223x"176 36.23 <0.001 +
r=0.96
Winter 181 0.2436x' 996 1.581 n.s =
r=0.95
Spring 240 0.1852x"0747 14.154 <0.001 +
r=096
Summer 262 0.1279x" 161! 32.857 <0.001 +
r=0.96
Sd w.onL Annual 975 log y = 2.613 log x — 4.122 14.786 <0.001 -
r=0.95
Autumn 292 log y = 2.597 log x — 4.116 9.176 <0.001 -
r=096
Winter 181 log y = 2.628 log x — 4.142 7.536 <0.001 -
r=097
Spring 240 log y = 2.746 log x — 4.332 4.105 <0.001 —
r =094
Summer 262 log y = 2.500 log x — 3.924 9.786 <0.001 -
r=0.95
STd. w.onL Annual 975 log y = 2.611 log x — 4.780 9.498 <0.001 -
r=09
Autumn 292 log y = 2.092 log x — 3.981 17.212 <0.001 —
r=20.92
Winter 181 log y = 3.126 log x — 5.689 1.335 n.s. =
r=093
Spring 240 log y = 2.782 log x — 5.001 3.250 <0.05 -
r =094
Summer 262 log y = 2.758 log x — 4.969 3.17 <0.05 -
r=0091
Tw.w.onL Annual 975 log y = 2.584 log x — 3.653 14.884 <0.001 -
r=0.95
Autumn 292 log y = 2.763 log x — 4.058 5.532 <0.001 -
r=097
Winter 181 log y = 2.576 log x — 3.566 9.414 <0.001 -
r=10.97
Spring 240 log y = 2.527 log x — 3.469 11.084 <0.001 —
r =097
Summer 262 log y = 2.524 log x — 3.574 11.116 <0.001 -

r=0.96

L shell length, W shell width, H shell height, S d. w. shell dry weight, ST d.w. soft tissues dry weight, T w.w. total dry weight, N number of N number of

individuals, n.s. statistically not significant

Positive allometry (+), negative allometry (-), isometry (=)
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Table 2 Relationships between

A . ! Biometric y = bx"/log y = a log x + log b t P Type of
biometric variables of variables growth
Lithophaga lithophaga from the Female (N = 469) Male (N = 506)

Bay of Bizerte (sexes separated)
Won L y = 0.357x%9476 y = 0.2772 x"00%7 13.789 F/ <0.001F/ —/=
Hon L y = 0.2022x"058 y = 0.1454x"1281 14.507 F/ <0.001 +/+
r =095 r=0.96 29.553 M
Sd.w.onL logy=2403logx — logy=27031logx — 15.876 F/ <0.001 —/—=
3.734 4.294 8.38¢ M
r = 0.95 r = 0.96
STdw.onL logy=2452logx — logy=2.6531logx — 8.606 F/ <0.001 —/—
4.476 4.877 6.407 M
r=0.87 r=0091
Tww.onL logy=2405logx — logy=12.622logx — 15287 F/ <0.001 —/—
3.31 3.749 9.874 M
F female, M male, N number of r = 0.94 r = 0.95
individuals used : i
Table 3 Results of the Biometric F P 30.56 £ 12.79 from September 2002 to April 2003; in males,
ANCOVA variables an increase from 19.7 &+ 6.57 to 28. 12 £ 10.5 recorded from
November 2002 to May 2003 (Fig. 5a). During this period, L.
Won L 12.220 <0.001  jithophaga increased in weight which could be partly or
Degree of freedom = 1 Hon L 10.657 <0.05 totally related to the gonad development. In the following
L shell length, W shell width, Sd w.onL 40049 <0.001 months, the CI values showed only moderate variations
Svlesih;]t] g‘;"f{htf s(éftwt.isss}:lﬂ g‘ry STdw.onL 25850 <0.001 (Fjg 5a). A decrease in CI was recorded from August 2003 to
weéh{ Tw. w. total dry Weighyt Tww.onL 81900 <0.001  September 2003 for females (27.31 £ 7.54-20.59 =+ 12.09),
and from August 2003 to October 2003 for males
(27.5 £ 10.56-20.5 &= 7.86). Probably, gametes were
8001 - released during this period. Pairwise comparisons did not
ales . . .
700 4 show significant differences between the sexes (ANOVA,
Females Tukey, P > 0.05).

w 6001 ® Undifferentiated

£ . .

g 500 | = Total Variation of the gonadosomatic index (GSI)

]

4_; 200 - Temporal changes in the gonadosomatic index (GSI) were
.§ more regular than those recorded for the condition index. The

s 3001 — GSlI values increased from 9.22 £ 6.08 in December 2002 to

z 200 13.23 in April 2003 for females, and from 7.9 £ 4.06 in

November 2002 to 13.77 + 7.64 in June for males (Fig. 5b).

100 4 Subsequently, a remarkable decrease in value was recorded

in August 2003 for females and in September 2003 for males.

0 T The index peaked at 13.03 + 4.64 in females and at
[6-48] [49-92]

Fig. 3 Frequency of males, females, sexually undifferentiated spec-
imens and total specimens of L. lithophaga in the two size-classes
6-48 and 49-92-mm shell length

Variation of the condition index (CI)
The analysis of the condition index in both sexes showed the

presence of a single reproductive cycle per year in L. lith-
ophaga. In females, the index increased from 17.28 + 4.64 to
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10.24 £ 7.81 in males. This significant decrease can be
explained by a loss of gonad weight that started in August
and continued until October. Pairwise comparisons did not
show significant differences between the sexes (ANOVA,
Tukey, P > 0.05).

Sexual status of the gonad

A microscopic examination of histological sections
allowed for the distinction of different gonadal stages
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Fig. 4 Histological sections
through the gonad of L.
lithophaga, showing two cases
of hermaphroditism (A1, A2).
Lumina of the gonadic tubules
filled with residual spermatozoa
(Ala), tubule walls consisting of
spermatogonia and
spermatocytes or oogonia (Alb,
A2a, A2b). Spg spermatogonia,
Spz spermatozoa, Oog oogonia

according to Lucas (1965) (Fig. 6a, b). A distinct
resting stage (stage A) occurred in both sexes from
December to early March (100 % in stage A). Gonads
are detectable and sex can be determined only when
histological sections reveal the presence of at least a
few shrunken follicles and some atretic oocytes
(Fig. 7a, e).

In late March and through April and May, gametogen-
esis started in both sexes (stage B). The highest percentages
of early gametogenic stages were recorded in May (74 %
for females and 70 % for males) (Fig. 6a, b).The gonad
was then microscopically detectable based on its color. The
size of the follicle tended to become larger, and primordial

cells were observed in both females and males. In females,
oogonia were found on the follicle walls and began to
increase in volume (Fig. 7b). In males, the acini largely
contained immature gametes (Fig. 7f).

From June to July, vitellogenesis occurred (stage C) and
led to an increase in oocyte size. All oocytes were
pedunculate (stage Ca) and reaching 62 um in diameter at
the end of this stage (Fig. 7c). In males, the majority of the
acini were full of spermatids and spermatozoids (Fig. 7g).
Follicles were larger than in stage B, and the connective
tissue was reduced in both sexes. The highest frequency of
this stage was recorded in June (91 % for females and
75 % for males) (Fig. 6a, b).
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Fig. 6 Monthly frequencies of the different gonadal maturation stages (a, b, Ca, Cb) in females (a) and males (b) of L. lithophaga

From late July to November (stage Cb), the majority of
gametes were mature. The female gonad was completely
filled with free oocytes (85-123 pm in diameter) with
regular shape (Fig. 7d). In males, the gonadal acini mainly
contained highly mobile spermatozoids (Fig. 7h). The
frequency of mature individuals was highest in July for
females (90 %) and in August for males (100 %) (Fig. 6a,
b). Throughout this period, spawning occurred and resulted
in a nearly total emission of gametes in both sexes. Sexual
activity was completely reduced in late November, when
unreleased sex cells became gradually resorbed.

Discussion

The present study of growth parameters of L. lithophaga
collected from Bizerte Bay has demonstrated that shell dry
weight (S d.w.), soft tissues dry weight (ST d.w.) and total
wet weight (T w.w.) in both sexes increased at a slower rate
than shell length (L) (=negative allometry). In contrast, a
positive allometry was found for shell height (H) in both
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sexes. With respect to shell width (W), a negative allo-
metric relationship was recorded for females, while the
relationship for males was isometric. According to litera-
ture data, L. lithophaga has the lowest growth rate of all
studied species of the family Mytilidae (Galinou-Mitsoudi
and Sinis 1995; Katsanevakis et al. 2008). This slow
growth is probably related to the longevity of this species,
which can live for more than 54 years (Galinou-Mitsoudi
and Sinis 1995). These authors also showed that individ-
uals of 15-52 mm in length have an age of 6-25 or even up
to 36 years.

The statistical analyses showed significant differences
between females and males with respect to the relation-
ships between shell length (L) and the parameters W, H, S
dw., ST dw. and T w.w. In males, these parameters
increased faster (relative to L) than in females. This does
not mean, however, that males reach bigger sizes than
females, as the latter are dominant among the biggest
individuals. These observations correspond to those
reported by Valli et al. (1986) and Galinou-Mitsoudi and
Sinis (1995), who showed that males of the date mussel
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Fig. 7 Histological sections
through the gonads of male and
female L. lithophaga at various
developmental stages; a,

e resting stage; b, f initiation of
gametogenesis; ¢,

g vitellogenesis; d, h maturity.
Scale bar 100 pm

collected from the northern Adriatic and the North Evoikos
Gulf, have lower values of length, width and height than
females. Valli et al. (1986) considered this size difference
as an indicator of sexual dimorphism, while Galinou-
Mitsoudi and Sinis (1995) attributed this difference to the
fact that females live longer than males.

The relationships between biometric variables and shell
length changed seasonally. Negative allometries were
recorded for all variables except for W, H and ST d.w.
which showed positive allometries in autumn and summer
for shell width and in autumn, spring and summer for shell
height. However, isometric relationships were registered

.
-~ o~ . :: .
- 3 >
S
o7 =

LTy

for both H and St d.w. on L. These variations are likely
related to environmental and physiological conditions such
as the gonad status (Wilbur and Owen 1964). Indeed,
temperature, salinity, nutrient availability and hydrody-
namics are factors that affect the growth of bivalves (Seed
1976). Various abiotic and biotic factors can affect the
growth rate of date mussels, among them particularly the
composition of the substratum, hydrodynamic conditions,
habitat physical features, food concentration and intra-
species competition for food and space (Kleemann 1973;
Valli et al. 1986; Galinou-Mitsoudi and Sinis 1995, 1997;
Devescovi 2009). According to Ben Garali et al. (2009),
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Table 4 Comparisons between some parameters of Lithophaga
lithophaga from the Mediterranean and the Adriatic Seas

Bay of Bizerte

Area of Split

(Northern (middle
Tunisia) Adriatic)
Total wet weight (with Negative Isometric
intervalvular water) allometry growth
Sex ratio 1.13:1 1.3:1
Reproductive  Resting stage From During the cold
period December to season, from
March December to
(T between early April
11.5 and (T'< 14 °C)
16.8 °C)

Proliferation of  In early April  In April, May
the gonad and and May and June
differentiation (T between (T between
of the gametes 18.2 and 14 and

20 °C) 20 °C)

Advanced From June to From June to

gametogenesis July beginning of
(T > 26 °C) July
(T > 20 °C)

Maturation and ~ Late July, end  Early July,

spawning of August August and
and early late
September September
(T between (T between
25.1 and 22 and
35 °C) 27 °C)

Spent stage November November

(T <20 °C) (T' <20 °C)

freshwater discharged from the lagoon of Bizerte to the bay
of Bizerte during the winter carry suspended matter and
nutrients that allow the date mussel to increase in somatic
and gonadic weight. This weight gains in the soft tissues,
which decrease in spring, summer and autumn, are prob-
ably due to an increased physiological activity of the date
mussel certainly related to the temperature rise at the same
time.

According to Trevallion and Ansell (1967), the weight
of Tellina tenuis (Da Costa 1778) changes rapidly with
environmental conditions such as the presence/absence of
sufficient amounts of nutrients. Other studies have shown
that the quality and quantity of the available seston are
major factors influencing the growth rate of mytilids
(Hawkins et al. 1997). However, the date mussel is an
endolithic species that needs to broaden its tunnel during its
growth. This requires a large amount of energy (Simunovié
et al. 1990), which is thus not available for somatic growth
and gamete production. According to Kleemann (1973),
the digging activity of L. lithophaga in the Adriatic Sea is
particularly high in autumn (1-3 mm), while it decreases in
winter and mainly in spring. The weight loss during spring,
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summer and autumn may thus be due to both gamete
release and an increased allocation of energy to the per-
foration of the habitat.

The overall sex ratio was found to be unbalanced in the
population of L. lithophaga collected in the Bay of Bizerte.
This observation agrees with those reported for L. lith-
ophaga populations collected from the area of Split (mid-
dle Adriatic) (Table 4). Valli et al. (1986) also showed a
predominance of males (64.33 %) in the population of the
gulf of Trieste. Similarly, Simunovié et al. (1990) revealed
the presence of 56.3 % of males collected from the central
Adriatic Sea (Table 4). In the North Evoikos Gulf, a male
predominance (72.86 %) was recorded among individuals
up to 70-mm shell length, whereas the sex ratio was bal-
anced among individuals which were larger than 70 mm
(Galinou-Mitsoudi and Sinis 1994). In the present study,
the sex ratio among individuals up to 48 mm was 2.03
(males): 1(females), but many individuals of this size class
were still sexually undifferentiated. Among individuals
larger than 48 mm, however, the sex ratio became more
balanced (0.78:1). Therefore, the male-biased sex ratio of
L. lithophaga might simply result from the fact that
females mature at larger shell sizes than males.

In this study, only two cases of hermaphroditism were
detected in L. lithophaga which could be an accidental
phenomenon. Other cases of occasional hermaphroditism
have been recorded in some bivalves such as Mytilus edulis
and Mpytilus galloprovincialis (Lubet 1959), Ruditapes
decussatus (Delgado and Camacho 2002) and Perumytilus
purpuratus (Montenegro et al. 2010). Some authors asso-
ciate occasional hermaphroditism with endocrine disrup-
tors such as organotin, urban and industrial pollution
(Montenegro et al. 2010). In our case, additional studies
will be necessary to link the hermaphroditism occurrence
in L. lithophaga to pollution and endocrine disruption.

The temporal changes in the CI and GSI indexes were
largely similar and revealed a high degree of synchrony in
the gonadal development of both sexes. However, the CI
values fluctuated markedly which made it difficult to define
the spawning period. In contrast, the GSI values were more
consistent, allowing for a better characterization of the
reproductive cycle. There was a sexual resting period in
winter coinciding with the lowest water temperatures
(11.5 °C). This result is confirmed by the examination of
histological gonad sections. In spring, the water temperature
increased to 18.2 °C in April, which stimulated the initiation
of gametogenesis and the proliferation of gametes. Follicles
became larger and the gamete stock increased. From June to
July, the advanced stages of gametogenesis occurred. In
females, oocytes remained attached to the follicular wall via
the peduncule. In males, the majority of acini were full of
spermatids and spermatozoids. The main spawning occurred
at the end of August and in early September when water
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temperature and salinity decrease from 35 to 25.1 °C and
from 37.7 to 37.0, respectively. The gonad sections showed
ripe gametes. Oocytes were regular in shape, and sperma-
tozoids were flagellated. Most gametes were released at this
stage. These results are similar to those recorded by Simu-
novic et al. (1990) in the Adriatic date mussel (Table 4). In
fact, these authors registered several spawning events from
late June to mid-October. The temperature during this period
was higher than 22 °C. According to the same authors, the
gametogenetic activity was reduced in autumn, associated
with a decrease in water temperature. Galinou-Mitsoudi and
Sinis (1994) reported that the period of full maturity
extended mainly from July to November, and the release of
gametes began immediately after a decline in the highest
water temperature (<27 °C) and an increase in salinity
(>31 %o).

This confirms that the length and the timing of the
reproductive cycle in bivalves depend on environmental
factors (seawater temperature, salinity, abundance of food),
the action of which may be meditated by neurosecretions
(éimunovic’ et al. 1990; Lemaire et al. 2006). In the same
context, Lubet (1984, 2001) showed that temperature is a
decisive ecological factor in the evolution of the repro-
ductive cycle of bivalves. The author revealed that this
variable can disrupt and even stop the gametogenesis in
bivalves. According to Lubet (1984), spawning in Cras-
sostrea gigas (Thunberg 1793) cannot occur when the
temperature is below 21 °C. Moreover, at a lower tem-
perature, oocytes disintegrate and cannot be issued from
the gonad. Concerning salinity, the same author showed in
Mpytilus edulis (Linnaeus 1758) that it is difficult to separate
the effects of salinity and temperature because both
accelerate or delay the onset of gamete release.

Trophic factors also affect the gametogenesis in
bivalves. In fact, insufficient amounts of phytoplankton
could delay gametogenesis in Mya arenaria and M. edulis
(Gauthier-Clerc et al. 2002; Cartier et al. 2004; Lemaire
et al. 2006).

The present paper contributes to the knowledge on the
biology and particularly the reproductive cycle of the
endangered species (‘red list’) L. lithophaga. The infor-
mation may be useful for proposing management measures
to protect local wild stocks.
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