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ABSTRACT

In this study, the reproduction of the sand smelt, Atherina lagunae, from the Tunis North Lake is investigated. The
smallest mature female was 39 mm total length (TL). Fifty percent of the females were mature at 58 mm (TL). The
yearly and monthly average gonadosomatic indexes (GSI) are presented. The average value of GSI for the 12-month
period was respectively 3.02%, 2.57% and 2.8% for females, males and both sexes. The GSI began to increase in March
(2.37% for females and 2.12% for males). The maximum GSI was recorded in May, 11.29% for females and 10.03%
for males. The highest values were recorded between March and July, indicating the reproduction period of Atherina
lagunae in the Tunis North Lake. Similar GSI values were recorded in sand smelt males from brackish lagoons of

southern France.

Keywords: Atherina lagunae; Tunis North Lake; Tunisia; Reproduction; GSI

1. Introduction

Atherina is a small inshore fish with many populations
living in brackish, marine and freshwater. It is distributed
in the Eastern Atlantic Ocean and Mediterranean Sea, ex-
tending to the south along the African coast into the In-
dian Ocean [1]. Sand smelts (members of the Atherina
boyeri complex) are common in the Mediterranean and
adjacent seas, and are also found in the north-east Atlan-
tic from the Azores to the north-west coast of Scotland [1,
2]. Works on Atherina boyeri (Risso, 1810), in both the
eastern and western Mediterranean Sea showed that the
species includes two distinct groups of populations, a ho-
mogenous group of marine atherinids and a heteroge-
neous group of atherinids populating lagoons [2-5]. The
identification of these two groups (Atherina boyeri sensu
stricto and Atherina lagunae) is based both on meristic
and molecular characters [5,6].

Atherina lagunae is a small, short-lived, euryhaline
atherinid fish which mainly inhabits coastal lagoons and,
more rarely, inland waters, over a wide range of salinities
from freshwater to hypersaline conditions (110%o maxi-
mum recorded) [7,8]. Morphologically, it displays seve-
ral important characters that change in relation to habitat
while also being capable of adjusting to wide ranges of
environmental conditions [9-11]. In Tunisia, Atherina la-
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gunae is found in several lagoons including the Tunis
North Lake, a brackish coastal lagoon located between
the Tunis city and the Tunis Golf. The surface area of
this lake is 28 km” and the average depth is 2 m; in some
areas, the depth reaches 4 m. It is connected to the Medi-
terranean Sea by the Golf with Khereddine channel. This
lake shows a high salinity (37%0), with a temperature
varying from 13°C in winter to 26°C in summer. Some
processes occurred in the Tunis North Lake from 1985 to
1988 to eliminate the sources of pollution [12,13].

Fish of the Atherina boyeri complex constitute a source
of food in some regions including of Tunisian areas,
therefore their biological and ecological traits must be
known. That is not the case for several populations. For
example, there is no information about the biology of the
sand smelts applicable to the Tunis North Lake, and only
some works describe spinal anomalies [12-14]. Also, the
aim of this study is to provide basic information about
some biological parameters of Atherina lagunae from
this lagoon, including maturation and recruitment.

2. Materials and Methods

This work was carried out in the Tunis North Lake. The
monthly average temperature varied from 10.3°C in Feb-
ruary to 28.7°C in August. Salinity ranged from 18.9
practical salinity unit (psu) to 29 psu, with an average of
21.7 psu. We collected nearly two thousand four hundred
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specimens of A. lagunae (50% males and 50% females)
from January 2004 to December 2005 in the Northwest
of the Tunis North Lake (36°50'N, 10°12'E). The fish
were caught with a drag net with a mesh size of 8 mm.
Temperature and salinity were measured monthly during
sampling.

Fresh specimens were transported to the laboratory
where total length (TL) and standard length (SL) were
measured to the nearest 0.01 mm and body weight to the
nearest 0.01 g. All specimens were sexed. Gonads were
examined to determine sex and reproductive stage. Gonads
from sexually mature specimens were dissected and weigh-
ed. The gonadosomatic index (GSI) was calculated as fol-
lows: GSI=wt gonads/total wtx100 [15]. The monthly
and annual GSI was determined first for females, males
separately, then for both sexes. The GSI is particularly
helpful in identifying days and seasons of spawning, as
the ovaries of gravid females swiftly increase in size just
prior to spawning.

3. Results

Maturation, represented by the percentage of females
with a GSI above the average yearly GSI of the total
female sample significantly correlated with total length.
The smallest adult female was 39.62 mm (TL) and 35.27
mm (SL) (Figure 1). Fifty percent of females were
mature at 58.38 mm (TL). The average GSI for the 12-
month period was respectively 3.02%; 2.57% and 2.8%
for females, males and both sexes (Figure 2). The lowest
values of GSI were recorded in December, 0.05% for
male and 0.09% for female. The GSI began to rise in
March (2.37% for females and 2.12% for males. The
maximum GSI was recorded in May was 11.29% for

females and of 10.03% for males (10.66% for both sexes).

During the period March-June, over 90% of all females
had an above average value GSI. From July, the GSI va-
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lue decreases for both sexes. The percentage of new re-
cruited was higher in July and August, 21% and 19%.
The number decreased from September to November.

4. Discussion

The smallest mature female Atherina lagunae from the
Tunis North Lake was 35.27 mm (LS). Similar values
have been found in the Mauguio Lagoon (Languedoc,
South of France) [16] and in the Guadalquivir River
(Spain) [17]: 38 and 40 mm (SL) respectively. In Egypt,
the species reached sexual maturity at 34 mm (SL), from
Bardawil Lake [7] and 27 mm (SL) in the Suez Canal
[18].

The GSI values of A. lagunae from the Tunis North
Lake were relatively similar for both females and males.
The GSI values began to increase in March (>2%) and
reached a maximum in May (>10%). After July, they
were always lower than 2%. The reproduction period of
these Tunisian lagoonal fish was similar to those of ma-
rine sand smelt, Atherina boyeri which reproduced in the
second half of spring and early summer [19,20]. Simi-
larly, the spawning season in the brackish lagoons of
southern France extended from February to September,
peaking in April-June [16]. More precisely, the higher
GSI values of A. lagunae from the Tunis North Lake
were similar to those recorded in sand smelts living in
brackish lagoons of Languedoc (southern France), which
represented a maximum GSI 10.60% in April [21]. Where-
as, in the Camargue lagoon (southern France), the GSI
increased rapidly from March to May, reaching a maxi-
mum value of 13.3%, then regresses from June for fe-
males and peaked in April (9.16%) for males [22]. The
GSI values of A. lagunae from the Tunis North Lake
were higher than those recorded in sand smelts from the
Egyptian Suez Canal with a maximum of 5.3% for fe-
males and 4.5% for males [18] and from the estuary of
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Figure 1. Percentage and length of mature sand smelt females from the Tunis North Lake.
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Figure 2. Average gonadosomatic index respectively of males,
females, and both sexes in monthly samples of sand smelt
and yearly GSI from the Tunis North Lake.

the Guadalquivir River (8% for females and 4% for
males) [23].

Within the populations of Atherina lagunae, discre-
pancies can be found concerning the size of the smallest
mature females and the maximum GSI values. Moreover,
large differences can also be found concerning this last
value between females and males. Based on all these pa-
rameters, the sand smelts of Tunis North Lake were close
to those of the lagoons of southern France which was
also suggested by molecular data [6]. On the basis of
morphoanatomical parameters, the Atherina boyeri com-
plex is viewed as a highly polymorphic complex. This
could be a response to variations of environmental para-
meters. Indeed, species of this complex live generally in
unstable ecosystems with the living conditions where tem-
perature, salinity, turbidity, currents, and the quality and
quantity of food vary. Therefore, reproduction characte-
ristics are specific to each population [24]. The recruit-
ment process is affected by the instability conditions [24]
and success depends on the availability of appropriate

surfaces, such as sublittoral algae for egg attachment [25].

It has also been reported that some environmental dis-
turbances cause vertebral deformities [14,24,26].

5. Conclusion

This study provides basic information about some biolo-
gical parameters of Tunisian lagoonal sand smelts, in-
cluding maturation and recruitment. However, as the va-
riation of physicochemical parameters of the living envi-
ronment including temperature and salinity, could ex-
plain the variations of the sand smelt life cycle, future
studies must combine both analyses of biological char-
acteristics of Atherina and of physicochemical parame-
ters of their environment. Such works are particularly
important, since these fish can be a significant food re-
source in some areas.
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