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The present study aimed to assess the effect of initial planting size classes (Experiment 1; 22, 24, 26 
and 28mm) and initial stocking density (Experiment 2; 200, 300, 400 and 500 specimens/m²) on 
growth performance and survival rate of clam Ruditapes decussatus. Simultaneously two field 
experiments were conducted in the intertidal zone of Akarit (gulf of Gabès) over 31 months. 
Selected natural clam were sown in hard plastic net bag (0.5m2) and buried into the soft bottom 
sediment. For the growth and survival evaluation, shell length and wet weight were measured 
individually every month throughout the experimental period.  
At the end of growth trial, results demonstrated that initial seed sizes did not have a significant 
effect on clam growth and survivorship; in fact, clams of different initial size classes reached the 
legal commercial size (35 mm) in the same time period and average length did not differ 
significantly among treatments (P<0.05; ANCOVA). Also, results demonstrated that initial densities 
of 200 and 300 ind/m², did not have a significant effect on clam growth and survival rates. However, 
for the other initial densities, growth and survival rates were significantly dropped.  
   

  
 

 
 

 
 

 
 

 
 
 

 
 

 
 
 
 
 
 
 
 

 
 

 
 

 
 

 

 
 

 
  

 
 
 

 

INTRODUCTION  
 

The carpet-shell clam Ruditapes decussatus is widely reared in 
major producing countries to satisfy market demand. This 
species is commercially very important in Mediterranean 
regions and has one of the highest rates of consumption of 
mollusk species in the world (Matias et al, 2009; Lucrezia et al, 
2011). Indeed, among the 6324.34 tons produced in the world 
during 2014 (FAO, 2016), 63.3% were reared in the three 
following European countries: Portugal (35.34%), Italy (25.30) 
and Spain (2.65%). However, in Tunisia, the exploitation of 
this species (R. decussatus) is currently based only on 
fishing/harvesting activities of the natural stocks and annual 
production do not exceed 1635 tons in 2014 (DGPA, 2014). 
This exploitation is characterized by irregular activities; in fact, 
the authorized period of this activity do not exceed 7 months 
per year and can be more reduced when health status of the 
clam and harvesting area are affected.  
 

The coastal area of the gulf of Gabès (South of Tunisia) is 
considered one of the most important zones of the natural 
exploitation of the clam R. decussatus in the Mediterranean 
region. This region represents also the most important zone in 
terms of people involved in harvesting clam R. decussatus. The 
letter becomes one of the most important commercial bivalves 

species in Tunisia together with the mussel Mytilus 
galloprovincialis, produced in the north part of the Tunisian 
coastal zones. 
 

Typically, the commercial exploitation of clams involves either 
natural harvesting (Harbo et al, 1992), or planting seeds, 
originated from either naturally caught or hatchery reared, into 
the sediment for on growing (Gribben et al, 2002). In Tunisia 
as in many another country (Solidoro et al, 2003) the fishing 
activity is carried on illegally because often a significant part of 
the harvested clams are below the legally authorized size. Legal 
Tunisian exploitation of clam R. decussatus is based on setting 
a minimal authorized size of 35 mm and seasonal authorized 
period; from October to 15th May. Unfortunately circa 20 % of 
naturally collected clams is not suitable for legal marketing size 
(range: 18-30 mm) and rejected for sale after the hand grading 
process of production (Unpublished data). In this case, this 
quantity of small clams can be used for on-growing and, in this 
sense, are termed “seed”. Thus collected clams below the 
authorized size can be valorized by planting artificially until 
reaching commercial size. Indeed, the combination of fishing 
and aquaculture of clams in the same exploitation area can 
contribute to the optimization of total revenue and in some case 
aquaculture gives better economic income than harvesting 
(Ojea et al, 2004). Also for social reasons, in some cases, 
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aquaculture give higher economic income compared to 
harvesting clams (Melià et al, 2004). 
 

The principal goal of shellfish aquaculture is to maximize yield 
per unit of time and space. The accomplishment of this goal 
requires the prediction of future production in terms of biomass 
growth and survival rate (Grant, 1996). Rapid growth to reach 
market size and low mortality are the two main characteristics 
determining the aquacultural potential of clams (Serdar, and 
Lok, 2007; Jurié et al, 2012). Therefore, the assessment of R. 
decussatus’s suitability for commercial culture depends on 
upon determining growth performance and survival rates under 
commercial culture conditions. This allows determining the 
required time for commercially harvested clams to reach 
market size which closely depends on the commercial 
authorized size and the environment in which they are grown. 
 

Studies on growth and production in bivalve mollusks have 
identified different wide of variability and differ at spatial 
(rearing site) and temporal (seasonal environmental conditions) 
scales (Urrutia et al, 1999). Generally, this variability is 
attributed directly to the effect of environmental factors, 
particularly water temperature and food availability which have 
been considered the main factors affecting growth and 
production in bivalves. Thus, the assessment of rearing R. 
decussatus profitability for commercial scale depends on 
determining growth and survival parameters in a specific area. 
Thus, the extrapolation of results and conclusion from site to 
another causes a serious problem and experimental validation is 
necessary since each site offer it's particular characteristics.  
 

The optimal fishing effort, in case of harvesting exploitation, 
and on optimal seeding size, seeding season, optimal stocking 
density, growth performance and survival rates, in case of 
aquaculture, are the most pertinent question should be 
answered in order to contribute in building reliable 
management bio-economic models to developing efficient and 
sustainable exploitation strategies of this species. 
Consequently, the present work is part of a larger study aimed 
to reach these goals. Specifically, the present study aims to 
evaluate the effect of different initial planting size and stocking 
density on growth performance and survival rates of the clam 
Ruditapes decussatus reared in intertidal areas of Zarat (Gulf of 
Gabes, Tunisia). Comparisons of growth performances of this 
species in other locations are discussed in the present work. 
 

MATERIALS AND METHODS 
 

Study area 
 

This study was conducted in the gulf of Gabes (Tunisia) in the 
estuary of Akarit (34°5′12″ north latitude and 10°1′35″ east 
longitude). This location is characterized by an extended 
intertidal zone of 500 m in which carpet shell clam is highly 
exploited. Net bags were positioned near the low tidal line 
(Fig.1).  
 

Hydrodynamic conditions in this zone are controlled by the 
semidiurnal tidal regime and tidal range varied from 0 to 
maximum depth of 1.5 m. In this site the substratum essentially 
consists by sand. 
 
 
 
 
 

Experimental design and sampling 
 

For this study, two experiments were conducted from January 
2010 to July 2012 (31 months). In both experiments, the 
growth trial was considered completed in July 2012 with the 
achievement of the average size of 35 mm, which is the legal 
authorized commercial size. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
The experiments were carried out using specimens of clam 
Ruditapes decussatus from the natural population recuperated 
from fisherwomen because the length is lower than the legal 
commercial authorized size. For the first experiment, clam seed 
was graded into four size classes shell length (22, 24, 26 and 28 
mm) according to the individual measurement (anterior-
posterior axis) using digital caliper (± 0.01 mm). In each 
selected size class, shells were randomly allotted to 3 triplicates 
hard plastic net bags of 10 mm mesh size (0.5 m2; 0.5 m × 1 
m). For each treatment, bags were labeled. Thus, in our 
experiment, we had 12 net bags. The seeds were then sown at a 
density of 200 specimens/m2, accordingly a total of 1200 
specimens were used for this study. Initial average shell length 
(± SE) achieved for each treatment was 22.47 ± 0.03 mm, 
24.54 ± 0.05 mm, 26.48 ± 0.04 mm and 28.42 ± 0.02 mm, 
respectively for the four size classes.  
 

For the second experiment, conducted in parallel with the first 
one and related to stocking density, growth performance and 
survival rates effects of the following densities have been 
evaluated: 200, 300, 400 and 500 specimens/m². Seeding was 
done on 1 day (05 January 2010) with seeds of size class of 24 
mm. Each treatment (i.e. density) was triplicated and bags were 
randomly arranged. As indicated above, the density used in the 
first experiment corresponds to the low density tested in this 
experiment.  
 

In both experiments, efforts were made to reduce as much as 
possible the size heterogeneity within groups in each tested size 
class, it has been attempted to reduce individual variability by 
grading animals at the beginning of the growth trial as 
recommended by Fréchette et al (2005) which allows to 
minimize statistical uncertainty in comparisons among 
treatments. 
 

Sediment was passed through a 5 mm sieve before used in 
bags. All experimental bags of the two experiments were 

 
 

Figure1 Map of the study area: intertidal zone of Akarit (Tunisia) 
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disposed online parallel to low tide and set in the substrate by 
side. Bags distribution is randomly arranged. Particular 
attention has been reserved to the cleanness of farming nets to 
ensure normal respiration and adequate alimentation of the 
clams. 
 

After sowing and every month, a sample of 30 animals was 
taken randomly from each bag to determine growth relevant 
parameters. During biometric monitoring, shell length, width, 
height and total wet weight were measured individually on 90 
specimens for each treatment. Weight were measured to the 
nearest 0.1 g using a digital balance and other parameters such 
as length were measured using a digital caliper to the nearest 
0.01 mm. The weight is important because the clams are sold 
live by weight. Length along the longest axis is the parameter 
used to determine the price category. For estimate mortality 
rates, the whole clam populations were observed and were 
obtained by counting the dead animals in each sample. Dead 
animals are characterized by open and empty bivalve. This 
procedure was repeated successively by two independent 
persons to reduce the uncertainty of estimating mean survival 
rates. 
 

Environmental parameters 
 

Throughout the experimental period, water temperature and 
dissolved oxygen were monitored daily. These parameters were 
measured twice daily (8.00 and 17.00 hours) using an 
oxythermometer (WTW ⁄ OXI96). Levels of pH (WTW 586 pH 
meter MP) and water salinity (WTW 320 salinity meter) were 
measured monthly.  
 

In addition, seawater samples were analyzed in the laboratory 
for phytoplankton biomass. The letter was estimated by 
chlorophyll-a concentration according to the 
spectrophotometric method of Lorenzen (1967). 
 

Data analysis 
 

Statistical comparisons of shell length were made using one-
way analysis of variance (ANOVA). Mean differences among 
treatments were tested for significance (p < 0.05) using 
Duncan’s multiple range test. The procedure used was GLM of 
the software STATISTICA 5.1 (Statsoft, Tulsa, USA). Values 
are expressed as mean ± error standard of means (ESM) of 
three replicates. The Bartlett test (Snedecor and Cochran, 1989) 
was applied to test the homogeneity of variances before 
comparing samples. 
 

Specific growth rate SGR (%/day) was analyzed by analysis of 
covariance (ANCOVA) with initial size as a fixed factor and 
SGR as the covariate. 
 

Data on survival rates were arcsin-transformed before 
statistical analysis. The level for statistical significance was set 
at 5%.  
 

Specific growth rate was calculated according to the following 
equation (Malouf and Bricelj, 1989): SGR = 100 Ln (Lt2/Lt1)/ 
t2-t1 where Lt1 and Lt2 are the shell length at the beginning and 
end of elapsed time, respectively.  
 

Survival rate (%) was calculated as 100 (Nt2/Nt1), where Nt2 is 
the number of live clams removed after t2 and Nt1 is the number 
of live clams at previous whole sampling. 
 
 

RESULTS 
Environmental parameters 
 

The mean seawater temperatures in Akarit Estuary from 
January 2010 to July 2012 are presented in figure 2. The values 
of this parameter are ranged between 10 °C (late December 
2010) and 36°C (late August 2010).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 2 Means (± DS) monthly seawater temperature at Akarit Estuary 
(gulf of Gabès, Tunisia) throughout the experimental period (i.e. January 

2010 - July 2012). 
 

 
 

 
 

 
 

Figure 3 Monthly variation of hydrological parameters: dissolved oxygen 
(A), salinity (B) and Chloropyhl-a (C) in Akarit Estuary (gulf of Gabès) 

during the experimental period (i.e. January 2010 - July 2012). 
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Temperature fluctuation shows always higher values in 
summer (> 30 °C) and lower values in winter and autumn (< 20 
°C). Dissolved oxygen concentrations (Fig. 3) reached a 
maximum in February 2010 (8.1 mg l-1) and minima in June 
2012 (5.4 mg l-1). Salinity values were recorded between 36 
and 43 p.s.u.; the highest values were reported in summer 
months as indicated in figure 3.Chlorophyll-a concentrations 
are ranged between 0.32 and 5.48 µg l-1; recorded respectively 
in February and Jun 2010 as indicated in figure 3. 
 

Experiment I: The effect of initial size class 
 

Growth performance 
 

The increase in shell length of the four size classes of clam R. 
decussatus sowing in Akarit Esuary over 31 months is 
presented in Figure 4. For all treatments, the first phase is 
characterized by rapid growth, which maintained until June 
2010. In this period, differences in sizes are maintained 
(P<0.05, ANCOVA). An increase of 5 mm was noted for the 
small size of 22 mm but the large class of 28 mm displayed 
relatively poor growth of 2 mm. The lengths of intermediate 
classes of 24 and 26 increase by 4 and 3.5 mm respectively. 
Then a relatively decrease of growth was observed until 
January 2011. So we note that shell lengths are similar among 
classes of 22 and 24 mm and among 26 and 28 mm which 
represent the second phase.  
 

The third phase is characterized by significant better growth 
shell length until June 2011 but less important than June 2010 
which is characterized by catch-up growth of small classes (22 
and 24mm) than the larger ones (26 and 28 mm).  
 

Indeed, all tested classes recorded similar sizes, circa 35 mm. 
By the end of study average shell lengths were 34.89, 35.04, 
35.18 and 35.11 mm respectively for the populations starting 
with size classes of 22, 24, 26 and 28 mm. Statistical analysis 
shows no significant differences in shell length among groups 
at the end of the growth trial (P>0.05, ANCOVA, Table 1).  
 

Overall, small clams grew faster than the large seed. At the 
start of the experiment, specific growth rate values are maximal 
for all tested classes, but steadily declined until late March 
2010 (Fig. 5). Shell specific growth rates were 0.056, 0.042, 
0.035 and 0.025 in the first months of rearing, respectively for 
size classes of 22, 24, 26 and 28 mm. Then a relatively 
decrease and settled period was observed where specific 
growth rate is minimal in winter; in second spring 2011, 
specific growth rates increase again but less important than the 
first year.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Survival rate 
 

Survival rates over 31 months of rearing clams are presented in 
figure 6. At the end of the growth trial, survival rates were 
45.33, 44.67, 46.00 and 48.33 %, respectively for the following 
size classes: 22, 24, 26 and 28 mm. There is no significant 
difference (P>0.05) among this values, which attest that initial 
size classes don’t have any effects on final survival rates. 
Besides, mortality is higher in summer and autumn seasons. 
 

Experiment II: The effect of initial stocking density 
 

The effects of stocking density (200, 300, 400 and 500 
specimens per m²) on growth and survival rates of clams are 
presented in table 2.  
 

At the end of the growth trial, results demonstrate that the mean 
length of clams reared at 200 and 300 specimen per m² was 
significantly larger (P<0.05) than those reared in the other 
densities. The same trend was also observed in the means wet 
weight. Indeed, clams grew an average of 11 mm over the 
duration of the experiment (an increase of 46 %), while clams 
reared at 400 and 500 specimens per m² grew an average of 8.5 
mm (an increase of 35 %). 
 

As indicated in table 2, survival rates were significantly 
dropped when clams reared at densities of 400 and 500 
specimens per m², compared to other tested densities.  
 
 
 
 
 

 

 
 

Figure 4 Monthly increase of shell length (anterior-posterior axis) for the 
four size classes of cultured clam R. decussatus over 31 months in Akarit 

Estuary. 
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Figure 5 Monthly specific growth rate for the four size classes of cultured 
clam R. decussatus over 31 months in Akarit Estuary. 

 

 

Figure 6 Cumulative mortality for the four size classes of cultured clam R. 
decussatus over 31 months in Akarit Estuary. 
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DISCUSSION 
 
Until now, Tunisian clams Ruditapes decussatus production 
has been based on fishery/harvesting from wild stocks 
exclusively from the gulf of Gabès. The present study is the 
first one to give some zootechnical parameters of its rearing in 
the intertidal zone, taking advantage of the tidal movement in 
akarit estuary. 
 

As indicated above, initial seed sizes did not have a significant 
effect on clam growth and thus, clams of different initial size 
classes reached the legal commercial size (35 mm) in the same 
time. Global growth pattern remains similar among all classes 
in the second year of rearing and therefore small and medium 
classes caught up to large classes within 31 months. Thus, 
aquaculturists could use the small, medium or large seed to 
obtain legally marketable clams (35 mm) in a similar time. 
Therefore there is no advantage of selecting large size class to 
reduce the rearing period. This results is particularly important 
for aquaculturists to use all size classes of harvested clam, in 
which their sizes are blow the legal harvestable size. Besides, 
the rearing system used in the present study require low 
technology to the development of commercial aquaculture 
activity that could be transferred to fishermen. In fact, one of 
the priorities of the Tunisian five-year aquaculture 
development strategy is to give priority to the establishment of 
clam hatcheries. This allow us to use the hatchery-reared seed 
for on-growing in the gulf of Gabès as largely practiced in the 
Mediterranean regions. Also seeds can be used to enhance 
natural stock in some fishing areas where the natural density is 
low as the case of some zone in the north part of Gabès-gulf 
region (Sfax region in Tunisia) as reported by Derbali et al. 
(2016). 
 

It is obvious that knowledge of growth performance and 
survival rates are necessary to suggest suitable sustainable 
management strategies of clam aquaculture. On the other terms, 
what is the time necessary for the seed to achieve the legal 
commercial sizes ? what is the gain in stock mass and what are 
the mortality losses? In fact, efficient operation of an 
aquaculture business requires forecasting product availability 
for a legal commercial in terms of stock growth and survival 
(Cigarría and Fernández, 2000). Environmental specificities of 
each area require local determination of theses parameters. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Especially because studies on growth and production in bivalve 
mollusks have identified different degrees of variability at 
spatial and temporal scales (Urrutia et al, 1999). The close 
relationship of growth rates and season have been well 
described (Melià et al, 2004; Urrutia et al, 1999; Lucrezia et al, 
2011) with a peak of higher growth and periods which 
characterized by decreases of growth performance.  
 

The evolutionary trend of R. decussatus shell growth for the 
four size classes was similar throughout the experimental 
period. The annual growth pattern is recorded, with relatively 
fast growth between January and June followed by a period of 
slow growth between July and December. This pattern have 
been explained in terms of seasonal changes of the 
environmental conditions, particularly water temperature and 
food availability. These factors are well reported in many 
studies (Puigcerver, 1996; Urrutia et al, 1999; Soudant et al, 
2004). 
 

As indicated in figure 5, which represent the dynamic variation 
of the specific growth rates, fast growth occurred 
simultaneously in all size groups from January to June, every 
year and decreases from June to November. This trend is 
apparently marked by season variations, and generally, each 
season characterizes the aquatic ecosystem by specific water 
temperature and food availability which in turn affect it's 
productivity. In Akarit zone (study area), the average water 
temperature reaches its peak during the summer season; and 
continues to decline till it reaches its minimum in December, 
January and February which correspond to the cold season. 
 

As confirmed in our results, clam growth is dependent on 
temperature and food availability. Growth performance 
dropped in summer, may be due to negative effects of the 
temperature as explained by Urrutia et al (1999) who indicated 
that 50 % of the annual clam growth in an estuary in Spain 
occurred in the spring whereas growth dropped in summer. 
This is may be to negative effects on temperature, causing 
physiological stress (Shpigel and Fridman, 1990). This 
corroborate with our results, where greater growth was 
obtained in the spring, while clam growth was lower in the 
winter; due to lower water temperature and poor nutrition. 
Puigcerver (1996) and Soudant et al (2004) also reported 
continuous but slower growth in clam during the cold season. 
Serdar and Lok (2007) demonstrate that growth of R. 

Table 1 Mean shell length (±ESM), live wet weight at the beginning and at the end of the experiment and survival rate for the 
four size classes of cultured clam R. decussatus 

 

Date / shell class length L22 L24 L26 L28 
Early 

January 2010 
Shell length (mm) 22.47±0.03a 24.54±0.05b 26.48± 0.04c 28.42±0.02d 

Live wet weight (g) 2.49±0.02a 3.19± 0.03b 4.14±0.02c 5.19±0.02d 

Late 
July 2012 

Shell length (mm) 34.89±0.39a 35.04±0.31a 35.18±0.36a 35.11±0.33a 
Live wet weight (g) 9.63±0.26a 9.74±0.20a 9.92±0.33a 9.59±0.27a 

Survival rate (%) 45.33±3.85a 44.67±3.18a 56.00±3.06a 48.33±3.53a 
 

Table 2 Mean shell length (±ESM), live wet weight at the beginning and the end of the experiment and survival rate of clams 
R. decussatus reared at different stocking densities. 

 

Date / rearing density D200 D300 D400 D500 
Early 

January 2010 
Shell length (mm) 24.54±0.05a 24.67±0.03a 24.51± 0.04a 24.49±0.05a 

Live wet weight (g) 3.19±0.03a 3.21± 0.03a 3.23±0.04a 3.18±0.03a 

Late 
July 2012 

Shell length (mm) 35.04±0.31a 35.31±0.38a 33.23±0.43b 32.39±0.37b 
Live wet weight (g) 9.74±0.20a 9.53±0.26a 7.57±0.22b 7.37±0.21b 

Survival rate (%) 44.67±3.18a 42.11±2.11a 32.33±3.11b 30.80±3.17b 
 Yields (Kg/m2) 0.93±0.08 1.30±0.1 0.97±0.08 1.13±0.13 
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decussatus in Sufa Lagoon is better from April to October than 
from October to April and concluded that the spring season is 
more suitable for planting clam seed. At this time, clams 
benefit from faster growth and more suitable environmental 
conditions such as water temperature and food availability. 
However, the summer months are the period when there were 
more losses.  
 

The potential effects of environmental conditions are also 
elucidated by Jurié et al (2012) when the growth assessment 
was determined from internal growth bands in the Pag-Bay-
eastern Adriatic Sea. They demonstrate that growth lines are 
formed in February indicating that slowest growth 
corresponded with low sea temperature, indicating that reduced 
growth occurs mostly in winter months due to adverse 
environmental conditions; particularly declining of water 
temperature and lack of food. According to Walne (1976), 
growth trial conducted in the UK demonstrated that R. 
decussatus is very sensitive to decreases of water temperature 
(from 20 to 10 °C). In this situation, clams loss their filtration 
capacity by more than 45 %. When water temperature increases 
from 20 °C to 27 and 32 °C, the filtration rates reduced to 16 
and 35 %, respectively (Walne, 1976). Therefore it appears that 
the optimum temperature for R. decussatus is circa 20 °C as its 
physiological performance is poorer when departed from 20°C. 
At the start of the experiment (three first months) low mortality 
was observed in all size classes. However, significant mortality 
was detected in summer season; this could be probably a result 
of desiccation due to high summer temperatures. In fact, as 
indicated in figure 2 during months of Jun, July, August, 
September and October, sea water temperatures are 25-36 °C 
which can affect physiological status of clams. In summer and 
during the ebb tides, water temperature can rise abnormal 
extreme value particularly in shallower zones (for example 36 
°C in August 2010; Fig. 2).  
 

The comparatively low growth performance of the clams reared 
in Akarit area can be attributed to the poor feeding conditions. 
In fact, these clams are daily exposed to the air for long periods 
of time; due to its high intertidal position. As demonstrated by 
Widdows and Shick (1985), air exposure may significantly 
affect growth in filter feeders. For R. decussatus, Breber (1996) 
and Vincenzi et al (2006) reported that very shallow water 
impair its growth by exposing them directly to air during low 
tide. Generally, animals living in the intertidal zone are 
exposed not only to seasonal fluctuations but also short-term 
daily variations of temperature (i.e. 10-25 °C) and are unable to 
maintain their feeding and respiratory rates relatively 
independent of these fluctuations in environmental temperature 
(Bayne et al, 1976). Intertidal bivalves also have to cope with 
hypoxia and the cessation of feeding during emersion periods 
and these are also likely to be reflected in long-term changes of 
metabolic response to temperature (Newell and Bayne, 1980). 
Median lethal times (LT 50%) were circa 48 h and 10 h at 28 
and 35 °C, respectively. A common range temperature for 
Akarit waters during summer season (Fig. 2). Temperatures 
above 28 °C can therefore significantly decrease clams 
resistance to air exposure, cause significant physiological stress 
and affect growth performance. Indeed, as reported by Worrall 
and Widdows (1984) at relatively higher temperature, when 
exposed to air, clams valve gaping was observed. This induces 

the activation of aerobic metabolic pathways and thus the 
mobilization of energy reserves, desiccation and consequently 
losses by mortality.  
 

Also, since at the end of the growth trial clams of all size 
classes reach the same size, small individual grew faster than 
larger ones. This size-dependent effect on growth is well 
documented in aquatic organisms (e.g. Azaza et al, 2010). This 
assumption suggests that individuals of different sizes 
displayed variable growth performance independent of 
environmental conditions. On the other hand, another 
physiological status can affect and modulate growth 
performance related to the size /age. For example, the shell 
growth profile of juvenile versus reproductively adult is 
influenced by the reproductive condition and metabolic level 
(Worrall and widows, 1984). Indeed, the growth and survival, 
generally reflect the synergistic effects of several 
environmental factors acting on various physiological 
processes such as reproductive status. In the study area of the 
present study, the population of R. decussatus reach its first 
sexual maturity at 24.37 mm (Derbali et al, 2016) which 
correspond of the first months of the start of the experiment. 
Also as demonstrated by Hamida (2004) spawning events for 
this species occurred irregularly from June to December in the 
gulf of Gabes.  
 

As well demonstrated in earlier studies (see e.g. Ojea et al, 
2004; Serdar and Lök, 2009; Matias et al, 2013) physiological 
reproductive status mobilize energy reserve for reproductive 
activity at the expense of somatic growth and thus can 
contribute to reducing growth efficiency and in some cases 
whole body composition such as proteins and lipids  
 

Beyond environmental conditions discussed above, results 
demonstrate a significant effect of stocking density on growth 
and survivorship. Obviously, the general trend is identified 
between rearing efficiency (i.e. growth performances and 
survival rates) and crowding, in the aquatic organism. In fact, 
in the Akarit estuary, stocking density of clams above 300 
specimens per m², reduce significantly their rearing 
performances. In our experimental conditions, results 
demonstrate that intermediate densities appear to provide best 
growth performance. However, yields increase when increasing 
seeding densities, since there is no effect of stocking density on 
survival rates for the first three stocking densities.  
 

When growth performance of clams is affected by high-density 
conditions, one explanation is a combined effect of less food 
per individual (share of the meal) and stress from physical 
contact with neighbors (Hadley and Manzi, 1984); this 
increases the possibility of shell injury expenditure of energy to 
repair this damage (see e.g. Taylor et al, 1997). Same results 
were observed by Chávez-Villalba et al (2010). The letter 
authors showed that cultivated oysters Crassostrea gigas were 
sensitive to overstocking, since growth at high densities was 
less than at low densities. The negative correlation of survival 
and density was identified by Melià et al (2004) in clam 
Ruditapes philippinarum of Eo estuary in Spain using 
stochastic demographic model.  
 

Besides physical environmental conditions, clam production is 
likely to be affected by a wide variety of predators and their 
potential impact vary depending on location and season 



 International Journal of Recent Scientific Research Vol. 7, Issue, 10, pp. 13617-13624, October, 2016 

 

13623 | P a g e  

(Munroe et al, 2015). The impact of this factor is avoided in 
our study; because care is taken when using hard plastic mesh 
net bag as recommended by Serdar et al (2007) to protect 
clams from potential predators. 
 

In conclusion, the present work shows that growth of R. 
decussatus in Akarit estuary is better from February to Jun 
(spring season) than from July to October (summer season). 
Thus, the spring season is more suitable for planting clam 
seeds; since Spring planting benefit from faster growth and 
more suitable environmental conditions, particularly water 
temperature and food availability. On the other hand, owing to 
that clams of different initial size classes reached the legal 
commercial size (35 mm) in the same time, aquaculturists can 
use all size classes of harvested clam, in which their sizes are 
blow the legal harvestable size, for ongrowing. For better 
efficiency of this operation, in terms of growth and survival 
rates, stocking density do not exceed 300 clams per m².  
 

Further research is needed to characterize the effects of others 
parameters under local conditions such as culture system and 
planting season on the clam growth. These factors act 
synergistically and intricately on some physiological 
parameters e.g. health status, physiological stress, oxidative 
stress, whole body composition, growth performance, 
reproduction, and survivorship. Assessment simultaneously 
combined factors could give some realistic insight on the 
zootechnical performance of ongrowing clams in order to 
develop a bioeconomic model with scientific rigor to be useful 
as  a tool to estimate yields and profits associated with different 
rearing scenarii. 
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