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Abstract

Between May 2016 and April 2017, Ruditapes decussatus (Linnaeus, 1758) population from El Mellah lagoon
was investigated to collect information about several biological parameters before it upcoming re-operating
after 13 years of discontinued exploitation. Total length ranged from 22.15 to 62.53 mm, while weight varied
between 2.16 and 46.83g. The allometric relationships between body sizes and length were determined; the
length-weight one indicated an isometric growth and expressed as TW = 0.0002 SL2-9853, The age was ranged
from the first to the sixth, individuals 2 to 4 years old dominated the population; von Bertalanffy growth
parameters were undertaken using the software recommended by FAO (FISAT II, VONBIT for Excel) and
estimated to K=0.38 year? and Leo= 63.924 mm. The longevity (tmax), the growth performance index (®’) and
mortality rate (Z) were 7.81 years, 3.61 and 0.65 year, respectively. Condition Index was monthly determined
for this population as a tool to identify optimal and sustainable harvesting periods which correspond to the

period between October and January.
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Introduction

Ruditapes decussatus is widely distributed species;
the habitat of this venerid clam ranges from North
Atlantic coasts to Congo and the Mediterranean; in
Algeria, the only coastal lagoon El Mellah supports a
natural bed of this valuable species (Bakalem &
Romano, 1979; Refes, 1994) which have been
extensively exploited from 1980 to 1999; however
from the beginning of 2000s a gradual disappearance
of this population was noted inducing the
interruption of fishing activities from 2004 (MPRH,
2011), but since 2015, Ruditapes decussatus come
back on El Mellah’s shores and the return to its

operation is imminent.

To avoid a further stock decline, a future exploitation
needs to be planned and aproper study on R.
decussatus from El Mellah lagoon should be carried
out first, but while there are numerous researches on
ichthyofauna, benthic macrofauna, diversity and
biomass of El Mellah lagoon (Semroud, 1983; Grimes,
1994; Draredja, 2005; Chaoui et al, 2006; Draredja et
al., 2012), only one deals with ecology and biology of
Ruditapes decussatus (Refes, 1994) although the
knowledge of the both is considered essential for
dynamic, management and conservation of marine

bivalves populations.

The overall goal of the present study is to update
information and provide new data about some
population parameters of R. decussatus from El
Mellah lagoon by estimating: age, growth, mortality,
performance index, longevity and condition index as a
preliminary basis and a suitable guide for a

sustainable management of this natural resource.

Materials and methods

Study Site

El Mellah lagoon is located in the extreme eastern of
Algerian coasts (36°54 N — 8°20’ E) near the
Algerian- Tunisian border (Fig. 1); it covers an area of
865 ha and communicates with the sea by a long and
narrow channel of 900 m; temperature and salinity
vary respectively between 11.40-30.50°C and 15.90-
37.10 psu (Draredja et al., 2012).

2017

Fig. 1. Geographical location of El Mellah lagoon.

Sampling and laboratory procedure

From May 2016 to April 2017, the clams were
monthly sampled at a mean water depth of 40 cm by
hand or using a clam rake, and then transferred to the
laboratory for processing. Shell length (SL, mm,
maximum anteroposterior distance considered as
reference length), shell height (SH, mm, maximum
distance from hinge to ventral margin), shell width
(SW, mm, maximum distance between the closed
shell valves), were measured with Vernier caliper (+
0.01 mm). Total wet weight (TW, g), shell weight (sW,
g), tissue wet weight (tWW, g) were also measured

using an analytical balance sensitive to 0.01 g.

Relative growth
The morphometric relationships between shell
dimensions and shell length with weights were

investigated using the allometric equation:

Y=aXPb

This equation can be expressed in the logarithmic form:
Log Y= Log a + b Log X

Where “Y” is the dependent variable, “X” the

“,.»

independent variable, “a” the intercept of the
regression line, the allometry coefficient “b” (the
slope) expresses the type of allometry which depends
if the two variables (X, Y) have the same units of
measurement (isometric: b= 1, negative allometric: b
< 1, positive allometric: b > 1); or different ones
(isometric: b= 3, negative allometric: b < 3, positive

allometric: b > 3).
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Age and absolute growth

Length-Frequency Distributions: In order to estimate
age, the Bhattacharya’s method (Bhattacharya, 1967)
available in the fish-stock assessment tool FISAT II
1.2 (Gayanilo et al., 2005) was used, for that purpose
clams were grouped into shell length classes and

divided into cohorts at 2 mm intervals.

The von Bertalanffy Growth Parameters: asymptotic
length (Leo mm) and growth coefficient (K, yr) of the
von Bertalanffy growth function (VBGF) (1938) Lt =
Loo (1-e ~K(t0) ) were obtained by using FISAT II and
VONBIT for
the growth

the software package Excel

(www.fao.org/fishery/topic/16078/en),

performance index @’ was determined according to
the equation: @’ = logi0 K + 2 log10 Le . Pauly and
Munro (1984), this index enables a meaningful
comparison of growth performances of Ruditapes

decussatus at different sites sampling.

The theoretical maximum age (tmax) was calculated as:
tmax = (3/k) + to(Gayanilo and Pauly, 1997; Scalici et
al, 2015).

Mortality rate: Mortality is an important aspect in the
dynamic population of bivalves, indeed total mortality
coefficient Z (year ), is composed of two
components: natural mortality (M year -); due to
predation, disease, cannibalism, competition, etc...,
and fisheries mortality (F year ), due to fishing
activities, Z= M + F. Mortality is estimated from the
slope of the right descending arm of a length-
converted catch curve (Pauly, 1983) using FiSAT II
which outputs Z year as well as the 95% confidence
intervals surrounding Z based on the goodness of fit

of the regression.

In cases where there is no fishing pressure on a species
as it’s the case for Ruditapes decussatus from El
Mellah lagoon , it can be assumed that Z=M (i.e. F = 0).

Condition index
For the determination of the condition index (CI), 15
individuals ranging from 30-45 mm were taken

randomly from each monthly sample, the CI proposed

2017

by Walne 1976, was applied: (tissue dry weight (tDW,
g)/shell dry weight (sDW, g)) *100). tDW and sDW
were obtained by oven drying at 80°C for 24 h.

Results

Population structure

Data on descriptive statistics size variables of
Ruditapes decussatusfrom El Mellah lagoon is given
in Table 1, the majority of this population (71.81 %) is
part of the size classes included between 32 to 52 mm
(Fig. 2), while the smallest (22-26 mm) and the
largest (58-64 mm) ones, are the less represented
with respectively only 2.5% and 3.89% from the entire

sampling.

Table 1. Size parameters and descriptive statistics of
R. decussatus from El Mellah lagoon (n: number of

individuals, SE: standard error of mean values).

Size

P n Mean + SE Size range
arameters
SL 720 42.34 + 0.33 22.15-62.53
SH 707  35.34 + 0.28 19.2-55.34
SW 707 18.35 + 0.15 10-28.44
T™W 720 16.06 + 0.36 2.16- 46.83
sW 504 9.40 + 0.21 1.96-28.1
tWW 504  4.73 + 0.10 1.29-12.62
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Fig. 2. Size-frequency distributions of R. decussatus
from EL Mellah lagoon.

Relative growth

Biometric data of Ruditapes decussatus from El
Mellah lagoon (Table 2) showed a strong significant
correlation between shell length/other dimensions
and shell length/weights (R2> 0.91; P < 0.001);
indeed the morphometric relationships between shell
length/shell height and shell length/shell width

reflected a negative allometry as well as the
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relationship between tissue wet weight against shell
length; however, a positive allometric growth was
identified in the relationship between shell length and
shell weight while an isometric one was recorded in
the relation: shell length/ total weight.

Table 2. Length-lengths and length - weights
relationships of R. decussatus from El Mellah Lagoon
(n: number of pairs of values, R2: determination
coefficient, P<0.001 for all regressions).

Y X a b R2 n  Allometry
SH SL -0.6365 0.8428 0.97 707 allometric -
SW SL -0.1944 0.4351 0.94 707 allometric -
TW  SL 0.0002 2.9853 0.98 720 isometric
sW  SL 0.00006 3.0981 0.96 504 allometric +
tWW SL 0.0001 2.7439 0.91 504 allometric -

Age, absolute growth and mortality rate

The application of Bhattacharya’s method brings out
six cohorts; data on the estimated mean length at age
is disclosed in the table 3; it is noteworthy that
Ruditapes decussatus from El Mellah lagoon presents
a rapid growth during the first year of life with a data
value of 25.89 =+ 174, then declines during
subsequent years; the majority of specimens (74.05

%) were recorded in age range 2 to 4.

Table 3. Mean length at age using Bhattacharya’s
method (FISAT II 1.2.0) of R. decussatus of El Mellah
lagoon. (CM: computed mean + standard deviation,

n: number of individuals).

Age

CM (mm) n % Growth rate
(year)

1 2589 +1.74 31 5.06 9.62
2 35.51+2.79 151 24.63 6.45
3 41.96 £2.02 152 24.79 5.38
4  47.34 £2.56 151 24.63 6.32
5 53.66+3.82 100 16.31 7.36
6 61.02+0.81 28 4.56 -

Based on the age-length key the VBGF (Fig. 3)
describing the growth of R. decussatus was estimated
as: Lt = 63.924 (1-e ©0-38 (t + 0.086)) orowth performance
index (®’) and theoretical maximum age (tmax) were

3.61 and 7.81 years respectively.

The length-converted catch curve analysis (fig. 4) using
Leo= 63.924 mm and K= 0.38 yr, showed a low rate
mortality: Z= 0.61(confidence interval CI= 0.47-0.75).
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Fig. 3. Von Bertalanffy growth curve of R. decussatus

from El Mellah lagoon.
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Fig. 4. Length-converted catch curve of R. decussatus
from El Mellah lagoon.

Condition index

CI of Ruditapes decussatus from El Mellah lagoon
showed temporal variations (Fig. 5), the highest value
was recorded during June (12.89) then decreased
sharply in the following months until September
when CI reaches its minimum value (10.23), an
increasing in the CI level was observed between
October and January, then CI declined 12.07% in

February to reach a value of 10.86.
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Fig. 5. Monthly variations in condition index (CI) of

R. decussatus from El Mellah Lagoon (May 2016 to
April 2017).
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Discussion

The present study analyzed some population
parameters of Ruditapes decussatus from El Mellah
lagoon as a baseline for sustainable stock management
before it upcoming back into operation after more than
10 years of discontinuation, subsequently to the
almost complete disappearance of this population

following an irrational exploitation.

The biometric characteristics of Ruditapes decussatus
shell form revealed a negative allometries between
shell length/shell height and shell length/shell width,
suggesting that the shell form was elongated and
narrow, similar results were observed in Egypt
(Mohammad et al., 2014), in Tunisia and Italy (Costa
et al., 2008). These authors suggested that this shape
form was related to the improvement of the
burrowing efficiency in order to avoid dislodgement
by hydrodynamics and predation. Indeed generally,
variations in allometry of bivalves have been
associated with latitude, species, physiological traits
and local environmental conditions (Beukemaand
Meehan, 1985; Stirlingand Okumus, 1994; Gosling,
2003; Caill-Milly et al., 2012). An isometric allometry
was noted between shell length and total weight
revealing a homogeneous growth between size and
weight, Kandeel (2008) and Gaspar et al. (2001)
report similar observations respectively for Ruditapes
decussatus from Lake Timsah (Egypt) and 11 bivalve

species from Algarve coast (Portugal).

The VBGF parameters Lo and K obtained using
length—frequency distribution were 63.924 mm and
0.38 y respectively. Comparing our data with those
of previous studies in various Mediterranean regions,
it appears that it’s close to that it was recorded in the
Gulf of Fos, France (Garcia 1993) but remain lower
than the values obtained in Araxos lagoon, Greece
(Chryssanthakopoulouand Kaspiris, 2005). However,
growth performance index (®’) displayed the greatest
value (3.61); this is probably related to the favrable
environmental conditions (mainly temperature and
food availability) on the growth of Ruditapes
decussatus population of El Mellah lagoon.

2017

Regarding the low mortality rate registered (Z=0.61y ),
it can be only related to natural causes (aging,
pathogens, predation, environmental conditions, ...)
as there is not yet fishery for R. decussatus from El
Mellah lagoon, however according to Aranguren et al.
(2014) mortality rates in Ruditapes populations,
especially in natural beds may results from a complex
synergy of biotic and abiotic factors.

Condition index analysis have provided preliminary
database on the reproduction cycle of the Ruditapes
decussatus population of the El Mellah lagoon, indeed
if we refer to several authors (Beningerandlucas, 1984;
Lucas and Beninger, 1985; Laruelle et al., 1994; Ojea
et al., 2004) who agree that sharp falls of the CI
values correspond to a spawning events, we can
assume that this population presented three periods
of gamete release; two partial emissions in February
and May, and a main one from June to September (a
histological study not yet published confirms these
results). Our results are similar to those obtained in
R. decussatus population from Gulf of Gabes, Tunisia
(Trigui-El Menif, 1995), moreover in bivalves, the
number of spawning and the duration of breeding
season were often be related to temperature as it has
a positive effect on those both physiological events
(Lubet, 1970; Partridge, 1977; Laruelle et al., 1994);
on the other hand, the highest condition index values
were recorded between October and January
revealing the best period to harvesting Ruditapes

decussatus of El Mellah lagoon.

In conclusion, the results obtained in this study may
contribute initially to put in place a sustainable and
profitable exploitation and then to consider the

possibility to farm this population.

References

Aranguren R, Gomez-Leon J, Balseiro P, Costa
MM, Novoa B, Figueras A. 2014. Abnormal
mortalities of the carpet shell clam Ruditapes
decussatus (Linnaeus, 1756) in natural bed populations:
a practical approach. Aquaculture Research 45, 1303-
1310.

Bakalem A, Romano JC. 1979. Les peuplements
benthiques du lac Mellah. Rapport de la mission sur
le lac Mellah, Rapport du Centre de Recherche
Océanographique et de la Péche (CROP) 13-22.

440 | Bensaad-Bendjedid et al.



Int. J. Biosci.

Beninger PG, Lucas A. 1984. Seasonal variations

in condition, reproductive activity, and gross
biochemical composition of two species of adult clam
reared in a common habitat: Tapes Decussatus L.
(Jeffreys) and Tapes philippinarum (Adam &
Reeves). Journal of Experimental Marine Biology and

Ecology 79, 19-37.

Bhattacharya CG, 1967. A sample method of

resolution of a distribution into Gaussian

components. Biometrics 23, 115-135.

Bertalanffy L, Von. 1938. A quantitative theory of
organic growth. Human Biology 10, 181-213.

Beukema JJ, Meehan BW. 1985. Latitudinal
growth and other shell

characteristics of Macoma balthica. Marine Biology

90, 27-33.

variation in linear

Caill-Milly N, Bru B, Mahé K, Borie C,
D'AmicoF. 2012. Allometry Shell Shape Analysis
and Spatial Allometry Patterns of Manila Clam
(Ruditapes philippinarum) in a Mesotidal Coastal
Lagoon. Journal of Marine Biology 2012 (ID
281206), 1-11.

ChaouiL, Kara H, Faure E, Quignard JP. 2006.
L’ichtyofaune de la lagune du Mellah (Algérie Nord-
Est): diversité, production et analyse des captures

commerciales. Cybium 30, 123-132.

Chryssanthakopoulou V, Kaspiris P. 2005.
Reproductive cycle of the carpet shell clam Ruditapes
decussatus (Linnaeus 1758) in Araxos lagoon (NW
Peloponnisos, Greece) and in Evinos estuary (South
Aitoloakarnania, Greece). Fresenius Environmental
Bulletin 14 (11), 999—1005.

Costa C, Aguzzi J, Menesatti P, Antonucci F,
Rimatori V, Mattoccia M. 2008. Shape analysis of
different populations of clams in relation to their

geographical structure. Journal of Zoology 276, 71-80.

Draredja B, Melouah K, Beldi H, Benmarce S.
2012. Diversité de la macrofaune benthique de la
lagune mellah (Parc National d’El-Kala, Algérie nord-
est). Bulletin de la Société zoologique de France
137(1-4), 73-86.

2017

Draredja B. 2005. Structure et organisation de la
Mellah

(Méditerranée Sud-Occidentale, Algérie). Journal de

macrofaune benthique de la lagune

Recherche Océanographique 30 (1-2), 24-33.

Garcia F. 1993. Interprétation des stries valvaires
pour lévaluation de la croissance de Ruditapes

decussatus L. Oceanologica Acta 16, 199-203.

Gaspar MB, Santos MN, Vasconcelos P. 2001.
Weight-length relationships of 25 bivalve species
(Mollusca: Bivalvia) from the Algarve coast (southern
of the
Association of the United Kingdom 81, 805-807.

Portugal). Journal Marine Biological

Gayanilo FC, Sparre P, Pauly D. 2005. FAO-
ICLARM stock assessment tools II (FiSAT II).
Revised version. User’s guide. FAO Computerized
Information Series (Fisheries). No. 8, revised version.
FAO, Rome.

Gayanilo FC, Pauly D. 1997. FAO-ICLARM stock
assessment tools (FiSAT) reference manual. FAO
Computerized Information Series (Fisheries) No. 8.

Rome: FAO, 262 pp.

Gosling EM. 2003. Bivalves molluscs; Biology,
Ecology and Culture. Oxford, OX20EL, Fishing News
Books: 443pp.

Grimes S. 1994. Contribution a la connaissance des
populations de Cardium glaucum (Bruguiére, 1789),
Loripeslacteus (Linnaeus, 1758) et Brachydontes
marioni (Locard, 1889) du lac Mellah (El-Kala,
Algérie): Ecologie et dynamique. Thése de Magister,
Institut des Sciences de la Mer et de ’Aménagement

du Littoral Alger, Algérie, 211 pp.

Kandeel KE. 2008. Length-weight relationships and
monthly variations in body weights and condition indices
of two clam’s species; Venerupis aurea and Tapes

decussata in Lake Timsah, Egypt. Catrina 3, 11-124.

Kandeel KE. 2016. Population analysis of Tapes
decussata (Bivalvia: Veneridae) in Lake Timsah, Suez
Canal, Egypt. Journal of Advances in Biology 9(1),
1776-1788.

441 | Bensaad-Bendjedid et al.



Int. J. Biosci.

Laruelle F, Guillou J, Paulet YM. 1994.
Reproductive pattern of the clams, Ruditapes
decussatus and R. philippinarum on intertidal flats in
Brittany. Journal of the Marine Biological Association

of the United Kingdom 74 (20), 351-366.

Lubet P. 1970. Cycles et rythmes sexuels chez les
mollusques pélécypodes. Influence du milieu et étude
expérimentale. Ann. Institut de biologie marine

Michel-Pacha 3, 24-50.

Lucas A, Beninger PG. 1985. The use of
physiological condition indices in marine bivalve
aquaculture. Aquaculture 44, 187-200.

Ministére de la péche et des ressources
halieutiques (MRRH). 2011. Statistiques des
péches. Alger, Algerie.

Mohammad SH, Belal AAM, Hassan SSZ. 2014.
Growth, age and reproduction of commercially clams
Venerupis aurea and Ruditapes decussatus in
Timsah Lake, Suez Canal, Egypt. Indian Journal of
Geo-Marine Sciences 43(4), 589-600.

OjeaJ, Pazos AJ, Martinez D, Novoa S,
Sanchez JL, Abad M. 2004. Seasonal variation in
weight and biochemical composition of the tissues of
Ruditapes decussatus in relation to the game to genic

cycle. Aquaculture 238, 451—468.

Partridge JK. 1977. Studies on Tapes decussatus in
Ireland. Natural populations, artificial propagation
and mariculture potential. PhD thesis, University

College of Galway, Ireland 326 pp.

Pauly D, Munro JL. 1984. Once more on the
comparison of growth in fish and invertebrate.
Fishbyte 2, 21.

2017

Pauly D. 1983. Length-converted catch curves: A
powerful tool for fisheries research in the tropics
(part I). Fishbyte 1, 9-13.

Refes W. 1994. Contribution a la connaissance de la
population de Ruditapes decussata (Linnaeus, 1758)
Mellah  (El-Kala, Algére):

reproduction, dynamique des

du lac écologie,
populations et
exploitation. Thése Magister en océanographie
biologique, Institut des Sciences de la Mer et de

I’Aménagement du LittoralAlger , Algérie 197 pp.

Scalici M, Traversetti L, Malafoglia V,
Colamartino M, Persichini T, Colasanti M.
2015. Concepts and tools for exploiting sessile bio-
filters as early warning elements: introductory
applications for marine ecosystem preservation.

Invertebrate Survival Journal 12, 278-286.

Semroud R. 1983. Contribution a I’étude écologique
des milieux saumatres méditerranéens : le lac Mellah
(El-Kala, Algérie). These 3éme Cycle, Université des
Sciences et de la Technologie Houari-Boumédiéne

Alger, Algérie 137 pp.

Stirling HP, Okumus T. 1994. Growth, mortality
and shell

Muytilusedulis stocks cross-planted between two

morphology of cultivated mussel

Scottish sea lochs. Marine Biology 119, 115- 124.

Trigui-El Menif N, Le Pennec M, Maamouri F.
1995. La reproduction de la palourde Ruditapes
sur les cotes

decussatus (mollusque, bivalve)

tunisiennes. Vie Marine 5, 35-42.

Walne PR. 1976. Experiments on the culture in the
sea of the butter fish Venerupis decussata L.

Aquaculture 8, 371—381.

442 | Bensaad-Bendjedid et al.



