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Abstract:

The carpet shell clam (Tapes decussatus Linnaeus, 1758) is a candidate species for aquaculture
development in Turkish waters. Our study aimed to assess the efficiency of three different methods
(i.e., net, box and fenced ground) to maximize clam production. Two different net materials (hard
plastic net and polyamide net) were tested in the net method trials. Conducted over 1 year between
October 2001 and October 2002, an initial calibrated clam population, characterized by a
26.25 £ 0.035 mm shell length and 3.85 + 0.06 g total wet weight was sampled on a monthly basis to
carry out the experiments. By the end of the rearing cycle, clams reached 34.13 + 0.38 mm and
9.09 £ 0.27 g in shell length and total wet weight, respectively. Significant differences in shell length
and total wet weight among culture methods (P < 0.05) were reported. Both maximum growth and total
wet weight, as well as survival rate (64%) were obtained using the hard plastic net method. Those
overall results were likely due to both limited algae accumulation and crab predation when using hard
plastic net. Therefore, this method appears the most suitable to develop further larger experimental
clam aquaculture trials. Additional studies required to develop clam culture in Turkish waters are
discussed.
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Introduction

The carpet shell clam (Tapes decussatus L.), a commercially valuable bivalve mollusk
is naturally found from the south and west coast of the British I sles to the Mediterranean
sea and along the Atlantic coast from Norway to Senegal (Tebble 1966; Breber 1985).
Tapes decussatus lives in muddy-sand sediments of tidal flats or shallow coastal areas
(Parache 1982).

In Turkey, this species is distributed along the coastline of Aegean,
Mediterranean and Marmara Seas. This species is a leading candidate for aguaculture
in Turkish waters, similarly to other Mediterranean lagoons (Chessa et al., 2005).
Actualy, a clam population dynamic model has been developed to compare fishery
strategies and aguaculture strategies in Venice lagoons (Adriatic Sea), indicating that
aquaculture might be more profitable than regulated fishing (Solidoro et al., 2003). T.
decussatus has been found abundantly in Aegean Sea, especially in | zmir Bay where
the main fishery grounds are located. According to fisheries statistic data (SIS, 2003),
overall clam production has reached 19,700 tons (T. decussatus and Venus gallina) per
year in Turkish waters. The clam production has been based on fishery from wild
stocks.

Clams, like most filter feeders living in the intertidal zone, take advantage of the tidal
movement in estuaries. the water currents generated by the tides continuously supply a
much larger quantity of food than the amount produced locally and those sites are of critical
interest for primary production (Gutiérrez 1991). Mid-estuarine areas usually consist of sand
or sandy silt, often suitable for clam cultivation. Although outer estuarine areas may be
auitable for clam cultivation, the exposure to wave action is of major concern (Britton

1991).



Besides physical environmental conditions, clam production is likely to be effected by
a wide variety of predators, whose activity and relative importance vary depending on
location and season (Anderson et al., 1982). Moreover, small bivalves such as mussels,
oysters and clams are preferred foods of shore crabs, one of the most common
predators within estuaries and coastal waters. Clam protection is therefore a critical
aspect for shellfish farming development due to the large crab abundance in Turkish
waters.

The main interest to develop clam culture within intertidal areas is due to the
facilitated access, monitoring and maintenance of protection devices and therefore the
resulting reduced costs (Kraeuter and Castagna 1989).

In European waters, clam culture was initially developed using two main kinds of
zootechnical practices, fenced ground and net systems, the latter being particularly well
adapted to areas where the substrate has a high silt content (De Valence and Peyre
1990; Britton 1991; Goulletquer 1997). More recently, a third one using box has been
developed. Each one is adapted to particular environmental conditions (De Valence and
Peyre 1990; Christophersen 1994). Lately, clam culture in oyster bags was considered
as a no-dternative to ground culture (Cigarria and Fernandez 2000). Mechanical
harvesting process was specifically adapted for each of those techniques. The fenced
ground system is based upon the deployment of a fence around the seeded area to be
protected from crab predation. Moreover, an aerial net may protect clams from bird
predation such as crows and ducks (Bourne 1983; Richardson and Verbeek 1986). The
net system consists of strips of mesh laid over the seeded clams and ploughed in along
its edges, so making it protected from direct crab predation (Britton 1991). The box is
made up of a framework of iron rods, inserted inside a bag made from plastic netting,

which has a mesh size corresponding to the size of the smallest seed clam (De Valence



and Peyre 1990). Therefore three methods can be presently recommended as growout
facilitiesfor clam production.

This paper aims to evaluate the three different rearing systems for juvenile carpet
shell clam, Tapes decussatus in Sufa Lagoon in | zmir, Turkey. Those rearing systems
are fenced ground, net and box methods. Comparisons among methods will facilitate
decision making over which cultural practice is the most suitable for clam culture in
Sufa Lagoon. Meanwhile, growth and survival rates among those methods will be used

to assess the overall culture yield.

M ater ials and methods

Study area

This study was conducted in the Sufa lagoon area, located at the outer part of | zmir Bay
(northwest of |zmir, 38°31'10 north latitude and 26°49'50 east longitude). This is an
important region for commercial fisheries including bivalve (clam, mussel and oyster)
located 35 km away from | zmir city in Aegean Sea (Fig. 1). The various trials of clam
culture were carried out inside the lagoon area (1800 ha acreage), at the near vicinity of

the main lagoon entrance.

Environmental parameters

Environmental parameters were measured on a monthly basis over the
experimental time. Seawater temperature was determined using a mercury-in-glass
thermometer (-10 to 100 +0.5 °C), and the salinity (p.su.) with a hand refractometer (x1
p.s.u.) a the study area. Meanwhile, seawater samples were analyzed to assess NO,-N, NO3’

-N, PO43-P, NH4*-N and SiO4™-Si nutrient concentrations according to Strickland and



Parsons (1972) spectrophotometric methods. Dissolved oxygen (DO) levels were
estimated according to the chemical Winkler method and pH levels using a Hanna

Model HI 8314 pH meter.

Phytoplankton biomass was estimated by chlorophyll-a measurements according to the
spectrophotometric method (Strickland and Parsons 1972). Similarly, the seston amount
(TPM- Total Particulate Material) was determined by Strickland and Parsons (1972)

method.

Cul tur e methods

Three different methods were tested as clam growout facilities: box, fenced ground

and net (polyamide and hard plastic) (De Valence and Peyre 1990) (Fig. 2).

Selected clam culture areas showed several predators, including crabs and birds,
therefore requiring specific protections. To address the issue, the fenced ground was
deployed using plastic stakes and a 12 mm mesh net buried into the bottom substrate
and attached to the stakes. For the net method, two different net materials were tested:
hard plastic net and polyamide net (12 mm mesh size). Net was first deployed to design
a ‘bag’ and clams were sown inside and then slightly buried into the bottom. Each
corner of the net was attached to the stakes. Commercial plastic boxes were used in box
method. Upper side of the box was covered with 12 mm mesh net to protect clam seed
from predators. Each experimental method was tested using a 0.5 m? surface and carried

out in triplicate. Clam density was chosen to 200 ind./m?for all cultural trials.

A calibrated clam population sample was collected from the wild population for
growth and survival monitoring. Surveys were conducted from October 2001 to October

2002. shell length, width, height and total wet weight were measured individually on



the whole clam population on a monthly basis. Mortality rate was estimated
concomitantly by removing open bivalve shells and by checking shell break-up for
those resulting from predation. Clam length (along the anterior-posterior axis), width
and height were measured using a calliper (£0.1mm). Initial average shell length and

total wet weight were 26.5£0.5 mm and 3.88+0.05, respectively.

Data analysis
Differences in mean shell length and wet weight among culture methods were
determined using a one-way ANOVA, followed by Duncan tests for mean comparison,
using statistical program for Social Science (SPSS) 11.0 software. Survival rate data
were Arcsin-transformed prior to statistical analysis. Non parametric y* (Chi square) tests
were applied on survival rate data. Significance levels for all analysis were set at
P<0.05.
The instantaneous growth rate (K), was calculated using the following equation
(Malouf and Bricelj, 1989):
K=(InWzInWy) / (t>-t1) K=(InLxInLy) / (t>-ty)
W,, W, are the total wet weight. L1, L, are the shell length at the beginning and end of
experiment time (in month), respectively. The duration of experiment (months) is
expressed by t, (t-t9).

Survival (%) was estimated as (N+#Ng) x 100, where N is the number of live clams
removed from the culture area after t and Ny is the number of clams at the beginning of
the experiment.

Annua and monthly mortality ratio were calculated from
Z=( N¢+No)/ No

where Ng= initial number of individuals, and N; = final number of individuals



Results
Environmental parameters

The main environmental parameters in Sufalagoon over the experimental time are
presented on Fig. 3 describing dissolved oxygen, pH, temperature, salinity, NO2-N,
NO3s-N, POs%P, NH;-N, SiO,-Si range. From October 2001 to October 2002,
temperature ranged between 8°C and 32°C, the highest temperature being recorded in
August. Meanwhile, salinity values were recorded between 38 - 43 psu. Highest
salinity values were reported in summer months. Dissolved oxygen and pH values
ranged from 8.8 to 11.2 mg I and from 6.87 to 7.43, respectively.

Chlorophyll-a and seston values are reported on Fig. 4. Chlorophyll-a
concentration showed an irregular pattern with minimum and maximum value reaching
4.04 pg I't and 30.93 pg It in April and August, respectively. In January, seston level
showed a 23 mg I record low while the maximum 184 mg It was recorded in

February.

Growth

Shell growth and total wet weight steadily increased over the year. Maximum growth
was obtained in hard plastic net of the ‘net’ method. By the end of the study, shell
length, width and height and total wet weight were 34.13+0.38 mm, 26+0.35 mm,
14.11+0.23 mm and 9.09+0.27 g, respectively (Figure5 A, B, C, D). Minimum growth
was obtained in the ‘fenced ground’ method with 31.93£0.49 mm and 6.72+0.19 g, for
the shell length and total wet weight, respectively. Using the ‘box’ and ‘polyamide net’
methods, clams reached 32.56 mm, 8.02 g and 32.25 mm, 7.24 g, respectively (Fig. 5 A
- D). Significant differences were reported in shell length and total wet weight values

among different culture methods (anova P<0.05).



The maximum shell growth and total wet weight rates were significantly higher in
spring months compared to other periods of time. Shell growth rate in hard plastic net
was 0.032, 0.029 and 0.030 in March, April and May, respectively. Meanwhile, growth
rate of total wet weight in hard plastic net was 0.13, 0.088 and 0.085 during this period.
Growth rate of total wet weight in polyamide net and box were arecord high in March
(0.1231 and 0.0782), except in fenced ground where maximum value of total wet
weight was reported in April (0.0766). For all methods, both hard plastic net, polyamide
net, box and fenced grounds, minimal growth rates were observed in September
(0.0346, 0.0329, 0.0237 and 0.0286, respectively). Maximum growth rate of shell
length in fenced ground, box and polyamide net were observed concomitantly to
seawater temperature increase with 0.0254 (March), 0.0259 (April) and 0.0253 (July),
respectively. Minimum growth rate of shell length in hard plastic net was 0.0052 in
October 2001 while reaching 0.0014, 0.0044 and 0.0037 in November for polyamide

net, box and fenced grounds, respectively (Fig. 6).

Survival rate

Survival rates in hard plastic net, polyamide net, box and fenced grounds were
64%, 32%, 42% and 42%, respectively by the end of the study. Although survival rate
was higher in hard plastic net compared to other culture methods (box and fenced
ground), these differences were not found significant at the statistical analysis (P>0.05).
In contrast, significant difference was observed between hard plastic net and polyamide
net (P<0.05) (Fig 7).

Mortality rates showed the highest values in December 2001 and August 2002.
Significant differences among rearing systems were observed in December 2001 with

14.28%, 30.61%, 18.36% and 20.40% for hard plastic net, polyamide net, box and
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fenced ground, respectively. By the end of the experiment, total mortality rates were
11.11%, 23.80%, 18.18% and 19.23% for hard plastic net, polyamide net, box and

fenced ground, respectively.

Discussion

Clam growth is affected by temperature, salinity, exposure regimes as well as food
availability (Laing et al., 1987; Bacher and Goulletquer 1988; Goulletquer and Bacher
1988; Daou and Goulletquer 1988; Goulletquer et al., 1989, 1999; Chew 1989; Baud
and Bacher 1990; Chool-Shin and Shin 1999; Sobral and Widdows 2000). Lucas (1978)
reported that growth is still on-going in winter conditions (8°C), assuming food
availability while pumping activity decreases drastically below a 6-7°C threshold.
Those seawater conditions were reached in our study in November 2001 with an 8°C
record low. However, Walne (1976) pointed out that growth ceased when the
temperature was declining to about 10°C (mid-October). In this case, the growth season
was lasting from March/April to October/November (or 9°C) with a significant food
level in seawater in Donegal Bay (Britton 1991). In our environmental conditions,
seawater temperature was 11-13.5°C during the winter months (December, January and
February). In summer, seawater temperature (June, July and August) reached 27.5
32°C. Although our summer temperature peak reached a record value, our data were
globally consistent with those resulting from a literature review in the same area (Table
2). Chlorophyll-a concentration fluctuated (4.04-30.93 pg ™) throughout the study
while seston values were also highly variable. This variability is likely resulting from
seawater exchanges between open-sea and lagoon.

With regard to clam growth, a number of studies showed that variations in length

and dry meat weight were characterized by a seasonal pattern with marked increases
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during spring and summer and slight decreases of these parameters during the winter
(Bacher and Goulletquer 1988; Soudant et al., 2004). According to Claus (1981), Baud
and Bacher (1990), a positive relationship is occurring between growth and
temperature. Goulletquer et al., (1988, 1989) reported that maximum growth rates were
observed at the higher temperatures for the culture of R. philippinarum using an eco-
physiological model approach. Melia et al. (2004) described the dependence of growth
and mortality rates upon seasonal temperatures using a stochastic model. They
concluded on the importance of temperature as a key variable in vital processes and
underlined the alternation of favourable and unfavourable periods for seeding and
harvesting. In this study, a maximum growth rate was observed in spring season, when
seawater temperature reached 22-25.7°C (April-May) whatever the cultural method.
Shpigel and Fridman (1990) pointed out that the highest growth rates were observed in
Eilat throughout the year (19 - 27°C range) with the exception of spawning period in
summer. Baud and Bacher (1990) indicated that high temperatures enhanced the bivalve
metabolism but usually coincided with a reduction in food availability due to the
limited phytoplankton in the natural environment. Moreover, they indicated that at low
temperature the bivalve metabolism decreases and hence their assimilation capacity,
while low temperatures combined with poor daylight lead to a near lack of
phytoplanktonic food.

Although salinity and oxygen values can affect the growth of R. decussatus, Jara
Jara et al. (1997) reported that salinity (22-34 p.su.) and oxygen values (5.9-7 mg 1)
did not appear to have a noticeable affect, since they were stable and suitable for the
clam growth. In Sufa Lagoon, salinity values varied from 38 to 43 p.s.u. throughout the
study, especially in summer time when salinity value peaked at 40.5-43 p.su. Therefore,

this parameter may have affected the overall clam growth.
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In Sufa Lagoon area, shell length and total wet weight increments of T.
decussatus were 7.44 mm year! and 5.24 g year in hard plastic net, respectively.
Growth in hard plastic net was faster compared to other methods (5.77mm and 4.15 g
in box; 5.44 mm and 3.31 g in polyamide net; 5.05 mm and 2.90 g in fenced ground).
Therefore, the overall growth performance during this study was lower than those
recorded by Shpigel and Fridman (1990), Breber (1985) but greater than Yamamoto
and Iwata (1956) results (34.4 mm in 3 years). Differences in mollusc growth have often
been associated with differences in food availability. However, species differences exist
since Manila clam R. philippinarum growth is considered as faster than the European
endemic T. decussatus growth, over a wide temperature range, explaining its choice as a
cultured species in European waters (Laing et al., 1987). A review of clam performanceis
provided in Table 1.

In this study, our site observations showed that when seawater temperature
increased, especially summer months, accumulation of macroalgae (Ulva lactuca) was
high on cultural facilities and cultured areas. However, algal accumulation in hard
plastic net was lower compared to the other cultural methods. Since seawater exchange
was also improved in hard plastic net compared to the others, overall growth rate was
significantly higher due to increased food availability. Extensive algal blooms of the
seaweed Ulva rigida is considered in Italy as the major cause of the decline of R.
philippinarum production (Melia et al., 2004). Breber (1985) indicated that the potential
clam culture in Venice Lagoon was limited by the macroalgae, U. rigida and Gracilaria
sp., which expansion is significant in summer months, prompting the shellfish farmers
to rake off their structures at least once aweek.

Several investigations showed that the Manila clam survives and grows better than

the carpet shell clam (De Valence and Peyre 1990). Growth to market size takes one
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more then one year for T. decussatus (6-10mm year ™) compared to Manila clam (10-15
mm™) in the UK and Ireland (Lake 1992). Manila clams reach commercial size in18 to
24 months, with a 60-80% overall survival rate (Gutiérrez 1991) and 3-4 years in
Donegal Bay (Irleand) (Britton 1991).

The other critical factor over arearing cycle is mortality rate, which can be either
affected by hydrological parameters (Gribben et al., 2002), substratum type (Cigarria
and Fernandez 1998), culture method (Breber 1985), planting season (Anderson et al.,
1982), seed size (Spencer et al., 1991), predation (Toba et al., 1992) and pathogens
(Breber 1985).

According to our field observations, predation by crab Carcinus aestuarii (Nordo
1847) was one issue in our study area. Plastic net, a hard structure, is usually
considered as a more suitable against crab predation (De Valence and Peyre 1990). In
contrast, crab predation was a maximum when using the polyamide net, a soft structure.

Spencer et al. (1991) reported that the usual way of excluding crabs was to cover
the clam beds with plastic netting. This can easily retain the clams whereas the
concomitant suitable seawater exchange, and therefore food availability to ensure
appropriate growing conditions. The net must be sufficiently hard to prevent crab
predation by crushing and eating the clams throughout net apertures. Although,
protection from predators is considered higher in the box method, crab larvae may have
the capacity to develop inside the structure (De Valence and Peyre 1990). In our study,
mortalities may result either from the effects of algal accumulation or/and crab
predation.

Site selection remains a critical factor for clam production since clam spat is sown
into substrate for on-growing (Arnold et al., 2000). In addition to biotic and abiotic

factors such as substrate characteristics, seawater current, food availability, local fauna
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and flora, socio-economic parameters should also be considered (e.g., spatial conflicts
among users) before setting up a clam farm (Britton 1991; Christophersen 1994;
Pellizzato and Da Ros 2005). A suitability index should be established to balance pros
and cons to facilitate decision-making. By way of example, installation cost is rather
low using the net method whereas algae accumulation is also lower in net method,
although all methods need regular cleaning (De Valence and Peyre 1990). I n this study,
algae accumulation in hard plastic net was lower than in other methods. However,
attachment of cuttle fish eggs was observed between April and June at the edge of
culture box in the lagoon area. Cuttle fish eggs covered all sides of box and prevented
seawater exchange. Meanwhile, those exchanges were limited when using the fenced
ground and box methods due to the fouling effect. Costs associated to harvesting should
also be considered: using box method and net methods lead to reduced costs compared
to fenced ground (De Valence and Peyre 1990).

Moreover, a GIS based habitat suitability model could be developed at a larger
scale by using the af orementioned parameters as well as additional ones such as water
depth. This type of approach has been developed on a Mediterranean lagoon (Sacca di
Goro Lagoon, Adriatic Sea) leading to a GIS mapping process for site selection to
develop Manila clam culture (Vincenzi et al., 2006). Another potential approach would
focus on a decision support system based upon carrying capacity model using both
spatial criterion and primary production. This represents a further development likely
being useful to estimate how a new rearing activity may affect the environment and
analyse the relationship between the yield and seeding density, therefore overall
economic yield (Pastres et al., 2001).

As a preliminary conclusion, growth and survival rate in hard plastic net showed

that improved results for clam production in Sufa Lagoon compared to polyamide net,



15

box and fenced ground. Those overall results are likely due to limited algae
accumulation and crab predation when using hard plastic net, and theref ore this method
appears to be the most suitable to be adapted to larger experimental clam agquaculture
trials. The next step to develop further guidelines for an efficient and sustainable clam
culture will focus in assessing the most favourable periods for seeding according to
environmental conditions and economic cost-efficiency. This could be addressed by
developing population dynamic models which could provide suggestions for an optimal
seeding size and seeding moment similarly to those from Solidoro et al. (2003), and by
a stochastic bioeconomic model to provide guidelines for optimal management. (Melia

and Gatto, 2005).
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Fig. 1. Location of experimental sites.
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Fig. 2. Description of the three tested methods: net, box and fenced ground method
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Fig. 3. Monthly variability of hydrological parameters: A: dissolved oxygen, B: pH, C:
temperature and salinity, D: NO5-N, NO3-N, PO, %P, NH,*-N and SiO4™-Si
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Fig. 4. Monthly variability of Chlorophyll-a (A) and seston (TPM) (B)
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Table 1.

Growth and survival comparison of clam at different sites

Species

T. decussatus

T. decussatus

T. decussatus

T.decussatus

T. decussatus

T. decussatus

T. decussatus

T.decussatus

T. decussatus

R. philippinarum

R. philippinarum

R. philippinarum

T.dorsatus

T. dorsatus

Initial wet
weight(g)

3.85

3.87

3.93

3.82

2.7

1.4

6.2

0.287

0.287

1.9

0.0078

0.8

0.64

0.64

Final wet
weight (g)

9.09

8.02

7.24

6.79

9.5

5.5

0.343

0.698

18.35

0.8

25

4.1

2.8

Survival
rate (%)

64

42

32

42

75

88-90

81

Culture
method

Hard Plastic
Net

Box

Polyamide

net

Fenced

ground

Frame

Fenced

ground

Fenced

ground

Fenced

ground

Polyculture
pond

Fish pond

Frame

Fenced

ground

Box

Floating box

Time

1 year

1 year

1 year

1 year

10

months

8 months

8 months

120 days

120 days

13

months

1 year

2.5 year

4 months

4 months

Site

SUFA Lagoon,

izmir, Turkey

SUFA Lagoon,

fzmir, Turkey

SUFA Lagoon,

Izmir, Turkey

SUFA Lagoon,

fzmir, Turkey

Conwy, Great

Britain

Venice L agoon,

Italy

Venice L agoon,

Italy

Ebro’'s Delta,
Spain
Ebro’s Delta,
Spain

Eilat, Israel

Donegal Bay,
Irland

Donegal Bay,
Irland

Port Stephans,
AU

Port Stephans,
AU

References

Present study

Present study

Present study

Present study

Walne, 1976

Breber, 1985

Breber, 1985

Puigcerver,
1996

Puigcerver,
1996

Shpigel and
Fridman,
1990

Britton, 1991

Britton, 1991

Paterson and
Nell, 1997

Paterson and
Nell, 1997




Table 2 : Comparison of environmental conditions in Sufa lagoon between a literature review and the present study.

Author Temp. Sdlinity Disolved  pH NO,™-N NO5-N NH,*-N PO/3P  SiO,-Si Chl.-a Seston
°C S.u. oxygen 1 -1 -1 B B 1
A gy (mgl)  mgl)  (mgly  (mgly (gl (moh)
Yaana 40260 339386 72100 7578 0111 055.1 26215 0231 16143 - -
and Alpbaz
(1990)
Onenand 50260 345721 48116 6984 - . - . - - -
Yaanaz
(1991)
Korkutet 7.127.1 39.2-72.3 6.4-8.8 - - - - - - - -
d. (1997)
Onenand 102280 403702 4080  7.884 - - - - - - -
Egemen
(1997)
Unsdetd. 95285 303543 52122 - 00128 008256 29190 02-19 32165 - -
(2000)
Present 80320 380430 88112 687743 000005 00120583 00020115 00450964 02881248 4043093  23.01840

study






