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Abstract 

The growth and survival of 5, 7, 9, and 11-mm juvenile blood cockle (Anadara 

inaequivalvis) cultured in suspended nets in Sufa Lagoon, Izmir, Turkey, were 

investigated. Shell length, width, and thickness and total weight were 

measured monthly during May 2007-May 2008. Temperature was measured 

every 6 h. Salinity, chlorophyll a, particulate organic matter, particulate 

inorganic matter, and total particulate matter were followed every two weeks. 

Mean increases were 16.68 and 13.46 mm and 3.62 and 5.74 g for small and 

large spat, respectively. Length increased significantly faster in small cockle 

than in large cockle (p<0.05). Survival was 65% and 100% in small and large 

cockles, respectively (p<0.05). Von Bertalanffy growth parameters L∞ (27 

mm) and k (0.28/month) showed that growth performance (Ф′ = 3.22) was 

greater than for other species in the natural population. Slope b from the 

length-weight relationship was 3.098±0.115, indicating significantly better 

allometric growth (p≤0.05). Results indicate that A. inaequivalvis is a good 

candidate for suspended aquaculture in the Sufa Lagoon, Turkey. 
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Introduction 

Anadara inaequivalvis, also known as the blood cockle or ark shell, is a bivalve belonging 

to the family Arcidae. Species in this family have a blood red color due to a high 

consistent level of hemoglobin in their bodies, allowing them to colonize in habitats with 

low oxygen concentrations (Kawamoto, 1928). Anadara inaequivalvis can attain a 

maximum length of 9.5.cm with a common length of 8 cm, typical to tropical regions 

(Fischer et al., 1987). It generally prefers places where plankton are abundant, near river 

mouths, and also a soft substratum where it can easily burrow. Its preferred substratum 

is generally clay and sand (Sahin et al., 2009). The spawning season for A. inaequivalvis 

on the southern Black Sea coast is from June to September. The minimum size for 

spawning is 20 mm (Sahin et al., 2006). 

 Anadara species have very high economic value in the Indo-Pacific Region (Malaysia, 

West India) and culture of blood cockles, primarily Scapharca broughtonii and A. 

gronosa, is an important commercial and export activity in China, Malaysia, Thailand, and 

Korea (FAO, 2004). 

 The growth and survival of bivalves are affected by environmental factors, especially 

water temperature and food quality. Because of tidal effects and the availability of food, 

lagoons are suitable for shellfish culture. Sufa Lagoon has large areas of salt wetlands 

where local fish (Mugil cephalus, Liza ramada, L. saliens, L. aurata, Chleon labrosus, 

Dicentrarchus labrax, Sparus aurata, Solea vulgaris, Anguilla anguilla) and shellfish 

(Ostrea edulis, Ruditapes decussatus, Cerastoderma glaucum) are natural populations. 

Blood cockle culture in Turkey is a potentially renewable resource and alternative source 

of employment. The study of their growth rates in Sufa Lagoon will help to develop 

Anadara culture techniques. 

 

Material and Methods 

Study area. The experiment was conducted in Sufa Lagoon in Izmir Bay, Turkey, from 

May 2007 to May 2008. The costal lagoon (38º31’30” N, 026º50’50” E) is 7.4 × 3 km. 

Long-line culture systems for blood cockle were set up on the surface of a canal (1.5 m 

maximum depth) between the lagoon and the sea (Karayücel et al., 2002, 2003). Water 

temperature was monitored with a temperature recorder (Star-Oddi) at 6-h intervals. 

Salinity was measured with a light refractometer (±1‰). Chlorophyll a, particulate 

organic matter, particulate inorganic matter, and total particulate matter were 

determined according to the methods of Strickland and Parson (1972). Except for 

temperature, measurements for determining environmental factors were taken from the 

surface water every two weeks.  

 Growth and survival. Blood cockle spat were gathered from pearl oyster collectors at 

Karantina Island in the middle of Izmir Bay, Aegean Sea (38º22’44” N, 26º47’12”E). The 

cockles were separated from the collectors by hand and transported to the laboratory to 

form four length groups of 150 individuals, divided into triplicates of 50 cockles, each. 

Initial anterior-posterior lengths were 5.6±1.8, 7.79±0.45, 9.76±1.23 mm, and 

11.43±0.65 mm. Groups were put into cylinder-conic plastic mesh bags and the bags 

were placed in Sufa Lagoon two days after collection. The bags were renewed at each 

sampling, and fouling organisms were removed from the blood cockles with a knife. The 

length, width, thickness, and total weight of each cockle were measured. Shell length 

(anterior-posterior) and width (dorsal-ventral) were measured with a composing stick 

and total weight with an electronic balance after being dried on blotting paper.  

 The cockles were sampled monthly to estimate growth. Specific growth rates (SGR) 

for length and weight were calculated as per Grecian et al. (2000): SGR = 100(ln final 

length - ln length at a specific time)/specific time. Growth parameters were fitted to age-

length data in the von Bertalanffy (1938) equation as follows: Lt = L∞ (1- e(-k(t - to)), where 

L∞ is the asymptotic length (mm), k is the growth constant, t is the age, and t0 is the age 

at zero length. Each monthly sampling was evaluated as 1/12 years. In the first year of 

growth, the estimated coefficient k value was annual while L∞ should be regarded as the 

length reached in the first year. The index used to measure growth performance, phi 

prime (Ф′), was defined as log(k) + 2log(L∞) as in Munro and Pauly (1983) and Pauly 
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and Munro (1984). Living and dead individuals were counted to determine mortality (%) 

as 100(No - Nt)/No, where No is the number of blood cockles at the beginning of the 

experiment and Nt is the number of live blood cockles at time t (Lok et al., 2006). 

 Data analysis. Differences between size groups in shell length and weight increments 

were analyzed for each sampling time by one-way ANOVA. Mortality at the end of the 

study was tested by chi square. The relationship between shell length (L) and total live 

weight (W) was tested using regression analysis and Student’s t test (Zar, 1984). 

Parameters a (intercept) and b (slope) of the L/W relationships were estimated by the 

nonlinear: W = aLb. Depending on the value of the exponent, the relationships were 

classified as allometric (b ≠ 3) or isometric (b = 3). The b value was tested by t test at 

the 0.05 significance level to verify that it significantly differed from isometric growth. 

Single regression analysis was used to investigate the relationship between growth rate 

and temperature, chlorophyll a, and total particulate matter. Statistic analyses were 

performed with Excel (2003) and SPSS version 13.0 for Windows. 

 

Results 

Temperature generally increased from May to August 2007, reached a maximum of 31°C, 

then decreased until February (Fig. 1). Salinity ranged 43.8‰ (October) to 33.4‰ 

(November). Chlorophyll a was low in May 2007 (1.7 µg/l) and reached a maximum in 

October 2008 (9.0 µg/l). Particulate organic matter corresponded with the seasonal 

variation in particulate inorganic matter, while total particulate matter was highest in 

September 2007 (50 mg/l) and lowest in March 2008 (7.49 mg/l).  

 

       a         b 

T
e
m

p
e
ra

tu
re

 (
°
C

) 

0

5

10

15

20

25

30

0

5

10

15

20

25

30

35

40

45

50Salinity Temperature

T
em

p
er

at
u

re
 °

C

a

S
al

in
it

y 
(‰

)

 

S
a
li
n
it
y
 (

‰
) 

C
h
lo

ro
p
h
y
ll
 a

 a
 (

μ
g
/l

) 

0

1

2

3

4

5

6

7

8

9

10

C
hl

or
op

hy
ll-

a 
(µ

g/
l)

b

 

 

0

5

10

15

20

25

30

0

5

10

15

20

25

30

35

40

45

50Salinity Temperature

T
e
m

p
e
ra

tu
re

 °
C

a

S
a
li

n
it

y
 (

‰
)

  

 
0

2

4

6

8

May Jun Jul Aug Sep Oct Nov Dec Jan

08

Feb Mar Apr May

5 mm 7 mm

9 mm 11 mm

T
o
ta

l 
w

e
ig

h
t 

(g
)

d

 
        c    

S
e
s
to

n
 (

m
g
/l

) 

0

10

20

30

40

50

60

M
a

y

J
u

n

J
u

l

A
u

g

S
ep

O
ct

N
o

v

D
ec

J
a

n
 0

8

F
eb

 

M
a

r

A
p

r

M
a

y

TPM PIM POM

S
e
st

o
n

 (
m

g
/l

)

c

 

  
 

 
    Fig. 1. Fluctuation in (a) temperature and 
salinity, (b) chlorophyll a, and (c) particulate 
organic matter (POM), particulate inorganic 
matter value (PIM), and total particulate 
matter (TPM) between May 2007 and May 
2008 in Sufa Lagoon, Turkey.  
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 The cockles grew continuously throughout the experiment although seasonal growth 

varied (Fig. 2). At the end of twelve months of rearing, mean shell width in the smallest 

size group (5 mm) reached 15.4 mm, in the next group (7 mm) 17.78 mm, the next 

group (9 mm) 19.2 mm, and the largest group (11 mm) 18.24 mm. Initial shell 

thicknesses were 2.3, 3.37, 4.45, and 5.24 mm for the four groups while final shell 

thicknesses were 11.03, 13.08, 16.05, and 14.5 mm, respectively, and final weights 

were 3.62, 4.75, 6.87, and 5.74 g. Length and weight growths significantly differed 

between groups. 

 The highest specific growth rates (57%-153%) in all size groups occurred during 

May-June 2007 (Fig. 3). The growth rates correlated with temperature and chlorophyll a, 

but not with total particulate matter. The allometric growth relationship between total 
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weight (W) and length (L) was W = 0.1972L3.0948 (R2 = 0.96) while the slope b and 

condition factor were 3.098 and 0.115, respectively (Fig. 4). Positive allometric growth 

according to linear regression significantly differed. The von Bertalanffy model generated 

the following results (L in mm; t in years): L = 29.65(1 - e-1.19(t + 0.30)), and provided 

estimates of asymptotic length (L∞ = 29.65 mm), while k = 1.19/year (Fig. 5). The 

growth index, pi prime (Ф′), was 2.34. The highest mortalities were 5% in May 2008 for 

5 mm, 3% in January 2007 for 7 mm, and 8% in April 2008 for 9 mm (Fig. 6). Final 

mean survival was 65%, 71%, 84%, and 100% for the 5 mm, 7 mm, 9 mm, and 11 mm 

size groups, respectively. 
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    Fig. 5. Von Bertalanffy growth curve of 
Anadara inaequivalvis.  
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    Fig. 2. Growth of Anadara inaequivalvis in terms of length (a), width (b), thickness (c) and total 
weight (d) during the study period. 
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    Fig. 3. Monthly specific growth rates (SGR) of shell (a) weight and (b) length. 
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Discussion 

Growth in bivalves is influenced by many 

factors, including temperature, food 

intake, current action, salinity, food 

availability, water flow, and reproductive 

state. Temperature has an important 

influence on the physiological and 

biochemical attributes of bivalves (Newell 

and Branch, 1980). This influence, in 

relation to food availability (Toro et al., 

1999) influences tolerance to high (Ansell 

et al., 1991; Wilson and Elkaim, 1991) and low (Beukema, 1979; Dekker and Beukema, 

1993) temperatures. Sufa Lagoon water has considerably high chlorophyll a and total 

particulate matter in comparison to other bivalve culture areas in Turkey where bivalve 

food resources have been examined. Chlorophyll a and total particulate matter were 3.88 

µg/l and 13.12 mg/l, respectively, in Mersin Bay, Aegean Sea (Lok et al., 2006). In our 

study, the growth rate of shell length correlated positively with temperature and 

chlorophyll a (p<0.05). Similarly, growth of blood ark (A. ovalis) is minimal in winter and 

rapid in spring and summer (Walker, 1998). 

 Blood cockle reached 26.28-30.48 mm in this study, i.e., 1.21 mm/month during one 

year. This rate is slow when compared to small A. ovalis cultured in suspended subtidal 

pearl nets that grew from 7.5 mm to 38.46 mm in 12 months at a rate of 2.58 

mm/month (Walker, 1998) or those that grew from 31.87 mm to 44.99 mm with a 

monthly average of 1.85 mm when cultured in mesh bags on soft bottom sediments 

(Power and Walker, 2001). Our growth rates significantly differed between groups, 

especially that of small spat (5 mm) that quickly adapted to study conditions. Growth is 

usually rapid during the first months and decreases with age, size, and environmental 

factors (King, 1977; Brown and Hardwick, 1988). Because of this, growth declined in 

later months and even stopped during winter.  

 Growth curves and von Bertalanffy parameters were used to compare growth 

between our cultured cockles and natural populations (Table 1). The k and Ф′ values 

show that growth was faster in our study than in natural populations, indicating that our 

culture conditions are suitable for A. inaequivalvis. There are major differences in growth 

between populations both on a wide geographical scale and in relatively close locations 

(Ansell et al., 1991). Bags, suspended boxes, and bottom boxes are effective for growth 

and survival of cultured pearl oysters (Urban, 2000). In this study, positive allometric 

growth was obtained for the W/L relationship, in agreement with results for Scapharca 

broughtonii (Park and Oh, 2002) and A. transversa (demiri; Morello et al., 2004), but in 

contrast to isometric growth in A. angulata (Mzighani, 2005).  

 
    Table 1. Growth parameters and growth performance index (Ф′) of Anadara species. 
 

Species Location k (year) L∞ (mm) Ф′ Source 

A. inaequivalvis Sufa Lagoon, Aegean Sea 1.9 29.65 3.22 This study 

A. inaequivalvis Black Sea 0.23 89.3 3.26 Sahin et al. (2009) 

A. tuberculosa Costa Rica 0.14 63.15 2.75 Stern-Pirlot and Wolff (2006) 

A. ovalis USA 0.45 57.5 3.17 McGraw et al. (2001) 

A. gronosa Philippines 1.84 36.9 3.39 Vakily (1992) 

 

 In the present study, the smallest size group (5 mm) had significantly lower survival 

(65%) than the other groups. Handling samples for monthly measurement affects the 

survival rate of mussels and oysters in small size classes (Cáceres-Martínez et al., 1995; 

Lök et al., 2007). Anadara ovalis kept in mesh bags on soft bottom sediments in 

Georgian coastal waters grew well with little mortality (35%) in a year of culture (Power 

and Walker, 2001), but survival of A. ovalis in pearl nets suspended from a floating dock 

was 57-62.3% (Walker, 1998), lower than the survival rate of A. inaequivalvis in Sufa 

Lagoon (65-100%). 
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    Fig. 6. Monthly survival rates of Anadara 
inaequivalvis of different size groups.  
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 In conclusion, this study shows that the survival rate of A. inaequivalvis cultured in 

suspended nets in Sufa Lagoon is relatively high, although growth is rather slow. 

 

Acknowledgements 

This study was supported by BAP Project (SUF/014)/Ege University and was conducted in 

Sufa Lagoon, Fishery Faculty of Ege University. Special thanks to Dr. Deniz Acarlı, Sedat 

Tepeli, and Bayram Ceylan for their help with technical assistance during the study 

period. We also thank Bilge Nomm and Gaye Oktar for the English translation of the 

manuscript. 

  

References 

Ansell D.A., Dao J.C. and J. Mason, 1991. Three European scallops: Pecten maximus, 

Chlamys (Aequipecten) opercularis and C. (Chlamys) varia. pp. 715-751. In: S.E. 

Shunway (ed.). Scallop: Biology, Ecology, and Aquaculture. Elsevier, Amsterdam. 1095 

pp. 

Beukema J.J., 1979. Biomass and species richness of the macrobenthic animals living 

on a tidal flat area in the Dutch Wadden Sea: effects of a severe winter. Neth. J. Sea 

Res., 13:203-223. 

Brown J.R. and E.B. Hardwick, 1988. Influence of temperature, salinity and available 

food upon suspended culture of the Pacific oyster, Crassostrea gigas. II. Condition index 

and survival. Aquaculture, 70:253-267. 

Cáceres-Martínez J., Robledo J.A.F. and A. Figueras, 1995. Presence of Bonamia 

and its relation to age growth rates and gonadal development of the flat oyster, Ostrea 

edulis, in the Ría de Vigo, Galicia (NW Spain). Aquaculture, 130:15-23. 

Dekker R. and J.J. Beukema, 1993. Dynamics and growth of a bivalve, Abra tenuis, at 

the northern edge of its distribution. J. Mar. Biol. Assoc. UK, 73:497-511.  

FAO, 2004. Fisheries Statistics, Aquaculture Production 2002. Rome 98(2). 104 pp. 

Fischer W., Bauchot M.L. and M. Schneider, 1987. Fiches FAO d’identification espéces 

pour les besoins de la pé (Révision 1). Mèditerranèe et mer Noire, Zone de pêche 37. 

Revission 1, Volume 1 Vegetauxet Invertebres, Rome. 631 pp.  

Grecian L.A., Parsons G.J., Dabinett P. and C. Couturier, 2000. Influence of season, 

initial size, depth, gear type and stocking density on the growth rate, and recovery of sea 

scallop, Placopecten magellancius, on a farm-based nursery. Aquacult. Int., 8:183-206. 

Karayücel S., Erdem M., Uyan O., Saygun S. and I. Karayücel, 2002. Spat 

settlement and growth on a long-line culture system of the mussel, Mytilus 

galloprovincialis, in the southern Black Sea. Isr. J. Aquacult. - Bamidgeh, 54(4):163-172. 

Karayücel S., Karayücel I., Erdem M., Saygun S. and O. Uyan, 2003. Growth and 

production in long-line cultivated Mediterranean mussel in Sinop, Black Sea. Isr. J. 

Aquacult. - Bamidgeh, 55(4):169-178. 

Kawamoto N., 1928. Oxygen capacity of the blood of certain invertebrates which 

contains hemoglobin. Sci. Rep. Tohoku Univ., 4th Ser. 3:561-575. Cited by Brown M.J., 

1985. The Biology and Culture of Marine Bivalve Molluscs of the Genus Anadara. ICLARM 

Studies and Reviews 12, Manila. 37 pp. 

King M.G., 1977. Cultivation of the Pacific oyster (Crassostrea gigas) in a non-tidal 

hypersaline pond. Aquaculture, 11:123-136.  

Lok A., Acarli S., Serdar S., Kose A. and P. Goulletquer, 2006. Growth and survival 

rates of bearded horse mussel (Modiolus barbatus Linne, 1758) in Mersin Bay (Turkey). 

Isr. J. Aquacult. - Bamidgeh, 58(1):55-61. 

Lök A., Acarlı S., Serdar S., Köse A. and H. Yıldız, 2007. Growth and mortality of 

Mediterranean mussel Mytilus galloprovincialis Lam., 1819, in relation to size on longline 

in Mersin Bay, Izmir (Turkey-Aegean Sea). Aquacult. Res., 38:819-826. 

McGraw K.A., Castagna M. and L.L. Conquest, 2001. A study of the arkshell clams, 

Noetia ponderosa (Say 1822) and Anadara ovalis (Bruguiere 1789), in the oceanside 

lagoons and tidal creeks of Virginia. J. Shellfish Res., 20:185-195. 

http://www.siamb.org.il/uploads/54_4_karayucel_mussel_ABS.pdf
http://www.siamb.org.il/uploads/55_3_karayucel_abs.pdf
http://www.siamb.org.il/uploads/55_3_karayucel_abs.pdf
http://www.siamb.org.il/Content_siamb/editor/58_1_lok_abs.pdf


 Growth and survival rates of Anadara inaequivalvis 7 

 

Morello E.B., Solustri C. and C. Froglia, 2004. The alien bivalve Anadara demiri 

(Arcidae): a new invader of the Adriatic Sea, Italy. J. Mar. Biol. Assoc. UK, 84:1057-

1064.  

Munro J.L. and D. Pauly, 1983. A simple method for comparing the growth of fishes 

and invertebrates. Fishbyte ICLARM, 1:5-6. 

Mzighani S., 2005. Fecundity and population structure of cockles, Anadara antiquata L. 

1758 (Bivalvia: Arcidae) from sandy/muddy beach near Dar es Salaam, Tanzania. W. 

Indian Ocean J. Mar. Sci., 4(1):77-84. 

Newell R.C., and G.M. Branch, 1980. The influence of temperature on the maintenance 

of metabolic energy balance in marine invertebrates. Adv. Mar. Biol., 17:329-396. 

Park K.Y. and C.W. Oh, 2002. Length-weight relationship of bivalves from coastal 

waters of Korea. Naga. ICLARM Q., 25:(1)21-22. 

Pauly D. and J.L. Munro, 1984. Once more on the comparison of growth in fish and 

invertebrates. Fishbyte ICLARM, 2(1):21. 

Power A.J. and R.L. Walker, 2001. Growth and survival of the blood ark Anadara ovalis 

(Bruguière, 1789) cultured in mesh bags on soft-bottom sediments in the coastal waters 

of Georgia. J. World Aquacult. Soc., 32(3):269-277. 

Sahin C., Düzgüneş E. and I. Okumuş, 2006. Seasonal variations in condition index 

and gonadal development of the introduced blood cockle Anadara inaequivalvis 

(Bruguiere, 1789) in the southeastern Black Sea coast. Turkish J. Aquat. Sci., 6:155-163. 

Sahin C., Emiral H., Okumuş I., Gozler A.M., Kalaycı F. and N. Hacimurtezaoglu, 

2009. The benthic exotic species of the Black Sea: blood cockle (Anadara inaequivalvis, 

Bruguiere, 1789: bivalve) and rapa whelk (Rapana thomasiana, Crosse, 1861: mollusc). 

J. Anim. Vet. Adv., 8(2):240-245.  

Stern-Pirlot A. and M. Wolff, 2006. Population dynamics and fisheries potential of 

Anadara tuberculosa (Bivalvia: Arcidae) along the Pacific coast of Costa Rica. Rev. Biol. 

Trop., 54(1):87-99. 

Strickland J.D.H. and T.R. Parsons, 1972. A Practical Handbook of Seawater Analysis. 

Bull. Fish. Res. Board Canada. 310 pp.  

Toro J.E., Paredes P.I., Villagra D.J. and C.M. Senn, 1999. Seasonal variation in the 

phytoplanktonic community, seston and environmental variables during a 2-year period 

and oyster growth at two mariculture sites, southern Chile. Mar. Ecol., 20(1):63-89. 

Urban H.J., 2000. Culture potential of the pearl oyster (Pinctada imbricata) from the 

Caribbean. II. Spat collection, and growth and mortality in culture system. Aquaculture, 

189:375-388.  

Vakily J.M., 1992. Determination and Comparison of Bivalve Growth, with Emphasis on 

Thailand and Other Tropical Areas. ICLARM Tech. Rep. 36. 125 pp. 

Von Bertalanffy L., 1938. A quantitative theory of organic growth. Human Biol., 

81:181-213. 

Walker R.L., 1998. Growth and survival of the blood ark, Anadara ovalis (Bruguière, 

1789), in coastal Georgia. Georgia J. Sci., 56:181-200. 

Wilson J.G. and B. Elkaim, 1991. Temperature tolerances of infaunal bivalves and the 

effect of geographical distribution, position on the shore and season. J. Mar. Biol. Assoc. 

UK, 71:169-177. 

Zar J.H., 1984. Biostatistical Analysis. Prentice-Hall, New Jersey. 130 pp. 


