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Abstract. Anadara pilula is a species in the family Arcidae, which is important economically and used 
widely as a food source. The cockles have a wide distribution, especially on the north coast of Java 
Island, Indonesia, and can be found off the coasts of Labuan, Cirebon and Gresik. Differences in the 
characteristics of the coastal habitat in northern Java Island has led to morphological differences in A. 
pilula. This study aimed to assess differences in morphological characteristics of A. pilula from three 
locations on the northern coast of Java Island. Shell dimensions of 252 individuals from the three regions 
were measured. Simple regression analysis of shell length versus shell depth showed a difference in 
slope between the Gresik and Cirebon populations. One-way ANOVA and discriminant analysis were 
performed to compare and describe morphological differences among locations. The results showed that 
three morphometric characteristic significantly differed among the three populations (umbo height of 
right valve, symmetry of right valve and symmetry of left valve). A. pilula from the Gresik coast differred 
the most in morphometric characters. 
Key Words: Anadara pilula, Cirebon coast, Gresik coast, Labuan coast, morphometric variation. 

 
 

Introduction. Indo-Pacific region is a region with the world's highest diversity of 
bivalves. Southeast Asia, including Indonesia is one of the main parts of the Indo-Pacific 
region (Hutomo & Moosa 2005). Based on recent data, there are 38 known species of the 
subfamily Anadarinae in this region (Lutaenko 2011), one of them is Anadara pilula. 
Distribution of this species had been recorded in Indo-Pacific regions such as Philippines 
(Lozouet & Plaziat 2008; Dolorosa & Dangan-Galon 2014), Thailand (Sanpanich 2011), 
New Hebrids Island, (Solem 1959), Australia (Li & Morrison 2011), Hongkong (Cheung & 
Wang 2008), Vietnam (Evseev & Lutaenko 1998), China (Feng et al 2011) and Indonesia 
(Mudjiono & Kastoro 1997; Satrioajie et al 2013; Akhrianti et al 2014). A. pilula or pill 
ark cockle has fairly extensive distribution in Indonesia, it was found in Tegal coast 
(Satrioajie et al 2013), Panimbang (Mudjiono & Kastoro 1997), as well as in the coast of 
East Belitung (Akhrianti et al 2014). In their habitat, A. pilula is often found in association 
with other cockles, such as blood cockle (A. granosa), A. indica and A. inequivalvis. A. 
pilula plays an important role as a deposit and filter feeder (Mudjiono & Kastoro 1997) 
controling the growth of phytoplankton. Additionally, Anadara cockles also act as a 
natural prey of gastropods Natica maculosa, and Thais carinifera (Broom 1982), Thais 
forbesi, shorebirds, and stingrays (Okera 1976).   

A. pilula is one species of the family Arcidae which has an important economic 
value in Indonesia, as a protein  source. Though it has a great potential and benefits, the 
study of A. pilula is still very limited, in Indonesia as well as in the world. Several studies 
have been conducted on A. pilula, for examples its distribution and abundance in Gulf 
Miskam Panimbang, Indonesia (Mudjiono & Kastoro 1997), DNA barcoding (Feng et al 
2011), morphometric characteristics and growth (Satrioajie et al 2013), heavy metal 
accumulation (Cheung & Wang 2008) and is found in the study of bivalves distribution 
conducted in East Belitung, Indonesia (Akhrianti et al 2014), Illawarra lagoon, Australia 



AACL Bioflux, 2015, Volume 8, Issue 4. 
http://www.bioflux.com.ro/aacl 557 

(Li & Morrison 2011), Iwahig River-Estuary, Philippines (Dolorosa & Dangan-Galon 2014), 
Vietnam (Evseev & Lutaenko 1998), Gulf of Thailand (Sanpanich 2011) and New Hebrides 
Island (Solem 1959).    

Morphometrics variation is determined by biotic (Levitan 1988; Preston & Roberts 
2007) and abiotic environment variability (Laudien et al 2003; Tarnowska et al 2009; 
Mariani et al 2002; Soares et al 1999), genetic factors (Kawecki & Ebert 2004), and also 
interaction of environment and genetic factors (Pigllucci 1996; Soares et al 1999).  
Cockles experience meroplankton in the larval stages, thus allowing exchange of 
genotypes between regions due to ocean currents. In addition, cockles will adapt to the 
environment in which they lived. Several previous studies indicated a difference in 
morphometric characters in bivalve from several different areas, such as the research 
conducted by Luttikhuizen et al (2003) and Tarnowska et al (2009). Luttikhuizen et al 
(2003) suggested variations of morphological characters of Malcoma balthica shells in the 
Wadden Sea and the North Sea were caused by the presence of selective predation. 
Meanwhile, Tarnowska et al (2009) who conducted a study of cockles Cerastoderma 
glaucum in some regions of Europe stated the smallest size shells of C. glaucum found in 
the region with the lowest salinity due to osmotic stress. 

Differences in habitat characters along north coastal of Java Island suspected to 
lead adaptation of A. pilula through mechanisms of physiology, morphology, and 
behavior. Genetic differences and morphological adaptation lead to difference in shell 
morphological characters among cockles originating from different regions in the north 
coast of Java Island. This study aim at assessing shell morphological characters of A. 
pilula population in three locations in north coast of Java Island.  

 
Material and Method 
  
Sampling location. A. pilula individuals were sampled using rake in intertidal areas at 
Labuan, Cirebon and Gresik (Indonesia) in the 2014 and 2015 (Figure 1). Shells from 252 
individuals originating from these regions were measured. Nine morphometric 
characteristics were examined, including shell length, shell depth, ligament length, height 
of right and left valves, umbo height of right and left valves, and symmetry of right and 
left valves (Figure 2). Shell dimensions were measured using digital calipers to the 
nearest 0.01 mm. 
 

 
Figure 1. Sampling locations of Anadara pilula on the north coast of Java Island 

(Map source: Badan Informasi Geografis 2014). 
 

  
 



AACL Bioflux, 2015, Volume 8, Issue 4. 
http://www.bioflux.com.ro/aacl 558 

            
Figure 2. Measurements of morphological characteristics of Anadara pilula (SL: shell length,  

SD: shell depth, LL: ligament length, HRV: height of right valve, UHR: umbo height of right valve, 
SRV: symmetry of right valve, SLV: symmetry of left valve) (Picture source: Poutiers 1998). 

 
Statistical analysis. All morphology data were corrected for length to make 
comparisons among sites. Morphological data among sites were compared using one-way 
ANOVA (analysis of variance). The post hoc Games-Howel test was used to determine 
statistical differences between two sites. 

Simple regression analysis was performed between shell length and shell depth 
and between shell length and shell height for each cockle population. The slope and 
intercept between two regressions were identified by analysis of covariance (ANCOVA) to 
determine the difference between two regressions.  

Discriminant analysis was performed to display separation among the three 
populations of A. pilula. The classification functions within discriminant analysis were 
used to assess how accurately individual cockles grouped into different populations. 
Cluster analysis was used to display a dendrogram of populations based on the similarity 
of morphological characteristics. 
 
Results and Discussion  
 
Morphological inter-site comparisons. Results of morphometric ratio comparisons of 
A. pilula from the three regions (Labuan coast, Cirebon coast, Gresik coast) using one-
way ANOVA showed that three characteristics were significantly different among the sites 
(p < 0.05): umbo height of the right valve, symmetry of the right valve and symmetry of 
the left valve (Table 1). The post hoc Games-Howell test was conducted to determine the 
region with significantly different morphometric characteristics. 

Based on the post hoc Games-Howell test, there was significant difference in ratio 
of the umbo height of the right valve to shell length between A. pilula populations from 
Labuan and Cirebon. The ratios of symmetry of the right and left valves to shell length 
showed similar results, with significant differences among all three populations of A. 
pilula (p < 0.05).  

Results from the simple regression analysis of morphometric characteristics are 
shown in Table 2. Simple regression analysis conducted on shell length versus shell depth 
showed a significant difference in slope between Cirebon and Gresik A. pilula populations 
(p < 0.05) (Figure 3a). The intersection point between the regression lines for the 
Cirebon and Gresik populations occurred at a shell length of 24.4 mm and shell depth of 
20.2 mm (24.4, 20.2). A. pilula from Gresik with a length shorter than 24.4 mm have 
greater shell depth than that of A. pilula from Cirebon of the same length, but with shell 
lengths longer than 24.4 mm, individuals from Gresik are flatter than those from Cirebon 
of the same length. In contrast, A. pilula populations from Cirebon and Labuan show no 
differences in slope and intercept (p > 0.05), indicating that shell depth does not 
significantly differ between individuals of the same length. Comparison between Labuan 
and Gresik populations showed significant differences in intercept values, with Gresik 
individuals having greater shell depth than Labuan individuals of the same length (p < 
0.05). 
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Regression analysis of shell length versus shell height showed no difference in slope 
among populations, but there was a difference between population intercepts between 
Cirebon and Gresik and between Labuan and Gresik populations. Shell height for Cirebon 
versus Gresik and Labuan versus Gresik populations differed significantly, and the Gresik 
population consistently had a greater shell height than the others (p<0.05) (Figure 3b). 
In contrast, the Cirebon-Labuan cockle population showed no difference in shell height 
(p>0.05). 

 
Table 1  

Morphometric characteristic comparison of Anadara pilula (mean±SE) among Cirebon, 
Labuan and Gresik populations 

Characters Cirebon coast 
(n = 106) 

Labuan coast 
(n = 101) 

Gresik coast 
(n = 47) 

SD/SL 0.8343±0.0037 0.8336±0.0031 0.8464±0.0053 
LL/SL 0.7367±0.0026 0.7354±0.0033 0.7367±0.0039 

HLV/SL 0.9554±0.0028 0.9517±0.0029 0.9563±0.0040 
HRV/SL 0.9145±0.0028 0.9110±0.0026 0.9222±0.0040 
UHL/SL 0.1674±0.0015 0.1645±0.0015 0.1620±0.0022 
UHR/SL 0.1606±0.0017a 0.1529±0.0016b 0.1595±0.0026ab 
SRV/SL 0.3055±0.0021a 0.3203±0.0021b 0.2854±0.0030c 
SLV/SL 0.2920±0.0021a 0.3007±0.0019b 0.2767±0.0030c 

a,b,c within the same row, values with different superscript are significantly different (p < 0.05). SL: shell length, 
SD: shell depth, LL: ligament length, HLV: height of left valve, HRV: height of right valve, UHR: umbo height of 
right valve, UHL: umbo height of left valve, SRV: symmetry of right valve, SLV: symmetry of left valve. 

 
Table 2 

Results of simple regression analysis and ANCOVA of shell length versus shell depth and 
shell length versus shell height 

 
ANCOVA result Location y=a+bx R2 N 

Slope Intercept 
shell length-shell depth 

Labuan SL = 1.47+0.76SD (p<0.001) 0.84 100 
Cirebon SL = 0.81+0.79SD (p<0.001) 0.86 106 

parallel 
(p>0.05) 

a1 = a2 

Labuan SL = 1.47+0.76SD (p<0.001) 0.84 100 
Gresik SL = 4.33+0.65SD (p<0.001) 0.73 46 

parallel 
(p>0.05) 

a1 ≠ a2 

Cirebon SL = 0.81+0.79SD (p<0.001) 0.86 106 
Gresik SL = 4.33+0.65SD (p<0.001) 0.73 46 

non-parallel 
(p<0.05) 

- 

shell length-shell height 
Labuan SL = 2.27+0.84SH (p<0.001) 0.89 100 
Cirebon SL = 2.32+0.85SH (p<0.001) 0.93 106 

parallel 
(p>0.05) 

a1 = a2 

Labuan SL = 2.27+0.84SH (p<0.001) 0.89 100 
Gresik SL = 2.92+0.82SH (p<0.001) 0.87 46 

parallel 
(p>0.05) 

a1 ≠ a2 

Cirebon SL = 2.32+0.85SH (p<0.001) 0.93 106 
Gresik SL = 2.92+0.82SH (p<0.001) 0.87 46 

parallel 
(p>0.05) 

a1 ≠ a2 

SL: shell length.  
 

The three populations of A. pilula on the north coast of Java Island showed differences in 
morphometric characteristics among sites. Three morphometric characteristics (umbo 
height of the right valve, symmetry of the right valve and symmetry of the left valve) 
significantly differed among regions. Differences in morphometric characteristics in A. 
pilula populations may be due to genetic (Benton et al 1994) and environmental 
influences (Mariani et al 2002; Laudien et al 2003; Pigllucci 2005; Guarneri et al 2014). 
Several environmental factors that affect morphometric characteristics of bivalves include 
temperature (Laudien et al 2003), salinity (Eisma 1965), type of sediment (Newell & Hidu 
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1982), tide level (Griffiths 1981; De Montaudoin 1996) and presence of predators (Dalziel 
& Boulding 2005).  
 

 
Figure 3. Regression analysis of Anadara pilula morphometric characteristics. (a) Shell length 

versus shell depth regression analysis with respect to region of origin, and (b) shell length  
versus shell height regression analysis with respect to region of origin. 

 
Based on simple linear regression analysis of shell length versus shell depth and shell 
length versus shell height, we showed that shell length growth occurs at a faster rate 
than those of shell height and shell depth. ANCOVA showed that the regression slopes of 
shell length and shell depth between the Cirebon and Gresik populations were 
significantly different (p < 0.05). The intersection point of the two lines was 24.4 mm for 
shell length and 20.2 mm for shell depth, indicating that above this size, individuals of 
the Cirebon population will have a greater shell depth than those of the Gresik population 
of the same length. Cockles of the same length showed no differences in shell height and 
shell depth between Cirebon and Labuan (p > 0.05). Differences in growth rate and 
growth pattern between the different populations may be caused by various external 
factors. Some examples of these external factors are length of the immersion period due 
to tidal levels (Griffiths 1981), population density, which may lead to intraspecies 
competition (Jensen 1993) and parasitic disturbance (Miura & Chiba 2007). In addition, 
growth is also strongly influenced by internal factors (Paynter & Mallonee 1990; Meyer & 
Manahan 2010).  
 
Discriminant analysis and morphometrics dendrogram. Discriminant analysis was 
performed to determine the overall morphometric differences among populations and to 
classify individuals based on morphometric shell characteristics. Discriminant functions 
from eight ratios of morphometric characteristics showed significant results (p < 0.05, 
with a classification success of 69% in distinguishing among the three populations of A. 
pilula (Figure 4). A. pilula individuals from Labuan were appropriately grouped at a rate 
of 79%, while those from Gresik and Cirebon were appropriately grouped at rates of 57% 
and 76%, respectively. 
 

 

  
     (a)              (b) 
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Figure 4. Distinction of morphological characteristics among Anadara pilula collected  

from three regions. 
 
The dendrogram formed using the morphometric characteristics ratio data showed that A. 
pilula from Cirebon had the highest similarity to cockles from Labuan, while those from 
Gresik differed the most in morphometric characteristics (Figure 5). Cluster analysis 
revealed similar results to discriminant analysis.  

A. pilula from Gresik differred the most in morphometric characteristics of the 
populations examined. This is based on the morphometric dendrogram and on 
discriminant analysis, in which the centroid of the Gresik population was the greatest 
distance from the others. Differences in morphometric characteristics of A. pilula 
populations may be due to differences in environment, such as temperature (Laudien et 
al 2003), salinity (Tarnowska et al 2009; Mariani et al 2002), tidal level (De Montaudoin 
1996) and predation (Luttikhuizen et al 2003). Laudien et al (2003) showed differences 
in morphometric characteristics in the clam Donax serra with respect to temperature, in 
that clams in cooler waters had flatter shells compared with those from warmer waters. 
The research of De Montaudoin (1996), conducted in Arachon Bay, showed that the 
period of immersion due to tidal level was positively correlated with average shell length 
in the cockle population (Cerastoderma edule). In addition, the type of sediment also 
affects shell shape in benthic organisms (Newell & Hidu 1982). 

Other external factors, such as density of individuals, can also affect the 
morphometric characteristics of marine animals. Irie (2006) found that juveniles of the 
gastropod Cypraea annulus living at high densities had smaller size and lower callus 
thickness. Eisma (1965) found that temperature and salinity can affect the shape and 
size of shells. This was demonstrated by the small shell size of a C. glaucum population 
living in the Baltic Sea, which has a low average salinity (Tarnowska et al 2009). Shell 
shape changes were also seen in a C. edule population from Scotland, which exhibited a 
more spherical shape due to low salinity (Mariani et al 2002). 
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Figure 5. Dendrogram of morphometric characteristics of Anadara pilula populations from  

Labuan, Cirebon and Gresik. 
 

Geographically, Gresik is the furthest distance from the other sites on the eastern side of 
Java Island, while Labuan and Cirebon are located in the west. Additionally, Gresik is 
located on a relatively narrow strait (Madura Strait) minimizing its connection with other 
regions. Therefore, genotypic differences may be a source of the differences in shell 
morphometric characteristics in addition to differences in habitat condition. How 
environmental factors affect morphometric characteristics among these three locations 
requires further investigation. Although much evidence suggests that shell morphometric 
characteristics are strongly influenced by local environmental conditions, the influence of 
genetic factors cannot be excluded and have not yet been assessed. 
 
Conclusions. There are differences in morphometric characteristics among A. pilula from 
Labuan, Cirebon and Gresik as indicated by umbo height of the right valve, symmetry of 
the right valve and symmetry of the left valve, which significantly differed among the 
populations. A. pilula from Gresik differed the most in morphometric characteristics. 
Differences in environmental factors among sites are suspected to be the cause of 
variation in morphometric characteristics. Along with environmental factors, genetic 
factors may also affect shell shape in A. pilula. 
 
Acknowledgements. We would like to thank Oto Prasadi and L. Panji I. A. from Bogor 
Agricultural University for their help in A. pilula sampling in Labuan and Cirebon coast. 
Some part of sample collections were funded by Research Center of Environmental 
Studies (PPLH), Bogor Agricultural University. 
 
References 
 
Akhrianti I., Bengen D. G., Setyobudiandi I., 2014 [Spatial distribution and habitat 

preference of bivalvia in the coastal waters of Simpang Pesak subdistrict, east 
Belitung district]. Jurnal Ilmu dan Teknologi Kelautan Tropis 6:171-185 [in 
Indonesian]. 

Badan Informasi Geografis (BIG), 2014 Map of Republic Indonesia. Available at 
http://www.bakosurtanal.go.id/assets/download/nkri/NKRI_2.5_jt.jpg. 

Benton M. J., Diamond S. A., Guttman S. I., 1994 A genetic and morphometric 
comparison of Helisoma trivolvis and Gambusia holbrooki from clean and 
contaminated habitats. Ecotoxicology and Environmental Safety 29:20-37. 



AACL Bioflux, 2015, Volume 8, Issue 4. 
http://www.bioflux.com.ro/aacl 563 

Broom M. J., 1982 Size-selection, consumption rates and growth of the gastropods Natica 
maculosa (Lamarck) and Thais carinifera (Lamarck) preying on the bivalve Anadara 
granosa (L.). Journal of Experimental Marine Biology and Ecology 56:213-233. 

Cheung M. S., Wang W. X., 2008 Analyzing biomagnification of metals in different marine 
food webs using nitrogen isotopes. Marine Pollution Bulletin 56:2082-2088. 

Dalziel B.  Boulding E. G., 2005 Water-borne cues from a shell-crushing predator induce 
a more massive shell in experimental populations of an intertidal snail. Journal of 
Experimental Marine Biology and Ecology 317:25-35.  

De Montaudouin X., 1996 Factors involved in growth plasticity of cockles Cerastoderma 
edule (L.), identified by field survey and transplant experiments. Journal of Sea 
Research 36:251-265. 

Dolorosa R. G., Dangan-Galon F., 2014 Species richness of bivalves and gastropods in 
Iwahig River-Estuary, Palawan, the Philippines. International Journal of Fisheries 
and Aquatic Studies 2:207-215. 

Eisma D., 1965 Shell characteristics of Cardium edule L. as indicators of salinity. 
Netherlands Journal of Sea Research 2:493-540. 

Evseev G. A., Lutaenko K. A., 1998 Bivalves of the subfamily Anadarinae (Arcidae) from 
Vietnam. Malacological Review 7:1-37.  

Feng Y., Li Q., Kong L., Zheng X., 2011 COI-based DNA barcoding of Arcoida species 
(Bivalvia: Pteriomorphia) along the coast of China. Molecular Ecology Resources 
11:435-441. 

Griffiths R. J., 1981 Population dynamics and growth of the bivalve Choromytilus 
meridionalis (Kr.) at different tidal levels. Estuarine, Coastal and Shelf Science 
12:101-118. 

Guarneri I., Popa O. P., Gola L., Kamburska L., Lauceri R., Lopes-Lima M., Popa L. O.,  
Riccardi N., 2014 A morphometric and genetic comparison of Sinanodonta woodiana 
(Lea, 1834) populations: does shape really matter? Aquatic Invasions 9:183-194. 

Hutomo M., Moosa M. K., 2005 Indonesian marine and coastal biodiversity: present 
status. Indian Journal of Marine Sciences 34:88-97. 

Irie T., 2006 Geographical variation of shell morphology in Cypraea annulus (Gastropoda: 
Cypraeidae). Journal of Molluscan Studies 72:31-38. 

Jensen K. T., 1993 Density-dependent growth in cockles (Cerastoderma edule): evidence 
from interannual comparisons. Journal of the Marine Biological Association of the 
United Kingdom 73:333-342. 

Kawecki T. J., Ebert D., 2004 Conceptual issues in local adaptation. Ecological Letters 
7:1225-1241. 

Laudien J., Flint N. S., Van der Bank F. H., Brey T., 2003 Genetic and morphological 
variation in four populations of the surf clam Donax serra (Roding) from southern 
African sandy beaches. Biochemical Systematics and Ecology 31:751-772.  

Levitan D. R., 1988 Density-dependent size regulation and negative growth in the sea 
urchin Diadema antillarum Philippi. Oecologia 76:627-629. 

Li B., Morrison R. J., 2011 Analysis of macrobenthic assemblages of lake Illawarra, New 
South Wales, Australia. Transitional Waters Bulletin 5:11-20. 

Lozouet P., Plaziat J. C., 2008 Mangrove environments and molluscs: Abatan River, Bohol 
and Panglao Islands, Central Philippines. ConchBooks, Hackenheim, Germany, 19 
pp. 

Lutaenko K. A., 2011 Status of the Knowledge of the Indo-Pacific Anadarinae (Mollusca: 
Bivalvia). In: Proceedings of the Workshop Coastal Marine Biodiversity and 
Bioresources of Vietnam and Adjacent Areas to The South China Sea. Lutaenko K. 
A. (ed), Nha Trang, Vietnam, pp. 95-101. 

Luttikhuizen P. C., Drent J., Van Delden W., Piersma T., 2003 Spatially structured genetic 
variation in a broadcast spawning bivalve: quantitative vs. molecular traits. Journal 
of Evolutionary Biology 16:260-272. 

Mariani S., Piccari F., De Matthaeis E., 2002 Shell morphometry in Cerastoderma spp. 
(Bivalvia: Cardiidae) and its significance for adaptation to tidal and non-tidal coastal 
habitats. Journal of the Marine Biological Association of the United Kingdom 82:483-
490. 



AACL Bioflux, 2015, Volume 8, Issue 4. 
http://www.bioflux.com.ro/aacl 564 

Meyer E., Manahan D. T., 2010 Gene expression profiling of genetically determined 
growth variation in bivalve larvae (Crassostrea gigas). Journal of Experimental 
Biology 213:749-758. 

Miura O., Chiba S., 2007 Effects of trematode double infection on the shell size and 
distribution of snail hosts. Parasitology International 56:19-22. 

Mudjiono, Kastoro W. W., 1997 Density, biomass and distribution of cockle, Potiarca 
pilula (Reeve, 1844) in the bay of Miskam, west Java, Indonesia. Phuket Marine 
Biological Center Special Publication 17:193-197. 

Newell C. R., Hidu H., 1982 The effects of sediment type on growth rate and shell 
allometry in the soft shelled clam Mya arenaria L. Journal of Experimental Marine  
Biology and Ecology 65:285-295. 

Okera W., 1976 Observations on some population parameters of exploited stocks of 
Senilia senilis (= Arca senilis) in Sierra Leone. Marine Biology 38:217-229. 

Paynter K. T., Mallonee M. E., 1990 Site-specific growth rates of oysters in Chesapeake 
Bay and impact of disease. Proceedings of a Conference New Perspectives in the 
Chesapeake System: a Research and Management Partnership, pp. 391-399.  

Pigllucci M., 1996 How organisms respond to environmental changes: from phenotypes to 
molecules (and vice versa). Trends in Ecology and Evolution 11:168-173. 

Pigliucci M., 2005 Evolution of phenotypic plasticity: where are we going now? Trends in 
Ecology and Evolution 20:481-486.  

Poutiers J. M., 1998 Bivalves. Acephala, Lamellibranchia, Pelecypoda. In: FAO species 
identification guide for fishery purposes. The living marine resources of the Western 
Central Pacific. Volume 1. Seaweeds, corals, bivalves, and gastropods. Carpenter K. 
E., Niem V. H. (eds), Rome, FAO, pp. 123-362. 

Preston S. J., Roberts D., 2007 Variation in shell morphology of Calliostoma zizyphinum 
(Gastropoda: Trochidae). Journal of Molluscan Studies 73:101–104. 

Sanpanich K., 2011 Marine bivalves occurring on the east coast of the Gulf of Thailand. 
ScienceAsia 37:195–204. 

Satrioajie W. N., Anggoro S., Irwani, 2013 [Morphometric characteristics and growth of 
Anadara pilula]. JurnaI Ilmu Kelautan 18:79-83 [in Indonesian]. 

Soares A. G., Scapini F., Brown A. C., McLachlan A., 1999 Phenotypic plasticity, genetic 
similarity and evolutionary inertia in changing environments. Journal of Molluscan 
Studies 65:136-139. 

Solem A., 1959 Marine mollusca of the New Hebrides. Pacific Science 13:253-268. 
Tarnowska K., Wołowicz M., Chenuil A., Feral J. P., 2009 Comparative studies on the 

morphometry and physiology of European populations of the lagoon specialist 
Cerastoderma glaucum (Bivalvia). Oceanologia 51:437–458. 

 
 
 
 
 
 
 
Received: 15 June 2015. Accepted: 29 July 2015. Published online: 31 July 2015. 
Authors: 
Yuyun Qonita, Master Program in Aquatic Resources Management, Graduate School, Bogor Agricultural 
University (IPB), Kampus IPB Dramaga, Bogor 16680, Indonesia, e-mail: qonitayun@gmail.com 
Yusli Wardiatno, Department of Aquatic Resources Management, Faculty of Fisheries and Marine Science, Bogor 
Agricultural University (IPB), FPIK Bld. 3rd Floor, Kampus IPB Dramaga, Bogor 16680, Indonesia, e-mail: 
yusli@ipb.ac.id 
Nurlisa Alias Butet, Department of Aquatic Resources Management, Faculty of Fisheries and Marine Science, 
Bogor Agricultural University (IPB), FPIK Bld. 3rd Floor, Kampus IPB Dramaga, Bogor 16680, Indonesia,  
e-mail: e-mail: n.butet@gmail.com 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Qonita Y., Wardiatno Y., Butet N. A., 2015 Morphological variation in three populations of the pill ark cockle, 
Anadara pilula (Mollusca: Bivalve) of Java, Indonesia. AACL Bioflux 8(4):556-564.  


