
 

~ 2706 ~ 

Journal of Entomology and Zoology Studies 2018; 6(2): 2706-2710

 
 
 
 
 
 
 
 
 
 
 
 

E-ISSN: 2320-7078 

P-ISSN: 2349-6800 

JEZS 2018; 6(2): 2706-2710 

© 2018 JEZS 

Received: 09-01-2018 

Accepted: 12-02-2018 
 

RD Alibon  

Department of Biological 

Sciences, College of Science and 

Mathematics, Western Mindanao 

State University, Zamboanga 

City 
 

JM Gonzales  

Department of Biological 

Sciences, College of Science and 

Mathematics, Western Mindanao 

State University, Zamboanga 

City 

 

AE Ordoyo 

Department of Biological 

Sciences, College of Science and 

Mathematics, Western Mindanao 

State University, Zamboanga 

City 

 

GG Madjos 

Department of Biological 

Sciences, College of Science and 

Mathematics, Western Mindanao 

State University, Zamboanga 

City 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correspondence 

GG Madjos 

Department of Biological 

Sciences, College of Science and 

Mathematics, Western Mindanao 

State University, Zamboanga 

City 

 

 

 

 

 

 
 

 

 

 

 

Ecophenotypic variation of the common cockle 

Anadara maculosa populations: Implication to 

microhabitat bio-indication  

 
RD Alibon, JM Gonzales, AE Ordoyo and GG Madjos 
 

Abstract 
Assessment of ecophenotypic variation in response to microhabitat adaptation is currently one of the 

prospective approaches to bio-indication. This present study has evaluated conchological variations in the 

arcid bivalve Anadara maculosa (common cockle) populations in two varying micro geographically-

isolated microhabitats (mangrove estuarine and residential intertidal areas) of Margosatubig, Zamboanga 

del Sur, Mindanao, Philippines. Ecological parameters known to affect the bivalve’s phenotype were 

obtained in each site such as spatial distribution, edaphic and climatic factors, and resource use. Results 

of Multi-Analysis of Variance (MANOVA) on the conchological characters (length, width, height, umbo 

distance, ridge number and total body weight) reveal significant variations (p=1.898e-7 at α = 0.0001). 

Further, shape variations based on elliptic Fourier descriptors using SHAPE v.1.3 software tool reveal 

significant variations (p=0.0268 at α = 0.05). This variation analysis is indicative of high ecological 

plasticity of this species which may be attributed to ecological condition of its microhabitat.  
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Introduction 
Benthic organisms such as bivalves are important indicators of the coastal ecosystem. Being 

indicator species means they can be sentinels of environmental degradation [1]. They are 

considered as keystone species, which can determine the health of a water body [2]. 

Accordingly, it can accumulate environmental contaminants in their tissues to which their 

growth are mainly related to the quality and quantity of food from the environment [3].  

The common cockle (Anadara maculosa) is an economically important arcid bivalve 

belonging to Phylum Mollusca. It is characterized by their trapezoidal ribbed shells with a 

heavy periostracum and the taxodont hinge. In terms of its ecology, it can easily adapt to their 

microhabitat despite any environmental inputs such as agricultural effluence and residential 

wastes [4]. Despite being a valuable fishery resource among local residents with its 

cosmopolitan distribution and a major candidate for aquaculture across the globe, little work 

has been done to collect and standardize data on its growth to predict yield under different 

ecological conditions [4, 5].  

Morphological variation analysis in response to microhabitat adaptation is currently one of the 

prospective approaches to bio-indication. Morphometrics can be used to quantify a trait of 

ecological significance by detecting phenotypic plastic responses [6]. Morphometrics variation 

is determined by biotic [7] and abiotic environment variability [8], genetic factors [9] and also the 

interaction of environment and genetic factors [10]. It is argued that cockles display 

metamorphic life cycle specifically meroplankton in the larval stages which transforms to adult 

cockle, thus allowing exchange of genotypes between regions due to ocean currents [4].  

In addition, factors such as overharvesting and predation could lead to ecological plastic 

responses where changes in the structure of a shell are a reflection of first visible changes [11]. 

Thus, its morphology is strongly linked with the major adaptive trends centered on its 

epibyssate or burrowing life habits [12]. The changing of the habitat could accordingly cause 

variation in the morphometry of organisms [13]. In response to this great pressure on the 

biology of A. maculosa, it may exhibit morphological variability which is an indication of 

adaptive potential in response to microhabitat changes [14].  

The study of ecophenotypic variation in response to its microhabitat is of particular interest, 

because their adaptation potential manifests itself primarily in changes in their morphological 

parameters [15].  
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These microhabitat factors include spatial distribution factors 

(longitude and latitude), edaphic factors (substrate type and 

pH, organic matter content, potassium content and 

phosporus), climatic factors (air and water temperature) and 

other physico-chemical factors (salinity, tidal cover, and total 

suspended solids).  

In the Philippines, rural communities such as Margosatubig, 

Zamboanga del Sur, bivalve harvesting is considered a major 

part of their livelihood (52%) next to agriculture. The place 

got its name by the manifested swift river current draining 

towards the mouth of Dumanquillas Bay which in a way 

represents a complex and dynamic aquatic estuarine 

(Barangay Tulog-Bato) and residential intertidal coastal 

environment (Samboang, Barangay Poblacion) for cockles [16, 

17]. Both of these areas represent major concern through 

increased human population, which increased chances of 

overharvesting and large amounts of pollution through 

agricultural effluents and residential wastes [18].  

Thus, this present study sought to assess ecophenotypic 

variation in the common cockle Anadara maculosa 

populations from two different sites (Barangay Tulog-Bato, a 

mangrove estuarine environment and Samboang, Barangay 

Tiguian which is a residential intertidal area) in 

Margosatubig, Zamboanga del Sur with an end to bio-

indication implication of the current status of its microhabitat. 

 

2. Materials and Methods 

2.1 Description of the Sampling Sites 

Tulog-Bato, Barangay Tiguian, Margosatubig, Zamboanga 

del Sur is located at 7°34’N, 123°10’E and is characterized by 

estuarine habitat dominated by mangroves. On the other hand, 

Samboang Barangay Poblacion, Margosatubig, Zamboanga 

del Sur lies at 7°35’N, 123°10’E and is dominated by 

residential houses, steep coastline, so there is relatively little 

topographic area available for mangroves to grow (Fig. 1) 

 

 
 

Fig 1: Map showing the two coastal sites in Margosatubig, 

Zamboanga del Sur, Mindanao, Philippines; (A) Tulog-bato, 

Barangay Tiguian and (B) Samboang, Barangay Poblacion. 
 

2.2 Physico-chemical Parameter Assessment 

Physico-chemical parameters were measured and mean 

readings were recorded. Spatial distribution factors (longitude 

and latitude) were obtained using Geographic Positioning 

System (GPS); edaphic factors such as substrate type, 

substrate pH, organic matter (OM), potassium and phosphorus 

content were analyzed at the Department of Agriculture’s 

Bureau of Soils; climatic factors such as air and water 

temperature analyses were obtained by immersing the 

laboratory thermometer for three times (with a 1 minute 

duration each trial) and mean readings were recorded. Tidal 

cover was measured using a meter stick during low tide and 

readings in centimeter (cm) were obtained for three times 

within each site. Water pH readings were determined by 

computing the average of three trials by dipping the digital pH 

meter’s probe. Water salinity was analyzed at the Bureau of 

Fisheries and Aquatic Resources-Regional Fisheries 

Laboratory; and Total Suspended Solids (TSS) was measured 

by filtering a 1-L water sample from each site with a filter 

paper wherein their initial and final weights were obtained 

thereafter. In terms of the site’s resource use, a description of 

the study site was done.  

 

2.3 Collection of Samples  

A total of 30 samples of A. maculosa were handpicked 

purposively from two different sites in Margosatubig, 

Zamboanga del Sur, Philippines.  

 

2.4 Morphometrics 

Six conchological characteristics were measured such as shell 

length, shell width, shell height, umbo distance, shell ridge 

number and total body weight for meristic measurements 

(Fig. 2). 

 

 
 

Fig 2: Conchological characteristics obtained meristically. 

 

Shell length, shell width, shell height and umbo distance were 

measured in millimeters (mm) using digital Vernier caliper, 

while shell ridge number was determined by manually 

counting the ridges using dissecting needle. Total body 

weight was measured in grams (g) using a digital balance. A 

Multivariate Analysis of Variance (MANOVA) was used to 

compare if there is a significant difference between the two 

Anadara populations in terms of the meristically obtained 

conchological characters.  

On the other hand, for geometric analysis using shape 

analysis, image acquisition was done in each of the 30 

individuals from the two sites. The outline of the bivalves 

were analyzed in chain coding technique using the software 

package SHAPE v.1.3 [19] to examine the variation in shapes. 

All images were saved in. bmp format (24bit) and were 

binarized with Chain Coder. Chain code is a coding system 

for describing geometric information about contours in 

numbers from 0 to 7. Chain coder converts the full color 

image into a binary (black and white) image, reduces noise, 

traces the contours of objects and describes the contour 

information as chaincode. Then, the Chain-code file was 

transformed into a Normalized Elliptic Fourier file with 

Chc2Nef, using 20 harmonics. These Elliptic Fourier 

descriptors (EFDs), originally proposed by Kuhl and Giardina 
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[20], can delineate any type of shape with a closed two-

dimensional contour. 

Normalization of data obtained from chain codes used the 

first harmonic ellipse as a basis which corresponds to the first 

Fourier approximation and utilized the 20 harmonics number 

to be calculated as suggested by Iwata and Ukai [19]. It is 

based on the methodology of Elliptic Fourier descriptors 

which allows describing each type of two-dimensional shape 

with a closed outline, in terms of harmonics [21] Subsequently, 

a Principal Component Analysis (PCA) was performed on the 

variance-covariance matrix of normalized coefficients 

(elliptic Fourier descriptors) using PrinComp, which gives a 

graphical output of the average shape of the standard 

deviation [22]. The data were then subjected to MANOVA 

using PAST (Paleontological Statistics) Software Package v. 

1.91 to determine if the populations differ significantly from 

one another based on the shape of its shell. Wilks’ lambda, 

Pillai trace values and p values were also obtained. 

 

3. Results and Discussion 

Estuarine & coastal areas are complex and dynamic aquatic 

environments. With the growth of human populations and 

commercial industries, these ecosystems have received large 

amounts of pollution effluents [23]. Table 1 shows the mean 

micro-biogeoclimatic characterization of the two sampling 

sites in Margosatubig, Zamboanga del Sur, Philippines. 

 

Table 1: Mean micro-biogeoclimatic characterization of the two sites in Margosatubig, Zamboanga del Sur, Philippines. 
 

Sampling 

Sites 

Spatial 

Distribution 
Edaphic Factors  Climatic Factors 

Resource 

Use 
Latitude Longitude 

Substrate 

Type 

Subs-trate 

pH 

OM 

% 

P 

ppm 

K 

ppm 

Air 

Temp. 

(°C) 

Water 

Temp. 

(°C) 

Tidal cover 

(cm) 

Wa-ter 

pH 

Sali-

nity 

(ppm) 

Total Suspended 

Solids(TSS) 

(g) 

Tulog-bato 7°34’N 123°10’E Sandy 7.71 0.2 10.0 230 31.3 31.3 216.7 7 32 0.50 Mangrove 

Samboang 

 
7°35’N 123°10’E Muddy 8.30 0.8 16.0 330 32.7 33 140 8 30 0.55 Residential 

 

Physicochemical parameters vary between the two sites of 

Margosatubig, Zamboanga del Sur in terms of latitudinal 

spatial distribution, edaphic factors, climatic factors and 

resource use. These microhabitat variations could affect the 

morphometry of A. maculosa. Biological characterization of 

Anadara maculosa in terms of its morphological 

characteristics is shown in Table 2. 

 

Table 2: Mean data on biological characteristics of Anadara maculosa found in the two sites in Margosatubig, Zamboanga del Sur, Philippines. 
 

Sampling Sites Shell length (mm) 
Shell width 

(mm) 
Shell height (mm) Umbo distance (mm) Ridge number Total body weight (g) 

Tulog-bato 45.25 27.09 32.31 2.60 34.6 23.51 

Samboang 38.07 22.28 28.02 1.37 35.5 12.54 

 

With the exception of ridge number, all mean biological 

characteristic values of A. maculosa were greater in Tulog-

bato, Barangay Tiguian, Margosatubig. The coastal waters are 

micro-geographically-isolated from each other as reflected in 

their spatial distribution. With a differing substrate type and 

resource use, variation in morphometry was also reflected. 

Bivalves such as Anadara preferred a sandy substrate. With 

the characteristic estuarine condition of the Tulog-bato 

mangrove area, they can be subjected to pronounce salinity 

fluctuations because of evaporation, rainfall and inflow from 

rivers. This indicates their ability to survive in a wide range of 

salinities [24]. 

Further, a higher water depth or tidal cover and higher salinity 

are higher in Tulog-bato. The shallow water as characterized 

by the Samboang’s intertidal residential area leads to a 

permanently turbid condition. Tidal cover may affects feeding 

which could be a major restriction on growth at higher shore 

levels. These factors may result in an elevated metabolic rate 

coupled with restricted filtration which might combine to 

produce poor growth. Body weight may be reduced in an area 

with warm water and subjected to prolonged intervals of high 

turbidity [24].  

Although a higher organic matter content (OM), potassium 

(K) and phosphorus (P) of the substrate is reflected in 

Samboang, the strong overharvesting in Samboang’s 

residential microhabitat may also be one important factor 

affecting its low average harvested cockle sizes relative to the 

less exploited mangrove area in Tulog-bato [25, 26]. Qonita et 

al. [4] found that climatic factors such as temperature can 

affect the shape and size of shells. This is supported by 

Zhongming et al. [27] and Moss et al. [28] who state that 

temperature is the most important ecological factor for marine 

organisms which affects the growth of bivalves through its 

metabolic rates. These arguments support the findings in this 

study wherein a smaller shell size was demonstrated in 

Samboang’s cockle population with a relatively higher air and 

water temperatures than in Tulog-bato.  

Thus, the interplay of the micro-biogeoclimatic factors may 

affect the morphology of organisms. Several studies have 

stated that environmental factors would likely cause different 

morphologies resulting from phenotypic plasticity [29,30]. 

Multi-variate Analysis of Variance (MANOVA) reveals 

significant phenotypic variations in terms of the obtained 

conchological characters (Tables 3 & 4). 

 
Table 3: MANOVA results between the two populations of A. 

maculosa based on meristically obtained conchological 

characteristics. 
 

Wilks lambda df1 df2 F p(same) 

0.4656 6 53 10.14 1.898e-7* 

Pillai trace df1 df2 F p(same) 

0.5344 6 53 10.14 1.898e-7* 

*significant at α = 0.0001 

 
Table 4: Pairwise comparison between populations of Anadara 

maculosa based on meristic characters. 
 

 
Tulog-bato 

Samboang 1.89815e-7* 

*significant at α = 0.0001 

 

Further, quantitative evaluation of the cockles’ shell shape 

based on elliptic Fourier descriptors revealed the principal 
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components (PC): 50.52% in PC1; 70.61% in PC2; 77.77% in 

PC3; 82.18% in PC4; 85.73% in PC5; 88.31% in PC6; 

90.28% in PC7; 91.84% in PC8 and 93.16% in PC9. The first 

PC showed the highest variability in the shell shape. Figure 3 

shows the contour shapes of the shell of A. maculosa. 

 

 
 

Fig 3: Contour shapes of the shell of A. maculosa 

 

The normalized ER in the analysis of its PC showed 9 

significant principal components. In the determination of 

subtle variations between the two populations, the principal 

component scores (PCs) that defined shape differences were 

used. This became an exploratory procedure in order to create 

comparison between shapes and elucidate possible biological 

significance. Tables 5 & 6 show the MANOVA results 

between the two populations of A. maculosa. 

 
Table 5: Manova results between the two populations of A. 

maculosa based on significant Relative Warp (RW) obtained using 

SHAPE Analysis 
 

Wilks lambda df1 df2 F p(same) 

0.6932 9 48 2.361 0.02684* 

Pillai trace df1 df2 F p(same) 

0.3068 9 48 2.361 0.02684* 

*significant at α = 0.05 

 
Table 6: Pairwise comparison between populations of A. maculosa 

based on significant RW 
 

 
Tulog-bato 

Samboang 0.0268* 

*significant at α = 0.05 

 

MANOVA results show significant differences (p = 0.0268 at 

α = 0.05) in terms of the shell shape between the two 

populations of A. maculosa. This indicates that the two 

varying micro-geographically isolated populations of A. 

maculosa reveal variations in terms of its shape using 

geometric coordinates. 

Overall results from both meristic and geometric 

morphometrics support eco-phenotypic variation in the shells 

of A. maculosa. As supported by the works of Aydin et al., 
[30], there is a strong correlation between shell thickness and 

shell width (R2=1.0). Further, in the study by Qonita et al. [4], 

morphological characteristics of the pill ark cockle (A. pilula) 

from three different sites on the northern coast of Java Island, 

Indonesia reveal significant differences in three morphometric 

traits (umbo height, symmetry of the right valve and 

symmetry of left valve). Accordingly, environmental factors 

such as temperature, salinity and tidal level among the sites 

are suspected to be the cause of variation in morphometric 

characteristics. The shell therefore, is the most distinct feature 

of bivalves which exhibits a large degree of variation in terms 

of its morphology [31, 32]. 

4. Conclusion 

Larger length and width, greater height and umbo distance 

and heavier weight were reflected in Tulog-bato’s cockle 

population, an estuarine mangroove area with a sandy 

substrate than those cockles collected from Samboang, a 

residential intertidal area characterized by muddy substrate. 

Significant differences obtained from meristic measurements 

(shell length, shell width, shell height, umbo distance, shell 

ridge number and total body weight) and geometric 

morphometrics through shape analysis indicates 

ecophenotypic variation in response to varying microhabitat 

conditions. Thus, the interplay of the micro-biogeoclimatic 

factors such as substrate type, temperature, pH and water 

depth may affect the morphology of organisms. This analysis 

of variability in terms of its conchological characters is 

indicative of high ecological plasticity of this eurybiotic 

species, thus ecophenotypic variation analysis may be 

significant in bio-indication implication of the current status 

of its microhabitat. This implies that with varying habitat 

condition whether disturbed by human settlements such as 

depicted in Samboang Barangay Poblacion, Margosatubig, 

Zamboanga del Sur or altered naturally by environmental 

factors as characterized by Tulog-Bato, Barangay Tiguian, 

Margosatubig, Zamboanga del Sur, A. maculosa may tend to 

develop alternative phenotypes to suit the current condition of 

its environment. 

 

5. Acknowledgement 

The authors would like to thank the office of the Research for 

Utilization, Publication and Information Dissemination 

(RUPID) of the Western Mindanao State University, 

Zamboanga City for the technical assistance. 

 

6. References 

1. Danoff-Burg J. Biological Richness, An Introduction. 

Dept. Ecol., Evol., & Envir. Biol. Columbia University, 

2003. 

2. King T, McNeal J. Bivalves for Clean Water. University 

of Washington. Washington Sea Grant, 2010.  

3. Sahin C, Duzgunes E, Okumus I. Seasonal variations in 

condition index and gonadal development of the 

introduced blood cockle Anadara inaequivalvis 

(Bruguiere, 1789) in the Southeastern Black Sea coast. 

Turkish Journal of Fisheries and Aquatic Sciences. 2006; 

6(2):155-163. 

4. Qonita Y, Wardiatno Y, Butet N. Morphological 

variation in three populations of the pill ark cockle, 

Anadara pilula (Mollusca: Bivalve) of Java Indonesia. 

Aquaculture, Aquarium, Conservation & Legislation, 

International Journal of the Bioflux Society. 2015; 

8(4):556-564. 

5. Souji S, Shibu Y, Radhakrishnanc VT. New record of 

Two Pinnidae Species (Bivalvia: Pinnidae): DNA 

Barcoding (COI) and Morphological Analysis. Indian 

Journal of Scientific Research. 2014; 8(1):159-168. 

6. Madjos GG, Anies OS. Morphometrics approaches to 

studying phenotypic plasticity in Pomacea canaliculata 

(Golden apple snail). International Journal of Advanced 

and Applied Sciences. 2016; 3(4):50‐ 56. 

7. Preston S, Roberts D. Variation in shell morphology 

of Calliostoma zizyphinum (Gastropoda: Trochidae). 

Journal of Molluscan Studies. 2007; 73(1):101-104. 

8. Tarnowsa K, Krakau M, Jacobsen S, Wolowicz M, Fe´ 

Ral JP, Chenuil A. Comparative phylogeography of two 

sister (congeneric) species of cardiid bivalve: strong 



 

~ 2710 ~ 

Journal of Entomology and Zoology Studies 
 

influence of habitat, life history and post-glacial history. 

Estuarine, Coastal and Shelf Science. 2007; 107:150-158. 

9. Kawecki TJ, Ebert D. Conceptual issues in local 

adaptation. Ecological Letters. 2004; 7:225-1241. 

10. Soares AG, Scapini F, Brown AC. Phenotypic plasticity, 

genetic similarity and evolutionary inertia in changing 

environments. Journal of Molluscan Studies. 1999; 

65:136-139.  

11. Finogenova NL, Kurakin AP, Kovtun OA. 

Morphological Differentiation of Anadara inaequivalves. 

Hydrobiological Journal. 2013; 49(1):3-11.  

12. Oliver PG, Holmes AM. The Arcoidea (Mollusca: 

Bivalvia): a review of the current phonetic-based 

systematics. Zoological Journal of the Linnean Society. 

2006; 148:237-251.  

13. Souji S, Radhakrishnan T. New Report and Taxonomic 

comparison of Anadara and Tegillarca Species of 

Arcidae (Bivalvia: Arcoidea) from Southern Coast of 

India. International Journal of Science and Research. 

2013; 4(2):1817-1824. 

14. Meshram AM, Mohite S. Morphometric Study of Blood 

Clam, Tegillarca rhombea (Born, 1778). J Fisheries 

Livest Prod. 2016; 4:179.  

15. Yablokov AV, Population morphology as a new direction 

in evolutionary morphology. Morphological aspects of 

evolution. Devoted to the 90th anniversary of B.S. 

Matveyev. MOPI. Section of Zoology.) Moscow, Nauka 

Press, 1980, 65-73. 

16. LGU Margosatubig, 2017; [Online Available: 

https://www.zamboanga.com/z/index.php?title=Margosat

ubig,_Zamboanga_del_Sur,_Philippines].  

17. Moris AW, Allen JI, Howland RJM, Wood RG. The 

estuary plume zone: source or sink for land derived 

nutrient discharges? Estuar Coast and Shelf Science. 

1995; 40:387-402. 

18. Department of Interior and Local Government (DILG), 

Zamboanga del Sur Margostubig Demographic Profile, 

2013. [Available Online: 

http://region9.dilg.gov.ph/index.php/lgu/lgu-

profile/zamboanga-del-sur/468-margosatubig].  

19. Iwata H, Ukai J. SHAPE: a computer program package 

for quantitative evaluation of biological shapes based on 

elliptic Fourier descriptors. Journal on Heredity. 2002; 

93:384-385.  

20. Kuhl FP, Giardina CR. elliptic Fourier features of a 

closed contour. Comp. Graphics Image Proc. 1982; 

18:236-258.  

21. Joaquino A, Pinero D, Echem R, Ascano C, Torres MAJ. 

Outline-based Analysis of Sexual Dimorphism in the 

Shell of the Freshwater Mussel (Margaritifera 

margaritifera L.). Journal of Biodiversity and 

Environmental Sciences. 2017; 10(3):43-49.  

22. Magrini S, Scoppola A. Geometric Morphometrics as a 

tool to resolve taxonomic problems: the case of 

Ophioglossum species (ferns). In: Nimis P L, Vignes 

Lebbe R (eds.) Tools for Identifying Biodiversity: 

Progress and Problems – 2010, 251-256. ISBN 978-88-

8303-295-0. UT,  

23. Behera B, Mishra RR, Patra JK, Dutta SK, Thatoi HN. 

Physico-chemical Properties of Water Sample Collected 

from Mangrove Ecosystem of Mahanadi River Delta, 

Odicha, India. American Journal of Marine Science. 

2014; 2(1):19-24. 

24. Gosling E. Bivalve Molluscs Biology, Ecology and 

Culture. Fishing News Books 2004, 1-427. 

25. Zhongming H, Ying L, Xuekai Z, Xiwu Y, Feng Y. 

Growth Improvement of Shell Length in the Orange 

Strain of Manila Clam, Ruditapes philippinarum. Journal 

of the World Aquaculture Society. 2017; 48(6):860.  

26. Moss D, Ivany L, Judd E, Cummings P, Bearden C, Kim 

W-J, et al. Lifespan, growth rate, and body size across 

latitude in marine Bivalvia, with implications for 

Phanerozoic evolution. The Royal Society Publishing 

Proceedings B. 2016; 283(1836):20161364. 

27. Stern-Pirlot A, Wolff A. Population Dynamics and 

fisheries potential of Anadara tuberculosa (Bivalvia: 

Arcidae) along the Pacific coast of Costa Rica. 

International Journal of Tropical Biology. 2006; 

54(1):87-99. 

28. Zainudin M, Tsuchiya M. Growth of bivalves used on 

allometric relationship and a time series of length-

frequency data. Journal of Sustainablity Science and 

Management. 2007; 2:1-1. 

29. Olabarria C, Thurston M. Patterns of Morphological 

Variation of The Deep-Sea Gastropod Troschelia 

Berniciensis (King, 1846) (Buccinidae) from the 

Northeastern Atlantic Ocean. Journal of Molluscan 

Studies. 2004; 70(1):59-66.  

30. Aydin M, Karadurmus U, Tunca E. Morphometric 

aspects of growth modeling of exotic bivalve blood 

cockle Scapharca inaequivalvis from the Black Sea, 

Turkey. Biologia. 2014; 69:1707-1715. 

31. Ampili M, Shiny K. Morphotypes: Morphological 

plasticity in Paphia malabarica (Chemnitz) (Mollusca: 

Bivalvia) of a deep estuary, Ashtamudi estuary. 

International Journal of Scientific and Research 

Publications. 2015; 5(6):1-4. 

32. Laudien L, Brey T, Arntz WE. Population structure, 

growth and production of the surf clam Donax serra 

(Bivalvia, Donacidae) on two Namibian sandy beaches. 

Estuar Coast Shelf Sci. 2003; 58:105-115. 


