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ABSTRACT The advent of geometric morphometrics opened an area to study morphological variations in
organisms. Thus, the aim of this study is to use outline-based geometric morphometrics to de-
scribe variations in the shell shapes of the left and right valves of Anadara oceanica (Lesson,
1831) (Bivalvia Arcidae) populations from the two neighbouring intertidal zones of Margosat-
ubig, Zamboanga del Sur, Philippines. Herein, there were two levels of analyses that were em-
ployed: first, the shell shapes of the outer left and right valves between populations were
compared; second, the shell shapes within population were quantitatively determined in terms
of its symmetry. Results revealed significant variations both in the left and right valves of 4.
oceanica between populations. The variations observed are characterized by the deformations
in the umbonal and anteroventral angles and in the dorsal, anterior and ventral margins of the
outer shell both in the left and right valves. Although further studies are necessary in order to
elucidate these variations, the second analysis revealed that the detected asymmetry in the shell
shapes within 4. oceanica populations was the cause of variation within populations that con-
tributed to the significant variations between populations. Considering that the two sites are
not geographically isolated, the results herein clearly proved that shell shape variation could
also occur in neighbouring populations. The variations in the shell shapes of 4. oceanica pop-
ulations may have implications to habitat adaptation which aid in understanding the nature of
this species especially those dwelling in the intertidal areas of Margosatubig, Zamboanga del
Sur, Philippines.
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INTRODUCTION shells with a heavy periostracum and taxodont
hinge. It is commonly called as cockle as it morpho-

The common cockle, Anadara oceanica (Les-  logically resembles the European cockle Cerasto-
son, 1831), =maculosa (Reeve, 1844), (BivalviaAr-  derma edule (Linnaeus, 1758) (Bivalvia Cardiidae)
cidae) is characterized by its trapezoidal ribbed  which in fact belongs to the family Cardiidae. Thus,
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this terminology does not have any taxonomic sig-
nificance. Further, it is also called blood clam be-
cause of its specialised invariable occurrence of red
blood pigments haemoglobin (Davenport & Wong,
1986). It typically occurs in habitats ranging from
the intertidal zone on wave exposed sandy shores to
the marginally subtidal areas of sheltered mudflats
up to the higher tidal levels within the mangrove
areas and even extend into deeper subtidal areas
(Brotohadikusumo, 1994). Due to the absence of
well-developed siphons, 4. oceanica is considered
as a poor burrower, meaning it cannot delve in the
substrate at any depths (Brotohadikusumo, 1994).
This poor burrowing behaviour of 4. oceanica
makes it highly exposed in receiving high concen-
trations of natural and anthropogenic wastes in the
intertidal zones such as inorganic and organic nutri-
ents, soil and sediments, and pollutants (Sithik et al.,
2009). Just like other bivalves, 4. oceanica has lim-
ited mobility that restricts its ability to avoid adverse
conditions due to its sedentary behaviour (Sharma
et al., 2016). Hence, populations of this species are
good candidates for the detection of different types
and levels of stress.

Due to the fact that shell is the most variable part
of a bivalve species and is largely affected by envi-
ronmental conditions (Uba et al., 2019), it has been
the most widely used part in studying Anadara
species, specifically by focusing on shell shape
variation. Succeeding studies in Anadara species
supported significant shell shape variation
within and between populations (Mzighani, 2005;
Faulkner, 2010; Lodola et al., 2011; Finogenova et
al., 2013; Souji & Radhakrishnan, 2015; Aydin et
al., 2014; Qonita et al., 2015; Meshram & Mohite,
2016). These studies, among others, focused on tra-
ditional approaches in morphometric studies (i.e.,
analysis of linear distances). However, these meth-
ods have some statistical disadvantages such as the
difficulty in acquiring size-free shape variables
from individuals as these measurements are highly
correlated with size (Morais et al., 2014). With this,
it is pertinent to search an applicable tool that can
reliably analyze shape variability and the advent of
geometric morphometrics (i.e., outline-based anal-
ysis) has come as its solution. This quantitative tool
is used to determine and compare morphological
shape variations of biological structures (Sansom,
2009). Thus, this method was employed in this
study and is particularly advantageous compared to
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the traditional method because it effectively avoids
confusion between size and shape by preserving the
shape variables and the main geometric properties
of the samples (Webster & Sheets, 2010).

It is hypothesized that shell shape variation is an
adaptive strategy of bivalves in response to its cur-
rent ecological conditions (Alibon et al., 2018).
Thereby, shell shape variations in A. oceanica pop-
ulations may have implications to habitat adaptation
which can help in understanding the nature of this
species especially those dwelling in the intertidal
zones of Margosatubig, Zamboanga del Sur, Philip-
pines. Accordingly, pollution of marine water caused
by improper disposal of residential wastes and rural
run-offs is one of the main ecological concerns in
this locality and that the presence of 4. oceanica in
this area suggests a tolerance to the current ecolog-
ical conditions that could be influencing its shell
shape. Thus, this study was conceptualized with the
aim to describe variations in the shell shapes of A.
oceanica into two levels of analyses. First, the shell
shapes of the outer left and right valves between the
two different 4. oceanica populations from Mar-
gosatubig were compared using outline-based geo-
metric morphometrics. Second, the shell shape of 4.
oceanica within population was scored for differ-
ences in shapes between its left and right valves, oth-
erwise known as fluctuating asymmetry which is a
potential bioindicator of environmental stress in
populations (Trono et al., 2015).

MATERIAL AND METHODS

Description of sampling sites and collection of
samples

A total of 60 adult 4. oceanica individuals with
a similar size range of 40-50 millimeter shell length
were handpicked purposively from each of the two
neighbouring intertidal areas in the municipality of
Margosatubig, province of Zamboanga del Sur, in
the Philippines; Tulog-bato, Barangay Tiguian
(7°34’N, 123°10°E) and Samboang, Barangay
Poblacion (7°35°N, 123°10°E) shown in figure 1.
Margosatubig is bounded on the north by the Mu-
nicipality of Lapuyan, on the east by the Munici-
pality of Dimataling, on the west by the
Municipality of Malangas and on the south by the
Municipality of Vincenzo Sagun.
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Figure 1. Map of Margosatubig, Zamboanga del Sur (Philippines) showing the location of the two sampling sites.

Margosatubig is one of the coastal municipali-
ties of Dumanquillas Bay and Igat Bay in the
province of Zamboanga del Sur which in a way it
embodies dynamic ecosystems such as a mangrove
estuarine ecosystem (Tulog-bato, Barangay Tigu-
ian) and a residential intertidal area (Samboang,
Barangay Poblacion). The coastline in Tulog-bato
is characterized by mudflats and muddy shores with
thick patches of mangroves that are partially en-
closed with coastal body of water formed where
freshwater from the upper land meets with saltwa-
ter, a characteristic of a mangrove estuarine ecosys-
tem. Contrarily, the coastline in Samboang is
characterized by tidal flats and sandy shores and is
dominated with residential houses where gravels,
coarse and sandy sediments are readily observed
from the shore to the intertidal zones that are ex-
posed to air at low tide and covered with seawater
when the tide is high. It is prominent that rapidly
moving water tends to carry larger and heavier sed-
iment particles washing away smaller particles and
preventing their deposition. Hence, tidal flats with
low energy water movement are characterized by
more muddy sediments such as that of in Tulog-

bato whereas in higher energy regimes with
stronger currents and moderate wave action, the
flats are generally composed of courser
sandy/muddy sediments similar to that in Sam-
boang. The taxonomy follows WoRMS (2020).

Preparation and imaging of samples

The samples were cleaned off from their soft tis-
sues before the shells were sun-dried. The umbonal
angle is distinguished clearly in the outer valve
(Fig. 2). The left and right valves are identified in
the inner valve based on the position of its pallial
sinus wherein the left valve’s pallial sinus curves to
the left and the right valve’s pallial sinus curves to
the right (Fig. 3). The outer left and right valves of
A. oceanica were oriented in the same position, re-
spectively. Then, samples were photographed using
Nikon D7000 with a pixel size of 4.78 pm ensuring
that the samples and the lens of the camera were at
uniform focusing distance of 0.8m. Images of the
samples were triplicated in order to minimize
source of error and bias and then numbered respec-
tively to identify the sequence of the samples.
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Outline-based data acquisition and statistical
analyses

Atotal of 100 points were established for the out-
line curve of the outer left valve (Fig. 4) and right
valve (Fig. 5) contour in / using tpsDig version 1.36.
After processing of outline curve, the thin plate
splines (TPS) curve was converted into landmark
points or XY coordinates using tpsUtil version 1.36
to build TPS file and make link files (Rohlf, 2004).
The raw landmark coordinates are first superim-
posed using Generalized Procrustes Super Position
Algorithm, whereby the sum of squared distances
between each object and a reference configuration
(consensus) are iteratively minimized by translations
and rigid rotation (Khiaban et al., 2010). The partial
warp (Generalized Procrustes Super Position Algo-
rithm) scores of these superimposed data are used
as shape variables (Sepe et al., 2019). The TPS in-
terpolation function derived from the mean of the
superimposed data is applied to a squared grid over-
laying the mean landmark configuration to provide
a direct and quantitative implementation. The con-
sensus shape data of each separate groups are mea-
sured by relative warps ordinations plots using
tpsRelw version 1.36. The RW scores are computed
from the partial warps (Rolhf, 2004).

To statistically test the hypothesis that the shell
shapes of 4. oceanica populations vary between the
two sites, Multivariate Analysis of Variance
(MANOVA) was used based on the generated RW
scores for the shape of 4. oceanica populations
using Paleontological Statistics (PAST) version 3.0
Software, results with p<0.05 are considered statis-
tically significant. MANOVA is a form of multivari-
ate measure which tests whether several samples
have the same mean shape (Sepe & Demayo, 2014;
Madjos & Anies, 2016). Canonical Variate Analysis
(CVA) was done using the same version of the soft-
ware mentioned above to determine variations
among groups relative to the pooled within group
variation generated from the RW scores and the
canonical variates displayed as an ordination and
were scattered within groups (Hammer et al., 2001;
Madjos et al., 2015).

Measurement of asymmetry levels

The analysis of asymmetry in the shell shapes
of A. oceanica was based on matching symmetry
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considering that the left and right valves are pairs
of separated structures (Savriama & Klingenberg,
2011). Consequently, the reflection was removed by
transforming all configurations from one body side
to their mirror images (Klingenberg et al., 2002).
After the conversion of the outline TPS curve into
landmark points or XY coordinates using tpsUtil
version 1.36 (Rohlf, 2004), Symmetry and Asym-
metry in Geometric Data (SAGE) Program version
1.04 was then used to evaluate the fluctuating asym-
metry (FA) levels of the x and y coordinates of the
landmarks per individual using a configuration pro-
tocol (Marquez, 2014). Procrustes superimposition
analysis was performed with the original and mir-
rored configurations of the shells, simultaneously.

A Two-Way, Mixed-Model Analysis of Variance
(ANOVA) was used to test the significance of the
following effects: Individuals, Sides, Individuals x
Sides. The effect called Individuals refers to the
variation among individual genotypes while the In-
dividuals mean square is a measure of total pheno-
typic variation. The effect called Sides refers to the
variation between the two sides and it is a measure
of directional asymmetry. The Individuals x Sides
interaction is the failure of the effect of individuals
to be the same from side to side otherwise known
as fluctuating asymmetry. The error term is also in-
cluded as effect which is the Measurement Error
and it is a random effect (Graham et al., 2010; Ali-
bon et al., 2019). In addition, Principal Component
Analysis (PCA) was performed in the same soft-
ware to detect the components of variances and de-
viations for the samples to carry out an interpolation
based on a TPS and then visualize shape changes
as landmark displacement in the deformation grid
(Marquez, 2014).

RESULTS AND DISCUSSION

Bivalves are considered as bioindicators of the
coastal ecosystem. As bioindicators, they can serve
as functional measures of exposure to various stres-
sors which help to detect early warning system de-
clines in environmental quality and population
health (Adams et al., 2004). In this study, we hy-
pothesized that the varying anthropogenic distur-
bances brought about by the continuous destruction
in mangrove ecosystem and improper disposal of
residential wastes in the intertidal areas of Mar-
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gosatubig have contributed to the deterioration of
the quality of the habitat subjecting 4. oceanica to
ecological stress, thereby, promoting morphological
variation in the shell shapes of this species.

Herewith, significant variations were observed
in the shell shape of the left and right valves of 4.
oceanica between the two populations based from
the results of MANOVA (Table 1). Thin plate
splines of the mean shell shapes of 4. oceanica be-
tween the two populations show visual illustrations
where the variations could be observed (Figs. 6, 7).
The distribution of individuals among the two pop-
ulations of 4. oceanica in the CVA plot shows how
each population differs in terms of its shell shape
(Fig. 8). It was clear from these results that both
valves of A. oceanica exhibited shape variations
among the two populations. Such variations are
characterized by major variances in the umbonal
and anteroventral angles and in the dorsal, anterior
and ventral margins of the outer shell both in the
left and right valves.

Ventral margin
et

Anterior

* Dorsal margin

Posterior fold
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Between populations, left valves in Tulog-bato
have expanded umbonal angle and slightly curved
anteroventral angle while those in Samboang have
compressed umbonal angle and pronouncedly
curved anteroventral angle. On one hand, right
valves in Tulog-bato population have largely ex-
panded umbonal angle and pronouncedly curved
anteroventral angle while those in Samboang pop-
ulation have largely compressed umbonal angle and
outwardly protruding anteroventral angle. In the
inner surface of bivalve shell, a mark called the pal-
lial line lies in its surface more or less parallel with
the anteroventral angle, thus, the variation observed
in the anteroventral angle of 4. oceanica could be
affected by the differences in the pallial line of the
inner valve (Markus, 2010).

Noticeably, the position of the outline in the left
valve along the anterior margin among Tulog-bato
population bends closer to the posterior fold of the
shell resulting to shorter ventral margin and com-
pressed dorsal margin compared to the elongated

Dorsal

. ™ Hinge ligament

Umbo,

&' Posterior

Figures 2—-5. Image of A. oceanica showing its (Fig. 2) outer and (Fig. 3) inner
left valve and the outline in the (Fig. 4) left valve and (Fig. 5) right valve.
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ventral margin and expanded dorsal margin of Sam-
boang population since its anterior margin bends
away to the posterior fold of the shell. In bivalve
shells, anterior portions are shorter than the poste-
rior (Tan et al., 2015). The same condition was ob-
served in the anterior and dorsal margins of the right
valves in Samboang population, thus the position
of the outline in these margins are affected which
move closer to the posterior fold making its ventral
margin tightly compressed compared to the elon-
gated ventral margin of Tulog-bato population since
its dorsal and anterior margins bend away to the
posterior fold.

The CVA scatter plot was produced from rela-
tive warp scores based on the pooled populations of
A. oceanica. As shown in Figure 4, it illustrates the
overlapping in the shell shape of the left and right
valves of A. oceanica among the two populations,
indicating that some individuals of A. oceanica
have shown shell shape similarities in certain mor-
phological aspects and that shell shape variations
occurred herein can be attributed to the morpholog-
ical distinctness of the individuals shell shape ex-
amined within population which have contributed
significantly to the shape variances between popu-
lations (Pefiaredondo & Demayo, 2017; Madjos &
Demayo, 2018).

Disparities in the shell shapes were further vi-
sualized using the two varying deviated transforma-
tion grids: the negatively (-) and positively (+)
deviated grids. Each deviation represents one or
more population that tend towards the negative or
positive deviation or near to the mean/consensus
deviation of the morphological shape. Relative dis-
tribution of the variances are projected as boxplot
that provides decisive criterion in selecting which
population best assumes the form with respect to
the mean shape (Sepe & Demayo, 2017). The vari-
ations observed using the method of relative warps
obtained three (3) and four (4) significant relative
warp scores for the left and right valves, respec-
tively. The variations are shown in the form of box-
plots, consensus morphology and frequency
histograms for the left and right valves (Figs. 9, 10).
The descriptions of the shell shape variation based
on the significant RW scores in the pooled popula-
tion of 4. oceanica are discussed in Table 2.

In the left valve, the range of the boxplot of
RW1 in Tulog-bato population spreads along the
negative axis while Samboang population slightly
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spreads along the positive axis which indicates that
Tulog-bato population resembles the morphology
explained in the negative axis while Samboang pop-
ulation reflects the morphology explained in posi-
tive axis. In both populations, the range of the
boxplots of RW2 deviates towards negative axis
while the range of boxplots of RW3 deviates to-
wards positive axis. For the right valve, the range
of the boxplot of RW1 in Tulog-bato population is
found lying on the positive axis while Samboang
population lies slightly along the negative axis
which indicates that Tulog-bato population resem-
bles the morphology explained in the positive axis
while Samboang population reflects the morphol-
ogy explained in negative axis. In both populations,
the range of the boxplots of the RW2 and RW3 are
skewed along the negative axis while the boxplot
of the RW4 is skewed in positive axis.

Further analysis in the shell shapes of 4. ocean-
ica within population in terms of its symmetry was
done through Procrustes Two-Way, Mixed-Model
ANOVA to quantitatively determine the asymmetry
levels in 4. oceanica (Table 3). In both populations,
the Individuals x Sides interaction yield significant
p-value (p<0.001), suggesting that the differences
in the shapes between the left and right valves can
be attributed to the failure of the effect of individual
valves to be the same from side to side. Thus, this
indicates fluctuating asymmetry in 4. oceanica pop-
ulation. However, a considerably higher significant
FA value was reflected in Samboang population
(F=1.8904, p=0.0000) compared in Tulog-bato pop-
ulation (F=0.9572, p=0.0000), this implies that two
different populations might have experienced vary-
ing ecological stress in their respective habitat and
that it could be argued that Samboang populations
are more ecologically stressed compared to the
Tulog-bato populations (Palmer, 1994). The mea-
sured asymmetry in A. oceanica herein supports the
idea that the valves of Anadara species are inequiv-
alve wherein the left valves are usually larger than
the right valves (Finogenova et al., 2013; Strafella
etal., 2018). This random deviation in the symme-
try of an organism such as in the case of 4. oceanica
has been hypothesized to be the result of the
genome to protect the organism against stressors
during development (Swaddle, 2003).

As illustrated by the principal components, the
red dots in the grid represent the morphological
landmarks used while the blue arrows symbolize
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Valves Wilk's lambda Pillai trace  dfl df2 F p value
Left valve 0.6028 0.3972E-08 4 175  28.83 2.0830E-18*
Right valve 0.4469 1.474E-08 4 175  54.14 1.2263E-29*

*Significant at a=0.05

Table 1. Results of Multivariate Analysis of Variance based on significant relative warp scores for significant
variation in the shape of the left and right valves of 4. oceanica between the two populations.
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Figures 6, 7. Conchological mean shape variations of the (Fig. 6) left and (Fig. 7) right valves of 4. oceanica between the
two populations. Figure 8. Canonical Variate Analysis scatter plot showing the distribution of shell shapes between the two
populations of 4. oceanica based on significant relative warp scores.
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Relative warp

RW1

RW2

RW3

RW4

Left valve Right valve

Variation accounts about 46.78% Variation accounts about 48.78%
(—) The umbonal angle is compressed while the an- (—) The umbonal angle is largely expanded while the
teroventral angle is pronouncedly curved. The dorsal anteroventral margin bends inward. The dorsal and
and anterior margins bend closer to the posterior fold anterior margins bend away to the posterior fold
making its ventral margin elongated. making its ventral margin compressed.
(+) The umbonal angle is expanded while the ante- (+) The umbonal angle is compressed while the an-
roventral angle is slightly curved. The dorsal and an- teroventral angle is pronouncedly curved. The dorsal
terior margins bend away to the posterior fold and anterior margins bend closer to the posterior fold
resulting to shortened ventral margin. resulting to elongated ventral margin.

Variation accounts about 20.38% Variation accounts about 14.33%

(—) The umbonal angle bends towards dorsal margin (—) The umbonal angle is compressed while the an-
while the anteroventral angle curved pronouncedly. teroventral angle protrudes outward. The dorsal and
The anterior margin bends closer to the posterior fold anterior margins are shortened and bend closer to the
resulting to compressed dorsal margin and shortened posterior fold making its ventral margin elongated
ventral margin. and it protrudes outward.

(+) The umbonal angle bends towards anterior mar- (+) The umbonal angle is tightly compressed while
gin while the anteroventral angle curved slightly. The the anteroventral angle and ventral margin bend
anterior margin bends away to the posterior fold inward. Anterior margin is tightly compressed away
making its dorsal margin expanded and ventral mar- to the posterior fold making its dorsal margin elon-
gin elongated. gated.

Variation accounts about 7.27% Variation accounts about 10.12%

(=) The umbonal angle is expanded while the ante-
roventral angle is compressed. The dorsal margin sli-
ghtly bends towards the posterior fold making its
anterior margin pronouncedly curved and its ventral
margin elongated.

(=) The umbonal angle is expanded while the ante-
roventral angle is curved. Anterior margin bends
away to the posterior fold making its dorsal margin
slightly compressed and its ventral margin elongated.

(—) The umbonal angle is expanded while the ante-
roventral angle is curved. Anterior margin bends
away to the posterior fold making its dorsal margin
slightly compressed and its ventral margin elongated.
(+) The anteroventral angle is shortened and pro-
nouncedly curved. The umbonal angle and anterior
margin are tightly compressed to each other resulting
to largely expand dorsal margin and elongated ventral
margin.

Variation accounts about 6.70%

(—) The umbonal angle is compressed. While the an-
teroventral angle curved pronouncedly. The dorsal
and anterior margins bend closer to the posterior fold
making its ventral margin compressed.

(+) The umbonal angle is largely expanded while the
anteroventral angle bends inward and shortened. The
ventral margin compressed tightly while the dorsal
margin bends inward and the anterior margin protru-
des outward.

the magnitude of the fluctuation (Figs. 11, 12). PCA
revealed that the dominant features of variation re-
lated to FA in 4. oceanica populations from both
sites were associated with the deformations in the
umbonal and anteroventral angles and in the dorsal,
anterior and ventral margins of the outer shell. The
percentage values of PCA represent the level of
variability in the data wherein PC1 elucidates vec-

Table 2. The shell shape variations observed in left and right valves of the pooled
populations of A. oceanica as outlined by the significant relative warps.

tors at landmarks showing the magnitude and direc-
tion of the displaced landmark while the PC2 ex-
plains the variance via the thin plate splines, an
interpolation function that models change between
landmarks from the data of changes in coordinates
of landmarks (Marquez, 2014). Herewith, A. ocean-
ica population in Samboang (71.62%) exhibited
higher level of variability compared in Tulog-bato
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Figures 9, 10. Relative warps showing the boxplot, consensus morphology and the frequency histogram of
shell shape variability of the (Fig. 9) left and (Fig. 10) right valves of A. maculosa from the two populations.

population (54.72%) based on the overall variation
exhibited by PC1 and PC2.

The causes of variations in the shell shapes of
bivalves have been the focus of so many debates
and for A. oceanica in particular, it should still be
subjected to further studies. However, in this case,
there could be many underlying factors that may
have shaped variations within and between popu-
lations. Taking the results as a whole, it was clear
that the differences in the shapes between the left
and right valves of A. oceanica otherwise known
as fluctuating asymmetry (FA) was the cause of
shell shape variation within population that con-
tributed significantly to the variation between pop-
ulations. FA is defined as random deviations from

perfect symmetry of the morphology of an organ-
ism (Palmer, 1994). The variations within and be-
tween populations of 4. oceanica could be genetic
in nature resulting to different tolerance to stress.
Populations of this species might have experienced
developmental perturbations early in life in their
respective habitat which resulted to the deviations
from bilateral symmetry (Borlaza & Tabugo,
2018).

Based on field scientific observation during the
sampling period, Tulog-bato and Samboang dis-
played some anthropogenic disturbances. In Tulog-
bato, human activities such as cutting of mangroves
for fuel wood and burning of mangroves for char-
coal making are some of the disturbances that con-
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Effects SS df MS F p value

Tulog-bato population

Individuals 0.0163 5684 0 0.675 0.0000%**
Sides 0.0346 196 0.0002 41.5773 0.0000%**
Individuals x Sides 0.0241 5684 0 0.9572 0.0000%**
Measurement Error 0.1043 23520 0 - -
Samboang population

Individuals 0.0828 5684 0 0.8418 0.0000%**
Sides 0.0697 196 0.0004 20.553 0.0000%**
Individuals x Sides 0.0984 5684 0 1.8904 0.0000%**
Measurement Error 0.2154 23520 0 - -—-

Table 3. Results of Procrustes Two-Way, Mixed Model Analysis of Variance of the body symmetry of A. oceanica from the
two populations. Note: Individuals = shape variation, Sides = directional asymmetry; Individuals x Sides interaction = fluc-
tuating asymmetry; ***p<0.001- Highly significant, ns- Statistically insignificant (p>0.05); Significance was tested with

99 permutations.
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Figures 11, 12. Deformation grids of shell shapes related to fluctuating asymmetry in 4. oceanica from
Tulog-bato (Fig. 11) and Samboang populations (Fig. 12) based from the first two principal components.

tributed to the destruction of this mangrove estuar-
ine ecosystem. Furthermore, large amount of pol-
lution brought by residential wastes is prevalent in
Samboang which are directly disposed the intertidal
zones due to the residential houses along the shore
and this is evident by the various litter that is fre-
quently found scattered in the coastline such as
plastic bottles, plastic sachets and diapers. These

anthropogenic disturbances, among others, are the
results of the growth of human population (Behera
et al., 2014). As 4. oceanica populations experi-
enced these disturbances in these areas, they could
develop an adaptation either to change its growth
form or improve alternative phenotypes to adapt in
its current habitat conditions which in return could
lead to ecological plastic responses where changes
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in the structure of the shells are the first visible re-
flections (Qonita et al., 2015). When the habitat is
disturbed such as that of in Tulog-bato and Sam-
boang, it leads to inability of an organism to mod-
erate its development against genetic or
environmental conditions (developmental instabil-
ity) (Daloso, 2014). Such development cannot be
restored to the original pathway causing slight ran-
dom deviations in the symmetry and eventually in-
crease phenotypic variations of the organism (Trono
etal., 2015).

CONCLUSIONS

The use of outline-based geometric morphomet-
rics showed significant variations in the shell shapes
of the outer left and right valves between popula-
tions of A. oceanica. Although, these variations
should be further studied in order to elucidate their
sources. Further investigations revealed that the dif-
ferences in the shapes between the left and right
valves of 4. oceanica, which is known as fluctuat-
ing asymmetry, were the cause of shell shape vari-
ation within populations that contributed
significantly to the variation between populations.
This study clearly proved that shell shape variation
does not only occur in geographically isolated pop-
ulations, it could also occur in neighbouring popu-
lations such as that of in Tulog-bato and Samboang.
It is hypothesized that shell shape variation is an
adaptive strategy of bivalves in response to its cur-
rent ecological conditions. Thus, shell shape varia-
tions in A. oceanica populations may have
implications to habitat adaptation which can help in
understanding the nature of this species especially
those inhabiting in the intertidal zones of Margosat-
ubig, Zamboanga del Sur, Philippines.
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