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ABSTRACT

Developmental stability is the ability of organisnts maintain a stable state despite different emvinental
conditions and stressors. The converse of whidei®lopmental instability where, one can estimgtsubjecting
genetically identical individuals in a common eviment and measuring fluctuating asymmetry (FAjs Type of
asymmetry examines random variation between left @ght sides of traits that are on average, bitalty
symmetrical since, both sides of a symmetricalcstine are said to be genetically identical, witingar history of
gene activity and experiencing the same environnt@attuating asymmetry (FA) is the most commoskgduool
for measuring developmental instability herewittdiiect relationship between FA and developmemisiability. In
this study, a population of the bivalve Arcticaarglica (ocean quahog) was analyzed for fluctuaisgmmetry.
The population consists of 83 individuals and 3edént morphotypes were identified, FA of each thotype was
measured to evaluate developmental stability. Hyggis assumes that fluctuating asymmetry has aostseflects
the quality of individuals. Using landmark methad $§hape asymmetry, anatomical and mathematicalrtaarks
were assigned in the inner valves of Arctica isleaqocean quahog) and analysis was done using f8gtry and
Asymmetry in Geometric Data” (SAGE) program. Reswield highly significant FA in Morphotye C, sificant
FA in morphotype A and non-significant FA in Morpipe B. Results implied that developmental homeissta
seems not easily disturbed in Morphotype B hencgiite stable morphotype. Thus, suggesting stafmjlizelection
may be at work.

INTRODUCTION

Developmental stability is defined as the abilifyam organism to moderate its development agaiesefic or
environmental conditions and produce the genelicditermined phenotype [1]. Developmental stabiigy
influenced by both genotype and environment, adended by different genotypes displaying differiavels of
stability under the same environmental conditiomg édentical genotypes displaying different levefsstability
under varying environments. Fluctuating asymmet®A)(is the most commonly used tool for measuring
developmental instability herewith, a direct redaship between FA and developmental instabilit@2][1,

Symmetry is everywhere in the living world. Manypé&g of symmetries including bilateral, radial, tmtaal,

dihedral, and translational symmetries are preseall major groups of organisms [3,4,5,6]. There three types
of biological asymmetry, fluctuating asymmetry,atitional asymmetry, and antisymmetry. Fluctuatiggnametry
is characterized by small random deviations fromfqoe bilateral symmetry. These small random déwiet result
in a normal or leptokurtic distribution of asymme#tround a mean of zero. Directional asymmetryharacterized
by a symmetry distribution that is not centred abzero but is biased significantly, towards largeits either on
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the left or the right side. Antisymmetry is chamized by being centred around a mean of zero.chanmal
symmetry and antisymmetry are developmentally ailett and therefore likely to have adaptive sigrifice while
fluctuating asymmetry is not likely to be adaptage symmetry is expected to be the ideal stateg ,Because all
life forms are more or less symmetrical, fluctugtesymmetry may be observed in all taxa [9]. Thiguiby of
symmetry is a major advantage of fluctuating asytmmnever other measures of developmental instgbiine
could conceivably compare developmental instaeditf invertebrates and vertebrates and attemgédigpher the
underlying causal stress [9he underlying assumption of fluctuating asymmetmalysis is that the development
of the two sides of a bilaterally symmetrical origam is influenced by identical genes and, thereforen-
directional differences between the sides musthér@nmental in origin and reflect accidents ocmgrduring
development [1].

Fluctuating asymmetry are fine and random deviatifrom perfect symmetry of organism’s morphologyisl
considered a reliable factor for measuring developad instability because it reflects both genesicd
environmental stresses and this has been an inmpaht2ory in evolutionary biology for decades [1Bluctuating
asymmetry is important because it reflects a pdjmnas state of adaptation and coadaptation. Moeeovit
increases under both environmental and genetisssttough responses may be inconsistent [9]. Dem&@from
perfect symmetry may be measured as variancesi@dirlidimensions, shape variation involving landmadk as
continuous symmetry measures.

The measurement of fluctuating asymmetry is corapdid by the fact that its magnitude and distributaoe the
same as the magnitude and distribution of measureener. Therefore, in order to establish that differences in
symmetry rather than just measurement error bedpgrted, it is imperative to establish that the soees of
fluctuating asymmetry explain a statistically sfgrant proportion of the observed total varianceasen the sides.
To achieve this it is necessary to make repeateasunes of the left and right sides of the traite Thpeated
measures need to be made on the same subjectsoirange of the initial measure, with the same egeigt and
under the same laboratory or field circumstanceshase of the main data. To eliminate bias, ideallly

measurements should be made in ignorance of theureaent recorded for the side’s pair. For analg§ia

potential fluctuating asymmetry data set, certaiteda must be met: the measurements must regressoal

deviations from symmetry and not measurement earud, the distribution of fluctuating asymmetry mashform

to that expected for it, rather than for directiomsymmetry or antisymmetry [7].

Hence, in this study, the software used was “Symyrestd Asymmetry in Geometric Data” SAGE, to detigre
whether fluctuating asymmetry is significantly @ifént from measurement error. Data obtained weadyzed
between groups, in a population by using a metloddmparing trait variances. In this study FA wagestigated
for Arctica islandica (ocean quahog), a species of edible clam, and @nen&ivalve mollusk in the family
Arcticidae. This species is commercially harvestedan important food source in lligan City. Thig@ps are also
known by a number of different common names, indgdcelandic cyprine, mahogany clam, mahogany qgah
black quahog, and black clam [11]. Species arendifteied in the sediment of the seabed, where dhegafe from
predation while others lie on the sea floor ordit to rocks or other hard surfaces thus, can lzsased as
bioindicators [12]. The typicdrctica islandicaresembles the quahog, but the shell of the oceahay is rounded,
the periostracum is usually black, and on the iotef the shell, the pallial line has no inderaati or sinus. Unlike
the quahog which lives intertidally and can be exxtid by clam digging, this species lives subtydahd can only
be collected by dredging. They grow to sizes exicegB0 mm shell height [13].

The study aims to determine developmental instgbilia fluctuating asymmetry of the bivalve spechestica
islandica.Specifically, it aims to investigate differencestlie fluctuating asymmetry (right and left valve$}three
different morphotypes in one population.

Recently, much interest has also has been devotdtbtdetermination and examination of FA as aticatdr of
individual quality. Here, a hypothesis assumes thattuating asymmetry has costs and reflects thality of
individuals. Hence, this study may be able to gateeknowledge and provide information on the natfr¢he
organism also which morphotype is likely dominand aelatively developmentally stable hence, camrcditvated
to maximize yield or food production.
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MATERIALS AND METHODS

1. Sample Processing

Samples were collected and bought from Palao, rili§éty. Three (3) morphotypes were identified frame
population (Table 1). The samples were cleaned ttaeml soft tissues were removed. Photographs ahtier right
and left valves were used for testing fluctuatipgsetry. Total population size was 83 individuadisisting of 31
individuals for morphotype A, 39 individuals for mphotype B, and 13 individuals for morphotype C.

2. Landmark Assignment

Anatomical and mathematical landmarks were assigmetie inner valves ofrctica islandica(ocean quahog).
Thirteen (13) landmark points were used, compodel anatomical landmarks and 5 mathematical landsar
(Figure 1 and Table 2). Anatomical landmarks, thesirbiologically informative, are points that arelbgically
homologous between organisms. Mathematical landsnay&nerally less informative than anatomical laaks),
are defined by some mathematical or geometric ptpmeich as points of maximum curvature or extrgrmts
[14]. Analysis was based on definite and repeatab&omical marks on the interior of the valves.

Table 1. Different morphotypes in the population.

Morphotype Description

Morphotype A is light yellow to brown and have moderate amafritlack streaks. White blotches near the umbo
are eroded calcium carbonate from the valves.

Morphotype B has darker color than morphotype A- dark yellowiBhere are also black streaks distributed
unevenly through the exterior valve.

Morphotype C has the darkest colors; brown to black white letcnear umbo are also present as they are the
eroded area of the valve.
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Figure 1.
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Table 2. Position of the thirteen landmarks selectkin the interior valve of Arcticaislandica.

Landmark # Position

Anatomical Landmarl

1 Umbo

2 End of ligament

3 Junction of posterior retractor and ferior adductc

4 Junction of posterior adductor and pallial sinus

5 Inside of pallial sinus

6 Outside of pallial sint

7 Junction of anterior adductor and pallial line

8 Junction of anterior retractor and anterior adoiuc
Mathematical Landmarks

9 Near umbo

10 Dorsal margin maxima

11 Posterior margin maxima

12 Ventral margin maxima

13 Anterior margin maxima

The right and left valves were oriented in the hamtal plane and then the anterior and posterteaic®r landmarks
were rotated to a horizontal line. The interiorook valve per specimen was then digitally imagedi landmarked

using TPS softwaréArctica islandicavalves are symmetrical, allowing the databasestanbximized by using both
right valves and digitally-mirrored left valves ngiMicrosoft Office Picture Manager.

3. Measurement of Fluctuating Asymmetry

There are three types of deviation from perfecttbilal symmetry: fluctuating asymmetry (FA), direntl
asymmetry (DA), and antisymmetry (AS). FA measuttes variance in left-right (L-R) differences, whicie
distributed around 0. FA corresponds to a randoratian and can be used to measure developmerszbitity,
whereas DA and AS are considered to be inapprepédatdescriptors of developmental stability becdath are
developmentally controlled and are probably ada&ptis asymmetries.

The levels of FA were obtained using the “Symmaeing Asymmetry in Geometric D&téSAGE) program, version
1.0 [15]. This software analyzed the x- and y-camates of landmarks per individual. Sides (direzéiloasymmetry;
DA), Individual x sides (fluctuating asymmetry; FEAdnd their respective error were included as &ffderocrustes
superimposition analysis was performed with theyiogl and mirrored configurations simultaneouslyngsthe
SAGE program. This software analyzed the coordmatethe landmarks per individual, using a configiom
protocol for both right and left valves. The lesguares Procrustes consensus of set of landmafigeations and
their relabelled mirror images is a perfectly synmical shape, while FA is the deviation from petfédateral
symmetry [15, 16]. The squared average of Procsudisgances for all specimens is the individualtcbation to
the FA component of variation within a sample. Btedt the components of variances and deviatioRsperustes
ANOVA was used. The ANOVA used most frequently farctuating asymmetry is a two-way, mixed-model
ANOVA with replication. The main fixed effect @des(S), which has two levels (left and right). The blafkect is
individuals(I), which is a random sample of individuals fromapplation. Thesides by individuals interactiof® x
I) is a mixed effect. Finally, an error ternm)( represents measurement error (replications withides by
individualg. The effect calledidesis the variation between the two sides; it is asuee of directional asymmetry.
The effect calledndividualsis the variation among individual genotypes; ithaividualsmean square is a measure
of total phenotypic variation and it is random. Medile, theindividual by sides interactiois the failure of the
effect of individuals to be the same from sideitteslIt is a measure of fluctuating asymmetry antisgmmetry
thus, a mixed effect. The error term is the meanardg, and is a random effect [17,18, 19]. Principamponent
Analysis (PCA), of the covariance matrix associatétth the component of FA variation were also perfed for
each morphotype to carry out an interpolation basea thin-plate spline to visualize shape charmgemndmark
displacement in the deformation grid [15,20].

RESULTS AND DISCUSSION
In this study, developmental instability was invgsted via fluctuating asymmetry of the bivalve @psArctica

islandica(ocean quahog)t specifically looked into differences in the fluating asymmetry (FA) of the right and
left valves for three different morphotypes in gmepulation. The analysis was based on the Procrustthod.
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Procrustes ANOVA results yield significant FA irethalves of the specimens classified under morgigofyand C
(Table 3).

Table 3. Procrustes ANOVA Results for the three mgrhotypes ofArcticaisandica (ocean quahog).

Effects 55 dE MNS E REemarks
MNorphotype A
Sides 00012902 22 5. B644=-005 0.36418
Individuals x sidas 0. 10628 560 0. 00016103 1. 1175* Sdenificant
Mhlsasurameant Error 0.192654 1354 0. 00014409 --
Morphotype B
Sides 000099308 22 4 518005 016138
Individuals x sidas 0.23405 E36 0 00027997 091927 =ns MNon
significant
Mhlsasurameant Error 0. 52262 1716 0. 000320456 --
Morphotype C
Sides 00009549 22 4 3405005 0.20331
Individuals x sidas 0056361 264 000021349 1 BERp ®==xx=% Highlw
Sdenificant
Mlsasuremeant Error 0.064 726 ST2 000011316 --

Note: side = directional asymmetry; individual xIe$ interaction = fluctuating asymmetry; * P < 01Q(hs — statistically insignificant (P>
0.05); significance was tested with 99 permutations

The interaction of both factors side and individushowed a high value of mean square and a love\@flunean
square measurement error. Thus, the F value swgbsginificant FA for individuals in morphotype A C.
Morphotype C showed highly significant FA, basedtioe F value obtained. Morphotype A showed alsai@ant
FA value while Morphotype B had a non-significard.An this regard, fluctuating asymmetry refersstmall
random deviations from perfect symmetry in bilaltgrpaired structures (i.e. right and left valvei$)is thought to
reflect an organism’s ability to cope with genedimd environmental stress during development angtiltsy as an
indicator of such stresses is based on the assomitat perfect symmetry is an a priori expectafamthe ideal
state of bilateral structures. Here, fluctuatingnasnetry may be used as an indicator of individuadliy in studies
of natural and sexual selection and as a bioindicatol for environmental monitoring and consermvatbiology
[21]. A high significant FA would mean more devetogntally unstable phenotype.

Principal Component Analysis (PCA) was also perfednn order to visualize the covariance shape ohémgeach

principal component and to see the general dinediod magnitude of the fluctuation for each landmahe red

dots represent the morphological landmarks usékdrstudy while the blue arrows indicate the dioecas well as
the magnitude of the fluctuation. The percentadeesaof PCA represent the level of variability retdata (Table 4
and Figure 2). Here, the amount of overall variatxhibited by PC1 and PC2 of Morphotype B was &btmbe

intermediate of Morphotype A and C, with morphotypexhibiting the greatest percentage of variatidigher FA

was also observed for morphotype C.

Table 4. Variance explained by first two principalcomponents between the three morphotypes @i ctica islandica (ocean quahog).

Morphotype PC1 (%) PC2 (%) Overall (%)

A 23 18 41
B 27 17 44
C 31 28 59
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Figure 2. PCA implied deformation for individual x side interaction of fluctuating asymmetry of morphdype A, B and C ofArctica
islandica.

In the light of the results, it somehow, suggedtezirole of natural selection. Such that it caeralhe frequency
distribution of heritable traits in three ways, dagding on which phenotypes in a population areriedoThe three
modes of selection are called directional, dismggtand stabilizing selection. Directional selecti® most common
during periods of environmental change or when neibf a population migrate to a new habitat wiffecent

environmental conditions. Directional selection ftshithe frequency curve for a phenotypic charadterone

direction by favoring individuals who deviate frothe average. Meanwhile, disruptive selection ocaungn

environmental conditions favor individuals at betktremes of the phenotypic range over those witbrimediate
phenotypes. Moreover, stabilizing selection favorermediate variants and acts against extreme gifees.

Stabilizing selection reduces variation and mangtdhe status quo for a trait [22]. In this casdbidizing selection
may be at work where, Morphotype B (intermediateiard) yields non-significant FA results. Henceggests
Morphotype B as seemingly favorable such that stnesfrom the environment may not disturb develomade
homeostasis. Possible reasons are: (1) the mairdenaf genetic diversity in natural populations Hzeen

accounted to the fithess benefit of heterozygd8§[R4]. The underlying reason for an expectatibsuch positive
association between heterozygosity and fithestias heterozygotes have been suggested to be hifégrainst
environmental variation and thus to be phenotypicalastic i.e. maintain the optimal phenotype fe tface of
environmental fluctuation. In other words, indivads with relatively high levels of heterozygositaynhave higher
fitness because they also show a relatively higkllef individual homeostasis or stability. Howeytre literature
on the association of heterozygosity and fitnesatibest suggestive [25]; (2) Coadapted gene ammpl may
evolve in a population if natural selection favoatkeles in several loci that interact to produeyelopmentally
stable phenotypes [26]. Results show that morpteofy@and C exhibit high FA and thereby, considemdtively

unstable morphotypes and indicative that it carekgeriencing more environmental and genetic stagsk has
inability to buffer such stress. Meanwhile, morpipat B is likely dominant and relatively developnadiyt stable
hence, can be cultivated to maximize yield or fpoadduction.

CONCLUSION

Fluctuating asymmetry is defined as deviations freymmetry which may be caused by environmentaksé®
developmental instability and genetic problems myridevelopment. It is thought that the more pelfect
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symmetrical an organism is, the better it has le®a to handle developmental stress and has mestagpenental
stability. Fluctuating asymmetry (FA), then, may@measure of good-genes that is difficult or ingitae to mask.
Significant values for Fluctuating asymmetry wetmserved in Morphotype A and C suggesting deviations

bilateral symmetry thus, indicate developmentatabgity. Meanwhile, morphotype B of the populatibad the
least or non significant value for FA, thus Morpfm B is seemingly a favorable phenotype such strassors
from the environment may not disturb developmehtaheostasis hence, suggesting higher developmsatility.

Also it was observed that more number of individual the population has morphotype B, suggestmgeiatively
higher rate for survival and adaptation to its emwinent.
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