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Abstract

Fluctuating asymmetry (FA) quantifies the degree of variations from a perfect symmetry and therefore expected
to reflect the state of genomic and ecological stress undergone by the single species and or populations
throughout its development. It identifies the extent of differences from the symmetry of left and right sides of the
organisms, as both sides are expected to be identical from its genetic activity and within the environment they
inhabit. In this study, geometric morphometric was utilized to measure wing shape variation in the populations of
Calopteryx splendens. A total of 120 samples consisting of 30 males and 30 females were randomly collected each
of the latitudinal gradient and subjected to Procrustes ANOVA and Principal Component Analysis (PCA) by
means of Symmetry and Asymmetry in Geometric Data (SAGE) software. In the three factors analyzed:
individuals, sides, and individual x sides result shows that the collected samples from the high altitude displayed
high significant difference (P<0.0001) in the female forewings and hindwings while male forewings and
hindwings showed partly non-significant. Whereas, the collected samples from the lower altitude result shows
high significant difference (P<0.0001) in the female and male forewings while female and male hindwings shown
partly non-significant. It implies that latitudinal gradients could influence wing shape pattern and phenotypic
variability was evident between species of the same lineage. Further, utilizing geometric morphometrics is

essential in identifying wing shape variations and co-variations among species relatively of the same ancestry.

*Corresponding Author: Cresencio C. Cabuga Jr. P4 cresenciocabugajr@gmail.com
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Introduction

The shape is an utmost morphological characteristic
that offers a phenotypic information linking the
genotype to the environment (Ricklefs and Miles,
1994). Environmental components highly affect
morphological trait involving the shape thus
manifesting phenotypic plasticity (Via and Lande,
1985; Schlichting and Pigliucci, 1998). The wing
shape variations widely occur among insect’s species
and considerably one of the factors for its diversity.
The wing morphology is relatively significant during
food hunting and mating process (Riget et al., 2008)
while it is believed that the flight system and flapping
kinematics are results of the same phenomenon
(Demayo et al., 2011). The ability of this species to
develop phenotypic variation being associated with
environmental adaptation (Green, 2000). Differences
in wing shape is also linked with fitness and
reproductive success (Kokko and Brooks, 2003;
Rankin and Arnqvist, 2008). Wings variations might
also attribute to geographic isolation which later

results in genetic variation (Hermita et al., 2013).

Also, it plays an important role in regulating the flight
activity and likely the outcome of interspecific
dissimilarities due to natural selection (Johansson et
al., 2009). As well as, study shows that modifications
in wing morphology might be correlated to flight
performance and sexual selection (Outomuro and

Johansson, 2011).

Indeed, wing variations are primarily associated to
sexual dimorphism resulting to trait specific
condition (Arnqvist and Rowe, 2005; Fairbairn et al.,
2007).Further, wing size and shape are comparatively
the primary components in which insects can respond
during flight performance (Ribak et al., 2009).
Developmental stability of the organisms is the
outcome of projected phenotype from a specific

genotype towards environmental setting (Zakharov,

1992).

Moreover, to draw wing shape variations within the

population of Calopteryx splendens fluctuating

asymmetry (FA) was utilized as an indicative tool of
geometric morphometrics. This application is wide
uses for defining differences among biotic elements
(Klingenberg and McIntyre, 1998; Savriama et al,
2012; Hermita et al., 2013).FA often utilizes as a
biomarker of developmental instability (Clark et al.,

1986; Parsons, 1992; Moller and Swaddle, 1997.

It helps to distinguished variances along bilateral
symmetry. Further, it is a contributing mechanism in
the field of biology in which it defines the shape
variations and co-variations of organisms towards its

environment (Cabuga et al., 2016).

In this study, two latitudinal gradients (High & Low
Altitude) were considered upon the collection of C.
splendens, a widely spread damselfly found among
regions in the Philippines. It mostly found in forests,
grasslands, rice fields, waterfalls and even lakes
(Kalkman, 2009). Its wings shape are the essential
and fundamental basis of phenotypic variation within
its population (Fraser, 1957; Hennig, 1981; Carle,
1982; Pfau, 1981; Trueman, 1996; Bechley, 2002).

The geographical location of organisms may also
develop phenotypic variations due to its adaptation
and ecological influences. Hence, the latitudinal
gradient is a mechanism that increases species
richness and morphological features (Willig et al.,
2003). The present study aims to identify phenotypic
variations between the sexes of C. splendens through

wings morphology by using fluctuating asymmetry.

Thus, the importance of geometric morphometric in
analyzing wing shape variation is a mechanism to be
utilized to further understand ecological and

evolutionary history in Odonates.

Materials and methods

Description of the area

This study was conducted at Tagnote Falls, Remedios
T. Romualdez, Agusan del Norte, Philippines.
Geographically lies between 9°03’01.40"N and
125°39’00.15”E (Fig. 1).
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Fig. 1. Map showing the study area Tagnote, Agusan del Norte, Falls, Remedios T Romualdez Philippines.

The damselfly collection was done in the month of
March and April 2017 with the aid of sweep nets for
catching and proper preservation procedures were

applied.

Sample collection and processing
A total of 120 individuals comprising of 30 males and
30 females was collected each of the latitudinal

gradient.

The left and right forewings and hind wings of the
adult C. splendens was first detached from the body of
the insects with the use of a scalpel, dissecting needles
and forceps. After which, the wings was placed
properly between the two clean glass slides. Each
corner of the slide was then secured with an invisible
tape to prevent the slides from moving. The glass
slides were labelled appropriately which includes the
sex, specimen number and the place where it was

collected.

The samples were then administered for image
scanning to see the samples point of origin for
landmarking procedures and analysis. The sex of the
collected damselfly was verified by its body and wing
color. Females were identified by an opaque, smoky
brown rather than a transparent green while males
were identified by its completely dark blue body and

wing color.

Landmark selection and digitation

Digital images were sorted accordingly into sexes and
converted to tps files using tpsUtil. Landmarking of
the samples were digitized using the tpsDig version 2
(Rohlf, 2004). A total of 12 landmark points in
forewings and hindwings respectively was used in this

study (Fig. 2).

Shape analysis
The converted tps files with the anatomical
landmarks were processed in symmetry and

asymmetry geometric data (SAGE) (version 1.04
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Marquez, 2007) software (Fig. 3) to obtain the
principal component analysis which identifies the
deformation grid of the
(Natividad et al., 2015).

individual asymmetry

This software provides valuable information on the
distribution of the data from the mean over the range
of the variable. The collected coordinates were then
subjected to Procrustes ANOVA that helps to draw
the significant difference of the factors considered.

These factors were individuals, sides, and interaction

of the individuals and sides of C. splendens.

The level of significance was confirmed at P<0.0001.
The differences between the side and measure of
directional asymmetry also show. The percentage (%)
of FA were compared and obtained between the sexes
of the samples (Natividad et al., 2015).

Results and discussion

Procrustes ANOVA was employed to determine the
intraspecific wing shape variations of C. splendens.
The analysis to compare the left-right symmetry and
size shape presented in (Table 2, 3, 4 & 5).

Table 1. Anatomical landmark points used to define wing shapes in C. splendens. adopted from (Tillyard and

Fraser, 1940).

Coordinates Locations/Nomenclature

1 anterior end of the Arculus (Arc)

2 Posterior end of nuchal spine

3 Anterior insertion of dorsal fin

4 Posterior insertion of dorsal fin

5 Dorsal insertion of caudal fin

6 Midpoint or lateral line

7 Ventral insertion of caudal fin

8 Posterior insertion of anal fin

9 Anterior insertion of anal fin

10 Dorsal base of pelvic fin

11 Ventral end of lower jaw articulation

12 Posterior end of the premaxilla

13 Anterior margin through midline of orbit
14 Posterior margin through midline of orbit
15 Dorsal end of operculum

16 Dorsal base of pectoral fin

Table 2. Procrustes ANOVA results for the forewings of C. splendens interms of sexes (High Altitude).

Factors SS DF MS F P-VALUE
Female

Individuals 0.5898 580 0.001 2.1441 0.0001%*
Sides 0.0341 20 0.0017 3.5906 0.0001%*
Individual x Sides 0.2751 580 0.0005 5.3796 0.0001%*
Measurement Error 0.2116 2400 0.0001 -- --
Male

Individuals 1.1091 580 0.0019 1.045 0.298ns
Sides 0.1201 20 0.006 3.2829 0.0001%*
Individual x Sides 1.0613 580 0.0018 7.2706 0.0001%*
Measurement Error 0.604 2400 0.003 - -

Note: Individual — symmetry, Sides - directional asymmetry, individual x sides interaction — fluctuating

asymmetry, ** (P<0.0001)-statistically significant, ns — statistically insignificant (P>0.05): significance was

tested with 99 permutations.
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There were three factors: the individuals, side, and
individual x sides were considered in the analysis and

was applied to both male and female samples.

The obtained results indicated FA for the three factors
measured and similarly among female and male

populations (P<0.0001).

It was observed that there was a high significant
difference among the individual damselfly associated
to the other individual samples. The so-called
individual is the symmetry and individual by sides
reflecting fluctuating asymmetry. While the sides also
displayed highly significant difference indicating FA
in the left-right sides of the populations.

Table 3. Procrustes ANOVA results for the hind wings of C. splendens interms of sexes (High Altitude).

Factors SS DF MS F P-Value
Female

Individuals 0.8318 580 0.0014 2.1257 0.0001%*
Sides 0.0892 20 0.0045 6.6139 0.0001%*
Individual xSides 0.3913 580 0.0007 3.2701 0.0001%**
Measurement Error 0.4951 2400 0.0002 - -
Male

Individuals 1.6547 580 0.0029 0.823 0.9904"s
Sides 0.0607 20 0.003 0.8755 0.619108
Individual x Sides 2.0106 580 0.0035 17.6495 0.0001%*
Measurement Error 0.4714 2400 0.0002 -- --

Note: Individual — symmetry, Sides - directional asymmetry, individual x sides interaction — fluctuating

asymmetry, **(P<0.0001) statistically significant, ns — statistically insignificant (P>0.05): significance was tested

with 99 permutations.

Table 4. Procrustes ANOVA results for the forewings of C. splendens interms of sexes (Low Altitude).

Factors SS DF MS F P-Value
Female

Individuals 0.4062 580 0.0007 1.7517 0.0001%*
Sides 0.038 20 0.0019 4.7563 0.0001**
Individual x Sides 0.2139 580 0.0004 5.3796 0.0001%*
Measurement Error 0.1603 2400 0.0001 - -
Male

Individuals 0.3254 580 0.0006 2.1109 0.0001%*
Sides 0.044 20 0.0022 0.0022 0.0001**
Individual x Sides 0.1542 580 0.0003 3.1893 0.0001%*
Measurement Error 0.2 2400 0.0001 -- --

Note: Individual — symmetry, Sides - directional asymmetry, individual x sides interaction — fluctuating

asymmetry, **(P<0.0001)-statistically significant, ns — statistically insignificant (P>0.05): significance was tested

with 99 permutations.

It is the differences between the two sides denoting

directional asymmetry (Galbo and Tabugo, 2014).

On the other hand, the error term is the measurement
and is by chance effect (Samuels et al., 1991; Palmer
and Strobeck, 1986, 2003; Carpentero and Tabugo,
2014). Thus, FA was detected in the three factors both

in female and male damselflies.

The observed variations among the collected samples
might be attributed to its environmental preferences.
Hence, ecological causation also develops phenotypic
of the
Accordingly, high levels of asymmetry could be

plasticity among species same taxa.

attributed towards environmental stress; since

species are most adaptable to ecological alterations

(Sadeghi et al., 2009; Yuto et al., 2016).
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Table 5. Procrustes ANOVA results for the hind wings of C. splendens interms of sexes (Low Altitude).

Factors SS DF MS F P-Value
Female

Individuals 0.713 580 0.0012 1.1437 0.0531
Sides 0.0465 20 0.0023 2.165 0.0025"
Individual x Sides 0.6235 580 0.0011 11.3811 0.0001%*
Measurement Error 0.2267 2400 0.001 - -
Male

Individuals 0.2904 580 0.0005 1.1164 0.0926018
Sides 0.1014 20 0.0051 11.3069 0.0001%*
Individual x Sides 0.2601 580 0.0004 8.0823 0.0001%*
Measurement Error 0.1332 2400 0.0001 -- --

Note: Individual — symmetry, Sides - directional asymmetry, individual x sides interaction — fluctuating
asymmetry, **(P<0.0001)-statistically significant, ns — statistically insignificant (P>0.05): significance was tested

with 99 permutations

Table 6. Principal component scores showing the values of symmetry and asymmetry scores with the summary

of the affected landmarks of forewings between sexes of C. splendens (High Altitude).

Individual Sides (Directional Asymmetry) Interaction (Fluctuating Asymmetry) Affected Landmarks

PCA (Symmetry)

Female

PC1 55.2018% 100% 55.4913% 1,3,4,5,6,7,9,10,11

PC2 20.6031% 16.2597% 1,2,3,4,5,8,12

PC3 8.3872% 12.5196% 1,2,4,7,8,11,12

PC4 6.0017% 5.7609% 1,2,3,4,5,6,7
90.1931% 90.0315%

Male

PC1 68.4979% 100% 61.8754% 1,2,3,4,5,6,7,8,9,10,11,12

PC2 10.5307% 14.3351% 1,3,4,5,6,9,11,12

PC3 6.2422% 8.7132% 1,2,3,4,5,8,9,10,12
85.2708% 84.9237%

Table 7. Principal component scores showing the values of symmetry and asymmetry scores with the summary

of the affected landmarks of hind wings between sexes of C. splendens (High Altitude).

Individual  Sides (Directional Asymmetry) Interaction (Fluctuating Asymmetry) Affected Landmarks

PCA (Symmetry)

Female

PC1 65.9541% 100% 49.8903% 1,2,3,4,5,6,7,8,9,10,11,12

PC2 13.4226% 18.127% 1,2,3,5,6,7,9,10,12

PC3 6.1627% 10.3615% 1,3,4,5,6,8,9,10,11

PCq 5.0209% 8.0131% 1,3,4,5,7,8,9,10,12
90.5603% 86.3919%

Male

PC1 84.7305% 100% 86.494% 1,2,3,4,5,6,7,8,9,10,11,12

PC2 5.567% 5.588% 1,2,3,4,5,6,7,8,9,10,11
90.2975% 92.082%

The occurrence of non-directional dissimilarities While, it is assumed that environment plays a major

among the sides might be related to environmental role for species phenotypic changes; thus abiotic

requirements implying developmental variations factors i.e. climate, elevation, geographic isolation

(Valen, 1962; Palmer 1994; Gangestad and Thornhill, also proposes morphological differences.

1997).
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Moreover, Eco geographical isolation constitutes
body size modification and allows to shift dispersal
ability between island species (Lomolino et al., 2005;

Whittaker and Fernandez-Palacios, 2007).

The study shows that different wing shape and body
size within the normal population signifies adaptation

to island heterogeneity (Lee and Lin, 2011).

Table 8. Principal component scores showing the values of symmetry and asymmetry scores with the summary

of the affected landmarks of forewings between sexes of C. splendens (Low Altitude).

PCA Individual Sides (Directional Asymmetry) Interaction (Fluctuating Asymmetry) Affected Landmarks
(Symmetry)

Female

PC1 38.5565% 100% 60.8608% 1,2,3,7,8,9,10,11,12

PC2 34.7785% 17.4092% 1,2,3,4,5,6,9,11

PC3 6.0017% 5.7609% 1,2,3,4,5,6,7
79.3367% 84.0307%

Male

PC1 36.494% 100% 38.2195% 1,2,3,4,5,6,7,8,9,10,11,12

PC2 31.8515% 21.4229% 1,2,4,5,11,12

PC3 11.7156% 15.769% 1,4,8,9,10,12

PCq 6.5522% 8.4153 1,4,8
85.2708% 83.8267%

Table 9. Principal component scores showing the values of symmetry and asymmetry scores with the summary

of the affected landmarks of hindwings between sexes of C. splendens (Low Altitude).

Individual  Sides (Directional Asymmetry) Interaction (Fluctuating Asymmetry) Affected Landmarks
PCA (Symmetry)
Female
PC1 76.5344% 100% 70.6971% 1,2,3,4,5,6,7,8,9,10,11,12
PC2 9.911% 9.0047% 1,2,3,4,5,9,11,12
PC3 4.652% 6.4242% 1,4,9,10,12
91.0974% 94.1391%
Male
PC1 60.087% 100% 54.1619% 1,2,3,4,5,6,7,8,9,10,11,12
PC2 13.399% 16.7657% 1,3,4,5,6,10
PC3 8.6095% 9.4353% 1,2,4,12
PCq 5.5462% 6.3975% 1,4,6,7,8,9,12
87.6417% 86.7604%

In addition, insect’s wing variability could also be
related to the energy expense during flight
(Betts 1988;
Grodnitsky, 1999; Dudley, 2000; Wooton and

Kukalova-Peck, 2000). Nonetheless, the ability of

maneuverability and Wootton,

species to inhabit islands most especially insects
likely results to flightless activity due to reduced
competition and predation (Mcnab, 1994).

The principal component analysis (PCA) shows the
Interaction or Fluctuating Asymmetry for the
collected female and male samples at higher altitude
(Table 6 & 7). In the forewings, female have 90.03%
percentage of FA constituting four principal
component scores (PC) accounting to 90.19%. While
the affected landmarks common among the four PC
score were landmarks 1 (anterior end of the arculus)

and 4 (posterior end of the radius).
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Fig. 2. Landmark points used to describe the wing shape of C. splendens (a)forewing (b) hindwing.

The male forewings have 84.92% of interaction (FA)
constituting three principal component scores (PC)
accounting to 85.27%. The affected landmarks
common among the three PC score were landmarks 1,

3,4,5,9 and 12. These were portion of anterior end of

the arculus, posterior intersection of the Pterostigma
& Radius 1, posterior end of the radius 4, posterior
end of the anterior media, anterior end of the anal

vein and anterior end of the radius 4 supplementary.
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Fig. 3. Overview of the schematic flow of shape analysis using SAGE.
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It was observed that female had the highest
percentage of FA in the forewings when compared to
male. Meanwhile, the female hind wings have 86.39%
of FA constituting four principal component scores
(PC) accounting to 90.56%. The common affected

landmarks among the four PC score were landmarks

. "'1" !
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ThRRnumaa L
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1,3,5,9 and 10. These were portion of anterior end of
the arculus, posterior intersection of the Pterostigma
& Radius 1, posterior end of the Anterior Media,
anterior end of the Anal vein, anterior end of the

Cubital vein supplementary.
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Fig. 4. Principal Component (PC) implied deformation grid and histogram of individual (Fluctuating

Asymmetry) of female-forewings collected at high altitude.

The male hindwings have 92.08% of FA constituting
only two principal component scores (PC) accounting
to 90.30%. The common affected landmarks among
the two PC score were 1,2,3,4,5,6,7,8,9,10 and 11.
These were the anterior and posterior regions of the

damselflies wings. It was observed that male

displayed highest percentage of fluctuating asymmetry
(FA) in the hindwings when compared to female. The
affected landmarks of the female and male forewings
and hindwings were shown in deformation grid and
histogram of the values displayed asymmetry in the wing
form (Fig. 4, 5, 6, & 7).
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On the other hand, the principal component analysis
(PCA) for the collected female and male samples at
lower altitude presented in (Table 8 & 9).In the
forewings, female have 84.03% of FA constituting
three principal component scores (PC) accounting

to 79.34%. The common affected landmarks among

the three PC score were 1, 2, and 3. These were the
portion of anterior end of the arculus, the Nodus and
posterior intersection of the Pterostigma & Radius 1.
While male forewings have 83.83% of FA constituting
four principal component scores (PC) accounting to

85.27%.
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Fig. 5. Principal Component (PC) implied deformation grid and histogram of individual (Fluctuating

Asymmetry) of male-forewings collected at high altitude.
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The common affected landmarks among the four PC The common affected landmarks 1, 4 and 9. These
score were 1 (anterior end of the arculus) and 4 were the portion of anterio end of the arculus,
(posterior end of the Radius 4). Whereas, the female posterior end of the Radius 4 and anterior end of the
hindwings have (94.14%)of FA constituting three anal vein.

principal component scores (PC) accounting to 92%.

PC1=49.8903%

PC2=18.127%
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A3 A8 BAF A8 084 880 084 SR 01F B0

PC3=10.365%

T ]

T

OAN 1% 047 008 A0 D01 000

PC4=8.0131%

A08 D5 S0 H0F 08 S0 000 08

Fig. 6. Principal Component (PC) implied deformation grid and histogram of individual (Fluctuating
Asymmetry) of female-hindwings collected at high altitude.
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The male hindwings have 86.76% constituting four
principal component scores (PC) accounting to
86.76%. The common affected landmark among the
four PC score were 1 (anterior end of the arculus) and
4 (Posterior end of the Radius 4). It was observed that
female had the highest percentage of FA when

compared to male hindwings. The affected landmarks
of the female and male forewings and hindwings were
shown in deformation grid and histogram of the
values displayed asymmetry in the wing form (Fig.8,

9,10 & 11).
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Fig. 8. Principal Component (PC) implied deformation grid and histogram of individual (Fluctuating

Asymmetry) of female-forewings collected at low altitude.
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Generally, the collected samples of C. splendens in the between female and male were anterior end of the
high altitude establishes highest percentage of arculus, the Nodus and posterior end of the Radius 4
fluctuating asymmetry when compared to low that could be detected from the two altitudes.

altitude. While the common affected landmarks
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Fig. 9. Principal Component (PC) implied deformation grid and histogram of individual (Fluctuating

Asymmetry) of male-forewings collected at low altitude.
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It signifies that organism’s inhabited great elevation

requires more energy utilizing the wings to

compensate toward food hunting and predation
pressures (Stoks, 2001; Svensson and Friberg, 2007)
and sexual causation (Outomuro and Johansson
2011) thus enhances variability.

wing shape

Accordingly, the wing shape dissimilarities of Euphea

performance, dispersal capacities, and foraging skills
(Hayashi, 1990). Furthermore, Odonata has been a
long source of wing shape variations including wing
venation pattern and this constitutes a basis of
taxonomic classification (Rehn, 2003). Also, flying
insects that had longer and thinner wings were

estimated to be efficient during flight performance

damselflies could be associated with flight and faster kinematics (Norberg, 1989).
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Fig. 10. Principal Component (PC) implied deformation grid and histogram of individual (Fluctuating

Asymmetry) of female-hindwings collected at low altitude.
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Indeed, Calopterygid damselflies exhibit trait specific and Friberg, 2007) and human induced pressures
environment; it indicates intraspecific wing shape comprising landscape creation (Taylor and Merriam,
variation (Abbot, 2005). Likewise, several studies also 1995) suggested affecting wing shapes evolution in
proposed that sexual selection and latitudinal damselflies. Nonetheless, the results suggests that
gradient (Outomuro and Johansson, 2011) predation wing shape variations among and within species of
and nutrient requirements (Stoks, 2001; Svensson the same taxa are common.
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Fig. 11. Principal Component (PC) implied deformation grid and histogram of individual (Fluctuating

Asymmetry) of male-hindwings collected at low altitude.
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Similarly, comparative studies also performed wing
shape analysis in damselfly (European Calopteryx
splendens) to discriminate variation within its
(Sadeghi et al,

differentiation

population 2009), flight

morphological (Enallagma
cyathigerum, Bots et al, 2009), development in wing
shape (Johansson et al, 2009); influences of
elevation (high altitude & low altitude) and wing
shape dissimilarity (Calopteryx virgo meridionalis,
Outomuro and Johansson, 2011). Meanwhile, body
size and wing shape also attributed to the
evolutionary development such the bottleneck effect,
founder effect, and genetic drift (Lomolino et al,
2005; Whittaker and Fernandez-Palacios, 2007).
Moreover, (Mpho et al, 2000) emphasize that
developmental instability of the species may be due to
environmental influences: climatic variations, food
insufficiency,

pesticides and parasitism and

genetically derived conditions: novel mutants,
hybridization, and inbreeding. Likewise, extreme
precipitation and temperature are the outcomes of
climate change; these create potential source of wing
shape modification and likely to establish a threat to
this family (Palmer and Raisanen, 2002; Karl and

Trenberth, 2003).

The PCA implied deformation for individual variation
(fluctuating asymmetry) were shown in (Fig.4, 5, 6, 7,
8, 9, 10 & 11). These illustrate the affected landmarks
of individual damselflies that later causes FA levels in
its wing shape. Accordingly, insect’s flight
performance are attributed to its fitness while
complemented by the wing shape (Sadeghi et al.,
2009). Moreover, differentiation in the body form
and wings are essential factors that could influence
the capability to inhabit environments, resist
predators and successfully reproduce (Gatz, 1979;
Losos and Sinervo, 1989; Walker, 1997; Nagel and
Schulter, 1998.) In general, the observation of wing
shape dissimilarities could be associated to the
interrelationship between organisms and its
environment that would likely results to phenotypic
variability. The wide-ranging manifestation of wing

shape dissimilarities is pervasive due to geographic

variation (Mayr, 1963), and often results to an
adaptation of organisms to confined environments,
limiting biotic and abiotic components. Thus, the
mechanism of adaptation are a probable cause of
organisms to derive into sub-speciation, yet this
phenomenon is difficult to understand (Mc Peek,
1990; Ricklefs and Miles, 1994).

Further, the application of Geometric Morphometrics
in determining shape variation advances to illustrate
the intraspecific morphological differences. The
obtained data illustrated the importance of the
application to draw significant wing differences in the
female and male population of C. splendens. Indeed,
insect wings provide foremost source of taxonomic

classification.

Conclusion

The potential of fluctuating asymmetry (FA) in
measuring developmental variability and indicator of
environmental related stressor is an advancement to
quantify phenotypic variances among species of the
same taxa. In the three factors analyzed result shows
that the collected samples within the high altitude
displayed statistically significant (P<0.0001) in the
female forewings and hindwings when compared to

male forewings and hindwings.

The collected samples within the lower altitude result
show statistically significant (P<0.0001) in the female
and male forewings when compared to female and
male hindwings. It implies that environmental
causation is direct component affecting phenotypic
differences of the species. Latitudinal gradients could

also a factor affecting wing shape variations.

The considerable FA levels were an indication that
variation of the wing size and shape among C.
splendens is widespread and could associate with
flight performance, fitness and sexual selection. Thus,
using geometric morphometrics is efficient to
quantify shape differences and could establish
taxonomic classification within species of the same

ancestry.
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