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Abstract 

   
The environment and genetic composition highly attribute to the phenotypes of an organism. This study was 

carried out to assess the phenotypic variability in the body shapes of Hypseleotris agilis or locally known as 

Bugwan from Lake Mainit, Philippines using Geometric Morphometric Analysis. Sixty samples consisting of 30 

males, and 30 females were randomly collected and subjected to Symmetry and Asymmetry Geometric Data 

(SAGE) Software. A significant variation was observed in the body shapes among the two sexes from the data 

provided by Procrustes ANOVA, Principal Component Analysis (PCA) while supported in the visualization of 

Implied Deformation and Histogram. A difference in the morphology was observed among the two sexes 

indicating a body shape variations. Such dissimilarities were associated and considered to be the result of 

adaptation and selection pressure coming from the environmental condition. Thus, the use of geometric 

morphometric analysis helps to quantify phenotypic variation within the community of species. 
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Introduction 

Fish are commonly used as a biomarker of pollutants 

in the aquatic environ. They serve as the best sample 

for detecting environmental condition since they 

inhabit were most of the effluent occurs. The presence 

of these effluents can affect to its physiological 

activities and later may express to its morphology. 

Ecological risks such as agricultural runoff, industrial 

sewage, and anthropogenic activities may pose 

unfavorable condition both in the environment and 

the organisms (Natividad et al., 2015). Over the 

decades, aquatic pollution has become a significant 

problem that has a wide range of effects (Dikshit et 

al., 1990). In existence, pollutants can be a factor to 

modify the genetic makeup of an organism and 

resulted in diversity and variation in the population 

(Trono et al., 2015). It causes intolerable effects, 

damaging environmental state and leads to mortality 

(Duruibe et al., 2007). Pollutants are vital 

components that can alter morphological traits of the 

aquatic organism (Jumawan et al 2016). These are 

contributing factors that directly affects its state of 

well-being. The effect of these pollutants may 

describe as morphological asymmetries through 

imperfect development (Jumawan et al., 2016). Lake 

Mainit is located between the Surigao del Norte and 

Agusan del Norte Philippines, holds the once endemic 

Hypseleotris agilis which locally known as “Bugwan.” 

It is endemic to the lake and   the distribution occurs 

from South Africa to Japan regions and in Southeast 

Asia. H. agilis is one of the abundant species found in 

Lake Mainit. Although not that commercially viable 

when compared to other bigger fishes like tilapia and 

carp, is shown to be important in the biodiversity of 

the lake and has been recommended for conservation 

(De Guzman, Gorospe and Openiano, 2009). The 

present study utilize Fluctuating Asymmetry (FA) a 

subset of Geometric Morphometric commonly uses to 

evaluate environmental stress and developmental 

variability of different biotic elements. FA was 

employed to assess the flux of pollutants in the 

aquatic environment and its effects on the organism. 

This mechanism provides a reliable result as it 

repeatedly used by numerous studies around the 

world. FA said to be an excellent means for 

determining environmental health (Lecera et al., 

2015). Fluctuating Asymmetry extensively used as a 

potential indicator for describing developmental 

instability (Ducos and Tabugo, 2015).On the other 

hand, FA plays an essential mechanism for 

distinguishing morphological similarity and 

differences (David Polly, 2012). It is also a significant 

instrument in the field of biology as it reveals a 

population’s state of adaptation and co-adaptation 

(Jumawan et al., 2016). Furthermore, fluctuating 

asymmetry identified to be a useful tool for giving 

vital information over another biomarker of 

developmental variability (Clarke, 1993). Thus, the 

study aims to determine and compare the 

morphological variation in terms of body shape of 

“Bugwan” (Hypseleotris agilis) based on the 

geometric morphometric analysis in Lake Mainit, 

Philippines. 

 

Materials and methods 

Description of the area 

This study was conducted in Lake Mainit, Philippines 

(Fig. 1). Lake Mainit is the fourth largest lake in the 

Philippines, having a surface area of 173.40 square 

kilometers (66.95 sq mi). It is also distinguished as 

the deepest lake in the country with a maximum 

depth reaching 223 meters (732ft). It is located in the 

part of northeastern section of Mindanao and shared 

between the provinces of Surigao del Norte and 

Agusan del Norte in Caraga region. Its geographical 

coordinates are 9032’6” North, 125031’23” East. Fig. 1.  

Map showing the study area in Lake Mainit, 

Philippines. 

 

Sample collection and processing 

A total of Sixty (60) samples of H. agilis was 

collected. Thirty (30) were females, and thirty (30) 

males. Sample prepare for photo processing were 

each of the samples was flank on Styrofoam with fins 

pinned to show its point of origin. To preserve the 

fish, a 10% formalin was used to make the fins harden 

to obtain a decent image of the fish and its point of 

origin. The captured image is converted into thin-

plate spline (TPS) file using tpsDig2 program version 

2.0.
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Fig. 1. Sampling area, Lake Mainit, Philippines. (Photo credit: Joseph et al., 2016). 

Sex determination 

After capturing digital images, sex of H. agilis was 

then determined by dissection process. Males were 

identified by observing its testes; testes were typically 

smooth, whitish and non-granular in appearance. 

Females were recognized by exploring its ovary, eggs 

are yellow or orange color. 

 

Landmark selection and digitation 

TPS series, landmark analyses was used to get its 

distorted features within the images. Landmarks were 

designated to have a homogenous outline of fish body 

shape using software tpsDig2.  

 

A total of 16 markers (equivalent to 16 X and 16 Y 

Cartesian coordinates) to recognize the best 

representation of the external form of the body (Fig. 

3). Landmark description was shown in Table 1. X 

and Y coordinates of the landmarks on the image 

were obtained for analysis. Digitization was 

accomplished three replicates for each fish samples to 

minimize the error in plotting the landmark points 

were used. 

 
Shape analysis 

Procrustes ANOVA was used to determine the 

individual symmetry and sides of L-R size and shape. 

X and Y coordinates serve as the starting point in 

examining or analyzing the Fluctuating Asymmetry 

(FA) of the fish. Left and right phase landmarks of 

TPS image processed in Symmetry and Asymmetry in 

Geometric Data (SAGE) software (version 1.04, 

Marquez 2007) (Fig. 2). SAGE software is useful in 

shape conformation of individual’s variation 

including the probable covariance condition. The 

percentage (%) of FA was obtained, and the 

differences between sexes of fish was determined. The 

three factors were considered; individuals, sides, and 

interaction of individuals x sides in measuring FA of 

H. agilis. 
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Results and discussion 

Procrustes ANOVA was used to identify the 

morphological variation of H. agilis (Table 2). There 

were factors analyzed; individuals, sides, individual 

by sides, measurement error among the male and 

female samples. In females result showed a high 

significant difference (P<0.0001) among the factors 

considered. On the other hand, males result shows a 

high significant difference (P<0.0001) in the factor of 

individual by sides however sides and individuals 

denoting a value of P<0.1913 and P<0.0821, 

respectively. 

 

Table 1. Description of the landmark points of Hypseleotris agilis based on Paña et al (2015). 

No. Description 

1 Snout tip 

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 of caudal border of hypural plate 

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 maxilla 

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 on body shape of Hypseleotris agilis in terms of sexes. 

Factors SS DF MS F P-VALUE 

Female 

Individuals 0.2426 812 0.0003 1.3021 <0.0001** 

Sides 0.031 28 0.0011 4.8244 <0.0001** 

Individual x Sides 0.1864 812 0.0002 8.9491 <0.0001** 

Measurement Error 0.0862 3360 0 -- -- 

Male 

Individuals 0.1447 812 0.0002 1.0632 0.1913 

Sides 0.0066 28 0.0002 1.4013 0.0821 

Individual x Sides 0.1361 812 0.0002 3.7964 <0.0001** 

Measurement Error 0.1484 3360 0 -- -- 

** (P<0.0001) highly significant. 

The Principal Component Analysis (PCA) further 

described the scores of symmetry and asymmetry and 

its affected landmarks of H. agilis population. Result 

showed that female population generated five (5) PC 

scores accounting to 81.68% and Interaction 

(Fluctuating Asymmetry) of 79.33%. The common 

affected landmarks were 1 (Snout Tip), 9 (Anterior 

insertion of anal fin), 10 (Dorsal base of pelvic fin), 12 

(Posterior end of maxilla) and 16 (Dorsal base of 

pectoral fin).  
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Table 3. Principal component scores showing the values of symmetry and asymmetry scores with the summary 

of the affected landmarks. 

PCA Individual 

(Symmetry) 

Sides 

(Directional asymmetry) 

Interaction 

(Fluctuating asymmetry) 

Affected 

landmarks 

Female 

PC1 34.3109% 100% 42.0745% 1,2,7,8,9,10,11,12,15,16 

PC2 23.6926% 15.0026% 1,2,3,4,5,6,7,8,9,10,11,12,

14,15,16 

PC3 10.7392% 9.323% 1,2,3,4,5,6,7,8,9,10,12,13,

14,16 

PC4 7.0363% 6.9397% 1,9,10,11,12,15,16 

PC5 5.9052% 5.9936% 1,2,3,4,5,7,8,9,10,11,12,15

,16 

 81.6842% 79.3334%  

Male 

PC1 45.435% 100% 33.8273% 1,2,3,4,5,6,7,8,9,11,12,15,

16 

PC2 15.3467% 17.8213% 1,2,7,8,9,10,11,12,14,15,16 

PC3 10.5448% 11.3494% 1,2,3,4,8,9,10,11,16 

PC4 7.7897% 9.2573% 1,2,3,4,5,8,9,11,15,16 

PC5 5.1707% 6.0232% 2,3,4,7,9,11,15,16 

 84.2869% 78.2785%  

 

In male population, PC scores were also five (5) 

accounting to 84.29% with Interaction (Fluctuating 

Asymmetry) of 78.28%. The common affected 

landmarks were 2 (Posterior end of nuchal spine), 9 

(Anterior insertion of anal fin), 11 (Ventral end of 

lower jaw articulation) and 16 (Dorsal base of pectoral 

fin). Figure 4 and 5 further showed the consensus 

morphology and the variation in the body of female 

and male population of H. agilis. 

 

Fig. 2. Diagram of shape analysis using Symmetry and Asymmetry Geometric Data Software. 
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The obtained result shows a body shape variation 

between female and male H. agilis samples. 

Considerably, the female was more vulnerable in 

many changes towards environmental condition, and 

the most considerable factor is the reproductive 

ability of the females to uphold offspring. In females, 

changes in shape are very significant to sustain its 

capability to resist changes and maintain homeostasis 

and metabolic rate for reproduction. In the study 

conducted by Requiron et al. (2012), it states that a 

shape has a significant role in depicting biological 

studies. Besides, detecting the forms of organisms 

also attributed to the ecological condition where 

species mostly inhabit.  

 

Fig. 3. Landmark point of the Hypseleotris agilis; male in the upper part and female in the lower part. 

In the same survey conducted by many research also 

suggested that shape variations mainly happen to 

freshwater fishes were in often altered by several 

anthropogenic activities (Medrano and Jumawan, 

2016; Jumawan et al., 2016; Portillo et al., 2017; 

Cabuga et al., 2017; Cabuga et al., 2019). Indeed 

environmental perturbations greatly influence on the 

aspect of developmental stability leading to species 

inability to grow naturally. 

 

Accordingly, fishes are efficient of adaptations which 

are essential for existence specifically when subjected 

to diverse environmental state. Also, the environment 

is primarily a driving force in shaping the morphology 

of organism throughout the ontogeny. Further, the 

manifestation of body shape is a marker of the 

mobility and swimming facility and habitat selection. 

Therefore, it is assumed that a swimming fish entity 

that dwells in fast flowing water expectedly shaped 

indifferently than of the fish living in stationary water 

thus consideration of their ecology. Nonetheless, the 

evidence of morphological differences between fishes 

and sexes could also be due to genetic aspect and thus 

sexual dimorphism constantly a way of predicting 

individuals and means of identifying behavior, the life 

history of species and ecology (Requiron et al., 

2012).It is indeed an effective way of using geometric 

morphometric to understand shape variations among 

samples of species. The maximum advantage over 

traditional morphometrics is the results accessible to 

visualized of the coordinates out from the original 

pattern of the species and thus represented as definite 

shape or shape formations than of the statistical 

scatter plots provided. 
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Fig. 4. Summary of the geometric morphometric showing consensus morphology and the variation in the body 

shape of female population of H. agilis. 

Moreover, species body shape formation could also be 

due to its nature, ecology and innate characteristics of 

the organism. Subsequently, morphological variation 

in the fishes could be attributed due to its feeding 

adaptation like in bigger head region in order to 

maximize buccal volume and suction velocity 

(Caldecutt and Adams, 1998) while deep bodies 

increase maneuverability when foraging (Webb, 

1982).Likewise, male in particular must have wider 

anal fin base than the females to be able to promote 

success in male-male competition or female choice as 

observed in the genus Pretotilapia by Kassam et al 

(2004). Specifically, male species were inclined to 

suppress shape variations coming from different 

environmental changes. The lowest the body shape 

variations, the organism are more flexible for the 
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incoming and outgoing changes occur in the 

environment. In the aspects of morphological 

variations it can be illustrated in the Principal 

Component Analysis in Table 2. It represents the 

degree of similarities and dissimilarities in both sexes 

of H. agilis.  

 

Fig. 5. Summary of the geometric morphometric showing consensus morphology and the variation in the body 

shape of male population of H. agilis. 

Conclusion 

The fish “Bugwan” (H. agilis) was utilized to 

determine the morphological variations on the body 

shape using geometric morphometric using 

fluctuating asymmetry analysis. Standard landmarks 

used to locate, the metric traits of the fish samples. 

Results of the Procrustes ANOVA test revealed not 

high significant in male’s individuals and sides with 

P-value of (P<0.1913) and (P<0.0821), respectively. 

On the other hand, the female was highly significant 
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in three factors considered individuals, sides and 

individual by sides with (P<0.0001).This indicating 

shape variation between the two sexes.  

 

The morphological variations were drawn in the 

Principal Component Analysis by which the highest 

values obtained by males in individual symmetry 

while female in fluctuating asymmetry. In the aspects 

of Principal Component Analysis (PCA), also showed 

a degree of dissimilarities from the data of histogram 

and deformation grid in both sexes. The use of 

geometric morphometric analysis provides insight to 

determine shape variations within and between fish 

community. 

 

References 

Cabuga CCC Jr., Milloria MB, Lanes JR, 

Varona CJL, Pondang JMD, Raules JJ. 2019. 

Intraspecific evaluation in the morphology of 

Glossogobius guiris using geometric morphometric 

analysis from Lake Mainit, Agusan del Norte, 

Philippines. International Journal of Biosciences 14 

(1), 379-387. 

 

Cabuga CCC Jr., Seronay RA, Busia MA, 

Billuga NP, Ayaton MA, Angco MK. 2017. 

Geometric morphometric and heavy metals analysis 

of flathead grey mullet (Mugil cephalus) from Agusan 

River, Butuan City, Philippines. Journal of 

Biodiversity and Environmental Science 11(1), 134-

151. 

 

Caldecutt WC, Adams DC. 1998. Morphometrics 

of trophic osteology in the three spine stickleback, 

Gasterosteus aculeatus. Copeia. 827-838. 

 

Clarke GM. 1993. Fluctuating asymmetry of 

invertebrate populations as a biological indicator of 

environmental quality. Environmental Pollution. 82, 

207–211. 

 

David Polly P. 2012. Geometric morphometrics. 

Biology and Anthropology University, Department of 

Geology, Indiana. 

 

De Guzman AB, Uy WH, Gorospe JG, 

Openiano AE, Acuña RE, Roa RL,  Garcia JP, 

Ologuin MM, Santamina JR. 2009. Sustainable 

Fisheries Management Program for Lake Mainit. 

Phase II: Comprehensive Resource Assessment. Final 

Report. MSU at Naawan Foundation for Science and 

Technology Development, Inc. Funded by the 

International Fund for Agricultural Development- 

Northern Mindanao Community Initiatives in 

Resource Management (IFAD-NMCIREMP), 

Department of Agrarian Reform 13, Lake Mainit 

Development Alliance (LMDA) and PCAMRDDOST, 

73. 

 

Dikshith TSS, Raizada RB, Kumar MK, 

Shrivastava SK, Kulshrestha, Adholia UN. 

1990. Residues of DDT and HCH in major sources of 

drinking water in Bhopal, Indian, Bulletin of 

Environmental Contaminants and Toxicology 45, 

389-393. 

 

Ducos MB, Tabugo SRM. 2015. Fluctuating 

asymmetry as bioindicator of stress and 

developmental instability in Gafrarium tumidum 

(ribbed venus clam) from coastal areas of Iligan Bay, 

Mindanao, Philippines. AACL Bioflux. 8(3), 292-

300. 

 

Duruibe JO, Ogwuegbu MOC, Egwurugwu JN. 

2007. Heavy metal pollution and human biotoxic 

effects. International Journal of Physical Sciences 

2(5), 12-118. 

 

Joseph CCD, Jumawan JH, Hernando BJ, 

Boyles LZ, Jumawan JC, Velasco JPB, Cabuga 

CC, Abastillas SOMA, Requieron EA, Torres 

MAJ. 2016. Computational Ecology and Software. 

6(2), 55-65. 

 

Jumawan JH, Cabuga CCC Jr, Jumawan JC, 

Cortez EMB, Salvaleon SMN, Gamutan KJS et 

al. 2016. Probing the exposure to environmental 

stress using fluctuating asymmetry of metric traits in 

Johnius vogleri, (Bleeker, 1853) from lower Agusan 

River basin, Butuan City, Agusan del Norte,  



 

70 Libay et al. 

 

Int. J. Biosci. 2019 

Philippines. AACL Bioflux. 9(1), 122-132. 

 

Jumawan JH, Requieron EA, Torres MAJ, 

Velasco JPB, Cabuga CC Jr, Joseph CCD, 

Lador JEO,dela Cruz HD, Moreno M, 

Dalugdugan RO, Jumawan JC. 2016. 

Investigating the fluctuating asymmetry in the metric 

characteristics of tilapia Oreochromis niloticus 

sampled from Cabadbaran River, Cabadbaran City, 

Agusan del Norte, Philippines. AACL Bioflux 9(1), 

113-121. 

 

Kassam D, Mizoiri S, Yamaoka K. 2004. 

Interspecific variation of body shape and sexual 

dimorphism in three coexisting species of the genus 

Petrotilapia (Teleostei: Cichlidae) from Lake Malawi. 

Ichthyol Research 51, 195-201. 

 

Lecera JMI, Pundung NAC, Banisil MA, 

Flamiano RS, Torres MAJ, Belonio CL, 

Requieron EA. 2015. Fluctuating asymmetry 

analysis of trimac Amphilophus trimaculatus as 

indicator of the current ecological health condition of 

Lake Sebu, South Cotabato, Philippines. AACL 

Bioflux. 8(4), 507-516. 

 

Medrano MGT, Jumawan JC. 2016. Landmark-

based geometric morphometric analysis of body 

shape variation within population of Ibis fish, 

Ambassis interrupta, collected from Masao River, 

Butuan City, Philippines. International Journal of 

Advances in Chemical Engineering & Biological 

Sciences (IJACEBS) 3(2), 1-5. 

 

Natividad EM, Dalundong ARO, Ecot J, 

Jumawan JH, Torres MAJ, Requieron EA. 

2015. Fluctuating Asymmetry in the body shapes of 

Gobies Glossogobius celebius (Valenciennes, 1837) 

from Lake Sebu, South Cotabato, and Philippines. 

 

Paña BH, Lasutan LG, Sabid J, Torres MA, 

Requieron E. 2015. Using Geometric 

Morphometrics to Study the Population Structure of 

the Silver Perch, Leiopotherapon plumbeus from 

Lake Sebu, South Cotabato, and Philippines. AACL  

Bioflux. 8(3), 352-361. 

 

Portillo JN, Patulili RR. Lucas MMA, Alaijos O 

and Demayo CG. 2017. Body Shape Variation in the 

Goby, Glossogobius giuris Collected in Selected Areas 

in the River of Norzagaray Bulacan Using Landmark-

Based Geometric Morphometrics. Journal of 

Informatics and Mathematical Sciences. 9(4), 1109–

1116. 

 

Requiron EA, Torres MAJ, Demayo CG. 2012. 

Applications of relative warp analysis in describing of 

scale morphology between sexes of the snakehead fish 

Channa striata. International Journal of Biological, 

Ecological and Environmental Sciences. 1(6), 205-

209. 

 

Trono DJV, Dacar R, Quinones L, Tabugo 

SRM.2015.Fluctuating asymmetry and 

developmental instability in Protoreaster nodosus 

(Chocolate Chip Sea Star) as a biomarker for 

environmental stress. Computational Ecology and 

Software 5(2), 119-129. 

 

Webb PW. 1982. Locomotor patterns in the 

evolution of actinopterygian fish. American Zoologist. 

22, 329-342. 

 

 

http://www.bioflux.com.ro/docs/2015.507-516.pdf
http://www.bioflux.com.ro/docs/2015.507-516.pdf
http://www.bioflux.com.ro/docs/2015.507-516.pdf
http://www.bioflux.com.ro/docs/2015.507-516.pdf
http://www.bioflux.com.ro/docs/2015.507-516.pdf
http://www.bioflux.com.ro/docs/2015.507-516.pdf
http://www.bioflux.com.ro/docs/2015.507-516.pdf

