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Abstract. This study was conducted to assess the status of Oreochromis niloticus in Cabadbaran River, 
Agusan del Norte by assessing the level of fluctuating asymmetry in the population of the species. 
Fluctuating asymmetry (FA) measurements are very useful to determine the status of O. niloticus. The 
mentioned species is a hermaphrodite that contains both sexes. A total of 76 individuals were collected. 
By means of thin-plate spline (TPS) series, landmark analyzes were acquired and subjected to 
symmetry and asymmetry in geometric data (SAGE) software. The symmetry and asymmetry scores 
were used in ordination of data through deformation grids and histogram. Outcomes in Procrustes 
ANOVA indicated that although individual symmetry shows a high significant difference (P<0.0001), 
sides (directional asymmetry) and interaction (fluctuating asymmetry) displayed no significant change. 
A total of 75.1259% of cumulative variation in the effective principal components (PC1-PC5) were 
considered in the analysis. Affected landmarks due to FA were largely from parts of the head and the 
ventral fins. The study validates the use of FA in determining the status of the fishes caught in 
Cabadbaran River equating to what the status of the environment is based on the results. The results 
of the study will be essential to the local government in the management of the river system.    
Key Words: morphological asymmetry, geometric morphometry, anthropogenic activities, 
environmental stress, developmental flux. 
 

 
Introduction. Numerous freshwater fishes serve as biological indicators and may 
function as a potential organism in describing environmental condition. The ability of the 
species to fend off in the environmental settings has an effect to their morphological 
array. Thus, determining the morphological asymmetry was the key interest of this study. 
The different species of fish in freshwater systems have evolved over millions of years 
and have modified to their favored environments over extensive periods of time (Wurts 
1998). Since fishes play a vital role in the condition of aquatic ecosystems, it is equally 
important to determine their condition on the selected site. Fish development could be 
affected by direct or indirect exposure to aquatic pollution (Kime 1995). The effects of 
these pollutants would be detrimental in the fish physiological and morphological 
conditions. Over the years, scientific approach contributes explanation on how the 
species evolved over time. Considering the morphological features, it influences how 
species grown and developed relative to its environment. One of the accepted scientific 
approaches to correlate environmental condition to the species morphology is the use of 
geometric morphometrics (GM). It is the quantitative representation and analysis of 
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morphological shape using geometric coordinates instead of measurements (David Polly 
2012). The foremost goal of GM is to measure morphological similarity and difference 
(David Polly 2012). The relationship between the morphology, development, and 
phylogeny in organisms has been a long-standing biological interest. It acquired a 
definite quantitative approach as it was revived by the work of other scientists since its 
introduction by Von Baer (Gould 1977, 1981; Huxley 1932). 

The phenotypic aspects of species generally vary in terms of morphology that 
includes size and shape. These two elements were biologically important in determining 
morphological array. Environmental conditions such as anthropogenic activities, 
agricultural runoff and disposing of large quantities of waste pose detrimental to 
environment specifically aquatic system (Natividad et al 2015). Over the years, 
aggregate pollution of aquatic environments has become a major concern (Dikshith et al 
1990). These were direct factors affecting the morphological feature of some aquatic 
species. One aspect in geometric morphometry that can identify deviation in 
morphological features is the fluctuating asymmetry (FA). It refers to all deviations from 
a prior expectation of symmetric development in morphological traits (Ludwig 1932). 
These morphological asymmetries were assumed to result from imperfect development. 
Moreover, they were perceived to reflect the inability of the genome to buffer 
developmental processes against intrinsic, random noise (Ludwig 1932; Waddington 
1957; Zakharov 1992). It identifies the causative influence of environmental stress and 
provides advantages over other manifestations of stress since FA is practical and easy to 
measure (Clarke 1993). Furthermore, FA has long been regarded as indicative tool in 
determining the quality and condition of organisms. Therefore a change in FA should be 
biologically relevant and an important application (Sommer 1996). 

Freshwater systems in southern Philippines especially the Cabadbaran river was 
poorly studied. There are no studies yet that assess its water quality which would help us 
determine its present condition.  

The commonly caught fish in the river is Oreochromis niloticus known as tilapia. 
The fish has economic significance in the area because it is consumed and sold in the 
marketplaces by the local communities. The fish tilapia was known to be capable of 
tolerating varying environmental conditions (Chervinski 1982). However, agricultural 
runoffs and other pollutants from the river can also add up to the stresses that 
freshwater organisms might experience (Velichović 2004; Mpho et al 2000).  

It is therefore the interest of the study to investigate the FA in the metric 
characteristics of tilapia, O. niloticus. It is the first attempt to determine the 
manifestation of stress and developmental flux of the species exposed in Cabadbaran 
river conditions using FA. This study is important and relevant as rapid developments in 
the area may further aggravate the conditions of the river.    
 
Material and Methods 
 
Study area. Cabadbaran City is located at Agusan del Norte (Figure 1C). It 
geographically lies between 9°07’20.52”N and 125°32′02.20”E. Online mapping was used 
to obtain area mapping through Global Positioning System shown in Figure 1. Sampling 
was conducted from July to August, 2015. 
 
Sample processing. There were 76 samples of O. niloticus collected in the sampling 
area. Digital imaging was done using Olympus digital camera (Canon, 10 megapixels). 
Both the left and right lateral side of each sample was photographed with a ruler parallel 
to the length of each individual. Blue background was used during imaging to show well-
defined body morphology. Captured images were digitized using the tpsDig2 software 
(version 2.0, Rohlf 2004) and saved as a TPS file. 
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Figure 1. Location of the sampling area showing the map of the Philippines (A), Mindanao 

island (B), and Cabadbaran City in Agusan del Norte (C). 
 
Landmark selection and digitization. Thin-Plate Spline (TPS) software was used for 
the analysis of landmarks and integrated the warped features of the images from both 
sides. Evolutionary and functional significance were attained using the standard forms of 
the digitized landmarks used in fish morphometric. Landmarks were designated to 
provide standardized outline of body morphology (Figure 2) using the tpsDig2 software.  
 

 
Figure 2. The designated landmarks of Oreochromis niloticus. 

 
To signify the external shape of the body, 16 landmarks were identified (Table 1). Further 
analysis was applied on the X and Y coordinates of the landmarks. Fish samples were 
copied in triplicates upon digitization to lessen the inaccuracies in plotting landmark 
points.  
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Table 1 
Description of the landmark (Paña et al 2015) 

 
No. Description 
1 Snout tip 
2 Posterior end of nuchal spine 

3 & 4 Anterior and posterior insertion of the dorsal fin 
5 & 7 Points of maximum curvature of the peduncle 

6 Lateral line 
8 & 9 Posterior and anterior insertion of the 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 

 
Shape analysis. Standard data used in analyzing FA of freshwater fishes was obtained 
from the X and Y coordinates generated from tpsDig2 (Figure 3).  
 

 
Figure 3. Overview and the schematic flow of shape analysis using SAGE software. 

 
Digitized images from left and right sides of the TPS version was subjected to symmetry 
and asymmetry in geometric data (SAGE) software (version 1.04, Marquez 2007). 
Geometric data of objects with highlights on its asymmetry were identified. Symmetrized 
data sets, residuals from symmetric components, as well as estimated covariance 
matrices were also obtained from SAGE. Procrustes ANOVA was employed in triplicates 
with 99 permutations to analyze the residual asymmetry and percentage of FA. Results 
from the Procrustes ANOVA indicated the variations to the measured factors. It was 
considered as the measure of directional asymmetry. 
 
Results and Discussion. The Procrustes ANOVA suggested an evidence for FA in one of 
the factors considered. Three factors were analyzed for FA and these were individuals, 
sides, and interaction of individuals and sides. The interaction of individuals and sides 
symmetry among the fish samples showed highly significant difference (P<0.0001). 
However, no significant differences were observed to individuals and sides. The results 
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implied asymmetry on the interaction of individuals and sides on each sample. However, 
the individuals were symmetrical along with the left and right sides of each sample. The 
indicated FA among the interaction of individual and sides of O. niloticus was a possible 
effect of stressed environment (Barrett 2005). It eventually affects the fishes 
reproduction and development (Bonada & Williams 2002). The species inability to thrive 
and buffer environmental disturbances is the cause of these asymmetries (Van Valen 
1962). The summary of Procrustes ANOVA is shown in Table 2. 

 
Table 2 

Procrustes ANOVA for Shape of Oreochromis niloticus 
 

Effect SS dF MS F P-value 
Individuals 0.1962 2380 0.0001 0.7568 1 

Sides 0.001 28 0 0.3419 1 
Individual x Sides 0.2592 2380 0.0001 25.1742 0.0001** 
Measurement error 0.0417 9632 0 - - 

** (P<0.0001) highly significant. 
 
Principal component analysis was employed to determine the affected landmarks. A total 
of 79.2764% of cumulative variation was accounted from upper 5% effective principal 
components (PC1-PC5) of O. niloticus (Table 3).  
 

Table 3 
Principal component scores showing the values of symmetry and asymmetry with the 

summary of the affected landmarks 
 

 
PCA 

Individual 
(Symmetry) 

Sides 
(Directional 
asymmetry) 

Interaction 
(Fluctuating 
asymmetry) 

Affected 
landmarks 

PC1 23.4473% 26.3758% 1,3,9,10,11,12,14,15,16 
PC2 21.7017% 20.9898% 1,2,3,4,5,6,7,9,10,11,12,14,16 
PC3 13.4939% 14.8479% 1,2,3,9,10,11,12,15,16 
PC4 9.9071% 9.6784% 2,5,7,9,10 
PC5 6.6214% 

100% 

7.3845% 4,5,8 
 
According to the results in PC 1, asymmetry can found greatest in the area covered by 
landmark: 1 (snout tip), 3, 9, 10, 11, 12, 14, 15, and 16. PC2 on 1, 2, 3, 4, 5, 6, 7, 9, 
10, 11, 12, 14 and 16. The affected landmarks were generally located in parts of the 
head region and ventral fins. The results specified FA in O. niloticus. Figure 4 showed the 
actual digitized image of the male and female fishes with the PCA deformation grid to 
visualize the actual affected landmarks.  

 The ordination of data in the deformation grid showed the distribution of 
asymmetrical shape of O. niloticus fishes. Symmetric individuals were depicted as bar 
graph originating. Blue marks represented differences indicating fluctuation on the 
affected landmarks. The resulting histogram revealed the spread, central location, and 
shape of the individual symmetry. Skewed histogram indicated evidence of asymmetry.  
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Figure 4. Percentage variation of accounted PC was used to depict the deformation grid 

and histogram. 
 

The identified landmark points affected by FA were shown together with the actual 
photograph of the fish sample (Figure 5). The defined illustration was summarized using 
affected PC1 and PC2 landmarks because the two principal components were the highest 
accounted variation.  

A recent study on Glossogobius celebius from Lake Sebu South Cotabato showed 
parallel results, which only means that the inconsistencies in the right and left sides of 
individuals can be attributed to stressful environments (Natividad et al 2015). Significant 
levels of FA in fish sample morphology could be the result of their adaptation to the 
stressful environment in order to survive. From the study of Chervinski (1982), O. 
niloticus is known to tolerate a wide range of environmental variation, which implies that 
it can survive in stressful environments. The widespread distribution of the species was 
only possible because of its highly adaptive mechanisms. Despite the efficiency of the 
species, FA was still detected under its condition in Cabadbaran River. The possible 
exposure to pollutants in the sampling area might be a factor to the asymmetry. But 
there are no studies yet that might provide adequate information as to what is the 
present condition of the Cabadbaran River. This study would encourage future studies on 
the water quality of the Cabadbaran River. Water quality largely influences the 
development of fishes (Schlosser 1991). An increase in FA reflected poorer 
developmental homeostasis in the molecular, chromosomal and epigenetic levels in 
impaired environmental conditions (Parsons 1990). The effect eventually manifested in 
the resulting FA and the asymmetry was largely affected the dorsal-cephalic region and 
the pectoral fin of the individual fish samples. 
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Figure 5. Data ordination of digitized fish with the affected landmarks shown in PCA- 

deformation grid for PC1 and PC2. 
 

Conclusions. The results indicated evidence of FA among samples of O. niloticus. There 
was a highly significant difference in the interaction of individuals and sides of the species 
using Procrustes ANOVA (P<0.0001). Principal component analysis was employed in 
determining the affected landmarks. A total of 79.2764% of cumulative variation in the 
effective principal components (PC1-PC5) considered in the analysis. Affected landmarks 
due to FA were largely from parts of the head and the ventral fins. The symmetry and 
asymmetry scores were used in ordination of data through deformation grids and 
histogram. The resulting FA of O. niloticus sampled from Cabadbaran River could be due 
to instability of the water condition. The presence of pollutants in the river might have 
caused morphological asymmetry as the fish buffer the effects of pollution. Tilapia (O. 
niloticus) was known to thrive and tolerated wide range of aquatic conditions (Chervinski 
1982). However, FA was determined in the results of analyzed data. The study 
demonstrated the use of FA as a tool in investigating the morphological asymmetry using 
metric traits in O. niloticus sampled from Cabadbaran River. The results of the study will 
be important to the local government in the management of the river system and for 
future studies in the area.   
 
Acknowledgement. The researchers would like to thank the CSU-Main Campus and 
Biology Department for their support and technical assistance of the study. 
 
References  
 
Barrett C., 2005 Fluctuating dental asymmetry as an indicator of stress in prehistoric 

native Americans of the Ohio River valley. Ohio State University, OhioLINK 



AACL Bioflux, 2016, Volume 9, Issue 1. 
http://www.bioflux.com.ro/aacl 120 

Electronic Theses and Dissertations Center, pp.  44-45. 
Bonada N., Williams D. D., 2002 Exploration of utility of fluctuating asymmetry as an 
 indicator of river condition using larvae of caddisfly Hydropsychemorosa
 (Trichoptera: Hydropsychidae). Hydrobiologia 481:147–156. 
Clarke G. M., 1993 Fluctuating asymmetry of invertebrate population as a biological 

indicator of environmental quality. Environmental Pollution 82:207-211. 
Chervinski J., 1982 Environmental physiology of tilapias. In: The biology and culture of 

Tilapias. Pullin R. V. S., Lowe-McConnell R. H. (eds), pp. 119-128, ICLARM 
Conference Proceedings No. 7 ICLARM, Manila, Philippines. 

David Polly P., 2012 Geometric morphometrics. Biology and Anthropology University, 
Department of Geology, Indiana. 

Dikshith T. S., Raizada R. B., Kumar S. N., Shrivastava M. K., Kulshrestha S. K., Adholia 
U. N., 1990 Residues of DDT and HCH in major sources of drinking water in 
Bhopal, India. Bulletin of Environmental Contamination and Toxicology 45(3):389-
393. 

Gould S. J., 1977 Ontogeny and phylogeny. Harvard University Press, Cambridge, MA. 
Gould S. J., 1981 The mismeasure of man. W. W. Norton & Company, New York. 
Huxley J., 1932 Problems of relative growth. Methuen, London. 
Kime D. E., 1995 The effects of pollution on reproduction in fish. Reviews Fish Biology 

and Fisheries 3:52-96. 
Ludwig W., 1932 Das-Rechts-Links Problem im Tierreich und beim Menschen. 

Monographien aus dem Gesamtgebiet der Physiologie der Pflanzen und der Tiere, 
Volume 27, Springer-Verlag, Berlin. 

Marquez E., 2007 Sage: symmetry and asymmetry in geometric data Version 1.05. 
(compiled 09/17/08) http://www.personal.umich.edu/~emarquez/morph/ 

Mpho M., Holloway G. J., Callaghan A., 2000 Fluctuating wing asymmetry and larval 
density stress in Culex quinquefasciatus (Diptera: Cilicidae). Bulletin of 
Entomological Research 90(3):279-283. 

Natividad E. M. C., Dalundong A. R. O., Ecot J., Jumawan J. H., Torres M. A. J., Requieron 
E. A., 2015 Fluctuating asymmetry as bioindicator of ecological condition in the 
body shapes of Glossogobius celebius from Lake Sebu, South Cotabato, 
Philippines. AACL Bioflux 8(3):323-331. 

Paña B. H. C., Lasutan L. G. C., Sabid J. M., Torres M. A. J., Requieron E. A., 2015 Using 
geometric morphometrics to study the population structure of the silver perch, 
Leiopotherapon plumbeus from Lake Sebu, South Cotabato, Philippines. AACL 
Bioflux 8(3):352-361. 

Parsons P. A., 1990 Fluctuating asymmetry: an epigenetic measure of stress. Biological 
Reviews 5:131–145. 

Rohlf F. J., 2004 TpsDig Version 2.0. Department of Ecology and Evolution, State 
University of New York. 

Schlosser I. J., 1991 Stream fish ecology: a landscape perspective. Bioscience 41:704-
712. 

Sommer C., 1996 Ecotoxicology and developmental stability as an in situ monitor of 
adaptation. Ambio 25:374-376.  

Van Valen L., 1962 A study of fluctuating asymmetry. Evolution 16:125–142. 
Velichović M., 2004 Chromosomal aberrancy and the level of fluctuating asymmetry in 

black-striped mouse (Apodemus agrarius): effects of disturbed environment. 
Hereditas 140(2):112-122. 

Waddington C. H., 1957 The strategy of the genes. Allen & Unwin, London. 
Wurts W. A., 1998 Why can some fish live in freshwater, some in salt water, and some in 

both? World Aquaculture 29(1). Available online at: http://www2.ca.uky.edu/ 
wkrec/VertebrateFishEvolution.pdf 

Zakharov V. M., 1992 Population phenogenetics: analysis of developmental stability in 
natural population. Acta Zoologica Fennica 191:7-30. 

 
 
 
 



AACL Bioflux, 2016, Volume 9, Issue 1. 
http://www.bioflux.com.ro/aacl 121 

Received: 12 October 2015. Accepted: 14 February 2016. Published online: 23 February 2016. 
Authors: 
Jess Homijas Jumawan, Caraga State University, College of Arts and Sciences, Biology Division, Philippines, 
Ampayon, Butuan City, 8611, e-mail: jehoju78@yahoo.com 
Elani Antonio Requieron, Mindanao States University, College of Natural Sciences and Mathematics, Science 
Department, Philippines, General Santos City, Brgy. Fatima General Santos City, 9500, e-mail: 
elanie_requieron2003@yahoo.com 

Mark Anthony Jariol Torres, Mindanao State University - Iligan Institute of Technology, College of Science and 
Mathematics, Department of Biological Sciences, Philippines, Iligan City 9200, Andres Bonifacio Avenue, e-mail: 
torres.markanthony@gmail.com 
James Paul Bonggot Velasco, Caraga State University, College of Arts and Sciences, Biology Division, 
Philippines, Ampayon, Butuan City, 8611, e-mail: jamespaulvelasco@gmail.com 
Cresencio Cata-ag Cabuga Jr., Caraga State University, College of Arts and Sciences, Biology Division, 
Philippines, Ampayon, Butuan City, 8611, e-mail: cresenciocabuga@gmail.com 
Candy Claire Deloso Joseph, Caraga State University, College of Arts and Sciences, Biology Division, Philippines, 
Ampayon, Butuan City, 8611, e-mail: candyclaire13@yahoo.com 
John Erick Otero Lador, Caraga State University, College of Arts and Sciences, Biology Division, Philippines, 
Ampayon, Butuan City, 8611, 
Hearty Doromal dela Cruz, Caraga State University, College of Arts and Sciences, Biology Division, Philippines, 
Ampayon, Butuan City, 8611, e-mail: delacruzhearty@gmail.com 
Merejen Podador Moreno, Caraga State University, College of Arts and Sciences, Biology Division, Philippines, 
Ampayon, Butuan City, 8611, e-mail: reignpodador@gmail.com 
Rachelle Orosia Dalugdugan, Caraga State University, College of Science Education, Philippines, Ampayon, 
Butuan City, 8611, e-mail: chelleanly@gmail.com 
Joycelyn C. Jumawan, Caraga State University, College of Arts and Sciences, Biology Division, Philippines, 
Ampayon, Butuan City, 8611, e-mail: joycejumawan@gmail.com 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Jumawan J. H., Requieron E. A., Torres M. A. J., Velasco J. P. B., Cabuga C. C. Jr, Joseph C. C. D., Lador J. E. O., 
dela Cruz H. D., Moreno M., Dalugdugan R. O., Jumawan J. C., 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. 


