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Abstract 
Fluctuating Asymmetry (FA) is a tool to assess morphological differences from different bioindicator 

species. This study was conducted to evaluate the body shape variation of Glossogobius giuris sampled 

from Lake Mainit, Philippines, using geometric morphometrics. A total of 60 specimens was collected 

with 30 each sex. Landmarking techniques were established and applied to the fish morphology. Samples 

were subjected to tps Util and Symmetry and Asymmetry Geometric Data (SAGE) software to identify 

the body shape analysis. Among the factors analyzed, Procrustes ANOVA results shown a highly 

significant difference (P<0.0001) in the female and male samples and thus, indicating a shape differences 

between the sexes. While Principal Component Analysis (PCA) displayed a higher percentage in female 

samples (83.1614%) than of the male (79.3984%) denoting body shape variations between the 

populations indeed, females are highly inclined to perturbations since they need a buffer from various 

environmental requirements and primarily through the reproduction process. Thus utilizing geometric 

morphometric enables to determine morphological variations of species among and within the taxa. 
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1. Introduction 
In the Philippines, Lake Mainit serves an important natural fish resource and classified as the 
fourth largest lake. It is a shared resource by the provinces of Agusan Norte and Surigao del 
Norte in Northeastern Mindanao, bordered by eight municipalities that comprise the Lake 
Mainit Watershed. While there were twenty eight (28) river system that is considered as 
tributaries making the increase of water level of the Lake and thus emptied by the 29km 
Kalinawan River and runs to Butuan Bay [1], however, this freshwater ecosystem had been 
exposed to several human-induced activities such as domestic wages, industrial and 
agricultural practices that affects the lake. On the other hand, two species of goby identified, 
the Glossogobius giuris or locally known as “Pijanga” and Hypseleotris agilis as “Bugwan,” 
considered as a significant fish commodity of the lake, and still occurs but in much-decreased 
richness in the late 1990s [2]. The dominance of these species in the lake ecosystem implies to 
be a good bioindicator in assessing the lake’s condition. 
Geometric Morphometric (GM) often utilizes as a significant mechanism to understand shape 
variations. It pertains to the quantitative analysis of form, a concept which includes size and 
shape [3]. GM, introduced new techniques on how to accomplish, present, classify and evaluate 
morphological parts of species. This mechanism constantly applied to visualize and interpret 
shape differentiation. Subsequently, GM provides evidences in shapes that could analyze 
through comparing coordinates in the aspects of orientation, position and size [4-5]. 
Further, to understand the morphological variations in G. giuris, Fluctuating Asymmetry (FA) 
was employed to identify the different character traits of female and male populations. Indeed, 
FA was an effective tool to evaluate the developmental variability of an individual species as 
its represents the total population [6]. It serves as a significant mechanism to assess pollutants 
in the environment that alter the species traits [7]. It also identified to be an efficient instrument 
for quantifying environmental condition [8]. As well as, it is also a potential and quantitative 
approach in assessing if the environment is capable of providing ecological growth towards 
species [9]. 
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In addition, FA was simple and reliable means of identifying 

developmental instability [10]. It is widely known to describe 

indiscriminate nonconformities based on morphological traits 
[11]. This application widely recognized as it can deliberately 

identify the effects of several effluents through species 

morphology [12]. Furthermore, FA is one of the most 

recognized scientific mechanisms because it can represent 

quantitative function and analyze morphological shape [13]. 

This study aims to evaluate the body shapes variation of G. 

giuris between male and female population using geometric 

morphometric in analyzing fluctuating asymmetry from Lake 

Mainit, Philippines. 

 

2. Materials and Methods 

2.1 Locale of the Study: The sampling location was in Lake 

Mainit, Philippines (Figure 1). The collection of fish samples 

was completed in February 2018 through the effort of local 

fisherman. Appropriate fish preservation methods were 

applied to the collected samples and directly taken to 

laboratory for further procedures. 

 

 
 

Fig 1: Sampling area, Lake Mainit, Philippines. (Photo credit: Joseph et al., 2016) [14]. 

 

2.2 Processing of Fish Samples and Sex Determination 

There were sixty (60) specimens of G. giuris (Pijanga) was 

sampled comprising of 30 each male and females. Each of the 

fish was placed in the Styrofoam where a small pin utilized to 

stretch the fins. To harden the fins, a 10% formaldehyde were 

applied by using the small paint brush and dry for an hour. 

Subsequently, all the samples were placed to another 

Styrofoam and detached the pins. The portion left, and right 

of the fishes was taken an image three times utilizing a DSLR 

camera (Figure 2). A dissection procedure was done for the 

sex determination of the samples. Females were identified 

based on the presence of ovaries in a granular texture with a 

color of yellow to orange. Then the males in the presence of 

testes in whitish color and a non-granular texture. 

2.3 Coordinates Selection, Digitation and Shape 

Investigation 

The specimens photographed were categorized based on its 

sexes and loaded to TPSutil to covert the file while the 

digitation procedures were applied utilizing TPSdig2 [36]. The 

sixteen (16) structural coordinates shown in Table 1 was 

employed in the fish populations. While the shape analysis 

was also used to error, the standard metric traits (left-right) 

portions of the fish samples were digitized quantify the 

morphological variation among the sexes and the later were 

tri-replicated to decrease the measurement and loaded to 

SAGE (Symmetry and Asymmetry Geometric) (Figure 3) 

Software version 1.04 [37].  
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Fig 2: Actualized digitized sample and landmark points used to describe the body shape of G. giuris. (A) Male, (B) Female. 

 

Table 1: Depiction of the landmark coordinates of Glossogobius giuris adapted on Paña et al. (2015) [15]. 
 

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 

 

 
 

Fig 3: Diagram of shape analysis using Symmetry and Asymmetry Geometric Data Software. 

 

3. Results and Discussion 

 
Table 2: Procrustes ANOVA on body shape of G. giuris between male and female samples. 

 

FACTORS SS DF MS F P-VALUE 

Female 

Individuals 0.1848 812 0.0002 1.1225 <0.0499 

Sides 0.0066 28 0.0002 1.162 <0.2582 

Individual x Sides 0.1646 812 0.0002 10.474 <0.0001** 

Measurement Error 0.065 3360 0 -- -- 

Male 
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Individuals 0.2601 812 0.0003 1.445 <0.0001** 

Sides 0.0414 28 0.0015 6.6624 <0.0001** 

Individual x Sides 0.18 812 0.0002 7.0923 <0.0001** 

Measurement Error 0.105 3360 0 -- -- 

** (P<0.0001) highly significant 

 

The Procrustes ANOVA is shown in Table 2 in the analysis of 

shape variation between the sexes of G. giuris, from Lake 

Mainit, Philippines. In females, the factor (individual x sides) 

show a highly significant difference (P<0.0001) while 

individuals (P<0.0499) and sides ((P<0.2582). While in 

males, the data have shown a highly significant difference 

(P<0.0001) among the factors analyzed. It denotes a high 

fluctuating asymmetry among of the samples tested. In 

relation, the occurrence of FA on the fishes highly associated 

with the ecological condition and genetic composition [16-17]. 

At the same time study suggests that rigid relationship of 

fluctuating asymmetry and developmental instability highly 

correlated to ecological perturbations and genetic influences 
[18-19]. Indeed, a more significant level of FA could be due to 

environmental stress and increased homozygosity [20]. While 

the study shows that the ability of organisms to Corresponds 

with various ecological disturbances could lead to stress and 

later affects FA level [10]. Relative to this, the significant 

degree of FA in a community of fishes may show that 

individuals had great difficulty in sustaining specific 

development ensuing in undesirable outcomes on the 

population through time [21]. 

Moreover, the incidence of FA in the population of G. guiris 

could also be associated with different anthropogenic 

activities in the study site. The area had surrounded by 

numerous households, mining activities and agricultural 

practices that contribute to the augmentation of pollutants and 

that could be possible affects the species developmental 

stability. From the literature, the obtained FA of the fishes 

could be linked to the distressed environment mainly towards 

various contaminants. Environmental state greatly disturbs 

species phenotypic characteristics, and thus pollution had an 

immense impact that eventually interrupts growth and 

development [22]. In addition, freshwater ecosystem 

commonly altered by countless substances and specifically 

fish biological stages emerge and this highly contribute their 

normal development [23]. Similar studies also demonstrated 

that ecological status may directly influence and altered 

phenotypic variability of fishes hence they consider as top 

consumer of the food tropic [24].  

The advantage of using geometric morphometric (GM) often 

understands how organisms differ from one and another, 

especially in the morphology. They are also employed to 

assess for strong relationships amongst body shape formation 

and environmental traits or to determine the significance of 

phylogenetic correlation and shape comparison. While closely 

related taxa are likely to be comparable to one another than 

they would be without collective evolutionary information [25-

27]. Further, geometric morphometrics has used in numerous 

investigations on fish assemblages, distinction and 

identification [28]. Also, this approach widely utilized from 

numerous studies to evaluate phenotypic variability of 

freshwater fishes i.e. Glossogobius giuris [24&29], Mugil 

cephalus [30], Ambassis interrupta [31], Johnius vogleri [12]. 

Nonetheless, the significant contribution of fluctuating 

asymmetry (FA) in assessing fish structures has widely 

acknowledged from various studies [32]. As well as, this tool is 

further advantageous than traditional morphometrics since all 

geometric information is retained throughout the analyses. 

Additionally, GM further analyze shape discrimination and 

thus constitute to compare shape variation and co-variation in 

a way of graphical representation [33-35]. Thus, the significant 

contribution of geometric morphometrics in the field of 

biological sciences widely recognized in detecting 

morphological variations.  

 
 

Table 3: Principal component analysis (PCA) showing the values of symmetry and asymmetry scores of G. giuris with affected landmarks. 
 

PCA Individual (Symmetry) 
Sides (Directional 

asymmetry) 

Interaction (Fluctuating 

asymmetry) 

Affected 

landmarks 

Female 

PC1 38.927% 

100% 

29.6296% 1,2,4,5,6,7,8,9,10,11,12,13,14,15,16 

PC2 19.6211% 23.6872% 1,2,3,4,5,6,7,8,9 10,11,12,13,14,15 16 

PC3 10.0051% 14.2763% 1,3,4,5,6,7,8,9,10,12,14,15,16 

PC4 8.0452% 10.7929% 1,2,4,5,6,7,8,9,12,13,15,16 

PC5 6.2885% 4.7754% 1,2,4,5,6,7,8,9,10,11,12,13,14 

 82.8869% 83.1614%  

Male 

PC1 40.7623% 

100% 

35.8756% 2,4,5,6,7,8,10,11 15,16 

PC2 22.4493% 15.8117% 1,2,3,4,5,7,8,9,10,11,13,14,15,16 

PC3 9.9829% 13.5237% 1,3,6,7,8,9,10,11 16 

PC4 5.5798% 7.5296% 1,3,4,5,6,7,8,9,11 13,15,16 

PC5 5.09% 6.6578% 1,2,3,4,5,6,7,8,9 10,11,12,15,16 

 83.8643% 79.3984%  

 

Furthermore, Principal Component Analysis (PCA) in (Table 

3) presented the scores of symmetry and asymmetry with the 

affected landmarks among of the fish samples. Results 

revealed that female population, generated five (5) PC scores 

accounting to 82.88% and Interaction (Fluctuating 

Asymmetry) of 83.16%. It was observed that the common 

affected landmarks among the 5 PC’s were 1(Snout tip), 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) and 12 (Posterior end of maxilla). On the 

other hand, male population generated five (5) Principal 

Component Analysis with valued scores (83.86%) and 

Interaction (79.39%). The common affected landmarks among 
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the 5 PC’s were 7 ((Ventral insertion of caudal fin), 8 

(Posterior insertion of anal fin, 11 (Ventral end of lower jaw 

articulation) and 16 (Dorsal base of pectoral fin). It was noted 

that the affected landmarks among the male and female fishes 

were alike however there were set of coordinates that varies. 

While it was observed that the percent of fluctuating 

asymmetry (FA) were higher than of the female this 

proposing shape variability among species of the same 

lineage. Besides, these suggests that sexual orientation also 

influence the buffering mechanism towards developmental 

instability, Indeed, figure 4 and 5 were presented to visualize 

the metric traits deformation of the sample tested. These 

identifies the body shape variations occur in the two sexes 

while the incidence of phenotypic variation was attributed to 

genetic components and as well as from environmental 

causation [24]. 

 

 
 

Fig 4: Male (G. giuris) implied deformation grid and a histogram of individual symmetric from principal component analysis scores. 
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Fig 5: Female (G. giuris) implied deformation grid and a histogram of individual symmetric from principal component analysis scores. 

 

4. Conclusion 

Geometric Morphometric Analysis through Fluctuating 

Asymmetry was utilized to identify the body shape variation 

among the population of G. guiris collected from Lake 

Mainit, Philippines and detected of having morphological 

differences. The data from Procrustes ANOVA also suggests 

a highly significant difference (P<0.0001) among the factors 

analyzed (sides, individuals and individual x sides) denoting 

shape differences between the male and female samples. 

Further, the data from Principal Component Analysis (PCA) 

also shows that the percentage of fluctuating asymmetry (FA) 

were higher in female than of the male suggesting phenotypic 

variability. Indeed, the dissimilarities are correlated to shape 

variations in the populations. Thus, the essential contribution 

of geometric morphometric using fluctuating asymmetry 

advances as an efficient mean of quantifying and illustrating 

shape differences among fishes of the same population. 
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