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Abstract 

Shape, size, and structures are fundamental elements for species identification. While phenotypic variability 

among species of the same populations usually occurs. To understand this phenomenon modern techniques 

like geometric morphometrics were employed to distinguishbody shape differences. This study aimed to 

investigate the phenotypic variability of Glossogobius guiris with notes of physicochemical parameters in 

Lake Mainit, Caraga, Philippines. A total of 75 samples (35 males and 35 females) of the same size were 

collected and subjected to Symmetry and Asymmetry Geometric Data (SAGE) Software. Results showed that 

the physico-chemical parameters are within the standard levels suggested by the Department of Environment 

and Natural Resources (DENR) Environmental Management Bureau (EMB) in the freshwater category. It 

implied that the condition of the water in the Lake was suitable for all aquatic life. On the other hand, 

Procrustes ANOVA indicated a significant difference (P<0.0001) between female and male populations across 

the factors analyzed (Individuals, Sides, Individual x Sides) inferring phenotypic variations. On the other hand, 

Principal Component Analysis (PCA) revealed a high percentage of Fluctuating Asymmetry (FA) in the male 

populations (75.86%) and female populations (64.74%). This indicates a wide range of morphological 

dissimilarities and these significant levels of FA are attributed to the modifications in the genetic composition 

of the populations resulting in observable physical traits. Ultimately, the advancement of using geometric 

morphometric analysis provides important evidence showing how species of the same population differ 

morphologically. 
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1 Introduction 

Interest in species identification is an essential aspect of biology. It served as a tool for population 

discrimination and plays a role in biodiversity conservation among the fauna communities. Across the globe, 

the importance of naming organisms promotes the management of natural resources, including fishery. Species 

identification is often used to categorize organisms belonging to the same taxon. Neither fecundity, growth, 

mortality, trophic, and morphology are factors to consider when investigating biological traits (Ibanez, 2007). 

The traditional approach in determining species characteristics is widely employed to establish a meristic and 

morphological basis (Casselman et al., 1981; Ihssen et al., 1981; Cadrin, 2000). However, this technique 

creates erroneous reliability concerns in shape, size, and structure (Jerry and Cairns, 1998; Swain and Foote, 

1999; Murta, 2000). While this method only uses linear measurements, ratios, and counts that are known to 

produce unspecified shape differences (Adams et al., 2004). On the other hand, several studies had used 

Geometric Morphometric (GM) a modern method broadly used in Biology for shape analysis using landmark 

data sets (Chen et al., 2011; Crews and Hedin, 2006; Recasens et al., 2006).  

Moreover, GM provides a measurement and homologies associated with landmark coordinates. It resulted 

in statistical analysis that distinguishes the shape spaces of the specimen (Dryden and Mardia, 1998). This 

technique had vast applications across organisms like Insect wings (Rohlf, 1990; Cabuga et al., 2018), Asian 

citrus psyllid (Lashkari et al., 2013), Scylla serrate (Presilda et al., 2018), Freshwater fishes (Cabuga et al., 

2016, 2017, 2018, 2019). Water hyacinth (Cabuga et al., 2018), fish scales (Ibañez, 2007), and golden apple 

snail (Cabuga et al., 2017). On the other hand, GM is also used to predict the environmental health condition 

and organism morphology (Requiron et al., 2010). Likewise, it has enhanced the complexity of quantitative 

biological shape analysis. Thus, formulating and efficiently analyzing data to answer questions concerning the 

shape of the phenotype (Kendall, 2014). 

Nonetheless, the significance of using Geometric Morphometrics paves the way for systematics and 

taxonomy as two fields of Biology concerning species identification. GM is an extensively used application to 

investigate shape differences between populations (Santos and Quilang, 2012). Further, this tool presents a set 

of landmarks that merged to make complete information about the shape of samples (Bookstein, 1996). 

Likewise, this application draws variations between sexes of the same taxa. Since fish communities are more 

diverse in terms of structure it is difficult to identify their shape manually. The study suggested assessing the 

fish population through phenotypic differentiation using morphometric identification (Torres et al., 2020). In 

relation, body shape fluctuations of a fish usually create differences within species. It might be associated with 

genetics, selection on the species’ history, and environmental variables that interplay (Cadrin, 2000). 

The present study employs Glossogobius guiris (Pidjanga) a native fish from Lake Mainit in Caraga 

Region. The lake serves as the primary fishery resource in the region. Because of its location, the lake has been 

disturbed by various pollution from rice fields using pesticides and is surrounded by numerous households 

along the lake. This condition influences the water condition and its inhabitants. Accordingly, the growing 

population (Rabadon and Corpuz, 2021), numerous pollution (Wu et al., 2019), and climate change (Qui et al., 

2019) have impacted the freshwater ecosystem and fishery resources globally. Studies showed that any 

organisms' physical modifications are associated with their environment (Cabuga et al., 2019; Jumawan et al., 

2016; Lecera et al., 2015). While an organism’s shape offers significant information about how it adapts to 

both evolutionary and functional changes (Singleton, 2002; Nicholson and Harvati, 2006). 

Nevertheless, fish often serve as the best model for evaluating environmental conditions.  Since they are 

susceptible to different pollutions. While, they are considered as the biomarker of ecological alterations (Galbo 

and Tabugo et al., 2014). It is also used for scientific investigation due to its availability and precise species ID. 

Assemblages of fish and ecological traits of aquatic habitats are deemed good markers of ecosystem health 
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2.3 Water quality parameters 

The water quality parameters were assessed on the same date mentioned above during the fish collection. From 

the study area, three sampling sites with a 100 meters distance each with three replicates were randomly 

selected for the measurements. The multi-parameter (HANNAH-HI98194) was used to determine the variables.  

Data were presented as mean ± standard error mean (SEM) and were calculated using the Graph Pad Prism 

8.0.1. One-way Analysis of Variance (ANOVA) was also used for testing the significant difference in water 

quality parameters between the sampling areas. 

2.4 Laboratory processes 

The fish samples were then sorted according to their size by using a ruler. Individually, the fish was placed at 

the top of Styrofoam. The fish fins were pinned and applied with a 10 percent formaldehyde solution using a 

small paintbrush. Each fish sample was captured by using a digital camera in 3 replicates to minimize the error. 

2.5 Landmark selection and digitization 

The photographs of the female and male samples were separated based on their sex. Afterward, it was loaded 

to a TPS file and converted through tpsUtil. Landmarking was followed and utilized the tpsDig Version 2.0 

(Adams et al., 2004) (Fig. 2) The left and right sides of the fish samples which digitally captures were 

subjected to replicates using the same software. The digitation process of the body shape of the fish samples 

was done using the sixteen anatomical landmark points (Table 1). 

 

 
Table 1 Description of the landmark points adapted from to Dorado et al. (2012). 

 

 

2.6 Shape analysis and data generation 

The coordinates of the fish samples were utilized and loaded to Symmetry and Asymmetry in Geometric data 

analysis (software version 1.04, Marquez, 2007) (Fig. 3). Procrustes ANOVA test was utilized to define the 

components analyzed (Individual, sides, and interaction of individual and sides) and tested for significant 

difference (P<0.0001). While this was mused to determine the principal component analysis (PCA) of each 

fish sample’s symmetry and asymmetry (interaction).  

 

 

 

Coordinates Locations

1 Snout tip

2 Posterior end of nuchal spine 

3 & 4 Posterior & anterior insertion of 1st dorsal fin 

5 & 6 Posterior & anterior insertion of 2nd dorsal fin 

7 & 9 Dorsal and ventral insertion of caudal fin 

8 Lateral line 

10 & 11 Posterior & anterior insertion of anal fin 

12 Insertion of the pelvic fin 

13 Insertion of the operculum at the lateral profile 

14 Posterior extremity of premaxillar 

15 Anterior margin through midline of orbit 

16 Posterior margin through midline of orbit 

17
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3 Results and Discussion 

The determination of the water quality analysis was done on-site in Jabonga, Lake Mainit, Agusan Del Norte 

(Table 1). From the data presented it was observed that subjected parameters (Conductivity, Dissolve Oxygen, 

pH, Salinity, Temperature, TSS, and TDS) were within the standard set by the Department of Agriculture-

Environmental Management Bureau. These variables play an important aspect in the physical composition of 

the water. The obtained value ranges from 166 uS/cm -180 for conductivity. Dissolve Oxygen (6.36 mg/L -

8.03 mg/L), pH (8.22-8.57), Temperature (29.47-30.70), TSS (0.07 mg/L-0.08 mg/L), TDS (70.00-80.00 

mg/L). These are the recorded values across three sampling stations. Further, conductivity known to be an 

aqueous solution is not only a common index to measure water quality but also can reflect the number of 

ionizable substances in water. Because of its simple test, it has been widely used in earthquake monitoring and 

water quality analysis (Tan et al., 2019). The goal of measuring the conductivity of water is a very important 

index to measure water quality, which can reflect the degree of dielectric in water. The increases in ionization 

are due to the water containing inorganic acid, alkali, or salt, the conductivity is escalated (Xianhong, 2021). 

 

 

Table 1 Results of physico-chemical parameters in Lake Mainit, Caraga Region, Philippines. 

Water 

Quality 

Parameters 

Standard 

DENR-EMB,  

2006 

Station 1 

(09.35000N;  

125.52180 E) 

Mean ± SEM 

Station 2 

(09.35170N; 

125.52190E) 

Mean ± SEM 

Station 3 

(09.35320N; 

125.62160E) 

Mean ± SEM 

Interpretation  

of Data 

Conductivity  100-2000 uS/cm 180.67 ± 0.33 166 ± 7.51 179 ± 1.15 Within the Standard 

 

DO ≥5mg/L 6.36± 0.10 8.03 ± 0.25 6.36 ± 0.15 Within the Standard 

 

pH 6.5-8.5 8.57 ± 0.02 8.24 ± 0.03 8.22 ± 0.1 

 

Within the Standard 

 

 

Salinity <0.5ppt 0 ± 0 0 ± 0 0 ± 0 Within the Standard 

 

 

Temperature 30C risea 29.47 ± 1.09 30.67 ± 0.00 30.70± 0.19 

 

Within the Standard 

 

Total Suspended 

Solid (TSS) <50 mg/L 0.08 ± 0 0.07 ± 0 0.08 ± 0 Within the Standard 

 

Total Dissolve  

Solids (TDS) 1,000 mg/L 

 

80.00 ± 0 

 

70.00 ± 0 

 

70.00 ± 0 Within the Standard 

 

 

Conversely, dissolved oxygen (DO) is necessary for the survival of all organisms and it is known as the 

amount of oxygen present in the water bodies (Martinez and Galera, 2011). It is required by fish to perform 

metabolic activities and respiration. Decreased levels of dissolved oxygen are usually associated with fish kill 
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incidents. However, high levels can develop into good growth, thus resulting in a high yield of production. 

Thus, the obtained value of DO in Lake Mainit is a good indication that can support aquatic organisms. 

At the same time, assessing the pH level of water represents acidity and basicity. Such the vital of each pH 

level can affect the overall water quality. Water that has low or high pH could be dangerous to fish and other 

aquatic life. For instance, low-pH toxic metals like aluminum can penetrate the water in high concentrations 

while chemical such as nitrogen tends to be more toxic. This affects the metabolic activity of the fish. Neither, 

water with a pH under 5-6.5 can prevent reproduction and mortality. Thus, juvenile fish and other aquatic 

animals are vulnerable (Brady and Ray, 2002). Moreover, the salinity of Lake Mainit was in the range of zero 

as the data presented. This showed that no salinity level was detected by the equipment and validated that the 

Lake cannot contain seawater. It is also necessary to assess the salinity hence freshwater organism has a 

different metabolic process and can be affected by the changes in water components. The recorded total 

dissolved solids (TSS) in Lake Mainit ranges from 0.07 – 0.08, and this is too far when compared to the 

standard level set by the DENR-EMB. As observed when TSS is higher it implied a lower ability of the water 

to sustain life because of decreased light penetration affecting photosynthesis (EMB, 2014). While, TSS 

concentrations range from hundreds to thousands of mg/L and tend to be harmful to fish and other organisms 

(Poole and Berman, 2001). 

Finally, the Total Dissolve Solids (TDS) signify the clarity of the water. TDS with a color concentration of 

50 mg/L and beyond indications of turbid water can be caused by natural disturbances such as increased 

sedimentation during the rainy season or anthropogenic disturbance (Sargaonkar and Deshpande, 2003).  

While the data collected from Lake Mainit only revealed that the lake has no turbidity and this is associated 

with good water condition. Thus, the importance of evaluating the water condition both physical and chemical 

relates to knowledge and understanding of the overall. 

 

Table 2 Procrustes ANOVA on the body shape of G. guiris in terms of sexes from Lake Mainit, Caraga, Region, Philippines. 

FACTORS SS DF MS F P-VALUE 

Female 

Individuals 0.3373 952 0.0004 5.1084 0.0001 

Sides 0.0290 28 0.0001 14.9377 0.0001 

Individual x Sides 0.0660 952 0.0001 6.9058 0.0001 

Measurement Error 0.0197 1960 0 -- -- 

Male 

Individuals 0.1715 952 0.0002 1.7813 0.0001 

Sides 0.0558 28 0.0002 19.6935 0.0001 

Individual x Sides 0.0963 952 0.0001 12.0924 0.0001 

Measurement Error 0.0164 1960 0 -- -- 

(P<0.0001) highly significant. 

 

 

The observed body shape variations of G. guiris in terms of sexes were presented in Table 2. Procrustes 

ANOVA resulted in significant differences (P<0.0001) detected across the factor analyzed (Individuals, Sides, 

and Individuals x Sides) and between the female and male samples. The obtained data implied an asymmetry 
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among the populations. This is also supported by the study conducted on the same fish species in that both 

males and females exhibit significant differences in morphology (Cabuga et al., 2019). Further, the 

development of asymmetry could also be associated with ecological changes hence species have to be adaptive 

within the environment. Also, when individuals and populations performed fluctuations this is usually 

attributed to genetic and environmental stresses (Sadeghi et al., 2009; Yuto et al., 2016). 

Further, assessing the shape differences can be figured out by measuring the portion of the organism’s 

phenotype i.e. individual x sides interaction which is the inconsistency of the individuals to be similar from 

side to side. Results implied that such variations often occur due to adaptation and this lead to speciation 

(Ricklefs and Miles, 1994). Moreover, phenotypic variations have led to fluctuating asymmetry and are known 

to be an indication of developmental instability and thus act as a bioindicator of ecological stress (Tabugo et al., 

2013). A previous study showed that Glossogobius guiris collected in the same area shows high levels of FA 

both in male and female samples (Jumawan et al., 2016). Additionally, morphological differences could be 

established to a wide range of environmental factors i.e. food deficiency, pesticides, parasitism, mobility, 

inbreeding and climatic condition (Mpho et al., 2000). Nonetheless, significant levels of fluctuating asymmetry 

are attributed to the modifications in the genetic composition of the populations resulting in observable 

physical traits (Yuto et al., 2016).  

In addition, the relevance of FA was because of the mobility and feeding habits of an organism (Webb 

1982; Caldecutt and Adams, 1998). Raising the water temperature, swimming patterns, feeding habits, and 

lifestyle are the notable reasons that develop body shape variations in fishes (Marcil et al., 2006; Cullen et al., 

2007; Rincón et al., 2007). As well as, the previous study proves that phenotypes are significantly affected by 

several ecological conditions, and thus fishes situated in a high trophic level had the most fluctuated (Cabuga 

et al., 2019). 

 

 
Table 3 Principal component scores of the values of symmetry and asymmetry scores with the summary of the affected 
landmarks from Lake Mainit, Caraga Region, Philippines. 

PCA Individual 

(Symmetry) 

Sides 

(Directional Asymmetry) 

Interaction (Fluctuating 

Asymmetry) 

Affected 

Landmarks 

Female 

PC1 53.01% 100% 34.16 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16

PC2 21.82% 18.38 3,4,5,6,7,9 

PC3 7.74% 11.78 1,4,5,6,7,8,9,11,15,16 

Total 82.57% 64.74% 

Male 

PC1 54.76% 100% 44.90% 1,2,3,4,5,6,7,8,9,10,11, 

PC2 11.37% 13.69% 1,2,3,4,5,6,8,9,10,12, 14,15,16 

PC3 7.58% 9.93% 2,3,4,6,7,8,9,12,14,15,16 

PC4 5.70% 7.34% 1,2,3,6,7,8,9,10,13,15,16 

Total 79.41% 75.86%  

 

In order to understand the effect of FA on the body shape of G. guiris, Table 3 was provided. Here, there 

are data presented to visualize the quantitative evaluation between the female and male populations. In males, 

there were four principal components (PCA) accounting for 79.41%, and the FA (Interaction) for 75.86% and 
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highest when compared to females with only 3 principal components (PCA) accounting for 82.57% and the FA 

(Interaction) 64.74% These significant levels of FA were manifested and associated with the degree of 

physical dissimilarities. The level of FA is often times utilized to evaluate the developmental variability of 

populations and individual species. As bilateral characters demonstrate variability in shape and size of the left-

right side, these would determine the asymmetrical observation (Moller, 1997). Variances in the level of FA 

may be associated with the ability of the phenotypes to shield developmental changes (Dahm et al., 2007). 

Consequently, the ecological state gives a part in the complete fitness of the organism and might increase its 

form to repel alterations. 

Further, in males, the commonly affected landmarks (encircled with red) among the four PCs are 2 

(Posterior end of the nuchal spine), 3 (Posterior insertion of 1st dorsal pin), 8 (Lateral line), 9 (Dorsal and 

Ventral insertion of caudal fin), 15 (Anterior margin through the midline of the orbit) and 16 (Posterior margin 

through the midline of the orbit). Along with these affected anatomical points indicates body shape variations 

within the male samples across the fish populations. These anatomical landmarks points were located in the 

regions where it was constantly used for swimming, food hunting, predator escape, and mobility. Studies 

showed that feeding habits are the foremost environmental aspect prompting morpho space restructuring. The 

discerning ability of omnivores with taller bodies, shorter caudal peduncles, and herbivores with small heads, 

predators with elongated bodies these attributed to swimming and larger mouths and head mouths (Cavalcanti 

et al., 1999; Kassam et al., 2003).  

 

 

Fig. 4 PCA-implied deformation grid female G. guiris populations. 
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Fig. 5 PCA-implied deformation grid female G. guiris populations. 
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Moreover, in females, the commonly affected landmarks (encircled with red) among the 3 PCs were 4 

(Anterior insertion of 1st dorsal fin), 5 & 6 (Posterior Anterior insertion of 2nd dorsal fin), 7 & 9 (Dorsal and 

ventral insertion of caudal fin). As observed, these regions were located in the fins that were the most essential 

areas necessary used for mobility. While if we compared the affected landmarks between the male and female 

samples it differs significantly suggesting that each fish has its own mechanism to buffer physical 

modifications. This situation has been linked to the fish the aging process, swimming ability, and food hunting. 

For instance, needlefishes utilized their feature compact set of fins to modify the flows shaped by body 

movement, an important trait of their locomotion (Liao, 2002). Nonetheless, the body shape change is also 

altered by habitat: fish with rounded-shaped are adapted to low activity, living in generalist habits, while 

elongated-shaped fish swim in the water column areas (Clabaut et al., 2007; Farré et al., 2015). 

Evidently, fishes with elongated/flattened shapes (eels or flatfishes) are typically situated at the periphery 

of the morpho space (Friedman, 2010; Tuset et al., 2014). In this study, the phenotypic variability of G. guiris 

is manifested and can be seen in Figure 4 (female) and Figure 5 (male). Additionally, graphical methods are in 

general more intuitive and interpretable, a combination of different analytical methods, including numerical 

and graphical ones, is the best and most complete option for assessing morphological differences (Tuset et al., 

2014; Farré et al., 2015). Representing such variability is correlated to their biological features (Loy et al., 

2001; Rüber and Adams, 2001). Evidently, the selection of the sample of species in the graph is partly 

subjective, but biologically it is noteworthy since graphs are able to explain vital environmental traits of fish 

assemblages, such as structural complexity or interrelationships between species (Strogatz, 2001; Dale and 

Fortin, 2010). Thus, species that are close together interrelate in the same location and utilize the same 

resources would results in competition and relate to shapevariability because of nutrient availability. The 

present study identifies phenotypic variations between the female and male populations and revealed 

significant body shape differences. The use of geometric morphometrics and the combination of different 

methods is the best approach for analyzing the species occupation within morphospace (Perry et al., 2006; Van 

Bocxlaer and Schultheiß, 2010). 

 

 

Fig. 6 Correlation of physico-chemical parameters vs. fluctuating asymmetry. 
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Furthermore, the interplay of biological resources where the species inhabits likely affects its physical 

characteristics. The combination of abiotic and biotic elements, food resources, competition, predation, and 

other ecological mechanism impacted the overall condition of the organism. This study intended to correlate 

the physico-chemical parameters versus the fluctuating asymmetry (FA) of G. guiris in order to identify its 

interrelatedness (Fig. 6), however, the results showed no correlation (r=0.1668) between the two variables 

subjected to analyses. This implies that the water has no effect on the body shape of the samples. It might be 

due to the reason that the fish maturity doesn’t only correspond to the water of the study area. A possible 

explanation is that the fish collected had existed and grown for several months and even years in the Lake. The 

observed FA was not only associated with one factor but with several biological elements. Thus, the water 

quality merely doesn’t affect the morphology leading to fluctuating asymmetry (FA). A study suggests that 

other causes of differing levels of FA among individuals in a population may be instigated by temporal 

changes (Lutterschmidt, 2016). Also, both land-use and chemical influences related to anthropogenic land-use 

and landscape scale developments can play a substantial role in defining stream, and lake conditions and thus 

establish developmental stressors ensuing in FA (Poff et al., 1997; Allan, 2004). Finally, the importance of 

using advanced methods like GM has been widely known to identify dissimilarities in shape in the individuals 

and populations thus understanding its morphological variation. Nevertheless, FA may be detected in meristic 

and metric characters and quantified based on the data presented yet the organisms have an adaptive 

mechanism for ecological survival.  

 

4 Conclusion 

The study identified phenotypes variability in the body shape of G. guiris populations by the use of Geometric 

Morphometric (GM) analysis collected from Lake Mainit, Caraga Region, Philippines. The evidence of the 

dissimilarities is revealed in its meristic and metric traits through anatomical landmark points. Procrustes 

ANOVA has shown a highly significant difference between the sexes. It was further visualized by detailing the 

Principal Component Analysis (PCA). Observable differences were clearly presented by affected coordinates 

and showed that male populations have the highest interaction when compared to females. Thus, the 

application of modern techniques further understands shape variations among biological organisms.  

 

 

References 

Adams DC, Rohlf FJ, Slice DE. 2004. Geometric morphometrics: ten years of progress following the 

‘revolution’. Italian Journal of Zoology, 71(1): 5-16 

Allan JD. 2004. Landscapes and riverscapes: The influence of land use on stream ecosystems. Annual Review 

Ecology. Evolutionary Systematics, 35: 257-284 

Apduhan JRD, Amarille MC, Calomot NH, Garcia CC, Seronay RA, Ranay AA. 2014. Socio-Economic 

Assessment of Lake Mainit Watershed Communities: A Basis for Protected Area Establishment. College 

of Forestry and Environmental Science and Center for Research in Environmental Management and Eco-

governance (CRÈME) Caraga State University, Ampayon, Butuan City, Philippines 

Bookstein FL. 1996. Combining the tools of geometric morphometrics. Advances in Morphometrics, 131-151 

Brady NC, Ray RW. 2002. The nature and properties of soils. Prentice Hall, Upper Saddle River, USA 

Cabuga Jr CC, Dedel JIC, Delabahan ICB, Ayaton MA. Busia MA, Billuga, NP, Havana HC. 2018. Wing 

shape variations in Calopteryx splendens along latitudinal gradient using geometric morphometric analysis, 

Journal of Biodiversity and Environmental Sciences (JBES), 12(3): 73-92 

Cabuga CC Jr, Seronay RA, Busia MA, Billuga NP, Ayaton MA, Angco MKA, Arriza SM. 2017. Geometric 

25



Computational Ecology and Software, 2024, 14(1): 14-29 

 IAEES                                                                                     www.iaees.org

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 

Cabuga CC Jr, Ombat LA. 2018. Geometric morphometrics of leaf blade shape in water hyacinth (Eichhornia 

crassipes: Pontederiaceae) population from Lake Mainit, Philippines. Computational Ecology and 

Software, 8(2): 46-56 

Cabuga CC Jr, Sularte RP, Acob MCO, Eleazar MMP, Tiempo CMT, Joseph CCD, Angco MKA, Calub AMN, 

Havana HC, Dominguto JD, Budlayan MLM, Colon RMA, Guilleno JR, Arriza SM. 2017. Describing 

shell shape variations and sexual dimorphism of golden apple snail, Pomacea caniculata (Lamarck, 1822) 

using geometric morphometric analysis. Computational Ecology and Software, 7(3): 123-139 

Cabuga CC Jr, Milloria MB, Lanes JR, Varona CJV, Ruales JJ, Pondang JMD, Corporal RT. 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 

Cadrin SX. 2000. Advances in morphometric identification of fishery stocks. Reviews in Fish Biology and 

Fisheries, 10: 91-112 

Caldecutt WC, Adams DC. 1998. Morphometrics of trophic osteology in the threespine stickleback, 

Gasterosteus aculeatus. Copeia, 827-838 

Casselman JM. 1983. Age and growth assessment of fish from their calcified structures—techniques, and 

tools. NOAA Technical Report NMFS, 8: 1-17 

Cavalcanti MJ, Monteiro LR, Lopes PR. 1999. Landmark-based morphometric analysis in selected species of 

serranid fishes (Perciformes: Teleostei). Zoological Studies Taipei, 38(3): 287-294 

Chen CY, Yu FC. 2011. Morphometric analysis of debris flows and their source areas using 

GIS. Geomorphology, 129(3-4): 387-397 

Clabaut C, Bunje PM, Salzburger W, Meyer A. 2007. Geometric morphometric analyses provide evidence for 

the adaptive character of the Tanganyikan cichlid fish radiations. Evolution, 61(3): 560-578 

Crews SC, Hedin M. 2006. Studies of morphological and molecular phylogenetic divergence in spiders 

(Araneae: Homalonychus) from the American southwest, including divergence along the Baja California 

Peninsula. Molecular Phylogenetics and Evolution, 38(2): 470-487 

Cullen P, Mccarthy TK, Doherty D. 2007. The Coomasaharn char, a morphometrically highly specialized form 

of Salvelinus alpines in Ireland. Ecology of Freshwater Fish, 16: 41-47 

Dale MRT, Fortin MJ. 2010. From graphs to spatial graphs. Annual. Review Ecology Evolution Systematics. 

41: 21-38 

Dahm R, Schonthaler HB, Soehnb AS, Van Marle J, Vrensen GF. 2007. Development and adult morphology 

of the eye lens in the zebrafish. Experimental eye research, 85(1): 74-89 

Dorado E, Torres MA, Demayo C. 2012. Describing body shapes of the white goby, Glossogobius giurisof 

Lake Buluan in Mindanao, Philippines using landmark-based geometric morphometric analysis. 

International Research Journal of Biological Sciences, 1(7): 33-37 

Dryden IL, Mardia KV. 1998. Statistical Shape Analysis. John Wiley and Sons, New York, USA 

Environmental Management Bureau. 2014. Department of Environment Natural Resource. Revised Guidelines 

for Pollution Control Officer. Philippines 

Farré M, Lombarte A, Recasens L. 2015. Habitat influence in the morphological diversity of coastal fish 

assemblages. Journal of Sea Research, 99: 107-117 

Friedman M. 2010. Explosive morphological diversification of spiny-finned teleost fishes in the aftermath of 

the end-Cretaceous extinction. Proceedings of the Royal Society B, 277: 1675-1683 

GalboKR, Tabugo SR. 2014. Fluctuating asymmetry in the wings of Culex quinquefasciatus (Say)(Diptera: 

26



Computational Ecology and Software, 2024, 14(1): 14-29 

 IAEES                                                                                     www.iaees.org

Culicidae) from selected barangays in Iligan City, Philippines. Aquaculture, Aquarium, Conservation and 

Legislation, 7(5): 357-364 

Huang J, Huang L, Wu Z, Mo Y, Zou Q, Wu N, Chen Z. 2019. Correlation of fish assemblages with habitat 

and environmental variables in a headwater stream section of Lijiang River, China. Sustainability, 11(4): 

1135 

Ibañez AL, Cowx IG, O'Higgins P. 2007. Geometric morphometric analysis of fish scales for identifying 

genera, species, and local populations within the Mugilidae. Canadian Journal of Fisheries and Aquatic 

Sciences, 64(8): 1091-1100 

Ihssen PE, Evans DO, Christie WJ, Reckahn JA, DesJardine RL. 1981. Life history, morphology, and 

electrophoretic characteristics of five allopatric stocks of lake whitefish (Coregonus clupeaformis) in the 

Great Lakes region. Canadian Journal of Fisheries and Aquatic Sciences, 38(12): 1790-1807 

Jerry DR, Cairns SC. 1998. Morphological variation in the catadromous Australian bass, from seven 

geographically distinct riverine drainages. Journal of Fish Biology, 52(4): 829-843 

Jumawan JH, Asuncion DQ, Joseph CC, Abastillas SO, Moreno MP, Hewe JG, Requieron EA. 2016. 

Assessment study using fluctuating asymmetry in the body shapes of Trichopodustrichopterus as bio-

indicator of stress in Ubod-Ubod Creek, Baan, Butuan City, Agusan del Norte, Philippines. Aquaculture, 

Aquarium, Conservation and Legislation, 9(1): 71-80 

Jumawan JH, Requieron EA, Torres MA, Velasco JP, Cabuga Jr CC, Joseph CC, 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. Aquaculture, Aquarium, 

Conservation and Legislation, 9(1): 113-121 

Kassam D, Adams D, Ambali A, Yamaoka K. 2003. Body shape variation in relation to resource partitioning 

within cichlid trophic guilds coexisting along the rocky shore of Lake Malawi. Animal Biology, 53(1): 59-

70 

Kendall PA, Duroe K, Arthur PR, Ellis M, Owen MC, Woolf RS, Philips BF. 2014. Comparative study of the 

pulse shape discrimination (PSD) performance of fast neutron detectors. In: 2014 IEEE Nuclear Science 

Symposium and Medical Imaging Conference (NSS/MIC). IEEE 

Lashkari N, Stanford D, Hastings M, Osborne T, Hayden P. 2013. Towards the fast scrambling 

conjecture. Journal of High Energy Physics, 4: 1-33 

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 

Liao H, Pierce CL, Larscheid JG. 2002. Diet dynamics of the adult piscivorous fish community in Spirit Lake, 

Iowa, USA 1995–1997. Ecology of Freshwater Fish, 11(3): 178-189 

Loy A, Boglione C, Cataudella S. 1999. Geometric morphometrics and morpho-anatomy: a combined tool in 

the study of seabream (Sparusaurata, Sparidae) shape. Journal Applied Ichthyology, 15: 104-110 

Lutterschmidt WI, Martin SL, Schaefer JF. 2016. Fluctuating asymmetry in two common freshwater fishes as 

a biological indicator of urbanization and environmental stress within the Middle Chattahoochee 

Watershed. Symmetry, 8(11): 124 

Marcil J, Swain DP, Hutchings JA. 2006. Genetic and environmental components of phenotypic variation in 

body shape among populations of Atlantic cod (Gadusmorhua L.). Biology Journal Linnaeus Society, 88: 

315-365 

Martinez FB, Galera IC. 2011. Monitoring and evaluation of the water quality on Taal Lake, Talisay, Batangas, 

Philippines. 229-236, De La Salle University, Philippines 

27



Computational Ecology and Software, 2024, 14(1): 14-29 

 IAEES                                                                                     www.iaees.org

Marquez E. 2007. Sage: Symmetry and asymmetry in geometric data version 1.05 (complied 09/17/08). 

Available online at http://www.personal.umich.edu/~emarquez/morph/ 

Moller AP. 1997. Developmental stability and fitness: a review. The American Naturalist, 149(5): 916-932 

Murta AG. 2000. Morphological variation of horse mackerel (Trachurustrachurus) in the Iberian and North 

African Atlantic: implications for stock identification. ICES Journal of Marine Science, 57(4), 1240-1248 

Nicholson E, Harvati K. 2006. Quantitative analysis of human mandibular shape using three dimensional ‐

geometric morphometrics. American Journal of Physical Anthropology: The Official Publication of the 

American Association of Physical Anthropologists, 131(3): 368-383 

Perry-Smith JE. 2006. Social yet creative: The role of social relationships in facilitating individual 

creativity. Academy of Management Journal, 49(1): 85-101 

Poff NL, Allan JD, Bain MB, Karr JR. Prestegaard KL, Richter BD, Sparks Re, Stromberg JC. 1997. The 

natural flow regime. BioScience, 47: 769-784 

Poff NL, Sykes MT, Walker BH, Walker M, Wall DH. 2000.Global biodiversity scenarios for the year 2100. 

Science, 28: 1770-1774 

Poole GC, Berman CH. 2001. An ecological perspective on in-stream temperature: natural heat dynamics and 

mechanisms of human-caused thermal degradation. Environmental Management, 27(6): 787-802 

Presilda, CJR, Salcedo MA, Moreno MJ, Cogenera J, Japitana RA, Jumawan JH, Jumawan JC, Requieron RA. 

Torres MAJ. 2018. Sexual dimorphism in the carapace of mud crab (Scylla serrate, Forsskal, 1775) in 

Magallanes, Agusandel Norte using Geometric Morphometric Analysis. Computational Ecology and 

Software, 8(4): 88-97 

Qui H, Niu J, Hu BX. 2019. Quantifying the integrated water and carbon cycle in a data-limited karst basin 

using a process-based hydrologic model. Environmental Earth Sciences, 78: 328 

Rabadon MLL, Corpuz MNC. 2021. Multivariate analyses of selected hydro-bacterial variables along the 

longitudinal gradient of Orani River, Philippines. In: IOP Conference Series: Earth and Environmental 

Science (Vol. 798, No. 1, p. 012004). IOP Publishing, UK 

Recasens L, Lombarte A, Sánchez P. 2006. Teleostean fish assemblages in an artificial reef and a natural rocky 

area in Catalonia (northwestern Mediterranean): an ecomorphological approach. Bulletin of Marine 

Science, 78(1): 71-82 

Requieron E, Torres MAJ, Manting MME, Demayo CG. 2010. Relative warp analysis of body shape variation 

in three congeneric species of ponyfishes (Teleostei: Perciformes: Leiognathidae). ICSCT, 2: 301-305 

Ricklefs RE, Miles DB. 1994. Ecological and evolutionary inferences from morphology: an ecological 

perspective. In: Ecological morphology: integrative organismal biology. 13-41, University Chicago Press, 

Chicago, USA 

Rohlf FJ. 1990. Morphometrics. Annual Review of Ecology and Systematics, 21(1): 299-316 

Rüber L, Adams DC. 2001. Evolutionary convergence of body shape and trophic morphology in cichlids from 

Lake Tanganyika. Journal Evolutionary Biology, 14: 325-332 

Sadeghi S, Adriaens D, Dumont HJ. 2009. Geometric morphometric analysis of wing shape variation in ten 

European populations of Calopteryx splendens (Harris, 1782) (Zygoptera: Odonata). Odonatologica 38, 

343-360 

Santos BS, Quilang JP. 2012. Geometric morphometric analysis of Arius manillensis and Arius dispar 

(Siluroformes: Arridae) populations in Laguna de Bay, Philippines. Philippine Journal of Science 

(Philippines) 

Santos BS, Fontanilla IK, Quilang JP. 2010. Geometric morphometric analysis and gill raker count variation of 

populations of the endemic Philippine silver perch, Leiopotherapon plumbeus (Perciformes: 

28



Computational Ecology and Software, 2024, 14(1): 14-29 

 IAEES                                                                                     www.iaees.org

Terapontidae). Philippine Agricultural Scientist, 93(4): 406-419 

Sargaonkar A, Deshpande V. 2003. Development of an overall index of pollution for surface water based on a 

general classification scheme in Indian context. Environmental Monitoring and Assessment, 89: 43-67 

Sheaves M, Johnston R, Connolly RM. 2012. Fish assemblages as indicators of estuary ecosystem health. 

Wetlands Ecology and Management, 20: 477-490 

Singleton M. 2002. Patterns of cranial shape variation in the Papionini (Primates: Cercopithecinae). Journal of 

Human Evolution, 42(5): 547-578 

Strogatz SH. 2001. Exploring complex networks. Nature, 410: 268-276 

Swain DP, Foote CJ. 1999. Stocks and chameleons: the use of phenotypic variation in stock 

identification. Fisheries Research, 43(1-3): 113-128 

Tabugo SRM, Pattuinan JO, Sespene NJJ, Jamasali AJ. 2013. Some economically important bivalves and 

gastropods found in the Island of HadjiPanglimaTahil, in the province of Sulu, Philippines. International 

Research Journal of Biological Sciences, 2(7): 30-36 

Tan L, Yao H, Chu S. 2019. Correlation analysis between toluene pollution in drinking water and five online 

monitoring indexes. Journal of Environmental Hygiene, 9(5): 435-438 

Torres SKM, Santos BS, Magbanua FS. 2020. Geometric Morphometric Analysis of Channastriata (Striped 

Snakehead) populations from Laguna de Bay, Philippines reveals shape differences in relation to water 

quality. Science Diliman, 32(2) 

Tuset VM, Farré M, Lombarte A. 2014. A comparative study of morphospace occupation of mesopelagic fish 

assemblages from the Canary Islands (North-eastern Atlantic). Ichthyology Research, 61: 152-158 

Van Bocxlaer B, Schultheiß R. 2010. Comparison of morphometric techniques for shapes with few 

homologous landmarks based on machine-learning approaches to biological 

discrimination. Paleobiology, 36(3): 497-515 

Webb PW. 1982. Locomotor patterns in the evolution of actinopterygian fish. American Zoologist, 22: 329-

342 

Xianhong Y, Shijun L, Xia Jie HJ. 2021. Application analysis of conductivity in drinking water quality 

analysis. International Energy, Environment and Water Resources Conference. doi:10.1088/1755-

1315/784/1/012028 

Yuto CMM, Lumogdang L, Tabugo SRM. 2016. Fluctuating asymmetry as an indicator of ecological stress in 

Rhinocypha colorata (Odonata: Chlorocyphidae) in Iligan City, Mindanao, Philippines. Entomology and 

Applied Science Letters, 3: 1: 13-20 

 

29




