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Abstract. Fluctuating asymmetry (FA) was used to determine the possible effects on the morphological
symmetry of Johnius vogleri sampled in lower Agusan river basin. The river as an aquatic system was
known to be contaminated with bacteria and heavy metals. Numerous studies have demonstrated that FA
can be used to assess the fish morphology exposed in various environmental conditions. However, no
similar study was conducted in the area nor any assessment on fish conditions. There were a total of 100
samples collected (50 males and 50 females). Digital imaging was done and the captured images were
loaded into tpsDig2 program. Standard landmarks on fish morphometrics were applied. Using thin-plate
spline (TPS) series, landmark analysis were attained and subjected to symmetry and asymmetry in
geometric data (SAGE) software. Results in Procrustes ANOVA revealed that the factors as individuals,
sides and interaction of individuals and sides showed highly significant differences (P<0.0001**). Similar
results were observed to both male and female samples indicating FA of J. vogleri in lower Agusan river
basin. The asymmetry in the morphology of the fish indicated exposure to environmental stress.
Asymmetrical appearance was the manifestation in buffering environmental disturbance. Principal
component analysis on the symmetry and asymmetry scores was applied to determine the affected
landmarks. Ordination of the resulting data was displayed in deformation grids and histograms to both
female and male samples. In females, affected landmarks were portion of the head and fins. In males,
affected landmarks were largely from the head and caudal fin. The result of the study is highly important
in future management actions of lower Agusan river basin.

Key Words: geometric morphometry, environmental health, bioindicators, developmental instability,
ecological stress.

Introduction. Many of the organisms provide a vital role in predicting biological
conditions. The empirical knowledge of evaluating the extent of effects through
bioindicators will be an advantage to a better understanding to its morphology and the
environment they inhabit.

Fishes play a fundamental role in human diet because of its high protein content,
low saturated fat and sufficient omega fatty acids to maintain good health (Kumar et al
2011). Fish are often used as indicators of pollutants in the aquatic ecosystem since they
occupy high trophic levels and an essential food source (Blasco et al 1998; Agah et al
2009). Understanding the biological importance of fishes is consequently significant for
sustaining our efforts to advance our use and exploitation of fish resources.

Freshwater ecosystems were considered as the most endangered ecosystems in
the world. Biodiversity was considerably greater in freshwaters than in the most affected
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terrestrial ecosystems (Sala et al 2000). It was also noted that freshwater ecosystems
particularly the rivers were commonly affected by direct and indirect disturbances. These
include households, agricultural and industrial runoffs that unswervingly affect the rivers.
This would be reflected as pollutants that are direct components altering the
morphological, behavioral, and physiological condition of many fish species. It causes
objectionable effects, impairing the condition of the environment and reducing the quality
of life and later may increase species mortality (Duruibe et al 2007). Ecological
impairment would cause imbalances which forces species to exert resistance and adapt to
the environment (Chau 2008). Furthermore, the most threatened groups are freshwater
fishes because of high susceptibility to aquatic alteration (Laffaille et al 2005; Kang et al
2009; Sarkar et al 2008). Adverse conditions of an environment bring unfavorable effect
to the species morphology or even raise the rate of death in the population.

To explore the possibility of environmental effects to the morphology of fishes,
fluctuating asymmetry (FA) was employed as a diagnostic tool in geometric
morphometry. It is considered as a fusion of geometry and biology (Bookstein 1982)
dealing with the morphometric forms in two or three-dimensional space. FA performs to
be an excellent bioindicator to understand the fitness of environmental condition (Lecera
et al 2015). This is an efficient approach and costless manner of evaluating if the
environment is proficient of ecological development (Angtuaco & Leyesa 2004). As well
as, FA demarcated as intelligent dissimilarities between the left and the right sides of
bilateral traits (Swaddle 2003) is said to be a marker of the well-being of the inhabitants
and environmental standing.

Additionally, a great trait in FA corresponds with distress throughout the growth of
different fishes (Hermita et al 2013). FA extensively used as an instrument for
determining developmental variability (Ducos & Tabugo 2015). The usage of geometric
morphometries in defining feature FA has widely recognized in various studies
(Klingenberg & Mcintyre 1998; Savriama et al 2012; Hermita et al 2013). According to
Sommer (1996), stress is a direct component that can lessen the energy requirement of
organisms to resist environmental condition. On the other hand, high FA reflects reduced
developmental homeostasis at the epigenetic, chromosomal and molecular levels
(Pursons 1990).

These morphological asymmetries were postulated to result from imperfect
development and the inability of the genome to buffer developmental processes against
random intrinsic factors (Waddington 1957; Zakharov 1992). FA is essential to biology
because it reflects a population’s state of adaptation and co-adaptation. FA is important
morphometrics instrument to lesser, unsystematic aberration from the perfect
morphology of organism because to its proficiency of giving total variance among the left
and right side of a bilaterally symmetrical species (Moller & Swaddle 1997; Palmer &
Strobeck 2003). Subsequently, it has been applied to theoretical and practical biology
such as genetics, conservation biology, anthropology, agriculture and medicine (Graham
et al 2010). Thus, FA provides vital information over another bioindicator of
developmental instability due to its low cost and efficiency (Clarke 1993).

The significance of this study will determine the possible effects of pollutants in
the morphology of Johnius vogleri locally known as “Guama”. This fish species widely
found in the area and consumed by local communities. At present, there were no
conducted studies on J. vogleri as the biological indicator to assess environmental stress
in the area. Consequently, FA has not been applied to define developmental instability in
the morphology of J. vogleri. The study area was located in lower Agusan River basin
which has reports on heavy metals contamination and pollution from sewages. Thus, this
study would be highly significant in probing the possible effects to environmental stress
on the morphology of J. vogleri. Furthermore, the study will be beneficial to
environmental planners of the about possible exposure of the fish species to
environmental stress.

Material and Method

Study area. The study area was part of Lower Agusan River basin. It was located in
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Brgy. Pagatpatan, Butuan City and geographically lying between 8°5926.35° N
125°31'31.16" E (Figure 1). The sampling of fishes was conducted in the month of August,
2015.
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Figure 1. Map of the sampling area showing the Philippines (A), Butuan City (B), and
Brgy. Pagatpatan (C) (http://maps.google.com).

Processing of fish samples. The collected fish samples were using fish identification
manuals and verified based on www.fishbase.org. Fifty samples of J. vogleri per sexes
(males and females) were collected and analyzed. J. vogleri individuals (50 males and 50
females) were preserved using 10% formalin and placed in a styrofoam box. Digital
imaging was done using Canon digital camera (Pixma, 10 megapixels). To obtain the
length of individuals, the left and right lateral side of each sample was taken using a ruler
(Natividad et al 2015). The captured images were digitized using the tpsDig2 program
(version 2.0, Rohlf 2004) and saved as a TPS file. The identification of males and females
was done based on its external morphology and later confirmed by direct examination of
the gonads. The male fishes had whitish soft textured gonads while yellowish coarsely
textured gonads with eggs for female specimens (Requieron et al 2010).

Landmark selection and digitization. Using thin-plate spline (TPS) series, landmark
analyzes were obtained to incorporate curving features within the images. Standard
forms of the digitized landmarks in fish morphometrics were applied. Landmarks were
selected to provide a homogenous outline of body shape using software tpsDig2 (Figure
2). A total of 16 markers (equivalent to 16 X and 16 Y Cartesian coordinates) were
identified to represent best the exterior figure of the fish body. Description of the
landmark was shown in Table 1. For the analysis, X and Y coordinates of landmarks on
images were then obtained. Digitization was copied in triplicates for each sample to
reduce the discrepancies and errors in plotting the landmark points (Natividad et al
2015).
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Figure 2. Landmark points of Johnius vogleri female (A) and male (B) (Original).

Table 1
Description of the landmark points in the body shape of Johnius vogleri (Chakraborty et
al 2008)
No. Description
1 Rostral tip of premaxillae
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

Shape analysis. Generated x and y coordinates had functioned as baseline data in
analyzing FA of freshwater fishes. Symmetry and asymmetry in geometric data (SAGE,
Marquez 2007) were used for the left and right flatform landmark coordinates of the TPS.

The symmetrized data sets and residuals from symmetric components were
generated by symmetry and asymmetry in geometric data (SAGE). This was used for the
identification of geometric data of object with essential on its asymmetry see (Figure 3).
Procrustes ANOVA was used to determine significant difference in the symmetry of the
factors considered. These factors were individuals, sides and interaction of individuals
and sides of J. vogleri. Level of significance was tested at P<0.0001. The variation
between the side and the measure of directional asymmetry also indicates. Percentage
(%) FA were obtained and compared between the sexes (Natividad et al 2015).
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Figure 3. Overall schematic diagram of shape analysis using SAGE software.

Intraspecific variation between sexes. The comparisons among sexes and individual
symmetry were analyzed using principal component analysis. The resulting data was
used in creating significant statistical illustrations like histogram, box plot and scattered
plot through (PAST) Paleontological Statistics Software or (Hammer et al 2001).

Results and Discussion. Procrustes ANOVA was used to illustrate the individual body
shape fluctuations. The analysis to compare individual symmetry of left-right size and
shape is shown in Table 2.

Table 2
Procrustes ANOVA on body shape of Johnius vogleri in terms of sexes
Factors SS DF MS F P-VALUE
Female
Individuals 0.2846 1372 0.0002 4.5763 <0.0001**
Sides 0.0156 28 0.0006 12.2981 <0.0001**
Individual x Sides 0.0622 1372 0 6.2649 <0.0001**
Measurement Error 0.0405 5600 0 - -
Male
Individuals 0.2853 1372 0.0002 2.1611 <0.0001**
Sides 0.0192 28 0.0007 7.1379 <0.0001**
Individual x Sides 0.132 1372 0.0001 8.0414 <0.0001**
Measurement Error 0.067 5600 0 - -

** (P<0.0001) highly significant.

There were 3 factors considered in the analysis: the individuals, sides, and the
interaction of individuals and sides. The analysis was implemented to both male and
female of the fish species. The results showed FA for the 3 factors considered and also
between male and female specimens (P<0.0001). There was a highly significant
difference observed in the individual fish indicating FA when one individual was
compared to the other individual samples. The sides also had highly significant difference
suggesting FA in the left and right sides of the samples. Generally, the interaction
between individuals and sides also showed highly significant difference which implied FA
contributed among the interaction of individuals and sides. The FA of the three factors was
observed in both male and female fishes.

The data showed that J. vogleri samples in Agusan River were already
asymmetrical in terms of comparison as an individual, its left and right side morphology,
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and the interaction of its individuals and sides. The asymmetry in the three considered
factors was both similarly observed when samples were pooled as males and females.
The asymmetry in the morphology of the three factors among males and females could
be an indication that the species in the study area was under environmental stress.
Symmetrical appearance on the fish species could be expected under normal conditions.
However, the observed FA would suggest that the aquatic environment might contain
pollutants affecting the morphology of the fish. The prolonged exposure to disturbed and
polluted water conditions eventually will lead to asymmetrical appearance of J. vogleri in
the sampling area.

The data illustrated the evidence for FA of the fishes that can be attributed to a
degrading condition in the environment possibly from pollutants. As a consequence, the
disturbed ecosystem will cause the species to change morphologically as these stressors
act during their development (Bonada & Williams 2002). Thus, the asymmetry is the
manifestation to inability of the species to thrive and buffer environmental disturbances
(Van Valen 1962). The developmental instability of J. vogleri eventually resulted to this
FA.

Principal component analysis was implemented to determine the affected
landmarks using the symmetry and asymmetry scores. There were three principal
components (PC) considered in male and female samples. The three highest PC scores
determined landmarks which were commonly affected in FA of the samples (Table 3).

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

L Sides Interaction
PCA Individual (Directional (Fluctuating Affected
(Symmetry) landmarks
asymmetry) asymmetry)
Female
PC1 65.7583% 29.415% 1,2,3,5,6,7,8,9,10
PC2 7.9016% 16.9888% 1,2,3,6,7.8,9,10,
11
100% 1,2,4,6,7,8,9,10
PC3 5.3519% 11.3923% e 11 e
79.0081% 57.7961%
Male
1,2,3,5,6,7,8,9,10
O o bl bl ’ 7 bl ’ 7 bl
PC1 55.489% 51.4384% 11.12,13,14.15.16
1,2,5,6,7,8,9,10
o O bl ’ 7 bl ’ ’ bl
PC2 15.8195% 100% 11.459% 12.13.15
1,2,5,8,11,12,13
0 0 ’ ’ bl y ’ 7
PC3 7.2258% 9.3028% 14.15
78.5343% 72.2002%

Skewness of the histogram was reflected in every PC score along with the deformation
grid to determine affected landmarks (Figures 4 & 5).

In the female samples, the three principal components (PC) constituted 79% of
the cumulative variation. PC 1 has the highest variation accounted to 69.76%. The
affected landmarks common to the three PC score were landmarks 1, 2, 6, 7, 8, 9 and 10
(Table 3). These were portion of the head (rostral tip and nuchal spine) and the fins
(parts of caudal, anal, and pelvic fins). In male samples, the three PC constituted to
78.53% of the cumulative variation. PC 1 contributed the highest accounted variation
with 51.49%. The commonly affected landmarks in male samples were landmarks 1, 2, 5,
12, 13 and 15 (Table 3). These landmarks were largely of the head (rostral tip, nuchal spine,
posterior end of maxilla, anterior margin through midline of orbit, and dorsal end of operculum),
and dorsal insertion of caudal fin.
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It was observed that in females, the heavily affected landmarks were portion of
the head and fins while in males were largely the head and caudal fin. It was interesting
to note that affected landmarks were different from female and male samples. These
affected landmarks were further shown in deformation grid and histogram of the values
revealed skewness suggesting asymmetry in body form (Figures 4, 5, 6).
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Figure 4. Principal components (PC) implied deformation grid and a histogram of
individual (symmetric) in Johnius vogleri male species.
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Figure 5. Principal components (PC) implied deformation grid and histogram of
individual (symmetric) in Johnius vogleri female species.
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Figure 6. Actualized picture of digitized male and female fish with the affected landmarks
shown in PCA- deformation grid for PC1 and PC2.

This study shows elevated FA that only certifies that lower Agusan river basin ultimately
contents pollutants affecting the asymmetry of J. vogleri. Similar studies conducted in the
Philippines shows a comparable result. According to Ducos & Tabugo (2015) with
Gafrarium tumidum as a bioindicator had confirmed that the greater the F value the
higher the stress a species are undertaken due to the environmental situation. It was
stated that not all character examined in the fish exhibited FA (Swaddle 2003; Costa &
Cataudella 2007; Graham et al 1993). Dissimilarities in the levels of FA validated that
different traits may vary the ability to shield developmental stress and homeostasis.
(Graham et al 1993; Lens et al 2002). Similar studies also confirmed that in female
Leiopotherapon plumbeus high significant level of FA specifies difficulty of sustaining
specific development that results to adverse effects on the population through time
(Markow 1995). Elevated FA suggests the organisms poor developmental ability (Palmer
1994). It also proposes that among the possible bases of FA is the presence of the
parasite in the host species affecting its state of well-being and adaptation (Pojas &
Tabugo 2015). The unstable condition of the environment will also cause instability during
the development of an organism that also affects its asymmetry (Natividad et al 2015).
The results of this study will be an important information to confirm the current condition
of lower Agusan River basin and showed that FA is said to be effective as an indicator of
ecological stress and developmental instability.

Conclusions. The study demonstrated the use of FA as a tool in probing the exposure to
environmental stress of J. vogleri samples in lower Agusan river basin. The sampling area
was known as catching basin from tributaries in upper Agusan River basin. Mining
effluents, industrial wastes, and sewages were possible sources of pollutants. Heavy
metal and bacterial contamination were known issues in the management of this valuable
aquatic system. Yet, there were no studies conducted to assess the metric traits in J.
vogleri exposed to possible pollutants from lower Agusan river basin. The results
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demonstrated that the species in the sampling area showed FA in both female and male
samples. This non-symmetrical observation in the species morphology was observed in
the three measured factors: individuals, sides, and interaction of individuals and sides.
The affected landmarks for females were portion of the head and fins. In males, affected
landmarks were largely from the head and caudal fin. The results of the study are highly
important in future management action of lower Agusan River basin.
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