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(Variasi Morfometri dalam kalangan 28 Sub-Populasi Barbodes binotatus di Indonesia)
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ABSTRACT

Morphological variability-based truss morphometry analysis is often used to identify fish population, morphometric
asymmetry, and evolutionary changes of fishes. This study aims to analyze the level of symmetry and asymmetry
of Barbodes binotatus from several sampling areas in terms of geographic distribution variability in Indonesia, such
as Java, Bali, Nusa Tenggara, Sumatera, Kalimantan and Sulawesi. 4 total of 845 samples were collected from 28
sampling areas. Digital imaging and landmark points were analyzed using the tpsDig.2 program. The parameters
including standard landmarks, truss morphometry and geometric-morphometric analysis were completed using SAGE
software in order to identify the symmetry-asymmetry level of fishes from each location. Results showed a highly
asymmetry level (P<0.0001) in procrustes ANOVA with three factors analyzed: Individual analysis, side identification,
and interactions of individual and side. The asymmetry levels of B. binotatus were varied within areas, which recorded
at 65.31% for Java Island, 50.16% for Nusa Tenggara, 67.12% for Bali, 67.12% for Sumatera, 30.15% for Kalimantan,
and 30.17% for Sulawesi. The asymmetry level of B. binotatus in four major regions (Java, Nusa Tenggara, Bali, and
Sumatra) was significantly higher (P<0.0001), while other areas in Kalimantan and Sulawesi tend to be lower than
others (P>0.0001). Further research with a genetic approach is needed to identify genetic populations and prove the
existence of genetic factors that affect the level of asymmetry in individual body shape.
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ABSTRAK

Analisis morfometri kekuda berasaskan kebolehubahan morfologi sering digunakan untuk mengenal pasti populasi
ikan, asimetri morfometri dan perubahan evolusi ikan. Kajian ini bertujuan untuk menganalisis tahap simetri dan
asimetri Barbodes binotatus daripada beberapa kawasan persampelan daripada segi kebolehubahan taburan
geografi di Indonesia, seperti Jawa, Bali, Nusa Tenggara, Sumatera, Kalimantan dan Sulawesi. Sebanyak 845 sampel
telah dikumpul dari 28 kawasan persampelan. Pengimejan digital dan titik mercu tanda dianalisis menggunakan
program tpsDig.2. Parameter termasuk tanda tempat piawai, morfometri kekuda dan analisis geometri-morfometri
telah dilengkapkan menggunakan perisian SAGE untuk mengenal pasti tahap simetri-asimetri ikan dari setiap lokasi.
Keputusan menunjukkan tahap asimetri tinggi (P<0.0001) dalam procrusts ANOVA dengan tiga faktor dianalisis:
analisis individu, pengenalan sisi, dan interaksi individu dan sisi. Tahap asimetri B. binotatus adalah berbeza-beza
antara kawasan dengan 65.31% untuk Pulau Jawa, 50.16% untuk Nusa Tenggara, 67.12% untuk Bali, 67.12% untuk
Sumatera, 30.15% untuk Kalimantan dan 30.17% untuk Sulawesi. Tahap asimetri B. binotatus di empat wilayah utama
(Jawa, Nusa Tenggara, Bali dan Sumatera) adalah lebih tinggi secara signifikan (P<0.0001), manakala kawasan lain
di Kalimantan dan Sulawesi cenderung lebih rendah daripada yang lain (P>0.0001). Kajian lanjut dengan pendekatan
genetik diperlukan untuk mengenal pasti populasi genetik dan membuktikan kewujudan faktor genetik yang mempengaruhi
tahap asimetri dalam bentuk badan individu.

Kata kunci: Asimetri morfometrik, asimetri turun naik; Barbodes binotatus

INTRODUCTION used in several studies (Poulet et al. 2005). Morphological

Fish identification based on phenotypic characteristics, ~analysis and fish identification were carried out based on

morphology, and morphometric analysis has been widely several aspects including body shape, number of fins,
geometric shape, and meristic character which are the most
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basic points in determining fish species (Cadrin 2000;
Farinordin et al. 2017; Ibanez et al. 2007). Morphological
and morphometric character are closely related to the
existence of influential external factors such as changes in
habitat and geographical conditions of each distribution
area (Johnson et al. 2004; Leamy & Klingenberg 2005).
The development of organisms in different environmental
factors and geographic boundaries can affect the
differences in the development of bilateral characters
and fluctuating asymmetry (Almeida et al. 2008; Hata
et al. 2013; Wedekind & Muller 2004). The fluctuating
asymmetry pattern is a homeostatic control that can be
disturbed for several reasons, such as anthropogenic stress
and environmental changes (Bergstrom & Reimchen 2005;
Bergstrom et al. 2010). The degree value of asymmetry
level will be directly proportional to the presence of
influencing factors such as external environmental pressure
and internal factors that affect the development process
such as inbreeding activity (Bergstrom & Reimchen 2002;
Daloso 2014; Iguchi et al. 2005; Presilda et al. 2016).
Several factors regarding habitat conditions,
environmental stresses, and the presence of geographic
differences also have an impact on individual mortality
rates, phenotypic characteristics, and the survival rate of
organisms (Muallil et al. 2014; Presilda et al. 2016). It is
important to analyze the factors that drive the variability
of organisms and patterns of biological adaptation in
terms of geographical distribution and environmental
conditions (Ducos & Tabugo 2015; Natividad et al. 2015).
Barbodes binotatus (Valenciennes 1842) is a
freshwater fish of the family Cyprinidae, with several
synonym names in scientific literature such as Puntius
binotatus, Systomus binotatus, Capoeta binotata, and
Barbus maculatus (Jenkins et al. 2015; Kottelat 2013).
Barbodes binotatus is an endemic fish from Indonesia,
native species from Southeast Asia, and widespread in
Laos, Vietnam, Cambodia, Myanmar, Brunei, Malaysia,
Philippines, Thailand, and Indonesia (Jenkins et al.
2015). B. binotatus is one of the important aquatic
organisms at the second trophic level (Isa et al. 2010;
Zakeyudin et al. 2012). This fish has economic value
among local communities in Asia, especially in Indonesia
(Lim et al. 2013). Further research and utilization of
this species should be focused on its natural populations
with several major studies on distribution patterns and
morphological features (Dar et al. 2012). B. binotatus has
been distinguished from other species by its phenotypic
characteristics with four barbells, silvery gray body color
with a darker point, a rounded body pattern at the base of
the caudal peduncle in large specimens, and a broad muzzle
tip. B. binotatus is known as a benthopelagic species that

can live in a pH range of 6.0 - 6.5 and temperatures of
24-26 °C in tropical countries. B. binotatus is a plankton
feeder and has been used as a bio-indicator in assessing the
quality and status of freshwater resources (Baumgartner
2005; Zakeyudin et al. 2012).

The focus of this study is specifically related to
the impact of geographic distribution on the presence of
fluctuating asymmetry (FA) in fish population (Ducos &
Tabugo 2015). Several reports regarding the emergence
of FA in individuals occur due to external factors in their
habitat. Other studies report that environmental stress and
geographic distribution can increase FA, but there are few
studies that clearly demonstrate this effect (Kihslinger et
al. 2006; Kocour et al. 2007). The relationship between
FA and geographic conditions has provided evidence that
environmental stresses also have an impact on individual
phylogenetic relationships (Fessehaye et al. 2007).
Sampling locations with different geographic areas and
environments can affect the morphological variability of
species in the population (Kark 2001). This relationship
suggests that rivers and fish habitats with different
conditions also contribute to the morphological characters
and levels of asymmetry that occur in different populations.

This study aims to determine the possible influence
of geographic areas on the appearance of fluctuating
asymmetry in a population. These results will be used
to evaluate the morphological variability of all species
collections. Thus, the results of this study will be significant
due to the ongoing development research and to develop
the potential of B. binotatus as a species candidate in
aquaculture.

MATERIALS AND METHODS

FISH COLLECTION, LANDMARK SELECTION AND
DIGITATION

Specimens were collected from June 2019 to June
2020 at 28 different locations from Java Island (18 sub
populations), Bali (2 sub populations), Nusa Tenggara
(2 sub populations), Sumatera (2 sub populations),
Kalimantan (2 sub populations) and Sulawesi (2 sub
populations). The sampling locations in Java consisted
of 18 locations (Pamekasan, Bondowoso, Lumajang,
Jember, Banyuwangi, Situbondo, Malang, Blitar,
Semarang, Tuban, Yogyakarta, Sleman, Cirebon, Cilacap,
Nusa Kambangan, Bogor, Banten and Bandung), Bali
(Bedugul and Jembrana), Sumatra (Jambi and Bengkulu),
Nusa Tenggara (Lombok and Sumbawa), Kalimantan
(Samarinda and Banjarmasin), and Sulawesi (Majene
and Malo). A total of 845 specimens captured with various
types of fishing gear including nets and trap equipment.



Fish specimens were stored in 96% alcohol to
maintain sample quality. All specimens from each
sampling location were registered at Depository
Ichtyologicum Brawijaya, University of Brawijaya
(J1. Veteran Ketawanggede, Lowokwaru, Malang, East
Java). Specimens were labeled from each location.
Information on the label includes the date of sampling,
name of the collector, method of collection, location,
coordinates, and geographic reference. Labels were
written in permanent black ink on 100% linen paper.
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Morphological documentation was carried out
by digital marking using Canon EOS 650D Japan (18
megapixels). Morphological images were converted to
TPS file format using tpsUtil. The selection of landmark
point was carried out using tpsDig2 v.2 (Rohlf 2004).
A total of fifteen anatomical landmark points (Table
1) were used to digitize morphometric character of B.
binotatus (Figure 1). Population distribution maps and
sampling areas were carried out at 28 locations (Figure 2).

FIGURE 1. Landmark points of B. binotatus
(Source: Astuti et al. 2020)
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FIGURE 2. Sampling area from the 28 sub-populations of Barbodes binotatus. The sampling locations in Java consisted
of 18 locations (Pamekasan, Bondowoso, Lumajang, Jember, Banyuwangi, Situbondo, Malang, Blitar, Semarang,
Tuban, Yogyakarta, Sleman, Cirebon, Cilacap, Nusa Kambangan, Bogor, Banten and Bandung), Bali (Bedugul and
Jembrana), Sumatra (Jambi and Bengkulu), Nusa Tenggara (Lombok and Sumbawa), Kalimantan (Samarinda and
Banjarmasin), and Sulawesi (Majene and Malo)



SHAPE ANALYSIS
Body shape analysis and specimen digitization were
carried out in three replications using the tpsDig2
application. The coordinate data were subjected to
Symmetry and Asymmetry in Geometric Data version
1.04 software (Marquez 2007) to obtain the principal
components of individual symmetry which denotes by

deformation grid (Natividad et al. 2015). The Procrustes
ANOVA test was conducted to determine the level of
asymmetry for each individual from the three factors
considered including identification of individual shape,
identification of body sides, and interactions between
individuals and sides of the body. This level of significance
was confirmed with P-value < 0.0001 which determines
the degree of asymmetry in the population.

TABLE 1. Landmark point and digitation

Landmark Point Location

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 lateral line

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 the premaxilla

13 Anterior margin through midline of orbit
14 Posterior margin through midline of orbit
15 Dorsal base of pectoral fin

(Source: Cabuga et al. 2017)

The percentage (%) of FA were acquired and
compared for all species. Morphometric analysis
was performed using SAGE software (Symmetry and
Asymmetry of Geometric Data, ver. 1.04) with a protocol
that identifies specimen numbers with labels and ID tags,
and all points were stored in a data file (notepad) as
specimens identified in the format ‘txt’. The landmark
points on each side of the individual body were used to
match the symmetry with the values ‘0’ as the right side and
‘1’ as the left side in three pre-created replicates and saved
as “.txt’ file. All files with the ‘.tps’ format in the tpsDig
application were analyzed with three replications and 99
permutations. The subsequent results of the application

were analyzed using the SAGE program to measure the
level of symmetry and asymmetry of individuals based
on body shape. The results were represented by P-values
to determine the comparative effects of individuals and
side bodies which illustrates the fluctuating asymmetric
patterns in the data.

RESULTS AND DISCUSSION

MORPHOLOGICAL VARIABILITY AND MORPHOMETRIC
ANALYSIS

The current research reported morphological variability
of B. binotatus from different geographic distributions



(Tables 2 & 3). There are nine parameters compared with
Standard Length (SL) of the body shape. Morphometric
measurements were compared with standard lengths to
obtain truss morphometry values as the main data for
determining the comparison between landmark points to
produce standard symmetrical patterns and asymmetric
analysis of individual body shapes. Within the same
species, differences in body shape are an important
factor in differentiating homogeneous groups of fish.
In general, the morphometric approach shows that the
comparison of morphometric characters can be used to
differentiate populations based on habitat conditions and
geographic areas as determining factors. The results of the
morphometric analysis depend on specific measurements
selected from several characters. Morphometric distances
can be measured and calculated from the results of the
marking of ‘landmark morphometry’. Homologous
landmark morphometry represents a similar development
among specimens. The selection of measurement points
describes the difference in the average length ratio of the
individual shape characters (Dwivedi & Dubey 2012).
Morphometric differences within a species are
generally associated with geographic isolation due to
the interactive effects of environment, selection, and
genetics on individual ontogenies (Poulet et al. 2005).
Morphometric characteristics usually indicate the
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ontogenetic changes associated with allometric growth
(Robinson & Parsons 2002). These ontogenetic changes in
body shape can occur rapidly at major life-history stages,
such as metamorphosis from larvae to juvenile body shape,
and sexual maturation (Swain et al. 2005). Differences in
morphological and morphometric variations cannot be
separated from habitat conditions, including intraspecific
differences (Hendry et al. 2003; McKinnon et al. 2004).

Similar studies have shown that morphological
differences occur in populations of B. binotatus which
occupy different habitats (Cabuga et al. 2017; Hernando
et al. 2016; Lutterschmidt et al. 2016). Environmental
conditions and anthropogenic stressors can have a
negative impact on the environmental quality of aquatic
ecosystems (Seixas et al. 2016). The results showed
that the highest fluctuating in morphometric characters
was found in the ratio between standard length and total
length. Morphometric variations in individual shapes
may occur due to habitat conditions and river flows that
provide adaptation patterns in order to survive in these
aquatic conditions. This is also supported by research
which shows that morphological differences between
fish populations in reservoirs and rivers can have a direct
impact on their growth (Langerhans & Reznick 2010). This
adaptive response that occurs in different selections may
be related to genetic differentiation within the population
(Langerhans 2008).

TABLE 2. Morphological variability of B. binotatus from Java, Bali, Nusa Tenggara, Sumatera Kalimantan, and Sulawesi

Java Island Kalimantan Sulawesi Bali Nusa Tenggara Sumatera
Characteristic (N=700) (N=30) (N=30) (N=50) (N=30) (N=30)
SL:5292+0.871 SL:5.617+0.719 SL:598+0.954 SL:6.180+0.797 SL:5.781+0.706 SL:3.594 +0.713

Total length 1.452 +0.943 1.466 +0.614 1.594 + 1.176 1.351 +0.936 1.387 +£0.754 1392+ 1.309
Head length 0.364 % 0.179 0319+ 0.107 0.486 + 0.294 0.345+0.194 0.327+0.207 0.420+ 0.354
Eye diameter 0.083 % 0.450 0.084 % 0.097 0.025+ 0.021 0.086  0.561 0.087 + 0.038 0.059 £ 0.039
g‘fgf}‘l’rb”al 0.072 £ 0.092 0.074 £ 0.091 0.056 + 0.091 0.053 = 0.083 0.051 £ 0.037 0.052 £ 0.087
ifg‘:ﬁml 0.537+0.318 0.604 + 0.355 0.581+£0.714 0.625 + 0.498 0.635 + 0.389 0.514+0.519
}?:g‘t’ﬁcmral 0.509 % 0.389 0.513 + 0.381 0.469 + 0.598 0.735 + 0.366 0.495 + 0.392 0.580 + 0.471
Pre anal
loneth 0.723 + 0.623 0.778 £ 0.516 0.692 + 0.852 0.764 + 0.624 0.709 + 0.507 0.713 + 0.891
Body depth 0.353 + 0.237 03740214 0.353 + 0.241 0.397 + 0.341 0.392+0.278 0.386 % 0.505
Caudal

0.192 + 0.145 0.199 +0.125 0.197 £0.127 0.291+0.176 0.192+0.134 0.192 +0.107

peduncle
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FLUCTUATING ASYMMETRY (FA)

The fluctuation values are defined from the results
of Procrustes ANOVA calculation to describe the
morphometric variations of individual shapes that occur
in several samples. The results showed a fluctuating
asymmetry in the ratio between individual and the shape
of the body which influenced the morphometric variations
in the population of Java, Sumatra, Kalimantan, Bali,
Nusa Tenggara, and Sulawesi. The highest variance in FA
represents the highest morphometric asymmetry in the
population. The variance of FA implies that geographical
distributions and environmental conditions have an
impact on morphometric asymmetry in the population
(Pana et al. 2015). Another possibility that supports the
highest fluctuation in the level of asymmetry is due to the
high inbreeding activity in each population (Kark et al.
2004; Mazzi et al. 2002; Trokovic et al 2014). In addition,

environmental and species boundaries encourage
asymmetry in individuals due to environmental stress
factors that occur in a population (Sotola et al. 2019).
Morphometric asymmetry of B. binotatus was analyzed
from all locations in Java, Bali, Sumatera, Kalimantan,
Nusa Tenggara, and Sulawesi.

These results represent significant (high) and
insignificant (low) levels of asymmetry in B. binotatus.
This calculation is obtained from the morphometric
characteristics and comparison of landmark points
(Table 3). This degree of asymmetry has been found in
the calculated factors (individual and side identifications).
The fluctuating asymmetry of the population is influenced
by shifting of landmark points. This pattern emerged
from the comparison of truss morphometry and PCA
analysis. The results showed fluctuating asymmetry in
individuals compared between landmark points and truss
morphometry had varying values in each population.

TABLE 3. Procrustes ANOVA on the body shape of B. binotatus

Site  Factors SS DF MS F P-Value
1 Java Island

Individuals 0.2119 2430 0.0039 1.9077 0.0001 *

Sides 0.0148 11 0 1.7849 0.0001 *

Individual x Sides 0.0785 2430 0 0 0.0001™
2 Nusa Tenggara

Individuals 04115 2610 0.0017 2.1716 0.0001 *

Sides 0.0382 11 0 1.1426 0.0001 *

Individual x Sides 0.0928 2610 0 0 0.0001™
3 Sumatera

Individuals 0.5912 2980 0.0011 1.2776 0.0001 *

Sides 0.0165 11 0 1.4256 0.0001 *

Individual x Sides 0.0879 2980 0 0 0.0001™
4 Bali

Individuals 0.1072 2460 0.0007 1.7126 0.0001*

Sides 0.0154 11 0 1.2246 0.0001 *

Individual x Sides 0.0856 2460 0 0 0.0001™
5. Kalimantan

Individuals 0.1025 1410 0.05 1.5211 0.05"

Sides 0.0112 11 0 1.2098 0.05m

Individual x Sides 0.0553 1410 0 0 0.05m
6 Sulawesi

Individuals 0.0098 1780 0.01 1.7134 0.01"

Sides 0.0104 11 0 1.2283 0.01m

Individual x Sides 0.0516 1780 0 0 0.01m

Sides = Directional Asymmetry; Individual x Sides = Fluctuating Asymmetry (FA); ** indicate highly significantly different at P < 0.0001; * indicate significant at P <

0.001; ns indicate no significant different at P> 0.001



The highest asymmetry values were generated from
Java, Bali, Sumatra, and Nusa Tenggara (P<0.0001),
whereas the asymmetry level of B. binotatus from
Kalimantan and Sulawesi were not significantly high
(P>0.001). The FA component in fish populations
associated with stress conditions in the environment
from various types of habitats and geographic areas
(Leceraetal. 2015). As a result, ecosystems with different
characteristics of geographic areas will eventually lead
to morphological variations that affect the growth and
development of organisms (Bonada & Williams 2002).
This is consistent with several studies which prove that
populations with large FA values are due to the adaptation
pattern of high stressors in their habitat (Hermita et al.
2013). The difference in the level of asymmetry is one of
the characteristics of a population that tends to be unable
to adapt and protect itself from changing environmental
conditions (Natividad et al. 2015). The FA score with the
lowest percentage relates to its stability and ability to
adapt in various environmental conditions that support
the population to thrive (Bonada & Williams 2002; Ducos
& Tabugo 2015).

Morphometric analysis and fluctuating asymmetry
are often used to determine the effect of environmental
disturbances from the comparison of symmetrical
deviations and bilateral structures on the body shape of
the species (Savriama et al. 2012). Asymmetry deviations
occur due to the inability to withstand disturbances
from environmental endogenous conditions during their
development (Hermita et al. 2013). This deviation is
associated with the presence of asymmetric fluctuation
(FA) in non-directional deviations and serves as a potential
indicator to describe the differences in body shape of
an organism (Daloso 2014; Dorado et al. 2012) FA is
an efficient method in providing important information
regarding the variability of organism development
through geometric analysis (Trono et al. 2015). The
results of geometric analysis include differences in
morphological, morphometric, and meristic features that
support the asymmetry results in different species (Polly
2019). Other studies have theorized that environment
and genetics are closely related to fluctuating asymmetric
values, as well as the development of organisms in their
habitats (Bergstrom & Reimchen 2003). These two
things are closely related because the body shape of an
organism is the result of its response to environmental
conditions, and the genotype of an organism will change
along with different environmental conditions (Iwamoto
et al. 2012).
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CORRELATION BETWEEN GEOMETRIC-MORPHOMETRIC
AND FLUCTUATING ASYMMETRY

The correlation between the geometry-morphometry
and the fluctuating asymmetry of the body shape are
generated through the affected landmarks. The results of
FA analysis from Java Island have a large asymmetry
values in Principal Component 1 (PC 1) with affected
landmarks 1, 3,4, 5, 7, 11 and 12 of all populations (Table
4). The comparison of FA from Nusa Tenggara shows
high values of asymmetry level in affected landmark
1,2,4,5,6,7,8, 10, 11, and 12. Affected landmark of
the population from Sumatera is also described with the
highest score in landmark positions 1, 4, 7, 9, 11, 12, and
13. Another result shows the affected landmark of the
population from Bali with the highest score in landmark
points 1, 2,3, 7, 8,9, 11, and 12. Different results were
obtained from the populations of Kalimantan and Sulawesi
which had less shifting of landmark points which showed
low fluctuating asymmetry at the landmark points 1,
2,4, 5and 1, 2, 3, 4, 5. These affected landmarks are
displayed in a deformation grid that represents the degree
of asymmetry in the shape of the body.

The mechanism of asymmetric fluctuation is able
to provide an overview of variations in morphological
characteristics as a result of several influencing factors
(Swaddle 2003). This mechanism provides basic data for
geometric analysis as an important instrument because of
its ability to show changes in the body shape of organisms
(Jumawan et al. 2016). The principal component (PC) of the
affected landmark is a value that describes the fluctuating
pattern of asymmetry and all components are calculated
using the symmetry and asymmetry scores of the sample.

In this study, four main components (PC) were
considered as the result of morphometric analysis in all
samples from the entire population. The highest PC score
determines the affected landmark in the body shape. The
asymmetric pattern in the morphometric shape is described
in the results of geometric analysis (Figure 3). Affected
landmarks are visualized in a deformation grid and
histogram values to illustrate the asymmetric pattern in the
body shape of the organism. The points on the landmark
represent different fluctuations in the affected parts.

The cumulative variation of the morphometric
analysis is represented in the four PC in the sample.
The highest variation that describes the morphometric
asymmetry can be seen from the PC value and the
visualization of the grid deformation. Fluctuating
asymmetry with the highest scores can be found in
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landmark areas: 1 (snout tip), 2 (posterior end of nuchal
spine), 3 (anterior insertion of dorsal fin), 4 (posterior
dorsal fin insertion), 5 (dorsal insertion of caudal fin), 6
(midpoint or lateral line), 10 (dorsal base of pelvic fin), 11
(ventral end of lower jaw articulation) and 12 (posterior
end of the premaxilla). The illustration of the fluctuating
asymmetry is summarized using the results of PC1 and

PC2 as the highest values in all components in the system.
The highest FA level in the bilateral morphology of fish
has the closest assumption that species are under pressure
which influences them to maintain their developmental
homeostasis which greatly affects the growth and
development patterns of fish, resulting in fluctuating
asymmetry in the body shape of the species (Presilda et
al. 2016).

TABLE 4. Fluctuating asymmetry - geometric morphometric analysis

Site Principal component Fluctuating asymmetry (%) Affected landmark
1 Java Island
PC-1 40.25 1,3,4,5,6,7,11,12
PC-2 10.71 2,457
PC-3 9.87 57,11
PC-4 4.48 8,10,12
Total 65.31

2 Nusa Tenggara

PC-1 32.48 1,2,4,5,6,7,8,10,11,12
PC-2 9.50 1,2,5,7
PC-3 7.01 7,11,13
PC-4 1.27 5,6
Total 50.16

3 Sumatera
PC-1 40.34 1,4,7,9,11,12,13
PC-2 11.18 1,3,6,8,10,11
PC-3 4. 11 2,3,4,9
PC-4 3.03 1,48
Total 58.66

4 Bali
PC-1 52.21 1,2,3,7,8,9,11,12
PC-2 7.91 1,2,5,7,10
PC-3 5.25 2,6,8
PC-4 1.75 4,9
Total 67.12

5 Sulawesi
PC-1 20.05 1,2,4,5
PC-2 6.70 3,6,7,8
PC-3 2.11 9,10
PC-4 2.31 11
Total 30.17

6 Kalimantan
PC-1 15.87 1,2,3,4,5
PC-2 7.08 4,5,9
PC-3 5.21 5,9,10
PC-4 1.99 10,11
Total 30.15
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Deformation asymmetry of B.binotatus from Java
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FIGURE 3. Affected landmark of B. binotatus perfected with fluctuating asymmetry

CONCLUSION

The results showed that B. binotatus from Java, Bali,
Sumatra, and Nusa Tenggara had a higher percentage
of FA. This means that there is an abnormality in the
shape of the body (asymmetric deviation) which causes
a large asymmetry value, possibly influenced by internal
and external factors that are more complex than other
populations. External factors that can affect the high level
of asymmetry are probably due to environmental pressure
or river pollution and differences in habitat conditions.
The value of the fluctuating asymmetry arises due to the

instability of individual development. This developmental
instability affects morphometric variations in organisms,
causing a higher level of asymmetry value. This perspective
can be inferred through the asymmetric pattern of this
morphometric character from the asymmetric deformation
in the geometric-morphometric analysis. Other results
indicate that the level of asymmetry of B. binotatus from
Kalimantan and Sulawesi is lower than other populations.
This is presumably due to the influence of different
environmental pressures received by a population to
survive in different habitats. Other analyzes concluded
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that geographic differences contribute to different
environmental pressures on populations and influence the
developmental instability of organisms. Morphometric
variations and FA levels that occur in the population-based
on each comparison from various locations may also be
influenced by inbreeding activity due to the low genetic
diversity in the population. Therefore, further research with
genetic approaches and environmental studies is needed
to find out more deeply and prove the role of genetics,
inbreeding activity and habitat pressure on the level of
asymmetry in the body shape of B. binotatus.
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