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ABSTRAK 

Suhendro I, Jakaria J, Priyanto R, Manalu W, Noor RR. 2021. Fluktuasi asimetris meningkat seiring dengan gangguan stres 

panas pada Sapi Bali (Bos javanicus) di ketinggian yang berbeda. JITV 26(3):89-95 DOI: http://dx.doi.org/10.14334/jitv.v26i3.2758. 

Sapi Bali (Bos javanicus) merupakan spesies yang umum tersebar di seluruh Indonesia dan dapat bertahan hidup di iklim 

tropis yang panas dan lembap. Fluktuasi asimetris (FA) adalah penyimpangan acak dari simetri bilateral sempurna. FA sering 

digunakan untuk mengukur stabilitas perkembangan pada individu dan dapat digunakan sebagai penanda dampak stres 

lingkungan dan genetik. Penelitian ini bertujuan untuk mengetahui pola ketidakstabilan perkembangan sapi Bali akibat cekaman 

lingkungan pada berbagai ketinggian tempat dengan menggunakan indeks FA. Indeks FA dalam penelitian ini digunakan untuk 

membandingkan asimetris ciri fisik sapi Bali di dataran tinggi Sembalun dan dataran rendah Serading. Enam puluh lima ekor 

sapi Bali yang digunakan dalam penelitian ini dipelihara pada ketinggian yang berbeda, yaitu Serading, Pulau Sumbawa (50 m 

dpl), dan Sembalun, Pulau Lombok (1.186 m dpl). Sifat fisik sapi Bali yang diukur adalah lingkar tanduk (tanduk), jarak pinggul 

ke tulang belakang (panggul), lingkar metatarsal (metatarsal), dan lingkar metakarpal (metakarpal). Indeks FA1 dan FA5 

menunjukkan perbedaan metakarpal yang signifikan antara sapi Bali yang dipelihara di populasi Sembalun dan Serading 

(P<0,05). Indeks sifat ganda FA11 sebagai kombinasi dari semua sifat juga menunjukkan perbedaan yang nyata (P<0,01). Dapat 

disimpulkan bahwa variasi cekaman panas menurut ketinggian mempengaruhi asimetris sapi bali. 

Kata Kunci: Altitud, Fluktuasi asimetris, Sapi Bali, Stres panas 

ABSTRACT 

Suhendro I, Jakaria J, Priyanto R, Manalu W, Noor RR. 2021. Fluctuating asymmetry increases with heat stress disruptions on 

Bali cattle (Bos javanicus) at different altitude. JITV 26(3): 89-95 DOI: http://dx.doi.org/10.14334/jitv.v26i3.2758. 

Bali cattle (Bos javanicus) are common species distributed throughout Indonesia to survive in tropical hot, and humid 

climates. Fluctuating asymmetry (FA) is a random deviation from perfect bilateral symmetry. FA is often used to measure 

developmental stability in individuals and can be used as a marker for the impact of environmental and genetic stress. This study 

aims to investigate the pattern of developmental instability in Bali cattle as caused by environmental stress at various altitudes 

using the FA index. FA indexes in this study were used to compare asymmetrical physical traits of Bali cattle in Sembalun high 

altitude and Serading low altitude. Sixty-five Bali cattle were used in this study reared at different altitudes, namely Serading, 

Sumbawa Island (50 m above sea level), and Sembalun, Lombok Island (1,186 m above sea level). The physical traits of Bali 

cattle measured were horn circumference (horn), a distance of hip to spine bone (pelvic), metatarsal circumference (metatarsal), 

and metacarpal circumference (metacarpal). The FA1 and FA5 indexes showed significant metacarpal differences between Bali 

cattle reared at Sembalun and Serading population (P<0.05). FA11 multiple trait index as a composite of all traits revealed a 

significant difference as well. (P<001). It can be concluded that various heat stress by altitude impacts the asymmetry of Bali 

cattle. 

Key Words: Altitude, Bali cattle, Fluctuating asymmetry, Heat stress 

INTRODUCTION 

Habitat alteration due to geographical location, 

latitude, altitude, or human perturbation causes stress, 

leading directly or indirectly to the animal population's 

different developmental, growth, and fitness. An animal 

living in such a habitat should allocate a significant 

amount of energy to overcome environmental stress 

while allocating less energy to growth and reproduction 

(Palmer 1994). Animals can adapt to unfavorable 

environments through behavioral, physiological, or 

morphological changes (Niyas et al. 2015; Berihulay et 

al. 2019). One of the adaptation processes was 

morphological changes, in which the variations in the 

level of environmental stress can contribute to the 

instability development of morphology (Kriegman et al. 

2018).  

Environmental disturbances cause developmental 

noise in animals and disrupt the stability of their 

morphological development, leading to fluctuations 
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asymmetry (FA), especially in bilateral organisms 

(Breed & Moore 2016). FA is defined as random 

deviations from perfect symmetry with a normal 

distribution and a zero mean (Palmer 1994). Its 

distribution varies amongst populations and is 

influenced by genetic and environmental variables (de 

Coster et al. 2013). FA also reflected the organism's 

inability to buffer its development against random 

perturbation (Stevenson 2000). Therefore, high-quality 

individuals (i.e., good genes) can develop more 

symmetrically than their less well-adapted counterparts, 

either because they receive more energy or use energy 

more efficiently (Stevenson 2000; Holló 2017). 

FA is practical enough to be widely used and 

applied across biological systems since it relates to life 

history and fitness characteristics (van Dongen & 

Gangestad 2011; Lajus et al. 2019). FA can be used as a 

biomarker since it is relatively easy to measure 

compared to other biomarkers that require more 

expensive equipment (Coda et al. 2016; Simbula et al. 

2021). Some researchers have suggested FA as a 

marker to estimate how well a population is coping with 

changes in environmental conditions, especially 

stressful conditions such as heat shock, radiological, oil 

spills, and metal contaminants that are expected to 

persevere for prolonged periods in the environment 

(Beasley et al. 2013). FA can also be emphasized to 

estimate fitness since collecting a direct fitness measure 

from the population in the field is difficult (Baucom & 

de Roode 2011; Lajus et al. 2019). 

Animals will have different proportions of 

asymmetry between populations living in disturbed 

habitats than in natural habitats (Alroy 2017; Teresa 

Capucchio et al. 2019). Several studies have shown that 

stressful conditions can cause FA in some populations; 

the study of Calliphora vicina in various temperature 

regimes (Limsopatham et al. 2018); bumblebee under 

various stress conditions (Gerard et al. 2018); several 

stressors (i.e. natural toxin, parasite, thermic and 

inbreeding stress) on wing shape and size of bumblebee 

(Gerard et al. 2018); Caspian whipsnake in diverse 

stressful habitats due to human disturbance (Bellaagh et 

al. 2010). 

 This microclimate created by altitude makes a 

specific habitat variation from the valley to the top of 

the mountain for animals living (Wang et al. 2011). The 

altitude difference directly affects animals' 

environmental habitat, such as a difference in 

temperature, humidity, wind speed, and solar radiation. 

Bali cattle is Indonesia's most adaptive cattle (Martojo 

2012) since it can be bred in various environments on 

Indonesia's humid tropical island. Bali cattle could 

survive in various environments, such as in Sumatera 

and Kalimantan oil palm farms, a breeding village in 

Java and Bali, the steppe and savannah in NTT, and hill 

and mountain Mt Rinjani. This study aims to use the FA 

index to investigate the pattern of developmental 

instability in Bali cattle due to environmental stress due 

to altitude differences.  

MATERIALS AND METHODS 

Sample collection 

Morphological data were collected from the Bali 

cattle population in October – November 2019, reared 

at different altitudes to indicate heat stress induction. 

The first population was chosen at a low altitude of 50 

meters above sea level (MSL) at the Center for 

Livestock Breeding and Forage (BPT-HMT) Serading, 

Sumbawa Island. The second population was chosen 

from a high altitude of 1,186 MSL in the village 

breeding center of Mount Rinjani valley, Sembalun, 

Lombok Island. A total of 65 cattle was used in this 

study, with 40 heads in Serading and 25 in Sembalun. 

Relative humidity (Rh) and ambient temperature (Ta) 

were measured using a Thermo-Hygrometer which was 

then calculated into the temperature-humidity index 

(THI). The condition information of the research 

location is presented in Table 1. 

Recording of physical parameters 

Physical parameters measured in the study were 

circumference of horn (horn), hip to spine bone distance 

(pelvic), metatarsal circumference (metatarsal), and 

metacarpal circumference (metacarpal). Scales were 

measured both on the right (R) and left (L) sides. The 

fluctuations asymmetry of Bali cattle was calculated by 

comparing their physical parameters using the FA 

index. The FA index used was FA1, FA5, and FA11. 

FA for every single trait was compared using FA1 

(mean absolute asymmetry: mean |R-L|) and FA5 

(0.798√         ); N = number of subjects in the 

sample). Meanwhile, FA for multiple traits was 

compared using FA11 [(Ai)/N, (Ai) = Σ|R-L| for all 

traits] (Palmer & Strobeck 2003). The FA1 is simple 

and common to use, and it can be compared to the other 

FA. FA5 is effective in detecting small FA differences 

between populations and is effective in small sample 

sizes. The FA11 offered a combined comparison of 

multiple features. 

Statistical analysis  

Outlier data for the FA values were excluded by 

Grubb's test aberrant (de Muth 2019). The Chi-square 

test calculated independent data on several 

morphological characters used to develop the FA index. 

Skew and kurtosis were used to test the normal
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Table 1. The natural conditions of the sampling location 

Site Latitude Longitude Altitude  Ta Rh THI 

Serading 8°34’04” S 117°29’48” E  50 MSL 30.70+4.68a 51.57+17.42a 78.79+3.67a 

Sembalun 8°21’48” S 116°31’49 E  1186 MSL 23.64+3.36b 58.57+11.22b 70.51+4.31b 

Means in the same column with different superscripts differ significantly (P<0.05). S= south, E = east, MSL = meters above sea level, Ta = 

temperature ambient; Rh = relative humidity; THI = temperature-humidity index 

Table 2. FA-index representative parameters in two cattle populations 

Site Trait 
 

R-L 
R-L 

Mean Skew Kurtosis 

Sembalun (24) 

Horn (cm) 13.55 0.31 0.06 1.95201 4.21027 

Pelvis (cm) 14.69 0.13 -0.04 2.42186 4.21027 

Metacarpal (cm) 15.32 0.23 0.15 1.37435 -0.01901 

Metatarsal (cm) 19.65 0.46 0.04 2.56753 7.07699 

Serading (37) 

Horn (cm) 15.29 0.53 0.18 1.24883 1.02443 

Pelvis (cm) 14.70 0.15 0.01 3.43039 11.12044 

Metacarpal (cm) 14.93 0.78 -0.11 1.40628 1.58457 

Metatarsal (cm) 20.20 0.81 -0.08 1.96479 5.60927 

L: the value of the left side; R: the value of the right side 

distribution (Palmer & Strobeck 2003), and a t-test was 

used to check the expected mean zero (mean absolute 

FA compared to zero) (Palmer 1994). The FA indexes 

were analyzed using R Studio (R Studio, BC, Boston, 

MA, 2020) with Mann Whitney U test (Neuhäuser 

2011). Correlations were calculated for each pairwise 

combination of the four traits across all observations. 

Correlations between absolute R-L (right-left) cattle 

size measurements were evaluated using Pearson 

correlations and FA measurements using Spearman 

rank correlations (Schober et al. 2018).  

RESULT AND DISCUSSION 

There was little available cattle study on phenotypic 

changes during ontogenetic development, and this study 

only used morphological data from adult specimens that 

showed no visible signs of abnormalities. The samples 

were collected at intermediate age because FA levels 

were generally lowest at intermediate ages and higher 

early and late in life (Graham & Özener 2016). It is 

because the declining relative growth rate's allometric 

effects may have been more important at an early stage 

of life. Later in life, growth may have become less 

precise due to the accumulation of accidents at a level 

lower than morphogenesis (Miller & Zachary 2017).  

The use of physical traits such as horn, pelvic, 

metacarpal, and metatarsal is easily identifiable and 

quantifiable. These traits refer to previous studies on 

FA. Several FA studies have used tarsal as part of the 

calculation due to its relationship to forest landscape 

connectivity and phenotypic adaptation (Callens et al. 

2011; de Coster et al. 2013). The Kruuk et al. (2003) 

study used antlers (horns) to reference the FA because 

of their effect on secondary sexual traits and their 

relationship to growth traits. Pelvic in several studies 

related to animal carcass size (Van Rooyen et al. 2012; 

Agamy et al. 2015). 

The representative value of physical traits on the 

right and left sides are presented in Table 2. Bali cattle's 

mean traits ((R+L)/2) in Sembalun high altitude are 

almost lower than in Serading. The absolute difference 

between right and left values for each trait reflects the 

degree of asymmetry relative to the ordinary form; the 

Serading Bali cattle population has a more significant 

value deviation than the Sembalun Bali cattle 

population. Trubyanov & Glotov (2010) defined 

skewness and kurtosis as the indication of normal 

distribution. Skewness is commonly defined as a 

measure of symmetry or asymmetry datasets with a 

perfectly symmetrical data set is skewness close to 0. 

Kurtosis is mainly about the tails of the distribution and 

how heavy the tails are. A normal distribution has a 

kurtosis of 3. The population of Bali cattle in each 

location is quite asymmetrical since the dataset deviates 

significantly from the normal distribution as determined 

by skewness kurtosis analysis. 

Only 37 Bali cattle in Serading and 24 in Sembalun 

were included for the study after eliminating outlier 

data and outlier asymmetry values by Grubb's test 
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Table 3. Correlation of size and FA in all traits with a correlation between trait mean size is above the diagonal, and 

the absolute FA is below the diagonal. 

 
Horn Pelvic Metacarpal Metatarsal 

Horn 
 

0.443*** 0.338** 0.343** 

Pelvic -0.215 
 

0.568*** 0.451*** 

Metacarpal 0.243 0.02 
 

0.642*** 

Metatarsal -0.113 0.014 -0.293 
 

*** indicates P < 0.001. There were no significant correlations below the diagonal. 

Table 4. Comparisons of FA1, FA5, and FA11 indexes (Mann Whitney-test) 

FA index Traits Sembalun Serading Combined 

FA1 

  

Horn 0.31 0.53 0.44 

Pelvis 0.13 0.15 0.14 

Metacarpal 0.23a 0.78b 0.57 

Metatarsal 0.46 0.81 0.67 

FA5 

  

Horn 0.25 0.42 0.35 

Pelvis 0.10 0.12 0.11 

Metacarpal 0.18a 0.63b 0.45 

Metatarsal 0.37 0.64 0.54 

FA11 1.13a 2.27b 1.82 

Superscript shows a significant difference (P<0.05) 

 

 

Figure 1. Comparison of FA values of the two cattle populations 
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aberrant. According to the Chi-Square test, the horn, 

pelvic, metacarpal, and metatarsal traits are independent 

(P = 0.993). The average size of each cattle trait was 

closely correlated with all other traits, with the highest 

correlation (0.642) between metacarpal and metatarsal 

diameter (Table 3). Even after a sequential Bonferroni 

correction (Sedgwick 2012) for multiple testing, all six 

pairwise correlations were meaningful at the 5% level. 

On the other hand, the absolute FA did not significantly 

correlate with the four traits (Table 3). 

The physical traits were calculated into fluctuating 

asymmetry to assess the index of development 

instability of Bali cattle. The FA index of physical trait 

at different altitude are presented in Table 4. The simple 

indexes of FA1 and FA5 compared each trait to the 

altitude. However, the multiple indexes of FA11 

combined all traits to compare with the altitude. The 

multiple traits (FA11) were significantly different 

between the two populations (P<0.01). While the 

altitude was compared in each parameter, there was a 

significant difference in metacarpal trait by using 

simple indexes of FA1 and FA5. The difference 

between the other FA scales (horn, pelvic, metatarsal) 

was insignificant, but the Metatarsal scale shows a near-

significant differentiation (P=0.053). The physical traits 

of the metatarsal and metacarpal diameter could be used 

to compare the Bali cattle due to different stress 

habitats. This is in line with the study from Bellaagh et 

al. (2010) about the Caspian whipsnake population's FA 

value having significant differences in the FA11 index 

and simple sublabial index due to differences in stress 

habitats. 

The Mann-Whitney test results from the FA11, 

FA1metacarpal, and FA5metacarpal indexes showed a 

significant difference between the Bali cattle 

population's high-altitude Sembalun and low-altitude 

Serading. Bali cattle population at low altitude shows a 

more asymmetrical variation as a phenotypic variation 

in the metacarpals scale and whole scale as one in 

FA11. In contrast, the FA1 and FA5 indexes scale in 

horn, pelvic, and metatarsal showed no significance. 

The horn and pelvic scale have a high degree of 

phenotypical stability, not asymmetrical at different 

stress conditions. 

Animals living in uncomfortable environments 

should allocate a large amount of energy to cope with 

environmental challenges while less energy is spent on 

development and reproduction (Palmer 1994). This low 

energy allocation contributes to low growth 

(Madhusoodan et al. 2019) or fluctuating asymmetry of 

the animal (Stevenson 2000). Tuyttens et al. (2005) also 

discovered a negative relationship between FA and 

body weight growth in fattening rabbits. Bali cattle 

acclimated raised in harsh environments had a smaller 

body size than commercial cattle (Depison et al. 2020) 

and have lower average daily gain (Marsetyo et al. 

2006; Baco et al. 2019). More stressful environments, 

such as increasing heat stress levels at low altitudes, 

altered the development stability of Bali cattle, causing 

them to grow more asymmetrically. This low altitude 

has higher fluctuation asymmetrical at all traits and all 

indexes (Figure 1). This continuous situation causes 

cattle to require more energy to their bodies in order to 

survive rather than gaining weight.  

CONCLUSION 

The metacarpal and metatarsal scales were useful 

for Bali cattle fluctuating asymmetry studies based on 

their variance and distribution of asymmetry at the 

population level. On the other hand, horn and pelvic 

were less effective in describing the FA in Bali cattle. 

All four physical traits are easily measured and would 

be ideal for FA studies.  It is concluded that a higher 

stress level affecting the Bali cattle population might 

raise the FA. 
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