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Fluctuating asymmetry (FA) is defined as subtle deviations from perfect 

bilateral symmetry, evident in differences between the right and the left sides of any 

given trait. It is a pattern of variation between sides and measures developmental 

instability. Differences in the level of FA may be used for comparing developmental 

precision among closely related species and thus may give an idea whether 

developmental stability was affected during the divergence and separation of populations 

into distinct species. Keeping this in view, FA was studied in four species of the 

Drosophila bipectinata complex i.e. D. bipectinata, D. parabipectinata, D. 

malerkotliana and D. pseudoananassae. In females of all the four species, FA values did 

not vary significantly for any of the traits considered. However, in case of males, they 

varied significantly for Wing length (WL) and sex comb tooth number (SCTN). Also, 

while in females Composite fluctuating asymmetry (CFA) did not exhibit significant 

variation, in males it was found to vary significantly across the four species. However, 

Bonferroni t- tests did not reveal any consistent difference in FA levels between any two 

species. The magnitude of FA was found to differ significantly among traits and CFA 

values were found to be higher for males than females in all the four species. Therefore, 

it may be concluded that the level of FA shows trait specific variations and males are 

more prone to developmental perturbations. However, the FA levels are more or less 

similar in all the four species of this complex. Thus, developmental precision remains 

nearly same in all the four species of this complex irrespective of the degree of 

evolutionary divergence reached.   
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INTRODUCTION 

           Ideally, the right and the left sides of a bilaterally symmetrical individual should be 

identical in all respect, the cells of the right and the left sides not only having the same genetic 

programme (except in the event of somatic mutation), but also the same cytoplasmic determinants 

(see GILBERT, 1991 for examples). However, this is not always the case and either due to some 

kind of adaptation or for the random noise generated during development, one fails to find an 

ideal symmetry. Depending upon the mean and distribution of the differences in the right and left 

sides (R-L), of a trait in a population, departures from perfect bilateral symmetry have been given 

different names. They are Directional asymmetry (DA), Antisymmetry (AS) and Fluctuating 

asymmmetry (FA) (VAN VALEN, 1962). In directionally asymmetrical traits, there is a greater 

development of the trait on one side of the plane of symmetry and vice versa. Therefore, the mean 

of (R-L), in a population is not zero. However, the distribution around mean is normal (bell 

shaped). In traits showing antisymmetry, all individuals in a population exhibit a greater 

development on one side of the plane of symmetry but which side it is, is not predetermined and 

is either right or left at random. Since half the individuals in a population have a larger right side 

and half have larger left side of the trait, the distribution is bimodal around a mean of zero. 

Bilateral traits in which mean of (R-L) is zero and the distribution is normal about the mean, 

exhibit FA i.e there are subtle differences between the right and left sides in a population ( 

LUDWIG, 1932; VAN VAALEN, 1962; PALMER & STROBECK, 1986,  1992). While DA and AS have 

some underlying genetic basis i.e. some genes are directly responsible for causing asymmetry and 

are frequently adaptive, FA is purely due to developmental noise, and hence is best suited for 

gauging the level of developmental instability existing in a population. Although, the distribution 

of (R-L) in traits exhibiting DA and AS also reflect the level of developmental instability, it is not 

possible to disentangle the intricate web formed by genes and random developmental noise. 

Therefore, traits exhibiting DA and AS should not be considered when there are traits exhibiting 

FA, in studies dealing with the mistakes of the developmental process. The use of the term 

developmental noise has been influenced by the science of cybernetics used in information theory 

(VAN VALEN, 1962). It reflects the level of randomness of thermal movement of particles during 

development (LEVONTIN, 1986). The living system, however, dislikes randomness and thrives for 

achieving an order. There are several processes that resist or buffer the effect of random noise to 

provide ‘developmental stability’. The net outcome of random noise and the processes which 

buffer such randomness is reflected in developmental instability (DI) and FA has been called the 

phenotypic expression of DI (WADDINGTON, 1957; ZAKHAROV, 1992; PALMER, 1996; 

KLINGENBERG, 2003; NIJHOUT and DAVIDOWITZ, 2003; DONGEN, 2006). Thus, it reflects the extent 

to which, random noise during development was buffered by processes bringing about 

developmental stability. 

           Differences in FA among populations may be due to differences in developmental noise or 

in processes responsible for buffering the noise to bring about stability. In controlled 

environmental conditions like in a laboratory; temperature, nutrition and light dark cycles are 

same for all individuals i.e. there is no environmental stress, or it is constant. Therefore, variation 

in developmental noise would be due to variations in the internal environment which can be 

different even within the right and the left sides of the same individual let alone among 
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individuals of a population. Such variations have no pattern and are unpredictable. Hence, when 

the sample size is large, the measure of developmental noise would be no different between 

members of two closely related species than among the members of a species. Consequently, 

differences in FA levels among samples cannot be attributed to variations in this random 

patternless noise. Then, the differences would amount to subtle differences in the genetic 

structure guiding developmental stability. The biochemical and physiological functions of genetic 

systems are universal and one of their properties is that the relationship between input and output 

is non linear. Developmental systems are no exception in this respect. However, while the basic 

working of the system is common, the fine tuning is variable and though the architecture is not 

very well understood (PELABON et al., 2006), it is governed by non additive genetic effects: 

dominance and epistasis (KLINGENBERG, 2004).  It is known that the level of genetic variability 

dictates the level of developmental stability (SCHAMALHAUSEN, 1949; DOBZHANSKY and 

WALLACE, 1953). In fact, there are examples in Drosophila where inbred lines exhibited higher 

levels of FA as compared to hybrids obtained by crossing these lines, which are bound to have a 

greater level of heterozygosity (ROBERTSON and REEVE, 1952; MATHER, 1953; BEADMORE, 1960). 

Therefore, more the heterozygosity, more efficient the buffering mechanisms and more efficient 

the processes bringing about developmental stability and in turn less the level of FA. Indeed 

heterozygosity is known to promote developmental stability (LERNER, 1954; SOULE, 1979; 

SANTOS et al., 2005) 

            In view of the above, we endeavored to study and compare the levels of FA in four 

members of the Drosophila bipectinata species complex, D. bipectinata, D. parabipectinata, D. 

malerkotliana and D. pseudoananassae. DOBZHANSKY and WALLACE (1953) have written “The 

wisdom of the body is an outcome of molding of genetic structure of the species by natural 

selection in the process of evolution, and it cannot be understood outside this evolutionary 

context.” The D. bipectinata complex forms a part of the ananassae subgroup of the 

melanogaster species group (BOCK and WHEELER, 1972) and occur sympatrically over parts of 

their range of distribution, the Oriental- Australian biogeographic zone (KOPP and BARMINA, 

2005; MATSUDA et al., 2005). Since, most probably, they diverged in sympatry, natural selection 

must have played the most prominent role in their divergence. Earlier, studies to derive a 

phylogenetic relationship among the members of this complex (BOCK, 1978; TOMIMURA et al., 

2005; KOPP and BARMINA, 2005; MISHRA and SINGH, 2006 a, b; KOPP et al., 2006; BANERJEE and 

SINGH, 2012; SINGH and SINGH, 2013), have all pointed that while D. bipectinata, D. 

parabipectinata and D. malerkotliana are closely related to each other, D. pseudoananassae is 

distantly related to them. D. bipectinata, is the most widespread and genetically variable species 

among the four (BOCK, 1971a; BOCK and WHEELER, 1972) and subspecies have been discovered in 

D. bipectinata, D. malerkotliana and D. pseudoananassae (MATSUDA et al., 2005; KOPP and 

BARMINA, 2005). All the four species are crossable in the lab but the degree of crossability varies 

(MISHRA and SINGH, 2006a). Further, in our earlier study (BANERJEE and SINGH, 2012), where 

asymmetrical sexual isolation was utilized for deriving phylogenetic relationship among the 

members of this complex, we postulated that D. parabipectinata has been derived from D. 

bipectinata and D. bipectinata and D. malerkotliana share a common ancestor. Thus, D. 

parabipectinata being a recently diverged species is not very widespread. It is also known to have 

a smaller effective population size than either D. malerkotliana or D. bipectinata which have 

experienced strong population growth evidenced by significant negative values of Tajima’s and 

Fu and Li’s  statistics on sequence of nuclear loci (KOPP and BARMINA, 2005). KOPP and BARMINA 
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(2005), who studied divergence at one mitochondrial and six nuclear loci found that D. 

bipectinata, D. parabipectinata and D. malerkotliana show extremely low divergence. They 

postulated that these three species have diverged only about 283000-385000 years ago and there 

was a recent gene flow across species boundaries. For such a low level of divergence in DNA, the 

morphological divergence is quite much and at least in the males of the four species, there is a 

clear distinction on the basis of abdominal tip pigmentation and arrangement of sex comb. 

Therefore, it would be interesting to see how symmetry in polygenic morphological traits is 

maintained through processes that bring about developmental stability and whether there is any 

difference in the four species of the D. bipectinata complex in this regard.  

MATERIALS AND METHODS 

Drosophila stocks 

            During this study, one strain of each of the four species of D. bipectinata species complex 

was used. They are: D. bipectinata- PN 99, D. parabipectinata- Mys, D. malerkotliana- RC 91 

and D. pseudoananassae -KB284. All the stocks are being maintained in the laboratory on simple 

yeast-agar medium at approximately 24
0
 C and twelve hours cycle of light and darkness. They 

have spent a number of generations in the laboratory 

 

Experimental design 

           Twenty five pairs of flies of the concerned stocks were transferred to fresh culture bottles 

and kept for two days before being discarded. Males and females emerging from these bottles 

were sorted and kept in separate vials. They were aged for four–five days before being used for 

scoring different morphological traits. 

 

Trait measurements 

           Four morphological traits were taken, two non sexual and two sexual. These are 

sternopleural bristle number (SBN) and wing length (WL) in both males and females and ovariole 

number (ON) and sex comb tooth number (SCTN) in females and males respectively. The traits 

were scored on both right and left sides in fifty males and fifty females of each of the four strains 

representing the four species. Sternopleural bristles are found on sternopleuron of both males and 

females. They occur in two sets: the anterior bristles, which form an oblique row from the 

forecoxa towards the midline and the transverse bristles, which run in a thin line towards the 

centre of the fly, just anterior to the coxa of the middle leg. The anterior and transverse bristles 

were counted under a stereobinocular at 25X magnification and the total number of bristles on 

one side was taken as the sum of the anterior and transverse bristles. For measuring wing length, 

the wings of the flies were dissected out and mounted in insect’s saline (0.67%). The distance 

between the anterior crossvein and the tip of the third longitudinal vein was taken as wing length. 

Measurements were done under compound microscope, at 10X magnification with the help of 

ocular micrometer (1 unit = 15µm). For counting ovarioles, the ovaries of etherized females were 

dissected out in insect’s saline and subjected to 2% lacto aceto orcein stain for about 2 minutes. 

Thereafter, they were washed and mounted in 45% acetic acid. Ovariole number was counted 

under a compound microscope at 10X magnification. Sex combs are found as stout bristles on the 

first two tarsal segments of the first leg of males. The first leg of etherized males were dissected 

out and mounted in insect’s saline. The number of teeth was counted under a compound 

microscope at 45X magnification. Total number of teeth was taken as the sum of the number of 
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teeth on the first (C1+C2) and second C3 tarsal segments. In D. malerkotliana males, two rows of 

sex combs are present in the second tarsal segment, so in their case total number of teeth was 

taken as C1+C2+C3+C4. 

 

Data analysis 

           All analysis was done according to PALMER (1994); PALMER and STROBECK (1986, 2003) 

and VISHALAKSHI and SINGH (2006), which are as follows: 
Gauging measurement error (ME) 

             Too much measurement error can mislead one about FA, by artificially inflating its 

estimates. For estimating measurement error, a subset of 30 flies was scored twice and on 

different days. Mixed model 2- way analysis of variance (ANOVA) was applied on the replicates 

in which sides were entered as fixed factors and individuals as random factors (Palmer, 1994; 

Vishalakshi & Singh, 2006). One can safely say that the observed difference between the right 

and left sides of a trait is true FA and not an artifact of ME, if interaction which is side× 

individual variance is significant i.e. the variation in (R-L) within a group is more than the 

difference between the two groups, where ‘groups’ refer to the same set of individuals measured 

twice. 

 

Testing normality of (R-L) distributions 

         The mean values of (R-L) of all traits were calculated. To check the significance of 

deviation of mean values from 0 (expected mean of (R-L) in traits exhibiting FA), one sample t-

tests were performed (ZAR, 2005). 

 

 t = x - µ/ variance 

 

x = Expected mean i.e. 0. 

µ = observed mean. 

 

        The skewness (g1) and kurtosis (g2) values of (R-L) distributions for all the traits were 

calculated. For calculation of mean, skewness and kurtosis data across all the four species were 

pooled as our aim was to confirm that the traits considered are actually exhibiting FA and there is 

no DA or AS. The null hypothesis that the distribution is normal about the mean was tested by 

using the following formulae described by  D’ AGOSTINO and PEARSON (1973): 

K
2
 = Zg1

2
 + Zg2

2 

Where, Zg1 = g1/ SES  

SES (standard error of skewness) = 6n √ (n-1)/ (n-2) (n+1) (n+3) 

and 

Zg2
2
 = g2 / SEK 

SEK (standard error of kurtosis) = 2(SES) √ n
2
 – 1/ (n-3) (n+5) 

The significance of K
2
 was

 
determined by using the chi- square distribution table. The degree of 

freedom was taken to be 2 (ZAR, 2005). 

 

Trait size and trait FA 

          For an individual, the trait size of a given trait was taken as the average of the values in the 

right and left sides (R+L/2). Variances in trait size of single traits were compared across the four 
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species using one-way ANOVA, followed by Bonferroni t- tests, if significant difference 

occurred. 
             Different indices have been used to describe the levels of FA in a sample (PALMER & 

STROBECK, 2003), out of which, FA 1 was used in the present study. FA1 is the absolute value of 

the difference in the trait size between the right and the left sides of the body. The variances in FA 

values of single traits were compared across the four species through one way ANOVA, followed 

by Bonferroni t-tests. To test whether non-sexual traits (SBN and WL), show difference in the 

level of FA, between the two sexes, a two way mixed model ANOVA was applied, where sexes 

were taken as fixed factors and traits as random factors. Also, separate t-tests were done for 

comparing the level of FA in SBN and WL between males and females of the four species. For 

getting a single FA value for all the traits in an individual, composite fluctuating asymmetry 

(CFA) was calculated. CFA is the summation of absolute FA values across traits in an individual. 

It was compared through one way ANOVA, across the four species and also between the two 

sexes. 

 

RESULTS 
Measurement error 

          In each mixed model two way ANOVA done, the interaction between side and individual 

was found to be highly significant (p<0.001). Therefore, ME could be said to be negligible as 

compared to the variation in the difference between the right and left sides. 
 

Normality 

        None of the mean values of trait FAs differed significantly from zero (p>0.05, Table 1). 

Also, the frequency di6stributions of (R-L) did not show any bimodality (Fig.1) and K
2
 values 

were all found to be insignificant (p>0.05, Table1). Thus, it was proven that we were observing 

true FA rather than DA or AS.  

 

 

Table 1. Mean signed FA (R-L), variance (Var), Skewness (g1), kurtosis (g2) in different 

morphological traits across the four species of the D.bipectinata compex 

Trait Sex (n) Mean FA (Var) g1 g2 K
2
 

SBN Male (197) 0.102 (0.714) 0.144 0.504 0.376 

 Female (200) 0.020 (0.613) 0.155 0.107 0.918 

WL Male (195) -0.040 80.713) -0.217 0.417 3.84 

 Female (200) 0.025 (0.556) 0.106 0.177 0.29 

SCTN Male (197) 0.340 (2,82) 0.251 -0.247 1.61 

ON Female (200) 0.080 (2.10) 0.177 0.638 4.53 

n=number of individuals tested; SBN=sternopleural bristle number, WL0wing length; SCTN=sex comb tooth number and 

ON=ovarole number 

 

Trait size and trait FA 

          Significant differences were found in trait size across the four species for all the traits 

analyzed (Table 2). While in females, FA values did not vary significantly for any of the traits 

considered, in males they varied significantly for WL and SCTN across the four species (Table 

3). Also, while in females CFA did not exhibit significant variation, in males it was found to vary 
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significantly (p<0.05) across the four species (Table 4).CFA, also varied significantly between the 

two sexes (Table 4) and was found to be more in case of males (Fig. 2). However, Bonferroni t- 

tests did not reveal any consistent difference in FA levels between any two species. FA was also 

found to vary significantly between traits but insignificantly between sexes. The F value for 

interaction between sex and trait was also found to be insignificant (Table 5). Thus variation in 

the level of FA depends upon trait, but non sexual trait FA does not show any variation between 

the sexes, indicating that between sex variations in FA levels is due to sexual traits SCTN and 

ON. This was also proven through the results of t-tests which revealed that non-sexual traits 

varied insignificantly between the sexes (for SBN, p = 0.912 and for WL, p = 0.818). Also, from 

Fig. 3, it could be concluded that level of FA is more in sexual traits (SCTN and ON), than non-

sexual traits (SBN and WL). 

 

 

Figure 1.  Frequency distribution of the (R-L) values for males and females across all traits in the four 

species of the D bipectinata complex. SBN- sternoplural bristle number; WL- wing length; 

SCTN- sex comb tooth number; ON- ovariole number; M- males; F- females. 

 

 

 

 

 

 

 



542                                                                                                             GENETIKA, Vol. 47, No.2, 535-548, 2015 

Table 2. Analysis of Variance for trait size [(R+L)/2] among the four species of D.bipectinata compex 

Sex-trait Source of variation SS df MS F 

Male-SBN Total 90.799 198 -  

 Between species 31.285 3 10.428 34.169* 

 Within species 59.514 195 0.305  

Male-WL Total 4225.337 198 -  

 Between species 1988.081 3 662.694 57.761* 

 Within species 2237.256 195 11.473  

Male-SCTN Total 2122.060 198 -  

 Between species 1814.489 3 604.830 383.462* 

 Within species 307.571 195 1.577  

Female-SBN Total 83.130 199 -  

 Between species 31.530 3 10.510 39.883* 

 Within species 51.650 196 0.264  

Female-WL Total 5274.680 199 -  

 Between species 3959.060 3 1319.687 196.606* 

 Within species 1315.620 196 6.712  

Female-ON Total 906.719 199 -  

 Between species 229.534 3 73.178 20.872* 

 Within species 687.185 196 3.506  

*P<0.001, SBN-sternopleural bristle number;WL-wing length; ON-ovariole number;SCTN-sex comb tooth number 

 

 Table 3. Analysis of Variance for trait  FA (R_L)  among the four species of D.bipectinata compex 

 *P<0.05, SBN-sternopleural bristle number;WL-wing length; ON-ovariole number;SCTN-sex comb tooth number 

 

Sex-trait Source of variation SS df MS F 

Male-SBN Total 83.196 198 -  

 Between species 1.540 3 0.513 1.226 

 Within species 81.656 195 0.305  

Male-WL Total 79.598 198 -  

 Between species 4.368 3 1.456 3.774* 

 Within species 75.230 195 0.386  

Male-SCTN Total 225.417 198 -  

 Between species 17.135 3 5.712 5.384* 

 Within species 208.282 195 1.068  

Female-SBN Total 67.680 199 -  

 Between species 0.920 3 10.510 0.900 

 Within species 66.760 196 0.341  

Female-WL Total 61.980 199 -  

 Between species 0.540 3 1319.687 0.574 

 Within species 61.440 196 0.313  

Female-ON Total 222.000 199 -  

 Between species 2.760 3 0.920 0.82 

 Within species 219.240 196 1.119  
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Table 4. Analysis of variance forcomposite fluctuating asymmetry values across the four species and 

between the two sexes of D.bipectinata compex 

*P<0.05 

 

 

Figure 2. Mean and SE (shown by error bars) of FA of different morphological traits (A) males (B) females. 

Sex Source of variation SS df MS F 

Male Total 402.030 198 -  

 Between species 16.531 3 5.510 2.787* 

 Within species 385.499 195 1.977  

Female Total 372.955 199 -  

 Between species 3.895 3 1.298 0.690 

 Within species 369.060 196 1.883  

Male-Female Total 787.063 396 -  

 Between species 14.788 1 14.788 7.564* 

 Within species 772.275 395 1.955  
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Table 5. Two-way mixed model analysis of variance to check the effect of trait (SBN and WL) on sex in the 

four species of D.bipectinata compex 

Source of variation SS df MS F 

Total 286.6332 787 - - 

Sex(s) 0.214467 1 0.214467 0.587555 

Trait (T) 0.214467 1 0.214467 2.4675* 

SxT 0.031726 1 0.086916 0.238 

Error 286.1726 784 0.365016  

The mean effects of sex and interaction term were tested over the error term, and the main effect of traits were tested over 

the interaction term 

*P<0.05 

 

 

 

Figure 3. Mean and SE (shown by error bars) of composite fluctuating asymmetry (CFA) in the four species 

of the D. bipectinata complex. 

                D. bi- D. bipectinata 

                D. para- D. parabipectinata 

                D. maler- D. malerkotliana 

                D. pseudo- D. pseudoananassae 
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DISCUSSION 

             Through this study we conclude that all the four species of the bipectinata complex are 

similar in their precision at buffering developmental noise. D. parabipectina has a small effective 

population size (KOPP and BARMINA, 2005), so it must be genetically less variable. Also, in our 

previous study (BANERJEE and SINGH, 2012), we postulated that it has been derived from D. 

bipectinata. Therefore, we hypothesized that the level of FA in this species would be higher than 

either D. bipectinata or D. malerkotliana which share a common ancestor and have a widespread 

distribution (KOPP and BARMINA 2005, BANERJEE and SINGH, 2012).  Further, studies on sexual 

isolation, isozyme variation and degree of divergence in nuclear and mitochondrial DNA have 

indicated that among the four species of this complex, D. bipectinata, D. parabipectinata and D. 

malerkotliana are closely related to each other while D. pseudoananassae is distantly related to 

them (TOMIMURA et al., 2005; KOPP and BARMINA, 2005; KOPP et al., 2006; BANERJEE  and SINGH, 

2012; SINGH and SINGH, 2013). D. pseudoananassae also exhibits poor crossability with the three 

other species of the complex (MISHRA and SINGH, 2006a; BANERJEE and SINGH, 2012) and is 

difficult to culture in lab. Therefore, we postulated that it would be developmentally more 

unstable than either D. bipectinata or D. malerkotliana. However, with the present study we could 

not come up with any such conclusion. The females did not show any difference in the level of 

FA, for any of the traits studied. In males, FA level of WL and SCTN varied significantly, but 

there was no consistency in these variations that could verify our hypothesis. Also, trait specific 

variations, that too only in the males cannot be said to reflect differences in the wide 

multidimensional developmental stability among species. Therefore, any one of the four species 

could not be distinguished as being developmentally less stable and vice versa. It is also possible 

that since the four species have spent a large number of generations in the laboratory the level of 

heterozygosity and in turn developmental stability in them may have come to match each other.  
            Interestingly, trait sizes of all the morphometric traits varied significantly in both males 

and females across the four species with sex- comb showing the highest variation. So, sex-comb 

not only exhibits greatest divergence, but FA levels for the same also vary significantly among 

the four species of the complex. Therefore, it is fast evolving and more prone to developmental 

perturbations. Not only interspecific variation, but intrapopulation studies on size and symmetry 

in sex comb in D. bipectinata by POLAK et al. (2004) also revealed that the magnitude of sex 

comb (called a sexual ornament) varied significantly among the Australian populations of D. 

bipectinata. Also, significant sexual selection was detected for increasing the number of teeth in 

C2 and simultaneously for reducing comb positional fluctuating asymmetry (see also the review 

by SINGH and SINGH, 2014). 

            Comparison of composite fluctuating asymmetry between the two sexes revealed that 

males exhibit more FA levels, in all the four species. Indeed in a recent study too, by WEISENSEE 

(2013), who studied FA using three- dimensional landmark data of skeletal samples of individuals 

from Lisbon, Portugal, with documented causes of death, it was found that males exhibited higher 

level of FA compared to females. They also found that individuals dying from degenerative 

diseases exhibited higher levels of FA than individuals dying from infectious disease which is yet 

another proof that the level of FA can be an indicator of fitness. In our study, in both males and 

females the level of FA was found to be higher for sexual traits (SCTN and ON) than non-sexual 

traits (SBN and WL). Therefore, it may be concluded that FA shows trait specific variations and 

males are more prone to developmental perturbations. However, since the FA levels are more or 
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less similar in the four species, developmental precision remains nearly same irrespective of the 

degree of evolutionary divergence reached, in all the four species of this complex. Our next 

endeavor would be to study the levels of FA in the F1 hybrids and compare them to the parental 

species. This would help us in understanding the relatedness of the four species. If any two are 

very closely related, the hybrids having enhanced heterozygosity would have lower FA levels. On 

the other hand, if they have diverged much, genomic incompatibility would render them less 

stable, which may be reflected in higher FA levels than the parental species. Also, when the 

divergence between the species is less, the interspecific hybrids are as stable as the parents with 

respect to FA as observed in the pair of sibling species: D. ananassae and D. pallidosa 

(VISHALAKSHI and SINGH, 2009).  Thus, we hope to come up with newer insights into the 

process of speciation through our studies on FA in this complex.  
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ISPITIVANJA FLUKTUIRAJUĆE ASIMETRIJE (FA) ZA NEKE MOFOLOŠKE 
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Izvod 

 Razlike u nivou  fluktuirajuće asimetrije (FA) kod drozofile mogu da se koriste za poređenje 

precoznost razvoja među blisko srodnim vrstama i da daju ideju da li je bilo uticaja na stabilnost 

razvića u toku divergencije i separacije populacija u različite vrste. Vršena su ispitivanja kod 

četiri vrste Drosophila bipectinata complex i.e. D. bipectinata, D. parabipectinata, D. 

malerkotliana i D. pseudoananassae.. U slučaju muških jedinki  FA je varrao značajno kod 

dužine krila, (WL) i SCTN ( sex comb tooth number). Dok su kod ženskih jedinki CFA 

(Composite fluctuating asymmetry) nije pokazano značajno variranje, kod muških jedinki  je 

utvrđeno vrlo znaajno variranje između vrsta. Bonferroni t- testovi nisu potvdili bilo koju 

konzistentnu razliki u nivou FA između bilo koje dve vrste. Za magnitude FA je utvrđeno da se 

značajno razlikuju od osobine do osobine a vrednosti  CFA utvrđene su više kod muških nego 

ženskih jedinki kod sve četiri ispitivane vrste. Na osnovu dobijenih rezultata može da se zaključi 

da nivo FA pokazuje specifično variranje i kod ženki a muške jedinke su više sklone razvojnim 

promenama. Nivo FA je manje ili više sličan kod sve četiri ispitivane vrste ovog kompleksa. Tako 

da preciznost razvića ostaje skoro ista kod svih ispitivanih vrsta bez obzira na dostignuti  stepen 

evolucione divergentnosti. 
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