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Abstract. Background. As taxonomic character of wing venation in dolichopodid flies is often used in taxonom-
ic studies, more detailed observation including variation in shape and pattern of sexual dimorphism between dif-
ferent generations and between sides of individuals has the potential to shed light on evolutionary trends in the
family. Materials and methods. A geometric morphometric analysis was conducted to examine the patterns of
wing shape variation in the individual population of Poecilobothrus regalis (Meigen, 1824). ANOVA was used to es-
timate significance of differences among generations, sexes and sides. CVA was performed to allocate these dif-
ferences. Degree of asymmetry was computed as difference between sizes of left and right wings. Assessment of
differences between values of asymmetry in the groups was taken using t-test. Results. An analysis of the data us-
ing the Procrustes method found significant intergenerational differences in wing size and shape, and it was
shown that the intergenerational shape variation was partly explained by the allometry. Statistic comparison of
the amount and pattern of sexual shape dimorphism among three generations reveals no significant differences.
In three cases, significant directional asymmetry was found. Conclusion. A comparison of the intergenerational and
intra-generational pattern of shape variation and variation, attributed to directional asymmetry, showed their con-
siderable correspondence. There was no significant evidence that level of fluctuating asymmetry may be a meas-
ure of the ability of individuals to cope with environmental conditions.
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AHHOTaumA. AKmyasnbHOCMb U yeau. NMOoCKo/IbKY NMpU3HaKKM GopMbl Kpblla A40/MXOMOAMA HacTO UCMO/Ib3YIOTCA B
TaKCOHOMMYECKUX UCC/eA0BaHNAX, 60/1ee nogpobHoe nsyvyeHue Ux U3MEHIYUBOCTH, B TOM Yuc/ie Mexay Gopmoit 1
TUMOM MO/IOBOrO AUMOPPU3MA, MeXAY BbIDOPKaMM OAHOM MONYAALUM Pas3HbIX /€T U MEXAY CTOPOHaMU OAHOM
0CobM, MOXKeT NPO/IUTL CBET Ha MOHMMAHWe 3BO/IIOLMOHHBIX TEHAEHUMI B cemeicTBe. Mamepudsbl u memodbl. AAA
M3y4YeHUsa 3aKOHOMepHOCTEeN U3MeHeHUs GOpMbl Kpblla B 0TAe/bHOM nonyasaumm Poecilobothrus regalis (Meigen,
1824) 6bl/1 NPOBEAEH reOMeTpUYECKUIA MOPPOMETPUYECKUI aHaM3. A OLEHKM 3HAYMMOCTU pas/vunii Gopmbl
MeXAYy BblbOpKamu pasHbIX /€T, No/laMu U CTOpoHamu ucnoab3zosanca ANOVA. CVA UCnoab3oBaaca A8 OLEHKU
pas/mumii mexay rpynnamu. CteneHb aCMMMETPUM PacCyMTbIBa/Iacb Kak PasHOCTb Mexay pasMepamMu /1€BOro U
NpaBoro Kpbl/ibeB. OLeHKa Pas/Mynii Mexay 3HaYeHUAMM aCUMMETPUM B BbIBOPKax pas/IMyHbIX /1€T NPOBOAW/IACH C
nomoLbto t-Tecta. Pesysbmamel. bbliv 06HapyKeHbl 3Ha4YMTe/IbHble Pas3/IMimnA B pasmepax u GopmMe Kpblia Mexay
BbIGOpPKaMM pasHbIX /€T, U MOKa3aHo, YTO Bapuauma Gopmbl MeXay BbIOOpKamMK YacTUHHO 06BbACHAETCA a/i/IoMeT-
puven. CTaTUCTUYECKOe CpaBHEeHME M0/10BOro AMMOPPU3Ma He BbIABU/IO CYLLLEeCTBEHHbIX Pas/IMiuii Mexay Bblbop-
KaMu pasHblx /1eT. B Tpex ca1yvasx bbi1a BbIAB/€HA 3HA4YUTE/IbHAA Hanpas/IeHHaA acMMMeTpuUA. Boigoobl. CpaBHeHMe
Bapuauuii Gopmbl, CBA3AHHBIX C U3MEHYMBOCTLIO BHYTPU U MeXAY BbIDOpKamu, MOKasa/so UX 3HAYUTe/IbHOE CXO4-
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CTBO. He 6b1/10 MO/1lyHeHO HUKaKMX CyLLLeCTBEHHbIX 40Ka3aTe/IbCTB TOM0, YTO YPOBEHb (/IYKTyMPYIOLLLEN acCMMeTpum
MOeT 6bITb Mepolt CNOCOBHOCTM 0COBM CNPaB/ATLCA C YC/IOBUAMU OKPYKAIOLLLEN Cpedabl.
KntoueBble cn0Ba: HanpasneHHaA acummeTpus, Dolichopodidae, reomeTpunyeckaa mopdometpus, Poeciloboth-

rus regalis, nonosom gumopdusm, popma Kpbiaa.
Introduction

Geometric morphometric analysis of wing
shape represents a forward-looking approach to
addressing taxonomic concerns. An increasing
number of studies in this area is focused primarily
on discriminating between morphologically similar
species [1-3]. The studies at higher systematic lev-
els allow us to describe evolutionary transfor-
mations within characters system [4] and to find
phylogenetic signal in wing shape [5, 6]. High her-
itability of wing shape was shown in laboratory
studies, while wing size is strongly affected by en-
vironmental variation [7, 8] and probably depends
on selection pressure acting in population [9].

The second category of research, based on ge-
ometric morphometric analysis, is to quantify fluc-
tuating asymmetry. Because fluctuating asymmetry
1s a small, random, nondirectional deviation be-
tween sides of an organism, resulting from minor
developmental accidents and with no genetic basis
[10, 11], dealing with fluctuating asymmetry re-
quires a high degree of precision. Such degree of
precision can be achieved by using geometric mor-
phometric approach.

According to one of the existing hypotheses,
fluctuating asymmetry (FA) is claimed both as a
measure of developmental stability of population
[12], and measure of the ability of individual to
cope with environmental conditions during ontog-
eny. However, the results of studies of FA are con-
trasting. For example, it was shown that long-tailed
males of Hirundo rustica more frequently had
symmetrical tails. A number of studies did not in-
dicate relationships between the level of FA and
fitness [13—15], while some studies confirm the
negative [16] or positive FA association with mat-
ing success [17]. Whitlock [18], Breuker, Brakefiel
[19], Trotta et al. [20] demonstrated that the level
of fluctuating asymmetry is species specific, and it
varies according to evolutionary history of separate
population and has a low repeatability.

The wing characters are widely used in investi-
gating systematics and phylogeny of the family
Dolichopodidae [21, 22]. Morphometric traits were
compared with molecular data [23] and results on
the use of the test for the presence of a phylogenet-
ic signal in morphometric data were positive, alt-
hough in some cases distantly related species were
closer in shape space than closely related species.
In addition, wings in Dolichopodidae are used both

for locomotion and courtship behavior [24, 25],
because of this, sexual dimorphism exhibits signif-
icantly changes on wing shape [26]. Therefore, the
diversity of wings shape has been produced by
both sexual and natural selection.

However, there are few in-depth studies of
changes in the wing shape or sexual shape dimor-
phism among generations [27] and no research
demonstrated that the kind of sexual shape dimor-
phism could be used as a species-diagnostic char-
acter. One individual natural population can pro-
vide a model for studying of intraspecific
variability and the limits of natural variability. In
addition, there is a need for more precise studies of
the wing asymmetry pattern. Geometric morpho-
metrics approach allows us to depict a very subtle
variation in the wing shape and size. Therefore, the
main purpose of this study is to consider the shape
variation in several generations of the local popula-
tion of Poecilobothrus regalis (Meigen, 1824) us-

ing geometric morphometric approach.
In this paper, we are trying to answer the following
questions:

1. Is there a significant difference in the wing
shape and size and in the pattern of sexual dimor-
phism among generations of the population?

2. What kinds of asymmetry characterize the
population and do they show high heritability in
nature? Does the amount of FA change among
generations?

Poecilobothrus regalis is widespread in south-
ern Europe, distinguished by the following set of
characters: hind femur with anterior preapical seta,
hind basitarsus with 2—4 strong dorsal seta and no-
topleuron with distinct purple spot. This species is
an attractive insect for study because it has an in-
teresting example of sexual dimorphism in the
wing color and venation [28]. Males are character-
ized by the dark apical spot on wings, while fe-
male’s wings are completely hyaline.

Materials and methods

Poecilobothrus regalis were collected as adult
from the same sites on the bank of the Ziigraevsky
Pond (Voronezh region, Kantemirovsky district,
village Mitrofanovka, latitude 49°58.2498’ North
and longitude 39°41.6334' East) in July of 2015,
2017 and 2018. Table 1 gives the number of spec-
imens for each year. A total 634 wings (376 males
and 258 females) were analyzed.

M. A. Chursina

Page 2 from 11



‘ RUSSIAN JOURNAL
OF ECOSYSTEM ECOLOGY

Vol. 4 (2), 2019

Table 1

Number of specimens of Poecilobothrus regalis used in the study

Year Number of specimens (wings)
2015 134 23,76 99
2017 58 44,126 99
2018 184 33,56 99

Geometric morphometrics was used to explore
the wing size and shape variation. Both left and
right wings of each fly were dissected and slide-
mounted. Wings were photographed using Leven-
huk C NG microscope camera and saved. Wings

R1

were landmarked with the software TpsDig-2.32
[29]. Eight landmarks (LM) of “type I [30] were
placed at vein terminations and intersections (Fig.
1). In order to quantify measurement errors all
wings were digitized twice.

Ro+3

Fig. 1. Wing of Poecilobothrus regalis (male) and landmarks position

From LM coordinates wing centroid size and
Procrustes residuals (shape data) were obtained.
Wing centroid sizes (CS) were calculated as the
square root of the square distance between each
LM and the wing centroid. Procrustes residuals
were obtained by Generalized Procrustes Analysis:
wings were scaled to a unit centroid size, superim-
posed on the origin so that their mean coordinates
become 0, 0, then specimens were rotates so that
the distance between all the LMs of all the wings
become minimal [31]. Data analyses and graphical
output were performed using the methods of mul-
tivariate statistics in MorpholJ software [32] and
Statistica 10 [33].

The analysis of variance (ANOVA) with a Tuk-
ey post-hoc test was used to estimate the effect of
generation, sex and side on the wing size. The de-
grees of asymmetry were calculated as the differ-
ence between the centroid size of the left and the
right wings (L — R). The skew and kurtosis of the
distribution of (L — R) values were calculated in or-
der to check antisymmetry; and the Kolmogorov —

Smirnov test was used to check the normality of
distribution.

We used a regression of FA degree on centroid
size to characterize the relationship between devel-
opmental processes and the wing size. Inspection of
the reliability of distinction between FA in the gen-
erations was carried out by the t-test. To assess the
equality of FA variance for sexes and generations,
they were tested by Levene’s test. Relationship be-
tween amount of FA and size was examined by
computing correlation between average (within in-
dividual) centroid wing size and the degree of FA,
measured as the quotient from dividing the differ-
ence between left and right centroid sizes of the
square of sum of the left and right centroid sizes.

L-R

Degree of FA = >
(L+R)

Procrustes ANOVA was performed to assess
contribution of inter-generation, intra-generation
and sex-related variation, directional asymmetry
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(DA) and fluctuating asymmetry (FA, measured as
the effect of side and specimen interaction) to the
total shape variation. We used canonical variate
analysis (CVA) to determine the most important
features for discriminating the groups. To visualize
shape variation thin-plate spline transformations of
LM position were used. We computed Procrustes
distance between the mean shape of males and fe-
males and among generations to quantify the
amount of differences [34] and tested them using
the permutation procedure with 10,000 iterations.
The effect of FA was evaluated by the side-
specimen interaction of Procrustes distance.

An allometric effect was evaluated by a multi-
variate regression of Procrustes residuals on cen-
troid size. The basic idea is that variation of the
dependent variables can be divided into two parts
(predicted and residual components). The predicted
values can be calculated from the slope of this re-
gression line and are the estimates of allometric re-
lationships.

In order to compare the shape variations, at-
tributed to different sources (intergeneration varia-
tion, sexual dimorphism, asymmetry) we used a
Mantel test of matrix correlations (Ry). This test
simulated the null hypothesis that two matrices are
dissimilar [35].

Results

The analysis of variance (ANOVA) showed
that both generation (F = 513.4, Tukey post hoc
P < 0.001) and sex (F = 12.9, Tukey post hoc
P < 0.001) have significant effects on the wing
size. An exception of this was the comparison be-
tween 2017 and 2018 generations, where no evi-
dence was found for a significant difference in the
wing size (Tukey post hoc P = 0.987). Males’
wings were, on average, 3 % larger than those of
females. The flies, both males and females, of
2015 year had smaller wings than others. Moreo-
ver, when males and females of each generation
were analyzed separately the significant differ-
ences in size between left and right wings were on-
ly found in females of 2015 and 2018 and males of
2017.

The Procrustes ANOVA results also revealed
highly significant differences in wing shape be-
tween sexes (F = 366.2, P < 0.0001) and among
generations (F = 3.9, P < 0.0001). The effect of
measurement error as not statistically significant
for both wing size (F = 0.28, P = 1.0) and shape
(F=0.07, P=1.0). The effect of side on shape had
low statistical significance (female 2015: F = 1.12,
P = 0.03; female 2018: F = 0.80, P = 0.66; male
2017: F =1.69, P = 0.06). The effect of FA on size
and shape was significant both for males (F =

Vol. 4 (2), 2019

646.58, P < 0.0001; F = 11.10, P < 0.0001) and
females (F = 825.30, P < 0.0001; F = 2091, P <
0.0001).

Directional asymmetry

Results of t—test indicated significant differ-
ences in wing size between left and right sides in
males of 2017 (t = 2.18, P = 0.034), females of
2015 (t = 2.03, P = 0.046) and 2018 (t = 2.34,
P = 0.023). Left minus right centroid size values
distribution for all groups were nearly normal. Left
wings were, on average, 1.61 % larger than right
ones. Investigation of the distribution of female
(L — R) values showed that there were not signifi-
cant skewed (A £ SE =-0.36+0.22; P > 0.20) and
leptokurtic (K = SE =0.27 £ 0.49; P > 0.20). How-
ever, male (L — R) values were right skewed
(Ag £ SE =1.332£0.17; P < 0.001) and strongly lep-
tokurtic (K £ SE = 6.44 + 0.34; P <0.001). The ab-
sence of platykurtic in both males and females
suggested no evidence of antisymmetry.

The CVA resulted that shape variations were
associated with the displacement of LM 5, i.e. left
wings were wider than right (Fig. 2). LMS5 has
more posterior position on the left than on the right
wing, LMs 6 and 7 are more proximal, LM are
more posterior. The coefficients of correlation be-
tween all three covariance matrices were high and
confirmed the similarity between three cases of
DA (males of 2017 and females of 2015:
Ry = 0.88, P < 0.0001; males of 2017 and females
of 2018: Ry = 0.81, P < 0.0001; females of 2015
and 2018: Ry = 0.88, P <0.0001).

The matrix correlations between covariance
matrices of DA and intra-generation variability al-
so showed some similarities (males of 2017: Ry =
0.67, P = 0.004; females of 2015: Ry = 0.87, P <
0.0001; males of 2018: Ry, = 0.77, P = 0.0001).
The results of regression analysis revealed the rela-
tively high influence of centroid size to wing
shape. Allometry explained from 20.17 % of total
variations associated with DA in female of 2018 to
26.19 % in male of 2017.

Differences between generations

Wing shape variations among generations were
considered using CVA separately for males and
females. Females differed more clearly than males.
Most of the variance (71.12 %) of females fell in
the first canonical variate (CV1), which was asso-
ciated with displacements of LM 5 and 6, i.e. with
changes in the placements of the posterior cross-
vein and the apical section of M,. CV1 described a
variation between females of the generation of
2015 and 2017 (Fig. 3).
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Fig. 2. Shape changes associated with DA of Poecilobothrus regalis, showed as the differences between left

(black line) and right (grey line) wings: A — females of 2015; B — females of 2018; C - males of 2017

2.0

-4.0

20 .20 Y oo 10 20 30

Fig. 3. Scatter plot of CVA showing shape differentiation between three generations
of Poecilobothrus regalis females. Associated shape changes are shown
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The largest share of variation associated with
the second canonical variate (28.88 % of total vari-
ance explained) is located at the LM 2, 5 and 6 de-
fining apex shape and length of the apical section
of M,. Into the morphospace the second canonical
variate separated the exemplars belonging to the
generations of 2018 and 2015-2017. The scatter
plot from CV1 and CV2 showed little overlap
among generations. Procrustes distance ranged
from 0.0077 (between females of 2015 and 2018)
to 0.0109 (between females of 2015 and 2017).
All differences were statistically significant
(P <0.0001).

CV2

Vol. 4 (2), 2019

CVA of male wings produced two highly sig-
nificant axes. CV1 with more that 91 % of varia-
tion separated exemplars of generations of 2015
and 2017-2018. The major deformations between
generations of 2015 and 2017-2018 were associat-
ed with position of LM 1, 2 and 5, so the anterior
wing margin and the apical section of M, were par-
ticularly subject to change. CV2 with 8.84 % sepa-
rated exemplars of generations of 2017 and 2015-
2017 and associated with displacements of LM 5
and 7 (Fig. 4). Procrustes distance ranged from
0.0044 (between males of 2017 and 2018) to
0.0090 (between males of 2015 and 2017). All dif-
ferences were statistically significant (P < 0.0001).

£

[
=1
)
=
5]

Fig. 4. Scatter plot of CVA showing shape differentiation between four generations
of Poecilobothrus regalis males. Associated shape changes are shown

To characterize the developmental basis of in-
tergenerational variation, we compared the covari-
ance matrices of between-generation and intra-
generational effects. The matrix correlation
showed their significant similarity (Ry = 0.92, P <
0.001). For both patterns of variation the largest
differences were found at the posterior cross-vein
(LM 7), at the apex of M, (LM 5) and at the anteri-
or wing margin (LM 2). Moreover, when analyzing
the correlation between intergenerational variation
of males and females, it is also possible to note
their significant similarity (Ry = 0.88, P <0.001).

Allometric components of intergenerational
variation were 27.96 % in males and 24.07 % in
females. Allometric part of wing variation is char-

acterized by the fact that when wings become larg-
er, the apex of wing becomes more pointed and the
apex of M, displaces distally.

Sexual dimorphism

Males are about 3.5 % larger than females for
wing centroid size. In all cases the differences are
statistically significant. In this context particular
interest was the increase of sexual size dimorphism
from the generation of 2015 (males are about 1.31
% larger than females) to the generation of 2018
(males are about 5.12 % larger than females).

The data obtained support the previous studies
of sexual dimorphism which established that the

M. A. Chursina
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shape changes between male and female are pri-
marily associated with displacements of LM 2, 5
and 7; in particular, males possessed far more
proximal insertion points of the R; and M, [26, 28].
Our results of CVA suggested that a greatest fea-
ture of sexual dimorphism is a displacement of the
apices of M, (LM 5) and R,.; (LM 2).

Procrustes distance between males and females
ranged from 0.0550 (generation of 2015) to 0.0557
(generation of 2017). Sex-related differences were
statistically  significant in all three cases
(P < 0.0001). The patterns of sexual shape dimor-
phism in all generations were significantly similar
(Rpm=0.95,P<0.001).

Fluctuating asymmetry

Leven’s test of variances showed that the males
and females’ FA variances and generations’ vari-
ances are equal (P = 0.0005). Moreover, compari-
son of the amount of FA (Procrustes distances for
each individual) revealed no significant difference
both between sexes and among generations
(P <0.0001). Correlation between average centroid
wing size and the degree of FA for males and fe-
males were 0.03 and 0.09, respectively. For the
generations, correlations were 0.18, —0.21, and
0.13 for males of 2015, 2017 and 2018, and 0.36,
—0.11 and 0.00 for females 2015, 2017 and 2018,
respectively. Only the females’ 2015 correlation
was significant (P < 0.05).

The matrix correlation among covariance ma-
trices for the fluctuating asymmetry and individual
variation were high (Ry = 0.94, P < 0.0001 in
males, Ry =0.93, P <0.0001 in females).

Discussion

Our studies lead to the following conclusion
concerning the wing shape variation of Poeci-
lobothrus regalis. First, the differences in the wing
size between generations were statistically more
significant that differences in the wing shape. It is
not surprising because the wing size in Diptera ap-
pears to be strongly differentiated and influenced
by environmental conditions during ontogeny, for
instance, samples of Drosophila melanogaster
reared at higher temperatures had smaller wings
[36].

The recent studies revealed limited utility of the
wing size in discriminating between populations
and morphologically similar species [1, 2] and also
indicated a great influence of environmental condi-
tion on the wing size [37]. Size differences often
were not related to a geographic cline [38, 39].
This result suggests that the wing size is a charac-
ter that required cautious consideration when inter-
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preting taxonomical studies and separating species,
because they may be relatively uninformative.

Shape analysis revealed subtle, but statistical
significant variation between generations. Allome-
try has been suggested to be an important compo-
nent of intergeneration shape variation. The in-
creases of the wing size were accompanied by an
expansion in the distal part of wings and the apical
part of M,, whereas non-allometric components of
intergeneration shape variation varied from genera-
tion to generation.

Furthermore, as witnessed by high positively
matrix correlations there was marked similarity in
shape variability among sexes. This fact can be ex-
plained in two ways: on the one hand, it is possible
that a certain environmental factor directly affects
equally on the wing shape of both female and male
flies; on the other hand, the experiments [40] indi-
cated that selection operated on traits of one sex
caused a correlated response of the homologous
traits in the other sex. If we take into account the
irregular DA, the second hypothesis seems more
likely. In case if some environmental factor affect-
ed males and females simultaneously, a simultane-
ous DA would be expected

Secondly, in three out of seven cases, signifi-
cant DA was found, left wings were larger that
right and differently shaped in males of the genera-
tion 2017 and in females of the generations of
2015 and 2018. DA was not apparent in every gen-
eration, and even if DA was present, it was appar-
ent only for the one sex. This indicates that DA
cannot be recognized as a characteristic of the spe-
cies or even the population.

Several studies [27, 41, 42] reported data on the
presence of statistical significant DA in the wing
size and shape for different dipteral species, in-
cluding Musca domestica, Drosophila melano-
gaster and Glossina palpalis gambiensis. Pelabon
and Hansen [42] have concluded that DA is a suf-
ficiently frequent phenomenon in insects, and the
cases when left wing was greater that the right
wing are more common than the opposite. In addi-
tion, in was clearly proved that DA does not have
any adaptive value when the coefficient of varia-
tion of left minus right centroid size values more
than 100 %.

Consistent DA was described for Nearctic doli-
chopodid species — Erebomyia exalloptera Runyon
& Hurley, 2004, males of which had the left wing
6 % greater in area than right. The shape differ-
ences attributed to DA occurs in the posterior wing
compartment, between apical parts of M;., and M,
[43]. According to the authors observation this de-
gree of DA did not affect male aerobatic ability.

We observed DA in both males and females,
but only males DA was right skewed and strongly
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leptokurtic. It suggests that there might be a larger
selection pressure on males than females, that has
resulted in survival of the most resistant males.
Additionally, it is to be noted that the wing shape
changes attributed to DA in Poecilobothrus regalis
are very similar to those presented in Erebomyia
exalloptera and the species examined by Klingen-
berg and MclIntyre [41]. Shape changes were al-
ways associated with displacement of the point of
intersection of the costal vein with the vein reach-
ing the distal part of the wing (LM 2 in P. regalis),
insertion of M, and the wing margin (LM 5) and
posterior cross-vein.

Apparently, many authors suggested that it is
more likely that DA is a deviation from symmetry
resulting from increasing environmental stress, the
most extreme show of fluctuating asymmetry.
Although there was no evidence for the fact that
selection results in changes in the level of DA
[44, 45], it cannot be denied that such type of
asymmetry might have a genetic basis: supposedly,
flies are predicted to show the certain kind of DA
when the development stability has been weakened
due to the applied stress. Evolution conservation of
ability to DA in different not closely related taxa
suggests that DA is an ancient phenomenon.

Thirdly, we did not detect any significant dif-
ference of the pattern of sexual shape dimorphism
of the three generation studied, and individual var-
iation among generation had a minor effect on
changing the range of sexual dimorphism. It seems
to be assumed, therefore, that sexual dimorphism
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of the wing shape is a population characteristic.
Sexual shape dimorphism may be described as a
taxonomic character at a specific level after careful
considerations of other populations.

Speaking of FA, it is important to note, that
Klingenberg and MclIntyre [42] inferred that FA
and individual variation showed similar patterns of
covariation among landmarks. Our results obtained
confirm this conclusion. There was no evidence
that the intra-generation variation and fluctuating
asymmetry are controlled by different develop-
mental processes.

The amount of FA did not differ among groups.
The absence of distinctions indicated that ecologi-
cal stress could be similar in all years or the
amount of FA is more heavily influenced by evolu-
tionary history of the population, than by environ-
mental variables. Based on the data for DA, the
second point of view is more likely, but it seems
appropriate to study different populations with the
aim to provide the evidence for this hypothesis.

Mgller [46] showed that long-tailed Hirundo
rustica males are more symmetrical than short-
tailed and have the most mating success. This fact
may suggest that an FA is an indicator of fitness.
Assuming that larger males should adapt more, it
was predicted to show lower degree of FA. How-
ever, our results did not confirm this view.

We are grateful to Dr. Oleg Negrobov (Voro-
nezh, Voronezh State Universiry) for provision of
advice and assistance in identification of material.
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