
We analyzed the developmental time, egg-to-adult viability, and developmental stability (fluctuating
wing size asymmetry) in Drosophila subobscura, maintained for six generations on different concentra-
tions of lead. Development time is significantly affected by generation and lead concentration, but inter-
action of these factors is not a significant source of variability for this fitness component. Generation and
the interaction generation × concentration of lead significantly affect egg-to-adult viability. Levene’s test
of heterogeneity of variance showed that variability of FA is not significant in any of the samples. Within
both lead concentrations females showed significantly higher FA indices for the wing width than males.
Within sexes, a significantly higher FA was found only in females for wing width FA between the con-
trol and the lower concentration of lead. The results show that if strong relationship between FA and the
studied fitness components exists, it results in a stronger selection of unstable genotypes under lead as a
stress factor and, consequently, FA needs to be used with caution as a biomarker in natural populations
under environmental stress.
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INTRODUCTION

Heavy metal pollution has become one of the most important environmental prob-
lems in industrialized countries, mostly caused by human activity, with lead being the
most widespread pollutant [27, 34]. The evolution of heavy metal tolerance has well
been documented in natural populations of numerous species [21, 31]. Diptera, and
in particular Drosophila, are favourable model organisms in the studies of heavy
metal resistance, a widespread phenomenon in invertebrates. Exposure to metal com-
pounds such as those of cadmium, lead, copper, zinc or mercury give rise to a genet-

Acta Biologica Hungarica 59 (1), pp. 47–56 (2008)
DOI: 10.1556/ABiol.59.2008.1.4

0236-5383/$ 20.00 © 2008 Akadémiai Kiadó, Budapest

THE EFFECT OF LEAD ON FITNESS
COMPONENTS AND DEVELOPMENTAL STABILITY

IN DROSOPHILA SUBOBSCURA
MARINA STAMENKOVIC-RADAK,1,2* P. KALAJDZIC,1 TATJANA SAVIC,2

MARIJA SAVIC,1 ZORANA KURBALIJA,2 GORDANA RASIC1 and M. ANDJELKOVIC1,2

1 Faculty of Biology, University of Belgrade, Studentski trg 3, 11000 Belgrade, Serbia
2 Institute for Biological Research, University of Belgrade,

Despot Stefan Blvd. 142, 11 000 Belgrade, Serbia

(Received: January 23, 2007; accepted: March 1, 2007)

* Corresponding author; e-mail: marina@bf.bio.bg.ac.yu



48 MARINA STAMENKOVIC-RADAK et al.

Acta Biologica Hungarica 59, 2008

ic response in Drosophila melanogaster [3, 11, 22, 23, 35] and survival percentage
and development of flies depend on heavy metal concentrations tested and number
of generations of exposure [1].

Environmental stress may cause significant decreasing of fitness components and
deterioration of population survival. A difficult task in conservation biology is iden-
tifying populations under stress before its impacts on their existence occur.
Measuring fitness changes (fecundity, developmental time, viability) is often diffi-
cult, so in recent studies the ability of an organism to buffer its development against
environmental disturbances (developmental stability) is considered as a fitness com-
ponent which is easily estimated [4, 5]. A number of studies have argued that the
variation between bilateral symmetrical traits may be a useful early indicator of the
effect of genetic and environmental stresses [39]. There have been several studies on
developmental instability (DI) caused in natural populations by a polluted environ-
ment. Pollution by toxins is indicated to increase DI in fish populations [20] and in
plants [10], but there have been few laboratory studies [13, 38].

Although elevated levels of DI have been associated with variable environmental
conditions and reduced fitness [24, 25] the generality of the relation between DI and
fitness remains a controversy [2, 6, 7, 15, 38]. Possible causal mechanisms linking
DI to fitness are diverse and there is limited knowledge of the mechanisms behind
the causes of the DI variability.

In the present paper we address the effect of a laboratory polluted environment on
fitness and the DI variability in D. subobscura, a Palaearctic species which colonized
America recently [19]. It has a uniquely diverse inversion polymorphism on all of its
five chromosomes, and, although it is quite stable, it varies with environmental
changes, being therefore classified as a semi-rigid or semi-flexible type [37].
Exposure to various concentrations of lead through several generations has not
affected major parameters of inversion polymorphism of D. subobscura [17],
although some gene arrangement frequencies had changed, which can be associated
with adaptive processes of evolving heavy metal resistance.

The aim of the present study was to analyse changes in developmental time, via-
bility and developmental stability measured by fluctuating asymmetry (FA) in a
D. subobscura population maintained on different concentrations of lead, and to
analyse the direction and range of such changes.

MATERIAL AND METHODS

The F1 progeny of wild-type females captured at the locality Stari Slankamen (S.Sl.),
50 km north-west from Belgrade, was used for establishing three different experi-
mental groups. The control group was reared on the standard Drosophila medium (of
water/corn-meal/yeast/sugar/agar/nipagine) without lead. The first experimental
group (concentration I) had 2.2 μg/mL of lead acetate [Pb (CH3COO)2 · 3H2O]
added, and the second experimental group (concentration II) had 9.0 μg/mL of lead
acetate added.



Females were allowed to lay eggs for 24 hours in Petri dishes with the standard
medium coloured by activated carbon, placed on top of glass bottles (80 × 40 mm)
and turned upside-down. For each of the three experimental groups ten replicas were
made, each with 70 eggs transferred from the Petri dishes to the bottles containing 25
mL of the standard medium with or without lead acetate, so that the initial number
of eggs for each experimental group and the control was 700. The flies emerged from
the F1 generation were mixed randomly with each experimental group and females
were again set to lay eggs in the above manner. The eggs were transferred again, 700
per experimental group as in the previous generation. The whole procedure was
repeated for 6 generations.

Egg-to-adult viability was calculated as the ratio of the emerged adults and the
number of laid eggs. The development time was measured in days from egg to adult
emergence. These two fitness components were observed in F1, F3, F4 and F6 gener-
ations of D. subobscura in three experimental groups (control and treated groups
with two different lead concentrations). Post-hoc LSD test was run within two-way
ANOVA [40], to determine the variability between generations and concentrations of
lead for both fitness components.

Analysis of the wing size was carried out with males and females of S.Sl. in the
F6 generation, from each experimental group. The analysis included 30 males and 30
females from each experimental group.

The left and right wings from each fly were cut and prepared on a slide for mea-
surement. The wing length was taken as the distance from the intersection of the third
longitudinal vein with the anterior crossvein to the wing tip where the third vein
ends. The wing width was taken as the distance between the ends of the second and
the fifth longitudinal veins. Measurements were made under a binocular microscope,
with a Leica/Cannon Image analysis system. Fluctuating asymmetry (FA) statistics
was run according to Palmer and Strobeck [28]. All measurements were done twice
and the measurment error was estimated for all samples by the two-way ANOVA on
a sample of 30 individuals measured twice. There were significant interactions
between wing size and individual FA for both length (MS = 31.079, p < 0.001) and
width (MS = 34.617, p < 0.001) which means that FA has a grater value than the mea-
surement error. To test size dependence of FA, regressions of the transformed
absolute FA on trait size were performed for each sex and trait. The FA4 index was
used as the variance of the difference between the right and left wing sizes. The F-test
was used to compare the variabilities in FA4 between the samples and the sexes. It is
efficient in estimating between-side variations and is not biased by directional asym-
metry (DA).

RESULTS

Egg-to-adult development time

Development times of adult D. subobscura (in days) treated with different lead con-
centrations within generations F1, F3, F4 and F6 are presented in Table 1. In the con-

Effect of lead on fitness and FA in Drosophila 49

Acta Biologica Hungarica 59, 2008



50 MARINA STAMENKOVIC-RADAK et al.

Acta Biologica Hungarica 59, 2008

trol and at lead concentrations I and II the shortest development time was shown by
the individuals of F1 (19.81 ± 0.093 days, 20.37 ± 0.115 days and 20.88 ± 0.107 days,
respectively) and the longest was shown by the individuals of F3 (22.39 ± 0.136 days)
in control, at lead concentration I (21.84 ± 0.169 days) and concentration II
(23.31 ± 0.168 days). Two-way ANOVA (Table 1) showed that the development time
was significantly affected by generation and lead concentration, but also that the
interaction of these two factors was not a significant source of variability in the
development time.

Comparison of individual experimental groups within generations reveals that
there was a significant difference in the F1 generation, where the progeny of the indi-
viduals treated with the higher lead concentration had a significantly extended devel-
opment time with respect to control (p < 0.01). In generation F3 the progeny of the
individuals treated with the higher lead concentration had a significantly extended
development time with respect to the progeny of those treated with the lower lead
concentration (p < 0.05).

The development time changed significantly between generations for each of the
two lead concentrations. The egg-to-adult development time was significantly
extended in control in generation F3 with respect to the previous and subsequent gen-
erations. In the group treated with lead concentration I the development time of gen-
eration F4 was significantly extended (21.63 days) with respect to generations F1
(p < 0.01) and F6 (p < 0.05). Lead concentration II significantly extended the devel-
opment in generation F3 (23.33 days) with respect to generations F1, F4 and F6
(p < 0.001).

Table 1
ANOVA of development time and egg-to-adult viability of D. subobscura through

four generations in the control and on two lead concentrations

Development time

df MS F p

Generation 3 13.633 29.348 ***
Concentration 2 2.866 6.169 **
Generation × concentration 6 0.619 1.332
Error 48 0.464

Egg-to-adult viability

df MS F p

Generation 3 0.2649 26.7532 ***
Concentration 2 0.0115 1.1620
Generation × concentration 6 0.0532 5.3717 ***
Error 48 0.0099

**p < 0.01; ***p < 0.001



Egg-to-adult viability

The means of egg-to-adult viability of D. subobscura through four generations in the
control and on both lead concentrations are presented in Table 2. Within generations
the lowest viability was shown by the flies of generation F3 on lead concentration I
(32.282 ± 5.902), while the flies of F6 generation showed the highest average viabil-
ity on lead concentration II (76.854 ± 1.229).

Comparison of the egg-to-adult viability between experimental groups within gen-
erations indicated significant differences in generations F3 and F6. Individuals of
F3 treated with the lower lead concentration during development show a lower
egg-to-adult viability than the control. A significant increase of viability was record-
ed in F6 in the groups exposed to lead (p < 0.001) with respect to control.

Within the experimental groups exposed to lead, significant differences exist in
egg-to-adult viability between generations. In generation F3 the egg-to-adult viabili-
ty was significantly lower than in F1, but in generations F4 and F6 a significant
increase of egg-to-adult viability was recorded with respect to previous generations.
No such differences were found in control.

A two-way ANOVA analysis (Table 1) shows that egg-to-adult viability signifi-
cantly affected generation and generation × lead concentration. Analysis of signifi-
cance of interaction shows that the average egg-to-adult viability changed through
generations in experimental groups treated with different lead concentrations. This
does not happen in control. In the groups reared on lead the egg-to-adult viability was
lower in F3 than in other generations. The viability of the group treated with the lower
lead concentration significantly decreased in F3 with respect to F1 (p < 0.05), where-
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Table 2
The means of development time (in days) and egg-to-adult viability (%) of D. subobscura through

four generations in the control and on two lead concentrations

Development time
Generation

control conc. I of lead conc. II of lead

F1 19.81 ± 0.093 20.37 ± 0.115 20.88 ± 0.107
F3 22.39 ± 0.136 21.84 ± 0.169 23.31 ± 0.168
F4 21.59 ± 0.111 21.63 ± 0.073 21.60 ± 0.093
F6 20.76 ± 0.117 20.72 ± 0.098 21.20 ± 0.099

Egg-to-adult viability
Generation

control conc. I of lead conc. II of lead

F1 53.132 ± 3.431 51.436 ± 5.081 41.996 ± 4.752
F3 47.148 ± 2.960 32.282 ± 5.902 37.428 ± 1.715
F4 53.143 ± 3.301 67.141 ± 6.177 61.706 ± 5.339
F6 53.144 ± 4.697 73.152 ± 2.138 76.854 ± 1.229
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as in generations F4 and F6 (p < 0.001) egg-to-adult viability increased again in both
experimental groups. The percent of emerged adults reared on the lower lead con-
centration was significantly higher (for 34.85%, p < 0.001), and on the higher lead
concentration for 24.28% (p < 0.001) in generation F4 with respect to the previous
generation. The number of emerged adults reached the maximum in generation F6, in
all groups treated with lead. There was a significant difference in viability (p < 0.001)
between generations F3 and F6 within the experimental groups treated with lead.

Developmental instability

The FA statistics for the wing length and width of both sexes in the control and the
lead treated groups are shown in Table 3. The non-parametric tests, Kolmogorov-
Smirnov and χ2, were used to test departures from normality. The unsignificant
signed left-right (L-D) size differences showed that directional assymmetry (DA) is
absent in all samples. This was confirmed by the sequential Bonferroni correction
run after one sample t-test which showed significance (P < 0.05). The absence of sig-
nificant DA and antisymmetry in the different samples suggested that bilateral vari-
ations were mostly a consequence of fluctuating asymmetry. Multiple regression
analysis showed no significant correlation between |R–L| and (R+L)/2.

Levene’s test of heterogeneity of variance showed that the variability of FA is not
significant in all samples. Within both lead concentrations analysis showed that

Table 3
Data on wing width and length and their asymmetry after 6 generations of the experiment, in two sexes

Sample Mean (R + L)/2 ± SE Mean ¦ R – L ¦ ± SE Mean (R – L) ± SE Var(R – L) = FA4

Females length
C 648.98±3.41 5.67±1.07 –3.34±1.37 55.95
I 657.48±3.39 5.54±1.20 –2.61±1.51 67.98
II 659.85±3.96 5.32±0.67 –1.69±1.15 39.60

width
C 409.85±2.06 3.79±0.60 –0.69±0.92 25.20
I 418.42±2.15 4.71±1.08 0.19±1.39 57.75
II 420.71±2.49 4.85±0.84 –0.43±1.23 45.58

Males length
C 593.37±2.53 4.66±0.70 –1.69±1.07 34.17
I 597.00±6.72 4.49±0.66 –0.10±1.06 33.85
II 606.71±5.97 4.30±0.72 –2.07±1.01 30.35

width
C 373.06±1.91 4.02±0.76 –0.02±1.06 34.01
I 378.16±4.02 4.03±0.51 –0.24±0.91 24.61
II 388.81±3.44 3.37±0.47 –0.42±0.78 18.06

The analysis included 30 males and 30 females in each experimental group. C (control), I (lower con-
centration of lead), II (higher concentration of lead), R (right wing), L (left wing)



females have a significantly higher FA index for the wing width than males
(FI = 2.3465, p = 0.05; FII = 2.5241, p = 0.05). Within sexes, a significantly higher FA
was found only in females for wing width FA between control and lead concentra-
tion I (F = 2.2918, p = 0.05).

DISCUSSION

So far, no complete analysis of the effect of lead on the life-history traits in D. sub-
obscura species has been carried out. Based on the results of the analysis of
egg-to-adult viability it can be concluded that exposure of D. subobscura individuals
to lead causes significant changes in this fitness component. This change through
generations agrees with the results of studies of the effect of heavy metals on the
mean fitness of the populations of different invertebrate species [30], including D.
melanogaster [9].

Several kinds of adverse conditions, in this case a heavy metal stress, provoke a
universal reaction in animals, plants and bacteria [21, 31]. The way the genes
involved in heavy metal resistance are regulated in Drosophila may turn out to be
quite complex. [35]. Only protection mechanisms against increased metal concentra-
tions through “detoxification” or “decreased intake” have been found [36]. It can
thus be assumed that the selection of resistant individuals having the ability of acti-
vating one of the two types of protection mechanisms leads to increased adaptation
of the groups treated with lead. It can also be assumed that lead exerts a strong selec-
tion pressure on the first three generations in our experiment and causes a decrease
in the number of survived individuals incapable of activating a protection mecha-
nism. Literature data show that a molecular stress response is manifested as the pro-
duction of a set of heat shock proteins (HSP) and some of them are capcitors for mor-
phological variation [32]. Activation of the protection mechanisms against heavy
metal presence in individuals of different invertebrate species, Drosophila as well,
includes a trade-off between Hsp expression and some fitness components of the
arthropods populations [18]. The reduction of the egg-to-adult viability obtained in
the first three generations in the present work, and possible association with Hsp pro-
duction, calls for further analysis at biochemical and molecular levels. In the follow-
ing generation, favouring and increasing the number of individuals capable of pro-
tecting against the toxic action of lead, a strong directional selection leads to increas-
ing the egg-to-adult viability and to an increased adaptation of the experimental
groups treated by lead in F6.

Results of numerous studies suggest that organisms adapt to specific enviromen-
tal factors through genetic polimorphism [12] and the genetic mechanism involved
in heavy metal resistance in Drosophila is a highly complex and dynamic system.
Within the same experiment as described in the present paper we analysed inversion
polymorphism change upon exposure to the two lead concentrations over six gener-
ations [17]. The presence of lead affected the frequencies of inversions, which
revealed additive and epistatic interactions within the whole genome of D. subob-
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scura. Those results show that some gene arrangements on chromosomes A, E, J and
O could be linked to adaptive processes in the course of evolving a genetic response
to heavy metals. The length of the exposure to different concentrations of lead results
in a significant change of certain gene arrangements on two autosomes, J and O. This
can be taken to indicate increased adaptation in the experimental groups maintained
on media with different lead concentrations. A correlation was found between chro-
mosome segments and fitness in D. melanogaster exposed to zinc compounds [3].
Although developmental instability measured as FA is expected to be negatively cor-
related to fitness and positively to stress, empirical evidence shows a much more
complex and inconsistent relationship [2, 14, 16, 39]. 

In the present paper lead was used as a stress factor, with a known and observed
effect on the genetic structure of the experimental populations of D. subobscura,
studied previously through generations [17]. Although change in viability was found,
the expected increase of FA was not observed. The variability of FA differs only
between sexes within both experimental groups with lead. This may be explained by
a higher selection pressure on the stability of the male wing symmetry, as a sexual
trait. The association of FA with fitness is documented through sexual selection and
FA in various species [24, 33]. It is believed that sexually selected traits should be
more sensitive to environmental stress, but there is a lack of experimental evidence
to confirms this [8]. The results of a study with Daphnia magna [38] on the relation
between FA and fitness components showed no indication of functional effects of FA
or of phenotypic correlations between fitness components and FA.

It is possible that a selection factor such as lead produces adaptation and reduces
asymmetry in viable offspring. Symmetrical flies, thus developmentally stable, may
have genotypes encoding to higher metabolic efficency in tolerance against heavy
metals, such as lead, and thus better viability. It may be a link between fitness and
FA results obtained here, and should be studied further. Although some authors
strongly recommend FA as a measure of fitness decline in populations, sublethal
stress caused by pollutants and its relationship with developmental instability is not
proven in all cases [2, 5, 13, 14, 20]. Synergistic effects of different kinds of stress
and genotype-by-environment interactions [8, 15, 30] are important, and should be
considered if FA is used as a bioindicator.
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