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Aim. The goal of our study was to assess the effect of background radiation on the repro-
ductive system of wild Drosophila melanogaster from Ukraine. Methods. In the present
study we addressed the fertility and gonadal dysgenesis in the progeny of wild caught fe-
males from each of the studied populations. Fertility was measured as the average num-
ber of progeny of 30 females using analysis of variance and Tukey’s multiple comparisons
method. Gonadal asymmetry was assessed in 50 individuals of each sex by the non-par-
ametric Kruskal-Wallis test. Results. Populations from Chornobyl and those collected
nearby the Chornobyl Nuclear Power Plant cooling pond demonstrated the lowest fertil-
ity. The degree of donadal dysgenesis showed a weak correlation with the level of radio-
active contamination. Conclusion. Our results support the hypothesis that chronic radi-
ation leads to aberrant development of gonads and reduced fertility in populations from
radioactively contaminated areas.

Key words: natural populations, fertility, gonadal dysgenesis, Drosophila melanogaster.

ntroduction. The nuclear disaster at Chernobyl, Ukraine in 1986 released

more than 100 times the amount of radioactive material than was generated by
the nuclear bombs in Hiroshima and Nagasaki, polluting more than 200,000 km?
with radionuclides [1, 2]. There has been relatively little research on the impact of
this contamination on biological processes[1, 2], and thereis no long-term mon-
itoring in place to track key taxa. Recent studies of birds indicate that species
richness and abundance in the most contaminated areas were reduced by more
than 30% compared to nearby control areas [3]. Information on the reproductive
consequences of the radiation due to the Chernobyl disaster is scarce [2]. Long-
term studies of reproductive success in barn swallows (Hirundo rustica) have re-
vealed dramatic reductions in the incidence of reproduction, decreased clutch
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size in breeding pairs, and decreased
hatching success [4]. Extensive studies of
reproductive success in great tits (Parus
major) and pied flycatchers (Ficedula hy-
poleuca) showed reduced hatching suc-
cess in contaminated areas, although this
effect differed among habitats [5]. Similar-
ly, studies of the bank vole (Clethrionomys
glareolus) have found that dramatically el-
evated rates of embryonic mortality are re-
lated to mutation accumulation due to
Chernobyl fallout [6]. These studies, and
others, suggest that radioactive fallout from
Chernobyl has negatively impacted repro-
duction in a number of vertebrate species.

Radiation-induced mutagenesis has
been studied in fruit flies (Drosophila) for
decades, but uncertainty remains about the
cross-generational effects of low dose radi-
ation on natural populations [7]. In the wild,
other stressors such as high temperature,
starvation and ethanol exposure, can also
cause developmental defects, sterility and
reduced lifespan. These stressors interact
non-additively with radiation exposure [8],
further complicating the study of long term
chronic exposure to radionuclides in wild
populations.

Studies of low dose radiation exposure
have had mixed results. Even within a single
study, low doses of radiation caused a re-
ductionin fecundity, butan increase in egg-
to adult viability in Drosophila [7]. D. mela-
nogaster populations collected from areas
of Belarus and Ukraine showed increased
mutational loads [9], increased sterility and
decreased viability and lifespan [10]. In an-
other study, the level of sex-linked muta-
tions in Chernobyl D. melanogaster popu-
lations showed no increase during the years
2005102006 [11]. Further complicating the
situation, it is known that ionizing radiation
also activates mobile genetic elements,
and mobile elements are responsible for
about 80% of spontaneous mutations in
Drosophila [12]. Aside from increasing the

rates of mutation and recombination, active
mobile elements can cause gonadal reduc-
tion, the complete failure of one or both go-
nads to develop.

Since the activity of mobile elements
continues for two to three generations [13],
we hypothesize that there will be a negative
correlation between the radiation exposure
history of populations and their fecundity,
and predict that the higher the background
radiation level at the collecting site, the low-
er the fecundity of the descendents of indi-
viduals collected from that site will be. We
also hypothesize that the proximate cause
of the lower fecundity will be hypog-
onadism, as measured by the levels of uni-
lateral and bilateral gonadal dysgenesis
present in the populations, and we predict
that individuals descended from popula-
tions with a higher level of radiation expo-
sure will be more likely to exhibit gonadal re-
duction.

Materials and methods

Collection. Drosophila melanogaster
flies, which are widely distributed in Ukraine,
were collected in the autumn when their
population numbers were highest. Flies
were trapped across the Ukraine in loca-
tions that varied in the degree of back-
ground radiation, ranging from 13 uR/h in
Kyiv (Kiev) to 2100 uR/h at the shores of the
cooling pond of the Chernobyl Nuclear
Power Plant (Table 1). The resident popula-
tions of flies varied considerably by site.
Since the Polesskoe site was a garbage
dump for surrounding regions with lower
background radiation, data derived from
flies captured there were not assignable to
a known radiation exposure history.

Fecundity assay. From individuals col-
lected from each site, 30 females were se-
lected at random and placed individually in
50 ml vials with five ml of standard labora-
tory medium at 26° [14], and allowed to lay
eggs. Once the offspring of each individual
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Table 1. Collection sites with background radiation levels, character of the site, and number of flies

trapped
Site Character

Kyiv (Kiev) Orchard

Odessa Urban

Piryatin Orchard

Lubny Fruit canning factory
Uman’ Fruit canning factory
Polesskoe Garbage dump

City of Chernobyl Abandoned town
Cooling pond Industrial

had emerged as adults, one day old daugh-
ters and sons were randomly selected and
placed individually in a new food vial. After
five days, flies were released and all adult
offspring that developed in these tubes
were scored. Fecundity was estimated as
the mean number of grandoffspring for the
30 females from each site. After a log + 1
transform, an analysis of variance was per-
formed, and the populations were com-
pared using Tukey’s post hoc multiple com-
parison test.

Gonadal dysgenesis assay. Asymme-
try in gonad size was measured in 50 indi-
viduals of each gender drawn from the
grandoffspring generation from each site.
Individuals were scored for gonadal dys-
genesis as 0 if both gonads were healthy, 1
if one gonad was visibly smaller or absent,
and a 2 if both gonads were reduced or ab-
sent. The mean of these 50individual scores
was used as the level of gonadal dysgene-
sis for each population. A Kruskal-Wallis
non-parametric test was used to analyze
the gonadal dysgenesis data.

Results and discussion

Fecundity. There was a significant rela-
tionship between fecundity and population,
with fecundity lowest in the two sites with
the highest background radiation, and
highest in the Polesskoe garbage dump

Radiation Females Males Total
13 uR/h 469 532 1001
14 uR/h 830 1120 1950
15 uR/h 89 162 251
16 uR/h 374 789 1163
16 uR/h 512 519 1031
50 uR/h 80 49 129

100 uR/h 43 52 95

2100 uR/h 33 17 50

site, (ANOVA, Fg »;=4.64, P <0.0001, Fig-
ure 1).

Gonadal dysgenesis. The gonadal
dysgenesis assay revealed a weak associa-
tion between background radiation level
and developmental disruption. Of the 400
male flies examined, only one, from the City
of Chernobyl site, had any apparent reduc-
tion in testes size. A larger proportion of the
400 females had unilateral (13 individuals)
or bilateral (18 individuals) dysgenesis of
the ovaries. The two populations with rela-
tively high levels of background contamina-
tion (Chernobyl City and the Cooling Pond)
had the highest level of dysgenesis, while
the remaining populations had no or very
low incidences of dysgenesis (Kruskal-
Wallis, y2 = 43.2172, d.f. =7, P < 0.0001,
Figure 2).

The data reported here support the hy-
pothesis that chronic exposure to radion-
clides results in increased levels of gonadal
dysgenesis and reduced fecundity in popu-
lations with significant radioactive contami-
nation (Figure 1). Unexpectedly, the popu-
lation located in a garbage dump had sig-
nificantly higher fecundities than predicted
based on background radiation levels in the
area, likely reflecting the importation of flies
and food sources from uncontaminated ar-
eas distant from Chernobyl. Flies collected
from the two other contaminated locations
(Chernobyl City and the Cooling pond) were
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Figure 1. Population variation in fecundity. Polesskoe and the City of Chernobyl populations were significantly
different from the other populations by a Tukey post hoc multiple comparison test. Polesskoe, a garbage dump site,

gathered food waste from across the region and beyond

feeding on indigenous food sources (i.e.
fruit from local trees) and were not influ-
enced by human activities. The hypothesis
that gonadal reduction, the likely mecha-
nism underlying reduced fecundities, would
be more likely in the more contaminated ar-
eas was also supported, with the Chernobyl
City and Cooling Pond populations display-
ing the highest incidences of dysgenesis
(Figure 2).

In a study of the distribution of P ele-
ments in Ukrainian populations of D. mela-
nogaster, it was found that their incidence
was lower in areas with higher levels of ra-
dionuclide contamination [15], in seeming
conflict with our results. However, given that
ionizing radiation can activate mobile ele-
ments [16], and activated mobile elements
can cause one or both gonads to fail to de-
velop, itis possible that the radioactive con-
tamination from the Chernobyl disaster is
indirectly selecting against the activation of

mobile elements in the affected popula-
tions.

The observation of non-significant male
gonadal dysgenesis is further evidence for
the presence of P elements in the study
populations. P elements have a critical tem-
perature above which they cause gonadal
dysgenesis. The critical temperature for fe-
males is 24° to 26°, lower than the critical
temperature for males, which is from 27° to
29° [17]. Had the rearing temperature been
set higher, males also would have likely ex-
hibited gonadal dysgenesis.

Environmental stress, including radia-
tion, induces the activity of transposable el-
ements in many other organisms besides
Drosophila [18]. For example, a small in-
crease in UV-B radiation activates the Mu-
tator transposon in Zea mays, which goes
on to cause a cascade of mutations in sub-
sequent generations [19]. The mutagenic
effects of radionuclides from the Chernobyl
disaster may be enhanced by this mecha-
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Figure 2. Gonad development was strongly affected by background radiation exposure. Individuals drawn from the
two populations nearest Chernobyl were much more likely to have undeveloped gonads

nism. If some species are more affected
than others, it may directly or indirectly im-
pact overall species richness and abun-
dance, possibly explaining the loss of biodi-
versity seen by Moller and Mousseau [3].
The effects of mobile elements need not be
confined to the local populations; once a
mobile element has been activated, it can
spread through a species worldwide, as has
been the case with D. melanogaster, and is
presently happeningin D. simulans [20].
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Meta. MeToto po60oTu Gyno OuiHATK BMMB pa-
[i0aKTUBHOrO 3abpyaHEHHS Ha pPEenpoOAyKTUBHY
cucTeMy NpPencTaBHUKIB MPUPOLHMX NOMYNsLLIN
Drosophila melanogaster Yxkpainn. Metoau. [Jo-
CNifpKyBaNn NAOAKOYICTb Ta PiBEHb peayKLjii roHasy
HaLLakiB CaMOK i3 KOXHOI AOCHIAKYBaHOI Nprpoa-
HOI nonynsu;i. MNnoAYiCTb OLHIOBANN SK CepeaHe
ymcno Hawaakie 30 camok 3 BUKOPUCTaHHSM AMC-
NepPCINHOro aHanisy Ta TeCTy MHOXWHHOIO Mopis-
HeHHS ThloKi. PiBeHb peayKuii roHaz BMMIpIOBaBCS
y 50 0Cc06UH KOXHOI CcTaTi, N aHanidy aaHux 6yno
BMKOPUCTAHO HenapameTpuyHui Tect Kpyckana
— Yonnica. Pe3ynbratn. HanHux4y naomoyicTs
NPOAEMOHCTPYBaM HaLLAAKX nonynsauin M. Yop-
HoOuna Ta BopovimMm-oxonomxkyeada YAEC. AHa-
ni3 pepykuii roHan nokasas cnabkuii 38’930K Mix
QOHOBUM piBHEM pafjiakTMBHOro 3abpynHeHHs i
PO3BUTKOM MopyLueHb. BucHoBku. OTpumani pe-
3ynbTaTv MiATBEPOXYIOTh MiNOTE3Y MPO Te, LLLO XPO-
HiYHWIA BNAMB pagjauiliHoro 3abpyaHeHHs NpU3Bo-
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OWTb 00 MOPYLUEHb Y PO3BUTKY FOHAL, i 3HUKEHHS
NAOAYOCTI Yy NPpeaCcTaBHMKIB NONYASLR i3 pagio-
aKTVBHO 3a0pyIHEHMX PErioHiB.

Kmio4yoBi cnoBa: npupogHi  nonynsuii, nno-
OodiCTb, roHagHuin  gucreHe3, Drosophila
melanogaster.
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Lienb. Llensio paboTel Obina oLeHKa BANSHKS pa-
[MOAKTVBHOIO 3arpsi3HEHNs Ha PENPOAYKTUBHYIO
CUCTEMY MNpencTaBuTENelt MPUPOIHbLIX MOMynsi-
uni Drosophila melanogaster YkpauwHbl. Me-
ToAabl. Vccnenosanu nNnogoOBUTOCTb UM YPOBEHb
penyKkumMn roHas cpeam noTOMKOB CaMOK KaXaoW
NCCNeSOBaAHHOM NPUPOAHON nonynauun. MNnogo-
BMTOCTb OLIEHMBANN KaK CPeHEee Y1CN0 NOTOM-
koB 30 caMOK C MCMONb30BAHWEM AMCMEPCUOH-
HOro aHanMsa 1 Tecta MHOXECTBEHHOIO CpaBHe-
HUS TblOKW. YPOBEHb PeayKUmMM roHas nsMepsinv
y 50 ocobein kaxgoro nona, Ang aHanu3a [aH-
HbIX MCMOMb30BaIM HEMapamMeTpuyeckuii TecT
Kpyckana — Yonnuca. Pesynbratbl. Camoli H13-
KOW MA0A0BUTOCTbIO XapakTepu3oBanncb NOTOM-
K1 nonynaumia r. YHepHoObiib 1 BOAOEMA-0Xaam-
Tens YASC. AHanu3a ypoBHS pPeayKLMW roHaz, npo-
[lEMOHCTPYpPOBa cnabdyto CBA3b Mexay GOHOBbLIM
YPOBHEM PaAMOAKTUBHOIO 3arpsi3HeHns 1 pas-
BUTMEM HapyLleHuii. BeiBogpl. MNonyyeHHble pe-
3y/nbTaTbl MOATBEPXAAIOT MMNOTE3y O TOM, 4TO
XPOHMYECKOE PaAMOAKTVBHOE 3arpsid3HeHue OT-
puuaTenbHO BANSIET HA MPOLLECC PasBUTUS FOHAL,
W M0L0BUTOCTb Y NPEACTaBMTENEN NONyNAaLni n3
pPaavoaKkTUBHO 3arPSI3HEHHbBIX PErMOHOB.
KnioyeBbie cnoBa: npypoaHbIe MOMyNsumm, Nno-
OOBUTOCTb, TFOHAAHbIM aucreHesd, Drosophila
melanogaster.
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