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Abstract. Ten dominant heavy metals were analyzed in adults of the winter moth, Operophtera brumata
(L.), from six sites in four isolated localities in South Bohemia. At all of the sites, metal concentrations
conformed to the order Zn> Fe> Cu> Mn> Ni> Pb> Co> Cd> Cr> Hg. The highest concentration of toxic
metals (lead and cadmium) was found in moths associated with trees along the main road in Pldstovice
(3.1 and 1.1ppm, respectively), while it was lowest in the Cervené Blato peat bog (1.1 and 0.1ppm, re-
spectively). The main parasitoids were two tachinid flies, Cyzenis albicans Fall. and Phorocera obscura
Fall., and one ichneumonid wasp, Agrypon flaveolatum Grav. Overall parasitism was low (2.8 and 5.9%
in 1991 and 1992, respectively). The highest percentage of parasitism was on larvae in the unpolluted
Cervené Blato bog (4.8 and 28.3% in 1991 and in 1992, respectively), and the lowest on apple trees along
the main road in Pldstovice, which was the most polluted site of the four localities.

INTRODUCTION

The winter moth, Operophtera brumata (L.), is a univoltine geometrid moth, native to
Europe and parts of western and eastern Asia (Kozhanchikov, 1950). It was accidentally
introduced into North America in the early 1930’s, but its presence not acknowledged
until 1949, in Nova Scotia (Cuming, 1961). It is a serious defoliator of apple, cherry, oak,
elm, maple and many other broadleaf species (Cuming, 1961; MacPhee, 1967).

Qutbreaks of the winter moth have been recorded in England, in Scandinavian
countries, and in Nova Scotia (Cuming, 1961; Varley & Gradwell, 1963; Embree, 1965;
Tenow, 1972). During 1961-1964 there was a population explosion of the winter moth in
the former Czechoslovakia, particularly in Moravia and Slovakia, causing extensive dam-
age to oak and mixed forest stands (Mrkva, 1968). In recent years (from 1970), the winter
moth has become the most important pest in southern Bohemia, and has seriously defo-
liated fruit trees, especially apple and cherry trees along the main road (Rejmdnek & Spit-
zer, 1980).

The ecology of the winter moth has received much more attention than that of most
other insects. During the past 30 years, the winter moth has been the subject of many
studies to elucidate the fundamental principles of insect population dynamics and regula-
tion (e.g. Embree, 1965; Varley & Gradwell, 1970; Varley et al., 1973; Holliday, 1977)
and of biological control (Graham, 1958; Embree, 1966, 1971; Embree & Sisojevic, 1965;
Hassell, 1980).
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Although there is general knowledge about the parasitoids of Operophtera brumata,
there exist no data concerning parasitoid incidence in isolated populations, nor metal le-
vels in these populations. This study is an analysis of the heavy metal content and parasit-
ism of the winter moth in some isolated localities, and an attempt to relate the occurrence
of natural enemies to the level of metal contamination.

MATERIAL AND METHODS

Study sites

Four ecologically distinct localities in South Bohemia were selected (Fig. 1) for study in 1991-1992.
Compared to other parts of Bohemia, South Bohemia has only slightly polluted air (see Novédk & Spitzer,
1986). The places where the collections were made are as follows:

1. Horské Kvilda: located in the Sumava Mountains of southwestern Bohemia, situated 1058—1075 m
A.S.L. This locality is a mountain spruce forest and a subalpine peat bog. Samples of the winter moth
were collected on Vaccinium myrtillus L., an understory plant on the margins of the peat bog, where Picea
abies L. is a dominant tree.

2. Cervené Blato: This locality is a transient raised peat bog. The sampling site is situated near Salma-
novice in the Tfebon Basin. The Cervené Blato peat bog structurally resembles the peat bogs of the Suma-
va mountains, as a unique habitat island. However, the Cervené Blato bog is more isolated within the
landscape than the montane bogs of the Sumava Mountains. According to other extensive entomological
surveys, Cervené Blato is a significant biological area with the specific occurrence of a boreal and boreal-
pine fauna and flora (Spitzer & Jaro$, 1983 and unpublished data). Winter moths were collected on Vacci-
nium myrtillus L. in various parts of the bog.

3. Pldstovice: Pldstovice has an environment similar to that of Ceské Budéjovice. Winter moth popula-
tions on apple trees along the main road were found at the same high levels as in the past (Rejmédnek &
Spitzer, 1980). Winter moths were sampled on apple trees along a main road and in the nearby oak forest.

Fig. 1. Collection localities of the winter moth (Operophtera brumata) in South Bohemia: 1. Horskd
Kvilda; 2. Cervené Blato; 3. Pldstovice; 4. Ceské Budg&jovice.
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4. Ceské Budéjovice: Predominantly a cultivated landscape with small, wet hay meadows, fragments
of deciduous forest, and large temporary agroecosystems and other anthropogenic vegetation. Winter
moths were sampled in the oak forest and on fruit trees, chiefly on cherry and apple trees.

Sampling of adults

The sampling technique was a modification of the methods used by Cuming (1961) and Embree
(1965). Accordingly, adults were collected in the field from October to December by torch, by net, by
hand, and by shaking tree limbs at night. Both males and females were collected.

Sampling of larvae for parasitoids

Larvae were collected from clipped leaf clusters using beating sheets, by shaking tree limbs and by
sweeping. Field collected specimens were identified according to Eidt & Embree (1968). A survey was
conducted to determine whether there were significant local differences in the composition and incidence
of winter moth parasitoids. Larvae were collected at all localities as the fourth and the fifth instars, the
period after parasitoid attack on the larval stage. The criteria of instar determination were derived from
Briggs (1957) and Cuming (1961).

Larvae were reared at 22°C and RH 70% in bottles containing host leaf clusters. After pupation of all
larvae, the bottles were placed in an incubator at 13-15°C throughout the summer. These pupae were
maintained in total darkness and constant humidity until the end of September or the beginning of Oc-
tober. The temperature was then reduced to 7°C for adult winter moth emergence by placing the pupae in
a refrigerator. The pupae which did not eclose were kept at 7°C until the middle of April, when the tem-
perature was raised to 15°C. Parasitoid emergence was monitored daily. Any pupal remains were dis-
sected in the spring, to attempt to identify the cause of death.

Sampling for heavy metal analyses

The heavy metals zinc (Zn), iron (Fe), copper (Cu), manganese (Mn), nickel (Ni), lead (Pb), cobalt
(Co), cadmium (Cd), chromium (Cr) and mercury (Hg) were analysed only in the adults (males and fe-
males mixed, 1:1). Samples of moths were kept separately for each site of a locality, and were later hom-
ogenized by grinding them in a laboratory rotor speed mill. The weight of each sample varied from 1.5 to
1.8 g according to the number of moths captured. Methods of heavy metal analysis followed, or were
modified, from those described by Hunter et al. (1987); Heliovaara & Viisdnen (1989, 1990a, 1990b) and
Kroupa et al. (1990).

A part of the homogenized samples dried at room temperature was used for Hg analysis. Mercury con-
centration was measured with a total mercury analyser (TMA-254-Prague-Czechoslovakia), based on the
cold vapour atomic absorption method.

The levels of Zn, Fe, Cu, Mn, Ni, Pb, Co, Cd and Cr were measured by Atomic Absorption Spectro-
photometry using a Spectr AA 10- BQ. For complete details of this procedure see Middleton et al. (1973).
The results were recalculated to the dry matter (DM), determined by the procedure mentioned above. All
metal concentrations in this study are given in parts per million (ppm). The following basic statistics were
calculated: mean, standard error (n = 5 for each treatment), and remarks on significant differences. Data
were analyzed using the computer program ANOVA (Sokal & Rohlf, 1969).

RESULTS

Heavy metal content

The results and statistical evaluation of metal analyses on the adult winter moth are
presented in Table 1. Concentrations of zinc were the highest and concentrations of mer-
cury were the lowest among the metals examined in the entire analysed material.

Generally, the metal levels in the adults at all sites conformed to the order Zn> Fe> Cu>
Mn> Ni> Pb> Co> Cd> Cr> Hg, except for cadmium concentrations ower than chromium
concentrations in Cervené Blato and in the apple and cherry gardens of Ceské Budgjovice
(Table 1).

The highest and lowest concentrations of biogenic and less toxic metals Zn, Fe, Cu, Mn,
Co, and Cr did not follow the same trend in the various localities. Levels of zinc, iron, and
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copper were high and relatively constant in all localities (Fig. 2), but manganese, cobalt,
and chromium did not follow this pattern. Except for manganese, these metals had low
concentrations, and the differences between concentrations in various localities are signifi-
cant (Fig. 3). Nickel concentrations were highest (4.1ppm) in Horskd Kvilda, nearly three
times higher than in Cervené Blato and in the oak forest of Ceské Budé&jovice (Table 1).

TaBLE 1. Heavy metal concentration (ppm dry matter and standard error) in the winter moth adultes
at different sites in four ecologically distinct localities.

H. Kvilda C.Blato  Pldstovice (A) Pldstovice (B) C. Budéjovice (A) C. Budéjovice (B)

mean (SE) mean (SE) mean (SE) mean (SE) mean (SE) mean (SE)
Zn 291.3(3.0) 338.6(3.2) 260.1 (4.0) 239.8 (4.1) 285.3 (4.1) 240.5 (2.8)
Fe 974 (3.5) 1245(4.3) 161.1(3.7) 148.6 (5.5) 97.1 (4.3) 115.1 (4.2)
Cu 19.7 (0.6) 21.9(0.9) 18.8 (0.6) 18.4(0.5) 20.3 (0.7) 17.0(1.2)
Mn 8.0 (0.4) 12.1 (0.7) 5.0(0.4) 11.1(0.7) 7.2(0.3) 9.6 (0.6)
Ni 4.1 (0.1) 1.4 (0.1) 3.0(0.1) 3.30.1) 2.5(0.1) 1.4(0.1)
Pb 2.2(0.1) 1.1(0.1) 3.1(0.1) 1.9 (0.3) 1.7 (0.2) 1.4(0.1)
Co 1.1(0.1) 0.5(—) 1.1 (—) 1.5(0.1) 0.7 (0.1) 0.9 (0.1)
Cd 0.3 (—) 0.1 (—) 1.0 (—) 0.5(—) 0.3 (—) 0.4 (—)
Cr 0.3 (—) 0.1 () 0.2 (—) 04 (—) 0.6 (—) 0.3(—)
Hg 0.11 (—) 0.08 (—) 0.09 (—) 0.09 (—) 0.04 (—) 0.05 (—)

. Budgjovice (A), in the cherry and apple gardens.
. Budgjovice (B), in the oak forest.

Pldstovice (A), along the main road.
Plastovice (B), in the oak forest.

% X

Among the toxic heavy metals (i.e. lead, cadmium and mercury), lead and cadmium
concentrations reflected the general contamination of each site of a locality and the level
of isolation of a locality, but mercury did not. Lead concentrations were highest (3.1ppm)
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Fig. 2. Concentrations of zinc, iron and copper at different sites. For site, see Table 1.
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Fig. 3. Concentrations of manganese, cobalt and chromium at different sites. For site, see Table 1.

along the main road in Pldstovice and lowest (1.1ppm) in Cervené Blato. Compared to
lead concentrations at Cervené Blato, lead concentrations in the moth population along the
main road in Pldstovice were three times higher, and lead concentrations in Horska Kvilda
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Fig. 4. Concentrations of lead, cadmium and mercury at difterent sites. For sitc. see Table 1.
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in the Sumava Mts two times higher (Fig. 4). Concentrations of cadmium were the highest
(1.1ppm) along the main road in Plastovice, eleven times higher than in Cervené Blato,
four times higher than in Horskd Kvilda, and likewise four times higher in both the apple
and cherry gardens and in the oak forest of Ceské Budéjovice (Fig. 4). By contrast, mer-
cury concentrations were highest (0.1ppm) in moths of the Horska Kvilda population in
the Sumava Mts and lowest (0.04ppm) in moths from the apple and cherry gardens in
Ceské Budgjovice (Fig. 4).

Parasitism

The main parasitoids of winter moth larvae encountered in this study were the tachinid
flies Cyzenis albicans (Fall.) and Phorocera obscura (Fall.), and the ichneumonid wasp
Agrypon flaveolatum (Grav.). The proportion of C. albicans, P. obscura and A. flaveola-
tum was 38.3%, 53.3% and 8.3%, respectively, for both years. Overall parasitism was low,
2.8% (host n = 2,953) in 1991 and 5.9% (host n = 3,455) in 1992 (Table 2).

TaBLE 2. Percentage of winter moth larvae parasitized by Cvzenis albicans, Phorocera obscura
and Agrvpon flaveolatum.

1991 1992
Locality n % n %
Horskd Kvilda* 520 2.3 700 1.8
Cervené Blato* 1,000 438 600 28.3
Pldstovice** 800 0.7 1,385 0.6
C. Budéjovice*** 633 2.7 770 1.5
Overall parasitism 2,953 2.8 3,455 5.9

* Larvae were collected on Vaccinium myrtillus
** [ arvae were collected on apple trees along the main road
*** [_arvae were collected in apple and cherry gardens

The highest percentage of parasitism was on larvae from Cervené Blato, 4.8% in 1991
and 28.3% in 1992. The lowest was on larvae on apple trees along the main road in Plasto-
vice, 0.7% in 1991 and 0.6% in 1992. Levels of parasitism in Horskd Kvilda and in Ceské
Budéjovice represent an average among the four localities (see Table 2). The diversity of
parasitoids at the four localities studied is demonstrated in Table 3.

TaBLE 3. Percentage of parasitoid species of winter moth larvae at four investigated localities in
1991-1992.

Locality
Species H. Kvilda C. Blato Pldstovice C. Budgjovice
Cyzenis albicans 13.5 28.0 8.0 9.0
Phorocera obscura — 31.0 — 6.0
Agrypon flaveolatum — 3.0 — 1.5

DISCUSSION AND CONCLUSIONS

Winter moth populations, with their wingless females, provide an opportunity to study
locally bound populations in environments having different degrees of metal pollution.
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Fig. 5. Apple trees defoliated by winter moth larvae (Operophtera brumata) along the main road near
Pldstovice.

At all sites, metal levels followed the order Zn> Fe> Cu> Mn> Ni> Pb> Co> Cd> Cr>
Hg. The only exception was that cadmium concentrations at Cervené Blato and in the
apple and cherry gardens of Ceské Budé&jovice were lower than concentrations of chro-
mium. This order is about the same as that reported for other moths (Pihlajamiki et al.,
1989; Rantataro et al., 1989; Nuorteva, 1990) and other insects (Beyer et al., 1985).

It has been shown that moths bioaccumulate Zn, Cu, Br and As, but not Al, Fe, Mn, Cd,
Ni and Sr (Pihlajamiki et al., 1989; Rantataro et al., 1989; Helitvaara et al., 1990; Nuorte-
va, 1990; Lindgvist, 1992; Nuorteva et al., 1992). Levels of zinc, iron, copper and manga-
nese were high in the winter moth, indicating that these moths play a role in the transfer of
these metals to higher trophic levels. One possible transference is from the winter moth to
shrews and other vertebrates feeding on winter moth pupae, and, further on, to birds of
prey and predatory mammals (Frank 1967a, 1967b). The harmful transfer of metals from
winter moth caterpillars to parasitoids is also possible, but has not yet been documented.

In contrast to copper, iron, and zinc; cadmium is not known to have any positive physio-
logical function. It is, on the contrary, extremely toxic (Hunter & Johnson, 1982; Maroni
& Watson, 1985). Concentrations of cadmium differ from those of zinc, iron, copper and
manganese in that they are very low in the adult insects (Kroupa et al., 1990). The data in
this study confirm this conclusion. Indeed, it is of theoretical interest to note that the de-
gree of local Cd contamination showed itself in the Cd levels in winter moth adults. In bo-
real forests adult moths, with low Cd content, have no significant role in the transmission
of this metal. Arthropods bearing high Cd contents (like spiders, ants and bark beetles) are
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responsible for the danger of Cd accumulation (Nuorteva, 1990; Nuorteva et al., 1992).
The same general trend was found with lead concentrations. The highest concentration
was along the main road in Pldstovice and the lowest was in Cervené Blato. Compared to
Cervené Blato, concentrations of cadmium along the main road in Pldstovice were 11
times higher, while in Horskd Kvilda cadmium was three times higher (Table 1, and Fig.
4).

Most of the lead on plants is surface contamination, and is eaten by caterpillars. Road-
side plants contain significantly more lead than control samples, and difference correlates
to traffic volume (Beyer & Moore, 1980; Alstad et al., 1982; Dallinger et al., 1992). Price
et al. (1974) found that lead is present at higher levels in insects near major highways and
becomes more concentrated as it passes from herbivorous to carnivorous insects, thus pos-
ing a possible threat to beneficial predatory insects and insectivorous birds and mammals.
The estimates of lead concentrations in the winter moth in this study agree with those of
other insect studies (Giles et al., 1973; Gish & Christensen, 1973; Price et al., 1974) which
found higher lead concentrations in insects of roadside environments. The highest lead
concentration in the winter moth was found in those along the main road (3.1ppm) in
Plastovice, while in Cervené Blato lead concentration was lowest (1.1ppm). The con-
centration of lead in Horskd Kvilda was 2.2ppm, almost twice as high as in Cervené Blato.
The higher concentration of lead at Horskd Kvilda is associated with the proximity of the
test site to relatively high traffic volume. The moths were collected here on Vaccinium
myrtillus at the edge of a peat bog, approximately 100 m away from the main road. The
results of estimates of levels of toxic heavy metals (i.e. lead and cadmium) and other trace
metals confirmed that Cervené Blato is ecologically much more isolated, and the least pol-
luted by human activities of the four localities.

Compared to other studies (Giles et al., 1973; Price et al., 1974, Heliovaara & Viisinen,
1989, 1990b; Kroupa et al., 1990) made at highly polluted sites around industrial areas,
lead and cadmium concentrations in the winter moth in South Bohemia can be considered
low, except for those sites along the main road. The level of mercury in the winter moth
was consistently very low and, in contrast to other elements studied, did not reflect the
general contamination of a locality (see also Kroupa et al., 1990).

Although 60 different parasitoids attack winter moth larvae (Wylie, 1960), their impact
on the population of the winter moth at Wytham Wood in England was small (Varley et
al., 1973). The results on parasitism in this study confirm this conclusion. Three species of
parasitoids were observed, and overall parasitism was found to be low (2.8% in 1991 and
5.9% in 1992). Holliday (1977) found that there was no significant reduction in the density
of larvae on apple trees during the feeding period; parasitism in his study site at Wytham
Wood, England never exceeded 1% (Holliday, 1975, cited after Holliday, 1985). Similar
figures were obtained by Kimberling et al. (1986), who found a mean of 4.5% and 12.2%
parasitism in 1979 and 1980, respectively, in western Oregon.

In this study the percentage of parasitism and parasitoid species (see Table 2 and Table
3) of winter moth larvae was highest in Cervené Blato (4.8% in 1991 and 28.3% in 1992).
The percentage of parasitism on larvae on apple trees along the main road in Pldstovice
was the lowest overall (0.7% and 0.6% in 1991 and 1992, respectively). These results
might be explained by the effective bioaccumulation from winter moth larvae to parasi-
toids and by the susceptibility of winter moth parasitoids to the heavy metal pollutants
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found in various localities. The results of metal analyses, especially those showing higher
concentrations of toxic heavy metals in the winter moth on apple trees along the highway
in Plédstovice, could be used as evidence to link heavy metal pollutants with the population
density increase of the winter moth on fruit trees, particularly on apple and cherry trees
along the main roads in South Bohemia (Rejmanek & Spitzer, 1980). These results also
support the idea (Price et al., 1974; Fiihrer, 1975; Heliovaara et al., 1991) that parasitoids
are less tolerant of pollutants than their host, which can thus escape parasitoid deprivation,
and that the sensitivity of parasitoids and predators to contamination concentrated along
the food chain could be involved with insect outbreaks.
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