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ABSTRACT

The horse-chestnut leaf miner, Cameraria ohridella Deschka and Dimic (Lepidoptera:
Gracillariidae), is a moth of unknown origin that was first observed in Macedonia in the late
1970s. Since then, it has spread over most of Europe, causing permanent outbreaks on the
European horse-chestnut, Aesculus hippocastanum L. (Sapindales: Sapindaceae), a major ur-
ban tree in Europe. The horse-chestnut is endemic to the Balkans where the few remaining
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natural stands are also severely attacked, causing concern for the survival of this rare tree
species.  Classical biological control is considered as the only long-term control option, but
shows two major constraints i.e. the fact that the origin of the moth is unknown, and the low
number of specific species among the natural enemy complex of Gracillariidae. A collabora-
tive programme has been set up to locate the area of origin of the moth, including the follow-
ing methods: (1) studies on the parasitoid communities of C. ohridella in the Balkans; (2) host
tree screening tests; (3) surveys in the potential areas of origin, i.e. the Balkans, Asia and
North America, with the help of pheromone traps; (4) molecular studies on C. ohridella and
congeneric species. If the area of origin is not found, the introduction of parasitoids of conge-
neric species from Asia or North America could be considered, provided parasitoids specific
at genus level are found.

INTRODUCTION

The horse-chestnut leaf miner, Cameraria ohridella is a moth of unknown origin that was
first observed attacking the European horse-chestnut, Aesculus hippocastanum L. in Macedonia
in the 1970’s, and described as a new species in 1986 (Deschka and Dimic 1986; Simova-Tosic
and Filev 1985). In 1989, it was found in Austria, from where it spread to most of Europe.
Thanks to two to four generations per year, a high fecundity and the low impact of indig-
enous natural enemies (Freise et al. 2004; Girardoz and Kenis unpublished data; Grabenweger
2003; Grabenweger et al. 2005), C. ohridella reaches outbreak densities a few years only after
its arrival (Gilbert et al. 2004). Despite yearly fluctuations in population levels, no outbreak
has ever collapsed, even in Macedonia after 30 years of permanent defoliation. Horse-chest-
nut is one of the most commonly planted shaded trees in European towns and cities. In re-
gions where the pest occurs, the trees are defoliated before the end of the summer, year after
years. Studies in Italy have shown that the pest does not affect the survival of the tree (Salleo
et al. 2003). However, in more northern climates, C. ohridella is suspected to cause the de-
cline of horse-chestnut because defoliation induces a second flowering, decreasing frost hard-
ness (Balder et al. 2004). Despite a low risk for the survival of the trees in urban areas, the
aesthetic damage is so severe that some municipalities are already replacing this highly valu-
able tree by other species. It has been estimated that the replacement of 80% of the horse-
chestnut trees in Berlin alone would cost about 300 million Euros (Balder and Jäckel 2003).
The environmental impact of the pest may be even more serious. The horse-chestnut is en-
demic to the Balkans. The few natural stands remaining in Greece, Macedonia, Albania and
Bulgaria are also severely attacked (Avtzis and Avtzis 2003; Grabenweger et al. 2005, Tomov
and Kenis unpublished data). Studies have shown that, in these areas, the permanent out-
breaks may hamper the regeneration process, causing concern for the survival of this rare tree
species (Thalmann 2003). In addition, C. ohridella is occasionally found attacking and devel-
oping on maple trees (Acer pseudoplatanus and A. platanoides), in which case damage levels
may be as high as on horse-chestnut (Freise et al. 2003a; Hellrigl 2001). It cannot be ruled out
that the damage on maple will increase with time, considering the constant pressure on the
moth to find new suitable host trees when horse-chestnut trees are totally defoliated. The
reasons for seeking control measures for this pest therefore relate to minimising the impact
on planted ornamentals, to the conservation of the remaining natural stands and to minimising
the chance of developing strains that may become serious pests of maples in Europe.
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Control measures include the aerial spraying of diflubenzuron, the injection of systemic
insecticides and the removal of dead leaves, in which pupae overwinter (Heitland et al. 2003;
Kehrli and Bacher 2003). However, these methods are not sustainable. They are expensive,
have to be repeated every year, and chemical treatments are not well perceived by the public.
Therefore, biological control methods have been considered. Invasive leaf miners are notori-
ous for being recruited by indigenous parasitoids in the region of introduction, which may
results in the control of the pest (e.g., Digweed et al. 2003; Urbaneja et al. 2000). As expected,
C. ohridella has been adopted by a whole complex of polyphagous parasitoid species (e.g.,
Freise et al. 2002; Grabenweger 2003; Grabenweger et al. 2005; Hellrigl 2001). Nevertheless,
parasitism remains unusually low for a leaf miner, even at the type location 30 years after its
arrival, and apparently of low incidence on moth populations (Grabenweger et al. 2005).
Kehrli et al. (2005) have developed an ingenious system to augment parasitism at local scale.
They stored dead leaves with overwintering moths in containers that, at emergence, allow the
parasitoids to escape without their host. They observed increased parasitism rates at the ex-
perimental plots, but no effect on moth populations. This system is presently being improved
and may, ultimately, provide an interesting method to be used in specific urban environ-
ments. Nevertheless, it will never provide a solution for natural horse-chestnut stands. In the
long run, unless a native European natural enemy suddenly improves its capability of con-
trolling the moth, the only sustainable solution to the C. ohridella problem will be the intro-
duction of an exotic natural enemy, most likely a parasitoid. Classical biological control against
C. ohridella shows potential, but also major constraints, the two main ones being the fact that
the origin of the moth remains unknown, and the low number of specific species among the
natural enemy complex of Gracillariidae. This paper reviews these two major constraints and
describes collaborative efforts to resolve them.

REGION OF ORIGIN OF C. OHRIDELLA

Since the discovery of C. ohridella in Macedonia in 1984, the origin of the moth has been a
matter of debate. It was first suggested to be a relict species that has survived the Ice Age with
its host in southeastern Europe (Deschka and Dimic 1986; Grabenweger and Grill 2000).
However, there are several arguments against this theory (Holzschuh 1997; Kenis 1997). Firstly,
C. ohridella has shown high dispersal capacities in recent years (e.g., Gilbert et al. 2004).
Thus, if the moth was native to the Balkans, why would it spread only now? Secondly,
Cameraria is not a European genus. The 74 described, and many undescribed species all oc-
cur in North and South America and East and Central Asia (Grabenweger and Grill 2000).
Thirdly, parasitism is unusually low for a leaf miner, and composed only of polyphagous
species. Finally, since its first observation in Macedonia about thirty years ago, outbreaks in
the region have continued unabated and recent surveys in natural stands of A. hippocastanum
in Greece, Macedonia and Bulgaria have shown that these natural stands are as heavily at-
tacked as planted trees in urban areas (Avtzis and Avtzis 2003; Grabenweger et al. 2005, Tomov
and Kenis unpublished data). This situation characterizes an exotic rather than a native her-
bivorous insect. Hellrigl (2001) proposes another hypothesis that needs consideration and
may explain some of the anomalies mentioned above. He suggests that the moth may have
shifted from another host tree (e.g., an Acer species) in the Balkans or the Near East but does
not provide conclusive evidence for this hypothesis.
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In recent years, various activities have been carried out to help locating the area of origin
of the moth. These include (1) studies on the parasitoid complex of the moth in the Balkans;
(2) screening tests to assess the host range of C. ohridella; (3) surveys in potential regions of
origin of the moth; (4) molecular studies on C. ohridella and other Cameraria spp. The present
state-of-the-art of these studies is briefly described herein.

STUDY OF THE PARASITOID COMPLEX OF THE MOTH IN THE BALKANS

Parasitism of C. ohridella in Europe has been abundantly studied (e.g., Freise et al. 2002;
Grabenweger 2003; Hellrigl 2001) and the low parasitism rates and lack of specific parasitoids
have since long been used as an argument in favor of a non-European origin of the moth (e.g.,
Holzschuh 1997; Kenis 1997; Pschorn-Walcher 1994). However, until recently, all these studies
on parasitism had been made in invaded areas whereas no data existed on the parasitoid com-
plex in natural stands in the Balkans, where the moth is supposed to have originated. Thus,
we conducted surveys for parasitism in these habitats and compared them with data from
plantations in the Balkans and Central Europe (Grabenweger et al. 2005). The parasitoid
complexes are summarized in Table 1. We found marked differences neither in the parasitoid
complexes nor in the parasitism rates between natural and artificial stands. Furthermore, all
species found during this study were polyphagous parasitoids of various leaf miners. The
major difference between the Balkans and the rest of Europe is the prevalence of the eulophid
pupal parasitoid Pediobius saulius, the dominant species in artificial and natural stand in the
Balkans. In Central and Western Europe, it is a common parasitoid of other leaf miners but
rarely attacks C. ohridella.

HOST RANGE SCREENING TESTS

Screening tests were carried out to assess the present or potential host range of C. ohridella.
No-choice tests in field and laboratory cages and open-field tests were carried on Aesculus
spp. and Acer spp. Oviposition rates and development successes were observed (see Freise et
al. 2003a; 2003b for methods). Eleven out of the 13 world Aesculus species and many hybrids
and A. hippocastanum cultivars were screened by Freise et al. (2003a,b) (Table 2).  The two
most suitable hosts were A. hippocastanum and the Japanese horse-chestnut A. turbinata,
whereas successful development also occurred on the American species A. glabra, A. sylvatica
and A. flava (= A. octandra). In contrast, it did not develop successfully on the Asian A.
chinensis, A. assamica and A. indica and on the American A. pavia, A. californica and A.
parviflora. A. X carnea, a hybrid of A. hippocastanum and A. pavia, often planted in Euro-
pean cities, is also unsuitable for development (Freise et al. 2003a,b).

Screening tests on Acer spp. are still on-going. Twenty-six European, Asian and North
American species have been preliminary screened in non-choice tests in field and laboratory
cages. C. ohridella oviposited on most of the species but, in general, larvae died in the early
stages.  Larvae developed successfully in the North American A. circinatum and, occasion-
ally, in the European A. pseudoplatanus, A. tataricum and A. heldreichii, and the Asian A.
japonicum (Heitland and Schlinsog, unpublished data). For unknown reasons, larvae usually
failed to pupate. Strong intra-specific variations were observed with several Acer species, i.e.
larvae developing well in some individual trees and not at all in others. Similar observations
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Table 1. Parasitoids of C. ohridella found in the Balkans in natural horse-chestnut stands and plantations
(Grabenweger et al. 2005) and in Austria and Switzerland by the same investigators (Girardoz,
Kenis and Quicke, submitted; Grabenweger 2003; Grabenweger and Lethmayer 1999). X = rare;
XX = common; XXX = dominant.

Balkans-
Natural stands

Balkans-
Plantations

Austria-
Switzerland

Eulophidae

Baryscapus nigroviolaceus (Nees) XX XX X

Chrysocharis nephereus (Walker) XX XX XX

C. pentheus (Walker) X X

C. phryne (Walker) XX

Cirrospilus elegantissimus Westwood X

C. pictus (Nees) X

C. variegates (Masi) X

C. viticola (Rondani) XX XX X

C. vittatus (Walker) X X

C. talitzkii (Boucek) X X

Closterocerus lyonetiae (Ferriere) X X

C. trifasciatus Westwood XX XX XX

Elachertus inunctus Nees X X

Minotetrastichus frontalis (Nees) XX XX XXX

Neochrysocharis chlorogaster (Erdos) X X

Pediobius saulius (Walker) XXX XXX X

Pnigalio agraules (Walker) X XX XX

P.pectinicornis (L.) X X X

Sympiesis sericeicornis (Nees) X X

Eupelmidae

Eupelmus urozonus (Dalman) X X X

Pteromalidae

Pteromalus semotus (Walker) X X X

Braconidae

Colastes braconius (Haliday) X X

Ichneumonidae

Itoplectis alternans (Gravenhorst) X

Scambus annulatus (Kiss) X X X
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are made in the field in Europe. Most maple trees are apparently resistant to C. ohridella, but
fully-grown mines are occasionally found on A. pseudoplatanus and, rarely, on A. platanoides,
in which case the tree is usually heavily attacked. Further screening tests are presently being
continued with the same and other Acer species.

SURVEYS

Surveys have been carried out in potential regions of origin. Two methods have been used:
visual inspections of potential host trees and set up of pheromone traps. Surveys have been
primarily focused on Aesculus spp., but other trees have been inspected to collect Cameraria
spp. for molecular studies (see below). The regions and Aesculus spp. that have been investi-
gated (as in April 2005) are listed in Table 2. At least 13 Aesculus spp. are clearly identified in
the world, five in Asia, seven in North America and one in Europe. Six additional species
have been described from China, but they are nearly indistinguishable from previously de-
scribed species and their recognition remains tentative (Xiang et al. 1998). Most of the 13
Aesculus spp. have already been inspected, albeit not all extensively. C. ohridella was not
found, but other Cameraria spp. were collected on A. turbinata in Japan, A. flava and A.
parviflora in U.S.A. (M. Kenis, G. Grabenweger and C. Lopez Vaamonde, unpublished data).

Surveys were also made in Greece and Bulgaria, in regions where A. hippocastaneum is
endemic, to check for the presence of C. ohridella on Acer spp. The following Acer species
were inspected: A. heldreichii, A. hyrcanum, A. monspessulanum, A. obtusatum, A, platanoides,
A. pseudoplatanus and A. tataricum. No mines were found on any Acer species. A network of
pheromone traps placed in Greece on Acer spp., far from infested horse-chestnut trees, did
not catch any C. ohridella (N. Avtzis, unpublished data).

MOLECULAR STUDIES

Molecular analyses may help locating the area of origin of C. ohridella in various ways. Firstly,
the genetic variability of European populations can be assessed to describe the phylogeography
of the moth in Europe and, especially, to evaluate if European populations come from a single
introduction. In other words, a genetic homogeneity in European populations would suggest
a non-European origin. Preliminary analyses using isozymes (Perny, 1997) and RAPD-PCR
(Kovács et al. 2000) showed very little variability among central European populations. How-
ever, investigations using additional genetic methods (i.e., AFLPs) and including populations
from natural horse-chestnut populations in the Balkans are needed before drawing firm con-
clusions regarding the genetic variability of European populations.

Molecular techniques can also be used to reconstruct the phylogeny of the genus
Cameraria. Knowing where, and on which host tree the sister species of C. ohridella occurs
would be of tremendous help in the search for the area, and tree of origin of the pest. Lopez
Vaamonde et al. (2003) studied the evolution of host plant use of Phyllonorycter, the genus
most closely related to Cameraria. They used the molecular phylogeny of the moths to re-
construct the ancestral host use and different host switches. The main result was that closely
related Phyllonorycter species often feed on closely related host plant species, regardless of
their geographic distribution. This is interpreted as due to host switching (colonization fol-
lowed by speciation) being more likely to happen amongst phylogenetically related plants. A



______________________________________ Biological Control of Horse-Chestnut Leaf Miner in Europe

Second International Symposium on Biological Control of Arthropods

83

similar phylogenetic study is presently being carried out with the genus Cameraria. The nuclear
gene 28S rDNA (D1-D3 expansion regions) is used to reconstruct a combined molecular
phylogeny at species level. Over 30 species have already been collected both in North America
(U.S.A. and Mexico) and Asia (Japan and China) on several tree and shrub species, including
Aesculus spp. and Acer spp. If Cameraria’s host range shows a similar phylogenetic conserva-
tism as Phyllonorycter, we can expect a molecular phylogeny where Cameraria species clus-
ter according to their host plant group. Thus, if A. hippocastanum is the original host plant of
the latter moth species and not the result of a recent colonization event, we would expect to
obtain a clade of Aesculus -feeding Cameraria spp. including Cameraria ohridella. The analy-
ses are presently on-going, but preliminary results show that C. ohridella is genetically very
distinct from two Asian and North American Cameraria spp. collected on Aesculus spp. In
contrast, it clusters with another species, probably Cameraria niphonica Kumata, feeding on
Acer palmatum and A. japonicum in Japan and A. pseudosieboldianum in China.

Table 2. Visual surveys and pheromone trapping for Cameraria spp. on Aesculus spp. (M. Kenis, G.
Grabenweger and C. Lopez Vaamonde, unpublished data) and host suitability for C. ohridella in
screening tests (Freise et al. 2003a,b). Only the 13 traditional Aesculus spp. of Hardin (in Xiang,
1998) are mentioned here.

Aesculus sp. Region Level of
Surveys

Pheromone
Trapping

Host
Suitabilty3

Cameraria
sp. Found1

A. turbinata Japan high yes yes yes

A. wilsonii Central China medium yes not tested no

A. chinensis China medium yes no no

A. indica Himalaya high yes no no

A. assamica South-East Asia none no no -

A. flava Eastern USA medium yes (yes) yes2

A. glabra Eastern & Central USA low no yes no

A. parviflora Eastern USA high no no yes2

A. sylvatica Eastern USA none no (yes) -

A. pavia Eastern USA medium no no no

A. parryi Baja California medium no not tested no

A. californica California high no no no

A. hippocastanum South-East Europe high yes yes yes

1Cameraria sp. found during visual surveys. No Cameraria sp. has been caught with pheromone traps.
2It is not yet clear whether the same Cameraria sp. was found on A. flava and A. parviflora. Cameraria
aesculisella is known from A. flava and A. glabra.
3Host suitability: yes = at least 20% of C. ohridella reaching the adult stage; (yes) 5-20% reaching the
adults stage; no = less than 1% of the mines reaching the adult stage.
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DISCUSSION

LOCATING AREA AND HOST OF ORIGIN

Finding the area and host of origin of C. ohridella remains a challenge and no option can yet
be discarded. The moth could originate (1) from Aesculus hippocastanum in the Balkans; (2)
from another host genus in the Balkans; (3) from another Aesculus sp. in Asia or North America;
(4) from another host genus in a non-European region. However, our investigations described
above allow us to better evaluate these possibilities and to narrow our future surveys.

FROM A. HIPPOCASTANUM IN THE BALKANS

Although this solution cannot be totally ruled out, it is probably the least likely. The dra-
matic increase in population densities of a previously undetected insect still needs to be ex-
plained. Furthermore, our surveys confirmed that natural, endemic horse-chestnut stands in
the Balkans are also seriously affected and that parasitism in these stands is as low as else-
where in Europe. This situation strongly suggests an “unnatural host-herbivore association”.
The best way to verify whether A. hippocastanum is the original host tree of C. ohridella
would be to perform molecular analyses to measure the genetic heterogeneity of moth popu-
lations in natural horse-chestnut stands in the Balkans.

FROM ANOTHER HOST PLANT IN THE BALKANS

A host-shift from another host plant could partly explain the persistent outbreak popula-
tions, limited parasitism and sudden spread in Europe. However, the original host remains to
be found. The lepidopteran fauna of the Balkans is relatively well known, and the moth has
never been observed on any plant species before its first record on horse-chestnut in the
1980s. The only other plant genus which is suitable for the development of C. ohridella is
Acer, which is also the closest relative to Aesculus in Europe. All Acer species occurring in the
Balkans have been checked for C. ohridella, without success. Dramatic host-shifts have been
reported from many insects, including gracillariid leaf miners. For example, Phyllonorycter
messaniella (Zeller), a polyphagous European leaf miner largely increased its host range to
other families when introduced in New Zealand (Wise 1953). Similarly, the Californian spe-
cies Marmara gulosa Guillén and Davis apparently expanded its host range from native wil-
lows to various introduced plants such as citrus, avocado, cotton and oleander (Guillén et al.
2001). However, host-shift in insects usually occurs when an insect encounters a new plant,
i.e. when either the plant or the insect is exotic. Since A. hippocastanum is endemic to the
Balkans, a host-shift would be more conceivable if C. ohridella was exotic. Nevertheless, to
verify the hypothesis of another original host plant in the Balkans, networks of pheromone
traps could easily be set up in various environments.

FROM ANOTHER AESCULUS SP. IN ASIA OR NORTH AMERICA

This option remains plausible although host screening tests and surveys have seriously lim-
ited the possible host trees. Aesculus turbinata, the sister-species of A. hippocastanum (Xiang
1998) was also the most suitable alternative host for C. ohridella in our screening tests. How-
ever, despite extensive surveys in Japan, C. ohridella was not found. Other Asian Aesculus
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spp. are apparently unsuitable for the development of the moth, and surveys in China and
Pakistan also remained unsuccessful. Among the North American species, three species are
suitable hosts for C. ohridella: A. sylvatica, A. glabra and A. flava. A. sylvatica has a very
limited distribution in south-eastern U.S.A. and has never been checked for C. ohridella. A.
glabra has not yet been surveyed extensively and has a large geographic range. Aesculus spp.
are rather insignificant tree and shrub species in North America and their fauna has rarely
been studied. Therefore, a rare, specific leaf miner may have remained undetected. Additional
surveys should focus on these three species.

FROM ANOTHER HOST GENUS IN A NON-EUROPEAN REGION

The low probability that C. ohridella originates from the Balkans and the limited number of
Aesculus spp. that remain plausible hosts of origin have made this hypothesis more likely.
Acer has been sometimes cited as potential host genus of origin (e.g., Hellrigl, 2001) and it is
indeed the most likely. Acer pseudoplatanus and A. platanoides are, until now, the only two
non-Aesculus species that are occasionally attacked in Europe. Screening tests showed that C.
ohridella oviposits on most tested Acer spp. and develops at least to mature larvae on a few of
them. Furthermore, preliminary results of the phylogenetic study of the genus Cameraria
suggest that the sister species of C. ohridella feeds on Acer spp. in China and Japan. Based on
recent phylogenetic studies, Acer and Aesculus are now both placed in the family Sapindaceae
(APG 1998) a family which comprises mainly tropical and sub-tropical genera. Considering
that overwintering C. ohridella pupae are easily able to survive low winter temperatures in
eastern and northern Europe, it can reasonably be expected that C. ohridella originates from
a temperate region. Thus, most other members of the Sapindaceae family can be discarded.
Interestingly, during our surveys in Japan, another Cameraria sp. has been found mining
both Aesculus turbinata and Acer mono, suggesting that the switch from Aesculus to Acer and
vice-versa is possible. Nevertheless, host-shifts such as those of Phyllonorycter messaniella
and Marmara gulosa show that phyllogenetically unrelated hosts can sometimes be adopted.
Thus, other host genera in other families cannot be excluded for C. ohridella. Surveys should
be carried out in temperate regions in the distribution range of Cameraria spp., i.e. North
America and East or Central Asia. Considering that the Lepidopteran fauna, particularly that
of Acer spp., is quite well known in North America and Japan, surveys should focus prima-
rily on China and other rather unexplored countries.

PROSPECTS FOR FINDING SUITABLE BIOLOGICAL CONTROL AGENTS

If the area of origin of C. ohridella is found outside Europe, studies on its natural enemies
should be carried out in this region to select biological control agents, probably parasitoids,
to be introduced into Europe. If it appears that the moth originates from the Balkans, or if the
area of origin remains undiscovered, an alternative would be to look for parasitoids of other
Cameraria spp. (Kenis 1997). Studies should focus either on other Cameraria spp. on Aesculus
spp. or on the sister species, C. ? niphonica feeding on Acer spp. in China and Japan. How-
ever, whatever the source of parasitoids, it is not certain that suitable species will be found for
introduction into Europe. Nowadays, natural enemies used in classical biological control
have to show a high degree of host specificity, to avoid non-target effects in the region of
introduction (Kuhlmann and Mason 2003). Gracillariid leaf miners are known to be attacked
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mainly by polyphagous parasitoids (Askew 1994). No other Cameraria species occurs in
Europe and, thus, a parasitoid specific at genus level would be acceptable. Similarly, since no
native leaf miner occurs on horse-chestnut in Europe, a parasitoid that would be specific to
leaf miners on Aesculus spp. would be suitable as well. Parasitoid complexes of Cameraria
spp. are poorly known. Literature data are lacking for Asian species and scarce for North
American species, usually with little or no information on parasitism rates or host specificity.
Host-parasitoid data bases such as those of Krombein et al. (1979), Yu (1999) or Noyes (2002)
provide useful reviews, but are poor information sources for parasitoid host range because
they include unchecked literature records which are full of errors in parasitoid or host identi-
fication and wrong host-parasitoid associations. Among the 46 parasitoid species recorded
from Cameraria spp. in these reviews, only seven are not recorded from another host genus
(Table 3). Many genera, however, are typical koinobiont endoparasitoids: Mirax, Phanomeris,
Orgilus (Braconidae), Ageniaspis, Copidosoma (Encyrtidae), Achrysocharoides (Eulophidae).
Most of these are surely more host specific than the usual idiobiont leaf miner parasitoids.
These genera are not represented in the parasitoid complex of C. ohridella in Europe.

Besides C. ohridella, the only other Cameraria species that has been the target of a
specific study on its parasitoid complex is C. caryaefoliella (Clemens), a minor pest of pecan
in North America. Heyerdahl and Dutcher (1985) listed 22 parasitoid species attacking C.
caryaefoliella. More interestingly, they collected, with C. caryaefoliella, three other pecan leaf
mining moths, the nepticulid Stigmella juglandifoliella (Clemens), the heliozelid Coptodisca
lucifluella Clemens and the gracillariid Phyllonorycter caryaealbella (Chambers). Seven of the
22 parasitoids found on C. caryaefoliella were found only on this host, among which three
were qualified as “common”: the encyrtid Copidosoma sp., and the eulophids Achrysocharoides
bipunctatus (Girault) and Pnigalio sp. nr. pallipes (Heyerdahl and Dutcher 1985). This sug-
gests that parasitoids of Cameraria spp. may be more specific than indicated in the parasitoid
lists as those presented in Table 3.

Few publications mention parasitism rates data on the impact of natural enemies on the
control of Cameraria spp. Heyerdahl and Dutcher (1990) measured mean parasitism rates of
24-34% and 14-42% in larvae and pupae of C. caryaefoliella, respectively. Faeth (1980) found
a parasitism rate of 48% in an undescribed Cameraria sp. on oak and Connor (1991) mea-
sured 22 to 55% apparent parasitism in C. hamadryadella (Clemens) on four different oak
species. These parasitism rates are higher than those observed on C. ohridella. Furthermore,
they probably underestimated the impact of parasitism in the Cameraria populations. Faeth
(1980) and Connor (1991) noted that the total larval and pupal mortality was 94-100%, pre-
dation and “unknown” mortality being mentioned as other main mortality factors. As noted
by Connor (1991), high predation rates mask or reduce the estimated rate of parasitism be-
cause predators prey as well on parasitized mines. Furthermore, unknown mortality prob-
ably includes host feeding and pseudoparasitism, as observed by Heyerdahl and Dutcher
(1990).

Hardly anything is known of parasitism of Cameraria spp. in Asia. In our recent sur-
veys, we made opportunistic observations on parasitism in C. ? niphonica on Acer spp. in
China and Japan and a Cameraria sp. on Aesculus turbinata and Acer mono in Japan. Based
on emergence data only, parasitism of C. ? niphonica was 92% (n=26) in China and 62 %
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(n=52) in Japan, whereas parasitism of Cameraria sp. in Japan was 76% (n=21) (Kenis, un-
published data). Parasitism was equally shared between braconids and eulophids. These num-
bers have to be taken with great caution because mortality in rearing was high and probably
affected more the hosts than the parasitoids. Nevertheless, these data and the previously cited
American publications clearly show that parasitism is more important on native Cameraria
spp. than on C. ohridella in Europe. The exact role of parasitism on the population dynamics
of Cameraria spp. in their native range is not known but we believe that parasitoids are at
least partly responsible for the lower population levels compared to C. ohridella. Life table
studies have been carried out for C. ohridella in Switzerland and Bulgaria, which include
assessments of the respective mortality factors on the different developmental stages (Girardoz,
Tomov and Kenis, in preparation). Similar studies should be made on native Cameraria spp.
to better understand the factors causing the long-lasting outbreaks observed in Europe.

ACKNOWLEDGEMENTS

This project is a collaborative work between several teams. In addition to the authors of the
paper, many more colleagues and students participated surveys, collections, laboratory work,
placement of pheromone traps in various regions of the world, and parasitoid identification.
They are too numerous to be cited here but are all warmly thanked. We also thank Mathew
Cock for his comments on the manuscript. This study was funded by the European Commis-
sion and the Swiss Federal Office for Education and Science, as part of the FP5 project
CONTROCAM, QLK5-CT-2000-01684.

REFERENCES

APG. 1998. An ordinal classification for the families of flowering plants. Annals of the
Missouri Botanical Garden 85, 531 553.

Askew, R. R. 1994. Parasitoids of Leaf-Mining Lepidoptera: What determines their Host
Range? In “Parasitoid Community Ecology” (B. A. Hawkins and W. Sheehan, Eds.), pp.
177-202 . Oxford University Press, Oxford.

Avtzis, N. and Avtzis, D. 2003. Cameraria ohridella Deschka & Dimic (Lep.:
Gracillariidae): A new pest on Aesculus hippocastanum in Greece. Mitteilungen aus der
Biologischen Bundesanstalt für Land- und Forstwirtschaft 394, 199-202.

Balder, H., and Jäckel, B. 2003. Die Kastanienminiermotte und mögliche
Gegenmassnahmen. Stadt + Grün 5, 44-49.

Balder, H., Jäckel, B., and Schmolling, S. 2004. Effects of the horse chestnut leaf-miner
Cameraria ohridella Deschka & Dimic on the frost hardness of Aesculus hippocastanum
L. In “Proceedings of the 1st International Cameraria symposium – Cameraria ohridella
and other invasive leaf-miners in Europe”. March 24-27, 2004., p. 4, IOCB Prague (ab-
stract).



Second International Symposium on Biological Control of Arthropods

Kenis et al. ___________________________________________________________________________________

88

Connor, E. F. 1991. Colonization, survival, and causes of mortality of Cameraria
hamadryadella (Lepidoptera: Gracillariidae) on four species of host plants. Ecological
Entomology 16, 315-322.

Deschka, G., and Dimic, N. 1986. Cameraria ohridella n. sp. aus Mazedonien, Jugoslawien
(Lepidoptera, Lithocelletidae). Acta Entomologica Jugoslavica 22, 11-23.

Digweed, S. C., McQueen, R. L., Spence, J. R., and Langor, D. W. 2003. Biological control
of amber-marked birch leafminer, Profenusa thomsoni (Hymenoptera: Tenthredinidae),
in Alberta. Northern Forestry Centre Information Report NOR-X-389, Natural Re-
sources Canada, Canadian Forest Service, Edmonton, AB.

Faeth, S. H. 1980. Invertebrate predation of leaf-miners at low densities. Ecological Ento-
mology 5, 111-114.

Freise, J., Heitland, W., and Tosevski, I. 2002. Parasitism of the horse-chestnut leaf miner,
Cameraria ohridella Deschka and Dimic (Lep., Gracillariidae), in Serbia and Macedonia.
Anzeiger für Schädlingskunde 75, 152-157.

Freise, J. F., Heitland, W., and Sturm, A. 2003a. Das physiologische
Wirtspflanzenspektrum der Rosskastanien-Miniermotte, Cameraria ohridella Deschka &
Dimic (Lepidoptera: Gracillariidae). Nachrichtenblatt des Deutschen
Pflanzenschutzdienstes 55, 209-211.

Freise, J. F., Heitland, W., and Sturm, A. 2003b. Das Wirtspflanzenspektrum der
Roßkastanien-Miniermotte, Cameraria ohridella Deschka & Dimic (Lepidoptera:
Gracillariidae), einem Schädling der Roßkastanie, Aesculus hippocastanum. Mitteilungen
der Deutschen Gesellschaft fur Allgemeine und Angewandte-Entomologie 14, 351-354.

Freise, J. F., and Heitland, W. 2004. Bionomics of the horse-chestnut leaf miner Cameraria
ohridella Deschka & Dimic 1986, a pest on Aesculus hippocastanum in Europe (Insecta:
Lepidoptera: Gracillariidae). Senckenbergiana Biologica 84, 1-20.

Gilbert, M., Grégoire, J.-C., Freise, J. F., and Heitland, W. 2004. Long-distance dispersal
and human population density allow the prediction of invasive patterns in the horse
chestnut leafminer Cameraria ohridella. Journal of Animal Ecology 73, 459-468.

Grabenweger, G. 2003. Parasitism of different larval stages of Cameraria ohridella.
Biocontrol 48, 671-684.

Grabenweger, G., and Grill, R. 2000. On the place of origin of Cameraria ohridella
Deschka & Dimic (Lepidoptera: Gracillariidae). Beiträge zur Entomofaunistik 1, 9-17.

Grabenweger, G., Avtzis, N., Girardoz, S., Hrasovec, B., Tomov, R., and Kenis, M. 2005.
Parasitism of Cameraria ohridella (Lepidoptera, Gracillariidae) in natural and artificial
horse-chestnut stands in the Balkans. Agricultural and Forest Entomology, in press.

Guillén, M., Davis, D. R., and Heraty, J. M. 2001. Systematics and biology of a new,
polyphagous species of Marmara (Lepidoptera: Gracillariidae) infesting grapefruit in the
Southwestern United States. Proceedings of the Entomological Society of Washington 103,
636-654.



______________________________________ Biological Control of Horse-Chestnut Leaf Miner in Europe

Second International Symposium on Biological Control of Arthropods

89

Heitland, W., Kopelke, J. P., and Freise, J. 2003. Die Roßkastanien-Miniermotte - 19 Jahre
Forschung und noch keine Lösung in Sicht? Natur und Museum 133, 221-231.

Hellrigl, K. 2001. Neue Erkenntnisse und Untersuchungen über die Rosskastanien-
Miniermotte Cameraria ohridella Deschka & Dimic, 1986 (Lepidoptera, Gracillariidae).
Gredleriana 1, 9-81.

Heyerdahl, R. H., and Dutcher, J. D. 1985. Hymenopterous parasitoids of Pecan
leafminers. Journal of Entomological Science 20, 411-421.

Heyerdahl, R. H., and Dutcher, J. D. 1990. Seasonal abundance and overwintering mortal-
ity in populations of lepidopterous leafminers of Pecan. Journal of Entomological Science
25, 394-408.

Holzschuh, C. 1997. Woher kommt die Roßkastanienminiermotte wirklich? Forstschutz
Aktuell 21, 11-12.

Kehrli, P., and Bacher, S. 2003. Date of the leaf litter removal to prevent emergence of
Cameraria ohridella in the following spring. Entomologica Experimentalis et Applicata
107, 159-162.

Kehrli, P., Lehmann, M., and Bacher, S. 2005. Mass-emergence devices: a biocontrol tech-
nique for conservation and augmentation of parasitoids. Biological control 32, 191-199.

Kenis, M. 1997. Möglichkeiten einer biologischen Kontrolle von Cameraria ohridella mit
eingeführten natürlichen Feinden. Forstschutz Aktuell 21, 27-29.

Kovács, Z., Stauffer, C., and Lakatos, F. 2000. Genetic study on the spreading of Cameraria
ohridella (Deschka et Dimic 1986, Lep. Lithocolletidae) in Europe. Növényvédelem 36,
288-290 (in Hungarian).

Krombein, K. V., Hurd, P. D. Jr., Smith, D. R. and Burks, B. D. (Eds) 1979. Catalogue of
Hymenoptera in America North of Mexico 1, 970-971 Smithsonian Institute Press,
Washington, D.C.

Lopez Vaamonde, C., Cook, J. M., and Godfray, H. C. J. 2003. Evolutionary dynamics of
host plant utilisation in a genus of leaf-mining moths. Evolution 57, 1804-1821.

Noyes, J. S. 2002. “Interactive Catalogue of World Chalcidoidea 2001.” CD ROM.
Taxapad, Vancouver, Canada.

Perny, B.  1997. Erste Ergebnisse populationsgenetischer Untersuchungen von Cameraria
ohridella [First results of isozymes analysis of Cameraria ohridella (D&D)]. Forstschutz
Aktuell 21, 13-15.

Pschorn-Walcher, H. 1994. Freiland-Biologie der eingeschleppten Roßkastanien-
Miniermotte Cameraria ohridella Deschka and Dimic (Lep., Gracillariidae) im
Wienerwald. Linzer biologische Beiträge 26, 633-642.

Salleo, S., Nardini, A., Raimondo, F. , Assunta Lo Gullo, M. , Pace, F., and Giacomich, P.
2003. Effects of defoliation caused by the leaf miner Cameraria ohridella on wood pro-
duction and efficiency in Aesculus hippocastanum growing in north-eastern Italy. Trees
17, 367-375.



Second International Symposium on Biological Control of Arthropods

Kenis et al. ___________________________________________________________________________________

90

Simova-Tosic, D., and Filov, S 1985. “Contribution to the horsechestnut miner.”  Zastita
Bilja 36, 235-239 (in Serbo-Croat).

Thalmann, C. 2003. “Effects of Defoliation by Horse Chestnut Leafminer (Cameraria
ohridella) on its Host Aesculus hippocastanum”. Ph.D. thesis, Univerity of Bern, Switzer-
land.

Urbaneja, A., Llácer, E., Tomás, O., Garrido, A., and Jacas J. A. 2000. Indigenous natural
enemies associated with Phyllocnistis citrella (Lepidotera: Gracillariidae) in eastern Spain.
Biological Control 18, 199-207.

Wise, K. A. J. 1953. Host plants of Lithocolletis messaniella. New Zealand Journal of Sci-
ence and Technology 35, 172-174.

Xiang, Q. Y., Crawford, D. J., Wolfe, A. D., Tang, Y. C., and DePamphilis, C. W. 1998.
Origin and biogeography of Aesculus L. (Hippocastanaceae): a molecular phylogenetic
perspective. Evolution 52, 988-997.

Yu, D. S. 1999 “Interactive Catalogue of World Ichneumonidae 1998.” CD ROM.
Taxapad, Vancouver, Canada.




