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Abstract. Performance of the invasive horse-chestnut leaf miner, Cameraria ohridella Deschka & Dimic, 1986 (Lepidoptera:
Gracillariidae), was studied on two host plants: the white-flowering horse-chestnut Aesculus hippocastanum L. and the Ohio
buckeye Aesculus glabra Willd. C. ohridella developed successfully on both host plants; however, mine density and survival were
much higher on A. hippocastanum than on A. glabra. The pupal mass and potential fecundity were strongly affected by the host
plant on which the larvae fed. On A. hippocastanum pupae were significantly heavier and females more fecund than those on A.
glabra. Furthermore, on both host plants there was a significant positive correlation between the number of oocytes in ovaries and
pupal body mass, and as a consequence, heavier females produced more eggs. Our study demonstrates that the mine density,
survival, pupal mass and potential fecundity were significantly lower on A. glabra than on A. hippocastanum. The observed lower
performance of C. ohridella on the exotic host plant was assumed to be due to its poor food quality (nutritional and chemical

composition).

INTRODUCTION

Performance of herbivorous insects (e.g. development
time, survival, pupal mass, fecundity) is strongly affected
by the quality of the host plant upon which they feed (Aw-
mack & Leather, 2002; Wetzel et al., 2016). Phylogeneti-
cally related plants are more likely to be similar in struc-
tural, chemical and nutritional traits, and therefore novel
host plants are suitable for colonization if they are related
to the native host (Connor at al., 1980; Odegaard et al.,
2005; Pearse & Hipp, 2009; Bertheau et al., 2010; Ness et
al., 2011). However, in some cases remarkably distantly re-
lated novel host plants may be utilized (Ronquist & Lilje-
blad, 2001).

The horse-chestnut leaf miner, Cameraria ohridella
Deschka & Dimic, 1986 (Lepidoptera: Gracillariidae), is
a small leaf-mining moth of Balkan origin (Valade et al.,
2009; Lees et al., 2011) that has spread rapidly into most
European countries (Sefrova & Lastaivka, 2001; Augus-
tin et al., 2009). In 1998 this species was recorded for the
first time in Southern Poland (Labanowski & Soika, 1998;
Wittenberg, 1998), since when it has spread all over this
country. In Poland this species has three generations per
year, and the last one overwinters in the pupal stage in dead
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leaves. The larvae of the first generation appear from the
end of May to the end of June, those of the second genera-
tion from the middle of July to the middle of August, and
those of the third generation from September to the middle
of October (Baraniak et al., 2005). Its main host plant is
the white-flowering horse-chestnut Aesculus hippocasta-
num L. (Sapindaceae), which is native to Southeastern Eu-
rope and is a popular urban-tolerant tree widely cultivated
in parks and along streets throughout the temperate zone.
C. ohridella can also attack and develop on some other
species of Aesculus (Grabenweger & Grill, 2000; Freise,
2001) and occasionally on Acer pseudoplatanus L. (Pere
et al., 2010). Host suitability for the leaf miner is likely
associated with the phylogenetic distance between species
of the genus Aesculus (Straw & Tilbury, 2006; D’Costa
et al., 2013). Two species in the section Aesculus, A. hip-
pocastanum and the Japanese horse-chestnut 4. turbinata
Blume, are the most heavily infested. In contrast, species
belonging to the sections Macrothyrsus and Calothyrsus
are highly resistant. North American species belonging to
the section Pavia show varying degrees of infestation, with
a low or intermediate percentage of the larvae reaching the
pupal or adult stages (Freise, 2001; D’Costa et al., 2013).
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In subsequent studies, D’Costa et al. (2014) investigated
the influence of physical and chemical leaf traits on the
leaf miner’s preference and performance on its original and
four exotic host plants. This study shows that C. ohridella
laid eggs on all the hosts studied; however, only on A4. Aip-
pocastanum and A. turbinata, which have very similar leaf
traits, did it complete its development and have a similar
performance. This study also indicates that leaf tough-
ness, which is similar in 4. flava Aiton, A. chinensis Bunge
and A. indica (Wall. ex Camb.), may be one of the factors
responsible for the reduced performance on these exotic
hosts.

The current study focuses on the performance of C.
ohridella on two host plants: A. hippocastanum and A.
glabra Willd. An earlier study (Freise, 2001) has shown
that A. glabra is the most suitable host among the species
in the section Pavia, and on which the leaf miner can de-
velop to the adult stage. However, no previous study has
compared survival, pupal mass and fecundity on these
hosts. Because these host plants belong to different evo-
lutionary lineages within the same genus (Harris & Xiang,
2009; Harris et al., 2009, 2016) we hypothesized that they
are presumably more different in their chemical and nutri-
tional traits, and therefore the leaves of A. glabra are likely
to be of a lower quality for the leaf miner. Consequently,
we predict that the performance of C. ohridella on the ex-
otic will be poorer than on its original host plant.

MATERIALS AND METHODS

Study site

The study was carried out at the Kornik Arboretum of the Insti-
tute of Dendrology of the Polish Academy of Sciences (western
Poland, 52°14°30"N, 17°05°44"E), which is the oldest arboretum
in Poland. The collection contains about 3,000 species and varie-
ties of trees and shrubs originating from temperate climate zones
in the Northern Hemisphere. In this arboretum, we recorded C.
ohridella for the first time in autumn 1999.

Host plants

We chose two Aesculus species for this study, both are not na-
tive to Poland. The white-flowering horse-chestnut, 4. hippocast-
anum (section Aesculus), is indigenous to Greece and the central
Balkan Peninsula and has been introduced throughout Europe and
North America. It was one of the first ornamental trees of foreign
origin introduced into Poland, where it has been planted since the
17th century. The Ohio buckeye, 4. glabra (section Pavia), is na-
tive to Southeastern and Central North America and is occasion-
ally planted as an ornamental in Europe (Seneta & Dolatowski,
2004).

Assessment of performance

Only two out of 8 specimens of 4. glabra, present in the col-
lection of Kornik Arboretum, were infested by horse chestnut leaf
miner in 2003. All the specimens are of similar age and grow a
short distance from each other. One tree was moderately infested,
while on another we observed only a few mines. Therefore, in
May 2003 only one specimen of 4. glabra, and one nearby speci-
men of A. hippocastanum were selected for study. In 2008, still
only two specimens of A. glabra were infested, and both were
moderately infested. Consequently, two A. glabra trees and the
three nearest 4. hippocastanum trees were chosen for study. On
27 May 2003 and on 25-27 May 2008 from each tree we chose
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the first 5 encountered compound leaves (25 leaflets per tree) with
at least a single mine of first generation larvae of C. ohridella.
Leaves were marked with tape for later identification, and the po-
sition of the mines on the leaves was noted. All the marked first
generation larvae were followed until death or the emergence of
an adult. Then leaves were removed and each mine was assigned
to one of the following categories (Connor, 1991; slightly modi-
fied): (1) successful emergence (presence of emergence hole or
pupal exuvium), (2) preyed upon (predation by birds or arthro-
pods), (3) parasitized (presence of emergence hole, larva, pupa or
pupal exuvium of parasite) or host fed (the dead, flattened larva
of the leaf miner adhering to the inner surface of the mine), or (4)
dead of other causes (i.e., chemical unsuitability of the host plant,
bacterial and fungal death, or intra-specific competition). The sur-
face area of each mine was estimated using a transparent millim-
eter grid. In the next step the area of the leaflets of each monitored
leaf was measured using ImagelJ software (http://imagej.nih.gov/
ij/), and mine density was estimated (number of mines per square
centimeter of leaf area).

On 30 June 2015 from each tree (3 A. hippocastanum and 2 A.
glabra) we randomly collected samples of 100 leaves infested
with C. ohridella (first generation). In the laboratory the leaves
were dissected and pupae were isolated and sexed under the stere-
omicroscope according to Freise & Heitland (1999). A maximum
of 5 pupae were dissected per leaflet. Female pupae were weighed
on a Sartorius semi-micro balance (CPA225D-0CE) to an accu-
racy of 0.00001 g. Then the pupae were individually transferred
to glass vials that were closed with small pieces of sponge and
stored at room temperature. Females were frozen within a day of
emergence, pinned in a Petri dish coated with a Sylgard silicone
elastomer and then dissected under Ringer’s solution. Ovaries
were stained with a 0.5% solution of Evans blue in Ringer’s solu-
tion, and the number of oocytes in the ovaries counted.

Data processing and analysis

Several parameters of the two host plant species were com-
pared: (a) density of mines on leaflets; (b) survival of the moth
from larva to adult stage; (c) body mass of female pupae of the
first generation, and (d) potential fecundity of females of the first
generation in terms of the number of oocytes.

The density of mines was calculated for each leaflet, consist-
ing of each leaf studied and expressed as the number of mines
per square centimeter. To test the differences between the host
species, a generalized linear mixed model (GLMM; Bolker et al.,
2009) with Gamma distribution and log link function was used.
Because the data from the individual leaflets are not independent,
the hierarchical structure of the data (tree — leaf — leaflet) was
included in the model, with the tree species and year as fixed fac-
tors and the tree ID and leaf ID as random effects included in the
model to account for the spatial dependence of the data collected.
The survival of the moth from larva to adult was also compared
between the host species by using a GLMM but with a bino-
mial distribution and logit link function. Similar to the density
analysis, the hierarchical structure of the data was included in the
model, with the tree species, year and density of mines per leaflet
as fixed factors and the tree ID and leaf ID as random effects.

The comparisons between the different species of host plant
in terms of pupal body mass and potential fecundity, expressed
as the number of oocytes, were performed using Student’s 7 test
for independent samples and Bonferroni correction was applied
to adjust alpha values for the increased probability of obtaining
statistical significance from multiple testing. Furthermore, the
Fisher-Freeman-Halton Exact test (Freeman & Halton, 1951) was
used to check the differences in the distribution of the different
causes of death in the mines on the two host plants. All calcula-
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Fig. 1. Performance of Cameraria ohridella on its original host plant Aesculus hippocastanum and A. glabra (a) mine density; (b) propor-
tion that survived (from larva to the adult stage); (c) pupal mass; (d) potential fecundity (number of oocytes in ovaries); mean values are
presented with the 95% confidence limits; numbers denote size of samples.

tions were performed using IBM SPSS Statistics for Windows,
Version 24.0 (IBM Corp. Released 2016). Throughout the text,
mean values are presented with 95% confidence limits (CL).

RESULTS

Cameraria ohridella developed successfully on both
host plants, for which 664 mines were recorded on A. hip-
pocastanum and 45 on A. glabra. The mine density calcu-
lated for leaves with at least 1 mine was much higher on 4.
hippocastanum than on A. glabra (GLMM; whole model:
F, ,,=42.03, p <0.001, species: F, ,5,=84.03,p <0.001,
Fig. 1a) and no effect of year was found (F, ,,=1.18,p =
0.279). Furthermore, the survival of the moth was higher
on A. hippocastanum than on A. glabra (GLMM; whole
model: F, , ;=7.35, p <0.001, species: F, , . =21,02, p <
0.001, Fig. 1b), was not affected by the mine density (fixed
coefficient = —-3.52, 95% CL: —4.22-1.72; t = -3.34, p =
0.739) and did not depend on year (F, , = 0.08, p=0.782).
A total of 396 (59.6%, CL: 55.8-63.4, n = 664) larvae on
A. hippocastanum and 7 (15.6%, CL: 6.5-29.5, n = 45) on
A. glabra survived to the adult stage. The distribution of
causes of mortality differed between host plants (Fisher-
Freeman-Halton Exact test, y*= 21.52, df =2, P < 0.001).
In the case of 4. hippocastanum, (n = 268) 13.1% (CL:
9.3-17.7,n=35) of the larvae and pupae died from parasit-
ism and host feeding, 42.2% (CL: 36.2-48.3,n=113) from
predation and 44.8 % (CL: 38.7-50.9, n = 120) from other
causes, whereas in the case of 4. glabra (n = 38), 10.5%
(CL: 2.9-24.8, n = 4) died from parasitism and host feed-

ing, 7.9% (CL: 1.7-21.4, n = 3) from predation and 81.6%
(CL: 65.7-92.3, n = 31) from other causes.

Pupae of the first generation collected from A. hip-
pocastanum were significantly heavier than those from A.
glabra (Student’s t test, t = —14.41, df = 180, p < 0.001,
Fig 1c). The same difference was recorded for potential
fecundity, as the females reared on 4. hippocastanum were
more fecund than those reared on A. glabra (Student’s t
test, t = —12,07, df = 134, p < 0.001, Fig. 1d). Further-
more, on both host plants a significant positive relationship
was found between the number of oocytes in ovaries and
pupal body mass (simple linear regression; 4. glabra: F, ¢
=27.70, p < 0.001, R* = 0.36, y = 8.43 + 17005.81*x; A.
hippocastanum: F, 4= 152.81, p <0.001, R2=10.64,y =
—6.82 + 36066.91*x).

DISCUSSION

According to optimal oviposition theory (Jaenike, 1978;
Thompson, 1988; Gripenberg et al., 2010), female insects
prefer to oviposit on plants that maximize the performance
of their offspring. This could be especially important for
endophagous insects, such as leaf miners and gall makers,
because of their sedentary nature. Pere et al. (2010) and
D’Costa et al. (2013) show that C. ohridella lay eggs on
suboptimal hosts or even on hosts that do not support lar-
val development. However, in both studies, a significantly
greater density of eggs was recorded on A. hippocastanum
than on other hosts, which suggests that females preferen-
tially select the most suitable host. Although we did not

297



Walczak et al., Eur. J. Entomol. 114: 295-300, 2017

study preference, the lower mine density on A. glabra re-
corded in our study, presumably also reflects a lower ten-
dency to oviposit on this exotic plant. Moreover, the actual
density of mines on A. glabra could be even lower as our
results refer to the densities on the leaves tested (with > 1
mine).

Cameraria ohridella was able to develop on both host
plants, A. hippocastanum and A. glabra, however, not
all specimens of A. glabra were infested. These findings
are consistent with previous studies of Freise (2001) and
D’Costa et al. (2013). A possible explanation for the varia-
tion in the susceptibility of A. glabra to C. ohridella could
be genetic diversity in 4. glabra, which has a patchy dis-
tribution in North America (Lim et al., 2002). Such varia-
tion in host suitability could presumably occur even among
introduced populations. Differences in susceptibility to the
leaf miner at the level of individual trees and between cul-
tivars are documented for 4. hippocastanum (Straw & Til-
bury, 2006; Bacovsky et al., 2017).

Our study demonstrates that the survival, pupal mass
and potential fecundity of C. ohridella were significantly
lower on A. glabra than on A. hippocastanum (Figs. 1b,
¢, d). The lower performance of C. ohridella on the ex-
otic host was assumed to be due its poor quality in terms
of food (nutritional and chemical composition). Most for-
est insects suffer a reduction in fitness when feeding on a
novel host tree (Bertheau et al., 2010) because of differ-
ences in plant traits between original and novel hosts (Lef-
fler et al., 2014). However, there are also examples of an
increase in fitness on exotic plants, mainly in polyphagous
insects (Bertheau et al., 2010) because they are probably
capable of detoxifying various allelochemicals (Bernays &
Minkenberg,1997).

In most phytophagous insects survival and the effect of
different mortality factors vary among host plants (e.g.,
Connor, 1991; Berdegue et al., 1996; Heard et al., 2006).
In the case of C. ohridella, the causes of mortality are re-
corded for its original host (e.g., Grabenweger et al., 2005;
Girardoz et al., 2007a, b). Predation by birds and arthro-
pods are reported as the main mortality factor of the leaf
miner on A. hippocastanum (Grabenweger et al., 2005),
which is in accordance with the results of our study. Gi-
rardoz et al. (2007a) believe that predation on leaf miners
may be density-dependent; however, results of research on
other species, Cameraria hamadryadella, do not confirm
this (Connor et al., 1999). Our study showed that on A4.
hippocastanum high mortality of C. ohridella from natural
enemies was accompanied by mortality from other causes,
mostly intra-specific competition. Resource competition
among larvae of the same species is often seen in leaf min-
ers at high densities (Bultman & Faeth, 1986; Connor &
Beck, 1993). On the contrary, very high mortality due to
other causes observed on A. glabra was mostly a result of
host plant chemistry and not intra-specific competition,
because mine density was low. Secondary metabolites
play an important role in plant defense against herbivores
(Wink, 1988; Bennett & Wallsgrove, 1994) and are prob-
ably also responsible for the resistance of some Aesculus
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species to C. ohridella (Bacovsky et al., 2017). For exam-
ple, increased level of polyphenolic compounds, especially
polymeric procyanidins, found in 4. glabra, A. parviflora
Walt. and A. xcarnea H., may explain their lower suscepti-
bility to C. ohridella (Oszmianski et al., 2014, 2015).

We also found that host plants on which larvae fed strong-
ly affected pupal mass and female potential fecundity. The
performance traits recorded on A. glabra were lower than
on A. hippocastanum. In addition, female pupal weight
and potential fecundity of C. ohridella on both host plants
were positively correlated, and as a consequence, heavier
females produced more eggs. In phytophagous insects the
chemical and physical quality of the host plant can affect
fecundity (Awmack & Leather, 2002), and potential fe-
cundity has been shown to be correlated with female body
mass in Lepidoptera (Honek, 1993). However, not only the
number of eggs but also egg size and quality may be influ-
enced by plant quality (Awmack & Leather, 2002; Wetzel
et al., 2016). On low-quality host plants, females may lay a
smaller number of larger eggs, as has been shown for Lepi-
doptera (Wickman & Karlsson, 1989; Karlsson & Wick-
man, 1990; Moreau et al., 2006). Large eggs have higher
hatchability, and offspring hatching from them have higher
survivorship and are often more resistant to environmental
stresses (Fox & Czesak, 2000). Therefore, on suboptimal
host plants, such as A. glabra, C. ohridella may possibly
balance a decrease in fecundity by producing larger eggs,
but this theory requires further investigation.

ACKNOWLEDGEMENTS. We thank T. Bojarczuk (Kérnik Arbo-
retum, Poland) for his help with the plant collection. We are grate-
ful to the Institute of Dendrology of Polish Academy of Sciences
in Kérnik for allowing us to conduct field research there. We also
thank three anonymous referees for detailed and constructive
comments on the manuscript. D. Agassiz (The Natural History
Museum, London, UK) kindly revised the English language. The
research was financially partly supported by the National Science
Centre, Poland (grant no. 2012/07/B/NZ9/01315).

REFERENCES

AuGUSTIN S., GuicHARD S., HEiTLAND W., FREISE J., Svatos A. &
GILBERT M. 2009: Monitoring and dispersal of the invading
Gracillariidae Cameraria ohridella. — J. Appl. Entomol. 133:
58-66.

AwMAck C. & LeatHer S. 2002: Host plant quality and fecundity
in herbivorous insects. — Annu. Rev. Entomol. 47: 817-844.
Bacovsky V., VynnANEk T., HanNACexk P., MERTELIK J. &
SAFRANKOVA 1. 2017: Genetic diversity of chestnut tree in rela-
tion to susceptibility to leaf miner (Cameraria ohridella De-

schka & Dimi¢). — Trees Struct. Funct. 31: 753-763.

Baraniak E., Warczak U. & Zpuniak P. 2005: Appearance and
migration of the horse-chestnut leafminer Cameraria ohridella
in relations to city size and leaf-raking, using the example of
two cities in Western Poland. — J. Pest Sci. 78: 145-149.

BENNETT R.N. & WALLSGROVE R.M. 1994: Secondary metabolites
in plant defence mechanisms. — New Phytol. 127: 617-633.

BEerRDEGUE M., TRUMBLE J.T., HARE J.D. & ReEpAK R.A. 1996: Is
it enemy free space? The evidence for terrestrial insects and
freshwater arthropods. — Ecol. Entomol. 21: 203-217.

BernNays E.A. & MINKENBERG O.P.J.M. 1997: Insect herbivores:
different reasons for being a generalist. — Ecology 78: 1157—
1169.



Walczak et al., Eur. J. Entomol. 114: 295-300, 2017

BertHEAU C., BROCKERHOFF E.G., Roux-MoraBITO G., LIEUTIER
F. & Jacter H. 2010: Novel insect-tree associations resulting
from accidental and intentional biological ‘invasions’: meta-
analysis of effects on insect fitness. — Ecol. Lett. 13: 506-515.

BoiLker B., Brooks M., CLArk C., GEANGE S., POULSEN J., STE-
VENS M. & WHITE J. 2009: Generalized linear mixed models:
a practical guide for ecology and evolution. — Trends Ecol.
Evol. 24: 127-135.

Burtman T.L. & FaetH S.H. 1986: Experimental evidence for in-
traspecific competition in a lepidopteran leaf miner. — Ecology
67: 442-448.

ConNor E.F. 1991: Colonization, survival, and causes of mortal-
ity of Cameraria hamadryadella (Lepidoptera: Gracillariidae)
on four species of host plants. — Ecol. Entomol. 16: 315-322.

Connor E.F. & Beck M.W. 1993: Density-related mortality in
Cameraria hamadryadella (Lepidoptera: Gracillariidae) at epi-
demic and endemic densities. — Oikos 66: 515-525.

Connor E.F., FAeTH S.H., StMBERLOFF D. & OPLER P.A. 1980: Tax-
onomic isolation and the accumulation of herbivorous insects:
a comparison of introduced and native trees. — Ecol. Entomol.
5:205-211.

Connor E.F.,, Yoper J.M. & May J.A. 1999: Density-related pre-
dation by the Carolina chickadee, Poecile carolinensis, on the
leaf-mining moth, Cameraria hamadryadella at three spatial
scales. — Oikos 87: 105-112.

D’Costa L., KoricHEvA J., STRAW N. & Smmmonps M.S.J. 2013:
Oviposition patterns and larval damage by the invasive horse-
chestnut leaf miner Cameraria ohridella on different species of
Aesculus. — Ecol. Entomol. 38: 456—462.

D’Costa L., Simmonps M.S.J., STRAW N., CASTAGNEYROL B. &
KoricHEva J. 2014: Leaf traits influencing preference and larval
performance of Cameraria ohridella on native and novel host
plants. — Entomol. Exp. Appl. 152: 157-164.

Fox C.W. & Czesak M.E. 2000: Evolutionary ecology of progeny
size in arthropods. — Annu. Rev. Entomol. 45: 341-369.

Freeman G.H. & Harton T.R. 1951: Note on exact treatment of
contingency, goodness-of-fit and other problems of signifi-
cance. — Biometrika 38: 141-149.

FrEISE J. 2001: Untersuchungen zur Biologie und Okologie der
Rofkastanien-Miniermotte (Cameraria ohridella Desch. &
Dim. 1986 (Lepidoptera: Gracillariidae). PhD thesis, Tech-
nische Universitdt Miinchen, 216 pp.

FrEISE J. & HertLanDp W. 1999: A brief note on sexual differences
in pupae of the horse-chestnut leaf miner, Cameraria ohridella
Deschka & Dimic (1986) (Lep., Gracillariidae), a new pest in
Central Europe on Aesculus hippocastanum. — J. Appl. Ento-
mol. 123: 191-192.

Grarpoz S., Quicke D.L.J. & Kenis M. 2007a: Factors favouring
the development and maintenance of outbreaks in an invasive
leaf miner Cameraria ohridella (Lepidoptera: Gracillariidae):
a life table study. — Agric. For. Entomol. 9: 141-158.

GrarDOZ S., Tomov R., EscHen R., Quicke D.L.J. & Kent M.
2007b: Two methods of assessing the mortality factors affect-
ing the larvae and pupae of Cameraria ohridella in the leaves
of Aesculus hippocastanum in Switzerland and Bulgaria. —
Bull. Entomol. Res. 97: 445-453.

GRABENWEGER G. & GriLL R. 2000: On the place of origin of
Cameraria ohridella Deschka & Dimic (Lepidoptera: Gracil-
lariidae). — Beitr. Entomofaun. 1: 9-17.

GRABENWEGER G., KeHRLI P., ScHLICK-STEINER B., STENER F.,
StoLz M. & Bacher S. 2005: Predator complex of the horse
chestnut leafminer Cameraria ohridella: identification and im-
pact assessment. — J. Appl. Entomol. 129: 353-362.

doi: 10.14411/eje.2017.036

GRIPENBERG S., MAYHEW P.J., PARNELL M. & RosLiN T. 2010: A
meta-analysis of preference-performance relationship in phy-
tophagous insects. — Ecol. Lett. 13: 383-393.

Harris A.J. & Xi1anG Q.-Y. 2009: Estimating ancestral distribu-
tions of lineages with uncertain sister groups: a statistical ap-
proach to Dispersal-Vicariance Analysis and a case using Aes-
culus L. (Sapindaceae) including fossils. — J. Syst. Evol. 47:
349-368.

Harris A.J., XianG Q.-Y. & THomas D.T. 2009: Phylogeny, ori-
gin, and biogeographic history of Aesculus L. (Sapindales) — an
update from combined analysis of DNA sequences, morphol-
ogy, and fossils. — Taxon 58: 1-19.

Harris AJ., Fu C., Xianc Q.-Y., HorLLanp L. & WEN J. 2016:
Testing the monophyly of Aesculus L. and Billia Peyr., woody
genera of tribe Hippocastaneae of the Sapindaceac. — Mol.
Phylogenet. Evol. 102: 145-151.

Hearp S.B., StirEmaN J.O. III, Nason J.D., Cox G.H., KorLacz
C.R. & Brown J.M. 2006: On the elusiveness of enemy-free
space: spatial, temporal, and host-plant-related variation in
parasitoid attack rates on three gall-makers of goldenrods. —
Oecologia 150: 421-434.

Honek A. 1993: Intraspecific variation in body size and fecundity
in insects: a general relationship. — Oikos 66: 483—492.

IBM Corp. ReLEASED 2016: IBM SPSS Statistics for Windows,
Version 24.0. IBM Corp ,Armonk, NY.

JAENIKE J. 1978: On optimal oviposition behaviour in phytopha-
gous insects. — Theor. Popul. Biol. 14: 350-356.

KarLsson B. & Wickman P.O. 1990: Increase in reproductive ef-
fort as explained by body size and resource allocation in the
speckled wood butterfly, Pararge aegeria (L.). — Funct. Ecol.
4: 609-617.

LaBanowskl G. & Soika G. 1998: Cameraria ohridella damages
horse chestnut trees in Poland. — Ochr. Rosl. 42: 12 [in Pol-
ish].

Lees D.C., Lack H.W., RouGerie R., LorEz-HERNANDEZ A., RAUS
T., Avrzis N.D., AugusTiN S. & Lorez-Vaamonpe C. 2011:
Tracking origins of invasive herbivores through herbaria and
archival DNA: the case of the horse-chestnut leafminer. —
Front. Ecol. Environ. 9: 322-328.

LerrLER A.J., JaMESs J.J, MoNnaco T.A. & SHELEY R.L. 2014: A new
perspective on trait differences between native and invasive ex-
otic plants. — Ecology 95: 298-305.

Lim H.W,, PeLIkAN S. & Roastap S.H. 2002: Genetic diversity
among populations and size classes of buckeyes (Aesculus:
Hippocastanaceae) examined with multilocus VNTR probes.
— Plant Syst. Evol. 230: 125-141.

MorEeau J., BEnReY B. & Thiery D. 2006: Assessing larval food
quality for phytophagous insects: are the facts as simple as they
appear? — Funct. Ecol. 20: 592—600.

Ness J.H., Roruinson E.J. & WaitNey K.D. 2011: Phylogenetic
distance can predict susceptibility to attack by natural enemies.
— Oikos 120: 1327-1334.

OpEGAARD F., Diserup O.H. & OstBYE K. 2005: The importance
of plant relatedness for host utilization among phytophagous
insects. — Ecol. Lett. 8: 612-617.

OszmiaNski J., KavLisz S. & Woipyro A. 2014: The content of phe-
nolic compounds in leaf tissues of white (desculus hippocasta-
num L.) and red horse chestnut (desculus carea H.) colonized
by the horse chestnut leaf miner (Cameraria ohridella Deschka
& Dimic¢). — Molecules 19: 14625-14636.

OszmiaNskl J., KoLNIak-OsTEK J. & BIERNAT A. 2015: The content
of phenolic compounds in leaf tissues of Aesculus glabra and
Aesculus parviflora Walt. — Molecules 20: 2176-2189.

299



Walczak et al., Eur. J. Entomol. 114: 295-300, 2017

PeARSE 1.S. & Hirp A.L. 2009: Phylogenetic and trait similarity to
anative species predict herbivory on non-native oaks. — PNAS
106: 18097-18102.

PERE C., AucusTiN S., TurLINGS T.C.J. & Kenis M. 2010: The in-
vasive alien leaf miner Cameraria ohridella and the native tree
Acer pseudoplatanus: a fatal attraction? — Agric. For. Ento-
mol. 12: 151-159.

RonquisT F. & LiLieBLap J. 2001: Evolution of the gall wasp-host
plant association. — Evolution 55: 2503-2522.

SerrovA H. & LasTOVKA Z. 2001: Dispersal of the horse-chestnut
leafminer, Cameraria ohridella Deschka & Dimic, 1986, in
Europe: its course, ways and causes (Lepidoptera: Gracillari-
idae). — Entomol. Z. 111: 194-198.

SENETA W. & Dorarowski J. 2004: Dendrology. Wydawnictwo
Naukowe PWN, Warszawa, 559 pp. [in Polish].

Straw N.A. & TiLBury C. 2006: Host plants of the horse-chestnut
leaf miner (Cameraria ohridella), and the rapid spread of the
moth in the UK 2002-2005. — Arboric. J. 29: 83-99.

Trompson J.N. 1988: Evolutionary ecology of the relationship be-
tween oviposition preference and performance of offspring in
phytophagous insects. — Entomol. Exp. Appl. 47: 3-14.

300

doi: 10.14411/eje.2017.036

VALADE R., Kenis M., HERNANDEZ-LOPEZ A., AUGUSTIN S., MARI
MEeNA N., Magnoux E., RouGerik R., Lakatos F., RoQUEs A.
& Lopez-Vaamonpe C. 2009: Mitochondrial and microsatellite
DNA markers reveal a Balkan origin for the highly invasive
horse-chestnut leaf miner Cameraria ohridella (Lepidoptera,
Gracillariidae). — Mol. Ecol. 18: 3458-3470.

WeTzEL W.C., KHAarRouBA H.M., RoBiNnson M., HorLyoak M. &
KarBan R. 2016: Variability in plant nutrients reduces insect
herbivore performance. — Nature 539: 425-427.

WickmaN P.O. & Karrsson B. 1989: Abdomen size, body size
and the reproductive effort of insects. — Oikos 56: 209-214.
Wik M. 1988: Plant breeding: importance of plant secondary
metabolites for protection against pathogens and herbivores. —

Theor. Appl. Genet. 75: 225-233.

WiTTENBERG G. 1998: Die RoBkastanien-Miniermotte in Nord-
bohmen nebst einigen Hinweise zum Vorkommen in Schlesien
(Polen). — Ber. Offb. Ver. Naturk. 98: 75-78.

Received February 7, 2017; revised and accepted May 12, 2017
Published online June 7, 2017



