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Abstract

KINDL J., KALINOVA B., FREISE J., HEITLAND W., AUGUSTIN S., GUICHARD S., AVTZIS N., SVATOS A. (2002): Monito-
ring the population dynamics of the horse chestnut leafminer Cameraria ohridella with a synthetic pheromone in
Europe. Plant Protect. Sci., 38: 131-138.

A monitoring system for Cameraria ohridella males based on a synthetic sex pheromone was tested in the Czech Republic,
Germany, France and Greece. From the obtained data on the insect phenology we concluded that in Central Europe C. ohridella
typically has three generations per year. The pheromone monitoring can be used to detect the pest when it appears in uninfested
areas and is also suitable to determine population densities.
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population density

The horse chestnut leafminer Cameraria ohridella
Deschka & Dimi¢ (Lepidoptera, Gracillariidae, Litho-
colletinae), aspeciesfound and described first from Mace-
donia(SIMOVA-TOSIC & FILEV 1985; DESCHKA & DIMIC
1986), has spread since over ailmost all of Central Europe
and iscurrently invading itswestern parts (PUCHBERGER
1990; HOLSZCHUH & KRBHAN 1992; BUTIN & FUHRER
1994; HEITLAND et al. 1999; SKUHRAVY 1999; DE PRINS
& PUPLESIENE 2000; AUGUSTIN & REYNAUD 2000; Se-
FROVA & LASTUVKA 2001). Thistiny leafminer infests
almost exclusively horse chestnut trees Aescul us hippoc-
astanumL. (Hippocastanaceae). Heavily infested |eaves
abscise prematurely and consequently the trees are defo-
liated already in the middle of the vegetative season in
someareas (HEITLAND etal. 1999). Femaesof C. ohridel-
la produce a sex pheromone to attract males for mating

(SVATOS et al. 1999a). The sex pheromone was recently
identified as (8E,102)-tetradeca-8,10-dienal (8E10Z-14:Al)
(SvATOS €t al. 1999b).

Here we describe a pheromone-based monitoring sys-
tem for this species, and its use to determine the number
of generations per year from the catches of malesin pher-
omone traps. We also investigated whether the monitor-
ing system was able to detect the spread of C. ohridella
in several locations in Europe with different infestation
levels.

MATERIALS AND METHODS

Pheromone trapping experiments, using standard meth-
ods (CARDE & ELKINTON 1984), were performed in the
Czech Republic, Germany, France and Greece during the

This project was completed within the framework of Research project Z4 055 905. The authors wish to thank the European
Community (Project CONTROCAM No. QLKS5-CT-2000-01684 of the 5% Framework Programme of the European Community)
for financial support. Their conclusions do not necessarily reflect the Commission’s view and in no way anticipate its future policy
in this area.
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Table 1. Test sites, number and age of horse chestnut trees, and elevation above sea level

Country Location Number of trees Age Elevation
Czech Republic Cimice (Prague 9) 2 30 280
Sv. Mat¢j (Prague 6) 30 40 250
Germany Freising 3-5 40 420
Greece Edhessa 15 40 200
Pillon (Volos) 2 30 570
France Amiens 20 20 24
Beaune 20 40 220
Charleville-Méziére 20 20 153
Grenoble 30 50 219
Lille 15 80 24
Nogent-sur-Vernisson 3 80 122
Reims 15 80 98
Annecy 12 80 469
Besangon 4 80 334
Colmar 30 40 186
Metz 9 80 164
Nancy 20 20 199
Strasbourg 18 20 139
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Fig. 1. Monitoring sites in Europe
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summer seasonsof 2000 and 2001 (Table1 and Fig. 1). All
horse chestnut trees used for the monitoring had been
artificially planted as ornamental trees both isolated and
in groups or in lines along streets. The fallen leaves had
been either partially removed or not removed at all. Delta
traps BIOLATRAP® delta 155 (ZD Chel&ice, Czech Re-
public) with sticky paper inserts 200 x 80 mm, covered
with Lonamelt PS 3199/05 glue (VETOX, Praha, Czech
Republic), were used in the experiments. At every testing
site onetrap was placed in law branches of a horse chest-
nut tree at aheight of 1.5-2 m above the ground. Rubber
septa(THOMAS SCIENTIFIC®, Swedesboro, NJ, USA,
Cat. N0.1780-J07) impregnated with the C. ohridella sex
pheromone (8E10Z-14:Al, 100 ng) were used as phero-
monedispensers, they werereplaced every 30d. The sticky
inserts were replaced when the insects were counted,
which occurred twice aweek at Prague, Freising and Stras-
bourg. In the western part of France and in Greece the
inserts were replaced when they were more or less cov-
ered with males or when the glue was dusty and no longer
effective, typically after 2—4 weeks. Dates of the begin-
ning and end of the monitoring experiments are evident
from the x-axis in Figs 2-5. The insects caught on the
sticky inserts were identified by the colour patterns on
their wingsin comparison with known males of the spe-
cies, and counted under a stereo-microscope.

At Freising (Germany) every week during the season of
2000 five complete |eaves were randomly sampled from

the lower branches of atree. The leaves were dissected
under a stereo-microscope and the number of living eggs
were recorded. | nfestation was determined using a meth-
od described el sewhere (HEITLAND et al. 2000).

RESULTS

Monitoring was performed in areas of Central Europe
with a high population density of C. ohridella (Czech
Republic and Germany) and also in areas with very low
density (eastern France and Greece; Fig. 1). In France
(northern and western parts), no males were trapped in
placeswith visually non-observable damages. In eastern
France, with very low densities, only a few males were
trapped (Table 2). In areas of high densities of C. ohridel-
la, its males were nearly the only identified species (of
about 400 trapped adults that were dissected and sexed
only onewasfemal€). Other insects, usually spiders, wasps
or micro-lepidoptera, were occasionally found in thetraps
placed in uninfested areas when the sticky inserts were
replaced after one month.

The pattern of flight activity of C. ohridella based on
males trapped in pheromone trapsin Central Europe was
quite similar and showed several peaks (Figs 2-5). The
first males (from overwintering pupae) were usually
trapped in April, then their number increased gradually,
reached amaximum in May, and decreased to zero at the
end of May. The period without any males trapped lasted

Table 2. Detection of Cameraria ohridella by pheromone Delta traps and visual observation of mines on trees in Greece and

France during 2000

Location Geographic position Pheromone traps Visual observation
latDMS longDMS date No. of males % infestation

Greece

Edhessa 40°48'N 22°03'E 03.8.-23.9. 0 0

Pilion (Volos) 39°24'N 23°02'E 09.8.-18.9. 16

France

Amiens 49°54'N 2°18'E 16.6.—13.10. 0 0

Beaune 47°02'N 4°50'E 08.6.—13.10. 0 0

Charleville-Méziére 49°46'N 4°43'E 15.6.-13.10. 0 0

Grenoble 45°11'N 5°43'E 09.6.-13.10. 0 0

Lille 50°39'N 3°05'E 16.6.-13.10. 0 0

Nogent-sur-Vernisson 47°51'N 2°45'E 19.5.-13.10. 0 0

Reims 49°15'N 4°02'E 15.6.-13.10. 0 0

Annecy 45°54'N 6°07'E 09.6.—13.10. 0 0-5

Besangon 47°14'N 6°02'E 08.6.-13.10. 1 0-5

Colmar 48°05'N 7°21'E 25.5.-13.10. 3 0-5

Metz 49°07'N 6°11'E 01.6.-01.9. 3 0-5

Nancy 48°42'N 6°12'E 01.6.-13.10. 1 0-5

Strasbourg 48°35'N 7°45'E 15.5.-13.10. 4037 75-100
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Fig. 2. Results of the monitoring of Cameraria ohridella male

s in pheromone traps at two locations at Freising, Germany, and

average day temperatures from this area during the season 2000. Catches in two independent traps are expressed as percentiles of

the number of total trapped males (n1 = 8570 and n2 = 9918)

approximately 4 weeks. The second generation of
C. ohridella appeared in June, catches again increased
gradually, attained oneto several maximaduring July, and
then slowly decreased during August. In some areas and
years (Figs 2, 5 and 6), a third generation was detected
during late August to early September. In Central Europe
most males caught belonged to the second generation,
while the numbers of those belonging to the first and
third generation was comparably lower (Tables 3 and 4).
The number of males in traps obviously depended on
environmental factors, e.g. temperature. The decline in
June (Fig. 2) could be attributed to adecreasein the aver-
age day temperature below 15°C. Whenit increased again
above 15°C the number trapped rose again (Fig. 2). The
catches of males also corresponded with the infestation
level (estimated by the number of laid eggs). The maxima
of laid eggs was reached about 1 week after the flight
maximaof males (Fig. 3). The presence of eggs on horse

chestnut leaves confirmed the existence of athird gener-
ation (Fig. 3), asalso observed intraps (Fig. 2).

Slight differences in the flight patterns of C. ohridella
males were observed depending on areas and seasons. For
instance in 2000 in the Czech Republic (Fig. 4), the first
generation started flying on 24™ April, peaked around
5t May, stopped after 26" May and then there was no
flight for 3weeks. Males of the second generation appeared
on 13" June and had two maxima (24" June and 4™ July).
After that the number of trapped males gradually reached
zero at the beginning of August. A third generation could
not be detected, whilein Germany thethird generation was
present in 2000. In contrast, during 2001 the third genera-
tion was detected both in the Czech Republic (Fig. 5) and
Germany (not shown). Inthe Czech Republic during 2001
(Fig. 5) the second generation was about 1 month later and
thethird about 2 weeks|ater than in the 2000 season at the
same locations, presumably due to the colder spring.
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Fig. 3. Comparisons of population dynamics of eggs (open triangles) detected on infested leaves of horse chestnut trees and of
Cameraria ohridella males (open circles) in pheromone traps at Freising, Germany, during the season 2000. Number of counted
living eggs (5905) and trapped males (18 488) are expressed as percentiles on the same scale
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Table 3. Population densities and percentile distribution be-
tween three generations determined by monitoring. Cameraria
ohridella males in pheromone traps at several sites during 2000

Table 4. Population densities and percentile distribution be-
tween three generations determined by monitoring Cameraria
ohridella males in pheromone traps at several sites during 2001

Percentile of trapped males

Percentile of trapped males

Gene- Gene-

ration  Cimice*  CimiceIl°  FreisingI° Freising IT¢ ration  (imiceI*  CimiceII® Sv. Mat&j I° Sv. Matgj I1¢
1t 21.5 41.1 39.2 322 1t 18.4 12.6 16.6 12.7
2nd 71.5 58.8 50.4 60.5 2nd 67.6 68.1 60.4 61.7
3rd 1.0¢ 0.1¢ 10.4f 7.3f 3rd 14.0¢ 19.3¢ 23.0¢ 25.6°

Sum of males caught: N = 4648, PN = 3462, °N = 8570, IN =
9918; cheavily infested after the second generation, foliage com-
pletely brown; ‘moderately infested after the second generation

Sum of males caught: N = 4946, PN = 5127, °N = 3885, IN =
3923; °trees moderately infested after the second generation
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Fig. 4. Results of the monitoring of Cameraria ohridella males in pheromone traps in two horse chestnut trees at Cimice, Prague,
Czech Republic (open and full circles), and average day temperatures in this area during the season 2000. Catches in two

independent traps are expressed as percentiles of the number

of total trapped males (n1 = 4648 and n2 = 3462)
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Fig. 5. Results of the monitoring of Cameraria ohridella males in pheromone traps; averaged values on two horse chestnut trees
at Cimice, Prague, Czech Republic (open circles), and average day temperatures from this area during the season 2001. Catches are

expressed as percentiles of the number of total trapped males (n = 4946)
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Fig. 6. Results of the monitoring of Cameraria ohridella males in three pheromone traps in Strasbourg, France, and average day
temperatures from this area during the season 2000. Catches in three traps are expressed as percentiles of the number of total

trapped males (n = 4037)

From the datagained in Germany and the Czech Repub-
licin 2000 and 2001 (Figs 2, 4 and 5) it can be concluded
that in Central Europe C. ohridella usually hasthree gen-
erations per year, with about 1.5-2 months of developing
time between generations. The third generation can be
virtually absent if the damageto foliageis severe after the
second generation (Fig. 4).

At Strasbourg (Fig. 6), where lower population densi-
ties prevailed, there was one period of low and one of
high flight activity around 19" June and 15" August 2000,
respectively. Unfortunately, for technical reasons the
monitoring started only at the end of May and we cannot
report datafor the overwintered first generation. Assum-
ing higher average temperatures at Strasbourg at the be-
ginning of spring we could attribute the observed peaks
to the second and the third generations. At this location
the abundance of C. ohridella increased gradually dur-
ing the whole season, and in 2000 the third generation
was the strongest. It is noteworthy that infestation of
horse chestnuts by C. ohridella at Strasbourg had first
been observed in spring of 2000. Thus, the insect had
arrived only recently and consequently the population
density of the first and second generation in 2000 was
relatively low and had the potential to increase during the
third. In 2001 the population densities were lower (data
not shown). Thefirst generation started to emerge on 24
April, the second generation came later than in 2000, and
the third generation seemed again to be the strongest. An
additional flight period was detected in October, but only
afew maleswere caught due to the high ratio of pupae of
the previous generation entering diapause.

DISCUSSION

Different patterns of pheromone entrapment observed
in Central and Western Europe in the 2000 and 2001 sea-
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sons seem to be related to population density (Table 3)
and damage ratio. If the first generation was weak, the
increase of the second and eventually of the third gener-
ation was significant. If on the other hand thefirst gener-
ation was strong and treeswere severely damaged already
at the beginning of the vegetative season, the increase of
C. ohridella abundance during the second generation was
lower and the third generation was even less pronounced
or missing. One factor that could account for this effect is
food availability. A significant increase in mortality of C.
ohridellalarvae wasreported when mineson aleaf start to
coalesce (HEITLAND et al. 1999). Also, the portion of pu-
pae entering diapause (to guarantee the species’ survival)
increases during each generation when the infestation lev-
el ishigh (FREISE & HEITLAND 2001). Next spring arela-
tively small number of adultswill beableto re-infest large
areasat arate of about 2 km/generationincitiesor 20kmon
aregiona scale (GILBERT et al. unpublished). The pest
canthusutilizethe ecological nicheefficiently without any
risk of being weakened or eliminated due to afood short-
age when the last generation devel ops.

We observed that the phenology of populations of
C. ohridella within Europeis similar even though local
climatic conditions might vary considerably (compare
DESCHKA & DIMIC 1986; PSCHORN-WALCHER 1994; DE
PRINS & PUPLESIENE 2000). Only SKUHRAVY (1998) re-
ported four to five overlapping generationsfrom the Czech
Republic, whichisrather unlikely considering the time of
development of eggs, larvae and pupae (HEITLAND et al.
2000).

The pheromone-based monitoring of population densi-
ties of C. ohridella described here seems to be robust
and effective under different environmental conditions. It
can be used to detect this pest at low population densi-
tiesaswell asto observethevariationsof individua gen-
erations. The used sex pheromone lures are credibly
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selectivefor C. ohridella males. However, further improve-
ments of the formul ation of the pheromone, to dispensers
and traps are required and are proceeding at our laborato-
ries.
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Francii a v Recku. Ze ziskanych dat vyplyvé, Ze ve stiedni Evropé méa C. ohridella roéné tii generace. Montorovaci systém lIze

pouzit k detekci Sktidce v oblastech, které lezi na rozhrani jeho rozsiteni a je vhodny i k uréeni jeho populaénich hustot.

Kli¢ova slova: klinénka jirovcova; Cameraria ohridella; Lepidoptera; Gracillariidae; sami¢i sexualni feromon; monitorovani;

populaéni hustota
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