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Abstract. Based on the observation of more than 10 000 leaves of plane trees, four populations of
Corythucha ciliata (Say, 1832) (Heteroptera: Tingidae) are investigated. After having introduced some
parameters derived from the data, we draw spatial-temporal patterns and describe the seasonal population
dynamics of Corythucha ciliata. Amongst others, the temporal change of the density of population, the
state plane of larvae—adults, the inclination to accumulate, and the intraspecific competition are examined.
Population and biomass dynamics is characterized for populations with and without limited nutrient
source in case of different weather circumstances and effects.
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Introduction and aims

One of the most important practical questions of plant protection is, how to choose
the most suitable date of a plant protection method, that is to say, how to define the
date, when the method the most effective is. The effectiveness of a method depends,
above all, on the phenology of the pests, more exactly, on the number of the individuals
at a critical point of their phenology.

The time and the way of the process of all the reproduction events are closely
connected to the external factors that regulate the population dynamics [8].

To recognize these important factors, spatio-temporal variables are needed to be
explored and their patterns are needed to be drawn.

With the help of spatio-temporal patterns, the processes within a population can
better be recognized. To evaluate correctly the observed ecological parameters, it would
be very useful to apply a population-dynamical model, with the help of which, for a
given series of ecological events, the consequent changes in the population can be
forecasted. This method can result a precision technology.

During our research, we followed the population-dynamical changes of four different
populations of the sycamore lace bug, Corythucha ciliata (Say, 1832), with biometrical
methods. The spatio-temporal changes of the state were recorded carefully in a way, they
can be well evaluated.

After having arranged the data, our first aim was, to draw spatio-temporal patterns
for a fixed vegetation period of the populations, and in this way, to gain the seasonal-
biomass-dynamic of C. ciliata.
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When choosing the species, its following ecological advantages were regarded:
1. itis (practically) monophagous;
2. as it was introduced to Hungary not a long time ago, it has yet practically no
natural enemy, which can limit its reproduction;
3. it can easily be observed;
4. it is one of the most dangerous pets of the trees in the parks of Budapest, so the
results can well be applied. [2, 3, 5, 6, 7, 10, 11, 21, 36, 37, 39, 41, 43, 45]

Review of literature

The way of life of Corythucha ciliata

The way of life of C. ciliata was observed in Hungary for the first time by Jasinka
and Bozsits [19]. The adults are wintering under the bark, showing their dorsal side to
the trunk. The number of them can reach up to 200 individuals/dm?®. There is no
wintering generation under the bark of too young and too old trees. The reason is that
there is no rift under the bark of young trees, and there are many other kinds of pests
wintering under the bark of old trees.

As the average daily temperature rises above 8 °C in spring, the adults emerge and
start wandering. The wandering can strictly be limited by wet weather. The first eggs are
laid around at the beginning of May; the number of production is 80—-160 eggs/female.
The swarming starts about at the end of May, the embryonic state of developing lasts
three weeks, or so. Around three weeks after the larvae have developed the second egg-
laying-period starts at about the second half of July with a number of production 80-160
eggs/female. Approximately, in the middle of September, the adults of the second
generation emerge, and they start wintering at about the end of October [35].

Viasarhelyi & Hufnagel [42] have noted the sucking and the mating behaviour of the
wintered generation. Moreover, they noticed, that the ratio of males and females is
varying cyclically during the vegetation period: it is about 50-50 % in the mating
period, and it turns to 25—75 % in the wintering period. The larvae move in the first and
second period very slowly, in the third period a little more briskly, in the fourth and
fifth period as intensively, as the adults. The ratio of reproduction is quite high: the
average is 9 larvae/female that results 8 adults/female. Corythucha ciliata prefers the
north side of the tree in winter, and the south side in the vegetation period (See also
[26]).

Kiikedi & Palmai [24, 25] observed that after the adults have emerged in spring, too
cold weather could make them continue their wintering period (quiescentia). By an
examination of the damages they stated, that the individuals are distributed mainly in
the lower part of the crown of the tree (see also [45]).

Kiikedi & Palmai [24, 25] noticed that the generations of the pests and the weather
conditions correlate strongly. The point of the time the larva period starts, the length of
a given period, as well as the date of the start of wintering and the mortality in winter
are influenced by the temperature.

The natural enemies of Corythucha ciliata

Balarin & Maceljski [5,6] have listed the natural enemies of C. ciliata. They mention
several types of bedbugs and spiders, crickets and locusts [1], viruses, nematodes and
spore plants [36]. Balarin & Maceljski [5, 6] have found some fungus species that
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devastate the wintering adults (e.g., Beauberia bassiana cause mortality of 10-15% of
the individuals).

Arzone & Ozino-Marletto [4] have compared three types of deuteromycete fungi.
These were Beauveria bassiana, Vertillium lecanii and Paecilomyces farinosus. They
isolated the fungi from the wintered adults with which they infected other C. ciliata
larvae and adults in different phenophases. The most virulent was Beauveria bassiana,
while the less virulent one was Paecilomyces farinosus.

Driesche [13] advises introducing natural enemies from America.

Tavella & Arzone [38] have pointed out that, though several predator—nutrient
connections have been proved in laboratories, under natural circumstances these
predators are playing no limiting role in the reproduction of C. ciliata.

The protection against Corythucha ciliata

Arzone [2] has examined the effect of C. ciliata on plane trees. He has shown that as
the cytoplasm (mainly the cloroplastices) are sucked, not only the leaf itself, but also the
whole tree can die, as a consequence of the insufficient nutrient supply.

Nikusch [34] has warned that besides the fact the C. ciliata can cause great damages,
it is also conductive to the infection both of Gromonia veneta and Ceratocystis
fimbriata.

Jasinka & Bozsits [19] have defined the optimal point of time of forecasting. They
established that, in case there are 4 individulas / dm” (or more) on the trees at about the
high of 180 cm at the end of May — beginning of April, then, supposed a dry summer is
coming, the rate of the infection is expected to be quite high.

Jasinka [18] has pointed out, that it is very important to find out such plant protection
technologies that protect the environment, as well. Nevertheless, he emphasized, that C.
ciliata tolerates the insecticides with phosphorus acid ester ingredient quite well, though
this ingredient is belonging to the toxic-category “medium”. Moreover, tolerance or
resistance can develop against suitable toxic ingredients, too. Using pyrethroids with
effective toxic we can make it possible to protect the environment during plant
protection.

Wicki [43] has used tree - binding made of jute with success. Worm-belt can,
nevertheless, be not applied, as the bugs are moving to have their diapauses by flying
and not by creeping.

Mittempergher & Ferrini [33] have proved that different Italian varieties have different
levels of susceptibility to C. ciliata. They have made efforts to select the tolerant and
resistant varieties in order to solve the problem of biological protection.

Tremblay [41] has examined three kinds of chemical ways of protection.

With spraying on the leaves, active animals can be killed. During this method,
however, pesticides pollute the environment, which is a great disadvantage, especially
in towns.

Though treating the trees under their barks is not so harmful, this method is even not
so effective.

The most effective and, at the same time, the less polluting method is to inject the
insecticide into the transport tissues of the trees. The chemical thus can reach the
organism of C. ciliata by being sucked. He has noted, however, that this method is also
harmful for the trees, as the danger of being infected by another pet becomes higher.

Reiderné & Ripka [35] recommend a combined technology both with mechanical
and chemical treatments.
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Some further results of experiments with different treatments can be found in Kiikedi
& Palmai [24,25], Cziklin [11] and Koletér [21].

Geographical spreading of Corythucha ciliata

Considering the climate aspects, only, we can state that C. ciliata, the original
homeland of which is North America, can spread out in the entire area of Europe.
However, as it is monophagous, plane tree populations can limit the distribution [17].

Corythucha ciliata is supposed to have been brought into Europe by ships. It was
first recorded in Padova, Italy, in 1966. The main stations of its spread are were as
follows: Triest, Italy (1968—69), Zagreb, Rijeka, Ljubljana (1972), Istria (1974), South
France (1975), Spain (1978), South Austria (1983), Switzerland (1983), the former
Czechoslovakian Republic (1986), Bulgaria (1986), Greece (1988). [12, 13, 16, 19, 23,
27, 28,29,30,31, 35, 39, 40, 42, 44]

Corythucha ciliata was found in Hungary for the first time in Zakany (county
Somogy), in 1976 [19]. In 1985, it was spread all over the country [9], though serious
damages were noticed not earlier than in 1989 [42].

The nutrient plant of Corythucha ciliata

Corythucha ciliata was known as a kind of pest of several series of plane trees even
in its original homeland, North America. The larvae are sucking the backside of the
leaves in groups. All varieties of the plain genus can be infected, such as Platanus
occidentalis, Platanus wrighti and Platanus racemosa in America, as well as Platanus
orientalis and Platanus hybrida in Hungary. Though C. ciliata prefers plane trees, it can
feed even on Broussonetia papyrifera, Carya spp. and Fraxinus spp., t0o.

Plane trees, containing the single genus Platanus L., are deciduous and monoecious,
living in the northern part of the temperate zone. Plane trees are quite widespread in two
great areas, such as from East-Mediterranean to West Himalayas and from Mexico to
Canada.

Plane trees were living on the Northern Hemisphere even in Cretaceous period. They
were quire widespread in the Miocene (for about 15 million years ago) in the area of the
present Hungary. Plane trees of today have the origin of the nurseries of the 19th and
20th centuries [20]. In Hungary, Platanus hybrida (acerifolia) is the most common
species, as it is frequently planted along streets and roads as well as in parks.

Materials and methods
Location and time of the investigation
Plane tree populations were examined in three areas and during three vegetation

periods (Table I).

Table 1. Location and time of the investigation, the rate of infection

location year rate of Corythucha ciliata infection
Kodaly korond, Budapest 1989 high
Margit-sziget, Budapest 1998 medium
HIRP, Budapest 1998 high
HIRP, Budapest 1999 high
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Koddaly korond, Budapest

The protected plane trees on Kodaly korond, Budapest, were planted in 1880 [20].
The C. ciliata populations were observed from March to November 1989, one or two
times a week. That is to say, data were started to be collected before the leaves were out
and the process ended when C. ciliata went to winter.

Margit-sziget (Margaret Island), Budapest

The plane trees on Margit-sziget, Budapest, were planted by Kéroly Tost, after the
great flood of year 1838. Due to the environmental rules, these trees are healthier, than
those ones, staying along the streets [20]. Sampling was made here weekly, or in every
second weeks, from 17th May, until the end of September 1998.

HIRP, Budapest (Arpdd fejedelem iitja)
The plane trees in front of the Hungarian Institute for Rheumatology and Physio-
therapy (HIRP), Budapest, were planted in 1897 [20]. The data were collected during

two vegetation periods, namely 1) between 17th June 1998 and the end of September
1998 and 2) between 14th April 1999 and the end of October 1999.

Recorded data

The dates, the periods, the frequencies, the sample sizes and the recorded parameters
of the sampling sites are given on Table I and 2. During the sampling the number of the
individuals per leaf was recorded for each site and period, nevertheless, in some cases,
time to time, further leaves were added to the investigation.

Weather factors

The daily average temperature, the daily maximum and minimum temperature, the
amount of precipitation and the number of sunny ours were recorded. The extreme
values are marked on the biomass model.

Table 2. Data of the sampling sites and periods

location
Kodaly kérond Margit-sziget HIRP HIRP
year 1989 1998 1998 1999
period 17.1V-13.X 17.V=30.1X 15.VI-30.1X 17.1V-30.X
frequency 1-2 times a week once a week once a week once a week
sample size
(number of 100 68-130 88-169 75-224
leaves, V)
— number of adults  — number of adults — number of adults — number of adults
on each leaf on each leaf on each leaf on each leaf
(male/female); (male/female); (male/female); (male/female);
— number of larvae ~ — number of larvae  — number of larvae  — number of larvae
recorded
on each leaf on each leaf on each leaf on each leaf
parameters (phenophases) (phenophases) (phenophases); (phenophases);
— size of leaves; — size of leaves; — size of leaves;
— rate of being — rate of being — rate of being
sucked (%) sucked (%) sucked (%)
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Derived parameters

Average density of population on a leaf at a given point of time
The average density of population on a leaf at a given point of time i (measured in
peaces/leaf):

M=
S
=

where n; denotes the number of all entities on the ™ leaf at a given point of time #, and
N, denotes the number of leaves at a given point of time i (Figs. [—4).

Accumulating rate at a given point of time
The accumulating rate of C. ciliata at a given point of time i:

RVC,

& =———,
1 R VCl-max

where¢;, eR, ¢, 21; RVC, =n, /s, denotes the reciprocal of the variation coefficient
of n; for a fixed i; RVC™ denotes the reciprocal of the variation coefficient of »;; for a
fixed i, in case the population is uniformly distributed, that is to say, the maximal
possible value of RVC, .

In case¢, =1, we say that the population is uniformly distributed. The greatest the
number ¢, is, the greatest the rate of grouping is (Figs. 5-6).

Intraspecific association
The rate of the intraspecific association between the entities of the Kt phenophase
and the one before:

. [P hkP hk—l ]ezx ’
B [P hkP hk—l ]eimp -

k, k=1

i

where k£ =2,3,4,M, or F, which denote the phenophases 2“d, 3“‘, 4™ larval instars,
male and female adults, respectively; [Ph,Ph, ,|™* denotes the expected common
appearance of the entities of the k" and (k-1)" phenophases; [Ph, Ph, ,|"” denotes the

observed common appearance of the entities of the K™ and (k—l)th phenophases.

£k < 1) means: Negative (positive) association — the greater

(smaller) a*™ is, the looser (the stronger) the
connection is.

a®*' =1 means: Appearance of the entities of the k™ and (k—l)th

phenophases at the same time is totally random,

the connection is indifferent.

ab* ' >1(a
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Average biomass at a given point of time
The average biomass at a given point of time i (measured in mg):

— Ph g fPh
B =) nj"-M™,
j

where n ; " denotes the number of entities of a phenophase Ph at a given point of time i;

M "™ denotes the mass of an only entity of a phenophase Ph (measured in mg).

Potential average biomass of the population
The potential average biomass of the population (that is to say, supposed zero
percent mortality and migration), at a given point of time i (measured in mg):
PB, =Y maxn/" -M"™,
j

i

where Zmax n;h denotes the potential number of entities of a phenophase at a given
J
point of time i. We calculated Zmax ng " as follows: we counted the entities of the first
j
phenophase, than we supposed that the mortality and migration % is zero. Considering
the average length of time of a phenophase, we defined the maximal number of the
entities of a phenophase at a given point of time i.

Limited potential average biomass of the population
The potential average biomass of the population at a given point of time i (measured
in mg), supposed limited nutrition sources:

LPB, =Y A7 pp

J

Ay =4

sucked
i A
where A, denotes the surface of the j" leaf at a point of time i, 4;"*“/ denotes the

sucked surface of the /™ leaf at a point of time i, ot denotes the maximum density of

biomass (measured in mg/cm?).

The biomass of a single individual of a phenophase Ph
50 pieces of individuals of each phenophase were collected and measured tree times
to define the average mass (in mg) of a single individual of each phenophase.

Results

The seasonal dynamics of the diversity of the adults and larvae

In spring, in the middle of April, after having wintered, the adults moved to the
newly developed leaves. They started to suck conditionally. This process was observed
at Kodaly korond and at HIRP in 1999, as we started our study on these sites early in
spring.
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Kodaly kérond, 1989 Margit-sziget, 1998
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Figures 1-4. The average density of population on a leaf at a given point of time i (measured in
peaces/leaf)

Larvae of the first generation appeared between middle and end of May and the
swarming of the larvae lasted till the end of July. In all the four observations, the first
adults appeared at the end of June and they were to be seen till the end of July—the
beginning of August.

The individuals of the second generation followed the first adult-generation at the
beginning of August, and one could see larvae individuals till October, the time when
the adults went to winter.

The density of C. ciliata is cyclic in time and the maximal density of the second
generation is higher than the one of the first generation. In 1998 and 1999 at ORFI we
experienced, that the maximal density of the second adult generation was higher than
the one of the first larval generation, which lead to the conclusion of either migration or
covering or both.

In order to have a simple view of our recorded data, the average densities of the
adults and larvae per leaf are displayed in Figs. I—4. It can be seen that after the 100™
day of the year the wintered individuals appear, and between the 150™ and 200" day the
larvae of the first generation reach their maximal density. At about the 200" day the
adults of the first generation have their maximal density, which is followed by the one
of the second larvae-generation, between the 200™ and the 250" day. The second adult-
generation culminates at about the 250" day.
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Figures 5—6. The accumulating rate of Corythucha ciliata at a given point of time i

The accumulating rate of Corythucha ciliata at a given point of time i

In Figs. 5 and 6, we can see that the accumulating rates &, for adults are lower than
for larvae, which means, that the larvae prefer forming groups (Figs. 5, 6). The rate of
accumulation, of course, has a similar seasonal pattern to the one of the generations.

The rate of intraspecific association

Corythucha ciliata prefers forming groups. As a*™' <1 for every i and £, it can be
stated generally, that the entities are associated positive.

The rate of the intraspecific association between the entities of the ™ phenophases
and the one before a/**" is growing with k. It means that the connection between the
states of the first and the second larva phases is quite strong; however, this connection is
getting looser and looser as the larva phases are following each other.

The rate of the intraspecific association between the entities of the ™ phenophases
and the one before a*™' is growing with the density of population. It means that, for a
fixed k, the greater the density of population is, the looser the connection is. Moreover,
the value of the rate for adults tends to the number of indifference (a/*"' =1). In case
there is enough great number of adults, they are satisfied. If there are a small number of
adults, they have to search each other, thus the rate of (positive) association is less

(stronger connection).
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The average surface of leaves

The lengths of the leaves from the bases to the tops were recorded. Moreover, there
were 50 peaces of leaves with different kinds of shape collected for our special purpose.
Together with the length (;) (for i = 1, 2, ..., 50), the area (4,) of each leaf of these 50
was defined with the help of a piece of scale paper. The point pairs (/;, 4;) were
displayed in a coordinate system. The functional relation between length and area was
approximated by regression (Fig. 13).
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Figure 13 The regression for the average area of leaves depending on the length of the leaf.
= logistic fitting, 0 = data

220.8056
1+exp(—0.3048(/ —13.7431)

Fitting function: / > 4 = (correlation coefficient: R* = 0.95915).

The larvae—adults state plains

The mortality, together with migration can well be detected in the state plain of larvae—
adults. In all the four figures we can see, that the two generations of a vegetation period
draw a loop. The smallest the number of the individuals is, the smaller the loop is.
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Figures 14-16. The larvae—adults state plains

In Figs. 14-16, it can be observed, that the rate of mortality of the first generation
was 20-90%, while the one of the second generation was 10-30%.

A potential biomass model with (LPB) and without limited nutrient source (PB)

We created a model in order to find out the reasons, why an event or a symptom
occurs in the population dynamics. The biomass change in time of the observed
population B; was displayed, together with the ones of the two modelled populations
(PB, and LPB,)

It can be seen in both of the figures, that the biomass curve of the observed
population B (of B;) runs under the ones of the potential biomass model PB (of PB;), and
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the model with limited nutrient source LPB (of LPB;). In the second half of the
vegetation period, the curve of PB crosses the curve of LPB.

In case, all the circumstances were ideal for C. ciliata, its biomass curve would be
identical with the curve PB.

biomass HIRP, 1998
(mg)
6000

5000 T

4000 +

3000 +

2000 +

1000 +

0

100

biomass HIRP, 1999
(mg)
6000
5000 +
4000 1
o—
LB
3000 + B
[ LPB
2000 +
1000 +
0 - ———+ t t days
100 200 300

Figures 17-18. Seasonal biomass dynamical model

In case, all of the circumstances are ideal for C. ciliata, but only nutrient are limited,
then, from the common point of PB and LPB on, its biomass curve would be identical
with the curve LPB. However, we can see that the empirical curve B is much lower than
both PB and LPB. What is the reason for it?

What are the limiting factors of the reproduction of C. ciliata, if it is not the lack of
nutrient or the natural enemies (see Review of Literature)? What are the factors that
make Corythucha ciliata possible to increase its number of population almost up to its
potential maximum?

One of the possible answers can be the effect of weather [17, 22]. The biomass curve
was compared with weather extremes; high precipitation events are marked by *, cold
fronts are marked with !.
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Discussion

After having observed four Corythucha ciliata populations, we state the following
theses:

1. Corythucha ciliata has two generations in a vegetation period. The density of C.
ciliata is cyclic in time and the maximal density of the second generation is
higher than the one of the first generation.

2. The rate of larvae—adults in the first generation is high, while the one of the
second generation is low.

3. Corythucha ciliata individuals, especially the larvae, accumulate spatially. The
imagos tend to have more uniform and balanced distribution.

4. The rate of the intraspecific association is positive and its value depends on the
actual phenophase; the later the phenophase is, the looser the connection is.

5. The development of C. ciliata is limited not by its biologic potential, but by an
other external factor.

6. Living on plane trees, C. ciliata individuals are not food limited, or, if it were so,
it happens just at the very end of the vegetation period.

By the reason of the above theseses we set the following hypothesises:

In early spring, the wintered population starts to develop slowly; the environmental
circumstances are not favourable even for the first generation. Thus, the mortality is
quite high as it was the case in winter, too.

The mortality of the second generation is minimal and, as the imagos can fly, there
is a migration to be taken into account. This is supported by fact that on warm
September days the air around the trees is full of flying Corythucha ciliata imagos.
Their expansion on the tree is due to the mobile imagos that tend to occupy the leaves
uniformly. The association between the phenophases is decreasing with time, the larvae
are more and more similar to the imagos.

By the biodynamical model we suppose that the population can be limited by food at
most in the second half of the vegetation period; the limit factor must be other external
factors in the other part of the vegetation. As our investigation, together with other
references suggest, the temperature and precipitation have a great role in population
dynamics of Corythucha ciliata. Nevertheless, our model needs further investigation.

Planning plant protection treatments, one should take into consideration, that the
imagos are going to be distributed uniformly, and so the individuals of the second adult-
generation can fly back to the treated area as it was referred by Cziklin [11]. Our model
suggests that the effectiveness of plant protection is less in the second half of the
vegetation period. The reason is, the following: food limitation can occur only in this
period, thus, because of the intraspecific competition, a less successful plant protection
treatment could be favourable for the Corythucha ciliata population. A quite effective
protection could be to place a kind of sticky material onto the barks of the trees early in
spring, before budding.

Conclusions

The connection system between meteorological data and seasonal dynamics needs
further investigations. A possible way of getting nearer to our aim is, to develop
simulation models (like the one in Ladanyi ef al. [25]), that considers the biomass
dynamical aspects, as well as the interactions between the weather and phenology. The
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methods of simulation models have been proved to be very useful and illustrative in the
researches of similar ecological problems [16,32]. Similarly to the study of Fahim et al.
[14], having several-year field data, we could model the connection between the density
and the climatic year types as well.
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