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Abstract: Insect pests, as widely tolerant and adaptable organisms, may be less distinctly affected by climate 
change than other insect species. The changing climate may affect the occurrence and impact of the native pests 
both negatively and positively (increased importance of thermophilous and xerophilous species and decreased 
importance of psychrophilous ones, noxious abundances of several species also in higher altitudes, decrease 
of many pests by frost-free winters, low humidity, weather extremes, increased numbers of antagonists, and 
phenological discrepancy with the host plant). Expansions of new pests into the territory of the Czech Republic, 
caused by climate change, will be very limited. A small number of greenhouse pests may be expected to occur 
in outdoor conditions. Increased temperatures may cause a slight increase of non-indigenous invasive insect 
species and migratory pests. In Central Europe the climate change will intensify the effects of other factors. 
In the next 20–50 years, the changes in species composition and importance of insect pests of plants will be 
caused by factors in the following order: (l) introductions of non-indigenous species, (2) new approaches in pest 
control, (3–4) changes in crop cultivation and representation of crops, (3–4) climate change, (5) other causes 
(unexpected shifts of ranges, changes in food preferences of insect species, etc.). 
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As indicated by the hitherto investigations, climate 
change will show mostly a negative influence on 
organisms and overall biodiversity (McLaughlin 
et al. 2002; Parmesan & Yohe 2003; Root et al. 
2003; Thomas et al. 2004; Franco et al. 2006, 
etc.). It is interesting to note that research stud-
ies on insect pests of plants often bring contrary 
results: many of them should tend to disperse and 
their numbers and importance should increase 
(Porter et al. 1991; Cannon 1998; Parry 1998; 
Quarles 2007, etc.). Do insect pests really differ 
in some characteristics that could substantiate this 
difference? Within the class of insects, pests of 
plants actually are a specific group to a consider-
able extent. In general, compared to the remain-
ing (“indifferent”) species, they are much more 

adaptable to changed environmental conditions, 
which makes them capable of surviving in extreme 
conditions of agricultural ecosystems, dispersing 
over landscapes altered by man, rapidly occupying 
suitable habitats and new territories in which they 
are capable of attaining high levels of abundance. 
Such properties give them advantage against other 
species, and they suggest that most of these species 
may not be markedly affected by climate change. A 
small part of the insect pests may even be favoured 
by the change, increasing their impact. On the 
other hand, a comparable number of species may 
be handicapped and they may cause lower levels 
of damage. In the course of the 20th century, about 
460 species of insect pests causing damage to agri-
culture, forestry, cultures of ornamental plants and 
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in various closed environments were registered in 
the Czech Republic, amounting to about 1.7% of 
total insect fauna. At the same time, the number 
of rather important insect pests increased by 15% 
(Šefrová & Laštůvka 2009).

What may be the response of insect pests to 
climate change in regard of the territory of the 
Czech Republic? Scientifically substantiated sce-
narios of the responses of particular species can 
only be compiled if sufficient data are available on 
their environmental requirements, and they have 
already been compiled for some of them (Turčáni 
et al. 2007; Kocmánková et al. 2008a, b; Hlásny 
& Turčáni 2009, etc.). Each species requires a 
separate analysis based on exact knowledge of 
temperature thresholds and ranges, effective tem-
perature totals, etc. The situation is complicated 
by the fact that the results of numerous laboratory 
experiments are at variance with the responses of 
the insects in external conditions. In nature, the 
insect pests are affected by a number of natural 
as well as anthropogenic factors that are mutu-
ally combined and conditioned. A further factor 
is the capability of insects to compensate for, or 
become adapted to, the environmental changes 
in various ways (Bradshaw & Holzapfel 2001; 
Visser 2008). That is why long-term forecasts of 
the responses of particular insect pests to climate 
change are rather uncertain (Cannon 1998).

Probable responses of local insect pests

Species causing damage in warm and dry years 
(e.g. Lobesia botrana, Neoglocianus maculaalba, 
Stenocarus ruficornis, many aphid species), the 
same as those occurring only in the warm regions in 
this country (e.g. Hyphantria cunea) may increase 
in importance. On the other hand, psychrophilous 
species (such as Contarinia nasturtii, Sitodiplo-
sis mosellana, Delia radicum) may become less 
destructive. In less humid conditions, moisture-
loving species (such as Contarinia medicaginis, 
Brevicoryne brassicae, wireworms, nematodes, 
slugs) may become less important. The damage 
caused by some (e.g. Leptinotarsa decemlineata,  
Kocmánková et al. 2008a; Šmatas et al. 2008, 
or of forest pests  e.g .  Lymantria dispar  and 
L. monacha, Hlásny & Turčáni 2009; Liška J. 
personal communication) species may increase at 
higher elevations and in more northern regions, 
or the regions of the most intensive damages done 

by, and frequent outbreaks of, a particular spe-
cies may be shifted geographically (Williams & 
Liebhold 1995; Jepsen et al. 2007). At the same 
time, climate change may affect various properties 
and manifestations of insect pests.

(a) Accelerated development and increased 
number of generations

Increased temperatures and earlier onsets of the 
growing season (already documented by numer-
ous authors) will lead to earlier and accelerated 
development of a number of species. As concluded 
by some authors, this should result in increased 
numbers and greater damage done by the pests 
(Parry 1998; Quarles 2007, etc.). An earlier or 
accelerated development of a pest in itself need 
not result in increased damage done. This depends 
on whether or not this acceleration will result in 
increased abundance of the pest and its relationship 
to its host plant. In most cases it is still uncertain 
whether the acceleration in development will be 
indifferent (probably in most cases), prosperous, or 
detrimental (Visser & Both 2005). For instance, 
accelerated development may decrease the effective-
ness of predators. On the other hand, the acceler-
ated individuals may be smaller in size and show 
decreased reproductive capacity. It is very difficult 
to predict the resulting abundance of the pest.

Over a half of the insect pests of agricultural crops 
produce one generation annually or their develop-
ment lasts several years, which facts mostly remain 
unchanged by climate change, or the number of 
generations is limited by the photoperiod. About 
30% of species produce two or three, and slightly 
over 10% even more generations a year. Insects may 
very rapidly adapt to new climatic situations by 
shifts in temperature thresholds, effective tempera-
ture totals, critical photoperiod lengths without 
showing any appreciable changes in their develop-
ment (e.g. Pullin 1986). Some species will produce 
more generations annually in years with extreme 
temperatures, and this phenomenon may become 
regular with gradually warming. This is true of e.g. 
Psammotettix alienus, Diaspidiotus perniciosus, 
Leptinotarsa decemlineata, Eupoecilia ambiguella, 
Pandemis heparana, Hedya nubiferana, Cydia 
pomonella, Grapholita molesta, Archips podana, 
Agrotis segetum (Hrdý et al. 1979; Stará & Ko-
courek 2001, 2004; Kocourek & Stará 2005; 
Manurung et al. 2005; Malenovský I. personal 
communication, etc.); of forest pests, e.g. Ips ty-
pographus (Hlásny & Turčáni 2009). Southern 
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populations with shorter critical photoperiods 
may spread with higher temperatures northwards 
where it will not inhibit them in producing more 
generations annually (e.g. Gomi 1997). In this 
connections intensive studies have been mainly 
focussed on aphids, yet the resulting effect on 
their abundance and further prosperity, nor the 
practical effect of this increase are insufficiently 
known, or the available results are often inconsist-
ent (cf., e.g. Zhou et al. 1995; Davis et al. 2006; 
Quarles 2007). No data are available on the re-
lationship between increased abundance and the 
effects of intrinsic factors inside the populations 
(such as decreased fertility and reproduction), 
the responses are unknown of host plants, and 
it is a question whether they may be available in 
sufficient quality at the later phase of a growing 
season. In extreme conditions, higher abundance 
of insect pests may partly be due to lower activity 
of parasitoids (Stireman et al. 2005; Hance et al. 
2007) or to disturbed parasitoid-pest relationship 
and decreased controlling capability, yet other 
studies suggest that higher temperatures will fa-
vour parasitoids rather than their hosts (Kiritani 
2006; cf. also Davis et al. 1998).

(b) Easier wintering during warm winters
The effect of climate change in temperate re-

gions on wintering pests is considered one of the 
major effects (Bale et al. 2002). It is rather widely 
believed that warm winters may promote their 
increase. In Central Europe it is quite the contrary 
except in a few cases. A large majority of Central 
European insect pests winter in a diapause which 
they must undergo at sufficiently low tempera-
tures, often below the freezing point, and lasting 
sufficiently long. Their successful development, 
therefore, requires long and frosty winters with 
snow blankets and moderate temperature oscil-
lations. A warm, frost-free winter or a longish 
period with temperature above 10°C cause high 
mortality rates of various developmental stages of 
pests. This mortality is due not only to the tem-
perature unfavourable for the diapause but also 
to high energy losses, development of pathogens, 
and greater availability to predators. If the climate 
change will mean the onset of frost-free winters 
it will negatively affect most Central European 
insect pests, and the importance of some of them 
may drop. Warm winters may positively affect just 
a small number of species for which the winter 
period of rest is not necessary a part of their de-

velopment, as they only show decreased activity 
during dropping temperatures. For example, the 
aphid Myzus persicae could spend a markedly 
warmer winter period in the adult stage, which 
would slightly affect the time of its spring migra-
tion and the whole developmental cycle (Bale et 
al. 1988; cf. also Kocourek & Beránková 1989). 
Frost-free winters can positively affect even some 
of the migratory species which have only seasonally 
migrated into Central Europe (see below).

(c) Changed pest-host plant relationship

Parallel evolution gradually resulted in a close 
relationship between insect pest and its host plant, 
accompanied by the development of various adapta-
tions of both. This relationship may be disturbed 
or changed by different climate. It may result e.g. 
in phenological asynchrony between insect and 
plant (Van Asch & Visser 2007), which may be 
in favour of the plant against the pest. This time 
discrepancy is often exemplified by the winter 
moth (Operophtera brumata), yet even in this 
case the scientific results are at variance (cf., e.g. 
Buse & Good 1996; Visser & Holleman 2001). 
Besides, that particular species will probably be 
more reduced by lack of summer moisture rather 
than by spring asynchrony, as a result of which 
the size of the area in danger of outbreaks will 
markedly decrease (Turčáni et al. 2007). 

Higher temperatures and higher CO2 content 
may change the quality of vegetable food. Insect 
pests may respond in a different way than they do 
at present, positively or negatively, their numbers 
may increase or decrease, and as a result they may 
consume the same, greater or smaller amounts of 
food (Caulfield & Bunce 1994; Buse et al. 1998; 
Kerslake et al. 1998; Parry 1998), and a change 
in their practical importance is unpredictable on a 
general level. Likewise, assumptions that climatic 
extremes may cause more frequent outbreaks of 
insect pests (e.g. Quarles 2007; Farrow 2008) are 
hardly probable in general, as the climatic extremes 
will negatively affect insect pests the same as other 
organisms, yet a higher abundance of some pest 
species may be conditioned by dry and hot periods 
(Mattson & Haack 1987; Rouault et al. 2006). 
Besides, the gradations of important insect pests 
are not induced by weather conditions as a rule 
(e.g. Turčáni et al. 2007). New conditions (higher 
temperatures, moisture defficiency) may stress host 
plants (which may become apparent in forest stands). 
The stressed host plants may insufficiently resist 
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the infestation by insect pests. Again, the responses 
of particular insect pests and their antagonists are 
hardly predictable in this point.

(d) Changed structure and geographic 
distribution of crops

This problem cannot be examined solely in view of 
the climate change but in view of a whole complex 
of changes that took place in European agriculture 
in the course of the 21st century (e.g. Parry 1998). 
The composition and geographic dislocation of 
agricultural crops is of decisive influence on the 
species spectrum and abundance of specialised 
pests, regardless of whether it will be primarily due 
to climate change, economic impacts, social situa-
tion, or other factors. The importance of a pest will 
proportionally decrease with the decreased extent 
of “his” crop (smaller areas and their discontinu-
ity), and vice versa. Increasing the extent of crops 
and varieties requiring higher temperatures and 
less moisture will lead to increasing importance of 
their insect pests. With the shift of some crops to 
higher altitudes, their respective pests will also shift 
or disperse. In such cases, additional factors such 
as landscape structure and soil conditions will be 
of importance besides climatic conditions suitable 
for the cultivation of a particular crop.

Considering the present ecological knowledge of 
local insect pests, their occurrence in other parts of 
Europe and in years of extreme weather conditions, 
one may presume that the change in their importance 
due to climate change should not exceed 10% at a 
more or less unchanged species number.

New insect pests spreading  
into the Czech Republic

The ranges of insect species are not static but 
show various shifts. At any time it is possible to 
give examples of species spreading into or retreat-
ing from the Czech Republic. As regards actual 
or at least potential insect pests, in the past two 
decades e.g the noctuid moth, Noctua interjecta, 
spread from the west, the bark beetle, Ips dupli-
catus, from the north, and the aphid, Diuraphis 
noxia, from the east (Beránková & Novák 1986; 
Mrkva 1994; Starý et al. 2003). Recently, the 
sudden range shifts of insects have often been 
thought to be connected to climate change, yet 
in most cases they have had nothing in common 
with it. Dispersion due to climate change is slow 

and has to be correlated with it (and is limited by 
additional biotic and abiotic factors, see e.g. Davis 
et al. 1998), and has also been documented, mostly 
in higher latitudes (e.g. Parmesan et al. 1999; Hill 
et al. 2002; Ryrholm 2003) or predicted (Settele 
et al. 2008) for different insect groups. Parmesan 
and Yohe (2003) state that due to climate change, 
insect species spread at a mean rate of 6.1 km per 
decade. The shift of range boundaries may be 
more rapid in some cases, yet it cannot overtake 
the climate change. The Czech Republic (Central 
Europe) lies within a more extensive region with 
similar macroclimate, character of vegetation, 
composition of agricultural crops, and spectrum 
of insect pests. A more distinct spread of noxious 
and other insect species in the northward direc-
tion can be expected at the southern and northern 
limits of this territory (e.g. Parmesan et al. 1999; 
Ryrholm 2003; Jepsen et al. 2007). If quite new 
kinds of crops would be introduced as a result 
of climate change or other reasons, they will be 
rapidly accompanied by their insect pests, both 
local non-specialised and new species that will be 
introduced together with the crops.

In particular cases of south European insect pests, 
increased temperatures may possibly be expected to 
spread in the northward direction. For instance, the 
carnation tortrix moth, Cacaecimorpha pronubana, 
is widely distributed over Southern and Western 
Europe as a pest of decorative plants. It is occasion-
ally introduced into Central Europe (Bártová & 
Marek 2009), yet it is not known to occur in free 
nature. Due to increased temperatures, it could 
become established in climatically most suitable 
regions. An expansion of the pine processionary, 
Thaumatopoea pityocampa, a pest of pine trees has 
already been recorded in several southern European 
countries (Krehan & Steyrer 2006; Buffo et al. 
2007). It is difficult to estimate how far north the 
boundary of its range may shift.

Thus, the danger of possible expansion of new insect 
pests into the territory of the Czech Republic due to 
climate change is altogether negligible. Compared to 
the present number of important insect pests, it may 
not exceed 1% in both number and importance.

Increase in numbers and invasions  
of non-indigenous species

Non-indigenous species are accidentally or inten-
tionally introduced by man from other geographic 
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regions. Those non-indigenous species that are 
capable of surviving and spreading in external 
conditions (invasive species), i.e. they can find 
suitable climatic conditions, habitat types and food 
in a new territory, may become pests of plants. The 
territory of the Czech Republic is known to harbour 
about 400 non-indigenous insect species; of which 
number 70 species are invasive and 30 among them 
are pests of plants (Šefrová 2005; Šefrová & 
Laštůvka 2005). Important insect pests of crops 
include e.g. Diaspidiotus perniciosus, Eriosoma 
lanigerum, Bruchus pisorum, Leptinotarsa decem-
lineata, Grapholita molesta, Hyphantria cunea 
and Contarinia pisi; of ornamental plants, e.g. 
Psylla buxi, Thrips simplex, Cameraria ohridella 
and Monarthropalpus flavus.

The introduction of non-indigenous species is an 
anthropogenic issue, not connected with climate 
change. The number of newly introduced species 
is on a distinct increase, obviously connected with 
the permanently increased business exchange and 
transport of diverse material (cf., e.g. Roques et 
al. 2008 and in press). In the territory of the Czech 
Republic in particular, a new non-indigenous insect 
pest was registered every four years on average by 
1980, every two years in 1980–2000 and every year 
after 2000. Approximately 250 invasive insect spe-
cies are known in Europe. Most of them, around 
120, are distributed over the western part of the 
Mediterranean. In western and Central European 
countries, this number decreases to about 60%, 
their numbers showing no appreciable differences 
in those countries. Only about 40% of the initial 
number occurs in the north and north east of Cen-
tral Europe, and about 15% in northern Europe. 
Most of the non-indigenous species occurring in the 
Mediterranean are pests of thermophilous plants 
(citrus and cedar trees, palms, etc.) that cannot grow 
in Central Europe. Only a very limited number of 
the Mediterranean invasive species could expand 
northwards after climate warming. As regards 
insect pests, these might be 3–5 in number in the 
next 30–50 years, which is negligible, compared 
to the increasing trend of introducing additional 
non-indigenous species.

An expansion may be expected of pests of crops 
and ornamental plants cultivated from the Medi-
terranean up to the far north. These could include 
e.g. planthoppers Scaphoideus titanus and Metcalfa 
pruinosa, the bug Nezara viridula, the aphid Aphis 
illinoisensis, gelechiid moths Tuta absoluta and 
Phthorimaea operculella, mining moths Phyllocnis-

tis vitegenella and Antispila ampelopsifoliella (for 
particulars see e.g. Elsner et al. 1999; Lauterer 
2002; Rédei & Torma 2003; Seljak 2008; Baldes- 
sari et al. 2009; Ramel 2009 and personal com-
munication Malenovský I., van Nieukerken E.J., 
and Starý P.). Some of the thermophilous invasive 
species that occupied a part of our territory in the 
past may expand towards the north and to higher 
elevations, e.g. Hyphantria cunea and Grapholita 
molesta (cf. Miller 1952; Hrdý et al. 1993). They 
will respond to the climate change in a similar way 
as the thermophilous native insect pests.

In future, non-indigenous insect pests may 
present an increasing problem of plant protec-
tion, in Central Europe just slightly affected by the 
climate change. Due to the latter, their number may 
increase in the next 50 years by 5–10% against the 
present trend of introduction of non-indigenous 
species.

More frequent occurrence and greater damage 
done by migratory species

Of migratory insect species, greater damage is 
occasionally done by Plutella xylostella, Agrotis 
ipsilon, Autographa gamma, Heliothis armigera, 
H. maritima, Loxostege sticticalis, and Nomophila 
noctuella. Their arrival in Central Europe varies 
considerably in successive years and longer periods, 
cases of their outbreaks are very irregular and un-
predictable (see e.g. Rambousek 1921 or Novák 
1966). The intensity of their arrival is probably 
affected by the abundance of the species in its per-
manent range (north of Africa, the Mediterranean) 
and perhaps even by the actual weather situation in 
those regions, less so or not at all by that in Central 
Europe. Yet in warm and dry weather these species 
may migrate farther northwards and attain greater 
abundance in the subsequent generation(s), thereby 
increasing their noxious effects. Some of them, 
e.g. Autographa gamma, may go through a mild 
winter and thus survive even over a longer period 
in Central Europe. The pupa of Heliothis armigera 
can even survive a frosty winter but its larvae will 
not complete their development as a rule in cold 
autumn weather. They may succeed in prolonged 
growing season, however. 

Thus, one may presume that in the next decades 
the abundance of migratory species may increase 
slightly and cause irregular damage. Since they 
are non-specialised insect pests, such increase 
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will probably cause no major problems in plant 
protection.

Possible shift of greenhouse pests  
to outdoor conditions

Most of the insect species that cause damage 
to plants grown in greenhouses, flats and other 
closed environments are native to the tropics and 
subtropics. As a rule, they do not tolerate frost, 
often not even long periods with temperatures 
below 10°C. In the Czech Republic about 70 spe-
cies of greenhouse insect pests have been regis-
tered, 25 of which cause permanent and important 
damage. Most of them belong to such groups as 
scale insects, thrips, aphids, whiteflies and flies 
(Zahradník 1990; Šefrová & Laštůvka 2005, 
here next references). Aquatic plants grown in 
greenhouses are locally damaged by four species 
of tropical pyralid moths (Marek & Bártová 
1998; Marek J. and Vrabec V. personal commu-
nication). Further insect pests may be individually 
imported into greenhouses with their host plants 
from abroad (e.g. Bártová & Marek 2000, 2009). 
Many greenhouse insect pests occur in free nature 
in Southern Europe. In our conditions, the survival 
of longer-lasting outdoor populations could only 
be possible in a series of frost-free winters, and 
they would be liquidated by the first next frosts. 
If the outdoor weather conditions were favour-
able for some of the greenhouse pests then such 
species would also expand from Southern Europe 
and would behave like other thermophilous native 
as well as introduced insect pests. Even so, their 
outdoor occurrence is probable in only a very 
limited number of species. Outdoor populations 
have been observed in the thrips, Frankliniella 
occidentalis, and may also be considered to occur 
in thrips, Gynaikothrips ficorum and Echinothrips 
americanus, as well as in 2–3 species of scale 
insects, e.g. Planococcus citri or Aspidiotus nerii 
(Fedor P. and Hlavjenková I. personal communi-
cation). Some of the aphids detrimental preferably 
in greenhouses (e.g. Macrosiphum euphorbiae and 
Aphis gossypii) may be of more importance even 
in outdoor conditions in warmed climate. 

Thus, following a marked climate warming, up 
to 5–7% of greenhouse insect pests might shift to 
outdoor environments. There they would exist at the 
limits of their environmental requirements, and as 
pests they would probably become unimportant.

Conclusions

The degree to which various species of insect 
pests will be affected by climate change will be 
proportional to the degree of the change, and 
inversely correlated with the width of environ-
mental requirements of each species. Most insect 
pests are widely tolerant and adaptable organisms, 
and their occurrence in an environment depends 
upon the presence of their particular host plants. 
Therefore, they may be less distinctly affected by 
climate change than other species. The Czech 
Republic lies in the middle of a more extensive 
region with much the same macroclimate, char-
acter of vegetation, field crop composition, and 
spectrum of insect pests. Countries lying at the 
margins of this region (especially the southern 
and northern ones) will be affected by climate 
change earlier and more markedly than the Czech 
Republic, and it may also be of principal influence 
in those countries. In Central Europe the climate 
change will intensify the effects of other factors. 
The climate change may result in partially changed 
occurrence and importance of native insect pests 
(up to 10% at more or less unchanged species 
number) (increased importance of thermophilous 
and xerophilous species and decreased importance 
of psychrophilous ones, noxious abundances of 
several species also in higher altitudes). The abun-
dance of a number of native insect pests may be 
influenced in a negative way (thereby decreasing 
their harmfulness) by frost-free winters, low hu-
midity, weather extremes, increased numbers of 
antagonists, and phenological discrepancy with 
the host plant. Changes may occur in the mutual 
host plant-insect pest relationships, and they may 
become apparent, in particular cases, in increased 
or decreased levels of damage done. The dispersal 
of quite new species over the territory of the Czech 
Republic, caused by the climate change, may not 
exceed 1% of the present number of insect pests. In 
future, some 5–7% of greenhouse insect pests may 
shift to outdoor conditions, probably without any 
appreciable importance. Increased temperatures 
may cause a small increase of non-indigenous 
invasive insect species (roughly by 3–5% against 
the present trend) as well as a slight increase in 
the importance of migratory species.

In the next 20–50 years, the changes in species 
composition and importance of insect pests of 
plants will be caused by factors in the following 
order: (1) introductions of non-indigenous species, 
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(2) new approaches in pest control, (3–4) changes 
in crop cultivation and representation of crops, 
(3–4) climate change, (5) other causes (unexpected 
shifts of ranges, changes in food preferences of 
insect species, etc.).
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