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Institute of Entomology, Academy of Sciences of the Czech Republic, Branisˇovská31, 370 05 Cˇ eskéBudějovice, Czech Republic
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Abstract

Seasonal dynamics of ecophysiological parameters are described which are relevant to overwintering in field-collected adults of
a Czech population of the red firebug,Pyrrhocoris apterus. Five life-cycle phases were distinguished using the duration of pre-
oviposition period as a criterion: reproductive activity (spring–early summer), intensification of reproductive diapause (RD) (peak
of summer), maintenance of RD (late summer–early autumn), termination of RD (late autumn–early winter), and low temperature
quiescence (LTQ) (winter). The supercooling capacity and chill tolerance (c.t.) increased simultaneously with theterminationof
RD and all three processes were triggered/conditioned by autumnal decrease in ambient temperatures. Maximum supercooling
capacity and c.t. ‘outlived’ the end of diapause and persisted throughout the LTQ state. The limits of c.t. were estimated as215°C/1–
2 weeks for 50% survival. Ribitol, sorbitol, arabinitol, and mannitol were accumulated in the winter-sampled insects. Relatively
low concentrations of polyols (dominating ribitol reached ca. 1% FW) indicate that they do not function as colligative cryoprotec-
tants. However, because their seasonal occurrence coincided with the highest c.t., their non-colligative cryoprotectant effects would
merit further study. Although the overwintering microhabitat ofP. apterusis buffered, the temperatures may fall to213°C during
exceptionally cold winters and thus, the parameters of c.t. seem to be just appropriately tuned to the local overwintering conditions.
 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Insects inhabiting temperate regions are exposed to
seasonal fluctuations of abiotic factors which shape their
life-cycles and drive the evolution of numerous adaptive
responses at all levels of biological organization. The
adaptations to low winter-temperatures have received
considerable attention during this century and the knowl-
edge has been summarized in recent monographs (Lee
and Denlinger, 1991; Leather et al., 1993; Sømme, 1995;
Hallman and Denlinger, 1998). Presently, different
physiological and biochemical aspects of the insects’
cold hardiness are being studied in detail (for a recent
review see Sømme, 1999). In addition to the studies
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which are focused on a single particular facet of over-
wintering, another direction of research emphasizes a
more holistic approach considering several factors sim-
ultaneously with the aim to understand broader ecologi-
cal and evolutionary consequences of the insects’ cold
hardiness (Bale, 1987; Danks, 1991; Ring and Danks,
1994; Block, 1996; Pullin, 1996; Tanaka, 1997; Kosˇt’ál
et al., 1998; Sinclair, 1999).

The main purpose of the present study was to integrate
the information obtained by simultaneous recordings of
physiological and biochemical aspects of cold hardiness
with the life-cycle phenology and microclimate con-
ditions in the overwintering habitat of a wild population
of the red firebug,Pyrrhocoris apterus(L.) (Heteroptera:
Pyrrhocoridae). Such an integration aims to give a better
understanding of overwintering strategy in its com-
plexity (Danks, 1991). Field data obtained in this study
are used to verify and extend earlier laboratory experi-
ments (Hodkova´ et al., 1992; Hodkova´ and Hodek, 1994,
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1997) and to test mutual relationships among individual
facets of the overwintering strategy (Danks, 1991).P.
apterus is a convenient model for biological research
(for a review see Socha, 1993). Two wing-forms occur
in Czech populations (Honeˇk, 1976; Socha, 1993). This
paper concerns only the prevailing brachypterous wing-
form. Reproductive diapause (RD) is the most striking
feature of the life-cycle of the brachypterous form. The
RD, characterized by seasonal arrest of reproduction, is
induced by environmental cues such as short photop-
eriod, low temperature and high population density
(Hodek, 1968, 1971, 1979), through their effects on the
neurohumoral system (Sla´ma, 1964; Hodkova´, 1976,
1979). The perception of sub-critically short days by the
last-instar larvae and young adults was identified to be
the most common way of diapause induction in the field
(Hodek, 1968, 1971). Overwintering adults ofP. apterus
do not tolerate freezing of their body fluids and rely on
supercooling for winter survival (Hanzal, 1988; Hod-
ková and Hodek, 1997).

In this paper, the detailed ecophysiological charac-
terization of a wild population ofP. apterusis presented
with special respect to overwintering. The samples of
adult insects were collected regularly (ca. each month)
for 1 year. Seasonal alteration of physiological states in
the adults (reproduction, reproductive diapause, low
temperature quiescence) was used as a reference axis to
which the changes in weight, water content, supercool-
ing capacity, chill tolerance, and contents of potential
cryoprotectants were related. In addition, the tempera-
ture-conditions in the overwintering microhabitat were
registered throughout the cool season and related to the
level of P. apterus’cold hardiness.

2. Materials and methods

2.1. Sampling, handling and rearing of insects

Adults of P. apteruswere sampled (February 1996–
January 1997) from a field population occurring in Stro-
movka (the outskirts of Cˇ eské Budějovice) in South
Bohemia (49°NL, 400 m a.s.l.). Only the specimens
belonging to the brachypterous wing-form, which is
dominant in South-Bohemian populations (Socha, 1993),
were sampled. A sub-sample of 10 females and 10 males
was used for testing the duration of pre-oviposition per-
iod, the indicator of developmental status of a female
(Hodek, 1968, 1971, 1983). Pairs of adults were kept
in Petri dishes (9 cm) under the long-day photoperiod
(L18:D6) and constant temperature of 25°C, supplied
with linden (Tilia parvifolia Ehrh.) seeds and water ad
libitum, and the time elapsed between the sampling and
the start of oviposition (the duration of pre-oviposition
period) recorded. The collected specimens were trans-
ported (ca. 10 min) to the Institute of Entomology in

ČeskéBudějovice and subjected immediately to differ-
ent procedures as described later in the text. During the
cool season, care was taken not to expose the insects to
elevated temperatures before the start of laboratory pro-
cessing.

2.2. Weight and water content

The fresh weight (FW) of individual adult specimens
was measured on a Sartorius balance (sensitivity 0.1
mg). The dry weight (DW) was obtained after drying the
specimens for 72 h at 60°C. The water content (WC)
was expressed in mg per mg of DW.

2.3. Capacity of supercooling (SCP) and chill
tolerance (c.t.)

The temperature of crystallization of body fluids
(supercooling point, SCP) was measured by the method
of Brunnhofer et al. (1991) at a cooling rate of 3–
5°C/min.

Samples of adult insects were exposed to a constant
low temperature of25, 210 or215°C, for 1 or 10 days,
respectively. Each sample, consisting of 20 males and
20 females, kept separately in two glass tubes (50 ml)
lined with dry cellulose, was put into an insulated box
and kept in a freezer with the preset low temperature.
The fluctuations of temperature inside the test tubes did
not exceed±0.5°C. Following the exposure to a low tem-
perature, the insects were maintained under a long-day
photoperiod (18L:6D) and constant temperature of 25°C
in glass jars (500 ml) and supplied with linden seeds and
water ad libitum. The proportion of living individuals
(those which were able to show coordinated crawling)
was recorded 1 week later and was taken as a measure
of survival. A parallel assay confirmed that the repro-
ductive capacity was retained in the surviving adults.
The tests of SCP and c.t. were not performed for the
bugs sampled on 22 July.

2.4. Low molecular weight sugars and polyols

Individual specimens were homogenized and the
sugars and polyols extracted with 70% (v/v) ethanol. The
contents of sugars and polyols were determined as their
o-methyloxime trimethylsilyl derivatives and the identity
of individual components was established against auth-
entic standards by capillary gas chromatography coupled
with mass spectrometry (GC–MS). The methods for
preparation and processing of the samples were the same
as described in earlier papers (Kosˇt’ál and Šimek,
1995, 1996).

2.5. Weather data

The air temperature and precipitation records were
obtained from the weather station (Czech Institute of
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Hydrometeorology) located ca. 1 km from the sampling
site. During the cool season 1998/1999, the automatic
temperature recorder, Testostor 175-3 (Testo, Germany),
was placed directly into the overwintering site ofP. apt-
erusadults (literally among the bugs) in the Stromovka
locality. The temperature of the microhabitat was auto-
matically recorded every 2 h for 6 months.

3. Results

3.1. Population phenology

The phenology ofP. apteruspopulation during the
year 1996 is schematically depicted in Fig. 1B. The
emergence from the overwintering shelters and the onset
of mating activity were recorded at the beginning of
April. Adults of the new (1st) generation started to
appear from mid-June and, at the same time, the pro-
portion of overwintering adults started to diminish. The
earliest females of the 1st generation could probably lay
some eggs (see Section 4 for explanation) which would
give rise to the partial 2nd generation. Adults of the 2nd
generation might emerge in October. Some of the indi-
viduals of the 2nd generation might not reach the adult
stage before the onset of low temperatures in the autumn
and those would perish during the winter.

All females of the sample no. 4 (mid-June) laid eggs
within 2 days (typical for non-diapause, reproductive
state) after the transport to the laboratory conditions. On
the next sampling date, in late July (no. 5), the mean
duration of pre-oviposition period was 12.3 days (range
9–14, n=9; Table 1) which indicates that the repro-
duction had already ceased in the field. In early August
(no. 6), the mean duration of pre-oviposition period
lengthened to 25.1 days. Thus, the female reproductive
diapause (RD) must have started between mid-June (no.
4) and late July (no. 5) and intensified during the peak
of summer (until no. 6). During the warm end of summer
(no. 7) and the beginning of autumn (no. 8), the pre-
oviposition period remained long (Table 1). During
October and November the pre-oviposition period gradu-
ally shortened (nos 8, 9 and 10) and a short and constant
pre-oviposition period was typical for the winter season
(nos 10, 11 and 1) which indicates that the diapause was
ended during December and, later, the bugs were in a
state of low temperature quiescence (LTQ) (Table 1).

3.2. Seasonal changes in weight and water content

Dry weight (DW) was consistently higher in females
than in males. The DW remained relatively constant dur-
ing the life time. Fresh adults that emerged during sum-
mer and early autumn were smaller but enhanced their
DW before the onset of winter (Fig. 2A). Water content
(WC) was consistently higher in males than in females.

Fig. 1. Course of weather at Cˇ eskéBudějovice, Stromovka locality
(49°NL, 400 m a.s.l.) during the season 1996–1997 (A), and a sche-
matic depiction of the population phenology ofP. apterusat the same
locality (B). Dotted area in (A) delimits the period between mid-May
and mid-July when the duration of light-phase of the day exceeds the
‘critical photoperiod’ for diapause induction inP. apterus(16.30 h;
after Hodek, 1968). The vertical arrow in (A) shows the spring onset
of locomotory and mating behaviour. The horizontal bars in (B) delimit
the seasonal occurrence of developmental stages ofP. apterus(A,
adults; E, eggs; LI.-V., larval instars); the white and black portions of
the bars for adults depict alteration of reproductive and non-repro-
ductive states, respectively. The arrowheads with numbers in (B) indi-
cate the dates of sampling. The vertical dotted line in (B) delimits the
latest possible time for the onset of reproductive diapause.

Relatively high WC was observed in fresh summer
adults. The trend indicating elevation of WC was
observed in the overwintered, spring specimens. No sub-
stantial loss of water in overwintering adults was appar-
ent (Fig. 2B).
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Table 1
Duration of pre-oviposition period in females ofP. apterussampled from the field population in Cˇ eskéBudějovice, Stromovka during 1996/97

Sample no. Sampling date Mean±SD duration of the pre-oviposition period Developmental status of females
(days)a

1 12 Feb 7.9±1.2b LTQb

2 10 Apr 2.6±1.9a preoviposition/oviposition
3 20 May 1.1±0.1a oviposition
4 17 Jun 1.2±0.2a oviposition
5 22 Jul 12.3±2.5c intensification of RDc

6 12 Aug 25.1±7.6de maintenance of RD
7 16 Sep 29.5±4.9e maintenance of RD
8 14 Oct 20.8±4.2d maintenance/termination of RD
9 6 Nov 17.5±3.3cd termination of RD
10 10 Dec 9.9±2.3bc end of RD/LTQ
11 13 Jan 8.7±0.8bc LTQ

a The time elapsed between sampling in the field and start of oviposition in laboratory was recorded in females (n=10) kept in isolated pairs
with one male under long-day photoperiod (L18:D6) and 25°C; the means flanked by different letters are significantly different (Kruskal–Wallis
analysis of variance followed by Mann–Whitney U test,p=0.05).

b Low temperature quiescence.
c Reproductive diapause.

3.3. Seasonal changes of supercooling capacity

Although the individual variation in the SCP value
was typically high, there was a distinct seasonal trend
in the whole body SCP (Fig. 3). Relatively high values
of SCP (medians between24 and28°C) prevailed dur-
ing the warm part of the season irrespective of the
physiological state of the insects. Low values of the SCP
(medians between214 and 215°C) prevailed in the
samples where the insects were either close to the end
of RD (10 Dec) or in a LTQ state (12 Feb 96, 13 Jan 97).

3.4. Seasonal changes of chill tolerance

The lowest capacity of c.t. was found in the repro-
ductively active individuals and in the fresh individuals
of the 1st generation with induced/intensifying RD. The
c.t. moderately increased during the period of diapause
maintenance, the increase was expressed as higher
capacity to survive at25°C/10 days. Gradual increase
of c.t. capacity was recorded during diapause termin-
ation, the increase consisted of the decrease of lethal
temperature followed by the increase of lethal times
(Fig. 4). Maximum c.t. was reached in individuals that
were either close to the end of diapause or in a LTQ
state. Overwintered adults lost their high c.t. shortly
before or concomitantly with the spring onset of activity
(Fig. 4).

3.5. Seasonal changes of sugar and polyol contents

The GC–MS analysis identified four polyols (ribitol,
sorbitol, arabinitol and mannitol) that shared in common
a characteristic seasonal pattern of occurrence (Fig. 5A).
They were either below the threshold of detection or

present in very low amounts (,30 ng/mg FW) through-
out the warm part of the season and accumulated in rela-
tively high amounts (reaching almost 1% of FW in the
case of ribitol) during the cold part of the season. Four
other compounds (glucose, glycerol, myo- and scyllo-
inositol) were found to maintain relatively low and stable
contents (fluctuating between 0.1 and 1µg/mg FW)
throughout the year (Fig. 5B). In addition, trehalose,
erythritol, fructose and xylitol, were detected irregularly
in very low amounts (,10 ng/mg FW).

4. Discussion

4.1. Adult’s life-cycle: (reproduction)→ diapause→
quiescence→ reproduction→ death

The overwintered females ofP. apteruslay eggs irres-
pective of photoperiodic conditions because they had
lost their photoperiodic sensitivity during diapause
(Hodek, 1968, 1971). The developmental mode
(reproduction versus diapause) of the new (1st) gener-
ation is determined by the photoperiodic conditions
experienced by the last-instar larvae and the young
adults. The critical day-length of ca. 16 h 30 min was
reported for diapause induction in the Czech populations
of P. apterus(Hodek, 1968). The day-length longer than
16 h 30 min, which allows oviposition, occurs within a
seasonal interval from mid-May to mid-July on the
49°NL. As the earliest adults of the 1st generation
appeared during mid-June in 1996, they could transiently
lay eggs and could give rise to a 2nd partial generation.
The phase of diapause intensification (sensu Tauber et
al., 1986), characterised by an intermediate duration of
the pre-oviposition period, was registered in the field
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Fig. 2. Seasonal changes in dry weight (A) and water content (B) in
the adults of P. apterus. Each data point is a mean±SD (n=10
specimens). The bars above the diagram show the life-cycle stages of
P. apterusat the sampling dates (Int., intensification; Maint., mainte-
nance; LTQ, low-temperature quiescence).

sample taken on 22 July (Table 1). Earlier laboratory
studies identified profound physiological adjustments for
diapause to occur within 14 days after moulting (which
corresponds roughly to the intensification of RD) ofP.
apterus females in which RD was photoperiodically
induced: the respiration rate decreased by about 50%
(Sláma, 1964); the feeding and drinking rates substan-
tially decreased (Socha et al., 1997) as well as the loco-
motor activity (Hodkova´, unpublished results); higher
activities were found in some digestive enzymes (Socha
et al., 1997); glycogen and lipids were rapidly accumu-
lated in the fat body (Sˇula et al., 1998); and specific

Fig. 3. Seasonal changes of the whole-body supercooling points
(SCP) in the adults ofP. apterus. Whiskers-box plot shows median
value of SCP (points), upper and lower quartile (boxes) and range
(vertical lines) (n=30, male and female data pooled) for each sampling
date. The bars above the diagram show the life-cycle stages ofP. apt-
erus at the sampling dates (Int., intensification; Maint., maintenance;
LTQ, low-temperature quiescence).

hexameric storage proteins appeared in haemolymph
(Socha and Sˇula, 1992; Sˇula et al., 1995). Similar pre-
parative steps were indicated by the increase of DW and
the decrease of WC in our field samples collected during
the summer. We suggest to distinguish between two dis-
tinct phases within a horotelic process of diapause com-
pletion (sensu Hodek, 1983) inP. apterus: (1) mainte-
nance of RD and, (2) termination of RD. The term
diapause maintenance was introduced by Tauber and
Tauber (1976) to characterize the phase of suppressed
development, which immediately follows diapause
induction (and intensification), and which ensures that
the diapause state will persist until the temperatures
become sufficiently low to prevent growth and develop-
ment. Although the underlying control mechanisms
remain poorly recognized, the phases of diapause main-
tenance and termination can be distinguished inP. apt-
erus based on the rate of shortening of pre-oviposition
period: (1) absent/slow rate during the ‘warm’ part of
diapause (maintenance), in contrast to (2) rapid rate dur-
ing the ‘cold’ part of diapause (termination). Similar dif-
ferences were documented in earlier papers (Hodek,
1971; Socha and Sˇula, 1992). Physiological differences
will be substantiated later in the text.
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Fig. 4. Seasonal changes of chill tolerance in the adults ofP. apterus.
Each data point shows the survival rate in a sample of insects (n=40;
male and female data pooled) following the exposure to conditions
listed in the legend. The bars above the diagram show the life-cycle
stages ofP. apterusat the sampling dates (Int., intensification; Maint.,
maintenance; LTQ, low-temperature quiescence).

4.2. Relationship between life-cycle, supercooling and
chill tolerance

In this study, three aspects ofP. apterusoverwintering
strategy (life-cycle, SCP and c.t.) were compared simul-
taneously in wild specimens. The tight correlation
between SCP and lower lethal temperature was recog-
nized earlier in laboratory specimens (Hodkova´ and
Hodek, 1997; Nedveˇd et al., 1995) and allowed to use
the SCP value as a good and rapid estimate of the c.t.
Survival rates after 1-day-long exposures corresponded
well to the SCP values in our population samples. The
capacity to survive the 10-day-long exposures, however,
always developed with a certain delay.P. apterusadults
were categorized as being chill tolerant according to
Bale’s (1993) classification.

The acquisition of a low value of the SCP was found
to consist of two steps in laboratory-rearedP. apterus
(Hodková and Hodek, 1994, 1997). The first step
involved induction of diapause accompanied with a
moderate decrease of the SCP, followed by a second step
of cold acclimation accompanied with a further decrease
of the SCP to its lower limit. Our field data showed that
the adults maintained relatively high SCP and accord-

Fig. 5. Seasonal changes in the whole-body contents of potential cry-
oprotectants (A) and other low molecular weight sugars and polyols
(B) in the adults ofP. apterus. Each data point is a mean±SE (n=6
individually analyzed specimens; male and female data pooled). The
vertical bars delimiting SE were omitted in glycerol, myo- and scyllo-
inositol for the sake of better clarity. The bars above the diagram show
the life-cycle stages ofP. apterusat the sampling dates (Int., intensifi-
cation; Maint., maintenance; LTQ, low-temperature quiescence).

ingly low c.t. during the phase of RD maintenance. We
could not observe any decrease of SCP in the early
diapausing bugs as would be predicted from laboratory
results (Hodkova´ and Hodek, 1994, 1997). The different
food, which may deliver different ice nucleators into the
alimentary tract, could possibly explain the differences
in the SCP between the field and laboratory populations
in the early part of diapause (maintenance). During the
phase of diapause termination, SCP gradually decreased
and c.t. increased accordingly, in concert with earlier
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laboratory experiments (Hodkova´ and Hodek, 1994,
1997). Thus, in the field population ofP. apterus, the
low SCP and high c.t. evolved simultaneously with the
termination of RD and all three processes were
triggered/conditioned by the autumnal decrease in ambi-
ent temperatures. Maximum supercooling capacity and
chill tolerance ‘outlived’ the end of diapause in
December and persisted throughout the LTQ state.

4.3. Chill tolerance and accumulation of
cryoprotectants

Winter accumulation of low molecular weight sugars
and/or polyols was well documented in many overwint-
ering insects from polar and temperate regions (for a
review see Sømme, 1982) and the biochemical principles
of the accumulation have been studied (for a review see
Storey and Storey, 1991). Similar information was lack-
ing for P. apterus. We found that four polyols were
accumulated in the overwinteringP. apterus. Among
them, ribitol was dominant with its concentration reach-
ing ca. 1% FW. Polyols appeared strictly in the three
samples taken during the coldest part of the year indicat-
ing that their accumulation was triggered by a direct
effect of low temperature on the enzymes of the glyco-
lytic pathway (Hayakawa, 1985; Storey and Storey,
1991), rather than by a developmental switch from con-
tinuous- to diapause-development. The potential contri-
bution of the polyol accumulation to seasonal increase
of c.t. in P. apterusremains unclear. The concentrations
of ‘cryoprotectants’ were too low to bring about any sub-
stantial effect through depression of melting and super-
cooling points by colligative action (Zachariassen,
1985). This was also documented by a lack of time-
coincidence between relatively late increase of ‘cryopro-
tectants’ (December) and the earlier decrease of
SCP/increase of c.t. (October–November). The osmotic
pressure of haemolymph does not change throughout the
year and remains low (300–400 mOsm) in the overwint-
ering bugs (Hodkova´, unpublished results) which sup-
ports the view that no additional colligative cryoprotec-
tants are accumulated inP. apterus. The seasonal
presence of antifreeze proteins (Duman, 1982) may also
be excluded in the overwinteringP. apterus, because no
thermal hysteresis effect was detected in their haemo-
lymph (Hodková, unpublished results). Though rela-
tively low concentrations of ‘cryoprotectants’, as those
found in P. apterus, may contribute to cold hardiness
through their non-colligative effects [stabilization of pro-
teins in aquaeous solution (Carpenter and Crowe, 1988)],
such a possibility has not been critically tested, at least
to our knowledge, in any insect species.

4.4. Relevance of chill tolerance to the microclimate
conditions

P. apterusadults overwinter inside/under the layer of
litter on the soil surface. They exploit the warm spells

to leave the litter shelters anytime during overwintering,
climb the bases of tree trunks and bask in the sun in
clusters. Such behaviour was frequently observed during
sunny days when the air temperature reached at least 0–
2°C, the temperature inside the litter layer elevated to
3–6°C and the bark on tree trunk bases was warmed up
to 8–12°C (Košt’ál, unpublished microclimatic data).
The microclimate measurements showed that the over-
wintering microhabitat was buffered even when the air
temperature fell to the seasonal minimum of217°C
(Fig. 6). The temperature in the overwintering
microhabitat dropped below 0°C only four times during
the cool season 1998/1999. The most ‘severe’ was a 6-
day period during the first half of December 1998 when
the seasonal minimum of22.64°C was recorded. The
historical temperature records (available from the Czech
Institute of Hydrometeorology) show that the soil tem-
peratures (taken at a depth of 5 cm) can drop to213°C
during exceptionally cold winters. Thus, during the
course of evolutionary time, the Czech populations ofP.
apterusrepeatedly had to pass through a ‘bottleneck’ of
an exceptionally cold spell. The recent limits for 50%
survival rate were estimated in this study as215°C/1–
2 weeks, which seems to be just appropriate if consider-
ing the population survival over the long time-scale. It
remains to be elucidated to what extent the capacity of
chill tolerance inP. apterus results from the natural
selection for this trait during severe winters and to what
extent it has been shaped by the selection for the other
parameters substantial for winter survival such as water
balance, energy budget, protection against predators,

Fig. 6. Microclimatic conditions in the overwintering microhabitat of
the adults ofP. apterus(soil surface under the litter-layer) during the
cool season 1998–1999. Thin lines show daily minima and maxima of
the air temperature (taken at the meteorological station 1 km from the
population’s locality); thick line shows the record of the automatic
temperature recorder placed directly in the microhabitat (one reading
every 2 h). The depth of the snow cover above the temperature recorder
is also depicted. Seasonal minimum inside the microhabitat was
22.64°C.
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parasites and diseases, life-cycle synchronization etc.
(Danks, 1991). The family Pyrrhocoridae offers a good
opportunity for such a study as it includes some 300
species in total (Socha, 1993) which originated and are
predominantly distributed in Palaeotropics.P. apterusis
one of the few species which were able to colonize the
temperate zone (Stichel, 1959; Puchkov, 1974). Kalush-
kov and Nedveˇd (in press) found that the Czech and
Bulgarian populations ofP. apterusmarkedly differ in
their supercooling capacity and chill tolerance, both
being higher in the Czech population. Moreover, such
differences were rather internal, reflecting long-term cli-
matic conditions in the locality of origin, rather than
actually experienced conditions. Further comparative
studies either on differentPyrrhocorisspecies or on the
temperate versus sub-tropical populations ofP. apterus
should result in a better understanding of the principles
and evolutionary history of overwintering strategies in
insects.
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Honěk, A., 1976. The regulation of wing polymorphism in natural
populations ofPyrrhocoris apterus(Heteroptera: Pyrrhocoridae).
Zoologische Jahrbu¨cher, Systematik 103, 547–570.

Kalushkov, P., Nedveˇd, O., in press. Comparison of cold hardiness
between two geographic populations ofPyrrhocoris apterus
(Heteroptera: Pyrrhocoridae). European Journal of Entomology.
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