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Latitudinal gradient in response of wing polymorphism to photoperiod in a
flightless bug, Pyrrhocoris apterus (Heteroptera: Pyrrhocoridae)
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Abstract. The aim of this study was to determine if there is a latitudinal gradient in the photoperiodic regulation of wing dimor-
phism in the flightless bug, Pyrrhocoris apterus (L.). For this purpose individuals from three geographical populations (Israel, Spain
and Czech Republic) were reared under different photoperiods and the wing length of the adults analyzed. The highest percentage of
long-winged (macropterous) specimens was found in the population from Israel (35.3%), whereas percentages of macroptery were
lower in the cultures from Spain (9.5%) and Czech Republic (8.6%). A higher proportion of macropterous specimens was recorded
in the northern population of P. apterus kept under long daylengths (Czech Republic, 16 h) than in the southern populations (Spain,
14-15 h; Israel, 12 h). The results indicate that there is a latitudinal gradient in the critical photoperiod determining wing length in P.

apterus.

INTRODUCTION

Photoperiodic determination of wing length is one of
the most important adaptations to a seasonally changing
environment and commonly occurs in insects, particularly
in temperate zones (Vepséldinen, 1971; Masaki, 1973;
Beck, 1980; Tauber et al.,, 1986; Harada & Numata,
1993). In numerous wing-polymorphic species wing
length is usually associated with other key life history
traits such as fecundity, age at first reproduction, flight
potential and diapause (Dingle, 1981, 1996; Roff, 1986;
Danks, 1987), and is often geographically dependent
(Iwanaga et al., 1987; Mousseau & Roff, 1989; Shimizu
& Masaki, 1993; Imasheva et al., 1994). However, there
is no data on the geographical variations in photoperiodic
regulation of wing length for the important experimental
model insect, Pyrrhocoris apterus (L.) (Socha, 1993).

The firebug, P. apterus, is a common Palaearctic spe-
cies, which is mainly distributed in the Mediterranean
area and ecastern and central Asia (Socha, 1993). It is a
dimorphic heteropteran, producing short-winged (bra-
chypterous) adults and a non-flying long-winged (mac-
ropterous) morph (Honék, 1976). Honék (1987) found no
obvious differences in the proportion of macropters
among the F, offspring of some Mediterranean and cen-
tral Asian populations of the bug, when he reared them
under a long-day (18L : 6D) photoperiod at 26°C. How-
ever, his experiments are unrealistic, because such a day-
length does not naturally occur at the localities from
which the Mediterranean populations originated, and the
wing length of the bug might be photoperiodically and
geographically dependent. The aim of this study was to
test the hypothesis that P. apterus is characterized by a
latitudinal gradient in wing polymorphism, and that the
latitudinal gradient in the critical photoperiod regulating

macroptery in this bug involves a long-day photoperiodic
response in northern populations and a short-day photo-
periodic response in southern populations.

MATERIALS AND METHODS

Stocks of P. apterus were reared on an ad libitum supply of
linden seeds and water at a constant temperature of 26°C. One
temperate and two Mediterranean cultures of this bug were used
in this study. The temperate culture originated from bugs col-
lected at Ceské Budsjovice (Czech Republic, 49 N°). The Medi-
terranean cultures were established from bugs collected at La
Fosca-Palamés (Spain, 42 N°), and at Ma’agal Michael (Israel,
33 N°). The F; offspring of the cultures were maintained at
26°C either under the photoperiodic regimes 18L : 6D (Czech
Republic culture) or 16L : 8D  (Spain and Israel cultures),
which allowed continuous breeding. Larvae and adults were
kept in 0.5 liter jars (approximately 40 specimens per jar), and
food and water were replenished twice a week.

Animals used for determining the percentages of brachy-
pterous and macropterous individuals and for the analysis of the
wing-form response to photoperiod were reared from egg to
adult under a particular photoperiod at 26°C. For this purpose
eggs were collected daily from each culture, and transferred to
different photoperiods (photophase in the range 0-24 h). Newly
ecdysed adult males and females (200-800 specimens reared at
each photoperiod) were scored as either brachypterous or mac-
ropterous. The response to photoperiod was expressed as a
curve: the percentage of macropterous individuals plotted
against photoperiod. To give an overall picture of the statistical
reliability of the results the 95% confidence limits (the lower
and the upper confidence limits of percentages) were estimated
according to Zar (1996).

RESULTS

The P. apterus from all three geographical origins dif-
fered in both percentage of macroptery and in their
response to photoperiod (Fig. 1). The population from
Israel had the highest percentage of macropters (35.1%),
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Fig. 1. The percentage of macropterous individuals produced
in response to photoperiods from 0-24h by three geographical
separated populations of P. apterus. Error bars indicate 95%
confidence limits (cf. Zar, 1996).

that from Spain the next lowest (9.47%) and that from
Czech Republic the lowest (8.6%). Maximum levels of
macroptery were reached at longer daylengths in the
northern population (Czech Republic, 16 h) than the
southern population (Spain, 14-15 h; Israel, 12 h). No
significant differences between the proportions of mac-
ropterous males and females were observed. The popula-
tion from Israel produced the highest proportion of
macropterous specimens (35.3%) under short-day (12L :
12D) conditions, while the culture from the Czech
Republic produced only brachypterous individuals when
reared under this photoperiodic regime. In contrast, the
highest percentage of macropterous individuals in the
Czech culture (8.64%) was produced under long day (16
h) conditions, whereas the percentage of macropterous
specimens produced by the Israel culture was almost the
lowest (1.36%) when reared under this photoperiod. The
other main difference is that the bugs from the Czech
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Republic respond to a narrower photoperiodic range than
those from Isracl and Spain. Unlike the Czech culture,
specimens from Israel and Spain produced a high propor-
tion of macropterous individuals when kept in continuous
darkness.

DISCUSSION

The results demonstrated a north to south gradient in
the photoperiodic response regulating wing polymor-
phism in P. apterus. The critical daylength inducing the
macropterous morph was considerably shorter for bugs
from Israel than for those from Spain and the Czech
Republic when reared at constant temperature of 26°C.
The photoperiodic response curves for the bugs indicates
that the induction of the macropterous morph involves a
long-day photoperiodic response (with a critical photope-
riod of about 16.5 h) for those from Czech Republic and a
short-day photoperiodic response (with a critical photope-
riod of about 12.5 h) for those from Mediterrancan
(Israel). Thus, P. apterus is an insect in which there is a
clear effect of photoperiod on wing dimorphism and in
which a latitudinal variation in the photoperiodic response
has been demonstrated (Vepsildinen, 1978; Tauber ct al.,
1986). There is strong positive correlation of wing length
and wing area with latitude in both wild Drosophila
melanogaster and their laboratory-raised descendants
(Land et al., 1999). In addition to the different percent-
ages of macropterous individuals in the different popula-
tions, the shapes of the photoperiodic response curves for
P. apterus from different areas differ. Populations from
Isracl and Spain have one shape and that from the Czech
Republic another. It is possible that the differences in lon-
gitude of Spain and Israel might account for similarities
in the shape of the curves for those two populations even
though the percentages of macroptery differ. To answer
this question further experimental data for one or two
additional populations of this bug is needed.

In contrast to P. apterus, a closely related species, P.
sibiricus, produces the highest proportion of macrop-
terous individuals when reared under a short-day ( 12L :
12D) photoperiod (Sakashita et al., 1995). The major dif-
ference in the environmental control of wing length in
these phylogenetically related species is thought to be the
critical photoperiods. However, this is unlikely, as they
compared data for populations collected from different
latitudes (P. sibiricus from Okayama, Japan, ~35°N;
Sakashita et al., 1995; P. apterus from central Bohemia,
Czech Republic, ~50°N; Hongk, 1976). It is probable that
different results would be obtained, if a similar compara-
tive study were done using bugs collected from similar
latitudes. This assumption is supported by a comparison
of the data obtained in this study for the Israel (33 °N)
population of P. apterus and that for P. sibiricus from
similar latitudes (Sakashita et al., 1995), which showed
no important differences in the photoperiodic responses
regulating wing length pattern in these pyrrhocorids.

In natural populations of P. apterus in central Europe
there are usually 1-5% macropterous specimens (Honék,
1987). The penetrance of the macropterous allele depends



not only on photoperiod, but also on temperature and
population density (Hon¢k, 1976). Selection for macrop-
tery decreases sensitivity, but does not alter the critical
photoperiod (Hon¢k, 1979). Photoperiodic reaction is
modified by temperature: the optimum for macropter pro-
duction is 25-27°C while lower (21°C) and higher
(31-33°C) temperatures decrease the incidence of mac-
ropters (Hon€k, 1981). The proportion of macropters in
temperate populations of P. apterus usually increases in
June to August, so that during the warm season of the
year it may sometimes exceed 60% in some local tem-
perate populations (Hon¢k, 1981). As in P. apterus, mac-
ropters of some other heteropterans, e.g. Microvelia
douglasi, also occur in natural populations most fre-
quently from late June to early July, when many habitats
become unstable and dry out (Muraji et al, 1989).
Despite the inhibitory effect of lower and higher tempera-
tures on the production of macropterous specimens in P.
apterus (Honék, 1979, 1981), geographical differences in
the way temperature modifies the wing-morph response
to photoperiod in this bug cannot be excluded and will be
the topic of a further detailed study.
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