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Abstract—The paper reviews the data on diapause and related phenomena in stink bugs (Heteroptera: Pentatomi-
dae). Using stink bugs as examples, the consecutive stages of the complex dynamic process of diapause (such as 
diapause preparation, induction, initiation, maintenance, termination, post-diapause quiescence, and resumption of 
direct development) are described and discussed. Out of 43 pentatomid species studied in relation to diapause in 
the Temperate Zone up to date, the majority (38 species) overwinter as adults, two species—as eggs, and another 
two species—as nymphs. Pentatoma rufipes is believed to be able to overwinter at different stages of its life cycle. 
Less than 5 % of pentatomid species are probably able to overwinter twice. Only five species have obligate dia-
pause, others have the facultative one. Day-length and temperature are the main diapause inducing factors in the 
majority of species. The role of food in the control of seasonal development is essential in the pentatomid species 
feeding on plant seeds. In different species, different stages are sensitive to day-length. Some pentatomids retain 
sensitivity to photoperiod even after diapause, others lose it and become photo-refractory (temporarily or perma-
nently). In Pentatomidae, such seasonal adaptations as photoperiodic control of nymphal growth rates, seasonal 
body colour change, migrations, and summer diapause (aestivation) are widely represented, whereas wing and/or 
wing muscle polymorphism has not been reported yet. In the subfamily Podopinae, induction of facultative repro-
ductive winter diapause is under the control of photoperiod and temperature. All species feed on seeds and their 
seasonal development to a great extent reflects availability of food. However, the same food preferences and pat-
tern of seasonal development are also characteristic to many species from the subfamily Pentatominae. All species 
of the subfamily Asopinae are predators. Among them, Picromerus bidens and Apateticus cynicus have obligate 
embryonic winter diapause, which is rear among true bugs. At the same time, A. cynicus and Podisus maculiventris 
belong to the same tribe but have different types of diapause: obligate embryonic diapause in A. cynicus and facul-
tative adult diapause in P. maculiventris. Other Asopinae species studied up to date have facultative adult diapause 
controlled by photoperiod and temperature with probably only one exception: in Andrallus spinidens, adult dia-
pause is controlled by temperature, and photoperiod plays only a secondary role. Thus, in spite of the similar habits 
and feeding types among Asopinae, the species of this subfamily have different types of diapause and the latter is 
controlled by different factors. In the subfamily Pentatominae, most species overwinter as adults and induction of 
their diapause is controlled by the long-day type photoperiodic response, in spite of the differences in their feeding 
preferences (within phytophagy). However, there are some exceptions in this subfamily, too: Palomena prasina,  
P. angulosa and Menida scotti have obligate diapause, which conditions univoltinism in these pentatomids. In  
M. scotti, only females have obligate adult diapause, whereas males remain physiologically active through the 
whole winter, this pattern being unusual for Heteroptera. The univoltine seasonal cycle of this species with summer 
diapause (aestivation) and apparent migrations is similar to that of shield bugs (Scutelleridae). According to the 
analysis of seasonal development, the evolution of seasonal adaptations in Pentatomidae does not directly reflect 
their phylogeny. However, individual genera, small tribes or even subfamilies have similar complexes of seasonal 
adaptations. At the same time, Pentatominae is a large and apparently collected taxon, but most of species in this 
subfamily have the same facultative adult diapause.  
DOI: 10.1134/S0013873812010010 

According to the recent views, diapause is a hor-
monally determined state of an organism characterized 
by a complex of morphological, physiological, and 
behavioral traits known as the diapause syndrome 
(Tauber et al., 1986). Phenomena analogous to dia-
pause have been observed in various groups of plants 

and animals. Although varying considerably in a num-
ber of characters, they are aimed at solving the same 
ecological problem, namely the problem of adaptation 
to the climatic rhythm. This eco-physiological adapta-
tion has been presently better studied in insects than in 
other organisms, which is reflected in the vast litera-
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ture devoted to the problem itself and the specific 
traits of diapause in different groups of arthropods. 
However, the level of knowledge varies strongly be-
tween different insect taxa. In particular, true bugs 
(Heteroptera) yield noticeably to such orders as Lepi-
doptera or Diptera in the number of species studied in 
this respect and the depth of research, despite the fact 
that Heteroptera is one of the largest insect orders 
characterized by extreme diversity of seasonal adapta-
tions and a great economic significance (Schuh and 
Slater, 1995; Musolin and Saulich, 1996; Panizzi  
et al., 2000; Saulich and Musolin, 2007a). This paper 
is the first one in the world literature to review the 
specific traits of diapause and associated phenomena 
in representatives of the stink bug family (Pentatomi-
dae). 

Stink bugs form the third largest family of Hetero-
ptera, which comprises about 4700 species (over 10% 
of the entire order) grouped in 900 genera and  
8–11 subfamilies (Gapon, 2008; Henry, 2009; Vinoku-
rov et al., 2010). Despite the relatively large size of 
stink bugs and the availability of material, only few 
species from 3 subfamilies: Asopinae (= Stiretrinae), 
Podopinae, and Pentatominae, have been studied more 
or less thoroughly. The first two subfamilies are com-
paratively small and morphologically uniform groups 
comprising no more than 300 species each, whereas 
Pentatominae, including over 3000 species, appears to 
be a composite group (Gapon, 2008). 

The aim of this communication is to summarize the 
published and original experimental data on the spe-
cific features of diapause and its regulation in repre-
sentatives of the three above subfamilies of stink bugs 
and to estimate the similarity and variation in the sea-
sonal schemes formed in species of different taxa 
within the same family. The greatest attention is paid 
to the inhabitants of Temperate Zone, whose diapause 
is largely associated with overwintering and is better 
studied than that of the tropical forms. 

Among the 43 species of stink bugs in which dia-
pause has been studied (Table 1), the great majority 
(38 species) overwinter as adults; 2 species, namely 
Picromerus bidens (Larivière and Larochelle, 1989) 
and Apateticus cynicus (Jones and Coppel, 1963), 
overwinter as eggs, and 2 species, namely Carbula 
humerigera (Kiritani, 1985a, 1985b) and Pentatoma 
rufipes, as nymphs. The ability to enter diapause at 
different stages was recorded only in P. rufipes 
(Southwood and Leston, 1959; Puchkov, 1961). In  
a number of species, for example in Perillus biocula-

tus (Jasič, 1975) and Graphosoma lineatum (Puchkov, 
1961; Nakamura et al., 1996), some individuals may 
overwinter twice. The painted bug Bagrada crucifera-
rum may be physiologically active (i.e., form no dia-
pause) throughout the year, at least in India (Singh and 
Malik, 1993). Such distribution of the overwintering 
stages approximately corresponds to the situation ob-
served in the entire order, where species diapausing as 
adults clearly prevail (Ruberson et al., 1998; Saulich 
and Musolin, 2007a). 

Diapause in insects may be obligate, in which case 
it is hereditary determined and present in each genera-
tion regardless of the external conditions, or faculta-
tive, in which case it is controlled by external factors 
and does not necessarily occur in each generation. 
Among the experimentally studied species of stink 
bugs, only 6 species (about 14%) were shown to have 
an obligate diapause (Table 1). 

Diapause is undoubtedly a complex and dynamic 
process which may be subdivided into the following 
phases (Fig. 1): induction, preparation for diapause, 
onset, development, and termination of diapause, post-
diapause quiescence and, finally, resumption of active 
development (Hodek, 1996; Saulich and Volkovich, 
2004; Koštál, 2006; Volkovich, 2007; Saulich and 
Musolin, 2007a; Belozerov, 2009, etc.). Below, we 
shall consider these sequential phases of diapause by 
the example of stink bugs. 

INDUCTION OF DIAPAUSE 
There are various abiotic and biotic factors that may 
act as external signals inducing the onset of diapause. 
In most stink bug species with a winter diapause, the 
principal role in diapause induction belongs to the day 
length (Table 1). 

Photoperiod 

The short day and low temperature are signs of the 
approaching autumn. The onset of facultative winter 
diapause is controlled in this case by the photoperiodic 
response (PhPR) of a long-day type. 

The first phase of induction involves the day-length 
sensitive stage and accumulation of photoperiodic 
information. Perception of the photoperiodic cues is 
known to occur at a certain stage of development, 
which is strictly species-specific and usually is the one 
directly preceding the diapausing stage (Saunders, 
1976; Saulich and Volkovich, 2004). It has been 
shown that sensitivity to day length in different  
species may appear at different stages of development,  
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Table 1. The diapause and associated adaptations facilitating synchronization of the seasonal cycle with external conditions 
in species of the family Pentatomidae 

Species 
Type  

of  
diapause 

Factors inducing  
diapause 

Diapausing 
stage References 

Subfamily PODOPINAE 
Tribe Graphosomatini 

Graphosoma lineatum L. F PP, T, PP-regulation
of adult color 

Adult Musolin and Saulich, 1995; Nakamura 
et al., 1996; Musolin, Saulich, 2001; 
Tullberg et al., 2008; Gamberale-
Stille et al., 2010; Johansen et al., 
2010  

G. rubrolineatum (Westwood) F North: PP, T;  
South: PP, Tr 

Adult Nakamura and Numata, 1999 

Dybowskyia reticulata (Dallas) F PP, T Adult Nakamura and Numata, 1997a, 1998; 
Numata, 2004 

Tribe Scotinopharini 
Scotinophara lurida (Burmeister)  F PP, T Adult Fernando, 1960; Cho et al., 2007, 2008; 

Lee et al., 2001;  
Subfamily ASOPINAE 

Tribe Amyoteini 
Apateticus cynicus (Say) O – Egg Whitmarsh, 1916; Jones and Coppel, 

1963; Javahery, 1994 
Arma custos (F.) F PP, T, PP-regulation

of nymph color  
Adult Volkovich and Saulich, 1994 

Podisus maculiventris (Say) F PP, T Adult Goryshin et al., 1988; Volkovich et al., 
1991 

Tribe Jallini 
Perillus bioculatus F. F PP, T, Tr Adult Jasič, 1967, 1975; Shagov, 1977;  

Izhevskii and Ziskind, 1981; Volko-
vich et al., 1990; Horton et al., 1998 

Zicrona coerulea L. 
 

F PP, T Adult Saulich, unpublished data; McPherson, 
1982 

Tribe Platinopini 
Andrallus spinidens (F.) F T Adult Shintani et al., 2010 
Picromerus bidens L. O – 

(F aestivation in adults)
Egg Leston, 1955; Larivière and Larochelle, 

1989; Musolin, 1996; Musolin and 
Saulich, 2000 

Subfamily PENTATOMINAE 
Tribe Aeliini 

Aelia acuminata (L.) F PP, T Adult Honěk, 1969; Hodek, 1971a, 1977 
Ae. fieberi Scott F PP, T Adult Nakamura and Numata, 1995, 1997b 
Ae. rostrata Boheman F – 

(O aestivation in adults)
Adult Dikyar, 1981; Cakmak et al., 2008 

Ae. sibirica Reuter F PP, T Adult Burov, 1962 
Tribe Antestiini 

Plautia stali Scott F PP, PP-regulation 
of nymph and adult 

color 

Adult Kotaki and Yagi, 1987; Kotaki, 1998a, 
1998b; Numata and Kobayashi, 1994
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Table 1 (Contd.) 

Species 
Type  

of  
diapause 

Factors inducing  
diapause 

Diapausing 
stage References 

Tribe Carpocorini 
Dichelops melacanthus (Dallas) F PP, PP-regulation 

of nymph growth 
and adult color 

Adult Chocorosqui and Panizzi, 2003 

Dolycoris baccarum L. F PP, PP-regulation 
of nymph growth 

Adult Perepelitsa, 1971; Conradi-Larsen and 
Sømme, 1973; Hodková et al., 1989; 
Hodek and Hodková, 1993;  
Nakamura, 2003;  

Palomena angulosa Motschulsky O PP-regulation of nymph 
growth 

Adult Hori, 1986; Hori and Kimura, 1993 

P. prasina L. O PP-regulation of nymph 
growth, seasonal 
changes in adult  

color 

Adult Southwood and Leston, 1959;  
Saulich and Musolin, 1996, 2007a 

Tribe Eysarcorini 
Carbula humerigera Uhler F PP, PP-regulation 

of nymph growth 
(F aestivation in adults)

Nymph Kiritani, 1985a, 1985b 

Eysarcoris aeneus (Scopoli) F PP Adult Yao, 2002 
Ey. lewisi Distant F PP, PP-regulation of 

nymph growth 
Adult Hori and Inamura, 1991;  

Hori and Kimura, 1993 
Ey. ventralis (Westwood) F PP Adult Noda and Ishii, 1981; Nakazawa 

and Hayashi, 1983 
Tribe Menidini 

Menida scotti Puton O – Adult Koshiyama et al., 1993, 1994, 1997 
Tribe Pentatomini 

Acrosternum hilare (Say)  F PP, T Adult Wilde, 1969; Javahery, 1990;  
McPherson and Tecic, 1997 

Euschistus conspersus Uhler F PP, PP-regulation 
of adult color 

Adult Cullen and Zalom, 2000, 2006;  
Toscano and Stern, 1980 

Eu. heros F. F PP, PP-regulation 
of adult color 

Adult Panizzi and Niva, 1994;  
Mourao and Panizzi, 2000, 2002 

Eu. ictericus L. F PP, PP-regulation 
of adult color 

Adult McPherson, 1984 

Eu. servus (Say)  F PP, PP-regulation 
of adult color 

Adult Borges et al., 2001 

Eu. tristigmus tristigmus (Say)  F PP, PP-regulation 
of adult color 

Adult McPherson, 1975, 1979, 1982 

Nezara antennata Scott F PP 
(F aestivation in adults)

Adult Noda, 1984 

N. viridula (L.) F PP, PP-regulation 
of nymph growth 
and adult color 

Adult Musolin and Numata, 2003a, 2003b; 
Musolin et al., 2007 

Oebalus poecilus (Dallas) F PP, PP-regulation 
of adult color 

Adult Santos et al., 2003; Greve et al., 2003; 
Albuquerque, 1993 
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Table 1 (Contd.) 

Species 
Type  

of  
diapause 

Factors inducing  
diapause 

Diapausing 
stage References 

Oe. ypsilongriseus (De Geer) F PP, PP-regulation 
of adult color 

Adult Vecchio et al., 1994 

Pentatoma rufipes L. O – Nymph Southwood and Leston, 1959; Puchkov, 
1961; Saulich, unpublished data 

Thyanta calceata (Say)  F PP, PP-regulation of 
adult color 

Adult Oetting and Yonke, 1971; McPherson, 
1977, 1982 

Tribe Piezodorini 
Piezodorus hybneri (Gmelin) F PP Adult Higuchi, 1994; Endo et al., 2007 

Tribe Strachiini 
Bagrada hilaris (Burmeister) 

(= B. cruciferarum Kirkaldy) 
Homodynamic development Singh and Malik, 1993 

Eurydema oleracea L. F PP Adult Fasulati, 1979 
Eu. rugosum Motschulsky F PP, Tr Adult Numata and Yamamoto, 1990;  

Ikeda-Kikue and Numata,  
1994, 2001 

Tribe Rhynchocorini 
Rhynchocoris humeralis (Thunberg) 

(= Biprorulus bibax Breddin) 
F PP Adult James, 1990a, 1990b, 1991, 1993 

Tribe Cappaeini 
Halyomorpha halys Stål F PP Adult Watanabe, 1980; Hoebeke and Carter, 

2003; Niva and Takeda, 2003; To-
yama et al., 2006 

Notes: Types of diapause: facultative (F) or obligate (O); cues inducing diapause: photoperiod (PP), temperature (T), and trophic factor 
(Tr). 

 
from the egg to the adult, or extend over several 
stages. The imaginal diapause, typical of most stink 
bugs, is characterized by the greatest variation in the 
position of the sensitive stage. Even in the same type 
of diapause, the day-length sensitive period may corre-
spond to different development stages and have a dif-
ferent duration (Table 2; Musolin and Saulich, 1999). 

The duration and position of the sensitive stage 
largely determine the entire pattern of seasonal devel-
opment and the adaptive capacities of the species 
(Saulich, 1994). 

The sensitive stage is a necessary component of the 
PhPR. During this stage, the daily photoperiodic sig-
nals accumulate, forming the so-called batch of photo-
periodic information. The number of photoperiodic 
cycles triggering diapause or active development in 
50% of individuals was referred to as the critical 
packet of photoperiodic information (Goryshin and 
Tyshchenko, 1972) or as the required day number 
(Saunders, 1976). This parameter shows how many 

days with the alternative day length are required for 
photoperiodic induction of diapause or an active state 
in 50% of individuals; together with the photoperiodic 
threshold, the required day number is an important 
component of the insect PhPR. 

The process of accumulation of photoperiodic sig-
nals was studied in few species of stink bugs. How-
ever, in all the cases, a particular state (diapause or 
active development) was induced only by complete 
packets of short-day (SD) or long-day (LD) photoperi-
odic information. In particular, the experimentally 
determined packet of SD information for Podisus 
maculiventris was 10 or 11 days. At a higher tempera-
ture, the same number of days under short-day condi-
tions proved to be insufficient for diapause induction; 
diapause in 30% of females could be induced only by 
16 days of exposure to short-day conditions. An in-
crease in the number of diapausing individuals of 
P. maculiventris at high temperatures is related to the 
large packet of SD information. At +24°C the duration 
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of the nymphal development is reduced to 21 days, 
and at +28°C, to 16 days. Since the nymphs become 
sensitive to day length starting from the III instar, only 
a small fraction of individuals have the time to accu-
mulate the needed sum of SD signals at high tempera-
tures (Volkovich et al., 1991). 

The end of the onset of diapause cannot always be 
determined. A reliable indicator of the completely 
formed diapause is the survival rate of diapausing 
individuals at low temperatures. For example, the 
higher survival rate of P. maculiventris at the favor-
able overwintering temperature of +8°C was observed 
in the individuals that were transferred into the cold  
17–19 days after the imaginal molt (Fig. 2). It may be 
concluded that pre-diapause feeding of the bugs 
stopped and the diapause was completely established 

by that particular moment. The bugs transferred into 
the cold before or after this moment showed a lower 
resistance to adverse overwintering conditions. 

Temperature 

Although temperature usually acts as a mere modi-
fier of the photoperiodic effect, in some insects it is 
known to be the main cue of diapause induction. The 
leading role of temperature in diapause induction was 
the most clearly demonstrated in tropical flies (Denlin-
ger, 1986). Among the stink bugs studied in this re-
spect, the winter imaginal diapause was found to be 
regulated by temperature only in Andrallus spinidens: 
some individuals always entered diapause at tempera-
tures below +25°C, regardless of the day length  
(Fig. 3; Shintani et al., 2010). 

 
Fig. 1. Schematic depiction of sequential phases of diapause, by the example of hemimetabolous species with imaginal diapause (modi-
fied after Koštál, 2006). 

 
Fig. 2. The effect of age on survival of Podisus maculiventris females at low temperatures (+8°C; humidity 90–95%) (after Goryshin 
et al., 1989). Age of females (days after imaginal molt): 11–13 (I), 14–16 (II), 17–19 (III), 20–22 (IV), 22–25 (V). Abscissa: experiment 
variants, duration of the cold period. 
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However, such examples are rare; more frequently, 
temperature only modifies the photoperiodic effect 
during diapause induction. The main function of tem-
perature is the optimal timing of diapause during the 
season. In warm years the winter diapause shifts onto 
later dates due to the PhPR threshold decreasing under 
the action of high temperatures, whereas in cold years 
an earlier induction of diapause takes place. In gen-
eral, an increase in temperature suppresses the ten-
dency to diapause whereas a drop in temperature fa-
cilitates diapause. However, the signal function of 
temperature cannot be always distinguished from di-
rect suppression of activity by low temperatures. In 
many cases, especially in southern species that over-
winter as adults, the absence of oviposition is caused 
by direct suppression of maturation and/or oviposition 
by the low ambient temperature, rather than by induc-
tion of reproductive diapause (Saulich and Musolin, 
2009). 

Of great significance for the manifestation of PhPR 
is its thermal optimum which determines the PhPR 
efficiency under natural conditions. The wider the 
optimum, the more important is the day length for 
regulation of seasonal development. The range of tem-
peratures allowing an adequate response to day length 
varies strongly between the species. It appears to be 
closely related to other critical external factors. For 
example, due to the narrow and high thermal optimum 
of PhPR in the predatory bug Arma custos (Fig. 4), 

active development of this species is possible only at 
temperatures above +27°C even under long-day condi-
tions (Volkovich and Saulich, 1994). 

Food 

The interaction of photoperiod and temperature cre-
ates a reliable ecological mechanism regulating the 
timely onset of diapause in a particular season. How-
ever, there are cases when another factor, namely the 
trophic one, is added to this tandem. 

The signal significance of the trophic factor in regu-
lation of the seasonal development was studied in 
great detail in the cabbage bug Eurydema rugosum 
that has an imaginal diapause. In Japan (34°N) the 
nymphs of this species feed on leaves and seeds of 
various crucifers. Individuals of the first generation 
feed on wild crucifers (brown mustard) that die out 
already in early summer. The imaginal molt takes 
place in mid-June, and most of the adults enter dia-
pause. Since the cultivated crucifers (such as radish 
and cabbage) remain green much longer, most of the 
first-generation adults living on them reproduce ac-
tively and give rise to the second generation, which 
undergoes imaginal molt at the end of summer and 
forms the overwintering population (Ikeda-Kikue and 
Numata, 2001). In order to determine the role of indi-
vidual factors in regulation of seasonal development of 
this species, the nymphs were reared on rape leaves 

Table 2. Stages sensitive to day length in species of the family Pentatomidae with photoperiodically induced winter dia-
pause 

Stage Species 
Nymphal diapause 

Nymphs Carbula humerigera (Pentatominae; Kiritani, 1985a, 1985b) 

Imaginal diapause 

Nymphs of II instar Oebalus poecilus (Pentatominae; Albuquerque, 1993) 
Nymphs starting from III instar Podisus maculiventris (Pentatominae; Volkovich et al., 1991) 
Nymphs of last (IV and V) instars, or nymphs 

of last (V) instar and adults 
Dolycoris baccarum (Pentatominae; Perepelitsa, 1971) 
Eysarcoris lewisi (Pentatominae; Hori and Kimura, 1993) 

Mostly adults Graphosoma lineatum (Podopinae; Musolin and Maisov, 1998) 
Arma custos (Asopinae; Saulich and Volkovich, 1996) 
Perillus bioculatus (Asopinae; Jasič, 1967, 1975) 
Aelia acuminata (Pentatominae; Hodek, 1971a) 
Acrosternum hilare (Pentatominae; Wilde, 1969) 
Nezara viridula (Pentatominae; Ali and Ewiess, 1977) 
Plautia stali (Pentatominae; Kotaki and Yagi, 1987) 
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and seeds under the experimental conditions resem-
bling the natural ones (Fig. 5). 

The nymphs of Eu. rugosum developed in June un-
der long-day conditions, synchronously on different 
diets. Most adults of both sexes that molted in July 
and were reared on rape leaves remained active; the 
females laid eggs and gave rise to the second genera-
tion. By contrast, nearly all the adults that molted at 
the same time but were reared on rape seeds entered 
diapause. The nymphs of the second generation were 
also reared on rape leaves; however, most of the adults 
that molted in September entered diapause (Fig. 5). 
These experiments clearly showed that although pho-
toperiod played the principal role in induction of win-
ter diapause, the response was significantly modified 
by the diet in mid-summer, which thus affected the 
voltinism of the population. In laboratory experiments 
(Fig. 6) it was shown that food acted as a signal in this 
species only under long-day conditions, whereas under 
short-day ones all the females entered diapause regard-
less of the diet (Numata and Yamamoto, 1990; Nu-
mata, 2004). 

The role of the food plant in diapause induction is 
known for many species of phytophagous insects. The 
shortage of food or a decrease in its quality usually 
increases the tendency to diapause. However, in 
Eu. rugosum the trophic conditions facilitating the 
onset of diapause were no less favorable: both the 
survival rate and the body weight of nymphs feeding 
on rape seeds were even higher than the same para-

meters of nymphs feeding on leaves (Numata and Ya-
mamoto, 1990). Therefore, the cue for diapause induc-
tion in this species was the phenophase of the food 
plant rather than its trophic value. The availability of 
seeds and the absence of leaves act as ecological sig-
nals of the approaching end of the vegetation season 
and the need for a winter diapause. 

It was experimentally demonstrated that the dia-
pause induced by the short day in insects feeding on 
leaves or seeds (the short-day diapause) differed in its 
properties from the diapause induced under long-day 
conditions in insects feeding on rape seeds (the “tro-
phic” diapause). The short-day diapause was termi-
nated under the action of low temperatures, which is 
typical of most species with winter diapause, after 
which the bugs became completely insensitive to day 

 
Fig. 3. The roles of photoperiod and temperature (°C) in diapause induction in Andrallus spinidens (after Shintani et al., 2010). Light 
sectors: active females; gray sectors: diapausing females. 

 
Fig. 4. The roles of photoperiod and temperature in diapause in-
duction in Arma custos from Belgorod Province (after Volkovich 
and Saulich, 1994; Saulich and Musolin, 2007a). Light sectors:
active females; gray sectors: diapausing females. 
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length. The “trophic” diapause was not terminated by 
low temperatures, and the bugs retained photoperiodic 
sensitivity even after exposure to cold (Ikeda-Kikue 
and Numata, 1994). 

The effect of diet on PhPR has some specific traits 
in predatory bugs as well. For example, in the two-
spotted stink bug Perillus bioculatus (a laboratory 
culture originating from Canada, ~46°N) kept in the 
same photoperiodic regime (16 h of light), all the indi-
viduals feeding on eggs and larvae of the Colorado 
potato beetle Leptinotarsa decemlineata remained 
active whereas those feeding on the diapausing adults 
of this beetle entered diapause (Shagov, 1977). Similar 
results were later obtained in experiments with a popu-
lation originating from the USA (46.5°N): under the 
same photoperiods (16, 15, and 14 h), the fraction of 
diapausing P. bioculatus adults was greater on the diet 
of old instar nymphs of the Colorado potato beetle 

than on the diet of eggs and young instar nymphs of 
the beetle (Fig. 7). Thus, the age structure of the prey 
population acted as a cue for diapause induction in the 
predator (Horton et al., 1998). However, similar to the 
phytophagous bugs, the signal role of food manifested 
itself only under long-day conditions. 

Unlike the oligophagous P. bioculatus, the poly-
phagous species Podisus maculiventris has a trophic 
range including no less than 75 species of insects from 
8 orders (McPherson, 1982). As could be expected, 
this species revealed a much weaker influence of food 
on PhPR. The fraction of diapausing individuals 
among those reared in the laboratory on an unfavor-
able diet (larvae of the housefly Musca domestica) 
increased only in the threshold zone. 

DIAPAUSE 

As noted above (see Table 1), the great majority of 
stink bugs overwinter as adults. Diapause at this stage 
was mostly studied in the females, where it manifests 
itself in arrested ovary development, suppressed 
oogenesis, and the absence of oviposition. In the males 
the onset of diapause is usually (but not always!) 
marked with suppression of sexual activity and 
pheromone production, and also with arrested devel-
opment of the testes and/or accessory glands. In both 
sexes, diapause is accompanied by active growth of 
the fat body, changes in the biochemical composition 
of tissues, and reduced oxygen consumption. 

In many species of true bugs both males and fe-
males overwinter; in case of facultative diapause, the 
parameters of its photoperiodic induction show no 
significant difference between the sexes. This was 
demonstrated in Dybowskyia reticulata (Nakamura, 

Fig. 5. The effect of food on diapause induction in Eurydema rugosum in Japan (Osaka) under quasi-natural conditions (after Ikeda-
Kikue and Numata, 2001). Light sectors: active development; black sectors: diapause. 

 
Fig. 6. The roles of photoperiod and food in diapause induction in 
Eurydema rugosum females in Japan (Osaka) at +25°C (after Nu-
mata and Yamamoto, 1990; Numata, 2004). Light sectors: active 
females; black sectors: diapausing females. 
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Numata, 1998), Nezara viridula (Fig. 8; Musolin and 
Numata, 2003a; Takeda et al., 2010), and many other 
species. The gonads of both sexes remain inactive 
until the end of the diapause and the overwintering 
period (Takeda et al., 2010). 

In some species, the males and females overwinter 
in different physiological states. For example, in 
Menida scotti the diapause is obligate but the males 
have mature sperm already in autumn; in the process 
of mating, which may occur even during overwinter-
ing, they supply the females with nutrients, probably 
increasing their chances of a successful overwintering 
(Koshiyama et al., 1993, 1994). 

It is known that diapause provides general nonspe-
cific tolerance of insects to adverse environmental 
conditions, including cold. The survival of insects at 
low temperatures has recently attracted considerable 
attention of researchers (Leather et al., 1993; Bale, 
1993, 1996; Hodková and Hodek, 2004, etc.) but the 
data on Heteroptera are still scarce. Three strategies of 
surviving below-zero temperatures are known in in-
sects: freeze avoidance, freeze tolerance, and cryopro-
tective dehydration (Zachariassen, 1985; Bale, 2002; 
Sinclair et al., 2003). Most species of insects, includ-
ing heteropterans, follow the first strategy: they can 
undergo cooling without formation of ice in their cells. 
At the same time, some insects survive complete freez-
ing of their body fluids. No species using the second 
and third strategies have been presently found among 
Heteroptera. 

The cold tolerance of insects under experimental 
conditions can be estimated by the supercooling point 
(SCP) measured by the thermoelectric method. It has 
been shown in several species that the SCP value  
is not constant throughout the year. For example,  
the SCP value of Graphosoma lineatum in Czech Re-
public was about –7°C in May–June, decreased to  
–14...–12°C in August–October, dropped to –18°C in 
December–January, and then increased again by spring 
(Šlachta et al., 2002). A similar pattern of SCP dynam-
ics was observed in Scotinophara lurida in Korea 
(Cho et al., 2007). 

The seasonal trends are not always so distinct. For 
example, in a laboratory culture of Podisus maculiven-
tris originating from the USA (38°N), the SCP values 
of non-diapausing eggs and I instar nymphs were –
34.1 ± 0.28°C and –29.0 ± 0.40°C, respectively, de-
spite the fact that these bugs overwinter as adults. At 
the same time, the SCP values of diapausing and ac-

tive females were very similar: –17.8 ± 0.46°C and –
15.0 ± 0.60°C, respectively (Borisenko, 1987). The 
diapausing (–11.7 ± 0.7°C) and active (–10.4 ± 0.8°C) 
adults of Nezara viridula from South Carolina (USA) 
also showed almost no difference in this parameter 
(Elsey, 1993). These data testify to a weak relation or 
no relation at all between cold tolerance and diapause 
in the above species. 

The relation between diapause and cold tolerance 
was considered in some special publications (Denlin-
ger, 1991; Danks, 2000; Bale, 2002, etc.). In general, 
diapause is considered to be necessary for increasing 
cold tolerance and successful overwintering of insects 
living in the Temperate Zone and having a facultative 
winter diapause, but there are quite a few exceptions 
to this rule (Denlinger, 1991; Šlachta et al., 2002). 

DEVELOPMENT AND TERMINATION 
OF DIAPAUSE 

The gradual changes that occur during diapause and 
finally result in its ending are usually referred to as 
“diapause development” or reactivation. Both terms 
reflect the fact that diapause is not only a specific 
physiological state but also a dynamic process whose 

Fig. 7. The effect of photoperiod and food (eggs and larvae of 
different instars of the Colorado potato beetle) on diapause induc-
tion in Perillus bioculatus females from the USA at +23°C (after 
Horton et al., 1998a). (E–III) eggs and young instar nymphs;
(IV) old instar nymphs. Light sections of bars: active females;
black sections of bars: diapausing females. 
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ending is followed by resumption of activity. Termina-
tion of diapause is achieved by deblocking of neurose-
cretory centers as a result of spontaneous or induced 
reactivation. 

The specific features of the state of diapause and 
the processes taking place during diapause are still 
insufficiently studied. Based on the studies of the 
gradual changes that occur during imaginal diapause, 
Hodek (1983) distinguished horotelic (slow, spontane-
ous) and tachytelic (fast, induced) processes in the 
diapause development. In the latter case, diapause can 

be terminated by action of low temperatures (cold 
reactivation) or changes in the day length (photoperio-
dic reactivation). 

Cold Reactivation 

Cold reactivation was experimentally shown to be 
of primary significance for most insect species in the 
Temperate Zone. Their activity is usually resumed 
after exposure to temperatures from 0 to +10°C, some 
species having narrower ranges of temperature favor-
able for diapause termination. Negative temperatures 

Fig. 8. Dynamics of physiological indices during overwintering under quasi-natural conditions in females and males of Nezara viridula in 
Japan (Kyoto) (modified after Takeda et al., 2010); (a, e) day length and temperature; (b) ovary index in females: from 0 (diapause: trans-
parent ovarioles, no oocytes in germarium) to 3 (reproduction: semi-transparent ovarioles with mature eggs); (c, g) fat body index: from 
1 (reproduction: fat body small, loose, weakly developed) to 3 (diapause: fat body expanded, dense, well developed); (d) diapause inci-
dence in females; (f) ectodermal sac index: from 0 (diapause: sacs transparent, empty, compact) to 3 (reproduction: sacs enlarged, filled 
with semi-transparent white-yellow secretion); (h) incidence of diapausing in males. 
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usually hinder the reactivation process, as do tempera-
tures exceeding +15°C. The thermal requirements of 
diapausing stages are mostly determined by the living 
conditions and geographic origin of the species but are 
almost independent of the exact stage at which over-
wintering occurs (Saulich and Volkovich, 2004). 

The conditions of overwintering and reactivation af-
fect the physiological state of the subsequent stages. 
Even slight deviations from the reactivation optimum 
may have considerable negative aftereffects. For ex-
ample, diapause in Podisus maculiventris was most 
efficiently terminated at +6…+8°C; such conditions 
also facilitated the maximum survival rate of the adults 
and high fecundity of the females (Table 3). 

The duration of cold exposure required for diapause 
termination varies from 1 to 6 months depending on 
the species. The neuroendocrine centers are gradually 
deblocked by cooling and become capable of provid-
ing immediate stimulation when the temperature rises. 

Spontaneous Termination of Diapause 

This type of reactivation is based on endogenous 
processes and may proceed under the same conditions 
under which diapause was induced. Spontaneous reac-
tivation is the most successful in species with a weak 
diapause, which is generally typical of insects of tropi-
cal and subtropical origin. Since the conditions never 
remain constant in the nature, true spontaneous reacti-
vation can be observed only under stable experimental 
conditions. The possibility of reactivation under con-
stant conditions was shown for many heteropterans, 
including the stink bugs Carbula humerigera (Kiritani, 
1985b), Plautia stali (Kotaki, 1998a, 1998b), Nezara 
viridula (Musolin et al., 2007), and others. 

Spontaneous reactivation usually follows a pro-
longed period of diapause development, the timing of 
diapause termination varying between the individuals. 

For example, the difference in the timing of oviposi-
tion between the earliest and the latest females of 
N. viridula in different short-day regimes at +25°C 
varied from 106 (13 h; Fig. 9c) to 158 days (10 h; 
Fig. 9a), whereas in the non-diapausing females the 
range of variation was only 43 days at the same tem-
perature (Fig. 9d). In case of overwintering under 
natural conditions, the difference in the timing of ovi-
position between the earliest and the latest females 
was only 23 days (Musolin et al., 2007). 

The rate of spontaneous reactivation in N. viridula 
depended on the photoperiodic conditions of diapause 
induction and the subsequent regime. In other words, 
the diapause induced and maintained under different 
photoperiodic conditions varied in strength: a shorter 
photophase corresponded to a stronger diapause and  
a later onset of oviposition (Figs. 9a–9c). 

Photoperiodic Reactivation 
Termination of diapause under the influence of 

photoperiodic conditions alternative to those which 
have induced diapause can be observed in all the in-
sects that remain sensitive to day length during dia-
pause. This way of reactivation is typical of species 
with larval and imaginal diapause. 

Photoperiodic reactivation is also based on interac-
tion of spontaneous and induced processes. This is 
indicated by the variable duration of the long-day acti-
vation period at different stages of the diapause. Dur-
ing the initial period the diapause is not deep but the 
reactivation capacity is blocked the most strongly. 
Therefore, insects transferred in autumn from short-
day to long-day conditions do not undergo fast activa-
tion (which may manifest itself, e.g., by oviposition in 
case of imaginal diapause). Later, due to development 
of the horotelic process, the morphogenetic block be-
comes weaker and the time required for photoperiodic 
activation gradually shortens. 

Table 3. Parameters of development and fecundity of Podisus maculiventris females after a 3-month exposure to different 
temperatures in the state of diapause (mean ± SE; after Goryshin et al., 1989) 

Diet Temperature, 
°C 

Preoviposition  
period, days 

Lifespan of ovipositing 
females, days Number of eggs laid 

Larvae of Calliphora vicina +8.2 
+6.8 

+10.9 

6.3  ± 0.4 
7.0  ± 0.1 
7.4 ± 1.2 

31.9 ± 2.3 
35.5 ± 5.5 
32.1 ± 5.0 

238.4 ± 28.5 
275.7 ± 67.2 
185.7 ± 36.9 

Larvae of Galleria mellonella +8.2 
+6.8 

6.2 ± 0.5 
6.4  ± 0.3 

42.2 ± 6.5 
44.1 ± 5.3 

379.7 ± 74.0 
390.0 ± 51.4 

Larvae of Tribolium castaneum +8.2 6.6 ± 0.3 36.7 ± 3.1 328.4 ± 45.0 
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The photoperiodic responses terminating diapause 
sometimes show amazing similarity with those induc-
ing diapause, and the threshold values may be nearly 
the same. The coinciding PhPR curves may indicate 
that the reactivating effect results from the same 
physiological mechanism which controls the onset of 
diapause. In other cases, for example in Nezara 
viridula, the PhPR curves may be of somewhat differ-
ent shapes (Musolin et al., 2007). 

The interaction of spontaneous and induced proc-
esses during diapause termination was demonstrated in 
the spined soldier bug Podisus maculiventris. The 
bugs in which diapause was induced by a 12-h photo-
period at +20°C were then transferred into a 16-h pho-
toperiod at +20 or +24°C (Table 4). At +20°C oviposi-
tion started on average 23–26 days after transfer, its 
timing being almost independent of the age of diapaus-

ing insects. A higher temperature resulted in an earlier 
onset of oviposition (Table 4). 

In other experiments with the same population of 
P. maculiventris, diapause was induced under short-
day conditions: 8 h of light (Fig. 10; Chloridis et al., 
1997). As a result of spontaneous reactivation at 
+23°C (Fig. 10, curve C) the females started laying 
eggs on the 47th day, which also indicated that the 
diapause formed at 8 h of light was weaker. Exposure 
to cold under short-day conditions (+4 °C for 10 days: 
Fig. 10, curve E) hastened the onset of oviposition and 
increased the fraction of ovipositing females as com-
pared to those in the experiment in which the females 
kept under constant short-day conditions at +23°C 
(Fig. 10, curve C). However, even on the 130th day the 
fraction of ovipositing females was only slightly over 
40%. A greater stimulating effect was observed after 

 
Fig. 9. The pre-oviposition period in Nezara viridula females in different photoperiodic regimes at +25°C (after Musolin et al., 2007); 
(a–d) different photoperiods (d after Musolin and Numata, 2003a). 
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consecutive action of cold and the long day (Fig. 10, 
curve D): oviposition started already on the 25th day, 
and all the females were reactivated by the 70th day. 

These results show that spined soldier bugs remain 
sensitive to day length during diapause, which is  
a prerequisite for its photoperiodic termination. More-
over, day-length sensitivity is preserved even after 
exposure to cold. Photoperiodic sensitivity during 
diapause appears to be typical of many species over-
wintering as adults. In particular, this phenomenon 
was observed in Graphosoma lineatum (Nakamura  
et al., 1996) and Eysarcoris lewisi (Hori and Kimura, 
1993). It is interesting that diapause induction requires 
exposure to short-day conditions starting from the III 
nymphal instar in the spined soldier bug (see above) 
and from the V instar in E. lewisi, whereas photoperi-
odic termination of diapause in both species requires 
exposure to long-day conditions only at the adult 
stage. Thus, the sensitive periods of induction and 
termination of diapause differ in length: the processes 

of diapause induction require a much longer action of 
the cue and involve more profound changes in the 
endocrine system than the processes leading to reacti-
vation. 

POST-DIAPAUSE PERIOD 

Studies of various insect species from the temperate 
climate have shown that in most of them diapause ends 
already in December and the most severe period of 
winter is spent in the state of post-diapause quiescence 
(Danilevsky, 1961; Hodek, 1971b, 1996; Hodková, 
1982; Ushatinskaya, 1990; Saulich and Volkovich, 
2004; Koštál, 2006; Saulich and Musolin, 2007a, etc.). 
According to a very precise definition suggested by 
Koštál (2006: p. 121), post-diapause quiescence is 
“exogenously imposed inhibition of development and 
metabolism, which follows the termination of diapause 
when conditions are not favorable for resumption of 
direct development.” Post-diapause quiescence per-
forms both functions of diapause: survival and syn-

Table 4. Photoperiodic reactivation of diapausing adults of Podisus maculiventris (after Goryshin et al., 1989) 
Number 

Temperature, °C 
Age of adults 

at the moment of transfer 
to 16 h, days of pairs of reactivated ind., % 

Time of onset of oviposition, 
days (mean ± SE) 

+20 18 
25 

27–29 

25 
23 
11 

100 
100 
100 

23.0 ± 1.65 
26.1 ± 1.37 
25.2 ± 2.42 

+24 25–30 26 100 17.8 ± 0.93 
 

 
Fig. 10. Oviposition dynamics in Podisus maculiventris females in different photoperiodic regimes at +23°C (after Chloridis et al., 
1997); (A) development of females from egg to adult at long day (16L : 8D); (B) on the 13th day after final molt, females were trans-
ferred from long-day conditions to short-day ones (8 L : 16D); (C) constant short-day conditions (8L : 16D); (D) development first at 
short day (8L : 16D), then at +4°C in darkness for 10 days, then at long day (16L : 8D); (E) development first at short day (8L : 16D), 
then at +4°C in darkness for 10 days, then at short day (8L : 16D). 
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chronization of development; it complements diapause 
rather than replaces it, ensuring more precise seasonal 
synchronization (Veerman, 1985; Belozerov, 2009). 
Among the external factors controlling the resumption 
of development in spring, the most important ones for 
insects in the temperate latitudes are the photoperiod, 
temperature, and presence of food, i.e., the same fac-
tors which regulate the onset of diapause in autumn. 

Photoperiod 

Although under experimental conditions the long 
day often hastens the resumption of development, few 
species appear to be capable of photoperiodic reactiva-
tion in the nature. Prolonged exposure to cold usually 
results in temporary or permanent photoperiodic re-
fractoriness, i.e., insensitivity to photoperiod: the in-
sects acquire the ability to develop at any day length. 
Therefore in spring, with the onset of warm weather, 
most species of bugs resume activity regardless of the 
day length and reproduce until the end of their lives. 
Such a neutral response to photoperiod after diapause 
was first described in the firebug and referred to as 
Pyrrhocoris-like response (Hodek, 1971b, 1977). 

By contrast with the species that lose photoperiodic 
sensitivity irreversibly, in some species this property is 
lost in autumn or winter but restored at the beginning 
of summer after a short refractory period. This type of 
response was first discovered in the bishop’s mitre 
Aelia acuminata and referred to as Aelia-like, or recur-
rent response (Hodek, 1971a). This phenomenon was 
later observed in other stink bugs, such as Dolycoris 
baccarum (Hodek, 1977), Eurydema rugosum (Ikeda-
Kikue, Numata, 1992), and Graphosoma lineatum 
(Nakamura et al., 1996). The resumed photoperiodic 
sensitivity may allow the insects to enter diapause 
more than once during their lifespan, and therefore to 
switch to a multiyear life cycle. This type of response 
may occur in Perillus bioculatus as well (Jasič, 1967). 

Temperature 

It is well known that resumption of development in 
spring is controlled by increasing temperatures. How-
ever, since the temperature regime in spring is highly 
unstable, some species overwintering as nymphs or 
adults and forming close associations with particular 
food plants (mono- or oligophages) or phenophases, 
would benefit from using more precise external cues, 
in particular the day length, as triggers of spring reac-
tivation. Nevertheless, according to the data available, 

most species capable of photoperiodic diapause termi-
nation under laboratory conditions irreversibly lose 
their day-length sensitivity during overwintering in the 
field. Therefore in spring, with the onset of warm 
weather, the bugs resume activity and start to repro-
duce regardless of the day length. 

Diapause in overwintered females of Eurydema 
rugosum in central Japan was shown to be completely 
terminated by the beginning of April. The bugs at that 
period were in the state of post-diapause quiescence 
and did not start to reproduce due to the suppressing 
effect of low temperatures. This suppression could be 
eliminated by neither the presence of food nor the long 
day. Oviposition started only after the temperature 
exceeded the lower threshold of post-diapause 
morphogenesis (Ikeda-Kikue and Numata, 1992). In  
a similar manner, the females of Aelia fieberi trans-
ferred into the laboratory (+25°C) in late March or 
early April and supplied with favorable food started to 
lay eggs much earlier than in the outdoors, where their 
oviposition was suppressed with low temperature (Na-
kamura and Numata, 1997b). Once started, oviposition 
continued till the end of the female lifespan. 

Food 

One of the important components of the environ-
ment, essential for reactivation of insects in spring, is 
the presence of adequate food resources. Their role is 
particularly distinct in regulation of post-diapause 
development of the species feeding on fruits and 
seeds. The role of food as a trigger of spring reproduc-
tion was demonstrated in experiments with Dybow-
skyia reticulata (Nakamura and Numata, 1997a). The 
females collected in the field and transferred into the 
laboratory in March started to lay eggs under both 
long-day and short-day conditions, but only in the 
presence of food (Fig. 11). 

In the absence of food oviposition was delayed by  
a considerable period in both regimes. The availability 
of food stimulated reproduction (the moment of the 
appearance of food is marked with an arrow in  
Fig. 11). Thus, the onset of reproduction in this spe-
cies in spring is not controlled by either temperature or 
photoperiod but is solely determined by the availabil-
ity of food. In summer, the presence of food and its 
quality usually act as secondary cues, whereas in 
spring the absence of food becomes the main factor 
hindering gonad maturation. 
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OTHER ADAPTATIONS FACILITATING 
SYNCHRONOUS INDUCTION 

AND TERMINATION OF WINTER  
DIAPAUSE IN A PARTICULAR SEASON 

Most heteropterans of the Temperate Zone spend 
summer in the active state that includes growth, devel-
opment, reproduction, dispersal, and preparation for 
overwintering. In a few species the reproduction pe-
riod is shifted towards the beginning or the end of the 
summer, a part of the summer season being spent in 
the dormant state. The bugs reveal various seasonal 
adaptations allowing them to synchronize the summer 
phases of the life cycle with the most favorable peri-
ods within a particular season. 

Regulation of the Nymphal Growth Rate 

The growth rate of the nymphs and, correspond-
ingly, the duration of the nymphal period are largely 
affected by the ambient temperature: an increase in 
temperature within the thermal optimum range hastens 
development, and a decrease hinders it. However, the 
development rate depends on other factors as well. In 
particular, one of the important seasonal adaptations in 
insects is photoperiodic regulation of the nymphal 

growth rate: the nymphs may develop faster under 
certain photoperiodic conditions and slower under 
others. In a greater fraction of species development is 
accelerated by the short-day conditions: as the day 
length decreases in autumn, the nymphal growth rate 
increases so as to reach the overwintering stage before 
the environmental conditions get worse. Such an adap-
tation was first described in the firebug Pyrrhocoris 
apterus (Saunders, 1983; Numata et al., 1993; Saulich 
et al., 1993) and later found in the stink bugs Arma 
custos (Volkovich and Saulich, 1994) and Palomena 
prasina (Saulich and Musolin, 1996; Musolin and 
Saulich, 1999) as well as in many other bug species 
(Musolin and Saulich, 1997). 

However, despite its clear adaptive significance, 
photoperiodic regulation of the growth rate is not  
a universal phenomenon. The nymphs of some species 
grow faster under long-day conditions; moreover, re-
sponses to day length may be directly opposite in dif-
ferent populations of the same species. Such differ-
ences were found, in particular, between the popula-
tions of Dolycoris baccarum from Norway and Japan 
(Conradi-Larsen and Sømme, 1973; Nakamura, 2003) 
and between the populations of Nezara viridula from 

 

Fig. 11. Survival and oviposition in Dybowskyia reticulata females from Japan (Osaka), transferred from the field to the laboratory con-
ditions in late March (after Nakamura and Numata, 1997a; Numata, 2004). Light areas: non-ovipositing females; shaded areas: females 
that started laying eggs. Arrows mark the moment when food became available. The temperature was +25°C. 
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Egypt and Japan (Ali and Ewiess, 1977; Musolin and 
Numata, 2003a). These examples show that this fea-
ture can manifest itself at the population level, ensur-
ing a high level of adaptation of the local population to 
specific living conditions. At the same time, in some 
species the nymphal growth rate does not depend on 
photoperiodic conditions. For example, no distinct 
relations between the duration of nymphal develop-
ment and the photoperiodic conditions were observed 
in Podisus maculiventris (Goryshin et al., 1988b), 
Picromerus bidens (Musolin and Saulich, 1997), and 
some other species. 

The physiological mechanism underlying this adap-
tation is still insufficiently studied. Further research 
will be necessary to understand the exact nature of the 
effect of photoperiod (acceleration of development 
under certain conditions or retardation under other 
conditions) and the relations between these phenom-
ena and summer diapause. 

Summer Diapause 
Diapause not only ensures survival of insects during 

winter but may also perform protective and synchro-
nizing functions in summer. In the latter case diapause 

is formed under the conditions of long day and high 
temperatures. It may be obligate, occurring every year 
and in every generation, or facultative, controlled by 
external factors, such as the short-day PhPR (Saulich 
and Volkovich, 1996). Although summer diapause, or 
aestivation, is more frequently observed in insects 
from tropical or subtropical climate (Masaki, 1980), 
species with such a diapause can also be found in the 
temperate regions; among stink bugs such examples 
are Nezara antennata (Noda, 1984) and Carbula hu-
merigera (Kiritani, 1985a, 1985b). Adults of some 
species migrate into the mountains before aestivation 
(Aelia rostrata in Turkey ascends to about 1500 m 
above sea level: see Şişli, 1965). 

Aestivation was recently discovered in Picromerus 
bidens; experiments showed that it was induced by the 
short-day PhPR (Musolin, 1996; Musolin and Saulich, 
1996, 2000). Under short-day conditions (12 and 14 h) 
all the females started laying eggs synchronously, on 
average on the 15th day after imaginal molt, whereas 
no reproduction took place in July in other laboratory 
regimes and outdoors (Figs. 12a, 12b). The females 
kept under constant long-day conditions, and also 
those outdoors (where the day length at the moment of 

 
Fig. 12. Photoperiodic induction of summer diapause in Picromerus bidens (after Musolin and Saulich, 2000); (a) PhPR of induction of 
summer diapause under laboratory (+24.5°C) and natural conditions in Belgorod Province (The pre-oviposition period was between July 
6 and August 23; the PhPR was determined on the 20th, 40th, and 60th day after final molt); (b) duration of the pre-oviposition period 
under the same conditions (mean ± SE; min–max). 



SAULICH, MUSOLIN 

ENTOMOLOGICAL REVIEW   Vol.   92   No.   1   2012 

18 

imaginal molt was approximately 16.5 h) gradually 
reactivated, and almost all the individuals started lay-
ing eggs within two months’ time. 

Seasonal Changes in Coloration 

Changes in the body coloration during the season 
are typical of many true bugs and are often controlled 
by the photoperiod (Musolin and Saulich, 1996, 1999; 
Saulich and Musolin, 2007a). In some cases they are 
observed at the diapausing stage, in others they occur 
at one of the preceding stages and do not seem to be 
connected to diapause at all. 

The existence of two color morphs was described in 
Thyanta calceata (McPherson, 1977). The seasonal 
forms of Euschistus tristigmus tristigmus (McPherson, 
1979) and Oebalus ypsilongriseus (Vecchio et al., 
1994) are so different in coloration and structural 
characters that they used to be regarded as separate 
species. 

Changes in coloration at the adult stage can be often 
observed in true bugs and are usually related to dia-
pause (Musolin and Saulich, 1996). For example, the 
freshly molted adults of Nezara viridula may be either 
green or yellow, depending on the genetic morph. The 
same coloration is preserved during reproduction. 
However, individuals of the diapausing generation 
turn brown soon after the imaginal molt (Fig. 13; Mu-
solin and Numata, 2003a) and retain this coloration 
until the complete termination of diapause in spring. 
The color changes are regulated by the day length and 

correlated with the physiological state of the individ-
ual (Harris et al., 1984; Musolin and Numata, 2003a; 
Musolin et al., 2007). 

Similar diapause-related color changes in the adults 
under short-day conditions were described in the stink 
bugs Plautia stali (Kotaki and Yagi, 1987) and 
Euschistus servus (Borges et al., 2001). Adults of 
Graphosoma lineatum have a paler and duller colora-
tion before overwintering than in spring (Tullberg  
et al., 2008). The degree of melanization in Podisus 
maculiventris also changes during the season, the bugs 
being paler in summer than in spring or autumn; these 
changes, however, mostly depend on the temperature 
rather than on the day length (Aldrich, 1986). 

Analysis of the above examples of seasonal colora-
tion changes in insects easily reveals the main trend: 
the prevalence of brown coloration or dull texture of 
the integuments in overwintering insects. This makes 
them less conspicuous, providing passive protection 
from predators (the seasonal camouflage). Dark col-
oration may also give a certain adaptive advantage in 
thermoregulation, even during winter. The signifi-
cance of seasonal coloration changes is especially high 
in the species forming large aggregates in places of 
hibernation and/or aestivation, which is common 
among stink bugs. 

The seasonal color polyphenism is irreversible in 
some species. In other species coloration changes 
gradually in the process of induction of imaginal dia-
pause. Such seasonal changes may be reversible. The 

 
Fig. 13. The effect of day length on coloration of Nezara viridula females in Japan (Osaka) at +20°C (after Musolin and Numata, 2003a).
Light sections of bars: green; black sections of bars: brown; shaded sections of bars: intermediate coloration. 
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reversal of coloration in spring was studied, for exam-
ple, in the southern green stink bug Nezara viridula 
maintained under natural conditions in central Japan 
(Musolin and Numata, 2003b; Musolin et al., 2010; 
Takeda et al., 2010). At the beginning of overwinter-
ing, the non-reproducing adults changed their color 
from green to brown and remained brown during the 
entire winter. In spring the initial green coloration was 
restored, after which the females started to reproduce 
(Fig. 14). 

CONCLUSION 
The above review of data concerning diapause in 

the experimentally studied stink bugs (43 species) of 
the Temperate Zone has revealed no distinct trends in 
the position (embryonic, nymphal, or imaginal) and 
type of diapause (obligate or facultative) in particular 
taxa within the family Pentatomidae. At the same time, 
our analysis has allowed us to estimate the similarity 
of seasonal adaptations in species belonging to differ-
ent taxa of stink bugs. 

Species of the subfamily Podopinae overwinter as 
adults (Table 1), the onset of their diapause being con-
trolled by the day length and temperature. Since all 
these species feed on seeds, their seasonal develop-
ment is largely determined by the availability of food. 
However, the same type of food and pattern of sea-
sonal development are typical of many species of the 
subfamily Pentatominae (in particular, most represen-
tatives of the tribe Aeliini). 

All species of the subfamily Asopinae are predators. 
The subfamily includes 2 species from different tribes: 
Picromerus bidens (tribe Platinopini) and Apateticus 
cynicus (tribe Amyoteini) having an obligate embry-
onic diapause, which is a rare phenomenon among 
Heteroptera. At the same time, A. cynicus and Podisus 
maculiventris belong to the same tribe but have differ-
ent types of diapause: the former species has an obli-
gate embryonic diapause and the latter, a facultative 
imaginal diapause. Other studied species of this sub-
family have a facultative imaginal diapause controlled 

 

Fig. 14. Seasonal coloration changes in females of Nezara viridula under natural conditions in Japan (Osaka) (modified after Musolin 
and Numata, 2003b). Arrow marks the moment when the egg batches were transferred into outdoor conditions. The nymphs and males 
are not shown. The histogram shows the number and color of females; dotted line: the total number of mating females; solid line: that of 
ovipositing females. Light sections of bars: green adults; black sections of bars: brown adults; shaded sections of bars: adults with inter-
mediate coloration. The temperature is shown as the minimum and maximum daily values.  
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by the day length and temperature. Andrallus spinid-
ens represents an exception, since its imaginal dia-
pause is controlled by temperature while the day 
length appears to be of little significance. Thus, even 
though species of the subfamily Asopinae have a simi-
lar biology and mode of feeding (all of them are preda-
tors), they diapause at different stages of development 
under the influence of different factors. 

On the contrary, most representatives of the subfam-
ily Pentatominae overwinter as adults and have a dia-
pause controlled by the long-day PhPR, despite the 
diversity in their modes of feeding. However, this 
subfamily also includes some species with an obligate 
diapause determining the univoltine seasonal cycle: 
Palomena prasina, P. angulosa, and Menida scotti. 
The latter species is unusual in that only the females 
have an obligate reproductive diapause whereas the 
males remain physiologically active during winter 
(Koshiyama et al., 1994, 1997). Quite unexpectedly, 
the bugs Pentatoma rufipes with an obligate nymphal 
diapause and Nezara viridula with a facultative imagi-
nal diapause belong to the same tribe Pentatomini. 
Among the studied species of the tribe Aeliini, an ob-
ligate imaginal diapause was observed only in Aelia 
rostrata; the species has a univoltine seasonal cycle 
including aestivation and distinct seasonal migrations, 
which is almost identical to that of shield bugs of the 
family Scutelleridae. 

Thus, analysis of seasonal development of stink 
bugs has shown that evolution of their seasonal adap-
tations does not correspond precisely to their phylog-
eny. However, similar complexes of seasonal adapta-
tions are formed within individual genera (for exam-
ple, Palomena with an obligate diapause and photope-
riodic regulation of nymphal growth rates, or Euschis-
tus with photoperiodic regulation of color polymor-
phism), small tribes (for example, Aeliini), or even 
subfamilies (Podopinae). At the same time, the large 
family Pentatominae, despite being a composite taxon, 
is quite uniform in that most of the species have  
a facultative imaginal diapause. 

The knowledge of ecology and the pattern of sea-
sonal development of a species may help to clarify its 
taxonomic position. For example, Dybowskyia reticu-
lata is considered within the tribe Tarisini by some 
authors (Vinokurov et al., 2010), and within Grapho-
somatini by others (Gapon, 2008). In its ecological 
characteristics D. reticulata resembles the species 
included in the tribe Graphosomatini. 

The seasonal changes in coloration are more wide-
spread in stink bugs (mostly those having an imaginal 
diapause) than in other taxa of true bugs. However, 
such common seasonal adaptations as polymorphism 
of wings and/or wing musculature (Saulich and Mu-
solin, 2007b) have not yet been found in Pentatomi-
dae. 

In general, despite intensive studies of seasonal ad-
aptations in Pentatomidae and other families of Heter-
optera carried out in the recent decades, the diapause 
and ecological mechanisms of its regulation have been 
studied in less than 1% of the known species of stink 
bugs. 
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