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Abstract—An original classification of the life cycles of ground beetles from Western Palaearctic is proposed. The 
classification is based on a combination of five criteria: duration, number of generations per season, phenology of 
reproduction, stability, and repeatability of reproduction. According to the individual lifespan, the cycles are subdi-
vided into annual and biennial ones. The annual life cycles may be uni- and bivoltine, whereas biennial ones are 
always univoltine. By the time of reproduction, winter-spring, spring, spring-summer, early summer, summer, late 
summer, summer-autumnal, autumnal, autumn-winter, winter, and aseasonal species are distinguished. The biennial 
and bivoltine cycles may be of both facultative and obligate nature. Species living only one season and having 
a continuous reproductive period are designated as semelparous, while those breeding during two or more years or 
having several distinct periods of reproduction in one season, as iteroparous. By now, 30 variants of life cycles in 
Carabidae from western Palaearctic have been established. Repeated similarly directed modifications of the life cy-
cle may produce essentially different seasonal rhythms in some individuals. In this case, two subpopulation groups 
usually appear within the population. Under the most unfavorable conditions, these groups become practically iso-
lated and hibernate at different ontogenetic stages. The individual development in each of these groups takes two 
years with the same seasonal rhythm. Among the types considered, only obligate-bivoltine life cycles are always 
polyvariant, but annual univoltine and obligate-biennial ones are always univariant. The facultative-bivoltine and 
biennial life cycles may be realized as uni- and polyvariant ones, depending on the environmental conditions. 

DOI: 10.1134/S0013873807080027 

In zoology, life cycles are usually considered either 
as an aspect of morphogenesis (alternation of ontoge-
netic stages, generations, life forms, etc.), or from the 
viewpoint of developmental physiology (Beklemishev, 
1942; Cole, 1954; Stearns, 1976, 1992; Wilbur, 1980; 
Roff, 1992; Galaktionov and Dobrovol’skii, 1998). 
Both approaches have been applied to insects (Ma-
zokhin-Porshnyakov, 1954; Danilevskii, 1961, 1972; 
Hinton, 1963; Danilevskii and Kuznetsova, 1968; 
Glinyanaya, 1972; Rotenberg, 1977; Loreau and 
Ebenhöh, 1994; Kundu and Dixon, 1995; Truman and 
Riddiford, 1999; Sugonyaev, 2001), including ground 
beetles (Murdoch, 1966; Sharova, 1971, 1981; Thiele, 
1977; Paarmann, 1979; Sota, 1987, 1988; Makarov, 
1989). Evaluation of the possible variants of the life 
cycles under specific natural conditions is necessary 
for understanding the structure and dynamics of popu-
lations of individual species and the functioning of the 
community as a whole. The study of the geographic 
and biotopic variability of the types of development 
may be used in bioindication, evaluation of recoloniza-
tion of the disturbed habitats, or prediction of the 

population dynamics of mass species, including those 
of economic importance. Besides that, comprehensive 
analysis of the life cycles allows one to reveal the 
cases of their parallel development and use them as 
a criterion for discussing the evolution of differently 
ranked taxa (Brandmayr and Zetto Brandmayr, 1979; 
Paarmann, 1979; Sharova, 1981; Makarov, 1989; den 
Boer and van Dijk, 1996; Matalin, 1997a, 1998; Sota 
and Ishikawa, 2004). 

The history of study of the life cycles of ground 
beetles covers over 150 years. The first data on the 
biology of some European species were published in 
the middle of the XIX century–early XX century 
(Schiødte, 1867; Zang, 1901; Mjöberg, 1906; Schel-
ford, 1908; Burges, 1911). However, a systematic 
study of the life cycles of Carabidae started only in the 
1920s (Claassen, 1919; van Lengerken, 1921; Zikan, 
1929; Znoiko, 1929, 1935; Delkeskamp, 1930; Koche-
tova, 1936; Chaboussou, 1938). The data accumulated 
by that time were analyzed by S.G. Larsson (1939), 
who proposed the first classification of the types of 
development in Carabidae. The factual basis for this 
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classification was formed by thoroughly processed 
museum collections, mostly representing the fauna of 
Denmark. Larsson used three parameters: the period of 
development, the period of activity of the adults, and 
duration of the life cycle. As a result, the European 
ground beetles were subdivided into the forms with 
spring reproduction and a high (F+), moderate (F(+)), 
or weak autumnal activity (F(÷)) or without autumnal 
activity (F÷), and into the forms with autumnal repro-
duction (H) and biennial development (2F+). This 
classification proved to be rather convenient and be-
came broadly accepted in later periods. 

The rapid development of insect physiology, includ-
ing the reproductive aspects, in the 1950–1970s 
brought significant progress in understanding the life 
cycles of ground beetles. Having summarized all the 
available data, H.-U. Thiele (1977) recognized seven 
types of reproductive rhythms in the ground beetles of 
the temperate zone: those with reproduction in spring, 
photoperiodic control of gonad development, and an 
imaginal parapause (1) or diapause (2); those with 
reproduction in autumn, a larval parapause, and with 
(3) or without (4) photoperiodic aestivation in the 
adults; those with unstable wintering conditions (5); 
those with biennial development, a larval parapause, 
and temperature (6) or photoperiodic (7) control of the 
gonad development. Later, W. Paarmann (1979) de-
scribed five more variants of reproductive rhythms, of 
which two were characteristic of the ground beetles 
living in the subtropical zone of North Africa, and 
three, of those inhabiting the Central African tropics. 
In both cases, the principal parameters considered 
were the temperature control of development of the 
resting stage, and the photoperiodic control of the 
gonad development. 

Thus, two directions in the study of the life cycles 
of ground beetles—phenological and physiological—
were established by the 1980s. At the same time, it 
was repeatedly noticed that the diversity of the life 
cycles of ground beetles, especially considering their 
geographic and biotopic variability, could not be fitted 
into the schemes proposed by Larsson and Thiele. 
Numerous attempts at expanding and modifying these 
schemes were made (Lindroth, 1945; van Dijk, 1972; 
Luff, 1973; Paarmann, 1979; Sharova and Dushenkov, 
1979; Loreau, 1985; Hůrka, 1986; Drioli, 1987; den 
Boer and den Boer-Daanje, 1990; den Boer and van 
Dijk, 1996; Matalin, 1998a, 2005). 

A reconsideration of approaches to classification of 
the life cycles of Carabidae has been largely facilitated 

by the research performed in the last three decades. By 
now, a huge amount of data has been accumulated 
concerning the phenology, seasonal dynamics of activ-
ity, gonad maturation, and preimaginal development of 
Carabidae (Inyaeva, 1965; Thiele, 1966, 1969, 1971, 
1975, 1977; Andersen, 1969; Thiele and Krehan, 
1969; Krehan, 1970; Kaufmann, 1971; Paarmann, 
1973, 1974, 1976a, 1976b, 1977, 1979, 1990, 1994; 
Neudecker and Thiele, 1974; Ferenz, 1975, 1977; 
Kůrka, 1975; Lampe, 1975; Lamprecht and Weber, 
1975; Könen, 1978; Jørum, 1980; Zetto Brandmayr, 
1983; Sota, 1984, 1985a, 1985b; Brandmayr and Zetto 
Brandmayr, 1986; Nekuliseanu, 1987, 1990, 1994; 
Kryuchkova and Panov, 1988; Karpova and Matalin, 
1990a; Cárdenas, 1994; Matalin, 1994; Telfer and 
Butterfield, 2004). In addition, data have been ob-
tained indicating both the high lability of the oviposi-
tion time (van Dijk, 1972, 1979a, 1979b, 1983, 1994; 
Jones, 1979; Basedow, 1994; Makarov, 1994; Sharova 
and Denisova, 1995, 1996, 1997a, 1997b; Matalin, 
2006) and the variability of the time of development of 
some ontogenetic stages in many species of ground 
beetles (Manga, 1972; Thiele, 1977; Houston, 1981; 
Andersen, 1983; Refseth, 1984; Butterfield, 1986, 
1996; Sota, 1986; Nelemans, 1987; Makarov and 
Chernyakhovskaya, 1990; Chaabane et al., 1996; 
Matalin, 1997b, 1998b). Analysis of the dynamics of 
the demographic structure of populations of many 
species (Vlijum and van Dijk, 1967; van Dijk, 1972; 
van Heerdt et al., 1976; Jørum, 1980; Loreau, 1985; 
Wallin, 1987; Fadl et al., 1996; Sharova and Denisova, 
1996, 1997a, 1997b; Matalin, 1997c, 1998b, 2006; 
Tselishcheva, 2000; Matalin and Budilov, 2003; 
Sharova and Filippov, 2003; Khobrakova and Sharova, 
2005; Sharova and Khobrakova, 2005; Filippov, 
2006a, 2006b), together with the established concepts 
of the polyvariant nature of development (Makarov 
and Chernyakhovskaya, 1989; Makarov, 1990, 1994; 
Matalin, 1998b, 2006; Matalin and Budilov, 2003; 
Sharova and Filippov, 2003; Filippov, 2006a, 2006b) 
and its synchronization (Neudecker and Thiele, 1974; 
Sota, 1985a; van Schaick-Zillesen et al., 1986; Mata-
lin, 1997c, 1998b) have noticeably changed our under-
standing of the life cycles of Carabidae. 

The life cycles of a number of Palaearctic species of 
ground beetles have been described or redescribed in 
the last 20 years. A detailed analysis of the geographic 
and biotopic variability of the demographic structure 
of populations has been performed for some of these 
species (Sota, 1985a, 1986, 1994, 1996; Colombini 
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and Chelazzi, 1992; Shishova, 1994; Sharova and 
Denisova, 1996, 1997; Matalin, 1997b, 1998b; Kho-
tuleva, 1997; Sharova and Khobrakova, 2005), includ-
ing the areas lying at the boundaries of their distribu-
tion ranges (Houston, 1981; Andersen, 1984; Refseth, 
1984; Sota, 1996b; Matalin and Budilov, 2003; 
Sharova and Filippov, 2003; Filippov, 2006a, 2006b; 
Matalin, 2006). The data obtained allowed many life 
cycles to be characterized as polyvariant (Makarov, 
1990, 1994; Shishova, 1994; Sharova and Denisova, 
1995; 1996, 1997a, 1997b; Khotuleva, 1997; Matalin, 
1997a, 19976, 1998a, 2006; Filippov, 2000; Tsel-
ishcheva, 2000; Budilov, 2002; Khobrakova, 2003; 
Matalin and Budilov, 2003; Sharova and Filippov, 
2003; Khobrakova and Sharova, 2005; Sharova and 
Khobrakova, 2005). However, the “polyvariant na-
ture” of the life cycles was often differently under-
stood and too broadly interpreted in the cited publica-
tions. This resulted in inconsistent interpretation of 
some life cycles, especially the variants with develop-
ment taking more than one year, and also the cycles 
with repeated hibernation and subsequent reproduction 
of the adults. 

In view of the above, a necessity arose to organize 
the presently available data on the demography and 
biology of individual species and to establish the crite-
ria on which a modern classification of the life cycles 
of Carabidae of the Western Palaearctic can be devel-
oped. Some results of this work have been published 
earlier (Makarov, 1994; Matalin, 1998a, 2005). 

MATERIALS AND METHODS 

Methods of Data Collection and Analysis 

The study is based on the critical analysis of the 
vast published data on the seasonal dynamics of activ-
ity, the demographic structure of the populations, the 
life cycles, and the specific features of preimaginal 
development of the ground beetles in the Palaearctic 
(see references in the Introduction and table), and also 
the collections made by the author in 1982–2006 in 15 
regions of Russia and the former USSR. 

The material was collected using standard methods: 
soil, light, and window traps, soil sampling, net sweep-
ing, and manual collection (Matalin, 1996). These 
methods resulted in a huge amount of data reflecting 
the various aspects of ecology and biology of the most 
common ground beetle species in the European part of 
Russia. The adults and larvae were maintained under 
laboratory conditions, which allowed us to estimate 

the occurrence and duration of individual development 
phases in different seasons. 

The sex and age structure of populations was ana-
lyzed using the modified method of H. Wallin (1987), 
distinguishing five reproductive states in the adults of 
both sexes: teneral, immature, mature of the first 
and the second year of life, and spent. The 
dormant periods occurring during a season were de-
scribed using the terminology proposed by H.J. Müller 
(1970). 

As a result, we have obtained data on the demo-
graphic structure of local populations of 365 Palaearc-
tic species of ground beetles, belonging to 70 genera. 
The complete or partial life cycles of these species 
have been described in detail. The schemes of the life 
cycles were built taking into account the periods of 
occurrence and development of the larvae, either de-
termined by the original field and laboratory studies 
(Matalin, 1997b, 1997c, 1998b, 2006) or obtained 
from the publications of other workers (Larsson, 1939; 
Gilbert, 1956; Andersen, 1969; Kasandrova and 
Sharova, 1971; Hůrka, 1973, 1975; Vasil’eva, 1978; 
Loreau, 1985; Nelemans, 1987; Arndt, 1989; Budilov, 
1990; Dushenkov and Chernyakhovskaya, 1990; Ne-
kuliseanu, 1990, 1994; Chaabane et al., 1996; Turin et 
al., 2003). 

The Main Terms and Concepts 

At different times, the life cycle of a ground beetle 
was interpreted either as a set of ontogenetic features 
(Thiele, 1977; Paarmann, 1979), or as an aspect of the 
population dynamics (den Boer, 1979; Sharova and 
Dushenkov, 1979; den Boer and van Dijk, 1996). In 
this communication, the following terms will be used 
to discuss the specific features of life cycles in 
Carabidae and their classification. 

Ontogenesis—development of an individual from 
a fertilized egg until the moment of its natural death, 
which may occur either before the reproductive period 
(interrupted or incomplete ontogenesis) or after it 
(complete ontogenesis). Thus, we consider ontogene-
sis as subdivided into two phases: morphogenesis, 
resulting in the formation of a sexually mature indi-
vidual, and reproduction, increasing the number of 
individuals (Rasnitsyn, 1965; Sharova, 1981; Afonin, 
2004). 

Seasonal (annual) rhythm—change of the active 
and resting periods of the development stages during 
the vegetation season (year). 
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Types of life cycles of Carabidae realized in the Western Palaearctic 

Type of life cycle Species References 

Annual univoltine: 
aseasonal Y Aphaenops cerberus Dieck Deleurance and Deleurance, 1964a, 1964b 
winter-spring 
iteroparous 

WVi [Agonum thoreyi (Dej.)] Ortuño and Marcos, 1997 

spring semelparous Vs Stenolophus skrimshiranus 
Steph. 

Larsson, 1939; Matalin, 1996b, 1997a, 1997b; Ortuño and 
Marcos, 1997 

spring iteroparous Vi Anisodactylus signatus (Panz.) Larsson, 1939; Kasandrova and Sharova, 1971; Shilenkov, 
1978; Karpova, 1990; Karpova and Matalin, 1990a, 
1990b; Fazekas et al., 1997; Matalin, 1994, 1997 

spring-summer se-
melparous 

VSs Tachys micros (F.-W.) Matalin, 1997a 

spring-summer 
iteroparous 

VSi Poecilus cupreus L. Larsson, 1939; Lindroth, 1945; Skuhravý, 1959; Briggs, 
1965; Greenslade, 1965; Inyaeva, 1965, 1983; Louda, 
1968; Kabacik-Wasylik, 1970; Krehan, 1970; Thiele, 
1971, 1977; Vasil’eva, 1978; Karpova, 1990; Nekulise-
anu, 1990; Wallin, 1987 

early summer se-
melparous 

eSs Bembidion hyperboraeorum 
Munst. 

Andersen, 1969, 1983 

early summer 
iteroparous 

eSi Carabus creutzeri F. Brandmayr and Zetto Brandmayr, 1986; Chemini and 
Pizzolotto, 1992; Turin et al., 2003 

summer semelparous Ss Bembidion petrosum Gebl. Andersen, 1969, 1983 
summer iteroparous  Si Carabus schoenherri F.-W. Tselishcheva, 2000 
summer-autumnal se-
melparous 

SAs Epaphius secalis (Payk.) Larsson, 1939; Inyaeva, 1983; Wallin, 1987; Refseth, 
1988; den Boer and van Dijk, 1996 

summer-autumnal 
iteroparous  

SAi [Harpalus rufipes DeGeer] Larsson, 1939; Lindroth, 1945; Skuhravý, 1959; Briggs, 
1965; Greenslade, 1965; Inyaeva, 1965, 1983; Louda, 
1968; Kabacik-Wasylik, 1970; Vasil’eva, 1978; den Boer, 
1979; Jones, 1979; Wallin, 1987; Budilov, 1990; 
Dushenkov and Chernyakhovskaya, 1990; Karpova, 1990; 
Karpova and Matalin, 1990b; Matalin, 1994, 1997a, 
1997b, 1998a, 1998b, 1998c; den Boer and van Dijk, 
1996; Hatvani and Kádár, 2002 

autumnal semelparous  As Nebria brevicolis (F.) Larsson, 1939; Lindroth, 1945; Gilbert, 1958; Williams, 
1959; Greenslade, 1965; Penney, 1969; Murdoch, 1967; 
Thiele, 1969, 1971, 1977; Manga, 1972; Jørum, 1976; den 
Boer, 1979; Jones, 1979; Kålås, 1985; Loreau, 1985; 
Nelemans, 1987; den Boer and van Dijk, 1996; Fadl and 
Purvis, 1998 

autumnal iteroparous  Ai Calathus granatensis Vuill. Cárdenas and Bach, 1992; Cárdenas, 1994; Cárdenas et 
al., 1996 

autumn-winter 
iteroparous 

AWi [Calathus mollis (Marsh.)] Gilbert, 1956; Zaballos, 1986 

winter semelparous Ws [Bradycellus harpalinus (Serv.)] den Boer, 1979; den Boer and van Dijk, 1996 
winter iteroparous Wi Carabus lusitanicus (F.) Cárdenas and Hidalgo, 1995 
Annual facultative-bivoltine: 
spring-summer se-
melparous 

(VS)2s [Loricera pilicornis (F.)] Larsson, 1939; Loreau, 1985; Dushenkov and Chernyak-
hovskaya, 1990; Makarov and Chernyakhovskaya, 1990 

Annual obligate-bivoltine: 
spring-summer se-
melparous 

VS2s [Stenolophus discophorus (F.-
W.)] 

Matalin, 1996b, 1997a, 1997b 
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Table (Contd.). Types of life cycles of Carabidae realized in the Western Palaearctic 

Type of life cycle Species References 

spring-summer 
iteroparous 

VS2i [Notiophillus biguttatus F.] Sharova and Filippov, 2003 

Facultative-biennial: 
spring-summer se-
melparous 

(2VS)s [Asaphidion pallipes Duft] Andersen, 1969 

spring-summer 
iteroparous 

(2VS)i [Harpalus affinis Schrank] Inyaeva, 1965; Budilov, 1990; Matalin, 1998a, 1998b 

summer iteroparous (2S)i [Nebria rufescens (Ström)] Lindroth, 1945; Forsskåhl, 1972; Refseth, 1988 
summer-autumnal 
iteroparous 

(2SA)i [Pterostichus melanarius (Ill.)] Larsson, 1939; Lindroth, 1945; Skuhravý, 1959; Green-
slade, 1965; Vasil’eva, 1978; Wallin, 1987; Kryuchkova 
and Panov, 1988; Makarov and Chernyakhovskaya, 1989; 
Fadl et al., 1996; Sharova and Denisova, 1997a, 1997b; 
Fadl and Purvis, 1998; Matalin, 2006 

autumnal iteroparous (2A)i [Carabus hortensis L.] Refseth, 1988 
Obligate-biennial: 
early summer 
iteroparous 

2eSi Carabus aurolimbatus Dej. Sharova and Filippov, 2003; Turin et al., 2003 

summer iteroparous  2Si Carabus loschnikovi F.-W. Khobrakova, 2003; Khobrakova and Sharova, 2005; 
Sharova and Khobrakova, 2005 

late summer 
iteroparous 

2lSi [Carabus problematicus Herbst] Houston, 1981; Butterfield, 1986, 1996 

summer-autumnal se-
melparous 

2SAs Bembidion hasti Sahlb. Andersen, 1969, 1983 

summer-autumnal 
iteroparous 

2SAi [Carabus coriaceus (L.)] Larsson, 1939; Lindroth, 1945; Hůrka, 1973; Kålås, 1985; 
Refseth, 1988; Arndt, 1989; Turin et al., 2003 

Note: Data on all the 365 species analyzed cannot be presented here due to the limited volume of the publication, therefore only one ex-
ample is given for each type of the life cycle. The species shown in square brackets may have more than one variant of the life cycle. 

 
Diapause (in the broad sense)—a phase of the sea-

sonal rhythm including an obligatory (parapause) or 
facultative (diapause proper) dormant period at one or 
several development stages. 

Reproductive rhythm (gonad cycle)—periodic 
changes in the rate of the gonad development in re-
sponse to the key environmental factors, ensuring re-
production. 

In view of the above, the life cycle is regarded as 
a regular combination of the seasonal and reproductive 
rhythms, reproduced consistently under specific bio-
topic and seasonal (climatic) conditions. 

RESULTS 

Typology of the Life Cycles of Ground Beetles 
in the Western Palaearctic 

The typology of the life cycles of ground beetles 
proposed in this paper is based on the combination of 
five criteria: duration of the life cycle, in years; the 
number of generations per season, or voltinism; phe-

nology of reproduction, or seasonality; stability or 
consistency; and repeatability of reproduction. 

With respect to duration, the life cycles of 
Carabidae can be subdivided into annual and biennial. 
Their principal difference consists in the periodicity of 
appearance of the young generation. In particular, in 
the annual life cycles the beetles of the new generation 
appear every year, because the overwintered individu-
als reproduce in the same season; the parental and 
filial generations enter diapause at the same stage of 
development (Figs. 1, 2, 3a, 5a, 6, 7). In the case of 
a biennial life cycle, the young generation is produced 
only once in two years; individuals of the new genera-
tion reproduce not in the current but in the subsequent 
season, and hibernate at a stage different from that of 
the parental generation (Figs. 3 b, 4, 5b). 

With respect to the number of generations, the an-
nual life cycles may be univoltine, if only one genera-
tion develops during a season (Figs. 1, 6, 7), or 
bivoltine, when two generations are produced in one 

For designation of the life cycle abbreviation see Fig. 8.
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season (Fig. 2). In the latter case, reproduction of the 
filial generation often coincides with repeated repro-
duction of the parental generation. The biennial life 
cycles are always univoltine (Figs. 3–5). 

The seasonality of the life cycle is determined by 
the period of reproduction and, consequently, by the 
hibernating stage. Following the established tradition 
(Larsson, 1939; Lindroth, 1945; Thiele, 1977; Paar-
mann, 1979; Sharova and Dushenkov, 1979; Loreau, 
1985; Drioli, 1987; den Boer and den Boer-Daanje, 
1990; den Boer and van Dijk, 1996) and taking into 
account the original data (Matalin, 1997a, 1998, 
2005), we distinguish the following categories of cara-
bid species: winter-spring, spring, spring-summer, 
early summer, summer, late summer, summer-autum-
nal, autumnal, autumn-winter, winter, and aseasonal 
(aperiodic). 

The spring species reproduce at the very beginning 
of the vegetation period and always hibernate as adults 

(Fig. 1). Under favorable conditions, oviposition in 
some of them starts already in late winter, and repro-
duction ends completely by mid-spring. Such forms 
are placed in the group of winter-spring species. 

The spring-summer species reproduce from the 
middle or end of spring to the second half of summer. 
The annual and bivoltine species hibernate only as 
adults, the first generation in the bivoltine species 
developing without a diapause, and the second one, 
with a diapause (Fig. 2). The biennial spring-summer 
species can hibernate both as adults (Fig. 3a) and as 
larvae (Fig. 3b). 

Reproduction of the summer species is observed 
from mid-June to the middle or end of August. The 
immature adults of the new generation usually hiber-
nate. However, in high latitudes and alpine areas the 
reproduction period of both spring and autumnal spe-
cies shifts to summer, owing to the general reduction 
of the vegetation season from which the spring and 

 

Fig. 1. An annual spring iteroparous life cycle by the example of Anisodactylus signatus Panz. (after Karpova and Matalin, 1990): ovi-
position (Eg), larvae of the first (L1), second (L2), and third (L3) instars, pupae (P), teneral adults (It), and spent adults of the 
parental generation ( Isp). The intensity of shading corresponds to the degree of gonad maturation. 
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autumn months are excluded. It should be noted that 
under these conditions, the originally spring species 
can complete their development and preserve the an-
nual life cycle. Contrariwise, in the originally summer-
autumnal and autumnal species, the adults of the new 
generation, having developed from the overwintered 
larvae, start to reproduce only in the subsequent year, 
and their life cycle therefore becomes biennial 
(Figs. 4, 5b). Some of these species (the early summer 
ones) reproduce in the first half of summer, and others 
(the late summer ones), in the second half of summer. 
This difference reflects their physiological specificity, 
primarily the nature of the adult diapause and gonad 
maturation. 

The summer-autumnal species (often referred to as 
“multi-seasonal”) reproduce from the end of summer 
to mid-autumn and hibernate as old-instar larvae 
(Fig. 5a). In some species, however, part of the adults 

may also hibernate; this fraction includes both the 
individuals from the parental generation, which have 
already reproduced in the current season, and still 
immature ones from the filial generation. In the latter 
case, the duration of the life cycle increases to two 
years (Fig. 5b). 

The autumnal species reveal a stable and obligatory 
larval parapause that has formed because of the long 
and cold winter typical of the greatest part of the re-
gion in question. Reproduction in this case is observed 
from late summer to the middle or end of autumn, and 
the new generation appears in the middle or end of 
spring (Fig. 6). It should be noted that in the species 
with biennial development the immature beetles of the 
new generation hibernate together with the larvae. 

In the areas with mild frost-free winter where the air 
temperature does not drop below +5°C, some repre-
sentatives of Carabidae reveal winter activity. Repro-

 

Fig. 2. Bivoltine spring-summer iteroparous life cycle by the example of Loricera pilicornis (F.) (after Makarov and Chernyakhovskaya, 
1990): teneral adults of the first ( It1) and second (It2) generations, and spent adults of the first generation ( Isp1). For other 
designations, see Fig. 1. 
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duction in this case takes place from late autumn to 
early  spring;  larval  development is completed during 
the period of low positive temperatures and often in-

cludes no diapause. The adults of the new generation, 
emerging in the middle or end of spring, have a sum-
mer   dormant   period,   or  an  aestivation   parapause 

 
Fig. 3. Facultative-biennial spring-summer iteroparous life cycle by the example of Harpalus affinis Schrank (after Matalin, 1998b): the 
annual variant with hibernating adults (a) and the biennial variant with hibernating old-instar larvae and pupae (b). For other designa-
tions, see Fig. 1. 
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Fig. 4. Obligate-biennial late spring iteroparous life cycle by the example of Carabus problematicus Herbst (after Houston, 1981): the 
varints with hibernating old-instar larvae (a) and teneral adults (b). Immature adults are designated as Iim. For other designations, see Fig. 1. 
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Fig. 5. Facultative-biennial summer-autumnal iteroparous life cycle by the example of Pterostichus melanarius  (Ill.) (after Matalin, 
2006): the annual variant with hibernating old-instar larvae (a) and the biennial variant with hibernating teneral adults (b). For desingna-
tions, see Fig. 4. 
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(Fig. 7). In case of brief cold spells in late autumn and 
early winter, the larvae of these species may enter 
a short facultative diapause. Such species belong to the 
autumn-winter group. 

Reproduction of the aseasonal species occurs not in 
any specific period but all the year round; correspond-
ingly, such species have no diapausing stage. 

The constancy of the life cycle, previously referred 
to as determinacy (Matalin, 2005), is understood as the 
influence of specific biotopic conditions, and also the 
weather and climatic conditions of individual seasons 
within one or several natural zones, on the parameters 
of the life cycle. For example, the biennial life cycles 
can be obligatory, when development of all individuals 
in the population takes more than one year under any 
conditions, or facultative, when, depending on the 
conditions, only part of individuals follow the biennial 
development pattern. The bivoltine cycles can also be 
obligatory or facultative. In the former case, two gen-
erations develop in the population regardless of the 

conditions, and in the latter case, the second genera-
tion appears only in the most favorable seasons or only 
in part of the distribution area. Although similar vari-
ants of such life cycles are sometimes difficult to dis-
tinguish, their consistency is insured by the discrete 
nature of the hibernating stages and the synchronized 
development of both larvae and adults. 

The repeatability of reproduction, which was quite 
inadequately referred to as polycyclicity in an earlier 
publication (Matalin, 2005), reflects the ability of 
individuals to reproduce more than once during either 
one or several seasons. Based on this criterion, the 
species that live during only one season and have 
a continuous period of reproduction are termed se-
melparous, while those capable of reproduction during 
two or more years or having several distinct periods of 
reproduction during one season are referred to as 
iteroparous. 

The combinatorial analysis of the above parameters 
produces  a considerable  number  of theoretically pos- 

 

Fig. 6. Annual autumnal semelparous life cycle by the example of Nebria brevicolis (F.) (after Nelemans, 1987). For designations, see 
Fig. 1. 
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Fig. 7. Annual winter iteroparous life cycle by the example of Carabus lusitanicus (F.) (after Cárdenas and Hidalgo, 1995). For designa-
tions, see Fig. 1. 

 
Fig. 8. Typology of the life cycles of Carabidae in the Western Palaearctic: aseasonal (Y), winter-spring iteroparous (WVi), spring se-
melparous (Vs), spring iteroparous (Vi), spring-summer semelparous (VSs), spring-summer iteroparous (VSi), early summer semelparous 
(eSs), early summer iteroparous (eSi), summer semelparous (Ss), summer iteroparous (Si), late summer iteroparous (lSi), summer-
autumnal semelparous (SAs), summer-autumnal iteroparous (SAi), autumnal semelparous (As), autumnal iteroparous (Ai), autumn-winter 
iteroparous (AWi), winter semelparous (Ws), and winter iteroparous (Wi). The cycles with obligatory hibernation of the adults are shown 
as white rectangles, the cycles with obligatory hibernation of the larvae but no aestivation of the adults, as gray rectangles, and those with 
obligatory hibernation of the larvae and aestivation of the adults, as black rectangles. 
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sible combinations: 2 × 2 × 11 × 2 × 2 = 176. How-
ever, most of these variants cannot be realized due to 
obvious restrictions. It is known that the duration of 
development of each ontogenetic stage in Carabidae is 
affected by many factors: the temperature regime of 
the soil and the near-ground air layer, humidity, day 
length, the quantity and quality of food, its availabil-
ity, etc. The eggs, first-instar larvae, and pupae usually 
develop most rapidly, whereas the development of old-
instar larvae takes much more time (Kasandrova and 
Sharova, 1971; Hůrka, 1975; Nekuliseanu, 1987; 
Matalin, 1998b). Even under the most favorable condi-
tions there exists a minimum time of development, 
comprising from 1 to 1.5 months in the ground beetles 
of the temperate belt. It should also be taken into 
account that the gonad development in many species is 
controlled by the photoperiod and has strict temporal 
limitations. Thus, the “forbidden” combinations are 
the bivoltine spring, summer-autumnal, autumnal, 
autumn-winter, winter, and winter-spring cycles. In 
addition, bivoltine development cannot be combined 
with a biennial or perennial life cycle for obvious rea-
sons. 

By now, 30 variants of the life cycles of Carabidae 
realized in the Western Palaearctic have been de-
scribed and analyzed (Fig. 8; table). The following 
notation is proposed: the period of reproduction is 
designated by capital letters, and the periodicity, in 
lowercase letters: Vs or SAi; the duration of the cycle 
is designated by the preceding coefficient: As or 2SAi, 
while the number of generation is shown in super-
script: VS2 (omitted for annual and univoltine cycles); 
the parentheses indicate the facultative nature of the 
cycle: (2VS)i, as compared to the obligatory one: 
2SAs. 

The Polyvariant Nature of the Life Cycle 
and Variability of the Seasonal Rhythm 

The quantitative parameters of the life cycles are of-
ten changed under the influence of environmental fac-
tors. Many representatives of Carabidae are character-
ized by high variability of the duration of the repro-
duction period (van Dijk, 1972, 1983; Jones, 1979; 
Basedow, 1994; Matalin and Budilov, 2003; Sharova 
and Filippov, 2003), the number of eggs laid (Grüm, 
1975; Desender et al., 1985; Aukema, 1987; Matalin, 
2006), and the development time and survival rates of 
specific ontogenetic stages (Andersen, 1983; Butter-
field, 1986; Sota, 1986; Nelemans, 1987; Chaabane  
et al., 1996). However, all these fluctuations can be 

partly compensated for by the synchronized develop-
ment of the larval or adult phase, because of which the 
demographic structure of populations of most species 
displays more or less regular dynamics. 

The synchronized development of preimaginal 
phases was described earlier by the example of Har-
palus affinis (Matalin, 1998b). In general, the sex and 
age structure of populations of this species corre-
sponds to the spring-summer type with hibernating 
adults. The overwintered beetles reproduce in May–
June, and preimaginal development is completed dur-
ing summer, each ontogenetic stage taking on the av-
erage from 15 to 20 days. As a result, individuals of 
the new generation appear in August–September and 
hibernate (Fig. 3a). However, not only adults of H. 
affinis but also old instar larvae and pupae can hiber-
nate. Their development after hibernation is strongly 
extended and may take 2–3 months in the larvae and 
3.5–4 months in the pupae. The teneral adults, as in 
the preceding case, emerge in August–September 
(Fig. 3b). Thus, prolonged development of the over-
wintered larvae and pupae insures synchronization of 
the life cycle as a whole. 

Synchronized development of the adults was de-
scribed in Carabus problematicus (Houston, 1981; 
Jørum, 1985; Loreau, 1985). This species is character-
ized by autumnal reproduction, a larval parapause and, 
according to most researchers, also an aestivation 
parapause at the adult stage (van der Drift, 1951, 1958; 
Thiele, 1977; Jørum, 1985; Butterfield, 1986). The 
seasonal dynamics of C. problematicus displays two 
peaks of surface activity, one of which, depending on 
the conditions, is observed in late spring—mid-
summer, and the other, in late summer—early autumn 
(van der Drift, 1951, 1958; Greenslade, 1965; 
Rijnsdorp, 1980; Houston, 1981; Jørum, 1985; Loreau, 
1985). Individuals of the new generation emerge dur-
ing the first peak, which is followed by a short period 
of summer dormancy (aestivation). It is only after this 
period that the beetles start to reproduce, and the 
hatched larvae hibernate. At the same time, some of 
the spent individuals of C. problematicus  can 
hibernate for the second time, their fraction being 
much greater in high latitudes (Houston, 1981) and 
alpine areas (Butterfield, 1986; Sparks et al., 1995). 
However, the overwintered individuals do not repro-
duce till the end of summer (Houston, 1981: Fig. 3; 
Jørum, 1985: Fig. 1; Loreau, 1985: Figs. 8–9). This is 
related to the fact that reactivation of their gonads (as 
well as gonad maturation in the immature adults) takes 
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place only when the day length decreases (Thiele, 
1977). In this case, synchronization of the life cycle is 
facilitated by a delay in gonad reactivation in the  
spent adults after their second hibernation 
(Fig. 4). It is interesting that besides the physiological 
limitations, the trophic ones also play a significant 
role. In particular, if the overwintered spent
adults started reproducing immediately in late spring–
early summer, larvae hatched by mid-summer could 
face a shortage of food. Such data were obtained in the 
studies of larval feeding and development in some 
North American (Lenski, 1982, 1984) and Japanese 
(Sota, 1985b) Carabus species with similar life cycles. 

The variability of the life cycles may result in facul-
tative bivoltinism (Bauer, 1974; Paarmann, 1976a; 
Loreau, 1985; Sota, 1988; Adis et al., 1998; Makarov 
and Chernyakhovskaya, 1990; Sharova and Filippov, 
2003), with hibernation at different ontogenetic stages. 
For example, the larval development in the species 
with spring and spring-summer reproduction is com-
pleted within the vegetation season, and the immature 
beetles of the new generation hibernate. However, 
many species have strongly prolonged periods of re-
production and emergence of larvae. In some cases, 
part of the larvae have to hibernate without pupation, 
which, as mentioned above, results in strongly pro-
longed development (see also Matalin, 1998b). On the 
contrary, in the summer–autumnal and autumnal spe-
cies with a larval parapause, the hibernation of imma-
ture adults increases the time of individual develop-
ment to two years (Jørum, 1980; Houston, 1981; 
Butterfield, 1986; Matalin and Budilov, 2003; Sharova 
and Filippov, 2003; Matalin, 2006). Because of the 
repeated similarly directed modifications of the life 
cycle, the population may simultaneously include in-
dividuals with essentially different seasonal rhythms 
(Chaabane et al., 1996; Sharova and Denisova, 1997a; 
Matalin, 1998b, 2006; Matalin and Budilov, 2003). 
This phenomenon was referred to earlier as phenologi-
cal polyvariance (Makarov, 1990, 1991, 1994). 

It should be borne in mind that phenological poly-
variance may be differently manifested in different 
populations even within the same natural and climatic 
zone. Under certain conditions, the population may be 
represented by two fractions, whose individuals repro-
duce synchronously (Fig. 3) or asynchronously (Fig. 5) 
during a season (Makarov and Chernyakhovskaya, 
1990; Sharova and Denisova, 1996, 1997a, 1997b; 
Matalin, 1997c, 1998b; Matalin and Budilov, 2003; 
Sharova and Denisova, 1995). It often happens, how-

ever, that the population is represented by only one of 
these fractions (Makarov and Chernyakhovskaya, 
1989; Chernyakhovskaya, 1990; Khotuleva, 1997). 
Under the least favorable conditions, for example, at 
the periphery of the distribution range or in the years 
with anomalous weather conditions, the population 
can be subdivided into two almost completely sepa-
rated groups (Fig. 4), one of which hibernates as 
adults, and the other as larvae (Houston, 1981; Ref-
seth, 1984; Sota, 1985a; Butterfield, 1986; Sharova 
and Filippov, 2003; Khobrakova and Sharova, 2005; 
Sharova and Khobrakova, 2005; Matalin, 2006). Even 
though individual development in each fraction takes 
two years, it follows the same pattern, i.e., it is based 
on the same seasonal rhythm with a one-year lag. The 
phenological polyvariance in this case is replaced by 
univariance. This type of the life cycle was previously 
referred to as “compensatory monovariant,” and the 
populations in which it is observed, as “byside popula-
tions” (from the expression “side by side”) (Matalin, 
2006). It should be noted that the spent indi-
viduals hibernating for the second time provide a link 
between the two subpopulation groups, maintaining 
the biological integrity of the species (Matalin, 1997c, 
1998b; Sharova and Khobrakova, 2005). Thus, the 
presence of subpopulation groups does not necessarily 
indicate the polyvariant nature of the life cycle, as was 
erroneously assumed by some researchers (Sharova 
and Filippov, 2003; Khobrakova and Sharova, 2005; 
Sharova and Khobrakova, 2005). 

The phenological polyvariance of the life cycle 
means that the same population includes individuals 
with different seasonal rhythms, resulting from dia-
pausing in an atypical phenophase or from develop-
ment of several generations during a season. Repeated 
reproduction during several seasons (iteroparity) can-
not be considered as a manifestation of phenological 
polyvariance (Sharova and Denisova, 1995, 1996, 
1997a, 1997b; Filippov, 2000; Khobrakova, 2003; 
Sharova and Filippov, 2003; Khobrakova and Sharova, 
2005), because the individuals show the same seasonal 
rhythm in the case of the first or repeated reproduc-
tion, hibernation takes place at the same ontogenetic 
stage, and development of the filial generation pro-
ceeds in the same way. 

Among the life cycles considered above (table), 
only the obligate-bivoltine ones are always polyvari-
ant, because one of their generations develops with 
a diapause, and the other without a diapause. On the 
contrary, the annual univoltine and obligate-biennial 
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life cycles are always univariant. The facultative 
bivoltine and biennial life cycles may be realized 
both as univariant (univoltine, and also annual or bi-
ennial) and polyvariant ones (bivoltine or combining 
annual and biennial individual development), depend-
ing on the seasonal, biotopic, and climatic conditions. 

At the same time, the influence of environmental 
factors may also result in qualitative changes in the 
life cycles, such as reduction of certain development 
stages or appearance of additional dormant phases 
owing to morphological and functional differentiation 
of the larvae (Makarov, 1994; Kirk, 1974). Such cases 
are referred to as morphological polyvariance 
(Makarov, 1991). Unfortunately, a detailed analysis of 
this phenomenon is presently impossible due to the 
insufficient experimental data. When such data be-
come available in the future, they will certainly ex-
pand the proposed classification of the life cycles in 
Carabidae. 

DISCUSSION 

After the publication of Larsson (1939), subdivision 
of the ground beetles into the “spring” and “autumnal” 
species was firmly established in the literature. How-
ever, in the course of subsequent work it became evi-
dent that each of these types of development could be 
realized on the basis of two different reproductive 
rhythms (Thiele, 1977; Paarmann, 1979). It was also 
found out that in the absence of below-zero tempera-
tures, some “autumnal” species could develop during 
the winter months (Paarmann, 1970; van Dijk, 1972; 
den Boer, 1977; den Boer and den Boer-Daanje, 1990; 
Cárdenas, 1994; Cárdenas and Hidalgo, 1995, 1998; 
den Boer and van Dijk, 1996). Finally, many species 
of ground beetles were observed to hibernate both as 
larvae and as adults and to have a prolonged reproduc-
tive period, extending from late spring—early summer 
to late summer—early autumn. The forms showing the 
former trait were referred to as “species with unstable 
wintering conditions” (Lindroth, 1945; Thiele, 1977; 
Paarmann, 1979; Drioli, 1987; Loreau, 1985), and the 
species revealing the latter trait were termed “multi-
seasonal” ones (Sharova and Dushenkov, 1979). 

The type of reproduction was used as the main cri-
terion for the development of all classifications of the 
life cycles of Carabidae following that of Larsson 
(1939). However, approaches to this task varied. For 
example, Thiele (1977), Paarmann (1979), and Drioli 
(1987) considered each type of reproduction to corre-
spond strictly to a specific reproductive rhythm.  

P.J. den Boer and co-authors (den Boer and den Boer-
Daanje, 1990; den Boer and van Dijk, 1996) subdi-
vided the species not only by the period of reproduc-
tion but also by their migration capacities and pre-
ferred habitats. Sharova and Dushenkov (1979) con-
sidered not only the type of reproduction but also the 
pattern of seasonal activity of the adults and larvae. 
Finally, Hůrka (1973, 1986) tried to find the relation 
between the type of development and the taxonomic 
position of ground beetle species. The common draw-
back of all these classifications was lack of any op-
tions, each species being characterized by one and 
only one type of the life cycle. Even though the se-
lected parameters or even the entire life cycle was 
quite often observed to vary between different bio-
topes or climatic zones (Lindroth, 1945; Paarmann, 
1979; Jørum, 1980; Houston, 1981; Loreau, 1985; 
Sota, 1985a, 1986; Refseth, 1988), it was not reflected 
in any of the previous schemes. 

The classification of life cycles of Carabidae pro-
posed in this communication essentially differs from 
the preceding ones in that it provides for the possible 
alternatives. Since each of the parameters considered 
above varies to some extent depending on the zonal, 
climatic, or biotopic conditions, many species of 
ground beetles can be characterized by a certain set of 
life cycles, rather than by a single type. This approach 
allows one not only to characterize their biotopic and 
geographical variability, but also to estimate their 
polyvariance. 

Most ground beetles of the temperate belt are char-
acterized by annual development (Larsson, 1939; Lin-
droth, 1945; Thiele, 1977; Paarmann, 1979; Andersen, 
1984). Until recently, it was believed that the biennial 
life cycles were realized only under the most extreme 
conditions, for example in high latitudes (Kaufmann, 
1971; Paarmann, 1979; Houston, 1981; Andersen, 
1983; Korobeinikov, 1984, 1988; Refseth, 1984; Sha-
rova and Filippov, 2003), alpine areas (Butterfield, 
1986, 1996; Schatz, 1994; Sparks et al., 1995; Kho-
brakova and Sharova, 2005; Sharova and Khobrakova, 
2005), and arid landscapes (Shelford, 1908; Hamilton, 
1925). However, the data obtained by a number of 
researchers indicate that biennial development is often 
observed in phenologically different species in various 
natural zones: from the middle taiga to the steppes 
(Luff, 1966, 1973; Jørum, 1980; Kryuchkova and 
Panov, 1988; Chaabane et al., 1996; Sharova and 
Denisova, 1997b; Matalin, 1998b, 2006; Matalin and 
Budilov, 2003). The fraction of individuals with an-
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nual or biennial type of development changes regularly 
with latitude (Matalin, 1998b, 2006; Matalin and 
Budilov, 2003). At the same time, the ratio of fractions 
with annual and biennial development may vary con-
siderably between different biotopes even within the 
same natural zone (Makarov and Chernyakhovskaya, 
1989; Chernyakhovskaya, 1990; Sharova and Deniso-
va, 1997b). It is interesting to note that biennial devel-
opment in Carabidae has appeared on the basis of at 
least three different reproductive rhythms (Fig. 9). 

The triennial life cycles can be considered only as 
a theoretical possibility. Such a scenario could be real-
ized if a new generation appeared once in three years. 
This could be possible if the first hibernation occurred 
at the immature adult stage, the second one, at the 
young-instar larval stage, and the third one, at the 
third-instar larval and/or pupal stage. This variant of 
life cycle is possible only under strictly limited envi-
ronmental conditions, for example in the Subarctic. It 
is known at least in several Arctic leaf beetles, whose 
development may take from three to four years (Cher-
nov, 1974, 1978), and, according to some data, even 
four to five and possibly six years (Khruleva, 1994). 

However, no reliable reports of this phenomenon have 
been published for Carabidae. There is only indirect 
evidence on the possibly triennial development of two 
Amblystogenium species from some subantarctic is-
lands of the Indian Ocean (Davies, 1987). The phe-
nomenon of “superpause,” when the adult remains 
inactive in the pupal chamber for two or three years 
and only then starts reproducing, is known for some 
coleopterans, in particular leaf beetles (Koval, 2005), 
but not for ground beetles. 

Most of Carabidae are iteroparous, i.e., they can re-
produce during two or more years or several times per 
season. This may be explained by the fact that many 
species of ground beetles can hibernate as adults and 
are therefore pre-adapted to repeated reproduction. 
The resulting age heterogeneity of the population in-
creases its stability, preventing abrupt changes in the 
abundance and reducing the risk of elimination (Mata-
lin, 1997c, 1998b; Weber and Klenner, 1987). Some 
representatives of Carabidae are, however, obligatorily 
semelparous. This is typical of some spring species 
(for example, Pterostichus strenuus, Stenolophus 
skrimshiranus) with a considerable gap between the 

 

Fig. 9. Possible directions of transformation of the life cycles of Carabidae in the Western Palaearctic. Designations: immature adults 
(Iim), spent adults ( Isp ), old-instar larvae (L2–3 ), and pupae (P ). The hibernating phases are shown in italics, and the aestivat-
ing phases are underlined. The cycles with obligatory hibernation of the adults are shown as white rectangles and solid arrows, the cycles 
with obligatory hibernation of the larvae but no aestivation of the adults, as gray rectangles and dashed arrows, and those with obligatory 
hibernation of the larvae and aestivation of the adults, as black rectangles and dotted arrows. The arrows show the direction and sequence 
of cycle transformations. For other designations, see Fig. 8. 
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two periods of reproduction. A similar situation is ob-
served in the species with a long aestivation parapause 
in the adult phase (Nebria brevicollis, Amara bifrons, 
Leistus rufomarginatus, etc.), when the emergence of 
young beetles and their reproduction are separated by 
no less than 2–3 months. In this case, individuals of 
the parental generation cannot survive the long dor-
mant period, therefore, the small number of old over-
wintered individuals present in the population in 
spring die out before the beginning of the reproductive 
period in late summer—early autumn. Such species 
were even specially referred to as “virtually se-
melparous” (den Boer, 1979; Nelemans, 1987). In both 
cases, the death of old adults appears to be determined 
by the specificity of their water-salt metabolism and 
deficiency of water in the organism that develops dur-
ing the long dormant period coinciding with the 
warmest months in the season. 

It is well known that multivoltine species, especially 
obligate-multivoltine ones, are rare among ground 
beetles. Such species produce no more than two gen-
erations per season even under the most favorable 
conditions. The main reason for this is the specific 
physiology of both adults and larvae. The species with 
obligatory hibernation of the larva (all summer-
autumnal, autumnal, and winter ones), and those in 
which the gonad maturation is strictly determined by 
changes in the day length (some spring, spring-
summer, autumnal, and winter ones) cannot produce 
more than one generation per season under any cir-
cumstances. An important condition for the develop-
ment of the second generation is the availability of 
trophic resources and the relative stability of the habi-
tat. This is why the bivoltine life cycles are most often 
observed in the populations of small specialized preda-
tors, such as Loricera (Makarov and Chernyak-
hovskaya, 1989) or Notiophillus (Loreau, 1985; 
Ernsting et al., 1992; Sharova and Filippov, 2003), 
consuming various springtails. The high abundance of 
their prey insures survival of the second generation in 
these species not only in the southern parts of their 
distribution ranges, but also in the northern areas 
(Sharova and Filippov, 2003). The bivoltine cycles 
often occur in the populations of small non-specialized 
predators of the genera Elaphrus (Bauer, 1974) and 
Pogonus (Paarmann, 1976a) and some mixophyto-
phagous forms, such as Stenolophus (Matalin, 1997b). 
Two generations usually develop in the southern parts 
of their ranges, and only one generation, in the north-
ern parts (Paarmann, 1976a; Matalin, 1997b). Accord-

ing to the theoretical estimations (Sota, 1988), the 
bivoltine life cycle can be stable only if the fraction of 
the filial generation among the overwintered individu-
als exceeds that of the parental generation; otherwise, 
the bivoltine pattern is changed back to the univoltine 
one. This accounts for the phenomenon of the faculta-
tive-bivoltine life cycles, observed in some basically 
univoltine ground beetles in the temperate belt: a se-
cond generation can develop in some parts of the dis-
tribution range or only in the most favorable years. 

The most variable parameter of the life cycle is the 
seasonality, i.e., the position of the reproductive pe-
riod. Many species of ground beetles have vast distri-
bution ranges and occur within considerable gradients 
of weather and climatic conditions, overlapping with 
the mosaic pattern of landscapes and biotopes. The 
total duration of the active period, the time of repro-
duction, preimaginal development, and maturation of 
the adults change regularly along these gradients. In 
particular, as the latitude increases, reproduction of 
many spring species not only shortens but also shifts 
onto a later period: spring-summer and even summer 
(Fig. 9). For example, Pterostichus oblongopunctatus, 
broadly distributed in Europe, reproduces from early 
April to late July in the forest-steppe (Sharova and 
Denisova, 1997b), from late April to the middle or end 
of July in the broad-leaved forests (van Heerdt et al., 
1976), from early May to mid-July in the southern 
taiga (Vasil’eva, 1978), and from early June to early 
July in the northern taiga (Sharova and Filippov, 
2003). The reproductive period in the summer-
autumnal and some autumnal species, on the contrary, 
shifts onto earlier dates. For example, Carabus glabra-
tus reproduces from July to September in southern and 
middle Europe (Larsson, 1939; Lindroth, 1945; Hůrka, 
1973; Kozyrev, 1989; Turin, 2000) and from June to 
July in the northern Europe (Lindroth, 1945; Houston, 
1981; Refseth, 1988; Luff, 1998; Filippov, 2006a). 
However, the reproductive period of some autumnal 
species may expand considerably under favorable 
climatic conditions. For example, Leistus rufomargi-
natus, Amara infima, Bradycellus harpalinus, Tricho-
cellus placidus, and T. cognatus reproduce during the 
autumn months in most parts of Europe (Larsson, 
1939; Lindroth, 1945; Loreau, 1985), whereas in the 
mild coastal climate of Belgium and the Netherlands 
their reproduction occurs not only in autumn but also 
in winter (den Boer, 1977; den Boer and van Dijk, 
1996; Turin, 2000). 
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Changes in the climatic and biotopic conditions of-
ten affect the constancy of the life cycle. For example, 
the main variant of development of the widespread 
Palaearctic species Pterostichus melanarius is the 
annual univoltine summer-autumnal semelparous cycle 
with obligatory hibernation (parapause) of the old-
instar larvae (Larsson, 1939; Hůrka, 1975; Thiele, 
1977; Matalin, 2006). However, under unfavorable 
conditions, part of the beetles of the new generation 
that develops from the overwintered larvae hibernate 
without reproducing (Jørum, 1980; Matalin, 2006). 
Development of these individuals takes two years, so 
that the originally annual semelparous life cycle be-
comes the facultative-biennial iteroparous one (Fig. 5). 
Under the most pessimal conditions, for example, near 
the northern border of the range, all adults of the new 
generation hibernate without reproducing (Sharova 
and Filippov, 2003; Matalin, 2006). The facultative-
biennial life cycle is thus transformed into the obli-
gate-biennial one. 

It should be noted that not only the type of the life 
cycle, but also its variability is changed in the above 
case. The original annual summer-autumnal life cycle 
is univariant because all individuals have the same 
seasonal rhythm with the hibernating larva (Fig. 5a). 
Hibernation of the immature adults increases their 
development to two years, resulting in the facultative-
biennial variant (Fig. 5b); the life cycle then becomes 
polyvariant. As a result, two subpopulation groups, 
partly overlapping in time, are formed within the same 
population. If these groups become completely iso-
lated and the obligate-biennial life cycle is estab-
lished, the population reverts to the uniform seasonal 
rhythm, which is, however, shifted by one year be-
tween the two groups. As a result, the polyvariant de-
velopment is again replaced by the univariant one. 

The different variants of the life cycle may be often 
realized in different biotopes within the same natural 
and climatic zone and in the same season. For exam-
ple, in the grassless birch forests and grass oak groves 
of Tambov Province, the overwintered immature and 
spent individuals of P. melanarius  reproduce 
from late spring to early summer, while the adults of 
the new generation, having developed from the over-
wintered larvae, reproduce from mid-summer to early 
autumn (Sharova and Denisova, 1997b: Figs. 4b, 4c). 
The life cycle is polyvariant in both cases and is real-
ized as the facultative-biennial summer-autumnal 
iteroparous variant. On the contrary, in the forb-
meadow pine forests only the overwintered adults start 

to reproduce, whereas the beetles of the new genera-
tion hibernate without reproduction (Sharova and 
Denisova, 1997b: Fig. 4a). In this case, we observe the 
univariant obligate-biennial early summer itero-
parous life cycle. 

The proposed typology of the life cycles of 
Carabidae reflects two most important characteristics 
of a species: its discreteness and integrity. In many 
cases, examination of individual populations allows us 
to reveal only some variants of the life cycle or its 
local (zone or landscape) specificity. Although these 
data are important for various ecological studies, the 
exact type of life cycle for the species as a whole can 
be determined only by studying the variety of its reali-
zations. 
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