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SUMMARY

Information about the life cycles of 400 Palaearctic carabid species was acquired on the 

basis of fi eld study and analysis of literature. Five types of biennial development were 

defi ned: a biennial life cycle of spring-summer species; a biennial life cycle of summer-

autumn species which developed as facultative (only part of the population develops 

within two years) or obligatory (biennial development occurs in the whole population); 

biennial life cycle of autumn species which may have appeared in two similar variants – 

facultative and obligatory. So, biennial life cycles have independently evolved in carabid 

beetles by at least three means: among spring breeders (type 1, according to Th iele, 1977) 

with gonad dormancy during hibernation and gonad maturation; males in SD, females 

after changing SD to LD; among autumn breeders (type 3) without gonad dormancy 

but with temperature controlled larval dormancy during hibernation; among autumn 

breeders (type 4) with gonad dormancy during aestivation and gonad maturation after 

changing LD to SD. Th e similarity and diff erences between latitudinal and altitudinal 

trends in biennial development of Carabidae are discussed. In similar, extreme conditions, 

the parallel variants of biennial development are observed. However even in favorable 

environments, some individuals may develop over two years. According to the assimilated 

data for this study, the proportion of species with biennial life cycles in diff erent habitats 

within the temperate zone is rather high and biennial development is not unusual.
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INTRODUCTION

Th e study of life cycles is important in both applied and theoretical biology. Investiga-

tions of the features of life cycles under specifi c conditions allows for detailed study 

of the structure and dynamics of populations of individual species, as well as of whole 

communities. Moreover, analysis of the patterns of development along natural gradients 

makes life cycles an important topic for the discussion of evolution among superspecifi c 

taxa (Th iele, 1977; Paarmann, 1979; Sharova, 1981; Hůrka, 1986; Makarov, 1989; den 

Boer & van Dijk, 1996; Matalin, 1998a, 2007; Sota & Ishikawa, 2004).

Th e problem of the evolution of multi-annual life cycles is one of the most interest-

ing and challenging in modern biology. Among the Coleoptera, multi-annual develop-

ment patterns are not rare. Th e longest development, of up to four years, is observed 

in the larvae of several Lucanidae, Scarabaeidae, Cerambycidae and Elateridae species 

(Bey-Bienko, 1980; Klausnitzer, 1981). In some Chrysomelidae, especially Leptinotarsa 
decemlineata L., such a phenomenon is known as “super-pause” (Bey-Bienko, 1980; 

Koval’, 2005). In this case, the beetles of a new generation reproduce only two or even 

three years after pupation. During this period, they remain inert, within their pupation 

chamber. Th e development of some arctic Chrysomelidae, such as Chrysolina subsulcata 

Mann., typically lasts for three or four years (Chernov, 1974, 1978), and according to 

some estimates can extend for up to even fi ve or six years (Khruleva, 1994). An extended 

developmental period is also known for the lycid, Pyropterus nigroruber DeGeer, which 

has been observed in captivity for fi ve years before pupating (Bourgeois, 1882).

In the Carabidae, however, development does not seem to exceed two years. Th ere 

is indirect evidence of a possibly triennial development in two species of Amblystogenium, 
which inhabits several sub-antarctic islands (Davies, 1987), Amara quenseli (Schönh.) 

in the Alps (De Zordo, 1979), and some Carabus in the barren tundra (Korobeinikov, 

1991). Also according to Shelford (1908), the development in some species of Holarctic 

tiger-beetles lasts for up to three years. But such cases are rather exceptional, because 

the long development of tiger-beetle larvae is closely related to the features of their life. 

Stable habitats and food resources are of greater signifi cance to them in comparison 

with other carabid genera.

Biennial life cycles have traditionally been considered as only occurring among 

carabid beetles under extreme conditions only, such as high latitudes (Houston, 1981; 

Refseth, 1980, 1984, 1988; Andersen, 1969; Korobeinikov, 1991; Sharova & Filippov, 

2003; Filippov, 2006a-b), high mountains (De Zordo, 1979; Jakuczun, 1979; Brandmayr 

& Zetto Brandmayr, 1986; Butterfi eld, 1986, 1996; Chemini & Pizzolotto, 1992; Hem-

mer & Terlutter, 1991; Schatz, 1994; Sparks et al., 1995; Khobrakova & Sharova, 2005; 

Sharova & Khobrakova, 2005) and some arid landscapes (Shelford, 1908; Hamilton, 

1925).

But how strongly is the biennial life cycle associated with such diffi  cult environ-

ments? And how widely is the biennial pattern of development represented amongst the 
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Carabidae within the temperate belt? Before answering these questions a short review 

of the evolution of our knowledge concerning the life cycles in Carabidae, including 

biennial ones, will be provided.

Th e fi rst classifi cation of the reproductive rhythms of carabid beetles was elabo-

rated in 1939 by Sven Larsson. It was based on a careful analysis of museum collections, 

primarily representing the Danish fauna. Larsson studied material of more than 270 

carabid species caught by pitfall trapping. Using the three parameters of reproduction 

time, period of imaginal activity and developmental time, he established six groups among 

the ground beetles: 1) spring reproduction either with high F+, 2) moderate F(+) or 3) 

low autumn activity F(÷), 4) without autumn activity F÷, 5) with autumn reproduction 

H and 6) two-year long development 2F+.

Th e proportions of “spring” and “autumn breeders” were about three to one, while bi-

ennial development was established for two species only, Nebria livida (L.) and Omophron 
limbatum (F.). Larsson correctly observed that the “spring breeders” reproduce during 

the fi rst half of the vegetation season, hibernating at the stage of an immature imago. 

In contrast, the “autumn breeders” propagate during the second half of the vegetation 

season, overwintering as larvae. Paradoxically, he formally grouped the species with a 

biennial development among “spring breeders”, i.e. 2F+. Such an interpretation could 

be considered appropriate for O. limbatum, but is quite inappropriate for N. livida. Th is 

has become clear after study of the physiological basis of gonad maturation.

Much study on insect physiology, including that of reproduction, carried out during 

the latter half of the last century, has greatly extended our knowledge of the life cycles of 

ground beetles. Th us, the book of Hans-Ulrich Th iele, “Carabid beetles in their environ-

ments”, which appeared in 1977, recognised six types of annual reproduction rhythms in 

Carabidae: 1) spring breeders without larval dormancy either with obligatory dormancy 

in the adult (parapause), mainly governed by photoperiod or 2) facultative dormancy 

in the adult, governed by photoperiod (photoperiodic quiescence) ; 3) autumn breeders 

with larval hibernation, or parapause, either without dormancy in the course of adult 

development or 4) with adult photoperiodic aestivation or parapause; 5) species with 

unstable conditions of hibernation and potentially lacking dormancy; or 6) species re-

quiring two years to develop.

Th iele (1977) discussed a two-year long pattern of development using three species 

as examples. In 1972, van Dijk suggested that during the short period of reproduction 

observed at high latitudes, Calathus melanocephalus (L.) may need two years to mature. 

In 1973, Luff , based on his own observations and the unpublished data of Houston, 

demonstrated that the development of Pterostichus madidus (F.) in sub-arctic conditions 

is extended for two years. An experimentally proven two-year long development has 

only been documented for a single species, Abax ovalis Duft. In 1975, Lampe described 

its life cycle in detail, stating that the females of A. ovalis show gonad dormancy dur-

ing hibernation. Maturation is observed only after the day changes from short to long. 

Contrastingly, males have no photoperiodic gonad dormancy, their maturation being 

controlled by temperature fl uctuations during hibernation.



262   A.V. Matalin

In 1979, Wilfried Paarmann established a further fi ve types of annual reproduc-

tion rhythms among the Carabidae. Two of these are observed in the North African 

subtropics, and the other three in the Central African tropics. In addition, Paarmann 

discussed for the fi rst time the possible pathways of evolution of annual reproduction 

rhythms under the seasonal climate of the temperate zone. In contrast to Th iele (1977), 

he distinguished two modifi cations of biennial development in Carabidae. Paarmann 

suggested that the biennial development discussed by van Dijk (1972) and Luff  (1973) 

could have evolved from the reproductive cycle of “autumn breeders,” with obligatory 

larval hibernation but without dormancy during adult development (Type 3, according 

to Th iele, 1977). On the other hand, he considered that the biennial cycle of A. ovalis 
(Lampe, 1975) might not have originated from the same type of annual cycle, because 

the control of gonad dormancy and adult maturation is drastically diff erent in this case. 

Paarmann isolated this life cycle as a separate modifi cation.

In 2004, Teiji Sota and Ryosuke Ishikawa reconstructed the phylogenetic and life-

history evolution within the genus Carabus (sensu lato) on the basis of molecular data. 

Th ey suggested that the biennial life cycles in Carabina could have evolved from “spring 

breeders”. As a direct shift from spring to autumn breeders in warm temperate climates 

is unlikely, they surmised that larval overwintering might have evolved among spring 

breeders in cool temperate conditions with a short warm season,resulting in the evolu-

tion of species with summer breeding. After that, such species with larval hibernation 

might have either colonized sub-arctic habitats, where they develop for two years, or 

re-colonized the warmest habitats, where a reproduction summer aestivation parapause 

in adult is observed, i.e. this evolved adaptation could confer a fi tness advantage under 

certain climatic conditions.

So, the evolutionary scenario of Sota and Ishikawa (2004) contradicts that proposed 

by Paarmann (1979). On the other hand, my own observations regarding the time of 

development of overwintering larvae in several species of ground beetles with spring 

reproduction rather support Paarmann’s hypothesis.

MATERIALS AND METHODS

During the preparation of the current paper, numerous publications referring to the sea-

sonal dynamics of activity, the demographic structure of populations, gonad maturation 

and larval development in Palaearctic Carabidae have been critically reviewed (Gilbert, 

1956; Briggs, 1965; Inyaeva, 1965; Th iele, 1977; Murdoch, 1967; Vlijm & van Dijk, 1967; 

Andersen, 1969; Penney, 1969; Krehan, 1970; Kasandrova & Sharova, 1971; Potapova, 

1972; van Dijk, 1972, 1979, 1994; Hůrka, 1973, 1975; Paarmann, 1974, 1976a-b, 1990, 

1994; Bauer, 1974; Ferenz, 1975, 1977; Kůrka, 1975; Lampe, 1975; van Heerdt et al., 1976; 

Jørum, 1976, 1980, 1985; Jones, 1979; Sharova & Dushenkov, 1979; Houston, 1981; Zetto 

Brandmayr, 1983; Refseth, 1984, 1988; Sota, 1985, 1986, 1987, 1994, 1996; Loreau, 1985; 

Butterfi eld, 1986, 1996; Brandmayr & Zetto Brandmayr, 1986; van Schaick Zillesen et al., 
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1986; Nekuliseanu, 1987, 1990, 1994; Nelemans, 1987; Wallin, 1987; Kruchkova & Panov, 

1988; Makarov & Chernyakhovskaya, 1989, 1990; Dushenkov & Chernyakhovskaya, 1990; 

Chernyakhovskaya, 1990; Makarov, 1994; Chemini & Pizzolotto, 1992; Ernsting et al., 

1992; Basedow, 1994; Cárdenas, 1994; Schatz, 1994; Cárdenas & Hidalgo, 1995, 1998, 

2004; Sharova & Denisova, 1995, 1997; Chaabane et al., 1996; Ortuño & Marcos, 1997; 

Purvis, 1998; Turin, 2000; Sharova & Filippov, 2003; Turin et al., 2003; Khobrakova & 

Sharova, 2005; Sharova & Khobrakova, 2005; Filippov, 2006, 2006a). As a result, data on 

the life cycles of more than 250 carabid species have been obtained.

Moreover, my own long-term observations from 1982 to 2007 in 20 regions of the 

former USSR and Russia have been summarized as well (Karpova & Matalin, 1990; 

Matalin, 1994, 1997a-c, 1998a-b, 2003, 2006, 2007; Matalin & Budilov, 2003; Matalin 

& Makarov, 2006; Matalin et al., 2007). Th is has provided detailed material on the life 

cycles of an additional 150 species.

For discussion of developmental variations, the criteria annual and biennial develop-

ment are defi ned. In the case of annual life cycles, the beetles of a new generation emerge 

every year. Th erefore, the hibernation of parental and daughter generations is observed in 

the same ontogenetic phase (Figs 2A, 4A). In the case of biennial life cycles, the beetles of 

the daughter generation appear once in two years. Th eir fi rst hibernation is observed in a 

diff erent ontogenetic stage compared to the parental generation (Figs 2B, 4B-C).

RESULTS

At the present time, the following modifi cations of biennial development are recognised 

among carabid species in the temperate climates of the Western Palaearctic.

Th e fi rst such species to be considered is Harpalus affi  nis Schrank (Matalin, 1998b). 

According to Larsson (1939), H. affi  nis is a “spring breeder” with adult hibernation. In 

the steppe zone, the seasonal dynamics of its activity are characterized by two peaks, one 

at the end of May to the middle of June, the second in the middle of August to early 

September (Fig. 1). Th e fi rst peak represents overwintering beetles. Th eir reproduction 

commences in mid-May and ceases towards the beginning of August. Th e fi rst instar 

larvae appear 12 days after egg-laying in late spring. Th eir development averages 14-15 

days. At the end of June to early July, the fi rst instar larvae molt to the second instar. 

Th e second instar development lasts c. 20 days. On average, the third instar larvae com-

plete their development in 26 days. Th e fi rst pupae are to be found at the beginning of 

August. Th e average duration of pupation is 16 days. So the development of H. affi  nis 
from adult to adult takes about 90 days. Similar developmental periods are observed 

in the fi rst instar larvae taken by soil sampling at the end of May (Table 1). From the 

end of August, mass emergences of beetles of the new generation can be observed. Th is 

generation forms the second peak of locomotor activity. Later on, the young adults, as 

well as some beetles of the parental generation, hibernate. In this case the life cycle of 

H. affi  nis can be characterized as annual (Fig. 2A).
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Fig. 2. A scheme of the facultatively biennial life cycle with spring-summer reproduction (an 

example of Harpalus affi  nis). It/im - teneral; Iim - immature; Im - mature; Isp - spent beetles; 

O - eggs; L
1-3

 - larvae of fi rst-third instars, respectively; P - pupae.

IX X XXI XI XIXII XII XIII III II II IIIIIIIII IV IV IVVV VI VI VIIVII VIII VIII IXIX

O L1-3 P It/imIm

Isp

hibernation

Annual development

Iim Iim Iim

Isp Isp Isp

hibernation

L2-3

hibernation 1
P P

L2-3

P It/im Iimhibernation 2

Biennial development

A

B

In H. affi  nis, also older instar larvae, as well as pupae, hibernate in addition to mature 

and immature adults. Th is is well supported both by personal soil sampling data taken in 

early May and literature sources (Briggs, 1965; Inyaeva, 1965; Budiolov, 1990; Dushenkov, 

Chernyakhovskaya, 1990). According to my own observations, the ratio of overwintering 

pre-imaginal stages of H. affi  nis in the steppe zone is: 1 pupa, 2 second instars larvae, 

20 third instars larvae. It is noteworthy that the development of overwintering larvae 

Table 1. Developmental time of pre-imaginal stages of Harpalus affi  nis in south-western Moldavia 

(data from 1990, semi-natural conditions).

Developmental 

stages

Non-overwintering Overwintering

Calendar times of 

development

Average duration 

of development 

± SD

Calendar times of 

development

Average duration of 

development ± SD

Eggs 21.V -14.VI 14.5±8.7

(n = 4)

L
1

10.VI -27.VI 16.7±6.4

(n = 4)

L
2

21.VI -19.VII 21.8±2.4*

(n = 7)

12.V -3.VII 49.5±0.5*

(n = 2)

L
3

12.VII -12.VIII NS25.5±0.6**

(n = 7)

14.V -28.VII

30.VI -2.VIII 

(after L
2
)

69.2±2.8**

(n = 12)
NS29.5±2.1 (after L

2
)

(n = 2)

Pupa 5.VIII -27.VIII NS15.3±0.5***

(n = 7)

16.V -27.VIII

28.VII -26.VIII 

(after L
2
)

20.VII -30.VIII 

(after L
3
)

102±2.0***

(n = 2)
NS20.5±6.4 (after L

2
)

(n = 2)
NS28.9±7.5 (after L

3
)

(n = 12)

Notes: *, **, *** - signifi cant diff erences (p<0.05, T-test); NS – not signifi cant diff erences.
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and pupae is greatly prolonged. On average, the second instar larvae molt into the third 

instar 58 days after hibernation. After that, the development of the third instar larvae 

usually lasts 25 days, and the pupae, 23 days. So the time of appearance of young beetles, 

starting from the overwintering second instar larvae, averages 106 days. Th e development 

of the overwintering third instar larvae takes longer, and they can be encountered in the 

soil at the beginning of May, but on average, they pupate only in mid to late July, i.e. in 

68 days. Th e emergence of young beetles is observed after another 36 days, in the mid 

to late August. So the average developmental time from the overwintering third instar 

larvae until the beetles of the new generation, takes 105 days. Th e maximum delay in 

development is observed in the hibernated pupae. In 1991, two pupae were collected on 

the 16th of May. Th e beetles (a male and a female) emerged only on the 23rd and 27th of 

August, that is, after 100 and 104 days, respectively (Table 1).

In spite of the delayed development of the overwintering pre-imaginal stages, the emer-

gence of teneral beetles is observed at the same time as mentioned above, that is, from the end 

of August to early September. On the other hand, these beetles do not reproduce in the same 

season. So the total duration of their development period increases to two years (Fig. 2B).

Th us, in the populations of H. affi  nis in Moldova, two subpopulations with diff erent 

seasonal rhythms are formed. Due to this, the life cycle of H. affi  nis is characterized as 

multivariant. In the case of adult hibernation, the development is completed in one year. 

But in the case of larval and pupal hibernation, the development is increased to two years. 

Since only a part of the whole population develops during two years, the life cycle of H. 
affi  nis is realized as facultatively biennial with spring-summer reproduction (Fig. 2). Th e 

extended period of reproduction seems to be the cause of H. affi  nis hibernation in the 

atypical ontogenetic phases. As a result, desynchronization of the life cycle is observed. 

Yet the completion of the development of both hibernated and non-hibernated larvae 

at the same time supports its life cycle synchronization. It is noteworthy that these two 

sub-populations are not isolated from each other. Th e daughter generation which hiber-

nates in the diff erent ontogenetic stages can develop in either of the two ways described 

above. Th us, the biological integrity of the species is maintained.

An analysis of the sex and age structures of the population showed that gonad 

maturation in H. affi  nis males is completed in short-day conditions. On the contrary, 

the gonad maturation in females is observed only after the daytime changes from short 

to long (Fig. 1). Hence the above pattern of a biennial life cycle could have evolved in 

response to the annual reproduction rhythms of “spring breeders” (Type 1, according 

to Th iele, 1977), with the same mechanism of gonad maturation. A similar life cycle 

is observed in Harpalus distinguendus (Duft.), Ophonus azureus (F.), Chlaenius vestitus 
(Payk.), Omophron limbatum (F.) and possibly also in Abax ovalis Duft.

As a second example, Pterostichus melanarius (Ill.), one of the most common and 

abundant Palaearctic ground beetle species (Matalin, 2006), has been chosen. According to 

Larsson (1939), P. melanarius is an “autumn breeder” with larval hibernation. Th e overwin-

tering third instars occur in pitfall traps and soil samples at the beginning of the vegetation 

season. In mixed forests, the duration of larval development after hibernation averages 24 
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days, and the pupal stage only seven days. As a rule, the beetles of a new generation emerge 

at the end of June/early July. Th e reproduction period continues from the end of July until 

mid-September (Fig. 3). Th e fi rst instar larvae appear at the beginning of August. Th e 

second instar larvae are to be found at the end of August while the third instars are to be 

seen in the middle of September. Th e larvae of the older instars hibernate. So, the life cycle 

of P. melanarius in such conditions is annual, because the emergence and reproduction of 

teneral beetles are observed during the same season and the hibernation of parental and 

daughter generations take place during the same ontogenetic phase (Fig. 4A).

However some reports ( Jørum 1980; Wallin, 1987; Kryuchkova & Panov, 1988; 

Nekuliseanu, 1990; Sharova & Filippov, 2003) present direct evidence of a possible 

biennial development of P. melanarius. In addition, some indirect data concerning a 

two-year long development in at least part of P. melanarius populations are contained 

in virtually any publication dealing with the ecology of this species (Lindroth, 1945; 

Skuhravý, 1959; Greenslade, 1965; Vasil’eva, 1978; Jones, 1979; Desender et al., 1985; 

Kålås, 1985; Makarov & Chernyakhovskaya 1989; Sharova & Denisova 1997; Fadl & 

Purvis, 1998). Both larvae and adults are known to hibernate all over the distribution 

area of P. melanarius. Th e imagines are represented by mature individuals of the ancestral 

generations, as well as by non-copulated individuals of the new generation. A delayed 

maturation of the teneral beetles is due to their late emergence in mid to late August, 

which implies a less than minimum sum of eff ective temperatures. According to Krehan 

(1970), P. melanarius females and males attain sexual maturity in more or less three weeks 

at about 20oC. At lower temperatures, a thermic quiescence occurs.

Th e overwintered beetles form an early summer peak of locomotor activity. At the 

same time, specimens of ancestral generations start their reproduction at least ten days earlier 

than the immature ones (Fig. 3). In mixed forests, oviposition is observed from the end of 

June to early July. On average, eggs develop for 9.5 days, the fi rst instar larvae for 17.5 days, 

and the second instars are found in mid to late July. During August, some of them molt 

into the third instar, whereupon the older instar larvae hibernate. In this case, emergence 

and reproduction of teneral beetles are observed over a year. Besides this, they pass the fi rst 

hibernation as adults while the parental generation hibernates as larvae. Th us, the overwin-

tering immature specimens of P. melanarius need two years to develop (Fig. 4B).

As with H. affi  nis, the populations of P. melanarius show two temporally, partly 

overlapping, sub-populations with diff erent seasonal rhythms. Larval hibernation ensures 

an annual development, though the hibernation of immature adults maintains a two-year 

long development. Th us, over most of the area of natural habitats, ranging from the steppe 

to the middle taiga (= boreal forest) zones, the life cycle of P. melanarius is multivariant 

and could be defi ned as facultatively biennial with summer-autumn reproduction. Th e 

prolonged period of emergence of the new generation together with the heterogeneous 

maturation of the beetles, is the cause of desynchronisation of P. melanarius’ life cycle, 

though here the larval hibernation maintains its overall synchronisation.

In adverse conditions, however, such as those observed near the northern range limits 

of P. melanarius, the life cycle is sharply diff erent. In the northern taiga zone, its reproduction 



268   A.V. Matalin

F
ig

. 
3

. 
S

ea
so

n
al

 d
yn

am
ic

s 
o
f 

ac
ti

vi
ty

, 
an

d
 s

ex
 a

n
d

 a
ge

 s
tr

u
ct

u
re

 o
f 

p
o
p

u
la

ti
o
n

s 
o
f 

P
te

ro
st

ic
hu

s 
m

el
an

ar
iu

s 
in

 t
h

e 
st

ep
p

e 
zo

n
e 

(s
o
u
th

-w
es

te
rn

 

M
o
ld

av
ia

, 1
9
9
0
).



Evolution of the biennial life cycles in ground beetles…   269

I
X

X
X

X
I

X
I

X
I

X
II

X
II

X
II

I
I

II
II

II
III

III
III

IV
IV

IV
V

V
V

I
V

I
V

II
V

II
V

III
V

III
IX

IX

I
X

X
X

X
I

X
I

X
I

X
II

X
II

X
II

I
I

II
II

II
III

III
III

IV
IV

IV
V

V
V

I
V

I
V

II
V

II
V

III
V

III
IX

IX

I
X

X
X

X
I

X
I

X
I

X
II

X
II

X
II

I
I

II
II

II
III

III
III

IV
IV

IV
V

V
V

I
V

I
V

II
V

II
V

III
V

III
IX

IX

L 1-
3

L 1-
3

L 2-
3

L 2-
3

P
It/

im
Im

O Is
p

Is
p

hi
be

rn
at

io
n

hi
be

rn
at

io
n

A
nn

ua
l d

ev
el

op
m

en
t

L 1-
3

L 1-
3

L 2-
3

L 2-
3

P
It/

im
Im

O Is
p

Is
p

hi
be

rn
at

io
n

hi
be

rn
at

io
n

A
nn

ua
l d

ev
el

op
m

en
t

L 1-
3

L 2-
3

P
It

L 1-
3

L 2-
3

Im
O

Is
p

Is
p

Iim
Iim

hi
be

rn
at

io
n 

1
hi

be
rn

at
io

n 
2

B
ie

nn
ia

l d
ev

el
op

m
en

t

Iim
Iim

L 1-
3

Im
O

L 2-
3

Is
p

Is
p

Is
p

Is
p

P
It

Iim
Iim

hi
be

rn
at

io
n 

1
hi

be
rn

at
io

n 
2

B
ie

nn
ia

l d
ev

el
op

m
en

t

ABC

Lo
w

la
nd

s

M
id

dl
e

al
tit

ud
es

H
ig

h
al

tit
ud

es

Lo
w

 la
tit

ud
es

(m
ai

nl
y 

st
ep

pe
an

d
fo

re
st

-s
te

pp
e 

be
lts

)

M
id

dl
e 

la
tit

ud
es

(fo
re

st
 b

el
t:

br
oa

d-
le

av
ed

,
m

ix
ed

 a
nd

 p
ar

tly
co

ni
fe

ro
us

 fo
re

st
s)

H
ig

h 
la

tit
ud

es
(fo

re
st

 b
el

t:
bo

re
al

 fo
re

st
s;

fo
re

st
-tu

nd
ra

an
d 

tu
nd

ra
 b

el
ts

)

Iim
Iim

L 1-
3

Im
O

L 2-
3

Is
p

Is
p

hi
be

rn
at

io
n 

1
hi

be
rn

at
io

n 
2

B
ie

nn
ia

l d
ev

el
op

m
en

t

F
ig

. 4
. A

 s
ch

em
e 

o
f 

m
o
d

ifi
 c

at
io

n
s 

o
f 

th
e 

P
te

ro
st

ic
hu

s 
m

el
an

ar
iu

s 
li

fe
 c

yc
le

 a
cr

o
ss

 a
 c

li
m

at
ic

 g
ra

d
ie

n
ts

. A
 -

 a
n

n
u
al

 l
if

e 
cy

cl
e 

w
it

h
 s

u
m

m
er

-a
u
tu

m
n

 

re
p

ro
d

u
ct

io
n

; B
 -

 f
ac

u
lt

at
iv

el
y 

b
ie

n
n

ia
l 
li

fe
 c

yc
le

 w
it

h
 s

u
m

m
er

-a
u
tu

m
n

 r
ep

ro
d

u
ct

io
n

; C
 -

 o
b
li

ga
te

 b
ie

n
n

ia
l 
li

fe
 c

yc
le

 e
ar

ly
 s

u
m

m
er

 r
ep

ro
d

u
ct

io
n

; 

o
th

er
 e

xp
la

n
at

io
n

s 
as

 i
n

 F
ig

. 2
.



270   A.V. Matalin

lasts from mid-June until early August. Th en only the overwintered beetles, both mature and 

immature, breed. Th e new generation cohort that emerges from the overwintering larvae 

during the current season remain sexually immature until the following year (Sharova & 

Filippov, 2003: fi g. 3B). In this case, both adult and larval hibernation is the cause of a two-

year long development. As a result, an almost complete separation of the sub-populations 

overwintering in diff erent ontogenetic phases is observed. However, individuals from 

the ancestral generations represent a connecting link between the sub-populations, thus 

maintaining the biological integrity of the species. In such conditions, the life cycle of P. 
melanarius is altered from facultatively biennial with summer-autumn reproduction to ob-

ligate biennial with early-summer reproduction. A new generation in either sub-population 

appears only once in two years. But thanks to the emergence alternately every second year 

of teneral beetles in each subpopulation, a new generation in the population as a whole is 

produced every year. Th e development of beetles in each subpopulation is realized on the 

basis of the same seasonal rhythms shifted by a year (Fig. 4C). Earlier, such populations 

were termed as by-side (Matalin, 2006). In this way, in the northern taiga the multivariant 

pattern of the P. melanarius life cycle is replaced by a monovariant one.

Gonad maturation of both males and females of P. melanarius is well known to be 

independent from photoperiod (Krehan, 1970; Th iele, 1977). However, normal comple-

tion of metamorphosis is observed only in overwintering larvae (Hůrka, 1975; Th iele, 

1977). Th en the described biennial life cycle could have evolved on the basis of annual 

reproduction rhythms of “autumn breeders” (Type 3, according to Th iele, 1977), with a 

similar mechanism of gonad maturation.

Th e life cycle of P. madidus is just as in P. melanarius. According to Luff  (1973), in 

the south of Northumberland (UK), the life cycle of this species is facultatively bien-

nial, because some immature specimens hibernate and are then to be found in May. 

Still, according to unpublished data of Houston (quoted by Luff , 1973), in the Moor 

House National Reserve (UK), all populations of P. madidus develop in two years. In this 

case, its life cycle is obligate biennial. Similar results have been obtained by Butterfi eld 

(1996) after a study of the P. madidus life cycle across an altitudinal gradient in Great 

Dun Fell (UK). In addition, similar life cycles are observed in numerous carabid beetles, 

such as Carabus glabratus Payk., C. violaceus L., C. aurolimbatus Dej., Broscus cephalotes 
L., Pterostichus niger (Shall.), Harpalus rufi pes Degeer and so on.

As an example of the third type of biennial development among carabid beetles, 

Carabus problematicus Herbst has been selected. Larsson (1939) and later Lindroth (1945), 

considered C. problematicus to be a “spring breeder.” However this is not entirely true. 

In fact this species is an “autumn breeder” with larval hibernation. Th e dynamics of its 

locomotor activity are characterized by two peaks. Th e fi rst is observed in late spring to 

early summer, while the second is in late summer to mid-autumn (van der Drift, 1951, 

1958; Greenslade, 1965; Th ielle, 1977; Houston, 1981; Jørum, 1985; Loreau, 1985; 

Butterfi eld, 1986, 1996; Sparks et al., 1995). In the temperate zone, the fi rst peak is due 

to the activity of both the overwintering parental generation and the freshly emerged 

teneral beetles. Th e subsequent activity decline is related to a short aestivation period, 
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only then followed by reproduction. Th e larvae appearing during the autumn hibernate. 

In this case, the life cycle of C. problematicus is annual.

But in sub-arctic conditions, its life cycle is sharply altered. According to Houston 

(1981: fi g. 3), in the Moor House National Reserve (UK), the fi rst activity peak in the popula-

tion of C. problematicus is observed in June. At this time, the overwintering beetles both from 

the parental and daughter generations are active. However, there is no reproduction until the 

end of July. As a result, the life cycle of C. problematicus is strongly synchronized, with oviposi-

tion observed during the same period. Th e peak of reproduction activity is restricted to the 

middle to the end of August and this coincides with the emergence of the new generation. 

Th e locomotor activity fi nishes at the end of September, whereafter the larvae, some of the 

adults of the parental generation as well as all beetles of the new generation hibernate. Th e 

development of the overwintering larvae and adults lasts two years. In these conditions the 

life cycle of C. problematicus is obligate biennial with late summer reproduction.

Presumably there must be a gradual transition between these extremely diff erent life 

cycle patterns. Under certain conditions, cohorts of both the annual and biennial develop-

ment cycles can coexist in the same population. In this case, the life cycle is facultatively 

biennial with autumn reproduction. Th is is well-supported by studies on the C. problematicus 
population structure across an altitudinal gradient in northern England (Butterfi eld, 1986, 

1996) and northern Wales (Sparks et al., 1995). In the lowlands, the life cycle of C. prob-
lematicus is either annual or a small proportion of specimens develops over two years. At 

intermediate altitudes (100-300 m), the proportion of individuals with biennial development 

is greater. At high altitudes (500-850 m), the life cycle is purely biennial. It is noteworthy 

that, as in H. affi  nis and P. melanarius, the facultative biennial life cycle of C. problematicus 
is multivariant, because both subpopulations show diff erent seasonal rhythms.

According to the dominant opinion, C. problematicus exhibits a larval hibernation 

parapause, as well as an adult photoperiodic aestivation parapause (van der Drift, 1951, 

1958; Th ielle, 1977; Houston, 1981; Jørum, 1985; Loreau, 1985; Butterfi eld, 1986). Gonad 

maturation in this species is observed only after the transition from long-day to short-day 

conditions. Th us, this kind of biennial development could have evolved on the basis of 

annual reproduction rhythms of “autumn breeders” (Type 4, according to Th iele, 1977). 

Th e same type of life cycle is found in Carabus hortensis L., C. exaratus Quens., Calathus 
erratus (Sahlb.), C. fuscipes (Goeze), Curtonotus alpinus (Payk) etc.

DISCUSSION

An analysis of the geographic variability of the sex and age population structures in 

Carabidae shows that a development over two years is quite often observed among spe-

cies with phenologies diff ering in various natural zones, ranging from the tundra to the 

steppe ( Jørum, 1980, 1985; Houston, 1981; Butterfi eld, 1986, 1996; Sharova & Denisova, 

1997; Matalin, 1997c, 1998b, 2006; Matalin & Budilov, 2003; Sharova & Filippov, 2003; 

Filippov, 2006a-b). Numerous carabid species have quite broad distributions. So they 
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have to cope with a great variation in weather and climatic conditions, as well as with 

diff erent landscape-habitat and vegetation patterns. As a result, across such considerable 

gradients, regular changes can be observed in the duration of locomotor activity, breeding 

time and development of pre-imaginal stages, as well as adult maturation.

With increasing latitude or altitude, the reproduction period in “spring breeders” 

is not only shortened but also shifts to a later time. Spring reproduction is replaced 

by a spring-summer or early-summer one. Amongst “autumn breeders,” the period of 

reproduction is shifted to an earlier date, being observed in late, mid or even early sum-

mer (Briggs, 1965; Jørum, 1980, 1985; Sota, 1985, 1994, 1996; Butterfi eld, 1986, 1996; 

Refseth, 1988; Sparks et al., 1995; Matalin, 1997c, 1998b, 2006; Sharova & Filippov, 

2003; Khobrakova & Sharova, 2005; Filippov, 2006a-b). Because of the shorter vegeta-

tion season, the oviposition time is greatly reduced, while the duration of larval develop-

ment and adult maturation is increased. For the reasons given above, hibernation may 

be observed in atypical ontogenetic phases, such as larva and pupa for “spring breeders” 

and as immature beetles for “autumn breeders”. Th erefore, in numerous carabid beetle 

species some individuals of the population develop in two years.

In southern regions or over the plains, most individuals show annual life cycles and the 

proportion of beetles with a biennial development is small. When moving to higher altitudes 

or latitudes, the proportion of species with biennial development increases. At the northern 

range peripheries, and at high altitudes, entire populations demonstrate biennial life cycles. 

So not only facultatively biennial life cycles might have evolved across gradients of climate 

conditions, but also their gradual transformations into obligate biennial ones (Fig. 4).

At the same time, in various habitats of the same climatic zone, even with relatively 

favourable conditions, diff erent types of biennial life cycle can be realized. According to 

Sharova and Denisova (1997), hibernated specimens of P. melanarius, both mature and im-

mature, reproduce in oak woods of the Tambov area of Russia at the end of spring to early 

summer. On the other hand, from mid-summer until early autumn, the teneral beetles of the 

new generation breed as well (Sharova & Denisova, 1997: fi g 4b). In this case, the life cycle 

is facultatively biennial and multivariant. In contrast, only hibernated beetles reproduced in 

pine forests. Specimens of the new generation, which emerged from the overwintering larvae, 

hibernated as immature adults (Sharova & Denisova, 1997: fi g 4a). Th us, the life cycle in 

this case is obligate biennial and monovariant. Besides this, a facultatively biennial life cycle 

adapting to an obligate biennial one has been observed under anomalous weather conditions. 

Th us, according to Jørum (1980), in Denmark in years with a long and cold winter, and a short 

and cool summer, the life cycles of P. melanarius and P. niger are solely obligate biennial.

According to this evidence, one can derive a very important conclusion. In the 

temperate zone of the Western Palaearctic, biennial life cycles among carabid beetles 

have evolved independently at least three times (Fig. 5). Under these conditions, the 

following versions of biennial development may have developed:

• Facultatively biennial with spring-summer reproduction

(on the basis of the annual rhythm of “spring-breeders” – Type 1, according to 

Th iele, 1977);
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• Facultatively biennial with summer-autumn reproduction

and then

• Obligate biennial with early summer reproduction

(on the basis of the annual rhythm of “autumn breeders” – Type 3, according to 

Th iele, 1977);

• Facultatively biennial with autumn reproduction

and then

• Obligate biennial with late summer reproduction

(on the basis of the annual rhythm of “autumn breeders” – Type 4, according to 

Th iele, 1977).
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“autumn breeders,” with diff erent biennial life cycles in sub-arctic regions; dotted lines indicate 

a possible pathway of biennial life cycle among “spring breeders.”
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Th e existence of an obligate biennial life cycle among “spring breeders” remains 

open to question. At present there is no fi rmly established evidence that would support 

such a type of biennial development. Colonization of northern habitats by numerous 

carabid species with spring or spring-summer reproduction e.g. all Harpalus, most Amara 

and Pterostichus spp. is limited fi rst of all by the lack of suitable habitats, coupled with 

both poor food resources and the developmental features of overwintering larval stages. 

Unlike species with autumn reproduction and hibernating larvae, “spring breeders” have 

no pre-adaptations for larval overwintering. Th e hibernation of pre-imaginal stages 

amongst “spring breeders” can only be successful in relatively mild conditions, such as 

those observed in the southern regions, partly also in the middle part of the temperate 

zone, as well as in regions with a mild coastal climate.

Th e development of overwintering pre-imaginal stages amongst “spring breeders” 

seems to be controlled by photoperiod. Indeed, successful completion of metamorphosis 

in this case is only observed under daylight changing from long to short, or even under 

short-day conditions alone. Th is is suggested by the development of overwintering H. 
affi  nis larvae and pupae in the steppe zone as described above (Table 1). Apparently, under 

constant illumination conditions at high latitudes, the development of overwintering 

larvae and pupae of “spring breeders” is suppressed.

In any case, in the northern taiga, sub-arctic and barren tundra, all carabid beetles 

with initial spring reproduction fully complete their annual development even during the 

short vegetation season (Andersen, 1969, 1984; Butterfi eld, 1996; Sharova & Filippov, 

2003; Filippov, 2006a, 2007). So, at high latitudes, among ground beetles with biennial 

development, only “autumn breeders” are found (Lindroth, 1945; Refseth, 1988; But-

terfi eld, 1996; Filippov, 2007).

However, by considering the characteristic sex and age structure of a population, 

I am able to postulate a mechanism by means of which a certain type of biennial life 

cycle might have evolved. A study by Houston (1981) is a good example of this. He 

studied the phenology and life cycles of C. glabratus and C. problematicus under sub-

arctic conditions.

Reproduction in hibernated specimens of C. glabratus has been observed in June to 

July, while the emergence of teneral beetles - in August to September (Houston, 1981: 

fi g. 2). Under sub-artic conditions, its life cycle is obligate biennial with early-summer 

reproduction. In southern and central Europe, this species shows a summer-autumn re-

production pattern without gonad dormancy (Stiprais, 1970; Hůrka, 1973; Grüm, 1975; 

Feoktistov & Dushenkov, 1982; Dülge, 1994; Günther & Assmann, 2000; Turin et al., 

2003). Th us, the biennial life cycle in C. glabratus could have evolved on the basis of the 

annual, Type 3 reproduction rhythm of Th iele, (1977). Similar patterns are observed in 

Carabus violaceus (Refseth, 1984), C. aurolimbatus (Sharova & Filippov, 2003), Pterostichus 
melanarius and P. niger ( Jørum, 1980; Sharova & Filippov, 2003), as well as in P. madidus 
(Luff , 1973; Butterfi eld, 1996).

Contrastingly, in Carabus problematicus the reproduction of overwintering beetles 

and the emergence of a new generation are observed concurrently, from late July until 
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mid-September (Houston, 1981: fi g. 3). Th us, in the sub-arctic, the life cycle of C. 
problematicus is obligate biennial with late summer reproduction. However, in middle 

Europe this species is characterized by autumn reproduction with gonad dormancy dur-

ing aestivation and by gonad maturation after daylength changing from long to short 

(van der Drift, 1951, 1958; Th iele, 1977; Jørum, 1985; Loreau, 1985; Turin et al., 2003). 

Th e biennial life cycle of C. problematicus could have evolved on the basis of the Type 

4 annual reproduction rhythm, as described by Th iele (1977). At high latitudes, the life 

cycles of Carabus hortensis (Refseth, 1988), Calathus erratus (Kålås, 1985; Refseth, 1988) 

and C. fuscipes (Kålås, 1985; Butterfi eld, 1996) are similar.

Because the vegetation season at high latitudes and altitudes is short, whilst the 

reproduction time in all carabid species is markedly shortened, reproductive monotony 

and a restricted spectrum of life cycles in diff erent habitats is observed. As a result, the 

contradiction arises that phenologically, the species are biennials with “early-summer” 

or “late-summer” reproduction, whereas their life cycles could have evolved starting 

from either of the two annual autumn breeder rhythms. Perhaps this paradox led to the 

mistake in Sota and Ishikawa’s (2004) hypothesis.

My studies allow me to conclude that biennial life cycles among “spring breeders” 

(Type 1, according to Th iele, 1977) and “autumn breeders” (Type 4, according to Th iele, 

1977), could have originated independently from one another (Fig. 5). Th e most impor-

tant feature in both cases is the hibernation of some individuals in atypical ontogenetic 

stages. Th e developmental time of such individuals is then increased to two years and 

the life cycle is thus transformed from annual to facultatively biennial. As one can eas-

ily see, the reproduction time both in spring and autumn breeders remains unchanged. 

Under cooler environmental conditions, further transformations of a biennial life cycle 

in autumn breeders can be observed. Th is results from the replacement of a facultative 

biennial development with an obligate biennial one. In this case, the period of reproduc-

tion is shifted from autumn to late summer. A similar transformation is observed in a 

diff erent group of “autumn breeders” (Type 3 of Th iele, 1977).

In theory, an obligate biennial life cycle among “spring breeders” is possible in 

mountains, because the photoperiodic conditions there do not change so sharply. Here 

lies the principal diff erence between two general trends in biennial development in 

carabid beetles: latitudinal and altitudinal.

At high latitudes, obligate biennial life cycles seem to have eveolved on the basis 

of annual reproduction rhythms of “autumn breeders,” Types 3 and 4 only (Fig. 5A). In 

contrast, at high altitudes, in addition to the types mentioned above, an obligate biennial 

life cycle in “spring breeders,” Type 1, is theoretically possible (Fig. 5B). However, as is 

the case with high latitudes, no reliable data exist for mountains which would support 

obligate biennial carabids with a spring or spring-summer reproduction pattern (De 

Zordo, 1979; Jakuczun, 1979; Sota, 1985, 1994, 1996; Brandmayr & Zetto Brandmayr, 

1986; Butterfi eld, 1986, 1996; Chemini & Pizzolotto, 1992; Hemmer & Terlutter, 1991; 

Schatz, 1994; Sparks et al., 1995; Khobrakova & Sharova, 2005; Sharova & Khobrakova, 

2005).
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At present, we have suffi  cient knowledge concerning both gonad maturation and 

the exogeneous regulation of annual reproduction rhythms in carabid beetles. However, 

there is an obvious knowledge gap regarding the study of the main features of larval 

development regulation. Further collection of such data would expand our understanding 

biennial life cycles. Th e biennial development patterns as observed in some individuals 

in the populations of numerous carabids in diff erent habitats within the temperate zone 

are clearly of adaptive importance. Th e long reproduction period and asynchronous ap-

pearance of the subsequent generations causes age heterogeneity. Th ese factors stabilize 

the population structure and decrease the risk of extinction of local populations (Weber 

& Klenner, 1987; Matalin, 1998b) and it is probably not coincidental that the majority 

of brood-watching Pterostichines, many of which inhabit mountainous habitats, have a 

biennial life cycle (Brandmayr, 1977). Individuals with a prolonged development form 

a strategic reserve in the whole population in force-majeure situations. Maybe thanks to 

such features as their life cycles, these species show vast distributions and occur in high 

numbers, not only in natural but also in man-made habitats, including agrocoenoses. 

According to my estimates, the proportions of such species in diff erent communities 

within the temperate zone is very high, well over one-third of the fauna of dominants. 

So a biennial development in Carabidae is rather the rule than the exception.
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