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Abstract—Altitudinal variation of the demographic structure of populations of Poecilus fortipes (Chaud.) was 
studied in four mountain localities in the south of Eastern Siberia, and the life cycle of the species was recon-
structed for each locality. The size of adults of both sexes decreased along the altitudinal gradient: the beetles from 
the Selenga middle mountains (600–650 m above sea level) were much larger, while those at the upper boundary of 
the forest-steppe belt in the Eastern Sayan (1500–1700 m asl) were smaller than others. Their linear dimensions de-
creased more distinctly in the transitional zone between middle and high mountains. The duration of the reproduc-
tive period did not depend on the altitude. However, the onset of oviposition shifted along the altitudinal gradient 
to the beginning of the vegetation season, due to its shortening and a decrease in the sum of effective temperatures. 
As the altitude increased, the mean number of eggs per female declined significantly from 15.9 ± 6.1 to 8.6 ± 5.8, 
whereas the maximum number of eggs increased from 26–28 to 40–43. On the contrary, the dates of emergence 
shifted gradually from the beginning and middle of the vegetation period to its middle and end. Populations from 
the Selenga middle mountains, the Vitim Plateau, and the lower margin of the forest-steppe belt in the Eastern 
Sayan mountains were characterized by a relatively low catch index and the absence of rebreeding old individuals, 
both these features increasing the risk of spontaneous local extinction. The annual life cycle with summer breeding 
was replaced along the altitudinal gradient with an obligate biennial life cycle with summer and early-summer 
breeding. This transition was observed as the altitude increased from 600–650 to 900–950 m asl while the sum of 
effective temperatures dropped below 1400°C, i.e., the value needed for implementation of the annual life cycle. 

DOI: 10.1134/S0013873814010072 

In the last 30 years, latitudinal variation of life cy-
cles of Carabidae was described in detail (Paarmann, 
1979; Sharova and Dushenkov, 1979; Andersen, 1984; 
Sharova, 1990; Matalin and Budilov, 2003; Sharova 
and Filippov, 2003; Matalin, 2006; Filippov, 2006a, 
2006b, etc.); variation of the demographic composition 
of populations of some species along the altitudinal 
gradient was studied in the mountain systems of 
Europe (De Zordo, 1979; Brandmayr and Zetto 
Brandmayr, 1986; Butterfild, 1986, 1996; Refseth, 
1988; Sparks et al., 1995), South Siberia (Sharova and 
Khobrakova, 2005), and Japan (Sota, 1986, 1987, 
1996). These studies allowed the researchers to cha-
racterize the reproductive strategies of some species in 
different parts of their ranges (Paarmann, 1976; 
Thiele, 1977; Jørum, 1980; Refseth, 1980, 1984, 1986; 
Müller, 1987; Weber and Klener, 1987; Korobeinikov, 
1991; Sota, 1996; Matalin, 1997, 1998; Filippov, 

2008, etc.) and to summarize the data on the realiza-
tion of life cycles of ground beetles in the Western 
Palaearctic (Matalin, 2007, 2012). 

This communication is devoted to the altitude-
related changes in the sex and age composition of lo-
cal populations of one of the common Siberian ground 
beetle species, Poecilus fortipes (Chaudoir, 1850), and 
to the realization of its life cycle. In the South of Sibe-
ria and the Russian Far East, this species inhabits 
steppe, meadow, and forest communities (Shilenkov, 
1978; Khobrakova and Sharova, 2004, 2005; Ere-
meeva and Efimov, 2006; Ivanov and Dudko, 2006; 
Khobrakova, 2006, 2008; Averinskii et al., 2008; Ro-
gatnykh, 2008; Lyubechanskii, 2009; Moroldoev and 
Khobrakova, 2010a, 2010b; Bespalov, 2011; Pankra-
tov, 2011) as well as anthropogenically modified land-
scapes: barren lands (Shilenkov, 1978), fallow lands 
(Lapshin and Lapshin, 1978), and city dumps (Filip-



ALTITUDINAL VARIATION OF THE LIFE CYCLE 

ENTOMOLOGICAL REVIEW   Vol.   94   No.   1   2014 

59

pov and Khobrakova, 2005; Khobrakova and Filippov, 
2007). Within most of its distribution range, P. forti-
pes belongs to the dominant ground beetle com-
munities in different variants of forest-steppes. In 
South Siberia, this beetle can be found in the vast un-
der-mountain depressions, extending into the mountain 
boreal forest along the south-facing slopes. In the lat-
ter case, P. fortipes often acts as a superdominant in 
the peculiar mountain forest-steppes of the Eastern 
Sayan, the so-called uburs (Garmazhapov and Bask-
haeva, 2002; Khobrakova and Sharova, 2004). 

MATERIALS AND METHODS 
The material was collected by the first author at 

four seasonal field stations: 
(1) The Selenga mid-altitude mountain area, the 

Kuitunka River valley, forb-grass meadow steppe, 
600–650 meters above sea level (m asl), May–Sep-
tember 2007; 

(2) The Vitim Plateau, Eravninskaya [=Sosnoozer-
skaya] depression, the Indola River valley, meadow 
steppe, 900–950 m asl, May–September 2004; 

(3) The Eastern Sayan (the lower forest-steppe belt), 
the Oka Plateau, the Oka River valley, light forb larch-
birch forest, 1300–1400 m asl, June–September 2005; 

(4) The Eastern Sayan (the upper forest-steppe belt), 
Belskie goltzi area, the Ekhe-Kheregte River  
valley, mountain forb-grass meadow steppe, 1500–
1700 m asl, May–September 2001. 

The four field stations were considerably different 
in their temperature regime, precipitation, total solar 

radiation, and the duration of the vegetation season 
(Table 1; Atlas of the Transbaikalia…, 1967; Atlas of 
the Republic of Buryatia, 2000). 

The beetles were collected in soil traps made of 
200-ml plastic beakers with the upper diameter 
75 mm, filled with 4% formalin solution to 1/2 of their 
volume. Ten traps were placed in each biotope; the 
material was removed from them every 10 days. The 
total body length was measured in all the specimens 
collected, from the anterior margin of the labrum to 
the apical margin of the elytra, using an eyepiece mi-
crometer. The sex ratio index (Is) was calculated by 
the formula s ( ) / ( )I f m f m= − + , where f is the number 
of females and m is the number of males (Šustek, 
1984). The reproductive state of adult beetles of both 
sexes was assessed by the method of Wallin (1987). 
The life cycle was reconstructed based on the seasonal 
dynamics of activity, timing of reproduction, quantita-
tive parameters of egg production, and the occurrence 
of larvae, and was classified according to the system 
by Matalin (2007). 

The data were statistically processed using the Sta-
tistica 8.0 software. The resulting curves for the dia-
grams illustrating the seasonal activity dynamics of the 
tenerale and reproducing females were drawn by the 
weighted least-squares method. The significance of 
differences between samples was determined by the 
Mann–Whitney U-test and the Kruskal–Wallis H-test 
for independent variables, with a 95% confidence in-
terval (Borovikov, 2001). 

Table 1. The climatic conditions of the localities studied 
Air temperature, °C 

mean absolute 

Field station locality 
January July max min 

M
ea

n 
pr

ec
ip

ita
tio

n,
 

m
m

 

To
ta

l s
ol

ar
 ra

di
at

io
n,

  
kc

al
s/

cm
2  

Su
m

 o
f e

ff
ec

tiv
e 

te
m

pe
ra

tu
re

s, 
°C

 

Ti
m

in
g 

an
d 

du
ra

tio
n 

of
 v

eg
et

at
io

n 
se

as
on

 

Selenga middle mountains  
(600–650 m above sea level) –22 ... –27 18–20 40 –53 200–250 106 1800 2.V–26.IX

147 days 

Vitim Plateau (900–950 m) –24 ... –26 16–18 35 –57 300–350 106 1400 12.V–15.IX
126 days 

Eastern Sayan, lower forest-
steppe belt (1300–1400 m) –22 ... –24 14–16 31 –55 350–400 110 841 23.V–10.IX

110 days 
Eastern Sayan, upper forest-

steppe belt (1500–1700 m) –20 ... –22 12–10 28 –54 400–500 >110 600 30.V–10.IX
100 days 
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RESULTS 

In the Selenga mid-altitude mountain area, the 
population of P. fortipes occupying a floodland patch 
of a forb-grass meadow steppe was found to be rela-
tively sparse: only 209 beetles were captured during 
the study period. The sex ratio was even (Is = 0.005), 
whereas the mean size of the males and females was 
the same: 14.7 ± 0.5 mm. 

The period of epigeic activity lasted from the end of 
May to the beginning of August and was characterized 
by two waves of the catch index (Fig. 1a). The first 
wave, recorded at the beginning of June, was related to 
the activity of the immature and teneral beetles that 
developed from the overwintered larvae. The second 
wave, composed of two peaks recorded in the first two 
decades of July and at the beginning of August, was 
determined by the activity of immature and mature 
individuals. An abrupt drop in the number of individu-
als recorded during the third decade of July and the 
subsequent increase during the first decade of August 
almost to the mid-July level (Fig. 1b) reflect the influ-
ence of local weather factors. The reproductive period 
started in the middle of June and lasted until the be-
ginning of August. Both the maximum absolute num-
ber of eggs (28) and the maximum mean number of 
eggs per female (22.4 ± 5.6) were recorded in the first 
decade of July (Table 2). The eggs laid during this 
period developed into wintering larvae. Spent adults 
were recorded at the end of June and in mid-July; 
however, since they constituted a very small fraction 
(less than 2% of the total number) and were com-
pletely absent in the samples during the first half of 
the vegetation season, this population can be regarded 
as monocyclic. Based on the regular change from ten-
eral adults to immature and then to mature ones, the 
life cycle of P. fortipes in the Selenga mid-altitude 
mountains can be interpreted as annual with reproduc-
tion in summer (Fig. 5a). 

The population of P. fortipes studied on the Vitim 
Plateau was also characterized by low abundance: the 
total capture for the season barely exceeded 300 ind., 
with a slight prevalence of males (Is = −0.1). The mean 
size of the females was 14.2 ± 0.8 mm, that of males, 
14.0 ± 0.7 mm. 

Epigeic activity was recorded from the third decade 
of May to the third decade of August. The seasonal 
dynamics of abundance revealed a distinct wave lim-
ited by three decades, with a peak at the end of June 
(Fig. 2a), when the population mostly consisted of 

overwintered mature adults. The period of oviposition 
lasted from the beginning of June to the end of July 
(Fig. 2b). Both the maximum absolute number of eggs 
(33) and the greatest mean number of eggs per female 
(15.1 ± 7.7) were recorded in the second decade of 
June (Table 2). A minor wave of abundance recorded 
in late July–early August was related to the activity of 
spent individuals that had finished reproduction, and 
of immature ones that had developed from the over-
wintered larvae. The appearance of the latter cohort 
corresponded to the presence of teneral adults in the 
samples of the first decade of July. It should be noted 
that these adults hibernated without reproducing in the 
same season. The spent adults occurred in samples 
from the second decade of June to the third decade of 
August, reaching the maximum abundance in the third 
decade of July. However, since they were not recorded 
at the beginning of the active period, their repeated 
breeding was hardly possible. Based on the data ob-
tained, the life cycle of P. fortipes under the Vitim 
Plateau conditions can be characterized as obligate 
biennial with reproduction in early summer (Fig. 5b). 

The material collected in the lower forest-steppe 
belt of the Eastern Sayan included 335 individuals, 
with an almost 1.5-fold prevalence of males (Is = 
−0.16). The mean size of females was 14.1 ± 1.1 mm, 
that of males, 13.8 ± 0.9 mm. 

The beetles were active from the second decade of 
June to the third decade of August (Fig. 3a). Accord-
ing to the decade survey data, their abundance re-
mained almost at the same level from the end of June 
to the beginning of August, with small fluctuations. In 
our opinion, this fact can be explained by convergence 
and partial overlap of the periods of activity of indi-
viduals which overwintered at different phases of de-
velopment. Between the third decade of June and the 
third decade of July, the population was mostly repre-
sented by overwintered immature and mature beetles. 
The period of oviposition lasted for 6 decades, from 
the end of June to the middle of August (Fig. 3b). The 
maximum number of eggs in one female (43) was re-
corded in the second decade of July, the mean number 
being 22.4 ± 9.7 (Table 2). Spent individuals were 
recorded only in the third decade of July and the sec-
ond decade of August; their fraction was very small 
(barely exceeding 5%), so that the population studied 
can be regarded as monocyclic. Teneral and immature 
individuals which developed from overwintered larvae 
were recorded in the population from mid-July to  
mid-August. The peak of their abundance was  
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observed in the first decade of August against the 
background of declining reproductive activity of the 
overwintered beetles. Thus, in the lower forest-steppe 
belt of the Eastern Sayan, P. fortipes has an obligate 
biennial life cycle with reproduction in summer 
(Fig. 5c). 

The highest abundance of P. fortipes was observed 
in the upper forest-steppe belt (the uburs) of the East-
ern Sayan where 1960 individuals were captured. The 
catch index of the species was 6–9 times as great as in 
the other model populations, with a more than 1.5-fold 
prevalence of females (Is = 0.25). The mean size  

 

Fig. 1. Seasonal dynamics of activity (a) and the demographic spectrum of the population of Poecilus fortipes (females only) (b) in the 
Selenga mid-altitude mountain area; a: 1, all individuals; 2, males; 3, females; b: 1, teneral; 2, immature; 3, mature; 4, spent; the result-
ing curves are shown only for the teneral and mature individuals. 
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of females was 13.0 ± 0.3 mm, that of males,  
11.9 ± 0.5 mm. 

The period of epigeic activity lasted from the third 
decade of May to the first decade of September. Two 
waves of the catch index were recorded during the 
season (Fig. 4a). The first, more pronounced wave was 

observed in late June–early July and was determined 
by the activity of overwintered immature and spent 
individuals which started laying eggs simultaneously 
at the beginning of June. The maximum abundance of 
mature individuals was recorded in the third decade of 
June; the reproductive period ended late in July 

 
Fig. 2. Seasonal dynamics of activity (a) and the demographic spectrum of the population of Poecilus fortipes (females only) (b) on the 
Vitim Plateau. For designations, see Fig. 1. 
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(Fig. 4b). The greatest mean number of eggs  
per female was observed in the second and third  
decades of June (9.8 ± 5.1 and 9.8 ± 6.5, respectively), 
whereas  the maximum  number  of eggs in one female 
(40) was also recorded in the third decade of June 
(Table 2). Larvae of the II instar were recorded from 

the third decade of July to the third decade of August, 
and those of the III instar, from the first decade of 
August to the first decade of September. Teneral bee-
tles, whose appearance marked the end of develop-
ment of the overwintered larvae, were captured from 
the third decade of June to the third decade of July. 

 
Fig. 3. Seasonal dynamics of activity (a) and the demographic spectrum of the population of Poecilus fortipes (females only) (b) in the 
lower forest-steppe belt of the Eastern Sayan. For designations, see Fig. 1. 
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High epigeic activity of the corresponding immature 
cohort was observed in late July–early August, after 
which only immature and spent individuals were re-
corded in the population until the very end of the ac-
tive period. Thus, the life cycle of P. fortipes in the 
upper forest-steppe belt of the Eastern Sayan is real-

ized as an obligate biennial one with reproduction in 
early summer (Fig. 5d). 

DISCUSSION 
Despite the fact that beetles were studied in differ-

ent years and during only one season at each field 

 

Fig. 4. Seasonal dynamics of activity (a) and the demographic spectrum of the population of Poecilus fortipes (females only) (b) in the 
upper forest-steppe belt of the Eastern Sayan. For designations, see Fig. 1. 



ALTITUDINAL VARIATION OF THE LIFE CYCLE 

ENTOMOLOGICAL REVIEW   Vol.   94   No.   1   2014 

65

station, the research carried out in different altitudinal 
belts allowed us to reveal certain trends both in the 
morphological characters and in the population pa-
rameters of the species in question. 

The length of individuals of both sexes decreased 
regularly in the altitudinal gradient. Beetles from  
the Selenga mid-altitude mountains (600–650 m asl) 
were  significantly  larger,  and  those  from  the  upper  

 

Fig. 5. Diagrammatic representations of the life cycle of Poecilus fortipes along the altitude gradient; (a) Selenga mid-altitude mountains 
(600–650 m asl); (b) Vitim Plateau (900–950 m asl); (c) lower forest-steppe belt of the Eastern Sayan (1300–1400 m asl); (d) upper 
forest-steppe belt of the Eastern Sayan (1500–1700 m asl); Iim, immature adults; Isp, spent adults (remaining from the generations of the 
previous seasons); L2–3, larvae of the II and III instars; 1, soil trap survey data; 2, inferred periods of activity; 3, reproductive period of 
adults breeding for the first time; 4, reproductive period of adults remaining from the previous generations; 5, period of emergence of 
adults developing from the overwintered larvae. 
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forest-steppe belt of the Eastern Sayan (1500–
1700 m asl) were significantly smaller than all the 
others. Females were larger than males in all the lo-
calities except the Selenga mid-altitude mountains, but 
the difference was statistically significant only in the 
population from the upper forest-steppe belt of the 
Eastern Sayan (Table 3, Fig. 6). It should be noted that 
the body length of females changed more smoothly 
along the altitudinal gradient than that of males. The 
most abrupt decrease in the body length was observed 
in transition from the middle mountains to the lower 
margin of the high mountain belt. In particular, as the 
altitude changed from 600–650 to 1300–1500 m asl, 
the body length of females and males of P. fortipes 
decreased on average by 0.6 and 0.9 mm, whereas with 
transition from 1300–1400 to 1500–1700 m asl it de-
creased by 1.1 and 1.9 mm, respectively. Similar 
changes in the body length were observed in Carabus 
problematicus Herbst, 1786 in North Wales, along the 
altitudinal gradient from 660 to 1055 m asl (Sparks  
et al., 1995), and in Carabus kumagaii Kimura et Ko-
miya, 1974, whose populations were studied in the 
Honshu Island at altitudes of 20, 60, and 1100 m asl 
(Sota, 1987). As in our case, females were larger than 
males, whereas the differences in the body length of 

individuals from the plain and mountain populations 
were statistically significant (Sota, 1987). Similar 
trends in the body size of Carabidae were observed 
along the latitudinal gradient. For example, according 
to the data of Filippov (2008), the body size of males 
and females of 12 out of 15 ground beetle species was 
smaller in the northern parts of their ranges than in the 
central and southern ones. 

Changes in the sex ratio index Is along the alti-
tudinal gradient were not so clear. Under the condi-
tions of the Selenga mid-altitude mountains  
(600–650 m asl), the sex ratio in the model population 
of P. fortipes was 1 : 1 (Is = 0.005). As the altitude 
increased, the fraction of males also gradually in-
creased to the populations, resulting in a 1.2-fold 
prevalence of males (Is = −0.1) on the Vitim Plateau 
(900–950 m asl) and in an almost 1.5-fold prevalence 
of males (Is = −0.16) in the lower forest-steppe belt of 
the Eastern Sayan (1300–1400 m asl). However, in the 
upper forest-steppe belt of the Eastern Sayan (1500–
1700 m asl) the sex ratio in the model population of 
P. fortipes was shifted towards a 1.5-fold prevalence 
of females (Is = 0.25). The different catch indices of 
individuals of different sexes, affecting the Is values, 
seem to reflect the specific conditions of epigeic activ-

Table 3. Significance of differences in the body length of Poecilus fortipes from the model populations (based on the 
Kruskal–Wallis H-test: χ2 = 988.86, df = 7, p = 0.0) 

Eastern Sayan, forest-steppe  Selenga middle 
mountains Vitim Plateau 

lower belt upper belt  
males females males females males females males females

males 2409.6        
Selenga middle mountains 

females 0.05 
1.0 2404.2       

males 4.34 
0.0 

4.29 
0.001 1970.1      

Vitim Plateau 
females 3.13 

0.05 
3.08 
0.06 

1.17 
1.0 2079.8     

males 3.74 
0.01 

3.69 
0.01 

0.51 
1.0 

0.64 
1.0 2017.6    

lower belt  
females 5.39 

0.0 
5.35 
0.0 

1.07 
1.0 

2.22 
0.74 

1.54 
1.0 1879.0   

males 13.48
0.0 

13.48
0.0 

10.12
0.0 

10.77
0.0 

10.02
0.0 

9.37 
0.0 1293.0  

Eastern Sayan, 
forest-steppe  

upper belt  
females 18.82

0.0 
18.84

0.0 
16.68

0.0 
16.82

0.0 
16.14

0.0 
16.36 

0.0 
12.74 

0.0 811.56 

Notes: Numerators: standardized z values; denominators: confidence intervals (p); the mean ranks are shown in italics; the values signifi-
cant at p < 0.05 are shown in bold. 
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ity in each particular case. At the same time, the ob-
served fluctuations of Is generally stayed within the 
limits of the biological norm. Similar trends were ob-
served for Pterostichus tomensis (Gebler, 1847) in 
Rudny Altai, where the sex ratio varied from 0.84 to 
1.33 within the mountain boreal forests (at altitudes 
from 1200 to 1800 m asl), which is the optimum zone 
for the species (Matalin, 1990). 

The duration of the reproductive period of P. forti-
pes was 6–7 decades and almost did not depend on the 
altitude, but the time of the onset of oviposition 
changed regularly along the altitudinal gradient. In 
particular, under the conditions of the Selenga middle 
mountains, oviposition started two decades after the 
onset of epigeic activity; the delay was only one dec-
ade on the Vitim Plateau and in the lower forest-steppe 
belt of the Eastern Sayan, whereas in the upper forest-
steppe belt oviposition started simultaneously with 
epigeic activity of the species (Fig. 5). This trend was 
obviously  determined by the shortening of the vegeta- 

tion season and the decrease in the sum of effective 
temperatures (Table 1). The same picture was ob-
served in the populations of Patrobus atrorufus 
(Ström, 1768) in central Norway: the reproductive 
period lasted from July to August at altitudes below 
120 m asl, and from June to July at an altitude of 
830 m asl (Refseth, 1980). Similar changes in the 
terms of reproduction can be determined by the short-
ening of the frost-free season along the latitudinal 
gradient (Filippov, 2008). For example, Calathus me-
lanocephalus (L., 1758), broadly distributed in 
Europe, reproduces from August to mid-November in 
Denmark, from July to August in Moscow Province, 
and from June to August in Arkhangelsk Province 
(Filippov, 2006b). The populations of P. fortipes from 
the Selenga mid-altitude mountains, the Vitim Plateau, 
and the lower forest-steppe belt of the Eastern Sayan 
were characterized not only by relatively low catch 
indices but also by the absence of rebreeding individu-
als of the preceding generations. These features may 
lead to strong fluctuations of abundance from season 

 
Fig. 6. Changes in the mean body length (determined by the median values) of Poecilus fortipes along the altitudinal gradient.
Rectangles mark the second and third quartiles; vertical bars mark the ranges with the outlier values neglected; n is the number of obser-
vations. Different letters mark statistically significant differences; identical letters, statistically non-significant differences (Kruskal–
Wallis H-test with a 95% confidence interval). 
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to season, and also increase the risk of spontaneous 
extinction of local populations; such phenomena were 
observed in Carabus auronitens F., 1792 (Weber and 
Klenner, 1987) and Carabus bessarabicus concretus 
F.-W., 1823 (Matalin and Makarov, 2008). 

The reproductive potential of populations also 
changed regularly along the altitudinal gradient. The 
mean number of eggs per female decreased from 
15.9 ± 6.1 to 8.6 ± 5.8 as the altitude increased from 
600–650 to 1500–1700 m asl. The population from the 
upper forest-steppe belt of the Eastern Sayan was  
significantly different from others in this parameter. 
The maximum number of eggs, on the contrary, in-
creased from 26–28 in the population from the Selenga 
mid-altitude mountains to 40–43 in those from the 
Eastern Sayan forest-steppe (Table 2). A similar de-
crease in the mean number of eggs was observed in 
populations of C. problematicus in northern England. 
In particular, the mean number of eggs per female was 
6.31 ± 0.59 at 102 m asl and 2.7 ± 0.28 at 800–
850 m asl (in these two cases, the data are expressed 
as the mean ± standard error) (Butterfield, 1986). 

Changes in the dates of emergence of adults devel-
oping from the overwintered larvae were no less sig-
nificant. In the Selenga mid-altitude mountains, emer-
gence of tenerals started simultaneously with the onset 
of epigeic activity and lasted until the first decade of 
July. On the Vitim Plateau and the lower forest-steppe 
belt of the Eastern Sayan emergence started in the first 
decade of July and ended in the first decade of August. 
The period of activity of teneral beetles was the long-
est in the upper forest-steppe belt of the Eastern 
Sayan, where it started at the end of June and contin-
ued until the beginning of September (Fig. 5). The 
same trend was observed in populations of Carabus 
caelatus schreiberi Kraatz, 1887 from the mountain 
forests growing in a karst landscape in the environs of 
Trieste (Italy). Emergence of adults that developed 
from overwintered larvae was observed from May to 
July at altitudes ranging from 120 to 420 m asl, 
whereas at 950 m asl it was shifted to August (Brand-
mayr and Zetto Brandmayr, 1986). 

Despite the fact that P. fortipes is one of the most 
common ground beetle species in South Siberia, data 
on its seasonal activity and life cycle are still incom-
plete. In the south of West Siberia, the period of its 
epigeic activity lasts from the beginning of July to the 
beginning of August. Reproduction is observed during 
this entire period, while the teneral beetles recorded in 

late July and early August hibernate for the winter 
(Bespalov, 2011). In the South Cisbaikalia, the species 
is active from mid-May to mid-August; oviposition 
takes place in June–July, and tenerals appear from the 
end of July to mid-August (Shilenkov, 1978). In these 
two cases, the demographic spectrum is almost identi-
cal to that observed in the lower forest-steppe belt of 
the Eastern Sayan (Fig. 3), which allows one to as-
sume that the life cycle must be realized in a similar 
way. In the upper reaches of the Lena River, 
P. fortipes was active from June to mid-August (Aver-
enskii et al., 2008). In the overgrown fallow lands in 
the South Primorskii Territory the species was domi-
nant from mid-July to the beginning of September, 
with the peak of abundance in the first decade of  
August (Lapshin and Lapshin, 1978). 

Based on the presence of teneral beetles at the end 
of the period of epigeic activity, when reproduction is 
declining, the life cycle of P. fortipes was earlier in-
terpreted as annual with “spring” reproduction (Shi-
lenkov, 1978; Khobrakova and Sharova, 2005). How-
ever, the data of laboratory rearing of the species con-
tradicted this assumption. First, preimaginal develop-
ment of the species was found to be the most success-
ful under the conditions of the changing temperature 
regime (+24°C → +5°C → +24°C). Second, develop-
ment of no less than 20% of III instar larvae was con-
siderably prolonged, both at constant and changing 
photoperiods (Makarov, 1994; Matalin and Makarov, 
2011). These facts suggest that wintering at the larval 
stage is a common phenomenon for P. fortipes. Some 
larvae completed development under the laboratory 
conditions without a temperature-induced diapause, 
regardless of the photoperiodic regime (Berlov, 1989; 
Matalin and Makarov, 2011). However, preimaginal 
development took more than 4 months in the latter 
case, which means that under the natural conditions it 
would be inevitably interrupted by diapause. Thus, the 
reproductive rhythm of P. fortipes does not depend on 
the photoperiod and is characterized by a facultative 
temperature-induced diapause (Matalin and Makarov, 
2011). Similar data were obtained for two closely re-
lated species: the European P. lepidus (Leske, 1785) 
(Paarmann, 1990; Budilov, 2002) and the Far Eastern 
P. samurai (Lutshnik, 1916) (Matalin and Makarov, 
2011). 

According to our data, the annual life cycle with re-
production in summer, characteristic of the population 
of P. fortipes from the Selenga mid-altitude moun-
tains, is regularly replaced along the altitudinal gradi-
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ent by the obligate biennial life cycle with reproduc-
tion in summer or early summer, which was observed 
in the lower and upper forest-steppe belts of the East-
ern Sayan. Transition from annual to obligate biennial 
development takes place as the altitude increases from 
600–650 to 900–950 m asl (Fig. 5), which corresponds 
to the sum of effective temperatures dropping to 
1400°C. The latter value appears to be insufficient for 
implementation of the annual variant of the life cycle 
(Table 1). Similar transformations of the life cycles 
are known for many ground beetle species occupying 
different habitats along altitudinal gradients (Refseth, 
1980; Butterfield, 1986, 1996; Sota, 1986; Sparks  
et al., 1995; Brandmayr and Zetto Brandmayr, 1996, 
etc.). 
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