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ABSTRACT. The studies were carried out in forests
of the middle taiga, in the mixed forest zone and in the
forest-steppe. For each geographical zone typical for-
ests were chasen. The beetles were trapped using pitfall
traps without fixative, which were controlled twice a
day. In the latter case they were checked before sunset
and immediately after sunrise. The results demonstrate,
that carabids in the middle taiga as well as in forest-
steppe are characterised by diurnal activity, but in the
mixed forest zone by nocturnal activity. The peculari-
ties of daily activity of the dominant species are analy-
sed in detail.

PE3IOME. B necocTenn, a Takxke B CpeHEN Taire
Y 30HE CMEIIaHHBIX JIECOB U3yYalld CYTOYHYIO aKTHB-
HOCTb Kyxenuu. [y yu€Tta )KyKOB HCIOJIb30BAIUChH
JoByHIKM 0Oe3 (uKcaropa, BEIOOpPKA KOTOPHIX OCYIIe-
CTBIISUIACh JIBaKABI B CYTKH (IIepes 3aX0JI0M U Cpasy
TIOCJIE BOCXO/1a COJHIIA). Y CTAHOBJICHO, YTO B CPEIHEH
Taire M JIECOCTENHN y >KYy>KEIHIl TpeolIagaeT AHEBHAS
AKTHBHOCTB, TOT/Ia KaK B 30HE CMEIIAHHBIX JIECOB —
HovHasi. O0CYKAaI0TCsl 0COOEHHOCTH CYyTOYHOM aKTHB-
HOCTH JOMHHAHTHBIX BUJIOB.

Introduction

Analysing the daily activity of carabid beetles in
one branch concerning studies of the ecology of these
insects. Informations about the pattern of daily activity
of 67 middle european carabid species are summerised
by Thiele [1977]. The list of species is constantly re-
plenished because of the studies both of russian [Shilen-
kov, 1978; Gryuntal, 1981, 1988a; etc.] and foreign spe-
cialists [Schiller & Weber, 1975; Stubbe et al., 1984;
etc.], but all the mentioned studies were carried out
only one geographical zone.

Material and methods

The given paper presents a comparative study of
the daily activity of carabid beetles in the forests of
three zones of Russian plain: in the boreal forests (more
precisely in the middle taiga), in mixed forests (in
broad-leaved spruce forests) and in forest-steppe.

All studies were carried out with standard methods.
In each forest type 60—80 pitfall traps (glass jars of 0.5 1
capacity, 72 mm upper diameter) without fixative were
arranger in one line with a distance of five meters from
each other. To win informations about the distribution
of the activity over light and dark periods of the day the
pitfall traps were checked twice a day: before sunset and
immediately after sunrise. To study the distribution of
activity during daylight traps were checked every hour.
The captured carabids were determinated directly in the
field and set free after this procedure with exception of
the larvae (their determination under field conditions is
rather complicated). Daily activity was studied over the
period of 4-6 days (without precipitation) during the
periods of maximum activity of the beetles. The follow-
ing formula was used to estimate significance of differ-
ences between the activity during light and dark periods
of the day: =X (a—b)?/b; with: a— actually observed
number of specimens, b — their theoretically expected
number.

Studies in the middle taiga were carried out near
Gribanikha village (Onezhsky district of Arkhangelska-
jaregion) in 1990-1991. The carabids were captured in
Tremuletum megaherboso-oxalidosum (55-60 years old)
at the end of June and begining of August. According to
our studies this period is marked by the maximum
seasonal activity of these beetles. Overall during the
period of study about 1000 individuals of adults belong-
ing to 10 species were captured (Tab. 1).
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Table 1. Daily activity of carabid beetles in Tremuletum megaherboso-dryopteridoso-oxalidosum
(Arkhangelskaja region, middle taiga).
Tabanya 1. Cyrounast aktusHOCTD >Ky>keany B Tremuletum megaherboso-dryopteridoso-oxalidosum
(Apxanreabckass 06AaCTD, CPEAHSIS Tavira).
June August Total for biotope
Species , % of 5 , % of 5 . % of ,
Day | Night day % Day | Night day % Day | Night day X
activity activity activity
N. big. 10 — 100.0 5.0 2 — 100.0 1.0% 12 — 100.0 6.0
L. pil. 11 2 84.6 6.2 1 1 — — 12 3 80.0 243
T. sec. — — — — 370 156 70.3 87.1 | 370 156 70.3 87.1
B. man. 9 4 69.2 1.9% — — — — 9 4 69.2 1.9%
B. bul. 10 — 100.0 5.0 1 2 — — 11 2 84.6 6.2
P. atr. 58 32 64.4 7.51 32 37 46.4 0.4* 90 69 56.6 2.8%
P. obl. 27 11 71.0 6.74 2 2 — — 23 13 63.9 6.1
P. mel. 89 23 79.5 38.9 3 1 — — 92 24 79.3 39.9
P str. 15 9 62.5 1.5% 3 1 — — 18 10 64.3 3.6%
C. micr. 11 9 55.0 0.2* — 9 100.0 4.5 11 18 37.9 1.7%
Total 240 90 72.4 68.2 | 414 209 66.4 67.5 | 648 299 68.4 132.8

Species are mentioned by their abbreviations: N. big. = Notiophilus

biguttatus F.; L. pil. = Loricera pilicornis F.; T. sec. = Trechus secalis

Pk.; B. man. = Bembidion mannerheimi Chd.; B. bul. = Badister bullatus F.; P. atr. = Patrobus atrorufis Strém; P. obl. = P. oblongopunctatus
F.; P. mel. = P. melanarius 111.; P. str. = P. strenuus Pz.; C. micr. = Calathus micropterus Duft.; * — diffirences statistically not significant.

Buipl mepednciieHsl B COOTBECTBHU cocieayrouieii abopesuarypoit: N. big. = Notiophilus biguttatus F.; L. pil. = Loricera pilicornis F.; T.
sec. = Trechus secalis Pk.; B. man. = Bembidion mannerheimi Chd.; B. bul. = Badister bullatus F.; P. atr. = Patrobus atrorufus Strum; P. obl.
= P. oblongopunctatus F.; P. mel. = P. melanarius 1ll.; P. str. = P. strenuus Pz.; C. micr. = Calathus micropterus Duft.; * — paznuuus

CTaTUCTUYICCKHU HEIOCTOBEPHBEI.

The material in the mixed forest zone was collected
at Malinskoje forestry (Podolsky district of Moscow
region) in Betuletum pilosae caricosum (the age of birch
was 55-60 years) and in Piceetum coryloso-ruboso-
oxalidosum (the age of spruce was about 100 years) in
1979, 1980 and 1985. Carabids were caught from the
end May to the begining of June and from the end July
to the begining of August. These are the periods of their
maximum seasonal activity in this region [Gryuntal,
1988b]. About 2700 specimens belonging to 15 species
were examined (Tabs 2-3, Fig. 3).

In the forest-steppe the material was collected at
Tellermanovskoye experimental forestry (Gribanovsky
district of Voronezh region) in 1987, 1988 and 1990.
Carabids were collected in the most typical type of forest
in this zone, witch is the Fraxineto-Quercetum pilosae-
caricoso-aegopodiosum (the age of Quercus was about
100 years), at the period of maximum activity in this
region. According to our observations this period ranges
from the end of May to the beginning of June (only one
peak of maximum was observed for this region). More-
over, in the middle of July in 1990 material was collected
over the period of two days in Quercetum convallarioso-
rubosum (the age of Quercus was about 100 years)
located at the flood plain of Khoper river. In the Fraxine-
to-Quercetum pilosae-caricoso-acgopodiosum about 1100
specimens belonging to 8 species (Tab. 4) and in the
Quercetum convallarioso-rubosum about 63 specimens
belonging to six species were collected.

Results

The analysis of the carabids caught in the taiga showed
that daily activity prevailed considering the whole time of

study (differences are significant with p>0.01) as well as
considering only the maxima of activity.

Three groups of species may be distinguished accord-
ing to their activity during the day (Tab. 1). The first one
is build of the species Badister bullatus, Loricera pilicor-
nis, Pterostichus melanarius, P. oblongopunctatus and
Trechus secalis. These species were active mainly during
the day time. Four species (Bembidion mannerheimi,
Patrobus atrorufus, Pterostichus strenuus, Calathus mi-
cropterus) were indifferent they showed no preference to
a special period of the day. Finally, Notiophilus bigutta-
tus was active exclusively at day time.

Two species — P. atrorufus and C. micropterus,
were rather numerous both in June and August (Tab. 1).
It was possible to track their daily activity within these
two month. Diurnal activity predominated in P. atroru-
fus in June whereas in August this species showed an
indifferent behaviour. Calathus micropterus was indif-
ferent in June, but in August all individuals of this
species were caught in the night (Tab. 1).

In the period of “white nights” in June, when the
pitfall traps were controlled every hour, several peaks of
activity were registrated during the day (Fig. 1). The
highest peak occured between 21 and 23 p.m.— an hour
before and an hour after sunset.

The analysis of the carabid communities showed
that — considering all data — activity during the night
is dominant in the mixed zone with 57.4% (3> = 58.7).
But the most frequent species collected in that two
biotopes may be divided into three groups according to
their pattern of activity (Fig. 2). The majority of them
(six out of eleven species) were active mainly at night.
Pterostichus niger, P. melanarius and P. aethiops
showed an indifferent behaviour, only two species
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Table 2. Daily activity of carabid beetles in Betuletum pilosae caricosum in mixed forest zone (Moscow region).
Tabanga 2. Cyrounast akTueHOCTD >Ky>keany B Betuletum pilosae caricosum, sona cmemrannbix aecos (Mockopexas

obaacTp).
Betuletum pilosae caricosum
Spring Summer Total for biotope
Species % of % of % of
Day | Night day % Day | Night | day % Day | Night day x?
activity activity| activity
C. gr. — 5 100.0 2.5% — 1 — — — 6 100.0 3.0%
L. ter. — — — — 2 5 28.6 1.28* 2 5 28.6 1.28*
\IL. pil. 8 4 66.7 1.3% 43 8 84.3 24.0 51 12 81.0 24.1
T.sec. | — — — — 107 75 58.8 5.6 107 75 58.8 5.6
P atr. | — — — — 81 337 19.4 156.8 81 337 19.4 156.8
\P. nig. 1 — — — 10 6 62.5 1.0* 11 6 64.7 1.92%
\P.mel. | 8 38 17.4 19.6 57 15 79.2 24.5 65 53 55.1 1.22%
\P. aeth.| 4 11 26.7 3.3% 6 5 54.6 0.09* 10 16 38.5 1.38%
\P. ass. 7 133 5.0 113.4 — 3 — — 7 136 4.9 116.4
Total 28 191 12.8 121.3 | 306 455 40.2 29.2 334 646 34.1 99.3

Species are mentioned by their abbreviations: C. gr. = Carabus granulatus L.; L. ter. = Leistus terminatus Hell.; L. pil. = Loricera
pilicornis F.; T. sec. = Trechus secalis Pk.; P. atr. = Patrobus atrorufus Strdm; P.nig. = Pterostichus niger Schall.; P. mel. = Pterostichus
melanarius 111.; P. aeth. = Pterostichus aethiops Pz.; P. ass. = Platynus assimilis Pk.; * — diffirences statistically not significant.

Bubl nepeuncieHsl B COOTBECTBHUH cocienyoeit abopesuarypoit: C. gr. = Carabus granulatus L.; L. ter. = L. terminatus Hell.; L. pil.
= Loricera pilicornis F.; T. sec. = Trechus secalis Pk.; P. atr. = Patrobus atrorufus Strom; P.nig. = Pterostichus niger Schall.; P. mel. =
Pterostichus melanarius 111.; P. aeth. = Pterostichus aethiops Pz.; P. ass. = Platynus assimilis Pk.; ¥ — paziau4us CTaTUCTHYECKU
HEJ0CTOBEPHBI.

Table 3. Daily activity of carabid beetles in Piceetum coryloso-ruboso-oxalidosum in mixed forest zone
(Moscow region).

Tabanga 3. Cyrounas axtuBHOCTH Kyskeany B Piceetum coryloso-ruboso-oxalidosum, sona cmemtanubix aecon
(Mocxkosekast 06aacTn)

Piceetum coryloso-ruboso-oxalidosum
Spring Summer Total for biotope

Species % of % of % of

Day | Night | day | %® | Day |Night| day ¥ Day Night day x?

activity| activity| activity

C. car. 1 — — — 1 12 7.7 9.3 2 12 14.3 7.1
C.gr. 16 45 26.2 | 23.8 1 — — — 17 45 274 12.6
C. gl. — 1 — — 2 6 25.0 2.0* 2 7 22.2 2.8%
L. ter. | — — — — 1 8 11.1 5.4 1 8 11.1 5.4
\L. pil. 1 3 — — 23 6 79.3 10.0 24 9 72.7 6.8
T.sec. — — — — 380 | 245 | 60.8 29.2 380 245 60.8 29.2
\P. atr. 12 36 25.0 | 12.0 | 128 | 194 | 39.8 13.5 140 130 51.8 0.4*
\P. nig. 2 — — — 11 19 | 36.7 2.9% 13 19 40.6 1.1*
\P.obl. 90 143 38.6 | 12.1 9 2 81.8 4.4 99 145 40.6 8.7
\P.mel. 3 22 12.0 | 144 | 54 6 | 77.1 20.6 57 38 60.0 3.8%
\P. aeth.| 7 29 194 | 13.4 11 3 78.6 4.6 18 32 36.0 3.9
\P. ass. | 31 179 148 | 1043 | — 1 — — 31 180 14.7 105.2
1A ful. — 1 — — 9 4 69.2 1.9% 9 5 64.3 1.1*
C.mic. 2 1 — — 2 4 33.3 0.7% 4 5 44.4 0.1%
Total | 165 460 26.4 1392 ] 632 | 520 | 54.9 10.9 797 880 47.5 4.1

Species are mentioned by their abbreviations: C. car. = Cychrus caraboides; C. gr. = Carabus granulatus L.; C. gl. = Carabus glabratus
Pk.; L. ter. = Leistus terminatus Hell.; L. pil. = Loricera pilicornis F.; T. sec. = Trechus secalis Pk.; P. atr. = Patrobus atrorufus Strém; P.nig.
= Pterostichus niger Schall.; P. obl. = Pterostichus oblongopunctatus F.; P. mel. = Pterostichus melanarius 11l.; P. aeth. = Pterostichus
aethiops Pz.; P. ass. = Platynus assimilis Pk.; A. ful. = Agonum fuliginosum Pz.; C. mic. = Calathus micropterus Duft.; * — diffirences
statistically not significant.

Buasl nepeunciensl B COOTBECTBUHU coclenytomeid abopesuatypoii: C. car. = Cychrus caraboides; C. gr. = Carabus granulatus L.; C.
gl. = Carabus glabratus PX.; L. ter. = Leistus terminatus Hell.; L. pil. = Loricera pilicornis F.; T. sec. = Trechus secalis Pk.; P. atr. =
Patrobus atrorufus Strom; P.nig. = Pterostichus niger Schall.; P. obl. = Pterostichus oblongopunctatus F.; P. mel. = Pterostichus
melanarius 111.; P. aeth. = Pterostichus aethiops Pz.; P. ass. = Platynus assimilis Pk.; A. ful. = Agonum fuliginosum Pz.; C. mic. = Calathus
micropterus Duft.; ¥ — pa3nnuus CTaTHCTHYECKH HEJOCTOBEPHBI.
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Fig. 1. Daily dynamics of activity of carabid beetles in Tremuletum megaherboso-dryopteridioso-oxalidosum (middle taiga). White

rectangle day; black rectangle — night.

Puc. 1. Aunammka cyrounon akusHocTH >Ky>Keand B Tremuletum megaherboso-dryopteridioso-oxalidosum (cpesssis rarira). Beasmi

IPAMOYTOABHUK — A€HD; YEPHBIN IMPAMOYTOABHUK — HOYb.

(L. pilicornis and T. secalis) were active chiefly at day
time (Fig. 2). Due to the fact that the pattern of daily
activity of a community is in general defined to great
extend by the most frequent species we examined more
precisely the distribution of their daily activity in each
of the studied forest types. We set our focus on the
whole time of the study as well as on the periods of
maximum activity of the beetles.

The results demonstrate that activity at night pre-
vailed in average in the Betuletum pilosae caricosum as
well as the Piceetum coryloso-ruboso-oxalidosum (Tabs
2 and 3), but it should be mentioned that the pattern of
daily activity could change within the season. Activity
at night prevailed in the Betuletum pilosae caricosum
both in spring and in summer, but in the Piceetum
coryloso-ruboso-oxalidosum nocturnal activity pre-
dominated in spring and diurnal activity in summer
(Tab. 3). Such differences can be explained best with
the characteristics of the behaviour of the most fre-
quent species. In spring “nocturnal” species dominat-
ed in both types of forests. At the same time in sum-
mer T. secalis, the most frequent “diurnal” species,
was active, and dominated in the Piceetum coryloso-
ruboso-oxalidosum. Moreover, a second “diurnal”
species, L. pilicornis, was captured in the same

biotope. Finally, seasonal changes in the characteris-
tics of daily activity could be observed for some spe-
cies. Among them, P. melanarius should be mentioned.
In spring this species was active mainly at night, but in
summer it was active mainly at day time. Changes of the
pattern of daily activity within the season was also
noted for some less frequent species (Pterostichus
aethiops and P. oblongopunctatus).

The detailed study of daily activity in the periods of
maximum activity revealed that in spring (Fig. 3a) most
carabid species were active during the night hours. Two
peaks can be observed: the first peak occured between
23-24 p.m. (two hours after sunset) and the second one
at 1-3 a.m. (two hours before sunrise). Such peaks were
also mentioned by Thiele [1977].

During the period of maximum seasonal activity in
the summer the course of the curve showing the activity
at night does not differ much from the curve showing
activity at day time, but the maximum of daily activity
occured at night hours (Fig. 3b). Such differences be-
tween the daily activity at spring and summer were
connected with the ecological features of the dominant
species. As it was already pointed out [Thiele, 1969]
definite correlations of daily activity with the ecological
preferences of the species exist. The analysis of the
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Table 4. Daily activity of carabid beetles in Fraxineto-
Quercetum pilosae caricosum aegopodiosum
(Voronezskaja region, forest-steppe).

Tabanua 4. Cyroynas akTMBHOCTD >KyskeAni B Fraxine-
to-Quercetum pilosae caricosum aegopodiosum
(Boponeskekast 00AacTb, ACCOCTEIID).

Species Day | Night (ﬁ]c(t)ili/(ijgfy %’
Calosoma inquisitor L. 92 8 92.0 [70.56
Carabus stscheglovi 147 22 87.0 | 925
Mnnh.

C. cancellatus 1. 37 5 88.1 | 244
Badister lacertosus Sturm | 22 11 66.7 |3.67*
Panagaeus bipustulatus F. | 20 3 87.0 | 12.6
Pt. oblongopunctatus F. 232 136 64.8 | 314
Pt. melanarius 1l1. 204 68 75.0 | 68.0
Harpalus latus L. 47 9 83.9 |25.8
Total 801 | 252 762 12929

* — diffirences statistically not significant.
* — pa3NUYMs CTATUCTHYECKU HEAOCTOBEPHBI.

communities showed that almost all spring reproducing
forest species were active at night because they are
hygrophilic. Sometimes they show resistance against

cold temperatures as well. Platynus assimilis for exam-
ple, the most abundant among the dominant species
prefers temperatures between 6—10°C. On the contrary,
species reproducing at summet/autumn are thermophilic.
They prefer temperatures about 20°C. Due to the fact
that in summer rather high temperatures may be regis-
trated even at night, diurnal (7. secalis) as well as
nocturnal (P. atrorufus) activity predominates in spe-
cies reproducing at summer/autumn.

In the forest-steppe in the Fraxineto-Quercetum pilo-
sae-caricoso-aegopodiosum the eight most abundant spe-
cies all were mainly active at the light period of the day.

In the Quercetum convallarioso-rubosum diurnal
activity was dominant, too. This is true both for the
whole carabid beetle community and the most abundant
species (P. melanarius, 52 specimens were caught) with
77.8% diurnal activity and 86.8% diurnal activity, re-
spectively.

Discussion

The results of the study demonstrate that in carabid
beetles, concerning the whole period of activity in the year,
diurnal activity prevails in the forests of the middle taiga

Cychrus caraboides (n=15)

Loricera pilicornis (n=96) ¥ =15.20
I
Trechus secalis (n=807) x =17.30
I
Prerostichus melanarius (n=213) x =230%
I
Pterostichus niger (n=49) ¥ =0.16*
I
Pterostichus oblongopunctatus (n=245) ¥ =430
I
Pterostichus aethiops (n=76) ¥ =2.60%
I
Patrobus atrorufis (n=788) X: =151.90
I
Carabus granulatus (n=68) ¥ = 17.00
I
Leistus terminatus (n=16) ¥ =625
¥ =810
¥ =218.30

Platynus assimilis (n=354)

100% 50% 0

NIGHT

50% 100%

DAY

Fig. 2. The ratio between diurnal and nocturnal activity €of some carabid species in the forests of broad-leaved spruce subzone.

* — differences statistically not significant.

Puc. 2. CoorHouienne AHSBHOTZ " HOYHOW aKTUBHOCTU HEKOTOPBIX BUAOB JKYIKEAMUL] IIOA3OHBI IMMPOKOAMCTBEHHDBIX ACCOB. *—

CTAaTUCTUICCKN HEAOCTOBCPHBIC PasAMINMAIL.
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Fig. 3. Daily dynamics of activity of carabid beetles in (a) Betuletum pilosae caricosum and (b) in Piceetum coryloso-ruboso-

oxalidosum. White rectangle day; black rectangle — night.

Puc. 3. Aunammka cyToqHOM akTMBHOCTH SKy>Keant B (a) Betuletum pilosae caricosum n (6) B Piceetum coryloso-ruboso-oxalidosum.

DeAbrit IpSIMOYTOABHMUK — AEHB; YEPHBIN IPSIMOYTOABHUK — HOUb.

and the forest-steppe, whereas in the subzone of broad-
leaved spruce forests nocturnal activity is dominant. Noc-
turnal activity is typical for carabids in the forests of
Germany, too [Thiele, 1977; Stubbe etal., 1984].

The are several possibilities to explain differences
concerning the daily activity within carabid beetle com-
munities in different geographical zones. First, the differ-
ences may be explained by changes in species composi-
tion: in the middle taiga and forest-steppe mainly “diur-
nal” species predominate, whereas in the forests of broad-
leaved spruce subzone “nocturnal” species are dominant.
Secondly, the time of activity may change in one and the
same species depending on the respective zone. Three
species (P. atrorufus, T. secalis and L. pilicornis) out of
the most abundant species dominated in two regions
(Arkhangelskaja, and Moskow) and two species (P. mela-
narius and P. oblongopunctatus) dominated in all three
regions. The data demonstrate (Tabs 1-4; Fig. 2) that in
same species (P. melanarius, T. secalis and L. pilicornis)
independently from the geographical zone the pattern of
daily activity remains the same, whereas in other species
(P. atrorufus, P. oblongopunctatus) changes occur.

The pattern of daily activity may also change in east-
west direction. For example, L. pilicornis and the indif-

ferent species Pterostichus niger (Moscow region) be-
long in Germany to the group of “nocturnal species”
[Thiele, 1977; Stubbe et al., 1984].

Moreover, in some species the preferred time of activ-
ity may change depending on the biotope. L. pilicornis, for
example, is active in alder forests at daytime, but in willow
stands mainly at night [Schiller & Weber, 1975].

Finally, seasonal changes in the activity pattern of
some species may influence the overall picture of the
community. This is clearly demonstrated by the species
P. atrorufus and C. micropterus in the middle taiga and
the species P. melanarius in the broad-leaved spruce
subzone. The same changes in daily activity of P. mela-
narius in Belgium (fields near Gent) were already men-
tioned [Desender et al., 1985].

The above mentioned reasons (seasonal changes
regarding time of activity, changes of the pattern of
daily activity depending on the biotope and the season)
may explain the seasonal changes of the pattern of daily
activity in the Piceetum coryloso-ruboso-oxalidosum
(broad-leaved spruce subzone).

According to the preferred time of daily activity in
the forest in the studied regions four groups of species
can be distinguished: exclusively diurnal, mainly diur-
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nal, mainly nocturnal and indifferent. Moreover, the
results demonstrate that from the north to the south a
replacement of groups of species with different daily
activity takes place. In the middle taiga exclusively
“diurnal”, mainly “diurnal” and indifferent species were
recorded. In the broad-leaved spruce subzone we found
mainly “nocturnal”, mainly “diurnal” and indifferent
species. In the forest-steppe zone mainly “diurnal” spe-
cies were dominant and one indifferent species.
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