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AN ATTEMPT TO CHARACTERIZE MATTER TRANSFER
BY CARABID COMMUNITIES INHABITING FORESTS*

ABSTRACT: Matter transfer by zoophagous carabid’ communities was studied in three
forest habitats differing in respect of participation of spring and autumn breeders in the biomass
production of the carabid community. Prevalence of biomass production of autumn breeders over that
of spring breeders caused a relatively low rate of matter transfer, and small energy loss per unit of the
community biomass production, as compared with the community in which spring breeders
participated most in such production. The entire amount of biomass transferred by the community to
the subsequent trophic levels was independent of the ratio of the autumn to.the spring breeder
production.
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1. INTRODUCTION

As far as abundance and biomass are taken into account, carabids are one of the dominant

groups among the zoophages inhabiting the forest floor (Kaczmarek 1963, Zimka

*Praca wykonana w ramach problemu weztowego nr 09.1.7 (grupa tematyczna .Produktywnos¢ eko-
systemdw trawiastych i lesnych”).
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1966, Obr t el 1971 and others). They are often regarded as a factor controlling numbers of
phytophagous species of insects (Scherney 1955, Sarova 1958, Gri goreva
1965, Titova and Zavoronkova 1965, Szyszko 1974), and favouring
maintenance of ecological balance in forest ecosystems (Kaczmar ek 1963). On the other
hand, the zoophagous carabids inhabiting forests seem to bé a link in the food-chain beginning
with that part of the primary production which is transferred to macrosaprophages (G riim
1976). Hence, their role as a factor controlling numbers of phytophagous insects may be of
secondary importance.

To obtain a more complete outline of the role of zoophagous carabids in forests it is
necessary to take into consideration their participation in energy flow and matter transfer. The
aim of the present paper is to evaluate whether or not there are any features of the commu-
nities of zoophagous carabids inhabiting forests, that affect the amount, rate and direction of
the matter transferred by the carabids.

The investigations were carried out in the Kampinos Forest (several kilometers north-west of
Warsaw) in the years 1956 till 1974. The methods and results concerning biomass production of
the carabids were the subject of separate publications of the present author (Griim 1975a,
1975b, 1976), and now form the basic material for estimates of matter transfer.

2. STRUCTURE OF CARABID COMMUNITIES

Both structure of carabid communities and their productivity were studied in the following
three forest habitats: (1) Vaccinio myrtilli-Pinetum (site symbol V'mP) that covered a relatively
dry homogeneous area of several hectares : (2) Vaccinio myrtilli-Pinetum (site symbol P) of
about 0.2 ha in area surrounded by alder woods, and hence not so dry ;(3) an area of about
4 ha (site symbol PA) composed mostly of dry (Pino-Quercetum) and wet (Circaeo-Alnetum)
patches.

In the study period, 25 species of carabids were captured in pitfalls in the VmP site,
31 species in the P site, and 42 species in the PA site (Table I). Domination structure in the
communities from these sites — expressed by percentage participation of separate species in the
biomass production of the community (Fig. 1) — revealed a highly dominant species in the
VmP site (Carabus arcensis — 64.5% of the entire biomass production) and in the P site
(Pterostichus niger — 67.1% of the production). In the PA site, the most productive species
(P. niger) was responsible for 31.6% of the community production. Spring breeders
(Larsson 1939), i.e., the species with summer larvae, were responsible for 88% of the
entire biomass production of the community dwelling in the VmP site. Contrary to that,
autumn breeders (L arsson 1939), i.e., the species with winter larvae, produced 79% of the
entire biomass production of carabids in the P site, and 74% in the PA site.

Hence, the carabid community in the ¥'mP site shows a relatively simple structure (the
lowest number of captured species, and presence of a highly dominating species) with
prevalence of spring breeders in the biomass production. The community studied in the P site
reveals a slightly more complex structure — because of a higher number of species captured -
— and prevalance of autumn breeders in the biomass production. In the carabid community of
the most complex structure — expressed by the highest number of captured species and lack of
a highly dominating species — namely that inhabiting the PA site, the biomass production of
the autumn breeders also prevailed over that of spring breeders.
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Table 1. Species composition of the communities studied

Site
No. Species or genus
VP ! PA
1 | Calosoma inquisitor (L.) +
2 | Carabus coriaceus L. + +
3 | C. violaceus L. o +
4 | C. clatratus L. + +
5 | C.granulatusL. + +
6 | C. arcensis Hbst. + + s
7 | C. nemoralis Miill. + + +
8 | C. hortensis L. % + +
9 | C. glabratus Payk. + +
10 | C. nitens L. +
11 | C. cancellatus Ill. +
12 | Cychrus caraboides (L.) » T +
13 | Nebria brevicollis (F.) +
14 | Leistus ferrugineus (L.) b H# +
15 | Notiophilus sp. * 5 +
16 | Blethisa multipunctata (L.) +
17 | Elaphrus cupreus Duft, +
18 | Loricera caerulescens (1..) + +
19 | Dyschirius globosus (tibst.) ¥ +
20 | Asaphidion flavipes (L.) + +
21 | Bembidion sp. b + +
22 | Epaphius secalis (Payk.) + + +
23 | Patrobus atrorufus (Str¢gm) ik +
24 | Stomis pumicatus (Panz.) +
25 | Pterostichus oblongopunctatus (F.) + + +
26 | P. niger (Schall.) 5 + +
27 | P.vulgaris (L.) i + +
28 | P. anthracinus (Il.) +
29 | P. nigrita (F.) gt + +
30 | P. caerulescens (L.) +
31 | P. aterrimus (Hbst.) +
32 | P. brunneus (Sturm.) + +
33 | Calathus erratus (Sahlbg.) % * +
34 | C. micropterus (Duft.) + 4 +
35 | Agonum moestum (Duft.) + i
36 | A. obscurum (Hbst.) i +
37 | A. gracile Sturm T+
38 | Badister peltatus (Panz.) +: *
36 | B. bipustulatus (F.) +
40 | Chlaenius tristis (Schall.) +
41 | Ch. nigricornis (F.) ¥
42 | Bradycellus collaris (Payk.) + + +
43 | Acupalpus sp. +
44 | Masoreus wetterhalli (Gyll.) + + +
45 | Metabletus truncatellus (L.) + + +
46 | Microlestes minutulus (Goeze) + + +
47 | Cymindis sp. 4
25 31 42
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Species participotion in biomass production

LN

]
2 4 -6 & 10 12 #1618
Species order (beginning with highest
participalion)

Fig. 1. Species domination structure
1 — P site, 2 = VmP site, 3 — PA site

3. COMPONENTS OF MATTER TRANSFER

3. Amount of biomass transferred

The entire biomass production of a carabid community is regarded het * as the amount of
biomass transferred to higher predators and scavengers.

The distinguished structural features, i.e., namber of species, species domination structure
and participation of a development type in the community production, do not seem to
correlate with the entire biomass production of the community. Namely, the community of the
simplest structure, inhabiting the ¥'mP site, was characterized by the mid values of biomass
production (Table II). Biomass production of the carabid community inhabiting the P site, i.e.,
the community of a slightly more complex structure, was the lowest, and the community of the
most complex structure (in the PA site) produced the highcst amount of biomass (Tabie IT).
Also, participation of a development type in the biomass production shows no relations with
the entire biomass production of the community: high participation of autumn breeders in the
biomass production (79% and 74%) was found in the communities of the lowest (P) and the
highest (PA) entire biomass production (Table IT).
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Table II. Components of matter transfer

Site
Parameters 2
E VmP PA
Biomass production® (kg dry weight - ha-'1 . yr—l) 0.766 0.942 1.321
Mean life-span (or immobilization time) (days) 126.9 87.9 | 1354
RMR index (1 0 - ha ™! - 1) 0.385 | 0.611 0.714
AMR index (kGm - ha~1 - day™1) 1.463 1.954 2.573

*Accepted after Griim (1976)

3.2. Rate of biomass transfer

The biomass produced by a population is immobilized — i.e., not transferred — for the time
defined by the mean life-span of the population members. The reciprocal of the immobilization
time is a measure of the rate of biomass transfer by the population:

Rebi. .

where: B — mean biomass, P — biomass production, ¢t — immobilization time. Hence, values of ¢

¥

and-5 are inversely proportional. This is a concept similar to biomass turnover, regarded as an

index of efficiency of biomass production (Petrusewicz and Macfadyen 1970):

_Table III. Comparison of mean life-span of individuals of different species

Bivelouitsing Number of eggs deposited Mean life-span of indi-
P Species by female in the breeding viduals
type season (in days)

C. nemoralis 10.6 146

C. clatratus 20.3 98

C. arcensis 23.5 90

Spring C. granulatus 23.7 90
breeders A. moestum 413 64
P. oblongopunctatus 45.6 60

P. nigrita 48.0 58

P. anthracinus . 93.9 39

C. coriaceus Tty 282

C. violaceus 22.9 198

C. hortensis 26.1 190

C. glabratus 30.0 181

Autumn C. caraboides 32.0 178
breeders P. atrorufus 35.2 172
P. niger 90.2 127

P. vulgaris 91.1 126

C. erratus. 121.0 115

C. micropterus 125.0 114
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The immobilization time calculated for a carabid community should depend on its structure,
because the mean life-span of individuals in populations of autumn breeders is usually longer
than that in spring breeder populations (G rii m 1975a).

For 3 species of spring breeders (Carabus
arcensis, C. nemoralis and Pterostichus oblongo-
punctatus) as well as for 3 species of autumn bre-

5,4# ~ { eders (C. glabratus, C. hortensis, and P. niger), the

b3l relation between female fertility and life-span of

azr iy \\y:z&?ﬂ-d&?x individuals was estimated on the data taken from

50 N Griim (1975b). The relation is expressed by a

§ \\o\ linear regression equation (Fig.2). Substituting

& into the equation the data on female fertility

§ e gl accepted after Griim (1976), the appropriate

& e values for the mean life-span of individuals of the

S 44t separate species under study were extrapolated
iz} Coell. e .

The mean immobilization time of biomass pro-

0 duced by a community composed of i species is

1 1 1 1 5]
22 26 30 34 38 42 4bx

loge of Fertility given by the formula:

k
' pIEdl Il
Fig. 2. Relation between mean life-span and o sl k "k
female fertility Bl &
1 — spring breeders, 2 — autumn breeders : Pk

i=1
where: P, — biomass production of kth species, t, — life-span of individuals of kth species.

Mean immobilization time was relatively long in the case of the communities inhabiting the
P and PA sites, in which mostly autumn breeders participated in the biomass production
(Table II). Contrary to that, in the VmP site, in which biomass production of spring breeders
highly prevailed over that of autumn breeders, the immobilization time was relatively short
(Table II).

Thus, the rate of biomass transfer by carabid communities was relatively high in the site in
which spring breeders predominated in the community biomass production (¥'mP), and rela-
tively low in the sites P and PA, where autumn breeders predominated. Other structures — like
the number of species and species domination — did not seem to correlate with the rate of
biomass transfer.

3.3.Resting metabolism rate

Resting metabolism rate (RMR) of a species population is expressed here by an index, for
the period in which individuals of the species gain their full weight and start to reproduce. This
is the period that seems to be the most productive of all the periods in the individual’s life, and
moreover, the population biomass is highest at that time (G r iim 1975b).

The applied index of RMR is the product of the population biomass (in milligrammes dry
weight per hectare) and O, consumption at 19°C by the individual of the species involved,
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calculated per milligramme dry weight per hour. The appropriate biomass values were taken
from Griim (1976). O, consumption for most of the species under study was extrapolated
from the formula:

y =2.445 — 0.309 x

where: y — O, consumption at 19°C in microlitres per milligramme dry weight per hour,
x — log, of dry weight of an individual, in milligrammes (Fig. 3). This formula was derived from
the data on oxygen consumption of the following 3 species differing in mean body weight:
C. coriaceus (620.1 mg dry weight), C. glabratus (285.2 mg) and P. niger (81.7 mg).
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Fig. 3. Oxygen consumption by beetles of different body weight
1 — P. niger, 2 — C. glabratus, 3 — C. coriaceus

The RMR index of a carabid community is the sum of the indices calculated for species
populations, expressed in litres O, per hectare per hour, at 19°C.

The community index of RMR was highest in the PA site, only slightly lower in the V'mP
site, and distinctly lower in the P site (Table IT). The distinguished structural features of the
communities do not seem to have any relation to the index. Namely, both the community of
the simplest structure (in the VmP site) and that of the most complex (in the PA site) con-
sumed almost the same amount of oxygen (TableIl). Neither participation of autumn
breeders in the community biomass production was connected with the index: high participa-
tion of autumn breeders in the production (the P and PA sites) was accompanied by the lowest
and the highest value of the index (Table II).

The index is based on biomass values (community biomass at a specific moment and O,
consumption per a biomass unit). Hence, the relatively high RMR in dex in the V'mP site can be
evaluated by the relatively low mean body weight of individuals in this community
(24.1 mg dry weight), as compared with the mean body weight of the individuals in the
community inhabiting the PA site (78.6 mg dry weight).
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34 Active metabolism rate

It is commonly known for insects that oxygen consumption of mobile individuals exceeds
many times the consumption of resting ones. As far as carabids are concerned, daily consump-
tion of Oy by an individual of average mobility and active only during the night is at least twice
as high as daily O, consumption of an individual resting all day (G riim 1971a). Therefore, it
seems to be important for productivity estimations to incorporate the energy wasted by
mobility.

Energy loss in a species population, resulting from mobility of its members, was estimated
also in the form of an index, for the same period for which the RMR estimates were made. The
applied index of active metabolism rate (AMR) is based on the assumption, that individuals

. with a similar morphology of transportation organs, per distance unit waste an amount of
energy proportional to their body weight. In the case of the carabids investigated, this assum-
ption seems to be justified because of a good positive correlation between the distance covered
in a unit of time by individuals of different species and the body weight of the individuals
(Griim 1976). It may be concluded from this, that in the communities under study, there
were no species which had exceptionally high or low abilities to run.

The applied index of AMR for a species population is the product of the number of individuals
per hectare, mean dry body weight of the individual (in milligrammes) and mean distance
covered by the individual in a unit of time, expressed in meters per day. The appropriate data
have been taken from G r i m (1976). It is necessary to mention, that the accepted distance
covered by an individual is underestimated as it is based on a straight-line model of an
individual’s movements (G r @ m 1971b).

The AMR index for a community is the sum of the population indices, expressed in kilo-
gramme-meters per hectare per day. The highest value of the index was found in the PA site,
the mid one in the ¥'mP site, and the lowest in the P site (Table II). It may be concluded from
this that the AMR index behaved similarly to the RMR one (Table II) and hence, was not
connected with any of the distinguished structural features of the communities.

4. TRENDS IN AMOUNT, DIRECTION AND RATE OF MATTER TRANSFER

If the fact that higher biomass production is accompanied by higher indices of RMR and
AMR (Table II) is taken into consideration, it is reasonable to conclude that consumption and
biomass production are positively correlated. In forest ecosystems the entire biomass produc-
tion of a community of zoophagous carabids seems to be positively correlated with the amourit
of nitrogen transferred by the primary producers to the saprophages dwelling in the soil and
litter (G riim 1976). Therefore one may suppose that there exists a more or less constant
ratio between energy flow through the macrosaprophages and the carabids inhabiting forests.

The direction and rate of such transfer of matter consumed (or better assimilated) by the
carabids seem to be dependent on one of the distinguishing structural features of the com-
munities, namely, the ratio of the spring breeder production to the autumn breeder production.

In the communities with a prevalence of autumn breeders in the production of biomass, the
indices of the community RMR and AMR are slightly lower per unit of biomass production,
than those in the community with a prevalence of spring breeders (Fig. 4). Consequently, in the
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former communities, the amount of energy wasted per a unit of biomass production is
relatively low. This means that: (a) arelatively high percentage of the assimilated matter is
being built into the biomass production and later transferred to higher predators and scaven-
gers, (b) a relatively low percentage of assimilation is transferred to decomposers in the form of

faeces. :

As far as the rate of biomass transfer is concerned, in the
communities with high participation of autumn breeders in
the biomass production, the immobilization time of the
biomass produced is relatively long (Fig. 4). Consequently,
the rate of transfer of the biomass produced has to be
relatively low. The opposite situation occurs in the
communities with high participation of spring breeders in
the biomass production.

Summing up the above, in the carabid coramunities with
a prevalence of autumn breeders over sping breeders in
biomass production, arelatively high proportion of the
assimilated matter is built into the biomass and subsequen-
tly transferred to higher predators and scavengers, but the
rate of transfer is relatively low. On the other hand, rela-
tively high percentage of carbon contained in the assimila-
ted matter is built into the biomass production. In addition,
most of the carbon accumulates in the chitine cover of the
carabids, and hence — through the digestive tracts of higher
consumers — finds its way to the soil.

Contrary to that, in the carabid communities with higher
participation of spring breeders in the biomass production,
a relatively small part of the matter assimilated is tran-
sferred to higher consumers, but the rate of the transfer is
relatively high. Coming back to the question of carbon tran-
sfer, in these communities a relatively large part of this
component contained in the assimilated matter is delivered
to the atmosphere, and not to the soil.

It seems to be especially significant, that spring breeders
predominate in forest carabid communities from poor soils,
while: the communities from rich soils are characterized by
a prevalence of autumn breeders (S zy sz k o 1974). This

may indicate, that relatively more intensive transfer of car--

bon to the atmosphere — favouring soil mineralization —
takes place in the carabid communities from poor soils.
Contrary to that, rich soils inhabited by the carabid com-
munities with a prevalence of autumn breeders seem to be
relatively better supplied with the carbon transferred by
carabids, that may support soil humification.
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Fig. 4. Indices of rate of matter
transfer

1 — participation  of  spring
breeders in biomass production,
2 — immobilization time (days),
3 - RMR per biomass produc-
tion, 4 — AMR per biomass pro-
duction, 5§ — biomnsf prmluction
(kg dry weight *ha™ " yr")

The author wishes to thank Mr. R. Kowalski (Commonwealth Forestry Institute, Oxford, England) for
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5. SUMMARY

The investigations — carried oul in 3 forest habilats — indicate, that in the communities of zoophagous
carabids in which autumn breeders predominate over spring breeders in the biomass production, mean
life-span of the individual is relatively long (Table 1), and the amount of energy lost per unit of biomass
production is relatively small (Fig. 4). Consequently, in the communities with a predomination of autumn
breeders, a relatively large part of the assimilated matter is built into the biomass production and transferred
to higher consumers (predators and scavengers), but the rate of the transfer is relatively low. In the
community characterized by a prevalence of spring breeders — because of higher energy loss per unit of
biomass production (Fig. 4) — a relatively small part of the assimilated matter is built into the biomass
production, but the rate of the biomass transfer is higher, as indicated by the shorter life-span of the
individual (Table II).

It is interesting, that the forest carabid communities with a prevalence of spring breeders inhabit usually
poor soils, and those with a prevalence of autumn breeders dwell in habitats with rich soils (Szyszk o
1974). Thus, poor forest soils are inhabited by carabid communities of high energy loss per unit of biomass
production, i.e., those of relatively intensive transfer of carbon to the atmosphere. Contrary to that, in the
carabid communities inhabiting rich forest soils, the energy losses per unit of biomass production are
relatively small, and hence, a relatively large part of the carbon contained in the assimilated matter is built
into the biomass production (mainly chitine cover of the bedy) and transferred — through the digestive tracts
of higher consumers — to the soil.

Thus, one may conclude, that the matter transferred by carabids from poor forest soils favours soil
mineralization, and in the case of carabids from rich soils, supports soil humification.

The entire amount of matter transferred by carabids inhabiting forests is independent of whether the
parlicipation in the community biomass production is mainly by spring or autumn breeders (Fig. 4).
According to the previous results (G riim 1976), this is roughly proportional to the amount of nitrogen
transferred by the primary producers to the litter saprophages. ‘

6. POLISH SUMMARY (STRESZCZENIE)

W trzech biotopach lesnych przeprowadzono badania nad wplywem struktury gatunkowej zespoldw
zoofagicznych Carabidae zasiedlajacych scidtke na charakterystyke przekazywania materii przez zespét. Jak
si¢ okazalo, wraz ze wzrostem udzialu gatunkéw reprezentujacych jesienny typ rozwojowy spadajg straty
energii na jednostk¢ wyprodukowanej przez zesp6t biomasy (fig. 4) i rosnie przecietny czas Zycia osobnika
(tab. II). Wynika stad, ze w przypadku zespoldw z przewaga udzialu gatunkéw jesiennego typu rozwojowego
w produkcji biomasy stosunkowo duza czesé zasymilow anej materii zostaje wbudowana w biomase i przekazana
konsumentom wyiszego rzedu (drapiezcom, padlinoZercom), przy czym tempo przekazywania wyproduko-
wanej biomasy jest stosunkowe powolne. Natomiast w zespole cechujacym si¢ przewagg udziatu gatunkéw
nalezacych do wiosennego typu rozwojowego w produkcji biomasy zespolu, stosunkowo mala czesé zasy-
milowanej materii zostaje whbudowana w produkej¢ — co wynika ze znacznych strat energii na jednostkg
wyprodukowanej biomasy (fig. 4) — ale tempo przekazywania wyprodukowanej biomasy do wyzszych po-
zioméw troficznych jest szybsze, na co wskazuje przecigtnie krdtki czas Zycia osobnika (tab. II).

Warto podkreslié, ze w zespotach Carabidae zasiedlajgcych ubogie gleby lesne dominujg zwykle gatunki
nalezace do wiosennego typu rozwojowego, a w zespolach zasiedlajacych gleby bogate — gatunki jesiennego
typu rozwojowego (Szyszko 1974). Tak wige gleby ubogie zasiedlane sa na ogdt przez zespoly cechujgce
si¢ duzymi stratami energii w przeliczeniu na jednostk¢ wyprodukowanej biomasy, to znaczy intensywnym
przekazywaniem do atmosfery wegla zawartego w zasymilowanym pokarmie. W przeciwieristwie do tego, w
zespotach Carabidae na bogatych glebach lesnych straty energii na jednostke wyprodukowanej biomasy sg
wzglednie niskie, a w konsekwencji wegiel zawarty w zasymilowanym pokammie jest w wiekszym stopniu
whbudowywany w produkcje biomasy (gldwnie chitynowa okrywe ciata) i poprzez przewdd pokarmowy
konsumentéw wyzszego rzedu przekazywany do gleby.

Mozna na tej podstawie wysnué wniosek, zZe przekazywanie materii przez zespoly Carabidee ma inny
charakter na glebach ubogich — sprzyja mineralizacji, a inny na bogatych — sprzyja humifikacji. Nalezy tu
dodaé, ze calkowita ilos¢ materii przekazywanej przez Carabidee zasiedlajace lasy nie zalezy od proporcji
migdzy gatunkami nalezacymi do wiosennego i jesiennego typu rozwojowego (fig. 4), lecz jest skorelowana z
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ilodcig azotu dochodzicego wraz z opadem listowia do scidtki lesnej, a wige z reguly wyzsza na glebach
bogatych (G riim 1976).

7. REFERENCES

. Grigoreva T. G. 1965 — Osobennosti formirovanija vrednoj fauny na poljach pfenicy i zadali

za¥fity rastenij v celinnych rajonach severnogo Kazachstana i Zawolzqa — Trudy vses. ént. Ob¥¢. 50:
5-56.

. Griim L. 1971a — Zaleznosé produkeji biegaczowatych (Carabidae ) od ruchliwosci osobnikéw — Zesz.

nauk. Inst. Ekol. PAN, 4: 33-36.

. Grim L. 1971b — Spatial differentiation of the Carabus L. (Col., Carabidae) mobility — Ekol. pol.

19:1-34.

. Griim L.1975a — Mortality patterns in carabid populations — Ekol. pol. 23: 649-665.

Griim L. 1975b — An attempt to estimate production of a few Carebus L. species (Col., Cara-
bidae) — Ekol. pol. 23: 673-680.

6. Grim L. 1976 — Biomass production of carabid-beetles in a few forest habitats — Ekol. pol. 24
37-56.
7. Kaczmarek W. 1963 — An analysis of interspecific competition in communities of the soil macro-
fauna of some habitats in the Kampinos National Park — Ekol. pol. A, 11: 421 -483.
8. Larsson S.G. 1939 — Entwicklungstypen und Entwicklungszeiten der dachhen Carabiden — Ent.
Meded. 20: 277 -560.
9. Obrtel R.1971 — Soil surface Coleoptera in a lowland forest — Acta Soc. Sci. nat. Brno, 5:1-47.
10. Petrusewicz K., Macfadyen A. 1970 — Productivity of terrestrial animals — Blackwell
Scientific Publications, Oxford-Edinburgh, 189 pp.
11. Sarova I Ch. 1958 — Lifinki #ukov-Yu¥elic (Carabidac), poleznych i vrednych v selskom chozjaj-
stve — Uéen. zap. mosk. gos. ped. Inst. 124: 4—165.
12. Scherney F. 1955 — Untersuchungen iiber Vorkommen und wirtschaftliche Bedeutung rauberisch
lebender Kifer in Feldkulturen — Z. PflBau PflSchutz, 6: 49-73.
13. Szyszko ]. 1974 — Relationship between the occurrence of epigeic carabids (Coleoptera, Cara-
bidae), certain soil properties, and species composition of a forest stand — Ekol. pol. 22 237-274.
14. Titova E. V., Zavoronkova T. N. 1965 — Vlijanie raspaski celinnoj stepi na sostav i
tislennost’ v populjacijach Zuzelic (Carabidae) — Trudy vses. ént. Ob&¢. 50: 103—120.
15. Zimka J. 1966 — The predacity of the field frog (Rana arvalis Nilss.) and food levels in communries
of soil macrofauna of forest habitats — Ekol. pol. A, 14: 589-605.
Paper prepared by H. Dominas
AUTHOR’S ADDRESS:
Dr Leszek Griim
Zakiad Biocenologii
Instytutu Ekologii PAN

Dziekan6éw Leény k. Warszawy
05-1590 Lo:nianki
Poland.



	Contents


