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THE CARABID COMMUNITIES OF NATURAL AND DRAINED 
j PEATLANDS IN THE BIEBRZA VALLEY, NE POLAND 

ABSTRACT: Comparisons between the carabid communities of natural and drained fens in 
the Biebrza Valley (NE Poland) were made on the basis of trapped material. Fen drainage 
appears to result in a restructuring of species composition as there is only a limited (20 40%) 
similarity between the communities in natural and drained areas. The lowest species diversity 
was noted for a drained meadow on alder peat. Agonum moestum was dominant on natural J 
fens, and in the one not cultivated and periodicalfYilooded site on drained fens and Carabus \ 
granulatus or Pterostichus nigrita on drained ones. Trophic structure also differed, with ....,_. 

hemizoophages of the genera Amara and Harpalus associated with agrocoenoses being 
present on drained fens but absent from natural ones. Chlaenius costulatus, a species now \ 
rare in Poland, is typical of peatlands, but was not present on drained sites. The number of 
sites accesible for it have declined as a result of wetland drainage. 
KEY WORDS: Carabidae, peatlands, drainage, community structure, seasonal dynamics. 

I. INTRODUCTION 

The basin of the Biebrza river, in since the 16th century, when trees and 
north-east Poland, has extensive peatland hay were taken and islets originally cov­
areas of unique value to Europe's natural ered with forest (now with sand only) 
heritage and partly included within the were brought under cultivation (C z er­
Biebrzanski National Park established in w i n s k i 1983 ). Only about a century 
1993. There are also many rare species of ago did reclamation of an extensive area 
plants and animals (D y r c z 1972; of peatland fen become possible. The 
Palczynski eta/. 1975; Rqkowski drainage carried out led to degradation of 
1983), but besides its undoubted natural much of the area, with the vegetation 
value, the area is also of great economic cover being changed irreversibly 
significance. The land has been utilized (P a l c z y n s k i 1972), the range of river 
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tloodplains confined and moorshing of 
peat occurring as a result of the lowering 
of the water table. The latter process is 
characterized by a decline in organic mat­
ter content which effectively causes peat 
to "disappear" as intensive mineralization 
progresses. The action is especially rapid 
in the first years after drainage (M are k 
1965; Walczyna 1973); but the over­
all process can be slower or faster, de­
pending on humidity conditions, the type 
of peat and the way in which it is utilized, 
as well as on the activity of soil organ­
isms (Andrzejewska et al. 1983; 
Andrzejewska 1985; Kajak 1985; 
Kajak et al. 1985; Makulec and 
Chmielewski 1994; P~tal 1994; 
Wasilewska 1994). 

Being mostly predatory, carabid bee­

tles play an indirect role in the processes 

by which organic matter is mineralized 

and humified by way of their impact on 

saprophagous organisms and hence on the 

breakdown of organic matter and its 

transfer down the soil profile (G r ti m 

1973, 1976;Richards 1979;Benet 

and F on sec a 1980). It is thus of value 

to characterize the communities of 

carabids in peatlands from the point of . 

view of their dominance and trophic 

structure and species diversity, as well as 

to define the changes they undergo as a 

result of the drainage of different types of 

peat and the passage of time. 

2. STUDY AREA, METHODS AND MATERIALS 

The Biebrza Wetlands, were founed 
in the course of the Central Poland 
Glaciation. At the time of the Baltic 
Glaciation, this was a proglacial river val­
ley in which the processes of peat fonn­
ing began to develop as soon as the ice 
retreated. Today, the Basin is an exten­
sive depression divided into the Upper 
(Northern), Middle and Lower (Southern) 
Biebrza Basins, as well as the Wizna Fen. 
The area is relatively well-known from 
the environmental point of view (peat 

types and vegetation), especially in the 
Lower Biebrza and Wizna Fen (Mare k 
1965; Oswit 1965; Okruszko 1977; 
L i w ski et al. 1984; Pal c z y n ski 
1972; P a l c z y n s k i and S t e p a 1992). 

The research described was done on 
natural fens in the Lower Biebrza Basin 
and in drained fens in the Wizna Fen 
(Fig. I). The choice of the exact sites 
made reference to the type of peat, pre­
vailing water relations and vegetation 
(Table 1 ). 

2.1. NATURAL FENS 

The characteristic feature here is the 

zonal distribution of plant communities 

that results from the extent of floods 

(Marek 1965; Oswit 1965). The sev­

eral vegetation zones developed across 

the river valley: 

zone I, closest to the river and char­

acterized by immersed swamp vegetation 

with species like reed (Phragmites corn-

munis); sweet flag (Acarus calamus), 

swamp horsetail (Equisetum limosum), 

great reedmace (Typha /atifolia) and 

lesser reedmace (T. angustifolia); 
zone II, also of immersed vegetation 

consisting of wet ta11-sedge swamp (Mag­

nocaricetea). More than 90% of the area 

are covered by stiff sedge (Caricetum 

strictae). Also present are Carex gracilis 
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Biebrza Wetlands 

1-11 -Ill · basins 

. - 0 10 20 km .. · 

Fig. 1. Location of fens in the Biebrza Valley I - Upper (Northern) Basin, 11 - Middle Basin, 
Ill - Lower (Southern) Basin and Wima Fen, after 0 k r us z k o (1990) 

and lesser pond sedge C. acutiformis. The 
zone has a characteristic tussock struc­
ture. Bordering onto it directly are sedge 
moss communities of the class Scheuchz­
erio Caricetea, which form vegetation 
zones Ill and IV and are characterized by 
the presence of emersed species (Table 1 ); 

zone Ill, also of tussock vegetation, 
has the sedge-moss association (Caricetum 
paradoxae), with other dominant species 
being slender sedge C. /asiocarpa, C. 
fusca and common cotton-grass (Erio­
phorum angustifolium); 

zone IV, an association of lesser tus­
sock sedge (Caricetum diandre) with a 
developed and species-rich mossy layer 
of mosses associated with perrnanent high 
water level; 

zone V, furthest from the river, 
which is the alder swamp association 
(Carici elongatae Alnetum boreale) char-

acterized by thickets of black alder Alnus 
glutinosa. 

The research embraced zones 11 to V, 
namely the associations of stiff sedge 
(Cs), Caricetum paradoxae (Cp), lesser 
tussock sedge (Cd) and alder (Ce) (Ta­
ble 1 ). The first two associatons are on 
sedge peat, while the association with 
lesser tussock sedge is on moss peat and 
the alder carr on alder swamp peat. In re­
lation to the degree of marshiness, 0 k­
r u s z k o ( 1977) and L i w s k i et al. 
(1984) divided these soils into three 
groups: slightly-marshy (Pt 1), medium­
marshy (Pt 11) and strongly-marshy (Pt 
Ill) (Table 1 ). These soils have a mark­
edly acid reaction, with pH values be­
tween 4.7 and 5.2 (Pale zy n ski 1972). 

Water covers the study areas in 
spring. It falls gradually, fastest in the al­
der carr. The association with lesser tus-
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Table 1. Characteristics of study sites in terms of vegetation, peat type and period of 

utilization, after: Marek (1965), Os wit (1965), Palczynski (1972), Okruszko 

(1977), Liwski et al. (1984), Kajak (1985) 

Natural fens Drained fens 

Plant Site Swamping Soil Dominated Site Moorshing Soil Years 
degree moisture after community symbol degree moisture plant species symbol 

drainage (zonal 
arrangement 

in relation 
to river) 

Sedge peat 

Caricetum Cs Ptllbb* 75 Caricetum MF Mtllcb* 74 No data 
• stnctae gracilis 

(zone 11) 
Caricetum Cp Ptllbb 75 Festuca M2 Mtlbb 65 1-2 

paradoxae rubra, 
(zone Ill) Dactyl is 

glomerata 
Deschampsia M lOO M till cc 59 >100 

• caesoztosa 

Moss peat 

Caricetum Cd Ptlcc 81 Festuca M20A Mtlaa 80 15-20 

diandrae rubra, Carex 
(zone IV) rostrata 

Alder peat 

Alder- Ce Ptlllab No data F estuca rubra M20C Mtllcc 55 15-20 

Carici 
elongatae 
Alnetum 
boreale 
(zone V) 

alder A20C Mtllcc 55 15-20 

*Pt - natural peats, Mt - moorshed peats; Roman numerals denote degree of marshiness on a 3-point scale; 

letters a, b and c denote degree of decomposition of peat from the lowest to the highest, at a depth of 30-80 cm 

- first letter, at a depth of 80-130 cm- second letter (Liwski et al. 1984). 

sock sedge is basically marshy through­ The research on the natural fens was 

out the year. At the time the research was carried out in 1982. Carabids were 

carried out the extent of floodwaters was trapped continuously between May and 

as follows: the association of stiff sedge November, with traps being emptied 

(Cs) had water between tussocks until the every week. There were 10 traps (0 -

end of June, while water retreated from 7 cm, 10 cm deep) per site (plant associa­

the association with Carex paradoxa (Cp) tion). In tussock associations (Caricetum 

about two weeks earlier. A high level of strictae and Caricetum paradoxae the 

water was maintained in the alder carr traps were placed alternately on tussocks 

site until May. and between them. A total of 850 samples 

The fragments of the study areas were collected. 

with sedge associations nearest to the em­ The natural fens acted as a control in 

bankment were utilized, being mown in relation to the drained fens described be­

late June and early July. low. 
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2.2. DRAINED FENS 

The study included two groups of 
drained fens used as mown meadows and 
dominated by sedges and grasses (Ta­
ble I). The first group comprised mead­
ows on peaty soils of sedge origin, 
differing in the length of time after drain­
age 2-100 years (Table 1 ). The meadows 
sites were chosen in such a way as to per­
mit the tracing of likely changes over 
time in the structure of the carabid com­
munities of drained fens. 

Mean seasonal moisture on the 
meadows ranged between 58 and 75% by 
weight (Table 1). The meadow with 
Caricetum gracile - that nearest the river 
- was flooded from time to time. Only 
this site was not cultivated, but mown. 
The soils were moderately acidic, with 
pH values of between 5.1 and 6.7 (Ka­
j a k et al. 1985). 

The second study site consisted of 
drained fens used as meadows and lo­
cated on peats of different origin (i.e. 
sedge, moss and alder- swamp peats), but 
all drained at the same time (K aj a k et 
al. 1985), as well as swampy alder wood­
land. The meadows and woodland were 
selected with a view to deducing likely 
changes in the carabid communities of 

drained fens in relation to the type of 
peat. 

The mean soil moisture ranged be-
tween 61 and 81% by weight. Values 
were lowest in the soil developed from al­
der peat and highest in those developed 
from moss peat (Table 1).The pH values 
were of 5.9 - 6.0 (K aj a k et al. 1985). 
0 k r u s z k o ( 1977) and L i w s k i et al. 

( 1984) divided peaty soils in relation to 
the degree of moorshing as weakly-moor­
shed (Mt 1), moderately-moorshed (Mt 11) 
and strongly-moorshed (Mt Ill). They 
also distinguished degrees of decomposi­
tion of peat from weak (a) to strong (c), 
with an intertnediate level (b) (Table 1 ). 
The most moorshed soils were those of 
alder-swamp origin (Table 1 ). 

Samples on the drained fens were 
taken in the years 1978-1979. In the for-

mer year, 20 traps (0- 7cm, IOcm deep) 
were set at each site and in the latter 1 0. 
The traps were placed once or twice a 
month for two days, in the period be­
tween the end of April and November. 
Totals of 270 and 780 samples were col­
lected in 1978 and 1979 respectively. 

2.3 METHODS OF ANALYSIS OF THE MATERIAL 

The species similarity index of Mar­
czewski and Steinhaus (1959), the 
Shannon and Weaver (1963)diver­
sity index H' and Pielou's J index of even­
ness (1966) were analysed. 

The similarrity index was calculated 
using the following fottnula: 

w s=---
a+b-w 

where a - the number of individuals of 
given species in the community A, b -the 
number of individuals of given species in 

the community B, w - the number of in­

dividuals of common species for the com­

munities A and B. Used in the calculation 

of the index of similarity were the num­

bers of individuals of different species 

over the whole research period. The fol­

lowing scale was adopted in describing 

the similarity of communities: 
over 70% - very great similarity 
50.01-70.00%- great similarity 
40.01-50.00%- moderate similarity 
20.00--40.00%- slight similarity 
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The diversity index was calculated 

using the following fonnula: 

s 
H = LP;lnp; 

i=I 

where S - is the number of species, p; = 

ni/n, ni - is the numerical abundance of 
different species in the year of study and 
n - is the total number of individuals 
caught in that year. 

The index of evenness was calcu­
lated by reference to the abundance of the 
different species in each year of study, in 
accordance with the formula 

J = H'!lnS 

where S - is the number of species in a 
given community and H the value of the 
diversity index for the given community. 

The following scale was applied in 
describing dominance structure: 

over 30.00% dominant 

30.00-I 0.0 I % sub-dominant 

I 0.00-5.01 % recedent 

below 5.00 % accessory 

The relative abundance of carabids 
was estimated by reference to the inci­
dence of captures, i.e. the number of indi­
viduals trapped per trap per day (24 
hours). The significance of differences 
between mean capture rates at the differ­
ent study sites and in successive years 
were assessed using Wilcoxon's non­
parametric test (S i e g e I 1956). In turn, 
the test from Hutch en son ( 1970) was 
applied to detettnine the significance of 
differences between coefficients of diver­
sity. 

l 'o describe the environmental re­
quirements of carabids, groups of species 
were distinguished by reference to: hu­
midity preferences (hygrophilic, meso­
philic and xerophilic); development type 
(applying the classic division of La r s­
son (1939) - as spring or autumnal; 
feeding strategy - zoophagous or hemi­
zoophagous; flying ability - macropter­
ous (able to fly), dimorphic (periodically 
capable of flight) or brachypterous 
(flightless). Species were also classed as 
large or small (longer or shorter than 13 
mm). 

3. RESULTS 

3.1 . COMMUNITIES OF CARABIDS ON NATURAL FENS 

The highest capture rate was re­
corded from natural alder carr (Table 2). 
This rate differed statistically from those 
noted in the other plant associations, with 
the exception of the association of lesser 
tussock sedge adjacent to the carr com­
munity (p > 0.05). The lowest, signifi­
cantly different, rates of capture of 
beetles were noted in Caricetum strictae 
(Cs) and Caricetum paradoxae (Cp), i.e. 
in the flooded zone (p < 0.05). 

The population dynamics of Carabi­
dae were characterized by spring and 

summer peaks in abundance (Fig. 2). The 

spring peak came earliest (in early June) 

in alder carr, with the shifts in the sedge 

associations where a high water level re­

mained longest were to the end of June, 

or even into July in the case of the asso­

ciation with stiff sedge (Fig. 2). 
In associations of tussock vegetation, 

the capture rates on and between tussocks 

did not differ significantly (p > 0.05), in 

spite of an observed intensification of ac­

tivity between tussocks in summer (July) 
(Fig. 3 ). 

https://0.00-5.01
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Table 2. Mean capture rates of carabids (nwnber of individuals captured per trap-day in period 
May-October) on natural fens (for whole community as well as in traps on or between 

tusssocks) and drained fens (site description in Table 1) 

Site 1978 1979 

natural fens 

Cs 

Cp 

Cd 

Ce 

drained fens 

MF 0.36+0.70 

M2 0.04+0.07 0.36+0.48 

M20B 0.10+0.14 0.241 0.31 

M100 0.12+0.15 0.04+0.06 

M20A 0.03+0.03 0.09+0.1 0 

M20C 0.19+0.23 0.94+0.93 

A20C 0.15+0.21 0.39+0.61 

The greatest number of carabid spe­
cies (21) was recorded from alder carr. 
Numbers of species were lower (in the 
range 15 to 17) in the sedge associations 
(Appendix I). The numbers of species in­
creased successively with distance of an 
association from the river. 11 species 
were common to all the natural plant as­
sociations (Appendix 1), with A. moestum 
among them being the absolute dominant 
in all. Individuals of this species ac­
counted for 44% of all beetles caught, 
while the remaining species were in the 
main accessory or recedent in most of the 
associations, achieving dominance in 
only a few cases (Appendix I). 

As a species now rare in Poland, 
Chlaenius costulatus was an important -find in the lesser tussock sedge associa-
tion. This species is typical of natural 

1982 

total community tussocks 
between 
tussocks 

0.12+0.12 0.11 +0.19 0.15+0.15 

0.07+0.08 0.05+0.06 0.10+0.10 

0.29+0.39 

0.57+0.39 

fens, and the number of sites has declined 

as ever more drainage work has been car­
ried out (K a r p i it s k i and M a k 6 I s k i 
1954;Burakowski eta/.1974). 

The natural fens studied showed 
great similarity in their communities of 
carabid species (Fig. 4). Most similar 
(with indices over 70%) were the faunas 

of Caricetum paradoxae (Cp) and 
Caricetum strictae (Cs) and Caricetum 
paradoxae and Caricetum diandrae (Cp). 
The carabid communities in the emersed 

zone (Caricetum diandrae association) 
were more similar to those of alder carr 
than that from the flooded zone 
(Caricetum strictae) (Fig. 4). Groupings 

from adjacent fens are thus more similar 
to one another than those that are sepa­
rated in space. 

https://0.39+0.61
https://0.15+0.21
https://0.94+0.93
https://0.19+0.23
https://0.03+0.03
https://0.04+0.06
https://0.12+0.15
https://0.10+0.14
https://0.36+0.48
https://0.04+0.07
https://0.36+0.70
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Fig. 2. Peaks in captures of carabids ( nwnber of individuals per trap) on different sites of 
natural fens (Cs, Cp, Cd., Ce) and on different sites of drained fens (MF, M2, M20B, MlOO, 

M20A, M20C, A20C (period May-October, site description see Table 1) 

The species diversities of the diversity, i.e. showed highest species 
sedgeland associations (Cs, Cp and Cd) evenness for the carabid community of 
were significantly lower than that in alder alder carr (Table 3 ). 
carr (Ce) (Table 3), but did not differ sig­ The dominance structures of the 
nificantly from one another (Table 3). carabid communities on the natural fens 
Values for the coefficient of evenness studied were characterized by the large 
showed similar trends to those for species proportion of accessory and recedent spe-
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Fig. 3. Peaks in captures of carabids (number of individuals per trap) on and between 
hummocks of the Caricetum strictae (Cs) and Caricetum paradoxae (Cp) associations of natural 

fens (period May-October) 

Mf M2 M208 M lOO M]J)A M:lDC A20C Cs Cp Cd Ce 
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M1JJA == M20C I 1 .11 i Ill 
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·: ;-;·~ -~~~~ Ce ~~::,;~~~ lillfi2U ~~~§~ I I I - -

below 200/o no similarity ............... ~ 
2~0% slight similarity 

............. ~ 401-50% moderate similarity 
------~ so 1-70% great similanty 

__,over 70% very great simtlanty 

Fig. 4. Species similarity of the carabid communities different sites of natural (Cs, Cp, Cd, Ce) 
and drained (MF, M2, M20B, MIOO, M20A, M20C, A20C) fens (values of Marczewski and 

Steinhaus index (1959) for data May-October, for site description see Table 1) 

cies (Fig. 5). The most marshy site studied were hygrophilic. Mesophilic 
( Caricetum diandre, Cd) had no domi­ species also played a significant role, and 
nant species (Fig. 5). one which was greater in communities 

From the point of view of environ­ further and further from the river. They 
mental preferences, most of the carabids attained greatest significance in alder 

https://J~,;{i.mm
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Table 3. Diversity of carabid communities estimated by reference to values for the 
Shannon- Weaver H' index and the index of evennes (J) of different sites (Cs, Cp, Cd, Ce) 
of natural and different sites (MF, M2, M20B, M lOO, M20A, M20C, A20C) of drained fens 

(May-October combined, site description as Table 1) 

Site Index 
H' J 

1978 1979 1982 1978 1979 1982 
natural fens 

Cs 1.79 0.66 
Cp 1.74 0.63 
Cd 1.64 0.58 
Ce 2.15 0.70 

drained fens 
MF 1.45 0.70 
M2 2.24 1.71 0.93 0.69 

M20B 1.38 2.21 0.71 0.86 
MlOO 0.97 1.73 0.70 0.65 
M20A 1.89 1.34 0.97 0.83 
M20C 0.89 0.77 0.43 0.29 
A20C 2.06 2.03 0.78 0.75 

o/o 
100 

90 

80 
0 accesory species 

70 IlD recedents 
~sub-dominants 60 

L •dominant 
50 

40 

30 

20 

10 

0 ... 
Cs Cp Cd. Ce MF M2 M20B M100 M20A M20C A20C 

• 

Fig. 5. Percentage shares of all material taken by species of different levels of dominance on 
different sites of natural (Cs, Cp, Cd., Ce) and drained (tviF, M2, M20B, MlOO, M20A, M20C, 

A20C) fens (period May-October, for site description see Table 1) 

carr. The relationship noted corresponded (Table 5). Small zoophages (of body 
to the hydrological conditions prevailing length mm) were prevalent in the com­
in the environments studied (extent and munities, as were macropterous species, 
duration of river flooding, see Table 1 ). i.e. those capable of flight, and dimorphic 
Where developmental type was con­

species occasionally capable of flight. 
cerned, spring species of carabid ac­

The share of flightless (brachypterous) counted for the greatest proportion 
species is greater in associations further (Table 5). The share of autumn species 

was greater in associations further from from the river and greatest in alder carr 
the river and was greatest in alder carr (Table 5). 
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3.2. THE CARABID COMMUNITIES OF DRAINED FENS 

The highest capture rates were noted 
on alder-swamp peats on a meadow 
(M20C) and in alder carr (A20C), while 
the lowest characterized the meadow on 
moss peat (M20A) and a sedge peat 
drained a century ago (M 1 00) (Table 2). 
Capture rates were lower on all the sites 
in the first year than in the second (Table 
2). However, the communities showed 
similar population dynamics in both years 
of study, on all the meadows examined. 
To be seen in all cases were two peaks in 
abundance, one in spring and one in sum­
mer (Fig. 2). The one exception was the 
meadow on moss peat drained 10-20 
years previously (M20A), on which the 
1978 research revealed one peak in the 
capture rate at the beginning of May 
(Fig. 1). On most of the studied meadows, 
the first (spring) peak was usually noted 
in late May or early June, and the second 
in mid July or August (summer) (Fig. 2). 

Two species - [:~rabus granulatus 
and Pterostichus nigrita - were common 
to all the meadows on drained fen (Ap­
pendix 2). On most of the meadows, C. 
granulatus was dominant or sub-domi­
nant (Appendix 2). Only on the meadow 
where drainage had taken place just 2 
years before (M2), and on the most-moor­
shed, alder-peat meadow and the meadow 
inundated periodically (MF) was this an 
accessory or recedent species (Appendix 

2). In contrast, P. nigrita was only domi­
nant on the periodically-flooded meadow, 
as well as on moss peats. At the remain­
ing sites it was an accessory species ( Ap­
pendix 2). 

The meadows on fens drained at the 
same time were characterized by carabid 
communities with moderate values of the 
species similarity index (40.1-50.0%), ir­
respective of the type of peat. In contrast, 
the group of meadows on sedge peats 
drained at different times- located in dif­
ferent parts of the valley - had carabid 
communities of limited similarity (indices 
in the range 20.0-40.0%) or no similarity. 
Only on meadows which had been 
drained a relatively long time ago did 
carabid groupings show moderate values 
of the similarity index (40.1- 50.0%), in 
spite of the considerable distances be­
tween sites. 

The two years of study featured simi­
lar trends for the carabid diversity of 
meadows on the different peats. Diversity 
was lowest on the meadow on alder-peats 
(M20C), higher on the one on moss peats 
(M20A) and highest of all on that on 
sedge peats (M20B) (Tables 3 and 4). 
The indices of evenness took on very dif­
ferent values on the meadows studied 
(from 0.29 to 0.97, Table 3). The lowest 
species evenness characterized the carabid 
communities of meadows on alder-

Table 4. Significance of differences between H' diversity indices for the different sites 
on drained peats in the different years of study (for site description see Table 1) 

Significance of M.2 M20B M lOO M20A M20C A20C MF M2 M20B M lOO M20A M20C A20C 
differences 
between ~ears 

MF I I I I I I ns ns I I I ++ 

+ M2 I I I I I I + I I I ns + ns ns I I I + 

I I I M20B ++ + ++ ++ +I I + + I I I 

+ M lOO +++ ns • I I I I I +++ + 

ns M20A I I I + + ++ 

ns M20C I I I + 

ns A20C 

ns - not significant, p>0.05; + p<0.05; ++ p<O.Ol; +++ p<O.OOl 
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swamp peat (Table 3). Values for this in­ meadow with alder-swamp peat. There 

dex did not always coincide with those were also 2 dominant species on the se-

for the diversity index. This was the case ries of meadows on sedge peats which 

for meadows on moss and sedge peats, on had been drained at different times. The 

which carabids were often characterized meadow drained 100 years before (M100) \ 
by high evenness despite low species di­ had a community dominated by C .granu­

versity (Table 3). latus and P. vulgaris, which accounted 

Four of the meadows had a dominant for 45 and 47% of individuals respec­
species (i.e. one accounting for more than tively, while the periodically-flooded 

30% of all individuals, Appendix 2). meadow (MF) had Agonum moestum as a 

Such a species was only lacking on mead­ dominant accounting for over 55% of the 
ows on sedge peat which had been total carabid population. 
drained 2 or 10-20 years previously (M2 Trends in the dominance structure of 

and M20B). The alder carr (A20C) also communities were the same in both years, 

had no dominant carabid within the with accessory species being in the ma­

grouping (Appendix 2). The meadows on jority (Fig. 5). Their role was greatest on 

the different peats all drained at the same meadows on alder peat and drained most 

time (M20A, M20B and M20C) had 2 recently (Fig. 5). There was also a lack of 

dominant species: Carabus granulatus, sub-dominants in the communities of the 

dominant on meadows on moss peat, most-moorshed peats - the alder peat 

where it accounted for c. 33% of all indi- (M20C) and the peat drained 1 00 years 

\ viduals, and Pterostichus caerulescens,_ ago (M 1 00) (Fig. 5). The largest share in 

accounting for 82% of the carabids on the the carabid community of the peri-

Table 5. Ecological characteristics of carabid groupings on different sites (Cs, Cp, Cd, Ce) 
of natural fens (N - no. of species, o/o share of species among all those recorded, excluding 

indetettninates; site description as in Table 1) 

Groups Site 
Cs Cp Cd Ce 

N % N % N % N % 

Feeding group 
zoophages: 

small 12 80 13 81 13 77 18 86 
large 3 20 3 19 4 23 3 14 

hemizoophages 
Development type: 

• spnng 15 100 15 94 15 88 18 86 
autumn 1 6 2 12 3 14 

Humidity group: 
hygrophilic 14 93 15 94 14 82 17 81 
mesophilic 1 7 1 6 3 18 4 19 
xerophilic 

Flying ability: 
52 macropterous (flying) 9 60 9 56 8 47 11 

dimorphic (transitorily 
capable of flight) 5 33 6 38 6 35 6 29 

brachypterous 
(not flr!ng) I 7 1 6 2 12 4 19 



Table 6. Ecological characteristics of carabid groupings on different sites (MF, M2, M20B, M20A, M20C, A20C, Ml 00) of drained fens (N - no. 
of species, % -share of species among all those recorded, excluding intdetenninates; site description as in Table I), for whole study period 

(') 

Groups Site ~ 
er MF M2 M20B M20A M20C A20C MIOO 
~ 

-· 0.. 
(') N o/o N % N % N o/o N % N % N % 
0 

Feeding group 3 
3 zoophages: c: 
~ small 7 87 ~ 10 62 11 79 6 60 9 60 15 79 5 62 -· ~ -· 

large 1 13 4 25 2 14 3 30 2 13 2 10 3 38 en 
0 

~ 

hemizoophages 2 12 1 7 1 10 4 27 2 10 H) 

t ~ ,.... Development type: 
~ 

c: 
• ..., 

spnng • 8 100 13 81 13 93 8 80 13 81 14 70 6 75 ~ -
~ autumn ' 5 19 1 7 2 20 3 19 6 30 2 25 ~ 
0.. Humidity group: 0.. 

hygrophillic 8 100 11 65 10 71 6 60 7 44 12 60 5 62 
-s 

-· ~ 

~ mesophilic ~ 6 35 4 29 4 40 8 50 7 35 3 38 0.. 

xerophilic 1 6 1 5 ""0 
~ 

-~ ~ Hying ability: 
§ macropterous (flying) 5 62 8 50 8 57 5 50 10 62 10 52 4 50 
0.. 

dimorphic en 

(transitorily caable of flight) 3 38 8 50 6 42 5 50 6 37 7 37 4 50 
brach~Eterous (not fl~ng) 2 10 
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odically-flooded meadow was taken by ac­
cessory and sub-dominant species (Fig. 5). 

Hemizoophages occurred on almost 
all the meadows (species of the genera 
Amara and Harpalus associated with 
agrocoenoses ). The greatest proportion of 
such species was noted on the meadow on 
alder-swamp peat (Tables 6). The pre­
dominant species were those of the spring 
type of development, with the greatest 
share of autumnal species being noted on 

the sedge-peat meadow drained 1 00 years 
ago (Table 6). There was also a preva­
lence of hygrophilic species, with xero­
philic species appearing on sites located 
on alder-swamp peat (A20C and meadow 
M20C), where humidity was lower than 
at sites on the other types of peat. Species 
capable of flight were dominant in the 
communities studied, while flightless 
(brachypterous) species were only present 
in alder carr (site A20C, Tables 6). 

4. DISCUSSION 

The environmental conditions of the peats. The latter had earlier peaks than the 
fens (i.e. cyclical flooding of rivers and fortner, though this does not imply an ex­
pertnanent marshiness in the case of natu­ tended period of carabid activity. Such dy­
ral sites, or periodic desiccation and agro­ namics for captures may however attest to 
technical measures in the case of drained the influence of river flooding in the case of 
fens) ensure that the carabid communities natural peats, and to periodic summer des­
present are adapted to variable conditions iccation in the case of drained ones. 
and show certain characteristic features The communities of carabids on 
(Table 7). natural and drained peats are dominated 

Two peaks for beetle capture rates by species capable of flight, with spring­
were noted on both natural and drained type development (wintering of the 

Table 7. Comparison of carabid communities of natural and drained fens 

Characteristic Natural fens Drained fens 

Seasonaldynarrrics two peaks of activity two peaks of activity 
later in season earlier in season 

Species sirrrilarity limited 

Species diversity highest in alder carr highest in alder carr 
lowest at most moorshed site lowest at most moorshed site 

Index of evenness lowest at most moorshedsite lowest at most moorshed site 

Dominance structure one dominant one dominant 

Share of species in different accessory species dominant accessory species dominant 
dominance groups 

Trophic structure zoophages zoophages, hemizoophages 

Flying ability mainly able to fly mainly able to fly 

Development type mainly spring mainly spring 

Hurrridity predominantly hygrophilic hygrophilic and mesophilic 

Environment species associated with marshy species associated with meadows 
areas and wet meadows and arable fields 
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imago). A capacity to move about rapidly 
allows the beetles to avoid either flooded 
or dried-out areas. Seasonal migrations of 
carabids linked with the search for opti­
mal breeding and wintering sites have 
been described in relation to marsh and 
field communities (D e s e n d e r 1982; 

Wallin 1987; Frambs 1994). The 
places on natural fens where beetles 
might survive the winter or periods of 
flooding may thus be considered to be al­
der carr and mineral islands. 

A prevalence of species of spring­
type development has been linked by 
Larsson (1939), Lindroth (1949) 
and P a a r m an ( 1979) with a continen­
tal climate and a short growing season. In 
contrast, T h i e l e ( 1977) made the link 
with humidity conditions, considering 
species of spring-type development char­
acteristic of wetland environments. The 
fens studied are characterized by a short 
growing season lasting 180-200 days and 
by the occurrence of only 80 frost-free 
days (Czerwinski 1983; Rctk­
o w ski 1983). For this reason, the area 
also has species reproducing earlier in the 
season, and hence of spring-type develop­
ment, whose larvae develop in early sum­
mer (La r ss on 1939), i.e. in the most 
favourable period (when floods have 
ended and soils have not dried out). 

The carabid communities charac­
teristic of marshland environments un­
dergo a complete change in species 
composition following fen drainage. The 
species appearing (e.g. those of the gen­
era Amara and Harpalus) are of different 
environmental preferences, being charac­
teristic of agricultural areas. Mesophi lie 
species also take on a greater role in these 
communities, and a further distinguishing 
feature is the presence of hemizoophages 
(Table 7). Similar changes in the carabid 
communities of drained peat land environ-

ments were noted by F ram b s ( 1994 ), 

and spiders (Araneae) have also been 
shown to react in the same way (K a j a k 
and Kaczmarek 1994). In contrast, in 
the cases of other soil organisms like 
nematodes, earthwo1n1s, springtails and 
ants, there is apparently no total recon­
struction of the species composition of 
groupings (Wasilewska 1991; 
M a k u 1 e c 1991 ; P ~ t a I 1991 ; 
Kaczmarek unpublished data; Kajak un­
published data). The communities of 
natural and drained fens show only lim­
ited similarity in tettns of species, sug­
gesting that they are distinct (Table 7). 
Species not present previously would 
seem to appear in carabid communities 
relatively quickly - a fact attested to by 
the limited similarity of communities of 
these beetles between meadows on peat­
lands drained in different years (Fig. 4 ). 
Perhaps indicative of the significant influ­
ence that fen drainage and agrotechnical 
measures exert on carabid species compo­
sition is the great similarity between the 
communities noted on natural peatlands, 
and on the unmanaged meadow peri­
odically subject to flooding (MF) (Fig. 4 ). 

Carabid species diversity was linked 
with the marshiness and degree of 
moorshing of peats (Table 7). The influ­
ence of the latter factor was seen most 
clearly on the meadow on the most-moor­
shed alder-peat, which had the commu­
nity of the lowest diversity. A significant 
difference between this meadow and the 
others on sedge and moss peats has also 
been noted in the case of other inverte­
brates, with the abundance and species 
richness of saprophagous and predatory 
species being lower, and numbers of phy­
tophages periodically high (K a j a k et 
al. 1985, 1991). K a c z mare k (1991) 
and Was i I e w s k a (1991) both consid­
ered this an indication of the ecological 
instability of the meadow on the most 
moorshed peat, which is prone to periodic 
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desiccation. It is therefore possible to ad­
vance a general conclusion that natural 
fens are characterised by specific carabid 
communities which are as permanent as 
the environmental conditions pertnit, 

since those subject to the action of power­
ful environmental factors (drainage and 
agricultural utilization) experience a com­
plete rearrangement of their species com­
position. 

5. SUMMARY 

The carabid communities of natural and 
drained fens in the Biebrza Valley (NE Po­
land) (Table 1, Fig. 1) were analysed in rela­
tion to material trapped in the 1978-1982 
seasons. Species composition, similarity and 
diversity were determined. 

The dynamics of capture featured two 
peaks in the course of the season, which 
came earlier on the drained fens than on the 
natural ones (Fig. 2). Where the latter were 
tussocky (i.e. with the associations of stiff 
sedge or Carex paradoxa), the capture rates 
did not differ greatly between trapping sites 
on and between the tussocks (Table 2). The 
only exception came in July, when more bee­
tles were captured between tussocks (Fig. 3). 

Study of the different habitats revealed 
the occurrence of two species common to all 

, the natural and drained fen sites, i.e. ,Carabus 
-' \' gt:g__nulatus L. and Pterostichus nigr_ita (Fabr.) 

J {Appendix 1 and 2). The species similarity of 
the beetles of natural and drained fens was 
weak (Fig. 4), with the only communities dis­
playing greater similarity being the peri­
odically-flooded meadow (MF) and the 
Caricetum paradoxae association (Fig. 4). 

The lowest species diversity was noted 
for the meadows on the most moorshed and 
marshy peats (Tables 3 and 4). 

On natural fens, the absolute dominant 
species was AgoiJJi_m moestum (Duft. ), which 
accounted tor -over 44% Oflne carabid bee­
tles caught. However, proportional repre­
sentation of this species was successively 
lower in environments less and less marshy 
in character. On the drained fens, different 

species of carabid were predominant on dif­
ferent meadows. The different meadows that 
had been drained at the same time had 
Carabus granu/atus L. as the dominant 
where peat was mossy (accounting for over 
33% of all beetles captured), and Pteros­
tichus cerulescens (L.) as the dominant where 
the peat was of alder-swamp origin (80% of 
individuals). The absolute dominants on the 
meadows drained 100 years ago were again 
C. granulatus and P. vulgaris, whose shares l 
were 45 ana 47% respectively. A, moestum 
was dominant on the periodically-flooded, 
unmanaged meadow. Accessory species were 
in a decided majority in all the communities 
studied (Fig. 5), while a further characteristic 
feature was the prevalence of species of 
spring-type development and the ability to 
fly (Tables 5 and 6). Under the influence of 
the drying-out of fens there is a change in 
living conditions and a rebuilding of the spe­
cies composition of carabid communities. 
Hygrophilic species associated with wetland 
habitats are replaced by the mesophiles char­
acteristic of managed meadows and arable 
fields. Changes in trophic structure also oc­
cur, with hemizoophages of the genera 
Amara and Harpalus appearing on the 
drained peatlands (Appendix 2 and Table 6). 

The need for natural fens to be protected 
is indicated by the presence of rare species of 
plant and animal on them (D y r c z 1972; 
Palczynski 1975). The carabid communi­
ties studied did include a species that is now 
rare in Poland, i.e. Chlaenius costu/atus 
Motsch. 
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