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ABSTRACT: An effect of fen 
rec]aming (mainly drainage) on species 
composition and structure of an Enchytraeid 
community has been studied. Contribution 
of that group of animals to peat 
mineralization was assessed in relation to 
other soil saprophages. The studies were 
carried out in four meadows: one natural 
and three drained ones. Considerable 
similarity between communities of 
enchytracids occurring in the meadows of 
different peat origin was found. Moreover, it 

appeared that agrotechnical management 
accompanying drainage did not reduce 
species diversity of those communities. 
Despite little contribution of enchytraeids to 
mineralization, they play significant role in 
soil processes of the examined sites as they 
exist more successfully than earthworms 
under unfavourable soil conditions. 
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1. INTRODUCTION 

The Biebr7..a River ice-marginal val
ley is located in north-eastern Poland. It is 
one of few natural river valleys in Europe 
encompasses large (117 000 km2) natural 
peatlands. 

There have not been any faunistic in
for111ation available on Enchytraeidae oc-

curring in that region of Poland al thought 
quantitative investigation were performed 
(Kaja k et al. 1985). Evaluation of en
chytraeid occurrence in particular regions 
of Poland as well as faunistic recognition 
of various environments is incomplete. 
Composition of cnchytraeid species oc-

*This work was granted by European Commision ERBCIPDCT 930029. 
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curring in the soils of peatlands and peaty 
meadows of north-western Poland was 
studied by Mosz y n ski (1928, 1934) 
and Kasprzak (1977, 1982). 

Since the beginning of 20th century 
some areas of the Biebrza ice-marginal 
valley had been reclamed and converted 
into meadows. This consisted in soil 
drainage, ploughing and sowing of pas
ture species of grass. Such manipulations 
may lead to irreversible diversity reduc
tion of natural communities and transfor
mations of the entire ecosystems (C i e -
s i e Is k a et al. 1991 ). Drainage has 

initiated rapid soil mineralization: every 
year over 2 mm of peat is being lost from 
drained peatlands (Kajak and 
Okruszko 1990). 

The objectives of this work were: 

1) to compare species composition 
and structure of enchytraeid communities 
between a natural fen and meadows de
veloped as a result of drainage and man
agement of primeval areas, 

2) to evaluate contribution of that 
group of animals to peat mineralization 
with respect to alar1ning intensification of 
that process in grassland soils. 

2. STUDY SITES AND METHODS 

The studies were carried out in four were overgrown by alder-swamp, where

sites located in a lower part of the Biebrza as the wettest ones - by mosses and sed

river basin and upper part of the Narew ges. Although the differences are smaller 

river basin in north-eastern Poland. One now, moisture sequence remains the same 

site was a natural fen on sedge-moss peat (Table 1). The undrained site NM is not 

(NM), three others comprised meadows only wet but also periodically flooded. 

on soils drained about 30 years ago and Moisture content in the drained peatlands 

characterized by different peat origin: is decreasing in the order from the M site 

sedge-moss (M), sedge (S) and alder peat on sedge-moss peat to the A site on alder 

(A). Differences in peat origin results peat. Drainage causes that peat-for111ing 

from different water conditions prevailing process from plant debris is reduced, and 

in the areas considered prior to their mineralization of organic matter begins to 

drainage. At that time, the driest areas dominate, instead. The drier the soil, the 

Table 1. Soil moisture contents and levels of ground water table of the examined sites 
NM - fen; M, S, A - managed meadows 

I April I May I June I July I September I October 

Soil moisture (%) 

NM • • • • 88.0 ••• ••• 85.1 85.4 

73.9 M • • • 76.5 ••• 71.3 75.2 

s • • • 75.4 ••• 69.5 70.2 71.7 

65.6 A ••• 69.6 ••• 47.0 63.7 

Ground water level ( cm) 

M 36 21 65 39 74 

s 40 43 85 51 ••• 73 

A 54 ••• 70 83 47 59 

*No measurements made. 
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more intensive is process of mineraliza
tion. Mineralization measured by the 
amount of nitrogen released from the 
drained meadows differed by 2.6-fold 
(Z i m k a and S ta c h u r s k i 1996), and 
15 years earlier - when the rate of carbon 
release was taken into account - by factor 
1.1 (S z ans er 1991 a). The soils of the 
examined sites are slightly acidic with 
high C : N ratio (Table 2). 

Regarding vegetation, the fen (NM) 
is somewhat uncommon association of 
Caricetum diandrae. Agrotcchnical 
measures (sowing, fertilization) applied 
to the meadows altered their primary flor
istic composition. At present, the sites (A, 
M, S) are communities from the class 
Molinio-Arrhenatheretea (Kotowska, per
sonal communication, Pasternak-Ku -
snierska etal.1997). 

Preliminary quantitative studies were 
undertaken in May, July and September 
1994, while systematic ones were per
for111cd from April to October 1995. In
tensive studies comprised the three 
drained grasslands. To evaluate abun
dance dynamics, 7 series of samples were 
taken at monthly intervals. Each series 
consisted of 15 samples of 10 cm2 in area 
and 16 cm deep. 

Species composition and community 
structure were assessed on the basis of two 

series, each consisting of 20 samples of 20 
cm2 in area and a depth of 16 cm, collected 
in April and September, i.e. during the 
periods when the animals occurred in 
great numbers. Each sample was divided 
into 4 cm layers and extracted using the 
method described by O'Connor (1955). 
Species identification was done on living 
material consisting of 4445 individuals. 
Out of this number, 568 individuals were 
from the NM site, 1162 - from the M site, 
1129 - from the S site, and 1586 individ
uals - from the A site. 

To describe enchytraeid com
munities, the following indices were used: 

1) Species richness 

S-1 
d = lnN 

where: S - number of species in a sam
ple, N - number of individuals in that 
sample. 

2) Frequency 

Fr= Na 
N 

where: Na - number of samples contai
ning a given species, N - number of sam
ples in a series. 

3) Morisita 's index of similarity of 
communities structure (modified by 
Hom) (Horn 1966) 

Table 2. Site (NM, M, S, A) characteristics 

Site 

NM M s A 

Plant association Caricetum diandrae Molinio-Arrhenatheretea 

Peat origin sedge-moss sedge-moss sedge alder 

pH in H2o 6.3• 6.1 • 6 5.4 

C : N in soil a 
••• 12.2 12.3 12.4 

Mineralization rate in: 

g C -2 m -1 year ••• 524•• 655** 692** 

g N-NOJ m-2 day-1 
• • • 0.061 *** 0.081 ••· 0.16*** 

*Makulec (1991); **Szanser (1991b); ***Zimka and Stachurski (1996); 
8No measurements made. 
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s 

2 I Xi Yi 
i-1 M=-----

where: Xi, Yi - participation of species i 
in abundance in X, Y sites, S - total 
number of species. 

4) Shannon-Weaver's index of diver
sity 

s 
, ~ Ili Ili 

H = - LJ - log2 -
i-1 N N 

where: ni - relative abundance of i spe
cies, N - relative abundance of the entire 
community. 

Body lengths of the animals were 
measured with an accuracy of 0.5 mm. 
Size distribution of individuals was as
sessed for every sample. Estimation of 
enchytraeid biomass was based upon the 
size of individuals and the following con
version factors: YI = 6.22 x1·55, where y1 
- biomass in µg, x - body length in mm, 
and y2 = --62.38 + 20.14 lnx, where y2 -
dry weight in µg, x - biomass in µg 
(Ma k u I e c 1983). Mean weights of in
dividuals figured out from the above for
mulas differ on average by 4% from those 
calculated from equations for small-sized 
enchytraeids (Abrahamsen 1973). It 

was assumed that carbon content in en

chytraeid bodies was 46.3% dry wt, and 

nitrogen content - 11.4% dry wt (Co u 1-

s o n and W h i t ta k e r 1978). 
To estimate respiration of enchy

traeids, methods given by P h i 11 i p -
son et al. (1979) and R 6 m b ke (1991) 

were employed. On the basis of meteoro
logical data an assumption was made that 

the growing season (i.e. period of mean 
positive temperatures in a decade) in 1995 

was 270 days with the mean temperature 
amounting to l0.6°C. Regarding the fact 
that soil temperatures at the depth of 5 cm 

are by 0.2-4.2° Clower than air tempera
tures (Kaczmarek 1991a), assumed 
mean seasonal temperature of the soil was 

10°C. Enchytraeid respiration was esti

mated according to the for111ula: Q = 
33.6°·67, where Q - respiration in µI of 02, 
W - weight of an individual in g of bio

mass (Nielsen and O'Connor after 
R 6 m bk e 1991 ). Correction factor for 

animal activity 1.6 (Mak u 1 e c 1983) or 
2.2 (Standen after Mak u I e c 1983) was 
assumed to be equivalent to that for tem

perature 010 = 1.4- 2.5 at 10°C (O'C on -
nor 1971). When converting respiration 
into the carbon amount, RQ was assumed 

tobe0.7(Makulec 1983). 

3. RESULTS 

3.1. SPECIES COMPOSITION 

When describing species compost-

tion of enchytraeids, species from the 

family Enchytraeidae and one species 

from the family Propappidae classified 

fo11nerly to Enchytracidae, were in

cluded. 

Twenty four species of enchytraeids 

were recorded to occur in the soil: 14 

species at the fen (NM), and in total 20 

species in the three meadows (M, S, A) 

(Table 3). Similarity of species composi

tion was considerable - 11 species oc

curred in each of the three meadows. 

Eight species were noted to be common 

for all the meadows and the fen. 
Comparing species composition of 

enchytraeid communities between the fen 

(NM) and the meadow on sedge-moss 

peat (M), it appeared that from among 20 

species, 9 were common for both habitats 
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Table 3. Species composition, dominance (D - % ) and frequency (F) in the enchytraeid communities 
of peat soils. NM - fen; M, S, A -

Species NM 

D F D 

Propappldae 

Propappus volki Mich. 1.0 0.1 

Enchytraeldae 

M. armatus (Lev) 3.7 0.3 

C. atrata (Bret.) 0.3 • 0.1 

C. immota (Knoell)? 0.7 • 
B. appendiculata (Buchh.) 

B. fa/lax Mich. 

C. glandulosa (Mich.) 18.3 0.5 0.2 

C. sphagnetorum (Vejd.) 23.1 0.6 3.9 

M. argentea (Mich.) 25.2 0.7 5.1 

M. riparia Bret. 

E. buchholzi Vejd. 1.2 0.1 0.9 

F. bisetosa (Lev.) 2.8 0.2 0.5 

F. bulboides Niel. & Christ. 0.3 0.1 2.3 

F. galba (Hoffm.) 0.1 

F. leydigi (Vejd.) 0.1 

F. maculata Issel 1.5 

F. pe"ieri (Vejd.) 

F. ratzeli Eisen 0.4 

F. striata (Lev.) 0.2 • 
H. heleotropha Steph. 0.8 

H. jutlandica Niel. & Christ. 0.2 

H. nasuta Eis. 3.9 0.2 0.6 

H. perpusilla Friend 0.7 0.1 18.2 

H. ventriculosa d'Udek. 1.4 0.1 3.7 

Mesenchytraeus sp. 0.4 

C ernosvitoviella sp. 3.7 

Buchholzia sp. 

Enchytraeus sp. 1.6 6.4 

Fridericia sp. 11.3 45.8 

Hen/ea sp. 0.2 9.2 

Number of species 14 16 

Index of species richness 2.05 2.13 

Index of diversity 2.04 2.10 

*less than 0.01. 

managed meadows 

Site 

M s 
F D 

• 

0.2 

0.7 

• 0.5 

0.5 12.8 

0.4 2.8 

0.1 

0.2 4.8 

0.1 0.1 

0.2 0.4 

• 
• 

0.2 

0.1 0.4 

0.1 0.1 

• 0.5 

0.2 

0.9 40.2 

0.5 2.6 

0.1 

10.0 

23.4 

0.3 

14 

1.85 

1.80 

A 

F D F 

0.1 

0.1 

0.1 0.1 • 
0.7 6.5 0.3 

0.2 0.8 0.1 

• 0.1 • 
0.2 0.8 0.2 

• 4.3 0.6 

0.1 0.2 0.1 

0.4 0.1 

0.1 • 
0.1 0.8 0.2 

• 0.2 0.1 

0.1 0.6 0.1 

0.9 29.1 0.9 

0.2 5.2 0.6 

3.0 

37.6 

10.2 

14 

1.76 

1.69 
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and constituted about 45% of species 
composition. 

Species occurring exclusively at the 
fen included Propappus volki, Mesencliy
traeus armatus, Cernosvitoviella atrata, 
Fridericia striata and a questionable 
species Cernosvitoviella iln1nota. All 
these species pref er very wet or wet habi
tats. Species occurring exclusively in the 
meadows were: Buchholzia appendicula
ta, B. fa/lax, Marionia riparia, Fridericia 
galba, F. leydigi, F. maculata, F. perrie
ri, F. ratzeli, Hen/ea heleotropha and 
H. jutlandica. From among these species 

M riparia, H. heleotropha and H. jutlan
dica show special preferences for wet en
vironments. Remaining species are toler
ant of wide range of soil moisture 
conditions. The lack of P. volki, M. arma
tus and C. atrata in the meadows resulted 
from the drop in moisture content in com
parison with the natural fen (Table 1). 

Although the number of species re
corded in the examined sites was similar, 
the index of species richness reached the 
highest values in case of enchytraeid 
communities living in the least min
eralized soils (sites NM and M) (Table 3). 

3.2. COM~1UNITY STRUCTURE 

The fen was dominated by M. argen
tea (Table 3) constituting 1/4 of the entire 
enchytraeid community of that site. 
Considerable participation in enchytraeid 
numbers of that community was also 
characteristic of Cognetia sphag,zetorum 
and C. gla,zdulosa. The dominant species 
in all the meadows was H. perpusilla. Its 
participation in enchytraeid abundance 
was the lowest at the M site, while the 
highest - at the S site. Considerable pro
portion of specimens from the genus 
Fridericia was found for all the 
meadows. The only species declining 
in numbers with the decrease in moisture 
status of the meadows was M. argentea. 

Species displaying the highest values 
of frequency (constant class) at the fen 
(NM) were M. argentea and C. spliag
netorum. C. glandulosa was an accessory 
species, and 11 remaining ones were ac
cidental species (Table 3). In the meadow 
M, H. perpusilla was absolutely constant 
species ( eu-constant class), and H. ven
triculosa - a constant one. Two species: 
C. sphagnetorum and M. argentea be
longed to accessorial class, and 12 re
maining species - to accidental class. H. 
perpusilla was also an absolutely constant 

species at the S site, whereas C. sphag
netoru,n was a constant species, and 12 
remaining ones constituted accidental 
class. At the site A, the cu-constant class 
was again represented by H. perpusilla, 
and constant class - by H. ventriculosa 
and F. bisetosa. The only accessory 
species at that site was C. sphagnetoru,n, 
whereas accidental class included 10 re-
ma1n1ng species. 

Dominance and frequency indices 
show that the same species are numerous 
and constant. Solely at the site A fre
quency of the species F. bisetosa, indi
cates that, despite its low abundance, it is 
characteristic and important for that site. 

Dissimilarity of enchytraeid domin
ance structure among the examined sites 
is reflected by the values of Shannon
Weaver's index of diversity (Table 3). At 
similar species numbers, the most uni
form density distribution producing the 
highest value of the index took place in 
case of the M site community (Table 3). 
The index of species richness enabled to 
distinguish two groups of communities: 
the first one included the NM and M 
sites, while the second one - the S and 
A sites. The values of that index were sig-
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nificantly different for the two groups at 
p < 0.02. Within-group variation was stat
istically insignificant for either group. 
Therefore, enchytraeid communities of 
the natural fen NM and the meadow of 
the same peat origin (M) had a rich diver
sity, whereas communities of the remain
ing two meadows: S and A were charac
terized by a poorer diversity. 

With a view of assessing similarity 
of enchytraeid communities, Morisita's 
index was employed. Its values varied 
from 0.25 to 0.80 (Fig. 1 ). Enchytraeid 
communities are similar among the three 
cultivated meadows - the index ranges 
here between 0.61 and 0.80. The fen com
munity is markedly different from those 
of the meadows. Merely communities of 

-7 
NM M s A 0.75 

NM 

M 0.61 0.50 

S 0.25 0.80 

0.25 A 0.29 0.61 0.75 

Fig. 1. Similarity of the enchytraeid communities 
(the diagram contains Morisita 's index values) 

NM - fen; M, S, A - managed meadows 

the fen and meadow M, i.e. two sites of 

the same peat origin, were found to be 

similar. In this case Morisita 's index was 

equal to 0.61. 

3.3. DENSITY 

3.3.1. Vertical distribution 

A pattern of vertical distribution of 
enchytraeid communities varies with re
gard to both site and season (Fig. 2). The 
seasonal variability coincides with actual 
moisture conditions in the soil profile. In 
April and May, from 90% (fen NM) to 
33% (meadow A) of all individuals of 
these communities occurred in the upper 
soil layer (0 4 cm). During summer (July, 
August), lower soil layers were colonized 
more 

I 

intensively. In autumn (September, 
October), the majority, i.e. 60-76% of en
chytraeids was again concentrated in the 
upper layer, except the site A, where 
scarcely 19% of all specimens occurred in 
that soil layer. 

Thus, it is evident that, regarding 
moisture conditions, substantially differ
ent sites NM and A have definitely differ
ent patterns of vertical distribution of the 
animals. At the fen, the upper soil layer is 
always more numerously populated by en
chytraeids, whereas the lowe11nost one 

(12-16 cm) contains from 2 to 7% of the 
animals. This is the only site where sam
ples can be taken, as usually practised, to a 
depth of 10 cm without a risk of making 
any serious error. The least wet site A was 
characterized by much more uniform dis
tribution of enchytraeids: the upper layer 
contained 8-58% of individuals, and the 
lowe1111ost- between 7 and 30% (Fig. 2). 

The correlation existing between en-

chytraeid distribution and soil moisture 
content of the examined sites may be ex

pressed by the formula: 

y = exp (1.92 + 0.30 x) 

where: y - soil moisture in % of water 
content, x - relative (%) abundance of 
enchytraeids in the upper (0 4 cm) soil 
layer. 
The correlation coefficient r = 0.82 is 
significant at p < 0.01 (Fig. 3). The 
above for111ula may be useful in the fu
ture when extrapolating population abun-
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Fig. 2. Vertical distribution of enchytracids across 4 soi] layers 
a -0 4 cm, b - 4.1-8 cm, c -8.1-12 cm, d- 12.1-16 cm of depth; NM, M, S, A-site symbols 
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Fig. 3. The effect of soi] moisture on enchytracid occurrence in the surface soil layer (0 4 cm) 
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dance from the values recorded for vari
ous soil depths. 

Vertical distribution of the most 
abundant species was analysed. At the fen 

NM, the dominant species Mario1ii1za ar
gentea was the most numerous in solely 

the surface soil layer, whereas the deeper 

layers were populated mostly by C. glan

dulosa and C. sphagnetorum. All the soil 

layers of meadow environments were 

dominated by H. perpusilla, though M. 

arge,itea predominated in another layer 

(8-12 cm) of the site M. 

3.3.2. Seasonal changes in enchytracid numbers 

During the season 1995 mean abun
dance of enchytraeids was from 10.6 · 103 

indiv. m-2 at the fen NM to 2.7 · 103 

indiv. m-2 in the meadow S. 

In case of meadows it was possible 
to compare changes in enchytraeid num
bers estimated for three different months 
and different years between sites of the 
same types (though not identical). The 
meadow on alder peat appeared to have 
the lowest enchytraeid density. Densities 
found for the two remaining meadow 
types were ea. 2 times higher (differences 
significant at p = 0.01) (Table 4). 

Seasonal changes in cnchytraeid 
numbers arc greater than the between
year variation. The fluctuations at the 
least wet meadow A ranged between 32 · 
103 indiv. m-2 in April and 2 · 1a3 indiv. 
m-2 in August, and at the site S (where 
the numbers were equally variable) the 

2 respective values were 44 · 103 indiv. m-
and 5 · 103 indiv. m-2 (Fig. 4a). 

Seasonal changes exhibits similar 
tendencies in all the meadows. There are 
two peaks in abundance - in spring and 

Table 4. Mean density of Enchytraeidae 
2 (N · 103 m- ) in peat meadows in the period 

May-September in different sites 

Peat 
Years 

Sedge-moss Sed2e Alder 

1981* 28.5 25.9 9.3 

1994 15.4 14.8 6.9 

1995 14.6 14.8 7.4 

• After Kaja k and Ok r us z k o (1990). 

autumn though a time shift is sometimes 

the case. At the site A, enchytraeids oc

curred in greatest numbers in April and 

October, whereas at the other sites - in 

E .., 
0 - a z 

40 

30 A 

20 

.. .. .... • 10 

L · NM 

.. 
E .., 
0 -

40 

30 

20 

1 0 · 

A M J J A S 0 

b 

A M J J A s 0 

Fig. 4. Seasonal changes in density: a - of 
enchytraeid communities on examined sites 

NM, M, S, A; b - of M. argentea on the 
managed meadow M 
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May and September or October (Fig. 4 a). 
Such a two-peak pattern is characteristic 
not only of the entire community but also 
of particular species. 

Abundance dynamics of a subdomi
nant species Marionina argentea at the 
site M also shows a tendency to have two 
peaks. However, the spring maximum 
does not overlap the peak for the entire 
community (Fig. 4 b). 

Fluctuations of enchytraeid numbers 
as well as variations in their vertical dis
tribution are in agreement with moisture 
conditions of the soil (Table 1). In July, 

when both ground water table and relative 

moisture content were the lowest, re

corded numbers of the animals were 

small. Moisture contents in peat amount

ing to 50 and 70% delimit minimal and 

maximal values beyond which biological 

activity of the soil is being reduced 

(S z a n s e r 1991a ). In the season 1995, 
soil moisture dropped below 50% solely 

in the meadow A. Hence, it seems that 

occurrence of two peaks in enchytraeid 

abundance is not a direct effect of sum

mer drought. 

3.4. CONTRIBUTION OF ENCHYTRAEIDS TO ORGANIC MA'1·1·ER 
MINERALIZATION 

Estimation of metabolic rate of en
chytraeids was based upon mean body 
lengths of individuals. This parameter 
combined with changes in enchytraeid 
abundance and biomass served as a basis 
for calculations of the total respiration of 
the animals in successive months. 

Mean body length of an individual 
differed seasonally. Although the be
tween-month differences were not statis
tically significant, they recurred when the 
values from particular sites were com
pared between two seasons. Every time, 
enchytraeids were of the largest size in 

autumn. 
Mean individual size reckoned for 

the whole season differed among the sites 

- it was the smallest at the fen NM, and 
the largest - in the meadow A. The dif

ferences were significant at the level 0.01, 
except for the difference between M and 
S sites. The differences in body size result 
from the fact that wet environments are 
preferred by small-sized species and, 
moreover, juveniles of large-sized species 
have different numbers (from 33% at the 
NM site to 28% at the A site when speci-

mens not larger than 2.5 mm are con
sidered). 

Enchytraeid biomass at the examined 
sites was small - from 73 to 277 mg dry 
wt m-2 (Table 5) and differed between the 
two years of observations, having been 
always the greatest in case of the site S. 
The differences in biomass were found to 
be even more clear-cut than those con
cerning enchytraeid numbers. The most 
remarkable between-year variation was 
observed in the meadow M where bio
mass ranged from 206 mg dry wt m-2 to 
merely 137 mg dry wt m-2, for the period 
May-September of 1994 and 1995, re
spectively. This corresponds to 34-128 

2 mg of C m-2 and 8-32 mg of N m- re
tained in biomass (Table 5). Thereby, en
chytraeids retard element turnover, and 
thus contribute to inhibition of minerali
zation process. 

For one of the sites - M, respiration 
~ates in successive months of 1994 and 
1995 were estimated. The values ranged 
between 112 ml of 02 m-2 and 414 ml of 
02 m-2 in August and May 1995, respec
tively. Mean annual respiration of enchy
traeids was the lowest at the fen NM 
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Table 5. Biomass and respiration of enchytraeids in 1995 year 

Mean length of individual (mm) 

(s.e.) 

Mean weight of individual (µg) 

Biomass 

mg dry wt m- 2 

mg C m-2 

mg N m-2 

Respiration (g C m-2) 

NM 

2.83 

(0.14) 

31.2 

73 

34 

8 

1.18 

2 where it amounted to 2.21 I of 02 m- , 

while the highest value - 5.14 1 of 0 2 m-2 

was found for the meadow S. These 
values correspond to 1.18 and 2.75 g 
of carbon released per m2 of NM and S 
sites, respectively (Table 5), thus consti
tuting from 0.3 to 0.4% of carbon pool 

Site 

M s A 

3.58 3.6 4.02 

(0.08) (0.06) (0.08) 

44.9 45.3 53.8 

178 277 276 

82 128 128 

20 32 31 

1.78 2.75 2.47 

mineralized annually through microbiol
ogical processes. 

Nitrogen retention was 32, 31 and 20 
mg m-2 at the S, A and M sites, respec

tively (Table 5). These values are equi
\,alent to 40, 19 and 33% of daily min
eralized nitrogen. 

3.5. PARTICIPATION OF ENCHYTRAEIDS IN SAPROPHAGE BIOMASS 

Five groups of soil saprophages in (M, S, A). All the sites are dominated by 
cluding Lumbricidae, Enchytraeidae, and earthwo1111s. Participation of cnchytraeids 

Collembola, saprophagous Acarina and in biomass of the community ranged be

Nematoda, were compared with regard to tween 2% in the meadow M to 11.2% in 

their biomass among the three meadows the meadow A (Fig. 5). 

C N E 
C N E A 

A 

A C N E 

Sites M s A 

Biomass 
g d.w. m:2 8. 7 10.2 2.4 

Fig. 5. Participation of selected sapropbage groups in bioma~ on managed meadows 
A -Acarina, C - Co11embo1a, E - Enchytraeidae, N - Nematoda, L - Lumbricidae 



434 Ewa Nowak, Irmina Pilipiuk 

An apparent increase in percentage 
contribution of Enchytraeids in the order 
of increasing soil moisture is brought 
about by not only the increase in enchy
traeid biomass but also by the drop in 
earthwo1111 biomass. The respective 
values of Lumbricidae : Enchytraeidae 
biomass ratio found for particular sites 
were as follow: M - 46, S - 34, A - 6, 
NM - 3. The two smallest values resulted 
from the drop in earthwo11r1 biomass; the 
biomass being equal to merely 255 mg 

dry wt m-2 at the fen (Mak u I e c 1991 ), 

and in the least wet meadow - to 1660 

mg m-2, i.e. 5 times less than the values 

found for the two remaining meadows 

(Makulec, unpublished data). Enchytraeid 

biomass at the latter site is comparable to 

that in the meadow S. Regarding the two 

groups of similar importance for soi] pro

cesses, enchytraeids appeared to exist 

plOre successfully under critical (minimal 

and maximal) moisture conditions. 

4. DISCUSSION 

The list of enchytraeids occurring at 
the natural sedge-moss fen contains more 
species than having been recorded in 
course of for 111er studies. Eleven species 
have hitherto been evidenced to occur in 
peatlands of Poland. This number is like
ly to result from the lack of quantitative 
studies in the past, which nor111ally have 
enabled to recognize species composition 
more completely. Species noticed pre
viously in peatland environments include 
Cognetia sphagnetorum, Fridericia stria
ta, Hen/ea nasuta, H. ventricu/osa 
(Mosz y 11 ski and Mosz y 11 s k a 

1957) and F. bisetosa (Kasprzak 
1977), and C. atrata typical of Irish peat
lands (He a I y 1979). Remaining species 
evidenced at the natural fen are also asso
ciated with wet habitats (He a I y 1979, 
Kasprzak 1986). Moreover, taxo

nomic composition of the examined 
meadow shows some similarity of com
munities to that of a meadow on muck 
soil (Kasprzak 1982). However, as B. 
appendiculata was the dominant species 
in the muck soil, structure of the com
munities compared was not the same. The 
differences in species composition and 
community structure could be brought 
about by numerous factors like intensity 

of muck-forming process, land use or 
geographical position of the meadows. 

On the other hand, it seems that the 
core of enchytraeid communities in peat
lands consists of species that have similar 
environmental requirements and belong 
to the same genera. Peachy (1963) and 
S ta n den (1980) evidenced C. sphag
netorum and species from the genera Ma
rionina, Cernosvitovie//a and Mesenchy
traeus to occur in England. This would 
suggest alike pattern of community struc
ture in habitats of the same type located 
in different regions. Certainly, com
munity structure is innuenced by differ
ent enchytraeid tolerance to moisture and 
acidity of the soil (He a I y 1980). 

High proportion of Fridericia sp. in 

enchytracid numbers in the examined 
meadows corresponds with the regularity 

noticed by Ka s p r z a k (1986) who has 
attributed the increase in abundance of 

that genus to intensification of human ac
tivity (mowing, fertilization). 

The highest value of the index of 
diversity was found for the community of 
the meadow on sedge-moss peat (M). 
Hence, excess moisture in the soil of 
a peatland NM is likely to reduce fauna 
diversity. In habitats being affected by 
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anthropogenic pressure, a temporary in
crease in biodiversity has frequently oc
curred that consists in expansion of 
species having wide range of tolerance to 
environmental factors. At the same time, 
species of a narrower tolerance range 
typical of peatland habitats are being sup
pressed. In the material presented, almost 
all species found at the fen and meadows 
are characterized by wide tolerance range. 
Therefore, an explanation of the diversity 
rise at the site M should rather be sus
pected in the fact that drainage had im
proved soil moisture conditions. Reduced 
diversity of enchytraeid communities of 
the two remaining meadows indicates that 
overdrying and progressive peat decline 
has lead to some unification of fauna. 

A comparison of similarity between 
enchytraeid communities shows their 
structures to be greatly affected by the 
type of agrotechnical management em
ployed: despite moisture differences, the 
meadows resemble each other rather than 
the fen. Peat origin (or ecosystem history) 
plays also some role, as its influence is 
still noticeable after 30 years. 

Greater abundance of enchytraeids in 
deeper soil layers observed during sum
mer has commonly been elucidated by in
creased mortality of the animals in the 
surface layer or by their migrations deep 
into the soil profile (S p r in get t et al. 
1970, Healy 1987, Didden 1993). 
In the meadows examined, the latter phe
nomenon took place. This is evidenced by 
the autumnal increase in enchytraeid 
abundance being accompanied by body 
weight increase, not a drop, which could 
have taken place in case of rapid repro
duction. 

Mean densities of enchytraeids re
corded at the sites examined correspond 
with the values found formerly for peat 
meadows of Biebrza river basin and rang
ing between 6.1 · 1a3 - 7.6 · 1a3 indiv. 

m-2 in dry meadows and 13.9 · 103 - 56.9 
· 103 indiv. m-2 in wet ones (Was i le w -
s k a et al. 1985). 

Comparing the results obtained by 
various authors, Did den (1993) re
ported enchytraeid densities of meadows 
and pcatlands to be between 1.4 indiv. 

2 1a3 m-2 and 145 indiv. 103 m- . Enchy
traeid abundance in the examined sites 
fall within the range of low and moderate 
levels. 

Two-peak dynamics of enchytraeid 
density has manifold been described 
(D a s h and Cragg 1972, Kasprzak 
1982, Phi 11 ipso n et al. 1979). The 
seasonal variability in enchytraeid num
bers is undoubtedly influenced by fluctu
ations of soil moisture and temperatures. 
This is however compensated by eco
physiological adaptations of enchytraeids, 
such as diapause independent of moisture 
or temperature fluctuations (apart from 
facultative diapause), or ability to protect 
~ocoons against overdrying found for 
some species (D i d d e n 1993, D 6 z s a -
Fa r k as 1973). Two-peak dynamics of 
abundance occurring also within other sa
prophages (earthwo1111s) may be associ
ated with regularities in input and decom
position of organic matter. 

Share of enchytraeid respiration in 
organic matter mineralization was the 
highest on meadows exhibiting moderate 
or high rate of mineralization (S and A 
sites) and amounted to ea. 0.3 and 0.4% 
of primary production. D id de n (1993) 
reported that this may be as much as 0.3-
5.2% depending on habitat: 2% - in a 
peatland, and 2.8% - in a sedge meadow. 
Like other soil animals, enchytraeids may 
play a significant role in nutrient eye) ing. 
The role is not however restricted to their 
contribution to biomass retention or min
~ralization measured by respiration. A b -
r a hams en (1990) revealed that in the 
presence of C. sphagnetorum in mor 
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humus, nitrogen mineralization increased 
by 18% due to an additional stimulation 
of soil microorganisms. 

In the examined meadows, enchy
traeids contributed less, and earthwor1ns -
more to saprophage biomass than it 
would result from the literature data. 
A comparison of soil saprophage biomass 
made by Cragg (1961) between differ
ent peatlands revealed that enchytraeids 
constituted from 68 to 99% of biomass, 
whereas earthwor111s - scarcely 1 %. Par
ticipation of enchytraeids in biomass 
found for an Irish peatland Glenamoy 
reached over 40%, and in a peat meadow 
- about 30%. Earthworms were lacking in 
that peatland, whereas their contribution 
in the meadow was about 20%, i.e. less 
than that of enchytraeids (Moore et al. 
1975). The sources of the differences 
should be suspected in dissimilarity of 
soil conditions between the sites com
pared. In Poland, the examined fen is 
characterized by more favourable mois
ture conditions and acidity of the soil, and 
none of the above factors exclude carth
wo1111s having been here fairly abundant 
(Makulec 1991). 

Hence, as enchytraeids are more suc
cessful than earthworms when coping 
with critical soil conditions, they play 
a compensatory role. This is evidenced by 
a gradual decrease in the ratio of earth
worm to enchytraeid biomass with de

creasing moisture sequence of the 

meadows. 

It has been found that in case of 
drained peatlands of the Biebrza valley, 
intensification of the mineralization pro
cess of organic matter is accompanied by 
reduction in individual body size of 
numerous mesofauna groups. An increase 
in % proportion of Collembola and Acari
na individuals smaller than 5 mm, and 
Diptcra larvae smaller than 2 mm has 
been observed (Kaczmarek 1991 b, 
Kajak and Okruszko 1990). More
over, mean weight of Nematoda living 
here has decreased (W a s i l e w s k a 
1991 ). The decreasing proportion be
tween earthwor111s and enchytraeids in the 
managed meadow M, S and A is in good 
agreement with the tendency described: 
the more intensive mineralization, the 
smaller organisms are involved. How
ever, within the enchytraeid community 
one can observe the opposite. Mean size 
of individuals, and consequently such 
parameters as metabolic rate, growth rate, 
i.e. indirectly the rate of matter turnover, 
decrease with increasing rate of organic 
matter mineralization. 

That slightly slower matter turnover 
brought about by the increase in size (and 
supposedly - longevity) of enchytraeids, 
as well as elevated significance in ele
ment retention due to the biomass in
crease - are a measure of real importance 
of that group of animals in inhibition of 
peat mineralization process. Thereby, the 
animals play a significant role in delaying 
soil degradation in peat meadows sub
jected to rapid mineralization. 

5. CONCLUSIONS 

1. Despite number of species at the 

examined sites was similar, both taxo

nomic composition and community struc

ture exhibited certain differences. The fen 

was dominated by Marionina argentea, 

whereas the managed meadows - by 

He,ilea perpusilla. 
2. Considerable similarity among en-

chytraeid communities of the three man

aged meadows indicates that community 
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structure is greatly affected by the type of 
agrotcchnical management and soil drain
age. 

3. An influence of peat origin on the 
communities is still noticeable after 30 
years. This is testified by similarity be
tween communities of the fen and the 
meadow of the same peat origin. 

4. Reduced species diversity found in 
managed meadows accounts for unifica
tion of fauna affected by unfavourable 
conditions (drainage). 

5. Correlation between abundance 
of enchytraeids inhabiting the surface 
layer of the soil (x) and soil moisture 
content (y) figured out for all the exam
ined sites was expressed by the fo11r,ula: 

y = exp (1.92 + 0.03 x). 
6. Contribution of enchytraeids to the 

minerali1.ation process in the sites studied 
was low due to relatively small enchy
traeid numbers and biomass. 

7. Enchytraeids exist more success
fully under critical soil conditions, this 
being testified by a gradual decrease in 
the ratio of earthwo11n/enchytraeid bio
mass with the decrease in soil moisture of 
the meadows. Thus, the group plays a sig
nificant role in delaying soil degradation 
in dry peaty meadows. Owing to the 
slower matter turnover and the increase in 
enchytraeid biomass, their role in element 
retention and inhibition of peat minerali
~ tion is being increased. 

6. SUMMARY 

Species composition, community structure 
and changes in densities of enchytraeids in four 
sites in peat)and area of old Biebrza river valley 
were investigated. One of the sites was a natural 
fen (NM), the three others included rec]amed 
grasslands (M, S, A) having been managed for 
30 years. There are located on peat of different 
origin and, therefore, of different moisture con
tents and mineralization rates of organic matter 
(Tables 1 and 2). The soil of the M site, alike 
that of the natural fen, originates from sedge
moss peat, S site - from sedge peat, and A site -
from a ]der peat. 

The natural fen was dominated by the hy
grophilous species Marionina argentea, where
as the three managed meadows - by Henlea 
perpusilla (Table 3). The index of diversity 
a]Jowed to distinguish two groups of com
munities: NM and M sites having a richer diver
sity, and S and A sites having a poorer diversity. 
The meadow communities appeared to be simi
lar to each other, while the fen community re
mained somewhat specific in that it was akin to 

solely the meadow of the same peat origin (Fig. 
1 ). 

Vertical distribution of enchytraeids was 
studied in four consecutive 4 cm soil layers 
(Fig. 2). It was found to be correlated with soil 
moisture. This may be described by the formula: 
y = exp (1.92 + 0.03 x), where y - enchytraeid 
abundance in the surface layer of the soil, x -
soil moisture content expressed in % (Fig. 3). 

Seasonal changes in enchytraeid numbers 
exhibited a two-peak pattern (Fig. 4). Mean 
number of enchytraeids in 1995 ranged from 
10.6 · 103 m-2 at the fen NM to 27.7 · 103 m-2 in 
the meadow S. After recalculation these num
bers into biomass, the respective values were 73 
and 277 mg dry wt m-2 (Table 5). 

Contrary to the rate of organic matter min
eralization, mean individual size as well as bio
mass of all enchytraeids of the managed 
meadows increased from the wet site M to the 
dry one A, resulting in the increase in import
ance of that group for element retention. 

7. POLISH SUMMARY 

Badano sklad gatunkowy, struktur~ zgru dolirue Biebrzy (p6mocno-wschodni rejon Pol

powan i dynamik~ liczebnosci wazonkowc6w ski). Jedno z nicb to natura1ne torfowisko niskie 

na czterech stanowiskach polozonycb w pra- (NM), 3 pozostale to l*i z111eliorowane i zagos-
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podarowane przed 30 laty (M, S, A). Poloi.one 
Sc\ one na torfach o r6i:nym pochodzeniu i tym 
samym r6znej wilgotnosci i r6znym tempie 
minera]izacji materii organicznej (tab. 1 i 2). 
Gleba stanowiska M pochodzi tak jak na tor
fowisku naturalnym z torf u mecbowiskowo
turzycowiskowego. S - turzycowiskowego, A -
olesowego. 

Na torfowisku naturalnym dominuje wi]
gocio]ubny gatunek Marionina argentea, a na 
wszystkich uprawianych lqkacb f/enlea perpu
silla (tab. 3). Wskaznik r6znorodnosci gatunko
wej dzieli zgrupowania na dwie grupy: bardziej 
r6znorodnych na stanowiskach NM i M i mniej 
r6znorodnych na stanowiskach S i A. Zgrupo
wania z la)c uprawianych okazaly si~ podobne 
do siebie, a zesp6l z torfowiska zachowal pcwnq 
specyfik~ wykazujc:1c podobienstwo ty1ko do 
zgrupowania z lajci uprawianej o tym samym 
podlozu (rys. 1 ). 

Rozmieszczenie pionowe wazonkowc6w 
badane bylo w 4 kolejnych 4 cm warstwach 
gleby (rys. 2). Wykazuje ono 7.aleznosc od wil
gotnosci gleby. Kore1acj~ t~ mozna opisac r6w
naniem: y = exp (1.92 + 0.03 x) gdzie: y -
liczebnosc wazonkowc6w w g6mej warstwie 
g]eby, x - wi1gotnosc gleby wyrazona 
w procentach (rys. 3). 

Dynamika Jiczebnosci wazonkowc6w ma , 
przebieg dwuszczytowy (rys. 4). Srednie liczeb-
nosci w 1995 roku osiqgajc:1 wartosci od 10.6 · 
1a3 m-2 na torfowisku NM po 27.7 · 1e>3 m-2 na 
lqce S, co mozna przeliczyc na wartosci bio
mas y r6wne 73 i 277 mg s.m. m-2 (tab. 5). , 

Srednia wielkosc osobnika podobnie jak 
biomasa wszystkich wzonkowc6w na lqkach up
rawianych rosnq od lajci wilgotnej M do suchej 
A, przeciwnie niz tempo mineralizacji matcrii 
organicznej, zwi~kszajqc tym samym znaczenie 
tej grupy w retcncji pierwiastk6w. 
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