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ABSTRACT: After the drainage of fens and
their permanent use as meadows, peat-forming pro-
cess is being replaced by moorshing (mucking) pro-
cess (mineralization and humification of peat), and
then by turf-forming process. Secondary succession
of soil nematodes was examined by using the chro-
nosequence of meadow sites (period I: 1978-1983)
and also by analysing the same sites 15-17 years
later (period II: 1994-1997). The analysis was fo-
cused on the taxa (genera) of nematodes and on 19
to 29 parameters describing the community as total
density, density of trophic groups, diversity indices
and maturity indices. The pattern of successional
changes was obtained for periods from 2 to 117
years after drainage. Natural not-drained fens were
used for comparison. Soil structure and soil pro-
cesses occurring over the time considered can be
characterized as follows: soil moisture (by weight)
80-52%, total soil porositg' 90-77%, bulk density
0.16-0.44 (to 0.92) g cm , total C content in soil
47-7%, total N content in soil 4.4-0.5%, ranges in
the sequence from Mt I (poorly moorshified soils)
to Mt III (strongly moorshified soils). In natural
fens, soil moisture was 80%, soil porosity 90%,
bulk density 0.15-0.35 g em™, and peat-forming
processes (Pt) were continued. As compared with
natural fens, drainage and management of fens was
associated with increasing density of total nema-
todes and their components such as bacterivores,
fungivores, facultative plant feeders, obligate plant
feeders, omnivores, and predators. In drained fens
the density of nematodes declined with succession
with the exception of omnivores. The increase in
the density of omnivores was positively correlated

with the number of years after drainage (r = 0.48,
P<0.01). The indices of taxa diversity and maturity
indices were positively correlated with years after
drainage (P<0.001-0.05). In natural fens, ranges of
density of all trophic groups were lower, and matur-
ity indices higher than in drained peat meadows.
The mechanisms driving the first stage of succes-
sion in nematode communities (until about 30 years
after the drainage of fens) seem to be tolerance to
the droughts and to the excess of nitrogen what was
accompanied with higher density of herbivores
(mainly Paratylenchus). In later stages, interspe-
cific competition is likely to play a more important
role. Also a statistically significant relation was
found of some taxa and parameters to peat type.

KEY WORDS: post-drained peat meadows, natural
fens, soil nematodes, genera, trophic groups, den-
sity, diversity indices, maturity indices, peat types,
nematode secondary succession

1. INTRODUCTION

In Poland, fen types of mires predomi-
nate, and its largest areas are located in the
Biebrza Basin, North-Eastern part of the
country. This is one of the last extensive fen
areas in Europe. The major part of this area
has been drained. Drainage was initiated al-
ready in the 19th century when three large
strategic canals were made, draining under-
ground waters. Later on a dense network of
local channels was constructed.
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After drainage, the accumulation of or-
ganic matter characteristic of peat-forming
processes is replaced by moorsh- or muck-
forming processes. Drying of peat and the as-
sociated aeration of the soil, followed by mi-
crobiological processes, give rise to
decomposition and loss of organic matter.
With respect to the degree of their transfor-
mation after drainage, peat soils can be cate-
gorized as poorly, moderately, and strongly
moorshified, denoted by Mt I, Mt II, and Mt
111, respectively (Okruszko 1993). Trans-
formations of dehydrated peat mass, largely
dependent on the kind of fen peat deposits
(sedge-moss peat, tall sedge peat, and alder
peat), concern chemical and biological prop-
erties of fen peat (Kajak eral. 1985, Kajak
and Okruszko 1990, Okruszko 1995).

In the case of soil overdrying, the habitat
acquires properties of stressed ecosystems
(Odum 1985, Wasilewska et al. 1985,
Petal 1993).

After drastic dehydration, properties of
both, the peat mass and the biota undergo
changes with time. With reference to soil
nematodes, time-related transformations af-
ter drainage of peat soils, as analysed by the
method of the chronosequence of sites and
previously described (Wasilewska 1991a),
were used as a basis for further analysis of
secondary succession. Namely, the same
analysis was made at the same sites 15-17
years later, when secondary succession was
directly observed. The problem of the de-
pendence of nematodes on peat type, soil
moisture, and on many other physical and
chemical parameters at the study sites was
presented earlier (Kajak et al. 1985, Wasi-
lewska 1991b, c, d, 1994a). This paper will
also consider the effect of peat type on suc-
cession. The analysis will concern taxa and
also biocoenotic parameters describing
nematode community. It should be added that
a new approach to soil organisms was devel-
oped in the last decade that extended our un-
derstanding of the structure and function of
ecosystems (Wardle and Giller 1996,
Brussaard et al. 1997, Freckman et al.
1997, Ohtonen et al. 1997).

Soil nematodes have a key position in
the soil trophic web as primary consumers
(plant parasites), secondary consumers
(predators) and consumers of decomposers
(bacterivores and fungivores). They can in-
fluence soil processes as well as to reflect
them. This is substantiated by the already rich

literature cited in overviews (Bongers
1990, Wasilewska 1997, Bongers and
Bongers 1998, Bongers 1999, Bongers
and Ferris 1999). According to Parmelee
(1995), nematode communities are detectors
of many changes in ecosystem parameters.

As the theory of ecosystem development
states, the diversity of nematode communi-
ties increases with advancing succession,
thus, the richness of taxa and diversity indices
show trends (Pate et al. 2000). And this is
the subject of the present paper.

The results of the study on nematode suc-
cession were published in more than ten papers.
The habitats considered comprise seashore
dunes (Goralczyk 1998), drifting sands to
forest (de Goede 1993a, b), afforested dunes
(Wasilewska 1970, 1971a), forests (Brze-
ski 1995, Armendariz et al. 1996, Ar-
mendariz and Arpin 1996, Hanel 1995,
2001), forest clear-cutting (Sohlenius 1997),
fallow lands (Pate et al. 2000), grasslands
(Wasilewska 1991a, 1994b), and highland
peaty and drained meadows (Hanel 1997).

The present paper is focused on:

* an analysis of secondary succession of
soil nematodes in peat soils drained for per-
manent use as hay meadows and pastures,
and in a few not drained natural fens left with-
out human interference, and

* an estimation of the effect of peat type
on nematode taxa and communities.

2. STUDY AREA AND DIFFER-
ENCES IN SOIL PROPERTIES AND
PROCESSES

The Biebrza Basin is located in North-
Eastern Poland (53°10°-53°30’ N and 22°30’
—23°60’ E) and its fens are considered as tem-
perate. Mean annual temperature is about 6°C
and the annual sum of precipitation is
400—-600 mm.

All the 19 study sites were located in the
valleys of two rivers, Biebrza and Narew
(North-Eastern Poland) (Fig. 1). Among four
study sites (No. 1-No. 4, Table 1) on not
drained peat (peat accumulating ecosystems),
there was one sedge-moss fen, two sedge flu-
vial fens, and one alder swamp. The 15 sites
on drained and managed grasslands (No.
5-No. 19, Table 1) comprised three on
sedge-moss peat, five on sedge peat, and
seven on alder peat. The nematode parame-
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Fig. 1. Site sketch of the River Biebrza Valley (after Okruszko 1990) with denoted study sites (see No. in

Table 1)

ters on site No. 17 (birch wood) were depend-
ent on peat type and years after drainage in
the same way as on the bordering meadow
sites No. 16, and for this reason this site was
included to the successional series of post-
drained meadows. The soils derived from the
sedge-moss community were characterized
by a well developed moss layer, the highest
water-holding capacity of the soil, and by a
relatively stable moisture level throughout
the year in natural and drained grasslands.
The lowest moisture was observed in soils
derived from alder peat. Alder peat soils were
characterized by the highest bulk density, the
lowest total porosity, and the lowest volume
of mesopores; moorsh-forming processes
were also most intense in alder peat (Ok-
ruszko 1993, also Wasilewska 1991a and
Kaczmarek 1991 for the study sites). The
total depth of the moorsh layer was below 20
cm on poorly moorshified soils (Mt I), typi-

cally 20-25 cm on moderately moorshified
soils (Mt II), and over 30 cm on strongly
moorshified soils (Mt III). Peat mineraliza-
tion after drainage was also most intense in
alder peat and least intense in wet sedge-moss
peat (Kajak er al. 1985, Kajak and Ok-
ruszko 1990, Okruszko 1993).

Time-related changes in physical and
chemical peat soil properties are illustrated
(using the average values) for three study
sites that differed in peat origin. Periods I and
IT refer to 15 and 30 years after fen drainage
and subsequent meadow management, re-
spectively (Table 2).

Over the period of 15 years, declines
were observed in soil water content, total car-
bon and total N contents. Soil pH was re-
duced, whereas bulk density and nitrogen
mineralization increased (Table 2). Nitrifica-
tion rate followed the gradient sedge-moss
peat, sedge peat, and alder peat, and was de-
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Table 1. Characteristics of study sites and study periods: I — 1978—1983, IT — 1994-1997. For more details see

Wasilewska (1991a)

No." Site? Peat Plant community Moorshing Period of study Sampling occasion
e ("('i‘fgﬂ';g) I 1 I I
Natural fens —
not drained
1. Dobarz SMP? Caricetum Pt 1 157 6 1
limoso-diandrae
2. Dobarz SP® Caricetum elatae and Pt II 15 6 1
Peucedano-Caricetum
paradoxae
3. Dolistowo SP  Caricetum gracilis Mt II 15 5 1
4. Gugny AP®  Carici Pt 15 2 1
elongatae-Alnetum
Drained and Years
managed after
grasslands drainage
5. Toczylowo AY  SMP Mt I 2 17 7 1
6. Wizna A SMP Mt 1 17 32 19 6
7. ' Sojczyn. Gr. A SMP Mt 100 BLS 3 1
8. Lipniki BY SP Mt 1 2 19 19 1
9. Wizna B SP Mt 11 17 32 21 6
10. Kuwasy B SP Mt II 27 43 8 1
11. Toczylowo B SP  Molinio- Mt 11 50 65 7 1
12. Modzeléwka B SP  Arrhenatheretea Mt 11T 100 117 20 1
13. Kislaki C* AP Mt 11 10 25 2 1
14. Wizna C AP Mt II 17 32 19 6
15. Pinczykowo C AP Mt II 30 45 1 1
16. Kuwasy C AP Mt 11 50 67 5 1
17. Kuwasy C AP Mt I 50 65 3 1
18. Toczylowo C AP Mt 1I 50 65 2 1
19. Modzelowka C AP Mt 111 100 115 7 1

D Consecutive numerals correspond to site numbers in Fig. 1; D The original local names of site localities
were maintained in order to make possible the comparison with another studies in which they are used (see
Wasilewska 1991a); > Soil moisture complex: A — wet, B — moist, C — dry; 9 Sedge-moss peat; % Sedge

peat; ) Alder peat;

pendent on soil moisture. Rapid nitrification
(over 300 kg N/growing season) of alder peat
had many negative consequences such as
high accumulation of nitrates in soil and their
increasing concentrations in ground waters
(Zimka and Stachurski 1996).

Further changes in soil processes also
proceed with time after drainage. Peat is
gradually converted into moorsh soil. Soil
bulk density gradually increases. The con-

Years between period I and II.

tents of carbon and nitrogen in soil and the
rate of mineralization of organic matter de-
cline (Table 3). Biological activity of moor-
shified soils and peat was evaluated by
Maciak (1995), based on carbon and nitro-
gen compounds.

As a result of the subsidence of drained
soils and mineralization of organic matter,
their surface gradually lowers. On site No.
10, 16 and 17 (Table 1) the rate of subsidence
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Table 2. Yearly average values of physical and chemical properties of peat scils on three sites (No. 6, 9 and
14, Table 1) in first period (I) and second period (II), that is, 15 and 30 years after drainage and management
as meadows (top soil layer 0~15 cm); SMP — soil originated from sedge-moss peat, SP — from sedge peat, AP
— from alder peat (adapted from Gotkiewicz 1977, Petal and Churski 1991, Zimka and Stachurski
1996, Stachurski and Zimka 1998; cited in Kajak and P¢tal 2001)

Properties Period SMP SP AP Probability
1 2 3 1-2 1-3 2-3
Water content I 79.6 762 66.0
(% by weight) 1 74.2 7.7 61.4 * *xk *hk
Bulk density I 0.209 0.208 0.236
(g ecm™) 11 0.217 0.220 0:252 NS i i
Thickness of peat I
deposit (cm) I 400 400 265
Total C content I 47.4 46.1 455
(%) II 35.6 35.1 345 * * *
Total N content I 3:11 3.60 3.80
(%) Il 2.92 2.86 272 g ¥ *kk *rk
pH (in Kcl) I 5.8 5.9 5.8
I1 5.0 5.4 52 *kk *kk Lok
N-mineralization rate I 6.5 16.5 34.6
(g m™ season) I1 13.4 17.3 35.8 ** kK *hok

*P<0.05, **P<0.01, ***P<0.001; NS — not significant.

Table 3. Long-term changes in soil processes after drainage of fens (adapted from Walczyna 1973, cited in
Kajak and Okruszko 1990)

Number of years after drainage of fens

30 100 115 170
Type of soil moorsh peat moorsh peat moorsh black earth
Bulk density (g cm™) 0.24 0.44 0.92 0.99
Organic C (%) 47.5 23.8 6.9 4.4
Total N (%) 4.45 2113 0.52 0.36
Mineralization of:
organic C* (g C dm> yr™) 3.45 2.09 2.39 1.49
nitrogen N ¥ (g NO;-N dm yr) 0.42 1.24 0.23 0.20

% Laboratory data.

was 1.35 cm per year (Szuniewicz and
Chrzanowski 1995). It has been found that
the subsidence of peatlands intensively
drained is mainly due to peat mineralization
(in 77%) and to a lesser extent to peat density
(in 23%). The process of self-deepening of
river channels can also contribute to a slight
subsidence of natural, not drained peatlands,
as this can be the case on site No. 3 (Table 1).

The mean rate of the subsidence of the
fen drained in 1963—64 where sites No. 6, 9
and 14 were located (Table 1), was estimated
at 0.3 cm per year in the wet part (site No. 6),
and it was twice as fast, that is, 0.6 cm per
year in the dry part (site No. 14) (Nazaruk
and Kaca 1999).

Restoration of drained fens, mainly
through the control of the ground water
level, has already been initiated in Poland
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(Okruszko 1995, Nazaruk 1996) and in
other parts of the world (Wosten et al.
1997).

The succession of nematode communities
will be analysed with reference to changes in
peat soils drained and managed as meadows
for periods from 2 to 117 years. Not drained
natural fens will serve as comparison (Table 1).
Drained meadows were partly treated with fer-
tilizers, mown two-three times a year, and in
some years grazed extensively in late autumn.
Soil processes and the composition of plant
communities of natural and drained fens are
given by Patczynski (1972, 1984), Ok-
ruszko (1990), Kajak and Okruszko
(1990), and Kotowska et al. [1996 (1998)].

3. METHODS
3.1. SOIL SAMPLING FOR NEMATODES

Soil samples for nematodes were taken
with a soil sampler 2 cm? in surface area, 50
cm? in volume, and 25 cm deep. On each sam-
pling occasion, 20 cores were taken at random,
representing a collective sample. Nematodes
were extracted by using a modified Baermann
method (4 x 25 cm? of mixed soil) (Wasi-
lewska 1991a). The extracted nematodes
were identified to genus or genus sensu lato
(according to Andréassy 1984 and Bongers
1988) and then allocated to trophic groups
(Wasilewska 1971b, Yeates et al. 1993).

The material was collected in two periods:
period I (1978-1983, after Wasilewska
1991a) and period II (1994-1997), using the
same methods and sites, only the number of
sampling occasions being different (Table 1).
In the second period of study 16 sites were
sampled only once, what was significantly
less times than in the first period. Neverthe-
less, more nematode taxa were found in the
second period. It indicates, together with a
suitable number of subsamples, the confi-
dence to the results.

3.2. PARAMETERS RELATED TO
NEMATODE COMMUNITY

In period I, nematode succession was
analysed by using the chronosequence of
sites. The sequence reflected the response of
nematodes to physical and chemical changes
in soil properties. In period II successional
changes were evaluated for the same sites,

but under later stages. Period I included
meadows of span of years from 2 to 100 after
drainage of fens and period II — span of years
from 17 to 117.

The basic unit for recalculation of pa-
rameters was the density of taxa, expressed as
individuals per m2.

From 19 to 29 parameters were used to
describe the structure of nematode communi-
ties in periods I and II, separately:

D — density

— Total density of nematodes — D total

— Density of bacterivores — D B

— Density of fungivores — D F

— Density of facultative plant feeders —

D FPF
— Density of obligate plant feeders —
D OPF

— Density of omnivores — D O

— Density of predators — D P

R - ratio

— Ratio of density of bacterivores to den-
sity of fungivores — B/F, also in the variant
with potential fungivores (FPF) that is —
B/(F+FPF). This ratio can be indicative of de-
composition pathway: mainly through bacte-
ria or mainly through fungi

— Ratio of density of bacterivores + fun-
givores, also in the variant with potential fun-
givores, to density of obligate plant feeders —
(B+F)/OPF and (B+F+FPF)/OPF. The tro-
phic status of facultative plant feeders is
known only in part. This ratio can be indica-
tive of differences in mineralization between
dead and live plant tissues, that is, between
the detritus — or grazing food webs (Wasi-
lewska 1997)

S — number of taxa

— The number of taxa (genera) in the
community — S total

— The number of taxa in the group of bac-
terivores + fungivores — S (B+F)

— The number of taxa in the group of fac-
ultative plant feeders + obligate plant feeders
- S (FPF+OPF)

— The number of taxa in the group of om-
nivores + predators — S (O+P)

H’ — diversity index

— Shannon diversity index — H’ = — p;
log, pi where p; is the proportion of each
taxon (genus) in the total population or group
(Shannon and Weaver 1949), calculated
for the total community (H’ total), the group
of bacterivores + fungivores (H’ (B+F)), the
group of facultative plant feeders (H’ FPF),
the group of obligate plant feeders (H* OPF)
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and the group of omnivores + predators (H’
(O+P));

MI — maturity index

— This index is based on differing life
strategies of the species in the community
(Bongers 1990, 1999, Bongers et al.
1995). Taxonomic units (genera) are classi-
fied here from colonizers (short life cycle,
high rate of reproduction, tolerance to distur-
bance), which were assigned rank 1, to per-
sisters (long life cycles, poor colonizers, few
offspring, sensitivity to disturbance), which
were assigned rank 5. The remaining taxa
were intermediate on the colonizers-
persisters (c-p) scale (Bongers 1990). In the
broad sense, the position of a taxon on the c-p
scale is becoming equivalent to the position
on the r-K continuum. Formula of maturity
index according to Bongers (1990) is as fol-
lows: MI = Zv; p;; where v; is the rank of
i-taxon on c-p scale and pj is the proportion of
i-taxon in nematode community. Indicated
below maturity indices differ in what part of
nematode community is considered and c-p
indicates the range of ranks of that part of
taxa. The following indices were calculated:

—MI (c-p=1-5) (Bongers 1990) based
on the taxa without plant feeders. Lower MI
is indicative of earlier successional stages, or
of environmental perturbations, whereas
higher values are indicative of later succes-
sional stages, or smaller environmental per-
turbations;

— Sum MI (c-p = 1-5). It is calculated us-
ing all taxa in a nematode community
(Yeates 1994, Wasilewska 1994b) and
c-p 1-5 as Bongers (1990). It serves the
same purpose as MI (c-p = 1-5) and reacts
similarly, albeit under natural or semi-natural
conditions;

—MI (c-p =2-5) (Bongers et al. 1995)
based on the same taxa as MI (c-p = 1-5), but
without taxa allocated to c-p = 1, that is, those
developing under food rich conditions and
which form dauerlarvae when microbiologi-
cal activity declines. The exclusion of the
taxa with c-p = 1 precludes the monitoring of
short-lasting changes such as the application
of nitrogen fertilizers in agrocenoses;

— Sum MI (c-p =2-5) —based on all taxa,
but with exclusion of taxa c-p = 1

— Ba MI — maturity index of bacterivore
nematodes. It should increase with succes-
sion;

— PPI - (Bongers 1990) is constructed
using phytoparasitic nematodes (c-p = 2-5).

It is positively correlated with primary pro-
duction, and higher values indicate nutrient
enrichment in the environment;

— Ratio PPI/MI (sensu Bongers et al.
1997) might reflect ecosystem enrichment by
indicating divergence in the values of the two
indices;

Class Secernentea versus class Adeno-
phorea

—N S/A —ratio of numbers of nematodes
from the class Secernentea to the numbers of
nematodes from the class Adenophorea. It in-
forms of the relation of all more r-strategists
s. . in the community to all more K-
strategists s. 1. (Bongers 1999). I suggest
that the ratio of these two groups character-
izes the divergence from natural conditions.
The higher the value of S/A, the greater di-
vergence. This is substantiated by the fact of
a more abundant occurrence of dorylaimids
(Adenophorea) in natural or little by man
transformed habitats (Wasilewska 1974).

— S S/A — ratio of the number of taxa
from the class Secernentea to the number of
taxa from the class Adenophorea.

C — constancy index

— Constancy index C = q:Q 100, where q
is the number of sites with the taxon present,
and Q is the total number of sites (in percent-
age). The constancy index characterizes the
degree of the association of a taxon with the
biocoenosis.

Brief form of nematode community pa-
rameters is presented in Appendix.

3.3. STATISTICS

All the data across 19 sites, two periods,
and three peat types were subjected to statisti-
cal analysis of variance (two-way ANOVA).

These tests were used to estimate the ef-
fects of the two sampling periods (period I
and period II, controlled for sites) and peat
types (controlled for periods). The signifi-
cance of differences between periods I and 11
was additionally analysed by using the non-
parametric Friedman test. These two methods
appeared to be complementary in searching
significance of differences. Sites on natural
fens (No.1-No. 4, Table 1) were included to
this statistical analysis.

Time-related changes in nematode com-
munity parameters and in the density of the
taxon Paratylenchus (transformed to Ln
(n+1)) were analysed by linear regression.
The significance was tested by ANOVA for
correlation. The sites on natural, not drained
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fens are excluded from this analysis, though
they were graphically compared with drained
sites.

4. RESULTS

4.1. TAXA: PERIOD I (1978-1983)
VERSUS PERIOD II (1994-1997)

In total, 122 taxa were identified in the
collected material, including 90 in period I
and 104 in period II (Table 4). Most frequent
were taxa associated with only one meadow
site: 23 taxa in period I and 28 taxa in period
II. Only 3 taxa (Acrobeloides, Aphelenchoi-
des, and Eudorylaimus) occurred at all sites
(natural fens and drained grasslands).

The 18 taxa present only in period I in-
cluded those occurring in habitats considered
as aquatic, fresh-water, or at least as moist
soils. These were Calolaimus, Ethmolaimus,
Ironus, Prodesmodora, Aphanolaimus (pres-
ent on 1 to 4 sites). Other fresh-water taxa,
that were present on a smaller number of sites
in period II than in period I, were represented
by Hirschmaniella (2 vs 10), Tripyla (2 vs
18), and Tobrilus (4 versus 7).

32 taxa were present only in period II.
Except for Filenchus and Miculenchus, these
taxa occurred only on 1-3 meadows, were not
abundant, and of different trophic groups.

72 taxa were present in both periods, and
many of them were dominant. Of this number,
15 had significantly higher densities (ANOVA
or Friedman test) in period I: Paratylenchus,
Tylenchus, Panagrolaimus, Rhabditis, Acrobe-
loides, Aphelenchoides, Aphelenchus, Eudory-
laimus, Pratylenchus, Rhabdolaimus,
Cephalobus, Ditylenchus, Tylencholaimus,
Hemicycliophora, Paraphelenchus, Neotylen-
chus, Chronogaster, Tripyla, and Hirschman-
iella. In period II, only 4 taxa had significantly
higher densities: Filenchus, Mononchus, Micu-
lenchus, and Cervidellus (Table 4).

The difference between periods I and II
was reflected in the ratio of nematodes from
two taxonomic classes: Secernentea and
Adenophorea. The S/A ratio in terms of abun-
dance was much higher in period I than in pe-
riod II, although this was not the case of the
number of taxa (Table 5). The reduced preva-
lence of Secernentea over Adenophorea in
period II, thus with advancing secondary suc-
cession, provides evidence for approaching
“natural” conditions.

4.2. THE EFFECT OF PEAT TYPE ON
NEMATODE TAXA

To analyse the relationship between den-
sities of taxa and peat type, two-way
ANOVA analysis of variance was used,
where period was controlled (it was tested if
the association of a taxon with a peat type was
repeated in both periods). This analysis was
performed for taxa present on at least four
sites in periods I or II (there were 4 sites on
sedge-moss peat, 7 sites on sedge peat, and 8
sites on alder peat). A total of 66 taxa were
tested.

The density of most taxa did not show
significant relationships with peat type. A
significant relationship was found for three
taxa: Aphelenchoides, Hirschmaniella, and
Wilsonema. For Panagrolaimus this relation-
ship approached significance. For two taxa,
Alaimus and Helicotylenchus, an interaction
was found between peat type and period in
their effects on density (Table 6). It means
that the dependence of these taxa on peat type
differed between period I and period II. In ad-
dition, Table 6 shows several taxa for which
no statistical significance was found but of
the 61 remaining taxa they were closest to
significance.

For Panagrolaimus, the dependence of
density on peat type approached significance.
A tendency to such dependence was found
for Paratylenchus, Euteratocephalus, and
Pratylenchus. All the above taxa represented
three trophic groups: bacterivores, fun-
givores, and obligate plant feeders (Table 6).
The most frequent sequence of peat types
with respect to nematode density was SMP <
SP < AP, except for Hirschmaniella that fol-
lowed an opposite pattern.

If all the 9 taxa cited above can be con-
sidered as dependent on peat type, they ac-
count for about one-seventh of the analysed
taxa, thus the major part of taxa did not de-
pend on peat type. The dependence on peat
type was observed for taxa noted on all sites
(Aphelenchoides), as well as for those noted
on few sites (Hirschmaniella), what indicate
constancy indices (Table 6).

The dependence on soil type is clearly
reflected in the ratio of Secernentea to Ade-
nophorea. The numerical dominance of the
former over the latter was 1.8 times higher on
alder peat and 1.2 times higher on sedge peat
as compared with sedge-moss peat. The
number of taxa did not follow the same pro-
portions (Table 5).
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Table 4. List of taxa occurring on 19 study sites and mean densities (D 10° indiv. m“z) in period I
(1978-1983) and period IT (1994-1997); B — bacterivores, F — fungivores, FPF — facultative plant feeders,
OPF - obligate plant feeders, O — omnivores, P — predators

No. c-p” Taxon D I D II » P RY

1t 2 Paratylenchus — OPF 2453.37 160.26 NS e 15/14
2 Tylenchus — FPF 1379.23 85.00 i i 19/17
3 1 Panagrolaimus — B 910.81 193.47 hul Ty 18/16
4. 1 Rhabditis — B 778.76 230.74 o i 19/17
5 3 Helicotylenchus — OPF 706.91 356.16 NS NS 16/17
6. 2 Acrobeloides — B 765.30 240.37 i Lo 19/19
7 3 Tylenchorhynchus — OPF 443.89 371.16 NS NS 16/16
8. 2 Aphelenchoides — F 478.89 98.32 v sk 19/19
9, 2 Plectus — B 286.53 211.79 NS NS 18/18
10. 2 Aglenchus — FPF 163.75 184.47 NS NS 17/15
L 2 Aphelenchus — F 231.43 90.53 * * 17/14
12, 2 Eucephalobus — B 129.68 190.89 NS NS 15/16
13 4  FEudorylaimus — O 199.39 96.42 i iy 19/19
14. 3  Pratylenchus — OPF 193.95 97.47 NS 4 14/12
15, 3 Rhabdolaimus — B 172.67 114.21 NS % 18/15
16. 2 Wilsonema — B 211.00 70.21 NS NS 18/13
17, 3 Rotylenchus — OPF 82.95 159.21 NS NS 12/16
18. 2 Cephalobus — B 155.51 3121 e s 17/12
19 2 Ditylenchus — FPF 143.85 41.32 ¥ * 18/16
20. 2 Filenchus — FPF 0.00 181.53 b e 0/17
21 3 Prismatolaimus — B 115.44 58.95 - NS 17/15
22 3 Teratocephalus — B 85.89 84.11 NS NS 16/14
23¢ 5  Mesodorylaimus — O 7130 52.89 NS NS 17/16
24. 3 Euteratocephalus — B 64.03 58.53 NS NS 8/14
25. 2 Gracilacus — OPF 67.05 35.58 NS NS 5/5

26. 4  Tylencholaimus — F 90.40 10.63 ¥ * 13/7
27 2 Monhystera — B 63:53 32.89 NS NS 17/13
28. 3 Meloidogyne — OPF 78.26 12.47 NS NS 9/10
29. 2  Coslenchus — FPF 26.71 52.74 NS NS 10/13
30. 4  Alaimus — B 39.55 19.21 NS NS 16/12
31. 4  Mononchus — P 12.84 39.74 ady: ik 12/18
32 5  Aporcelaimellus — O 17.87 29.26 NS -] 9/16
33 2 Heterocephalobus — B 15.36 31.21 NS NS 14/12
34. 2 Acrobeles — B 2175 16.58 NS NS 8/8

85, 3 Heterodera — OPF 1437 20.21 NS NS 5/7

36. 3 Hemicycliophora — OPF 27.16 4.58 g ity 1372
37. 2 Malenchus — FPF 7.63 22.95 NS NS 517

38. 2  Seinura — P 2532 4.42 NS NS 10/6
19 2 Chiloplacus — B 20.59 7.58 NS NS 6/4

40. 2 Paraphelenchus — F 19:53 5.53 * NS 9/6
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Table 4. Continued

No. c-p” Taxon DI D II o P RY
41. 2 Miculenchus — FPF 0.00 20.26 & s 0/9
42. 3 Cylindrolaimus — B 8.51 10.84 NS NS 9/11
43. 2 Cervidellus — B 11.01 4.63 NS b 10/3
44, 2 Neotylenchus — F 1323 1.74 NS 3 8/1
45. 2 Anaplectus — B 7.42 7.42 NS NS 8/4
46. 2 Basiria — FPE 3.32 8.53 NS NS 6/7
47. 4 Dorylaimidae others — O 8.99 2.74 NS NS 9/5
48. 2 Psilenchus — FPF 197 2.16 NS NS 12/4
49. 3 Bastiania - B 7.00 L1 = - 12
50. 4  Dorylaimoides — O 0.05 7.95 - - 1/4
] 1 Diploscapter — B 0.42 7:32 - - 173
92 1 Diplogaster — B 2.95 4.53 - - 512
53 4  Pungentus — O 5.31 211 - - 373
54. 5  Dorylaimellus — O 5.26 1.74 - - 2/1
55 3 Chronogaster — B 5.37 1.58 * o 1172
56. 3 Aphanolaimus — B 6.93 0.00 - - 3/0
3. 3 Tripyla - P 5,13 179 NS * 8/2
58. 3 Geocenamus — OPF 0.00 6.84 - - 0/3
39 3 Diphtherophora — O 5.82 0.84 - - 5/3
60. 2 Nothotylenchus — F 5.07 1:37 NS NS 6/4
61. 5 Prodorylaimus — O 4.55 1.47 NS NS 6/4
62. 4  Enchodelus — O 2.79 3.00 - - 2/4
63. 2 Tylocephalus — B 0.00 Sl - - 0/1
64. 5  Longidorus — OPF 0.29 4.53 - - 2/5
65. 3 Tobrilus — B 1.95 2.58 NS NS 7/4
66. 3 Hirschmaniella — OPF 3.58 0.63 : = 10/2
67. 3  Chromadora — B 0.53 3.32 - - 1/2
68. 3 Pratylenchinae others — OPF 3.53 0.00 - - 1/0
69. 1  Bunonema — B 3.5 0.00 - - 1/0
70. 2 Deladenus — F 3.21 0.16 - - 31
71 4  Eudorylaimus "1” — O 3.1 0.00 - - 1/0
72° 2 Boleodorus — F 0.00 3.05 - - 0/5
73, 2 Drilocephalobus — B 0.03 3.00 ~- - 172
74. 2 Zeldia - B 1.89 0.89 - — 4/1
73, 3  Criconemella — OPF 0.00 279 - - 0/2
76. 4  Amphidelus — B 2.63 0.00 - - 1/0
7. 2 Ditylenchus “1” — FPF 2.63 0.00 - - 1/0
78. 2 Neopsilenchus — FPF 0.00 2.63 — - 0/1
99 5  Aporcelaimus — O 0.00 2.26 - - 0/3
80. 3 Tetylenchus — OPF 1.71 0.16 - - 2/1
81. 3 Aulolaimus — B 1.74 0.00 - - 1/0
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82. 5  Chrysonemoides — O 0.00 1.58 = - 0/1
83. 3 Criconemoides — OPF 1.53 0.00 - - 1/0
84. 3 Chromadoridae — B 0.26 1.26 - - 172
85. 3 Trophurus — OPF 0.00 1.37 - - 0/3
86. 5 Nygolaimus — P 0.37 0.89 - - 111
87. 5  Axonchium — O 0.00 1.26 - - 0/2
88. 3 Odontolaimus — B 0.00 1.11 - - 0/2
89. 4  Leptonchus — O 0.00 1.05 - - 0/2
90. 5 Thornenema — O 0.00 1.05 - - 0/2
91. 3  Ethmolaimus — B 1.00 0.00 - - 2/0
92. 4 Ironus — P 0.97 0.00 - - 4/0
93 3  Anonchus — B 0.03 0.89 - - 1/1
94. 3 Euteratocephalus “1” — B 0.00 0.89 - - 0/1
95. 3 Metateratocephalus — B 0.00 0.89 - - 0/1
96. 1 Pristionchus — B ©0.00 0.89 - - 0/1
97. 1 Panagrolaimidae “1” — B 0.84 0.00 - - 5/0
98. 4  Trichodorus — OPF 0.58 0.21 - - 1/1
99. 1 Panagrobelium — B 0.00 0.74 - - 0/1
100. 2 Lelenchus — FPF 0.00 0.63 - - 0/2
101. 2 Monhystrella — B 0.21 0.37 - - 1/1
102. 5 Actinolaimus — P 0.57 0.00 - - 3/0
103. 2 Tylenchus “1” — FPF 0:538 0.00 - - 1/0
104. 4  Tylencholaimellus — F 0.00 0.53 - - 0/2
105. 1  Panagrolaimidae others — B 0.00 0.47 - - 0/1
106. 1  Mesorhabditis — B 0.37 0.00 - - 1/0
107. 4  Dorylaimus — O 0.00 0.37 - - 072
108. 1  Protorhabditis — B 0.00 0.37 - - 0/1
109. 3  Prodesmodora — B 0.34 0.00 - - 3/0
110. 3  Desmolaimus — B 0.08 0.16 - - 1/1
111. 4  Longidorella — OPF 0.00 0.21 - - 0/1
Y12 1 Panagrobelus — B 0.00 0.21 - - 0/1
113. 3  Steratocephalus — B 0.00 0.21 - - 0/1
114. 3  Achromadora — B 0.00 0.16 - - 0/1
115. 2 Acrolobus — B 0.00 0.16 - - 0/1
116. 5 Belondira — O 0.00 0.16 - - 0/1
117. 5 Chrysonema — O 0.00 0.16 = - 0/1
118. 3  Microlaimus — B 0.00 0.16 - - 0/1
119. 4  Thornia — O 0.00 0.16 - - 0/1
120. 4 Calolaimus — O 0.11 0.00 - - 1/0
121. 2 Cephalobidae others — B 0.05 0.00 - - 1/0
122. 3 Axonolaimidae “1” — B 0.04 0.00 - - 1/0

;. c-p (rank on colonizers-persisters scale) according to Bongers (1990); p - significance level of density
between periods: two-way ANOVA. Tests were performed only for taxa that in periods I and II occurred on at
least 9 sites; P significance level: Friedman test (for 19 sites); YR - ratio of the number of sites where a
taxon occurred in period I to the number of sites where it occurred in period II; > no statistical analysis was
possible;

*P<0.05; **P<0.01; ***P<0.001; NS — not significant difference.
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Table 5. Ratio of numbers (N) and of the number of taxa (S) of nematodes of the class Secernentea (S) to
nematodes of the class Adenophorea (A) for period I (1978-1983) and II (1994-1997) and different peat

types; Peat types as in Table 1

Parameter Period Type of peat
1 Il SMP SP AP
N S/A 7.03 3.89 4.62 571 8.15
S S/A 4342 = 119" S7/47 = 1°21  52/39:=a1:33 08039 =128 "54/39 5.1°38

4.3. TAXON: PARATYLENCHUS

This taxon is considered as an index of
the degradation of overdried alder peat in the
first years after drainage (Wasilewska
1991a), and it needs analysis of the time-
related situation.

Numbers of Paratylenchus were several
times higher (15 times with respect to the
mean density per site) in period I than in pe-
riod IT (P <0.01 Friedman test) (Table 4), and
they were most dependent on alder peat and
least dependent on sedge-moss peat (P<0.06,
ANOVA) (Table 6). Although the mean den-
sity of Paratylenchus on alder peat sites was
the highest of all found taxa, the probability
of dependence of that taxon density on peat
type was much lower (P<0.06, ANOVA)
than of the two other genera like Aphelen-
choides and Wilsonema (P<0.02, ANOVA)
(Table 6). The reason of above is, that only
Paratylenchus was extremely abundant on
few, but not on all, alder peat sites. Thus, ge-
nus Paratylenchus is not dependent just on
alder peat, but is strongly dependent on peat
with high rate of nitrogen mineralization.

Densities of Paratylenchus in alder peat
showed differences between periods I and II
(Table 6). The correlation of density with
years after drainage in period I was negative
and highly significant (r = 0.9, P<0.001).
The correlation in period II, that is 15-17
years later, was not significant (r = —0.29,
NS) (Fig. 2). The highest densities of Paraty-
lenchus were observed 10-30 years after
drainage (20 million and 13.4 million indi-
viduals m2, respectively, on alder peat).

4.4. NEMATODE COMMUNITY
ANALYSIS

4.4.1. THE EFFECT OF TWO PERIODS
AFTER DRAINAGE

The following parameters describing
nematode community will be considered:
densities of trophic groups, number of taxa

(genera), diversity indices and maturity indi-
ces of the community. To compare the values
of these parameters in periods I and II, two
tests were used (Table 7).

The mean density of all trophic groups
and the mean total density were significantly
higher in period I compared with period IT —
by factors of 2.8 for total nematodes, 2.4 for
bacterivores, 4.0 for fungivores, 2.9 for facul-
tative plant feeders, 3.3 for obligate plant
feeders, and 1.6 for omnivores (P < 0.05-
0.000). No difference between periods was
found for predators. This pattern was ob-
tained for a significant number of sites (Ta-
ble 7— A). The decrease in densities in period
I (except for obligate plant feeders and
predators) was also confirmed by the non-
parametric Friedman test (Table 7 — B).

Two ratios: bacterivores to fungivores —
B/F and fungivores combined with potential
fungivores — B/(F+FPF) were higher in pe-
riod II (respectively, 1.4 times, P<0.08 and
1.5 times, P < 0.03) (Table 7 — A). Thus, the
numerical dominance of bacterivores over
fungivores increased.

The next two ratios of trophic groups, in-
dicating the association of nematodes with
detritus or grazing food webs — (B+F)/OPF,
and with facultative plant feeders -
(B+F+FPF)/OPF show a decrease in the
dominance of nematode association with the
detritus food web in favour of the grazing
food web in period II, but this is not statisti-
cally confirmed (Table 7 — A).

No significant differences were found in
the mean total number of taxa (S total) and in
the functional groups between periods I and
II (Table 7 — A and B).

The Shannon diversity index increased
for the group of facultative plant parasites
(H’FPF) and for the group of omnivores +
predators (H O+P) in period II (Table 7 — A
and B). The diversity for remaining trophic
categories — H’ (B+F), H’ OPF, and H’ total
did not significantly differ between periods
(Table 7 — A and B).



Table 6. Statistics (two-way ANOV A) for estimating densities (D + SE) of several taxa in relation to peat type, and the index of constancy (C), period I - 1978-1983,
period II — 1994-1997; B — bacterivores, F — fungivore, OPF — obligate plant feeders; SMP — sedge-moss peat — 4 sites, SP — sedge peat — 7 sites, AP — alder peat — 8

sites
Taxon Peat Period I Period 11 d.f. Period - A Peat - B Interactions AB @
type D+SE-10°m™ D+SE-10°m™ A (%)
B
AB F-value E F-value P F-value P
Aphelenchoides — F SMP 392 +76 50+18 1 314 0.000* 4.3 0021-% 1.6 0.207 100
SP 330 + 102 75x24 2 100
AP 651 103 142 +33 2 100
Hirschmaniella — OPF SMP 12.5+9.1 2.2 2.0 1 42 0.049* 4.1 0.025:% 1.9 0.158 63
SP 20+0.8 04+04 2 43
AP 0.5+0.5 0 2 6
Wilsonema — B SMP 11+6 74 £ 62 1 E3 0.258 3.5 0.043 * 2 0.095 100
SP 50+24 45+ 18 2 86
AP 451 + 187 89 +41 2 75
Helicotylenchus — OPF SMP 186 =76 803 + 389 1 0.9 0.341 0.1 0.926 37 0.034 * 75
SP 734 £219 272 + 80 2 86
AP 943 + 333 205 +75 2 94
Alaimus — B SMP 723 17.5: %12 1 0.8 0.368 24 0.105 4.0 0D:027 % g
SP 10.6 £5 264+ 10 2 71
AP 80.9 + 30 18s 2 88
Panagrolaimus — B SMP 340 £ 170 124 + 96 1 6.4 0.016 3:2 0.054 22 0:132 88
SP 523 152 164 +74 2 93
AP 15354503 253 + 108 2 88
Paratylenchus — OPF SMP 50 +42 17523 1 2.4 0.129 2.9 0.069 257 0.082 63
SE 273 197 182 + 148 2 71
AP 5562 + 2605 212+101 2 88
Euteratocephalus — B SMP 1717 18512 1 0.0 0.991 2.8 0.072 0.8 0.455 63
SP. 1.7+1.4 50.5 +29 i 57
AP 149.7 + 86 85.5 £28 2 63
Pratylenchus — OPF SMP 19+13 59 +26 1 0.7 0.419 2.8 0.078 0.7 0.496 63
SP 103 + 56 53 +£25 2 79
AP 360 + 162 155 +85 2 63
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19 b o
17 y=-0.1793x+20.751
15 R*=0.8247 p<0.001
'“.'E 13 -
= 11
E 9 o 1l period
= ; y=-0.0176x+ 12.628
o 3 R*=0.0899 NS
kgl ALl N (e Fig. 2. Changes in density of
0 9 4w S0 100710 Paratylenchus on drained and
meadow-managed alder peats
Years (n = 7) with time after drainage

All variants of maturity indices, includ-
ing Ba MI and PPI, were significantly higher
in period II. The difference between ratio
PPI/MI in period I and II was insignificant
(Table 7 — A and B).

It can be stated in short that after 15-17
years, nematode densities declined and the
maturity of nematode communities increased.

4.4.2. THE EFEBCT 'OF. PEAT TYBRE

Like in the case of taxa, two-way
ANOVA was performed to estimate the effect
of peat type on various nematode community
parameters, after controlling for period effects
(Table 7 — C). A significant effect of peat type
(sedge-moss peat — SMP, sedge peat — SP, and
alder peat — AP) was found for only three pa-
rameters (D total, D B, and D OPF). This
means that the effect of peat type on nematode
densities in the sequence SMP < SP < AP in pe-
riods I and IT occurred in a significant number
of sites. The interaction for group OPF was
due to the fact that in period II the abundance
of this group on alder peat sites was not as high
as in period I. This situation influenced the sig-
nificance of the interaction for the parameter
D total (Table 7 —C).

The remaining parameters do not follow
the pattern: SMP < SP < AP. In that sense
they do not show relation to peat type.

Thus, only the density of most abundant
groups, and not taxa diversity or community
maturity, was related to peat type.

4.4.3. SEQUENTIAL TIME-RELATED
CHANGES ON DRAINED AND
MANAGED MEADOWS IN PERIODS I
AND II, AND THEIR COMPARISON WITH
NATURAL NOT DRAINED FENS

Changes with time after drainage were
analysed for most parameters that signifi-
cantly differed between period I and II and

for some other parameters (Fig. 3). Period I
was started earlier after drainage and also ter-
minated earlier than period II (Table 1,
Fig. 3). Thus, period II did not include first
years after drainage, when some trophic
groups increased rapidly (Wasilewska
1991a). The scattering within sites was large,
thus significant differences with time after
drainage were found for few parameters. Den-
sities of total nematodes, bacterivores, fun-
givores, facultative plant feeders, and obligate
plant feeders decreased with years after drain-
age in period I (higher density) and period II
(lower density), but the correlation was not
statistically significant (Fig. 3: 1, 2, 3, 4, and
5). In period I, fungivores tended to increase
with time. Densities on natural fens, not in-
cluded into regression, were much lower,
closer to values in period II than in period I.

Omnivores were the only trophic group
significantly increasing with years after
drainage in both periods (Fig. 3: 6). Densities
of predators were not significantly correlated
with years after drainage.

The two ratios (B/F, Fig. 3: 7 and
B/(F+FPF), Fig. 3: 8) showed similar trends: i.e.
in period I they decrease, in period II they in-
crease with years after drainage but in both cases
correlation was statistically not significant.

The ratio of nematodes associated with
the detritus food web to those associated with
the grazing food web ((B+F)/OPF, Fig. 3: 9)
also was not significantly correlated with
time in both periods.

Diversity indices of the community and
functional groups (H’ total, H (B+F), H’
FPF, H’ OPF and H’ (O+P) (Fig. 3: 10, 11,
12, 13, and 14) tended to increase with time,
but statistical significance was found only for
H’ FPF and H’ OPF in period I. Diversity val-
ues found for natural fens were similar or
lower to that for drained peat.



Table 7. Summary statistics (A — two-way ANOVA and B — Friedman test) for nematode community parameters of 19 sites in two periods (period I: 19781983 and
period II: 1994-1997) and C - statistics (ANOV A) for relationships between nematode parameters and peat type (sedge-moss peat n = 4, sedge peat n =7, alder peat

n = 8); P I — mean value of a parameter in period I, P II — mean value of a parameter in period Il

Parameter” A B C
ANOVA Friedman test ANOVA
Pl PII F-value Period Period Period Peat Interactions
n=19 n=19 P P P P P
Density (D) - 10° m™
Total 10950.2 3954.4 13.1 0.002 * 0.01 * 0.003 * 0.007 * 0:02 *
Bacterivores — B 3924.7 16532 231 0.000 * 0.000 * 0.002 * 0.02 * NS
Fungivores — F 842.8 211.8 29.3 0.000 * 0.000 * 0.000 * 0.08 NS NS
Facult. plant feed. — FPF 1734.7 602.2 10.4 0.004 * 0.002 * 0.01 * NS NS
Oblig. plant feed. - OPF 4078.2 1233.8 4.3 0.05 * 01 - NS 0.09 NS 0.03 * 0.02 *
Omnivores — O 324.5 206.5 5.6 0.028 * 0.01:* NS NS NS
Predators — P 45.2 46.8 0.0 NS NS NS 0.07 NS NS
Ratio
B/F 5.8 8.0 32 0.08 NS NS NS NS NS
B/(F+FPF) 1.7 2.6 5.3 0.03.* NS 0.06 NS NS NS
(B+F)/OPF 54 2.0 29 01 NS 0.1 NS NS NS NS
(B+F+FPF)/OPF 73 25 33 0.08 NS 0.1 NS 0.01 * NS 0.07 NS
Number of taxa — S
Total 38:2 35.5 0.6 NS NS NS NS 0.03 *
(B+F) 211 17:5 3.5 0.07 NS NS .02 * NS 0:93.*
(FPF+OPF) 11.1 11.8 0.5 NS NS NS NS NS
(O+P) 59 6.2 0.1 NS NS NS NS NS
Diversity — H’
Total 3.83 4.04 17 NS NS NS NS NS
(B+F) 3.20 3.10 0.1 NS NS NS NS NS
FPF 1.02 1.80 13.1 0.002 * 0.002 * 0.003 * NS NS
OPF 1.66 FS7 0.2 NS NS NS NS NS
(O+P) 1.55 1.95 8.2 0.01 * 0.03 * 002> NS NS
Maturity Indices
MI (c-p = 1-5) 2.10 2.38 5.0 0.03 ¢ 0.03 * 0.08 NS NS NS
SUM MI (c-p = 1-5) 2.22 2.54 5.8 0.02 * 0.002 * 0.01 * NS NS
MI (c-p = 2-5) 2.51 291 34 0.08 NS 0.03 * 0.07 NS NS NS
SUM MI (c-p =2-5) 2.43 271 6.7 0.01* 0.002 * 0.006 * NS NS
Ba MI 1.80 1.96 4.8 0.04 * 003> NS NS NS
PPI 231 255 16.9 0.000 * 0.01 * 0.000 * NS NS
PPI/MI 1:13 1:11 0.6 NS NS NS NS NS

*P <0.05, NS - not significant; " Explanation in Appendix.
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Fig. 3. Changes in nematode parameters with time after drainage on sites analysed in period I (1978-1983) and
period II (1994-1997). In period 1, years after drainage (from 2 to 100) refer to the chronosequence of sites,
whereas in period II, they refer to the comparison of the same sites after 15 — 17 years. Regressions are
calculated for meadows developed after drainage and management of fens (n = 15). The values of parameters
for not drained natural fens (n = 4) denoted as “Fens”, (also analysed in periods I and II) are shown in the
figure for comparison, but not included to the regression. Explanation of parameters in Appendix.
Parameters: 1 — Total density of nematodes (D total), 2 — Density of bacterivores (D B), 3 — Density of fungivores
(D F), 4 — Density of facultative plant feeders (D FPF), 5 — Density of obligate plant feeders (D OPF), 6 —
Density of omnivores (D O), 7 — Ratio of bacterivores to fungivores (B/F), 8 — Ratio of bacterivores to fungivores
plus facultative plant feeders (B/(F+FPF)), 9 — Ratio of bacterivores plus fungivores to obligate plant feeders
((B+F)/OPF, 10 — Shannon diversity index of total community (H’ total), 11 — Shannon diversity index of
bacterivores plus fungivores (H* (B+F)), 12 — Shannon diversity index of facultative plant feeders (H* FPF), 13 —
Shannon diversity index of obligate plant feeders (H OPF), 14 — Shannon diversity index of omnivores plus
predators (H> (O+P)), 15 — Maturity Index (MI (c-p = 1-5)), 16 — Maturity Index (Sum MI (c-p = 1-5)), 17 —
Maturity Index (MI (c-p = 2-5)), 18 — Maturity index of bacterivores (Ba MI), 19 — Plant Parasite Index (PPI)

All maturity indices (MI (c-p = 1-5),
Sum MI (c-p = 1-5) and MI (c-p = 2-5), Fig.
3: 15,16, and 17) showed significant positive
correlations with years after drainage in pe-
riod I (higher significance level) and period II
(lower significance level). The maturity indi-
ces of the same parameters for natural fens
ranged more widely than for drained peat,
and their upper values were beyond those for

drained peat.

The maturity index of bacterivores (Ba
MI, Fig. 3: 18) in both periods increased with
time after drainage, but only in period I the
increase was statistically significant.

Plant Parasite Index (PPI, Fig. 3: 19) did
not show statistically significant changes
with time after drainage in both periods.

Thus, in most cases similar tendencies of
changes with years after drainage were found
in period I and II. It was mainly decrease in
density of nematodes, but increase in diver-
sity and maturity. These changes, if described
by linear regression, were statistically signifi-
cant in both periods mainly for all maturity
indices.

4.5. GENERAL TRENDS DURING

SECONDARY SUCCESSION IN SOIL
NEMATODE COMMUNITY AFTER

DRAINAGE

The presented above site characteristics
such as soil structure and processes (Tables 2
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and 3 and Wasilewska 1991a) and the
analysis of succession for periods ranging
from 2 to 117 years after drainage and man-
agement of fens, makes possible the estima-
tion of the range of variations of site
conditions important for nematode succes-
sion. These were as follows: soil moisture (by
weight) 80—52%, total soil porosity 90—77%,
bulk density 0.16-0.44 g cm=3 (up to 0.92),
total C content in soil 47—7%, total N content
in soil 4.4-0.5%, ranges in a sequence from
Mt I (poorly moorshified soils) to Mt III
(strongly moorshified soils). In natural not

drained fens: soil moisture 80%, soil porosity
90%, bulk density 0.15-0.35 g cm3, and
peat-forming process (Pt) was continued.

Below are presented parameters describ-
ing nematode community (density, diversity
and maturity) during the secondary succes-
sion from 2 to 117 years after drainage. Time
related changes were described by linear
regressions, calculated for all drained
meadow sites, including values of both peri-
ods, arranged according to years after drain-
age (Table 8).

Table 8. Biocoenotic parameters illustrating secondary succession of soil nematodes during a period from 2 to
117 years after drainage of fens and their permanent use as meadows. Time related changes are presented as

linear regressions, correlations and probability (n = 30)

Parameter' Slope Intercept Correlation P
coefficient — R?
A Density
1 D total —-0.0599 12.0830 0.0744 NS
2 D B -0.0125 3.9849 0.0367 NS
3 D E -0.0013 0.7095 0.0078 NS
4 D FPF —-0.0125 2.0240 0.0950 NS
5 D OPF —-0.0364 5.1278 0.0710 NS
6 D O 0.0030 0.1643 0.2257 <0.01
7 DoP —4E-05 0.0618 0.0007 NS
B Ratio
8 B/F 0.0100 6.2121 0.0085 NS
9 B/(F+FPF) 0.0072 1.8604 0.0348 NS
10 (B+F)/OPF —-0.0033 2.3105 0.0056 NS
11 (B+F+FPF)/OPF —0.0061 3.1331 0.0118 NS
& Number of taxa
12 S total 0.0540 37.1760 0.0422 NS
13 S (B+F) 0.0002 20.8220 3E-06 NS
14 S (FPF+OPF) 0.0236 11.5710 0.0726 NS
1S S (OP) 0.0301 4.7832 0.1174 NS
D Diversity
16 H’ total 0.0071 3.6776 0.2039 <0.01
17 H’(B+F) 0.0019 3.2463 0.0293 NS
18 H’.FPR 0.0085 1.1238 0.1800 <0.05
19 H> OPF 0.0065 1.4220 0.2094 <0.01
20 H’ (O+P) 0.0049 1.5345 0.0987 NS
B Maturity
21 MI (c-p = 1-5) 0.0063 1.8115 0.4328 <0.001
22 SUM MI (c-p = 1-5) 0.0047 2.0659 0.4251 <0.001
23 MI (c-p = 2-5) 0.0046 22915 0.5079 <0.001
24 SUM MI (c-p = 2-5) 0.0036 2.3244 0.3710 <0.001
25 Ba MI 0.0041 1.6339 0.2644 <0.01
26 PPI 0.0024 2.3467 0.1278 <0.05
27 PPI/MI —0.0023 1.2924 0.2191 <0.01

D See explanation in Appendix.
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Table 9. Correlations and linear regressions of the maturity index — MI (c-p = 1—5)1) on years after drainage at
sites that differed in peat type; SMP — sedge-moss peat, SP — sedge peat, AP — alder peat

SMP AP
N 6 14
Slope 0.005776 0.007139
Intercept 1.849 1.747
Correlation coefficient — r 0.88 0.61
P 0.05 0.05

4 Explanation in Appendix.

Table 10. Ranges of soil nematode parameters on not drained natural fens and on drained fens managed as

meadows from 2 to 117 years

Parameter" Natural fens Drained peat meadows
n=38 n = 30
D total 10’ m™ 34-3939 4067-34150
DB 10 me 3-2584 475-9377
D F 410> m# 3-335 60-1600
D FPF 10’ m* 0-765 176-6825
D OPF 10° m? 0-301 426-21775
D010} mi 16-206 50-930
[ PO 0-17 0-225
B/F 1.0-14.07 1.27-16.93
B/(F+FPF) 1.0-3.80 0.48-6.91
(B+F)/OPF 2.0-52.0 0.24-6.53
(B+F+FPF)/OPF 2.0-53.0 0.56-8.06
S total 1047 1597
S (B+F) 2-26 12-28
S (FPF+OPF) 1-12 7-20
S (O+P) 2-9 2-17
H’ total 3.13-4.08 2.154.92
H (B+F) 1.00-3.44 2.46-3.92
H' FPF 0-1.65 0-2.53
H' OPF 0-2.70 0.50-2.86
H (O+P) 1.00-2.72 0.57-3.05
MI (c-p = 1-5) 1.75-3.82 1.54-2.75
Sum MI (c-p = 1-5) 1.83-3.85 1.97-2.89
MI (c-p = 2-5) 2.33-3.94 2.12-3.08
Sum MI (c-p = 2-5) 2.31-3.85 2.07-2.90
Ba MI 1.56-2.40 1.41-2.40
PPI 2.00-3.00 2.06-2.84
PPI/MI 0.52-1.20 0.93-1.53

D Explanation in Appendix.


https://0.93-1.53
https://2.06-2.84
https://2.07-2.90
https://2.12-3.08
https://1.97-2.89
https://1.54-2.75
https://0.57-3.05
https://0.50-2.86
https://2.15-4.92
https://0.56-8.06
https://0.24--6.53
https://0.48--6.91
https://1.27-16.93
https://0.52-1.20
https://2.00-3.00
https://1.56-2.40
https://2.31-3.85
https://2.33-3.94
https://1.83-3.85
https://1.75-3.82
https://1.00-2.72
https://1.00-3.44
https://3.13-4.08
https://1.0-3.80
https://1.0-14.07
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Drainage and management of fens were
followed by an increase in the density of total
nematodes, that is, bacterivores, fungivores,
facultative plant feeders, obligate plant feed-
ers, omnivores and predators. In the course of
succession their densities decreased, with the
exception of omnivores. That decrease de-
scribed by linear regression was statistically
insignificant (Table 8—A: 1,2,3,4,5, and 7).
Only omnivores showed a statistically sig-
nificant increase of density throughout suc-
cession (Table 8 — A: 6).

Positive correlation with years after
drainage of two ratios, B/F and B/(F+FPF)
were not significant (Table 8 — B: 8 and 9).
Similarly, negative correlation with years of
the ratios (B+F)/OPF and (B+F+FPF)/OPF
were not significant (Table § —B: 10 and 11).

No statistically significant changes dur-
ing succession were found in all the parame-
ters describing the number of taxa in the
community and functional groups (Table 8 —
C:12; 13,14, and 1 5);

The Shannon diversity index for total
community and functional groups increased
with succession, but statistically significant
only for H’ total, H’ FPF, and H’ OPF (Table
8 -D).

All maturity indices measured succes-
sion in a similar way. They increased signifi-
cantly with years after drainage (Table 8 — E:
21, 22, 23, and 24). Both MI and Sum MI
similarly evaluated the course of changes
with time. Regressions of the communities
without taxon c-p =1 (Table 8 — E: 23 and 24)
were calculated with higher MI values (the
intercept of MI c-p (1-5) = 1.81 and of MI
c-p. (2-5) = 2.29, the intercept of Sum MI
(c-p 1-5) = 2.07 and Sum MI (c-p 2-5) =
2.32).

Maturity index for bacterivores (Ba MI)
also statistically increased during succession
(Table 8 — E: 25).

Plant Parasite Index (PPI) showed a
positive and statistically significant correla-
tion with time (Table 8 — E: 26), and the ratio
PPI/MI a negative significant correlation
(Table 8 — E: 27).

The maturity index MI calculated for
each peat type separately showed very simi-
lar trends in succession from 2 to 117 years.
And although the intercept of the linear corre-
lation followed the pattern SMP > SP >
AP, the rate of increase (slope) in the for-

]For symbols see also Appendix.

mula followed the other pattern i.e. SP >AP
> SMP (Table 9).

On natural fens, the ranges of the lowest
and highest densities of all the trophic groups
and the number of taxa were lower, and the
maturity indices were higher than on drained
peat meadows. The maximum ranges of di-
versity indices were higher on drained fens
(Table 10).

5. DISCUSSION!

The problem of peat drainage and the
management drained peatlands as hay mead-
ows and pastures has broadly been analysed
in the literature. The contribution of soil biota
to transformations after drainage was also ex-
tensively covered and some of the present
study sites were previously described
(Andrzejewska etal. 1985,Kajak etal. 1985,
Wasilewska et al. 1985, Kaczmarek
1991, 1993, 1998, Makulec 1991, 1993,
Burakowski and Nowakowski 1993,
Pe¢tal 1994, Nowak and Pilipiuk 1997,
Olejniczak 1998), including nematodes
(Wasilewska 1991a,b, 1994a, Dmowska
1993, Ilieva-Makulec 2000). A general
conclusion from these papers is that soil bio-
logical activity increases after drainage.

The method of nematofauna analysis
during the post-drainage succession, based
on both the chronosequence of sites and the
secondary succession on the same sites,
seems to be one of the first with reference to
meadows on drained peat soils. The method
of the chronosequence of sites was also used
to study the succession of soil mesofauna in
forests that developed on drained peat soils in
Finland (Laiho et al. 2001).

The effects of peat type on many nema-
tode community parameters such as abun-
dance, individual body size, production and
root consumption by phytophagous nema-
todes were examined elsewhere (Wasi-
lewska 1991a, b, c, d, 1999). Presented in
this paper mean densities of nematodes in
periods I (i.e. from 2 to 100) and period II (i.e.
from 17 to 117 years after drainage) revealed
the following sequence arising from peat
type: SMP < SP < AP. Although the scatter of
values of the parameters around linear regres-
sion regressed on time was large, also due to
the influence of peat type, it was possible to
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reveal and statistically document succession
in terms of the MI index.

5.1. TAXA

The species richness has never been stud-
ied in natural fens of the Biebrza Wetlands.
Most probably it includes some species new to
science.

The estimates of the number of described
nematode species largely differ: 15000 ac-
cording to Bongers and Bongers (1998),
20000 according to Bongers and Ferris
(1999), 5600 in terrestrial habitats (An-
drassy 1991), 5000 of soil species (Wall and
Moore 1999), and in Poland 1000 soil and
aquatic species described, the estimated
number of present species being 5000 (Brze-
ski cited in Andrzejewski and Weigle
(1991)). Biebrza fens could increase these
numbers, but several representatives of so
called aquatic taxa were absent after 15-17
years. It is difficult, however, to classify typi-
cally aquatic species, as those cited by Prejs
(1986), Gerber and Smart (1987), Cox and
Smart (1994), and Bongers (1999) occur
not only in freshwater ecosystems but also in
terrestrial ecosystems. Some of them are
predators of large body sizes (Actinolaimus,
Ironus, Tripyla) that die first when stressed.

It is assumed that nematodes of class Se-
cernentea are more resistant to habitat trans-
formation than are nematodes of class
Adenophorea (Bongers 1999). It has been
found that the ratio of the former to the latter
was lower in period II of the study (7.03 ver-
sus 3.89). This implies that in period II a more
“natural state” of the habitat was restored, as
the number of taxa with higher energy costs
declined, and as a result the loss of energy
from the system was reduced.

A more abundant occurrence of Secer-
nenta in period I was due to the fact that this
was the period of the first 10-30 years after
drainage, when rapid changes occurred in al-
der peat. The persistence of this “natural”
habitat condition was dependent on peat type
as indicated by the values of the Secernen-
tea/Adenophorea ratio following the sequence
SMP < SP < AP. In contrast, the S/A ratio on
maize fields varied from 40 to 90 (Wasi-
lewska in press). According to Yeates and
King (1997), a decrease in the proportions of
adenophorean nematodes under improved
compared to those under natural grasslands
was related with slower carbon cycling.

The 122 nematode genera recorded
from the grasslands of the river Biebrza Ba-
sin are comparable with their number in a
more  diversified area of Europe.
Ekschmitt ef al. (1999) noted 123 genera
in six grassland types along transect from the
northern Sweden to Greece (40—68°N and
0.5-23°E).

In later years after drainage (period II),
the mean density of most taxa was lower
than in earlier years (period I). The decline
was most pronounced for bacterivorous so
called by Bongers (1999) “enrichment op-
portunists” (living in enriched nutrient con-
ditions i.e. in excess of nitrogen and by fast
growing bacteria) like Panagrolaimus and
Rhabditis and less pronounced for the other
bacterivores such as Acrobeloides, Plectus,
Rhabdolaimus, Cephalobus, Prismato-
laimus, and Acrobeles. Some other bac-
terivores such as Eucephalobus, Hetero-
cephalobus, Cylindrolaimus, Teratocepha-
lus, Euteratocephalus, and Anaplectus in-
creased or did not change their abundance
between the two periods. This composition
of bacterivorous taxa reflects the process of
their replacement with changing soil trophic
conditions. This process, as reflected in the
proportions of taxa allocated on the
colonizers-persisters (c-p) scale (i.e. r-
strategists s./. — K-strategists s./. scale) dur-
ing succession on alder peat in period I, indi-
cated a decline in bacterivorous extreme
colonizers in favour of nematodes with
higher c-p value as was earlier stated by
Wasilewska (1998). This process was
continued in period II, as indicated by higher
values of maturity index for bacterivores
(BaMI) in this period compared with period
I(1.96 vs. 1.80, P <0.03).

Also the most abundant taxa from obli-
gate plant feeder (OPF) group followed the
same pattern. The mean density of Paraty-
lenchus (c-p = 2), i.e. having rank 2 on
colonizers-persisters scale, decreased in pe-
riod II to about 6.5% of the density in period
I, taxa of the group c-p = 3, such as Helicoty-
lenchus, Pratylenchus, and Tylenchorhyn-
chus were reduced to 50-83%, whereas
Rotylenchus increased to 192%. Thus the
group OPF was also maturing, as evidenced
by the statistically significant PPI increase in
period II (P<0.0007). According to van
Bruggen and Semenov (2000), a soil sys-
tem in which densities of an abundant patho-
gen as Paratylenchus decline some time
after peat drainage, is returning to the state
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of stable and healthy soil. Increasing abun-
dance of Paratylenchus in specified situa-
tions was reported in earlier papers of the
author (Wasilewska 1991a, b) and also was
announced by other authors. For example, af-
ter the burning of tussock-grasslands in New
Zealand (Yeates and Lee 1997) and in im-
proved pastures compared with native
(Yeates and King 1997), densities of
Paratylenchus increased 100 and 265 times,
respectively. An adaptive ability of this taxon
is connected with the presence of a highly re-
sistant subadult stage. Density of Paratylen-
chus increases in strongly overdried habitats
and in habitats with fluctuating soil moisture
(drained alder peat, soil after grass burning),
and also where the development of root sys-
tem follows the lowering water level. It be-
comes the major dominant among
phytophages.

The taxon Filenchus appeared in a later
period of succession (period II). Filenchus
can feed and reproduce on fungal cultures, in-
cluding mycorrhizal species (after Hanel
2000, 2001). Abundance of this genus could
indicate an increase in population of mycor-
rhizal fungi and establishment of ectomycor-
rhiza.

5.2. COMPARISON OF NATURAL FENS
AND DRAINED PEAT MEADOWS

Conversion of fens into managed grass-
lands by drainage, that releases moorshing
processes, is associated with manifold in-
creases in the abundance of total nematodes
and their trophic groups, along with changes
in the community structure (Table 10 and
Fig. 3). An increase in nematode abundance
on improved grasslands compared with na-
tive grasslands was also presented by
Yeates and King (1997).

The rule that the key feature of natural
ecosystems is a soil community dominated
by fungal pathway of decomposition
(Bardgett and McAlister 1999) does not
hold for natural fens if the structure of nema-
tode communities is considered.

The prevalence of bacterivores over fun-
givores (ratio B/F) does not differentiate
clearly natural and drained fens. In contrast,
the group of obligate plant feeders, that was
scarce or absent at the time of sampling on
natural fens, accounted for large differences
in the ratio (B+F)/OPF. This provides evi-
dence that the contribution of nematodes to
rapid nutrient cycling in natural fens was neg-

ligible. Drainage accounted for an increase in
the number of taxa. Taxon diversity in the
community, measured by the Shannon diver-
sity index, did not differentiate natural and
drained fens, although the ranges of H’ were
larger on drained fens. Significant differ-
ences were observed in all maturity indices,
as reflected in the fact that the ranges were
shifted towards lower values on drained fens
managed as grasslands.

5.3. NEMATODE SUCCESSION
IN POST-DRAINED FEN MEADOWS

As compared with natural ecosystems,
cultivated ecosystems enriched with organic
or mineral fertilizers shift to early succes-
sional stages, as stated with reference to
nematodes, by Wasilewska (1994a) and
Neher and Olson (1999). Ecosystems in
early stages of secondary succession are
characterized by the prevalence of energy
dissipation over accumulation. Processes oc-
curring in these early stages involve fast min-
eralization of matter, fast nutrient turnover
(Yeates and King 1997), and a possible
loss of released nutrients and compounds
from the ecosystem (Kajak and Wasi-
lewska 1996). The next stages of secondary
succession, in the case of post-drained fen
meadows with human interference (fertiliz-
ing, grazing), are characterized by slower
processes. A specific feature of secondary
succession on post-drained fen meadows is
the presence of a continuous source of addi-
tional organic matter and released carbon and
nitrogen, though at a diminishing rate. This
makes difference between these meadows
and meadows on mineral soils.

The rate of organic matter decomposi-
tion decreases with succession. According to
Okruszko (1993), in the first stage, associ-
ated with the decomposition of weakly humi-
fied, overdried peat mass, the intensity of
decomposition depends on the supply of min-
eral nitrogen to microorganisms. At a moder-
ate level of soil matter humification,
optimum conditions for mineralization occur
when the contents of mineral nitrogen and
carbon in the soil are sufficient for microor-
ganisms. The third stage involves the miner-
alization of strongly humified organic matter
with N and C fixed in cyclic humic com-
pounds or in bitumen and lignin remainder,
highly resistant to decay. Under such condi-
tions N and C mineralization is slow, and
only Actinomycetes are capable of decom-
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posing substances hard to breakdown (Ok-
ruszko 1993). The first several to ten or so
years after drainage are a period of intensive
microbial activity. Bacterial feeders increase
in numbers as a result of increasing microbial
activity (Yeates and King 1997, Bongers
and Bongers 1998). Bacteria and fungi are
the primary decomposers directly affecting
nutrient cycling and nutrient supply to plants
(Ingham et al. 1985, Liang et al. 1999).
Bacterial-based food webs exhibit higher de-
composition rates than fungal webs (Liang
et al. 1999), though, for example, under or-
ganically managed grasslands there was a
greater abundance of fungal feeding nema-
todes (Yeates and Bongers 1999). Bacte-
ria and their consumers reproduce and
turnover nutrients at faster rates than fungi
and their consumers (after Wall and Moore
1999). In post-drained fens, the ratio of bac-
terivores to fungivores nematodes (B/F) was
higher than one in all cases (and in most cases
in the variant with potential fungivores i.e.
B/F+FPF), and it showed no trends with suc-
cession. Thus, if mineralization rate was de-
clining with succession on post-drained fen
meadows, this occurred on both, bacterial
and fungal pathways. This is implied by the
significant decrease in density of two groups
of the consumers of decomposers (bac-
terivorous and fungivorous nematodes) with
advancing succession (by comparison of pe-
riod I and II). The reduction of microbiologi-
cal activity with succession can also be
substantiated by a steady increase in the ma-
turity index for bacterivores (Ba MI) (P
<0.01). In some situations, however, the B/F
ratio increased with succession, as found by
Hanel (2001) in pine forests on coal-mining
sands. It was also much higher in soils under
improved grassland than under native grass-
land (Yeates and King 1997), this being
confirmed by a significantly higher fun-
gal/bacterial biomass ratio in unfertilized
compared with fertilized grasslands (Bardg-
ett and McAlister 1999).

As exemplified by the three study sites, it
has been found that the rate of nitrogen min-
eralization in soil was not reduced 30 years
after drainage, and in sedge-moss peat it was
even twice as high as 15 years after drainage
(Table 2). This would explain a steady,
though going slower with years of succes-
sion, reduction in the abundance of bac-
terivorous nematodes. Ettema et al. (1999)
observed a significant increase in the abun-
dance of bacterivorous but not fungivorous

nematodes after an experimental soil treat-
ment with inorganic nitrogen.

Obligate plant feeders (OPF) together
with facultative plant feeders (FPF) were the
most abundant trophic groups that emerged
after the drainage of fens. Their occurrence
was more associated with the alder peat type
than with the other two types (Table 7). This
group was more abundant earlier after drain-
age (P<0.05 for OPF and P<0.004 for FPF)
but the decrease of their density with advanc-
ing succession was not significant. The ma-
turity index of this group (PPI) increased with
succession. It has higher value in the period
more distant from drainage (P<0.0007) and
was positively correlated with years after
drainage (P<0.05). It is difficult to find a con-
firmation of this situation in the literature.
The Plant Parasite Index (PPI) was higher in
fertilized than unfertilized grasslands (Bon-
gers etal. 1997). It was positively correlated
with soil moisture, soil organic matter, and
soil nitrate (Liang ef al. 1999), and it de-
creased with increased fallow lands com-
bined with an increase in the abundance of
herbivores (Pate et al. 2000). According to
Bongers and Ferris (1999), enrichment in-
creases the carrying capacity of plants for
plant feeding nematodes, resulting in higher
PPI values, and then probably a high turnover
is continued due to surplus of nutrients in the
food web (Bongers et al. 1997).

The ratio of Plant Parasite Index to Ma-
turity Index (PPI/MI) is an indicator of the
soil nutrient status (Bongers and Bongers
1998), thus its decline is indicative of lower
soil fertility (Bongers ef al. 1997). On the
study sites, PPI/MI was negatively correlated
with years after drainage (r =-0.47, P <0.01).
A negative correlation of this ratio with age
of mineral meadows was found by Wasi-
lewska (1994b), although PPI itself did not
show trends with advancing succession. Ac-
cording to Dutch authors, the PPI/MI ratios
not exceeding 0.9 indicate natural habitats,
the values of about 1.2 show slight nutrient
disturbances, and above 1.6 — high soil en-
richment with nutrients (Bongers et al.
1997, Bongers 1999). The range of the
PPI/MI ratio for the natural fens under study
was 0.5-1.2, whereas for post-drained mead-
ows it was 0.93-1.53. Thus, the negative cor-
relation of this ratio with years after drainage,
as found in the present study, provides evi-
dence for habitat impoverishment.

Yeates and Bongers (1999) argue that
the ratio of bacterivores + fungivores to obli-
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gate plant feeders ((B+F)/OPF) may indicate
changes in the pathways of organic matter de-
composition (through microflora or through
phytophages). Thus, in the natural fens under
study, decomposition proceeded through the
detritus food chain (ratio 2.0-52.0), whereas
in the post-drained meadows, phytophages
played an important part (ratio 0.2—6.5). Val-
ues of this ratio did not change significantly
with years. There is known an example of an
successional trend of this ratio with age of
meadows on mineral soils (r = -0.596, P =
0.04) (Wasilewska 1994b). This ratio
needs a deeper insight into the factors influ-
encing its value, such as a feedback between
root herbivory by nematodes and microbial
activity (Bardgett et al. 1999).

The density of omnivorous nematodes
increased with advancing secondary succes-
sion (P<0.01). Positive correlations with
years after drainage were obtained for period
1 (P<0.01) and period II (P<0.05), the density
level being higher in period I (P<0.01). The
latter and also the fact that this group was
more abundant in the soil of drained fens
compared with natural fens are indicative of
their dependence on the total abundance of
nematodes. The omnivorous character of this
group is due to their predation on nematodes,
in some cases only in adult forms, and feed-
ing on bacteria (sometimes only in juveniles).
They “assist” carnivores, bacterial and fungal
feeders, where necessary (Bongers and
Bongers 1998).

Predators were very scarce, occasionally
present, and they did not show successional
trends.

In the new, so called “post-drained”
situation there was an increase in the taxon
richness and in the diversity index compared
with natural fens. The only exception was the
value of H’ in separate meadows on alder
peat in the period of 10-25 years after drain-
age, when it was lowest (Wasilewska
1991a). Almost all diversity parameters such
as H’ total (P<0.01), H* FPF (P<0.05), and
H’ OPF (P<0.01) increased with years after
drainage.

The increasing trend in the diversity of
soil nematode communities with years after
drainage corresponds to the trend in soil suc-
cession, which signifies approaching oligo-
trophic (van Bruggen and Semenov
2000) and relatively stable conditions (Bon-
gers and Bongers 1998). This increasing
trend in diversity seems to be especially im-
portant in the light of the hypothesis proposed

by Bongers and Bongers (1998) that in
temperate zones nematode diversity de-
creases with the changing conditions such as
fluctuating temperature, humidity, osmotic
value of capillary water, CO, and O, contents
in soil air, pH, seasonal inputs of organic ma-
terial, and nutrient leaching. The increase of
soil biota diversity could be a proof of dimin-
ishing the variation at the above conditions.

A high nematode diversity (H’) was
noted by Héanel (1997) on pristine peat
meadows and drained meadows. Y eates and
King (1997) observed a higher diversity on
native than on improved (i.e. fertilized)
grasslands. Diversity was shown to be inde-
pendent of the age of mineral meadows while
maturity index (MI) significantly increased
with age (Wasilewska 1994b).

Bongers and Ferris (1999) have pro-
posed a general rule that a value of maturity
index (MI(c-p = 1-5)) less than 2.0 indicates
to much nutrient-enriched (i.e. disturbed)
systems, and a value of 4.0 indicates undis-
turbed, pristine environment. This cannot be
exactly applied to the values of this parameter
obtained in the present study (Table 10), but
the general tendency is valid.

The maturity index (MI) decreases in en-
riched nutrient conditions as evidenced by
many field studies (Bongers et al. 1977,
Yeates andKing 1997, Liang et al. 1999),
whereas it increases with decreasing micro-
bial activity, and soil fertility (Bongers and
Ferris 1999). Thus, MI increases as a result
of the loss of r-strategists — bacterial feeders
and the increase in K-strategists — omnivores
(Bongers 1990). Moreover, Bongers and
Ferris (1999) argue that during late succes-
sion, opportunists are replenished — but not
replaced — by persisters.

Reduction in the rate of mineralization of
organic matter many years after drainage of
moorshing soils is caused by accumulation of
large amounts of humus and lignin, i.e. frac-
tions resistant to decomposition by soil mi-
croorganisms. Mineralization of organic
carbon compounds goes in parallel with min-
eralization of organic nitrogen compounds,
including humus, this leading to a gradual
decline in N-total in these soils and to their
impoverishment (Walczyna 1973). Conse-
quently, these processes should underlie
trends in the maturity index.

Trends in the nematode communities
analysed in the present paper are consistent
with theories of recovery after stress (Odum
1985) and have much in common with the
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theory of fallow succession analysed for
nematode communities (Pate er al. 2000).
Also, they show some similarity to the pat-
tern of age-related succession on mineral
meadows (Wasilewska 1994b) and in for-
ests on coal-mining sands (Hanel 2001).
Functional aspects of soil nematode diversity
on peat meadows are also largely consistent
with conclusions of Bardgett and Cook
(1998) concerning the life strategy of organ-
isms involved in “fast” and “slow” cycles of
decomposition, but they need to be comple-
mented. Although succession within a range
from 2 to 117 years proceeded towards a low
input system (lower percentage of carbon and
nitrogen in soil and their lower mineraliza-
tion) with more heterogeneous resources
(a higher diversity of functional groups —
lower niche width), and was characterized by
more persistent taxa, no clear dominance of
the fungal decomposition pathway was de-
veloped, as indicated by the relatively stable
ratios of bacterivores to fungivores (B/F) and
bacterivores to fungivores + facultative plant
feeders (facultative fungivores) (B/(F+FPF)).
Thus, within the study period, nematode pa-
rameters did not show a clear transition from
eutrophy to oligotrophy. But with respect to
the increase in soil acidity (as exemplified by
three sites in Table 2), and a significant in-
crease (P<0.05) in the diversity of facultative
plant feeders — partially mycophilous (H’
FPF), along with the increase in the density of
mycorrhizal taxa such as Filenchus (accord-
ing to Hanel 2000), a specific approaching
more oligotrophic conditions of late succes-
sion should be noted.

Some short-term fluctuations in soil
moisture and the associated mineralization
rate of peat and some anthropogenic factors
such as fertilization and grazing, influence
taxa c-p = 1 (i.e. r-strategists) quicker than
other taxa. This can be inferred in part from
correlation coefficients with years of succes-
sion, which were lower for MI (c-p = 1-5)
(r=10.66, P<0.001) and higher for MI (c-p =
2-5) (excluded c-p =1) (r = 0.71, P<0.001),
as well as from the intercept (1.81 and 2.29,
respectively).

In the course of 117 years succession in
nematode communities, near all parameters
of density do not reveal significant trends
with time, described by linear regression.
Scattering values within sites is the reason for
these. All parameters of community diversity
and maturity did show statistically significant
trends with time. Densities were more influ-

enced by short-lasting fluctuations. The
long-lasting process of community maturity
showed successional trend with time on the
way of exchange of taxa of different life
strategies.

Maturity is thus a quantitative and “di-
rectional” parameter during nematode suc-
cession in drained peat soils used as
permanent meadows. It seems that the suc-
cessional pattern of nematode dynamics
mainly depends on food resources (in the de-
tritus and grazing pathways) that are released
or limited, depending on a physical factor
such as water content of peat soils. A ques-
tion arises whether it is possible to predict the
direction of succession after drainage of peat
soils from soil biota. According to Laiho et
al. (2001), peatland forests developed after
drainage evolve into upland forests, where
decomposition in general is much faster than
in pristine peatland. Hanel (1997) suggests
that nematodes in drained peat meadows in
southern Czech Republic evolve towards me-
sic meadow nematode communities.

It seems that the acceleration of succes-
sional processes is equivalent to saving peat
resources. It may happen only by raising the
water level of peat lands.

Some authors predict that predacious
and omnivorous nematodes (that is, persis-
tent taxa (K-strategist s./.) influencing MI in-
crease) would increase in response to
increased fine root production under elevated
atmospheric CO; in the high-N soil (Hoek-
sema et al. 2000).

No single model can explain succes-
sional changes (Walker and Chapin 1987,
Morin 1999). In the river Biebrza and river
Narew valleys, both life history traits and
competitive displacement were observed to
affect nematode succession. One of the possi-
ble mechanisms in the initial stages (until
about 30 years after drainage of fens), biota
are tolerant of periods of drought and nitro-
gen excess. During that period also a higher
herbivory abundance is pronounced. This is a
period of rapid peat transformation. In later
stages, when nitrogen resources are being re-
duced and turfing processes are involved,
presumably the role of interspecific competi-
tion is increasing (e.g., disappearance of
Paratylenchus in favour of Rotylenchus and
Helicotylenchus).
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6. SUMMARY

After the drainage of fens and their permanent
use as meadows, peat-forming process is being re-
placed by moorsh (muck) -forming process. and then
by turf-forming process. Properties of both the peat
mass and the biota of such ecosystems undergo time-
related changes.

The study sites were selected on fens located in
the valleys of the Biebrza and Narew rivers (Fig. 1).
They comprised natural and drained fens used as per-
manent meadows, which differed in terms of the
number of years after drainage, peat origin, plant com-
munities, mucking degree, and physico-chemical soil
properties (Table 1).

Changes in soil nematode communities with
years after drainage, analysed by the method of site
chronosequence, and previously described (Wasi-
lewska 1991a) for period I (1978-1983), were the
basis for further analyses of the secondary succession.
The same sites were sampled 15-17 years later, in so
called period IT (1994—1997), when the density of taxa
(genera) of nematodes were evaluated (Table 4) and
biocoenotic parameters (19-29) describing the com-
munity (density, diversity and maturity) were meas-
ured (Table 7). As period 11 was shifted by 15-17
years compared with period I, it did not include the
most drastic changes in soil and in nematode fauna
occurring after drainage. Hence, in period I the den-
sity of almost all nematode trophic groups and of the
indicatory taxon Paratylenchus was several times
higher (ANOVA, P<0.000-0.02) and the ratio of
nematodes of the class Secernentea to nematodes of
the class Adenophorea (index of undisturbed condi-
tions) was also higher (Table 5). At the same time, i.e.
in earlier period after drainage almost all maturity in-
dices: MI (¢-p = 1-5), SUM MI (c-p = 1-5), MI (c-p =
2-5), Ba MI, and PPl were lower (ANOVA,
P<0.000-0.04), as well as diversity indices of some
trophic groups.

Also the pattern of successional changes was
analysed in the period from 2 to 117 years after fen
drainage and management as meadows. Not drained
natural fens were used for comparison (Fig. 3 and Ta-
ble 10). Site characteristics such as soil structure and
processes were as follows: soil moisture (by weight)
80-52%, total soil porosity 90-77%, bulk density
0.16-0.44 (to 0.92) g cm™, total C content in soil
47-7%, total N content in soil 4.4-0.5%, ranges in the
sequence from Mt I (poorly moorshified soils) to Mt
III (strongly moorshified soils). On natural fens, soil
moisture was 80%, soil porosity 90%, bulk density

0.15-035¢g cm™3, and peat-forming process (Pt) was
continued (Tables 2 and 3).

Drainage and management of fens was always
followed by an increase in density of total nematodes
and in component trophic groups such as bacterivores
— B, fungivores — F, facultative plant feeders — FPF,
obligate plant feeders — OPF, omnivores, and preda-
tors, as compared with their abundance in natural fens.
Later in succession, their densities declined, but the
negative correlation with time was not significant. The
only exception was the group of omnivores that
showed an increasing trend in density (ANOVA for
correlation, P<0.01). No significant successional
trends were observed in ratios B/F and (B+F)/OPF,
and in the number of taxa. Indices of taxa diversity
and maturity were positively correlated with years af-
ter drainage (ANOVA for correlation, P<0.001-0.05)
(Table 8).

On natural fens, the ranges of the densities of all
trophic groups were lower, and of maturity indices
were higher than on drained peat meadows. The maxi-
mum ranges of diversity indices were higher on
drained peat meadows compared with natural fens
(Table 10).

One of the possible mechanisms driving the first
stages of nematode succession in the Biebrza and
Narew river valleys seems to be periods of drought
and the excess of nitrogen. In later stages, probably
interspecific competition becomes more important, as
implied, for example, by the disappearance of Paraty-
lenchus in favour of Rotylenchus and Helicotylenchus
(Fig. 2, Table 4).

Also the effect of peat type on the density of
taxa and the values of community parameters was
evaluated (Tables 6 and 7). The taxa significantly in-
fluenced by peat type comprised Aphelenchoides,
Hirschmaniella, Wilsonema, Panagrolaimus, and
Paratylenchus (ANOVA, P<0.02-0.06). The depend-
ence on peat type was found for only three parame-
ters: density of total nematodes, bacterivores, and
obligate plant feeders, according to the pattern:
sedge-moss peat < sedge peat < alder peat during pe-
riod I and period II (ANOVA, P<0.007-0.02). The
growth rate of the maturity index MI (c-p = 1-5) dur-
ing succession from 2 to 117 years followed the pat-
tern: sedge peat>alder peat>sedge-moss peat (Table 9).
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D total
DB
DF
D FPF
D OPF
DO
PP

APPENDIX

Brief form of used nematode community parameters:

Total density of nematodes
Density of bacterivores

Density of fungivores

Density of facultative plant feeders
Density of obligate plant feeders
Density of omnivores

Density of predators

B/F
B/(F+FPF)

(B+F)/OPF

(B+F+FPF)/OPF

Ratio of density of bacterivores to density of fungivores

Ratio of density of bacterivores to density of fungivores +
facultative plant feeders

Ratio of density of bacterivores + fungivores to density of obligate
plant feeders

Ratio of density of bacterivores + fungivores + facultative plant

S total

S (B+F)

S (FPF+OPF)
S (OiFR)

feeders to density of obligate plant feeders

Total number of taxa

Number of taxa of bacterivores + fungivores

Number of taxa of facultative plant feeders + obligate plant feeders
Number of taxa of omnivores + predators

H’ total
H’ (B+F)
H’ FPF
H 'OBF
H (Ot P)

Shannon diversity index of total community
Shannon diversity index of bacterivores + fungivores
Shannon diversity index of facultative plant feeders
Shannon diversity index of obligate plant feeders
Shannon diversity index of omnivores + predators

c-p scale
cp =1
cp=1-5

Colonizers-persisters scale (r-strategists sl — K strategists sl scale)
Taxa with rank 1
Taxa with ranks from 1 to 5

MI (c-p = 1-5)

SUM MI (c-p=1-5)

MI (c-p = 2-5)

SUM MI (c-p=2-5)

Ba MI
PPI
PPI/MI

Maturity Index based on all taxa with exclusion of plant feeders
Maturity Index based on all taxa

Maturity Index based on taxa with exclusion of plant feeders and
of taxa c-p=1

Maturity Index based on all taxa with exclusion of taxa c-p=1
Maturity Index of bacterivores

Plant Parasite Index

Ratio of PPI to MI

N S/A

S S/A

Ratio of numbers of nematodes from the class Secernentea to
numbers of nematodes from the class Adenophorea

Ratio of number of taxa from the class Secernentea to number of
taxa from the class Adenophorea



