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Abstract

Species differ in their life cycle, habitat demands and dispersal capacity. Consequently different species
or species groups may respond differently to restoration measures. To evaluate effects of restoration
measures in raised bog remnants on aquatic microinvertebrates, species assemblages of Rotifera and
microcrustaceans were sampled in 10 rewetted and 10 non-rewetted sites, situated in 7 Dutch raised bog
remnants. A total of 129 species (Rotifera 108, Cladocera 15, Copepoda 6 species) were found. The
species assemblages, total numbers of species and numbers of characteristic raised bog species did not
differ between the 10 rewetted and 10 non-rewetted sites. The dominant pattern in the variation in
microinvertebrate assemblages could be explained by the presence or absence of open water and vari-
ation in physico-chemical variables of surface water and organic matter. Furthermore, the species
assemblages of water bodies situated in the same area were on average more similar to each other than
to assemblages from other areas. These differences between areas may be due to differences in envi-
ronmental conditions of water bodies, and possibly also to differences in the local species pool and the
subsequent immigration sequence of species. We conclude that, in contrast to earlier findings on aquatic
macroinvertebrates, populations of microinvertebrate species, including characteristic species, can either
persist in the raised bog remnants during the process of rewetting or (re-)establish within a relatively
short period of time (less than about 5 years).

Introduction

In degraded landscapes, restoration measures are
taken to rehabilitate the ecosystems and their
characteristic biodiversity. These measures focus
mainly on creating suitable abiotic conditions for
the recovery of key plant species or characteristic
vegetation types. Recovery of characteristic fauna is
often assumed to follow automatically in course of

time. Although animals, and especially inverte-
brates, make up an important part of the total spe-
cies diversity, relatively little attention has been paid
to how restoration measures affect the fauna
(Longcore, 2003; Van Duinen et al., 2003; Van
Kleef et al., 2006).

In raised bog landscapes Sphagnum species are
key-stone species. Therefore, restoration measures
in degraded raised bogs generally focus on creating

Hydrobiologia (2006) 565:187–200 � Springer 2006
R.S.E.W. Leuven, A.M.J. Ragas, A.J.M. Smits & G. van der Velde (eds), Living Rivers: Trends and Challenges in Science andManagement
DOI 10.1007/s10750-005-1913-7



suitable hydrological conditions for re-colonisation
and growth of Sphagnum by blocking drainage
ditches and building dams to retain rain water (e.g.,
Smolders et al., 2003; Rochefort et al., 2003;
Vasander et al., 2003). These rewetting measures
have been applied both in large-scaled cut-over bog
remnants with little or no Sphagnum growth and in
bog remnants degraded by drainage and small-
scaled hand peat cuttings, where Sphagnumwas still
growing in parts of the area. Rewetting measures
frequently resulted in a fast rise of the water table
and shallow to deep flooding of large areas. The
subsequent vegetation differed considerably
between different rewetted sites. Floating rafts with
Sphagnum vegetation developed if poorly humified
peat was still present and swelled up or became
buoyant. Submerged or floating Sphagnum vegeta-
tion developed if sufficient light penetrated into the
(shallow) water layer and sufficient carbon dioxide
was available. Inundated areas of humified peat
remained almost devoid of Sphagnum (Smolders
et al., 2003).

A comparative study on aquatic macroinverte-
brates showed that rewetted sites in Dutch raised
bog remnants are inhabited by only a part of the
species spectra of both pristine raised bogs in
Estonia and non-rewetted sites in Dutch bog rem-
nants (Van Duinen et al., 2002, 2003). These non-
rewetted sites are water bodies that have not been
subject to large-scale restoration measures, but are
remnants of the former use of bogs, e.g., abandoned
hand peat cuttings and trenches used in buckwheat
culture. The species assemblages differ considerably
between rewetted and non-rewetted sites and the
cumulative species richness is much higher in the
non-rewetted sites.Moreover, several characteristic
and rare species were found only at non-rewetted
sites, irrespective of the development of a charac-
teristic vegetation. These differences between
rewetted and non-rewetted sites could not be ex-
plained by differences in the surface water quality
and vegetation composition of the water bodies.
The differences in species assemblage were attri-
buted to fast and large-scaled changes in the water
table caused by large-scaled rewettingmeasures and
to lower habitat diversity in rewetted areas. Popu-
lations of rare and characteristic macroinvertebrate
species, that were able to persist in degraded bog
remnants, can respond negatively to rewetting of
raised bog remnants (Van Duinen et al., 2003).

Contrary to these results on aquatic macroin-
vertebrates, Buttler et al. (1996) showed that the
testate amoebae fauna of raised bogs can recover
rapidly and fully, regardless of the initial condition
of the cutover surface. Apparently, different inver-
tebrate groups respond differently to restoration
measures. This differential response may be
explained by differences in dispersal capacity and
habitat demands between invertebrate groups.
Most aquatic macroinvertebrate species disperse
actively. However, species may lack flight ability
(e.g., Jackson, 1952) or exhibit high site fidelity,
which may especially be true for species living in
stable and permanent environments (Southwood,
1962;Wagner&Liebherr, 1992), suchas raised bogs.
As a result, for macroinvertebrates re-colonisation
may be very slow. Aquatic microinvertebrates, like
Rotifera and small crustaceans (Copepoda and
Cladocera), on the other hand, are known to be
easily spread bywind and animal vectors (Cáceres&
Soluk, 2002; Cohen & Shurin, 2003). Cohen &
Shurin (2003) found that zooplankton (Rotifera,
Copepoda and Cladocera) disperse rapidly over
short distances (10 m–1 km) and that dispersal only
limits the diversity of very young communities
(<1 year). Furthermore, Rotifera, Copepoda and
Cladocera species often reproduce parthenogeneti-
cally and have a short life cycle that can be
completed in one water body (Nogrady et al., 1993;
Wetzel, 2001). Both these life-history characteristics
potentially enable them to rapidly establish a
population after colonisation. In contrast, most
macroinvertebrates reproduce sexually and have a
more complex life cycle than microinvertebrates
that include larval, pupal, and adult stages. Each of
these life-history stages may pose different demands
on their environment. Therefore, a combination of
various habitat elementsmay be needed to complete
the life cycle (e.g., Galewski, 1971; Fairchild et al.,
2003). The various habitat elements (heterogeneity)
required by the species to complete their life cycle
have to be present at the proper time and proper
spatial scale (Verberk et al., 2001, 2005). In re-
wetted sites these requirements have apparently not
been met for several macroinvertebrate species,
contrary to the non-rewetted sites that were in-
cluded in the macroinvertebrate study. This can
be due to a more radical degradation (e.g., large-
scaled peat extraction) in the rewetted sites, or to
the abrupt process of rewetting, resulting in the
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disappearance of relic populations of rare and
characteristic macroinvertebrate species (Van Dui-
nen et al., 2003).

As Rotifera and microcrustaceans generally
have a high dispersal capacity and a low depen-
dence on habitat heterogeneity for the completion
of their life cycle, compared to macroinvertebrates,
we hypothesised that the occurrence of these
microinvertebrate species, including characteristic
raised bog species, do not differ between rewetted
and non-rewetted sites in bog remnants. Contrary
to the findings of the study on macroinvertebrates,
we expected that physico-chemical conditions and
vegetation structure of the water bodies are more
discriminating factors between the microinverte-
brate assemblages than conditions at a larger
spatial scale or events in the past, including the
degradation or rewetting of raised bog remnants.
To test this hypothesis, a comparative study was
carried out, with a similar procedure as in the
earlier study on macroinvertebrates (Van Duinen
et al., 2003). We sampled Rotifera, Cladocera, and
Copepoda in 10 water bodies created by rewetting
measures and 10 water bodies in degraded raised
bog remnants, which have not been subject to
large-scale rewetting measures. These two groups
of sampling sites will be referred to as ‘rewetted
sites’ and ‘remnant sites’, respectively. To include
variation in vegetation structure, each group con-
sisted of 5 pools with a substantial area of open
water and a littoral zone and 5 puddles with little
or no open water. In this paper we will answer the
following questions:

1. Do remnant sites differ from rewetted sites
with respect to species assemblage and
(cumulative) species richness?

2. Is there a different response for characteristic
raised bog species?

3. What is the relative importance of rewetting,
vegetation structure and physico-chemical
variables for the species assemblages of Ro-
tifera, Cladocera and Copepoda?

Materials and methods

Sampling sites

Microinvertebrates were sampled in 20 water
bodies, situated in 7 different raised bog remnants

in the Netherlands (Fig. 1). Ten of these water
bodies sampled were created by large-scale
rewetting measures 5–30 years ago. The 10 rem-
nant sites were pools and puddles created by peat
cutting and trenches used in buckwheat culture.
These remnant sites were abandoned more than
50 years ago and had not been subject to large-
scale rewetting measures. The water bodies sam-
pled differed in age, size and water and substrate
quality. Characteristics of the sampling sites (year
of rewetting, dimensions, and physico-chemical
variables) are given in the appendix. Both the
remnant and rewetted sites included five pools
with a substantial area of open water in the centre
and Sphagnum cuspidatum and other plants in the
littoral zone, and five water bodies with little open
water, viz. relatively small puddles and a trench
used in buckwheat culture.

Microinvertebrate sampling and identification

To avoid large changes in species assemblages
during the sampling period, all sites were sampled
in the period of April 1 to May 6, 2002. At each
sampling site two sets of subsamples were taken.
Each set consisted of pooled subsamples collected
at different spots in the water body. One set of
subsamples was taken by means of two plankton
nets with 45 and 115 lm mesh size, respectively,
and was fixed immediately by adding formalde-
hyde to a final concentration of 2%. This con-
centration was later raised to 4% for storage. The
other set of subsamples was taken using only a
plankton net with 45 lm mesh size, was not fixed
and was examined under the microscope to iden-
tify illoricate Rotifera. For the 10 pools, subsam-
ples taken in the littoral zone were kept separately
from those taken in the open water. Species were
identified using the keys of Donner (1965), Koste
(1978), Einsle (1993, 1996), Nogrady & Pourriot
(1995), Segers (1995), De Smet (1996, 1997), and
Flößner (2000). Hypochlorite solution was used
for rotifer trophi analysis. Species lists are pub-
lished by Zhuge & Van Duinen (2005).

Physico-chemical variables

At each sampling site, surface water was sampled
without air-bubbles in iodated polyethylene bot-
tles. Organic matter (top layer of sedimented
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detritus and accumulated peat) was collected using
the plankton net with 115 lmmesh size. Both were
sampled on the same day as the microinverte-
brates. Electric conductivity (EC) and dimensions
of the water bodies (length, width and depth) were
assessed at the sites. The pH, alkalinity and tur-
bidity of surface water samples were measured
within 24 h after sample collection. After adding
1 mg citric acid per 5 ml of water, water samples
were stored at )20 �C in iodated polyethylene
bottles until further analysis. Organic matter was
dried (48 h at 70 �C) and ground up in liquid
nitrogen. Nitrogen and carbon concentrations
were measured in dried and ground organic matter
with a CNS analyser (type NA 1500, Carlo Erba
Instruments, Milan). Dried and ground organic
matter was digested in sealed Teflon vessels in a
Milestone microwave oven adding nitric acid and
hydrogen peroxide. Digestates were analysed for
total-P, Na, K, Ca, Cl, Mg, Mn, Fe, Si, Zn, Al,
and S. The surface water samples were analysed
for colour (extinction at 450 nm; Schimadzu
spectrophotometer UV-120-01) and the concen-
trations of total inorganic carbon, NO3, NH4,
PO4, total-P, Na, K, Ca, Cl, Mg, Mn, Fe, Si, Zn,
Al, and S. The following were determined colori-
metrically; NO3 according to Kamphake et al.

(1967), NH4 according to Grasshoff & Johanssen
(1977), o-PO4 according to Henriksen (1965), Cl
according to O’Brien (1962). Na and K were
determined with a Technicon flame photometer.
Ca, Mg, Mn, Fe, Si, Zn, Al, P, and S were mea-
sured by inductively coupled plasma emission
spectrophotometry. Total inorganic carbon in
surface water was measured with an infrared car-
bon analyser. Selected water and organic matter
quality data are presented in the Appendix.

Data analysis

Cumulative curves for species richness were com-
piled for both remnant and rewetted sites by cal-
culating the averages and standard deviation of the
total species richness of all possible combinations
for one to 10 sampling sites. Significance of dif-
ferences in average species richness between
rewetted and remnant sites was tested with a one-
way ANOVA, in which the factor ‘rewetting’ was
nested within the factor ‘area’ to account for pos-
sible differences in diversity between areas. Simi-
larity in microinvertebrate assemblages of site pairs
was calculated using the Sørensen coefficient
(Sørensen, 1948) S = 2j/(a + b), with j being the
number of species occurring in both sites, a and b

Figure 1. Locations of raised bog areas in the Netherlands at which samples were taken. FV, Fochteloërveen (0/2); DV, Dwingelerveld

(2/0); BV, Bargerveen (1/3); HV, Haaksbergerveen (0/3); KV, Korenburgerveen (5/0); MP, Mariapeel (0/2); TP, Tuspeel (2/0). Figures

in brackets are the numbers of remnant/rewetted sites sampled at each of the areas.
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the total species numbers of the two respective
sites. Average similarity coefficients were compared
within and between areas and between remnant
and rewetted sites. Significance of differences in
averages between categories of sites was tested
using a Mann–Whitney U-test. Significance of
differences in environmental variables between
rewetted and remnant sites was tested with a one-
way ANOVA.

Species were considered to be characteristic for
raised bogs when they are listed as typical of bogs
or acidophilous species (preferring acid water
bodies) in literature (data in Zhuge & Van Duinen,
2005). These data were taken from Myers (1931),
Donner (1965), Koste (1978), B�erzin�š & Pejler
(1987), Pejler & B�erzin�š (1993a), Nogrady &
Pourriot (1995), Segers (1995) and De Smet (1996,
1997).

Multivariate analyses of individual species
presence/absence data and environmental vari-
ables were performed in Canoco for Windows
version 4.0 (Ter Braak & Šmilauer, 1998), to study
the relative importance of rewetting, open water
and the physico-chemical variables mentioned in
the previous paragraph. A first analysis was per-
formed with the samples taken in puddles, in open
water and in littoral zones of pools separately (30
samples). A second analysis was performed in
which the species presence data from the open
water and littoral zone of pools were pooled (10
samples taken in pools and 10 samples in pud-
dles). From preliminary detrended correspondence
analyses (DCA) it was concluded that most of the
species response curves could be best described by
a linear response model (following Ter Braak,
1995). Therefore, principal components analyses
(PCA) were performed for analysis of species
presence data and environmental variables. Sig-
nificance of the effect of environmental variables
was tested using a Monte Carlo resampling pro-
cedure with 500 permutations in redundancy
analyses (RDA). To test whether rewetting could
significantly explain variation that remains after
fitting the most important environmental vari-
ables, or the areas in which the sampling sites were
situated, two partial RDAs were performed, with
the binomial variable ‘rewetting vs. remnant’ as
the only environmental variable and either the
most important environmental variables, or 7
binomial dummy variables for the areas in which

the sampling sites were situated, as covariables.
This analysis was performed on the data set with
littoral zone and open water samples pooled.

Results

Species richness and frequency

A total of 129 microinvertebrate species was found
at the 20 sites sampled: 108 Rotifera, 15 Cladocera
and 6 Copepoda species. The remnant sites com-
prised 107 species and rewetted sites 95 species. The
higher number of species in remnant sites mainly
concerned non-characteristic species encountered
in only one of the sampling sites (Fig. 2). Most of
the more frequently found species were present in
both remnant and rewetted sites (non-lined parts in
Fig. 2). Fifteen species were encountered in 15 or
more sites. These included the characteristic species
Acantholeberis curvirostris, Lecane galeata, Tri-
chocerca parvula, Diacyclops nanus, Alonella exisa
and Keratella serrulata. Seventy-three species were
found at both rewetted sites and remnant sites,
whereas 56 species were encountered at either the
rewetted sites, or the remnant sites only. Of these
56 species, 34 were only found in the remnant sites,
of which 7 species were classified as characteristic
species. For the rewetted sites these numbers were
22 and 8, respectively. Eighty-five percent of these
56 species were encountered at only one or two
sampling sites. Few species were encountered con-
siderably more frequently at either remnant or
rewetted sites. These were the characteristic Roti-
fera species Pleurotrocha robusta (5 remnant sites
vs. no rewetted sites), Monommata phoxa (6 vs. 1),
and Euchlanis triquetra (2 vs. 7), the rotifer
Encentrum martes (7 vs. 0) and the copepod
Acanthocyclops robustus (2 vs. 9).

The proportions of Rotifera, Copepoda and
Cladocera in the total number of species were
fairly similar between rewetted and remnant sites
(Fig. 2). The proportion of Cladocera was higher
in the frequently encountered species than in the
less frequently encountered species. In total, 38
species were classified as characteristic to acid
water or bogs, of which 30 were recorded at the
remnant sites and 31 at the rewetted sites. The
average number of species and characteristic spe-
cies did not differ significantly between remnant
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sites and rewetted sites (Table 1). The cumulative
species richness of rewetted sites and remnant sites
was similar, especially for the characteristic species
(Fig. 3).

Species assemblages and correlations

In the first PCA (Fig. 4a) samples from rewetted
and remnant sites were not separated along the

first four PCA-axes. The distribution of samples
along the first PCA-axis was positively or nega-
tively correlated (with correlation coefficient
<)0.5 or >0.5) to the Na and Cl concentration,
electric conductivity, and pH of the surface water
and to the C:N quotient of the organic matter. The
open water samples were separated from the
samples taken in the littoral zone of pools and in
puddles along the second PCA-axis. The first four
PCA-axes explained 15.1, 10.5, 8.6 and 7.7% of
the variation in species data. After selecting all
environmental variables that had a correlation
coefficient <)0.5 or >0.5 with one or more of the
first four PCA-axes, the variables Na and o-PO4

concentration and pH of the surface water, open
water and ‘rewetting vs. remnant’ significantly
(Monte Carlo procedure: p<0.05) explained the
variation in species assemblages (Table 2). The
binomial variable ‘rewetting vs. remnant’
explained 6.0% of the variation in species data,

Table 1. Average (±SE) species richness and numbers of

characteristic species in the remnant and rewetted sites

Remnant sites Rewetted sites ANOVA

n=10 n = 10

Species richness 42.5 ± 6.1 44.6 ± 6.3 n.s.

Characteristic

species

15.2 ± 1.5 16.3 ± 2.1 n.s.

n, number of sampling sites; n.s., not significant.

Figure 2. Numbers of species found at the 10 remnant sites (above horizontal axis) and the 10 rewetted sites (under horizontal axis) for

different frequency classes. Characteristic species are shown with the black parts and non-characteristic species with the white parts.

Species encountered in one of both groups of sites exclusively are shown with the lined parts of the black and white parts of the bars.

The pie charts indicate the proportion of Rotifera (white), Copepoda (grey) and Cladocera (black) in the total number of species of the

respective bars.
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which is less than the variables pH, Na, o-PO4 and
open water, that explained 10.3, 9.6, 6.8 and 7.2%,
respectively.

In the second PCA – with pooled species data of
open water and littoral zone of pools – (Fig. 4b)
rewetted sites scored negatively and most remnant

sites positively on the second PCA-axis, whereas
pools and puddles were not separated along the first
four PCA-axes. The first four PCA-axes explained
18.3, 10.3, 9.8 and 8.9% of the variation in species
data. After selecting all environmental variables
having a correlation coefficient <)0.5 or >0.5 with
one or more of the first four PCA-axes, the pH and
the concentration of o-PO4 in the surface water
significantly (Monte Carlo procedure: p < 0.05)
explained the variation in species assemblages
(Table 3). These variables explained 12.4 and 8.2%
of the variation in species data, which is again more
than the (non-significant) variable ‘rewetting vs.
remnant’ that explained 7.8%.

The average concentrations of K, Ca, Fe and Si
were significantly (one-way ANOVA: p < 0.05)
higher at remnant sites. For the other environ-
mental variables no significant differences were
found. Rewetting could not significantly explain
(Monte Carlo procedure: p = 0.144) the variation
in species data that remained after fitting the
environmental variables: open water, pH, o-PO4,
Cl and Ca of surface water, and C:N quotient of
organic matter.
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Figure 3. Cumulative species richness curves (±SD) for all
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remnant sites.

Table 2. Eigenvalues (Lambda), p, and F-values of environ-

mental variables having a correlation coefficient with one or

more of the first four PCA-axes of less than )0.5 or higher than

0.5 in the PCA of puddles, open water, and littoral zone sam-

ples (Fig. 4a). p-values <0.05 are in italics

Marginal

effects

Conditional effects

Lambda 1 Lambda A p F

pH surface water 0.10 0.10 0.002 3.21

Na surface water 0.10 0.04 0.010 1.72

Cl surface water 0.09 0.03 0.112 1.32

EC surface water 0.08 0.03 0.475 1.01

Open water 0.07 0.07 0.002 2.34

o-PO4 surface water 0.07 0.07 0.002 2.15

P organic matter 0.07 0.04 0.174 1.25

P surface water 0.07 0.03 0.331 1.09

Rewetting 0.06 0.05 0.010 1.67

Al surface water 0.06 0.03 0.074 1.43

C:N

organic matter

0.06 0.03 0.293 1.13

Turbidity surface water 0.04 0.04 0.104 1.32

Ca organic matter 0.04 0.03 0.287 1.12

Table 3. Eigenvalues (Lambda), p, and F-values of environ-

mental variables having a correlation coefficient with one or

more of the first four PCA-axes of less than )0.5 or higher than

0.5 in the PCA of puddles and pools, with open water and

littoral zone samples pooled (Fig. 4b). p-values <0.05 are in

italics

Marginal

effects

Conditional effects

Lambda 1 Lambda A p F

pH surface water 0.12 0.12 0.002 2.55

Na surface water 0.11 0.06 0.086 1.37

Cl surface water 0.10 0.04 0.607 0.85

P organic matter 0.10 0.04 0.601 0.93

EC surface water 0.10 0.03 0.679 0.78

Zn surface water 0.09 0.06 0.112 1.35

o-PO4 surface water 0.08 0.09 0.044 1.78

Rewetting 0.08 0.06 0.128 1.30

C:N

organic matter

0.08 0.05 0.421 1.04

P surface water 0.08 0.04 0.593 0.86

C:P

organic matter

0.07 0.03 0.737 0.81

Depth surface water 0.06 0.05 0.323 1.13
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The samples taken in the same raised bog
remnant lie relatively close to each other in the
PCA-plots (Fig. 4c). This was most clear for the
Korenburgerveen, Bargerveen and Haaksberger-
veen reserves. The average Sørensen similarity
coefficients differed strongly (13%) between pairs
of sites situated in the same area and pairs of sites
in different areas (p<0.001; Table 4). The differ-
ence was much smaller (4%), but still significant
(p<0.05), between the average similarity coeffi-
cient for pairs of rewetted vs. remnant sites and for
pairs within the groups of rewetted sites and
remnant sites. The average similarity coefficients
did not differ significantly between pairs of rem-
nant sites and pairs of rewetted sites. Rewetting
could not significantly explain (Monte Carlo
procedure: p = 0.960) the variation in species data
that remained after fitting the 7 areas in which the
sampling sites were situated.

Discussion

The average and cumulative number of charac-
teristic Rotifera and microcrustacean species and
species richness did not differ between remnant
sites and rewetted sites. Differences in species
assemblages between remnant sites and rewetted
sites could be explained by physico-chemical
variables and rewetting did not significantly ex-
plain remaining variation in the species data. All
but eight of the species found in more than two
sampling sites were found in both remnant and
rewetted sites (For comparison, this number was
21 for macroinvertebrates, with 18 of these species
only found in remnant sites and 3 only in rewetted

sites). Only five species were encountered consid-
erably more frequently at either remnant or
rewetted sites. Eighty-two percent of the charac-
teristic microinvertebrate species were found in the
rewetted sites and 79% in the remnant sites (These
figures were 67 and 94%, respectively, for the
macroinvertebrates).

Classification of aquatic microinvertebrates,
especially Rotifera, as characteristic raised bog
species is more disputable than for macroinver-
tebrates (Van Duinen et al., 2003), as less data
on the distribution of microinvertebrate species
are available. This can for example be illustrated
by the many new Rotifera species records for
New England presented by Błędzki & Ellison
(2003) and by the 36 rotifer species encountered
in our studies in Dutch bog remnants – from a
total number of 129 species – that were not re-
ported earlier from the Netherlands (Zhuge &
Van Duinen, 2005). Omitting species from or
adding species to the list of characteristic species
is not expected to considerably change the pat-
tern described, as 89% of the species found in
more than two sampling sites were found in both
remnant and rewetted sites. Therefore, the con-
clusion that aquatic microinvertebrates species
richness and number of characteristic species did
not differ significantly between remnant and
rewetted sites is not affected by the classification
of characteristic species.

The relatively small difference in the microin-
vertebrate assemblage, compared to macroinver-
tebrates (cf. Van Duinen et al., 2003), between
rewetted and remnant sites can be explained by
both the less specific habitat demands and the high
passive dispersal rate of microinvertebrates (Các-
eres & Soluk, 2002; Cohen & Shurin, 2003).
Regarding habitat demands, many Rotifera spe-
cies – including many of those inhabiting raised
bogs – are called ubiquitous or eurytopic, as they
occur in a broad range of pH values (B�erzin�š &
Pejler, 1987) and are not very specific in their
substrate choice (Pejler & B�erzin�š, 1993b, c, 1994).
In total 46 of the species found in the Dutch raised
bog remnants were classified as characteristic
species, but within bogs most species can be found
in various ecotopes (Pejler & B�erzin�š, 1993a;
Jersabek, 1995). Eight of the characteristic species,
as well as 14 non-characteristic species, were found
in more than 50% of the water bodies sampled in

Table 4. Average Sørensen similarity index (±SD) for pairs of

sites situated in the same area and for pairs of sites in different

areas; for pairs of rewetted sites and pairs of remnant sites; and

for pairs of rewetted vs. remnant sites

n Pairs Sørensen-

index

Mann–

Whitney-U

In same area 23 0.64±0.10
<0.001

In different areas 167 0.51±0.07

�

Remnant 45 0.56±0.12
n.s.

Rewetted 45 0.54±0.08

�

<0.05
Rewetted

vs. remnant

100 0.51±0.07

o
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the present study. However, some species prefer
more wet ecotopes, whereas others can tolerate the
dryer parts (cf. Bateman & Davis, 1980; Pejler &
B�erzin�š, 1993a).

The difference in species assemblages between
open water vs. puddles and the littoral zone of
pools found by us (Fig. 4a), is in accordance with
results of the study by De Goeij (1987) who found
the presence or absence of open water to be a main
factor for differences in the species assemblages in
Irish bog pools. About 80% of the Rotifera species
found in our sampling sites were sessile, benthic or
periphytic and thus in need of macrophytes or
other substrates, whereas about 10% of the
Rotifera species encountered were planktonic
(data not shown).

Next to the presence or absence of open water,
the Na, Cl, Zn, o-PO4 and total-P concentration,
pH, and electric conductivity of surface water and
the P content and C:N and C:P quotient of organic
matter were correlated to the variation in species
assemblages (Fig. 4). Variation in Rotifera and
microcrustacean assemblages is commonly found
to be correlated to the trophic state of water bodies
(Pejler & B�erzin�š, 1989; Duggan et al., 2002).
Epiphytic, sedimented or suspended algae,
decomposing organic matter and microbes are
important food sources for the groups of micro-
invertebrates studied (Pejler, 1983). Dissolved P
and N are well known as important factors in the
production of algae (Wetzel, 2001), whereas the N
and P contents of organic matter and pH are
important factors in its decomposition rate and the
microbial activity (Kok & Van de Laar, 1991;
Belyea, 1996; Smolders et al., 2002), besides the
phenolic content of the organic matter (Kok et al.,
1992; Kok & Van der Velde, 1994). Nutrient
availability and organic matter quality could
also explain the occurrence of algivorous and
detritivorous aquatic oligochaete species in raised
bogs (Van Duinen et al., 2006). Differences in the
availability of minerals may also play a role in
food quality. The higher average concentration of
K, Ca, Fe and Si in remnant sites may indicate a
larger influence of minerotrophic ground water in
several of the remnant sites. It was beyond the
scope of this study to completely unravel causal
relations between species assemblages and envi-
ronmental conditions. This requires more direct
measurements on food quality and availability,

information on nutritional requirements and food
preferences of the species and probably data on
food web structure. The present study showed that
environmental variables related to vegetation
structure, and food quality and availability could
explain the dominant pattern in the variation in
microinvertebrate assemblages.

Species assemblages of water bodies situated in
the same area were found to be more similar to
each other than to assemblages from other areas
(Table 4). This was most clear for the Koren-
burgerveen, Bargerveen, and Haaksbergerveen
reserves where three to five water bodies were
sampled (Fig. 4c). Apart from the Bargerveen
reserve, the sites sampled in one area were all
either rewetted or not rewetted. It is unlikely that
rewetting is the key factor in these differences
between areas, as the Sørensen similarity index
differed much stronger between areas than be-
tween rewetted vs. remnant. The differences in
species assemblages between areas were correlated
to several environmental variables (Fig. 4b) and
might be explained by local factors affecting water
quality and food availability, such as minero-
trophic influence, quality of the peat substrate and
atmospheric nitrogen deposition. Another expla-
nation for the strong differences in the species
assemblages between areas may be the differences
in the local species pool and interspecific interac-
tions (Shurin et al., 2000). For instance, 20 species
were found in all or most of the four and five sites
sampled in Bargerveen and Korenburgerveen, but
the rotifers Monommata phoxa, Pleurotrocha
robusta and Lecane hamata and the copepod
Acanthocyclops robustus were found to be frequent
in one of both areas and absent in the other area
(data in Zhuge & Van Duinen, 2005), whereas no
clear differences were found in the environmental
variables between these areas (Appendix). Species
already abundant in a bog remnant will be among
the first to colonise adjacent, new water bodies
created by peat-cutting in the past and more
recently by rewetting measures. These ‘early’
species have a high chance to successfully establish
a population. Species arriving later may generally
have a lower chance to establish a population, as
interactions with resident species may prevent
them from increasing (Jenkins & Buikema, 1998;
Shurin, 2000; Rundle et al., 2002; Cohen &
Shurin, 2003).
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In conclusion, the species richness, occurrence
of characteristic species, and species assemblages
of Rotifera, Copepoda and Cladocera did not
differ between rewetted and non-rewetted sites in
raised bog remnants. The variation in species
assemblages could be explained by variation in
physico-chemical variables and the presence of
open water or vegetation in the water bodies.
Contrasting to macroinvertebrate populations,
that may experience a severe drawback from
large-scaled rewetting measures (Van Duinen
et al., 2003), populations of microinvertebrate
species, including characteristic species, were not
negatively affected by large-scale rewetting. Pop-
ulations of microinvertebrate species were able to
persist during the abrupt process of rewetting or
to (re-)establish within a short period of time. At
a site rewetted 5 years before sampling, 17
characteristic species were found, which is higher
than the averages for remnant and rewetted sites
(Table 1). Although we did not study causal
relations between species occurrence and envi-
ronmental variables in the raised bog remnants,
the microinvertebrate assemblage is likely struc-
tured by the environmental conditions at the
scale of the water body and possibly also by the
local species pool and interspecific interactions.
Of course, also macroinvertebrate assemblages
are structured by environmental conditions.
However, many macroinvertebrates complete
their life cycles on larger scales in space and
time. They may require different habitat elements
in different life-history stages (Verberk et al.,
2005). Differences in the life cycles of species, as
well as differences in the dispersal capacity could
explain their differential response to restoration
measures in raised bog remnants and other
landscape types as well.
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