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Microhabitat distribution of aquatic oligochaete communities
in the Western Balkans peat bog
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Abstract
Peat bog pools are rare and fragmented in the Western Balkans. Thus, aquatic
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macroinvertebrate diversity and the implications for microhabitat loss in these
ecosystems are poorly known. Aquatic oligochaetes, widely used as indicators, were
sampled using a benthos net in the largest and oldest Croatian bog, in four main
water body types: a pond, a deep pool, a shallow pool and a ditch. As these microhabitats lack spatial replication both in the studied bog and in the region, we applied
a nested study design with replicates sampled over time. We found a species-rich
aquatic oligochaete fauna, with 11 taxa recorded. Oligochaete communities were
strongly affected by vegetation complexity and the morphology of bog water bodies,
namely, their size and depth. As revealed by generalised linear mixed models
(GLMMs), taxon richness and abundance were significantly higher in the ditch than in
other water body types. This could be attributed to the vegetation complexity,
supporting many different niches and providing allochthonous food supplies for
oligochaetes. The various bog pools contribute to regional biodiversity and
promote distinct patterns in the spatial distribution of oligochaetes. However, the
predominance of ubiquitous oligochaetes, with high taxon richness, might indicate
the degradation of the studied peat bog. This was further confirmed by the spread of
vascular plants to the bog area and higher pH water values. All these warning signals
suggest that hydro-ecological conditions should be urgently improved in order to preserve communities in the bog studied.
KEYWORDS

bog pools, groundwater-dependent ecosystem, hydro-ecology, microhabitats, Oligochaeta,
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I N T RO DU CT I O N

neutral (Gorham & Janssens, 1992; Rydin & Jeglum, 2006). Peatlands
are widely distributed in Northern, Western and Central Europe,

Peatlands, specific wetland types, are generally classified according to

whereas in the Western Balkans they represent small, fragmented

their hydrology, nutrient supplies and plant communities (Gorham &

habitat

Janssens, 1992). They are divided into two main types: peat bogs and

(Lazarevic, 2013; Topic & Stančic, 2006). Within the northern

fens. Peat bogs are ombrotrophic peatlands, supplied with water

hemisphere, they change in size, naturalness, community composition

primarily from precipitation, and characterised by low pH, poor

and structure along the latitudinal gradient (Desrochers & van

mineral matter and vegetation dominated by peat mosses (Sphagnum

Duinen, 2006). In the Western Balkans, peatlands are seriously

spp.). Fens are, in contrast, minerotrophic peatlands supplied with

degraded and threatened by succession, abandonment of traditional

water and minerals from ground water and their pH is usually basic or

land management practices, climate change and drainage (Topic &
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Stančic, 2006). They currently cover less than 30 ha in Croatia,

populations in such hostile environments (Peus, 1928). In contrast to

varying in area from less than 1 to 10 ha (Alegro & Topic, 2017;

pristine bogs, degraded and rewetted peat bogs are characterised by

Topic & Stančic, 2006).

an increase in taxon richness and abundance of oligochaetes. These

Peat bogs, as globally critically endangered ecosystems, are firmly
subject to an underlying protection and management regime under

changes are associated with the higher nutrient availability in such
bogs (van Duinen et al., 2006).

EU legislation through the CAP (Common Agricultural Policy), cohe-

Successional changes, evident in the spread of vascular plants

sion policy, Natura 2000 framework, rural development, and the WFD

such as Betula pendula and Molinia caerulea, increase the availability of

(Water Framework Directive) with direct and indirect EU regulatory

nutrients in peat bog habitats (Tomassen et al., 2003). The latter,

impact on peatlands, under national law and/or the Habitat Directive

together with Betula pendula, Frangula alnus and Alnus glutinosa, are

(Peters & von Unger, 2017). They are listed in the Ramsar Agreement

rapidly colonising open habitats and pool margins in the peat bogs of

(Anonymous, 1982) and covered directly by Annex I of the Habitats

the Western Balkans (Alegro & Šegota, 2008; Topic & Stančic, 2006).

Directive and indirectly through a range of protected species in Annex

Progressive successional changes have seriously affected terrestrial

II (Anonymous, 1992). The expected results include the improvement

invertebrates, causing changes in species assemblages (e.g., Brigic

of the conditions of peat bogs in EU. Nevertheless, in its mid-term

et al., 2017, 2019; Bujan et al., 2015). However, these distinctive habi-

review the EU Commission found ‘no significant progress’ in

tats still harbour rare species that are globally endangered and

peatland protection (European Commission, 2015). Similarly, there is

included in the European Habitats and Species Directive (Annex II

insufficient progress in peatland protection in Croatia is insufficient,

and IV), and those with notable national status included in the

with a few spatially and temporally limited conservation actions

Red Lists (Brigic et al., 2017; Frankovic & Bogdanovic, 2008;

(e.g., Ternjej et al., 2015).

Nikolic & Topic, 2005). Nevertheless, our knowledge of aquatic

A peat bog landscape is composed of various aquatic and terres-

macroinvertebrates in the Western Balkans peat bogs is very limited

trial microhabitats or microtopes that differ considerably in environ-

(Frankovic & Bogdanovic, 2008; Previšic et al., 2013). In fact, there is

mental conditions (Couwenberg & Joosten, 2005). Thus, within the

a general paucity of data on the aquatic macroinvertebrate communi-

peat bog landscape, environmental gradients can be recognised on

ties of the peat bogs of the Western Balkans (Vilenica et al., 2016),

various spatial scales (Wheeler & Proctor, 2000). Open bog pools and

with no data on oligochaete communities whatsoever. Moreover, in

hollows are a typical example of aquatic microtopes, whose formation

Croatian legislation (e.g., CAEN, 2020), peat bog water bodies, which

and maintenance is controlled by climate, local hydro-ecological rela-

usually lack spatial replication, are not recognised as important

tionships and topography (Aldous & Bach, 2014; Glaser, 1998). These

microhabitats within the peat bog landscape.

groundwater-dependent ecosystems vary considerably in physical

Knowledge of the spatial distribution of aquatic oligochaetes in

properties (e.g., size, shape and depth), permanence, and vegetation

peat bog microhabitats is fundamental for an understanding of their

structure, coverage and time of response to water depth changes

population dynamics and essential for future restoration actions. In

(Aldous & Bach, 2014; Beadle et al., 2015; Belyea & Lancaster, 2002).

this study we aim (1) to classify and describe permanent water bodies

They are generally characterised by low pH values and nutrient avail-

for the first time in the largest and, in terms of microhabitats, the most

ability, and by high levels of dissolved organic matter (Beadle

diverse Croatian peat bog by measuring their physico-chemical

et al., 2015). Despite these extreme environmental conditions, natural

properties and sampling the vegetation; (2) to compare oligochaete

open bog pools make an essential contribution to local and regional

communities in four main peat bog water body types: pond, deep

biodiversity, by supporting high macroinvertebrate taxon richness,

pool, shallow pool and ditch; and (3) to evaluate the effect of environ-

serving as summer and foraging habitats for amphibians or halts for

mental variables (physico-chemical water properties and vegetation)

migratory birds (Calmé et al., 2002; Mazerolle, 2005; Mazerolle

on the spatial distribution of oligochaete communities.

et al., 2006).
The composition and structure of aquatic macroinvertebrate communities are affected by pool size and permanence (Beadle

2
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|

et al., 2015). Larger pools are associated with an increase in the
richness and abundance of aquatic macroinvertebrates (Oertli

2.1

|

Study area

et al., 2002, but see also Towers, 2004). Moreover, pools of different
sizes promote regional biodiversity as they are exploited by species

The study was conducted in the Đon močvar peat bog, located in

with different life history traits (Verberk et al., 2008). Additionally,

Central Croatia (Figure 1), near Blatuša village (N 45 190 25.2800 ; E

previous studies showed that bog pools house many rare and endan-

15 540 13.1700 ). It spreads over an area of 10 ha at an altitude of

gered aquatic species (e.g., Maitland, 1999; Towers, 2004; van Duinen

130 m. This area is characterised by a temperate humid climate with

et al., 2003; van Kleef et al., 2012), and may even serve as shelter for

an average annual temperature of 10.5  C and an average annual

species not usually associated with them (Brittain, 1990). The oligo-

precipitation of 1,050 mm (Zaninovic et al., 2008). The Đon močvar

chaete fauna of pristine peat bogs is species-poor, with the exception

peat bog is a complex ecosystem, encompassing a variety of semi-

of some species only, for example, the acid-tolerant enchytraeid

aquatic and aquatic habitats. It is mainly a minerotrophic peatland, fed

Cognettia sphagnetorum, which is able to persist and form dense

by ground and surface water. The most recent hydrological studies
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FIGURE 1

Various water body types (pond, deep pool, shallow pool and ditch) located on the Đon močvar peat bog, Croatia

showed that some parts of the peat bog are ombrotrophic, at least
during the summer when ground water level drops, thus they are sup-

T A B L E 1 Classification of water body microtopes found in the
oldest and largest Croatian peat bog (Đon močvar, Blatuša)

plied with water and nutrients exclusively from the atmosphere

Name

Description

(Modric Surina, 2011). The peat bog's area has decreased from 40 ha

Pond

Occupies a vertical zone of 80 to 250 cm below the
mean water table. Characterised by open bog area.
Dominated by Typha latifolia.

Shallow pool

Large open water body occupies a vertical zone of
10 to 30 cm below the mean water table.
Bottom with dystrophic sediment. Dominated by
Rhynchospora alba, Sphagnum palustre, S.
subsecundum and S. capillifolium.

Deep pool

Occupies a vertical zone up to 2 m below the mean
water table. Water edges dominated by Sphagnum
capillifolium and S. palustre. Open area rather small,
but beneath dense Sphagnum carpet strongly
laterally expanded.

Ditch

Dug for drainage purpose in the middle of the 20th
century. Still active, occupying a vertical zone of
10 to 30 cm below the mean water table. Highly
oversheded. Dominated by Carex acutiformis.

to 10 ha since the beginning of the 20th century. The reduction was
caused by drainage and abandonment of traditional land-management
practices, such as mowing, coppicing and low-density grazing. Consequently, this has led to a rapid process of succession, with woody and
grassy vegetation dominated by Molinia caerulea, Frangula alnus,
Betula pendula, Phragmites australis and Alnus glutinosa overgrowing
the peat bog. The Đon močvar peat bog and the surrounding area are
currently protected as a Botanical Reserve and form part of the
NATURA 2000 network (Alegro & Šegota, 2008).

2.2

|

Sampling design and oligochaete collecting

Oligochaetes were sampled in four main water body types: a pond, a
deep pool, a shallow pool and a ditch. The water bodies differed in
physico-chemical water properties, size, vegetation composition and

substrate and more or less open water into the vegetation near the

structure (Tables 1, 3 and A1). Oligochaetes were collected using a

water margins over a distance of at least 1 m. Triplicate samples, with

pond net (25  25 cm, 500 μm mesh size), which was swept from the

the maximum possible spacing between them, were taken monthly,
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from April to the end of December 2015, in each water body type. In

the number of taxa recorded in each water body type, while the abun-

very

sweeps

dance was expressed as the number of individuals per square metre.

(20 cm  5) were made in order to avoid clogging of the pond net. In

The family Enchytraeidae was excluded from the calculations of taxon

this way, comparable samples could be obtained. The study design

richness. Due to the hierarchical structure of our sampling design,

was spatially limited as selected water bodies lack spatial replication

oligochaete community metrics (taxa richness and abundance) and

not only in the studied peat bog, but also in other bogs in Croatia. In

environmental variables of the sampled water body types were

order to overcome a problem of non-independent observations, we

compared using generalised linear mixed models (GLMMs). For com-

applied a nested data design, in which replicates were nested within

munities, the models included replicates (level 1) nested within

water body type, and sampled repeatedly over time.

months (level 2) and months as nested factors within water body type

dense

submerged

Sphagnum

vegetation,

short

As the samples contained various macroinvertebrates, they were

(level 3), while for environmental variables months were nested within

sorted in the laboratory, and oligochaetes were stored in 75% ethanol.

water body types. We used the water body type as a fixed effect and

Oligochaetes were identified to the lowest taxonomic level according

defined hierarchical structure (replicates and months) as a random

to Brinkhurst and Jamieson (1971), Hrabě (1981) and Timm (2009).

effect. For taxa richness, a Poisson distribution was used, while for

Due to taxonomic difficulties, specimens of the family Enchytraeidae

abundance a Normal distribution was applied, both used with a log

were not identified. Classification follows Timm (2009), with

link function. We tested the significance of the models by comparing

Tubificidae, Naididae and Pristinidae as separate families. Oligochaete

the log-likelihood and the Akaike information criterion (AIC) of the

specimens are deposited in the MK collection (Department of Biology,

respective model. In cases of environmental variables, a Normal

Faculty of Science, University of Zagreb, Zagreb).

distribution (i.e., oxygen saturation and pH) or a Gamma distribution
(all other variables) for was applied, with log link function. The same
approach as for community metrics was applied to test the signifi-

2.3

|

Environmental analysis

cance of the models. As the data were auto-correlated (repeated
measures over time), for covariance structure we used first-order

Physico-chemical water properties (temperature, pH, oxygen satura-

autoregressive structure or AR(1). Pairwise comparisons between

tion and conductivity) were measured monthly at each site, with a

water body types were conducted with least significant difference

multiparameter probe (WTW Multi 3430). Water body length and

post hoc test. Significance was set at p < 0.05. The analyses were

width were measured using a 50 m long tape measure, while water

performed using the IBM SPSS Statistics 22.0 (IBM Corporation).

depth was measured with a sounding pole. All physical variables

Principal component analysis (PCA) was performed to explore the

(length, width, depth) were measured monthly at each sampling site.

variation in the oligochaete community and to relate it to measured

Vegetation was sampled using phytosociological relevés according to

environmental variables. Oligochaete taxa abundances were log-

standard Central European methodology, with an expanded cover

transformed and centred. All environmental data (temperature, oxygen

abundance scale (Barkman et al., 1964, Braun-Blanquet, 1964). We

saturation, conductivity and water depth) were log-transformed, with

also recorded plant and moss species within the water bodies.

the exception of water pH. The nutrient availability represents a semi-

Vegetation was sampled at the beginning of July at each sampling site.

quantitative variable (e.g., degree of available nutrients based on

Vegetation height was measured in situ using a cover pole (a modified

Ellenberg's indices estimated on a 1–4 scale). Minimum value was

Robel pole, for shrubs) and a hypsometer (for tall trees). The cover

attributed to the shallow pool, while maximum was assigned to the

pole was 2 m tall and divided into 25 cm segments with alternating

pond. Due to vegetation succession, two of the water bodies sampled,

black and white bands. We took five random measurements around

the ditch and the deep pool, were strongly shaded. Thus, we added

each water body at the peak of the vegetation season, in July. Here

shade in the analysis, as a binary variable. In the PCA analysis, the water

we present ranges for each studied water body type. Nutrients were

body type and shade represent two factors. Environmental variables

estimated indirectly by Ellenberg's indices, based on habitat prefer-

were passively projected into the resulting ordination space.

ences of plant species with regard to nutrient availability (Ellenberg &

The response of an oligochaete community to various water body

Leuschner, 2010). Indicator of preference for soil fertility (N index)

types was evaluated by partial constrained redundancy analysis

ranges from 1 (for plants growing on extremely nutrient-poor soils) to

(RDA), which is based on the linear model for the relationship

9 (for nitrophilous plant species). For each plant species, we used data

between the response of each taxon and the ordination axes. The

on soil preference from Pignatti et al. (2005). Plant nomenclature fol-

gradient length was 3.7 SD units long, implying a unimodal method.

lows Euro+Med PlantBase (2020), while moss nomenclature follows

However, the data contained many zero values, which are automati-

Ros et al. (2013).

cally omitted from the unimodal ordination and permutation test, for
hierarchical study design could not be applied, thus the linear
ordination was selected. In the analysis, the interaction between

2.4

|

Data analysis

water body type (WBT) and time (months as a quantitative variable)
was used as the explanatory variable, with WBT used a covariate.

Oligochaete community composition and structure were analysed in

In the analysis the response data (taxa abundances) were

respect to taxa richness and abundance. Taxa richness represented

log-transformed and centred. The significance of the results was
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tested by the Monte Carlo permutation test using 499 permutations

ditch and in the pond. None of the recorded species were bog special-

(p < 0.05), with permutations reflecting the hierarchical design. Thus,

ists, with the exception of Enchytraeidae spp., which most likely

we applied split-plot permutations (within blocks, i.e., within the same

include a specialist C. sphagnetorum.

WBT), dependent across plots and indicated by the block covariate.
The PCA and partial RDA analyses were performed in the CANOCO
version 5.11 package (ter Braak & Šmilauer, 2012).

3.3 | Changes in oligochaete communities among
peat bog water bodies

3

The GLMM revealed significant differences in oligochaete taxa richness

RESULTS

|

(F3,

3.1

|

Environmental variables

80

= 5.556, p = 0.002) and abundance (F3,

80

= 6.736, p = 0.000)

between studied water body types (Figure 3a,b and Table 5).
Oligochaete taxa richness was two times as high in the ditch as in the

Temperature exhibited constant increase with decreasing water

shallow pool (least significant difference post hoc test, p < 0.001;

depth, with the exception of the ditch. This water body was

Figure 3a). It was also significantly higher in the ditch than in the deep

overgrown with dense and tall vegetation (Figure 1 and Table 3),

pool (p < 0.01; Figure 3a) and to the pond (p < 0.05; Figure 3a), while

which most likely buffered the effect of solar radiation. The smallest

the differences among the other water body types were not significant

oscillations in water temperature were observed in the deep pool,

(p > 0.05; Figure 3a). As with taxon richness, oligochaete abundance

while they were considerably pronounced in the shallow pool, but did

was significantly higher in the ditch compared to the other water body

not differ significantly between water body types (Figure 2a; GLMM,

types (Figure 3b). Moreover, it was three to nine times higher in the

least significant difference post hoc test, Table 2). During the summer,

ditch than in the pond (p < 0.01), the deep pool (p < 0.01) and the

in this water body the temperature was over three times higher than

shallow pool (p < 0.001). The differences in abundance among the other

that in the deep pool, reaching the maximum value of 37 C

water body types were not significant (p > 0.05).

(Table A1). There was no significant difference in oxygen saturation,

The first two axes of the PCA explained more than 50% of the

pH and conductivity among water body types (Figure 2b,c, Table 2,

variation in the oligochaete community (Figure 4a). The first principal

Table A1). Physical properties of water bodies (depth, length and

component was mainly correlated with nutrient availability. Most of

width) differed significantly among water body types (Table 2 and -

the variance in community composition of the ditch was explained by

Figure 2d). The maximum water depth was recorded in the deep pool,

some of the species, in particular P. hammoniensis, S. ferox and

followed by the pond (Table A1 and Figure 2d). The largest water

R. tetratheca, and by the family Enchytraeidae spp., which had higher

body in the peat bog, the shallow pool, was sparsely vegetated and

abundances in the water body with higher nutrient availability. The

unshaded (Tables 2, 3 and A1). Vegetation, differing in species compo-

second ordination axis was positively correlated with the water depth

sition and structure among the studied water body types, was struc-

and negatively correlated with oxygen saturation and water pH. The

turally more complex and species rich in the ditch, followed by that of

species N. variabilis tended to have higher abundances in the water

the pond (Table 3). Vascular plants, more abundant in these two water

bodies characterised by greater depth, such as the pond or deep pool.

bodies, contributed to higher values of soil nitrogen availability than in

Oligochaete community composition differed with respect to water

the deep and shallow pools (Table 3), suggesting that these water

body types, as shown by significant results of partial RDA analysis

bodies provide higher nutrient supply for aquatic oligochaetes.

(explanatory variables accounted for 27.24%; F ratio = 1.9; p = 0.040).
The first two axes of the analysis explained 20.11% variation. The
significant result of standardised analysis reveals that there were differ-

3.2

|

Oligochaete occurrence

ences among oligochaete taxa in their response to particular water body
type. The ordination biplot of oligochaete taxa and explanatory

In total 11 oligochaete taxa were found in the studied water bodies

variables shows that oligochaete taxa N. variabilis, P. hammoniensis,

within the peat bog (Table 4). The highest number of taxa (8 taxa) was

Enchytraeidae spp., S. ferox and Embocephalus velutinus were those that

collected in the ditch, while the lowest number (4 taxa) was recorded

were most responsible for the differentiation among water body types

in the deep pool. The species Nais variabilis, Lumbriculus variegatus

(Figure 4b). As shown in PCA analysis, N. variabilis was highly abundant

and Rhynchelmis tetratheca were recorded in all water body types. The

and positively associated with the pond, while Enchytraeidae spp. were

most abundant taxa were Potamothrix hammoniensis and N. variabilis.

more closely associated with the ditch. The species S. ferox and

The largest oligochaete species recorded in the studied water bodies

E. velutinus were positively associated with the deep pool.

was L. variegatus, which accounted for most of the oligochaete
biomass in the peat bog. The species Slavina appendiculata and Nais
communis were rare and recorded solely in the pond. Additionally, two

4

|

DI SCU SSION

species, Spirosperma ferox and R. tetratheca, were recorded for the
first time in Croatia (Table 4). Furthermore, Enchytraeidae spp. were

The current study shows that (1) oligochaete communities in the stud-

recorded in all water bodies, but were particularly abundant in the

ied Western Balkans peat bog are species rich, thus, bog water bodies
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F I G U R E 2 Seasonal changes in physico-chemical water properties and water body depth of four main water body types of the Đon močvar
peat bog (Croatia)

T A B L E 2 GLMM (full model) indicating differences in environmental variables of peat bog water body types (fixed factor), with months as
random factor
Site: Pairwise comparison

Site
(water body)
F

Variables


p

P-DP

P-SP

P-D

DP-SP

DP-D

SP-D

df

p

p

p

p

p

p

Comparison

Water temperature ( C)

1.622

0.204

3,32

0.415

0.193

0.749

0.043

0.262

0.316

SP ≥ DP = D = P

Oxygen saturation (%)

1.480

0.238

3,32

0.272

0.065

0.760

0.431

0.424

0.118

DP = SP = D

pH

1.358

0.273

3,32

0.215

0.547

0.459

0.070

0.610

0.184

DP = SP = D

1.056

0.382

3,32

0.155

0.938

0.530

0.173

0.372

0.580

DP = SP = D

Water body width (m)

605.075

<0.001

3,32

0.046

<0.001

<0.001

<0.001

0.006

<0.001

SP > P > DP ≥ D

Water body length (m)

355.201

<0.001

3,32

0.038

<0.001

<0.001

<0.001

<0.001

<0.001

SP > D > DP > P

22.124

<0.001

3,32

0.223

<0.001

<0.001

<0.001

<0.001

0.104

DP > SP = D

Conductivity (μS/cm)

Water depth (m)

Note: The total sample size was 36. The last column shows the differences based on the least significant difference post hoc test (p < 0.05). Legend: df—
degrees of freedom, P—pond, DP—deep pool, SP—shallow pool, D—ditch. Significant values are presented in bold.

contribute significantly to the biodiversity of the main bog body;

with epigean bog water bodies. As our study was spatially limited and

(2) oligochaete spatial distribution is mainly governed by the vegeta-

replication was not feasible, we acknowledge the limits of statistical

tion and morphology of water bodies. Furthermore, the stability of

inference. Thus, we applied statistical approaches that include nesting

physico-chemical parameters was related to groundwater connectivity

and random effects, as recommended by, for example, Davies and

Sphagnum capillifolium (Ehrh.)
Hedw.
Sphagnum palustre L.

0.30–0.75 m
Carex acutiformis Ehrh.
Carex pseudocyperus L.

Height (min-max, m)

Plant community

13 (0 + 13)
Typha latifolia L., Iris
pseudacorus L.
4.82 ± 1.78

Species richness (bryophytes +
vascular plants)

10 (5 + 5)

Dominant plants

Soil mineral nitrogen availability (Nindex), mean ± SD

2.00 ± 0.00

Alnus glutinosa, Sphagnum
capillifolium, S. palustre

1.8 ± 0.45

Rhynchospora alba, Sphagnum palustre, S.
subsecundum, S. capillifolium

2.56 ± 1.13

Carex acutiformis, Molinia caerulea, Frangula
alnus, Salix aurita

16 (4 + 12)

Salix aurita L.

Rhynchospora alba

Molinia caerulea

Eriophorum angustifolium
Frangula alnus Mill.

Typha latifolia L.

Drosera rotundifolia

Utricularia vulgarisL.

5 (2 + 3)

Carex echinata

Drosera rotundifolia L.
Rhynchospora alba (L.) Vahl

Lythrum salicaria L.
Menyanthes trifoliata L.
Peucedanum palustre (L.)
Moench

Carex acutiformis Ehrh.

Carex flava L.

Carex lasiocarpa Ehrh.

Betula pubescens Ehrh.

Carex lepidocarpa Tausch

Lycopus europaeus L.

Alnus glutinosa

Lysimachia vulgaris L.

Sphagnum contortum Schultz

Sphagnum palustre (Ehrh.) Hedw.

Sphagnum denticulatum

Sphagnum cuspidatum Hoff.

Sphagnum capillifolium

1.20–5 m

Carex acutiformis-Sphagnum community

Ditch

Betula pendula Roth

Juncus acutiflorus Ehrh.
ex Hoffm.

Sphagnum denticulatum Brid.

Sphagnum capillifolium

Sphagnum subsecundum Nees

Sphagnum palustre

0.25–1.7 m

Rhynchosporetum albae W. Koch 1926

Shallow pool

Carex echinata Murray

Molinia caerulea (L.) Moench

Iris pseudacorus L.

Juncus effusus L.

Alnus glutinosa (L.) Gaertn.
Eriophorum angustifolium Honck.

Cirsium palustre (L.) Scop.

0.20–3.5 m

Drosero-Caricetum stellulatae Ht.
(1950) 1962

Typha latifoliacommunity

Plant association

Deep pool

Pond

Vegetation recorded in and surrounding different water body types of the Đon močvar peat bog (Blatuša, Croatia)

Vegetation

TABLE 3

 ET AL.
BRIGIC
7 of 14

 ET AL.
BRIGIC

8 of 14

TABLE 4

Oligochaete taxa recorded in different aquatic microhabitats of the Đon močvar peat bog (Blatuša, Croatia)

Taxa name

Name Abbreviation

Pond

Deep pool

Shallow pool

Ditch

Naididae
Dero sp.

De sp

25

Nais communis Piguet, 1906

Na com

Nais variabilis Piguet, 1906

Na var

1025

25

Slavina appendiculata (Udekem, 1855)

Sl app

25

1850

225

925

25

25

Pristinidae
Pristina bilobata (Bretscher, 1903)

Pr bil

Tubificidae
Embolocephalus velutinus (Grube, 1879)

Em vel

Lophochaeta ignota Štolc, 1886

Lo ign

1125

200

Potamothrix hammoniensis (Michaelsen, 1901)

Po ham

*Spirosperma ferox Eisen, 1879

Sp fer

175

Lumbriculus variegatus (Müller, 1774)

Lu var

425

150

150

100

*Rhynchelmis tetratheca Michaelsen, 1920

Rh tet

75

25

25

350

Enchytraeidae sp.

En sp

2325

225

200

5925

8

4

5

8

4250

3375

1325

12,300

150

25
700

4500
250

Lumbriculidae

Taxon richness (S)
2

Abundance (N, individuals/m )

Note: Abundance is expressed as number of individuals per square metre. Legend: * new records for the Croatian oligochaete fauna.

Gray (2015) or Schank and Koehnle (2009). This problem is frequent

lower than previously reported (Schmedtje & Colling, 1996). Within a

in studies dealing with natural disturbance events (e.g., wildfire and

peat bog landscape, water bodies (e.g., pools and puddles) contribute

flood) and in aquatic ecology and hydrology, where it is

significantly to diversity of plants (Fontaine et al., 2007) and aquatic

difficult or sometimes impossible to find adequate replication of

 ska & Buczyn
ski, 2019). Oligochaete peat bog
insects (Buczyn

habitats (e.g., ponds and lakes) (Davies & Gray, 2015). As argued by

communities in this study are mainly composed of ubiquitous species

Šmilauer and Lepš (2014) in a study of a peat bog hydrology (water

(e.g., N. variabilis, P. hammoniensis and L. variegatus) and a few rare

regime), it is difficult or impossible to find other, independent

species. Thus, the predominance of ubiquitous species, with high

peat bogs.

taxon richness, might indicate the degradation of the studied peat
bog. This negative process is also evident in the spread of vascular
plants (Alegro & Šegota, 2008) and, as shown here, in higher pH

4.1 | Oligochaete occurrence and taxon richness
within the peat bog landscape

water values (for all water bodies mean ≥ 5.5) than in natural
bog pools (Fontaine et al., 2007; van Duinen et al., 2006).
Consequently, this could also promote the occurrence of peat bog

With over 10 recorded species, aquatic oligochaete communities of

nonspecialists.

the currently studied Western Balkans peat bog are taxon rich. These

Some ubiquitous species widely distributed in different aquatic

findings are in contrast to pristine north European peat bogs, whose

habitats, such as N. variabilis, P. hammoniensis and L. variegatus

acidic and extremely nutrient-poor pools are inhabited mainly by

(Timm, 2009), were recorded in high abundance in the current study.

the tyrphobiontic enchytraeid C. sphagnetorum (Vejdovský, 1878)

Nais variabilis and L. variegatus most frequently reproduce asexually,

(Harnisch, 1925; Peus, 1928; van Duinen et al., 2006). Thus, our study

through budding and fragmentation, which ensures high rates of pop-

implies that the occurrence of various water body types in a peat bog

ulation growth (e.g., Verberk, 2008). Such species occur both in

landscape contribute to the main peat body and regional biodiversity.

degraded and rewetted peat bogs in the Netherlands, while their

Moreover, the water bodies studied harbour species that are new for

presence in pristine Estonian peat bogs is limited to lagg zones or

the Croatian oligochaete fauna, namely Spirosperma ferox and

transitional mires (van Duinen et al., 2006). Some other species, such

Rhynchelmis tetratheca, despite 45 years of comprehensive research in

as the ubiquitous N. communis, Pristina bilobata and Lophochaeta

various freshwater habitats (Kerovec et al., 2016). They are also

ignota were recorded in low abundance within the studied peat bog

important for a rare species, Slavina appendiculata, which had been

landscape. In sexually reproducing species, such as L. ignota, acidic

sporadically reported from various aquatic ecosystems in Croatia

conditions and the absence of specific food sources may prevent

(Kerovec et al., 2016) and was here recorded in waters with pH values

successful egg development (Vos et al., 2000). Nevertheless, our study
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F I G U R E 3 Oligochaete communities in the four main water body types of the Đon močvar peat bog (Croatia). (a) Taxon richness (mean + SE);
(b) abundance (individuals/m2, mean + SE). Letters indicate a significant difference among water body types (GLMM, least significant difference
post hoc test, from p < 0.001 to p < 0.05) that included months and replicates as nested factors

shows that although both sexually and asexually reproducing species
occur within the peat bog environment, the latter prevail in abun-

4.2 | Environmental gradients and oligochaete
communities

dance. The exception was P. hammoniensis, a sexually reproducing
species, with mature individuals recorded in spring, while juvenile

Distinctive differences in community metrics, such as oligochaete

specimens were collected in high abundance in autumn.

taxon richness and abundance between the ditch (a degradation
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feature) and natural water bodies (pond, deep and shallow pools),

et al., 2003). Moreover, this water body is often rooted in by wild

were observed using GLMM models even though the peat water

boars, which could cause additional release of nutrients from the

bodies studied are very small. These differences could be attributed

lower plant parts. In extremely nutrient-poor environments, such as

to the structural and compositional complexity of the vegetation in

peat bogs, a significant increase in nutrient availability supports the

and around the ditch, evident through plant species richness and

development and existence of the entire invertebrate community (van

height, which most likely support many different niches for aquatic

Duinen et al., 2006). On the other hand, the shallow pool harboured

oligochaetes. Vegetation provides allochthonous food sources for

the lowest taxon richness and abundance. It may represent a hostile

oligochaetes, for example, pollen, seeds and leaves of Betula, Alnus,

environment for oligochaete taxa, dependent on water temperature

Frangula and Salix, which may result in the increase of both the input

for their development (Rîsnoveanu & Vadineanu, 2002), having poor

and nutritional quality of dead organic material (e.g., Tomassen

vegetation cover and being characterised by extreme water temperature fluctuations. Only P. hammoniensis, a species well adapted to
anoxic conditions and temperature fluctuations (Timm, 2013) was able

T A B L E 5 Generalised linear mixed models (GLMMs) testing the
effect of water body types on the taxa richness and abundance of
aquatic oligochaetes, including the Akaike Information Criterion score
(AIC), at the Đon močvar peat bog, Croatia
Taxa richness

df

F

p

Intercept

9, 18

1.087

0.418

Water body type

3, 18

2.088

0.138

Abundance

df

F

p

Intercept

9, 18

2.920

0.025

Water body type

3, 18

5.232

0.009

AIC

to survive the extreme summer temperatures in the shallow pool, having relatively higher abundance. Marked temperature fluctuations are
typical for peat bog water bodies (Sternberg, 1993) and affect the dis ska &
tribution patterns of aquatic insects, particularly beetles (Buczyn
 ski, 2019).
Buczyn
The deep pool was characterised by high temperature stability

121.316

(mean

annual

water

temperature),

directly

related

to

the

groundwater-dependent ecosystem, supplying the pool with water all
year round (Modric Surina, 2011). However, it had poor vegetation
cover and nutrient input from surrounding vegetation was limited.
161.179

Such a nutrient-poor environment is suitable for E. velutinus, usually

F I G U R E 4 (a) Principal component analysis (PCA) oligochaete taxa—environmental biplot diagram, with environmental variables passively
projected into the ordination space. The first two PCA axes were plotted. The taxa names are presented in black arrows and environmental
variables in violet arrows. Supplementary variables are presented by triangles (shade: black—with shade, white—no shade) and squares (four water
body types). (b) Partial redundancy analysis (RDA) biplot with oligochaete taxa and explanatory variables (water body type*time, as factor) of the
peat bog. Split-plot permutation test showed that water body types differed significantly (p < 0.04) in taxa composition. Eigenvalues of first and
second canonical axis are shown. Taxa are represented by black arrows and factors with violet arrows (P—pond, DP—deep pool, SP—shallow pool,
D—ditch and time—months). Abbreviations of taxa names are listed in Table 4. Eigenvalues of first and second canonical axis are shown
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confined to oligotrophic waters (Martinez-Ansemil & Prat, 1984),

regularly monitored with respect to hydrological conditions, vegeta-

which was highly abundant in the deep pool. In contrast to the deep

tion coverage and response-time to water depth changes, in order to

pool, the pond exhibited great variations in size and depth due to the

maximise the regional-scale hydro-ecological benefits of the system.

already documented seasonal water run-off (Modric Surina, 2011),
owing to its position at the edge of the peat bog. However, vegetation
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OR CID
Andreja Brigic

https://orcid.org/0000-0002-1012-7166

Antun Alegro

https://orcid.org/0000-0001-6193-2395

Sanja Gottstein

https://orcid.org/0000-0002-1424-2911

instance, the caddisfly Hagenella clathrata (Kolenati, 1848), a
tyrphophilous species recorded in the studied peat bog (Previšic
ska
et al., 2013), red-listed in some European countries (Buczyn
et al., 2012; Graf et al., 2020), feeds as predator and shredder
(Graf et al., 2020). Among amphipods, the epigean niphargid Niphargus
valachicus Dobreanu & Manolache, 1933 (Markovic et al., 2018)
vulnerable worldwide (IUCN) co-occurred with Oligochaeta on the
studied area. Consequently, the current study shows that bog water
bodies characterised by different morphology and vegetation, contribute significantly to the biodiversity of the main peat body. Peat bogs
are climate-sensitive ecosystems, their existence depending on a
permanently high water table (Ellis & Tallis, 2000). Climate change
projections indicate marked shrinkage of peat bog areas, vegetation
change and progressive peat erosion (Gallego-Sala & Prentice, 2013).
Such shrinkages are already documented for the Western Balkans
peatlands (e.g., Topic & Stančic, 2006), with similar trends observed in
the Đon močvar peat bog (Alegro et al., 2013). Thus, effective restoration measures and improvement of hydro-ecological conditions are
essential to preserve the overall biodiversity of the Đon močvar bog,
particularly in an era of climate change. Restoration measures should
include drain blocking, creating new pools variable in size and shape,
mowing and Sphagnum planting. Their effectiveness should be
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Kepčija, R., Šegota, V., Previšic, A., Vilenica, M., Lajtner, J.,
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Botanical Society.
Timm, T. (2013). The genus Potamothrix (Annelida, Oligochaeta,
Tubificidae): A literature review. Estonian Journal of Ecology, 62(2), 121.
https://doi.org/10.3176/eco.2013.2.04
Timm, T. (2009). A guide to the freshwater oligochaeta and polychaeta of
northern and Central Europe. Lauterbornia, 66, 1–235.
Tomassen, H. B., Smolders, A. J., Lamers, L. P., & Roelofs, J. G. (2003).
Stimulated growth of Betula pubescens and Molinia caerulea on
ombrotrophic bogs: Role of high levels of atmospheric nitrogen deposition. Journal of Ecology, 91(3), 357–370. https://doi.org/10.1046/j.
1365-2745.2003.00771.x

13 of 14
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3.56 ± 1.52

0.93 ± 0.90

Length of water body (m)

Water depth (m)

0.08

1.50

1.00

7.06

5.22

14.00

5.20

Min

2.50

5.00

4.00

176.00

6.09

102.30

25.40

Max

1.09 ± 0.59

4.63 ± 0.52

1.80 ± 0.80

22.56 ± 8.47

5.49 ± 0.20

70.64 ± 14.61

11.40 ± 0.77

Mean ± SD

Deep pool

0.40

4.00
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4.98

5.02

51.40

9.70

Min

1.75

5.00

2.50
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5.70

91.60

12.20
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0.21 ± 0.03

19.37 ± 1.77

19.38 ± 1.77

52.01 ± 64.62

5.78 ± 0.48

83.20 ± 15.31

18.79 ± 8.57

Mean ± SD

Shallow pool

0.15

15.00

15.00

7.90

5.05

58.00

8.60
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Note: P—pond, DP—deep pool, SP—shallow pool, D—ditch and SD—standard deviation. Values are means for n = 9 measurements per water body type.

2.94 ± 1.15

51.67 ± 53.74

Width of water body (m)

Conductivity (μS/cm)

5.62 ± 0.30

53.35 ± 34.13

Water pH

Oxygen saturation (%)

Mean ± SD

14.84 ± 6.77



Pond

Physico-chemical water properties measured in different water body types of the Đon močvar peat bog (Blatuša, Croatia)

Water temperature ( C)

Variables

TABLE A1

APPENDIX A
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5.54 ± 0.37
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Mean ± SD
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28.60
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14 of 14
 ET AL.
BRIGIC

