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Although peat bogs cover less than 3% of Earth’s land 
surface, they provide several essential ecosystem services, 
including water storage, flood prevention, drinking water 
provisions, and carbon sequestration. Furthermore, they 
provide suitable habitats for many specialized and highly 
endangered plant and animal species (Bain et al. 2011; Evans 
et al. 2014; Harper et al. 2018). Peat bogs are declining 
throughout the world, but the most severe losses occurred 
in Europe, where they are currently considered among the 
most vulnerable and endangered habitats (Charman 2002; 
Riecken et al. 2006; Parish et al. 2008; Haase and Balkenhol 
2015). Many species of the Red Data Book of Central and 
Northern European countries live in peat bogs (Gärdenfors 
2000; Koponen 2002). Furthermore, the Habitats Directive 
of the European Union listed peat bogs as priority habitats 
in Annex 1 (92/43/EEC). The primary conservation threats 
to these habitats are drainage, peat harvesting, soil erosion 
and nutrient infiltration due to forest management and graz-
ing, pollution from agriculture, increasing tourism, as well 
as the spread of invasive and problematic native species 
(Succow 1990; Buchholz 2016; Grzybowski and Glinska-
Lewczuk 2020).

Introduction

Wetlands are critical ecosystems for biodiversity conserva-
tion (Dawson et al. 2003; Gopal and Ghosh 2008). About 
one-third of the wetlands are peat bogs, characterized by 
accumulated organic matter and acidic, stagnant water 
with low mineral content. Some are ombrotrophic, as they 
receive water and minerals primarily from precipitation 
(Charman 2002).
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Abstract
The heterogeneity of microhabitats is an important driver of biodiversity. Therefore, conserving habitat heterogeneity at 
multiple spatial scales is essential to biodiversity conservation. This study investigates the effect and the conservation 
value of micromosaic heterogeneity provided by the heather (Calluna vulgaris) patches in an Eastern-European peat bog 
on the spider communities. We found that the heather patches strongly affect spiders; the species richness and abundance 
were higher in heather than in open bogs. Heather shrubs form a separate special microhabitat, which differs in structure, 
microclimate and litter quality, and has a significant positive effect on diversity of spiders. Furthermore, we collected 
smaller spiders and more web builders in heather sites than in control sites, presumably due to the different microhabitat 
structures and prey availability. However, habitat type did not affect the vertical microhabitat preference of spiders. The 
species composition of spider communities differed between the two microhabitat types. We identified seven significant 
indicator species in heather shrubs, whereas three species were significant indicators of control sites. The species richness 
and the presence of rare and endangered peat bog specialist spider species in heather patches highlight the high conserva-
tion value of peat bogs.
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Although natural raised and basin bogs are primarily 
located in Northern Europe, the Carpathian Mountains also 
harbour several small, natural and semi-natural peat bogs. 
They are endangered by habitat loss, fragmentation, isola-
tion and degradation (Pop 1960). Most of them are protected 
areas, natural or botanical reserves, included in the Natura 
2000 ecological network that was created based on the Hab-
itats Directive of the European Union. They are the ultimate 
refuge for some rare, glacial relict plant species with high 
conservation value (Rupreht & Szabó 1999, Margóczi et al. 
2000). According to recent studies, many other organisms 
living in peat bogs are considered endangered. The inverte-
brate communities of peat bogs comprise bog specialist spe-
cies, the spiders among them being the most representative 
of the predatory arthropod fauna (Coulson and Butterfield 
1986; Gallé and Urák 2001, 2002, 2006; Urák and Samu 
2008; Gallé et al. 2017, 2019, 2021). If natural conditions 
persist, peat bogs are stable ecosystems. However, if the 
conditions suffer any changes, a significant turnover occurs 
in species composition (Koponen 1979; Curtis and Corrigan 
1990). In most cases, the number of typical bog-inhabiting 
species with a preference for open habitats decreases, while 
the number of eurytopic species increases with the appear-
ance and the spreading of shrubs and trees (Buchholz 2016). 
Canopy closure and the microclimate affect the spider fauna 
of forested bogs (Gallé et al. 2021).

Habitat structure influences spider abundance and 
functional diversity (e.g. Lafage et al. 2019). Small-scale 
structural elements, such as shrubs, may have a dispropor-
tionately strong effect on the species composition of arthro-
pods (Barton et al. 2009; Manning et al. 2006). Shrubs 
increase structural heterogeneity, shelter and web attach-
ment points for spiders. Furthermore, shrubs provide food 
resources for herbivore arthropods that serve as food items 
for spiders, therefore, they affect spider species diversity, 
abundance and trait composition (Lewinsohn et al. 2005; 
Schirmel et al. 2012).

The heather (Calluna vulgaris) is a characteristic low-
growing evergreen shrub in peat bogs. Peatlands dominated 
by heather are among the most distinctive and character-
istic habitats of North-Western Europe, especially the sub-
montane areas of the United Kingdom and the Republic of 
Ireland. Prescribed, regular and controlled burning, mow-
ing, or cutting to maintain the heather’s density, structure, 
and age are integral aspects of grouse-moor management 
in these areas (Tucker 2003; Heinemeyer et al. 2019). In 
Southern and Central Europe, the heather is heather grows 
in post-pyrogenic sites of the peat bogs and considered 
extremely important in developing and persistence of the 
hummock-hollow pattern (Wallèn 1987).

This study aimed to investigate the role of heather patches 
in shaping the diversity pattern of spider assemblages and 

the conservation of bog specialist species of a intact peat 
bog in Romania. We hypothesized a higher abundance and 
species richness in heather than in open bog. Furthermore, 
we expected more web builders, vegetation-dweller species, 
and larger spiders in heather sites than in the control bog 
sites.

Materials and methods

Our study was conducted in the Vlășinescu peat bog, situ-
ated in the Eastern-Carpathians, on Izvoare volcanic pla-
teau of the Igniş Mountains, close to the tourist complex of 
Izvoare, in the administrative territory of Desești munici-
pality, Maramureș county (N 47°44,817’, E 023°43.378’, 
Fig. 1.). The bog was formed in an ancient volcano crater at 
the altitude of 881 m a.s.l., it has a surface of about 3.4 ha, 
and it is delimited by the Vlășinescu Stream on the north-
west and by the Igniş Stream on the east. The total volume 
of the peat is about 50,000 m3, and the thickness of the peat 
layer varies between 3.5 and 5.5 m, with an average thick-
ness of 2.9 m (Pop 1960).

The peat bog is included in a Nature reserve. The main 
Natura 2000 habitat is the 7110* Active raised bog, charac-
terized by the plant associations Sphagnetum magellanici 
and Eriophoro vaginato-Sphagnetum. The plant list includes 
rare species such as S. magelanicum, S. recurvum, Dro-
sera rotundifolia, Andromeda polifolia, Empetrum nigrum, 
Carex echinata, C. rostrata, Eriophorum vaginatum, Vac-
cinium uliginosum, V. vitis idaea, V. oxycoccus, Potentilla 
erecta, Lycopodium inundatum, etc. No invasive alien plant 
species were identified in the study area (Danci 2016).

Heather forms patches of different sizes, from single 
shrubs to patches of 4–5 m2. The sampling sites consisted 
of heather patches between one and two square meters. 
Furthermore, we sampled control sites between heather. 
Predominantly sphagnum mosses covered the ground of 
control sites. We used a ‘D-vac’ suction sampler to survey 
spiders. We conducted monthly samplings in the vegeta-
tion period of 2017, from April to October. We collected 
10 samples from heather patches and 10 samples between 
them (control) (10 samples × two habitat types × 7 sam-
pling periods = 140 samples in total). Each sample consisted 
of 10 subsamples, i.e. the ‘D-vac’ head was placed on the 
ground 10 times. We placed the collected spiders in 70:30 
alcohol:water solution. All adult spider specimens were 
identified to species level using standard keys (Nentwig et 
al. 2019); however, juvenile spiders cannot be identified 
precisely to species level; therefore, we included only their 
abundance in further analyses. We pooled the data from the 
seven collection periods.
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We used three functional traits (body size, hunting strat-
egy, and stratum). The mean body size of each spider spe-
cies was a continuous variable in mm based on literature 
data following Nentwig et al. (2019). To characterize the 
feeding trait of species, we used the hunting strategy of 
spiders (two categories: active hunters (code: 1) and web-
builders (code: 2) following Cardoso et al. 2011). Finally, 
we described the vertical microhabitat preference of spi-
ders with stratum (three categories: ground-dwellers (code: 
1), herbaceous vegetation layer dwellers (code: 2), shrubs 

dwellers (code: 3) based on the classification by Buchar and 
Ruzicka 2002).

We used generalized linear models to investigate the 
effect of habitat type on the species richness and abundance 
of spiders. Our data did not meet normality, therefore we 
used the Poisson error term for species richness and the neg-
ative binomial error term for spiders’ abundance after check-
ing for the data’s overdispersion. We calculated community 
weighted mean (CWM) values for body size and stratum at 
each site (Ricotta and Moretti 2011) using the R package 
‘FD’ (Laliberte and Legendre 2010) and we calculated the 

Fig. 1  Sampling sites. (A) location of Vlășinescu peat bog, (B) sampled microhabitats
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Minicia marginella (Wider, 1834) (480 individuals), Agy-
neta affinis (Kulczyński, 1898) (90 individuals), Pocadicne-
mis pumila (Blackwall, 1841) (76 individuals), from family 
Linyphiidae and Neon reticulatus (Blackwall, 1853) (54 
individuals) from family Salticidae. In the control site, the 
dominant species were Pardosa pullata (Clerck, 1757) (111 
individuals) from family Lycosidae and Minicia marginella 
(Wider, 1834) (71 individuals) from family Linyphiidae 
(Appendix 1.).

We detected a significant positive effect of heather shrubs 
on species richness (z = 47.52, p < 0.001, Fig.  2a) and on 
the abundance of spiders (z = 139.40, p < 0.001, Fig.  2b). 
We collected smaller spiders (F = 47.06, p < 0.001, Fig. 3a) 
and more web builders (F = 49.78, p < 0.001, Fig. 3b) in the 
heather than in control sites. However, habitat type did not 
affect vertical microhabitat preference of spiders, we did not 
detect more shrub-dweller species in heather than in control 
sites (F = 1.23, p = 0.281, Fig. 3c).

Heather and control sites habitat types were well sepa-
rated on the NMDS scatterplot (Fig. 4). Furthermore, this 
difference in species composition was significant accord-
ing to the PerMANOVA (F = 22.70, p < 0.001). We identi-
fied seven significant indicator species in heather shrubs 
(Aculepeira ceropegia, Agyneta rurestris, Agyneta affinis, 
Clubiona trivialis, Evarcha arcuata, Minicia marginella, 
Pocadicnemis pumila), whereas three species were signifi-
cant indicators of control sites (Araeoncus crassipes, Par-
dosa pullata, Hypsosinga albovittata; Appendix 1).

Discussion

Peat bogs of the Carpathians are only small fragments; how-
ever, they have a significant conservation value. European 
peat bogs harbour distinct spider species assemblages and 
specialist species (Buchholz 2016). The faunistic results in 
the Vlașinescu peat bog revealed a rich and diverse spider 

percentage of web builders. We used a series of one-way 
ANOVAs to test the effect of habitat type on spider CWM 
values and percentage of web builders.

To explore and visualize the effect of heather shrubs on 
the species composition of spiders, we used non-metric 
multidimensional scaling with Bray-Curtis dissimilarity 
measure, and a maximum number of 25 random starts were 
used to search for a stable solution.

The species abundance data were transformed into rela-
tive species values by a Hellinger transformation before the 
ordination of the species abundance data. The Hellinger 
transformation is known to reduce the importance of spe-
cies with high abundances (Legendre and Gallagher 2001). 
Permutational Multivariate Analysis of variances (Per-
MANOVA), based on Bray-Curtis dissimilarity matrices 
with 5000 permutations, was performed to test for differ-
ences among spider assemblages. To detect characteristic 
species for each habitat type, we calculated the indicator 
values of species (IndVal; Dufrene and Legendre 1997) with 
the ‘labdsv’ package (Roberts 2012).

Results

The arachnological material sampled in Vlășinescu peat bog 
comprised 6102 spider specimens, from which 1505 were 
adults (461 males and 1044 females), belonging to 93 spe-
cies from 17 families. Out of these species Agyneta orites 
(Thorell, 1875), Glyphesis servulus (Simon, 1881) and Mer-
messus trilobatus (Emerton, 1882) from family Linyphiidae 
were new for the Romanian fauna (Weiss and Urák 2000).

We collected 4152 specimens (1046 adults) from 70 spe-
cies from heather sites and 1950 specimens (459 adults) 
belonging to 59 species from control sites. Of these species, 
36 were present in both studied sites, and we collected 57 
species only in one of them: 34 in the heather sites and 23 in 
the control sites. The dominant species in heather sites was 

Fig. 2  Species richness (A) and 
abundance (B) of spiders. Hori-
zontal line is the median, boxes 
are the interquartile ranges, the 
whiskers extend to the extreme 
data point
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Fig. 4  NMDS ordination plot of spider communities. Dark green dots: heather sites, bright green dots: control sites. Significant indicator species 
are abbreviated by the first letter of genus names and the first three letters of species names

 

Fig. 3  Species traits of spider communities. (A) CWM of body size 
(continuous; in mm), (B) CWM hunting strategy (active hunter: 1, 
web-builder: 2), (C) CWM stratum (ground-dwellers: 0, herbaceous 

vegetation layer: 1, shrubs: 2). Horizontal line is the median, boxes are 
the interquartile ranges, the whiskers extend to the extreme data point
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reason why the web-builder species and a more diverse spi-
der community is hosted by the heather shrubs than open 
bogs. The physical structure and spatial geometry of the 
20–40 cm high heather shrubs are suitable sites for the sheet 
webs of linyphiid spiders. Indeed, we found more linyphiids 
in the heather sites than in the control sites (Fig. 4., Appen-
dix A.). Presumably the small body size of these species 
shifted the CWM size values of the community.

Spiders are the major predators in terrestrial ecosys-
tems; they prey on herbivores, detritivores and fungivores 
(Wise 1993). Springtails (Collembola) are among the most 
abundant detritivorous and fungivorous arthropods in peat 
bogs (Sławski et al. 2022). They provide a large part of the 
diet of ground-dwelling spiders (Wise 2004). Microclimate 
(temperature and moisture conditions) and substrate quality 
affect the vertical stratification and community composition 
of springtails in Sphagnum peatlands (Krab et al. 2010). In 
addition, heather shrubs might influence ground tempera-
ture. During the day, the leaves absorb or reflect a signifi-
cant fraction of solar radiation. Night-time temperatures are 
presumably warmer as a consequence of the thermal insu-
lating layer of the shrubs, resulting in cooler and more uni-
form near-ground thermal conditions (Vanneste et al. 2020). 
The microscale temperature pattern of Sphagnum mosses 
influences springtails’ density and species composition and 
therefore, affects spiders.

In addition to the structural complexity and microcli-
mate, the physical and chemical properties of the heather lit-
ter quality may affect potential prey items of spiders (Bolger 
et al. 2013; Kováč et al. 2005). For instance, many species 
and a diverse community of springtails are associated with 
the leaf litter of heather shrubs (Furgoł et al. 2019). Fur-
thermore, heather patches support a high diversity of insect 
herbivores, such as Hemiptera-Auchenorrhyncha, potential 
prey items for spiders (Sanderson et al. 2020).

We did not detect more shrub- and canopy-dweller spe-
cies in heather sites. These shrubs were not tall enough 
to affect the vertical microhabitat preference of spiders 
(Fig. 3c). In the boreal region, homogeneous open bogs are 
relatively species-poor habitats compared to the heteroge-
neous mesotrophic bogs (Kamayev 2012), emphasizing the 
importance of microhabitat heterogeneity in shaping species 
richness and composition of peat bog spider assemblages.

Conclusions.
The spider fauna of the Vlașinescu peat bog is species-

rich, with many rare, specialist species, with high conser-
vation value. We collected different characteristic spider 
species and we identified different trait state compositions 
in the heather patches and the surrounding control bog sites. 
The species richness and the presence of rare and endan-
gered peat bog specialist spider species of heather patches 
highlight the high conservation relevance of microhabitat 

fauna and led to the report of some new and rare species 
to the Romanian fauna. The 93 species identified from our 
one-vegetation-period sampling of a relatively small peat 
bog (3.4 ha) represent a high species richness compared to 
the results of the other peatland surveys in Transylvania. In 
Mohos peat bog (80  ha), 96 species were identified. Spi-
ders were sampled by pitfall traps, by hand, by sweep net, 
by sieving and by suction sampling in four different habitat 
types (Urák and Samu 2008). In Lucs peat bog (120 ha), 67 
species were identified, collected by pitfall traps from three 
habitat types (Urák and Máthé 2013). In Poiana Stampei 
peat bog (695 ha), 71 species were collected from two habi-
tat types (Gallé et al. 2021). Furthermore, Rėlys and Dapkus 
(2002) collected 55 species in an open bog and 57 species 
in a pine bog in southern Lithuania. Buchholz (2016) identi-
fied 105 species from a German bog forest. Therefore, the 
spider fauna of our bogs is rich, and Vlașinescu peat bog 
represents a high nature conservation value habitat despite 
its small size. Our study emphasizes that small peat bogs 
would conserve this specialized fauna when the habitats are 
undisturbed, and the hydrological properties and water qual-
ity are not affected (Gallé and Urák 2001, 2002, 2006).

There is a strong relationship between spider community 
structure and habitat properties. In peat bogs, the unique 
environmental conditions probably represent an environ-
mental filter, which may exclude many generalist species, 
resulting in a spider fauna comprising specialists (Gallé et 
al. 2019). Therefore, spiders are excellent indicators of peat-
land habitats (McGeoch 1998, Scott 2006, Urák & Samu 
2008, Samu & Urák 2014, Gallé et al. 2019), and they can 
also indicate the subtle and long-term changes in peat bog 
conditions (Haase and Balkenhol 2015). Previous studies in 
Transylvanian peat bogs revealed that the heterogeneity of 
the habitat increase species richness and abundance of spi-
ders. Peatbog habitat types (e.g. open bog area, forested bog 
with various tree species: Picea abies, Pinus silvestris, Bet-
ula sp.) has well-distinguishable spider communities with a 
considerable number of rare, specialist species. Microhabi-
tat diversity (e.g. hummock-hollow mosaic complex) fur-
ther increases spider diversity (Samu and Urák 2014; Gallé 
et al. 2019).

The Vlașinescu peat bog is an open bog, with only spo-
radic dwarf growth spruce on the margins, but without a 
coherent forested area. Our results showed that many spe-
cies were non-randomly distributed. The heather sites and 
the control sites were well separated on the NMDS scat-
terplot (Fig. 4), indicating a significant difference in species 
composition. This emphasized that both microhabitat types 
are essential for biodiversity conservation.

The presence of heather patches provides a structural het-
erogeneity in the open bog, they offer web attaching points 
for the web builder species (Uetz 1979). This might be the 
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heterogeneity in peat bogs. Therefore the preservation of 
dwarf shrubs in Central European peat bogs is of crucial 
importance for biodiversity conservation.
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