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Abstract: Moss mites were investigated at the edges of 4 bodies of water located in bogs: 2 lakes in Brod-
nica Lakeland (O and S) and 2 pools in Orawa-Nowy-Targ Basin (K and LP). The lakes differed from the 
pools in most of the analysed physicochemical parameters of water and in plant associations growing at 
their edges. Consequently, the species richness of Oribatida and their species composition differed between 
lakes and pools, but the total abundance of mites was similar. Abundance of most species was low, and only 
13 had dominance indices (D) exceeding 1%. The acarofauna of both lakes was similar, as most abundant 
in them was Limnozetes foveolatus (D > 80%), and relatively abundant were Hydrozetes longisetosus, Lim-
nozetes ciliatus, Punctoribates sellnicki, and Trhypochthonius nigricans. These species were absent or rare 
at the edges of pools K and LP. In the pools, differences in species structure of Oribatida were observed. At 
pool K, Trimalaconothrus maior was most abundant, accompanied by Hydrozetes octosetosus, H. lacustris, 
and Limnozetes foveolatus. At pool LP, Trimalaconothrus foveolatus was most abundant, which tolerates 
a wider range of humidity than T. maior; relatively abundant were also T. maior, Hydrozetes lacustris, and 
several species that were not found in the other bodies of water, including a generalist like Oppiella nova. In 
this study, Liochthonius furcillatus and Cultroribula berolina were recorded for the first time from Poland.
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INTRODUCTION

Oribatid mites, commonly called the ‘moss mites’, are very abundant in bog eco-
systems (e.g. Strenzke 1952; Popp 1962, 1970; Rajski 1970; Borcard et al. 1995), 
where they are important in decomposition of organic matter (Kuriki 2008). They are 
known as sensitive bioindicators of natural successional changes and anthropogenic 
influences, like e.g. bog trampling, draining, peat exploitation, or improper forest 
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management (reviewed by Seniczak 2011b). Moreover, knowledge about the ecology 
of Oribatida from bogs is important for palaeoecological studies and can contribute 
a lot to interpretation of fossil data (Erickson 1988; Solhøy 2001; Erickson & Platt 
2007; Presthus-Heggen et al. 2010). However, despite the importance of oribatid 
mites in bogs, knowledge about their ecology is still insufficient and requires more 
investigations (reviewed by Seniczak 2011b).

The aim of this study was to compare oribatid communities at the edges of 4 
bodies of water located in bogs in Poland. 

MATERIAL AND METHODS

Study area
Samples were taken from the edges of 4 water bodies located in bog reserves 

Lake Okonek (O) and Lake Stręszek (S) in Brodnica Lakeland (Pojezierze Brodnick-
ie, in northern Poland), and pools K and LP in unprotected bogs Kaczmarka and Łysa 
Puścizna, respectively, in Orawa–Nowy-Targ Basin (Kotlina Orawsko-Nowotarska, 
in southern Poland). 

Lake O (53°23’08”N, 19°24’29”E, 84 m a.s.l.) covers an area of 4.82 ha, while 
lake S (53°22’57”N, 19°23’58”E, 86 m a.s.l.) is much smaller (2.46 ha). At both 
lakes the samples were taken from the edge of floating mat with plant association 
Rhynchosporetum albae Koch 1926, dominated by Rhynchospora alba (L.) Vahl and 
Sphagnum fallax (Klinggr.) Klinggr. A detailed description of the plant communities 
is given in Seniczak (2011b).

Pools K  (49°26’15”N; 19°54’25”E, 650 m a.s.l.) and LP (49°25’47’’N; 
19°42’50’’E, 650 m a.s.l.) were small (ca. 2 m² each). Their edges were formed by 
the plant association Eriophorum vaginatum-Sphagnum fallax Hueck 1928. At pool 
K, 95% of the investigated area was covered by S. fallax, while 5% by Eriophorum 
angustifolium Honck. At LP, about 10% were covered by E. angustifolium, 60% by 
S. fallax, and 30% by Polytrichum strictum Brid.

Water analyses
For water analyses, 3 dm³ of water were taken from each body of water at a 

distance of 2 m from the shore. Water was analysed in the authorized Laboratory of 
Environmental Protection (Naftobazy Baza Paliw No. 2) in Nowa Wieś Wielka. The 
measured parameters and used methods are given in Table 1. 

Mite analyses 
From the edges of the lakes and pools, samples of Sphagnum mosses (each 100 

cm² in area and 5 cm in depth) were taken in replicates of 10 in spring in 2006 (O, S) 
and 2008 (K, LP). The mites were extracted in Tullgren funnels and preserved in 70% 
ethanol. The names of species and their systematics follow Weigmann (2006). 

The basic statistical analyses included the minimum, maximum, and mean val-
ues. For the other statistical analyses, the values were log-transformed ln (x+1) (Ber-
thet & Gerard 1965; McDonald 2009; Łomnicki 2010). Normality of the distribu-
tion was tested with the Kolmogorov-Smirnov test, while the equality of variance in 
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different samples, with the Levene test. The assumption of normality or equality of 
variance was not met, so the non-parametric Kruskal-Wallis test was used, followed 
by the Mann-Whitney U test. Statistical calculations were carried out with STATIS-
TICA 8.0 software.

RESULTS

All the studied bodies of water had acid pH, but differed in most other physi-
cochemical parameters, which were usually higher in pools than in lakes (Table 1). 
For example, conductivity, colour, chemical oxygen demand (COD), and biological 
oxygen demand (BOD5) were several-fold higher in K and LP than in O and S. Total 
phosphorus concentration was relatively low in lakes O  and S, but it was 5-fold 
higher in pool LP, and as many as 30-fold higher in pool K. Also total iron concentra-
tion was 10-fold higher in pools than in lakes, and the concentration of chlorides was 
several-fold higher in pools, but the level of sulphates was the highest in lake O and 
lowest in pool K. 

The analyses of acarofauna were based on 28 306 mites, obtained from a total 
of 40 samples, including 28 059 oribatid mites (6856 juveniles), belonging to 41 
species. The Oribatida dominated among mites, making up more than 95% of them, 
whereas the second most abundant were ‘other Acari’, represented mostly by Prostig-
mata, and the least abundant group were Mesostigmata (Table 2). 

When comparing the lakes with pools, there were no differences in the total 
abundance of total mites and the Oribatida but the species diversity of Oribatida was 
higher at pools than at lakes. The highest abundance of total mites and the Oribatida, 

Table 1. Physicochemical parameters of water in the studied water bodies: Lake Okonek (O), Lake 
Stręszek (S), pool in Kaczmarka bog (K), and pool in Łysa Puścizna bog (LP)

Parameter Method Lake Pool

O S K LP

pH pH meter, PN-90/C-04540.01 4.7 4.5 4.0 4.5

Conductivity (µS/cm) PN-EN 27888:1999 44.5 42.1 175.0 140.0

Colour (mgPt/dm³) PN-EN ISO7887 20.0 15.0 60.2 42.4

COD (mgO2/1) PN-74/C-04578.03 21.6 19.1 126.0 114.2

BOD5 (mgO2/1) PN-EN 1899-1:2002, PN-EN 1899-2:2002 1.1 1.0 5.8 5.4

Chlorides (mg/1) PN-75/C-04617.02, PN-ISO 9297:1994 17.2 17.2 42.9 33.0

Sulphates (mg/1) PN-74/C-04566.09 8.2 4.9 3.7 4.5

Total phosphorus (mg/1) PN-88 C-04537/04, PN-EN 1189:2000 0.01 0.01 0.30 0.05

Total iron (mg/1) PN-ISO 6332:2001 0.2 0.3 1.9 2.0
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and their lowest species diversity were observed at lake O, while their lowest abun-
dance and highest diversity was recorded at pool LP. Most oribatid species were not 
abundant and only 13 of them had dominance indices above 1%. 

The species structure varied between the studied bodies of water (Table 3). Al-
though species structure of Oribatida was similar at both lakes, there were some 
differences between lakes and pools, as well as between both pools. In both lakes, 
the most abundant species was Limnozetes foveolatus (D > 80%), and relatively 
abundant (D ≥ 1) were: Hydrozetes longisetosus, Limnozetes ciliatus, Punctoribates 
sellnicki, and Trhypochthonius nigricans. In contrast, these species were infrequent 
or absent at the edges of pools of Orawa–Nowy-Targ Basin, while in turn some other 
Oribatida, which were absent or infrequent at the lakes, were abundant at pool edges. 
Interestingly, the compared pools differed significantly in species structure of Orib-
atida. At pool K, most abundant was Trimalaconothrus maior (D > 50%); abundant 
was also Hydrozetes octosetosus (D = 27%) and relatively abundant were H. lacustris 
and Limnozetes foveolatus. At pool LP, most abundant was Trimalaconothrus foveo-
latus (D > 40%), and relatively abundant were T. maior, Hydrozetes lacustris, and 
several species that were absent or very infrequent at the other bodies of water, like 
Oppiella nova, Nothrus pratensis, and Mucronothrus nasalis. Based on the species 
list of Niedbała & Olszanowski (2008), Liochthonius furcillatus and Cultroribula 
berolina are new to the Polish fauna.

Table 2. Abundance (A, in 10³ individuals/m2) of some groups of Acari, number of species (S) and 
Shannon index (H’) of Oribatida in Lake Okonek (O), Lake Stręszek (S), pool in Kaczmarka bog 
(K), and pool in Łysa Puścizna bog (LP). SD = standard deviation. Superscripts denote significant 
differences (p ≤ 0.05): (a) between O and S, K, LP; (b) between S and K, LP; (c) between K and 
LP

Body of water
A mean±SD and range S H’

Total Acari Oribatida Mesostigmata Other Acari Oribatida

Lake O 124.7±0.7
36.7-315.6

124.1±0.7
36.2-312.0

0.1±0.1
0.0-0.4

0.5±0.5
0.0-3.2 21 0.651

Lake S 34.7a±0.5
14.0-64.0

34.4a±0.5
13.9-63.7

0.3a±0.3
0.0-1.5

0.0 14 0.876

Pool K 97.3b±0.3
59.6-142.5

96.9b±0.3
57.9-142.5

0.0b 0.4±0.4
0.0-2.0 16 1.139

Pool LP 26.4ac±0.3
15.7-41.5

25.2ac±0.3
13.7-40.9

0.0ab±0.1
0.0-0.4

1.1bc±0.5
0.0-2.3 25 1.851
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DISCUSSION

The studied bodies of water represent different stages of succession, which can 
partly explain the differences in their physicochemical parameters, plant associa-
tions, and species richness and composition of Oribatida. Dystrophic lakes, like O 
and S studied here, are slowly overgrown (on a scale of centuries) by the Sphagnum 
mat, being gradually replaced by bog vegetation. Then in some bogs, like in those 
of Orawa–Nowy-Targ Basin, small pools may be newly formed by, e.g., peat cutting 
(Rydin & Jeglum 2006). In the protected bogs surrounding lakes O and S, conditions 
are close to natural, while the bogs in Orawa–Nowy-Targ Basin are subject to drain-
age because of peat exploitation (Kaczmarka) and pine tree planting (Łysa Puścizna) 
(Mistrzak et al. 2011).

All the studied bodies of water were acidic, partly due to a well-developed 
Sphagnum mat surrounding them, as many peat mosses are known to decrease water 
pH very effectively (Rydin & Jeglum 2006). However, many other parameters, like 
water conductivity, colour, COD, and BOD5, were several-fold higher in pools K and 
LP than in lakes O and S. Higher conductivity can be explained by more advanced 
plant succession (Rusińska et al. 2009) and by bog drainage (Banaś & Gos 2004). 
Bog drainage also leads to an increase in humic substances, which are related to 
darker water colour and decreased oxygen content (Rydin & Jeglum 2006). Similar 
water parameters, including high conductivity, colour, chlorides and iron concentra-
tion, were found in a peat pond located in an exploited bog, Bagno Chlebowo (Seni- 
czak 2011b).

The abundance of mites, as well as of Oribatida, did not differ between lakes and 
pools. However, the species diversity of Oribatida was higher at the edges of pools 
than at lake edges, which can be related to more advanced plant succession (Seni- 
czak 2011b). There are no comparative data on oribatid communities from these bog 
pools, but e.g. at the lakes and ponds in Tuchola Forest (Bory Tucholskie, northern 
Poland), species diversity increased with plant succession (Seniczak 2011b) and was 
the highest at the edges of Lake Łyse, which was at the most advanced stage of suc-
cession, and the Shannon index (H’) was even higher there (2.23) than in the present 
study. 

At the studied lakes and pools, differences in species structure of Oribatida were 
observed. At the edges of lakes O and S, Limnozetes foveolatus dominated (D > 80%), 
like at the edges of most other bodies of water in northern Poland (Seniczak et al. 
2006; Seniczak 2011a, b). This species clearly prefers water-saturated substrate and 
acid reaction (Behan-Pelletier 1989; Behan-Pelletier & Bisset 1994; Donaldson 
1996; Seniczak 2011b), being very abundant at the margins of the Sphagnum mat, 
and is often accompanied by L. ciliatus (e.g. Donaldson 1996; Seniczak et al. 2006; 
Seniczak 2011b). Both Limnozetes spp. seem to be very sensitive to human distur-
bance. In northern Poland their abundance was low at the edges of bogs affected by 
bog drainage and spruce planting (Kurze Grzędy), and by peat mining (Bagno Chle-
bowo) (Seniczak 2011b). Also in Finland the abundance of L. ciliatus decreased after 
bog amelioration (Markkula 1986a, b). This can probably explain the low abundance 
of Limnozetes spp. at the bogs of Orawa–Nowy-Targ Basin.
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The other aquatic genus, Hydrozetes, was represented at the study lakes most 
abundantly by H. longisetosus, like at most of dystrophic lakes and ponds in northern 
Poland (Seniczak 2011b,c), while 2 other species, H. lacustris and H. octosetosus, 
were far less abundant. In contrast, at the edges of bog pools, most abundant was H. 
octosetosus (K) or H. lacustris (LP), while H. longisetosus was infrequent at pool K 
and absent from pool LP (Mistrzak et al. 2011). Hydrozetes longisetosus seemed to 
avoid bogs disturbed by human activity, and it was also absent from bogs destroyed 
by drainage and peat exploitation in northern Poland (Seniczak 2011b, c). 

Trimalaconothrus spp., like Limnozetes spp., require aquatic and acidic condi-
tions, but tolerate human-disturbed habitats, as they were most abundant oribatids at 
the pools of Orawa–Nowy-Targ Basin. Trimalaconothrus maior was most abundant 
at pool K, while T. foveolatus dominated at pool LP. The latter species tolerates a 
wider range of humidity than T. maior and can be found in drier conditions (Starý 
1988; Kehl 1997; Seniczak 2011b). 

Based on the oribatid mite communities, bog LP seems to be more disturbed 
by drainage than bog K. At the latter bog, the abundance of the aquatic Limnozetes 
and Hydrozetes spp. was far lower than at LP, and Trimalaconothrus foveolatus was 
more abundant than T. maior. Moreover, the generalists, like Oppiella nova, became 
more abundant. Similar observations were made in Finland, where after bog drain-
age, the hydrophilic species have decreased, while the habitat generalist, Oppiella 
nova, greatly benefited (Markkula 1986a, b). 
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