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ABSTRACT

The water mite communities of the River Drawa were investigated in the year 1988. The samples were taken in April,
July and September. A total of 1349 specimens belonging to 52 species of water mites were collected. We decided to
distingush Lebertia cf. gibbosa despite of its synonymization with L. ineaqualis, because we collected both species and
found sound distinguishing features. The status of the species should be rechecked. The most abundant species was
Hygrobates setosus (13.4%) followed by Sperchon papillosus (10.5%), S. clupeifer (9.8%), Torrenticola amplexa
(8.5%), Hygrobates longipalpis and Limnesia maculata (each 7.0%), Hygrobates calliger (5.8%), Lebertia ineaqualis
(5.2%) and Arrenurus albator (4%). The largest synecological group was rheophiles and rheobionts (71.1% specimens)
followed by lake species (16.5%), small water bodies species (11.9%), species from astatic waters and crenophilous
species (0.2% specimens). The most stagnophilous species were connected with marginal pools with and muddy
bottom covered by plants and sections of river after lake or spring. More specimens (894) and species (31) were caught
in the lotic zone of the river than in the lentic zone (455 specimens, 28 species). Rheophilous species were divided into
two groups: one connected with lotic zones but with rather slow-flowing water and sandy bottom, and another one
connected with fast-flowing water with gravel and stones on the bottom, partially covered by mosses.
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INTRODUTION

The research on water mite fauna from flowing waters in Europe has very long tradition. However,
recently research is focused on taxonomic work (e.g. Martin et al. 2010; PeSi¢ et al. 2018; 2019;
2020a, b), biology of particular species (e.g. Martin and Davids 2002; Martin and Stur 2006;
Stowinska et al. 2020), autecology (e.g. Di Sabatino et al. 2000) and bioindication (e.g. Miccoli ef al.
2013; Blattner et al. 2021). Despite of wide knowledge about water mites occurring in flowing waters,
there is still a lack of information about faunal structure of water mites in particular rivers or streams
especially with corelation to environmental and physico-chemical parameters. There is some
information available for rivers: upper Danube, Goldersbach, f.ada, Northern Dvina, Yokonga,
Mezen, Onega, Pechora, Neman (Biesiadka 1974; Kowalik and Biesiadka 1981; Gerecke and
Schwoerbel 1991; Gerecke 2002; Biesiadka et al. 2004; Tsember and Shubina 2013). Some
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information about dependence of water mite fauna structure on environmental and physico-chemical
parameters can be found in van der Hammen and Smit (1996) and Boboescu ef al. (2010) works.

On the background of Europe, in Poland there has been a grat body of research on water mite
fauna structure from flowing waters. Characterizations of the Hydrachnidia communities of rivers in
lowland areas of Poland can be found in studies by Bazan-Strzelecka (1964, 1986), Biesiadka (1970,
1972), Biesiadka and Kasprzak (1977), Kowalik (1981), Cichocka (1996, 2006), Stryjecki (2009,
2010), Zawal and Sadanowicz (2012), Stryjecki et al. (2012, 2013a, 2018), Zawal and Kowalik
(2013), Bankowska et al. (2015) and Zawal ef al. (2017). Similar data from upland areas of Poland is
found in works by Kowalik (1981), Kowalik and Biesiadka (1981), Stryjecki and Kowalczyk-Pecka
(2013b), Kowalik et al. (2014), and Biesiadka ef al. (2015). The most important research works on
mountainous areas include works by Kupiszewska (1965), Biesiadka (1974, 1979), and Biesiadka
and Cichocka (1993). Among the studies, those taking the environmental and physico-chemical
parameters into account are of particular value (Cichocka 2006; Zawal et al. 2017; Stryjecki et al.
2018; Stryjecki 2019, 2020).

The aim of this research was recognition of structure of water mite fauna in medium, lowland
rivers based on some environmental parameters.

MATERIAL AND METHODS

Water mites were collected in April, July and September of 1988 with a hand net (mesh size 300 pm);
they were separated in the fieldwork and preserved in Koenike's liquid, as far as possible. Samples
were taken using a semiquantitative approach described by Gerecke et al. (1998) in which one sample
is taken from particiular substrate, with the sampling time proportional to the estimated percentage
coverage of the substrate.

Water flow (m/s) was measured using a SonTek acoustic FlowTracker flowmeter. The bottom
substrates, i.e. mud, sand, gravel, stones, rocks, were estimated as a share in the whole substratum
following Braun-Blanquet (1964) methods modified by Stegpien et al. (2015, 2019), where the sum of
all substrates had to amount to 100%. The records were also made for additional categories for
vascular plants and mosses coverage-abundance scales: 1 (< 5% coverage of the bottom), 2 (5-10%)),
3 (11-25%), 4 (25-50%), 5 (50-75%), and 6 (75-100%). The substrates were split into organic,
fragmented sludge-mud, and inorganic - all the others. Inorganic substrates were categorized
depending on the grain size: sand < 2 mm, gravel - 2-20 mm, stones - 21-100 mm, rocks > 100 mm.
A total of 69 samples were collected in 19 localities (Fig. 1). All habitats in each locality were
included.

NMDS (non-metric multidimensional scaling) was used for testing the grouping of the springs
sections based on faunistic data. Multivariate ordination analyses were used to determine the
environmental parameters responsible for the distribution of water mite species in the River Drawa
(Canoco for Windows 4.5 package). The Detrended Correspondence Analysis (DCA) (Hill and
Gauch 1980; ter Braak and Prentice 1988) was used to assess the length of the biotic data gradient
with detrending by segments. As it was long (13.07 SD units), the Canonical Correspondence
Analysis (CCA) (ter Braak 1986; ter Braak and Verdonschot 1995) was applied to identify
environmental factors that significantly influenced biota distribution.

The significance of the effect of the respective environmental variables on species composition
was determined using stepwise variable selection (p <0.05). The Monte Carlo test with 499 unrestrict-
ed permutations under full model was conducted in order to pinpoint the significant variables.

The significance of statistical differences (o = 0.05) was assessed by Kruskal-Wallis test
(STATISTICA v.13 PL).
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Figure 1. Map of the study area with sampling localities.

Study area

The River Drawa, a right-bank tributary of the Note¢ River, is 185.9 km long and its catchment
area is 3,296.4 km?. It flows out from Lake Krzywe, and then flows through the nature reserve of the
Valley of Five Lakes (lakes, Krzywe, Krag, Dhugie, Glebokie and Male), next through Lake Zerdno
and Drawsko, and finally through lakes Wilczkowo, Lubie and Wielkie Debno. The main sources of
pollution of Drawa are the cities: Ztocieniec, Drawsko Pomorskie, Kalisz Pomorski, and Drawno.
The water quality in 2006 was assessed as class III (Ztoczowska et al. 2008).

In its upper section, the river flows slowly, meandering among forests and meadows. After
leaving Lake Lubie, it gets shallower, taking on the character of a mountain river with fast water
current and rocky and gravelly bottom. In the Drawienski National Park, the river is wide and deep,
but with a fast current, which is intensified by numerous obstacles such as fallen trees. The banks of
the river are usually high and covered with forest vegetation. The last section of the river — from the
national park to the estuary — is relatively wide, with slow flowing water, and has the character of a
medium-sized lowland river (Kondracki 2011).

Nineteen localities were established along the entire length of the river (Fig. 1), where 51 sites
were located, which included all types of habitats occurring in particular localities. The habitats were
divided into the following categories: current environments (sites: 2, 3, 5, 8, 10, 11, 14, 17, 18, 19,
20, 21, 24, 25, 30, 32, 34, 35, 37, 38, 40, 41, 42, 43, 45, 46, 47, 48, 49, 51), marginal pools (sites: 6,
7,9, 12, 13, 15, 16, 23, 26, 29, 31, 33, 36, 39, 44, 50), limnocren-eucrenone (site 1), limnmocren-
hypocrenone (site 4), gills of Orconectes limosus (Rafinesque, 1817) (site 28), gills of Unio tumidus
Retzius, 1788 (site 27).

WATER MITES OF THE RIVER DRAWA, NW POLAND
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RESULTS

In the River Drawa a total of 1349 specimens belonging to 52 species of water mites were collected.
The species belonged to 23 genera and 17 families. The most abundantly represented families were
Hygrobatidae (33.2% of the total number of water mites, 7 species), Sperchontidae (22.3%, 3
species), Lebertiidae (9.1%, 7 species), Torrenticolidae (8.5%, 1 species) and Limnesiidae (7.3%, 3
species). The group of edominants (dominance > 10%) consisted of Hygrobates setosus (13.4%) and
Sperchon papillosus (10.5%); dominants (dominance 5.1%—10%) were: S. clupeifer (9.8%),
Torrenticola amplexa (8.5%), Hygrobates longipalpis and Limnesia maculata (7.0%), Hygrobates
calliger (5.8%), Arrenurus albator (%.4%) and Lebertia ineaqualis (5.2%) (Table 1). The most
frequent were Torrenticola amplexa and Sperchon clupeifer (30.8%), S. papillosus and Hygrobates
calliger (25.0%), H. setossus, Atractides nodipalpis and Lebertia rivulorum (21.2%) (Table 1). We
found 12 individuals of very interesting and rare species Lebertia cf. gibbosa Lundblad, 1926 (Fig.
2).

The NMDS (stress = 0.2665) ordering (Fig. 3) showed two groups of species: 1 —rheobionts and
rheophiles, connected with current habitats; 2 — stagnophilous species (characteristic for lakes, for
small water bodies and for vernal astatic waters), connected with marginal pools and with the initial
section of the river. Coordinate 1 illustrates the gradient of increasingly rheophilic conditions, from
stagnant to current waters.

The water mites caught in the River Drawa were assigned to five synecological groups:
rheobionts and rheophiles, crenophiles, species characteristic for lakes, eurytopic species
characteristic for small water bodies, species characteristic for vernal astatic waters. The rheobionts
and rheophiles were most abundant (71.1 % of the material collected, 22 species). The second most
abundant synecological group was the species characteristic for lakes, which accounted for 16.5% of
the fauna collected, and 10 species. Less abundant were eurytopic species characteristic for small
water bodies (11.9 %, 16 species) and crenophiles and species characteristic for vernal astatic waters
(0.2%, 1 and 3 species respectively) (Fig. 4). The differences in the abundance of particular
synecological groups in the whole collected material were statistically significant [Kruskal-Wallis
test: H (4, N=52) =18.15920 p = 0.0011]. Domination of rheobionts and rheophiles were visible in
current habitats and marginal pools (Fig. 4), but in the first type of environment the differences
between number of specimens from particular synecological groups were statistically significant
[Kruskal-Wallis test: H (3, N = 30) = 3.908292 p = 0.02715], but not in second one [Kruskal-Wallis
test: H (3, N=27)=3.019177 p = 0.3887].

Figure 2. Lebertia cf. gibbosa — A. Ventral view; B. Pedipalp; C. Gnathosoma.
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Figure 3. Non-metric multidimensional scaling of faunistic assemblages of the River Drawa.
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Figure 5. CCA diagram showing the relationship between water mites and environmental parameters.

DISCUSSION

The number of species of the water mites in the River Drawa was average compared to other rivers.
Similar numbers of species were previously found in the rivers: Raba (47 species), Wieprz (42),
Upper Danube (42), Goldersbach (47), Lada (43), Northern Dvina (56), Szum (46), Bukowa (51
species) (Biesiadka 1974; Kowalik and Biesiadka 1981; Gerecke and Schwoerbel 1991; Gerecke
2002; Tsember and Shubina 2013; Zawal and Kowalik 2013; Kowalik et al. 2014; Stryjecki et al.
2018). Lower number of species was characteristic for rivers: Welna (34 species), Bialka Tatrzanska
(20), Dunajec (11), Tanew (17), Yokonga (37), Mezen (35), Onega (11), Branew (32), Czartosowa
(19), Luk (15 species) (Biesiadka 1970, 1979; Stryjecki et al. 2013; Tsember and Shubina 2013;
Stryjecki 2019, 2020). On the other hand, much higher species richness was noted in the following
rivers: Pasteka (80 species), Pechora (87), Neman (80), Krapiel (116 species) (Cichocka 1996
Biesiadka et al. 2004; Tsember and Shubina 2013; Zawal et al. 2017). The above list clearly shows
that the number of species of water mites is a very good measure of the habitat diversity of rivers,
and the values of 40—60 species characterize medium-sized rivers of varied habitat character. Lower
species richness occurs in smaller rivers, having lower habitat diversity, or in rivers that are under
human pressure. The greatest species diversity of water mite fauna is characteristic for rivers with
very diverse environments (Cichocka 1996; Zawal et al. 2017).
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Table 1. Species composition and numbers of water mites collected in particular habitats of the River Drawa: n.i. - number
of individuals, dom. - domination.

Z = é g é § g = %
g 4, 5 ff i3 EE Y ¢
» Q el = Q S = S 2 s 3 3
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Species T g z £ £ 2 S & ES EZ §§ = 5
P g é E§ & § g% = == S& S8
5 g &
= ~ £ = E = E = £
= & & S £ § =& 8
Hydrodroma
despiciens (O.F. 13 29 1 43 32 38 41 46 2 05 - - - - - -
Miiller)
Parathyas
pachystoma Koenike b= ror e - == - - - 1 37 B B
Hydryphantes ruber _ 1 B 1 01 19 - — _— _ _ _ 4 37 B B
De Geer
Lebertia natans
(Viets) 2 - - 2 01 38 2 02 - - - - - - - -
Lebertia oblonga
(Koenike) 7 2 - 9 07 58 9 1 - - - - - - - -
Lebertia rivulorum
. 4 6 5 15 11 212 11 12 7 1.7 - - - - - -
(Viets)
Lebertia ineaqualis
(Koch) 24 46 - 70 52 77 70 7.8 - - - — - - - -
Lebertia insignis 4 7 2 13 10 115 11 12 2 05 - - - - - -
(Neuman)
Lebertia porosa
(Thor) 1 1 - 2 01 38 1 01 1 02 - - - - - -
Lebertia cf. gibbosa
Lundblad 8 4 - 12 09 96 10 11 2 05 - - - - - -
Lebertia sp. — 1 1 2 0.1 1.9 2 02 - — — — — — — —
Sperchon clupeifer —»g 93 6 13 98 308 128 14 4 1 - - - - _ -
(Piersig)
Sperchon papillosus 3¢ 103 41105250 6 - - - - - - -
Thor 1
Sperchonopsis 4 14 - 28 21 154 27 3 1 02 - - - - - -
verrucosa (Protz)
Teutonia cometes
(Koch) 1 1 - 2 01 19 - - 2 05 - - - - - -
Torrenticola 10
amplexa (Koenike) 56 58 1 115 85 30.8 5 12 10 24 - - - - - -
Albia stationis Thon 3 2 - 5 04 38 1 01 4 1 - - - - - -
Aturus scaber 13— 403 58 2 02 - - - — - - 2
Kramer
Brachypoda
versicolor (O.F. 2 25 11 38 28 58 22 25 16 39 - - - - - -
Miiller)
Atractides nodipalpis 5 19 _ 24 18 212 24 27 - -  _ _ _ B B B
(Thor)
Atractides tener
(Thor) 2 - - 2 01 19 2 02 - - - - - - - -
Hygrobates calliger 3 47 73 58 250 78 87 - - - - - - _
Piersig
Hygrobat,
ygrooates 2 5 - 70596 6 07 1 02 - — — -  _ -

Sfluviatilis (Strom)
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Table 1. Continued.
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Hygrobates 37 55 2 94 70 308 75 84 19 46 - - -
longipalpis
(Hermann)
Hygrobates 37 25 - 62 46 77 - - 60 15 1 56 1 37 - -
nigromaculatus
Lebert
Hygrobates setosus 55 78 48 181 134 212 10 1.1 171 42 - - - - - -
Besseling
Limnesia fulgida — 3 - 3 02 38 - - 1 02 - - 2 74 - -
(Koch)
Limnesia maculata 35 58 1 94 70 58 84 94 10 24 - - - - - -
(O.F. Miiller)
Limnesia undulata 1 - - 1 01 19 1 01 - - - - — - — -
(O.F. Miiller)
Forelia variegator 4 6 3 13 1.0 96 2 02 11 27 - - - - - -
(Koch)
Piona coccinea — 1 — 1 01 19 1 01 - - - - — - - -
(Koch)
Piona conglobata 1 - - 1 01 19 - - 1 02 - - - - - -
(Koch)
Piona sp. - 1 3 4 03 5.8 — - 3 0.7 1 5.6 - - — —
Tiphys latipes (O.F. 1 - - 1 01 19 - - - - - - 1 37 - -
Miiller)
Neumania vernalis — 1 - 1 01 19 - - - - - - 1 37 - -
(O.F. Miiller)
Neumania papillosa - 1 - 1 01 19 - - 1 02 - - - — - -
(Soar)
Unionicola 1 2 — 3 02 38 - - - - - — - — - 3
intermedia
(Koenike)
Unionicola crassipes 3 16 - 19 14 77 1 01 11 27 - - 7 259 - -
(O.F. Miiller)
Unionicola minor — 1 - 1 01 19 - - 1 02 - - - - - -
(Soar)
Wettina podagrica 1 1 1 3 02 58 1 01 2 05 - - - - - -
(Koch)
Arrenurus albator 9 64 - 73 54 58 20 22 52 13 - - 1 3.7 - -
(O.F. Miiller)
Arrenurus bruzelii — 1 — 1 01 19 - - — - - — 1 3.7 - -
(Koenike)
Arrenurus 1 - — 1 01 19 - - - - 1 56 - — - —
cuspidator (O.F.
Miiller)
Arrenurus maculator 1 2 - 3 02 19 - - - - - - 3 111 - -
(O.F. Miiller)
Arrenurus - 2 - 2 01 19 - - - - 2 111 - - - -

buccinator (O.F.
Miiller)
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Table 1. Continued.
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Arrenurus globator 1 - - 1 o601 19 1 01 - - — - - - - -
(O.F. Miiller)
Arrenurus tubulator - 1 - 1 01 19 1 01 - — - - - - - -
(O.F. Miiller)
Arrenurus — 1 — 1 01 19 - - - - - — 1 3.7 - —
bifidicodulus Piersig
Arrenurus forpicatus 1 - - 1 01 19 - - 1 02 - - - - - -
Neuman
Arrenurus
inexploratus Viets 3o~ - 30219 - - - = 3167 - - - -
Arrenurus knauthei B 1 B 1 01 19 - - _ _ | 56 B B B
Koenike ' ) )
Midea orbiculata
(O.F. Miiller) 4 - - 4 03 19 - - - — 4 222 - - - -
Mideopsis crassipes 4 6 10 07 58 — — 10 24 - _ B B B B
(Soar) ) ) )
Mideopsis
orbicularis (O.F. - 6 - 6 04 38 3 03 3 07 - - — — — —
Miiller)
Deutonymphs - - 12 12 09 38 - - - - 5 278 7 259 - -
Total 447 805 97 1349 893 409 18 27 2 3

It is interesting that in the River Drawa 12 individuals of Lebertia cf. gibbosa were found — the
species that was previously synonymized with L. ineaqualis (see Gerecke 2009). The specimens
collected here clearly alluded to the description of this species made by Lundblad (1926) (Fig. 2),
therefore it was decided to distinguish this species, at the same time pointing to the need for detailed
research based on molecular data.

The high share of families with the predominance of rheophilic species (Hygrobatidae,
Sperchontidae, Lebertiidae and Torrenticolidae) is characteristic for most rivers (Kowalik and
Biesiadka 1981; Gerecke and Schwoerbel 1991; van der Hammen and Smit 1996; Gerecke 2002;
Tsember and Shubina 2013; Zawal and Kowalik 2013; Kowalik et al. 2014; Stryjecki et al. 2018),
but Torrenticollidae most often occurs in the upper sections of the rivers, or in mountainous areas
(Laska 1959, 1962, 1963; Biesiadka 1979, Biesiadka and Cichocka 1991). However, a large share of
this family can be also be found in typical lowland rivers (Cichocka 1996; Zawal et al. 2017), which
is caused by a large number of habitats with a relatively fast current and a rocky or gravel bottom.

The dominant species in the River Drawa were almost exclusively rheobiontic species. The
exception is Limnesia maculata but its occurrence was limited only to three sites located directly
behind the outflow of the river from Lake Krzywe. Similar influence of lakes on water mite fauna in
rivers was noted by Cichocka (1996) and Zawal (2006). Similar list of species, characteristic for small
and medium-size rivers was noted by Kowalik and Biesiadka (1981), Gerecke and Schwoerbel
(1991), van der Hammen and Smit (1996), Gerecke (2002), Tsember and Shubina (2013), Zawal and
Kowalik (2013), Kowalik et al. (2014), Stryjecki et al. (2018). Larger rivers, with slower water flow,
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are characterized by a significant share of stagnophilous species (Bazan-Strzelecka 1964; Biesiadka
1972; Biesiadka et al. 2004; Zawal et al. 2017).

Two groups of species, shown in the NMDS diagram (Fig. 3) are associated with different
environments: rheophilic and rheobiontic species — with lotic environments, and stagnophilic species
with lenitic ones. This confirms previous data from other rivers (Kowalik and Biesiadka 1981;
Gerecke and Schwoerbel 1991; van der Hammen and Smit 1996; Gerecke 2002; Tsember and
Shubina 2013; Zawal and Kowalik 2013; Kowalik et al. 2014; Stryjecki et al. 2018) indicating the
distinct otherness of the fauna of water mites inhabiting these two environments.

The clear domination of rheophiles and rheobions over other synecological groups, both in the
entire collected material and in lotic environments, is a characteristic feature of most rivers. A clear
presence of stagnophilous species (Ktosowska et al. 2013; Zawal et al. 2013; Stryjecki at al. 2017)
in marginal pools, where they find conditions similar to stagnant waters was also noted in many other
rivers. On the other hand, a very small number of crenophilic species, that were often found in small
rivers (Kowalik and Biesiadka 1981; Gerecke and Schwoerbel 1991; van der Hammen and Smit 1996;
Gerecke 2002; Tsember and Shubina 2013; Zawal and Kowalik 2013; Kowalik ef al. 2014; Stryjecki
et al. 2018; Stryjecki 2019) is specific to the Krapiel river.

This is also confirmed by the CCA analysis (Fig. 5) which distinguishes the group of stagnophilic
species (block 2) associated with mudy bottom, often covered with vegetation, which occurs in the
marginal pool and initial section of the river; and two other groups species (block 1 and 3) related to
the current habitats. One of these blocks is associated with a slowly flowing water environment, and
sandy bottom, and the other with a faster flowing water environment, rocky and gravel bottom, often
overgrown with mosses. Block 3, related to fast-flow environments, includes typical reobiontic
species. On the other hand, in block 1, next to typically reobiontic species (Lebertia oblonga), there
were rheophilic species characteristic of marginal pools of slow flowing streams (Al/bia stationis,
Hygrobates setosus, Mideopsis crassipes, Teutonia cometes), stagnophilic species (Forelia
variegator, Hygrobates nigromaculatus, and Neumania papillosa) and crenophilic (Wettina
podagrica) (Di Sabatino et al. 2010; Gerecke et al. 2016). It is worth noting that three species
(Lebertia oblonga, Hygrobates setosus, Forelia variegator) were recorded by Stryjecki (2019) in
similar environments in the Branew river.
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