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Abstract Water mites are predators on microcrustations (Copepoda, Cladocera, Ostracoda) and insect
larvae (mostly Diptera). Their communities usually have great diversity with high species
richness but relatively low abundance. This may have important implications for poorly investi-
gated predator-prey interactions of water mites in natural habitats. A sublacustrine karst spring
Torak and the mouth of its tributary river Cikola were examined seasonally from August 2016
to June 2017, with the aim of determining water mite distribution connected to prey availability.
Triplicate samples were taken with an Ekman dredge on three distinct depth zones (littoral,
sublittoral and profundal zone) at both study sites. Both, the karst spring and the tributary river,
had typical lentic water mite communities with no rhithrobiont or crenobiont taxa present.
Water mite species richness, abundance and alpha diversity were not governed by depth, but
rather by prey availability. Greater copepod, ceratopogonid and chironomid abundances were
found to positively correlate with higher abundances of water mites. The population of Limnesia
connata, previously reported from lime-poor waters exclusively, was most probably supported
by vast prey availability, thus unexpectedly surviving in this karst environment. L. connata,
Neumania vernalis and Piona longipalpis were recorded for the first time in Croatia, while
L. connata was recorded for the first time in the Dinaric karst.
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Dostepnos¢ pokarmu w zrédle krasowym i ujsciu rzeki warunkuje wystepowanie
nietypowych zgrupowan wodopdjek (Acari: Hydrachnidia)

Stowa kluczowe sie¢ pokarmowa w mejofaunie, interakcje drapieznik—ofiara, zgrupowania wod krasowych,
zrodto na dnie jeziora, rzeka krasowa

Streszczenie Wodopojki sa drapieznikami odzywiajacymi si¢ mikroskorupiakami (Copepoda, Cladocera,
Ostracoda) i larwami owadéw (gtownie Diptera). Ich zgrupowania zazwyczaj charakteryzuja
si¢ duzym zréznicowaniem gatunkowym, ale stosunkowo niska liczebno$cia. Moze to mieé¢
duze znaczenie dla wciaz stabo zbadanych relacji drapieznik—ofiara w naturalnych siedli-
skach. Celem badan przeprowadzanych w okresie od sierpnia 2016 do czerwca 2017 roku
w znajdujacym si¢ na dnie jeziora, krasowym zrodle Torak i ujsciu rzeki Cikola byto zbadanie
rozmieszczenia wodopdjek w zaleznosci od dostepnosci pokarmu. Proby pobierano chwyta-
czem Ekmana w trzech strefach gigbokosci (litoral, sublitoral i profundal) w obu badanych
miejscach, za kazdym razem wykonujac trzy powtdrzenia. Zaréwno zrodto krasowe, jak
i doptywajaca rzeka charakteryzowaty si¢ typowo lenitycznym zgrupowaniem wodopdjek,
bez obecnosci rhithrobiontow i krenobiontow. Bogactwo gatunkowe wodopojek, liczebnosé
i wskazniki r6znorodnosci nie byly zwigzane z glgbokoscia, lecz z dostepnoscia pozywienia.
Stwierdzono, ze wigksze liczebno$ci widtonogéw, ceratopogonidéow i chironomidéw kore-
luja dodatnio z wigksza liczebnoscia wodopojek. Populacja Limnesia connata, poprzednio
opisywana wylacznie z wod ubogich w wapn, byta najprawdopodobniej wspierana przez
ogromng dostgpnos¢ pokarmu, co niespodziewanie przetozyto si¢ na jej przetrwanie w tym
krasowym $rodowisku. L. connata, Neumania vernalis i Piona longipalpis zostalty odnotowane
w Chorwacji po raz pierwszy, natomiast L. connata zostata po raz pierwszy odnotowana na
Krasie Dynarskim.

Introduction

Predation is a biotic interaction that links water mites to different taxonomic groups and
life stages of benthic invertebrate communities (Goldschmidt, 2016). Predatory aquatic adult and
deutonymph water mites feed on insect larvae and other small invertebrates (Martin, Stur 2006;
Stoch et al., 2011) such as microcrustations (Copepoda, Cladocera, Ostracoda) and insect larvae
-mostly Diptera (Martin, 2005; Stoch et al., 2011). Their communities usually have great diversity
with high species richness but relatively low abundance (Di Sabatino et al., 2008). This may have
important implications for poorly investigated predator-prey interactions of water mites, mostly
known from observations and ex-situ studies (Martin, 2005), while the distribution patterns and
co-occurrence of water mites and their prey in natural habitats are poorly investigated.

Depth has been shown as an important abiotic driver in water mite composition and structure
across lentic habitat profiles (Zawal et al., 2013). Concerning both depth and prey availability,
the objectives of this study were: 1) to examine the effect of depth on water mite abundance,
species richness and diversity and 2) to examine the dispersal of water mites in connection to
prey abundance.

Materials and methods

Study area

Torak is a sublacustrine karst spring situated on the southeastern bank of the upstream
end of a Lakeland formed by the Cikola river near the Skradinski buk waterfall. The altitude is
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approximately 50 m above sea level. The submerged spring is circular, having a diameter of about
180 m. The eye of the spring is 47 m deep and is a tributary of the Cikola River (Figure 1).

Figure 1. Map of the study area with the locations of the two sampling sites in Krka National Park

The three sampling depths (littoral, sublittoral and profundal zone) were sampled at ap-
proximately 2, 10 and 45 meters.

The second sampling site Cikola is a Dalmatian river with the length of 47 km and is Krka’s
largest tributary. The Cikola River enters the Krka above Skradinski Buk. The lower reach of the
river and the Torak spring lie within the boundaries of Krka National Park (Terzi¢, Frangen, 2010).
At our sampling site, Cikola is at its lowest reach and is very slow flowing, even showing seasonal
stratification. The three sampling depths (littoral, sublittoral and profundal zone) were sampled
at approximately 2, 10 and 25 meters.

Both sites can be referred to as semi-lentic habitats with some flow present, but with strati-
fication occurring regularly.
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Sampling and laboratory methods

Each site was sampled four times (once per season) from August 2016 to June 2017. Triplicate
samples were taken with an Ekman dredge (15 x 15 cm surface) on three distinct depth zones
(littoral, sublittoral and profundal zone) at both sites. In total, we collected 72 benthic mac-
roinvertebrate subsamples (36 from each site). All benthic samples of macroinvertebrate fauna
were preserved in 96% ethyl alcohol. Water mites from the samples were subsequently isolated
and fixed in Koenike’s solution. All water mite individuals were determined to either species or
genus (some deutonymphs) level using general keys by Tuzovskij (1990), Davids et al. (2007),
Di Sabatino et al. (2010) and Gerecke et al. (2016). All water mite specimens are deposited at the
Department of Biology, Faculty of Science, Zagreb, Croatia. The number of specimens per water
mite species were classified as Male/Female/Nymph.

Diversity indices

The Shannon’s (H’), Simpson’s (1-A), Fisher’s and Margalef (d) diversity indices and the
Pielou’s evenness index (J”) were calculated for water mite assemblages at each site using Primer
Version 6 software (Clarke, Gorley, 2006).

Data analysis

We used Pearson’s correlation coefficient to determine if a significant correlation could be
detected between depth and water mite species richness, abundance and diversity. We used five
different indices at each site, as they all have slightly different approaches when calculating alpha
diversity.

We used Pearson’s correlation coefficient to determine significant correlations between
diversity indices and water mite abundance with prey availability.

All values were log(x + 1) transformed before testing. For all tests, p <0.05 indicated statisti-
cal significance. All statistical analyses were done using Statistica, 13.0 (TIBCO Software Inc.,
2017).

Results and discussion

In total, only thirteen water mite specimens from four taxa were collected during the study
period, proving once again the diverse, but not abundant nature of water mite distribution. Both,
the karst sublacustrine spring and tributary river, had typical lentic water mite communities with
no rhithrobiont or crenobiont taxa present. The most abundant taxon was Neumania vernalis,
recorded in both sites with eight specimens found (1/1/6). Arrenurus sp. (0/0/2) and Piona longi-
palpis (0/1/0) were found only in Cikola river, while Limnesia connata was found solely in Torak
(1/1/0).

Water mite specimens were not found in the profundal zone. The thermocline, as found by
Zawal et al. (2013) seemed to pose an obstacle for water mite colonisation of the deeper layers
of our two study sites. However, water mite species richness, abundance and alpha diversity were
found not to be governed by depth. Neither specific abundances nor indices based on water mite
assemblages were found to correlate with depth significantly (Table 1).
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Table 1. Relationships between water mite species richness, diversity and/or abundance variables and depth.
The values of the rank correlations (r) and their probabilities (p) for depth variable

Depth
r p
Hydrachnidia —-0.101 >0.05
Arrenurus sp. -0.417 >0.05
Limnesia connata 0.318 >(.05
Neumania vernalis 0.154 >0.05
Piona longipalpis 0.036 >0.05
Species richness —0.062 >0.05
Margalef index —-0.025 >0.05
Pielou evenness 0.012 >0.05
Fisher index —-0.166 >0.05
Shannon index —-0.073 >0.05
Simpson index 0.011 >0.05

Greater copepod, total microcrustacean, ceratopogonid and chironomid abundances were
found to significantly correlate with higher abundances of water mites, indicating that water mite
spatial distribution was governed by prey availably, rather than depth (Table 2).

Table 2. Relationships between prey and water mite abundance. The values of the rank correlations (r) and
their probabilities (p) (significant values in bold)

Hydrachnidia abundance
r p
Chironomidae 0.4503 <0.050
Ceratopogonidae 0.6565 <0.001
Microcrustacea (all) 0.5060 <0.010
Ostracoda 0.2250 >0.050
Cladocera 0.2230 >0.050
Copepoda 0.5180 <0.010

New records for the water mite fauna of Croatia

A checklist of water mites in Croatia was published by Pesi¢ (2002), which was later on
broadened within the research on water mites of the Balkan Peninsula (Pesi¢ et al., 2010, 2018).
These check lists are missing records from Matonic¢kin and Pavleti¢ (1959) (Woolastookia ro-
tundifrons) and a doctoral thesis from Romana Latiger (1988) in which groundwater water mites
were determined by Prof. Schwoerbel (Partnunia angusta, Panisus torrenticolus and Protzia
squamosa). These make up a total of 64 water mites recorded in Croatia, and with the current
paper three new species are added, making the total number of water mite species found in
Croatia 67.
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Limnesia (Limnesia) connata Koenike, 1895

Only two specimens found in the sublacustrine spring confirms the records of van Haaren
and Tempelman (2009) who stated that this species is widely distributed, but rather scarce in
abundance and is not numerous anywhere. A discrepancy was found with other recordings of the
habitat preferences of this species such as: lime-poor waters, quagfens and temporary waters
(Schwoerbel, 1956; Smit, van der Hammen, 1996). Two adult specimens (1/1/0) were found in the
littoral zone in winter. The population of Limnesia connata, previously reported from lime-poor
waters exclusively, was most probably supported by vast prey availability, thus unexpectedly
surviving in this karst environment.

Neumania (Neumania) vernalis (Miiller, 1776)

In total eight specimens were found (1/1/6) at both sampling sites. The species was found
in spring and autumn, in the littoral and sublittoral zone. The findings of Pesi¢ et al. (2007) that
stated: “the species is common in eutrophic to dystrophic standing waters” is in slight discrepancy
with the findings of this study where the species was found in both the lower reaches of Cikola
river and the sublacustrine karst spring Torak, which we consider to be semi-lentic habitats.

Piona longipalpis (Krendowskij, 1878)

This ubiquitous species was found in the sublittoral zone of the slow flowing, lower reaches
of Cikola river. Only one specimen was recorded (0/1/0) in autumn. The species is not habitat
specific and is widespread in Europe (Gerecke et al., 2016).
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