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Abstract

:

Water mites are the most diverse freshwater group of Acari and despite growing research interest in the ecology of this group, the environmental influences along longitudinal river gradients on their assemblages are still not fully understood. The objective of this study was to determine how physico-chemical water properties and hydromorphological alterations affect the composition and distribution of water mite assemblages along a longitudinal river gradient. Macroinvertebrate samples were collected from 20 study sites distributed longitudinally along the entire 106 km course of a lowland river (Bednja River) in the Pannonian Lowlands ecoregion of Croatia. At each site, 20 samples were collected with regard to microhabitat composition (+400 samples in total). In parallel with the sampling of macroinvertebrates at each site, the physico-chemical water properties were measured and the degree of hydromorphological alteration was assessed (European Standard EN 15843:2010). Both the number of taxa and water mite abundance were found to increase significantly with increasing distance from the source. However, the assemblages from the upper reaches and those from the lower reaches shared very few species, emphasizing the importance of species-level identification. Water mite species richness and diversity were not reduced with increased levels of variables associated with organic enrichment and eutrophication pressures. Similarly, hydromorphological alteration did not reduce either water mite abundance or species richness and was positively correlated with both. Furthermore, a correspondence analysis on water mite microhabitat preferences revealed that 32% of all species were positively associated with artificial microhabitats (technolithal). These positive associations may be the result of reduced competitive pressure from other larger invertebrates, as well as a possible preference for higher velocity, which usually occurs on smooth technolithal surfaces. A total of 22 different species of water mites were found during this study, 8 of which (or 36% of all species found) were recorded for the first time in Croatia.






Keywords:


water mites; lotic ecosystem; hydromorphological alterations; anthropogenic stressors












1. Introduction


Hydrachnidia (water mites) represent the most diverse and numerous group of mites, with over 7500 recorded species [1], all closely tied to aquatic ecosystems [2]. Unfortunately, this diversity and heterogeneity of species is often accompanied by low population densities and sparse distributions, making it difficult to study the ecology of this group. Lotic ecosystems are sensitive habitats exposed to ever-increasing anthropogenic pressures due to urbanization, industrialization, and agriculture [3,4], which ultimately leads to hydromorphological alteration and eutrophication [5,6,7]. Nowadays, anthropogenic stressors unfortunately play almost as important a role in shaping lowland river communities as natural environmental conditions [8,9]. The taxonomic and functional composition of lotic communities is influenced by hydromorphological alterations, organic and nutrient enrichment, and other stressors, as well as by the relevant natural characteristics, such as altitude, distance from the source, catchment size, geology, etc. [10,11]. Water mite abundance and species distribution patterns are also strongly dependent on physico-chemical water properties [12,13], especially temperature, substrate composition and water velocity [14,15], making them excellent bioindicators of ecological conditions and freshwater quality [16].



Despite the growing research interest in the ecology of this group, the environmental influences along longitudinal river gradients on water mite assemblages are still not fully understood. While it is known that hydromorphological alteration leads to severe changes in macroinvertebrate composition and structure [17,18], it is not entirely clear how, and if at all, this affects meiofaunal structure in general and specifically the composition, abundance and diversity of water mite assemblages.



The first prediction of this study was that the composition of water mite assemblages changes on a longitudinal gradient of the lotic system. To test this, the species richness of water mites was examined in terms of the variables related to the longitudinal gradient: altitude, distance from the source and catchment size. The second prediction was that because of their body size, water mite assemblages are not influenced by hydromorphological alteration, but by microhabitat composition. To test this, substrate preferences with regard to the abundance of specific water mite taxa in specific microhabitats, and the relationship between hydromorphological alteration variables and water mite species richness and abundance were examined. The final prediction was that water mite assemblage composition would change with environmental variables related to organic pollution and eutrophication. In order to test this, water mite species richness and abundance were examined in terms of physico-chemical water properties related to these processes: orthophosphate concentration, total nitrogen and total phosphorous concentration, water conductivity, water temperature, chemical oxygen demand (COD), and oxygen saturation.




2. Materials and Methods


2.1. Study Area


The Bednja River is situated at the north of Croatia and is a right tributary of the Drava River, all of which belong to the Danube River basin. With a total length of 106 km, the typology of the Bednja River changes from its source at the foothills of Ravna Gora Mountain as a small mid-altitude river in the hilly regions to a medium lowland river near the mouth into the Drava River. Throughout its course, the river is exposed to numerous anthropogenic pressures, resulting in a number of degraded habitats. Nevertheless, there are also areas of low anthropogenic influence. While the floodplains are mostly used for intensive and extensive agriculture, the accompanying mountains and hills are mostly naturally occurring forests. Large parts of the river course have been channelized, resulting in a significant loss of natural habitats. Twenty sampling sites were selected along the entire river course, based on the typology of the river and the different types and levels of anthropogenic pressures (Figure 1).




2.2. Sampling and Laboratory Methods


Samples were collected within one week (30 June, 1, 2, 4, 5 and 7 July) in summer 2015, using the multi-habitat sampling method and microhabitat suggestions according to the AQEM protocol [19]. All benthic samples of macroinvertebrate fauna were collected using a kick-sampler from an area of approximately 0.0625 m2, with the substrate disturbed up to 5 cm. An assessment of microhabitat distribution and composition was conducted at each sampling site. Microhabitats that comprised less than 5% of the total substrate at each sampling site were excluded from sampling (microhabitat composition at each site is presented in Table S3 in the Supplementary Material). A total of 400 benthic invertebrate samples (20 from each site) were collected from a 25 × 25 cm square area using a hand net with a mesh size of 500 μm, as sampling was generalized to all invertebrate fauna and not just water mites. All invertebrate samples were preserved in 70% ethyl alcohol. Water mites were then isolated and identified to the lowest possible taxonomic category (genus or species) using the taxonomic keys by Davids et al. (2006) [20], Di Sabatino et al. (2010) [21] and Gerecke et al. (2016) [22] for adults and Tuzovskij (1990) [23] for deutonymphs. All water mite specimens are deposited at the Department of Biology, Faculty of Science, University of Zagreb, Croatia.



The degree of hydromorphological alteration at each sampling site was assessed using the European Standard EN 15843:2010 “Water quality—Guidance standard on determining of modification of river hydromorphology” (DIN, 2010) [24] which assesses the “departure from naturalness as a result of human pressures on river hydromorphology”. The assessment was performed on a 500 m long reach encompassing the sampled reach and extending upstream to account for drift. Hydromorphological modification scores are grouped into five classes representing different degrees of hydromorphological modification, from near natural (1) to severely modified (5). The hydromorphological scores and measures from each sampling site are presented in Table S2 in the Supplementary Material.




2.3. Environmental Variables


The physico-chemical water properties were measured during sampling at each site. The following parameters were selected as descriptors of water mite distribution on a longitudinal gradient and descriptors of possible eutrophication processes: water temperature, oxygen concentration and saturation (WTW Oxi 330/SET), water pH (WTW pH 300), conductivity (WTW LF 330), chemical oxygen demand (COD; HRN EN ISO 8467:2001 method), biochemical oxygen demand (BOD; HRN EN 1899-1:2004 method), alkalinity (titration with 0.1 M HCl with methyl orange as indicator in titration), nitrate concentration (HRN ISO 7890-3:2001 method), orthophosphate concentration (HRN ISO 6878:2001 method), ammonium ion concentration (HRN ISO 70-3:1998 method), total nitrogen and phosphorus concentration. The physico-chemical water properties of each sampling site are presented in Table S4 in the Supplementary Materials.




2.4. Data Analysis


For all the following tests, statistical significance was determined with a p-value of less than 0.05, with the exception of multiple variable comparison tests where a modified Bonferroni adjustment was used to generate the p value depended on the number of variables used (p = 0.05 × (i + 1)/2i; where i = number of variables used [25]).



Water mite species richness (number of taxa) and local diversity (Shannon diversity index) were calculated using Primer 7.0 software (Primer—E Ltd. 2015) [26]. The correlation between species richness, abundance (number of individuals per m2), and diversity with regard to key parameters that vary along the river longitudinal gradient (distance from the source, altitude, catchment size; i = 3; p = 0.0333) and hydromorphological alteration measures (i = 5; p = 0.03) were determined by Spearman correlation coefficient using Statistica 13.0 [27].



Canonical correspondence analysis (CCA) was used to compare water mite community composition and microhabitat composition data and to determine microhabitat preferences of different water mite taxa. The Monte Carlo permutation test (999 permutations) was used to test the significance of correlations between water mite species and environmental parameters using the CANOCO program [28]. The effects of eutrophication and organic pollution on water mite assemblages were tested with selected physico-chemical variables associated with these processes (orthophosphate concentration, total nitrogen and phosphorus concentration, conductivity, water temperature, COD, oxygen saturation; i = 7; p = 0.0286) using “interactive forward analysis” in CANOCO [28]. The Spearman correlation coefficient was then used to test the relationship between these individual variables and water mite species richness and abundance (i = 7; p = 0.0286). All data related to the abundance of specific species used in these analyses were previously converted to the number of individual water mites per square meter.





3. Results


A total of 451 water mite specimens from 11 genera and 22 species were collected during the study period (Table 1). The most abundant water mite species found in the lotic habitat studied was Hygrobates fluviatilis (complex), whereas nine taxa were represented with a single specimen. A detailed taxa list with calculated abundances for each microhabitat at each site is presented in Table S5 in the Supplementary Materials.



Altitude, catchment size and distance from the source were found to be significantly correlated with water mite abundance, species richness and diversity (Figure 2). Catchment size was found to be positively correlated with both water mite abundance (r = 0.256, p = 0.029) and species richness (r = 0.311; 0.008), as was the distance from the source variable: water mite abundance (r =0.258, p = 0.008) and species richness (r = 0.310, p = 0.008), although the strength of all the correlations above was moderate. Altitude had different effects on water mite assemblages showing a negative correlation with water mite abundance (r = −0.258, p = 0.008) and species richness (r = −0.310, p = 0.008).



All selected measures of hydromorphological alteration are significantly related to water mite abundance, species richness and local diversity (Table 2).



In the CCA analysis (Figure 3), water mite species showing a preference to artificial microhabitats (technolithal) were defined along the Y- axis. Torrenticola amplexa, T. hyporheica, T. ungeri, Sperchon papillosus, S. compactilis, Aturus scaber and Protzia sp. showed a positive association towards technolithal, while Atractides loricatus and S. hibernicus showed a positive association to microlithal microhabitats. Hygrobates longiporus showed a positive association to psammal microhabitats. Other water mite species (Hygrobates calliger, H. fluviatilis, H. trigonicus, Lebertia sp., Mideopsis orbicularis, Neoacarus hibernicus, Sperchon clupeifer, S. hispidus, S. insignis, Sperchonopsis verrucosa, Torrenticola elliptica, T. ischnophallus and T. laskai) were centrally ordinated, with no apparent preference for microhabitats.



In the “interactive forward analysis,” seven of the fifteen environmental most prominent water parameters measured in the field (orthophosphate concentration, total nitrogen and phosphorus concentration, conductivity, water temperature, chemical oxygen demand—COD and oxygen saturation) explained less than 10% of the total variation in water mite assemblages (Table 3). The only statistically significant parameter that had an effect on water mite assemblage formation was orthophosphate concentration. The physico-chemical water properties of each site are presented in the Supplementary Materials.



The great taxonomical and functional diversity of water mites along the longitudinal river gradient was best seen when analyzing the effects of individual physico-chemical water properties on specific water mite taxa (Table 4).




4. Discussion


The most abundant water mite species, Hygrobates fluviatilis (complex), is known to inhabit a variety of microhabitats without having a preference for a particular substrate. H. fluviatilis has been described in the past as a widespread species found in various types of freshwaters [22], so the numbers of this species in the analyzed samples are consistent with this literature data. However, molecular studies conducted on this species revealed that it is a complex of several species [29], from which new species are still emerging [30,31,32]. This means that the omnipresence of this species may also be a result of cryptic species and their preferences. Future research efforts should focus on clarifying this issue. Atractides loricatus was found at only one sampling site (site 7) where no substantial nutrient enrichment was present, but a significant degree of hydromorphological alteration was noted, with river embankments and technolithal microhabitats. This finding is unexpected considering that this species mostly inhabits hypocrenic and epirithral zones of mountain freshwater ecosystems [33]. To date, it has been recorded only in the mountainous regions of the Alps, the Dinarides, Sardinia and the Tarta Mountains [34]. Nudomideopsis motasi has only been recorded from four localities in Europe [22], including a find from Markar Cave near Ogulin, Croatia [35]. This species is usually found in hyporheic zones and springs. During this study, a specimen that may belong to this species was collected at a severely hydromorphologically degraded site (Site 17), but due to specimen damage, this finding cannot be confirmed. Future surveys may confirm this finding.



4.1. Longitudinal Gradient


Water mite assemblages from lower river reaches exhibited greater abundance, species richness and diversity than those from upper river reaches. Other research has repeatedly noted the high-water mite abundance and diversity in springs [36,37,38]. In this study, water mite fauna in the upper reaches may have been missed due to the course mesh size (0.05 mm, which is coarser than usually used for efficient collection of water mites) as the sampling method focused on a quantitative description of the invertebrate community in general. In addition, microhabitats that comprised less than 5% of the total substrate at each sampling site were excluded from sampling, likely resulting in the exclusion of important microhabitat from further analysis.




4.2. Hydromorphological Alternation vs. Microhabitat Composition in Shaping Water Mite Assemblages


Surprisingly, all scored variables related to hydromorphological alteration were found to positively affect abundance, species richness and diversity of water mites. The second hypothesis of this study was that water mites, because of their size, are not affected by hydromorphological alterations (i.e., do not have significant relationships with scored variables of hydromorphological alteration) of the watercourse, so this finding can possibly be explained by the lack of competition with larger macroscopic invertebrates due to habitat alteration or that increased water velocity (that is usually associated with canalization) is preferred by some water mite groups.




4.3. Environmental Variables


Physico-chemical water parameters have a relatively small effect on the overall variability of water mite assemblages. One possible explanation is that some variables, such as nutrient input and organic enrichment are partly a natural occurrence [39] that increases along the longitudinal river gradient but may also be the result of anthropogenic influences. The only statistically relevant parameter that influenced the formation of water mite assemblages (in terms of the interactive forward analysis of water mite variability) in the Bednja River was orthophosphate concentration. It is important to note that even the highest value of orthophosphate concentration (0.06 mg PO43−/L) found at site 18 is still relatively unimpacted and can even be considered a benchmark site in monitoring systems [40] with respect to this parameter. Other environmental variables were found to be associated with specific taxa rather than variability of the entire assemblage, but it is important to note that the correlations were mostly moderate, or even weak in some cases.



Water mite species such as Atractides loricatus, Hygrobates fluviatilis (complex) and some species of the genus Lebertia were previously described as rithrobionts [22], which is consistent with the results of this study that positively correlate these species with faster river flows. Mideopsis orbicularis and Sperchon hispidus were found primarily in lower reaches and both species are known to have greater tolerance to organic pollution and higher nutrient levels [22]. These two species are also tied to similar environmental parameters, suggesting a possible natural cohabitation of M. orbicularis and S. hispidus (Table 4). Sperchonopsis verrucosa correlated negatively with higher values of water conductivity, which are primarily present in the upper river sections in our study. This result is consistent with the work of Zawal et al. (2017) [15].



A total of 22 water mite species were found during this study, of which eight are new records for the water mite fauna of Croatia, making the total number of species recorded in Croatia to 107 [41]. Three newfound species are usually associated with the hyporheic zone: Neoacarus hibernicus, Torrenticola hyporheica and Torrenticola ungeri [22,42]. Hygrobates trigonicus is a rithrobiont species, spread throughout the entire western Palearctic [22], so this result is not surprising. Sperchon compactilis and Sperchon papillosus are both rheobionts commonly found in cohabitation throughout Europe, Turkey and Iran [21] which was also the case in this study. Torrenticola laskai has been detected at numerous sites in southern and central Europe [21] and was recorded in Croatia for the first time in this study. Torrenticola ischnophallus is a rare and poorly known species that has only been found at a few sites in Europe [43]. In this study, six specimens of Torrenticola ischnophallus were found, which is a valuable discovery that provides better insight into the ecology of this species.





5. Conclusions


A recent ascent in research papers recognizing water mites as potential bioindicators has highlighted a huge gap in basic ecological data on this unique animal group. The present study aimed to address a basic question of water mite ecology using a huge data set of 400 samples from lentic habitats. During this study, which was conducted in a single lotic ecosystem, a staggering 36% of all species were found for the first time in Croatia. This is often the case in ecological surveys that include water mites, with new species often being described in this research we discussed several poorly researched and interesting ecological features of water mite assemblages, including changes of species abundance and composition along a lowland watershed, an association of certain species with the “technolithal” substrate, as well as the association of certain species with other microhabitats. As this is the first research on water mites at the studied lotic ecosystem, our results represent an important basis for future research, especially given the expected impacts of climate change.
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The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/d15020139/s1, Table S1: Geographic location and main characteristics of each sampling site; Table S2: Selected environmental characteristics as indicators of hydromorphological habitat degradation at the Bednja River sampling sites (score 5—severely modified habitat, score 1—near-natural habitat).; Table S3: Representation of the respective substrate (microhabitat) at the sampling sites along the course of the Bednja River; Table S4: Physico- chemical water properties at the selected sampling sites of the Bednja River. (COD = chemical oxygen demand, BOD= biochemical oxygen demand, NH4+ = ammonium ion concentration, NO2− = nitrite concentration, NO3− = nitrate concentration, ORG. N = organic nitrogen, Ʃ N = total nitrogen, PO43− = ortophosphate concentration, ƩP = total phosphorous); Table S5: Water mite taxa abundance on all microhabitats (calculated number of individuals/m2) at 20 sampling sites along the Bednja River in 2015.
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Figure 1. The location of the study area in northern Croatia—the Bednja River catchment and the distribution of sampling sites (1–20) along the river. (The details of each sampling site are presented in Table S1 in the Supplementary Material). 
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Figure 2. Graphical presentation of the three main longitudinal characteristics of the study area that significantly correlate with abundance and species richness of water mites. Distance from the source (m) and catchment size (km2) are significantly and positively correlated with abundance and species richness, while altitude (m a.s.l.) is significantly and negatively correlated with abundance and species richness of water mites. 
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Figure 3. Canonical correspondence analysis (CCA) ordination of microhabitat structure and water mite variability in a lowland river. Individual water mite species are marked by grey diamonds (♦). Only adult water mite specimens (identified at the species or genus level for Lebertia sp. and Protzia sp.) were considered in this analysis. Available microhabitats are indicated by arrows. The arrow lengths on the ordination show the relative importance of the explanatory variables. The eigenvalues of the first two axes were 0.610 and 0. 543, respectively. A Monte Carlo permutation test indicated that ordination was statistically significant (F = 2.4, p = 0.01). Atractides loricatus = Atr Lor, Aturus scaber = Atu Sca, Hygrobates calliger = Hyg Cal, H. fluviatilis = Hyg Flu, H. longiporus = Hyg Lon, H. trigonicus = Hyg Tri, Lebertia sp. = Leb Sp, Mideopsis orbicularis = Mid Orb, Neoacarus hibernicus = Neo Hib, Protzia sp. = Pro Sp, Sperchon clupeifer = Spe Clu, S. compactilis = Spe Com, S. hibernicus = Spe Hib, S. hispidus = Spe His, S. insignis = Spe Ins, S. papillosus = Spe Pap, Sperchonopsis verrucosa = Spe Ver, Torrenticola amplexa = Tor Amp, T. elliptica = Tor Ell, T. hyporheica = Tor Hyp, T. ischnophallus = Tor Isc, T. laskai = Tor Las, T. ungeri = Tor Ung. Microhabitat named and sampled according to [19]. 
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Table 1. Water mite specimens collected from 20 sites of the Bednja lowland river. No water mites were found in the samples collected on sites 1 and 2.
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	Station Site Number
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	Sum





	Atractides loricatus (Piersig, 1898)
	
	
	
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	2



	Atractides sp. (Koch, 1837)
	1
	1
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	3



	Aturus scaber (Kramer, 1875)
	
	
	
	
	1
	
	
	
	1
	
	
	
	
	
	
	
	
	
	2



	Hydrachnidia non. det. (larvae)
	
	1
	
	
	1
	
	
	1
	1
	
	
	1
	
	
	
	
	1
	
	6



	Hygrobates calliger (Piersig, 1896)
	
	
	1
	7
	12
	1
	
	
	1
	
	3
	1
	4
	
	1
	10
	11
	3
	55



	Hygrobates fluviatilis (Ström, 1768)
	1
	2
	20
	6
	5
	5
	27
	24
	2
	1
	4
	3
	16
	
	
	2
	
	
	118



	Hygrobates longiporus (Thor, 1898)
	
	
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	4



	Hygrobates sp. (Koch, 1837)
	
	
	
	
	2
	
	1
	
	
	
	
	
	
	
	
	
	1
	1
	5



	Hygrobates trigonicus * (Koenike, 1895)
	
	
	
	
	
	
	
	3
	
	
	
	
	5
	
	
	
	
	
	8



	Lebertia sp. (Neuman, ¸1880)
	1
	1
	10
	4
	14
	9
	1
	4
	13
	4
	3
	4
	14
	
	1
	5
	5
	4
	97



	Mideopsis orbicularis (Muller, 1776)
	
	
	
	
	
	
	1
	41
	
	
	1
	4
	3
	
	7
	
	
	
	57



	Mideopsis sp. (Neuman, 1880)
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	1



	Neoacarus hibernicus * (Halbert, 1944)
	
	
	
	
	
	
	
	
	
	
	
	
	2
	
	
	
	
	1
	3



	Nudomideopsis cf. motasi ** (Petrova, 1966)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	1



	Protzia sp. (Piersig, 1896)
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	1



	Sperchon clupeifer (Piersig, 1896)
	
	
	
	
	1
	1
	
	
	1
	
	
	
	
	
	
	
	
	
	3



	Sperchon compactilis * (Koenike, 1911)
	
	
	
	
	1
	
	
	
	1
	
	
	
	
	
	
	
	
	
	2



	Sperchon denticulates group
	
	
	
	
	
	
	
	
	1
	
	1
	
	
	
	
	1
	1
	1
	5



	Sperchon hibernicus (Halbert, 1944)
	
	
	
	
	2
	
	
	
	
	
	
	
	
	
	
	3
	
	1
	6



	Sperchon hispidus (Koenike, 1895)
	
	
	
	
	6
	
	
	
	
	
	
	
	
	
	
	
	
	1
	7



	Sperchon insignis (Walter, 1906)
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	1



	Sperchon papillosus * (Thor, 1901)
	1
	
	
	
	2
	1
	
	
	3
	
	
	
	
	
	
	27
	
	
	34



	Sperchon sp. (Kramer, 1877)
	
	
	
	
	
	
	
	
	3
	
	
	
	
	
	
	
	
	
	3



	Sperchonopsis verrucosa (Protz, 1896)
	3
	
	
	1
	3
	
	
	
	1
	
	
	
	
	
	
	
	
	
	8



	Torrenticola amplexa (Koenike, 1908)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	8
	
	
	
	8



	Torrenticola elliptica (Maglio, 1909)
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	
	1



	Torrenticola hyporheica * (Di Sabatino & Cicolani, 1993)
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	
	
	
	1



	Torrenticola ischnophallus * (Lundblad, 1956)
	
	
	
	
	
	
	
	
	
	
	
	
	5
	
	
	
	
	1
	6



	Torrenticola laskai * (Di Sabatino, 2009)
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	
	1



	Torrenticola sp. (Piersig, 1896)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	1



	Torrenticola ungeri * (Szalay, 1927)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	1



	Sum
	7
	5
	33
	18
	53
	17
	30
	75
	30
	5
	12
	14
	49
	1
	18
	49
	20
	15
	451







* new record for the water mite fauna of Croatia. ** due to sample damage, this finding cannot be confirmed.
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Table 2. Values of Spearman correlation coefficient (r) between different hydromorphological (HYMO) features of the sampling sites (riparian vegetation type and structure, degree of channelization, riverbed structure and connection to floodplains, mean value of hydromorphological degradation score) and water mite assemblage characteristics [abundance (N, number of animals/m2), species richness (SR), Shannon diversity index [H′ (loge)]. All the above correlations are statistically significant (adjusted p-value < 0.03).
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HYMO Feature

	
SR

	
N

	
H′ (Loge)




	
r

	
p

	
r

	
p

	
r

	
p






	
Riparian vegetation type and structure

	
0.329

	
0.0051

	
0.400

	
0.0006

	
0.329

	
0.0035




	
Modification of channel

	
0.338

	
0.0039

	
0.376

	
0.0012

	
0.338

	
0.0027




	
Riverbed structure and modification

	
0.379

	
0.0010

	
0.431

	
0.0002

	
0.379

	
0.0007




	
Connection to floodplains

	
0.359

	
0.0021

	
0.402

	
0.0005

	
0.359

	
0.0014




	
Mean value of hydromorphological alteration score

	
0.356

	
0.0023

	
0.407

	
0.0004

	
0.356

	
0.0014
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Table 3. Values of individual physico-chemical parameters in CCA “interactive forward analysis in relation to the variability of the water mite assemblages ((i = 7; p = 0.0286).).
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	Parameter
	Variation Explained %
	Contribution in Analysis %
	Pseudo-F
	p





	PO₄3⁻ (orthophosphate concentration)
	3.9
	39
	2.8
	0.012



	Ʃ N (total nitrogen)
	1.1
	10.9
	0.8
	0.477



	COD (chemical oxygen demand)
	1.3
	13.1
	0.9
	0.367



	Oxygen saturation
	1.2
	12.5
	0.9
	0.499



	Water temperature
	0.9
	9.3
	0.7
	0.658



	Ʃ p (total phosphorus)
	0.9
	9.5
	0.7
	0.607



	Conductivity
	0.6
	5.7
	0.4
	0.924
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Table 4. Values of Spearman correlation coefficient (r) between environmental parameters and water mite species for which at least one statistically significant correlation was found. Only statistically relevant (i = 12; p = 0.0271) correlations are shown.
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PARAMETER

	
Atractides loricatus

	
Hygrobates fluviatilis

	
Lebertia sp.

	
Mideopsis orbicularis

	
Sperchon hispidus

	
Sperchonopsis verrucosa

	
Torrenticola hyporheica




	

	
r

	
p

	
r

	
p

	
r

	
p

	
r

	
p

	
r

	
p

	
r

	
p

	
r

	
p






	
Maximum water velocity (m/s)

	
0.288

	
0.0149

	
0.330

	
0.0049

	
0.396

	
0.0006

	
0.329

	
0.0051

	
0.328

	
0.0052

	

	

	

	




	
Distance from the source (m)

	

	

	

	

	

	

	
0.288

	
0.0149

	

	

	

	

	
0.284

	
0.0162




	
Oxygen saturation

	

	

	

	

	

	

	
0.357

	
0.0022

	

	

	

	

	

	




	
Conductivity

	

	

	

	

	

	

	

	

	

	

	
−0.350

	
0.0027

	

	




	
pH

	

	

	

	

	

	

	
0.288

	
0.0148

	
0.321

	
0.0063

	

	

	
0.284

	
0.0163




	
COD (chemical oxygen demand)

	

	

	

	

	

	

	
0.287

	
0.0153

	
0.308

	
0.0089

	

	

	

	




	
BOD (biochemical oxygen demand)

	

	

	

	

	

	

	

	

	
0.263

	
0.0267

	

	

	

	




	
NO3− (nitrate concentration)

	

	

	

	

	

	

	
0.282

	
0.0170

	

	

	

	

	
0.271

	
0.0221




	
Ʃ N (total nitrogen)

	

	

	

	

	

	

	
0.264

	
0.0264

	
0.276

	
0.0198

	

	

	

	




	
PO43−(orthophosphate concentration)

	

	

	

	

	

	

	
0.319

	
0.0068

	

	

	

	

	
0.262

	
0.0270




	
Ʃ p (total phosphorous)

	

	

	

	

	

	

	

	

	
0.400

	
0.0005

	
0.276

	
0.0198
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