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Abstract – The goal of the study was to identify the beetle fauna of a small lowland river valley against its
spatial arrangement and the directions of beetle migrations between habitats, as well as to determine which
environmental factors affect the characteristics of water beetle populations in a river valley's lentic water
bodies. The field studies were carried out in various types of water bodies. 112 species of beetles with
various ecological characteristics were identified. It was demonstrated that the diversity of water bodies in
the valley is conducive to high local species richness. At the same time, the observed high degree of faunistic
individualism may be regarded as a sign of poor symmetry in the directions of fauna propagation,
particularly that of stagnobionts. The authors argue that high individualism is the consequence of poor
hydrological contact between the water bodies due to topography and rare instances of high tide in the river,
which, in turn, is the reason for active overflights remaining the main mean of migration between those water
bodies. The factors restricting migration of fauna between the water bodies include certain landscape
characteristics of the catchment which form topographical obstacles, mainly numerous and dense forest
areas. The character of fauna in the respective types of water bodies is affected also by internal
environmental factors, particularly the degree to which they are overgrown with macrophytes, type of
bottom, type of mineral and organic matter as well as physical parameters of water, such as saturation, pH,
temperature and biological oxygen demand.

Keywords: water beetles / river valley / migrations / hydrological system / ecological groups / landscape
characteristics / environmental factors

Résumé – Développement de la faune de coléoptères aquatiques (Coleoptera) dans les eaux d'une
vallée – facteurs de l'habitat, paysage et géomorphologie. Le but de l'étude était d'identifier la faune de
coléoptères d'une petite vallée d'une rivière de plaine en fonction de son paysage et des directions des
migrations des coléoptères entre les habitats, ainsi que pour déterminer quels facteurs environnementaux
influent sur les caractéristiques des populations de coléoptères aquatiques dans les plans d'eau d'une vallée.
Les études sur le terrain ont été effectuées dans divers types de masses d'eau. 112 espèces de coléoptères
avec diverses caractéristiques écologiques ont été identifiées. Il a été démontré que la diversité des masses
d'eau dans la vallée est propice à la haute richesse des espèces locales. Dans le même temps, le degré élevé
observé de l'hétérogénéité faunistique peut être considéré comme un signe de mauvaise symétrie dans les
directions de propagation de la faune, en particulier celle des stagnobiontes. Les auteurs soutiennent que la
forte hétérogénéité est la conséquence d'un mauvais contact hydrologique entre les masses d'eau en raison de
la topographie et de rares inondations de la rivière, ce qui, à son tour, est la raison pour laquelle les survols
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actifs restent le principal moyen de migration entre ces masses d'eau. Les facteurs limitant la migration de la
faune entre les masses d'eau comprennent certaines caractéristiques du paysage du bassin versant qui
forment de nombreux obstacles topographiques et les zones forestières denses. Le caractère de la faune dans
les différentesmasses d'eau est affecté aussi par des facteurs environnementaux internes, en particulier le degré
auquel elles sont envahiespar lesmacrophytes, le typede fond, le typedematièresminérales et organiques ainsi
que des paramètres physiques de l'eau, tels que l'oxygénation, le pH, la température et la DBO5.

Mots-clés : coléoptère aquatique / vallée / migration / système hydrologique / groupe écologique / paysage / facteurs
environnementaux
1 Introduction

In recent decades, hydrobiologists have been focusing
mainly on the subject of large lowland river valleys,
especially those that managed to retain their natural character.
The various kinds of water bodies found on the floodplain of
the river, especially the oxbows that were once the riverbed,
along with the river itself, constitute a single, cohesive water
system (Biesiadka, 1974; Ward et al., 1999; Robinson et al.,
2002). This hydrologically cohesive system of varied water
bodies is best considered an integral network of mutual
faunistic relations between organisms present in aquatic
environments of a river valley (Stanford et al., 1996; Stanley
et al., 1997; Robinson et al., 2002; Biesiadka and
Pakulnicka, 2004a). That is why scientists have been showing
a growing interest in relations between river-dwelling fauna
and the fauna of other water bodies within the floodplains of
rivers (Castella et al., 1984; Stanford et al., 1996; Van den
Brink et al., 1996; Stanley et al., 1997; Ward et al., 1999;
Robinson et al., 2002; Biesiadka and Pakulnicka, 2004a).
Papers describing the faunistic and ecological features of
hydrobiont groups are now available, and point to these being
shaped by the system's lasting hydrological interconnection
(Kajak, 1959; Castella et al., 1984, 1991; Castella and
Amoros, 1988; Ward et al., 2002; Biesiadka and Kurząt-
kowska, 2003; Biesiadka et al., 2004; Biesiadka et al., 2004;
Czachorowski, 2004; Jurkiewicz-Karnkowska, 2006; Reck-
endorfer et al., 2006; Obolewski et al., 2009; Stryjecki and
Kowalczyk-Pecka, 2013; Zawal and Kowalik, 2013; Kowalik
et al., 2014; Zawal et al., 2016d).

The literature concerning the beetle fauna inhabiting
various aquatic environments is very rich and covers both
standing and flowing waters. There is also a number of studies
of riverine valley beetle fauna but these most often relate to
rivers only (e.g. Biesiadka and Pakulnicka, 2004b; Moroz
et al., 2004). There is a deficit of detailed studies presenting a
more in-depth analysis of dependencies between the beetle
fauna of various waters related hydrologically, particularly
between the fauna of rivers and valley water bodies (Biesiadka
and Pakulnicka, 2004a; Pakulnicka and Nowakowski, 2012).
While the little research that is currently available is certainly
not enough, studies conducted so far have confirmed strong
relations between the coleopterofauna of rivers and the various
water bodies present on the floodplain, especially oxbows
(Czachorowski et al., 1993; Mielewczyk, 2003; Biesiadka and
Pakulnicka, 2004a; Przewoźny et al., 2006; Persson Vinners-
ten et al., 2009; Pakulnicka and Nowakowski, 2012; Costea
et al., 2013). Similar data can be found also in relation to other
water organisms, e.g. dragonflies, aquatic Heteroptera,
Trichoptera and Hydrachnidiae (Czachorowski et al., 1993;
Biesiadka and Kurzątkowska, 2003; Biesiadka et al., 2004;
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Czachorowski, 2004; Buczyński, 2007). The vast diversity of
the hydrographic network that makes up an entire mosaic of
various habitats obviously promotes species exchange, which,
in turn, contributes to a more diverse and richer fauna (Stanley
et al., 1997;Wissinger, 1999; Junk, 2000; Tockner et al., 2000;
Robinson et al., 2002).

The question that comes to mind – what are the factors
affecting the formation of groups of fauna in river valleys – has
been raised not only by hydroentomologists, but also
researchers of other groups of organisms (Kajak, 1959;
Castella et al., 1984, 1991; Castella and Amoros, 1988; Ward,
1998; Ward et al., 2002; Jurkiewicz-Karnkowska, 2006;
Reckendorfer et al., 2006; Obolewski et al., 2009).

Biesiadka and Pakulnicka (2004a) point out that for water
beetles, which are usually perfect fliers and are characterized
with high biological dispersal (Bilton, 1994; Lundkvist et al.,
2002), faunistic integration between the river and the water
bodies located on the floodplain is influenced by two
mechanisms: active overflights and migration of beetles in
the floodplain area in time of spate. Despite this, water
environments comprising the cohesive hydrological system
may still be distinguished by a certain degree of individualism
(Marchese and Ezcurra de Drago, 1992; Pakulnicka and
Nowakowski, 2012; Costea et al., 2013; Biesiadka and
Pakulnicka, 2004a). These individual features are the result of
internal environmental (site) factors, such as type of water
body, type of substrate, extent of vegetation, area, age,
permanence and water flow speed (Castella et al., 1991;
Marchese and Ezcurra de Drago, 1992; Winfield Fairchild
et al., 2000; Lundkvist et al., 2001; Oertli et al., 2002;
Pakulnicka, 2008; Pakulnicka and Nowakowski, 2012;
Pakulnicka et al., 2015a,b).

In recent decades, scientists have gained a better
understanding of just how important landscape factors are
to water environments and the groups of macroinvertebrates
inhabiting them; those factors including geomorphology,
landscape structure and landscape utilization (Castella et al.,
1991; Delettre et al., 1992; Richards and Host, 1994; Richards
et al., 1996; Delettre and Morvan, 2000; Galic et al., 2013;
Zawal et al., 2016b,c). Not any less important are human
activities performed on the river itself, a clear example of
which can be seen in the studied River Krąpiel (Szlauer-
Łukaszewska and Zawal, 2014; Bańkowska et al., 2015;
Dąbkowski et al., 2016; Stępień et al., 2015; Zawal et al.,
2015; 2016d; Płaska et al., 2016). A proper assessment of those
influences, as opposed to internal site factors, is, however, still
lacking and requires further research.

The aims of this paper have been set to: (1) identify the
mechanisms behind the formation of water beetle fauna in the
spatial arrangement of a river valley – most importantly to
determine the quantitative and qualitative structure of fauna in
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respective types of water environments; (2) assess the direction
and strength of beetle migration between water bodies as well
as their significance in the forming of a cohesive faunistic
system in a river valley; and (3) attempt to address the question
of what factors – whether environmental and affecting the
water body locally, or perhaps the broader landscape
parameters of the catchment – play the greatest part in
determining the nature of water beetle groups inhabiting the
standing waters in river valleys.
2 Methods

Field studies on the fauna of water beetles inhabiting river
valleys were conducted on bodies of standing water located in
the valley of a small lowland river, the Krąpiel (North-West
Poland). The river is 70-km long and features a narrow, steep
valley. A characteristic feature of the river can be seen in its
very rare swelling, with high waters rarely reaching all of the
valley's water bodies. In fact, there has been no swelling
observed recently. The valley is embedded in a typical
agricultural landscape, with a noticeable prevalence of large-
scale arable land plots and hay meadows. Sylvan ecosystems
constitute only a minor part of the area. The faunistic studies
were conducted from April to October 2010. 89 research sites
were selected across various types of water bodies: springs,
small permanent bodies of water, flooded alder swamp forests,
bog sedges, oxbows and river marshes, accounting for all
possible kinds of water beetle habitats. A description of the
research sites can be found in Table 1. The selected study sites
were categorized into 13 macrohabitats (K1–K14, Fig. 1).

For eachmacrohabitat, samples of faunawere collected from
several mesohabitats. The number of mesohabitats that were
subsequently taken into account depended on the site's spatial
diversity, and was as follows: 2 mesohabitats (at study sites K4,
K9-10, K13), 3 (K2-3, K12), 4 (K1, K6, K8, K11, K14) and 5
mesohabitats at study site K7. Each time, all of themesohabitats
had three subsamples collected for the purpose of variability
analyses � except for periods of absence of water. Each
samplingconsistedof10energetic sweepsandcoveredanareaof
ca. 0.5m2. Ecotone samples, collected from the water/land
boundary area, were also considered. In total, 387 samples were
collected from 27 sites situated solely in stagnant
waters.

The following water parameters were researched: temper-
ature, pH, electrolytic conductivity and dissolved oxygen
content were measured with an Elmetron CX-401 multi-
parametric sampling probe; water flow using a SonTek
acoustic FlowTracker flowmeter; biological oxygen demand
(BOD5) was measured byWinkler's method, and the remaining
parameters using a Slandi LF205 photometer. Three measure-
ments were performed every time and the median was used for
further analyses.

At the same time a suitable analysis of the valley's
landscape was performed, based on 13 buffer zones and
subcatchments defined for each macrohabitat (K1–K14), for
which different landscape parameters were described. The
buffer zone was described as a 500 m-radius circle around the
study site. The catchment of the given study site was defined as
a catchment limited by two subsequent macrohabitats. The
analysis of the spatial structure of the buffer zones and
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catchments was based on a set of landscape metrics calculated
with the help of TNTmips software by the company
MicroImages. Classification was done on the basis of Landsat
TM7 28-05-2003 data; edges and linear elements based on a
1:10,000 scale map; classes according to CORINE
classification – in case of meadows, simplified classes were
applied (merged meadows and pastures due to the minimal
share of pastures in the studied area; repeated isoclass using the
class merging option in accordance with the dendrogram;
completed with drawing vectors to mark class edges). Rivers,
roads and drainage trenches are marked as polygons – the
patches being of an area of at least 200m. GPS was applied to
determine the coordinates of sampling sites, with the site area
defined by a 500m radius. The following measures and
indicators were used in analyzing landscape structure: (1)
Patch square measure – area; (2) Patch density and size
measure – number of patches (NUMP), mean patch size
(MPS), median of patch sizes (MEDPS), patch size standard
deviation (PSSD), patch density (PD); (3) Edge measure –

total edge length, edge density, mean edge length; (4) Shape
measure – mean shape index (MSI), mean patch fractal
dimension, sum of patch shape indices; (5) Diversity and
distribution indices – mean distance from nearest neighbor,
interspersion and juxtaposition index), Shannon's patch
diversity index, spatial evenness and patch number index
(SEI), catchment area from springs, distance of river from each
patch (forests, fields, marshes, facilities, meadows, shrubs,
wasteland and water). Upon an analysis of the obtained data,
only those landscape parameters were selected that proved to
be statistically significant in terms of fauna distribution
(p< 0.05).

For the sake of proper analysis of beetle fauna, a slightly
modified division into ecological groups was applied as
proposed by Pakulnicka and Nowakowski (2012). Identified
species were classified into five groups: crenophiles, rheo-
philes, rheobionts, stagnobionts “a” and stagnobionts “b”.
Crenophiles are species that are most characteristic of springs,
usually preferring cold waters. Rheobionts are species found
exclusively in flowing waters which dwell in habitats with a
strong river current on a rocky or gravelly substratum. Those
species have a low migration capacity and they are the
characteristic of flowing waters. Rheophiles are typical of the
overgrown zones of sluggish rivers and large, slightly
eutrophicated lakes. This group of species is characterized
by a high migration capacity which explains their presence in
other types of waters of “good ecological status”. Type “a”
stagnobionts comprise species which are found mostly in
small, slightly eutrophicated water bodies. They are charac-
teristic of dystrophic waters (polyhumic – highly mineralized
waters with a sand/clay bottom), as well as oxbow lakes with
clean water, which are periodically and regularly flushed by
flowing waters. Type “b” stagnobionts include species typical
of small, strongly eutrophicated water bodies, including
intermittent waters. They are generally characterized by a high
migration capacity, and they affect the formation of
Coleopteran fauna in other types of water bodies (Pakulnicka
and Nowakowski, 2012).

The domination index was used in analyzing the groups of
beetles inhabiting the researched types of water environments.
Similarities between the selected subcatchments were calcu-
lated using catchment characteristics based on applying the
f 21



Table 1. Characteristics of the macro- and mesohabitats along the valley of the River Krąpiel. Mch � macrohabitats (numbering like in the
Fig. 1); Msh � mesohabitats (ac � alder carr, ox � oxbow, pp � permanent pond, rp � riparian pool, se � sedges, sp � spring); Bot � bottom
(min � mineral, lea � leaves, org � organic); Dep � depth [m]; pla � plants; Sob � structure of border (for � forest, mea � meadow, tre �
treas); Dfr � distance from the river [m]; Per � permanence [months].

Mch Msh Bot Dep Pla Sob Dfr Per

K1 rp min 0.5 5 mea 5 4
K1 rp min 0.1 5 mea 5 4
K1 pp org, lea 1 0 tre 10 7
K1 pp org, lea 0.1 0 tre 10 7
K1 se min, org 0.2 5 mea 10 7
K2 pp min 0.2 3 for 5 2
K2 pp min 0.1 1 for 5 2
K2 pp min, org, lea 0.2 0 for 5 2
K2 pp min, org, lea 0.1 0 for 5 2
K3 sp min, org 0.1 5 mea 5 2
K3 sp min, org, lea 0.1 3 tre 5 2
K4 se min, org 0.2 5 mea 15 3
K4 ac org, lea 0.4 1 for 20 7
K4 ac org, lea 0.1 1 for 20 7
K4 pp org 0.5 0 tre 20 3
K4 pp org 0.1 0 tre 20 3
K6 ox min, lea 1 0 for 40 7
K6 ox min, lea 0.1 0 for 40 7
K6 ac org, lea 0.2 0 for 10 2
K6 ac org, lea 0.1 0 for 10 2
K7 pp min, lea 0.1 0 for 15 2
K7 ox min, org, lea 0.2 0 for 10 2
K8 rp org 0.5 4 mea 5 7
K8 rp org 0.1 5 mea 5 7
K9 se org 0.2 5 mea 10 2
K9 ac min, org, lea 0.4 0 for 20 3
K9 ac min, org, lea 0.1 0 for 20 3
K10 ox org 0.7 3 mea 3 7
K10 ox org 0.1 5 mea 3 7
K11 rp org 0.1 0 for 2 1
K12 ox org, lea 0.4 1 tre 10 7
K12 ox org, lea 0.1 0 tre 10 7
K12 sp org, lea 0.1 1 for 10 7
K13 se min 0.4 4 for 5 2
K14 ox min 0.7 0 tre 10 2
K14 ox min 0.1 0 tre 10 2
K14 ox min 0.4 0 mea 15 2
K14 ox min 0.1 0 mea 15 2
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Euclidean Similarity Index, while the actual analyses of
faunistic similarities between the studied sites and distin-
guished subcatchments were defined on basis of Bray–Curtis'
quantitative formula (Bray and Curtis, 1957), using the Simple
Average Link for hierarchical clustering of objects. The
obtained results were presented in a similarity dendrogram.
Similarities between objects were determined using Biodiver-
sity Pro v.2 software (McAleece et al., 1997). The objects'
(sites') membership to clusters distinguished due to the
quantitative structure of the groups of beetles, as well as the
Page 4 o
clustering of object features distinguished due to structure,
were verified using the sign test and McNemara's test (Sokal
and Sneath, 1995). All calculations were performed in
Statistica 12.0 software.

Relations between the presence of beetle species and the
selected environmental parameters of the River Krąpiel
valley's water bodies were determined using the Canonical
Correspondence Analysis direct ordination method (having
first performed DCA) (ter Braak, 1986; ter Braak and
Verdonschot, 1995). Only features that demonstrated no
f 21



Table 2. Landscape types in each catchment.

Catchment Landscape type

K1 Mixed, with dominance of forests

K2 Mosaic – meadow, forest, agricultural
K3 Mixed, with dominance of forests
K4 Mixed, with dominance of farmland
K6 Mixed, with dominance of farmland
K7 Mixed, with dominance of farmland
K8 Agricultural
K9 Mosaic – meadow, forest, agricultural
K10 Agricultural
K11 Mixed, with dominance of farmland
K12 Agricultural
K13 Agricultural
K14 Agricultural

Fig. 1. Location of the sampling sites: A – rivers, B – lakes and fish
ponds, C – forests, D–I – sampling sites (numbers inside – number of
localities), D – ponds, E – oxbows, F – sedges, G – marshes, H –

flooded alder woods, I – springs, J – number of a study site.
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collinearity were accounted for in the analyses. All calcu-
lations were performed in Canoco 4.5 software. The
correlation strength was assessed on a scale commonly used
in statistics (Sokal and Sneath, 1995).

3 Results

3.1 Landscape characteristics of the studied
subcatchments

Based on collective results presenting the manner of valley
land utilization structure, each subcatchment was assigned a
specific type of landscape. The uniform (agricultural) type of
landscape can be ascribed to following catchments: K8, K10,
K12-14). For the remaining catchments, a mixed type of
landscape or mosaic of landscapes was found (Tab. 2).

The landscape characteristics of stands (subcatchments)
used for description allow for identification of four types of
stands of which each shows further internal divisions. It
follows from the analysis of similarities between identified
subcatchments (Fig. 2) that those identified are grouped at a
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high degree of similarity of about 98%. The first cluster
contains catchments K8, K10, K12, K13 and K14. The highest
similarity within this aggregation was found between catch-
ments K8 and K10 as well as between K12 and K13. The
second cluster contains catchments K3 and K6, the third one�
catchments K7 and K11 and the fourth – catchments K1,
K2, K9.
3.2 General characteristics of presence of water
beetle

In standing water bodies in the River Krąpiel valley, 3573
water beetle individuals were collected (2684 imagines and
889 larvae) representing 112 species belonging to 47 genera
and 11 families. The beetles were captured in 10 out of 13
macrohabitats (Tab. 3).

In terms of number of individuals, the most often captured
were the following species: Scirtes spp. (14.5% of collected
material), Agabus bipustulatus (6.3%) and Hydroporus
palustris (5.4%). The following species were also relatively
numerous: Hydrobius fuscipes (4.1%), Noterus crassicornis
(4.0%), Prionocyphon serricornis (3.9%), Hydrochara car-
aboides (3.7%), Hydroporus incognitus (3.2%) and Hygrotus
inaequalis (2.6%). The highest frequency was recorded for the
following species: Hydaticus seminiger and H. fuscipes (70%
each) and Agabus paludosus, Colymbetes fuscus, Acilius
canaliculatus,H. palustris, Anacaena limbata and A. lutescens
(60% each) (Tab. 3).

The highest number of beetle individuals was captured in
oxbows (1,230), riverside marshland (1,058), permanent water
bodies (718), spring (533), alder swamp forest (28) and sedge
(6). The distribution of species richness looks different: the
highest numbers of beetle species were found in riverside
marshlands (79), permanent water bodies (65) and springs (51)
and, clearly less � in the alder swamp forest (16) and sedges
(4) (Tab. 3).

The clearly most numerous were stagnobionts “b” (75.1%
of captured individuals), whereas the stagnobionts “a” (21.9%)
were less numerous. The contribution of other ecological
groups: rheophiles (2.2%), rheobionts (0.25%) and crenophiles
(0.6%) was negligible. Most species belonged to the
stagnobiont “b” group (68) and the stagnobiont “a” group
(36). 7 species were identified as rheophiles, four as
rheobionts, and two as crenophiles.

Having analyzed the share of the identified groups of beetle
species in each type of waters, greatest quantitative signifi-
cance was demonstrated by the stagnobiont “b” group. In
oxbows, this group of species accounted for as much as 80.9%
of all collected specimens, and had only a slightly smaller
share (>70%) in permanent water bodies, headwaters and
marshes. A visibly smaller share of stagnobionts “a” was
noted, with the group constituting 27% of all collected
specimens in headwaters, 26.3% in permanent waters, 20.8%
in marshes, and 17.6% in oxbows. Rheophiles, caught only in
small quantities, were mostly present in riverine marshes
(4.2% of beetles collected in this place) and in oxbows (1.3%).
Rheobionts were represented by singular species in most of the
studied types of water bodies, whereas crenophiles were
present only in flooded alder swamp forests (3.6%), head-
waters (2.6%) and marshes (0.2%).
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Fig. 2. Similarities of partial drainage basins estimated on the basis of analyzed landscape parameters.
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3.3 Faunistic similarities between selected types
of waters and macrohabitats

The faunistic similarity coefficient between the studied
types of water bodies ranged from very low (0.9%) to low
(32.5%) (Fig. 3). The selected types of waters can be easily
grouped into three, poorly developed clusters with two types of
environments each. The strongest similarity is demonstrated
by the beetle fauna of riverine marshes and that of permanent
water bodies (32.5%) – sharing 18 out of a total of 98 identified
species. The most numerous were: A. bipustulatus (143
individuals), N. crassicornis (125) and Agabus undulatus (53).
Almost identical similarities were noted between clusters of
beetles inhabiting springs and inhabiting oxbows (32.4%). In
this case, only 39 out of a total of 91 identified species were
present in both ecosystems. The most numerous were: Scirtes
spp. (503 individuals), H. fuscipes (97), A. bipustulatus (76)
and Acilius sulcatus (71). Comparable similarity values were
recorded for clusters of beetles in oxbows and in riverine
marshes (32.2%). Out of a total of 111 species, 57 were shared
by both ecosystems. The most numerous were: Scirtes spp.
(492 individuals), A. bipustulatus (192), N. crassicornis (141)
and A. sulcatus (81). Lowest similarity was recorded for
clusters of beetles inhabiting sedges and those inhabiting
permanent water bodies (0.3%), riverine marshes (0.9%) and
oxbows (0.9%).

The distinguished subcatchments (study sites) are grouped
into four clusters demonstrating poor similarity (Fig. 4). The
first cluster includes only the fauna of subcatchments K7; the
second � that of K4 and K13; the third � that of K3 and K9,
followed by the most developed, fourth cluster � encompass-
ing subcatchments K1, K2, K6, K8 and K12. The highest
faunistic similarity values were recorded for subcatchments
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K8 and K12 (34.6%). Out of the 86 species observed at these
sites, 34 appeared to be shared by both ecosystems. The most
numerous included: N. crassicornis (67 individuals), A.
undulatus (53), Hydraena palustris (50) and A. limbata
(47). The majority of those species represent the stagnobiont
“b” group. A slightly lower similarity was noted when
comparing subcatchments K1 and K8 (32.1%), where out of
the 105 species identified, 41 appeared to be present in both
environments. The visibly most numerous species included:H.
palustris (172), A. bipustulatus (148) and N. crassicornis
(125). Even less faunistic similarity was observed between
groups of subcatchments K6 and K8 (26.1%). Out of the 93
species identified in total in both subcatchments, 48 were
shared. The most numerous were: Scirtes spp. (482), H.
fuscipes (89) and A. sulcatus (75).

The assignment of the study sites to clusters distinguished
per landscape characteristics (Fig. 2) is not compliant with the
assignment of those study sites to clusters obtained in the
course of grouping similarity values of the quantitative
structure of species of the studied groups of beetles (Fig. 4)
(sign test: Z= 0.35, p= 0.72). Only 2 out of 10 study sites (K1
and K2) have the same ordination.

3.4 Presence of beetles against landscape and
habitat factors

The CCA performed on the impact of the catchment's
features (catchment area and the area of each of the
catchment's patches) on the distribution of water beetles
shows that statistical significance (p< 0.05) is demonstrated
only for five variables � “a field” (area of arable lands), “a
river” (the river's area), “a marsh” (area of marshes), “a forest”
(area of forests) and “Cr” (compactness) (Fig. 5). The variables
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Table 3. Aquatic beetles recorded in stagnant waters in the valley of the River Krąpiel. Abbr. � abbreviation, E � synecological element
(kr � krenophile, rb � rheobiont, re � rheophile, sa � “a” type stagnobiont, sb � “b” type stagnobiont), K1–K13–macrohabitats (like in the
Fig. 1), rp � riparian pools, Ox � oxbows, Se � sedges, Ac � alder carrs, Pp � permanent ponds, Sp � springs.

Species Abbr. E Macrohabitat Kind of water body

K1 K2 K3 K4 K6 K7 K8 K9 K12 K13 Rp Ox Se Ac Pp Sp

Gyrinidae
Gyrinus substriatus Gyr sub sb 3 2 2 3
Haliplidae
Haliplus confinis Hal con sa 1 1
H. flavicollis Hal fla re 2 2
H. fluviatilis Hal flu re 1 6 5 5 5 1 1
H. heydeni Hal hey sb 2 1 2 3 1 1
H. ruficollis Hal ruf sb 16 1 15
H. sibiricus Hal sib sb 1 1
Haliplus sp. – sb 1 1
Noteridae
Noterus clavicornis Not cla sb 1 6 7
N. crassicornis Not cra sb 75 50 17 124 17 1
Dytiscidae
Agabus biguttatus Aga big kr 13 1 1 1 14
A. bipustulatus Aga bip sb 142 11 31 6 34 142 50 6 26
A. chalconatus Aga chal sb 1 1
A. congener Aga con sb 1 1
A. didymus Aga did kr 2 2
A. fuscipennis Aga Fus sb 3 3
A. labiatus Aga lab sb 1 1
A. nebulosus Aga neb sb 2 2
A. neglectus Aga neg sb 2 1 2 3 2
A. paludosus Aga pal re 5 2 8 1 5 1 8 7 1 1 5
A. sturmii Aga stu sb 1 1
Agabus sp. – sb 71 9 6 4 7 6 76 5 2 2 18
A. undulatus Aga und sb 12 2 51 2 51 4 12
Ilybius ater Ily ater sa 13 14 3 3 8 16 1 8
I. erichsoni Ily eri sb 1 1
I. fenestratus Ily fen re 2 2
I. fuliginosus Ily ful sb 3 12 4 4 4 15 4
I. quadriguttatus Ily qua sa 7 1 1 1 4 1 4 1
I. similis Ily sim sa 2 2 3 3 2 2
Ilybius sp. – sa 5 5
I. subaeneus Ily sub sa 2 1 1 2
Platambus maculatus Pla mac re 1 3 3 1
Colymbetes fuscus Col fus sb 39 4 9 4 3 1 10 7 4 38
C. paykulli Col pay sa 11 1 3 1 3 0 11
C. striatus Col str sa 19 1 4 28 2 31 6 17
Rhantus bistriatus Rha bis sb 1 1
R. exsoletus Rha exo sb 6 1 1 6
R. frontalis Rha fro sb 6 10 11 5
R. notaticollis Rha not sb 2 2
R. saturalis Rha sat sb 7 1 3 4 2 6 4 5 2
Rhantus sp. – sb 2 2 1 1 1 2 1 1 3
Acilius canaliculatus Aci can sa 22 18 5 10 10 1 15 11 22 18
A. sulcatus Aci sul sb 27 1 70 5 5 70 27 1
Acilius sp. – sa 1 3 1 1 4
Graphoderus austriacus Gra aus sb 1 9 9 1
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Table 3. (continued).

Species Abbr. E Macrohabitat Kind of water body

K1 K2 K3 K4 K6 K7 K8 K9 K12 K13 Rp Ox Se Ac Pp Sp

G. cinereus Gra cin sb 2 2 2 2
Cybister lateralimarginalis Cyb lat sb 2 2
Dytiscus circumcinctus Dyt cir sb 3 1 3 1
D. dimidiatus Dyt dim sb 35 1 5 2 2 10 7 27 1
D. marginalis Dyt marg sb 9 2 1 6 4 8 6
Dytiscus sp. – sb 5 5
Hydaticus aruspex Hyd aru sb 1 1
H. seminiger Hyd sem sb 5 17 1 2 7 18 3 24 10 2 17
H. continentalis Hyd con sb 2 2
H. transversalis Hyd tra sb 14 2 1 18 18 1 14 2
Hydaticus sp. – sb 1 1
Hydroglyphus geminus Hyd gem sa 6 6
Graptodytes bilineatus Gra bil sb 1 1
Hydroporus angustatus Hyd ang sa 17 16 11 1 19 17 9
H. erytrocephalus Hyd ery sa 10 8 2 12 3 19 9 1
H. incognitus Hyd inc sa 48 15 10 19 22 21 21 2 46 24
H. melanarius Hyd mel sa 2 2
H. memnonius Hyd mem sa 1 1
H. morio Hyd mor sa 4 1 6 2 1 3 2 2 5
H. nigrita Hyd nig sa 2 7 9
H. obscurus Hyd obs sa 1 7 1 1 2 1 8 1 2
H. palustris Hyd pal sb 167 3 4 1 6 11 43 6 130 13
H. planus Hyd pla sa 6 3 3
H. rufifrons Hyd ruf sa 1 3 4 4 4
H. striola Hyd str sa 2 16 4 4 4 20 2
Hydroporus sp. – sa 3 3
Porhydrus lineatus Por lin sa 2 2
Suphrodytes dorsalis Sup Dor sb 5 2 2 5
S. figuratus Sup fig sb 2 5 5 2
Hygrotus decoratus Hyg dec sa 10 3 3 1 1 3 10 3
H. impressopunctatus Hyg imp sb 17 4 2 8 2 13
H. inaequalis Hyg ine sb 67 1 8 1 17 1 25 10 59 1
Hygrotus sp. – sb 2 2
Hyphydrus ovatus Hyp ova sb 13 1 6 6 1 13
Laccophilus hyalinus Lac hal re 26 26
L. minutus Lac min sb 10 1 11
Helophoridae
Helophorus brevipalpis Hel bre sa 2 2
H. flavipes Hel fla sa 5 4 1
H. granularis Hel gra sa 2 4 6 2 6 4 4
H. griseus Hel gri sa 4 2 1 8 2 3 3 9 3 5
H. minutus Hel min sa 1 1
H. pumilio Hel pum sa 1 2 1 2
Hydrochidae
Hydrochus brevis Hyd bre sb 3 1 3 1
H. crenatus Hyd cre sb 3 3
Spercheidae
Spercheus emarginatus Spe ema sb 1 1
Hydrophilidae
Anacaena globulus Ana glo sb 1 1
A. limbata Ana lim sb 4 1 2 16 37 10 40 17 1 1 11
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Table 3. (continued).

Species Abbr. E Macrohabitat Kind of water body

K1 K2 K3 K4 K6 K7 K8 K9 K12 K13 Rp Ox Se Ac Pp Sp

A. lutescens Ana lut sa 17 15 7 10 2 5 13 9 2 14 18
Berosus sp. – sb 1 1
Cymbiodyta marginella Cym mar sa 24 1 1 2 1 22 1
Enochrus coarctatus Eno coa sa 11 1 4 6 1 9
E. halophilus Eno hal sa 1 1
E. melanocephalus Eno mel sa 1 1 6 50 1 50 5 2 2
E. quadripunctatus Eno qua sb 4 4 6 2
E. testaceus Eno tes sb 3 2 1
Helochares obscurus Hel obs sb 5 12 10 6 14 18 1
Hydrobius fuscipes Hyd fus sb 24 13 7 67 22 2 12 34 74 4 12 23
Hydrochara caraboides Hyd car sb 12 34 51 31 4 2 12 84 4 34
Hydrophilus sp. – sb 1 1
Laccobius minutus Lcc min sa 1 12 1 4 8
Laccobius sp. – sa 2 1 1 2
Coelostoma orbiculare Coe orb sb 15 15
Cercyon bifenestratus Cer bif sb 1 1
C. convexiusculus Cer con sb 1 4 4 1 4 4 1 1
C. sternalis Cer ster sb 1 1
C. tristis Cer tri sb 2 1 1 2
Hydrophilidae n.det. – 1 1
Hydraenidae
Hydraena palustris Hyd pls sa 2 12 5 4 46 4 42 1 2 20
H. pulchella Hyd pul rb 1 1
H. riparia Hyd rip rb 3 3
Limnebius atomus Lim ato sb 10 4 1 4 1 10
L. parvulus Lim par sb 77 3 19 23 21 11 75 15
L. truncatellus Lim trun rb 1 1 3 3 1 1
Ochthebius minimus Och min sb 7 23 1 22 1 27 7 18
Elmidae
Limnius sp. – rb 1 1
Scirtidae
Cyphon sp. Cyp sp sb 11 24 24 11
Elodes sp. Elo so re 11 7 4
Prionocyphon serricornis Prn ser sb 1 124 3 12 12 1 127
Scirtes spp. Sci sp sb 26 466 16 11 16 476 27
Curculionidae
Tanysphyrus lemnae Tan lem sb 1 1 1 1 2
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are correlated with the first and second ordination axis, which
explain 28.9% and 23.7% of the total variability of the species
composition respectively. Analyzing the correlation strength
of landscape factors and faunistic composition, it is worth to
note that for more than 30 species varied in terms of habitat
preference these correlations were average and perfectly
negative. Positive correlation between landscape factors and
the studied species was demonstrated only in the case of 12
species. The majority of these are weak correlations (A.
sulcatus, Scirtes spp., Hydroporus striola, H. obscurus,
Hydroporus angustatus, Ilybius ater, Haliplus fluviatilis) or
average correlations (e.g. H. caraboides).
Page 9 o
An analysis of the relation between beetle distribution and
river slope, catchment distance from springs and distance of
each of the catchment's patches from the river, revealed
significant impact of four variables: the strongest � “d marsh”
(distance from marshes), with which there is only a very slight
correlation of 12 species, including species related to turf
waters (I. ater, A. sulcatus, Hydroporus obscurus, H. striola);
followed by “d wast” (distance from wasteland); “d shrub”
(shrubs); and “d st wat” (distance from water), correlated
mainly with stagnobionts (Fig. 6).

The performed CCA on the relation between the character-
istics of each of the patches in the buffer zones and the
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Fig. 3. Dendrogram of faunistic similarities between selected types of waters.
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distribution of water beetles shows that statistical significance
(p< 0.05) is demonstrated only for five variables � PSSD,
NUMP, MEDPS, Cr and MSI. The variables are correlated
with the first and second ordination axis, which explain 27.4%
and 22.3% of the total variability of the species composition
respectively (Fig. 7). Correlations between species and
environmental factors are positive only in the case of 19
species representing all of the researched ecological groups. In
most cases these correlations are either weak or average, with
the exception of Agabus biguttatus,Colymbetes paykulli and P.
serricornis, which reveal a strong correlation with PSSD
(NUMP in catchment). The remaining species demonstrate a
negative, although average and weak relationship with most of
the analyzed landscape factors.

The results of the CCA performed on the relation between
the beetle fauna's species composition and the characteristics
of each of the patches in the buffer zones, reveal a statistically
significant (p< 0.05) impact of the total area of patches of a
given class: CA(1)� compact civil structures, CA(7)�mixed
coniferous forest; PD(12) � coniferous forest and distance
from measurement point: L(11) � deciduous forest, and L(17)
� watercourse. The variables are correlated with the first and
second ordination axis, which explain 27.4% and 22.3% of the
total variability of the species composition respectively
(Fig. 8). 11 species show a positive correlation with PD(12)
and L(11), whereas 11 species show the same with CA(13) and
L(17). The presence of the remaining species shows a positive
Page 10
correlation with CA(1). The majority of these relationships are
weak or average correlations, with the exception of A.
biguttatus, C. paykulli, H. caraboides and P. serricornis.

The CCA performed on the impact of the riverbed's
structure on the distribution of water beetles shows that
statistical significance (p< 0.05) is demonstrated in the case of
five variables: M � mean sediment grain size; W � sorting;
Plants � coverage with vegetation; Organic � organic matter;
and Mineral � mineral matter (Fig. 9). The variables are
correlated with the first and second ordination axis, which
explain 30.4% and 25.9% of the total variability of the species
composition respectively. Almost 30 species demonstrated a
positive correlation with vegetation coverage and with organic
matter. This group of species shows high ecological diversity:
it comprises primarily stagnobionts “b”, along with stagno-
bionts “a”, rheophiles and crenophiles � with the strongest
relation apparently demonstrated by Laccophilus minutus, A.
bipustulatus and A. biguttatus. The remaining species present a
positive correlation with the size of sediment grains and with
mineral matter. This group of species is characterized by a
significant share of stagnobionts “a” (species of the genera
Helophorus, Hydroporus and Laccobius) as well as rheophiles
(H. fluviatilis and A. paludosus).

The conducted CCA revealed that among the analyzed
physical and chemical properties of the studied waters,
statistically significant (p< 0.05) impact on the species
composition of the beetle group is demonstrated by: temperature
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Fig. 4. Dendrogram of faunistic similarities between selected types of subcatchments.
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(temp.), saturation (O2), electrolytic conductivity (cond.),
BOD5, pH and NH4 (Fig. 10). The variables are correlated
with the first and second ordination axis, which explain 27.6%
and 16.9% of the total variability of the species composition
respectively. A very large group of species shows positive
correlation with temperature and with saturation, and negative
correlation with pH and BOD5. These include mainly
representatives of the stagnobiont “b” group, along with quite
numerous representatives of the “a” group, which are related
to less eutrophicated, including acidic, waters. On the other
hand, positive correlation with saturation and negative
correlation with temperature is demonstrated by 17 species,
among which very strong correlation can be assigned to the
crenobiont A. biguttatus.
4 Discussion

Some papers touch on the problem of how environmental
factors influence the characteristics of beetle groups found in
the various water ecosystems located within the floodplains of
rivers (Persson Vinnersten et al., 2009; Pakulnicka and
Nowakowski, 2012; Costea et al., 2013). However, only
factors of local significance to the water environment had been
analyzed. In the meantime, highly mobile organisms and good
fliers can be greatly influenced by factors from outside the
Page 11
water environment � forests or compact civil structures that
pose a physical barrier limiting dispersion would be one such
example. The impact of the land environment on features
exhibited by many groups of water organisms is emphasized
in, among others, Delettre et al. (1992), Delettre and Morvan
(2000) and Galic et al. (2013). Richards and Host (1994) and
Richards et al. (1996), on the other hand, point to factors such
as landscape structure and landscape utilization as being of
major importance in the shaping of water biocenoses.

Still, there is no doubt that the faunistic relations as well as
the species richness of a river valley are affected by the
diversity of the various water ecosystems found in such places
(Stanley et al., 1997; Wissinger, 1999; Junk, 2000; Tockner
et al., 2000; Robinson et al., 2002), but also their morphology
and hydrological type (Castella et al., 1984).

Apart from the centrally situated river itself, the valley of
the Krąpiel encompasses oxbows, permanent water bodies,
periodic water bodies (riverine marshes, sedges, and flooded
alder swamp forests) and headwaters. This diversity of water
environments sustains a vast local biodiversity of beetle fauna,
the size of which can be compared to that of valleys of much
larger lowland rivers � such as the Narew (Biesiadka and
Pakulnicka, 2004a), Bug (Przewoźny et al., 2006) or Niemen
(Pakulnicka and Nowakowski, 2012). The great species
richness of the Krąpiel valley's fauna was also observed in
other macroinvertebrates (Szlauer-Łukaszewska and Zawal,
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Fig. 5. The CCA ordination plot of occurrence of water beetles in relation to the characteristics of catchment along the first and second CCA axis.
Full species names are given in Table 3.
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2014; Dąbkowski et al., 2016; Stępień et al., 2015; Zawal
et al., 2015; Zawal et al., 2016a–d; Płaska et al., 2016).

Among the mentioned types of water bodies found in the
Krąpiel valley, the most important role in shaping local
faunistic relations is played by oxbows and riverine marshes. It
was in these locations where the highest counts of beetles and
the highest beetle species richness were recorded, although the
river Krąpiel itself seems also of major importance to local
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biodiversity� abundant, and rich in terms of species, faunistic
material was collected in the river, comprising 3271 beetles
representing 137 species (Dąbkowski et al., unpublished data).
The important role in the shaping of a river valley's faunistic
relations played by the various water bodies found in valleys,
especially oxbows, is further confirmed in studies of
Coleoptera inhabiting the valleys of the river Narew
(Biesiadka and Pakulnicka, 2004a), Bug (Przewoźny et al.,
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Fig. 6. The CCA ordination plot of occurrence of water beetles in relation to the river gradient, distance of catchment from the river head, and
distance of each patch in the catchment from the river along the first and second CCA axis. Full species names are given in Table 3.
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2006) and Niemen (Pakulnicka and Nowakowski, 2012).
Oxbows are also considered to be of major significance to
Hydrachnidae� as attested by Biesiadka and Cichocka (2004)
� as well as to aquatic Heteroptera (Biesiadka and
Kurzątkowska, 2003).

The similarities between the fauna of individual types of
water bodies observed in the Krąpiel valley are visibly smaller
than those observed in the valleys of the great lowland rivers
Page 13
mentioned above (Biesiadka and Pakulnicka, 2004a; Prze-
woźny et al., 2006; Pakulnicka and Nowakowski, 2012). The
most similar groups of beetle fauna were recorded for: riverine
marshes and permanent water bodies, springs and oxbows, and
for oxbows and riverine marshes. In all the mentioned pairs of
types of water bodies the number of shared species accounted
for not more than half of the total number of species identified
in both ecosystems. The smallest similarity was recorded in the
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Fig. 7. The CCA ordination plot of occurrence of water beetles in relation to the characteristics of landscape buffer zones along the first and
second CCA axis. Full species names are given in Table 3.
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pair of sledges and permanent water bodies and the pair of
marshes and oxbows.

A likewise small faunistic similarity was observed in
groups of beetles at the selected study sites (subcatchments and
macrohabitats), which is rather surprising given that these sites
share common landscape features. Moreover, the faunistic
similarity diagram is noticeably different from the similarity
diagram based on landscape characteristics � only two study
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sites (K1 and K2) shared the same ordination. Similar results
were obtained in the case of the Krąpiel valley's Hydrachinidae
(Zawal et al., 2016c). The causes of such discrepancies may
be assigned not only to landscape, but also to the ecosystem
itself� considering the environmental features of the analyzed
study sites that are in fact the focal points of subcatchments.
The subcatchments, when considered separately, vary between
each other in the number and diversity of their water
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Fig. 8. The CCA ordination plot of occurrence of water beetles in relation to the characteristics of each patch in the buffer zones along the first
and second CCA axis. Full species names are given in Table 3.
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environments. In subcatchment K1, where the landscape is
dominated by forests, non-overgrown temporary bodies of
water are the most common type (marshes and willow shrubs);
the remaining subcatchments, shown to be similar in terms of
landscape features, included farmland upon permanent water
bodies (K8), oxbows (K6) or oxbows and headwaters (K12).
The local habitat conditions of these varied types of waters
have with no doubt a strong impact on the characteristics of the
beetle clusters inhabiting them. Such environmental factors as
water periodicity, water flow speed, water body size, type of
bottom, degree to which they are overgrown with vegetation,
are indicated as key factors shaping the faunistic relations of
beetles inhabiting the flooded valley of the river Niemen
(Pakulnicka and Nowakowski, 2012); this is true also for other
types of landscapes with numerous bodies of water (Koch,
1989; Marchese and Ezcurra de Drago, 1992; Winfield
Fairchild et al., 2000; Lundkvist et al., 2001; Oertli et al.,
2002; Pakulnicka, 2008; Giora, 2014; Pakulnicka et al., 2015a,
b).

The clusters of beetles inhabiting the lentic waters of the
Krąpiel valley, unlike e.g. the Niemen valley with its numerous
counts of rheophiles (Pakulnicka and Nowakowski, 2012), are
dominated by stagnobionts � especially stagnobionts “b”
related to more eutrophicated waters. They are also the
ecological group with the highest species richness. Stagno-
bionts “b” are visibly dominant in all of the studied kinds of the
Krąpiel valley's water bodies, most notably in oxbows and in
permanent waters, springs and riverine marshes. A small
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quantitative share and poor species richness, both for the
material in general and for the individual types of water bodies,
was demonstrated by beetles related to less eutrophicated
lentic waters (stagnobionts “a”). Surprisingly, the share of
rheophiles, rheobionts and crenophiles was also minor � with
such species being recorded exclusively in oxbows and
riverine marshes, while their share in the Krąpiel itself
accounted for 12.4% of the collected material (Dąbkowski
et al., in press). By comparison, the largest share in beetle
clusters found in the oxbows of the valley of the River Niemen
(Pakulnicka and Nowakowski, 2012), despite poor species
diversity, comprised stagnobionts “a” as well as rheophiles and
rhebionts, accounting in total for almost 70% of all collected
beetles � which is only slightly less than the share of the
Krąpiel valley's stagnobionts “b” alone. A similarly significant
quantitative share of these groups of species was observed in
the oxbows of the Narew river (Biesiadka and Pakulnicka,
2004a); only slightly smaller � in the valley of the River Bug
(Przewoźny et al., 2006); and an even greater share was noted
for the river Niemen itself and in its largest tributaries.
Interestingly, Niemen's smaller tributaries are characterized by
the largest share of rheobionts (80%) and of stagnobionts “a”
(Pakulnicka and Nowakowski, 2012). With all certainty, the
nature of the valley of the River Krąpiel, especially its depth
and narrowness, result in either periodical floods of the river
being somewhat rare or the range of floods is limited and does
not reach the valley's other water bodies such as oxbows and
permanent waters. This poses a limitation to the hydrological
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Fig. 9. The CCA ordination plot of occurrence of water beetles in relation to the structure of the riverbed along the first and second CCA axis.
Full species names are given in Table 3.
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connectivity of the valley's water bodies and, consequently,
also to beetle migration over water. A similar phenomenon was
observed in the valley of the Narew (Biesiadka and
Pakulnicka, 2004a), where a long-term drop in ground water
levels restricted hydrological contact between the valley's
water bodies, contributing to the deterioration of differences in
groups of beetles and their achievement of faunistic
individuality. Domination of beetles related to standing waters
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in the fauna composition is a typical effect of limited
hydrological contact between valley water bodies and the main
river bed (Castella et al., 1984; Van den Brink et al., 1996).

Whereas the lack of rheobionts in the fauna of standing
water bodies of the Krąpiel river valley may be explained also
by the lack of small river tributaries and, therefore, lack of
habitats with rapid strong current, the minor contribution of
rheophiles and stagnobionts “a”, particularly in oxbows, is a
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Fig. 10. The CCA ordination plot of occurrence of water beetles in relation to the physcial and chemical parameters of water along the first and
second CCA axis. Full species names are given in Table 3.
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consequence of lack of circulation of river water therein during
floods which contributed to their eutrophication. The
eutrophication results in the modification of the fauna
composition towards the domination of stagnobionts “b” in
the fauna, as observed in the valley of Narew (Biesiadka and
Pakulnicka, 2004a). At the same time, the fauna of Krąpiel
oxbows did not include Porhydrus lineatus and Hygrotus
versicolor, whereas Colymbetes striatus was scarce. Accord-
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ing to Biesiadka and Pakulnicka (2004a) these species are
strictly related to clean oxbow wasters which, being regularly
circulated by the river water, have limited trophic develop-
ment, thus maintaining their ecological stability.

The beetles of the discussed water body types among
which stagnobionts are prevalent, are characterized by not only
broad scope of ecological tolerance but developed ability to fly
which is of importance for development of fauna relationships
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in the river valley, especially with limited hydrological contact
of studied water bodies. For the organisms dispersing by air,
the land environment and particularly the landscape structure
and manner of its use may be of great importance (e.g.
Richards and Host, 1994; Richards et al., 1996; Pither and
Taylor, 1998; Robinson et al., 2002). Some authors also point
to the distance between the water body and the main river bed
(Sanderson et al., 2005).

Topographic features such as compact development or
dense forest patches may constitute barriers obstructing the
dispersion of beetles. It follows from the data discussed in this
paper that the dependencies between landscape factors, such as
Cr of civil structures or the area of individual patches, i.e.
forests, marshlands or agricultural land, and the fauna
composition of water beetle groups were average and generally
negative for the majority of species. This observation allows us
to conclude the mentioned landscape features have a rather
limiting impact on the researched beetle populations. Positive
relationships between landscape factors and species were
found only in 12 species and these are weak (present in A.
sulcatus, Scirtes spp.,H. striola,H. obscurus,H. angustatus, I.
ater, H. fluviatilis) or average correlations at most (e.g. in H.
caraboides).

Also the other analyzed characteristics, including the size
and shape of patches, had little influence on the water beetle
populations,a fact reflected in the positive or negative
correlations being either average or weak. An exception to
this is posed by C. paykulli, P. serricornis and A. biguttatus
which show strong correlations with the number of forest
patches within the cachment. These correlations are justified
particularly with regard to one species which inhabits the
springs located often in forest surroundings. The indicated
species also showed strong correlations with density of forests
and distance between a habitat and the flowing water body
which, undoubtedly, should be referred to considerable
distance between river springs and actual flowing water body
(river).

Due to close proximity of the analyzed water bodies and
the River Krąpiel, as well as active flights of beetles between
these environments, the compact characteristics of the river has
major influence on the fauna. The analysis of river bed
structure impact on the arrangement of water beetles in the
river valley indicates that almost 30 species show a positive
relationship with vegetation overgrowth and organic matter.
This group shows major ecological diversity � these are
mainly stagnobionts “b” which are accompanied also by
stagnobionts “a”, rheophiles and crenophiles, whereas L.
minutus, A. bipustulatus and A. biguttatus seem to show the
strongest relationship. The remaining species show positive
relationship with the size of bed deposits and mineral matter.
The group includes large contribution of stagnobionts “a”
(species from genera Helophorus, Hydroporus, Laccobius)
and rheophiles (H. fluviatilis and A. paludosus). The high
degree of dependency of beetle fauna and water body
overgrowth by macrophytes is highlighted also by Sanderson
et al. (2005), Pakulnicka (2008), Pakulnicka and Nowakowski
(2012) and Pakulnicka et al. (2015a,b).

The character of fauna relationships in individual water
bodies is likely to be influenced by the physical and chemical
properties of water (e.g. Marchese and Ezcurra de Drago,
1992; Sanderson et al., 2005; Costea et al., 2013; Pakulnicka
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et al., 2015b). It follows from our data that among the analyzed
physical and chemical factors of water in the examined water
bodies, statistically significant (p< 0.05) impact on the species
composition of beetle fauna is demonstrated by: temperature,
saturation (O2), conductivity, BOD5, pH and NH4. These
dependencies seem to be of greater importance for many
species which is confirmed by stronger correlation. Very large
group of species shows positive correlations with the
temperature and O2 and negative correlations with pH and
BOD. These are mainly stagnobionts “b” accompanied by
numerous stagnobionts “a” related to less eutrophicated
waters, including acidic waters. In turn, the positive
correlations with O2 and negative correlations with tempera-
ture is shown by 17 species among which very strong
correlation is shown by a crenophile � A. biguttatus which
prefers cold and well oxygenated, clean spring waters
(Pakulnicka, 1999; Pakulnicka et al., 2016).

The studies of the Krąpiel river valley allowed to obtain a
perspective of water beetle fauna that is different from the one
expected on the basis of topography and, especially, close
proximity of water environments present here. High diversity
of water bodies in the Krąpiel river valley is conducive to high
local species richness which is confirmed by the results of
studies conducted in other areas of this kind (e.g. Stanley et al.,
1997; Wissinger, 1999; Junk, 2000; Tockner et al., 2000;
Robinson et al., 2002; Costea et al., 2013). However, the fact
that the beetle fauna is dominated by stagnobionts and the fact
that a very small contribution of species related to moving
water bodies, both in individual water body types as well as for
the entire valley, mean that there is no symmetry in the
directions of beetle migration: migration from valley water
bodies to the river is much higher than migration from the river
back to such water bodies. This observation is also confirmed
in the results of studies on Hydrachnidae (Zawal et al., 2015).
This may be convincingly explained when considering the
smaller than expected hydrological contact between the water
bodies resulting from the valley's topography, and only rare
flooding which does not reach many of the water bodies,
especially those located away from the main riverbed
(Marchese and Ezcurra de Drago, 1992; Smock, 1994; Ward
et al., 2002; Biesiadka and Pakulnicka, 2004a; Pakulnicka and
Nowakowski, 2012). Decreased hydrological contact between
the valley's individual ecosystems and the main riverbed
typically results in modification of their fauna (Castella et al.,
1984; Van den Brink et al., 1996; Biesiadka and Pakulnicka,
2004a; Costea et al., 2013). On one hand, this contributes to
their eutrophication (unfortunately also of oxbows) as well as
their individualism. On the other hand, the lack of flooding
reduces the drift of organisms from hatching habitats, which, in
turn, reduces the river's species richness (Marchese and
Ezcurra de Drago, 1992; Biesiadka and Pakulnicka, 2004a;
Pakulnicka and Nowakowski, 2012).

An additional factor limiting the migration of beetles
between the water bodies of the Krąpiel river may involve
certain landscape features of the catchments, which form
topographical obstacles, mainly numerous and dense forest
areas. All this means that every water body maintains a highly
individual character and thus the entire system is less
integrated in terms of fauna, as compared to other rivers with
a distinct floodplain. The character of the fauna in individual
types of water bodies also seems to be affected by internal
of 21
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environmental factors, particularly the degree of overgrowth
by macrophytes, type of bottom, type of mineral and organic
matter as well as the water's physical parameters such as
saturation, pH, temperature and BOD5, which reflect the
degree of eutrophication of water bodies. This is evident when
considering the high correlations between the mentioned
factors and many beetle species, as demonstrated by the
authors of this paper. However, for many others for which
weak or average correlations are shown, these factors remain
insignificant. This could point to the conclusion that the co-
occurrence of certain species does indeed sometimes comply
with niche theories according to which the most important are
beneficial environmental conditions, while at other times
species co-occurrence remains accidental, in line with the
neutral theory (Pakulnicka et al., 2013).

The standing water bodies in river valleys are of crucial
importance in the protection of biological diversity. They are
not only a place inhabited by numerous and diversified fauna,
but most of all they ensure survival for periodic colonizing
species from habitats in which living conditions are deterio-
rating. Thus, they often become the place of occurrence of rare
species. In this context, the following items demonstrated in
our studies may be of further significance: (1) Species recorded
in Poland rarely (Agabus neglectus, Graphoderus austriacus,
H. incognitus, Helophorus pumilio, Cercyon sternalis) and
very rarely (Spercheus emarginatus, Enochrus halophilus,
Hydraena pulchella) (Petryszak, 2004; Przewoźny, 2004); (2)
A species at high risk of extinction in Poland (conservation
status EN=Endangered) (Hydroporus morio) (Pawłowski
et al., 2002); (3) Hydrophilus sp. larvae, pointing to the
presence of one of the two species of this genus which occur in
Poland � both are subject to legal protection and registered
with the Polish Red List of Beetles (Pawłowski et al., 2002).
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