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ABSTRACT

Using the example of a regulated stretch of the River Krgpiel (NW Poland), an analysis of the impact of dredging on the aquatic
beetle (Coleoptera) fauna was made. After dredging the beetle fauna became markedly poorer quantitatively and had lower species di-
versity. Moreover, the qualitative composition and dominance structure were highly transformed. However, species number and diversity
increased rapidly and were restored within just half a year. The structure of the restored fauna was most strongly influenced by vegetation,
flow velocity and bottom sediment composition. The first to colonize the river were eurytopic beetles and species typical of small water
bodies, which had significant refuges in the form of fish ponds bordering on the river, these species dominated the assemblage throughout
the study period. Rheophiles with less dispersal power appeared later;, and finally rheobionts, in low numbers but occupying an increasing

number of sampling sites.
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INTRODUCTION

Rivers are among the most transformed aquatic ecosys-
tems; human impact, escalating on a local scale, is mani-
fested as regulation of river channels, hydrotechnical
structures, water withdrawal, and increasing contamination
and eutrophication associated with changes in the utiliza-
tion of catchment areas. These transformations have a sig-
nificant effect on the biodiversity of river fauna and flora
(Allan, 1995; Cavailléa et al., 2013; Szlauer-Lukaszewska
and Zawal, 2014; Stepien et al., 2015a, 2015b; Zawal et
al.,2015,2016a,2016b). Typical regulation procedures in-
clude dredging of sediment and the removal of littoral veg-
etation and obstructions in the form of trees and branches
in order to increase water flow within the river channel.
This can be presumed to have a substantial impact on the
composition and functioning of biocoenoses, as numerous
essential features of the environment are altered, including
water flow velocity, the composition and structure of bot-
tom sediment, availability of light, and the abundance and
spatial structure of vegetation. It also has a direct impact
by removing organisms from the environment together
with sediment and plants (Aldridge, 2000). Other potential
dangers directly associated with dredging include an in-
crease in the amount of suspended matter in the part of the
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river where the works are carried out, and in some cases a
decrease in oxygen concentration and an increase in the
trophic status and contamination of the water via resuspen-
sion of bottom sediment containing toxic substances, par-
ticularly in the lower stretches of rivers and their estuaries
that have been subject to substantial human impact (de
Jonge, 2000; Phelps, 2001). Dredging should thus be con-
sidered a type of anthropogenic disturbance initially lead-
ing to a decrease in the species diversity and abundance of
the benthos, followed by restoration of the original com-
munity or a similar one as a consequence of recolonization
processes, whose effectiveness depends on a number of
ecological factors, as well as on the biological characteris-
tics of the individual taxonomic groups composing it
(Niemi et al., 1990; Yount and Niemi, 1990; Aldridge,
2000; Wilber and Clark, 2007). Significantly, this is a very
common procedure: in Poland, including West Pomerania,
where the study was conducted, as much as half of the
length of rivers and canals has undergone dredging. Dredg-
ing is thus a typical anthropogenic disturbance in river bio-
coenoses and knowledge of its effect on the assemblages
of organisms forming them is crucial both for scientific re-
search and for the planning and implementation of meas-
ures aimed at protecting the natural environment.
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While a number of studies have dealt with the
Coleoptera fauna inhabiting various types of river
ecosystems (Kordylas, 1990; Richoux, 1994; Kowalik
and Buczynski, 2003; Biesiadka and Pakulnicka, 2004;
Eyre et al., 2005; Pakulnicka and Zawal, 2007), there
has been little research focused on the formation of bee-
tle assemblages and their habitat preferences depending
on selected characteristics of lotic environments. Signif-
icant environmental factors influencing the formation of
Coleoptera fauna in watercourses include the type of
bottom sediment, vegetation coverage and type, flow,
water depth, pH, and even the amount of suspended
solids and conductivity, which reflects how the catch-
ment is utilized (Eyre et al., 1993, 2005; Sanderson et
al., 2005; Miserendino and Archangelsky, 2006; Pakul-
nicka and Nowakowski, 2012; Sarr ef al., 2013). Most
of these parameters are altered as a result of regulation
works, although the extent of the changes and the dura-
tion of their effects vary depending on the factor. The ef-
fect of these changes on the qualitative and quantitative
structure of beetle communities inhabiting the river is
unknown. The direction of the formation of these com-
munities is all the more difficult to determine because
they are re-formed in conditions of overlapping modifi-
cations of environment - earlier regulation of river and
later disturbances caused by dredging work. The litera-
ture dealing with the effect of dredging on benthic fauna
does not provide clear indications of the direction and
duration of these changes. Most studies (van Dolah et
al., 1984; Aldridge, 2000; Lewis et al., 2001; Ohimain
et al., 2005) indicate a decrease in the abundance of
macrofauna and changes in species composition and
dominance structure, but in varying degrees, at times
even minimal and limited to certain biocoenotic indica-
tors (McCabe et al., 1998). Hence the aim of the study
was to determine the effect of changes in selected envi-
ronmental parameters induced by dredging on the abun-
dance, composition and dominance structure of the
Coleoptera fauna inhabiting a river, putting forth the hy-
pothesis that the work conducted causes substantial
modifications, including a decrease in the abundance
and biodiversity of Coleoptera fauna.

A separate and little researched question is the ability
of Coleoptera fauna to recolonize new, transformed habi-
tats in a dredged river. While adequate data on this topic
is lacking, some studies (Richoux, 1994; Ribera and
Vogler, 1999; Biesiadka and Pakulnicka, 2004; Sanderson
et al., 2005) suggest that eurytopic species associated with
neighboring lentic water bodies and having substantial
dispersal capability for evolutionary reasons will colonize
available habitats more effectively than lotic species
adapted for permanent environments and having lower
migratory capacity. Hence one of the aims of the study is
to verify this hypothesis.

Study area

The River Krgpiel is a tributary of the River Ina. The
segment studied (coordinates N: 53°25°17.38”; E:
15°11°39.25” - N: 53°24°33.94”*; E: 15°11°59.31”") takes
the form of a regulated channel 6-8 m wide, running
alongside fish ponds (Fig. 1). In the studied river section
and above it there are no point sources of pollution. Be-
fore the dredging the river bed was densely overgrown
with macrophytic vegetation, mainly Phragmites australis
(Cavanilles) Trinius ex Steudel, 1840, and the bottom was
covered with a thick layer of mud. The intervention in-
volved cleaning out the river bed by removing of mud and
vegetation covering it using an excavator with a dredge
operating from the river bank. The dredging was carried
out in December 2008. After the dredging, the Krapiel re-
tained its previous width. All of the rushes and macro-
phytic vegetation were removed from the river bed
(except for the segment under the bridge, which was left
untouched). In addition, a 5 m strip of rushes and willow
shrubs were removed on both sides of the river, leaving
only isolated trees (alders and willows). The spoil was de-
posited on the banks in the form of excavated sediment.
Sediment from the river was removed to such a level as
not to interfere with the natural slope of the river bed, to
avoid the formation of depressions filled with stagnant
water. This resulted in the removal of about 80% of the
mud that had previously filled the river bed, as well as the
removal of silt and sand from some places. The patency
of the channel increased 20-50% in places that were not
previously overgrown and 80% in places that had been
overgrown with reeds (Phragmites).

Six sampling stations were established on a segment
of the river about 3 km long (Fig. 1). Two stations were
situated at undredged locations (control stations) - DO up-
stream from the dredged segment and D4 near the bridge,
and the remaining stations were at dredged sites -D1, D2,
D3 and D5. At each station, samples were taken from the
lentic (stagnant) and the lotic (drift) zone (Tab. 1). The
former included shallow stretches, in some places strongly
overgrown with plants, and the river bottom contained a
layer of deoxygenated sediment whose surface was cov-
ered with detritus. The latter included stretches devoid of
vegetation, with higher proportions of sand and gravel in
the sediments. Additional samples were collected from
fish ponds (four stations).

METHODS

The investigation of water beetles in the River Krapiel
was carried out in July 2008, before the dredging, and
from April to August 2009, after the dredging. One series
of samples was collected from the sampling stations be-
fore the dredging, and after the dredging material was col-
lected 5 times in successive months.
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The samples were taken using a hand dredge with 50
um mesh net from a 1 m? area marked by a metal square
frame. The beetles collected were preserved in 75% alco-
hol. Taking into account all sites, the following dominance
classes were established: eudominants (>10.0%), domi-
nants (5.01-10.0%), subdominants (1.01-5.00%), rece-
dents (0.50-1.00%), subrecedents (<0.50%) (Zawal et al.,
2013). The occurrence of beetles during the period fol-
lowing the dredging was analyzed with respect to the fol-
lowing environmental factors: water flow velocity (flow;
m-s™), plant cover (plants; %), dredging impact (dredg-
ing) and substrate composition (sand, silt, mud). Flow ve-
locity was measured with a FlowTracker Acoustic
Doppler Velocimeter. Vegetation cover was estimated vi-
sually by the phytosociological method developed by
Braun-Blanquet (1964). Dredging impact was measured
in terms of time from the investment (in months); it scored
between 5 (samples collected directly after the dredging,
in April 2009) and 1 (5 months after the dredging, in Au-
gust 2009). Substrate composition was visually estimated
as the proportions of fine and coarse sediment and organic
matter. Similarities between stations (Bray-Curtis for-
mula) were performed using Biodiversity Pro 2 software
(McAleece et al., 1997). We used the DCA (Detrended
Correspondence Analysis) multivariate ordination method
(Hill and Gauch, 1980; ter Braak and Prentice, 1988) to
assess the range of the environmental gradient. Having
verified by DCA that the environmental gradient covered
was sufficiently large, we used RDA (Redundancy Analy-
sis) (ter Braak, 1986; ter Braak and Verdonschot, 1995)
for community ordination of beetle assemblages in rela-
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Fig. 1. Study area and sampling sites. A, buildings; B, roads;
C, rail road; D, fish ponds; E, running waters; F, sites.

Tab. 1. Characteristics of the sampled localities along the River Krapiel; control localities (undredged) were D0/1, D0/2, D4/1 and D4/2.

DO/1 0.5 0.46-0.51 0.7 0.7 Gravel, stones Gravel, stones 0 0 Lack Lack
D0/2 0.01 0.002-0.02 0.5 0.5 Sand, silt, mud  Sand, silt, mud 70 50-70 Partly Partly
D1/1 0.013 0.09-0.16 0.4 0.5 Mud Sand, gravel 30 0-10 Lack  Lack
D1/2 0.01 0.002-0.01 0.2 0.2 Silt, mud Sand, silt, mud 90 0-40 Partly Lack
D2/1 0.02 0.01-0.05 0.2 0.5 Silt, mud Silt, mud 90 0-10 Partly Lack
D2/2 0.002 0.001-0.002 0.1 0.2 Mud Mud 100 0-40 Partly Lack
D3/1 0.02 0.02-0.05 0.3 0.5 Silt, mud Sand, silt, mud 20 0-10 Partly Lack
D3/2 0.002 0.001-0.002 0.1 0.2 Mud Sand, silt, mud 80 0-40 Partly Partly
D4/1 0.14 0.09-0.2 0.5 0.5 Sand, gravel Sand, gravel 0 0 Partly Partly
D4/2 0.003 0.001-0.003 0.2 0.2 Sand, mud Sand, mud 70 30-70 Partly Partly
D5/1 0.001 0.001-0.003 0.5 0.7 Mud Mud 40 0-40 Partly Lack
D5/2 0.04 0.03-0.06 0.5 1.0 Mud Mud 30 0-20 Lack  Lack

B, before dredging; A, after dredging.
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tion to environmental variables. Only the data from the
river was used in both analyses. All species and variables
were included into the analyses. The analyzed data was
not transformed (O’Hara and Koetze, 2010). To assess the
impact of dredging on the beetle community we used be-
fore-after-control-impact (BACI) analysis, which makes
it possible to compare data obtained in the control stations
with data obtained in the impacted stations before and
after the intervention, i.e. in July 2008 and July 2009.

There are two aspects to be tested: BA, before and
after; and CI, control and impact site. BACI is the test for
the BA x CI interaction (Smith et al., 1993). The impact
of dredging was tested in two ways: i) by testing
Coleoptera abundance, expressed as the number of indi-
viduals at a given sampling station, with each species an-
alyzed separately, and ii) by the Shannon-Wiener Index,
with the Coleoptera biodiversity of each station analyzed
separately. When the abundance of Coleoptera was used
as the dependent variable, BACI was tested using a gen-
eralized mixed model (GLMM) with a log link and a neg-
ative binomial distribution (Tab. 2). This should be used
when the dependent variable shows high variation. We
considered species a random effect (intercept) with scaled
identity covariance. In the second analysis, the Shannon-
Wiener Index was treated as a dependent variable and
BACI was tested by factorial ANOVA (Tab. 3).

RESULTS

Over the entire study period a total of 667 beetle indi-
viduals were collected, of which 638 were assigned to 63
species and 29 (mainly larvae) to 7 taxa of higher rank
(Tab. 4). Prior to the dredging 96 individuals belonging to
27 species and two genera were collected in the river, and
after the dredging 386 individuals belonging to 48 species,
4 genera and one family. In the five fish ponds separated
from the river by a dike, 185 individuals belonging to 18
species and 4 genera were collected (Tab. 4). Four times
as many individuals and nearly twice as many taxa were
caught after the dredging because the material was col-
lected over a longer period.

In all of the material analyzed, two species each were
included among eudominants (Haliplus immaculatus,

Tab. 3. The tests of effects of factorial ANOVA.

D=17.7% and Hyphydrus ovatus, D=17.2%) and domi-
nants (Haliplus fluviatilis, D=9.3% and Laccobius minu-
tus, D=5.1%). There were also 9 subdominants and 57
recedents (Tab. 4). Haliplus fluviatilis and Haliplus im-
maculatus were found at the most sampling sites (nearly
69% and 62%, respectively). Moreover, Hyphydrus ova-
tus, Hydraena riparia and Oulimnius tuberculatus were
caught at least half of the sites. Only 14 species were
found both before and after the dredging: Haliplus fluvi-
atilis, H. ruficollis, H. flavicollis, Agabus bipustulatus,
Ilybius ater, 1. obscurus, Laccophilus hyalinus, L. minu-
tus, Helophorus dorsalis, H. griseus, H. minutus, Hydro-
bius fuscipes, Hydraena riparia and Oulimnius
tuberculatus. In addition to the qualitative composition of
the assemblage, the dredging also had a significant effect
on its quantitative structure. The pre-dredging eudominant
Elmis aenea (D=24%) vanished completely, and the pro-
portions of the other eudominants, Haliplus fluviatilis
(D=18.8%) and Oulimnius tuberculatus (D=15.6%), de-
creased to 9.6% and 3.4%, respectively. The contribution
of Hydraena riparia decreased as well; before the dredg-
ing it was one of the dominants (D=7.3%), but afterwards
was among the subdominants (D=4.7%) (Tab. 1).

In the dominance structure after the dredging, the
largest percentages in the assemblage were attained by the
previously absent Hyphydrus ovatus (D=13.7%), Haliplus
immaculatus (D=10.4%) and Laccobius minutus
(D=8.8%). Besides L. minutus, the dominants also in-
cluded Laccophilus minutus (D=5.7%) and L. hyalinus
(D=5.4%), whose position rose after the dredging, and the
previously mentioned H. fluviatilis, whose quantitative

Tab. 2. The tests of effects of the generalized mixed model
model.

Corrected model 6.604 3 156 0.000
Before-after 2.238 1 156 0.137
Control-impact 0.000 1 156 0.997
BA x CI 13.910 1 156 0.000

df, degree of freedom; BA, before and after; CI, control and impact site.

Intercept 50.253 1 50.253 101.452 0.000
Before-after 0.869 1 0.869 1.755 0.200
Control-impact 0.246 1 0.246 0.496 0.489
BAx CI 0.000 1 0.000 0.000 0.986
Error 9.907 20 0.495

df, degree of freedom; BA, before and after; CI, control and impact site.
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Tab. 4. The quantitative statement of water beetles.

P. Dgbkowski et al.

1. Gyrinus natator (Linnaeus, 1758) Gyr_nat 1 - 1 01 63 1 1 10 - - - - - -

2. G. substriatus Stephens, 1829 Gyr _sub 3 - 3 04 125 3 31 20 - - - - - -

3. Haliplus flavicollis Sturm, 1834 Hal fla 23 - 23 35 438 1 1 10 10 26 40 12 6.5 60

4. H. fluviatilis Aubé, 1836 Hal_flu 62 — 62 96 688 18 188 30 36 94 60 8 43 60

5. H. fulvus (Fabricius, 1801) Hal_ful 1 - 1 01 63 - - - - - - 1 05 20

6. H. heydeni Wehncke, 1875 Hal hey 6 - 6 09 188 - - - 5 13 20 1 05 20

7. H. immaculatus Gerhardt, 1877 Hal_imm 118 - 118 182 625 — - — 40 105 60 78 422 80

8. H. ruficollis (De Geer, 1774) Hal_ruf 17 - 17 26 438 2 21 20 14 37 40 1 05 20

9. Noterus clavicornis (De Geer, 1774) Not cla 10 - 10 15 375 - - - 8 21 50 2 1.1 20
10. N. crassicornis (O.F. Miiller, 1776) Not_cra 13 - 13 20 25 - - - 10 26 30 3 16 20
11. Agabus bipustulatus (Linnaeus, 1761) Aga bip 2 - 2 03 63 1 1 10 1 03 10 - - -
12. A. undulatus (Schrank, 1776) Aga und 2 - 2 03 125 - - - 1 03 10 1 05 20
13. Agabus sp. Aga spe - 15 15 23 438 1 1 10 12 3.1 50 2 1.1 40
14. Ilybius ater (De Geer, 1774) Ily_ate 2 - 2 03 63 1 1 10 1 03 10 - - -
15. I fenestratus (Fabricius, 1781) Ily fen 3 1 4 06 188 - - - 4 10 30 - - -
16. I fuliginosus (Fabricius, 1792) Ily ful 15 1 16 25 188 - - - l6 42 30 - - -
17. I guttiger (Gyllenhal, 1808) Ily gut 1 - 1 01 63 - - - 1 03 10 - - -
18. I quadriguttatus (Lacordaire, 1835) Ily_qua 3 - 3 04 63 1 1 100 2 05 10 - - -
19. 1. similis Thomson, 1856 Ily_sim 1 - 1 01 63 - - - - - - 1 05 20
20. 1. subaeneus Erichson, 1837 Ily_sub 13 - 13 20 63 - - - 13 34 10 - - =
21. Ilybius sp. Ily_spe - S 5 07 25 - - - 4 10 30 1 05 20
22. Colymbetes fuscus (Linnaeus, 1758) Col fus 1 - 1 01 63 1 1 10 - - - - - -
23. Colymbetes sp. Col _spe - 2 2 03 63 2 21 10 - - - - - -
24. Rhantus exsoletus (Forster, 1771) Rha exs 3 - 3 04 125 - - - 1 03 10 2 1.1 20
25. R. suturalis (MacLeay, 1825) Rha_sut 1 - 1 01 63 - - - 1 03 10 - - -
26. Acilius canaliculatus (Nicolai, 1822) Aci_can 1 - 1 01 63 - - - 1 03 10 - - -
27. A. sulcatus (Linnaeus, 1758) Aci_sul 1 - 1 0.1 63 - - - 1 03 10 - - -
28. Dpytiscus dimidiatus Bergstrisser, 1778 Dyt _dim 1 = 1 01 63 - = = 1 03 10 - = =
29. Dytiscus sp. Dyt spe - 1 1 01 63 - - - 1 03 10 - - -
30. Hydaticus seminiger (De Geer, 1774) Hyda sem 1 - 1 01 63 1 1 10 - - - - - -
31. Graptodytes pictus (Fabricius, 1787) Gra_pic 4 - 4 06 188 - - - 4 10 30 - - -
32. Hydroporus angustatus Sturm, 1835 Hyd ang 2 - 2 03 125 - - - 2 05 20 - - -
33. H. palustris (Linnacus, 1761) Hyp_pal 4 - 4 06 188 - - - 4 10 30 - - -
34. H. planus (Fabricius, 1781) Hyd pla 1 - 1 01 63 1 1 10 - - - - - -
35. H. rufifrons (Duftschmid, 1805) Hyd_ruf 1 - 1 01 63 1 1 0 - - - - - -
36. Suphrodytes dorsalis (Fabricius, 1787) Sup_dor 1 - 1 01 63 1 1 10 - - - - - -
37. Hygrotus impressopunctatus (Schaller, 1783) Hyg imp 2 - 2 03 125 - - - 1 03 10 1 0.5 20
38. H. inaequalis (Fabricius, 1777) Hyg ina 6 - 6 09 25 - - - 5 13 30 1 0.5 20
39. Hyphydrus ovatus (Linnaeus, 1761) Hyp_ova 56 59 115 17.7 563 - - - 53 139 50 62 335 80
40. Laccophilus hyalinus (De Geer, 1774) Lap_hya 24 - 24 37 313 2 21 20 21 55 40 1 0.5 20
41. L. minutus (Linnaeus, 1758) Lap min 25 - 25 38 375 3 31 20 22 58 40 - - -
42. Helophorus dorsalis (Marsham, 1802) Hel dor 2 - 2 03 125 1 1 10 1 03 10 - - -
43. H. griseus Herbst, 1793 Hel gri 3 - 3 04 188 1 !l 10 1 03 10 1 05 20
44. H. minutus Fabricius, 1775 Hel min 2 - 2 03 125 1 1 10 1 03 10 - - -
45. H. nanus Sturm, 1836 Hel_nan 1 - 1 01 63 - - - - - - 1 05 20
46. Hydrochus crenatus (Fabricius, 1792) Hyd cre 1 - 1 01 63 - - - 1 03 10 - - -
47. Anacaena limbata (Fabricius, 1792) Ana_lim 6 - 6 09 188 - - - 6 16 30 - - -
48. A. lutescens (Stephens, 1829) Ana_lut 2 - 2 03 63 - - - 2 05 10 - - -
49. Cymbiodyta marginella (Fabricius, 1792)  Cym_mar 1 - 1 01 63 - - - 1 03 10 - - -
50. Enochrus melanocephalus (Olivier, 1772)  Eno_mel 1 - 1 01 63 - - - 1 03 10 - - -
51. E. testaceus (Fabricius, 1801) Eno_tes 2 - 2 03 125 - - - - - - 2 1.1 40

To be continued on next page
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share in the assemblage decreased sharply. The subdom-
inants, besides Oulimnius tuberculatus and Hydraena ri-
paria (discussed in the preceding paragraph) were /lybius
Suliginosus (D=4.1%), Haliplus ruficollis (D=3.6%), Ily-
bius subaeneus (D=3.4%) and Haliplus flavicollis
(D=2.6%). Among these, prior to the dredging no repre-
sentatives of the genus /lybius Erichson, 1832 were
caught. The dominance structure of Coleoptera fauna in
the ponds, although simplified in comparison with the
river habitats, was characterized by a certain similarity to
the assemblage of beetles inhabiting the river after the
dredging. The eudominants were Haliplus immaculatus
(D=42.2%) and Hyphydrus ovatus (D=33.5%), while
Haliplus flavicollis was a dominant (D=6.5%) and Hali-
plus fluviatilis a subdominant (D=4.3%) (Tab. 1).
Before the dredging the quantitative share of rheo-
bionts (Hydraena riparia, H. gracilis, Elmis aenea,
Limnius volckmari and Oulimnius tuberculatus) in the
beetle assemblage in the river was 50%, with a frequency
reaching 40%, but as many as 96% of individuals were
caught at the two control sites (79% at D0/1 and 17% at
D4/1). Rheophiles (Haliplus fluviatilis, H. flavicollis and
Laccophilus hyalinus) accounted for 21.9% of the assem-
blage, with a frequency reaching 50% (Tab. 1). In this
case as well the vast majority of individuals (80%) were
caught at a control site (D0/2). Following the dredging the
occurrence of only two rheobionts was noted (O. tuber-
culatus and H. riparia), and their percentage of the total
number of individuals caught (8.3%) decreased consider-

Tab. 4. Continued from previous page.

ably as well, but their frequency at the sampling sites
reached 90%. Moreover, only 28% of the individuals be-
longing to these species were associated with the control
sites. The quantitative share of rheophiles following the
dredging increased slightly (22.7%), but the increase in
their number was pronounced (additionally noted were
Ilybius fenestratus, I. fuliginosus and Laccobius striatu-
lus), as was their frequency (about 70%) (Tab. 4).

Since the size of the material caught in the river before
and after the dredging and in the fish ponds was unequal,
statistical analyses were performed in addition to simple
comparison of the material. The differences obtained in
abundance, species number and the Shannon-Weaver
index, calculated for the river before and after the dredg-
ing, were statistically insignificant. The values for the
Kruskal-Walliss test were H (1, N=39)=1.800960
P=0.1796; H (1, N=39)=2.268030 P=0.1321; and H (1,
N=39)=3.328267 P=0.0681), respectively. The analysis
of the material collected included a comparison of the
beetle assemblages in the Krapiel before the dredging (in
July 2008) and after it (in July 2009). The quantitative
richness of the fauna was greater before the dredging (144
individuals, compared to 96 caught in the previous year),
but this assemblage was characterized by somewhat lower
species diversity (H’ before the dredging: 2.5797; H’ after
the dredging: 2.5237). The statistical significance of the
changes observed in beetle abundance was confirmed by
a BACI test (F: 13.910; P=0.000), while the decrease in
biodiversity was statistically insignificant (Figs. 2 and 3).

52. Enochrus sp. Eno_spe - 1 01 63 - - - — - - 1 0.5 20
53. Helochares lividus (Forster, 1771) Hel liv 1 1 01 63 1 1 10 - - - - - -
54. H. obscurus (O.F. Miiller, 1776) Hel obs 2 2 03 125 - - - - - - 2 1.1 40
55. Hydrobius fuscipes (Linnaeus, 1758) Hyd fus 2 2 03 63 1 1 10 1 03 10 - - -
56. Laccobius minutus (Linnaeus, 1758) Lac_min 34 34 52 313 - - - 34 89 50 - - -
57. L. striatulus (Fabricius, 1801) Lac str 1 1 01 63 - - - 1 03 10 - - -
58. Cercyon bifenestratus Kiister, 1851 Cer_bif 1 1 01 63 1 1 10 - - - - - -
59. Cercyon sp. Cer_spe 1 1 01 63 - = - 1 - 10 - - -
60. Hydraena gracilis Germar, 1824 Hyd gra 1 1 01 63 1 1 10 - - - - - -
61. H. palustris Erichson, 1837 Hyd_pal 1 1 01 63 - - - 1 03 10 - - -
62. H. riparia Kugelann, 1794 Hyd_rip 25 25 38 563 7 73 30 18 47 8 - - -
63. Ochthebius bicolon Germar, 1824 Och_bic 1 1 01 63 - - - 1 03 10 - - -
64. O. dilatatus Stephens, 1829 Och_dil 1 1 01 63 1 110 - - - - - -
65. Elmis aenea (Ph. Miiller, 1806) Elm_aen 23 23 35 63 23 24 10 — = = = = =
66. Limnius volckmari (Panzer, 1793) Lim_vol 2 2 03 63 2 21 10 - - - - - -
67. Oulimnius tuberculatus (Ph. Miiller, 1806) Oul _tub 25 29 44 50 15 156 20 14 37 70 - - -

TOTAL - 573 89 662 - - 9 - — 381 - — 185 — -

Abb, abbreviations used in the Figs. 7 and 8; L, larvae; I, imagines; I+ L, total number of specimens; D, dominance, F, frequency; n, number of specimens.
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Substantial transformation of the species composition and
dominance structure was noted as well: as many as 14
taxa present in July 2008 were not caught a year later, in-
cluding the eudominant Elmis aenea and the subdomi-
nants Gyrinus substriatus, Colymbetes sp. and Limnius
volckmari (Tab. 4). New species appeared and attained
the status of eudominants (Hyphydrus ovatus, D=23.6%
and Haliplus immaculatus, D=16.8%) or dominant (//y-
bius fuliginosus, D=7.6%) (Fig. 4). Despite the fact that
the percentage share of Haliplus fluviatilis in the commu-
nity decreased from 18.8% to 12.5%, this species main-
tained its role as a eudominant, and was also present at
more sampling sites than before the dredging. Some
species, such as Hydraena riparia and Oulimnius tuber-
culatus, remained in the community, but their abundance
decreased considerably. This was particularly visible in
the case of O. tuberculatus, one of the previous eudomi-
nants, whose abundance decreased fivefold. These two
species formed the subdominant group in July 2009 to-
gether with another six taxa (Haliplus flavicollis, H. rufi-
collis, Laccobius minutus, Laccophilus minutus, Agabus
sp. larvae and Chrysomelidae). The beetle assemblage
formed after the dredging of the river underwent qualita-
tive and quantitative changes. The number of species and
their abundance increased systematically, attaining max-
imum values (31 taxa, 163 individuals) in August. The
values for the Shannon-Weaver (H) index changed as
well, increasing systematically except for a slight decrease
in June (Fig. 5). In the changes in the ecological structure
of the beetle assemblage formed after the dredging it is
noteworthy that in the first phase (April-May) it consisted
almost exclusively of eurytopic species and those associ-
ated with small ponds. Then there was an increase in the
proportion of rheophiles (Haliplus fluviatilis, Laccophilus
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Fig. 2. Mean abundance of Coleoptera in BACI design (I - stan-
dard deviation). The interaction is significant at P=0.000.

hyalinus and Ilybius fuliginosus) and rheobionts (Hy-
draena riparia and Oulimnius tuberculatus), but the eu-
rytopes maintained their dominant role (Fig. 4).

Before the dredging, the sampling sites in the Krapiel
were characterized by relatively low faunal similarities.
The most similar were the beetle assemblages at sites D5/1
and D3/2 (S=66.7%), with a very poor species composi-
tion and extremely low abundances of beetles, represented
mainly by Laccophilus hyalinus. In this respect they also
were, along with the Coleoptera fauna from site D1/2, the
most distinct (Fig. 6). Essentially, before the dredging
higher faunal similarity was noted at the sites associated
with current environments than in marginal pools - the
qualitative and quantitative compositions of the Coleoptera
fauna at sites D1/1 and D3/1 were 33.1% similar, and to-
gether with the group of beetles from site D2/1 formed an
association with similarity of 22.1%. The assemblages
from sites DO1 and D4/1 were only 29.8% similar. The
faunal similarities between the samples collected from dif-
ferent sites increased after the dredging, particularly within
the marginal pool habitats, which often appeared in pairs
on the dendrogram (Fig. 6). The most similar in terms of
composition and abundance of Coleoptera fauna were
samples 04D1/2 and 05D3/2 (100%), while the similarities
between the marginal-pool samples forming the rest of the
pairs ranged from 45.9% to 66.6%. A high (70%) degree
of similarity was also observed in the fauna of samples
08D5/1 and 05D4/2, taken from different types of habitat,
but such combinations were sporadic. Marked faunal sim-
ilarity (73.6%) was noted between samples 07D5/1 (river)
and 07DS3 (pond DS3), which together with two other
samples from the ponds formed a clearly separate sub-
group with similarity between assemblages of about 64%
(Fig. 6). Another group was formed by the fauna of the
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fourth pond (DS4) together with assemblages of beetles
collected from four of the marginal pool sites and one site
in a current environment, but with similarity below 50%.
The two groups were part of a larger association combin-
ing a total of six samples from marginal pools, four from
ponds and two from current environments, with 41.1%
similarity. The similarity of another group of three samples
from marginal pools and one from a site in a current envi-
ronment was at a similar level (42.5%) (Fig. 6). The DCA
analysis for the beetle species before the dredging showed
that the length of the gradient represented by the first or-
dination axis was 0.000, which necessitated direct ordina-
tion analysis of the RDA type to determine the
relationships between the occurrence of species and the
environmental parameters tested in the Krapiel (ter Braak,
1986; ter Braak and Verdonschot, 1995). The results of the
direct RDA for the samples collected from the Krapiel be-
fore the dredging (Fig. 7) indicated that the variables used
in the ordination explain 73.8% of the total beetle species
variance. The results of the stepwise selection of environ-
mental variables showed that of the five variables taken

100%

into account only one (flow) was statistically significant,
explaining 9.91% of the range of total variance in occur-
rence of species (P=0.008). The ordination diagram illus-
trating the results of the RDA shows the occurrence of a
group of species strongly correlated with water current,
consisting mainly of rheophiles (Limnius volckmari, Elmis
aenea, Hydraena riparia and H. gracilis) and the eurytopic
species Hydaticus seminiger. Qulimnius tuberculatus (a
rheobiont) mainly showed a tendency to be present at
sandy sites with a pronounced current, and to a lesser de-
gree on silt substrates, while avoiding habitats covered
with mud or vegetation. The remaining beetle species pres-
ent in the river before the dredging were weakly associated
with this type of habitat (Fig. 7). The DCA analysis of the
material collected after the dredging showed that the length
of the gradient represented by the first ordination axis was
1.000, which necessitated direct ordination analysis of the
RDA type. The results of the direct RDA for the samples
collected from the Krapiel after the dredging indicated that
the variables used in the ordination explain 19.0% of the
total beetle species variance. The results of the stepwise
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selection of environmental variables showed that of the
five variables taken into account only one (plants) was sta-
tistically significant for the total variance in occurrence of
species (P=0.024). Most of the species in the RDA diagram
have a wide range designated by vectors representing sed-
iment type (silt and mud) and the degree of vegetation
cover, and the most important environmental variables de-
termining the beetle species variance were the amount of
mud in the sediment, and above all, vegetation cover
(Fig. 8). It can even be stated that the occurrence of most
of the species was first determined by vegetation and then
by the presence of a specific type of sediment, although
the effect of the latter factor was not statistically signifi-
cant. It is thus possible to distinguish a large group of
species associated with the vegetation gradient and exhibit-
ing a greater or lesser tendency to colonize environments
with a silt substrate, including Oulimnius tuberculatus,
Haliplus flavicollis, H. heydeni, H. fluviatilis, H. immacu-
latus, H. ruficollis, Laccobius striatulus, L. minutus, Lac-
cophilus minutus, L. hyalinus, Agabus undulatus,
Hyphydrus ovatus and Hydraena riparia. Another group
preferred muddy substrates in varying degrees, while
clearly avoiding heavily dredged habitats, e.g. Ilybius
fuliginosus, Anacaena limbata, Coelambus impressopunc-
tatus, Hygrotus inaequalis and Noterus crassicornis
(Fig. 8). A tendency to occur in muddy but not necessarily
overgrown habitats was exhibited by another group of
species: [lybius subaeneus, I obscurus, Anacaena
lutescens, Hydrobius fuscipes, Enochrus melanocephalus,
Hydroporus angustatus, Rhantus exsoletus and Agabus bi-
pustulatus. The gradients of water current, drainage and
sand and silt substrate were associated with single species,
with water current having the weakest influence on the
species variance. A clear tendency to inhabit dredged habi-
tats was exhibited by two species: Ilybius guttiger and Hy-
droporus palustris (Fig. 8).

DISCUSSION

Successional processes in the river, manifested as ac-
cumulation of organic sediment, development of vegeta-
tion and decreased water flow velocity in the river
channel, lead to a reduction in the quantity and quality of
current environments associated with lotic water bodies,
preferred by a number of rheobiontic species of beetles
(Elliott, 2008; Sarr et al., 2013). Accumulation of mud
and overgrowth in marginal pools, especially by helo-
phytes, decrease the heterogeneity of these habitats, af-
fecting the assemblages inhabiting them. Such effects of
progressive succession can be seen in the state of the
Coleoptera fauna of the Krapiel prior to the dredging.
Rheobionts and rheophiles (e.g., Haliplus fluviatilis, Hy-
draena riparia, Elmis aenea and Oulimnius tuberculatus)
were represented in large numbers mainly at the control
sites (especially DO1 and D02). These were species typi-

cal of the middle part of the rhithral zone, particularly
Elmidae (Klausnitzer, 1996). The control sites had the
best preserved natural microhabitat structure (riffles and
marginal pools), by far the greatest species diversity, and
above all, the greatest richness of beetles in the entire in-
vestigated stretch of the Krapiel. For this reason, most of
the material from the period before the dredging was col-
lected at these sites, which was why the dominance struc-
ture of the beetles during this period was atypical of a
river of this size (Wichtowska and Sobczak, 1994; Pakul-
nicka and Nowakowski, 2012). The remaining sites, with
less habitat heterogeneity, especially in terms of flow and
sediment type, had beetle assemblages that were quanti-
tatively and qualitatively poorer. A similar relationship be-
tween richness of Coleoptera fauna and habitat
heterogeneity in an alluvial river floodplain was observed
by Richoux (1994), who found that richness increased
with the spatial and temporal diversity of habitats, attain-
ing its maximum value where their diversity was moder-
ate. One manifestation of the lack of ecological
separateness of the riffles and marginal pools in the stretch
of the Krapiel studied was the dominance of eurytopic
species in current environments. The sites randomly col-
onized by Coleoptera fauna with a large proportion of eu-
rytopic species had surprisingly low faunal similarity. A
similar increase in the proportion of eurytopic species in
river valley habitats accompanied by a decrease in their
integrity due to unfavorable changes in hydrographic con-
ditions was observed by Biesiadka and Pakulnicka (2004)
in the valley of the River Narew, although they were least
visible in the river channel itself. At the same time, species
typical of small water bodies, which made up a substantial
proportion of the Coleoptera fauna of the Narew, were its
most dispersive and variable element (Biesiadka and
Pakulnicka, 2004). The current environments in the River
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Krapiel, colonized to a greater extent than the marginal
pools by more specialized and less mobile species, had a
higher degree of faunal integration than the marginal
pools. The main determinant of the similarity between
these habitats and the beetle communities inhabiting them
before the dredging was water current, and to a lesser ex-
tent substrate type, which was reflected in the statistically

significant effect of water flow velocity on the species
variance observed in the river.

Dredging of the investigated stretch of the river can be
regarded as a forced and sudden process of ecological ret-
rogression restoring the previous structure of open current
environments with a mineral/organic substrate and marginal
pools partially overgrown with vegetation and having a
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greater proportion of organic sediment. In this respect it is
a procedure increasing, on balance, habitat heterogeneity in
the river channel (Tab. 1). A review paper by Niemi ef al.
(1990) on the impact of various types of anthropogenic dis-
turbances on water systems indicates that dredging is one
of the less devastating for aquatic biocoenoses. According
to incomplete literature data, restoration of the prior inver-
tebrate biomass takes place within 13 months, while species
density and richness are usually restored within a week or
two, less often requiring a few months or a year. Relatively
rapid restoration of benthonic macrofauna following dredg-
ing has also been noted by van Dolah et al. (1984), McCabe
et al. (1998), Szlauer-Lukaszewska and Zawal (2014) and
Zawal et al. (2015, 2016a, 2016b). The efficiency of recol-
onization processes depends on a number of ecological fac-

tors (intensity and duration of the disturbance, including
changes in the integrity of the system and its productivity,
the time of year it takes place, the distance and location of
centers of recolonization, or the presence of refuges), and
on the biology and phenology of particular groups of inver-
tebrates (life cycles, duration of a generation, frequency and
length of periods of appearance, or dispersal capacities),
while recolonization processes can be completed within a
week to over a year after the cause of the disturbance ceases
(Niemi ef al., 1990; Yount and Niemi 1990; Wilber and
Clark, 2007). The speed of restoration of the original habitat
conditions (e.g., sediment structure) and the degree of in-
terference in the environment are significant elements de-
termining the efficiency of recolonization. Removal of
material from the river bottom has a complex impact on the
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biocoenosis, as on the one hand fine-grained sediment re-
duces penetration of the bottom by water, affecting the cir-
culation of biogenic compounds and gases, so its removal
can be beneficial, while on the other hand the presence of
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particular types of sediment and their transport influences
the structure of benthic fauna, including beetles (Eyre et al.,
1993; Cortes et al., 2002; Svendsen ef al., 2007). Removal
of littoral vegetation, though it may directly contribute to a
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reduction in the density of fauna, ultimately leads to im-
proved light conditions and higher water temperature in the
watercourse, thereby stimulating an increase in invertebrate
biomass. On the other hand, elimination of obstructions de-
creases habitat diversity in the river (Hawkins ef al., 1982;
Allan, 1995; Aldridge, 2000).

The dredging work carried out in the Krapiel clearly
influenced the qualitative and quantitative structure of the
beetle fauna inhabiting it, although the assessment of the
impact of the disturbance is not unequivocal. The dredging
caused profound changes in beetle assemblages, mani-
fested as the withdrawal of nearly half of the previously
occurring species and the formation of a new dominance
structure, clearly distinct from the structure prior to the
dredging. The recolonization processes were dynamic, off-
setting within half a year the momentary impoverishment
of fauna and reduction in species diversity indices, which
confirms earlier information that dredging has a short-term
impact on the benthos at the species level and it is quickly
restored (Pearson and Jones, 1975; Yount and Niemi,
1990), although the total abundances of the zoobenthos in
the undredged stretches of the river may be lower (Haynes
and Makarewicz, 1982). In the Krapiel, however, the habi-
tat changes caused by the dredging resulted in increases in
both abundance and species richness of Coleoptera fauna.
Although in the scale of the entire period studied these
were not statistically significant changes, comparison of
fauna from analogous periods before and after the dredg-
ing reveals marked differences between the two assem-
blages. In the long term, the differences between the
macrozoobenthos of the dredged and undredged stretches
of the river are obliterated (Skilleter, 2002).

Recolonization of the Krapiel was more efficient in
the case of eurytopic species, mainly associated with mar-
ginal pools, which were the first to be colonized. Beetle
populations in nearby standing water bodies, constituting
focal points for insect dispersal, may have played a sig-
nificant role in this process. The qualitative and quantita-
tive structure of beetle assemblages at many of the river
sites associated mainly with marginal pools was indicative
of the effect of the Coleoptera fauna of fish ponds, which
was reflected in the overall faunal similarity between the
entire fauna of the analyzed stretch of the river after the
dredging and the beetle fauna in these ponds. Fish ponds
can be regarded here as an ecological equivalent of oxbow
lakes, small water bodies, or even flow-through lakes,
which have a significant role in integration of fauna
within river systems (Czachorowski et al., 1993; Williams
et al., 2003; Biesiadka and Pakulnicka, 2004; Pakulnicka
and Nowakowski, 2012). We also know that they can be
local centers of species diversity of aquatic insects
(Buczynska et al., 2007; Buczynski, 2015). Colonization
by species from outside the river channel of slower niches
appearing as a result of dredging may have contributed to

the increased faunal similarity of the Coleoptera fauna of
the marginal pools in 2009. The ability of many aquatic
beetle species to fly even long distances has been demon-
strated in experiments (Davy-Bowker, 2002). On the other
hand, this may also have been the consequence of disper-
sal of beetles along the river as an ecological corridor, par-
ticularly as a result of drift of insect larvae and adult
individuals from its course upstream from the study area
(Benke et al., 1991; Rincén and Lobon-Cervia, 1997;
Brittain and Eikeland, 1988). This would be consistent
with the autoregressive model of the effect of adjacent
sites on the species composition of macrofauna in the
catchment of the River Rede, which suggests that this ef-
fect is dependent on the migratory capacity of fauna and
on habitat parameters, such as stream structure (type of
sediment and degree of vegetation cover), and in the case
Coleoptera, pH and water depth (Sanderson et al., 2005).
Beetles could inhabit all suitable habitats, irrespective of
distance. Hence in contrast to other, less mobile groups
of insects, they did not form a group of species specific
for neighboring sites (Sanderson ef al., 2005). While this
model did not take into account significant differences in
the possibility of migration for particular synecological
groups of beetles in the river, the differences we found in
the rate of colonization of habitats in the dredged stretch
of the Krapiel by rheobionts and stagnobionts with varied
dispersal capacity is clearly in line with this conception.
Recolonization of the Krapiel by mobile beetle species
probably took place in the two ways described above, i.e.,
by migration along the river and from outside of it, which
is reflected in the spatial and temporal differentiation of
beetle assemblages at individual sampling sites. In the
case of some taxa, such as Hyphydrus ovatus or Agabus
spp., success in colonizing certain sites was linked to the
ability to reproduce efficiently in new habitats. The rate
of recolonization was clearly linked to the typical seasonal
dynamics of abundance in beetle populations, speeding
up in the summer, when new generations of adults appear
and intensive migration from small, astatic pools takes
place. Seasonality is also one of the main factors deter-
mining the variation in local habitat conditions, thereby
influencing the nature of the Coleoptera fauna which is
present (Pakulnicka and Nowakowski, 2012).
Restoration was observed to be markedly slower in the
case of populations typical of flowing water bodies, i.e.,
rheophiles and in particular rheobionts, which are char-
acterized by more frequent utilization of drift as a signif-
icant mechanism of dispersal, and above all by
considerably lower dispersal capacity (Brusven, 1970; Ar-
ribas et al., 2012; Serti¢ Peri¢ et al., 2014). Another reason
may be their relatively low representation in many slow-
flowing lowland watercourses of northern Poland, which
especially refers to Elmidae and, to some extent, Hy-
draenidae Deronectes spp. (Biesiadka and Pakulnicka
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2004; Buczynski and Przewozny 2009a, 2009b). The oc-
currence in lower numbers and at smaller numbers of sites
limits the rate of recolonization by its nature.

First (May-June), more mobile rheophilic species with
broader ecological valence appeared (e.g., Haliplus fluvi-
atilis, Laccophilus hyalinus and Ilybius fuliginosus), only
later (June-July) to be followed by rheobionts with lower
migratory capability (Oulimnius tuberculatus and Hy-
draena riparia), and their abundance did not significantly
increase until August. Recolonization was manifested not
only as an increase in the quantitative share of typical
river species in the beetle assemblages, but also in their
occupation of an increasing number of sampling sites. A
significant feature of the dispersal of O. tuberculatus and
H. riparia was their exploitation of habitats with clearly
altered ecological characteristics resulting from the dredg-
ing. Perhaps the environmental conditions that were
changed at the dredged sites (such as increased water flow
or the absence of muddy sediment) were within their eco-
logical minima. This is also an indication of a pronounced
tendency to migrate, which suggests that following stabi-
lization of environmental parameters disturbed by dredg-
ing, these species will take over more habitats.

It is worth mentioning that after the dredging we ob-
served species whose habitat requirements are less strict
among the rheobionts. For example, Oulimnius tubercula-
tus does not exhibit strong preferences in terms of mineral
substrate and is encountered in habitats covered with
macrophytes (Elliott, 2008; Sarr et al., 2013). This tendency
can also be seen in our data. In contrast, after the dredging
- at least in the first year, taken into account in our study -
the most demanding and ecologically conservative species
did not appear, such as Elmis aenea and Limnius volckmari,
which have specific requirements in terms of substrate type,
vegetation and water current (Eyre et al., 1993; Elliott,
2008). The increased water flow and partial removal of
muddy sediment were insufficient for these species to ap-
pear. Due to the environmental conditions in the analyzed
stretch of the Krapiel River, their occurrence was mainly
limited to places represented by control site D0/1. It is
worth emphasizing that such habitats, sometimes anthro-
pogenic (e.g., artificial rapids), are extremely important for
local biological diversity. River fragments that are varied
in terms of habitats, with a well-developed pool-riffle se-
quence and marginal pools, constitute refuges and potential
centres of dispersal for rheobiontic fauna with lower mi-
gration capacity. Therefore it is worth leaving them un-
touched during hydrotechnical work.

The dramatic changes observed in the qualitative and
quantitative structure of beetle assemblages at the control
sites suggest that they were characterized by biocoenoses
with little stability. This may have been influenced by
their relatively small share of the total area and number
of habitats in the lower course of the Krapiel, as well as

the relatively high degree of isolation. Although we do
not know the direct causes of the disappearance of
Limnius volckmari from site D0/1, and especially that of
the previously abundant Elmis aenea, due to the location
of'the site it could not have been the result of the dredging.
Both of these species are sensitive to reductions in oxygen
and low water flow, but these factors were not severely
disturbed. The disappearance of £. aenea may have been
linked to changes in the quality of the substrate, which
consisted of mosses preferred by this species (Elliott,
2008; Sarr et al., 2013).

CONCLUSIONS

Vegetation cover and the type of bottom sediment are
considered to be among the most significant environmental
factors influencing beetle species variation in river ecosys-
tems (Eyre et al., 1993, 2005; Sanderson et al., 2005;
Pakulnicka and Nowakowski, 2012; Sarr et al., 2013). Al-
though most of the studies cited above deal with the fauna
and environment of streams, which are not an accurate re-
flection of the river ecosystem represented by the Krapiel,
a clear analogy can be perceived in the mechanisms regu-
lating the biocoenotic relationships in these two types of
water body. The presence of fine sediment (silt) in the form
of clay or peat was the most significant environmental
variable in one such network of streams, determining the
occurrence of a number of Agabus spp., Anacaena spp.,
Hydroporus spp., Helophorus spp. and Hydrobius spp.
(Eyre et al., 1993). They were also part of a larger group
of beetle species (including /lybius fuliginosus) that pre-
ferred habitats with well-developed littoral vegetation.
Rheobionts, on the other hand (e.g., Elmis aenea,
Oulimnius tuberculatus, Hydraena gracilis and Limnius
volckmari) preferred habitats with a gravel and rocky sub-
strate with a small amount of vegetation, both littoral and
in the channel of the watercourse. This makes it possible
to distinguish two main communities inhabiting water-
courses. One of these prefers habitats with rich vegetation
and a soft substrate, while the other is associated with the
presence of exposed sediment with greater grain size and
a small amount of vegetation (Eyre ef al., 1993). The oc-
currence of particular beetle species in the stretch of the
Krapiel that we investigated was consistent with this clas-
sification. This pattern was markedly more visible after the
dredging. The removal of some of the vegetation led to an
increase in habitat variation and probably caused
Coleoptera fauna to cluster in habitats with more of this
environmental component. According to Richoux’s para-
digm (1994), an increase in habitat heterogeneity led to an
increase in the richness of Coleoptera fauna.

The diversity of beetle communities is also affected by
water depth and flow velocity (Pakulnicka and
Nowakowski, 2012; Williams ez al., 2003). The second of
these parameters, although it can be subject to significant
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changes in a dredged river, was one of the less important
environmental factors for beetle species variation in the
Krapiel. The changes in water flow after the dredging in
this particular case were probably too subtle to result in
the striking habitat variation that was observed at the con-
trol sites. In general, worth mentioning is the difference in
total variance of the beetles explained by the environmen-
tal variables before and after dredging. In the second case
its relatively small value may indicate that others than five
examined factors play more important role in shaping the
beetle communities after man-made disturbances, e.g.,
physico-chemical, hydromorphological or even those con-
nected with watershed. Without doubts, this problem
should be studied comprehensively in the future.
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