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Introduction

Abstract

Niechwiej A.: Formation of groupings of mayfly larvae (Ephemeroptera) in the area of small
hydrological structures, in the streams of the Kamienica Nawojowska river basin (the Sadeckie
Beskids, Poland). Ekologia (Bratislava), Vol. 35, No. 4, p. 320-339, 2016.

Anthropogenic modification of abiotic factor in turn influencez biotic communities. The aim of this study
was to characterise clusters of mayflies in selected streams of Kamienica Nawojowska river basin in conjunc-
tion with small, lateral hydrological structures that have been built in this area. There was an attempt to
determine whether and to what extent small lateral hydrological structures affect larvae of mayflies in the
examined mountain streams. An analysis of the taxonomic composition of mayfly clusters in the examined
stream sections was carried out. For this purpose, the author described the taxonomic wealth, variation in
the density of organisms, the domination structure within taxonomic groups and trophic functional groups,
taxonomic variation (based on the Shannon-Winner factor), constancy of occurrence (according to the Szu-
jecki formula) as well as faunistic similarity (according to the Jaccard formula). An emphasis was also placed
on the species included in the Red List of Vulnerable and Endangered Species in Poland (2002). The obtained
results indicate a high taxonomic richness and a large diversity of mayfly fauna on the examined stream
sections. There were no significant differences, however, in this aspect between posts situated upstream and
downstream from the hydrological structures. The formation of clusters was influenced not so much by
small hydrological structures as by other abiotic factors such as the nature of the bottom substrate, the way in
which the basin is used, the location of a particular post on a particular watercourse section as well as other
anthropogenic activities (e.g. those related to forest management). A comparison of the obtained data with
the results of the research conducted before the completion of major regulatory works in Kamienica Nawo-
jowska river basin showed that the mayfly fauna had preserved a large taxonomic richness, although some
changes had occurred in the structure of the clusters. However, further research related to this issue is needed,
especially in other river basins of the Beskids.

Key words: Ephemeroptera, macroinvertebrates, mountain streams, stream regulation, hydrologi-
cal structures.

Watercourses are one of the most intensively exploited ecosystems. Economic use of water-
courses is often associated with anthropogenic transformations of the aquatic environment,
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which are a result of, among others, regulatory procedures and hydrological structures. It
also refers to watercourses in mountainous areas (Niechwiej, 2015). Both the watercourse
and the river basin are subject to a variety of hydromorphological processes. The material
transported by water over the watercourse is called debris. The source of the debris, apart
from denudation processes in the river basin, is channel erosion. It appears when the river
transports less debris than allowed by the energy of the flowing water. Then this energy is
redirected and contributes to the deepening and widening of the channel. The result of this is
lateral, bottom and vertical erosion. This erosion is supposed to be prevented by hydrological
structures (e.g. river bars, drop hydraulic structures and anti-debris dams; Radecki-Pawlik,
2012). They hamper the migration of aquatic organisms and cause depletion of the existing
biocenoses (Wyzga et al., 2008).

The influence of anthropogenic factors on the biocenose of flowing water is multidirec-
tional, which results from the impact of, among other things, the volume and velocity of
water flow (Poff, Zimmerman, 2010), debris transport and bottom/channel shape (Wyzga
etal, 2011), as well as the presence of natural and artificial obstacles (Kajak, 1992). Chang-
es in abiotic and anthropogenic factors, caused by the presence of hydrological structures,
affect in various ways individual hydrobiont groupings. Hydromorphological changes in a
regulated watercourse usually cause species depletion in a particular biocenose (Dukowska,
Grzybkowska, 2007; Kukula, Bylak, 2011). The presence of lateral hydrological structures,
even those of relatively small sizes, is important in the context of some benthic invertebrates
travelling upstream (Blachuta et al., 2011). Such trips are usually undertaken by invertebrates
of bigger sizes. It also concerns the larvae of some insects (e.g. caddis flies; Mazurkiewicz-
Boron, Starmach, 2009) and mayflies (cited by Allan, 1998) and is connected with their life
cycles. By changing the volume and velocity of water flow, the presence of hydrological struc-
tures affects the way invertebrates drift (Brittain, Eikeland, 1988).

The area of research and methods

The research was conducted on the territory of The Kamienica Nawojowska river basin. The basin is located in
the Carpathian region, which is characterised by significant rainfall and high surface runoff. The Kamienica Na-
wojowska River is a right-bank tributary of the Dunajec. The length of the river is 33.079 km (The Regional Water
Management in Cracow 2010 - RWM Cracow 2010). It is a watercourse of the third category. The Kamienica Nawo-
jowska river has its source on the north-eastern slope of the Przystop Mountain, in Roztoka Wielka, and flows into
te Dunajec in Nowy Sacz. The Kamienica Nawojowska river basin is an example of a medium-sized river basin of
Beskids. The river basin can be divided into 21 watercourses, which belong to the 4" to 7" category (RWM Cracow).
The research focused on three watercourses: Kryéciéw, Labowczanski Potok and Homerka (Fig. 1). These are wa-
tercourses of the 4™ category, left-bank tributaries of the Kamienica Nawojowska. They have deeply incised valleys,
which are typical for the area of the Sadeckie Beskids. For the purposes of this study, the author has introduced the
term ‘facility’ to describe lateral hydrological structures in the flow of the watercourse within which the fieldwork
was conducted. The author designated five facilities on the examined watercourses: one on the Kry$ciéw stream
(Nowa Wies - facility N), two on the Labowczanski Potok (Labowiec - facility L, Labowa - facility B) and two on
the Homerka (Homrzyska - facility H, Frycowa - facility F). On each facility, the author set up three posts in the
longitudinal profile of the watercourse. The location of each post was as follows:
. Type 1 post, around 20 m upstream from the hydrological structures.
. Type 2 post, around 2-3 m downstream from the hydrological structures, depending on the size of the struc-
ture, as well as the presence and size of erosion potholes.
. Type 3 post, around 20 m downstream from type 2 post.
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The study was conducted in the
years 2010 and 2011 and consisted in
collecting samples of benthic fauna six
times: March, May, June, August, Sep-
tember and November. The dates were
adapted both to the variable hydrological
regime of the surveyed watercourses as
well as to the life cycle of organisms, so
as to demonstrate the presence of repre-
sentatives of the largest possible number
of mayfly taxons. In the field, the author
measured each time basic hydrological
and morphological parameters of wa-
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tercourses, which was accompanied by
7

a description of habitat characteristics as
well as measurement of temperature and
il ! selected physical and chemical parame-
T ters. He measured the width and depth of
AEAN watercourses in selected sections (Table
AV 1). The flow rate measurement was made
with the use of the float level indicator
(Bajkiewicz-Grabowska et al., 1993). The
“ degree of shading was determined on the
L A basis of the visual analysis of water sur-
| ). face, an area of approximately 2 m? (Plot-
nikoff, Wiseman, 2001). There was also
a visual assessment of the degree of cov-
erage of the bottom by periphyton. Each
time, the author measured the physical
parameters of water: temperature, elec-
tronic conductivity, oxygen saturation
level and pH.

In order to collect samples of benthic fauna, the author used the method called multi-habitat sampling (MHS), thus
ensuring standard analytical procedures, in accordance with the Water Framework Directive. In the laboratory, the sam-
ples were sorted out, and the larvae of mayflies were preserved with 70% ethanol. The characterisation of benthic fauna
groups was based on elementary biocenotic parameters such as the number of taxa, diversity of species (Shannon-Wiener
index), domination structure and constancy of occurrence (Szujecki formula). The fauna similarity was analysed by the
Jaccard formula. The author also determined the proportional share of each nutritional guild (trophic functional groups).

Fig. 1. Distribution of research facilities (a) in the Kamienica Nawo-
jowska river basin, (b) with the map of localities, (c) symbols repre-
senting facilities were explained in the text (cited by Niechwiej 2013,
according to RWM Cracow).

Results

The surveyed streams were not significantly different in terms of basic physical and chemical
parameters of water. The values of the analysed parameters (temperature, pH, electric con-
ductivity, oxygen content) were similar for all sections of watercourses with hydro-technical
facilities (Table 2). In addition, they showed only minor variations on an annual basis, with
the exception of the temperature.

Water of the tested sections of streams was characterised by very good aerobic conditions,
alkaline reaction and low salinity, as reflected by electric conductivity values, which reached
a maximum value of 331 pScm™. The water in those streams was cool. Its highest tempera-
ture in the summer season ranged from 10.5 to 12.5 °C. Furthermore, it was characterised by
a low content of biogenic substances (Table 3).
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Table 1. Characterisation of watercourses in selected sections.

Degree of Degree of
Average Av?rage Flow Average | coverageof | coverage of
Stream | Facilities Month depth ?ﬂdth rate shade | the substrate | the substrate
[m] ‘“a“[‘f;;e“m Tl | %] | byCPOM | byperyphyton
[%] [%]
march 0.20 2.0 0.2-0.4 25 30 <5
% may 0.25 2.5 0.4-0.6 25 <5 5
§ june 0.15 15 0.2-0.4 60 15 50
£ g august 0.15 15 0.2-0.4 60 15 40
3|z september | 0.15 L5 0.1-0.3 | 40 30 25
v Z november 0.15 1.5 0.1-0.3 30 50 15
march 0.30 35 0.3-0.5 5 <5 <5
may 0.30 4.0 0.4-0.6 10 10 5
B june 0.20 35 0.3-0.5 70 15 90
H august 0.20 35 0.3-0.5 70 15 80
§ september 0.25 3.5 0.3-0.5 30 20 60
: november 0.20 3.0 0.2-0.4 15 25 25
march 0.35 35 0.7-0.9 0 10 <5
B may 0.40 4.0 0.9-1.1 5 <5 5
Z - june 0.30 35 0.6:08 | 10 <5 90
S S august 0.30 35 0.6-0.8 10 10 80
_é § :j september 0.30 35 0.6-0.8 5 10 60
S3 | m november 0.30 3.0 0.4-0.6 5 40 40
march 0.25 35 0.7-0.9 30 20 5
= may 0.30 4.0 0.9-1.1 40 <5 10
g june 0.20 35 0.6-0.8 80 <5 90
£ august 0.20 35 0.7-0.9 80 15 80
T september | 0.20 35 0709 | 50 20 70
e november 0.15 3.0 0.5-0.7 30 25 60
march 0.35 4.0 0.7-0.9 0 10 5
may 0.40 45 1.1-1.3 10 <5 10
= june 0.30 4.0 0.7-0.9 30 10 90
% § august 0.30 4.0 0.6-0.8 30 15 80
£ i september | 035 40 0608 | 15 15 50
= = november | 0.30 35 0.5-0.7 10 20 40

All values of the analysed compounds of nitrogen and phosphorus fell within the range
of waters of the first class of purity, according to the Regulation of the Ministry of the Environ-
ment of 9 November 2011 on the classification system of surface waters and environmental quality
standards for priority substances (Journal of Laws, No. 257, item 1545). Among them, the lowest
amount of biogenic substances was recorded in the Krysciéw creek, flowing through a wooded
area and deprived of any buildings. Slightly higher content was shown in the Labowczanski
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Table 2. Values of basic physical and chemical parameters of water at particular hydro-technical facilities

Stream Facilities | Temperature | Degree of oxygen | Electrolic conductivity pH
min.-max. [°C] saturation [%] [uScm™']
Krysciéw N 2.0-10.5 93.8+1.7 278 £ 31 8.10-8.34
Labowczanski L 2.3-114 943+ 1.6 267 £33 8.06-8.28
Stream B 2.5-12.2 957+ 1.5 331+ 32 8.02-8.23
Homerka H 2.1-10.8 97.0+ 1.6 244 + 34 8.36-8.89
F 2.6-12.5 97.8+ 1.6 302 £33 8.32-8.78
T able 3. The level of biogenic substances in the water at particular hydro-technical facilities.
Stream Facilities | Nitrate nitrogen | Ammonia nitrogen | Total phosphorus | Phosphates
[mgNO,dm?] [mgNH,dm™] [mgPdm] [mgPO, dm?]
Krysciow N 0.380 0.051 <0.020 <0.031
Labowczanski L 0.439 0.083 <0.020 <0.031
Stream B 1.010 0.071 0.032 0.087
Homerka H 0.633 0.068 0.037 0.093
F 0.793 0.134 0.027 0.069

and Homerka streams, which flowed mainly through rural areas. However, only the content
of nitrate nitrogen tended to increase with the flow of the watercourse in case of both streams.

General characterisation of mayfly groupings

Mayfly groupings on the tested sections of streams were characterised by high taxonomic richness.
In total, the author found 30 species of six families, including eight species of the Heptageniidae, 10
of Baetidae, four of Leptophlebiidae, four of Ephemerellidae and one of Caenidae (Table 4).

The greatest taxonomic diversity of mayflies was found in the Homerka stream in its low-
er reaches (the posts of the facility F in Frycowa) — 23 species were found at the post F3.
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Fig. 2. Taxonomic diversity of mayflies at the surveyed posts.
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The lowest number of taxa,
10, was recorded at the
post L2 in Labowiec (the
Labowczanski stream).
There were no significant
differences in the taxonom-
ic diversity of groupings
between facilities in Nowa
Wies (N), Labowa (N) and
Homrzyska (H) (Fig. 2).
There were no clear pat-
terns in the differentiation
of the number of species be-
tween posts of three types,



T able4. Numbers of larvae at particular posts.

N1[N2[N3 |12 ]13]B1 B2

/B3 [H1[H2[H3[F1 [ F2[F3

Heptageniidae

Rhithrogena semicolorata 156| 52 | 33 |150 | 99 | 195|159 |135| 90 | 123 | 137|159 |132| 96 | 218
Rhithrogena iridina 249| 78 | 15 | 168 | 114|249 |150 | 153|129 |133|105|162|180|117|273
Rhithrogena puytoraci 121806 |0 |15]/3|9|9]9|0|15]/6]|6|3
Ecdyonurus venosus 3012 6 | O | 122439 |27 |18 |12 | 6 |12 |42 |21 | 63
Ecdyonurus torrentis 21|21 | 18|21 |93 |51 |120] 66 | 93 | 33 | 15 | 18 |102|195| 66
Ecdyonurus subalpinus 3/]0/0[0]0]O0|0]O0O]O0|0|3]0|]0|3]0
Ecdynurus submontanus 3100|639 |36 |21|15/0 /|0 ]15]|39]51
Epeorus assimilis 195|187 | 3 | 54|39 |111| 63 |123| 54 |173| 81 |108| 21 | 66 | 12
Baetidae

Baetis rhodani 1552 | 9 |24 |54| 9 |234|186|114| 72 | 90 | 96 | 180|177 |234
Baetis lutheri 0 0 0 3 0 3 115 )12] 9 0 0 0 9 3 3
Baetis scambus 0, 9]0]0)]0]3 00 |12]0 ]12] 9 |12)12
Baetis fuscatus 0 18] 9|6 |0 |6 0] 0|36 |18|18| 6 | 9
Baetis alpinus 03|00 3|12 0 |12]36 |24 |21 |18 |12
Baetis muticus 0 J0jJO0O]O0O]O0]O 3/0]0]0]0]0]3 |12
Baetis melanonyx 36| 3/ 6|0 )6 15|30 6 |0 |21|9|27)30]18|102
Baetis niger 0] 0]0)0]0]0 010 1]10),0]0
Procleon pulchrum O|3|0|0]0]|0O 0| 3 0 3|24
Centroptilum luteolum 0| 0|0|6 |00 0|0 0 00
Leptophlebiidae

Paraleptophlebia cincta 91300 ]0|0 |0 /|0 6 |21|63]|81|12|24]36
Paraleptophlebia submarginata 6 | 6 |18 |12]21| 6 |21 | 6 | 24|57 |51 |63|42|57 |72
Habrophlebia lauta 0|00 ]O0O]O0]|O 0] 0jJO0OjJO]O0O]O0O)|3]3
Habrophlebia fusca 00| 0]0]0]O 0/0|0]0O]|O0O]O0|O0]3
Ephemerellidae

Seratella ignita 0| 6|0 |6 |0]|9|3]9|3|3|0/]0]|9/ 213
Ephemerella notata 03312/ 0|00 0| 0|0 |0]0]|3 |60
Ephemerella mucronata 0| 0]0|0]0]O 0| 0|0 |0]0]|18)0]0
Torleya mayor 0]0]0)0]0] 0 3/]0]0]0]0]J]0J0]0O
Ephemeridae

Ephemera danica 6 |0 |12|3 |03 0| 0|3|0]0|6|0]3
Ephemera vulgata 9|06 |0]0]0 0|0 |12|3]0]|0|0]6
Ephemera lineata 0| 0]0|0]0]O 0| 0]O0O|O0O]O0O]O0]|O

Caenidae

Caenis horaria

(ofJoJoJoJoJoJoJoJoJoJoJofJo]3]o

differently placed in relations to the hydrological structures. At the posts of type 2, at the
facilities L, B and H, the number of mayfly taxa was slightly lower than at the posts of type 1

(1 to 3 species), but it was not observed at other facilities.
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Fig. 3. The number of mayfly species at the posts N1-N3.
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Fig. 4. The number of mayfly species at the posts L1-L3.
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Fig. 5. The number of mayfly species at the posts B1-B3.

—]  e— ) H3

LA DX

NUMBER OF TAXA

march may june august  september  november

MONTHS

Fig. 6. The number of mayfly species at the posts H1-H3.
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Variation the richness of taxonomic
groupings in seasonal and spatial
terms

Mayfly fauna inhabiting differ-
ent sections of the streams was
varied in terms of the number of
taxa. The author observed a similar
trend in all the groupings - the larg-
est taxonomic diversity occurred in
the spring, whereas its decline was
observed during the summer. The
beginning of autumn is usually the
time when the number of taxa in-
creases again (Figs 3-7).

A particular taxonomic richness
of mayflies was observed in May. In
this period, the number of species
ranged from 4 (the post H) to 15
(F3). This was influenced by a large
number of taxa of the family Hep-
tageniidae (Rhithrogena sp., Ecdy-
onurus sp., Epeorus sp.), as well as
representatives of the genus Baetis
sp. (Baetidae). Mayflies of the spe-
cies Ephemerella (family Ephemer-
ellidae) were observed only in May.

Taxonomic diversity plummeted
in early summer (June), when no
mayfly was noticed at the post L2 in
Labowiec. It was only in Homrzyska,
the post located approximately 30 m
downstream from the hydrological
structures (H3) that the presence of
eight species was recorded, five of
which belonged to the genus Baetis.
The post H3 on the Homerka creek
stood out from the rest in terms of
atypical variability of the number of
taxa in this season — most of them
were observed in March (9) and No-
vember (9), and the fewest were seen
in May (only 4).



Late summer and autumn was
marked by re-growth of taxonomic
diversity in mayfly groupings on the
surveyed sections of streams (partic-
ularly in September). August was the
period when the presence of larvae
of Serratella ignita (Ephemerellidae)
was recorded. Moreover, like in the
spring, numerous taxa of the fami-
lies Heptageniidae, Baetidae, as well
as species Heptageniidae, Baetidae
and Paraleptophlebia were observed.
There were no significant differences
in taxonomic diversity of mayfly
groupings between types of posts 1,
2 and 3, which could indicate a pos-
sible influence of hydrological struc-
tures.

Variability in the density of mayfly
larvae in seasonal and spatial terms

The number of mayflies was sub-
ject to considerable fluctuations
throughout the year on all the sec-
tions of the surveyed streams,
leading to big changes in density.
Changes in the density of mayfly
larvae were often marked by large
fluctuations. The highest density was
observed in the Homerka stream, es-
pecially at the posts of the facility in
Frycowa (F) (Figs. 8—12).

By analysing changes in the den-
sity of mayflies on the surveyed sec-
tions of the stream, it can be noted
that they reached the largest num-
bers in spring (especially in May)
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Fig. 7. The number of mayfly species at the posts F1-F3.
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Fig. 8. Changes in the density of mayfly larvae at the posts 1-3 of
the facility N.
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Fig. 9. Changes in the density of mayfly larvae at the posts 1-3 of
the facility L.

and autumn (especially September). Most of them were species from the Heptageniidae
family (Rhithrogena sp., Epeorus sp., to a smaller degree Ecdyonurus sp.) and from the Lep-
tophlebidae family (Paraleptophlebia sp.). The period of summer (June-August) is marked
by a distinct decline in the population of mayflies. Only species of the Baetidae family (Baetis
rhodani, B. melanonyx) and Ephemerellidae family (Serratella ignita, which were numerous
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Fig. 10. Changes in the density of mayfly larvae at the posts 1-3
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in August at the sections with facili-
ties B and F) formed more numer-
ous groupings (Table 3).

It is hard to notice any clear
trends of differentation in the num-
ber of larvae between particular
types of posts (1, 2 and 3). Small
numbers of larvae and small vari-
ation in their density over the year
were demonstrated at the post N3 in
Nowa Wie$ (the Krys$ciéw stream).
In the absence of similar patterns at
the other facilities, it is difficult to
believe that it was the result of the
position of this post in relation to
hydrological structures. However,
the number of mayflies of the Bae-
tidae family rose proportionately to
the size of the stream (the Homerka
stream) and the distance from the
source (facilities in Labowa and Fry-
cowa) (Table 3).

The structure of domination

During the year, it could be ob-
served that a few species distinctly
dominated the studied clusters of
mayflies. Those species reached the
eudominanta status (more than 10%
of the total number of specimens) at
particular posts (Fig. 13) or in par-
ticular months (Fig. 14). In total,
there were 11 species. In the follow-
ing chart, the term ‘domination’ rep-
resents the share of eudominanta.
The structure of taxonomic
groupings was dominated by species
of the families Heptageniidae, Bae-

tidae and Leptophlebiidae. At all the posts, the dominant species were those of the genus
Rhithrogena. These were mostly Epeorus assimilis (they were not dominant at, for example,
posts of the facility in Frycowa) and Baetis rhodani. Ecdyonurus torrentis was dominant in
the middle course of the Labowczanski Potok stream (the facility in Labowiec) and the lower
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Fig. 13. The share of dominants at particular posts during the year.
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Fig. 14. The share of dominants in particular months (at all posts).
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reaches of the Labowczanski Potok and Homerka (facilities in Labowa and Frycowa). Spe-
cies of the genus Paraleptophlebia were dominant at the posts located downstream from the
hydrological structures, on the sections of streams where the basin covered forested areas
(facilities in Nowa Wie$ and Homrzyska). In the spring (March-May), the groupings of may-
flies were dominated by the species of the Heptageniidae family mentioned above, similarly
in November (Fig. 14). The dominant species in the spring was also Baetis rhodani. In the
summer and early autumn (September), the taxonomic structure of dominants was more di-
verse, despite the general decline in the diversity of taxonomic groupings (Figs 3-7). In June
and August, no representatives of Rhithrogena species were observed. However, the domi-
nant species were the Ecdyonurus venosus and other species of the genus Baetis. In Septem-
ber also, the species Paraleptophlebia submarginata were observed. The posts of the facilities
situated in the lower reaches of the streams (Labowa and Frycowa) were characterised by the
dominance of the Serratella ignita larvae (Table 4). The stability of the presence of dominant
species varied during the year. The factor of stability according to the Szujecki formula ac-
cepted the values 1-100 for different taxa (Table 5).

Table 5. The factor of stability of dominant occurrence.

march may june august september | november

Rhihrogena semicolorata 93 93 13 13 100 100
Rh. iridina 93 93 20 20 100 100
Ecdyonurus torrentis 73 80 20 27 80 67
E. venosus 27 60 53 60 40 13
Epeorus assimilis 73 73 40 40 47 93
Baetis rhodani 87 67 60 40 73 73
B. alpinus 13 33 20 7 27 0

B. fuscatus 33 47 33 27 7 7

B. melanonyx 0 27 60 67 40 0

Paraleptophlebia cincta 40 27 0 0 40 47
P. submarginata 27 93 0 7 53 47

Representatives of dominant species of the Heptageniidae family (with the exception of
Ecdyonurus venosus) were present at the majority of posts in the spring and autumn period
(Rhithrogena sp. was even observed at 100% of the posts in the autumn). It was the same in
the case of Baetis rhodani mayfly. Other species of dominants from the Baetidae family were
found at a smaller number of posts. However, the factor values showed smaller amplitude
fluctuations during the year. The larvae of the Paraleptophlebia sp. were noticed mainly in the
spring and autumn; in May the P. submarginata species occurred at 93% of posts.

Taxonomic diversity
The taxonomic diversity of the mayfly fauna at the surveyed posts was quite large, as evi-

denced by maximum and average values of the Shannon-Wiener index, recorded during the
year. At the same time, diversity of particular groups was characterised by considerable vari-
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Table 6. Values of the Shannon-Wiener index for mayfly groupings at the surveyed posts.

Facilities Posts Values
Min. Max. Average value
N N1 0.56 1.73 1.11 £0.53
N2 0 2.32 1.38 £0.78
N3 0.8 1.87 1.53 +£0.37
L L1 0.64 1.66 1.28 +£0.37
L2 0 1.81 0.97 +0.88
L3 0.64 2.14 1.41 £ 0.50
B B1 1.17 1.63 1.41+0.19
B2 0.64 1.78 1.39 £ 0.40
B3 0 2.02 1.25+0.72
H H1 1.49 2.21 1.73 £0.30
H2 1.46 1.89 1.64 +0.19
H3 1.37 1.90 1.57 £0.29
F F1 0.92 2.12 1.59 +0.42
F2 1.46 1.98 1.74+£0.20
F3 1.25 2.11 1.61 £0.34

ability over the year (Table 6). Differences in the index values (min.-max.) raged from 0.43
(post H2) to 2.32 (post N2).

The lowest values of the Shannon-Wiener index were obtained in the summer season, the
and lower values were also observed in spring and autumn. Differences in the index values
between particular watercourses were not significant, whereas the greatest taxonomic diver-
sity of mayfly fauna was recorded in clusters inhabiting the Homerka stream (average index
values ranged from 1.57 to 1.74). It is difficult to distinguish patterns in the distribution of the
Shannon-Wiener index values between posts of particular types (1, 2 and 3).

Trophic functional groups

In mayfly groupings, there were representatives of various feeding guilds (trophic functional
groups).
In the studies area, the different trophic groups represented the following families:
o  Shredders: Leptophlebiidae,
e Scrapers: Heptageniidae,
o Collectors: Ephemerellidae, Caenidae, Ephemeridae and Baetidae.

The analysis of the structure of particular mayfly groupings did not show any significant dif-
ferences in the percentage of distinguished trophic groups between types of posts (Fig. 15a—c).
The participation of scrapers in mayfly groupings at the surveyed types of posts was
the largest — from 64% (type2) to 70% (typel). These were mainly Rhithrogena sp., Epeorus
sp.and Ecdyonurus sp. Approximately one-fourth of the larvae were representatives of collec-
tors — from 25% (type 1) to 28% (type 2). Among them, the most numerous were the larvae
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Fig.15a—c. Percentage of representatives of feeding guilds at particular posts.

of the family Baetidae, mainly Baetis rhodani, and in the summer also Serratella ignita from
the family Ephemerellidae. The smallest group were the shredders — 5% (type 1) and 9% (type
3) — mainly representatives of the genus Paraleptophlebia.

Faunistic similarity

Mayfly fauna inhabiting the studied streams in the sections covering small lateral hydrologi-
cal structures was characterised by a high degree of similarity in terms of composition and
structure of clusters. To a large extent, it could result from the small basin of the Kamienica
Nawojowska, and thus from similar abiotic features of the environment such as the nature
of the ground, speed of water flow and physico-chemical properties of water (Tables 1 to 3).
Cluster analysis showed that mayfly clusters developing directly downstream from hydro-
logical structures (posts of the type 2) differed to certain degree from others, that is, those
occurring upstream from the structures (type 1) and downstream, but at a greater distance
(type 3) (Fig.16).

However, differences within the particular mayfly clusters were not significant. The numbers
of species found on individual types of posts are approximately the same (Table 3). The posts of
type 2 had a smaller number of Rhithrogena sp. and a larger number of Ecdyonurus sp. In addi-
tion, species such as Baetis niger, Torleya mayor and Caenis horaria were found only at posts situ-
ated downstream from hydrological structures. On the other hand, Centroptilum luteolum and

Ephemera danica, whose presence
w  was demonstrated at posts of type
1 and 3, were not observed at
posts of type 2. The studied sec-
tions of streams revealed the pres-
ence of three species included on
] the Red List of Vulnerable and En-
dangered Species in Poland (2002).
These were:  Paraleptophlebia
cincta, Ephemerella notata and
Ephemera lineata. The last one is
P s - mentioned on the Red List as ‘vul-
Fig. 16. Diagram of faunistic similarities by the type of posts. nerable species.

Tyl

Typ1
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Discussion

The results of research connected with mayfly fauna conducted in the Kamienica Nawojows-
ka river basin in the years 2010-2011 can be compared with similar tests carried out in the
same area in the years 1964—1965 by Za¢wilichowska (1968). Taxonomic diversity of mayfly
groupings demonstrated by the studies of the 1960s does not differ significantly from the
taxonomic richness showed by present research.There are, however, some differences, in the
taxonomic structure of groupings. In 2010-2011, during the period from June to September,
mayflies were represented by numerous larvae of the family Baetidae, including Baetis mel-
anonyx, B. rhodani and B. fuscatus. At the same time, in summer, those mayflies constituted
only 10% of benthic fauna in the Labowczanski Potok (facility L) and the Homerka (facility
H). In addition, in September, mayflies from the genus Rhithrogena (Heptageniidae) reached
the dominant status in the Kry$ciéw stream. Meanwhile, Za¢wilichowska (1968) showed an
overwhelming dominance in zoobenthos of the family Baetidae (mainly Baetis rhodani) in
each of the three studied watercourses. Furthermore, she noted the presence Ecdyonurus hel-
veticus and E. venosus (up to 10% of the benthic fauna) in the Labowczanski Potok, as well as
the occurrence of Ephemerella ignita and Caenis macrura in the Homerka stream.

Mayfly fauna demonstrated in this study was similar in its taxonomic composition to
groupings of watercourses in other Beskid river basins, e.g. the Gorce, the Pieniny and the
Bieszczady Mountains (Zasgpa et al., 2006; Klonowska-Olejnik et al., 2012; Klonowska-
Olejnik, Skalski, 2014). This concerns mainly mayflies that are common in this area, which is
representative of the family Heptageniidae (genus Ecdyonurus, Rhithrogena, Epeorus), Bae-
tidae (genus Baetis, Centroptilum) and Ephemerellidae (genus Serratella, Habrophlebia). In
the above mentioned Beskid river basins, the family Leptophlebiidae was more often repre-
sented by Habroleptoides confusa larvae, whereas in the current studies the dominant genus
was Paraleptophlebia. Many researchers have shown that the basic abiotic factors determin-
ing the taxonomic wealth of gropus of benthos in mountain watercourses are: the type and
structure of the substrate, the speed and volume of flow, water temperature and its oxygena-
tion, as well as the character of basin development (Hawkins, Sedella, 1981; Sandin, Johnson,
2004; Pedersen, Friberg, 2007). In the studied watercourses of the Kamienica Nawojowska
river basin, those elements of the biotope developed in a similar way, influencing the forma-
tion of similar mayfly groupings. There was no evidence, therefore, of any significant differ-
ences in taxonomic diversity between groupings inhabiting the studied watercourses, but
only some variation in their composition and structure. Dominant species were the litophilic
ones and reobionts, which prefer fast flowing and well-oxygenated water, e.g. Epeorus sp.,
Ecdyonurus sp., Rhithrogena sp. There were also representatives of taxa of broader distribu-
tion and higher environmental tolerance, such as Baetis rhodani and Serratella ignita (Olsen,
Watzin, 2009).

Within the tested facilities (N, L, B, F, H), the structure and grain size of the bottom sub-
strate were similar — these were mainly stones and gravel, coarse particulate organic matter
(CPOM), as well as sandy and silty deposits. Such a heteregenous structure of the bottom
substrate resulted in a large variety of habitats, and this in turn influenced in a crucial way the
taxonomic richness and diversity of benthic groupings. The grain size of the bottom as well
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as the presence of organic matter in the mineral substrate affects the density and distribu-
tion of benthos at the bottom of a stream (Thorp, Covich, 2001; Wood et al., 2007). Also, the
stability of the substrate is an important feature when it comes to its colonisation by inverte-
brates (Jowett, 2003). According to Wyzga et al. (2002), the presence of rocky material of high
granulity, as well as wood debris favours the accumulation of muddy sediments, fallen leaves
and thus creates favourable living conditions for many species. This was also confirmed by
research done by Dumnicka et al. (2007). Only at the bottom of evorsion potholes, directly
downstream from the hydrological structures, rock material was sorted out and small, which
reflected negatively on habitat conditions, making them unfavourable for the development
of benthic forms. Similar observations were made, among others, by Kaller and Hartmann
(2004).

Temperature significantly affects the development cycles of insects (Brittain, 1982;
Kukuta, 1997; Lessard, Hayes, 2003; Haidekker, Hering, 2008; Brown et al., 2010). The life cy-
cle closely associated with temperature fluctuations occurs in, among others, mayflies of the
genus Baetis (Sand, Brittain, 2009), which were reported on the tested posts throughout the
year and were especially numerous in lower reaches of watercourses, where shading was less
intense (facilities B and F). In turn, the greater shading causes less light to reach the bottom of
the watercourse and, as a consequence, affects the development of photosynthetic organisms.
However, no significant differences in the development of periphyton on the bottom of rivers
were observed, with the exception of the Krysciow stream (facility N), but even in this case,
the coverage of the substrate by periphyton reached approximately 50% in some months. The
low water temperature, alkalinity and high degree of saturation of water with oxygen were
conducive to the development of cryophilic and species living in highly oxygenated water, as
well as those sensitive to the level of water pollution. Among them there were representatives
of the family Hepteganidae (especially the typically ‘mountainous’ genera such as Rhithroge-
na, Ecdyonurus and Epeorus) (Allan, 1998; Bogdanowicz et al., 2007). In the studied sections
of watercourses, the concentrations of nutrients had no significant effect on the formation of
clusters of mayflies. Both the values of nitrogen and phosphorus compounds fell within the
lower limits of acceptable standards (Regulation of the Minister of Environment of 24 July
2006). It should be remembered that the highest concentration of nitrate nitrogen was noted
in Labowa (facility B), whereas that of ammonium nitrogen was recorded in Frycowa (facil-
ity F). This was probably due to the fact that these facilities were located in the lower reaches
of watercourses, flowing through the countryside. Clarke and Scruton (1997) demonstrated
that taxonomic diversity in clusters of benthos is inversely proportional to the concentration
of nitrogen. In the present study, probably due to low concentrations of nitrates and ammoni-
um compounds, this theory has not been confirmed - the values of coefficient of taxonomic
diversity obtained at different posts were high and close to each other, and the greatest values
corresponded to clusters inhabiting the section of the facility E, where the concentration of
ammonium nitrogen was highest. For example, mayflies of the genus Habrophlebia, which
are relatively sensitive to higher levels of nitrogen, as indicated by Pokorny et al. (2012), were
observed in the very Homerka stream, near the town of Frycowa (F).

The taxonomic diversity and abundance of specimens in the betnhos of watercourses
are influenced by trophic state index of water, which is shaped, by, among others, the nature
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of the development of the river basin and coastal areas (Kopacz, Twardy, 2006; Galbraith et
al., 2008). According Térnblom et al. (2011), mayflies do not show in this regard any clear
preferences — at most, the willingly inhabit streams whose basins are agricultural in character
(extensive agriculture). Mayflies have a greater environmental tolerance than stoneflies and
caddisflies, when it comes to the type of coverage of the basin area (Hughes, 2006; Galbraith
et al., 2008; Medhurst et al., 2010). It was confirmed in this study. Representatives of most
species of mayflies showed no clear preference as to the nature of the development of the
basin on the given sections of watercourses. Many species of the genus Baetis shows a high
tolerance to changes in environmental factors within the channel and basin (Bottova et al,,
2012). Thus, in the facilities of the lower reaches of streams, where the adjacent part of the ba-
sin was agriculturally developed, numerous representaives of the Baetis, as well as Serratella
ignita, were observed. In the studies of flowing waters, it has been shown that an increase in
the size of a watercourse is positively correlated with an increase in the number of taxa occur-
ring in this watercourse (Clarke et al., 2008; Sheldon, Warren, 2009). This is related to, among
other things, the availability and greater diversity of habitats and the diversity of ecological
niches (Mykra et al., 2011). This thesis is confirmed by the fact that the greatest taxonomic
richness of mayflies was found in the Homerka creek. In the Homerka, especially in the es-
tuary section (the facility in Frycowa), the roots of trees and shrubs growing on the banks,
immersed in water, as well as submerged tufts of grass, and even waste deposited in some
places, encouraged a greater diversity of habitats for mayfly larvae. Reported changes in the
number of taxa represented in the clusters of mayflies and in the number of particular spe-
cies were mainly related to their life cycle (Bogdanovich et al., 2007; Alibozek, Ganger, 2008;
Blaszak, 2012). Mayflies of the families Baetidae and Heptageniidae were found through-
out the year. Some species of the family Ephemerellidae (Ephemerella notata, E. mucronata)
were not noticed in summer, while Serratella ignita occurred primarily during the summer
months. Representatives of the family Leptopheblidae appeared most frequently in summer
and autumn. This is consistent with observations made by Klonowski-Olejnik and Skalski
(2014), who proved that for most of the year it is mainly the seasonal occurrence that deter-
mines the taxonomic structure of mayfly groupings in the Carpathian basins studies by them.
The results obtained are consistent with the data presented in the literature connected with
life cycles of mayflies and the scope of their occurrence in Poland (Brittain, 1982; Jazdzewska,
2001; Bogdanovich et al., 2007; Blaszak, 2012).

The presence of hydrological structures

In lotic environments, one of the factors determining the structure of groupings is the wa-
ter flow, both its volume and speed. The speed of flow and bottom erosion influence the
structure of the bottom substrate, deposition of organic matter and thus the microhabitats
and food base of many benthic invertebrates (Small et al., 2008). The structure of the flow is
therefore reflected in the structure of microhabitats and groupings inhabiting them (Thorp,
Covich, 2001; Parasiewicz, 2003). This affects the distribution of lotic species and those opt-
ing for an environment of calmer waters, as well as species preferring certain types of the
substrate (Davy-Bowker et al., 2006). In the case of the distribution of mayflies of the Epeorus
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sp, it was demonstrated by Hoover and Ackerman (2011) that flow conditions are more im-
portant than food availability and the presence of predators. Organisms react differently to
changes in the volume of the flow (Poof, Zimmerman, 2010). It is a more pronounced reac-
tion than in the case of a change in the flow velocity alone. The examined sections of streams,
located in the region of small lateral hydrological structures, showed no abrupt changes in
species composition and taxonomic richness either between watercourses or types of posts.
This was related, among other things, with the fact that the hydrological structures occurring
on those streams did not cause changes in the volume of the flow, but only led to a change
in its speed on short sections downstream from erosion potholes. Therefore, changes in the
groupings differ from changes in the volume of the flow caused by hydrological structures
— even structures of small sizes, which, however, have a damming effect on water (Almeida
et al,, 2009; Gallo et al., 2010; Patterson, Smokorowski, 2011). The fact that mayflies settle in
different types of habitats also results from preferences of particular taxa as to the speed of
the flow and susceptibility to drift (Armitage, Cannan, 2000; Oldmeadow et al., 2010). It does
not always happen, however, that an increase in the values of shear stress is associated with an
increased drift (e.g. in the case of certain species of the genus Baetis; Wilcox et al., 2008). In
the studied streams, there were representatives of typically rheophilic taxa, which prefer fast
flow and show tolerance to high values of shear stress. These were, among others, mayflies
of the Rhithrogena sp. and Baetis sp. Mayflies of the Ephemera sp. and Paraleptophlebia sp.,
as well as Centroptilum luteolum, which were observed on the studied posts, prefer, in turn,
slow water flow, e.g. coastal bays with high CPOM concentration (Mobes-Hansen, Waringer,
1998). It was also proven that there were representatives of taxa indifferent to the speed of
the flow (e.g. Ephemerella ignita or Ecdyonurus sp.). Despite the fact that on the examined
sections of streams, there are hydrological structures reducing the speed of the flow, and
there was no significant taxonomic depletion or abrupt changes in the mayfly groupings on
the posts located upstream and downstream from the hydrological structures. The faunistic
similarity between post types (1,2,3) was big, and the differences in taxonomic richness and
abundance of organisms were small, which allows researchers to rule out a significant impact
of lateral hygrological structures on groupings of mayflies on the studied sections of streams.
Great taxonomic diversity and richness downstream from the structures are also connected
with a lack of other structures (e.g. lining up whole channels or their fragments with stone or
concrete). The shape of mayfly clusters on the examined streams and their particular sections
was not affected as much by small lateral hydrological structures as by seasonal occurrence of
taxa, similar type and structure of the bottom substrate, the nature of basin development and
the location of a given post on a particular section of the watercourse. Mayfly groupings have
been significantly depleted after regulatory works, which is proven by the comparison with
research results of the previous years. The issue of the formation of macrobenthic groupings
in the region of small lateral hydrological structures requires further research on a larger
scale, primarily in other river basins of the Beskids.
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