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Ekologia i biogeografia jetek (Ephemeroptera) wéd plynacych
w polskiej czesci Karpat.
1. Rozprzestrzenienie i analiza iloSciowa

Ecology and biogeography of mayflies (Ephemeroptera) of running
waters in the Polish part of the Carpathians.
1. Distribution and quantitative analysis

Wplyngto 29 kwietnia 1974 r.

Abstract — Mayflies, mainly nymphs, of running waters in the Polish part of the Carpathians
and the immediately neighbouring territory of the fork made by the Rivers Vistula and San, lying
to the north, are elaborated. Investigations were carried out in the years 1958 to 1972 in 68 water
units at 180 stations. The history of the hitherto carried out investigations, a list of species
and their synonymy, discussion on dubious species or poorly known ones and their distribution
are also given for the investigated territory. The maximum distribution of species and the degree
of their attachment to the given type of running waters are discussed. For the main water systems
5 different communities of mayflies were discovered in their longitudinal distribution, the investigated
water systems being divided into 6 longitudinal zones. In the water system Olszowy-Koninka-Po-
rebianka-Raba the quantitative distribution of mayflies in five habitats on a stony-gravel bottom
are elaborated, in zones 2., 3., and 4., seasonal variations in the abundance of communities in these
habitats are given for the year 1969/70.

Introduction

Ephemeroptera are — apart from Diptera and Trichoptera — one of the most
important groups of water insects in inland running waters, considering the number
of species, their dispersion, abundance, and biomass. As phytophags they participate
in the secondary production of these waters in an essential way, being a highly
calloric and accessible feed for fish. Mayfly nymphs show a great differentiations as
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to their environmental requirements and many of them show a distinct adaptation
for living in the water current. Owing to this and to a distinct zonation which can
be observed in the distribution of many species along the water courses, mayflies
are specially useful in biological classification of running waters. There is a possibility
of making use of mayfly nymphs as biological indicators in evaluating the purity
of streams and rivers, as this group of animals is very sensitive to water pollution
with sewage, and to other changes in the natural conditions of running waters,
caused by man and also due to the fact that determination of a great majority of
species is fairly easy even for the layman. Hence the interest in the order Epheme-
roptera, for a long time lively also among hydrobiologists, has greatly increased
in recent years, the number of papers on the biology of mayflies and especially
their nymphs, amounting to some hundred items from Europe alone. In Hynes’
monography (1971) devoted to the biology of running waters, the majority of ecolo-
gical problems are discussed on the example of this insect group. Nevertheless, as
concerns their systematics, Ephemeroptera remained till recent years surprisingly
little known, even on the European continent; a great many species, especially
within the Heptageniidae, Beatidae and Caenidae, are still awaiting a modern critical
elaboration of their species composition based upon a large comparative material
as, e. g., the especially valuable elaboration by Miiller-Liebenau (1969) on
European species of the genus Baetis Leach. Such a situation in the taxonomy of
European mayflies and a great increase in the number of newly discovered species
in recent years, making it necessary to treat the existing data carefully also in the
line of ecology of many species, was not without influence on the character and
arrangement of the present paper.

The present paper concerns the mayflies of running waters on the territory of
the Polish part of the Carpathians and on the territories bound by the right side
of the River Vistula. 68 streams representing various environmental conditions
were investigated; from the spring section of the stream of high mountain character
to a lowland river. The material was collected in the years 1958—1972. The paper
presents the distribution in space and time of mayflies in the investigated area. It
discusses their distribution along the streams and rivers, distinguishing separate
longitudinal communities and analysing the abundance of species and their communi-
ties in spatially more important habitats on the example of the catchment area
of the Raba. The history of the performed investigations on Carpathian mayflies,
the synonymy of the discovered species for the investigated territory, and a taxonomic
discussion of the material are also presented.

2. History of the hitherto investigated mayflies from the Carpathians

Studies on mayflies in the Polish part of the Carpathians can be divided into three
periods. In the first of them ate reports of faunistic character by E. Majewski,
M. Nowicki, F. Schille, A. Wierzejewski and, above all, by Dziedzielewicz
from the second half of the XIX and the first 15 years of the XX century; these were
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based exclusively on adults of mayflies collected in various regions of the western
and eastern Carpathians. A summing up of this pioneer period is given with a biblio-
graphy in the paper by Dzigdzielewicz (1919), in which he mentioned 15 species
from the territory where the present investigations were carried out and included
a number of ecological and phenological remarks on them.

The second period, between the wars, comprises almost exclusively papers by
Mikulski (1929, 1931, 1933, 1936, 1937, 1938). This author based his investi-
gations also on nymphs, associating their occurrence with environmental factors.
The problems dealt with refer to taxonomy and zoogeography of the order, consid-
erable data also on the biology of particular species being given. In his key for the
determination of mayflies of Poland Mikulski (1936) mentioned 42-species for
the Polish part of the Carpathians, of which almost half were considered common
species in this territory. Apart from Mikulski, Steinberg (1935) examined the
development and morphology of larvae of Baetis alpinus (Pict.) in some streams
in the Tatra Highlands.

The third period covers publications from the beginning of the fifties till the
present time. The authors base their investigations mainly, or exclusively, on nymphal
material and with regard to the discussed problems their works can be divided into
some groups. The distribution of mayfly nymphs in the system of water bodies
as well as data on the abundance of species and their phenology formed the subject
of the investigations of Mikulski (1950), Sowa (1959), Kamler (1960, 1962),
and Glowacifiski (1968). Similar as to the problems but discussing mayflies
together with other groups of water insects or with the whole macrofauna of the
bottom of the streams, were the elaborations by Musiat et al. (1958, 1962), Sowa
(1961, 1965, 1965 a), Ciszek, Sosinska (1965), Krzanowski et al. (1965), Kow-
nacka, Kownacki (1965, 1968), Kownacki, Kownacka (1965), Zieba,Zacwi-
lichowska (1968), Zieba (1968), Kownacka (1971), Krzyzanek (1971) and
Szczesny (1974). The papers by Kamler (1965, 1966, 1967) concern the relation
between chosen abiotic factors of the environment and the mayfly nymphs; the
author analyses, among others, the effect of drying out of streams, the influence
of water temperature and the current speed on the behaviour of species and discusses
their altitudinal distribution. The taxonomy and autecology of some species less
frequent, poorly known, or new for science are dealt with by Sowa (1961a, 1962,
1971, 1971a, 1971b, 1971c, 1972, 1973, 1973a, 1973b, 1974), Thomas, Sowa (1970),
and Keffermiiller, Sowa (in press).

The great majority of the mentioned papers concern mayflies of the running
water system. Data referring to stagnant waters, especially the Tatra lakes, can be
found in Mikulski (1936), Kamler (1960), Kownacki, Kownacka (1965). As
concerns running waters, the greatest attention was paid to mayflies of the Tatra
streams and some rivers in the Tatra Highlands region (Kamler 1960, 1962, 1965,
1966, 1967, Kamler, Riedel 1960, Ciszek, Sosinska 1965, Krzanowski et al.
1965, Kownacka, Kownacki 1965, 1968, Kownacka 1971). Some large, or
medium sized streams in the Silesian Beskids (Mikulski 1950), in the Beskid Maly
(Sowa 1965), in the Gorce Mountains and in the Beskid Wyspowy (Mikulski
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1937), in the Beskid Sadecki (Zac¢wilichowska 1968, Szczesny 1974) were also
investigated as well as fragments of some streams in the Bieszczady Mts (Kamler
1965, 1967) and of some highland and lowland streams and small rivets in the vicinity
of Cracow (Sowa 1959, Glowacinski 1968) and in the O$wiecimska Valley (Sowa
1961). In spite of this relatively rich literature many important physiographical
regions in the Polish part of the Carpathians have not yet been elaborated with
regard to the composition and distribution of mayflies, especially little being known
of the mayflies inhabiting the great Carpathian rivers from which only the Dunajec
has been investigated in this respect over its whole length.

From the other parts of the Carpathians, the territory lying within the Cze-
choslovak borders has been relatively the best elaborated. Mayflies were here the
subject of faunistic and taxonomic investigations of some older authors such as
F. Klapdlek, J. Samdl, J. Komdrek, A. Mocsdry and S. Pongrdcz, and of
a number of hydrobiological investigations, especially on 1unning waters in the
Slovakian part of the Tatras and some larger tributaries of the Danube. Among
more recent papers which concern this region of the Carpathians exclusively or partly,
the following deserve mention: Zelinka (1950, 1953a, 1969, 1973), Winkler
(1952), Obr (1955), Dudich (1958), Husdrova-Dudikova (1960), Zelinka,
Rothschein (1967) and Landa (1968, 1968a, 1969). Zelinka and Rothschein
(1964) give a total of 61 species for the running and stagnant waters of Slovakia.

There are not many publications on mayflies of running waters from the Eastern
Carpathians lying within the borders of the USSR. The results of older faunistic
investigations can be found in the papers by Dzigdzielewicz (1919) and Mikulski
(1936). The streams in the Czarnohora massif were investigated by Mikulski
(1935) and a number of streams and torrents in the catchment area of the Prut
were investigated by Pawlowski (1959).

There are also relatively few data on the habitation by Ephemeroptera of various
Carpathian massifs on the territory of Rumania, though this order was there the
subject of many ecological and taxonomical elaborations, the key to the Rumanian
mayflies of Bogoescu (1958) being partly a summing up of these investigations.
Among papers concerning the distribution of mayfly nymphs in the system of running
waters, there are some publications by Tabacaru (1956) for the region of Suceava,
by Miron (1959, 1960) for the catchment area of the Bistrita in the Rumanian part
of the Eastern Carpathians, and by Botosaneanu and Tabacaru (1963) for
the Transylvanian Alps.

3. Investigation area

3.1. General remarks

The area selected for the investigation resembles an irregular triangle whose
north-western side is constituted by the bed of the Vistula down to the mouth of
the San, the eastern one the river bed of the San, and the southern one the Polish
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border with Czechoslovakia. This area was divided into 6 investigation regions
which, with geographically take in the majority of mountain units lying in the Polish
part of the Carpathians: the Tatras and the Tatra Highlands (Podhale), the Silesian
Beskids, the Beskid Wysoki, the Gorce Mountains, the Beskid Wyspowy, the Pie-
niny Mountains, the Beskid Sadecki, and the Bieszczady Mountains. With regard
to hydrography, the particular regions cover: region I — the catchment area of
the Sola; region II — the tributaries of the Skawica and Orawa in the Babia Géra
massif, region III — the catchment area of the Raba, region IV — the catchment
area of the Dunajec, region V — the catchment area of the San, and region VI —
some tributaries of the Vistula in the vicinity of Cracow. In this territory a total
number of 180 stations were selected for investigation, these being distributed in
68 running water units. The difference in altitude between the highest and the lowest
lying stations was more than 1400 m. The majority of stations lie in the mountainous
territory where the investigations were carried out above all in the streams which
sculpturing the main valleys with wooded slopes, subsequently form larger hydro-
graphical units, the tributaries of the Sota, Skawa, Raba, Dunajec, and San. A great
number of stations were sitauted on those rivers, with the exception of the Skawa.
According to the assumption made in these investigations no stagnant waters were
considered.

3.2. Description of streams in particular regions

3.2.1. Region I — the Sola and its tributaries

The Sola, which together with its tributaries drains the territory of the Silesian
and Zywiec Beskids is 88 km long, 780 m total gradient, and 8.4 pro mille mean
unitary gradient. The catchment area is 1388 km?. After joining the Rycerka at
Ujsoly, the Sofa flows in its middle course across the Zywiecka Valley where the
Zylica and Koszarawa — which drain, among others, the greatest elevation in the
catchment area of the Sola, i. e the Pilsko massif (1557 m above sea level) — fall
into it..Having passed the nartow valley of the range of the Beskid Maty the Sota
flows along the large preglacial valley of the River Vistula, falling into this river at an
altitude of 220 m above sea level. In the middle course of the Sota two dam reservoirs
have been built from which only that at Porabka existed at the time of the investi-
gations. Along almost its whole course the Sola has the character of a mountain
river. It is characterized by a straightened course making easier the run-off of flood
waters in consequence of rapid freshets and quick falls in the water level caused
also by the rather poor afforestation of the territory of the Zywiecka Valley (Paster-
nak 1960). In the river basin of the Sola 29 stations were established on 9 water
units (fig. 1). A list of these stations with their short hydrological characteristics
is given in Table I.
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Ryec. 1. Rozmieszczenie stanowisk w dorzeczu Soly (region I)
Fig. 1. Distribution of sampling stations in the catchment area of the Sota (region I)
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Stations 1—6 were situated on the stream Wielka Puszcza, which flows along
a narrow wooded valey in the Beskid Maly. The stream has a lotic character along
its whole length and a stony bottom with a prevalence of large and medium sized
flat sandstones. The paper by Sowa (1965) contains a detailed description of the
stream. Of a similar character is the Rycerka at stations 7—9, a tributary of the
Ujsola at station 20, and the streams Glinny at Kotbieléw and Zylica at Szczyrk
as well as the Kocierski stream above fgkawica (stations 22, 27, and 29).

Stations 11—14, 19, 21, and 24—26, situated in the lower course of the Rycerka,
Ujsota, Sopotnia, the middle and lower course of the Koszarawa and the upper
and middle course of the Sola, are characterized by the occurrence of great amounts
of rounded rock débris forming distinct shelves in the riverbed. In the water
course narrower lotic parts are formed alternately with larger lenitic parts with
a slower current. Deep places or “sleeves” with sediments of sand and mud are
formed at the sides. Also the stones in the lenitic parts are sometimes covered
with a thin layer of mud. In the lotic parts, diagonal heaps of stones or coarse gravel
are often formed, the water overflowing them making shallow rapids. On the bottom
medium sized or large stones, flat and imbricated sandstones are often found. At
stations 15—17 in the lower course of the Sofa the bottom is formed by small stones
mixed with medium sized ones, a large percentage of the area being occupied by
banks formed of gravel.

Stations 1, 2, 7, and 29 were situated in a mixed wood and were completely pro-
tected from the sun. Fairly shaded were the stations: 5, 6, 8, 9, 22, and 27,
situated at the edge of the forest or having banks overgrown with clumps of trees.
Other stations were fully insolated. Stations 15—17 were subjected during the investi-
gation period to the influence of a specific rhythm of changes in the level of the
water let out from the dam reservoir at Porgbka. Station 14 had distinct traces of
pollution with municipal and industrial wastes from Zywiec and station 28 with
wastes from the tanning industry at Lodygowice. Within the other stations the
investigated streams were practically clean. Traces of technical regulation of the
banks of the bed were visible at stations 11, 15, 17, and 24.

3.2.2. Region II — the streams of the Babia Gora massif

Mt. Babia Gdra, the highest elevation in the Beskid Wysoki, has clearly developed
zones of land vegetation including the Alpine zone. From the top of this elevation
(1726 m above sea level) till about 1200 m above sea level the gradient of the slopes
is greater in the northern than on the southern side of the massif. In the interval
of altitude 1200 m — 700 m the two slopes of the massif have a similar gradient
and are cut by fairly shallow V-shaped valleys down which numerous streams,
affluents of the Orawa and Skawica, flow. For the investigations 13 water units were
chosen on which 38 stations (fig. 2) were established. A list of the stations with their
hydrological characteristics is given in Table IL. The streams on which the stations
were established can be divided, with regard to their physiography into 6 groups:
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Ryc. 2. Rozmieszczenie stanowisk w dorzeczu Skawicy i Orawy (region 1I). 1 — potoki i stanowiska;
2 — granica panstwowa z Czechoslowacja; 3 — granica Babiogorskiego Parku Narodowego
Fig. 2. Distribution of sampling stations in the catchment area of the Skawica and Orawa (region II).
1 — streams and stations; 2 — state frontier with Czechoslovakia; 3 — boundary of the Babia Goéra

~ National Park

—springs and short sections of outflows situated on the Alpine or mountain pine zone.
Their bottoms are stony and covered with gravel, in places having sediments of
detritus with mud. Stations: 13, 29, and 30; — upper sections of the main streams
situated in the upper montane zone and the upper part of the lower montane zone
and also in the lower part of the mountain pine zone. On the bottom a majority
of large stones and boulders; at the banks and deep places gravel and detritus se-
diments. The water flows between boulders forming cascades. The stones are richly
overgrown with water moss. Stations: 9—12, 23, 27, 31—34; — streams in the
montane zone, not sculpturing distinct valleys, affluents of main streams. The bottom
is stony with a majority of medium sized and small stones or covered with gravel
with sediments of mud and detritus. The water flows on the whole breadth of the
narrow, shallow river bed. Stations: 5, 17, 18, 22, and 28; — well developed middle
and lower sections of the main streams in the lower montane zone and arable fields
flowing in larger valleys. Stone shelves and long lotic sections alternately with short
lenitic ones are formed in the riverbeds. On the bottom there is a prevalence of large
stones. Behind the stones or at the banks narrow sediment banks of gravel and
sand are sometimes formed. Stations: 2—4, 6—8, 15, 16, 19—21—25, 35, 36, 38,
and 39; — initial sections of small mountain rivers with wider stone shelves and
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longer lenitic overflow parts. In the bottom there is a greater participation of medium
and small sized flat stones. Stations: 1 and 37; — meadow streams with shallow,
narrow riverbeds filled with water on the whole breadth. Grass immersed in the
water hangs from the banks. There is a gravel-sandy bottom with small stones on
long section covered with sediments of sand with mud and detritus. Stations: 14
and 24.

Stations: 4, 7—9, 11, 17, 20—23, 25, 27, 33—35 were completely or almost
completely shaded. Stations 3, 6, and 31 wete also slightly shaded, the remainder
being completely or almost completely exposed to the sun. All the investigated
streams were practically unpolluted.

3.2.3. Region IIT — the Raba and its tributaries

The Raba and its tributaries drain the north-western part of the Gorce Mts
and the major part of the Beskid Wyspowy. The river is 137 km long, the total gra-
dient 5.3 pro mille and the catchment area 1528 km?. Investigations were carried
out in this region at 22 stations comprising 10 water units (fig. 3). A list and short
hydrological characteristics are given in Table III. For more detailed quantitative
investigations the lower and middle course of the Raba were chosen as well as the
system of tributaries flowing down from Mt Turbacz (1311 m above sea level):
the Olszowy-Koninka-Porgbianka stream, falling into the Raba through a short
section of the River Mszanka. Till the mouth of the Mszanka the Raba is longer
than that river by about 15 km. The catchment areas of the two rivers, however,
are similar, and the amount of water carried by the Mszanka is sometimes even
greater (Punzet 1969). 11 stations were situated in this systeni.

Station la — rheocrene, covered with disintegrated rubble with admixture of
gravel in a young spruce wood.

Station 1 — the spring outflow of the ‘Olszowy stream in a narrow V-shaped
valley densely overgrown with mixed forest. The bottom is covered with large flat
stones, in shallow pools with slow current sediments of gravel and stones are formed.

Station 2 — the Olszowy stream below the junction of two spring streams in
an open V-shaped valley. The current fills the whole river bed, forming sections
of cascades between boulders and large stones and distinct deep places with a bottom
formed of small stones and gravel with sediments of detritus (fig. 4A).

Station 3 — the Olszowy stream in a deep valley overgrown with mixed forest
with a prevalence of beech and hornbeam. Shallow marginal pools are formed at
the sides of the riverbed, the bottom being formed of stones and gravel with sediments
of mud and detritus. In the lotic parts there is a prevalence of large, flat stones.

Station 4 — the Koninka stream on the edge of the forest. In the lotic parts the
watetr over solid rock boulders and large stones. In places where the current is slower
stones of medium and small size prevail, narrow gravel sediments (fig 4B) occurring
at the edges of larger-stone heaps.

Station 5 — the River Porgbianka at Podobin. It flows in a channelled valley.
In the riverbed a stone shelf of considerable size is formed. Lotic sections with
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Ryc. 3. Rozmieszczenie stanowisk w dorzeczu Raby (region IIT)
Fig. 3. Distribution of sampling stations in the catchment area of the Raba (region 1)
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a narrowed channel intersperse with longer lenitic sections. In both these sections
there is a prevalence of medium sized stones with a great share of small ones.
Stations 6—8 — In the middle part of the Raba, are of a similar character. The
river changes its channel from bank to bank between large stone shelves, forming
distinct lotic sections interspersed, as in the Sola, with lenitic ones. Shallow rapids
are often formed in the heaps of gravel and stones behind which ?sleeves” or deep
places with sediments of sand covered with mud are formed (fig. SA and 5B).

Station 9 — the Raba near Bochnia. Lotic and lenitic sections are no longer
distinctly marked. The bottom is usually of giravel and small stones on which single,
flat stones lie. Behind the reinforced banks backwaters with sediments of sand and
mud are formed.

Station 10 — the Raba at Bogucice. The river flows here almost in the whole
breadth of the regulated riverbed. In the middle of the channel the bottom consists
of gravel mixed with coarse sand, sparsely distributed single stones of various sizes.
At the sides are sandbanks with sediments of mud.

Stations 11 and 12 are situated in the upper course of the River Raba. At the
first station, at Sieniawa, the Raba is still a stony piedmont stream of medium size
in which banks of gravel and sand appear in places. At the second one, below Rabka.
the river is similar in appeaiance to the Porgbianka at Podobin. Krzczonéwka,
Trzebunia, Krzyworzeka, and Stradomka are in the area of stations 13, 15, 19
and 20 small piedmont rivers developing distinct stone heaps (shelves) in their beds.
The general appearance of these rivers is similar to that of the Porgbianka at station
5. Stations 14 and 16 concern medium sized streams similar to the Olszowy at
station 3. Stations 17 and 18 were situated at the mouth section of small streams,
a forest and a meadow one, falling into the Raba above Droginia. The forest stream
flows in a narrow gorge overgrown with mixed forest. On large sections of the stream
bottom argillaceous slates ate uncovered, while in other places shallow gravel beds
or sediments of sand and mud are formed. The meadow stream has a clayey and
stony bottom. The Stradomka, within the station 21, flows in a regulated bed in
which long sections of slow current and a sandy-muddy bottom are interspersed
with short sections with gravel deposits and swift current.

Stations: la, 1, 2, 3, 14, 16, 17 were completely or almost completely shaded.
Stations 4 and 11 were half shaded the remainder fully expesed to the sun. Distinct
traces of pollution with municipal sewage were observed at station 10, others being
pracitically free from any pollution. In the course of the investigations, traces of
regulation of sections of the rivet bed by means of a bulldozer or by removing
stones and gravel were visible from station 5 to station 9. Detailed geological and
pedological characteristics of the catchment area of the Raba and of the bottom
sediments can be found in Pasternak’s papers (1969, 1969a).

3.2.4. Region IV — the Dunajec and its tributaries

The Dunajec drains the highest part of the Polish Carpathians — the Tatras.
From its springs situated in the Western Tatras at an altitude of about 1600 m above
sea level, the river flows through a number of physiographically distinctly different
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territories: the Podhale (Tatra Highlands), the Nowotarska Valley, the Pieniny

" Mts, the Beskid Sadecki and the Nowosgdecka Valley. The Dunajec is 251 m long
its catchment area 6 798 km?, total gradient 1450 m, mean unitary gradient 5.8
pro mille. In this territory investigations were carried out in 21 water units on which
45 stations were established. Descriptions of the stations together with hydrological
data are presented in Table IV. '

The investigated sections of the Tatra streams (stations: 1—4, 11—13, 15, 19—23)
differ, above all, in their bottom structure. Granite boulders, rocks, and stones of
various sizes in the form of rounded boulders are deposited chaatically in theriverbeds.
The share of pure gravel fractions, sand, and mud is minimal. On the other hand,
thick detritus is often collected at the banks. Among the tributaries of the Dunajec,
flowing in the Podhale and in the Nowotarska Valley (stations: 14, 16—18, 2429,
and 36), the Biatka Tatrzafiska is distinguished by its specially mountainous character
with granite boulders of various sizes in its bed which preserves its character
unchanged till its mouth. The Lepietnica, RogoZnik, Lesnica, and Cicha Woda have
the appearance of small piedmont rivers on their investigated sections, with a bottom
built up of stones and gravel and slower current. The Potok Czarny, Muszynka,
and the streams Wielka Roztoka, Mata Roztoka, and Kamienica Gorczaniska
(stations: 30—34, 38—43) are similar to sections corresponding in size of the water
system Olszowy-Koninka-Porgbianka in the cartchment area of the Raba. The
tributary of the Zbludza stream (station 43) flows on a shallow incised slope, over-
grown with mixed forest. The whole width of the riverbed is filled with water. The
bottom is formed mainly of sandbanks with gravel, small stones and partly of sand
or sand and mud. The Dunajec down to Nowy Sacz (stations: 5—9) has the cha-
racter of a mountain river. The station in the vicinity of Czorsztyn is different,
the river flowing here along a narrowed valley, large bouldeis and rocks embedded
in its bottom. In other places the Dunajec resembles the Raba or Sota in their middle
course. Below the dam at Roznow (station 10) the Dunajec becomes a piedmont
river. The bottom is of gravel and stone or gravel, the banks of the river are partly
regulated, and there is a distinct prevalence of lenitic sections over short lotic ones.

Stations: 16, 19, 23, 30, 33, 34, 37—40 were completely or at least half shaded.
Stations 1, 3, 11—13, 15, 20, 31, 41, 42, and 45 were also slightly shaded,
others being fully insolated. Stations: 6, 17, 18, and 32-showed during investigation
a slight but noticeable pollution of the water with sewage.

3.2.5.' Region V — the San and its tributaries

The San is the longest Carpathian tributary of the River Vistula. It 1s 444 km
long, the catchment area 16 732 km?, total gradient 750 m, mean unltary gradient
1.7 pro mille. The course of the San can be divided into three sections : the mountain
section in the Bieszczady Mts from the springs till the mouth of the River Hoczewka;
the piedmont section from the mouth of the River Hoczewka till Przemys$l where



Ryec. 4. Potok Olszowy w obrebie stanowiska 2 (A) oraz potok Koninka w obrebie stanowiska 4 (B)
(region III). Sredni stan wody (fot. B. Szczesny)
Fig. 4. The Olszowy stream within station 2 (A) and the Koninka stream within station 4 (B) (region
IIT). Average water level (phot. B. Szczgsny)



Ryc. 5. Raba koto Strézy, w poblizu stanowiska 7 (region III). A — lenityczne rozlewisko rzeki;
B — fragment koryta na odcinku zbystrzenia wody. Po lewej stronie gléwny nurt, po prawej szypoty
przelewowe. Niski stan wody (fot. R. Sowa)

Fig. 5. The Raba near Str6za in the vicinity of station 7 (region IIT). A — lenitic parts of the river;
B — section of the riverbed in lotic part of the water. On the left side the main current, on the right

shallow riffles. Low water level (phot. R. Sowa)
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the river drains a part of the Beskid Niski the so-called ,,Doly Jasielsko-Sanockie’’
and Pogorze Dynowskie, taking in the River Ostawka; the lowland section, in which
the San flowing along the Sandomierska Valley takes in two large tributaries, the
Wisloka and the Tanew. In this region 11 water units were subjec'tedbto investigation.
The part of the San above the mouth of the Wotosaty was omitted because of tech-
nical difficulties in reaching this section. In the further course of the San 17 stations
were established and in the other water units 23 stations (fig. 6). A list of stations
with hydrological data is given in Table V. Seven stations were situated in the Wo-
losatka-Wolosaty stream whose springs are situated at an altitude of about 1200 m
above sea level on the southern slope of Mt Tarnica (1348 m above sea level), the
highest elevation in the Polish part of the Bieszczady Mts. In its upper course in the
forest (station 1—3) Wolosatka resembles the Olszowy stream in the Gorce Mits.
In its further course down to Ustrzyki Gérne (stations 4 and 5) the stream flows
across a wide valley. In the riverbed there are fairly large shelves, the water flow
forming lotic parts and lenitic shallows. The bottom is covered with flat
sandstones of various sizes. Below Ustrzyki Gérne (stations 6 and 7), in
consequence of cutting the mountain range, the stream changes its charac-
ter. In the riverbed solid rock is uncovered or slanting or oblong rocky sills stand
out. The water flows in the whole riverbed, often between large boulders or rocks.
Lack of visible assymetry in the cross-profile of the riverbed and water current,—
observed in the case of the Sota Raba and Dunajec and some smaller rivers or even
larger Carpathian streams — is a typical feature of the upper part of the San (stations
8—14). The river even at an average water level flows almost in the whole, flat,
self-eroded riverbed. In the bottom rocky sills are often formed, narrow and trans-
versal or slanting in relation to the axis of the riverbed. The water flows through
the gaps in the sills, between which a network of rocky basins of moderate current
is formed, the bottom being covered with stones of various sizes. The riverbeds of
the lower sections of the Solinka, Hoczewka, and Ostawa (stations: 33, 34, 39, 40)
are formed in a similar way. From the vicinity of Lesko (stations 15—20) the bottom
of the San is filled with a more disintegrated and rounded stone bedding. The water
channel changes its course within a large stone heap. Apart from lotic sections longer
and longer lenitic ones are gradually formed with sandbanks of sand and mud
existing in them. After entering the Sandomierska Valley the river changes again.
At first there are still lotic sections with a gravel bottom (station 21) but from Ja-
rostaw the San takes on the character of a lowland river. The middle of the riverbed
has a sandy bottom, whereas at the river banks, especially on the bends and behind
the fascine spurs, thick deposits of mud and disintegrated detritus are formed.
The current becomes slower, laminar. In some places the river uncovers a silty bottom
(station 24), while over short distances a stony bottom may also occur (stations
22—25), originating from destroyed spurs and reinfordements of the river banks.
Higher water vegetation appears in the San from station 13 (Potamogeton sp.,
Myriophyllum sp.), growing also in the sections of the river close to the mouth of
the Rivers Hoczewka and Oslawa. Except for the station at Krzeszéw, such vege-
tation occupies only small marginal parts of the riverbed.
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Ryc. 6. Rozmieszczenie stanowisk w dorzeczu Sanu (region V). W dolnym biegu Sanu zaznaczono
tylko wigksze doplywy, niektore z nich tylko w dolnych odcinkach

Fig. 6. Distribution of sampling stations in the catchment area of the San (region V). In the lower

course of the San only larger tributaries are marked and some of them only in their lower parts
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Stations 26, 27, 29, and 35 were situated on small or medium size streams of
the Bieszczady Mts with stony bottom. The Wetlinka within the stations 30 and 31,
and the Kotonica stream at station 37 resemble in their appearance the Wolosatka
above Ustrzyki Gorne. The Wetlinka at station 32, the Nasicznianski stream at
station 28, the Solinka at station 36, and the Hoczewka at station 38 look Very much
like the Wolosaty below Ustrzyki Gorne.

Stations: 1—3, 6, 28, 30, 35, 37, and 38 were situated in wooded sections and
were completely or almost completely protected from the sun. To a small extent
stations 4, 5, 7, 29, and 36 were also shaded with low littoral vegetation. The remaining
stations were fully exposed to the sun. During the investigation period a dam re-
servoir was built at Myczkowce in the vicinity of station 12, exerting some influence,
though a very small one, on the lower situated stations on the San. At stations
below Przemys$l a progressive increase in water pollution in the river with municipal
and industrial wastes from this town and industrial wastes from Sarzyna and Stalowa
Wola was observed during the investigation period.

3.2.6. Region IV — the tributaries of the Vistula near Cracow

The investigations concerned a small river, the Wilga, flowing down from the
Pogdérze Wielickie, a lowland river, the Drwinka, and two streams from arable
fields. Altogether 6 stations were situated there.

Station 1 — the Wilga near its springs. A small stream flowing on a meadow in
a syncline valley. The distance from the spring was 0.4 km, altitude 340 m above
sea level, unitary gradient 25 pro mille. The bottom is of sand and mud and along
a short section gravel and small stones. Depth 0.3 m. Current velocity 0.3 m/sec.

Station 2:— the Wilga at KoZmice. A larger stream 1.5 km from the springs.
Altitude 300 m above sea level. The breadth of the riverbed is 4 m. The depth of
the water reaches to 0.5 m, current velocity to 1 m/sec. The bottom is gravel and on
section with slow current sand and mud. '

Station 3 — The Wilga at Opatkowice. A small river. Distance from the springs
14 km. Altitude 225 m above sea level. Unitary gradient 8 pro mille. The riverbed
is 6 — 8 m wide with a stony bottom in the channel and a narrow shelf. At the

"river banks there are gravel deposits or sand deposits with mud and detritus.

Station 4: — Melioration ditch at Klaj in the catchment area of the Drwinka.
Distance from the outflow 0.5 km. Altitude 200 m above sea level. Unitary gradient
— 2.0 pro mille. The breadth of the river bed is up to 1 m. The bottom has a thick
layer of black mud and detritus, overgrown at the banks with tufts of Veronica
beccabunga. The depth reaches to 0.5 m, the current velocity being up to 0.5 m/sec.

Station 5 — The Drwinka near Ispina. Distance from the springs 15 km. Altitude
190 m above sea level, unitary gradient 0.5 pro mille. It flows among arable fields
and meadows in a regulated riverbed 5—6 m wide. It was a sandy bottom with
sediments of mud and detritus at the banks. In summer it is densely overgrown on
the whole breadth with Nuphar luteum and Potamogeton sp. Depth 1—1.5 m, current
velocity 0.3 m/sec.
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Station 6 — a meadow stream at Podgdrski. Distance from the springs 1.5 km.
Altitude 220 m above sea level. Unitary gradient 4 pro mille. The breadth of the
riverbed is 1.5—2.5 m, regulated. The bottom is mud and sand, and in some sections
gravel. The banks are overgrown with Elodea canadensis. Depth to 0.3 m. Current
velocity 0.5 m/sec. ‘

Station 3 was partly shaded with alder but the other stations were exposed to
the sun. All stations were practically unpolluted. The Drwinka is distinctly eutro-
phized, its waters being slightly brown in colour.

3.3. Characteristics of some physico-chemical factors of the environment

[

3.3\.1.EVariations in water level and flows

All the investigated Carpathian rivers and their larger tributaries are characterized
by considerable variations during the course of the year in the water level in the
riverbed and its flow capacity. The highest water levels usually occur in them
early in the spring, i. e. in March or April during snow thaws and in summer,
usually in July and June in consequence of intensive rainfall on the territory
of the catchment area. Great freshets always seriously affect the riverbed and the
habitats existing in it or even cause its complete developmental transformation.
The lowest water levels and flows occur in the Carpathian streams and rivers in
autumn. i.e. in September and October, also during the winter the water level being
low. The greatest amplitude of water level variations is found in the Dunajec —
10 m — a smaller one in the San — 7 m-— and a still smaller one in the Raba
and Sota— 3 or 4 m. The Tatra streams and the upper sections of the Beskid
streams situated on wooded territories have the most equalized water states and
flows. The increase in water there is low and activates the ground little or not at all.

3.3.2. Velocity of the current

At average ot low water level the maximum velocity of the current at particular
stations, along the course of the investigated stream, rarely exceeded 1.5 m/sec,
usually varying around 1 m/sec. (Table [—V). The San, similarly as its tributaries
the Hoczewka and Ostawa in their lower sections, had at almost all stations a relatively
slow current in consequence of the winding riverbed and specific shape of the
bottom (Table V).

Within the range of particular stations the current veloc1ty is distributed non-
uniformly giving a mosaic of values, both in the cross — and longitudinal sections
of the riverbed. In the cross-section the fastest current usually occurs in the middle
of the riverbed or at one of its banks where the water is deeper. In the longitudinal
section, especially in larger streams, lotic, parts with a fast or cascade — like current

16*
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are interspersed with sections where, in consequence of enlargement of the water
flow the current becomes slow and more equalized. At high water levels the
current velocity increases considerably in larger streams, and, according to
Mikulski (1963), in rivers reaches even 5 m/sec. Simultaneously, owing to the
great water capacity, the current becomes more uniform in the longitudinal section
of the riverbed.

3.3.3. Temperature

The amplitude of annual variations of water temperature in the main Carpathian
rivers in their middle and lower sections is usually 26—29°C but can also, though
rarely, reach 30°C. Maximum temperatures in these river sections are recorded
in summer from June to August. Approaching the springs, the annual amplitude
gradually decrease, in the upper forested parts of the streams reaching 10°C. Espe-
cially small variations in the water temperature in the annual cycle are demonstrated
by the springs of the majority of the Tatra streams, their water reaching in summer
5 — 6°C and in the case of springs situated above 1400 m even 2—3°C (Wit, Zie-
monska 1960). Also the high lying springs of the streams of Mt Babia Géra have
during hot summer days a very low temperature: the water temperature of a spring
situated at an altitude of 1620 m above sea level was 3.6°C and of one situated at
an altitude of 1500 m above sea level only 1.3°C (stations 29 and 30, according to
the data by Sowa, Szcze¢sny 1970). The annual amplitudes of the water temperature
and its maximum summer values decrease in the streams of these two mountain
regions towards the springs. In the lower flowing streams of the Beskid Mts, how-
ever the annual amplitude of the water temperature shows the lowest values in
the sections. situated in deeper parts of the valley, while in short spring outflows
another small increase in temperature is observed. This occurs in consequence of
the small productivity of the surface springs, which have a higher water temperature

Tabela VI. Temperatura wody (tw) i powietrza (ta) na stanowiskach w systemle wodnym
0lszowy-Koninka-Poreblanka-Raba (reglon III) w °C., Pomiardw dokonywano w ciggu
dnia, kolejno od najwyzej do najnizej poZoZonego stanowiska

Table VI, Water temperature (tw) and air temperature (ta) at the stations in the water
system Olszowy-Eonlnka-Porgbianka~Raba (region III) in °C. Measurements were
performed during the day, from the highest situated station to the lowest one

successively
Stanowisko
1 2 3 4 5 6 7 8 9 10
Data Station
Date
1969 ta 27,0 [27,0 |26,5 | 30,0 | 30,0 {24,0 | 23,0
25-29.VII. tw 11, 9,2 10,5 17,0 |[20,0 |24,0 | 25,5 | 27,0 |24,0 | 22,5

1,0
1969 " ta 9,5 10,0' 12,5 17,0 19,0 (23,0 | 20,0 ]19,0 [12,0 | 11,0
4-6.IX. tw 9,0 8,0 }. 9,5 |13,5 (16,0 |17,0 | 18,0 | 17,5 [ 17,0 { 15,5
0,0
6,0

1969 ta 1¢ 11,0 9,5 8,0 |13,5 [18,5 | 13,2 9,5 9,5 9,0
21-23.X. tw 6,5 7,0 8,5 9,0 (11,2 { 11,3 9,8 | 10,6 | 10,0
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Tabela VII. Wyniki dobowych pomiaréw temperatury wody (tw) i powletrza
(ta) w wybranych stanowiskach systemu wodnego Rycerka-Sola
(region I) w clagu 16 1 17 sierpnia 1961 (w °¢).
Uwagl: od godziny 24 do 6 zachmurzenie umiariowane lub duie,
potem od godziny 14 stonecznie, nastepnie zachmurzenie przej-
Seiowe, wieczorem przelotne deszcze. Stan wody drednio niski,
przezroczystosé do dna.

Table VII. Results of day and night measurements of water temperature
(tw) and air temperature (ta) at selected stations of the
water system Rycerka-Sota (region I) during 16th and 17th
August 1961 (in %C).

Note: from midnight till 6 a.m. average or considerable cloud,
then t111 2 p.m. sunny, then transitory clouds, in the evening
ccoasional showers. Averagze low water level, itransparency -

to the bottom.

Stanowisko Rycerka SoXa Sota
Station at Rycerka Gérna | at Weglerska Gérka at Tresna
Godzina
Hour ta tw ta tw ta tw
24%° 7,7 11,3 13,0 15,3 13,4 15,8
4°° 5,3 10,2 11,0 14,2 11,4 14,8
§°° 8,1 10,4 12.5 14.4 11,1 14,7
89° 8,3 10,7 13.9 14,7 15,0 15,0
10°° 11,0 12,7 16,7 15,2 19,6 15,0
1200 15,3 15,2 19,7 17,1 20,3 17,7
14°° 15,0 15,1 21,6 18,6 29,9 12,7
1690 14,9 14,6 20,6 18,9 19,8 18,9
1800 13,8 13,9 17,5 18,7 19,2 19,0
20°° 9,7 13,0 14,3 17,9 14,2 18,2
2200 9,5 11,9 12,6 16,8 11,6 17,1
24°¢ 9,3 11,6 12,6 16,1 13,0 16,7
Amplituda 10,0 5,0 10,6 2,7 10,8 4,3
Amplitude ’ ’ ’ ’ ! ’
ig:i“a 10,3 12,7 16,3 16,5 16,5 16,8

in summer, and of the warmer microclimate of the valleys, initially rather shallow.
The water of the sections of the streams situated lower is colder, sometimes by
2--3°C, among other factors owing to a richer flow of ground waters from deeper
rock layers. This phenomenon was observed in the Wielka Puszcza stream (Sowa
1965) and is confirmed also in other streams of the catchment area of the Sota and
the Raba. On May 10th 1971 in sunny weather and at an air temperature of 23—24°C
the water temperature of the spring stream Rycerka (region I) measured between
10 2. m. and 2 p. m. was respectively at stations 7, 8, and 9 11.6°C, 8.3°C and 9.9°C.
A similar, though less distinct system of water temperature was recorded in the upper
course of the Olszowy stream (region III) in July and September 1969 (Table VI).
On the contrary during the winter the stream sections in deeper valleys can have
somewhat warmer as compared both with the lower and higher lying sections. The
increase in water temperature is, however, very small and already after a few kilo-
metres of the course of the stream the water temperature is near 0°C. Such a temper-
ature is attained in al’ the rivers of the investigated territory in their middle course
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Tabela VIII. Wyniki dobowych pomiardw temperatury i chemizmu wody w Sanle
koto Babic (stanowisko 19) w ciagu 4 1 5 wrzesnia 1966. ta -
temperatura powietrza w cieniun; tw —otemperatura wody W prg-
dzie na gtebokosei 0,25 m od dna (w

Uwagl: sZonecznie, lub przelotne lekkie zachmurzenle. Stan
wody podwyzszony, przezroczystos¢ 0,4 m. Okolo godziny 19

poziom wody obnlzyt slec o 0,2 m, a praezvocaytosc wzrosa

do 0,8 m

Table VIII. Results of day and night measurements of temperature and of
water chemism in the San near Babice (statlion 19) during the
4th and 5th September, 1966. ta - air temperature in shades
tw - water temperatuge in the current at a depth of 0.25 m
from the bottom (in ).

Note: Sunny or occasionally slightly cloudy. Water level

railsed, transparency 0.4 m. About 7 p.m. water level decre-
ased by 0.2 m and transparency increased to 0.8 m

i 7 $¢ ogb °
Honn ta o P | nocar haraaess in ..

1290 20,5 18,2 8,2 10,0

14°° 18,5 18,4 8,4 9,3

16°° 15,3 18,3 8,4 9,1

18°° 11,9 18,0 8,4 9,2

20°° 10,0 17,3 8,3 9,2

22°° 8,9 17,2 8,4 9,2

2490 8,0 16,8 8,3 9,4

200 7,8 16,4 8,4 9,3

4°° T,4 16,2 8,4 9,5

6°° 10,6 16,0 8,4 9,8

8°° 20,5 16,2 8,1 9,8

10°° 23,0 16,9 8,1 9,8

1290 25,1 18,0 8,2 9,9
Anblitads T 2,4 0.3 0,9
Sredatia 16,2 17,2 8,2 9.5

as well as in larger Beskid streams and a considerable number of the Tatra streams
(Gotek 1961, Oleksynowa, Komornicki 1965). In the rivers this may occur
already in October and still in April. During the winter period the waters of the
large Carpathian rivers may warm up temporarily to almost 10°C in December,
to over 6°C in January, and to about 5°C in February, these, however, being maximum
values taken from many years’ observations. Usually during the winter, especially
in January and February, the mean monthly temperature of the water is 1—3°C.

Daily variations in water temperature in larger Carpathian rivers are not great
during the summer period. The results of measurements performed in the middle
course of the Sola and the Rycerka in August 1961, during a fairly warm day,
indicate a great thermal stability of these two rivers (Table VII). The daily amplitude
of water temperature at the stations did not exceed 5°C, being about two times lower
than that of the air temperature. A still greater stability in this respect characterizes
water of the San in its middle course (Table VIII). The daily pattern of the water
temperature along the course of the streams of the Beskids was observed during
a hot summer period (Sowa 1965). At a few stations in the Wielka Puszcza stream
(region I) the daily amplitude at particular stations was between 4.2 and 5.5°C
but at station 2 it was only 1.6°C. During a hot summer day the water temperature
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in the stream reached a fairly high value, equalling e. g. 20°C and 17.3°C at stations,
3 and 1 respectively. The Olszowy stream, flowing down from higher mountains
attains on sections correspondingly long a lower water temperature, which only
slightly exceeds 10°C in summer. A similar or still lower water temperature, between
8 and 10°C, characterizes in summer the upper sections of the streams of Mt Babia
Géra, and in the higher situated sections of the Tatra streams the water temperature
did not during that period exceed 8°C, though their lower courses carried waters
warmed up to 13—15°C (Oleksynowa, Komornicki 1965). In summer the highest
increase in water temperature is visible along the course of the Carpathian streams
and rivers from the spring to the mouth, the difference in temperature between
the extreme stations reaching or slightly exceeding 25°C. In late autumn, through
the winter, and in early spring a relative homothermy became established along
the course and the difference between the stations did not exceeed a few degrees
centigrade.

3.3.4, Turbidity

At average and low flow levels the great majority of the Carpathian streams
and rivers have clear water with a minimal amount of suspension, its transparency
reaching the bottom in all places of the station. The lower course of the San, having
a quite distinctly turbid water, during all seasons of the year, is an exception. A slight
turbidity of the water occurs in the Sofa, the Dunajec, and the San on the sections
situated below the dam reservoirs. A considerable, though short lasting turbidity
of the waters of the streams and rivers occurs, on, the other hand, during freshets.
Then the water carries many mineral particles of soil washed away from the territory
of the catchment area and takes on the colour of white coffee, transparency being
reduced even to a few centimetres. Such turbidity recedes after a few of several
hours following a rainfall. A longer lasting, though usually less distinct turbidity
of the waters of streams and rivers takes place early in spring during snow thaws.
The smallest variations in the water turbidity in the course of the year are shown
by stream sections in the wooded territories of the catchment area, especially of
the Tatra and Babia Géra streams. For the Tatra streams Bombéwna (1968, 1971)
gives values from 0 to 13.5 mg/dem® SiO,. The granulometric composition of the
suspension of the Carpathian rivers during freshets was recently presented by Pas-
ternak, Cyberski (1973).

3.3.5. pH

The reaction of the waters in the investigated territory in the section determined
by stations varied in the interval 6.3—8.9. The spring outflows and the upper frag-
ments of the Beskid streams (e. g. the upper part of the Wielka Puszcza stream, the
spring section of the Rycerka, the upper courses of the Babia Géra streams) and
also the upper sections of the Tatra streams show a slightly acidic reaction. Further
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sections of these streams and medium-sized and large Carpathian rivers have, during
a low or average water level, a neutral or slightly alkaline reaction. Values above
8 were recorded in the lower sections of large rivers and in the lower course of the
San the water reaction even reached 9, especially in the meanders. A fairly equalized,
slightly acidic reaction of the water is shown by larger Carpathian streams and
rivers during the spring freshets, when the intensity of washing out of acidic soils
in their catchment areas increases. In the Olszowy stream, in the catchment area
of the Raba, the water reaction during the summer-autumn, period and at an average
water level is almost neutral or slightly alkaline right from the springs. In 1969
at stations 1a—3 pH values 7.2 to 8.1 were recorded, the pH, at other stations of
this water system till the mouth of the Raba varying around 8.

3.3.6. Total hardness

The total hardness varies in the investigated streams mainly in dependence on
the geological character of the subsoil of the catchment area. The waters of the Sola
and its tributaries have, according to Bombdwna (1960) a generally low hardness,
decreasing in the range 1.9—9.0°G, the lowest values being given by the author for
smaller mountain tributaries of this river. Along the Wielka Puszcza stream the water
hardness varies through the year in the range 2.0 to 4.7°G. In the catchment area
of the Raba the water hardness is comparatively slightly higher, according to Bom-
béwna (1969) being on the average 4.7—12.1°G. Some tributaries of the Raba
in its lower course carry waters of a hardness exceeding 14°G. Pasternak (1964)
gives for the waters of the upper section of the San variations in total hardness
within the range 6.1—8.3°G, and for the middle section of that river from 8.0—10.8°G
For the mountain tributaries of the river on the territory of the Bieszczady the values
are lower and are according to that author 2.2—6.5°G. Especially soft waters are
found in the streams flowing down from the crystal massifs of the High Tatra, their
total hardness varying according to Bombdwna (1968, 1971) from 0.6—1.5°G.
The streams of the Western Tatras, on the other hand, carry waters of total hardness
approximating that of the waters of the catchment area of the Raba (Oleksy-
nowa, Komornicki 1965, Pasternak 1968).

3.3.7 Oxygen content

The amount of dissolved oxygen in the water of the investigated streams and
rivers varies between 8 and 12 mg/dem® O,, sometimes reaching 13 mg/dem? O,
according to the data from all the seasons of the year. Lower values, which can be
considered approximate to the critical values for the water animals were recorded
by Bombdéwna in the Wielka Puszcza stream (region I). They equalled 6.5 and
7.7 mg/dcm® O, at concomitant values of water saturation with oxygen amounting
to 64 and 68 per cent respectively. This kind of decrease in water saturation is,
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however, in the investigated water units rare and short lasting. The normal oxygen
saturation of the water there exceeds 80 or 90 per cent, supersaturation often being
recorded even to 130 per cent.

4. Methods and terminology

Mayfly nymphs were the basic subject of the investigations. Winged forms,
imagines and subimagines, were caught when collecting the nymphal material
during the day within the same stations. The catches had a qualitative character;
they were performed in order to establi-h the period of emergence of particular species
as well as to make possible the determination to species of certain nymphal forms.
Some of the listed specimens derive also from nymphs from field and laboratory
cultures. The nymphs were caught by means of quantitative, semiquantitative, and
qualitative methods. For quantitative catches a bottom sampler was used made
of a square metal frame with sides 22.5 cm or 15 cm in lenght onto which a long
net of bolting cloth was fastened and protected on both sides against tearing (from
outside with a linen collar, from inside with a coarse mesh string net). The diameter
of the mesh of the bolting cloth was about 300um. The bottom sampler was dug
into the bottom at a depth of 5—10cm with its open side directed against the
current, and the area of bottom lying in front of it, about 5 dem? or 2 dem? for the
larger and smaller bottom scraper respectively, was manually swept inside. From
various fractions of a stony bottom samples were collected with a larger sampler
and from a sandy and muddy bottom with a smaller one. The material coliected
with the substrate was poured into a spherical vessel with a calibrated volumetric
scale in which the volume of the sample was measured and the composition and
disintegration of the substratum recorded. Subsequently, after preliminary reduction
of the substratum present in the sample, animals were washed out with a strong
water current onto a straining net of mesh size identical with that of the sampler
net. The thus densified material was placed together with the remainder of the
substratum in glasses or large test tubes and fixed in situ with 3 per cent formaline
solution or, less frequently, with 80 per cent ethy! alcohol. In smaller streams 5—=6
samples were usually taken at every station and on every date, whereas in larger
ones 10 to 12 quantitative samples were taken. All habitats occurring at the station
weré taken into consideration. Apart from the quantitative samples 1—2 semi-
quantitative samples were collected at the station. These samples were collected
with the same instrument, their volume or area of the substratum not being
determined. They were collected in time”, penetrating various habitats on a
larger area usually for 5 minutes. At some stations the material was collected only
by this method but the number of samplings was increased. For a quantitative
elaboration of the distribution of mayfly nymphs it was decided to adopt as
reference unit the so-called projection area of the bottom, i.e. a square with a
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surface area of 5 dem?. Care was taken that the volume of this section should be
2 dem?, possible differences being equalized by a suitable recounting of the speci-
mens in the sample. The obtained results can thus be referred both to the area
and to the volume of the substrate. :
The frequency and way of collecting materials in particular regions of investigation
were not uniform in the catchment area of the Sofa (region I) samples were collected
by means of quantitative and semiquantitative methods in the years 1958—1960.
‘Stations 7—27 were visited at that time four times: in March, June, August, and
September. Stations 1—6 were visited more frequently, more or less at monthly
intervals except in the winter of 1959/60. In the catchment area of the Skawica and
the Orawa (region II) materials were collected by means of a semiquantitative
method in various month in the years 1962—1967 and in the year 1972. Each of these
stations was visited at least three times at various seasons of the year. In the catchment
area of the Raba (region III) stations 1—I10 in the water system Olszowy-Koninka-
-Por¢bianka-Raba, at which material was collected for quantitative investigations,
were visited 7 times and almost at the same time in the following months of the
year 1969/1970: July, September, October, December, March, May, and June.
Other stations were visited less frequently, though not less than 3 times in various
seasons of the years 1964—1972. At stations 1—11 samples were collectéd by means
of quantitative and semiquantitative methods, whereas at other stations only the
semiquantitative one was used. For the majority of the stations in the Raba, the
material from some years preceding the year 1969 was also available and for the
lower section from the following years as well. In the catchment aera of the
Dunajec and in the streams in the vicinity of Cracow (region 1V and VI) material
was collected in the years 1959—1972 exclusively by the semiquantitative method.
All the stations in region VI were visited three or four times at various seasons of
the year, similarly as the stations in theTatra streams. Other stations in the catchment
area of the Dunajec were investigated less frequently, twice or even only once.
In the catchment area of the San (region V) materials were collected in the years
1958—1967 simultaneously by the quantitative and semiquantitative methods of
sampling or, as in the lower course of the San, only by the semiquantitative method.
For technical reasons it was not possible to examine all the stations in the catchment
area at once during one visit. Each of them was visited, however, in the course of
those years at least three of four times at various seasons of the year with the
exception of the winter months. The localization of the stations was adapted to
the changes in environmental conditions occurring along the course of the streams.
In their upper sections where these changes proceeded faster, the stations were
distributed more densely, in the middle parts and lower parts the distances between
neighbouring stations being greater. The lenght of the section of the water unit
treated as a station also differed; in streams it did not exceed 10-20 m while in
rivers, especially large ones, it reached 100 or even 200 m. This resulted from }he
distribution of habitats, the repeating set of which can be found in rivers on longer
sections of the riverbeds as compared with streams. The velocity of the current was
measured at the water surface by Thorup’s method. The following scale of current
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velocity was adopted: 0—0.10 m/sec — very slow current; 0.11—0.25 m/sec — slow
current; 0.26—0.50 m/sec — average current; 0.51—1.0 m/sec — fast current; over
1.0 m/sec — very fast current. Stones of 3—7 cm in diameter were regarded as small,
8—15 cm as medium sized, and 16—25 cm as large. The total hardness of the water
and pH were measured by means. of Christ and Kaeding’s complexometric method
and the Yamada calorymetric method.

The following terms were used in the paper: sporadic, not numerous, numerous
etc., denote the number of specimens of the species in one or many places. The
terms: rare, frequent, common, etc., signify the existence of the species in some or
many places. Abundance or inhabiting density means the number of specimens
with respect to unit of substratum. Relative abundance or dominance means the
participation of specimens of a species expressed as a percentage of the total number
of specimens of all species. The following scale of dominance was adopted: dominant
— a species with a participation of 5 or more per cent, subdominant — a species
with 2—4.9 per cent participation, adominant — a species with under 2 per cent
participation.

The term biotope determines a certain part of the environment with its constituent
ecological factors which, by their value and range of variations, condition the
existence of complexes of living organisms. This is a hierarchical approach and
may mean a whole stream, a group of streams, or a section of a stream, e. g. a station.
The habitat is a structural unit of the substratum within a station or stations, a place
where determined species or their groups are always encountered. All the specimens
of all species existing at a given habitat or biotope were defined by the term community
in the neutral meaning which corresponds with the term taxocen or zoom used by
some authors (Kownacki 1971, Brinck 1949, Ulfstrand 1968 a). In using the
word population all the specimens of the given species were considered.

5. Material and its taxonomic situation

At 180 investigation stations a total number of 3346 specimens of winged mayflies
and over 100000 nymphs belonging to 97 species were caught. A certain
number of rarer species were found only in nymphal stage. The list of species given
below contains their synonymy from existing literature in a range possible to establish
and for some species the necessary general synonymy, the total number of specimens
caught in 6 investigated regions and a list of the stations at which they were found.

5.1. List of species

Potamanthidae
Potamanthus luteus (Linnaeus), 1758. 939 si, 997 nymphs. I: 11—17, 19, 24;
III: 6—10; IV: 9, 10; V: 8—25, 34, 39, 40
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Ephemeridae

Ephemera danica O. F. Miiller, 1764. 83, 22, 153% si, 290 nymphs. I: 3—®6,
9—13, 18—21, 23, 26, 29; II: 1—3, 6—8, 14—17, 19, 20, 25, 35—39; III: 4—6,
11, 13—17, 19, 20; IV: 14, 16, 25, 31—33; 45; V: 4—11, 26, 28, 3033, 35—39;
VI: 1—3.

E. lineata Eaton, 1870 (= glaucops: Dzigdzielewicz 1919; = vulgata: Zigba,
Zaéwilichowska 1966). 292 nymphs. I: 13; III: 6—10; IV: 8—10; V: 7—23, 33,
34, 39, 40.

E. vulgata Linnaeus, 1758. 163, 92, 131 nymps. VI: 5, 6.

Polymitarcidae

Ephoron virgo (Olivier), 1791. 23, 12, 133 nymph. V: 15—25.
Heptageniidae

Arthroplea congener Bengtsson, 1909. 1 nymph. V: 25.

Rhithrogena germanica Eaton, 1885. 113, 29, 2939 si, 461 nymphs. I: 11—17,
19, 24, 26; 11I: 59, 13, 15, 21; IV: 6—10, 14, 17, 18, 25, 28, 32; V- 6—21, 32—34,
36, 39, 40.

Rh. hercyniaLanda, 1969 (= tatrica: Ciszek, Sosifiska 1965 pro parte; = sp.
(hercynia?): Kownacka 1971). 13, 62 si, 163 nymphs. IV: 5, 17, 18, 20, 26—28.

Rh. hybrida Eaton, 1885 (= tatrica: Ciszek, Sosifiska 1965 p. p.; Kownacka,
Kownacki 1965 p. p.). 373, 49, 339 si, 419 nymphs. I: 27; II: 7, 8; III: 2, 3;IV:
3—5, 12, 13, 20, 22, 23, 26, 40—42.

Rh. gorganica Klapdlek, 1907. 23, 29, 1% si, 29 nymphs. V: 2, 3, 4.

Rh. loyolaea Navis, 1922 (= tatrica: Kownacka, Kownacki, 1965 p.p.,
1968; Sowa, 1962). 763, 7%, 1232 si, 1357 nymphs. I: 27; II: 5, 8—I11, 18, 27—33;
III: 1—4; IV: 1—4, 11—13, 15, 19—22, 38—41.

Rh. semicolorata (Curtis), 1834 (= grisoculata: Kownacka, Kownacki,
1965; Sowa, 1965a). 1453, 102, 539 si, 2131 nymphs. I: 11—17, 19, 21, 24—26;
I0: 1, 37; IIL: 4—11, 13, 15, 20, 21; IV: 6—10, 14, 17, 18, 26—28, 32, 36, 43; V:
5—19, 32—34, 36, 39, 40.

Rh. iridina iridina (Kolenati), 1860 (= semicolarata: Dziedzielewicz, 1919
p. p.; Glowaciniski, 1968 p. p.; Kamler, 1960 p. p.2; Kownacka, Kownacki,
1965 p.p.; Sowa, 1965; Zacwilichowska, 1968 p.p.; = sp. (semicolorata):
Kownacka, Kownacki, 1968; = spp: Kownacka, 1971 p.p.; = picteti
carpathica Sowa, 1971). 3443, 499, 53% si, 5060 nymphs. I: 1—10, 18, 20, 22, 23,
27, 29; 1I: 1—10, 15—22, 25, 27, 28, 33—36, 38; III: 1—4, 14, 16, 17; IV: 2—4,
12, 13, 19, 20, 23, 30, 31, 33—35, 39—45; V: 2—5, 26, 27, 2931, 35, 37, 38.

Rh. ferruginea Navds, 1905 (= semicolorata: Ciszek, Sosinska, 1965 p. p.;
Dziedzielewicz, 1919 p. p.; Glowacifiski, 1968 p. p.; Kownacka, Kownacki,
1965 p. p.; Mikulski, 1936 p.p.; Sowa, 1959 p.p.; = spp: Kownacka, 1971
p. p.). 1193, 452, 53% si, 3098 nymphs. I: 10—13, 18—23, 26, 27, 29; II: 1—3,
6, 15, 16, 37, 39; IIl: 3—7, 11—13, 16, 19, 20; IV: 4, 5, 14, 16, 24, 26, 29, 42, 43;
V: 4—11, 28, 30—34, 36, 38, 39.

Rh. diaphana Navds, 1916 (=aurantiaca: Eaton, 1885; Mikulski, 1929,
1936;? = sp. II: Kownacka, Kownacki, 1965; nec Baetis aurantiacus Burmeister
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1839). 283, 342, 743 nymphs. I: 12—17, 19, 24; I1: 6—10; IV: 5—10, 27, 28, 32;
V: 1221, 39, 40,

Epeorus sylvicola (E. Pictet), 1865 (= assimilis Eaton, 1885; = alpicola: Dzig-
dzielewicz, 1919). 323, 32, 1401 nymphs. I: 3—6, 9—15, 19, 21—24, 26, 27, 29;
II: 1-3, 610, 15, 16, 19, 20, 35—37; II: 4—8, 11, 13—16, 20; IV: 4—6, 24,
26—28, 32, 35, 36, 42, 43; V: 5—12, 26, 28, 30—38.

Ecdyonurus subalpinus Klapdlek, 1905 (= helveticus: Zaéwilichowska,
1968 p. p.). 243, 142, 13 si, 705 nymphs. I: 1—4, 7, 8, 27; II: 5, 8—10, 20—23, 27,
28, 33, 34; III: 1la—2; IV: 20, 30, 35, 38—40; V: 1—4, 29,

E. carpathicus Sowa, 1973 (= helveticus:Zaéwilichowska, 1968 p. p.). 104,
90 nymphs. 1: 20; II: 16, 38, 1II: 4, 17; 1V: 44, 45; V: 4, 30, 31; VI: 1.

E. macani Thomas et Sowa, 1970 (= venosus: Ciszek, Sosifiska, 1965
p. p.; Sowa, 1959 p. p.). 293, 42, 732 si, 167 nymphs. III: 7—9, 21; IV: 10; V:
9—23, 39, 40; VI: 3.

E. torrentis Kimmins, 1942. 373, 239, 4139 si, 1472 nymphs. I: 5, 6, 9—17,
19, 21—24, 26, 27, 29; 11: 1, 2,6, 7, 15, 16, 19, 36—39; III: 4—9, 11—13, 15, 19—21;
IV: 59, 14, 17, 18, 24, 25, 27, 28, 32, 36, 42, 43; V: 5—17, 28, 30—34, 36—40.

E. venosus (Fabricius), 1775 (= forcipula: Kamler, 1960). 323, 232, 339
si, 623 nymphs. 1: 8—12, 20, 23, 24, 26—29; II: 1—4, 6—9, 15—17, 19, 20, 24, 25,
35, 36, 38; IIl: 2—6, 14, 21; IV: 3—7, 13, 16, 20, 22—28, 31, 34, 36, 41—43; V:
3—6, 26, 28, 30, 31, 35—38; VI: 3.

E. starmachi Sowa, 1971 (= torrentis: Sowa, 1965 p. p.). 283, 32, 239 si, 438
nymphs. I: 3—5, 12, 13, 18; II: 14; III: 4, 5, 11, 12, 16, 17, 21; IV: 29, 35, 45; V:
5; VI: 2, 3.

E. submontanus Landa, 1969. 1033, 112, 1239 si, 341 nymphs. I: 10—13, 18—
20, 22; II: 2, 3, 6, 14—16, 24, 25, 39; III: 4, 5, 11, 12; IV: 24, 31, 33, 34; V: 5,
6, 26, 33, 34, 36.

E. dispar (Curtis), 1834 (? = fluminum: Dzi¢dzielewicz, 1919; = fluminum:
Ciszek, Sosiniska, 1965 p. p.; Mikulski, 1936; Musial and others, 1958 p- p-s
Sowa, 1965, 1965a). 633 239, 2939 si, 2236 nymphs. I: 5, 11—19, 21, 23—26,
28; I: 1, 2, 15, 37; II: 5—13, 15, 19—21; IV: 69, 17, 18, 32, 36; V: 6-—25,
32—34, 36, 39, 40.

E. insignis (Eaton), 1870 (= sp. Glowacinski, 1968; Sowa, 1962). 53, 79,
1039 si, 447 nymphs. I: 15—17; 11: 1; 111: 6—10; IV: 8—10; V: 7—25, 33, 34, 39.

E. aurantiacus (Burmeister), 1839 (= fluminum: Ciszek, Sosiniska, 1965
p-p-; Musiat et al, 1958 p.p.; = pazsiczkyi (Pongracz), 1913; = paziczkyi:
Mikulski, 1936). 43, 49, 1732 si, 688 nymphs. I: 15—17; 11I: 7—10; 1V: 10;
V: 11—-25, 40.

E. affinis (Eaton), 1887. 13 si, 40 nymphs. V: 17—25.

E. fascioculatus Sowa, 1974. 23, 12, 5 nymphs. III: 9.

E. lateralis (Curtis), 1834 (= Heptagenia lateralis (Curtis); = H. fallax:
Zaéwilichowska, 1968 p.p.). 363, 59, 1032 si, 2859 nymphs. I: 1—6, 8—29;
I: 1—4, 6—8, 14—17, 19, 25, 35, 36, 38; III: 2—11, 13, 15, 17,18—21; IV: 3—38,
13, 28, 35, 42, 45; V: 3—16, 26—28, 30—33, 35—40; VI: 1—3.
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E. quadrilineatus (Landa), 1969 (= Heptagenia quadrilineata Landa; ?= H.
fallax: Zaéwilichowska, 1968 p. p.). 23, 23% si, 54 nymphs. III: 11, 12, 17, 18;
V: 4; VI: 2.

Heptagenia coerulans Rostock, 1877. 139 nymphs. III: 8, 9; IV: 10; V: 14—25.

H. fuscogrisea (Retzius), 1783. 6 nymphs. V: 25; VI: 5.

H. flava Rostock, 1877. 33, 22, 1132 si, 551 nymphs. III: 9,10;V:21—25; VI: 3.

H. longicauda (Stephens), 1836 (= flavipennis (Dufour), 1841). 13, 2%, 739
si, 67 nymphs. III: 8—10, V: 23—25.

H. sulphurea (O. F. Miiller),. 1776 (= sulfurea: Mikulski, 1936). 184, 1%,
407 nymphs. I: 15—17; III: 7—10; IV: 9, 10; V: 825, 32, 40.

Ametropodidae

Ametropus fragilis Albarda, 1878 (? = eatoni Brodskij, 1930; = eatoni:

Sowa, 1961a). 1 nymph. V: 25. ‘

Leptophlebiidae
Habroleptoides modesta (Hagen), 1864 (= Habrophlebia modesta: Ciszek,
Sosiniska, 1965; Sowa, 1961; == Paraleptophlebia cincta: Zaéwilichowska,

1968). 653, 219, 2439 si, 4222 nymphs. I: 1—6, 8—24, 26—29; II: 1—8, 14—17,
19—22, 24, 25, 28, 34—38; III: 2—11, 13—17, 19—21; IV: 4, 5, 8, 14, 16—18,
20, 25, 27, 28, 36, 41—43, 45; V: 3—23, 26—40.

Habrophlebia lauta Eaton, 1884 (= Habroleptophlebia (sic!) lauta: Zacwili-
chowska, 1968). 1073, 92, 632 si, 613 nymphs. I: 3—6, 10—20, 22—24, 26—29;
II: 1, 2, 6, 14—16, 37, 39; II: 4—10, 12, 13, 15, 17, 19—21; IV: 6—10, 29, 45;
V: 5—13, 30—39; VI: 2, 3.

H. fusca (Curtis), 1834. 101 nymphs. III: 17 18; VI: 1, 2, 5.

Paraleptophlebia cincta (Retzius), 1783. 113, 3%, 13 si, 31 nymphs. [: 15—17;
HI: 10; IV: 10; V: 18—25, 40.

P. submarginata (Stephens), 1836. 103, 12, 42 si, 86 nymphs. I: 12, 13; II:
1—3, 6, 7, 14—16, 24; 1II: 7—10, 17, 19, 20; IV: 8; V: 8—25, 34, 40; VI: 2, 3.

Leptophlebia marginata (Linnaeus), 1767. 23, 1 nymph. V: 25.

L. vespertina (Linnaeus), 1758. 63, 29, 84 nymphs. VI: 4—6.

Choroterpes picteti (Eaton), 1871. 113, 1% si, 86 nymphs. I: 17; III: 8; IV: 10;
V: 1225, 40.

Isonychiidae

Isonychia ignota (Walker), 1853. 60 nymphs. I: 17; HI: 10; V: 21-25.
Siphlonuridae ‘

Ameletus inopinatus Eaton, 1887. 93, 4%, 639 si, 1042 nymphs. I: 27; IL: 4,
5, 7—10, 18, 21—23, 27, 28, 32—34; III: 2—5; IV: 15, 11—13, 15, 19--23, 26,
40—42.

Siphlonurus armatus (Eaton), 1870. 2 nymphs. VI: 4.

S. aestivalis (Eaton), 1903. 9 nymphs. V: 22—25.

" S. lacustris (Eaton), 1870. 43, 19, 532 si, 1638 nymphs. I: 29; IIl: 7; IV: 8,
27, 42; V: 5—8.
Bacetidae ‘
Baetis alpinus (Pictet), 1843 (= carpatica: Kownacka, Kownacki, 1965,
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1968; Musial et al, 1958; = carpathica: Dziedzielewicz, 1919; Kamler,
1960 p. p.; Kamler, Riedel, 1960; Mikulski, 1936; Sowa, 1959; = carpaticus:
Ciszek, Sosinska, 1965; Gtowacinski, 1968; Sowa, 1965; Zaéwilichowska,
1968).:303, 202, 639 si, 13687 nymphs. I: 1—13, 18, 20—23, 26, 27, 29; II: 1—11,
15—23, 25, 27—38; IIl: 1—6, 11, 13—16; IV: 1—5, 11—13, 15, 16, 19—24, 26—28,
31, 33—35, 37, 39—43; V: 2—10, 26-—32, 35-—38.

© B. melanonyx (Pictet), 1843 (= carpathica: Kamler, 1960 p.p.; = kulin-
drophtalmus: Kownacka, 1971). 233, 369, 13 si, 1174 nymphs. 1: 8, 9; II: 2—4,
6—10, 15, 16, 22, 24, 34, 35, 38; II: 2—6, 11, 12, 14; IV: 2—5, 12, 19—21, 23,
34, 40—42; V. 2—8, 27, 28.

'B. lutheri Miiller-Liebenau, 1967 (= venustulus: Ciszek, Sosinska, 1965
p. p.; Gtowacinski, 1968: Kownacka, Kownacki, 1965; Krzanowski et al.
1965; Sowa, 1959 p. p., 1961, 1961b, 1965). 53, 8, 4591 nymphs. [: 3—6, 10—13,
15—17, 19—24, 26, 29; 1I: 1, 2, 6, 15, 37, 39; III: 4—13, 15, 16; IV: 5—8, 25—29,
31, 36, 42, 43; V: 5—15, 26, 30—34, 36—39; VI: 3.

B. vardarensis Tkonomov, 1962 (= renustulus: Sowa, 1959 p.p.). 33, 293,
13 si, 6488 nymphs. I: 11—17, 24—26; I1I: 5—10, 13, 15, 21; IV: 7—10; V: 7—23,
32—34, 36, 40.

B. sinaicus (Bogoescu), 1931 (= Acentrella singica: Mikulski, 1936; Sowa,
1962). 13, 49, 338 nymphs. TI1: 6, 7, 11, 13; IV: 7, 14, 17, 26—28; V: 6—13, 32—34.

B. rhodani (Pictet), 1843. 293, 69, 1839, si 17353 nymphs. 1: 1—29; II: 1—4,
6—8, 14—17, 19—21, 25, 35—39; III: la, 2—17, 19—21; IV: 4—10, 14, 16—18,
23—28, 31, 32, 34—37, 42, 43, 45; V: 3—24, 26—40; VI: 3.

B. vernus Curtis, 1834 (= tenax Eaton, 1870; = vernus+tenax: Ciszek,
Sosinska, 1965; Kownacka, Kownacki, 1965; Mikulski, 1936; Sowa, 1965;
= tenax: Dziedzielewicz, 1919; Sowa, 1959). 63, 628 nymphs. I: 3, 4; II: 4,
9, 10, 24, 28; III: 6, 11, 12, 17, 18; 1V: 29, 31; V: 5, 24; VI: 2—6.

B. beskidensis Sowa, 1972, 309 nymphs. 1. 10—14, 19; 1II: 3—10; 1V: 9, 31;
V: 6—19, 33, 34, 36, 39, 40. ‘

B. fuscatus (Linnaeus), 1761 (== bioculatus: Mikulski, 1936). 1293, 22, 1932
si, 7841 nymphs. I: 11—26, 28, 29; II: 1, 37; IIl: 5—13, 15, 19—21; IV: 6—10,
14, 32, 36, 43; V: 5--25, 28, 31—34, 36, 39, 40; VI: 3.

B. scambus Eaton, 1870 (= bioculatus: Kamler, 1860; Kamler, Riedel,
1966; Kownacka, 1971). 108, 5%, 2292 nymphs. 1: 3—5, 8—15, 18—24, 26—29;
[1: 1—3, 6, 15, 16, 19, 25, 36, 37, 39; 111: 2—7, 11, 13, 15, 16; 1V: 5—7, 14, 16—18,
24—29, 31, 32, 36, 42, 43; V: 4—17, 26, 28, 30—33, 35—38; VI: 2, 3.

B. buceratus Eaton, 1870. 43, 19 si, 414 nymphs. III: 9, 10; V: 9—25, 39, 40;
VI: 5.

B. calcaratus K effermiiller, 1972. 23, 42, 85 nymphs. III: 9, 10; V: 19—25.

B. tricolor Tshernova, 1928. 22, 137 nymphs. V: 20—25; VI: 5.

B. digitatus Bengtsson, 1912. 13, 29 si, 2 nymphs. VI: 5

B. niger (Linnaeus) 1761. 33, 12, 9392 si, 443 nymphs. 1I: 14; IIL: 9; IV: 36;
V: 8, 18, 22, 23, 32.
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B. gracilis Bogoescu et Tabacaru, 1957. 973, 33% si, 145 nymphs III: 9, 10;
IV: 10; V. 1425,

B. muticus (Linnaeus), 1758 (= pumilus (Burmeister), 1839). 453, 139,
3820 nymphs. I: 2—6, 8—29; II: 1—3, 6—10, 14—17, 19—22, 25, 28, 35—39;
II: 2—11, 13—17, 19—21; IV: 4—8, 13, 14, 16—18, 24—29, 31—35, 37, 41—43,
45; V: 3—22, 26—40; VI: 2, 3.

Pseudocloeon inexpectatum Tshernova, 1928 (= hyalopterum: Sowa, 1962).
13, 4%, 35 nymphs. III: 8—10; V: 13—25, 40.

Baetopus tenellus (Albarda), 1878. 7 nymphs. V: 21—25.

Centroptilum luteolum (O. F. Miiller), 1776. 63, 129, 53 si, 965 nymphs. I:
3—6, 9—13, 15—24, 29; 1I: 1-3, 6, 7, 14—16, 19, 20, 25, 36, 37; II: 5—21; IV:
5—10, 16—18, 20, 24—29, 31—34, 36, 42, 43; V. 426, 28, 30—32, 36, 38, 40;
VI: 1—6.

C. nemorale Eaton, 1885 (7) 13, 17 nymphs. I1: 14.

C. pennulatum Eaton, 1870. 103, 42, 539 si, 226 nymphs. I: 3—S5, 12, 13, 15—17,
19, 21, 24; II: 1, 15, 37; 1II: 6—10, 19—21; IV: 6—10; 14, 18, 27; V: 9—19, 24,
28, 32—34, 36, 39, 40.

C. pulchrum Eaton, 1885. 183, 62 539 si, 143 nymphs. 1II: 8—10; V: 11—=25.

C. parapulchrum Keffermiiller et Sowa, 1975. 1. III: 7.

C. nana Bogoescu, 1949. 173, 1 nymph. V: 25.

Procloeon bifidum (Bengtsson), 1912. 63% si, 267 nymphs. I: 16, 17, 24; 1II:
8—10; IV: 10; V: 7—19, 23—25, 34, 40; VI: 5.

P. ornatum Tshernova, 1928 (= pseudorufulum: Gtowacinski, 1968; = Cloeon
rufulum: Mikulski, 1936). 270 nymphs. HI: 9; V: 17—25; VI: 5.

Cloeon cognatum Stephens, 1835. 78 nymphs. VI: 5.

C. dipterum (Linnaeus), 1761. 250 nymphs. V: 23—25; VI: 4—6.

C. inscriptum Bengtsson, 1914. 133 nymphs. VI: 4—6.

C. simile Eaton, 1870. 8 nymphs. VI: 4.

Oligoneuriidae

Oligoneuriella mikulskii Sowa, 1961. 139 nymphs. V: 23—25.

O. pallida (Hagen), 1855 (= Oligoneuria rhenana v. pallida Hagen). 8 nymphs.
V: 24.

0. rhenana (Imhoff), 1852. 253, 89, 2342 nymphs. 1: 11—17, 19, 21, 24, 25
1II: 5—11, 15, 21; IV: 6—10, 25, 27, 28, 32; V: 7—25, 33, 34, 38, 40.
Ephemerellidae

Ephemerella ignita (Poda), 1761. 203, 112, 939 si, 2762 nymphs. I: 3—6, 10—24,
26, 28, 29; II: 1, 2, 14—16, 37; 11I: 4—13, 15, 16, 19—21; 1V: 5—10, 14, 17, 18,
24, 25, 27—29, 32, 36, 43, 45; V: 6—25, 28, 30—34, 36, 38—40; VI: 2, 3.

Eph. mesoleuca (Brauer), 1857. 53, 539 si, 79 nymphs. V: 23—25.

Eph. notata Eaton, 1887. 6 nymphs. III: 8, 9; IV: 9, 10; VI: 3.

Eph. krieghoffi (Ulmer), 1919 (= Chitinophora krieghoffi Ulmer; ? = Ephe-
merella sp: Kownacka, Kownacki, 1968). 33, 13 si, 297 nymphs.I: 3—6, 8, 9,
23, 27, 29; 1I: 1—3, 6—38, 15, 16, 19, 25, 35, 38; IIl: 3—7, 11, 14, 16; IV: 6, 7, 14,
17, 18, 22, 36, 39—42; V: 4—13, 27, 28, 30—32, 35—39.

t
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Eph.- major (Klapdlek), 1905 (= Torleya major Klapdlek). 33, 342, 1553
nymphs. I: 3—6, 9—13, 15, 16, 18—24, 26, 29; 11: 1—3, 6, 15, 16, 38; III: 411,
13, 14, 16, 20; IV: 69, 25, 32, 35, 36, 42, 43; V: 5—22, 27, 28, 30—40.
Caenidae '

Caenis rivulorum Eaton, 1884. 103, 162, 488 nymphs. I: 10—13, 18, 19, 21—24,
26, 28; I1: 1, 2, 15, 16, 37; III: 4—8, 11, 12, 16; IV: 43; V. 5-7, 28, 30--33,
36—38.

C. beskidensis Sowa, 1973. 213, 269, 133 nymphs. I: 3—6, 18, 22, 23, 29; 1I:
14; II: 4, 11; 1V: 29, 31, 45.

C. pseudorivulorum K effermiiller, 1960 (= horaria: Zigba, Zaéwilichowska,
1966), 3573, 472, 13 si, 3122 nymphs. I: 11—17, 19, 21, 24, 26, 28; II: 1; III: 5—10,
12, 15, 21; 1IV: 6—10; V: 725, 32—34, 39, 40.

C. macrura Stephens, 1836 (= moesta: Krzyzanek, 1971). 752 nymphs.
I: 12, 13, 15—17, 24, 28; II: 5—10, 12, 18, 21; IV: 6—10; V: 6—25, 33, 34, 36,
39, 40; VI: 3, 5, 6.

C. moesta Bengtsson, 1917. 3 nymphs. V: 25; VI: 5.

C. robusta Eaton, 1884, 21 nymphs. VI: 4.

Brachycercus harrisella Curtis, 1834. 19 nymphs. V: 24, 25.

B. minutus Tshernova, 1952. 12 nymphs, V: 24, 25. )

B. pallidus Tshernova, 1928. 7 nymphs. V: 24, 25.

5.2. Remarks on some common species

In analysing the existing data on species the author had only little opportunity
to check personally the original materials of the previous authors. The synonyms
cited in the previous chapter (5.1) refer mainly to those cases when determination
of the species seemed with certainty to be wrong in the light of the present knowledge
of its distribution in space and time. A great number of the synonyms were also
given as the result of recent changes in the nomenclature of European mayflies and
the general progress in taxonomy of the order. For some species it was not possible
to establish full synonymy. This refers mainly to three taxons which had been treated
until recently as “common species” and are now recognized as groups consisting
of 2 or 3 species:

Baetis bioculatus (L.). A species name no longer valid (M itller-Liebenau (1969)).
In older papers this name was used to determine the species known now under the
name B. fuscatus (L.). In those papers, especially the ones concerning nymphs, the
species could, in fact, be identified with two other allied ones often accompanying
it: B. scambus Etn. and B. beskidensis Sowa.

Rhithrogena semicolorata (Curt.). Previous reports on this species from the
Carpathians seem to concern in many cases also Rh. ferruginea Nav., Rh. iridina
(Kol), and even RA. loyolaea Nav.

Ecdyonurus venosus (Fabr.). In this case a false determination could concern,
especially in larval form, at least three species: E. torrentis Kimm., E. macani Tho-
mas and Sowa and E. starmachi Sowa.

17 — Acta Hydrobiologica
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5.3. Discussion on species poorly known or new for the Polish fauna

Rhithrogena hybrida Etn. and Rh. hercynia Landa. These two species show a close
alliance in all developmental stages. The nymphs of Rh. hercynia from the rivers. of
the Polish part of the Carpathians usually agree with the original description by
Landa (1969, 1970) who designated a nymph as the holotype of this species. They
do not differ from the nymphs originating from the type-locality of the species
(Otava, SuSice, CSSR) which, thanks to-the kindness of Dr. Landa, was available
for examination. Nymphs of this species differ from those of Rh. hybride mainly
in colour: the presence of dark, fairly diffused spots on the femur and pigmentation
of tergites: of the abdomen, of which the few first ones, the eighth and ninth, are
bright and the tenth is dark.

Rh. diaphana Nav. Nymphs: of this species, usually mentloned in the literature
under the name Rh. aurantiaca (Burm.) (Thomas 1968, Puthz 1973), demonstrate
a similar pigmentation of the body as Rh. semicoiorata (Curt.) nymphs, except
that the tenth tergite of the abdomen is dark. The margins of the gills are smooth
and the first gill lacks a fold on its upper surface.

Ecdyonurus quadrilineatus (Landa). This species is very snmllar to E. lateralis
(Curt.) but is somewhat larger and fairly variable. The nymohs differ from those
of the other three species of the lateralis (Curt.) group living in Poland in rings
of long spines on tails; thess spines reach in the basic half of the tail, more than
midway along the segment neighbouring with that out of which they grow. Spines
on the surface of the femurs are densely placed, the claws of the legs usually have
two teeth and the last gill is greatly elongated. A new species in the Polish fauna
captured by the author also in the streams flowing down the southern slope of Mt
Swiety Krzyz in the Swietokrzyskie Mountains.

E. fascioculatus Sowa. In all developmental stages very smnlar to E. affinis Etn.
Nymphs differ mainly in the lateral spine outgrowths of the abdomen segments
(Sowa 1974) being less distinctly curved downwards.

Baetis digitatus Bgtss. Allied with B. niger, described originally according to
Swedish material. According to Miiller-Liebenau (1969), the nymphs. differ
from those of B. niger in three features: hairs on the labium (only 3-—4 hairs at the
tip of the glossa in the lower face), a pointed assymetric seventh gill, and a single
dark band on the tail. Judging from the available material of the two species only
the first of these three features is of differentiating taxonomical value. The other
two undergo in B. niger great individual variability and often become similar to those
of B. digitatus. New in the Polish fauna.

Baetis vardarensis Tkon. This is known in the literature only in larval stage
(Ikonomov 1962, Miiller-Liebenau 1969, 1974), though most probably the male
imago (not larva) B. meridionalis Tkon. (Ikonomov 1962) belongs to the same
species. The nymphs of B. vardarensis resemble those of B. lutheri from which they
differ externally mainly in a much longer intermediate tail reaching in fully grown
nymphs half or even more than half of the length of lateral tails, and in the absence
of paired dark spots on most of the abdomen tergites.
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Buaetis calcaratus Kefferm. In nymph stage practically indistinguishable from
those of B. tricolor Tsher. Mature nymphs can be .determined by the imaginal
features: by the hind wings and by the structure of the egg chorion (female nymphs).

Baetopus tenellus (Alb.). This species, mentioned here for the first time in the
Polish fauna, was originally described in the genus Centroptilum Etn. on the basis
of an imago male (Albarda 1887). Nymphs identical with those possessed by the
author were described by Lestage (1919) under the name Baetis? niger (1..). Accord-
ing to the features given by Keffermiiller (1960, 1967) there is no doubt that this
species belongs to the genus Baetopus Kefferm. The fact that the nymphs caught
belonged to the species of Albarda was established on the grounds of the structure
of the hind wing germ, the general size, the colour of the body, and germs of sexual
organs in a male nymph just before emergence. Most probably B. balticus Kaz-
lauskas 1962 is a junior synonym of the species of Albarda.

Centroptilum nemorale Etn.? is known so far on the basis of a holotype (imago
male) caught in Italy (Appenino, Pistojese). An imago male raised by the author
from a nymph caught in the stream at Zawoja (station II; 14) is similar to the holotype
(Kimmins 1960), but the penis plate is sclerotized, in the author’s specimen on
a slightly larger surface and the second segment of the gonopods is somewhat more
slender. As the present knowledge of the Eaton species is rather poor it is impossible
to say whether the differences noticed in the specimen from Poland are the result
of individual or geographical variability or if they are of species level. Determination
thus remains provisional. The nymph is very similar to that of C. pennulatum.
New in the Polish fauna.

Centroptilum nana Bog. males from the San do not differ in their external features
from Bogoescu’s (1958) and Kazlauskas’ (1964) descriptions, or the nymph
from the latter author’s description (op. cit.). This nymph, a female, has already
developed eggs whose structure is in agreement with the data by Bogoescu and
Tabacaru (1966) given for this species. It seems to be identical with that described
by Jacob (1973) from Poland under the name C. potamonensis Jac.

Centroptilum pulchrum Etn. This species, together with C. parapulchrum, is the
subject of a separate elaboration (Keffermiiller, Sowa, 1975). Nymphs of
these two species are almost identical and very similar to the C. forlivense Grandi
(1964) nymphs.

Procloen bifidum Bgtss. and P. ornatum Tsher. These two very much allied
species are the subject of a separate elaboration, (Sowa, 1975) based upon typical
material. Nymphs differ from one another in the colour of the abdomen (red spots
on tergites in P. ornatum) and the shape of gills (in P. ornatum a fairly distinct
outgrowth forming second plate on the 2—5 gill is noticeable, this not being observed
in nymphs of P. bifidum).

Cloeon cognatum Steph. An allied species of C. dipterum (L.) and so far identified
with it. It is the subject of a separate elaboration (Sowa, 1976). New for the
Polish fauna.

Brachycercus pollidus Tsher. Adult forms of this species were described on
the basis of material from the River Oka (Tshernova 1928). A complementary

17¢
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description of the nymphs from the River Neris in the Lithuanian SSR was given
by Kazlauskas (1965). A new species for the Polish fauna. Nymphs very similaz
to B. harrisella (Curt.) but slightly smaller.

/
5.4. Dubious species in the territory of the investigations

From the Polish part of the Carpathians or from the neighbouring territories
a number of species not found during the present investigations have been mentioned
in the literature. These are either as yet poorly known species, often even of an
upcertain systematic position, or good species which, however, in the author’s
opinion do not occur in the Polish part of the Carpathians and probably not even
in the Carpathians at all.

Rhithrogena alpestris Eaton, 1885. Mikulski (1936) mentions it, among other
places from the higher parts of the Tatras. More recent investigations did not,
however, confirm the presence of this species in Poland. Rh. alpestris sensu Landa
(1969) cannot belong to the Eaton species either, as the nymphs described by
Landa from the High Tatras on the Sloviakian side have smooth gills, whereas
Rh. alpestris Etn. nymphs have gills with incised margins. If the source of error
does not lie in the mountain populations of RA. diaphana Nav., the form described
by Landa belongs to a species not yet named.

Rhithrogena henschii Klapdlek 1906. Known, as yet, only in the form of a male
imago cited by Klapdlek (1906) and subsequently by Mikulski (1936) from Kiez-
mark in Slovakia. Thanks to the kindness of Dr Puthz from Schlitz the author
was able to examine the sexual organs of the holotype kept in Zagreb. The general
shape of the penis and of the titillators indicates an alliance with Rh. loyolaea Nav.;
the position of the inner tooth of the penis lobes and their shape seen from behind
are, however, not identical in the two species. A certain doubt is also aroused by
the place of catching. Considering the title of Klapdlek’s paper (op. cit.) it cannot
be excluded that in labelling the material a mistake could have been made and the
specimen was in fact caught in Yugoslavia.

Epeorus alpicola (Eaton), 1871. The presence in the Carpathians of this high
mountain Alpine species is dubious. The specimens given by Duziedzielewicz
(1919) belong, according to Mikulski (1936), to E. assimilis Etn (at present a sy-
nonym of E. sylvicola E. Pict.).

Ecdyonurus fluminum (Pictet), 1843—1845. The type of this species has perished.
According to Thomas (1968a), Pictet most probably had to do with E. dispar
(Curt.), formerly described from England, whereas Eaton (1883—1888) joined
under the name * fluminum® two other species: E. forcipula (Pict.) and E. curantiacus
(Burm.). In Poland and in the whole territory of the Carpathians the specimens
determined as “E. fluminum” should, however, belong in fact to E. aurantiacus
(Burm.), E. dispar (Curt.) or to E. submontanus Landa.

Ecdyonurus forcipula (Pictet), 1843—1845. According to Thomas’s data (1968a)
the certain localities of occurrence of this species have up till now been localized
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on the territory of Western Europe (the Alps, the Pirenees). Mentions from the terri-
tory of the Carpathians refer, it would seem, to other allied species, most frequently,
surely, to E. venosus (Fabr.). The source of many errors lies in Schoenemund’s
key (1930) in which a set of white spots on the dorsal part of the body, contrasting
greatly with the dark background was adopted as a feature characteristic of E.
forcipula (Pict.) nymphs. In fact such a set of spots occuts in some nymphs of
E. venosus (Fabr.) and some other Ecdyonurus species not belonging to Pictet’s
species.

Ecdyonurus helveticus (Eaton), 1887 is a species living in South-Western Europe
and its presence in the Carpathians is of small probability. Specimens determined
with this name should in fact belong to E. carpathicus Sowa or to E. subalpinus
(Klap.). . '

Heptagenia montana (Pictet), 1843—1845. This is a species known only from
an original description of adult forms from the Sabaudian Alps. It has not yet
a well-determined systematic position but from the description data it may be assumed
that it belongs to the genus Ecdyonurus Etn. Specimens mentioned by Dzigdzie-
lewicz (1919) from Zakopane may belong to E. venosus (Fabr.).

H. fallax (Hagen), 1864. This is a Mediterranean species known from Corsica
and Sardinia (Grandi 1960). Its presence in the Carpathians is doubtful. The nymphs
reported by Zaéwilichowska (1968) under this name from the Kamienica Na-
wojowska and its tributaries belong, without doubt, in the majority to Ecdyonurus
lateralis (Curt.), a species in nymphal stage similar to Heptagenia fallax, which the
author does not mention in her paper; they may also belong partly to Ecdyonurus
quadrilineatus (Landa).

5.5. Species expected in the investigated territory

It seems that the list of 97 species found in running waters of the investigated
territory is almost complete, especially in the case of mountain streams and rivers.
Some species can possibly be found in the streams and smaller rivers of the Carpathian
plateau and in the part of the Sandomierska Valley situated on the right side of
the River Vistula, which however, were not investigated so exactly. There is a possible
occurrence, at least, of Baetis pentaphlebodes Ujhelyi and Paraleptophlebia tumida
Bengtsson species known from the lowland of Poland (K effermiiller 1972,
Jazdzewska 1971) and also from Hungary and Czechoslovakia.

The possibility of occurrence of Habroleptoides carpatica Bogoescu et Cras-
naru, 1930, known from the Rumanian part of the Carpathians (Bogoescu 1958),
and Ephemerella mucronata Bengtssson, 1909 a North European species mentioned
by Mikulski (1935) from the streams of the massif of the Czarnohora, is not clear.
The first of these species is similar to Habroleptoides modesta Hag., from which
it differs in the nymphal stage mainly in a two-segmented maxillary palp. All the
nymphs of the Habroleptoides Hag. genus caught in the Polish part of the Carpathians
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had a three- segmented maxillary palp. The species of Bengtsson, on the other hand,
both in the winged form and in the nymphal stage, is very similar to Ephemerella
krieghoffi Ulmer. These two species, which have not so far been directly compared,
are at present the subject of separate investigations by Dr. M. Keffermiiller
from Poznan, who takes the material from the Carpathians, among others, as a basis.
If they prove identical the name proposed by Bengtsson, as an older one, should
have priority.

6. Zoogeographic characteristics

6.1. Maximum ranges

An exact establishment of the whole distribution of the mayfly species found
in the investigated territory is difficult and in many cases not yet possible. This
results both from incomplete recognition of the composition and distribution of
mayfies in particular provinces of the Palearctic and even in Europe as well as from
the necessity of checking, in consequence of the recent progress in systematics of the
group, some older data as to the distribution of species from many regions of Europe
and Asia. The species composition and distribution of mayflies on the territory
of the Caucasus, Turkey, and the Iberian Peninsula are very poorly known. It may
also be feared that determination of the range of a certain number of species, which
used to live in large European rivers, will be the subject of hypothesis only because
of the reconstruction and pollution of these rivers. A zoogeographical analysis
of European mayflies was recently presented by Illies (1967) and as to the Cze-
choslovak fauna also by Landa (1969). The below-given geographical character-
istics of distribution of the Carpathian mayflies differs in many respect from the
data given in the papers of these two mentioned authors, especially with regard to
Heptageniidae and Baetidae.

Among the identified 97 species the local endemites are lacking. To the Carpathian
endemites at least three species can be included: Rhithrogena gorganica, Ecdyonurus
carpathicus, E. subalpinus.

From these species only Rhithrogena gorganica is limited in occurrence to the
Eastern Carpathians (USSR, Poland). Eedyonurus carpathicus, known so far from
Poland and Rumania (Sowa 1973), occurs, most probably, in the whole Carpathians.
E. subalpinus belongs to the extensive Carpathian endemites. Apart from the Car-
pathians, where the centre of its habitation is found, it was encountered in the upland
territories of Southern Czechoslovakia, and Landa (1969) believes that it also inhabits
the Sudeten Mountains.

Also five other species were found in the Carpathians, either in the Carpathians
themselves or near these mountains:
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Rhithrogena iridina iridina, Eedyonurus fascioculatus, E. quadrilineatus, Baetis
beskidensis, B. gracilis, Caenis beskidensis. : :

Apart from Rhithrogena iridina iridina, which may prove to be only an extensive
Carpathian endemite, others of this provisionally combined group should have,
however, a larger geographical distribution in Central Europe.

According to the so far obtained data the following species belong to the Central
European ones:

Rhithrogena germanica, Rh. hercynia, Rh. hybrida, Rh. loyolaea, Ecdyonurus
affinis, E. macani, E. torrentis, E. starmachi, E. submontanus, Baetis alpinus, B. mela-
nonyx, B. lutheri, Baetopus tenellus, Oligoneuriella pallida, Ephemerella krieghoffi,
E. mesoleuca.

The centre of habitation of some of the species belonging to this group are the
Alps and a belt of mountains and uplands especially on the northern side of the Alps
and the Carpathians and for the remainder the Central European Lowland and
the Pannonian Lowland. The first of the species — the Alpine Carpathian ones —
consist of the mentioned representatives of Rhithrogena (with the exception of
Rh. germanicu), representatives of the genus Baetis and Ephemerella krieghoffi.
Rhithrogena loyolaea is distinguished by its disjunctive Carpathian-Alpine-Pirenean
distribution. Within the second group Rh. germanica and Ecdyonurus torrentis are
known also from Great Britain and the former and E. macani also from the South
of France. E. affinis and Baetopus tenellus are spread over the Central European
Lowlands, from Belgium to the north-western border of the USSR. Oligoneuriella
pallida and Ephemerella mesoleuca are, apart from Poland, known also from Hungary
and Lower Austria.

The following species constitute the South-Central European group:

Rhithrogena diaphana, Rh. ferr.iginea, Rh. semicolorata, Epeorus sylvicole, Ecdyo-
nurus aurantiacus, E. dispar, E. insignis, E. lateralis, E. venosus, Heptagenia coerulans,
H. longicauda, Habroleptoides modesta, Choroterpes picteti, Isonychia ignota, Baetis
buceratus, B. sinaicus, B. vardarensis, Centroptilum pennulatum, Oligoneuriella mi-
kuiskii, O. rhenana, Ephemerella major, E. notata.

The northern range of the species of this group is similar to that of the Central
European ones; they do not occur in the North European parts of the USSR and
Scandinavia, though some of them are known from England and Denmark. In
the south the area of their occurrence reaches 'over the Balkan Peninsula, Central
and even Southern Italy and Spain. For Rhithrogena semicolorata, Rh. diaphana,
Ecdyonurus insignis, Baetis sinaicus, B. vardarensis, Habroleptoides modesta and
Ephemerella major the Carpathians form the north-eastern limit of habitation.

The group of North-Central European species included:

Arthroplea congener, Heptagenia fuscogrisea, Ametropus fragilis, Habrophlebia
lauta, Leptophlebia vespertina, Siphlonurus armatus, Ameletus inopinatus, Baetis
digitatus, B. scambus, Procloeon bifidum, Caenis rivulorum, C. robusta, Brachycercus
harrisella.

The southern limit of the range of these species is constituted by the northern
slopes of the Alps and the northern Carpathians, some spreading over the territory
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of the Balkans. It isnot known how far they reach in the south of the European
part of USSR. In the north these species live in the greater part of the territory
of Scandinavia, a great number of them also being recorded from Lapland.

The group of European species consists of:

Ephemera danica, Heptagenic sulphurea, Habrophlebia fusca, Paraleptophlebza
submarginata, Siphlonurus aestivalis, Baetis muticus, B. niger, B. vernus, Cloeon simile,
Caenis macrura, C. moesta.

Species of this group are recorded in the whole or almost the whole of Europe
except for its south-eastern region where their possible presence should be the
subject of further investigations.

To the group of Eurasian species belong:

Heptagenia flava, Siphlonurus lacustris, Baetis tricolor, Pseudpcloeon inexpectatum,
Procloeon ornatum, Ephemerella ignita, Caenis pseudorivulorum, Brachycercus pallidus.

From this group only Siphlonurus lacustris and Ephemerella ignita are known
from almost the whole of Europe. The distribution of the other species is limited,
according to the present data, to its central-western parts of Poland, the USSR and,
apart from Procloeon ornatum and Brachycercus pallidus, also Czechoslovakia. Hep-
tagenia flava and Baetis tricolor are known also from Bulgaria and Yugoslavia.

The group of palearctic species is formed by:

Potamanthus luteus, Ephemera lineata, E. vulgata, Ephoron virgo, Paraleptophlebia
cincta, Baetis fuscatus, B. rhodani, Brachycercus minutus.

They are widely spread in-the European Western Siberia Province but Ephemera
lineata and Ephoron virgo do not occur in their northern part and Brachycercus
minutus is known in Europe so far only from the USSR, Poland, and Bulgaria.
In the south species of this group penetrate the Mediterranean Province and the
Central Asian Province, and in the east, on the other hand, at least to the western
parts of the East Asian and East Siberian Provinces.

To the holarctic species belong:

Leptophiebia marginata, Centroptilum luteolum.

Illies (1967) includes also into this group Cloeon dipterum, whose distribution.
however, as well as that of C. cognatum and C. inscriptum should be verified by further
investigations. The last three species, similarly as Centroptilum luteolum, are certainly

« widespread in Europe. For Leptophlebia marginata, on the other hand, the Alps
and the southern Carpathians form the southern limit of its European distribution.

The distribution of some representatives of the Baetidae, Raetis calcaratus and
Centroptilum species, not included into any group, require some further investigations.

Ascan be seen from the above given review, the South-Central European, Central
European, and North- Central European elements are most numerously represented
in the running waters in the investigated territory. Taken together, they constitute
over 52 per cent of all species caught. During further investigations on European
mayfly distribution the participation of these elements will perhaps prove still higher. -
The number of species with a small area of distribution, among them the Carpathian
endemites, is very small. It seems that the great number of the species caught, a much
greater one than so far reported f.om similar areas from Central or Southern Europe,
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is connected, on the one hand, with the geographical situation of the investigated
running waters and the climate of the territory — which create living conditions
both for the species from the north and from the south of Europe — and, on the
other hand, with the great differentiation of the biotopes existing there.

6.2. Distribution in the investigation area

In the catchment area of the Sota (region I) 51 species were found to occur
a list of which, with their distribution at stations (except for the less exactly investigated
station 25), is given in Tables IX and X. Table IX gives a list of species slightly
changed in relation to the previously given one (Sowa 1965) as a result of more
recent taxonomical investigations. In the catchment area of the river Skawica on
the northern part of the Mt Babia Gdra massif (region II) 38 species were caught,
of which 29 were also found in the catchment area of the Orawa on the southern side
of Mt Babia Gdra. A list of species is given in Table XI, illustrating their altitudinal
distribution in the whole region. The distribution of species in the water system of
the streams Suchy-Stondw-Jaworzyna-Skawica is given in Table XII and in a meadow
stream at Zawoja in Table XIII. In the Raba and its tributaries (region III) 68 species
were found, a list of which (except for Centroptilum parapulchrum, caught only as
an imago ) is given in Tables XIV and XV together with their distribution along
the water system of the streams Olszowy-Koninka-Por¢bianka-Raba and at stations
11 and 17. Data for other stations are not presented in tabular form because of the
smaller amount of material. In the whole investigated section of the catchment
area of the Dunajec (region 1V) 57 species were found. Some of them, given in Table
XVI, which concerns the altitudinal distribution of the mayfly nymphs in the streams
of the Polish part of the Tatras, combined according to the author’s own materials
and critically treated data fiom the so far published papers by Kamler (1960, 1962,
1965, 1967), Kamler, Riedel (1960), Kownacki, Kownacka (1965), Kownacka,
Kownacki (1965, 1968), Kownacka (1971), and Sowa (1971). Data concerning
the distribution of species in other studies sections of the catchment area can be
found in paragraph 5.1. In the San and its tributaries from the Bieszczady Mts
(region V) a total number of 79 species were found, a full list of them with distri-
bution in the river system Wolosatka-Wolosaty-San, being presented in Table XVII.
In other tributaries of the San 42 species on this list were found (paragraph 5.1.).
Finally, in the tributaries of the Vistula in the vicinity of Cracow (region VI) 36
species from the complete list in Tables XVIII and XIX, which concern the Wilga,
Drwinka, and the stream at Klaj, were found.

Of the species occurting in the investigated territories only two, Rhithrogena
loyolaea and Ameletus inopinatus can be considered as high mountain forms, these
being numerous and common in the Tatra streams. In the Beskids their occurrence
is localized and restricted to individual higher mountain massifs. The two species
are cohabitant but 4. inopinatus is also numerous in the oligotrophic Tatra lakes.
They do not descend below an altitude of 500 m above sea level.
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To the mountainous elements of the fauna of brooks and smaller montane
rivers belong:

Rhithrogena gorganica, Rh. hybrzda Rh. mdma, Ecdyonurus subalpmus Baetis alpinus.
B. melanonyx. : .

Of especially great range in the altitudinal occurrence of these species is Baetis
alpinus, which is numerous and widespread in the Tatras and, together with Rhithro-
gena iridina, also in the Beskids. For these two species the lower limit is an altitude
of about 300 m above sea level. Together with these species there occurs Baetis
melanonyx, which has, however, a smaller altitudinal range. The occurrence of
Rhithrogena gorganica is limited to the Western. Bieszezady Mts where it replaces
Rh. hybrida. Widespread in the spring sections of the mountain streams is Ecdyonurus
subalpinus.

The group of both mountainous and piedmont species, occurring in the becks,
streams, and smaller. rivers is constituted by:.

Ephemera danica, Rhithrogena ferruginea, Rh. hercynia, Epeorus sylvicola, Ecdyonurus
carpathicus, E. quadrilineatus, E. starmachi, E. submontanus, E. torrentis, E. venosus,
Baetis lutheri, Caenis beskidensis, C. rivulorum.

Ecdyonurus carpathicus and E. quadrilineatus are mainly connected with smaller
streams situated at lower altitudes. More numerous and at a larger number of stations
in these streams are E. starmachi, E. submontanus, Caenis rivulorum, C. beskidensis
which penetrate to small. piedmont rivers. The altitudinal range of all six species
is about 250—800 m above sea level. Much higher, almost to 1000 m above sea level,
reaches Ecdyonurus venosus which, like Ephemera danica, is a common species in the
Carpathians. Equally common in the altitude range 200—900 m above sea level
and, moreover, numerous or very numerous, are Rhithrogena ferruginea, Epeorus
sylvicola, Ecdyonurus torrentis, and Baetis lutheri distributed in larger streams and
small rivers, penetrating far into the middle sections of larger Carpathian rivers.
Localized in altitudinal occurrence is Rhithrogena hercynia, found between 950
and 500 m above sea level, at the foot of the Tatras and in large rivers of the Tatra
Highlands (Podhale). Except for Epeorus sylvicola and Rhithrogena hercynia the
species of this group occur.also in smaller upland streams. .

To the group of species inhabiting medium sized and large Carpathian rivers

and including up to the uplands belong:
Rhithrogena diaphana, Rh. germanmica, Rh. semicolorata, Ecdyonurus dispar, E.
insignis, E. macani, Paraleptophlebia cincta, Choroterpes picteti, Baetis beskidensis,
B. gracilis, B. sinaicus, B. vardarensis, Centroptilum pennulatum, Oligoneuriella
rhenana, Ephemerella major, E. notata.

All three species from the Rhithrogena, Ecdyonurus dispar, Baetis. sinaicus, B.
beskidensis, B. vardarensis, Oligoneuriella rhenana, and Ephemerella major, also
penetrate the lower sections of larger streams.in these territories up to an altitude
of 600—700 m above sea level and Rhithrogena diaphana even to 850 m above sea
level. Except Baetis sinaicus and B. beskidensis, they are numerous and widespread
species.- More restricted in altitudinal range are Ecdyonurus macani, Baetis gracilis,
Paraleptophlebia cincta, Choroterpes picteti, and Ephemerella notata of which only
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Ecdyonurus macani reaches a height of 500 m above sea level, the others not exceeding
350 m above sea level. For almost all species of this group the lower limit of range
is between 150 and 250 m above sea level, only for Baetis sinaicus being 350 m above
sea level. \ \ ,

The group of species characteristic of large rivers from the piedmont territories
to the lowland ones inclusive, is constituted by:

Potamanthus, luteus, Ephemera lineata, Ephoron virgo, Ecdyonurus aurantiacus,
Heptagenia coerulans, Baetis buceratus, B. calcaratus, B. fuscatus, Pseudocloeon inex-
pectatum, Centroptilum pulchrum, Caenis macrura, C. pseudorivulorum.

This group of species is linked as to its distribution with the former group and
some of the species, such as Baetis fuscatus, Caenis macrura and C. pseudorivulorum,
is spread also over small piedmont rivers to an altitude of 600 m above sea level or
even (Baetis fuscatus) 700 m above sea level. For Potamanthus luteus, Heptagenia
sulphurea, Baetis buceratus, and Ephemera lineata the upper limit of range is 500 m
above sea level and for other species 400 m above sea level. Species included. in this
group, however, also live in large or medium sized lowland rivers. Only Baetis
Suscatus and Caenis pseudorivulorum form numerous populations in the territory
of investigations, the majority being species of average numbers.

To the group of species occurring in large or medium sized lowland rivers belong:

Ecdyonurus affinis, Heptagenia flava, H. fuscogrisea, H. longicauda, Ametropus
fragilis, Ephemerella mesoleuca,* Isonychia ignota, Baetis tricolor, Baetopus tenellus,
Centroptilum nana, Proclocon ornatum, Oligoneuriella mikulskii, O. pallida, Brachy-
cercus harrisella, B. minutus, B. pallidus.

The majority of these species were found only in the lower course of the San.
Only Ecdyonurus affinis reaches 270 m above sea level, for other species 200 m above
sea level is the upper range of distribution. ‘

Species occurring in various types of running waters, often w1th1n a great altitu-
dinal range:

Ecdyonurus lateralis, Paraleptophlebia submarginata, Habroleptoides modesta,
Habrophlebia lauta, Ephemerella ignita, E. krieghoffi, Baetis scambus, B. muticus,
B. rhodani, B. vernus, Centroptilum luteolum.

Except for Baetis vernus and Ephemerella krieghoffi, these species are common
in the investigated system of running waters and, apart from the two mentioned
species and Paraleptophlebia submarginata and Habrophlebia lauta, also the most
abundant forms in this territory. The two last species do not exceed the upper limit
of 750 m above sea level, inhabiting smaller or medium size mountain and piedmont
rivers but also smaller piedmont and upland streams. Other species occur from the
upper or spring sections of mountain streams or also from the lower courses of
streams of high mountain character to the upland sections of larger Carpathian
rivers. The upper limit of their altitudinal range varies from 850 m above sea level
for Ephemerella ignita to 1200 m above sea level for Baetis rhodani and Ephemerella
krieghoffi. For the remainder it is between 900 and 1000 m above sea level.

The group of species connected equally with running and stagnant waters or
those occurring mainly in stagnant waters is composed of:
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Ephemera vulgata, Siphlonurus aestivalis, S. armatus, S. lacustris, Arthroplea
congener, Leptophlebia marginata, L. vespertina, Procloeon bifidum, Cloeon cognatum,
C. inscriptum, C. simile, C. dipterum, Caenis moesta, C. robusta.

Of these Siphlonurus lacustris is distinguished by great abundance; it is found
mainly in marginal pools cut off in the channel from larger streams to larger Car-
pathian rivers inclusive, within the altitudinal interval from 720 to 315 m above sea
level. Other species belonging to this group were found in running waters in the
investigation territory to an altitude of slightly over 200 m above sea level, though
some of them, i. e. Leptophlebla vespertana or species from the group of Cloeon
dipterum, were found in stagnant waters, also close to the rivers, in the Carpathians
at much greater altitudes, Leptophlebia vespertina being considered by Landa
(1969) a typical form for mountain lakes.

1t is difficult to determine the type of distribution of the other five species: Habro-
phlebia fusca, Baetis digitatus, B. niger, Centroptilum nemorale, and C. parapulchrum.
With the exception of the last named, these species were caught in streams or small
rivers with well developed aquatic vegetation. Only Habrophlebia fusca and Baetis
niger attain in them any great abundance. The latter, found also in larger Carpathian
rivers, was caught in the altitudinal interval from 630 to 167 m above sea level.

7. Distribution along the water courses

Data on the distribution of mayfly species and their communities along the water
systems, mainly along the streams or smaller mountain and piedmont rivers are
scattered over a fairly rich hydrobiological literature concerning either this order
only or the whole benthos macrofauna. Zelinka (1953) distinguished in the catchment
area of Moravica, generalizing also the data from other water systems in Czecho-
slovakia, several habitation zones of mayfly nymphs successively from the springs:
the zone of Ameletus, Rhithrogena, Ecdyonurus, Oligoneuriella and Ephemera. The
adopted criteria for this division was the dominance of characteristic species in the
sense of general abundance and number of species in particular zones. For deter-
mination of individual ecological zones in smaller streams of the Lipper Bergland
and Sauerland in the GFR, Illies (1952) and Dittmar (1955) took into consid-
eration also the distribution of mayflies. Illies (1953) gives detail of habitation of
mayfly nymphs along the more than 200 km long course of the Fulda, distinguishing
communities and characteristic species for three zoocenoses discriminated in the
region of Salmonidae. Kawecka, Kownacka and Kownacki (1971) mentioned
among the forms determining longitudinal biocenotic zones in the High Tatra
streams also Rhithrogena loyolaea and Baetis alpinus. In spite of the existing liter-
ature from which only a part was discussed above, the longitudinal distribution
of mayflies in the running waters and the possibly occurring zonation of this distri-
bution are not yet properly known in Central Furope. This refers mainly to larger
rivers on their whole length for which only fragmentary materials exist. On the
other hand, the existing information on habitation of smaller mountain streams



269

Is often charged with taxonomical inaccuracy especially with regard to species of
the families Heptagenidae and Baetidae, which are most important here. For
evaluation of mayfly distribution along the course of streams and rivers in the Polish
part of the Carpathians the catchment areas of the Sota, Raba, and San and the water
system Suchy-Stonéw-Jaworzynka-Skawica in the massif of Mt Babia Gdéra were
chosen. The analysis is based upon the species composition and structure of nymphs
dominance (Tables IX, X, XII, XVII) calculated for particular stations as a mean
value from all the samples, both quantitative and semiquantitative, and from all
habitats distinguished within the station. The degree of simtlarity in the species
composition between communities of two stations was determined by means of

c
a percentage coefficient according to Jaccard’s formula: P= P - 100, in which
a-+b-c

a denotes the sum of species at one, b-— the sum of species at the second of the
compared stations, and ¢ — the sum of species common for these two stations.
The calculation results are presented graphically in fig. 7. The connection between
stations in particular regions (RI, RIL, RIII, RV) is expressed by the degree of their
qualitative similarity in agreement with the value of the coefficient P given in the
list of symbols (legend). In particular water systems the similarity was determined
only for neighbouring stations. However, stations situated on the tributaries of the
system Rycerka-Sota and one station in the catchment area of the Raba were com-
pared also with stations of the main system and graphically connected with that
(or those) with which they demonstrated the closest similarity. Such a way of present-
ing the results of analysis resulted from finding in the course of analysis that the
closest similarity, as to species composition was as a rule shown by neighbouring
stations in the given water system; and for stations situated further away this similarity
constantly decreases as the result of the progressing exchange of some species
for others, which can be observed along the course of a water course both in its
lotic and lenitic habitats. In view of the existing gradual exchange of species in the
mayfly nymph communities in running waters, it seems that the longitudinal zonation
of these communities cannot be made on the exlusive basis of the differences in their
species composition. To distinguish different communities the quantitative factor
of the degree of changes in the composition of dominants was also considered. Those
from the neighbouring stations in which a prevalence of the number of taxonomically
different dominants over common dominants occurred were considered to belong
to two different zones, in spite of the fact that in some cases they still demonstrated
a fairly great species similarity. Stations regarded as belonging in the given water
system to the same zone were marked in fig. 7 with a thick line and each of the
successive zones was denoted with a large numeral.

7.1. Analysis of mayfly distribution in particular water systems

Along the course of the Rycerka-Sota, including the majority of larger tributaries
(fig. 7 RI), at least four zones can be distinguished within which the mayf ly communi-
ties have a similar character.
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Ryc 7 Schematy podobienstwa w skiadzw gatunkowym jetek, migdzy sasiadujacymi stanowiskami
wybranych systemow wodnych w dorzeczu Soly (RI), Skawicy (RII), Raby (RIII) i Sanu (RV)
Stanowiska usytuowane na dop*ywach systemu Rycerka-Sota (RI) polqczono takze z tym stanowis-
kiem Iub stanowiskami systenu gléwnego (7—17), z ktorymi wigze je najwicksze podoblenstwo
Linie pogrubione, -oddzielajace grupy stanowisk, wyznaczaja strefy wzdluznego rozsiedlenia jetek
‘'wyroznione na podstawie roznic w sktadzie dominantow :
F1g 7. Schemes of similarity in the mayfly species composition befween neighbouring stations of
selected water systems in the catchment area of the Sota (RI), the Skawica (RII), the Raba (RIII),
and the San (RV). Stations situated on the tributaries of the system Ry cerka-Sota (RI) were also
connected with this station or stations of the main system (7—17) with which they are connected
by the greatest similarity. Thick lines, separating groups of stations, outline the zones of longi-
tudinal mayfly distribution distinguished on the basis of differences in the composition of dominantg

Zone 1. is restricted to station 7, the spring stream Rycerka, in. which the
community consists of several species of a not fully developed structure of dominance
(Table X) with the characteristics Ecdyonurus subalpinus.

Zone 2. covers stations 8 and 9. The dommatmg specxes are here Baetis alpinus
and Rhithrogena iridina, with a fairly great participation of Ecdyonurus subalpinus.
In this zone a section of the Zylica within station 27 was included. The number
of species in the lower part of the zone increases to over 10.- :
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Tabela IX. Rozmieszczenie 1 struktura dominacji Jetek na stanowi kach
% potoku Wielka Puszeza (region I). Wartosci 2 wszystlich
terminéw. badad 1 z wszystkich siedlisk. Préby ilodciowe.
-Podkreélono gatunki:dominijace. a - wysokosé npm W m;

b -~ odlegtos$é od Zrddta w km; ¢ - spadek jednostkowy w %o

 Table IX: DistriBution ahd structure of the mayflies dominance at stations
in the stream Wielka Puszcza (region I). Values from all inves~
tigation data and from all habitats. Quantitative samples.
Dominants underlined. a - altitude inm; @ - distance from the
,spring in kmi ¢ ~ gradient in %

Stanowisko ) B 2 3/4 5 IS
Station ° - .
a 650 560 440 -450 410 310
Gatunek b 0,51 1,2 | 2,6- 3,6] s5,0] 8,4
Species ¢ 166 50 33 - 36 22 -1 14
Bedyonurus subalpinus ég, 3 12 0,1
¥hrogena iri { 11,8 5,8 2,8
Baetis alpinus 16,8 2 E:E 0,3 2,8
Baetis rhodani 8,3 26,8 28,0 fo: 2
Habroleptoides modesta §,g 0, i: () 6,5
Ecdyonurus lateralis 1,2 0,1 0,7 7,0 2,7
Baetis mutiocus 0,3 2,3 5.71_6,9
Eedyonurus starmachi 8,9 5.1 [ -
Epeorus sylvicola :5::1 24 8,2
Baetls soambus 4,4 4,01.14.8
Centroptilum luteolum 2,9 . 2,8 {- 2,2
Baetis lutheri 2,7 3,0 2,8
Caenis beskidensis 3,4 2,7 0,3
Zphemerella krieghoffi 1,0 0,3 0,8
Centroptilum pennulatum 0,7 0,2
Habrophlebia lauta 0,6 - 2,9 0,3
Ephemerella ignita 0,4 0,3 3.3
Ephemera danica 0,4 0,2 1.6
Ephemerella major 0,2 , 0,1 0,2
Bastls vernus 0,1 . ol 3‘
Eodyonurus torrentis %, 4
Zodyonurus dispar y
Suma gatunkéw 5 7 20 20 17
Sum of species

Station 10, in the middle course of the Rycerka, was excluded and treated as
a separate zone 3. as the result of the further changes in the composmon of domi-
nating species. occurring here.:. Baetis rhodani, Rhithragena ferruginea and Habro-
leptoides modesta. With station 10 the value of the similarity coefficient of the follow-
ing stations is related about 60—=80 per cent: 18, 20,22, 23, and 29, situated in
the upper Sota, in the Ujsota, the Glinny ‘stream, in the Koszarawa, and in the
Kocierz stream. - ! : : ‘

Station 11, in the lower course of the Rycerka, shows a closer similarity in the
composition of species and structure of their dominance to stations 12 and 13,
situated lower down the Sola, than with station. 10, hence it was included with them
as a fragment of zone 4. In this zone Baetis alpinus is reduced to the level of nondo-
minant, B. rhodani, B: lutheri, B.-scambus, Eédyonurus dispar, and Oligoneuriella
rhenana being dominants and at station'13-also B. fuscatus. Into this zone the follow-
ing stations are also included: 19, 21, 26 and 24 in the ‘upper Sola, in the lower
Ujsola, the Sopotnia, and in the Koszarawa. Classificatiort of further: stations in
the middle and lower Softa is difficult  because :of changes in .its mnatural
character resulting from human activity. The structure.of dominance is changed most
distinctly at station 14, probably by pollution of the water with sewage from Zywiec,
the total number of species- being also- distinctly reduced in comparison with the
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Pabela XI. Pionowy zasieg jetek ¥ wodach piyngeych masywu Béble} Géry, sesta-
wione wediug materiatéw z wszystkich stanowisk badad

mgble XI. Altitudinel range of mayflies in running waters of the Babla Gére
massif listed according to the materials from all investigation
‘stations

Wysokosé

Altitude 1500 1300 1100 900 700
Gatunek w

Spectes N O O O

Rhithrogena loyolaes
Baetis alpinus

Ameletus inopinatus
Eedyonurus subalpinus
Rhithrogena iridina
Epeorus sylvicola
Baetis vernus

Baetis muticus
Habroleptoides modesta
Beetis melanonyx
Ephemerella krieghoffl
Eodyonurus venosus
Ephemera danica

Baetis rhodani
Ecdyonurus lateralis
Rhithrogena hybrida
Ecdyonurus carpathicus
Ephemerella major
Centroptilum luteolum
Baetls scambus
Paraleptophlebia submarginata
Ecdyonurus torrentis
Ecdyonurus submontanus
Rhithrogena ferruginea
Baetis %utheri
Rhithrogena semicolorata
Habrophlebia lauta
Ecdyonurus dispar
Baetis fuscatus

Caenis rivulorum
Ephemerella ignita
Ecdyonurus starmachi
Centroptilum nemorale ?
Baetis niger

Caenis beskidensis
Centroptilum pennulatum
Caenis pseudorivulorum
Ecdyonurus insignis

..l-...mlnllllmyl ‘

Suma gatunkdéw 2 2 (33 |419

-
o
-
wn
N
=
w
-

Sum of species

neighbouring stations. A negative influence of the water dam at Porabka on the
mayfly communities at stations 15—17 is also noticeable; it is expressed — if one
compares this section of the Sota with a similar section in the middle course of the
Raba (Table XV)— by a decrease in participation in the relative abundance of
Caenis pseudorivulorum, Centroptilum luteolum, Rhithrogena semicolorata, and some
other species, and even the elimination of others, e. g. Ephemera lineata. With regard
to species composition, however, these stations demonstrate great similarity to one
another and also to station 24 in the lower course of the Koszarawa and stations
12 and 13 in the Sota. It is probable that before the dam was built they formed within
them the same zone. Within. 6 stations in the Wielka Puszcza stream two zones can
be easily distinguished in the longitudinal distribution of mayflies; one comprises
stations 1 and 2 and the other stations 3, 4, 5, and 6. None of the communities
in these zones corresponds, however, as to the number of species and their relative
abundance with communities of the zones distinguished for the water system Ry
cerka-Sota and other tributaries of the Sota. The individuality is expressed, above



Tabels X. Rozmieszezenie 1 struktura dominacji jetek na stanowiskach w systemie wodnym Rycerka-Soka i w niektdrych dopiywach Soky (region I).
Dane z préb ilosSciowych. Znak + oznacza udziat w liczebnos$ci wzajemnej mniejszy niz 0,05 %. Pozostale objasnienia jak w tabeli <’

Table X. Distribution and structure of mayflies dominance at stations in the water system mwomwxmxmowm and in some tributaries of the Sota (region I). ;
Data from quaatitative samples., Sign + denotes participation in relative abundance lower than 0.05 per cent. Other explanations as in Table IX -
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Tabela XII. Rozmieszczenle 1 struktura dominacji jetek w systemle wodnym Suchy-Stonéw-Jaworzyna-Skawloo
(region II). Dane z préb pStilosciowych. Pozostate objasnienia Jak przy tabeli IX.

Table XII., Distribution and structurs of mayflies dominance in the water system Suchy-Stondw-Jaworzyna-
Skawica (region II). Data from semiquantitative samples. Other explanations as in Table IX

Stanowisko

Station 12 1 10 9 8 7 6 2 1
Gatunek a | 1400 1200 [1000 [ 820 |770 |745 690 | 645 600
Species b 9, 6 1,5 2, 3,8 5,4 6,4 7, 9,5
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Tabela XIII. Sktad gatunkowy i struktura domi-
nacji ietek % strumieniu_ 2gkowym
w Zawol Wldtach (region II}. Dane
z préb pétilosciowych. Pozostale
objasnienia jak przy tabell IX

Table XIII, Composition of species ans stiructure
of mayflies domiuance in the meadow
stream at Zawoja Widty (region II).
Data from semiquantitative samples.
Other explanations as in Table IX

Stanowisko 14
Station

Gatunek a 625
Species g ;'g

’

Baetls niger 1
; Centroptilum lutsolum 31,2
Habrophlebia lauta 12,4
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Centroptilum nemorale ?
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Sum of species
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Tabela XIV. Sktad gatunkowy i strakiura dominacji
' Jetek w strumieniu lesnym, dopiywie
Raby (region IIT). Dane' z préb péi-
ilosciowych. Pozostale objadnienia jak
przy tabeli IX . '

Table XIV. Composition of specles and structure of
mayflies dominance in a forest stream,
. . R . e - a-tributary of the Raba.(region III), - . e
Data from semiquantitative samples.
Other explanations as in Table IX

' ‘Stanowisko ' 17
Station
.Gatunek e a 300 '
Species : ' i 2 1&8’3 i

Rhithrogena iridina
’ Baetis muticus
. Baetis rhodani
Baetis vernus
Ecdyonurus quadrilineatus

(=]
o

i

Bedyonurus starmachi —T
Habroleptoides modesta 2,7 .
Ephemera danica 1,6
) Habrophlebia lauta 1,0
¢ - -} Bedyomurus carpathicus 0,7
' Habrophlebia fusca 0,6
Eedyonrurus lateralis 0,5
Paraleptophlebia submarginata 0,5
Centroptilum luteolum 0,2
Suma gatunkdéw 14

Sum of species

gll, in the decreased dominance of Baetis alpinus on the whole length of the stream,
an extended range of the dominance of Rhithrogena iriding, and in penetration within’
the dominating’ species for the second zone of Ecdyonurus starmachi and Epeorus
sylvicola (Table IX). .~ S
At station 12 in the system Suchy-Stonéw-Jaworzynka-Skawica no mayfly

Tabela XVI. Plonowy zasleg jetek w wodach piynacych w polskied czgdei Tatr.
t++++  ~ wyst¢powanie okresowe; —----— ~ wystepowanie trwate
Table ZVI. Altitudinal range of mayflies in running waters of the Pollsh

vart of the Tatras +4+44 -‘periodical oceurrence;
~~=-= - constant occurrence’

Wysokosé

Altitude 1800 1600 1400 1200 1000
Gatunek S X L . N
Spectes " N B O I
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Zedyonurus lateralis —_
Bhithrogena ferruginea —
Rhithrogena hercynia —
Ephemerella krieghoffi, —
Centroptilum luteqlum —

Suma gatunkdw, v ‘ 5 2|3 ,,} 4 8 9 L1415 119
Sum of specises o "




Pabele XVII. Rozmieszczenie i struktura domlnaojl jetek ne stanowiskach w systemnle wodnym WoLOSBTKA~WOL0IALy=Loal AABLEVIE T /e
Dane z prédb llofciowych i péiilosciowych. PozostaZe objadnienia jak przy tabeli IX

Pable XVII. Distributlion and structure of mayflies dominance at stations in the water system Wotosatka-Wolosaty-San (region V).
Data from quantitative and semlquantitative samples. Other explanations as in Table X
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fabela XV. Rozmieszczenle 1 struktura dominacji Jetek w systemle wodnym Olszowy-Koninka-Porgblanks-Rabz (reglon
Dane & prdb 1losciowych i pbéilosoiowych. Znak + oznacza udziat w liczebnosei wzajemned nnlejszy niz
?ozostate objaénienia Jak przy tabeli IX

3

Table XV. Diatribution and structure of mayflies dominance in the water system Olszowy—Koninka—Porebianka-Raba
Data from quantitative and semiquantitative samples. Sign + denotes participation of relative abundan
\than 0.05 per cent. Other explanatlons as}in Table IX
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nymphs were found. The other eight stations represent three zones having different
communities (fig. 7 RII). The first of them, downstream, is formed by station 11
where the mayfly community includes only two species (Table XII). The second
zone covers two stations, 10 and 9, where, among others, Rhithrogena loyolaca
and Baetis alpinus dominate. It is only here that, as a subdominant, Ecdyonurus
subalpinus appears. The third zone, comprising station 8 to 1, shows a certain
differentiation in the arrangement of dominants at particular stations, and the
community of station 8 has a transitional character between this and the former
zone. In the third zone Rhithrogena iridina and Baetis rhodani dominate along with
B. alpinus and in its lower part also B. lutheri and Rhithrogena ferruginea. Rh. loyolaea
and the Ameletus inopinatum being non-dominants.

In the water system Olszowy-Koninka-Porgbianka-Raba (fig. 7 RHI) four
longitudinal zones were distinguished showing similarity with the coyresponding
zones in the water system Rycerka-Sola and partly also with some zones in the
catchment area of the Skawica. At station la, at the springs of the Olszowy, the
presence of only two species (Table XV) was established. Also within station 1
the number of species is small and the dominance structure of the community not
fully developed, Ecdyonurus subalpinus being a species common for the two stations
included in zone 1. Stations 2 and 3, constituting zone 2., show a high degree of qua-
litative similarity and a similar composition of species dominating in communities.
Baetis alpinus and Rhithrogena iridina dominate here and R. loyolaea and Ameletus
inopinatus are also characteristic dominants. At stations 4 and 5 included in zone 3.
the number of species increases considerably. The first dominant is here Baetis
rhodani and the characteristic dominant Rhithrogena ferruginea. Zone 4. is represented
by the middle and lower course of the Raba within stations 6 to 10. Communities
of this zone are characterized at particular stations by a further increase in the
number of species and a change in the structure of dominants. The first dominants
are here Baetis vardarensis along with B. fuscatus. Among other species, OQligo-
neuriella rhenana, Ephemerella ignita, and Caenis pseudorivulorum dominate. Char-
acteristic species as subdominants, are here Rhithrogena semicolorata and Ecdyonurus
dispar. Station 10 has a somewhat smaller number of species, probably as a result
of the pollution of this section of the Raba with sewage from Bochnia.

Along the system Wolosatka-Wolosaty-San (fig. 7 RV) five zones of distribution
of mayfly nymphs are distinguished. Zone 1. covers station 1 with only Ecdyonurus
subalpinus living there. Zone 2. covers stations 2, 3, and 4 in the upper course of
the Wolosatka. Communities at these stations, in spite of a relatively small quali-
tative similarity, are related by the common dominants: Baetis alpinus and Rhithro-
gena iridina, Rh. gorganica being here the characteristic dominant. In the lower
part of this zone the number of species increases to 27. Zone 3. is represented by
stations 5, 6, and 7 in the middle course of the Wolosatka and Wolosaty. The first
dominant in this zone is Baetis rhodani (at station 7 — B. lutheri), and characteristic
dominants are Rhithrogena ferruginea, Baetis lutheri, and Habroleptoides modesta
(Table XVII). The number of species increases to 32. The whole course of the San
from station 8 to station 19 is included in the next zone 4. At successive stations
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changes in the species composition in communities are very small. Baetis vardarensis,
Rhithrogena semicolorata, and Ephemerella major dominate and the number of species
at particular stations is almost constant. To zone 5. belong stations 20—25, which
are characterized by a fairly distinct similarity in species composition in the commu-
nities, though not so great as in the previous zones. Apart from the increased distance
between stations, this may result also from the pollution of the lower course of the
San with sewage from Przemysl and Sarzyna. Considering the number of caught
species, 38—42 — at particular stations, the pollution of the lower course of the
San during the investigations was not yet very great. The community of this zone
is characterized by a distinct reduction of participation in the relative abundance
and by the subsequent complete disappearance of three species dominating in the
previous zone: Baetis vardarensis, Rhithrogena semicolorata, and Ephemerella major.
The first dominant here was Caenis pseudorivulorum; the dominants include in their
composition among others Heptagenia flava, H. coerulans and Baetis buceratus,
and locally also Oligoneuriella mikulskii. Representatives of Rhithrogena recede
completely, the number of Ecdyonurus species decreases, and the number of species
known from large lowland rivers, on the other hand, increases.

The discussed zones of longitudinal distribution of mayflies, compared respectively
according to the order of localization in the water system, show great similarity in the
four catchment areas. This results from a sufficiently large dispersion of the majority of
species on the investigated territory and from similar or approximate longitudinal ran-
ges and mutual exchange of species, especially systematically allied ones, in particular
in Jarger water systems. The types of longitudinal range of particular species at
successive stations can be followed on the basis of data presented in Tables X,
X1, XV, and XVII. The best examples are supplied by genera richer in species —
Rhithrogena, Ecdyonurus, and Baetis — but this refers also to genera poorer in species
— Caenis, Ephemerella, or Centroptilum. Except in zone 5., spreading probably
till the middle course of the Vistula and thus not investigated over its whole length,
it is difficult to find species limited in longitudinal occurrence to one zone only:;
most frequently they penetrate more or less deeply into the neighbouring zones and
some of them, e. g. Baetis rhodani or Centroptilum luteolum, can be encountered
on the whole length of the examined water systems. Replacement of systematically
related species proceeds gradually and on a certain length of the stream these species
occur concomitantly even if they occupy the same habitat. Differences refer then to
the proportions in their abundance. The distribution of Rhithrogena iridina, Rh.
JSerruginea, Rh. semicolorata or that of Baetis lutheri, and B. vardarensis can serve
as examples. Proceeding from the springs a gradual increase in the number of species
at successive stations in noticeable along particular water systems. In the case of
streams and smaller rivers the increase rate is quite considerable, while in larger
rivers it is slower and the community becomes established at the level of 32-—36 species,
reaching in the lower course of the San 40 species.

The above-presented longitudinal distribution of mayflies does not exhaust all
the possibilities of coexistence of species in the investigated territory. In some smaller
streams situated at lower altitudes the species composition of the communities



Tabela XVIII.

Table XVIII.

Rozmieszezenie 1 struktura dominacji Jetek na st§no-
wiskach w ¥ildze (region VI). Dane z préb pbiilos-
ciowych. Pozostale objasnienia jak przy tabeli IX

Distribution and structure of mayflles dominance at
stations in the Wilga (region VI). Data from semi-
quantitative samples. Other explanations as in

Table IX .
Stanowisko 1 2 3
Station .
Gatunek 2 340 300 225
Species 2 22’4 4;’5 13
Bedyonurus lateralis 22,8 13,5 3,2
Ephemera danica 26,0 ! g,? 2:3
Habrophletia fusca 23,9 ,%
Centroptilum luteolum 8,7 3, 2,7
Eedyonurus carpathicus [N
Habrophlebiza lauta 29,6 1.7

Ephemerella ignita

Baetis scambus

Eedyonurus quadrilineatus
Baetls vernus

Bedyonurus starmachi

(E

5
Baetis muticus 0,7 1.2
Paraleptophlebia submarginatz 0,7 0,3
Baetis rhodani . 18, 2
Heptagenia flava
Caenis macrura 4,0 -
Ecdyonurus macani 3.6
Baetis lutheri 2,2
Baetis fuscatus 1,8
Eedyonurus venosus 1,4
Sphemerella notata 0,4

= ps

Suma gatunkdw 5 12 18

Sum of species

Tabela XIX. Skiad gatunkowy 1 struktura dominacji
# strumieniu melioracyjnym 1 w Drwince
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glon VI). Dane z préb pdéiilosciowyoh. Pozosta-

te objasnienia jak przy tabell IX.

Table XIX. Species composition and structure of mayflies
dominance in the melloration stream and in the
Drwinka (region VI). Data from semiquantitative
samples. Other explanations as in Table IX.

Cloeon irscriptum

i

Stanowisko 1 5
Station '
Gatunek a 200 190
Speciles 2 g‘g 18‘?
> ,
Baetis vernus 47,6 3,7
Cloeon dipterum 11

Suam of species

Leptophlebia vespertina 3
Caenis robusta
Centroptilum luteolum 31,1
Cloeon simile 2,3
Siphlonurus armatus 0,6 !
Procloeon ornatum 23,7
Cloeon cognatum
Ephemera vulgata s
Baetis buceratns 2,1
Baetis tricolor 1,9
Procloeon bifidum 0,9
Caenis macrura 0,7
Habrophlebia fusca 0,6
Heptagenia fuscogrisea 0,4
Baetis digitatus 0,2
Caenis moesta 0,1
Suma gatunkdéw 8 16
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and the structure of dominance of species are quite different. An individual community
is shown by the meadow stream at Zawoja, Widly in the catchment area of the Skawica
(Table XIII). The absence of species of the genus Rhithrogena and generally poor
presence of  Heptageniidae is striking as well as the decisive dominance .of Baetis
niger and Centroptilum luteolum, which in communities - of the main water systems
have a much smaller participation. An individual community is also found in a forest
stream, a tributary of the Raba near Droginia (Table XIV), in -spite. of the fact
that the general character is similar to the upper sections of the highland streams.
Though Rhithrogena iridina is-the first dominant, it is striking that Baetis alpinus
1s completely absent, probably because it fajls to find here proper thermal or current
conditions. Other examples of different longitudinal communities are found in the
Wilga (Table XVILI), the stream near Klaj, and the Drwinka (Table XIX). It may
be supposed that the.communities of smaller streams of the piedmont and upland
territories will show greater differentiation in the regional sense in comparison with
those of the main Carpathian streams.

7.2. General characteristic of the communities of mayflies and of the zones occupied by them along the
' Carpathian running waters

Taking as basis the communities of mayfly nymphs in the previously discussed
water systems in the catchment area of the Sola, Skawica, Raba, and San as well
as the analysis of species distribution and their abundance in the Dunajec and its
tributaries from the Tatras and the Gorce and also the data from literature (Kamler
1960, 1962, Kownacka, Kownacki 1965, Kownacka 1971, Ciszek, Sosifiska
1965) a certain number of longitudinal zones were distinguished, these being inhab-
ited by different mayfly communities as to species composition and dominance
structure. The distinguished zones and their arrangement have in the examined
territory a recurrent character in particular water systems with, however, the following
limitation : with regard to larger and small streams they refer to those of them whose
springs are situated at an altitude of about 700 m above sea level at least and which
flow down across wooded territozies, eroding distinctly formed gorges or valleys, and
join gradually into larger hydrographical units. Hence, the communities of other
small streams, especially those situated at a lower altitude, as well as of some smaller
rivers of the plateau are not included in the subsequent division.

Zone O. covers the springs and more or less short initial sections of streams,
~including also those which periodically drying up. Mayflies do not occur there at
all or, if they do then; habitation of this zone by young nymphs of some species from
the next zone — usually Baetis alpinus — is brief and limited to certain periods of
the year. The length of this zone is in the streams of the Beskids from a few to many
metres. In the Tatra streams it can be much longer (Kownacka 1971).

Zone 1. extends orer the stream section lying near the spring in shallow-cut
forest gorges or on the slopes of valleys and at higher altitudes also in the mountain
pines zone. Mayfly communities have there a permanent character but still consist

N



280

of a small number of species (1—5). The structure of dominance is not fully developed
and the community abundance low. In the regional sense one of the two following
varietes of mayfly communities occur in this zone, in dependence on the environmental
and especially climatic conditions, this being connected with the altitude above sea
level. In the majority of the Beskid streams the community of this zone consists
of 1—35 species of whichEcdyonurus subalpinusisacharacteristic one, often accom-
panied by Baetis rhodani and B. alpinus, sometimes even more abundant. In some
streams of Mt Babia Gdra and in the streams of the Tatras a community composed
of 1—3 species occurs, with RAhithrogena loyolaea as characteristic and occurring
together with Ameletus inopinatus and Baetis alpinus. Zone 1. extends in the Beskids
at an altitude of 700 to about 1600 m above sea level, and in dependence on it,
its length being from 0.5 to 1 km. The sections of streams lying in this zone are
characterized by a high unitary gradient (300—100 pro mille) and a relatively high
stability of water flow. The water temperature is low in summer and shows a small
amplitude of variations during the year. In the Tatras this zone is longer and covers
stream sections up to 1600 m above sea level (Kownacka 1971).

Zone 2. covers the middle and lower courses of larger Tatra and Babia Géra
streams and the middle and partly also the lower sections of the Beskid ones. In the
majority of the Beskid streams this zone is inhabited by a community composed
of 6 to 20 species having a fully developed structure of dominance and a character-
istic dominant Rhithrogena iridina which, alternately with Baetis alpinus is there
also the first or second dominant. Among other species, the participation in relative
abundance of Ecdyonurus venosus, Epeorus syivicola, and Rhithrogena hybrida is
also high. In the Olszowy stream and in the streams of Mt Babia Gdra (probably
also in the streams flowing down from Mts Pilsko and Skrzyczne in region I) and
in the Tatra streams the discussed community occupies a lower part of zone 2.
In its upper part, however, a different community is formed consisting of 6 to 13
species in which the first three dominants are Rithrogena loyolaea, Baetis alpinus,
and Ameletus inopinatus, Rhithrogena iridina having a much smaller participation
in the relative abundance or even being a nondominant. In these streams zone 2.
is thus divided into two sub-zones: sub-zone 2a — situated higher, where in the
community of mayflies high mountain species occur among the dominants, and
spub-zone 2b — situated lower where in the community of mayflies the mentioned
species are absent, either not occuring there at all or at least as dominants. In the
Beskid streams zone 2., extends at an altitude of about 500 to 1100 m above sea level
(sub-zones 2a and 2b in the interval 800 to 1100 m and 500 to 800 m above sea
level respectively). It begins at a distance of 0.7 to 1.5 km from the spring, depending
on the situation of the stream, and ends at a distance of 2.5 to 9 km, the length
of sub-zone 2a being shorter in the Beskids and not exceeding 2 km. The unitary
gradient of the streams within zone 2. varies from 250 to 15 pro mille the width
of the stream bed being 1.5 to 15 m. The respective sections of the streams are most
frequently shaded to a great extent by forest, annual water temperature variations
being from 6—15°C.

Zone 3. is constituted by the lower sections of medium sized or large Beskid streams
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and smaller mountain rivers or even the initial sections of the main Carpathian
rivers. The community of mayflies of this zone is composed of 20 to 27 species,
the first dominant being Baetis rhodani and characteristic dominants Rhi throgena
Jerruginea and Baetis lutheri. A high relative abundance is also often attained in
this zone by Habroleptoides modesta, Baetis muticus, and B. scambus entering the
composition of dominants or subdominants. In the upper part of the zone also
B. alpinus is sometimes a dominant, together with the already receding Rhithrogena
iridina. In the lower part of the zone also B. vardarensis, Oligoneuriella rhenana,
Rhithrogena semicolorata, and even R. diaphana are subdominants or nondominants.
The community of this zone shows a fairly great regional differentiation in the
structure of dominance of species and in their composition, this being the result
of the greater variety of biotopes constituting this zone and also of the greater
possibility of immigration of species from the neighbouring zones and also from
water bodies not taken into consideration in this division. The zone begins at an
altitude of 450 to 750 m above sea level and at a distance of 4—9 km from the
springs, sometimes even — in an open territory and with a smaller gradient of the
riverbed — at a distance of 2.5 km (upper Sota). It extends over a distance of a
few or more kilometres, depending on the altitude and character of the catch-
ment basin. The unitary gradient of sections belonging to this zone is 30 to 4.0
pro mille, and the breadth of the stream bed 2—I16 m. In the riverbeds short
lenitic sections occur alternately with long lotic sections. The amplitude of water
temperature variations is in the annual scale 18°C, sometimes slightly exceeding
20°C.

Zone 4. covers the middle and the lower course of the Sota, the Raba, the middle
course of the San from Dwernik to Przemysl, and probably also the whole middle
and lower course of the Dunajec at least from Nowy Targ down. The characteristic
dominant in its community is Baetis vardarensis which, along with B. fuscatus and
in the lower part of the zone also with Caenis pseudorivulorum, is one of the first
dominants. Characteristic species of this zone, as dominants or subdominants are
also Rhithrogena semicolorata, Rh. germanica, and Rh. diaphana. Apart from
these, a great relative abundance is attained by Baetis rhodani, B. lutheri, Ecdyonurus
torrentis, and E. dispar, and in the lower part of the zone by Ephemerella ignita and
Potamanthus luteus. Taking into consideration the unpolluted sections, 32—36
species occur on the average at the station and sometimes even 41 species. The
zone begins at an altitude of 300—550 m above sea level. In the San it ends at
an altitude of about 200 m above sea level and in other rivers at their issue into the
Vistula. It begins at a distance of about 10 to 30 km from, the springs and its length
is at least some tens of kilometres, reaching in the San a length of about 200 km.
The average width of the river within the zone is 8—40 m and in the San even up
to 70 m, the unitary gradient reaching the value 17—0.6 pro mille. In the riverbed
lenitic sections are formed alternately with comparatively shorter and shorter lotic
parts. Except for the section of the San in the Bieszczady Mts there lies in the
riverbed a large stone shelf in which the water can change its course. Variations
of water temperature in the course of the year reach 27°C.
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Zone 5. is formed in the investigation area only by the lower section of the San
below Przemysl. As discussed in the previous chapter of the present paper (7.1.),
species of the genus Rhithrogena become nondominant. Caenis pseudorivulorum
becomes the first dominant and, apart from it, Baetis buceratus, Heptagenia flava,
Ephemerella mesoleuca, and Oligoneuriella mikulskii are the characteristic
dominants. The community consists of 38—42 species at the station. The zone begins
at an altitude of abotit 200 m above sea level and at a distance of about 230 km'from the
spring. The gradient of the riverbed varies from 0.55 to 0,14 pro mille, the width
being 50—80 m. The lotic sections gradually disappear and the river flows with
a laminary current. Unlike the previous zones, the bottom is mostly sandy with mud
sediments. Annual variations of water temperature reach 28—30°C.

8. Quantitative analysis of mayflies in the catchment area of the River Raba

8.1. Abundance of mayflies in various habitats along the water system Olszowy-Koninka-Porebianka-
: -Raba

For analysis of the distribution of mayflies and their abundance in habitats
on a stony bottom stations 1—8 were chosen in the catchment area of the Raba
(region III). At stations 1—4 only two habitats were distinguished : stony bottom
with fast or very fast current (A) and a stony-gravel bottom with addition
of mud and detritus in a slow or very slow current (B). At a further four stations
three other habitats were distinguished apart from them: a stony-gravel bottom of
shallow riffles in a fast or moderate current (As), stony bottom with a thin layer
of mud and detritus in lenitic parts of the riverbed with a slow current (Ba), and
a stony bottom in deeper places with a moderate current (Ab). In Table XX the
mean habitation densities of species and higher taxons are presented, calculated
for habitats at successive stations from all quantitative samples collected on seven
dates in the year 1969/1970. Numerical values of habitation density of all taxons
were referred to 5 dcm? of bottom area.

8.1.1. Stony bottom in a fast or very fast current (A)

This habitat has at stations 1—4 ‘a fairly similar character. It consists in the
great majority of large poorly rounded stones or boulders. At an average water
level it is fairly shallow immersed, the water current being multi-directional. At
further stations a corresponding habitat is usually found under a deeper water
layer in the middle of the riverbed or at one of the banks. The community abundance
of the habitat is very small at station 1, increasing considerably at the two next
stations and attaining 70 specimens/5 dcm? bottom area at station 3, mainly owing



Tabela AX%. Iiczebnos¢ jetek w siedliskach systenu wodnego Olszowy-Koninka-TParebianka-Raba. Sanrt
1969/1970. Iiczby okazéw podane w przeliczeniu na 5 dem?
++ - liczebnosd ponizej 0,05; + - llczebnodd ponizej 0,02

% prob 1lodcinwyeh, wozysulich termindw badan roku

powierzehni dna.

Table XX. Number of mayfles in habitats of the water system Olszowy-Koninka-Porebiznkz-Raba. Kean values froi n
from the year 1969/1979., Numbers of specimens are calculated per 5 moﬂm of the bottem =re=.
++ -~ numbers below 0.05; + .- numbers below 0.02
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to participation of Baetis alpinus, Rhithrogena loyolaea (station 2), and Rh. iridina
(station 3). In the Koninka stream at station 4, the community almost doubles in
abundance in comparison with station 3, this probably being the effect of insolation
of the stream after it leaves the wooded territory and of a richer development of -
the algae, ie. feed stock. Baetis alpinus reaches here the greatest abundance (48
specimens) and along with it the participation of B. rhodani decides the abundance
of this community. The greatest abundance is reached by the community at station
5 in the Porgbianka — nearly 190 specimens — consisting mainly of the tepresenta-
tives of the genus Baetis, B. rhodani and B. lutheri, and, to a smaller extent, also B.
muticus (Table XX). At station 6 in the Raba near Kasinka the abundance of the
community of this habitat decreases almost by half and a further decrease is also
noticeable at the net two stations, though it is so pronounced. The greatest abundance
is still recorded for the genus Baetis, especially for B. vardarensis, and at station 7
Oligoneuriella rhenana is also very-abundant.

8.1.2. Stony bottom in shallow riffles (As)

This habitat appears distinctly at stations 6—8 in the River Raba. The bottom
is built mostly of small stones and coarse gravel, the water layer being shallow. At
all three stations the nymphs community is the most abundant as compared with
other habitats. Especially abundant here is Baetis vardarensis, which at station
8 reaches a mean density of habitation of 116 specimens, hence 4 times more than
in habitat at this station. In comparison with habitat A, almost twice as abundant
in the shallow riffles aré: B. lutheri, B. scambus, B. muticus, and Rhithrogena
semicolorata.

8.1.3. Stony bottom in a moderate current (Ab)

This habitat covers fairly great areas of riverbed' beginning from station S5,
occupying across, the lotic zone, the places situated between the lotic and marginal
fragments of the riverbed with a stow current, as well as some parts of the lenitic
zone. The substratum, does not distinctly differ, from the substrate of habitat A.
The community of this habitat at stations 5—38 is distinctly less abundant than the
previously discussed ones, the relative abundance not exceeding 50 specimens and
only at the station 5 reaching 140 specimens/5 decm? bottom area. As to the species
composition, the habitat does not differ distinctly from habitat A, some rheobiontic
species having here, however, much lower numerical values of mean habitation
density (Table XX). '

8.1.4. Stony bottom in lenitic parts (Ba)

This occupies large sections of the riverbed at stations 5—8. The water current
in the places where the material was collected did not exceed 0.25 m/sec. The stones
are usually covered with a thin layer of mud sediment. In this habitat too, the comnu-
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nity abundance is notieeably lower than in habitats A and As. Habitation density
of species of the genus Baetis, from which only B. fuscatus reaches here a fairly great
abundance — up to 24 specimens at station 7 —is decreased above all.

8.1.5. Stony or stony-gravel bottom in the marginal part of the riverbed (B)

In comparison with the previous ones this habitat presents greater differentia-
tion in the composition of the substratum which forms it, also in dependence on the
degree of development of the investigated water system. Marginal parts in the slow
or very slow current in which the stony substratum has a fairly great admixture
of sand and mud with detritus are included in it. In fragments closest to the banks
the stones are usually partly emergent. The general abundance of the community
of this habitat at stations 2 and 3 is only slightly smaller than in habitat A, this
being influenced by the habitation density of Rhithrogena loyolaea and Rh. iridina
(station 2) which develops on a similar way at the two habitats. The species compo-
sition of the communities of the two habitats at these stations is also similar. At
station 4 the habitation density of the community of the habitat B is maintained
on a similar level, as, with small variations, it is at successive stations. The majority
of species do not exceed at station 4 or in further ones 1—2 specimens of mean
habitation density and only participation of Habroleptoides modesta, Ephemerella
major, Rhithrbgena ferruginea, Baetis muticus, and B. rhodani can be greater, not
exceeding, however, 10 specimens. At station 8 Ecdyonurus dispar (Table XX) is
abundant. In this habitat the abundance of species of the genus Baetis decreases,
B. fuscus being here of a certain importance as to quantity — up to 17 specimens
at station 7.

It follows from the presented analysis that the species composition of the commu-
nity and their abundance gradually change in each of the distinguished habitats
with the water course (Table XX) and that the communities of habitats within
a station are fairly similar as to species composition. The qualitative similarity
becomes comprehensible when we consider the active migration of larvae of particular
species within the riverbed at a station and their being passively carried along with
the water current and subsequently settled in habitats or biotopes atypical for them
where they can stay for a period of time. For the analysis of similarity or difference
between mayfly communities of habitats two conclusions can be drawn. A comparison
should be made within a station and be based upon the abundance of species. Such
comparisons were made at stations 6 and 7 using Jaccard’s formula and taking as
basis the mean values of the habitation density of species. The results of calculation
for five habitats are presented in Table XXI. At these two stations the greatest relative
similarity is shown by habitats A and As, on the one hand, and habitats B and Ba
on the other. These pairs of habitats could thus be regarded as structural parts of
two larger zones within the station: the lotic and lenitic zones. The two groups of
habitats are fairly distant from each other. Habitat Ab shows, with reference to
mayfly communities, features transitional between two groups of habitats, being
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fabela XXI. Procentows wartoded wspSlozymnikd podobiefistwa ugrupowar
Jetek dla pigoiu sledlis '(A; Ab, Rs, B, Ba) na stanewliku
" 6 (po’ leweJ stronie u doim) 1 T (pe: prawej sronie u géry)
w rzece Radle (Pegion IIT)

Ifable XXI. Percentage values. of the simllarity soefficlent of meyfly
commyin®ties for five habitats (A, Ab, As, B, Ba) at station
6 (on the left side at the bot;td,i) and T (right side at the
“t#pp) in the Raba (region III) )

B Ba Ab A Asg
—~ 39,3 15,7 1,7 7,4 B
As \ 32,0 28,6 16,1 " Ba
Iy 3,1 26,2 12,1 A
N—
N—
I\ 12,8 33,7 — 24,0 A
Ba 11,7 - 19,7 32,1 As
B 6,9 14,7 25,2 34,7
As A Ab Ba B

closest to habitat A, and thus to the lotic zone. In spite of this similarity, even
habitats A and As and habitats B and Ba show a certain individuality in the abun-
dance of the community of mayflies and should be distinguished in further investi-
gations.

8.2. Seasonal changes in abundance of mayflies in habitats of several stations in the catchment area
of the Raba

For investigations on changes in mayfly abundance in particular types of habitats
during the season, stations 2.4, and § were chosen. They represent different zones
in the longitudinal distribution of mayfles in the catchment area (chapter 7.1.).
The results of calculations of mean habitation density for particular dates of the
year 1969/70 are graphically presented in figs. §—10. Quantitative samples from
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Fig. 8. Mayfly abundance on successive dates of investigations in 1969/ 1970 at station 2 in the Ol
szowy stream (region I1I). A — stony bottom in the current; B — stony-gravel bottom at the edges
and in deep places. Height of the column presents the number of specimens on 5 dem? bottom area.
Species were considered whose abundance was at least on one date not less than 5 specimens

particular stations constituted the basis for calculation. Only those species were
taken into consideration which were represented in the given habitat on at least
one date by 2 or more specimens/3 dcm? bottom area, or in the case of the species
of the genus Buaetis by at least 5 or more speecimens/5 dem?® bottom area.

In the Olszowy stream at station 2, representing zone 2., in habitat A, the
community of mayflies, consisting for the most part of Baetis alpinus and B. melanonyx
mostly at young stages (fig. 8), reached a maximum abundance of 115 specimen
in September. The total community abundance of habitat B in comparison witk
the previous one is considerably lower on successive dates, except for two winte:
dates when Ameletus inopinatus occurred in great numbers. In March 80 specimens
of which 57 specimens belong to A. inopinatus, were observed.



<<t
285 Vi << ﬂ ) 7«.

H ]
272 % NN . . e |I 75—+ + + +@292

-

25 Wi

22 X

+++++++

"
444+

16 i

M Vv

>>2>
>>>>

RHITHROGENA FERRUGINEA EPHEMERELLA 1GN1TA

\\\\\‘ —_ IRIDINA

-— MAJOR

A — SEMICOLORATA CAENIS RIVULORUM

AN
E EPEORUS SWLVICOLA

ECDWONURUS SPP.

—_ BESKIDENSIS

BAETIS SPP,

IENINRE

T ~—  RHODANI

‘ HABROLEPTOIDES MODESTA:

t -——- —  muUTICUS
— ALPINUS

. EPHEMEROPTERA POZOGSTALE

Ryc. 9. Liczebnos¢ jetek w kolejnych terminach badan w roku 1969 /1970 na stanowisku 4 w potoku
Koninka (region III). A — dno kamieniste w nurcie; B — dno kamienisto-zwirowe na obrzezach
i w miejscach o wolnym pradzie. Wysoko$é stupka przedstawia liczbe okazéw na 5 dem?® powierz-
chni dna. Uwzgledniono te gatunki, ktore co najmniej w jednym terminie mialy liczebno$¢ nie
mniejsza niz 2 okazy, a w przypadku gatunkdw z rodzaju Baetis nie mniejsza
niz 5 okazéw
Fig. 9. Mayfly abundance on successive dates of investigations in 1969/1970 at station 4 in the
Koninka stream (region IIT). A — stony bottom in the current; B — stony-gravel bottom on the
borders and in places of slow current. Height of the column presents the number of specimens
on 5 dem? bottom area. Species were considered whose abundance was at least on one date not less
than 5 specimens
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przy brzegach koryta; Ba — dno kamieniste w lenitycznych rozlewiskach. Wysoko$¢ stupka przed-
stawia liczbe okazow na 5 dcm? powierzchni dna. Uwzgledniono te gatunki, ktdre co najmniej
w jednym terminie mialy liczebno$¢ nie mniejsza niz 2 okazy, a w przypadku gatunkow z rodzaju
Baetis nie mniejsza niz 5 okazow
Fig. 10. Mayfly abundance on successive dates of investigations in 1969/1970 at station 6 in the Raba
(region III). A — stony bottom in the main current; As — shallow riffles; B — stony bottom at
the banks of the riverbed; Ba — stony bottom in lenitic parts. Height of the column presents the
number of specimens on 5 dcm? bottom area. Species were considered whose abundance was at
least on one data not less than 5 specimens
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In the Koninka stream at station 4, representing zone 3., in habitat A, the
maximum habitation density of about 300 specimens was recorded in October,
the great majority being the large numbers of Baetis alpinus and B. rhodani (fig. 9).
The smallest abundance of the community, less than 50 specimens was observed in
June and consisted almost entirely of B. alpinus. Apart from the genus Baetis, the
community abundance of habitat A is to a great extent due to the habitation density
of species of the genus Rhithrogena. The abundance of these two genera constitutes
on particular dates at least 80 per cent and, often more, of the total abundance of
the community.

The community of habitat B (fig. 9) is characterized on successive dates by a much
smaller total abundance in comparison with the former community. The greatest
habitation density of 130 specimens was recorded in December, with the chief
participation of Baetis rhodani and B. muticus. On other dates the participation of
these two and of other representatives of Baetis in the community abundance is
here, however, much smaller. In their place Ephemerella ignita, Caenis beskidensis,
E. major, and Habroleptoides modesta decide successively the general density of
habitation of the community in habitat B. It is interesting that a great participation
in the abundance of the community in this habitat is from December till May that
of Rhithrogena ferruginea, whose nymphs present an externally distinct adaptation
to life in the current. In this habitat, too, the smallest abundance of the community
of only 5 specimens was recorded in June.

In the middle course of the Raba, at station 6, representing zone 4., the community
in the main current (A) reached its greatest abundance of 227 specimens in May
(fig. 10). On successive dates considerable variations in the community abundance
were observed, these being caused mainly by changes in the abundance of species from
the genus Baetis, which on all dates had a decisive participation in the general
habitation density of the community. In this density, from autumn till spring, also
Rhithrogena semicolorata had a fairly great participation and in summer and autumn
Ephemerella ignita and Oligoneuriella rhenana. In shallow riffles (As) the abundance
of the mayfly community was in relation to habitat A still higher on four given
dates. In July a much greater abundance was attained in habitat As by Baetis fuscatus
and B. rhodani (fig. 10) and in September and October also by B. vardarensis. Compared
with habitat A, representatives of Ecdyonurus had a greater participation in the
general abundance of this community: in July E. dispézr, in May E. lateralis. In
habitats B and Ba the abundance of the community of mayflies was on almost all
dates much lower. In habitat B, only on one date did it slightly exceed 60 specimens
(fig. 10). In habitat Ba Baetis fuscatus showed in July a fairly great habitation density
of 33 specimens. In these two habitats the quantitative participation of Ecdyonurus
species increased. On comparable dates habitat B differed from habitat Ba in a greater
number of species having at least 2 specimens/5 dem® bottom area habitation.

When comparing habitats A and B along successive stations, it can be seen that
seasonal changes in the abundance of communities and in the abundance of parti-
cular species proceed in them differently for each station. This results partly from
the occurrence at particular stations, both in habitats A and B, of a different compo-
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sition of species whose nymphal stages have different periods of emergence and
a different growth rate, and partly, in the case of common species, by the fact that
species attain different abundance at particular stations and carry out their life
cycle differently. At all stations, representatives of the genus Baetis decide on almost
all dates the prevalence in the general abundance of the community in the habitat
A in relation to the community in habitat B. On some dates participation of Rhithro-
gena species contribute to it as well. In habitat B the participation of species and
' genera in the general abundance of the community is more equalized.

In spite of similarity in the changes of general abundance and the participation
in these changes of particular species which exist between the communities of habitats
A and As on the hand, and the communities of habitats B and Ba, on the other,
neither habitat As nor Ba are in this respect identical with habitats A and B. Habitat
As is, moreover, a sort of breeding place for nymphs of some species of the genus
Baetis, being more accessible for imago females of these species, which come there
to lay their eggs on the stones.

It would have been impossible to overcome a number of difficulties in taxonomy
of Ephemeroptera, which were encountered after investigations in the Carpathians
had started, without cooperation with specialists from various European countries,
and especially without the help was kindly given by: Prof. P. Brinck (Lund), Prof.
C. Degrange (Grenoble), Prof. M. Grandi (Bologna), Dr. B. Hauser (Geneva),
Dr. habil. M. Keffermiiller (Poznan), Prof. B. O. Landin (Lund), Dr. V. Landa
(Praha), Dr. T. T. Macan (Ambleside), Dr. I. Miiller-Liebenau (Plén), Dr. V,
Puthz (Schlitz), Dr. B. Russev (Sofia), A. Thomas (Toulouse) and Dr. M. Thi-
bault (Rennes). I should like to express my deep gratitude to all of them for so
kindly sending me their opinions on many species and for comparative materials
which I obtained from them.

Special gratitude is due to Prof. K. Starmach, for so many years the Head of
the Department of Hydrobiology of the Jagiellonian University to whom I owe my
hydrobiological education.

I am much indebted also to the late Dr. K. Zaéwilichowska of the
Laboratory of Water Biology of the Polish Academy of Sciences in Cracow,
for her assistance in field investigations.

Thanks are also due to colleagues from my Department and the Department of
Nature Protection and the Laboratory of Water Biology of the Polish Academy of
Sciences in Cracow for many discussions and several helpful suggestions connected
with the investigated subject.

STRESZCZENIE

Przedmiotem badan byly jetki, gtéwnie ich stadia larwalne, wod ptynacych w polskiej czesci
Karpat i na obszarze bezposrednio przylegajacym, ograniczonym biegiem Wisly i Sanu. Badania
prowadzono na 68 jednostkach wodnych w sze§ciu wybranych regionach: dorzeczu Soly, Skawicy
i Orawy, Raby, Dunajca, Sanu oraz w kilku doplywach Wisly w okolicy Krakowa, w latach 1958—
1972. Z wyjatkiem dolnego biegu Sanu i zbiornikéw w okolicy Krakowa, badane systemy wodne
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maja podloze kamieniste zlozone przewaznie z piaskowcow, rzadziej z granitowych otoczakow,
o réznym stopniu rozdrobnienia, W o/brqbie kamienistego dna wyrozniono glgbsze odcinki zbystrzen,
plytkie szypoty przelewowe, migjsca przybrzezne, lenityczne rozlewiska i miejsca o umiarkowa-
nym pradzie. . N

Wirod zebranych ponad 3000 okazoéw uskrzydlonych i ponad 100 000 larw wykryfo 97 gatunkow
nalezacych do 27 rodzajow i 12 rodzin. Najobfitsze w gatunki sa na obszarze badan Baetidae (31
gatunkow) i Heptageniidae (30 gatunkow). Udziat przedstawicieli Baetidae w calkowitej liczbie
larw wynosi 56,6%, a przedstawicieli Heptageniidae — 23,8%;. Po raz pierwszy. przytoczono dla
badanego obszaru 16 gatunkow, z czego 9 to gatunki nowe gach dla fauny Polski. Przeprowadzono
dyskusje taksoniczna tych, a takze szeregu innych, stabiej poznanych gatunkow, gtownie z Baetidae.

Zdecydowana wigkszo$é stwierdzonych na obszarze badan gatunkow ma szerokie rozmieszcze-
nie w Europie. Najliczniej reprezentowane sa gatunki potudniowo-srodkowoeuropejskie (22),
srodkowoeuropejskie (16) i potnocno-$rodkowoeuropejskie (13). Do endemitéow karpackich zali-
czono 3 gatunki, przy czym 2 z nich sg endemitami ekstensywnymi. Najmniejsze zasiegi maksymalne
w sensie geograficznym maja gatunki z rodzaju Ecdyonurus i Rhithrogena zyjace w potokach gor-
skich i podgbrskich.

Przewazajaca liczba odszukanych gatunkéw jest w okreslonych biotopach na obszarze badan
pospolita. Gatunkow zasiedlajacych tylko cieki obszarow gérzysto-wyzynnych odszukano 37.
Dwa z nich, Rhithrogena loyolaca i Ameletus inopinatus, naleza do elementdéw wysokogorskich,
a 6 innych — do mieszkancow gor Srednich. Gatunki te, acznie z grupa elementow §redniogdrsko-
-podgorskich liczaca 13 gatunkow, zasiedlaja strumienie, potoki i mniejsze rzeki; pozostalych 16
gatunkéw zyje w $rednich lub duzych rzekach na terenach podgérskich i wyzynnych. Gatunkéw
zwiazanych wylacznie z duzymi rzekami podgorsko-nizinnymi odszukano 13, a gatunkow znanych
tylko z rzek nizinnych 16. 25 gatunkoéw nie wykazuje przywiazania do okreslonego typu zbiornikow
wodnych; 11 z nich cechuje si¢ duza rozpictoscig pionowego zasiegu.

Idac od Zrodet systemow wodnych. obserwuje si¢ wzdtuz ich biegu stopniowy wzrost liczby
gatunkow. W potokach przyrost ich jest znaczny, obniza si¢ ma odcinkach mniejszych rzek,
a w §rodkowych biegach duzych rzek karpackich liczba gatunkéw na jednym stanowisku ustala
sie w granicach 32—36. Najwicksza liczbe gatunkow na jednym stanowisku wykryto w dolnym
biegu Sanu (42); maksymalng liczbe gatunkow dla jednego systemu wodnego zlowiono wzdluz
biegu Wotlosatka-Wotosaty —San (79).

Biorac pod uwage sklad gatunkowy i strukture dominacji larw jetek na stanowiskach w dorze-
czu Soly, Skawicy i Orawy, Raby, Dunajca i Sanu, wyrézniono dla gtéwnych systeméw wodnych
w obrebie polskiej czesci Karpat pigé kolejnych ugrupowan wzdluznych, majacych podobny cha-
rakter na calym badanym obszarze, a prawdopodobnie takze w catych Karpatach. Systemy wodne
podzielono w zwiazku z tym na szes¢ stref. W strefie 0., obejmujacej zrodla i ich odplywy, jetki
nie wystepuja lub pojawiaja si¢ tylko okresowo. W strefie 1. ugrupowanie jetek ma charakter inic-
jalny i ztozone jest z kilku gatunkow o niskiej liczebnosci; w zaleznosci od potozenia cicku wystepuje
ono w jednym z dwéch wariantow: éredniogdrskie lub wysokogorskie. Ugrupowanie strefy 2. w po-
tokach o charakterze wysokogorskim dzieli si¢ na dwie czgdei, z ktorych dolna odpowiada calosci
ugrupowania strefy 2. potckow éredniogorskich. Strefe 5. tworzy tylko dolny bieg Sanu. Omowiono
gatunki dominujace i charakterystyczne dla poszezegdlnych stref i niektore wyrdzniajace strefy
cechy $rodowiskowe.

Analize ilo§ciowa rozmieszczenia jetek w roznych siedliskach dna kamienistego przeprowadzono
w systemie wodnym Olszowy-Koninka-Porebianka-Raba, na stanowiskach 1—8 (strefy 1.—4.).
W gornej czescei systemu (stanowiska 1—4) badano dwa siedliska: dno kamieniste w szybkim
pradzie (A) i dno kamienisto-zwirowe w wolnym lub bardzo wolnym pradzie (B). Na dalszych sta-
nowiskach badano ponadto szypoty przelewowe (As), lenityczne rozlewiska (Ba) oraz dno kamie-
niste w $rednim pradzie (Ab). Biorac za podstawg dane $rednie z okresu badan, ggsto$c zasiedlenia
ugrupowania siedliska A jest najmniejsza w strefie 1. zwigksza si¢ stopniowo w strefie 2. 1 osiaga
najwyzsza warto$¢ — 187 okazow/5 dem? dna — w dolnej czesei strefy 3. Srednia gesto$é ugrupo-
wania siedliska B jest na calym przebiegu systemu wodnego doé¢ wyrdwnana liczbowo, a na tych
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samych stanowiskach nizsza od liczebnosci siedliska A. Najwigksza gestosé zasiedlenia, do 319
okazé6w/5dcm? dna, notowano dla ugrupowania siedliska As w strefie 4. O §redniej rocznej liczeb-
noéci ugrupowan siedlisk lotycznych (A, As, Ab) decyduja gatunki z rodzaju Baetis, Rhithrogena
i Oligoneuriella, za$ ugrupowan siedlisk lenitycznych (B, Ba) gatunki z rodzaju Baetis, Ephemerella,
Habroleptoides, Caenis i Ecdyonurus.

Zmiany sezonowe w liczebnoici ugrupowan siedlisk przesledzono w tym samym systemie
wodnym w strefie 2., 3. i 4. Przebiegaja one w odmienny dla kazdego z siedlisk sposéb, a odmien-
no$¢ ta widoczna jest zaréwno na danym stanowisku, jak i wzdiuz systemu wodnego. Przez wiek-
$z0$¢ termindw badan roku 1969/1970 ugrupowania siedliska A majaw poréwnaniu z ugrupowaniami
siedliska B wigksza ggsto$¢ zasiedlenia. W obu siedliskach widoczne sa znaczne wahania liczebnosci
w ciagu roku, a najnizsze i najwyzsze wartosci liczbowe przypadaja w kolejnych stanowiskach
na rozne miesiace. O liczebnosci ugrupowan siedlisk lotycznych decyduja stale gatunki z rodzaju
Baeris i Rhithrogena, o liczebnosci za$ ugrupowan siedlisk lenitycznych w sposob zamienny gatunki
z rodzaju Baetis, Ecdyonurus, Ephemerella, Caenis i Habroleptoides.
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