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ANDRZEJ KOWNACKY

Taksoceny Chironomidae potokéw polskich Tatr Wysokich

Taxocens * of Chironomidae in streams
of the Polish High Tatra Mts

Wiplynelo 16 maja 1970 r..

Abstract — The main component of the bottom fauna in streams of the High
Tatra Mts are insect larvae, especially Chironomidae (40—100% of the total number
of animals). On the basis of the dominant species it is possible to distinguish five
taxocens of Chironomidae, distributed in accordance with changes in altitude. It was
possible to show differentiation of Chironomidae associations in individual habitats
(stones, moss, algae) also within particular localities, as well as the dependence of
the course of seasonal changes on altitude.

The aim of the work discussed was to investigate the bottom fauna
of streams in the High Tatra Mts, with special attention to Chironomidae,
to show dependences between the taxocen Chironomidae and certain habitat
factors, and also an attempt at an ecological description of the streams. The
work is part of collective studies conducted by the Institute of Hydrobiology
of the Polish Academy of Sciences under the supervision of Prof. Karol
Starmach, which are designed to work out the biocoenoses of the
Tatra streams.

The first reports about the Chironomidae fauna of the Tatra Mis
appeared in elaborations by Nowicki (1867, 1868, 1873) and Bobek
(1890). Unfortunately, changes lin systematics from that time on do not
permit indiscriminate acceptance of their classification. It was only the
work of Zaviel (1934, 1935, 1937, 1939), Hrab& (1942), Ertlowa
(1964), Kownacka, Kownacki (1965a, 1965b, 1965¢c, 1967, 1968a)

* Taxocen after Chodorowski (1960) ,,... this is a community of organisms
related systematically, occurring in a specific habitat and showing a yearly recurrent
structure of domination”.
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which provided material for cognition of this family in the High Tatra Mts.
On the basis of the Tatra material the species Syndiamesa branicki (N o-
wicki 1873a), Trissocladius tatricus (Zaviel Pagast 1935), Procla-
dius tatrensis (Gowin, Zavtel 1944), Diamesa starmachi (Ko wmn a c-
ka, Kownacki 1970), as well as the larval stage of the sub-genus
Pseudokiefferiella (Zav it el 1941) and the species Nilotanypus dubius M g
(Kownacki, Kownacka 1968b) were described for the first time.

In spite of quite numerous publications, the list of Chironomidae
species known from streams in the High Tatras was rather short, compared
with other mountains in Europe. Also, there were few ecological data
concerning this group.

Area and methods

The stream Biatka, together with the tributaries Rybi Potok, Roztoka,
and Sucha Woda, drains the northern slopes of the Polish part of the High
Tatra Mts. A detailed description of the substratum of the drainage area
and chemism of the water of these streams may be found in papers by
Pasternak (1971) and Bombo6wna (1971). A total of 20 sampling
stations was marked on the streams mentioned above (fig. 1).

The material for quantitative investigations was collected from the
stream Sucha Woda monthly in the period from May 1965 to May 1966
from 7 localities (in October 1965 samples were collected only from stations
1, 4, 7). In December 1965 the additional stations 2A was added and
observations were carried out there up to November 1966. On the stream
Bialka and its tributaries the Rybi Potok and Roztoka samples were
collecled in the periods June 19th—27th, Aug. 7th—14th, Sept. 14th—20th
in 1962 and May 14th—20th in 1963. From the stations 9 and 10 the material
was collected in the months September and October 1967.

At each station the samples were taken from the stony bottom with
a hand scraper covered with net (mesh 0.3 mm), the volume of the collected
stones was measured, and the material obtained preserved in 4% formalin
solution. The determined material was then converted to a volume of
2 dem3 stones. The basis of further computations was then the arithmetic
mean of 10 samples (5 in winter) collected at one identical time at a station,
or the arithmetic mean of all samples collected during the year from
a whole station or a habitat at the station. From the moss and algae, as
well as the hygropetric habitat, only qualitative samples were taken. In
distinguishing the taxocens of Chironomidae the index of dominance used
was:

Q-100 £
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where Q — mean number of specimens of the species examined in the
investigated series of samples, 3Q — sum of the mean quantities of

specimens of all species, f — frequency, calculated from the ratio —lr%, where:

n — number of samples representing the species investigated, N — number
of samples in the series. The f-value is in the interval 0 <<f<C1. The
value of the dominance index d is in the interval 0 <{d << 100. On the
basis of values of the index of dominance in the taxocen 3 groups were
distinguished: the dominants 10 << d << 100, the subdominants 1 << d << 9.99,
the adominants 0 << d << 0.99. The adominants were divided into 2 groups:
adominants A 0.1 <d<<0.99 and adominants B 0<Xd << 0.099.

General review of the bottom fauna

In streams of the High Tatras the main representatives of the bottom
fauna are larvae of Chironomidae. Their percentage share in relation to
the total number of animals at the individual stations is very large,
reaching 40—90%. In small springs emerging from under the snow Chirono-
midae are the only representatives of the bottom fauna. In the streams
investigated 96 taxonomical units of Chironomidae were determined (this
figure does not include larvae in the first developmental stages determined
as to the genus or subfamily, nor species groups in which separate species
were distinguished; Table I). In the streams investigated forms belonging
to the sub-family Orthocladiinae dominated; three units were indicated as
belonging to Tanypodinae and eight to Chironomidae.

The remaining groups of bottom fauna are represented by Simuliidae
(5—10% of the total number of animals), which in the high montane and
submontane sectors of the streams were very numerous (20%), by Blepha-
roceridae, which occurred in great numbers on large stones in the current
zone (about 1%), by mayflies (Ephemeroptera), which in montane streams
appeared as the second component of the zoocoenosis (10—25%), by stone-
flies (Plecoptera) (3—10%), by caddis flies (Trichoptera) (1—12%), by codk-
chafers (Coleoptera) of the family Dryopinae (less than 1%), by water mites
(Hydracarina) (less than 1%), by worms of the order Oligochaeta found
mainly on sandy substratum and in places with slack current (1%,
exceptionally 18%), by representatives of the order Turbelaria (0.3—3%).
In submontane sectors of the streams single specimens of snails (Mollusca)
and leeches (Hirudinea) were found. On the other hand, representatives
of gammarids (Amphipoda), which in the Beskid streams were an important
component of the zoocoenosis (Sowa 1965, Za¢wilichowska 1968)
were absent. :
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The vertical distribution of taxocens
-of Chironomidae -in-the Tatra streams

When observing Chironomidae larvae along the investigated streams
one may note distinct differences not only in the species composition but
also in the number of specimens, and on this basis it is possible to disting-
uish several taxocens (fig. 2).
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Fig. 2. Chironomidae taxocens at particular stations in the investigated streams

One taxocen was observed at the outflow of the lake Mnichowy Staw
(2000 m above sea level; station 9), where not only the number of
individuals, but also the number of species was very small. In this instance

6 Acta Hydrobiologica
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larvae of Diamesa steinboecki dominate. The accompanying species are
Diamesa latitarsis, D. parva, and D. gr. insignipes.

" Another taxocen develops in the stream flowing in the Migguszowicki
cirque (1900 m above sea level; station 10), the Zolty Potok (1500 m above
sea level; station 8), and in the Sucha Woda stream (1550—1790 m above
sea level; station 1 and 2). The dominant here is Diamesa gr. latitarsis
(mainly Diamesa laticauda), subdominants are larvae of Diamesa gr. insig-
nipes in higher sectors of the streams, and Eukiefferiella minor and E. bava~
tica in lower parts.

Both these taxocens represented mainly by a small number of larvae,
mainly of the genus Diamesa, determine the high montane zone in the
Tatra streams.

In the stream Sucha Woda (station 2A — 1550 m above sea level) and
in the stream connecting the lake Czarny Staw with the lake Morskie Oko
(1390—1500 m above sea level; station 14 at a place where rapid springs
flow into the streams, there develops a taxocen characterized by a large
number of specimens and a relatively large number of species. The
dominant species is Eukiefferiella minor, the second dominant Parortho-
cladius nudipennis. Important components: of the association are:
Eukiefferiella bavarica, E. lutethorax, E. alpestris, Crictotopus gr. algarum,
and juvenile larval stages of Orthocladiinae.

In streams of the montane forest zone, 1000—1500 m above sea level
(stream Sucha Woda; stations 4 and 5), the dominant species is Parortho-
cladius nudipennis. Subdominants are larvae of Diamesa gr. insignipes,
Eukiefferiella bavarica, Thienemanniela gr. nana I, and Corynoeura gr.
minuta II, and in lower sectors Orthocladius rivicola. However, the stream
Roztoka (stations 12 and 13) differs from that described above not only
in the composition of the fauna but also in the number of specimens. Over
the whole length of the stream the number of specimens is markedly lower
than in other streams situated at the same altitude. Also the species
compositions is different at these statioms. Orthocladius 7rivicola is the
dominant species, whereas Parorthocladius nudipennis appears here only
as an adominant.

In montane streams and rivers at an altitude of 500—1000 m above sea
level (stream Sucha Woda — stations 6 and 7; stream Bialtka — stations 16,
17, 18, 19, and 20) the number of specimens and taxonomic units rises.
Also the taxocen Chironomidae changes. The dominant species are Ortho-
cladius rivicola and O. thienemanni, while the share of O. rivicola is
greater in the upper parts of this zone, at 700—800 m above sea level the
two species occur in more or less equal quantities, whereas farther below,
in montane streams a predominance of larvae of Orthocladius thienemanni
was observed. Subdominants are larvae of Cricotopus gr. algarum. In this
zone species appear which are not found or found only as single specimens
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at stations situated higher. Also a great many species which were leading
forms in higher parts of the stream do not: occur here.

- When analysing the effect of habitat factors on the zonal distribution
of taxocens of Chironomidae, the most distinct dependence was observed
between the quantity and species composition of Chironomidae and
altitude. Together with decreasing altitude the number of taxonomic units
within the taxocen increases, and species occurring in the highest parts
of the stream are usually absent in the lower parts and vice versa. Thus,
besides the decrease in the number of species as the altitude increases one
encounters the phenomenon of certain species being replaced by others.

Together with increased altitude also the climatic conditions (water
temperature, ice cover, freeze-up and duration of the winter period) change,
as well as chemical and geological conditions (changes in pH, Ca content
in the water and structure of the substratum) and the gradient. Hence it
is rather difficult to see in the change in altitude a single cause of faunistic
changes. :

During the year 1966 observations were carried out at two stations
(2 and 2A) situated at the same altitude, removed from each other
a maximum distance of 100 m, and having a similar chemical composition
of the water. Nevertheless, the Chironomidae fauna in these two stations
is quite different as to specimens and species composition. These changes
are caused above all at one station by the inflow from a spring. favourable
thermal conditions (especially in winter), and a thick cover of mosses and
algae, and at the other station by freeze-up and drying out, the short
vegetation period, and lack of well- developed plant cover. At the end of
the vegetation period the composition of the taxocen Chironomidae at
station 2 becomes similar to that observed at station 2A. It seems probable,
therefore, that if it were not for the factors mentioned above the fauna
at these two stations would not differ to such a marked extent. These
factors, in particular the freeze-up and the'break in continuity of the
vegetation period, are the main elements effecting the development of the
specific taxocen Chironomidae in the high mountain zone.

Changes in fish associations are explained by Huet (1954) on the
basis of the gradient rule. Starmach (1956) employed this rule also in
explaining changes in plant and animal (invertebrate) associations in rivers
of the Carpathian Mts and the Malopolska Upland. Also in this paper may
be seen a correlation between gradient and zoning. The mountain zone
on the streams investigated begins at gradients of 600%o, and ends at
a gradient of approximately 100%o. The spring- on sub-alpine zones include
gradients of 100—80%o, and the zone of montane forest streams gradients
of 50—T70%o. Below the place where the gradient of the stream is less than
20%o0 begins the zone of submontane streams and rivers. When considering
the fauna‘composition in the individual localities numerous deviations from
this rule are encountered. At station 14, which has the highest unitary
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gradient (321.6%o), a taxocen characteristic for the spring zone developed.
However, it should be stressed that the number of specimens is
characteristic for the high montane zone. Station 15 shows, in spite of
a high unitary gradient (100%o), a species composition and number of
specimens characteristic of sumbontane streams.

When analysing changes in the taxocens of Chironomidae and changes
in their number at the particular stations, one may note a far-reaching
dependence on the geological substratum and chemical composition,
especially on changes in the pH and the Ca content in the water. The
high montane zone has a crystalline substratum, the water an acid reaction
and very small Ca content. In the montane zone the stream Sucha Woda
flows over a calcareus substratum; its water shows an almost neutral
reaction and increased calcium content; the pH is alkaline. The substratum
is formed by sedimentary rock.

Further proof of the effect of the substratum on the fauna association
may be found also in the separate character of the taxocen Chironomidae
in the stream Roztoka, which flows exclusively over a crystalline
substratum and shows a small Ca content in the water. The number of
specimens is very small (similarly as in the high mountain zone). At the
same time it should be remembered, that changes which took place in the
composition and number of Chironomidae between stations 2 and 2A are
not explained by changes in the chemical composition of the water, Ca
content, and a different kind of geological substratum.

The importance of the chemical composition, especially lime salts, for
the development and quantity of the bottom fauna has been stressed more
than once by many authors. Dittm ar (1955) reports the largest number
of animals in streams of the Sauerland presenting a Ca content of 14—
—30 mg/l. Miller (1954) showed in streams with acid water (northern
Sweden) greater settlement on an artificial bottom made of laid lime stones.
This substratum was particularly frequented by phytophagous forms, since
algae developed abundantly on the lime stones. Gessner (1955) stresses the
importance of limestones for the development of algae in streams.

It would seem, therefore, that one of the basic causes of abundance of
bottom fauna in streams is the covering of the substratum by algae and
mosses. The irregular course of the curve showing changes in the total
abundance of Chironomidae in the stream Sucha Woda together with the
changing altitude is due to the development of algae and mosses at stations
2A and 3. The greater part of Chironomidae species in the stream
investigated are phytophagous forms.

On the other hand, it was impossible to observe any dependence between
changes in the taxocen Chironomidae and the changed water yield after the
confluence of two main tributaries (Illies, Botosaneanu 1963). In
the stream Roztoka fauntistic changes occur along the whole length of the
stream, in spite of the fact that there are mno tributaries which could be
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regarded as equal in importance to the main streams. In the stream Sucha
Woda, on a sector between 1100—1500 m above sea level, changes in the
distribution of Chironomidae larvae also occur, even though the Sucha
Woda stream proper, which could be an equivalent tributary of the stream
Czarny Potok, is dried out during the greater part of the year. Also no
great differences in the structure of dominance and the number of
specimens were observed between station 17, situated above the point of
confluence of the stream Bialka with its largest tributary, the Jaworzyna
stream, and station 18 situated below this point of confluence, in spite
of the distinct change in the character of the river. Markedly greater
differences appear between stations 18 and 19. They are more than 10 km
apart, but there is no tributary in this sector which could be considered
equivalent to the stream Bialka.

Also Berthelemy (1966) found, while investigating Plecoptera and
Coleoptera of the Pyrenees, that the altitude above sea level is of greater
importance lin the area investigated that the volume of water yield.
Vaillant, too, (1967) reports that in high mountains the water
temperature in the stream is more important for the development of the
bottom fauna (Rhyacophila, Wiedemannia) than the volume of water yield.

Such a large number of factors considered by different authors to be
decisive for changes in the bottom fauna, as also the present author’s own
observations, permit the statement that the quantitative and qualitative
changes in these fauna develop as a result of many factors, and it is
difficult at the present time to declare that any one alone is responsible for
these changes. Also Macan (1962) draws attention to the fact that it is
impossible to consider one factor as responsible for all changes (this
concerned the problem of the importance of the current). At best one might
attempt to classify such factors in one area in some order of importance,
which would not mean that this order would be valid in some other area.
This method was attempted by Dittmar (1955), Albrecht (1953),
and Vaillant (1967). Also different groups of aquatic organisms are
dependent on different factors.

The differentiation of Chironomidae taxocens within habitats

Many authors employ as a bbasis of ecological considerations the type
of substratum on which a given association develops. Its role is particularly
stressed by the Scandinavian authors Berg (1948), Jonasson (1948),
Thorup (1966), Ulfstrand (1967). Also the German investigators
Thienemann (1936, 1941, 1954), Albrecht (1953), Dittmar
(1955), and Illies, Botosaneamu (1963) give, besides a division
into zones, a classification within particular zones according to the ,,mosaic
of biotopes”, i. e. habitats. Many Polish authors also distinguish faunistic
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associations on the basis of the type of substratum (Sieminska 1956,
Starmach 1959, Sowa 1961, Smolenska 1963).

In the streams investigated two types of hibitats were distinguished:
stones, and mosses and the algae Hydrurus foetidus.

Stony habitat

The stony habitat was considered together with the algae cover on stones
and sand found between stones and silt containing a substantial admixture
of algae, which cover the stones in a thin layer in places without current.
For this reason, five additional classes of current were distinguished within
the stony habitat:

a) stones in rapid current (0.6—1 m/sec. *), in places where cascades
develop and the water is white with air bubbles (depth 10—50 cm),

b) stones in even current (0.2—0.6 m/sec.), where the water surface is
generally smooth and the depth great (more than 50 cm),

c¢) stones in current in a shallow place — in many places the bottom
appears in the form of long stony shelves, over which a thin layer of water
flows, generally not exceeding a depth of 10 cm, ;

d) stones in slow current (0.1—0.2 m/sec.), usually near the bank
(depth 1—10 cm), :

e) stones in places without current near the bank, behind large boulders,
gravel banks with intermixed stones, stones covered by a thin layer of
silt.

The Chironomidae taxocens living on stones in various current classes
were investigated in the stream Sucha Woda, which includes all zones
(stations 1 and 2 — high mountain zone, 3, 4 and 5 — montane zone
(montane forest streams), 6 and 7 — zone of sub-montane streams).

As can be seen from Table II, the habitat of stones in various classes
of current may be described on the basis of taxocens arranged according
to the index of dominance, while it is difficult to find species inhabiting
one class of current exclusively. For example, larvae of Nilotanypus dubius,
which were the first dominant in a place without current at station 6, were
found also among the taxocen of swift current but already as an
adominant B.

It seems difficult to define any distinct limits between distinguished
classes of current. Only the taxocen developing in places with rapid current
differs significantly from those found in places without current. Shallow
current, even current, and slow current present taxocens transitional
between these two basic classes. It is worthy of note, however, that all
current habitats are more similar to each other and usually present a certain
common dominant species (with the highest dominance index in rapid

* Velocities of surface current are given at low water.
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current). On stones in places with slow current a species characteristic of
places without current is usually the second dominant.

The lack of sharp limits and of species connected exclusively with one
current habitat should be associated with microhabitats developing behind
and around stones. Ambiuhl (1962) found in his investigations of the
current around a stone that immediately next to the stone a thin ,,border
zone” develops which is in fact without current. The importance of this
layer to organisms was shown by Starmach (1959), Plescot (1962),
Illies (1962). The width of this layer decreases together with the velocity
of the current. Also behind stones there appears a zone of calm water
(eaux calmes, Todtwasser). This zone exists also in places where the surface
current is very swift and organisms characteristic of waters mear the
banks with slow current and of stagnant water without current may live
here.

In the zone of ,calm water” sand and various organic components
accumulate. When samples were collected, even in those places with the
swiftest current, pine needles, organic debris, and sand, which were washed
out after disturbing the bottom structure fell together with stones into the
net. Also all irregularities on the surface of stones favour the development
of organisms mot adapted to living in the current. In the fissures of stones
from the cascades mumerous larvae and pupae of Chironomidae are
encountered. A sudden rise in the water level after rain of thaw may
disturb this structure and then the border layer decreases and the zone of
»calm water” vanishes; the organisms are washed out and carried down
the stream.

There are, however, species which willingly choose certain habitats,
even though they are found in other places. In rapid current such species
are Diamesa gr. latitarsis and Orthocladius rivicola, in even and shallow
current Parorthocladius nudipennis, and in places without current
Corynoneura gr. minuta II, C. gr. minuta I, Nilotanypus dubius, Micro-
psectra gr. praecox, Parametriocnemus borealpinus, P. stylatus. Rheocrico-
topus effusus, Syndiamesa branickii and all remaining larvae of the sub-
~-family Tanypodinae, Chironomini, and Tanytarsini are found. Also encoun-
tered are species which occur equally numerously on stones in all kinds of
current{ — sometimes even in places where there is no current — e.g.,
Eukiefferiella minor, E. bavarica. Should a certain habitat have no decided
dominant, such species may dominate.

It should also be stressed that the taxocens characteristic of various
classes of current are quite dissimilar at different altitudes. The structure
of dominance in rapid current in the high mountain sector of the stream
differs from the structure found in a similar habitat in the sub-montane
zone of streams and rivers (Table II). However, the species selecting
a certain habitat show a greater vertical range in that habitat. For example,
the species Orthocladius rivicola, characteristic of the zone of submontane
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Mabela 11. fTaxoceny Chironomidae w réznyoh siedliskaoh pradowyoh na poszozegblaych stanowiskach w Suchej Wodzie
(uwzgledniono wyigoznie dominanty 1 subdominanty)

Chironomidae taxocenosis in the different current habitats at partioular stations in the Sucha Woda Stream

Table II.
(including only dominants and subdominants)
[C—] dominant 1 + adominant A o adominant B
g L T e e oot e ot
) o ) T o e o I 2 | e T | 2 ] [ o ) s o e R o [ v [ [ 5 i[5 g [ ) 0 2 b e O 1 Py [
Diamesa gr. latitarsis o | 3,58| 6,64| o o [[59,41]|23,08 1,83 + o o | 3,66] + 12,42|13,61| o ° + + ° + o ° + o
Eukiefferiella bavarica o |16,59[17,59| 5.78| 2,45| 4,71| 6,83 5,62)|12,87| + + 2,36 o 10,30| 1,77| 5,81]20,77) 14,21 17,48(13,74( 1,09| 2,54 5,15 4.4;I + + 2,65 + o + 2,20
Parorthocladius nudipennis | + + | 2,432,52)) 6,94 2,16] + 2,56 [37,20)[53,36)[51,80)| 3,36 9,77[66,78)fa1,42| 2,81 + | 4,37] + [32,64)[76,73|[27,18] 3,99 2,56 1,83| 2,55| 6,95[22,52]{20,7 )
Orthooladius rivicola ° o | 1,77| 5,086 19,5454, 31)[56,15 + | 4,24]| 1,75[39,83}{34,29 3,49(17,72[65, 67 ° o | 5,42[17,03|(26,23 + + + | 5,1 6,62
Cricotopus algarum ° o [17,58] + + 2,77| 1,66 11,83| + + 7,41(25,51 + + + + + 3,04] o + 1,21(13,06 4,10 o + |[38,28]
Eukiefferiella minor o 3,47|10,47| 2,75| 5,36| 3,55| 3,12 2,56| 9,71 4,35| 5,53 1,76 6,04 + |[17,91] 1,45| 3,71| 1,46] + |14,46( + 1,14| 1,31| 4,16| 2,75| 5,73 2,26] + + 4,20 8,45
Diamesa gr. insignipes 2,07 + + 8,42| 5,64| 5,79| 3,30|29,20 + 2,39 + 3,00 + 14,76 + o + 2,92 + o + + + 7,78 + + o + 8,7
Orthacladinae (Jjuv.) o 1,09 3,90| + + + + 5,12| 2,23 + 1,66| 3,48 + 4,70 + + 3,06 25,59 2,86| 6,05 + + o | 1,86[13,7 1,é7 + + ° ° +
Corynoneura gr. minuta 1 o + o o + o - o + ° 5,35| o + + + + 11,41 + + + o |11,42| 7,09
Corynoneura gr. minuta 2 + + + o 2,56 o 1,65 o (] + ) + 1,06| 1,53] + + 1,07 18,634 10,66| 3,43| + 1,27
Rheooricotopus effusus + ] o o o o [} o o o + + + o + 0 + 18,91) 1,60| =~ 3,02| 1,22
Nilotanypus dubius o o + i + o > 16,1 +
Syndiamesa branickil o o o o o o ) o + o + 10,51 + + + I
Thienemaniolla gr. nana I 8,66| 2,47| 1,07| o 1,03 2,39 3,38 + o o + o o + + 1,33 + 2,16] 2,56 + o
Bukiefferiolla alpestris o o i 1,91 1,14 + + 1,45 o o 1,30 1,14 + + + [ ° + + 0 0 0
Bukiefferiella sinmilis Jjuv. o 1,55| o o o + o | 1,05 + o * j ° o
Diamesa gr. cinerella + o ] + + 1,41 o : ° + 2,14 + + o + + o o o + + + o o o )
Rheorthocladius frigidus o + + o + 1,15 o o o 0 12110+ o o o + + o o +
Orthooladius rivulorum ° ° + + o + 1,17 + 1,56 ° 2,48
Brillia modesta o + [} o o o o [} + 1,18 o o + ° + + ° 0
Krenosnittia gr. gg;'g:; [} 0 0, o o 9,41 o o + + o °
Rukiefforiella brevicalcar + + + b + + o o + + + o 2,26| 4,52| 1,69 + o + + + + (] o [ +*
Mioropsectra gr. praecox o + + + o o + + o ] 1,04| 1,67 + + 8,49 2,72| + 1,81| 2,80 7,71 | 9,85| 5,44 +
Parametriocncmus :g;g:;n o ° + ° ° o + o o 1,54] o o 3,06 + + + o 4,13] o
Synorthooladius semivirens o o o o o o #a + o |2,011] + o o i >
Parakiefferiella batophila o o o o o o o o + o 1,431 1,04 | o o
Thienemanninmyia sp. o o ° 1,22] o
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streams in the montane zone, is a dominant or important subdominant
on stones in places with rapid current. Similarly, the range occurrence of
Parorthocladius nudipennis is markedly wider in the habitats of even and
shallow current. A more limited range appears in associations of habitats
without current. Only larvae of Micropsectra gr. praecox occur numerously
at all altitudes (it is not known whether this is one species).

One of the basic factors having influencing the distribution of Chirono-
midae taxocens within a locality is the current, acting in certain instances
directly, but mostly indicectly by way of changes in the substratum and
eutrophyzing action (flowing waters are more abundant on oxygen and
carry more organic matter). The velocity of the current influences the
width of the layer of ,/border water” and the size of the area of .,calm
waters”. The currenl also has an important mechanical function in the
sorting of the substratum. In rapid current very large stones are deposited
or smaller ones which are wedged in bettween the larger stones, so that
they are immobile. In places with slower current smaller fractions of
gravel and stones accumulate. During high water the bottom of a stream
may be disturbed and washed out. It seems that these two factors — the
current and the type of substratum — (this concerns the size of fractions
and not the geological structure) are inseparably connected in mountain
streams. Experimental investigations by Zimmerman (1962) show
that the current velocity has a greater importance than the substratum.
It seems, however, that in matural conditions these two factors act with
similar force. The limportance of current and substratum was streassed by
Starmach (1959), Plescot (1962), Illies and Botosaneanu
(1963), Ber g (1948), and Joassomn (1948).

Ulfstrand (1967), besides the two factors given above, stresses
the effect of depth on the abundance of fauna and shows greater
inhabitation of shallow waters. Ulfstrand’s results are in accord
with the findings of the present author. In the Tatra streams significantly
larger numbers of animals were caught in rapid current in shallow
places than in even current in deep places.

- In discussing the fauna of stones, especially when elaborating groups of
animals which are consumers of the Ist order, it is necessary to emphasize
the close connection existing between their occurence and algae. Bare
stones cannot be the substratum of the zoocoenoses which inhabit them. For
the development of organisms, especially such as the majority of Chirono-
midae, first of all the development of algae is mecessary. During the
investigations it never occurred that there were no algae in places where
larvae of insects lived. The quality and thickness of the alga cover are
decisive factors in the distribution of Chironomidae taxocens. It may be
assumed that within the locality the current, kind of substratum, and
depth lead to the development of certain plant forms, which in turn are
readily inhabited by definite zoocoenoses.
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The development of Chironomidae taxocens in habitats without current
other than those in habitats situated in the current should be ascribed to
the different conditions prevailing in such habitats. Apart from stones
there are gravel banks and accumulations of fine plant silt. Here may
develop forms which burrow into the substratum and detritusophagous
forms (Tanytarsini, Chironomini). Here also different physical and chemical
conditions may prevail. Kamler (1965) drew attention to the thermal
micro-differentiation in places of stagnant water and in the current.
Probably similar micro-differentiation may be shown for the chemism of
these habitats. However, no impoverishment from the aspects of species
variety and mumber of specimens of Chironomidae were shown in places
without current, contrary to the findings of Kamler (1966) for
Ephemeroptera and Plecoptera in the Tatra streams. :

A greater impoverishment of fauna was found only in sandy places with
stagnant water, where mainly Oligochaeta and Tanytarsini (Micropsectra
gr. praecox) developed.

A different habitat is formed by parts of large stones protruding above
the water surface though constantly splashed by the water. Here above all
live larvae of the genus Heptagyia. Other larvae are found occasionally.
A similar settlement of this habitat was shown by Thienemann (1954)
in streams of the mountain Alps.

Chironomidae taxocens in mosses and the alga Hydrurus foetidus

In the Tatra streams the role of moss is quite important as a habitat
of aquatic animals, especially in the upper sectors, where it covers
a significant part of rock boulders and stones.

An important component of the moss fauna are Chironomidae appearing
as a characteristic, fairly uniform taxocen (fig. 3), differing in the structure
of deminance from taxocens of other habitats. They constitute 50—90% of
the total number of specimens living in mosses.

In the taxocen of Chironomidae in mosses of the streams investigated
Eukiefferiella bavarica, E. minor, and E. lutethorax dominate. These three
species exchange their position in the structure of domirance and may have
different index values, depending on the altitude at which they are found.
In mosses of the streams discussed a certain role falls also to Diamesa parva,
which at station 14 is the second dominant, while in the stream Roztoka
it is a subdominant. Frequent among subdominants are Micropsectra gr.
praecox, Cricotopus gr. algarum, Thienemanniella gr. nana I, Diamesa gr.
cinerella, and Orthocladius rivicola. The remaining species ocecur
sporadically.

A different structure of species is seen in the moss association in the
stream Rybi Potok (station 15). In spite of the dominance of Eukieferiella
minor, the typical structure of species in mosses is divided by species

http://rcin.org.pl



455

characteristic of the alga Hydrurus, which covers the substratum at this
stalion nearly 100%, the moss also being overgrown by patches of this
alga.

The moss association may be descmbed exclusively on the basis of

the structures of dominance, but there are no species connected exclusively
with this habitat. Even species which dominate here occur also in other
habitats.

. Dominant @ Subdominant Adominant A DAdominant B
Stanowisko  station 1n 12 14 15 17

Eukiefferiella minor . H - @ @ - - -
Eukiefferiella bavarica - ! . . . @ @ @
Eukiefferiella similis juv. - @ D - @ .
Diamesa (Pseudokiefferiella) sp Il D @ @ - D
Diamesa gr. insignipes @ D @ D .
Orthocladinae (juv.) @ 4 @ ﬂ
Micropsectra gr. praecox B B0 ::;:3* D
Thienemanniella gr. nana | @ @
Cricotopus gr. algarum @ @ @ @ @
Eukiefferiella alpestris @ D @ D
Rheocricotopus effusus D D D D
Eukiefferiella sp. OO0 B %.
Orthocladius rivicola D @D @
Diamesa gr latitarsis D D @
Diamesa gr. cinerella D D @ D

Ryc. 3. Taksoceny Chironomidae w mchach badanych potokéw
Fig. 3. Chironomidae taxocens in moses of the investigated streams

The taxocen discussed is characterized by its great constancy, even
though the samples were collected from stations in various zones
representing quite different associations on stony substratum. Species
characteristic of a given zone are usually of no importance in the moss.
For example, in the stream Sucha Woda, at 1180—1540 m above sea level,
the dominant species is Parorthocladius nudipennis, which in moss is only
adominant.

The moss fauna may in certain conditions model the composition of an
association characteristic of a given zone. This is observed in the stream
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Sucha Woda at station 2A. As moss covers the substratum in this place
70—90%, it is impossible to collect ‘only bare stones. Hence, at station
a larger number of animals (in 2 cm?® of stones) was collected and the
composition of the association is a resultant of both the stone fauna and the
moss fauna.

Thieneman (1954) found that larvae of the genus Eukiefferiella
are characteristic of mosses in mountain stream. Similar taxocens of
Chironomidae in a river in Ireland were reported by Humphries,
Frost (1937). Typical representatives of this association were larvae of
Eukiefferiella, Cricotopus, and Corynoneura. It must be mentioned,
however, that this association was found at 60 and 230 m above sea level,
which would be still further proof of the great constancy of this taxocen.

Nearly always many more animals live in mosses than in the adjacent
habitats. It is difficult to give an exact figure here, as the method of
sample collection from mosses is different. But it may be estimated
approximately that the number of larvae and pupae in the Tatra streams
is about 40—80 times larger in mosses than on stones. Also Kamler
(1964) found that the Plecoptera fauna in the Tatra streams is twenty times
more numerous in mosses, and F r o st (1942) observed a greater abundance
of the Chironomidae fauna in mosses in Irish rivers. The increasing
numbers of animals is caused by the greater amount of organic matter
accumulating in the moss, and serving as food, espedially for the larvae
of Chironomidae (Thienemamn 1954), and also by the slower current
in the moss cushions (Gieysztor 1962). It seems, however, that also
the manner of computation into units of volume or superficial measures
has its effect on the higher results, as the actual moss surface open to
inhabitation is markedly larger than the surface of stones in similar
conditions on the stream bottom. This seems to be indicated by the number
of animal specimens from station 2A. Also the significantly smaller number
of predatory forms in mosses, such as certain stoneflies (Kownacka
1971), plays a role in the more abundant development of Chironomidae.

Other taxocens of Chironomidae may be distinguished in the alga
Hydrurus foetidus. This alga develops in the streams investigated below
1550 m above sea level in the pericd from autumn till spring. In summer
this alga vanishes. It may flourish throughout the year only in the vicinity
of springs. The alga appears in the form of a thin, low, formless jelly
clinging to stones, or it forms several ¢cm long-jelly-like thalli of various
length, sometimes reaching up to 0.5 m, as at station 20 (Kawecka
1971). ]

The taxocen developing within this alga is characterized by a small
number of species, which however appear here in large numbers (the
number of specimens is as great as in moss). The dominant species are
larvae of Orthocladius rivicola and Diamesa gr. insignipes. Apart from
these larvae of Cricotopus gr. algarum and Diamesa gr. cinerella are often
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found. The remaining species occur in small numbers. Larvae of the genus
Eukiefferiella, which were dominants in the mosses, are here represented
by singie specimens of E. bavarica. Also larvae of Parorthocladius nudipen-
nis in qualitative samples of the alga Hydrurus occurred as single
specimens, though this is contrary to observations on the basis of
quantitative samples from stones. It is of interest that the larvae dominating
in this association show a much higher vertical range than in other habitats.
Orthocladius rivicola was at station 2A the second, but at station 3 the
first dominant, in spite of being one of the adominants in quantitative
samples from stones. The taxocen Chironomidae from station 15 develops
under the influence of this alga.

It appears that in the skin of algae there exists a specific physical and
chemical habitat (strong scent), leading to favourable living conditions only
for certain species. On the jelly of the Hydrurus colony bacteria occur in
abundance, especially near the end of the vegetation period of this alga.
They are also accompanied by small algae, mainly Diatomeae. It is possible
that the bacteria and algae overgrowing Hydrurus constitute the feeding
matter of Chironomidae larvae characteristic of this taxocen.

Annual changes in numbers of Chironomidae
in streams of the Polish High Tatra Mts

Seasonal changes in mumbers and species composition of Chironomidae
taxocens were observed in the stream Sucha Woda. For more accurate
observation three stations (1, 4, and 7) were selected, which are
characteristic of the zones distinguished in Tatra streams.

In the high mountain zone, the curve showing the change of dynamics
of numbers of Chironomidae has one peak only (fig. 4). After the initial
period there follows an increase and then a fall in the number of specimens.
The period of favourable living conditions is very short, hence the species
living here must pass through their whole development in a very short
time. In this locality it is possible to distinguish four periods during the
year. The first period, the .,pioneer period” in which single larvae in the
first developmental stages appear lasts more than one month. In the second
period there develops the fairly numerous taxocen, characteristic of this -
locality, consisting of larvae and pupae of the genus Diamesa, mainly D. gr.
latitarsis (dominant), but also D. gr. insignipes, D. gr. cinerella, and Diamesa
sp. (subdominants), which emerge after less than two months. During the
third period a fall in numbers occurs, and a subsequent taxocen begins to
appear, consisting of Orthocladiinae larvae in the first developmental stages
and young larvae of species characteristic of the lower — lying stations
(Parorthocladius nudipennis and Eukiefferielle minor). This taxocen
perishes at the moment of drying out or freezing up of the stream. Next
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Fig. 4. Seasonal changes of the dominant species of Chironomidae in the Sucha Woda
stream at the' station 1 ———— 4 ........ , 7T —— ——, in the relation to temperature
(Duble line denotes the period of the pupae appearance)
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comes the off season, which lasts the greater part of the year. The short
duration of the vegetation period does mot permit a more abundant
development of algae (mainly Cyanophyceae develop). The feeding
conditions are unfavourable in this locality, therefore the mumber of
specimens is also small.

In streams of the montane zone the curve of changes in the total
number of Chironomidae shows two peaks. There is one small maximum
in summer and a second one, very large, in winter. Both are caused by
the dominant species P. nudipennis (fig. 4), and the spring and autumm
minima are caused by the emergence of adult forms. The winter maximum,
caused exclusively by the dominant species, is much greater than the
summer one. In winter the stones in this locality are overgrown by
a thick layer of the algae Homoeothrix varians and Hydrurus foetidus.
The mass development of algae greatly improves the feeding conditions
favourable to this species,” though on the other hand, the conditions
prevailing in these thalli are unfavourable to the development of competing
forms (e.g. Eukiefferiella). In summer the stones in this locality are
covered by a thin layer of the diatoms only, the small number of which
does not create favourable feeding conditions for any species.

In streams of the submontane zone the curve of seasonal changes
during the year has many peaks (fig. 4). A double increase in the number
of Chironomidae specimens can be observed in summer and autumn and
two smaller maxima in winter. The changes in the summer and autumn
period are caused by changes in the number of generations of dominant
species of the genus Orthocladius (O. rivicola and O. thienemanii) and
partly by larvae of Cricotopus gr. algarum. After a massive increase there
follows flight and a fall in numbers; this is twice repeated. During this
period the temperature in the locality is relatively high and usually
exceeds 10°C., a fact which speeds up the development of these species.
The stones are overgrown by a thin layer of the diatoms, in which larvae
of the dominant species find favourable feeding conditions. In autumn
there occurs a fall in temperature, and also the algae vanish. The thind
winter maximum is caused by the dominance of larvae of the genus Dia-
mesa (Diamesa starmachi and D. gr. insignipes). This may be ascribed to
the sudden change in physical conditions in the stream. All the water
surface becomes covered by ice, and in places the stream freezes to the
bottom. In such places the water appears on the surface ice of the and
flows over it. The water cools markedly and significantly lower
temperatures than in the higher lying localities are noted. The low
temperature creates favourable conditions for the development of Dia-
mesa larvae and at the same time inhibits the development of the remaining
species. The warming of the water, beginning in March, causes a slow
development of species of the genus Eukiefferiella (E. bavarica). The fourth
maximum is connected with this period. (It is possible that the fall

7 Acta Hydrobiologica
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occuring between the two winter peaks was caused by changes in the
localization of ice-free places.) The spring floods due to the melting of
snow cause complete destruction of this taxocen.

STRESZCZENIE

W potokach Tatr Wysokich, Roztoce, Rybim Potoku, Bialce i w Suchej Wodzie
oraz w wysokogérskicf] potoczkach plyngcych w pasémie hal — Chironomidae byly
gléwnym skladnikiem zoocenozy i stanowily 40—90%, a w pewnych wypadkach nawet
100% ogéblnej liczby zwierzat. Byly réwniez reprezentowane przez najwigkszg ilo$é
jednostek taksonomicznych. .

Analizujac rozmieszczenie Chironomidae w badanych potokach, wyrézniono pieé
zasadniczych taksocenéw. Jeden spotykano wylacznie w Dolinie za Mnichem w po-
toczku wyplywajacym spod platu $niegu, gdzie dominuje Diamesa steinboecki, drugi
w potokach pasma hal, gdzie rozwijaja sie larwy Diamesa gr. latitarsis. Trzeci takso-
cen scharakteryzowany przez larwy Eukiefferiella minor i Parorthocladius nudipennis
wyrézniono w regionie zrédel i potokéw w ich poblizu. W pasmie regla rozwija sie
taksocen, w ktérym dominuja larwy Parorthocladius nudipennis, natomiast taksocen
wyrézniony w Roztoce na tej wysokosci odbiega od tego schematu. Ostatni taksocen
wyrézniono w potokach i rzekach podgérskich przeplywajacych przez Réw Zako-
pianski i Podhale, gdzie dominuja larwy Ortocladius rivicola i O. thienemanni.

Rozmieszczenie tych taksocenéw jest zgodne ze zmianami wysoko$ci. Najwyzej
spotykano taksocen Diamesa steinboecki (2000 m m.p.m.), najnizej taksocen Orthocla-
dius rivicola -+ O. thienemanni (ponizej 1000 m n.p.m.).

Udalo sie wykazaé korelacje pomiedzy spadkiem jednostkowym, budowsg geolo-
giczng podloza, chemizmem wody (zwlaszcza zmianami Ca w wodzie) a skladem
ilo§ciowym i jako$Sciowym Chironomidae. Jednak zmiany taksocenéw, jakie zaobser-
wowano pomiedzy potokami plynacymi w pasmie hal a potokami w regionie Zrédel,
nie mozna wytlumaczyé tymi czynnikami. W tym wypadku decydujaca role w ich
zroznicowaniu odgrywa wysychanie i wymarzanie potoku w zimie, slaby rozwéj
pokrywy roslinnej w potokach wysokogoérskich, a w regionie Zrédliskowym silny roz-
woj glonéw i mchéw pokrywajgcych kamienie, nieprzerwany okres wegetacyjny oraz
korzystne warunki termiczne zwlaszcza w zimie. Wydaje sie wige, ze jednym z waz-
niejszych czynniké6w wplywajgcych na liczebno§é Chironomidae jest ilo§¢ i jako$é
rozwijajacej sie¢ pokrywy roslinnej. Jednak w obecnej chwili, przy tak duzej ilosci
zmieniajgcych sie réwnocze$nie czynnikéw srodowiska, trudno przypisaé ktéremus
z nich decydujaca role w zmianach zespoléw fauny dennej.

Rowniez w obregbie stanowisk udalo si¢ wykazaé zréznicowanie taksocenéow
Chironomidae w poszczegolnych siedliskach. Wyrézniono taksocen Chironomidae za-
mieszkujacy mchy, ktory wykazuje duza stalo§é. Gatunkami dominujacymi sg Eulief-
feriella minor, E. bavarica, E. luthethorax. W plecach glonu Hydrurus rozwijaja sie
przede wszystkim larwy Orthocladius rivicola, Diamesa gr. insignipes i D. thienemanni.
W obrebie siedliska kamienistego wyrézniono pieé dodatkowych klas pradowych.
Wyrazne réznice zaobserwowano pomiedzy faung Chironomidae z miejsc o silnym
pradzie a miejscami bez pradu. Taksoceny Chironomidae zamieszkujgce miejsca
o réwnym pradzie i plytkim pradzie sg zbliZone do taksocenéw miejsc o szybkim
pradzie, natomiast na kamieniach w miejscach o slabym pradzie zZyja zaréwno ga-
tunki charakterystyczne dla szybkiego pradu, jak i miejsc bez pradu. Z szybkim pra-
dem jest zwigzanych szereg larw, takich jak Diamesa gr. latitarsis, Orthocladius
rivicola, natomiast dla miejsc bez pradu sg charakterystyczne Nilotanypus dubius,
Micropsectra gr. praecox, Syndiamesa branickii, Parametriocnemus borealpinus,
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P. stylatus, Corynoneura gr. minuta. Jednakze gatunki zyjace np. w szybkim pradzie
mozna spotka¢ w mniejszych iloSciach w miejscach bez pradu i odwrotnie. Wykazano
rowniez, ze taksoceny Chironomidae zamieszkujgce te same siedliska zmieniajg sie
wzdluz biegu potoku, ale gatunki charakterystyozne dla jakiego$ siedliska w jego
obrebie maja wiekszy zasieg pionowy.

Rowniez w zalezno$ci od wysokoSci krzywa obrazujgca zmiany liczebnosci
Chironomidae w ciagu roku ma zupelnie inny przebieg. W najwyzszych partiach po-
toku krzywa jest jednowierzchotkowa. Po wstepnym okresie, w kté6rym obserwujemy
male larwule i wylinki poczwarek, rozwija si¢ wlasciwy taksocen z dominacjg larw
Diamesa gr. latitarsis i wtedy obserwujemy maksimum liczebnos$ci. Po wylocie tego
gatunku nastepuje spadek liczebnosci i pojawiajg sie male larwy gatunkéw charak-
terystycznych dla nizej polozonych stanowisk. W zimie nastepuje przerwa w rozwoju
organizmow, poniewaz potok wysycha lub wymarza. W potokach pasma regla krzywa
ma przebieg dwuwierzcholkowy, przy czym maksimum zimowe jest znacznie wieksze
od letniego. Taki obraz krzywej jest spowodowany rozwojem gatunku dominujg-
cego Parorthocladius nudipennis, ktéry ma dwa pokolenia w ciggu roku. Spadki
liczebnosci wigzg sie z jego wylotem i w tym okresie mogg dominowaé inne gatunki.
W potokach plyngcych u podnéza Tatr krzywa jest wielowierzcholkowa, przy czym
maksima letnie sg wyzsze od zimowych. W lecie i jesieni byly dwa maksima spowo-
dowane przez larwy Orthocladius rivicola i O. thienemanni. Wyloty tych gatunkéw
spowodowaly spadek liczebnosci z koncem lata i p6Zng jesienia. W zimie rozwijaly
sie larwy z rodzaju Diamesa.

REFERENCES

Albrecht M, Die Plane und andere Fliamingbédche. (Ein Beitrag zur Kenntnis
der Fliessgewisser der Endomoranenziige der Norddeutschen Tiefebene). Z. Fisch.
Hillswiss. (N. F.) 1, 390—473. :

Ambiuhl K., 1962. Die Besonderheiten der Wasserstromung in physikalischer, chemi-
scher und biologischer Hinsicht. Schweiz. Z. Hydrol. 24, 367—382.

Berg K., 1948. Biological Studies in the River Susaa. Folia Limnol. Scand., 4.

Berthelemy C., 1966. Recherches écologiques et biogéographiques sur Plécopteres
et Coleoptéres d’eau courante (Hyraena et Elminthidae) des Pyrénées. Ann.
Limnol. 2, 2, 227—458.

Bobek K, 1890. Przyczynek do fauny muchéwek tatrzanskich. Spraw. Kom. Fizjogr.
25.

Romboéwna M, 1971. Sklad chemiczny wody potokéw Polskich Tatr Wysokich
ze szczeg6lnym uwzglednieniem Suchej Wody — The chemical composition of
water of streams of the Polish High Tatra Mts, particulary with regard to the
stream Sucha Woda. Acta Hydrobiol. 13, 379—391.

Chodorowski A, 1960. Taxoceny wirk6w i metodyka ich badania — Les taxo-
cénes des turbellariés et la méthode de leur étude. Ekol. Pol. B, 6, 2, 95—114.

Dittmar M, 1955. Ein Sauerlandbach. Untersuchungen an einem Wiesen-Mittel-
gebirgsbach. Arch. Hydrob. 50, 3/4, 305—552.

Ertlova E. 1964. Pfispevok k poznaniu zoobentosu Popradskeho Plesa. Biologia,
19, 9, 666—674.

Frost W. E.,, 1941—1942. Liffey Survey IV. The fauna of the submerged , mosses”
in an acid and an alkaline water. Proc. Roy. Irish. Acad. 47, 279—292.

Gessner F., 1959. Hydrobotanik. B. II, Berlin, VEB Deutsch. Verl. Wiss.

Gieysztor M, 1962. Zycie zwierzgce w wodach tatrzanskich. In: Tatrzanski Park

™

http://rcin.org.pl



462

Narodowy (ed. W. Szafer), Krakéw PAN, Zaklad Ochrony Przyrody, Wyd. Pop.

) Nauk., 21, 485—522.

Gowin F.,, J. Zavrel, 1944. Novy Procladius z Vysokych Tater Procladius tatren-
sis Gow. n. sp. Entomol. listy, 7, 87—90.

Hrabé S, 1942. O Benticke Zvifene Jezer ve Vysokych Tatrach. Physiograph. Slo-
vaca, 1, 124—1177.

Huet M, 1954. Biologie, profils en long et en cravers des eaux courantes. Bull.
Franc. Piscicult., 175, 41—53.

Humphries C. F.,, W. E. Frost, 1937. River Liffey survey. The Chironomid fauna
of the submerged mosses. Proc. Roy. Irish. Acad. 43, B. 11, 161—181.

Illies J. 1962. Die Bedeutung ider Stromung fir die Biozonose in Rhithron und
Polamon. Schweiz. Z. Hydrol. 24, 433—435.

Illies J., L. Botosaneanu, 1963. Problemes et méthodes de la classification
et de la zonation écologique des eaux courantes considerées surtout du point de
vue faunistique. Inter. Verein Teoret. Ang. Limnol. 12, 1—57.

Jonasson M., 1948. Quantitative studies of the bottom fauna. Folia Limnol.
Scand., 4, 204—318.

Kamler E, 1965. Thermal conditions in mountain waters and their influence on
the distribution of Plecoptera and Ephemeroptera larvae. Ekol. Pol. A. 13, 20,
377414,

Kamler E, 1966. L’influence du degré d’astatisme de certains facteurs du milieu
sur la repartition des larves d’Ephémeéres et des Plécoptéres dans les eaux
des montagnes. Verh. Internat. Verein Limnol. 16, 663—668.

Kawecka B, 1971. Strefowe rozmieszczenie zbiorowisk glonéw w potokach Polskich
Tatr Wysokich — Zonal distribution of alga communities in streams of Polish
High Tatra Mts. Acta Hydrobiol. 13, 393—414.

Kownacki A, M. Kownacka, 1965a. The bottom fauna of the Lakes Morskie
Oko and Wielki Staw in the Polish Tatra Mountains. Komitet Zagosp. Ziem
Gorskich PAN, 11, 33—38.

Kownacka M, A. Kownacki, 1965b. Freshwater invertebrates of Stawki Mni-
chowe pools in the Tatra Mountains. Komitet Zagosp. Ziem Gorskich PAN,
11, 81—90.

Kownacka M, A. Kownacki, 1965¢c. The bottom fauna of the river Bialka and
of its Tatra tributaries the Rybi Potok and Potok Roztoka. Komitet Zagosp.
Ziem Gorskich PAN, 11, 129—151.

Kownacka M., A. Kownacki, 1967. Parametriocnemus boreoalpinus Gowin
et Thienemann 1942 (Tendipedidae, Diptera) nowy gatunek dla Tatr — Para-
metriocnemus boreoalpinus Gowin et Thienemann 1942 (Tendipedidae, Diptera)
new species for the Tatra Mts. Acta Hydrobiol. 9, 1—2, 187—191.

Kownacka M, A. Kownacki, 1968a. Wplyw pokrywy lodowej ma faune¢ denng
potokéw tatrzanskich — The influence of ice cover on bottom fauna in the Tatra
streams. Acta Hydrobiol. 10, 1—2, 95—102.

Kownacki A, M. Kownacka, 1968b. Larwa Nilotanypus dubius (Meigen) 1804
(Diptera, Chironomidae) — Die Larve des Nilotanypus dubius Meigen 1804
(Diptera, Chironomidae). Acta Hydrobiol. 10, 3, 342—347.

Kownacki A, M. Kownacka, 1970. Diamesa starmachi n. sp. (Chironomidae,
Diptera). Bull. Acad. Pol. Scie. Sér. Sci. Biol, 18, 12, 777—T780.

Kownacka M, 1971. Fauna denna potoku Sucha Woda (Tatry Wysokie) w cyklu
rocznym — The bottom fauna of stream Sucha Woda (High Tatra Mts) in the
annual cycle. Acta Hydrobiol. 13, 415—438. ;

Macan T. T, 1961. A review of running water studies. Verh. Internat. Verein.

i ~&imnol. XIV, 587—602.

http://rcin.org.pl



463

Miller K. 1954. Faunistisch-okologische Untersuchungen in nordschwedischen
Waldbache. Oikos, 5, 77—93.

Nowicki M., 1867, Zapiski z fauny tatrzanskiej. Spraw. Kom. Fizjograf.,, 1,
179—206.

Nowicki M, 1868. Zapiski z fauny tatrzanskiej. Spraw. Kom. Fizjograf. 2, 77—91.

Nowicki M, 1873. Beitrige zur Kenntnis der Dipterenfauna Galiziens, Krakau, 35.

Nowicki M, 1873a. Neue Beitrige zur Kenntnis der Dipteren Fauna Galiziens.
Verh. der zool. bot. Ges. in Wien.

Pasternak K., 1971. Fizjografia i charakter podloza zlewni potokéw Polskich
Tatr Wysokich — The physiography and character of the substratum of the
drainage areas streams of the Polish High Tatra Mts. Acta Hydrobiol., 13, 363—378.

Pleskot G. 1962. Stromung, Bodenstruktur und Besiedlungsdichte. Schweiz. Z.
Hydrol. 24, 383—385.

Sieminska J., 1955. Hydrobiologiczna i rybacka charakterystyka rzeki Brynicy —
The river Brynica from the point of view of hydrobiology and fishery. Pol. Arch.
Hydrob. 3 (16), 69—160.

Smolenska E., 1963. Larwy ochotkowatych (Tendipedidae) wéd Wielkopolski —
The larvae of Tendipedidae in waters of Great Poland. Pozn. T.P.N., prac. Kom.
Biol. XXVI, 4, 1—60.

Sowa R, 1965. Ecological characteristics of the bottom fauna of the Wielka Puszcza
stream. Acta Hydrobiol. 7, suppl. 1, 61—92,

Starmach K., 1956. Rybacka i biologiczna charakterystyka rzek — Characteristic
of rivers from biological and fishery point of view. Pol. Arch. Hydrob. 3, 307—332.

Starmach K, 1959. Biocenozy rzek i ich ochrona. Ochrona Przyrody, 26, 383—49.

Thienemann A, 1936. Alpine Chironomiden (Ergebnisse von Untersuchungen in
der Gegend von Garmisch-Partenkirchen, Oberbayern). Arch. Hydrobiol. 30,
167—262.

Thienemann A, 1941. Lapplindische Chironomiden und ihre Wohngewiisser.
Arch. Hydrobiol. Suppl. 17, 1—253.

Thienemann A, 1954. Chironomus, Leben, Verbreitung und wirtschaftliche Bedeu-
tung der Chironomiden. Die Binnengewisser, 20, Stuttgart, E. Schweizerbart’sche
Verl.

Thorup J., 1966. Substrate type and its value as a basis for the delimitation of
bottom fauna communities in running waters. Spec. Publ. Nr 4. Pymatuning
Laboratory of Ecology University of Pittsburg, 39—74.

Ulfsirand S, 1967. Microdistribution of benthic species (Ephemeroptera, Pleco-
ptera, Trichoptera, Diptera, Simuliidae) in Lapland streams. Oikos 18, 293—310.

Vaillant F., 1967. Sur le choix des espéces indicatrices pour une zonation des
eaux courantes. Trav. Lab. Hydrobiol. 57—58, 7—I15.

Zaé¢wilichowska K. 1968. Fauna denna dorzecza Kamienicy Nawojowskiej —
Bottom fauna in the basin. of the River Kamienica Nawojowska. Acta Hydrobiol.
10, 319—311.

Zaviel J., 1934. Prispévek k faun& bystfin ve Vysokych Tatrach. Sbor. Klubu prirodov,
Brno.

Zaviel J., 1935. Chironomidenfauna der Hohen Tatra. Verh. Internat. Verein. Limnol.
7, 439—448.

Zavield, 1937 Orthocladiinen aus der Hohen Tatra. Int. Rev. ges. Hydrob. Hydrogr.

Zaviel J, 1939. Chironomidarum Larvae et Nymphae II. (Genus Eukiefferiella).
Acta Soc. Scient. Natural Moravice, 10, 11, 1—29.

Zaviel J, 1941. Chironomidarum Larvae et Nymphae III. (,Pseudokiefferiella”).
Entomol. Listy 4, 1—6.

http://rcin.org.pl



464

ZavielJ,F. Pagast, 1935. Dva nove druhy Orthocladin z Vysokych Tater. Casopis.
Cs. Spol. Ent. 32, 156—160.

Ziemmermann P, 1962. Der Einfluss der Stromung auf die Zusammensetzung
der Lebensgemeinschaften im Experiment. Schweiz. Z. Hydrol. 24, 408—411.

Adres autora — Author’s adress

dr Andrzej] Kownacki

Zaklad Biologii Waéd, Polska Akademia Nauk,
Krakoéw, ul. Stawkowska 17.

http://rcin.org.pl





