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Diversity of flora and fauna in running waters
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Abstract — In 1994, the mass appearance of potentially toxic cyanobacteria/cyanopro-
karyota Aphanizomenon flos-aquae (L.) Ralfs and Microcystis aeruginosa Kitz. was
observed in the Vistula. These species were used for estimation of the degree of water
eutrophication, signalling deterioration of water quality at stations in vicinity of
Cracow. Diatoms were helpful in assessment of different degrees of salinity (abundant
colonies of Bacillaria paradoxa Gmelin, hitherto not reported from the Vistula), and
pollution (numerous presence of Cyclotella meneghiniana Kiitz. and Fragilaria ulna
(Nitzsch) Lange-Bertalot). The stations in the middle course of the River Raba were
characterized as those of good water quality (considerable share of rapidly
reproducing chlorococcous green algae and desmids).

Key words: rivers, streams, phytoseston communities, indicator species,
trophic state, pollution.

1. Introduction

There exists a commonly recognised belief that the bioseston of rivers is in the
majority a mixture of benthic forms washed out from the substratum, with a small
share of those typically planktonic, and accidentally occurring in this habitat.
A considerable contribution of allochthonous forms, drifting with the water current
down the rivers, originate from the dam reservoirs situated on them above (Bucka
1965, Sieminska 1952, Krzeczkowska-Woloszyn and Bucka 1969, Bombéwna and
Bucka 1974, Kyselowa and Krzeczkowska-Woloszyn 1974, Bombéwna et al. 1978a,
1978b, Bucka 1986, 1991, Krzeczkowska-Wotoszyn 1991). Their numerous presence
in rivers not divided by dams is also discussible.

The aim of the present elaboration is to pay attention to the dynamics of the
development, especially of blue-greens and chlorococcous green algae, responding
markedly to changes in the chemical composition of running waters, where they
compete with diatoms more than once, or begin to dominate over them. In the
recent past, the diatoms were still the group in riverine seston (Uherkovich 1970,
Hanak-Szmager 1974). In the last few years mass development of blue-greens and

© 2000 Karol Starmach Institute of Freshwater Biology. Printed in Poland.



96 H. Bucka

planktonic green algae has been more often noted in strongly eutrophicated water
bodies arising as a result of the river damming. They create multi-species ‘water
blooms’, usually of the mixed type with other algae (Bucka 1987).

Taking this into consideration, a precise analysis of seston samples taken from
the River Vistula and its affluents has been made. On the basis of other
simultaneously investigated parameters (collective work), there was also an
attempt to evaluate whether the most numerous species occurring within
phytoseston communities (chiefly of cyanobacteria) are good indicators of changes
in the trophic state and pollution of the rivers as those which have a greater effect
on water quality.

2. Study area, material, and methods

The structure of algal communities in seston collected once (10-30 October
1994) from 38 stations was investigated. These stations were situated on the River
Vistula and its tributaries, within the borders of the Province of Cracow (Fig. 1)
presented by Wojtan et al. (2000). They were divided into groups according to their
similarity, from the point of view of quality of the aquatic environment, when
accepting the SIMI index (Stander 1970), clustered by the average linkage method.
It is calculated according to the formula:

s SR 8 N e
SIMI = [Z P;; Pi,,]/ (Z P; Y, Pi,,]
where Pj; and Pj, are average relative abundance expressed as a proportion of i-th
species in the compared j-th and n-th communities, and S is the number of species.
SIMI values range from 0 to 1, while value 1 indicates identical communities. The
matrix of indices was imported to the SYSTAT program for making the cluster
analysis.

Characteristics of stations distinguished on the studied rivers were based, above
all, on the species being the most numerously represented in differentiated
communities. They reflect the environmental conditions that have been in existence
in a certain period, leading to the formation in the phytoseston of a specific species
composition. However, it seems that for more precise and more authoritative
estimations of water quality, it is necessary to have knowledge of the species
ecology, both of those occurring in masses (Bucka 1989), as well as those not very
numerous but presenting a certain indicator value (Turoboyski 1979). Results of
biological analyses giving information about the occurrence of dominants in
phytoseston communities and sessile algae (Kawecka and Kwandrans 2000), served
for mutual comparison, taking into account physico-chemical investigations of the
water simultaneously carried out (Wojtan et al. 2000).

Phytoseston samples were collected with a calibrated pail; 100 litres of water
was filtered through a plankton net of ca. 50 um meshes in diameter, and
preserved with 4% formalin solution. For estimation the numbers of taxonomical
units determined in the phytoseston, usually 2 preparations were calculated, (each
every with a drop of known volume, i.e. 0.05 em? (in sum 0.1 cm?) or 3, in the case
of samples poorer in algal cells. This method was applied after Starmach (1969),
with a certain modification introduced in earlier publications by Bucka (1987).

For taxonomical determination of diatoms solid preparations embedded in
a synthetic resin ‘Pleurax’ were made (Starmach 1963). Diatoms were identified
applying the keys of Krammer and Lange-Bertalot (1986, 1988, 1991), introducing
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Fig. 1. Location of the studied stations in the Cracow Province and their classification
according to similarities between phytoseston communities: 1-7 — the Vistula (1- Oklesna, 2 -
Czernichéw, 3 — Tyniec, 4 — Cracow, 5 — Niepolomice, 6 — Sierostawice, 7 — Uscie Solne), 8 —
the Laczany Canal, 9 — the Regulanka stream at Regulice, 10 — the Rudno stream at Przeginia,
11 — the Sanka stream above the water intake, 13, 14 — the River Rudawa (13 — Krzeszowice,
14 — Cracow), 15 — the Rudawka stream at Rudawa, 16, 17 — the Pradnik stream (16 — Ojcow,
17 — Zielonki), 18, 19 — the Dlubnia stream (18 — Grzegorzowice, 19 — Zestawice), 20-23 — the
River Szreniawa (20 — Przybystawice, 22 — Kacice, 23 — Biskupice), 24 — the Scieklec stream
at Mokocice, 25 — the Harbutéwka stream at Biertowice, 26, 27 — the River Skawinka (26 —
Radziszéw, 27 — below the heated water discharge at Skawina), 28 — the Cedron stream at
‘Wola Radziszowska, 29 — the Glogoczéowka stream at Jaworzna, 30 — the Wilga stream at
Swoszowice, 31 — the Drwinka stream at Swiniary, 32-37 — the River Raba (32 — Lubien, 33 —
Myslenice-Zarabie, 35 — Gdéw, 36 — Ksigznice, 37 — UScie Solne), 38 — the Krzczonéwka stream
1 km above its outflow into the Raba, 39 — the Trzebunka stream at Stréza, 40 — the Trzemes$-
nianka stream at Leki, 41 — the Krzyworzeka stream at Czastaw.

a new nomenclature. These keys and the works of: Sladecek (1973), Hofmann
(1994), and Van Dam et al. (1994) supported the data-estimating indicator value of
diatom species. These last were next used for assessment of the trophic states and
pollution of waters in the investigated rivers.
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3. Results

Altogether 234 systematic units were identified (genera, species, and varieties)
among cyanobacteria, euglenophytes, dinophytes, diatoms, and green algae with
differentiation of these last, Conjugatophyceae: Zygnemales and Desmidiales
(Table I). The rivers and streams studied with the stations situated on them might
be sorted into five groups of differentiated water quality based on the method of
the calculation of similarity index (Fig. 2). In Groups I a and b — were included the
stations of various degree of differentiation of the quality of investigated waters,
e.g. such streams as: the Szreniawa — Biskupice (Station 23), the Scieklec — Moko-
cice (Station 24), and the Pradnik — Ojcéw (Station 16). In the Szreniawa stream
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Trzemesnia 40 —]
Diubnia/Grzegorzowice 18
A Szreniawa/Biskupice 23 :—I =
Pradnik/Zielonki 17 :J
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Group | Trzebunia 39
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Diubnia/Zestawice 19 1
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Fig. 2. Classification of stations (river/locality) on the basis of the amount of phytoseston taxa,
using SIMI Index (Stander 1970).
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(Station 23), Group I a, was found a mass development of blue-greens (mainly
Anabaena spp. and Aphanizomenon flos-aquae), which characterized, better than
diatoms, the real trophic state of the waters. However, in the Scieklec stream
(Station 24), Group I b, contained various diatom species, which attained
a dominance signalizing the formation of a mixed water bloom, extremely rich in
these algae. The most numerous development was revealed by the following
diatoms: Nitzschia thermalis, Surirella brebissonii with var. kiitzingii, Fragilaria
ulna and F. ulna acus group, Meridion circulare, Nitzschia sigma/N. sigmoidea,
Gyrosigma acuminatum. The water of the Szreniawa stream together with the
Scieklec stream showed marked hardness along with an increased amount of
phosphates, ammonia as well as nitrites, and temporary great concentrations of
organic matter, causing deterioration of the oxygen conditions. In the Szreniawa —
Kacice (Station 22), Group I b — a weaker growth of diatoms with the most
numerous species Fragilaria ulna (tolerant of pollution) was noted. In the Pradnik
stream (Station 16), Group I b — flowing through the Ojcéw National Park, was
found a different of phytoseston communities manifesting a composition similar to
that which is encountered in waters from pure oligothrophic to eutrophic
(Fragilaria pinnata of wide ecological spectrum), with species tolerant of pollution
and salinity (Fragilaria ulna), with a contribution of salt-water species
(Cymatopleura solea), as well as that poor in electrolytes and resistant to low
oxygen content (Nitzschia sigmoidea).

The most eutrophicated station of all those investigated in Group II a was the
Ditubnia — River Zeslawice (Station 19), with the mass appearance of diatoms
(mainly Asterionella formosa and Fragilaria ulna acus group), and toxic blue-greens
(particularly Aphanizomenon flos-aquae), forming a mixed water bloom (Fig. 3).

The Vistula at Stations 2-7 and Station 8 — the f.aczany Canal (Groups II b
and partially ¢, d) on the basis of physico-chemical data was not classified to any
of the three classes of water purity, and was recognized as beyond the
classification. A decisive significance in this classification were parameters such as:
high electrolyte conductivity, high concentration of chlorides and sulphates, as well
as of nutrients and organic matter, with low oxygen content, which gave evidence
of strong pollution (the most numerous Oscillatoria tenuis — Stations 5 and 7) and
salinity of its waters (Bacillaria paradoxa — mass occurrence of dense ribbon-like
colonies — Station 4) with halophilous species (Cyclotella meneghiniana — Stations
6 and 7).

In the Szreniawa — Przybystawice (Station 20), Group II d — there took place
an intensive growth of diatoms which are typical of biotopes rich in electrolytes
(Nitzschia thermalis) and preferring salted inland waters (Entomoneis paludosa
var. subsalina). They were accompanied by the euglenophytes (Euglena proxima,
Trachelomonas spp.) preferring waters rich in organic matter.

Stations 20 and 22 localized in the upper course of the Szreniawa stream
(consecutively at Przybystawice and at Kacice) were extremely poor in sessile algae
(Kawecka and Kwandrans 2000) and zooseston (Zurek 2000). The afore-named
authors found in the periphyton only single cells of diatoms and dying filaments of
blue-greens and green algae that has not been confirmed by analysis of phyto-
seston.

The stations on the Vistula chosen according to their degree of similarity
resulting from the water quality, corresponded with the structure of the indicator
species. These were used for estimation, both of the state of water eutrophication
(particularly cyanobacteria, chlorococcous green algae being an important
component in the self-purification process of water), e.g. in the Vistula — Cracow
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Fig. 3. Composition and abundance of the phytoseston communities in rivers and streams of
the Cracow Province in October 1994 (numbers of stations explained in Fig. 1).
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(Station 4), and volvocalean greens in the Vistula — Sierostawiec (Station 6), as well
as being helpful in the evaluation of different degrees of salinity and pollution
(principally diatoms) and resistance to the above environmental conditions
(contribution of various tolerant species in the Vistula — Niepotomice (Station 5).

Group III represented pure habitats of high water quality (e.g. the Sanka — an
affluent of the Vistula (Station 11), with poor microflora and typical species of fresh
and salt water, as well as attached to clean waters (Ceratium hirundinella).

Group IV comprised the stations of the River Raba (Station 33 — Zarabie) and
its affluent the Krzyworzeka — Czastaw (Station 41), which in general showed good
water quality. This was proved by the numerous share of diatom Achnanthes
minutissima attached to well-oxygenated waters. These waters were the purest
among the investigated stations of the middle course of the River Raba. They were
characterized by low concentration of nutrients and often occurring oxygen
supersaturation. The exception constituted the Raba reach, at Uscie Solne (Station
37), with species (chiefly desmids) of damaged cell structures (i.e. genus Closterium
spp.), which gave evidence of a certain degradation of this water environment.

In Group V, only one station was found, i.e. the Vistula — Okle$na (Station 1),
with a sufficiently numerous contribution, especially of blue-greens, volvocalean
greens (Eudorina elegans), desmids, and diatoms. These communities were
characterised by numerous species, sufficiently rich in them, which pointed to
eutrophication of the water.

In general at the studied stations, the phytoseston communities were
distinguished by:

1. Great diversity of species, often cosmopolitan of wide ecological amplitude,

2. Large numbers of some species that corresponded with the criterion given for
water blooms. These were formed by: cyanoprokaryota — Aphanizomenon flos-aquae
(with associated species: Anabaena spp., Oscillatoria spp. and Microcystis aerugino-
sa), and diatoms, especially Asterionella formosa, Cyclotella chaetoceras, Bacillaria
paradoxa, Nitzschia thermalis (with associated species: Fragilaria ulna, Surirella
brebissonii var. kiitzingii, Meridion circulare, Cyclotella meneghiniana, Nitzschia
sigmalN. sigmoidea, Diatoma vulgaris), the above mentioned species occurred the
most abundantly in such rivers as: the Dlubnia — Zestawice (Station 19), the
Szreniawa — Biskupice (Station 23), the Scieklec — Mokocice (Station 24) and the
Vistula — Cracow (Station 4), in which were formed multi-species water blooms,

3. Very small numbers of species, such as, e.g.: Campylodiscus echeneis — in the
Regulanka stream (Station 9), the Rudno (Station 10), and the Rudawa — Krzeszo-
wice (Station 13).

The richest in species were the stations on the following rivers: the Szreniawa
Biskupice (67 taxa), the Vistula — Niepolomice and the Vistula — Sierostawiec (50
and 51 taxa consecutively), the Wilga — Swoszowice (53 taxa), and the Trzemes-
nianka (49 taxa), whole the poorest in species were the stations on the River
Drwinka (9 taxa) and also the Regulanka stream (13 taxa), similarly as in the
rivers Rudawka and Rudawa. In the Drwinka there developed a fairly abundant
community of desmids (different however, from the afore-cited), represented by the
genera — Spirogyra and Zygnema with associated diatoms Fragilaria ulna.

Among the phytoseston taxa there were the following differentiated categories
of species:

1. Species typical of strongly eutrophicated waters (cyanobacteria as above and
diatoms — Aulacoseira granulata and Asterionella formosa, as well as chlorococcous
green algae — Scenedesmus spp., Pediastrum spp.),
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2. Species attached to slightly eutrophicated waters, with mean or increased
electrolyte content (Nitzschia vermicularis) and to eutrophicated inland waters
(Melosira varians, Cocconeis pediculus),

3. Species often encountered at the seacoast, and in inland waters rich in
electrolytes (Bacillaria paradoxa, Campylodiscus echeneis, Entomoneis paludosa
var. subsalina, Nitzschia sigma),

4. Freshwater and salt water species (Surirella brebissonii with var. apiculata,
Gyrosigma acuminatum, Cymatopleura solea, C. elliptica, Stauroneis phoenicentron,
Gomphonema olivaceum),

5. Species tolerant of pollution and salinity (Fragilaria ulna, Nitzschia palea/N.
capitellata, Cyclotella meneghiniana, Diatoma vulgaris, Navicula veneta),

6. Species preferring waters usually clean, poor in electrolytes (Nitzschia
sigmoidea) resistant to low oxygen content,

7. Species resistant to pollution and able to adapt of altered conditions in the
aquatic environment, such as chlorococcous green algae (mainly genus Scenedesmus
spp.), playing a great role in the self-purification process of waters, owing to their
short life cycles, that ensure rapid renewal of their populations,

8. Species typical of waters strongly polluted and eutrophicated (Oscillatoria
tenuis, Nitzschia acicularis),

9. Species resistant to toxic substances (Stigeoclonium tenue),

10. Species characteristic of pure waters (Ceratium hirundinella, Fragilaria
pinnata, Microspora amoena, Cocconeis placentula),

11. Species preferring well-oxygenated waters (Meridion circulare, Nitzschia
linearis, Achnanthes minutissima),

12. Species living in pure and polluted waters (Nitzschia dissipata, Amphora
ovalis var. pediculus),

13. Species of brackish water — and salt-loving, hitherto not reported from the
stations on the Vistula investigated at that time, (i. e. Bacillaria paradoxa -
(Station 4), Amphora coffeaeformis (Station 6), and Entomoneis paludosa var.
subsalina (Stations 2 and 4-7, as well).

4. Discussion

In running waters the physico-chemical parameters are subjected to seasonal
and spatial differentiation depending on the hydrological conditions, which
subsequently have a bearing on the structure of various communities of biocenosis,
inter alia drift flora (e.g. phytoseston) as more labile in relationship to the
communities of sessile algae.

A high contribution of some species in phytoseston, particularly of blue-greens
or chlorococcous greens, as well as volvocalean green algae, also gives evidence
concerning their ability to tolerate wide variations of environmental conditions. Its
effect is a displacement of these algae, due to the constant flow of water masses to
different distances along with river course, depending on its type (lowland,
montane), depth, current velocity, etc. This explains, to a certain degree, the
presence of taxa which often represent, in large or excessive numbers, the other
algal communities, in comparison with those that colonise the riverine bed of
a studied river. These are planktonic cyanobacteria typical of stagnant water
reservoirs, in which appear water blooms.

In such a case, the evaluation of waters in the aspect of their trophic state (and
pollutions) that has been carried out exclusively on the basis of the communities
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of sessile algae, seems to be incomplete, because it does not comprise other
conditions of the riverine habitat, in which dominate the communities of drift flora.
Their constant study at chosen stations in the river, not only reflects the actual
trophic state of its waters, but facilitates catching of the changes in their structure
and abundance, during lower and raised river stages, which in biological
monitoring of surface running waters is important for the assessment of the correct
class of their purity.

Investigation of phytoseston communities simultaneously with studies of sessile
algae, or their exclusive preference in biological monitoring of rivers, in spite of
criticism, is still applied in practice.

Recently, many authors have endeavoured to use diatoms alone for river
classification. According to Whitton (1991) they prevail over other algal groups, on
account of their better elaborated taxonomy.

Another conception concerning the evaluation of water quality was presented by
Fernandez-Pinas et al. (1991). They recommended for this purpose the use of some
genera from cyanobacteria (inter alia Oscillatoria, Anabaena, Nostoc), found in the
seston of two rivers studied in central Spain. They analysed the development of
these blue greens using Spearman’s correlation index (Bell et al. 1982), against
a background of seasonal variability and chosen physico-chemical parameters
determined in a riverine environment during sample collection. The authors
pointed out great differences, which should not be generalized, as concerns the
structure and development of cyanoprokaryota. The relationship between eutrophic
conditions and the appearance of cyanobacteria in freshwater ecosystems cannot be
attributed to all their genera.

Their studies showed that high concentrations of phosphates and ammonium
nitrogen in river water, are associated with very low concentrations of dissolved
oxygen. Therefore, some genera of cyanobacteria (e.g. Oscillatoria) reach greater
abundance in these trophic conditions, so they may be indicators of the trophic
state of the waters. However, other blue greens (e.g. Nostoc) dominate in waters of
the opposite trophic state, which took place in the rivers investigated by the above
authors.

In the present writer’s studies on the phytoseston of the rivers in the Province
of Cracow, the following cyanobacteria occurred in masses or also were very
numerous: Aphanizomenon flos-aquae, Anabaena spp., Oscillatoria spp. Generally,
they are recognised as potentially toxigenic and having a negative effect on the
organoleptic properties of water. Consequently, the ascertainment of their dense
populations in the phytoseston of some rivers causes a feeling of fear, as concerns
a safe use of such waters for recreation or immediate consumption.

In the case of evaluation of the toxic effect of running waters on the basis of
abundant occurrence of some cyanobacteria, admitted to being an indicator species,
one may accept their decisive prevalence over diatoms.

The dam reservoirs in the catchment basin of the Upper Vistula and damming
reaches of this river are subjected to strong eutrophication (Wrébel 1983). After the
raised water stages in summer water blooms are formed mainly caused by the
development of cyanobacteria (e.g. their presence in the Goczatkowice Reservoir is
the most often connected with Microcystis aeruginosa, Anabaena spiroides, and
Aphanizomenon flos-aquae). Bednarz and Zurek (1988) reported a more numerous
appearance of this last blue-green in a mixed association — inter alia with the
diatom — Asterionella formosa, on the basis of their own studies of seston (at the
turn of 1982 and 1983) in a polluted sector of the Upper Vistula (first Stations 1-6,
especially the weir at Laczany).
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On the example of the Roznéw Reservoir it was confirmed that the phytoseston
structure in the river below the dam has changed as the effect of an intensive and
mass occurrence of algae in the reservoir itself (Bucka 1986).

One should take into consideration the possibility of the formation in these
rivers, under favourable conditions, of a specific phytoseston composition with
a mass share of planktonic cyanobacteria, this being a symptom of increased
eutrophication of the water environment.

In summing up, the River Vistula is sewage-loaded; moreover, owing to hydro-
technical construction (weirs), it has a reduced velocity of water flow. This reflects the
slowing down of the course of the self-purification process (Kwandrans 1988), in
comparison, e.g. with the River Raba characterized by a faster flow (differentiated in
particular seasons of the year) and greater potential possibilities towards self
purification of the waters (Bombowna 1966). In this process such an important role
in phytoseston is played by chlorococcous algae of short life cycles, resistant to
pollution, and adapting to altered environmental conditions. For example, Kawecka
and Kwandrans (2000) report dense populations of diatom Achnanthes minutissima
(indicator of waters rich in oxygen) in the periphyton of the Raba, among abundant
aggregates of the filamentous green alga Cladophora glomerata.

The ignoring of phytoseston studies, especially those concerning the dominance
of some planktonic cyanoprokaryota, not found or sparsely noted in rivers among
assemblages of sessile algae, restricts a reliable evaluation of the quality of their
waters and their division into the appropriate class of water purity.

This was confirmed in the case of phytoseston studies at some stations of the
rivers and streams which were enclosed in Group I a (especially the Szreniawa —
Biskupice (Station 23) with an intensive contribution of Anabaena spp. in the
association with Aphanizomenon flos-aquae. These cyanoprokaryota were not found
in the composition of sessile algal communities (Kawecka and Kwandrans 2000).

Moreover, the cyanophytes dominated in the phytoseston of the majority of
stations, mainly in the Dlubnia — Zestawice (Station 19), Groups II a-d, with
a mass appearance of Aphanizomenon, Oscillatoria spp., Phormidium sp., and
Microcystis aeruginosa. Among them, particularly Microcystis and Aphanizomenon,
form strong surface water blooms in reservoirs of stagnant waters. Commonly, they
are recognized as some indicators of increased water eutrophication, which with
their occurrence in masses are dangerous, on account of the production of toxins.

The results obtained from phytoseston analyses, although based on once-
-collected samples, provided important data, stressing out the usefulness of
investigations of its communities, to catch not only chlorococcous green algae,
excessively developed within them in recent years, but also planktonic cyanoproka-
ryota (e.g. Aphanizomenon flos-aquae). This species has a wide autecological
amplitude, that permits its acceptance as a certain qualitative indicator for
assessment of the trophic state of environments, according to criteria given by
Burchardt et al. (1994).

In effect, the characteristics of rivers on the basis of studies of the structure of
the phytoseston community, with division into groups according to degree of their
similarity with use of the SIMI index (Stander 1970), gave opposite configurations
of stations, from the point of view of the quality of aquatic environment, within one
group. For example, in Groups I a and b, there have been found: the Szreniawa —
Biskupice (Station 23), The Scieklec — Mokocice (Station 24), the Pradnik — Ojcéw
(Station16) and the tributaries of the Raba (e.g. the Trzebunka — Station 39 and
the Krzczonéwka — Station 38), which represented the aquatic environments from
strongly eutrophicated and polluted to clean.

http://rcin.org.pl
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The calculation of the SIMI index is based on the number of taxa differentiated
in phytoseston, this requiring their accurate and often difficult systematic
determinations. The number of species affects the distribution of stations in
separate groups, which may be problematic, in the case of incomplete taxonomical
composition and not referring to the conditions prevailing in the particular aquatic
environments comprised by studies.

Thus, it should be remembered that for an authoritative, i.e. more objective,
evaluation of water quality, it is very important and necessary, for final
interpretation of the results obtained, also to be familiar with the ecology of the
species, both of the dominants and those not very numerous, but nevertheless
representing a certain indicator value. Among ecological features, their vitality and
expansion signalize changes in the investigated habitat, and at the same time,
point to directions of its transformation.
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