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Abstract — A number of indicator species of plant and animal organisms
of the micro- and macrobenthos from various rivers were selected, their zonal
association and resistance to different kinds of factory wastes and municipal sewage
being determined. The =zones of pollution were determined according to the
communities of indicator organisms and on the basis of chemical investigations.
A number of species of organisms were classified as individual ecological groups:
1. of saprophobous organisms, 2. of saproxenous organisms, 3. of saprophilous
organisms, and 4. of saprobiontic organisms. The work was carried out for the
purpose of biological analysis of polluted waters.

In the protection of waters against pollution biological analysis of the
water is carried out for the purpose of:

1. determination of the composition and the state of the biocoenosis of
a given water body,

2. determination of its pollution.

Besides other values this is the only method of investigation which
makes it possible to {find out whether a given water body is in the natural
undisturbed state or if any unfavourable changes have occurred there.

The system of indicator organisms, being in a sense the instrument
of this method, is gradually changed and completed. It must be regarded
. as quite natural, since in connection with the constant development of
industry and of its technologies the composition of wastes and their
influence on the receivers and organisms are changing and becoming
more and more complicated.

In the last ten years the following systems of biological evaluation of
wastes have been reported: Starmach (1960), Liebmann (1962), and
Fjerdingstad (1964), who also published a work which is a kind of
collection of environment charts of various species of organisms (1965).
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The author of the present work (1970) gave a list of indicator
organisms and their descriptions for the waters of this country, and he
is convinced that regional evaluations are indispensable because of
ecological differences and often different indicator values of water
organisms living in various geographical regions.

Method

1800 hydrobiological analyses of the micro- and macrobenthos have
been selected. The microbenthos was investigated as follows: samples of
the bottom mud were taken in the littoral part using a pipette with
a rubber bulb. The organisms were determined under a microscopic
slide (with sides of 24 mm). The number of organisms found under the
slide indicated the degrees of frequency: 1st degree — <(3 specimens,
2nd degree — 3-10 specimens, 3rd degree — 11-25 specimens, 4th
degree — 25-50 specimens, 5th degree — > 50 specimens.

The bottom macrofauna was taken from 1 square metre of the bottom
using a hand net, and determined with the degrees of a corresponding
scale, the numbers between 20 and 50 (in relation to 1 square metre)
being taken as fairly numerous, and those higher than 50 — as
numerous.

The larvae of mayflies and caddis-flies from the stones were
. collected with tweezers from an area of 1 to 5 square decimetres (using
a 1 dem frame) and calculated for 1 square metre. The scale was similar
to that used for the bottom macrofauna.

In Table I the numbers of microbenthos organisms amounting to from
3 to 10 specimens were determined as fairly numeérous (the mark ,—”
by the figure), and those above 10 as numerous (the mark ,,+” by the
figure). The numbers from 20 to 50 specimens per 1 square metre of the
bottom macrofauna and the organisms from the stones were indicated
with figures marked ,—", and those greater than 50 with figures with
w7

The frequency of occurrence of organisms was determined according
to the degrees mentioned above, in various zones of pollution of the
receivers of industrial and municipal wastes as well as in their pure
sections.

Table I presents the frequency of occurrence of individual systematic
indicator units and characterizes the environmental ,,background” in the.
form of the given kinds of wastes. Typical ,,cases” were considered when
a given organism developed as a dominant or occurred as fairly
numerous in a certain zone of pollution evaluated on the basis of
saprobity and of the general chemical character of the investigated
environment. Moreover, the Table also presents the frequency of
8ccurrence of the selected indicator taxons (figures) in relation to the
kind of pollution (wastes).
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The discussion of the results

Bacteriophyta were determined microscopically according to their
morphological features. As resulted from Table I, the ecological ,value”
of two taxons was most distinctly determined: Beggiatoa sp., as
a saprobiontic organism, and Sphaerotilus matans as a saprophilous
organism. The filamentous bacteria, not exactly determined, which are
often encountered in the biological analyses, had a wide ecological
distribution and were found in the whole zone of saprobity, as well as
in the zone of extermination and in the antisaprobic one. They were
found to be dominant as far as the f-mesosaprobic zone, while the zone
of pure water, the oligosaprobic, and the transition zone between the
f-meso and oligo- had these bacteria in small numbers only. Altogether
the filamentous bacteria showed a tendency to saprophilia. Similarly
Sphaerotilus natans has its representatives in all zones, but dominated
only up to the f-meso zone inclusive. This bacteria was most frequently
found in waters polluted with municipal wastes mixed with those from
cellulose works, and it may be inferred that it was typical for this
environment.

In the quite pure water Sphaerotilus could not dominate. For the
bacteria Beggiatoa the range of its less numerous occurrence was also
wider than for its dominance, but it did not pass the c-zone and hence
may be taken for a saprobiontic organism. The phenomenon recorded for
the bacteria, that of a wider zonal distribution with less numerous
occurrence than with dominance, is wholly natural and understandable
because the zones of purer water were not a suitable environment for
them and their development could not be so intensive as in the zones of
polluted waters.

Ferruginous bacteria — Leptothrix ochracea did not reveal any
indicator ,value” as far as the pollution of the water with organic,
easily decomposed, compounds was concerned. They only indicated the
content of iron in the water.

The sulphuric bacteria of the genus Thiothrix and the putrid
Zoogloea were so rarely found in the benthos that it was impossible to
draw any conclusions about them. Though the polysaprobic waters were
often investigated, Zoogloea was among the more rarely found organisms,
as the investigations concerned flowing waters where the disappearance
of oxygen rarely occurred. Hence this organism, which was a very good
indicator in the biological treatment of sewage or in the polysabrobic
water bodies, probably did not have favourable conditions for its deve-
lopment in the environment of the surface waters which were investigated
by the author. The communities of Zoogloea ramigera were similarly
rarely recorded.
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From fungi the occurrence of two common species, Apodya lactea and
Fusarium aquaeductum, was determined, while the tendency of the
former to be saprophilous was noted.

Among the species presented in Table I the next type, the blue-green
algae- Cyanophyta, did not reveal any organisms which could have any
exact indicator wvalue. Oscillatoria tenuis and Oscillatoria sp. div.
dominated, beginning from the poly- to the B-oligo and from the p-a
to the oligo zone. Since Oscillatoria guttulata occurred rather rarely in
the investigations, the available material was to scanty for the determina-
tion of its ecological character.

Among pigmented euglenoids (Euglenophyta type) Euglena wviridis
occurred as a dominant only in strongly polluted waters in agreement
with its well- known saprophilous character. However, the scanty records
do not present it distinctly, there being a similar problem with
Trachelomonas hispida.

The class of diatoms — Bacillariophyceae was the most numerously
represented — of all the algae of the investigated waters, hence the
greatest number of different species was elaborated. Various Achnanthes
species not exactly determined occurred as saproxenous organisms and
were dominants only in the f-mezo and oligosaprobic zones. The species
Ceratoneis arcus did not occur in the zones of strong pollution beginning
from the ,jintermediate” a-f zone. It may be included with saproxenous
organisms and qualified as typical for pure waters in the natural state
without any artificial sewage pgllution. The species Cymbella sp. div.
might be qualified as most frequently occurring in the waters not
polluted with wastes but they could also occur in great numbers in the
a-ff — mesosaprobic zone, in not great numbers in the a-zone, and could
even appear in the poly- o — mesosaprobic zone. It is worthy of note
that they occurred in waters polluted with various wastes.

The diatom Cymbella ventricosa was found in the receivers of various
wastes but it had some saproxenous characters. Diatoma wvulgare
occurs as a dominant in the zone of purer waters but also in the a-meso-
seprobic zone, i. e. in the zones of strong pollution, while in the zones
of the strongest pollution its development was neither numerous nor
strong. The ecological category of this diatom does not as yet seem very
certain. Fragilaria capucina occurred as a saproxenous organism and
a dominant only in the zones from P-meso to oligo, and F. crotonensis
in those from o-f- mesosaprobic to oligo. In the more polluted zone it
was not noted in numbers of any practical significance. It may be classi-
fied as a saproxenous organism. The diatom Melosira varians may be
classified as a saproxenous organism typical for water without
artificial pollution and also for waters slightly polluted with domestic
sewage., .
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Meridion circulare should rather have a saproxenous character and
was found in the waters with various wastes. Navicula cryptocephala
could dominate in the zones from « to B, and even but more rarely in
the p-oligo one. But this diatom was not mumerous in the oligozone,
while it dominated in the zone of strong pollution and was found
frequently in the municipal and mixed wastes and also in waters without
wastes. N. cuspidata most frequently dominated in the zones of very
strong pollution but it could also appear as a dominant in pure water. It
is difficult to determine it as an indicator. Its variety var. ambigua
occurred as a saprophilous organism. N. viridula resisted a very strong
and also a toxic pollution. It often dominated in the environment with
municipal or mixed wastes, though it could as well be a dominant in
pure waters. The dominance was found most frequently from the f-meso
to o-zone and this diatom revealed saprophilous as well as saproxenous
teatures. As might be expected, Nitzschia acicularis was saprophilous and
often occurred in water bodies with wastes from cellulose works together
with mixed ones, but it also appeared in waters without wastes.
N. linearis was not dominant in zones more polluted than the
f-mesosaprobic zone and is a saproxenous organism occurring most often
in waters without wastes. N. palea, a very common diatom in polluted
waters, is resistant to many wastes; it was most often found in an
environment polluted with municipal sewage or with mixed wastes. It was
encountered as a dominant in the zones of the strongest pollution, but
also in the f-meso zone, it was never dominant in the quite pure oligosa-
probic water. It could also appear in the water which was to a high
degree antisaprobic. It can be classifield as a saprophilous organism.
N. sigmoidea revealed saprophilous tendencies. Nitzschia sp. div., not
exactly determined and presented jointly, had a very wide zonal
distribution, especially when found in not very great numbers. They
often occurred in waters with domestic sewage, with wastes from
cellulose plants, with mixed wastes, in pure waters, and also but not
so often in media polluted with other wastes. Synedra ulna also had
a very wide range of occurrence but its disappearance in the zones of
strong pollution, beginning from the «-zone, may be distinctly seen in
Table I, thus it had rather saproxenous tendencies.

The order Chlorococcales was presented only in a small range in the
Table because these organisms are generally not numerous in the
microbenthos of polluted flowing waters. A common species, Scenedes-
mus quadricaudae, dominated in only three cases in zone of purer waters.

In the present work green algae of the Cladophorales, Ulotrichales,
and Chaetophorales are elaborated only on a limited scale. It may only
be concluded that the alga Stigeoclonium tenue was found dominating
in zones of strong pollution and in o—f, and oligo zones, while other
species dominated in less polluted or pure waters. The species from the
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Conjugales dominated only in the P-meso and oligosaprobic zones of
purer waters.

The organisms of the physiological group of consumers will be
discussed below.

Flagellata apochromatica are given in Table I without specification
of individual species. It was found that the range of their occurrence
might be very wide, including all zones from the oligo- to poly-, together
with the zone of so called poisoned water. The frequency of their
dominance distinctly decreases in the zones of purer water, so it may be
inferred that in the main they are largely saprophilous organism. They
were especially often found in waters with mixed wastes and domestic
sewage. Moreover, these organisms occurred in waters with very varied
wastes, and even fairly often in the microbenthos of pure waters, but
only in small numbers. Among Flagellata apochromatica the species
Anthophysa vegetans, the indicator of iron in the water, was very rarely
found in the microbenthos either in fairly small numbers or as
a dominant.

Ciliata such as Chilodonella cucullulus, Glaucoma scintillans, Colpi-
dium colpoda, Paramecium aurelia, P. caudatum, Spirostomum ambiguum,
and Prorodon teres revealed their saprophilous character as they domi-
nated in very strongly and strongly polluted waters, their numbers de-
creasing in the purer zones. The species Paramecium putrinum behaved
as a distinctly saprobiontic organism,

In the occurrence of Ciliata in the waters polluted with different
wastes the following dependences may by observed: the characteristic
indicators for waters with domestic (municipal) sewage were Chilodonella
cucullulus, Colipidium colpoda, Paramecium caudatum, Stenor roeseli,
and S. coeruleus, as well as the species not exactly determined and
presented globally; in waters with mixed municipal sewage and industrial
wastes Chilodonella cucullulus, Colpidium colpoda, Paramecium cauda-
tum, and other Ciliata presented globally. Thus it may be seen that this
group was typical of strongly and very strongly polluted waters.

Turbellaria were only found in very pure water.

Oligochaeta such as Tubificidae sp. div. Tubifex tubifex, and Limno-
drilus hoffmeisteri may be considered as saprophilous organisms
resistant to toxic compounds, though in the zones of weakly polluted
water they were also found in dominance. However, it must be conside-
red that these organisms occur in those zones of water bodies where,
especially under the influence of wastes, the bottom reveals stronger
organic pollution than the water.

The evaluation of the water was mainly based on the communities
of organisms from the littoral parts of the receivers of wastes and also
on the chemical analyses. The most frequent occurrence of the species
Tubifex tubifex in water with mixed wastes, and of various other species
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of Tubificidae in water with municipal sewage, with wastes from cellulose
works, and with mixed wastes was also recorded.

Hirudinea, species Herpobdella octooculata, may be characterized as
saprophilous, but the frequent occurrence of this species also in the
zones of pure water arouses certain doubts. It was most often found in
waters with mixed wastes.

Mollusca dominated in strongly polluted waters and in those of
transition character between the o and B zones, or in the p zone of
relatively pure water, and also in the p-oligo and oligosaprobic zones.

Mayflies — Ephemeroptera’ the larvae of the species Baétis rhodani,
Ecdyonurus fluminum, Heptagenia sulfurea, and various species’ not
exactly determined showed fairly distinctly their saproxenous character,
as they dominated in purer waters. The species Ecdyonurus helveticus
and Epeorus assimilis (especially the former) revealed their saprophobic
character. It was difficult to classify other species definitely as they were
too rarely found in sufficient amounts, but it was striking that they
principally occur in purer waters and only exceptionally in strongly
polluted ones. On the whole fwo such cases occurred with mayflies. No
species if mayfly was found to occur frequently in waters polluted with
a particular kind of wastes. This group of organisms was characteristic
for quite pure waters or for those slightly polluted (B-mesosaprobic ones).

Plecoptera — various not exactly determined species of caddis-fly
dominated in purer waters or in weakly polluted ones. One may consider
them to be saproxenous organisms.

The larvae of stoneflies — Trichoptera — different species presented
globally, also showed their saproxenous character.

The larvae of Tendipedidae such as Tendipes plumosus and other
red larvae of this group were characterized as saprophilous organisms.
Orthocladiinae (larvae of green colour) dominated most often in the
transition «—f mesosaprobic zone; their appearance in great numbers in
the zone of pure water aroused doubts as to the saprophilous character
of these organisms, especially as they might occur in smaller numbers
in pure waters. Orthocladiinae were often encountered in water polluted
with mixed wastes and with wastes from cellulose works.

Among Crustacea, Gammarus pulex appeared as a saproxenous
organism and principally dominated in purer waters.

Discussion

The present work suggests that the so-called »valency” or ,,value” or,
as it is popularly called, ,ecological variability” of organisms in polluted
waters is often wider when they occur in small numbers than when they
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dominate. There exist certain groups of organism which possess a general
distinct tendency to be saprophilous, e. g. Ciliata, while others, such as
diatoms, have a mainly saproxenous character. No species revealed
complete indifference in relation to the zones of pollution and to the
character of the water in general. In principle it may be supposed that
every species of aquatic organism has its own lesser or greater indicator
value. On the basis of the domination of species it was found that one
can always find some zones where a given species will not find suitable
conditions for strong development. It must be mentioned that pollution
with municipal sewage, with industrial wastes mixed with municipal
sewage, with wastes from breweries, cellulose and yeast works, is often
the ,medium” for certain indicator species. The difference of the
indicator value of different organisms consists in the fact that the more
zones are unsuitable for the abundant development of a given organism
the more sensitive it is as an indicator of the zone where it finds the
necessary conditions for its dominance. The evaluation of the water
should be principally based on all the organisms found in the samples,
hence on whole communities of aquatic organisms found in a given
station. From the results discussed in the work it appears that at the
present state of science the so-called mathematical or statistical methods
cannot yet be properly applied for evaluation of the water on the basis
of indicator species. It was found in the present work that different
organisms have a wide range of occurrence, e. g. the known indicator
of pollution Sphaerotilus natans could occur in great numbers as
a dominant in the zones from polysabrobic to p-mesosaprobic ones, and
also in the antisaprobic zone. Hence how is it possible to consider such
species as absolute indicators of only one zone and to use these values
as allegedly mathematically exact, e. g. in the formula of Pantle and
Buck (1955) or in the so-called vector method, as is done by the
advocates of these methods? Another formula, that of Zelinka and
Marvan (1961), does not resolve this problem. According to these last
authors Sphaerotilus natans is noted with 5 points in the o and polysa-
probic zones, while the author’s own findings indicate that in our rivers
it is often numerous in the B-mesosaprobic zone as well. According to
Zelinka and Marvan, of the Ciliata Colpidium colpoda is noted in
the poly and o-zones with 7 and 3 points respectively, while in the
present author’s investigations it occurred in great numbers in the poly
o and P-meso zones. Similar statements may be made as to other
organisms. Hence it must be concluded that only the method of
evaluation of the water given by Starmach (1960) (on the basis of
communities), by Liebmanmn (1962), or by Kolkwitz (1950) may
be reliable under the present conditions.

The evaluation of the pollution of water on the basis of the
communities of organisms is indispensable in the biological analysis.
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Hence the synecological evaluation may be reckoned as the most justified,
while the dominance of one of the four main ecological groups of
aquatic organisms may characterize the water: with the dominance 1) of
the saprobiontic organisms — as very strongly polluted, 2) of the
saprophilous organisms —— as strongly polluted, 3) of saproxenous
organisms — as slightly polluted (organic compounds almost mineralized),
4) of the saprophobous organisms — as very slightly polluted or pure.
Such a suggestion for the evaluation system was earlier presented by the
author (Turoboyski 1970).

STRESZCZENIE

Z analiz wykonanych przez autora wybrano szereg najbardziej pospolitych
mikro- i makroorganizméw bentosu réznych rzek i okre§lono ich reagowanie oraz
czestotliwos§é wystepowania w odbiornikach réinych Sciekéw w poszczegdlnych
strefach zanieczyszczenia. Na tej podstawie okreslano dane gatunki jako saprobion-
ty, saprofile, saprokseny i saprofoby, zaznaczajgc ich odporno$§é na roézne rodzaje
zanieczyszczeh, Stosunki te przedstawiono w tabeli 1. W okre$laniu stref zanie-
czyszezenia kierowano sie synekologiczng oceng S$rodowiska, biorgc za podstawe
poszczegélne zbiorowiska organizmow jak rowniez wyniki analiz chemicznych. Sy-
nekologiczne badania wymagajg oczywiscie autekologicznej znajomos$ci poszczegodl-
nych jednostek systematycznych, co wlasnie podkre§lonc w niniejszej pracy. Omoé-
wiono wiele przypadkéw wystepowania organizméw wskaznikowych w roéinych
warunkach. Spoéréd najbardziej typowych bakteria Sphaerotilus natans byla cha-
rakterystyczna dla stref w zakresie od poli do f-mezosoprobowej, z tym, Ze naj-
wigksze nasilenie jej rozwoju wystepowato w zakresie stref poli- i ¢-mezosaprobo-
wej, a w zupelnie czystej wodzie bakteria ta mogla wegetowaé nielicznie. W stre-
{ie antysaprobowej, toksycznej, S. natans czesciej wystepowal w malych ilesciach
niz w duzych. Mozna go okre$li¢ jako saprofilny, charakterystyczny i odporny spe-
cjalnie na $cieki bytowo-gospodarcze, mieszane z bytowo-gospodarczymi i przemy-
stowymi oraz z fabryk celulozy.

Okrzemka Navicula cryptocephala wystepowala najcze$ciej w strefie f-mezo-
saprobowej, rowniez byla charakterystyczna dla strefy o i pofredniej o—f. Zakres
strefowy jej wystepowania mniej licznego byl duzo szerszy niz przy duzej iloSci,
gdyz obejmowal wszystkie strefy. Liczne wystepowanie notowano w strefach od
¢ do [ mezo-oligosaprobowej, przy tym w (tej ostatniej) strefie oligosaprobowej
N. cryptocephala-nie byla liczna. Moina sadzié, ze gatunek ten raczej jest sapro-
filny i odporny zwlaszcza na S$cieki mieszane bytowo-gospodarcze z przemysto-
wymi i same bytowo-gospodarcze.

Orzesek Colpidium colpoda przy S$rednio licznym wystepowaniu miat szeroki
zakres strefowy, od strefy anty- do oligosaprobowej, przy silnym rozwoju zakres
ten byl mniejszy gdyz dosiegat strefy pf-mezosaprobowej, charakterystyczne dla
niego. byly strefy poli i a. Mozna by go okre$li¢ jako organizm saprofilny, naj-
bardziej odporny na S$cieki bytowo-gospodarcze i mieszane przemystowe z bytowo-
~gospodarczymi.

Larwy jetki reofilnej Ecdyonurus fluminum najczeSciej wystepowaly w silnym
rozwoju w strefie wody czystej oligosaprobowej, mogly pojawié¢ sie licznie nawet
w strefie przejsciowej pomiedzy « i fi, lecz w warunkach szybkiego nurtu, turbu-
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lencji i intensywnego natleniania. Gatunek ten, jak wynika z badan, nie jest od-
porny na §cieki i wykazuje cechy saprokseniczne.

Przedstawicielami organizméw saprobiontycznych, mogacych bytowaé normal-
nie tylko w strefach bardzo i silnie zanieczyszczonych, mogg byé np. bakterie
Beggiatoa, Spirillum lub inne typowe dla §rodowiska gnilnego (dajgce sie okre§lié
przy pomocy mikroskopu), dalej orzeski tzw. ,siarkowodorowe”, bytujace w takim
érodowisku lub rézne wiciowce bezbarwne.

Wyzej wymienione formy bakterii i pierwotniakéw sg odporne na $cieki by-
towo-gospodarcze i wiele innych przemyslowych. Najwigksze trudnosci zwigzane
$g z opracowaniem saprofobéw — typowych organizméw wod czystych. Gatunki,
ktére moga rozwijaé sie silnie tylko w strefie olisaprobowej lub katarobowej, na-
lezg raczej do wyjatkéw w naszych rzekach.

Odnoénie do organizmdéw wskaznikowych nalezy ogélnie stwierdzié¢, ze wyty-
powanie gatunkéw specyficznych dla jakiego§ okreSlonego pojedynczego rodzaju
Sciekdw fabrycznych jest rzecza bardzo watpliwa, gdyz takie okre$lenie jest prak-
tycznie mozliwe tylko dla $ciekéw organicznych w szerokim pojeciu i w mniej-
¢zym stopniu dla nieorganicznych np. $ciekéw slonych. Mozna natomiast tatwiej
okreflié¢ gatunki charakterystyczne jako odporne na dane $cieki, jak to obszerniej
omoéwiono w pracy. .
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