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Mi cro or gan isms colo nis ing sul phu rous wa ters were found at the bot toms of the spring niches and along spring out flows. Five springs
from the Carpathians and two from the Carpathian Foredeep were se lected for in ves ti ga tions. Sul phu rous flora is rep re sented mainly by
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creamy, vi o let, pink and pur ple. Al to gether 31 mi cro or gan ism taxa: bac te ria (16), cyanoprokaryota (3) and al gae (12) were iden ti fied and 
il lus trated. The bac te rial oc cur rences have been cor re lated with physico-chemical state of the wa ters.

Lucyna Rajchel, De part ment of Stra tig ra phy and Re gional Ge ol ogy, Uni ver sity of Mining and Met al lurgy, Mickiewicza 30, 30-059
Kraków, Po land, e-mail: rajchel@geolog.geol.agh.edu.pl; Jacek Rajchel, Departament of Gen eral and Math e mat i cal Ge ol ogy, Uni ver -
sity of Mining and Met al lurgy, Mickiewicza 30, 30-059 Kraków, Po land, e-mail: jrajchel@geolog.geol.agh.edu.pl; Konrad Wołowski,
De part ment of Phycology, W. Szafer In sti tute of Bot any, Pol ish Acad emy of Sci ences, Lubicz 46, 31-512 Kraków, Po land, e-mail:
wolowski@ib-pan.krakow.pl (re ceived: Au gust 7, 2001; ac cepted: March 6, 2002).

Key words: south ern Po land, Carpathian Foredeep, sulphuric springs, mi cro or gan isms, schizomycetes, cyanoprokaryota, al gae.

INTRODUCTION

Bac te ria par tic i pate in pro cesses as so ci ated with a mi gra -
tion of many el e ments in nat u ral en vi ron ment, in clud ing sul -
phur, man ga nese, ni tro gen and io dine, a sig nif i cant part of this
mi gra tion tak ing place in ground wa ter. Par tic u lar taxa de velop
in ground wa ter un der spe cific con di tions de ter mined by ther -
mal re gime, re dox po ten tial, pH and min er ali sa tion; some re -
quire nu tri tional en ergy pro vided by or ganic mat ter
(Macioszczyk, 1987).

Sul phu rous wa ters are a typ i cal en vi ron ment of sul -
phur-fixing bac te ria (Strzeszewski, 1913; Topińska-Luchter,
1951; Jarocka and Kłosowska, 1966; Kotełko et al., 1979;
Spandowska et al., 1979) that of ten take part in hydrogeo -
chemical trans for ma tions of sul phur (Rajchel et al., 2000a, b).
Denitrifying bac te ria may de velop in ground wa ter where
sulphates are pres ent but ox y gen is lack ing. They re duce the
sulphates to hy dro gen sul phide, evolv ing H2S migrating up
into zones with avail able ox y gen and facilitating the de vel op -
ment of aer o bic bac te ria. Desulphatising bac te ria oxi dise hy -
dro gen sul phide and other sul phur com pounds into sulphates or 
sulphuric acid, while thionic bac te ria oxi dise the re duced sul -
phur com pounds into sulphates or sulphuric acid.

Mi cro or gan isms con tained in sul phu rous wa ters of south -
ern Po land have been stud ied by nu mer ous au thors: Szafer
(1910), Strzeszewski (1913), Namysłowski (1922), Turowska
(1934), Topińska-Luchterowa (1951) and oth ers. Only those
by Strzeszewski (op. cit.) and Turowska (op. cit.) dis cuss the
springs in Swoszowice and Rytro, the sub ject of the re search
de scribed here.

We have iden ti fied the microflora in these sul phu rous
springs and com pared the re sults with ear lier de ter mi na tions,
and at tempted to es tab lish links be tween wa ter chem is try and
mi cro or gan ism spe cies com po si tion and col ony form.

METHODS

Sam ples of microflora were col lected in seven springs, dur -
ing No vem ber, Feb ru ary, April and July of 1998/1999. They
were taken from the bot toms of the spring niches and from
spring out flows, us ing plas tic jars with a ca pac ity of about 120
ml. Si mul ta neously, wa ter sam ples for hy dro gen sul phide anal y -
ses and other stan dard de ter mi na tions (Witczak and Adamczyk,
1995) were col lected. Wa ter anal y ses were car ried out us ing the
IPC-AES method (Rajchel, 2000). Physico-chem i cal pa ram e ters 
were mea sured in each sam ple (Ta ble 1). The tax o nomic study



was based on live ma te rial, us ing an ECLIPS 600 Nikon light mi -
cro scope. The iden ti fi ca tion of or gan isms was made fol low ing
Häusler (1982), Kramer and Lange-Bertalot (1986a, b), Wołow -
ski (1998) and Starmach (1966).

DESCRIPTION OF THE SPRINGS

The fol low ing springs from the Carpathians (Fig. 1) were
se lected for mi cro bi o log i cal in ves ti ga tions: “Jacek” at Lipnica
Wielka (Orawa), “Paweł” at Polichty near Ciężkowice,
“Katarzyna” at Rytro near Stary Sącz, “Jerzy” at Wierchomla
near Krynica and “Stanisław” at Łabowa near Krynica. Two

springs are sit u ated in the Carpathian Foredeep: “Główne” and
“Na po leon” at Kraków-Swoszowice (Rajchel, 1998, 2000;
Rajchel and Rajchel, 1999; Rajchel et al., 2000).

The “Jacek” spring at Lipnica Wielka is sit u ated in the
right, steep bank of the Lipniczanka stream and its small, right
trib u tary, some 1.2 km up stream from the bridge across the for -
mer stream. It is a frac ture spring with a di am e ter of about
0.25 x 0.35 m and a depth of 0.05 m, in an out crop of thick-bed -
ded sand stone that lim its the niche from the slope. Incrustations 
and fes toons of white desulphurising bac te ria mark the
streambed (Fig. 2a).

The “Katarzyna” spring at Rytro is sited in the scarp of the
ter race, on the right bank of the Wielka Roztoka stream, ca.
300 m be low a foot bridge, op po site the last bus stop. Wa ter
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T a  b l e  1

Physico-chemical pa ram e ters of wa ter (mg/dm3) from the springs in ves ti gated (af ter Rajchel, 1998, 2000)

Springs t [oC] pH H2S Na+ K+ Li+ Sr2+ Ca2+ Mg2+ Fe2+ Cl– HCO 3
− SO 4

2 −

Główne 10.2 6.7 62.8 46.80 8.50 0.09 5.97 547.0 92.00 0.01 62.05 564.4 1277.8 

Na po leon 10.1 6.8 61.1 72.30 8.90 0.09 4.20 497.0 97.3    0.005 62.05 533.9 1247.8 

Jacek   7.8 7.4 12.2 44.60 1.17 0.04 0.80     74.86 15.34 0.02 57.90 246.30      61.62

Paweł   8.8 7.1 15.5   6.06 1.62 0.01 0.20     79.70 28.93 0.01   8.50 362.30      39.62

Jerzy   8.8 7.5 10.2 10.75 1.69 0.02 1.04     51.70 17.84 0.09   3.60 228.10      22.11

Katarzyna   9.3 7.8 10.7 46.40 1.57 0.02 0.40     71.89 13.54 0.01 20.20 362.39      19.60

Stanisław   8.0 7.8 11.2 80.60 2.10 0.04 0.30     17.00   7.90 0.06   6.00 251.30      19.40

Fig. 1. The geo log i cal struc ture of the Carpathians and the Carpathian Foredeep (af ter Poprawa and Nemčok, 1988–1999; changed, sim pli fied) and the lo -
ca tion of ana lysed springs (af ter Rajchel, 2000)
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Fig. 2. a — sulphuric bac te ria with fringe-like ap pear ance from the “Jacek” 
spring at Lipnica; b — vi o let mats of sulphuric bac te ria in the “Katarzyna”
spring at Rytro; c — vi o let mats of sulphuric bac te ria in the “Paweł” spring
at Polichty; d — sulphuric bac te ria re sem bling thin fil a ments or spi -
der-webs in the “Paweł” spring at Polichty; e — the out flow of the
“Główne“ spring at Swoszowice cov ered by pur ple sulphuric bac te ria



flows from the fis sure down the steep bank, cov ered by a thick
layer of white bac te ria, into an oval niche (Fig. 2b) with a di am -
e ter of 0.35 m and a depth of about 0.04 m, which has re treated
be cause of back wards ero sion. The niche bot tom is cov ered
with encrustations of white bac te rial col o nies.

The “Jerzy” spring at Wierchomla flows out from the large
niche in the Izwór stream val ley, on its left bank, ca. 1.8 km
from the church, at the foot of a hill slope cov ered with a beech
for est. The niche is oval with a di am e ter of 1.3 m, 0.5 m deep,
its banks be ing lined with sand stone frag ments and tim bered.
Wa ter over flows the lin ings, leav ing at the bot tom of the spring
niche a vi o let-coloured de posit of sul phu rous bac te ria, while
bac te rial col o nies form white incrustations along the wa ter -
course.

The “Stanisław” spring at Łabowa is found in a for est on
the south ern slope of Sapalska Hill, ca. 500 m from the for est
edge. Its oval niche is 1.3 m in di am e ter and 1 m deep, the
banks be ing lined with sand stone blocks up to a ground level.
The stone lin ing is cov ered up to the wa ter ta ble with vi o let de -
pos its com posed of sul phu rous bac te ria.

The “Paweł” spring at Polichty is lo cated on Sucha Hill, on
the right bank of a stream. The niche is oval, 1.2 x 1.5 m across,
and 0.3 m deep. Con tin u ous, vi o let de posit of sul phu rous bac -
te ria cover its bot tom (Fig. 2c), while the en tire niche, filled
with wa ter, is cov ered with white bac te ria that form a net work
of densely spaced (Fig. 2d) veinlets, 0.5 m long. Such veinlets
have so far not been found any where else in the Carpathians. 

The “Główne” spring at Kraków-Swoszowice is sit u ated in 
the park, NW of the bath build ing, where the ground sur face
be gins to slope to ward the Wilga River val ley. The spring takes 
the form of an ar te sian well, 10.2 m deep, lined with blocks of
the Szydłowiec sand stone, sit u ated in side a small wooden
house rest ing on a stone foun da tion. Wa ter flows out through a
pipe, then along an open ditch and a short wa ter course, emp ty -
ing into the Wilga. The pipe is cov ered with thick encrustations
of white sul phu rous bac te ria, while the bac te ria de pos ited
along the wa ter course are pur ple (Fig. 2e).

The “Na po leon” spring at Kraków-Swoszowice is sit u ated
north of the “Główne” spring on the other side of the tar mac
Swoszowice–Kraków road, at the bot tom of a sandy gully. It is
a nat u ral out flow of sulphuric wa ter from the mouth of a col -
lapsed adit. The in take is in the form of a con crete ring, partly
hid den in side the ground, and the wa ter flows out from be low
the ring and down a nar row wa ter course to the Wilga. White
encrustations and pur ple cov ers of sul phu rous bac te ria can be
seen along the stream.

RESULTS

About 31 taxa of mi cro or gan isms: Schizomycetes (16),
Cyanophyceae — Cyanoprokaryota (3), Euglenophyceae (5),
Bacillariophyceae (4) and Chlorophyceae (3) were iden ti fied in 
the seven springs in ves ti gated. Sulphuric bac te ria be long ing to
ge nus Chromatium (Fig. 3a–d, j and l) oc cur abun dantly and
fre quently in five of these springs. This type of bac te ria oc curs
through out the year in the “Główne” and the “Na po leon”
spring at Swoszowice. Dur ing the sum mer and hot au tumns of

1999 and 2000 these bac te ria thrived as pink ish-red or pink -
ish-pur ple de pos its. These springs have a high con cen tra tion of
hy dro gen sul phide, which fa vours the de vel op ment of
Chromatium spe cies. In both these springs Chromatium
weissei (Fig. 3c), Ch. okenii (Fig. 3j) oc cur abun dantly. Also
Chlorobium vibrioforme (Fig. 3h and i) formed masses here
dur ing the sum mer but it did not oc cur in the re main ing springs
in ves ti gated. More al gal taxa oc cur in the “Na po leon” spring
than in the “Główne” spring: Pseudanabaena constricta
(Fig. 4j), Lyngbya aeru gineo-coerulea (Fig. 4i), Navicula sp.
div., Nitzschia linearis (Fig. 5h), Pinnularia viridis (Fig. 5f),
Euglena mutabilis (Fig. 5b), E. viridis (Fig. 5a) and Lepocinclis 
ovum (Fig. 5c) while Euglena viridis and E. retronata (Fig. 5d)
de vel oped abun dantly dur ing Au gust 2000.

The taxa Chromatium gracile, Ch. weissei and Thiocapsa
roseopersicina (Fig. 3k) oc cur as masses in the “Paweł” spring
at Polichty, colour ing the sed i ment pink ish-vi o let. Achroo -
nema spiroideum (Fig. 4k) and Chlorochromatium
aggregatum (Fig. 3m), which were not ob served in the other
springs, de vel oped here.

In the springs “Jerzy” at Wierchomla, “Katarzyna” at
Rytro, and “Jacek” at Lipnica Wielka fil a men tous bac te ria of
the ge nus Thiothrix de vel oped well. Thiothrix nivea, Th.
tennuissima, Beggiatoa alba and B. min ima oc curred abun -
dantly. These bac te ria turn the sed i ments white. Chromatium
weissei and Ch. vinosum, which also de vel oped abun dantly
among fil a men tous bac te ria in the “Jerzy” spring dur ing the
sum mer, col oured the sur face of the spring bot tom whit -
ish-pink.

Only 5 taxa were re cog nised in the “Stanisław” spring of
these Thiocapsa roseopersicina (Fig. 3k) oc curred abun dantly,
colour ing the sed i ments vi o let-pink ish. Only in this spring
were a few spec i mens of the colour less euglenophyte
Entosiphon sulcatus (Fig. 5e) were found.

Among the springs in ves ti gated, only the “Główne” and
“Na po leon” at Swoszowice, and “Katarzyna” at Rytro, have
been in ves ti gated ear lier. Strzeszewski (1913) gave a list of
taxa from the “Na po leon” and “Główne” springs where many
Chromatium taxa oc curred. From the “Główne” spring he re -
ported Ch. mi nus and Thiothrix nivea, Th. nivea var.
verticillata, Beggiatoa alba, B. leptomitiformis, Lamprocystis
roseopersicina, and sev eral taxa of cyanobacteria (5), di a toms
(13), and green al gae (2), which have not been found dur ing
this study. He found a sim i lar, but more di verse bac te rial and
al gal flora in the “Na po leon” spring. A lower num ber of or gan -
isms in those springs was noted 20 years later by Turowska
(1934), who also found Chromatium okenii fo minutissima and
Thiocapsa agilissima. She listed taxa of cyanoprokaryota
(Anabaena constricta, Oscillatoria geminata var. sulphurea,
Oscillatoria trichoides), and green al gae Stigeoclonium
subsecundum, St. pygmaeum, Ulothrix subtilis, Oedogonium
sp. which have not been ob served in this study.

The pres ent list of taxa (Ta ble 2) shows only 11 taxa of bac -
te ria and 11 taxa of other or gan isms, in the “Główne” and “Na -
po leon” springs, fewer than re ported by Strzeszewski (1913,
about 50 taxa), and Turowska (1934, about 19 taxa). This is
prob a bly con nected with reg u la tion of the out flow of the
springs and lo cal ex tinc tion of some pop u la tions. Dur ing
Strzeszewski’s (1913) in ves ti ga tion, a small equalising tank
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was lined with wood and over grown by vas cu lar plants, giv ing
good con di tions for the de vel op ment of cyanobacteria and di a -
tom spe cies. At pres ent, the tank is cov ered with con crete, there 
are no plants, and the H2S con cen tra tion is sim i lar to that in the
spring, lim it ing the de vel op ment of al gae. We have found some 
taxa which were not ob served (or re cog nised) dur ing the ear lier 
in ves ti ga tions: in di vid ual spec i mens of Euglena viridis, E.
mutabilis, E. retronata and Lepocinclis ovum.

Com paring our re sults with those of Turowska (1934) on the
“Katarzyna” spring it can be seen that the oc cur rence of bac te ria in 
this spring is al most the same as it was 65 years ago. She found

Beggiatoa leptomitiformis, B. arachnoidea and a few taxa of
Oscillatoria which the pres ent au thors did not find i.e. Oscillatoria 
kützingii, O. limnetica and O. geminata var. sulphurea. Nei ther
we nor Turowska found spe cies of Chromatium in the spring.

CONCLUSIONS 

Al to gether 16 taxa of bac te ria, 3 taxa of cyanoprokaryota and 
12 taxa of al gae were found in the springs in ves ti gated.
Sulphuric bac te ria are the most fre quently oc cur ring or gan isms
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T a  b l e  2

Abun dance of microflora in the springs in ves ti gated

Taxa Springs/Sites

“Główne”
Swoszowice

“Na po leon” 
Swoszowice

“Jerzy”
Wier -

chomla

“Katarzyna”
Rytro

“Paweł”
Polichty

“Stanisław” 
Łabowa

“Jacek”
Lipnica
Wielka

Schizomycetes

Achroonema spiroideum Skuja – – – – 1 – –

Beggiatoa alba Trevisan – – – 1–2 – – 1

Beggiatoa  min imaVinogradskij – – 2 1–2 – – 2

Chlorochromatium aggregatum Lauterborn – – – – 1 – –

Chlorobium vibrioforme Pel’s 3 3 – – – – –

Chromatium gracile Strzeszewski 1 – – – 2 1 –

Chromatium weissei van Niel 3 3 1–3 – 3 – –

Chromatium vinosum Vinogradskij + 2 1 – + – –

Chromatium mi nus Vinogradskij 2 – – – – – –

Chromatium okenii Perty 2 2 – – – – –

Thiocapsa roseopersicina Vinogradskij + – – – + 3 –

Thiocystis violacea Vinogradskij + – 1–2 – – – –

Thiothrix annulata Molisch – – 2 – – 1 –

Thiothrix  minutissima Upehof – + – 2 – – 2

Thiothrix  nivea Vinogradskij – 1 3 3 – – 3

Thiothrix  tenuissima Vinogradskij 1–3 1 1–3 2 – – 2–3

Cyanophyceae — Cyanoprokaryota 

Pseudanabaena constricta (Szafer) Lauterborn 1 1 – – – 1 –

Lyngbya aerugineo-coerulea (Kützing) Gomont – 1 – – – – –

Oscillatoria tenuis Agardh – + – 1 – – –

Euglenophyceae

Entosiphon sulcatus Stein – – + – – + –

Euglena mutabilis Schmitz – 1 + – + – –

Euglena retronata John son – 3 – – – – –

Euglena viridis Ehrenberg – 1 1 – – – –

Lepocinclis ovum Minkiewicz – + – – + – –

Bacillariophyceae

Gomphonema parvulum (Kützing) Grunov – 1 – – – – –

Navicula sp. div. 1 1 – – – 1 –

Nitzschia linearis W. Smith – 1 1 – + – –

Pinnularia viridis Ehrenberg – 1 1 – + – 1

Chlorophyceae

Klebsormidium tribonematoideum Hindák – – – 1 – – –

Microthamnion kützingianum Nägeli – – – + – – –

Stigeoclonium tenue Kützing – – – – 1 – 1

Num ber of taxa (Σ) 11 18 12 7 11 6 7

+ — sin gle, 1— sparse, 2 — fre quent, 3 — very fre quent



in the springs (Ta ble 2). Usu ally they cover a hard sur face for -
ming thin fil a ments re sem bling a spi der web or a soft coat plait. 

Taxa of the ge nus Chromatium (Fig. 3a–d, j and l) were
found in five springs out of the seven. They pro lif er ated dur ing
the sum mer and au tumn, giv ing an over all pink ish-red col our
to the sur face of leaves, twigs and stones. They were ob served
fre quently and in abun dance through out the year in the
“Główne” and “Na po leon” springs at Swoszowice. Thiothrix
and Beggiatoa taxa oc cur abun dantly in the “Katarzyna” and

“Jacek” springs, form ing a grey ish-white fil a men tous mat. In -
ter est ing taxa of Chlorochromatium aggregatum and
Chlorobium vibrioforme (Fig. 3h and i) were oc ca sion ally
found dur ing sum mer at the “Paweł” and “Główne” springs.

Among the al gal group, Cyanoprokaryota (3 taxa),
Euglenophyceae (5), Bacillariophyceae (4) and Chlorophyceae
(3) were found. All of them oc curred as in di vid ual spec i mens.
Only Euglena viridis and E. retronata (Fig. 5a and d) formed a
light green bloom dur ing the au tumn of 2000 in the “Na po leon” 
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Fig. 3. a,  b — Chromatium vinosum ( 2400 x), c — Chromatium weissei (1200 x), d — Chromatium gracile (4000 x), e–g — Thiocystis violacea (e, g —
650 x, f — 2400 x), h, i — Chlorobium vibrioforme (4000 x), j — Chromatium okenii (1200 x), k — Thiocapsa roseopersicina (1000 x), l — Chromatium
mi nus (1400 x), m — Chlorochromatium aggregatum (1700 x); a–b — orig i nal, c–m — af ter Häusler (1982)



spring. Most of the al gal taxa oc curred only at spring out lets,
this be ing con nected with a lower sul phur con cen tra tion in the
wa ter.

There are few di a tom taxa rel a tive to other fresh wa ter
springs (Namysłowski, 1922; Wołoszyńska, 1922; Foged,
1951; Round, 1960). Among other tax o nom i cal groups:
Vaucheria, Tribonema, Mougeotia, Spi ro gy ra, Drapanaldia
and Batrachospermum fre quently oc cur. There is no doubt that
char ac ter is tic groups of al gae de velop in dif fer ent types of

springs, e.g. in springs with high con cen tra tions of sulphides
the com mu nity of al gae con sists of Lyngbya and Phormidium
spe cies; in oligohaline springs com mu nity of Cladopho -
ra-Cocconeis-Enteromorpha spe cies usu ally oc cur (Kawecka
and Eloranta, 1994).

In the springs in ves ti gated, when the H2S con cen tra tion
reached about 7 mg/dm3, a bac te rial flora of Thiothrix and
Beggiatoa oc curred at the bot tom and around the rim and out let 
of the spring as sin gle, very tiny fil a ments cov er ing the sur faces 
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Fig. 4. a–c — Thiothrix nivea (a, b — 1000 x, c — 60 x), d — Thiothrix annulata (250 x), e — Beggiatoa min ima (1000 x), f — Beggiatoa alba (900 x), g,
h — Oscillatoria tenuis (g — 2000 x, h — 1000 x), i — Lyngbya aerugineo-coerulea (1000 x), j —  Pseudanabaena constricta (1000 x), k — Achroonema 
spiroideum (2000 x); a–c, k — af ter Häusler (1982), d, f — af ter Huber-Pestalozzi (1938), e — orig i nal, g, h — af ter Starmach (1966)



with a white spi der-web-like pat tern. At higher con cen tra tions
of H2S the white col o nies of bac te ria look like fringes or thin
mats. Among these Chromatium sp. or Thiocapsa sp. lo cally
de vel oped, giv ing a pink ish col our to some parts of the sed i -
ments. In spring, when the con cen tra tion of H2S was higher
than 50 mg/dm3, pink mats of bac te ria (Chromatium weissei,
Ch. vinosum) cover the sur face of the spring bot tom as in the
“Główne” and “Na po leon” at Swoszowice. The pink ish-vi o let
bac te ria rep re sented by Thiocapsa roseopersicina oc cur at the

bot tom of the “Stanisław” spring at Łabowa and the “Paweł”
spring at Polichty. It was ob served that sulphuric bac te ria in the
springs were rather stag nant through out the year (Ta ble 1).
White fil a men tous and vi o let coccal bac te ria oc curred all the
year round in equal amounts. Pink and pur ple bac te ria de vel -
oped well in late spring and early au tumn. The col our and shape 
of ag glom er ated bac te ria can in di cate the level of hy dro gen sul -
phide in a spring (Ta ble 1 and 2). 
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Fig. 5. a — Euglena viridis (2000 x), b — Euglena mutabilis (2000 x), c — Lepocinclis ovum (1500 x), d — Euglena retronata (1000 x), e — Entosiphon
sulcatus (1000 x), f — Pinnularia viridis (1000 x), g — Gomphonema parvulum (2000 x), h — Nitzschia linearis (1000 x); a, b, e — af ter Wołowski
(1998), c — af ter Starmach (1983), f–h — af ter Siemińska (1964)
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