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Abstract

The aim of the work was qualitative evaluation o€arrence of yeasts and yeast-like organisms
in the water and bottom sediments of the Szczeeigobn. One ascertained occurrence of 24
species classified as yeasts and yeast-like organ@ the basis of analyses of the water and
bottom sediment mycoflora of the Szczecin LagodnsRecies were common for the water and
sediment samples, 1 found only in the water, 4 ypeesent only in the sediment. The most often
isolated yeasts at all stations in a period of stigations wer€€andidaandRhodotorula.

Key words. yeasts, yeast-like organismSandida, Rhodotorulawater, bottom
sediments

INTRODUCTION

There are huge concentrations of different speafidauna and flora in the aquatic
environment. The most frequently its functioningdisturbed by advanced proc-
esses of reservoir eutrophication. Fungi alsoesstich an anthropologically influ-
enced environment. Ecological flexibility of yeastheir genotypical variability,

settled correlations between growth rate, as welplaysiological activity and the
level and kind of pollution discarded into wateavk led to conditions that yeast-
like organisms are regarded as bioindicators oEmptirity. These fungi are a rare
group of mycocenosis structures, easily developinguperficial layers of bottom

sediments, as well as in depths of water which igeothem not only with the sus-
pension environment but also with a source of fAdwe Szczecin Lagoon is a typi-
cal lagoon estuary and it plays an important rol@reventing pollution from get-

ting to the sea because it accumulates usefulemisrias well as various chemical



66 The influence of water mass dynamics on the changes

compounds and biologically toxic substances cogthin the flowing water (Klarer
and Mille 1989). The principal contamination supplfor the Szczecin Lagoon is
the Odra river. The water flowing from the induslised river basin carries consid-
erable amounts of communal, industrial and aguicaltsewage which run into the
river hardly purified and flow directly in to thadoon.

The aim of the following work was to present a @tative assessment of the
occurrence of yeasts and yeast-like organisms enwthter and sediments of the
Szczecin Lagoon.

MATERIALSAND METHODS

The samples of the water and sediments were takkmi fixed places, marked as:
BT-3, WW-E, W-4, and MO-S (Fig. 1) in monthly intats in 1997 (from April till
December). The designated sites were different feach other in respect to the
bottom structure, water mixing processes, hydrodébelnrand biological conditions.
The isolation of the yeasts and yeast-like orgasisvas carried out on the YM
medium, at 20-2Z, for five days (MacGillivary and Shaiaris 1993he identifi-
cation of the isolated strains was conducted bydstadl methods according to the
Lodder’s key (1971). The macroscopic features vestanated on the basis of col-
ony growth on Sabouraud medium. Corn Meal Tweegar medium (Elmer at
al. 1986) was used to carry out the microcultudee Species identity was deter-
mined and confirmed by identification methods udibg2C (bioMerieux) tests.

RESULTS

24 species of fungi classified as yeasts and \ég&strganisms were identified on
the basis of the analyses of mycoflora conductatiénvater and bottom sediments
in the Szczecin Lagoon. 21 species were foundrimptes of the water and bottom
sediment. One species was present only in the \matkfour were present solely in
the sediment (Table 1). During the tests in allrsearch units the most frequently
isolated genera wer@andidaandRhodotorula(Fig. 2). The species differentiation
of the strains isolated from the sediment sampésahstrated that the most often
isolatedspecies wer€andida famataand Rhodotorula glutinis However, in the
water samples there was a preponderancehafdotorula glutinis(Table 1). Re-
garding the examined mycocenoses following spaggre identified as constantly
present -Candida famataCryptococcus albidysRhodotorula rubraTrichosporon
cutaneumand Saccharomyces cerevisia€he presence of coexisting forms was
occasional (Table 2).

DISCUSSION

The intensive growth and physiological activity thie isolated micro-organisms
were significant. Undoubtedly it is a result of tingality and quantity of the pollu-
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Fig. 1. The sampling stations on the Szczecin Lagoo
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Table 1
Percentage of the yeasts species in the wateratwhbsediments samples
of the Szczecin Lagoon

BT-3 WW -E W-4 MO -S
Strain Sediment Water |Sediment Water |Sediment W ater[Sediment Water
% % % % % % % %
Aureobasidium pullular 0,0 0,5 0,0 0,0 1,6 3.5 0,0 2B
Candida colliculosa 4.4 4.4 2,3 0,6 0,0 0,4 2,1 1.p
Candida famata 131 171 13,0 154 12,1 10|5 18,1 75
Candida glabrata 2,7 4.5 0,0 2,5 0,0 1,4 4,3 1,8
Candida holmii 0,1 0,0 0,0 0,0 0,0 0,1 0,0 o,p
Candida inconspicua 0,0 0,0 29 0,0 1,0 0,d 1,2 0,p
Candida lipolytica 5,6 0,0 6,5 0,5 0,0 1.9 7,0 0,p
Candida lusitaniae 0,9 0,0 0,0 0,0 1,9 0,4 0,0 o,p
Candida parapsilosis 2,1 0,0 1,0 0,0 1,8 0,d 0,3 2B
Candida sake 55 4,1 4,1 4,4 4,7 3,3 3,7 4,p
Candida tropicalis 5,2 0,0 0,0 0,0 0,0 0,d 0,0 0,p
Candida utilis 2,1 0,0 53 0,0 2,8 0,4 59 o,p
Candida zeynoides 0,0 2,6 0,0 0,0 0,0 0,d 0,0 o,p
Cryptococcus albidus 4,9 3,1 8,2 6,8 7,6 3,1 4,9 5p
Cryptococcus laurenti 4,2 2,1 4,3 2,8 3,5 1,4 55 2B
Cryptococcus neoformans 0,0 0,0 0,0 0,5 15 0,d 0,1 0,p
Hansenula sturnus 9,2 14,6 11,2 11,0 10,5 4.8 9,8 8l4
NOZN* 0,6 0,4 0,5 0,8 0,3 0,4 1,2 o,B
Pichia carsoni 4,1 0,0 8,4 0,0 6,0 0,d 4,3 0,p
Rhodotorula glutini 139 23,9 158 34,9 25,7 553 16,1 39,7
Rhodotorula rubr. 3,3 4,1 2,9 6,6 7,2 7.0 3,2 5p
Saccharomyces cerevisipe 3,9 6,5 0,6 2,8 1,6 2.9 4,9 7.0
Saccharomyces kluyveri| 0,0 0,0 0,3 0,0 0,7 1,3 0,0 0,p
Sporobolomyces sp 3,6 3,1 4,6 2,7 29 0,3 3,8 3.p
Trichosporon cutaneum 9,9 9,7 8,0 7.7 4,7 3,3 3,2 6.b
Zygosaccharomyces sp 0,4 0,1 0,0 0,2 0,0 0,d 0,5 o,p

* not identified
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Table 2
Frequency of the yeasts species in the water attdrb@ediment samples
of the Szczecin Lagoon

—

Sampling site
Strain BT-3 WW -E W-4 MO -S

Sediment Water |Sediment Water |Sediment Water [Sediment Water
IAureobasidium pullular sporadic sporad|c absent abserjtsporadic sporadjc absent sporad
Candida colliculosa sporadic  stablgl sporadisporadi¢ absent sporadjcsporadic absent
Candida famata stable  stable] stable  stable stable  stgble stableables|
Candida glabrata sporadic  stabl¢ absent sporddsporadic sporad|csporadic stable
Candida holmii sporadic absert absent absernt absent sporadjcsporadic sporadig
Candida inconspicua absent absertsporadic absent] sporadic absernt stable absen
Candida lambica absent absent absent absernt absent sporadjc absent sporad
Candida lipolytica sporadic  abser]t sporadic sporadi¢ sporadic sporad|csporadic absent
Candida lusitaniae sporadic abserft absent absertsporadic abserft absent abse
Candida parapsilosis sporadic abserjt sporadic absent| sporadic abserjt sporadic sporadi
Candida sake stable sporadicsporadic sporadi¢ sporadic  stable stable  stab|
Candida tropicalis sporadic absert absent absertsporadic abserft absent abser
Candida utilis sporadic abser]t stable absent sporadic  absentsporadic absent]
Candida zeynoides sporadic sporad|c absent sporadjcsporadic sporadic absent sporad
Cryptococcus albidus stable  stable] stable  stable stable  stqble stableables|
Cryptococcus laurenti stable  stable] stable  stable sporadic stdble smorastable
Cryptococcus neoformang sporadic  abser]t sporadic sporadi¢ sporadic sporad|csporadic sporadi
Hansenula saturnt stable  stable] stable  stable stable  stgble stableables|
Pichia carsoni stable absent stable absent stable absent stable absen
Rhodotorula glutini stable  stable] stable  stable stable  stgble stableables|
Rhodotorula rubr. stable  stable] sporadicstable stable  stabl¢ stable  stal
Saccharomyces cerevisiap stable  stable| sporadisporadi¢ sporadic sporad|csporadic sporadig
Saccharomyces kluyverii | sporadic  abserft sporadic absent sporadic sporad|c absent abse
Sporobolomyces sp stable  stablel] sporadisporadi¢ sporadic sporad|c stable  stable
Trichosporon cutaneum stable  stable] stable  stable sporadic spofasporadic stable
Zygosaccharomyces sp | sporadic sporad|csporadic sporadi¢ sporadic sporad|csporadic sporadig

3]

o

o

e
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tion accumulated in the Szczecin Lagoon. AccordimgCook et al. (1960) and
Dynowska (1997) micro-organisms of the gene@andida, Rhodotorula,
Trichosporon and Cryptococcusare micro-organisms typical of strongly eutro-
phised water. The origin of most of them may be wamal sewage. It is very diffi-
cult to explain the lack of expected significaneaific differentiation in places
selected for the sample collection (Fig. 1). Onghhidraw a conclusion that the
Odra river introduces to the lagoon considerableumts of versatile species which
are characteristic of the terrestrial environmdields, forests) and typical of com-
munal contamination. Thus, the samples coming fiteerBT-3 site should be char-
acterised by the greatest species diversity. Irother research units far more dis-
tant from the mouth of the Odra river the numbespécies, the terrestrial ones in
particular, should gradually diminish. Such a pheaonon was not observed. The
causes of the occurrence of certain species ortheirsediment have not been men-
tioned in journals, yet (Table 1). The phenomenay mesult from the environ-
mental preferences. Food accessibility is morereskte and therefore yeasts and
yeast-like organisms find the sediment more abmgdiith nutrients than the wa-
ter. Another reason is that the sediment constittlie main source of phosphorus
(approximately 90%). For the complete developmdnyeast-like organisms the
presence of this element is essential. Phospherasfundamental component for
the forming pseudohyphae and thalli of certain fuligm the genusCandida
(Dynowska and Gietwanowska 1991-1992).

The environment of species from the ge@andidamay be water, soil,
fruit, tree bark, animals and humans (Barnett e1990). According to Dynowska
(1997) some species of this genus may point tdethed of the environmental con-
tamination and may be a health hazard. It is asduh# 80% of mycotic infections
are caused bg€andida albicangZaremba and Borowski 1991t is interesting that
the presence of this species in the samples taken the lagoon was not con-
firmed. Among budding yeasts this microorganisnthis most frequently isolated
fungus from reservoirs characterised by a condiderdevel of fertilisation
(Dynowska 1997). Hinzelin and Block (1985) deteredirthat the number of fungi
from the genug€andidawas an indicator of the faecal and sewage conttioim of
the water and the presence of pathogenic microrisge in the environment. In
chlorinated water the presence of these fungi, qmilyn Candida albicansas an
indicator gave a more reliable assessment of thierveantamination than the coli
test. In the water and sediment samples from tlege®in Lagoon this genus consti-
tuted the largest percentage of the isolated geftéga 2). The dominant was a
cosmopolitan speciesGandida famatalt is a fungus that develops easily both in
the fresh and salt water. Its presence is sometasssciated with human infections
(McGinnis 1980, Barnett et al. 1990), though thesedity is questioned (McGinnis
1980). The contamination introduced into the Odvarras well as the sewage
whose suppliers are the other localities locatedngl the lagoon coast
e.g.Swinoujicie, considerably affect the growth intensity dftepecies. Analyses
indicated a substantial percentage participatio@aridida famatan the sediment
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at the sites of the biggest influence of municguad industrial contamination (BT-3
and MO-S) (Fig. 1).

This substantial contamination of the Szczecin loagaith communal sew-
age is also indicated by the percentage of socgbmk yeast”, fungi from the
genusRhodotorula Rhodotorula rubraandRhodotorula glutinigTable 1). It is a
group of organisms, equally mentionedCandidg used as an indicator of the envi-
ronmental contamination. Dynowska (1997) perceigesimunal and industrial
sewage to be the source of these micro-organisrdditinally, she states that
Rhodotorula glutinisand Rhodotorula muscilaginosavhich were not found in the
samples should be regarded as faecal and sewat@rioation indicators. Simard
and Blackwood (1971) proved that the volume of onpssed sewage affected the
growth intensity of the species from the geRimdotorula especiallyRhodotorula
glutinis. The presence and development intensity ofRhedotorulagenus in the
reservoir should be correlated with the amount fanic compounds introduced
into the lagoon. Taking into consideration the waduand places of the discarded
pollution such a correlation were not establishidte Szczecin Lagoon is generally
a reservoir rich in organic compounds and the dfféation of their concentration
dependent on the polluted area is likely to hawéf@influence on the quantity of
Rhodotorula glutinisn the water and sediment. According to Barnetal€1990)
this species is a form as often isolated from tlagewas it is from the soil. The
spatial quantity differentiation of the fungi w#llso be correlated with passively
transmitted allochtonic structures. The observedsicterable participation of
Rhodotorula glutinis mainly in the water samples from the W-4 and M&X8s
(Table 1) may result from stronger influence of gadt water from the Pomeranian
Bay. Fungi from the genughodotorulaare the sea saprophytes isolated from dif-
ferent depths and relatively far away from the t@Batko 1975).

Cook et al. (1960) mentioned that the gendsiehosporonis usually found
in reservoirs with an increased concentration ¢ftsates and sulphites. The pres-
ence of these compounds is correlated with intengirecesses of lignin fermenta-
tion. The fungi are then a very useful indicatovefetable contamination as they
particularly point to considerable levels of cedlsk sewage (Meyers et al. 1969).
The genusTrichosporonis frequently described as a keratinphylic grofumgus
and also as an allochtonic form in the water resiesy especially rich in organic
compounds mixed together with municipal sewage (Mska 1996). Slavikova
and Vadkertiova (1995) draw attention to an intemsidevelopment of
Trichosporon cutaneurm fish breeding ponds. The authors of the worklaix
that the rapid development of the micro-organisnay tne caused by bird faeces
and decomposition of dead fish. A considerable remdf these micro-organisms
(Table 1) was found in the BT-3 site which wasaita closest to the mouth of the
Odra river (Fig. 1). Its water and sediment samplesthe least diluted by the la-
goon water. The inflowing water carries municipatiandustrial sewage including
sewage from the paper plant in Szczecin Skolwinis Tthant discharges sewage
whose main compounds are cellulose fibers andkadlie attention is also drawn
to the fact that the sample collection site ishie direct contact with Trzekiavhich
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is a port for fishing boats. Also the MOS site l@chnearSwinoujscie (Fig. 1)
seems to present optimal conditions for the dewety of Trichosporon cuta-
neum These conditions are due to the introduction mgracessed sewage from a
fish processing plant, and sewage pre-purifiedabylarifiers and collectors from a
fish meal plant. The sewage is dumped intoShéna river which introduces it to
the lagoon (Landsberg-Uczciwek 1995).

Another of analysed genus wasyptococcusOnly two representatives of
this genus Cryptococcus laurentind Cryptococcus albidusvere discovered to be
present in the samples taken from the water anineed of the Szczecin Lagoon
(Table 2). Views concerning the correlations of tlceurrence of species from this
genus depending on the water purity are contrasttavikova and Vadkertiova
(1995) suggest th&ryptococcus laurentis closely associated with the clean, off-
shore sea water. However, some authors of workayalogical subjects (Rosa et
al. 1995) claim that the occurrence of this micrgamism is associated with con-
taminated water. In the aquatic areas heavily medewith sewage, including
Szczecin Lagoon an intensive development of theisp€ryptococcus albidius
(Table 1) is observed. This is noted by Rosa €t1895), with special emphasis on
the substantial quality domination of this spedie®utrophised water constantly
provided with communal and industrial contaminatigwasniewska 1998).

Presented data show that the specific differentiatif yeasts and yeast-like
organisms is characteristic to the eutrophisechfsgater reservoirs. One may as-
sume that they can play a significant role in thmiaation of the contamination
discharged into the Szczecin Lagoon. Also a conziile volume of biogenes is
introduced into the water that flows into the resér According to Jayasree and
Saramma (1996)Candida parapsilosisand Debaryomyces hanseniyhich has
been found in the samples taken from the Szczemjodn, take part in the biodeg-
radation of the organophosphoric pesticides. Tleesgpounds are used as the only
source of phosphorus. The ability of assimilatidrthis element is dependent on
the specific features of fungi (Naik et al. 1988k far as sewage elimination is
concerned, the role of yeasts and yeast-like osgasis more often realized. They
use difficult-to-decompose compounds occurring ridustrial contamination as
growth substrates. Graiska-toniewska et al. (1996) pointed out th@andida
famatg Candida sake Candida tropicalis Candida utilis, Rhodotorula rubta
Trichosporon cutaneurandYarrowia lipolytica (Candida lipolytica have an abil-
ity to use aromatic hydrocarbons as the only sowffcearbon. Moreover, these
micro-organisms are characterised by a relativalyd resistance to high concentra-
tions of heavy metals and an ability to incorpotaiem into their own metabolism
(Rosa et al. 1995). It is a common fact that theaQuver introduces to the reservoir
the following: 198,0 tons of Pb, 182,0 tons of 20,4 tons of Cd, 14,6 tons of Hg,
and 1039 tons of Zn (Heybowicz and Rydki 1998). The resistance to these met-
als depends mostly on their type and concentrasisnyell as the species which are
influenced by them (Jayasree and Saramma 1996prdiog to the research done
by Rosa et al. (1995), it is suggested that spasw@ated from the Szczecin La-
goon: Aureobasidium pullulansCandida famataCryptococcus albidiysCrypto-
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coccus laurentiRhodotorula rubraandTrichosporon cutaneurare also factors in
the elimination process of heavy metals in thisiremment.

The specific and quantity differentiation of yeaatsl yeast-like organisms
may point out concentration and a type of dischdugmwage. First and foremost, it
is essential to underline the substantial rolehaisé forms in the elimination of
sewage by an active accumulation and mineralisgtionesses, especially the sew-
age introduced into the Szczecin Lagoon, the PameatadBay and the Baltic Sea.

SUMMARY

On the basis of analyses of the water and bottodim&mt mycoflora of the
Szczecin Lagoon one ascertained:
1. Occurrence of 24 species classified as yeasts eaststlike organisms.
2. 21 species were common for the water and sedinsemples, 1 was found
only in the water, 4 were present only in sediments
3. The most often isolated yeasts at all stationsdariog of investigations
were Candidaand Rhodotorula Species differentiation of isolated strains
from samples of bottom sediments show that the fnegtiently identified
species weréCandida famataand Rhodotorula glutinis The majority of
isolations in the water samples wRisodotorula glutinis
4. Species constantly present in examined micoceneseCandida famata
Cryptococcus albidys Rhodotorula glutinis Rhodotorula rubra
Trichosporon cutaneurandSaccharomyces cerevisiaehe other forms of
yeasts were sporadic in the studied environment.
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ZROZNICOWANIE GATUNKOWE DRQZDZY | GRZYBOW
DROZDZOPODOBNYCH W WODZIE | OSADACH DENNYCH
ZALEWU SZCZECNSKIEGO
Streszczenie

Celem pracy byta jaksiowa ocena wyspowania dradzy i grzybow

drozdzopodobnych w wodzie i osadach dennych Zalewu Sktzdego.

Na podstawie przeprowadzonych analiz mykoflory waédadéw dennych

Zalewu Szczedskiego stwierdzono:

1.

2.

Wystgpowanie 24 gatunkéw grzybéw nazdeych do dradzy wiasciwych i

grzyboéw dradzopodobnych.

W prébach wody i osadow dennych wspdélnych dla aogrihsrodowisk byto
21 gatunkéw, 1 wyspowat jedynie w wodzie, 4 byly obecne wytnie w osa-
dach.

. Na wszystkich stacjach badawczych w okresie praepdaania badanajcz-

sciej izolowanymi rodzajami byhCandidai Rhodotorula Zréznicowanie ga-
tunkowe szczepdw wyizolowanych z préb osadéw demnyskazujeze naj-
czesciej identyfikowanym gatunkiem byl@andida famatd Rhodotorula gluti-
nis, w prébach wody natomiast #ciowo przewaataRhodotorula glutinis

W badanych mykocenozach wyrdono na podstawie egtotliwosci wystkpo-
wania gatunki stale obecneCandida famataCryptococcus albidysRhodoto-
rula glutinis, Rhodotorula rubraTrichosporon cutaneumSaccharomyces ce-
revisiaeoraz formy towarzysge ktérych obecnig byta sporadyczna.



