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The results are reported of investigations on the abundance of yeasts in
the Kortowskie and Hawskie lakes. The amount and qualitative compesition
of yeasts was studied in the lakes of the Wegorzewo district. ‘The yeasts were
least numerous (up to 82 cells per 1 ml water) in the lakes with relatively
unpolluted water and most abundant in bottom deposits with a silty substrate
(up to 6200 cells per 1 g dry welght), Net plankton contained up to 15000 cells in
1 g ol fresh weight.,

Among the microorganisms living in larger water bodies veasis are
also found. In the water the number of cells is usually small (Sali-
movska-Rodina, 1940; Rodina, 1950; Hedrick et al, 1964,
1968), They are more numerous in the littoral zone of lakes (Rodina,
1950) where they utilize the excretions of aquatic plants and together
with the bacteria of this zone serve as food for the here profusely de-
veloping zooplankton and also in the bottom deposits (Rodina 1950;
Hedrick and Soygenc, 1965; 1967; Hedrick et al. 1956)
Large quantities of yeasts are present in waste waters (Cooke. 1963;
Cooke et al, 1960). This prompted some authors (Van Uden. and
Ahearn, 1963; Ahearn et al, 1968, 1969, Mayers et al. 1970;
Spencer et al, 1970; Simard and Blackwood, 1971 a, b) to
search for a relation between their quantity in the water and their qua-
litative composition and the degree of pollution of the water bodies. The
present study was undertaken to investigate the distribution and seasonal
changes in the amount of veasts in several lakes of the Masurian Lake-
land, differing in the degree of pollution and to establish the qualitative
composition of these microorganisms in the water of the Wegorzewskie
lakes.
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MATERIAL AND METHODS

Lakes investigated

The studies were undertaken in the period 1966-1971 on the lakes:
Kortowskie near Olsztyn, Jeziorak Maly and Jeziorak near Ilawa and
on the Wegorzewo district lakes — Czarna Kuta, Dgal Maly, Piecek and
Smolak (Table 1).

The Kortowskie lake near Olsztyn is connected on its northern side by
a canal with the large lake Ukiel. On its southern side a stream carries
the excess of the lake water to the river Lyna. The bottom is silty.

Jeziorak Maly is a waste reservoir. The northern edge of the lake
is overgrown with shrubs and the eastern shore is partly utilized as
a landing place for inland navigation. Close to it a canal flows into the
lake carrying dairy waste water. The southern side is bordered by a mea-
dow and the western is closed by the grounds of a sawmill from which
residues are found on the lake bottom over a wide area. Along the littoral
the botom is sandy and in the deeper parts silty. The lake joins the
larger Jeziorak by a short and shallow cannal (fig. 1).

Jeziorak is a young trough lake (Lencewicz Kondracki,
1960). The town Ilawa has no major influence on the general lake pollu-
tion, only in its southern part is a higher degree of eutrophization ob-
served. A canal system connects the lake with Drweckie lake the river
Drweca and the Elblag canal. The western border is overgrown with
mixed forest, on the eastern side the lake is surrounded by crop fields
and partly by coniferous and mixed forest. The bottom along the littoral
is sandy and in deeper parts silty. The bottom deposits are of sapropel
and "dy" type.

The lake Czarna Kuta lies in terrain of moraine character in a valley
surrounded by forests. It is a eutrophic water body of pond type. Its only
feeders are a small stream on the eastern side and on the southern a ditch
draining the neighbouring meadows and peat bogs. A small stream flows
out of it to lake Glgboka Kuta. The bottom sediments are brown of gyttja
type (fig. 2). )

Dgal Maly lies on moraine terrain in a valley surrounded in three
fourths by coniferous and mixed forest, with a hypolimnion classified
as cold. Water is supplied from the lake Dgal Wielki by a separate canal.
Its outflow joins the lake Dargin. The bottom sediments are black of
sapropel type.

Lake Piecek is situated within a bottom and frontal moraine on the
north-eastern side. The shores are high but not steep. The outflow on
the southern side consists of a small canal with a rapid drop. The lake
is surrounded by coniferous and mixed forest as well as crop fields. The
bottom sediments are dark brown of "dy" type.
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Smolak lies in a sandr area among coniferous forests. It is an en-
dorrheic water body with mildly sloping shores. The bottom is over-
grown with filamentous algae. The bottom sediments are brown of tyrf-
opel type.

Fig. 1. Location sketch of the investigated Masurian lakes

A — Lake Jeziorak, B — Lake Kortowskie, C — Lake Jezlorak Maly; 1-15 — sampling sites
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Sampling

In the Kortowskie and Wegorzewo lakes the occurrence of yeasts
was only studied in the water, while in the Ilawa lakes water, boitom
sediments and net plankion were examined. Water samples from various
depths (usually at l-m intervals) were taken with a sterilized Isachenko
apparatus (Rodina, 1363). Bottom sediment samples to a depth of 5 cm
were collected by Ekman’s device. Net plankton was 2btained by filtering
10 L. of water through a plankton sampler No. 25.

Microbiological investigations

The number of yeast cells was counted on Petri dishes on malt-agar
after 5 days of incubation of 1 ml of water or a corresponding dilution
of bottom sediment at 25°C. Determinations were replicated 3 times and
the resuits were converted to 1 ml of water, 1 g dry weight of sediment
or 1 g of fresh weight of algae. In July and November, 1970 and in
February and April, 1971, from water of the Wegorzewo lakes plated on
malt-agar all the appearing colonies were transferred to agar slants and
when pure cultures were obtained the yeasts were identified (Lodder,
Kreger van Rij, 1952).

RESULTS

Kortowskie lake (Table 2). In lake water yeasts were found mostly
in the amount of several to a dozen or'so cells/1 ml. They were somewhat
more numerous at sampling site 3, in the region of inflowing sewage
water from the city of Olsztyn,

Nawskie lakes. Yeasts were most abundant in Jeziorak Maly up to
2310 cellsfl ml at site 3 (Table 3). In the water of Jeziorak they were
more numerous only al site 6. around the Ilawa municipal bathing
facilities their number reached 565 cells/l ml. Their number diminished
al sites 8, 9 and 11 with growing distance from the town. Bottom deposits
of Jeziorak Maly contained up to 6200 cells per 1 g of dry weight (Tab-
le 4 A). In Jeziorak yeasts were more numerous only on silty and sapropel
sites (Nos. 6, 8 and 11). They were scarcest on sandy substrate (site 9).
In net plankton represented by Cyanophyceae of the genus Anabaena,
Aphanizomenon and Microcystis (private communication) the number of
yeasts reached up to 15 000 cells per 1 g of fresh weight (Table 4 B).

Wegorzewo district lakes (Table 5). In the water of lake Czarna Kuta
which showed a somewhat higher degree of pollution the number of
yeasts did not exceed 82 cells/l ml water. They were still less numerous
in the lakes with unpolluted water Dgal Maly (up to 65 cells/l ml water),
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Fig.l 2, A — Lake Smolak, B — Lake Dgal Maly, C — Lake Piecek, D — Lake
Czarna Kuta; 1 — sampling sites



Table 2
Numbers of yeasts cells in Kortowskie Lake in the period Apr. 27th 1866-Apr. 17th 1868

(average values of 3 replications, per 1 ml water)
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Number of yeasts in two Ilawa Lakes bottom deposits in the period
Apr. 30th 1967-March 26th 1969 (A) and in net plankton in 1968 (B)
{Average values of 3 determinations, in 1 g dry wt. of bottom deposits

Yeasts in some lakes

Table 4

and in 1 g wet wt. of net plankton)

Lake
Jeziorak Jeziorak
Date Maly
Sampling site
3 B | 9 11
A. 300V 3600 28 10 82
26,V 6200 92 32 20
30.VI 2100 B840 16 124
26.VII = 1200 630 14 130
20.VIII = 920 393 8 150
27.IX 600 120 28 240
20.X 300 420 48 820
8.XI 420 i 18 420
6.X1T 280 18 12 110
24.1 . 120 0 12 42
20.11 ' 02 8 1 20
1L.III 320 10 12 44
231V 39006 18 7 36
30.V | 3200 235 — 45
28.VI 2 | 23400 1270 0 as
29.V11 2 150 428 12 92
23 VIII 185 98 42 110
9.IX 300 42 40 385
4X 640 1600 50 1000
9.X1 500 90 16 340
5.XII 50 2 10 75
15.1 2 280 3 0 53
26 111 2 2 0 0 15
B. 20.VI = 4000 930 1500 2000
9.1X S 410 490 4400 15000
4X - 150 150 150 800
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Piecek (up to 30 cells/l1 ml water), and Smolak (up to 60 cells/l ml water).
Almost one half of the identified yeasts produced carotenoid pigments.
As regards qualitative composition, species of the genus Rhodotorula

prevailed (Table 6).
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Table 5

Number of yeast cells in Wegorzewo Lakes water, in the period

May 6th 1970-Apr. 15th 1971
{average values of 3 determinations, per 1 ml water)

a — total; b — ,pink yests”
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DISCUSSION

The quantitative composition and distribution of yeasts in the lakes
of the Masurian Lakeland depended in the period of the investigations

on the supply with inflowing water of allochtonie organic matter and

is amount produced in the water bodies themselves. The absence of these
fungi or their minimal quantity in the water of Dgal Maly, Piecek and

Smolak siluated far from larger human settlements indicate that these
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lakes are not polluted. Similar quantities of yeasts are also reported by
Van Uden and Ahearn (1963) for the lake Duglas in Michigan
State (US.A). Hedrick et al. (1964) for the little polluted lake Michi-
gan, Ahearn et al. (1968) for the water bodies of the Miami region
and Meyers et al. (1970) for the relatively unpolluted lake Champlain
(U.S.A.). Somewhat greater numbers of yeasts in the lake Czarna Kuta
were due to the sewage water from a village on the edge of the lake.

A more pronounced influence of pollution on the increase in the
number of yeasts was noted in spring on site 3 of the Kortowskie lake
where storm runoff and sewage water from Olsztyn flowed in, and in
general during the entire vegetation season in the lake Jeziorak Maly
polluted with sewage from Hawa. The number of yveasts found periodic-
ally (up to 260 cells/1 ml water in the Kortowskie lake, 2310 cells/1 ml
water in Jeziorak Maly and 564 cells/1 ml water at site 6 of Jeziorak)
exceed the values for polluted waters in other countries (Cooke 1965;
Ahearn et al. 1968: Ahearn et al, 1969; Spencer et al, 1970;
Simard. 1971: Simard and Blackwood, 1971 a, b).

The waste water character of Jeziorak Maly was the cause of the lack
of regularity in the seasonal occurrence of yeasts in this water body.
The dynamics of scasonal variations in the abundance of these fungi
in the water of the remaining lakes depended above all on the presence
of available sources of carbon and energy, Maximal numbers of yeasis
at the sampling sites in the Kortowskie lake, Jeziorak and the lakes of
the Wegorzewo Distriet were found in spring, probably owing to the
development of phytoplankton and utilization of the excretions of algae.
This could be concluded from the large quantities of yeasts in the net
plankton of the Ilawa region lakes. In general yeasts appear in the
water not in the form of singly floating cells (Meyers et al, 1970),
but bound with larger plankton organisms and detritus on which they
find more profuse food. The possibility of utilization of alga intravital
secretions by these fungi has been experimentally confirmed (Niewo-
lak, 1971) in a joint culture of Chlorella vulgaris and Scenedesmus
obliquus with Rhodotorula sp. isolated from the lake Jeziorak. The incre-
ase of the number of yeasts in the water of the lakes in autumn may be
explained by the richer content in the water of organic matter derived
from dying plants, indispensable for these microorganisms,

The vertical distribution of yeasts in the water of the Masurian lakes
and its character depended largely on the tvpe of water body and the
season. Moreover, in the particular lakes there were differences in the
distribution of these organisms at various sites. In general, a more abund-
ant occurrence of veasts in the surface water of the lakes was probably
due to the more profuse development of phytoplankton which serves for
them as source of nutrition. Similar observations were reported by
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Ahearn et al. (1969) and Meyers et al. (1970) from the lake
Champlain. Among the yeasts present in the surface waters of the Wego-
rzewo lakes pigmented strains were more numerous including Rhedoto-
rula glutinis. This species shows a high resistance to ultraviolet radiation
which, according to Kam$ylov (1965), is probably adsorbed on the
cell surface of Rhodotorula glutinis and stimulates its development.

It is possible that in the development of yeasts in the surface water
of the Wegorzewo lakes a certain role was played by the vicinity of the
border of the water-air phases, since it is a source of carbon and nitrogen
and also of other elements from the soil dust and other particles of land
origin settling on the surface. Maximal amounts of yeasts sporadically
found in the thermocline of the Kortowskie and Jeziorak lakes may be
explained by the differences in temperature and speecific weight of the
water and the retention in it of dead plankton suspensions. The increase
in the number of yeasts in the benthic water of all the lakes might have
been the result of action of convection currents and the rise with them
of the upper bottom deposits rich in organic matter and of accumulation
of detritus at the bottom.

The distribution of yeasts in the bottom sediments of the Nawa lakes
(the substrate of other lakes was not studied) depended on the character
of the bottom. On silty soil where the organic matter content was about
42 per cent (private communication) the number of fungi reached some-
times several thousand cells per 1 g dry weight, as for instance in Jezio-
rak, Maly and was many times higher than in littoral sandy sediments,
for instance at site 9 of the lake Jeziorak. Greater numbers of yeasts
were found only by Rodina (1950) in the silty lakes Klin, Imolozhe
and Ostrowno in the US.S.R. (up to 1.3 million cells per 1 g dry weight)
and Hedrick and Soyugenc (1965) in similar conditions in the
lake Michigan (up to 8.5 million cells per 1 ml of silt). In the sandy
sediments of the littoral of the lake Jeziorak the amount of veast cor-
responded to the value reported for similar soil conditions in other lakes
of the US.S.R. (Rodina, 1948). The factor limiting the development
of this kind of fungi on the sandy bottom of the Jeziorak lake was the
low content of organic matter (1-2})). Seasonal variations in the number
of yeasts in the bottom sediments of the Ilawa lakes may have been
connected with the periods of multiplication of the invertebrates living
in the benthos and the dying of plankton plant organisms which enrich
the bottom sediments in -easily available organic compounds as well as
with the devouring of these microorganisms by benthos dwellers,

CONCLUSIONS

It results from the present investigation (Tables 2-6) that:
1. The abundance of yeasts in the waters of the Masurian Lakeland
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depended on the degree of their pollution. The fungi were most numerous
in the waste water lake Jeziorak Maiy (up to 2310 cells/1 ml water), in
the polluted zones of the lake Jeziorak (up to 565 cells/l ml water,
Table 2) and in the Kortowskie lake (up to 260 cells/l ml water, Table 1)
the smallest amounts were noted in the unpolluted Wegorzewo lakes
(up to 82 cells/1 ml water).

2. In all the lakes yeasts are more numerous in generai in the surface
water and in the water near bottom and less so in the metalimnion. Je-
ziorak Maly showed no distinet regularity in the seasonal occurrence of
fungi in the water. In the Kortowskie, Jeziorak, Czarna Kuta, Dgal Maly,
Piecek and Smolak lakes more of these fungi appeared in spring than in
autumn.

3. About 50 per cent of the yeasts isolated from the waters of the
Wegorzewo lakes produced carotenoid pigments. Fungi were more nu-
merous in the upper water layers, this indicating perhaps a higher
resistance of these organisms to UV radiation.

4. As regards qualitative composition of the yeasts isolated from the
waters of the lakes Czarna Kuta and Dgal Maly, the majority were
species of the genera Rhodotorula (R. glutinis, R. rubra), Candida, Crypto-
coccus and Torulopsis, In the water of the lake Piecek species of the
genus Rhodotorula and Cryptococcus were more numerous, while in
Smolak species of the genus Sporobolomyces, Rhodotorula, Candida and
Torulopsis prevailed (Table 6),

5. The amount of yeasts in the bottom sediments of the Ilawa lakes
depended on the type of the bottom and the degree of pollution. The
greatest amount (up to 6200 cells/l g dry weight) were noted in the silty
sediments of Jeziorak Maly and the smallest (up to 60 cellsf/l g dry
weight) in the littoral sandy substrate of Jeziorak.

6. The number of yeasts in the net plankton of the [tawa lakes varied
from 150 to 15 000 cells/1 g fresh weight, depending on the season (Table 2).

REFERENCES

Ahearn D. G, Meyers S. P, Cook W, L., G. Hansen, 1969, Ecology of
yeasits from Lake Champlain. Antonic van Lecuwenhoek, 35 Supl. Yeast Sympo-
sium, D: 19-20.

Ahearn D. G, Roth F. J, S. P. Meyers, 1968 Ecology and characterization
of yeasts from aquatic regions of South Florida. Marine Biology 1: 291-308.

Cooke W. B, 1965, The enumeration of veast populations in a sewage lreatment
plant. Mycologia 57: 696-703.

Cooke W. B, Phaff H. J, Miller W. M,, Shifrino M, E. P. Knapp,
1960, Yeasts in polluted waler and sewage. Mycologia 52: 210-230.

Hedrick L. R, M. Soyugenc, 1965 Yeasts recovered in mud samples from
Lake Michigan. Proc., Eighth Conference on Great Lakes Research, University
Michigan, Publ. No. 13; 69-76,



Yeasts in some lakes 255

Hedrick L. R, M. Soyugenc, 1967, Yeasts and molds in water and sediments
of Lake Ontario. Proc. Tenth Conference on Great Lakes Research: 20-30.

Hedrick L. R, Soyugenc M, L. Larsen, 1966, Yeasts in sediment core
samples from Lake Michigan. Proc., Ninth Conference on Great Lakes Research,
University Michigan, Publ. No. 15: 27-37.

Hedrick L. R, Soyugenc M, DuPont P, R. Ambrosini, 1964, Yeasts
in Lake Michigan and Lake Erie. Proc., Seventh Conference on Great Lakes
Research. University Michigan, Publ. No. 11: 77-83.

Hedrick L. R, Cook W. B. L. Woollett, 1968, Yeasts and molds in Lake
Superior water and some of its tributaries. Internat. Assoc., Great Lakes Res,
Proc. 11th. Conf.: 538-543.

Kaméylov M. M, 1966. Proischozdenie ftamma R-1 Rhodotorula glutinis. Pro-
ducirovanie i krugovorot organifeskogo wveddesiva vo vnutrennych vodoemach.
Moskva—Leningrad.

Lencewicz S, Kondracki J. 1959, Geografia fizyczna Polski., Warszawa.

Lodder J, N. J. W. Kreger van Rij, 1952, The yeasts, a taxonomic study.
Amsterdam.

Meyers S. P, Ahearn D. G, W. L. Cook, 1970, Mycological studies of Lake
Champlain. Mycologia 62: 504-515.

Niewolak S. 1971, The influence of living and dead cells of Chlorella vulgaris
and Scenedesmus obliguus on aqualic microorganisms. Pol. Arch. Hydrobiol.
18: 43-54.

Rodina A. G. 1950, Raspredelenie drozievych i droiizepodobnych gribkov v oze-
rach. Mikrobiol. 29: 44-52.

Rodina A. G, 1958, Mikroorganizmy i povyiienie ryboproduktivnosti prudov,
Moskva-Leningrad,

Rodina A, G, 1968 Mikrobiologiczne melody badania waéd, Warszawa,

Salimovska-Rodina A, G, 1940, Bakterii i drozzevyje gribki kak pista Cla-
docera. Dokl Akad. Nauk SSSR 28: 248-252,

Simard R. E, 1971, Yeast as indicator of pollution, Marine Pollution Bulletin
2: 123-125.

Simard R E, A. C. Blackwood, 1971 a, Yeasts from the St. Lawrence. River.
Can. J. Microbiol. 17: 197-203.

Simard R E, A. C. Blackwood, 1971 b, Ecological studies on yeasts in the
St. Lawrence River. Can. J. Microbiol., 17: 353-357. ”

Spencer J.F. T, Gorin P. A, J, N. R. Gardner, 1970. Yeasts isolated from
the South Saskatchewan, a polluted river. Can. J. Microbiol. 16: 1051-1057.

Van Uden N, D. G. Ahearn, 1963, Occurrence and population densities of yeast
species in a fresh-water lake. Antonie van Leeuwenhoek. J. Microbiol. Serol.
29: 308-312.

Wystepowanie grzybow drozdzoidalnych w niektorych jeziorach
mazurskich

Streszczenie

W pracy przedstawiono wyniki badan przeprowadzonych w latach 1966-1971
nad rozmieszczeniem grzybow drozdioidalnych w jeziorze Kortowskim k/Olsztyna,
w jeziorach ilawskich (Jeziorak Maly i Jeziorak) oraz wegorzewskich (Czarna Kuta,
Dgal Maty, Piecek i Smolak) na Pojezierzu Mazurskim,

W wodzie badanych jezior Pojezierza Mazurskiego zawarloéé grzybéw droizdio-
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idalnych zalezala od stopnia zanieczyszezenia, Najwiceej grzybéw drozdioidalnych
{do 2310 komoérek w 1 ml wody) wystgpowalo w scickowym Jezioraku Malym; sto-
sunkowo duio wystepowalo réowniez na stanowisku 8 jeziora Jeziorak (do 365 ko-
morek w 1 ml wody), zanieczyszczanym sciekami bytowo-gospodarczymi miasta
ltawy oraz na stanowisku 3 jeziora Kortowskiego (do 2680 komdrek w 1 ml wody),
gdzie doplywajg scieki burzowe miasta Olsztyna.

We wszystkich jeziorach na ogdl wiecej grzybow drozdioidalnych wysi¢powalo
w wodzie powierzchniowej i przydenne), readziej w innych warstwach wody. W Je-
zioraku Malym brak bylo wyrainej regularnodci w sezonowym wysigpowaniu grzy-
bow drozdioidalnych w wodzie, podezas gdy w jeziorach: Kortowskim, Jeziorak,
Czarna Kuta. Dgal Maly, Piccek | Smolak grzyby drozdizoidalne wystepowaly liczniej
wiosng i W jesieni. -

Okolo 50", grzybow drozdizoidalnych, wyodrebnionych z wody jezior wego-
rzewskich wylwarzalo barwniki karotenoidowe. Barwne ich szezepy wyslgpowaly
liczniej w gornych warstwach wody., W skiadzie jakoiciowym grzybéw droidizoidal-
nych wyodrebnionych z wody jezior Czarna Kuta i Dgal Maly przewazaly galunki
z rodzaju Rhodotorula (R. glutinis, R. rubra), Candida, Cryptococcus i Torulopsis;
w wodzie jeziora Piecek prrzewazaly gatunki z rodzaju Rhodotorula i Cryplococcns,
w jeziorze Smolak — galunki z rodzaju Sporobolomyces, Rhodotorula, Candida
i Torulopsis.

Zawartoéé grzybéw drozdzoidalnych w osadach dennych jezior ilawskich zale-
7ala od typu dna i stopnia zanieczyszczenia. Wicee) ich wysigpowalo w mulistych
gruntach Jezioraka Malego (do 6200 komdrek w 1 g suche) masy), zanieczysecza-
nych sciekami mieczarskimi | odpadkami 2 tartaku. Muliste osady jeziora Jeziorak
zawieraly natomiast do 1000 komorek tych graybow w 1 g suchej masy; nieco bo-
gatsze w gravby byly osady sapropelowe tego zblornika (do 1600 komdrek w 1 g
suchej masy), natomiast w gruntach pieszezystych zawartosé graybow droidzoidal-
nych nie przekraczala 60 komorek w 1 g suchej masy,

Zawartoi¢ grzybow drozdizoidalnyeh w planktonle sieciowym jezior ilawskich
wahala sie od 150 do 15000 kemdrek w 1 g Swieze) masy, zaleznie od pory roku
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