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1t was demonstrated tha the fungi decomposing proten were most sbundant in the mesotrophic lake.
mineralizing
i the fertilty occurrence of mycoflora in the

s seasonal an revealed fluctuations i thei ativiy depending on the year of the study. These
fuctuations were stronger in the mesotrophic lake.

INTRODUCTION

The basic function of the saprophytic microorganisms occurring in aqueous
environment is the decomposition of organic matter. The determination of the total
number and physiological activity of these organisms in water and bottom sediments
of water rescrvoirs may supply, according to K orzeniewski andKorze-
niewska(1982) the number index of the organic substance degradation.

The mineralization of the organic matter in water is performed mainly by bac-
teria, decomposing over 50 % of the resource of this substance in aqueous environ-
ment (quoted after D ond e rs k i, 1983). Aguatic fungi play an important role in the

and ization of organic in aquacous
(Sparrow, 1968 Batko, 1975 Reinheimer, 1977). Litle is known,
however, about the role of non-aquatic micromycetes (the term introduced by Park
in 1972) in the transformation of the organic matter in water bodies (M e y e r's
etal,, 1970; Park, 1972, 1974).

* The work performed within CPBP.04.02 problem coordinated by the Institute of Microbiology of the E6d%
University.
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The aim of the present study was the qantitative evaluation of physiological
properties of these fungi in the water of two lakes differing in trophicity and the
utilization of the basin.

MATERIAL AND METHODS

‘The object of the study were two lakes (in Mid-Eastern Poland): a mesotrophic
Lake ~ Piaseczno and an eutrophic one — Gigbokie, located in Eeczna Wiodawa
Lake District (K ornitlowicz, 1993 a,b).

Microbiological analyses were carried out in the years 1986-1990 by taking
water samples in the following terms: 23-29.04; 27-30.05; 3-11.07: 27-29.09 (K o -
nittowicz, 1993b).

‘The number of subsequent physiological units of fungi (term agreed upon) was
determined by the diluon plting method. In the selection of substrate spectra, the

i and their availability in a were taken into account.

The fungi which decompose protein were determined with Frazier's method
(the gelatine substrate; R o d i n a, 1968). The number of fungi with amylolytic
abilities were evaluated on starch agar by making the zones of substrate hydrolysis
visible with Lugol fluid. The number of pectinolytic fungi was determined with J a-
yasankar and Graham’s method (1970, using the pectin from citrus fruits
(from Sigma company) and 1% solution of dodecyltrimethylammonium bromide
(from Merck firm) to detect the zones of substrate decomposition. The cellulolytic
fungi were isolated on the agar nutrient medium of Winogradsky with Whatman's
dotting-paper rings. In all the cases streptomycin and chlorocyclin was added to the
nutrient medium in the same amounts as (o Martin’s substrate (1950). The fungi
were cultured at 20°C + 2°C for 5-7 days and in case of cellulolytic fungi for 1-14
days making 3-S5 repetitions. The number of fungi counted on the basis of the num-
ber of colonies which had grown were given for 1 cm? of water.

RESULTS

Proteolytic ies of 2 the most common analysed
physiological features. However, fungi with amylo- and cellulolytic abilities rarely
oceurred in the plankton of lakes (Table 1-3).

Tt was demonstrated that the waters of the lake with lower trophicity (Piaseczno)
had a higher number of fungi decomposing protein on the average by 80 %, than the
waters of lake with higher trophicity (Glebokie). The reverse dependence was found
in case of mycoflora with pectinolytic abilities (Tablc 1-2).

The the above mentioned physiological units in water
was uneven, The fungi hydrolyzing protein gathered more frequently in the littoral
zone of both lakes and in metha- and hypolimnion of the mesotrophic Lake Piaseczno.
However, the fungi diffusing pectin occurred in the lower cutrophic sublittoral zone
Lake Glebokic.
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Table 2

Number of protein (A) and pectin (B) decomposing fungi in 1 cm? of water of Lake Glgbokie
atindyvidual sites and dates of investigations

Station and depth (m)
Litoral zone, Sublitoral zone
e Hoslbs 051 051 s
B A B A B
v 10 110 270 20 4 10
v 570 150 B 100 8 w0
198 Vil 560 1w 50 1400 190 500
X 500 1700 750 2760 280 5300
mean annual 410 765 7 120 758 1578
v 25 1 30 1 3 4
v 20 4 1 2 30 3
1987 it 18 ] 10 9 204 n
X 7 0 280 10 820 3
mean annul 3 19 80 6 264 5
w 310 5 196 70 3% 2
v 166 s 663 5 143 u
98 v 130 15 n 1 0 2
x n 30 3l 17 - -
mean annual 180 16 21 35 s 2
L4 23 1390 220 980 80 3070
v 1620 1600 2030 1700 440 3000
198 it 1500 10 93 30 1500 6
x 30 20 40 10 450 -
mean annual 793 755 596 680 618 2025
v 7030 260 36 a0 > -
v a7 a7 260 n 5] 6
1990 Vit 30 B 130 B 10 8
x 150 3 80 4 120 20
mean anaual 1819 86 127 2 a8 n

‘The mean annual number of fungi showing proteo- and pectinolytic abilitics
were indicative of significant fluctuations of population density of these microor-
ganisms in the subsequent years of the research. In both Takes the highest number of
these fungi was noted in 1986, and 1989 whereas the lowest number of fungi specics
occurred in 1987-1988 (Table 1-2). The waters of Lake Piaseczno methalimnion
were an exception. A higher number of fungi with protcolytic abilities occurred pe-
riodically also in 1988. The decrease in the population density of fungi having
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pectinolytic and, in most cases, proteolytic abilities in the waters of Lake Piaseczno
occurred again in 1990.0nly the waters of hypolimnion of this reservoir were the
next accumulated of fungi hydrolyzing protein (Table 1).

‘The annual fluctuation in the number of fungi decomposing protein and pectin
were stronger in the mesotrophic lake than in the eutrophic one (Table 1-2). How-
ever, the number of fungi decomposing starch and cellulose did not change dis-
tinctly and was maintained on a very low level during the whole period (Tab. 3). In
the investigated lakes the fungi occurred seasonally (Fig. 1-2).

Table3
‘Mean annual mumber of starch (A) and cellulose (B) decomposing fungi in 1 cm? of water
of Lake Piaseczno and Glgbokie
PIASECZNO
‘Station —| Litoral zone Sublitoral zone Pelagial zone
Dept epilimaior o
| 0s1 051 910 ”"J"{"l' A ctalmo
Y A B|A B|A B|A B|A B
ws |28 ¥ |2 1 9 u| 4 12| 6 16
1987 2 n |2 2 s |30 e |4 7
1988 ool o ez a2
1989 o3l 0 0|1 2| 2 0B
1990 s 4|1 3 4 2|5 8| s 8
GLEBOKIE
Station - Depth (m)
Litoral zone Sublitoral zone
¥ 051 051 a5
A B B | A B

A
1986|270 240 (400 450 8§00 80
1
1
1
6

s |12 7 1 9
1989 [ 3 2 3
1990 9 B % 130 10

The dynamics of the seasonal quantitative changes of proteolytic mycoflora in
Lake Piaseczno were associated with the horizontal and vertical stratification of the
reservoir. In the coastal zone (mainly 0.5-1 m) the stimulation of the growth of these
microorganisms occurred in July and was maintained untli September. At the same
time in the surface water of sublittoral zone and pelagial, a slight increase in the
number of fungi decomposing protein was noted. In the interlake profile of Lake
Piaseczno the increase in the number of fungi decomposing protein occurred in May
and was higher in metha- and hypolimnion than in epilimnion (Fig. 1 A). In May the
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maximum number of plankton pectinolytic fungi occurred in Lake Piaseczno. The
minimum number of these micromycetes occurred in April and July. The renewed
slightincrease in the number of fungi splitting pectin was noted in September (Fig. 1B).

2500
E
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Chinonl £ o e polimmi
Fig. 1  protein () fungiin the water of Lake

Piaseczno (mean values for S years)
depth (m):litoral i ~9-10;

epilimmion - 0.5-1; methalimnion - 9, hypalimmion - 25.30
‘The seasonal changes in the number of the examined units of fungi in Lake
Glebokie were distinctly weaker than in Lake Piascczno (Fig. 2). The growth of fun-
gi decomposing protein and pectin was more perceptible in early autumn and some-
times spring. The highest fluctuations in the density of these fungi population were
noted in the littoral (proteolytic fungi) and deeper sublittoral (pectinolytic fungi) zones.
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DISCUSSION

In spite of the fact that the waters of Lake Piaseczno and Giebokie differed in
the degree of trophicity, they were inhabited by similar, in respect of physiological
properties, fungi. The differences in the physiological units of planktonic fungi of
both lakes had a quantitative character.

It was demonstrated that the number of fungi able to decompose protein in the
water of the above mentioned lakes was almost identical (on the average 500-900 in
em?) to the number of proteolytic bacteria (300-800 cells/em?) noted in the over-
fertile waters of the Lake Egtowo (northern Poland) by Korzeniewski and
Korzeniewska(1982). Hence, the mycoplankion together with bacterioplank-
ton, takes part in protein degradation in water bodies. The changes in the number of
mycoplankion may be indicative of the eutrophic changes in lakes. The increase in
the number of proteolylic microorganisms in aqueous ecosystems festifies o the
intensification of inorganic N liberation (Korzeniewski, Korzeniewska,
1982), as the one of the eutrophicating factors (K a j ak, 1979).

The increase in the number of proteolytic fungi in the waters of lower trophicity
(Lake Piaseczno) resulted from the increase in the fertility of this reservoir. Such an
effect was most probably caused by the increased inflow of organic matter, resulling
from the increased development of phytoplankton in Lake Piaseczno (Czernas,
Krupa, Wojcicchowski, 1992,1993). In addition a high, especially from the
peat area, underground transport of protein sunstances to the littoral zone of this lake
wasnoted (G 6 rniak, Misztal, 1991). Apart from the autochtonic organic
matter the organic substance of soil origin is probably,  significant factor stimulat-
ing the development of mycoflora decomposing protein, especially in the littoral
zone.

The present results indicated that the litoral and deeper pelgial comprising the
waters of metha- and hypolimnion of Lake Piaseczno were most subjected 10 ex-
treme fertilization, duc (o nitrogen accumulation. A high density of fungi decompo-
sing protein occurred there. Intensively developing nannoplankion might be an abun-
dant source of organic N. In its zone (methalimnion) both maximal primary produc-
tion was noted (Cz ¢ rna$ —unpubl. data) as well as the accumulation of rotifers
and crustaceans (R ad wan, Popiotek, 1989). Moreover the highest number of
saprophytic mycoflora hydrolyzing protein occurred. In the mesotrophic plankton of
Lake Piaseczno the fungi with proteolytic properties occurred more often than the
pectinolytic ones. In the Lake Gigbokie the pectinolytic micromycetes were more
abundant (on the average over 500 in 1 cm? of water). The source of pectin in Lake
Glghokie was net plankton as well as undoubtedly macrophytes dwelling in a wide
strip in littoral zone. According to W o j ci e chow ski (1987), the above men-
tioned plant communities constitute the main mass of organic matter of eutrophic
lakes. In spite of the limited growth of vascular plants in Lake Piaseczno, the con-
ceniration of pectins also increased, periodically, due to the increase in the number
and proportion Chlorophyceac (Czernas, Krupa, Wojciechowski, 1993).
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e was also demostrated that these changes were accompanicd by an increase in the
number of i The above obs s indicate that the my-
coplankton of both lakes may play a role in the degradation of pectin substances
present in the water.

Itis strilung that a small number of fungi hydrolysing starch - a substrate more
frequent in water than pectin (R e i nheimer, 1977), was noted. It was very
probable that this phenomenon was caused by the feed competition (nutrients) with
the amylolytic bacteria abundantly inhabiting the waters of both lakes (Fur ¢z a k,
1988). According toD o nd e rs ki (1983), |.hc amylnlyuc bacteria are the most
abundant group among the oxygen ing complex car-
bohydrates in water.

However, the relatively low occurrence of cellulolytic fungi in the plankton of
Lake Piaseczno and Gigbokie may be associated with a low availability of this sub-
strate for planktonic fungi. Fur ¢z a k (1988), reported a low number of cellulolytic
bacteria in the water of the examined lakes. Under the conditions of organic residue
sedimentation in water bodies it seems that the metabolisation of cellulose (a sub-
strate which is more slowly decomposed than other carbohydrates) takes place first
of all in the sediments. This could also be confirmed by the results obtained by the
author (Kornittowicz, 1993 c).

In accordance with the author’s previous opinion (Kornittowicz, 1993b),
the changes in the intensity of the development and the photosynthetic activity of
phytoplankion were accepted as the most important factors determining the annual
and seasonal of the tivity of Ttappeared
that in Lake Piaseczno (in Lake Gigbokie this analysis was not carried out), the
dynamics of changes in the primary production and biomass of phytoplankton was
convergent (the increase in the years 1986 and 1989) with fluctuations in the level of
the number of fungi decomposing pectin, and often also protein. Climatic factors**,
such as rainfalls, could also have a significant effect on the fluctuation of the num-
ber of these fungi. Tt may that during vegetative seasons with high amounts
of rainfall, i.c., 1986, a significant number of geophilic fungi penetrated into the
waters of lakes together with rain and runoff contributing to the increase in the num-
ber of these microorganisms. The results of Collins and Willoughby (1962)
support this gestion since they point out to the enrichment of water reservoirs
with allochtonic mycoflora after rainfalls.

Because of the more stable trophic and thermal conditions of eutrophic lakes
(cited after Don derski, 1983), the annual and seasonal variations in the number
of “physiological units” of the mycoplankton in Lake Glehokie were significantly
lower than in Lake Piaseczno.

‘The seasonal changes in the physiological activity of planktonic micromycetes
of the both lakes were reflected in the changes of the total number of these fungi
(Korniltowicz, 1993 b). The maximum number of fungi occurred in spring and

amined by group led by Prof. dr.J. K 010d 7 ¢ from the Deptartm. of Agrometeor. of Acad. Agricult,
in Lublin.
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in carly autumn (cutrophic lakes), while the lowest numbers of fungi was recorded
athe beginning of summer. It was also demostrated that the increase in the number
of pectinolytic fungi in the plankton of Lake Piaseczno in spring was convergent
with the occurrence of green algae in this reservoir (Czerna$, Krupa, Woj-
ciechwski, 1993) which are the main source of pectins in mesotrophic lakes. The
increase in the number of proteolytic fungi in metha- and hypolimnion of this reser-
voir in spring was probably caused by the intensificd increase of phytoplankion
(Szember etal, 1989) and the
(Radwan, Popiolck, 1989). The maximum increase in the number of pro-
teolytic fungi dwelling in the waters of the littoral zone of Lake Piaseczno in the
period of the summer stagnation was accompanied by an accumulation of organic N
of soil origin (Misztal, Smal, G orniak, 1989). This confirms the role of
allochtonic organic substance in eutrophication of this lake.
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Zmiany li ii,zespotow fizj i ” grzyb6w
w jeziorach o zréznicowanej trofii

Streszczenie

W latach 1986-1990 przeprowadzono badania liczebnosci wybranych ,zespolow fizjologicznych:

Wykazano, ze wody j. sig
niz gr yeh pektyng. W toni wodne)
skrobie i celulozg.
twierd;

oraz metha- i i 0. Gryby o najobficiej

poja

ologicane] mikoplankionu w zaleznofc o4 mku i miesica prowadzonych badad. Maksimum liczebnosci

proteo- i pektynolitycznych grzybéw wystgpowalo na 0g6l wiosna, minimum — wezesnym latem. Wyraznie

odwrotng tendencie przejawialy grzyby zasiedlajace wody litoralu j. mezotroficznego. Wahania aktywnosci
ly
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