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Abstract—The analysis of the micromycete complexes of oligotrophic peat deposits in the Vasyugan Marsh
by direct count and culture methods showed that micromycete carbon comprises no more than 3% of the total
peat carbon and that the microscopic fungal biomass varies from 2 to 13 tong/hectare, depending on the season
and the peat deposit thickness. Fungal spores were found in al layers of the peat deposits, whereas the myce-
lium was found only in the active peat layer. The high abundance of eukaryotic cellsin the peats was due to the
presence of yeastlike cells rather than fungal spores. Analyses by culture methods showed that micromycetes
were present in al peat layers and that their abundance tended to decrease with depth, except for yeasts, which
were uniformly distributed in avertical direction. The micromycete complexes of the peat deposits were similar
in their diversity and abundance of dominant species but differed in the composition of minor species. Peat
yeasts were dominated by ascomycetes.
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Microscopic fungi are the primary degraders of
plant debris. In turn, they serve as a source of nutrition
for other microorganisms. For this reason, to under-
stand the regularities of organic matter transformation
in soils, it is necessary to estimate the mass and to ana
lyze the taxonomic structure of soil fungal communi-
ties. Such studies are of specia interest in the case of
swampy ecosystems, since their peat deposits contain
vast amounts of organic matter.

The micromycete complexes of the Siberian peat
soils were earlier investigated by culture methods
([1, 2], which do not alow the mycelia component of
these complexes to be eval uated, as about 90% of colo-
nies grown on agar media are germinated from fungal
spores [3]. On the other hand, the method of direct
microscopic count of soil microorganisms [4] makes it
possible to determine the abundance of microscopic
fungi in soil, to differentiate their mycelium and spores,
and to distinguish the dark- and light-pigmented myce-
lia. The results obtained by this method are more accu-
rate than those obtained by culture methods, which is of
particular importance when estimating the ecological
diversity indices.

Earlier studies of the taxonomic composition of the
micromycete complexes of peat deposits in West Sibe-
ria were limited to the determination of their species

composition and abundance. Ecologically, however, it
is more important to distinguish atypical micromycete
complex and to describe it in terms of the common eco-
logical indices, such asthe occurrence rate of a species,
the species diversity index, and the similarity coeffi-
cient. The aim of the present work, which is part of the
complex stationary investigations of the Vasyugan
Marsh [5], was to obtain representative data on the
number, concentration, amount, morphological struc-
ture, and taxonomic composition of micromycete com-
plexes in the oligotrophic peat deposits of the southern
taiga subzone of West Siberia.

MATERIALS AND METHODS

Investigations were carried out in the natura
swampy ecosystem (the Vasyugan Marsh) of the south-
ern taiga subzone of West Siberia. The landscape pro-
file crossed the following three types of peat biogeo-
cenoses (BGC): the tall pine-shrub—sphagnum BGC
(station 2), the low pine-shrub—sphagnum BGC (sta-
tion 3), and the sedge—sphagnum bog BGC (station 5)
[5]. The profile with the geochemically related land-
scape biogeocenoses is a representative ecosystem of
the Bakchar marshy region.
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Fig. 1. The number of fungal spores (N) in the active layer
of the oligotrophic peats at stations 2, 3, and 5 in spring
(Sp), summer (Su), and autumn (Au).

Samples for analysis were taken during the spring,
summer, and autumn periods. The thickness of peat
depositsvaried from 0.9 m (st. 2) to 3m (st. 3and st. 5).

The total number and the biomass of micromycetes
were determined by the method of direct count under a
luminescence microscope. Peat samples were prelimi-
narily treated in a UZDN-1 ultrasonic disintegrator to
desorb fungal cells. The fungal mycelium and spores
were stained with calcofluor white [4]. The eukaryotic
microbial biomass was calculated with allowance for
the diameter of fungal hyphae and spores, using thefol-
lowing formulas: 0.83r3 x 10~'? (spores) and 0.628r 2 x
10-° g (mycelium) [6].

The relative content of microbia carbon in the
organic matter of peat was calculated on the basis of its
organic carbon content [7] and data on the microbial
biomass content. It was assumed in the cal culationsthat
carbon comprises 50% of the eukaryotic microbial bio-
mass.

The abundance and the taxonomic composition of
soil micromycetes were studied by plating soil suspen-
sion dilutions on the acidified Czapek agar [8]. The
micromycetes were identified to a species level using
standard manuals [9, 10]. The abundance and the taxo-
nomic composition of yeasts were studied by plating
soil suspension dilutions on wort agar acidified with
lactic acid. The yeastswere obtained in enrichment cul-
tures at room temperature and identified using the man-
ual [11]. Dataon the total number of microscopic fungi
were expressed in colony-forming units (CFU) per g
peat.

The occurrence rate (OR) of various fungal genera
was defined as the ratio of the number of the peat sam-
ples in which a given genus was detected to the total
number of the samples analyzed.
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RESULTS AND DISCUSSION

The total length of fungal mycelium in the peat
deposits under study varied from 100 m/g to 14 km/qg.
The content of fungal spores varied from 10 to 210 mil-
lion spores/g peat. These values characterizing the pop-
ulation of microscopic fungi in the oligotrophic peats
are close to those obtained in the study of peat deposits
inthe Tver region [12].

The active layer of peat deposits extends from the
bog surface to the average annual lower level of bog
waters during the warm season. The thickness of this
layer varies from 30 to 100 cm. The effect of the peat
layer depth (analyzed were the 0-25, 25-50, and 50—
100 cm peat layers), season (spring, summer, and
autumn), and the type of peat deposit (stations 2, 3, and
5) on the ecologica parameters of micromycete com-
plexes was studied in terms of variance analysis. The
abundance of micromycetes was found to depend (in a
dtatistically significant manner) on the type of peat
deposit and on the season. At the same time, the varia-
tion in the population density of microscopic fungi with
respect to the peat depth within the active layer turned
out to be statistically insignificant. With respect to the
seasonal dynamics of fungal spores, the peat deposits
fell into two groups. The first group included the shal-
low peat deposit at st. 2, in which the content of fungal
spores increased from spring to the summer—autumn
period. The second group included the thick peat
depositsat st. 3 and st. 5, in which the content of fungal
sporeswas maximal in summer and minimal in autumn.
In general, the content of fungal sporesin the thick peat
deposits at st. 3 and st. 5 was higher than in the shallow
peat deposit at st. 2 (Fig. 1). Conversely, the content of
the fungal mycelium was higher in the peat at st. 2 than
at st. 3 and st. 5. These differences may be determined
by different redox conditionsin these two types of peat
deposits.

It should be emphasized that the population of
micromycetes significantly depended on the season and
thetype of peat deposit and insignificantly depended on
the peat layer depth only within the active layer. In
deeper layers of the thick peat depositsat st. 3and st. 5,
the dependence of the micromycete population on the
first two factors became weaker, whereas its depen-
dence on the peat layer depth became stronger: the
Fisher significance test F with respect to the peat layer
depth was equal to 23.7 at significance level p < 0.0001
for fungal mycelium and 22.2 at significance level F <
0.0001 for fungal spores. Unlike the fungal spores,
which were detected in all the peat horizons, the fungal
mycelium was mainly detected within the active peat
layer. The abundance of microscopic fungi was typi-
cally greater in the upper layers of the peat deposits.

The concentration of eukaryotic microorganisms
(the content of the microbia biomassin mg per g peat)
varied from 2 to 44 mg/g peat in the upper 0.5-m-thick
peat layer, from 5 to 56 mg/g in the 1-m-thick layer, and
from 11 to 36 mg/g peat in the 3-m-thick layer (Table 1).
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Table 1. Seasonal variationsin (A) the concentration of microscopic fungi, (B) the fungal biomass, and (C) the percent of
fungal carbon in the total carbon pool of the oligotrophic peat deposits

A, mg/g peat B, kg/m? C, %
Peat at
0.5-mlayer| 1-mlayer | 3-mlayer |0.5-mlayer| 1-mlayer | 3-mlayer |0.5-mlayer| 1-mlayer | 3-mlayer
St 2 1344 16-56 —* 0209 | 0413 —* 1-2 05-1 —*
St 3 2-8 10-21 13-24 0.05-0.1 | 0.2-04 0.3-05 0.2-1 0.4-0.8 0.1-0.2
St.5 2-26 5-30 11-36 0.05-0.7 | 0.2-09 05-1.2 0.2-3 0.3-2 0.3-1

* Sign “—" indicates that no data available, as the thickness of the peat deposit did not exceed 1 m.

The concentration of micromycetes was at a maximum
in the shallow peat deposit at st. 2, where most micro-
scopic fungi (80% of the total eukaryotic microorgan-
isms) concentrated in the upper 0.5-m-thick peat layer.
In the peat deposits at st. 3 and st. 5, whose thickness
reached 3 m, micrascopic fungi were distributed more
uniformly: their fraction in the upper 50-cm peat layer
comprised 35%, while 38% in the 50-100 cm layer, and
the remaining 27% in the 100-300 cm layer.

In the thick peat deposits (st. 3 and st. 5), the micro-
mycete population was primarily determined by the
peat layer depth (F = 93.5 at p < 0.0001), whereas its
dependence on the season (F = 33.4 at p < 0.0001) and
especially on the type of peat deposit (F =17.8 at p <
0.0004) was weaker. The relatively uniform vertica
distribution of micromycetes in the thick peat deposits
was obvioudy due to their organogenic nature. In gen-
eral, thevertical distribution of microorganismsin most
soils differs from that observed in the thick peat depos-
its: their concentration decreases in the direction from
the litter to mineral soil and then decreases further with
the mineral soil depth.

Seasonal dynamics in the micromycete population
was most profound in the upper layer of the 3-m-thick
peat deposits. In the peat deposit at st. 3, the concentra:
tion of the eukaryotic microbial biomass was maximal
in summer. At the same time, at st. 5 situated on the
periphery of the open sedge-sphagnum bog, the con-
centration of micromycetes was maximal in spring. At
depths of 1-3 m, the dependence of the micromycete
population on the season and the type of peat deposit
was insignificant (Fig. 2).

Thus, the peat deposits under study differed in the
concentration and the vertical distribution of fungal
biomass. In the shallow peat deposit, the total content
of eukaryotic microorganisms was greater than in the
thick peat deposits, and they concentrated in the upper
0.5-m-thick peat layer. In the thick peat deposits, the
vertical distribution of the microbial biomass was rela-
tively uniform. The statistically significant dependence
of the micromycete population on the pesat layer depth,
the type of peat deposit, and the season was only
revealed for the 3-m-thick peat deposits.

Depending on the season, the eukaryotic microbial
biomass varied from 200 g/m? to 1.3 kg/m? in the 1-m
peat layer and from 300 g/m? to 1.2 kg/m? in the 3-m
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peat layer (Table 1). The total content of microscopic
fungi in the peat deposits (2-13 tons/ha) was no less
than in eluvia soils. The relative content of the micro-
mycete carbon in the total organic carbon of the peat did
not exceed 3% in the 0.5-m-thick layer, 2% in the 1-m-
thick layer, and 1% in the 3-m-thick layer (Table 1).

The peat deposits under study differed in the mor-
phological structure of the eukaryotic microbial biom-
ass, namely, in the proportion between the active com-
ponent of microscopic fungi (mycelium) and their inac-
tive component (spores). In the shallow peat deposit
at st. 2, the fungal mycelium dominated at depths of
0-75 cm, whereas fungal spores absolutely dominated
at depths of 75-100 cm, where their fraction reached
84-100%. In the thick peat deposit at st. 3, funga
sporesdominated at all depths: inthe upper layer of this
peat, the content of fungal spores was 10-30% greater
than that of the fungal mycelium, whereas the lower
peat layer contained 100% fungal spores. In this char-
acteristic, the peat at st. 5 was intermediate between the
peats at st. 2 and st. 3: the fungal mycelium dominated
at depths shallower than 1.5-2 m, whereas fungal
spores dominated at deeper depths.
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Fig. 2. The total concentration of the micromycete myce-
lium and spores (Cy4) in the thick oligotrophic peat depos-
itsat stations 3 and 5.
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Fig. 3. The number of yeasts (N) in the thick oligotrophic

peat deposits at stations 3 and 5 in spring (Sp), summer
(Su), and autumn (Au).

Thus, the morphological structure (the proportion
between the mycelium and spores) of the micromycete
complexes of the peat deposits is very variable with
respect to both the peat depth and the season. This
impliesthat the peat micromycetes, or at least afraction
of them, undergo multiplication. Some funga spores
are indistinguishable from yeast cells. Accordingly, the
high population of eukaryotic cells in the peats can be
explained by the high content of yeastlike cells rather
than of fungal spores. This suggestion is confirmed by
our earlier observation that the major portion of seem-
ingly fungal sporesfound inthe upland peat of the Tver
region multiplied by budding, whereas the number of
genuine fungal spores, which germinate with the for-
mation of the germ tube, was low [13].

Table 2. The occurrence rates of yeasts in the oligotrophic
peat deposits

Genus Né:fg%?:/g; zpe?\c:l? Occurrence rate, %

Basidiomycetous yeasts

Cryptococcus 5 67

Rhodotorula 6 71

Soorobolomyces 1 55

Trichosporon 1 19
Ascomycetous yeasts

Candida 4 19

Debaryomyces 1 7

Pichia 1 7
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Oligotrophic peats are favorable for the growth of
yeasts, since such peats have a high content of plant
debris and are characterized by low pH values and
anoxic conditions. For the thick peats at st. 3 and st. 5,
we determined the total and relative abundances of
yeasts, aswell as their distribution, diversity, and dom-
inant and indicator species.

Thetotal yeast population of these peats varied from
hundreds to millions of CFU per g peat, averaging
10% CFU/g peat, which is considerably greater than the
content of yeastsin the mineral soil horizons and close
to the content of yeasts in the forest litter. Unlike the
distribution of yeasts in the automorphic forest soils,
where yeasts concentrate in the superficial layer, the
distribution of yeastsin the peats at hand was uniform,
except for the deep peat layers, where the yeast popul a-
tion waslow (Fig. 3). Thevertical variation in the yeast
population was greater than its longitudinal variation
(i.e., along the landscape profile), indicating the statis-
tical significance of the vertical variation. Seasonal
variationsin the population and diversity of yeastswere
low: the Shannon diversity index of yeasts varied from
1.4t0 1.7 for the peat at st. 3 and from 1.2to 1.5 for the
peat at st. 5.

Yeasts are considered to be ecologically related to
theinitial succession stages of plant debris. A statistical
analysis showed that there is a negative correlation
between the yeast population and the degree of peat
degradation (r =-0.44 at p < 0.05). Thisimpliesthat the
lower the degree of peat degradation, the higher the
yeast population of the peat.

We succeeded in isolating 114 yeast strains belong-
ing to 17 species (either cosmopolitan or specific to
peats [14, 15]) of 7 genera. Some yeast isolates of the
asporogenous genera Candida, Cryptococcus, and
Rhodotorula were not identified to a species level
(Table 2). The isolates were mainly represented by
eurybiont basidiomycetous yeasts, which were domi-
nated by three species (Cryptococcus albidus Skinner,
red epiphytic Rhodotorula glutinis Harrison, and
Soorobolomyces roseus Kluyver et van Nidl). The
stenobiont basidiomycetous yeasts of the genera
Pichia, Debariomyces, and Candida were frequently
encountered aswell. Of interest isthe isolated rare spe-
cies Candida paludigena Golubev et Blagodatskaya,
which is believed to be associated with the upland
swampy ecosystems [16]. The yeast population of the
peats exhibited a higher occurrence rate and diversity of
ascomycetous yeasts as compared with other soil and
plant habitats.

The population of other micromycete groups in the
peats was low (from 0.2 to 28.6 thousand CFU/g peat),
which is one to two orders lower than in the lowland
peat deposits of the Tver region [16]. Multifactorial
variance analysis showed that the micromycete popula-
tion depended on the peat layer depth, season, and the
type of peat deposit, the peat layer depth being the most
statistically significant factor (F = 24.3 at p < 0.005).

MICROBIOLOGY  Vol. 71

No. 5 2002



THE STRUCTURE OF THE MICROMY CETE COMPLEXES

Analysis by culture methods revealed micromycetes at
all depths, up to 3 m. As arule, the density of micro-
mycetes decreased with the peat layer depth, was max-
imal in spring and autumn, and minimal in summer.
Similar trends in the seasonal dynamics of micro-
mycetes were observed for other types of soils, includ-
ing hydromorphic ones[17].

Among the isolated 55 species of micromycetes
bel onging to 24 genera, most species (94.6%) weretyp-
ical soil saprotrophs from the class Deuteromycetes.
The most frequently encountered micromycetes were
Penicillium and the sterile mycelium Mycelia sterilia
(Table 3). It should be noted that the latter is also the
dominant component of the micromycete complexes of
the swampy tundra soils[18]. Thethird most frequently
encountered micromycete was Trichoderma. Micro-
mycetes of the genera Phialophora and Oidiodendron,
as well as an unidentified mycelium and yeasts, were
encountered rarely. The range of accidental generain
the peats under study was very wide (Table 3).

In general, the peat deposits were dominated by
light-pigmented micromycetes of the family Monili-
aceae (the genera Penicillium, Trichoderma, Acremo-
nium, Aspergillus, Geotrichum, etc.), which arethe typ-
ica components of the micromycete complexes of
northern nonimpacted areas. The relative abundance of
dark-pigmented micromycetes of the family Demati-
aceae (the genera Aurebasidium, Oidiodendron, Phi-
alophora, etc.) varied from 0 to 44%, depending on the
season and the peat layer depth. The seasonal dynamics
of this group of micromycetes was observed only for
the upper pesat layer, where their relative abundances
were 0, 21, and 34% in spring, summer, and autumn,
respectively. The presence of fungi of the family Dema-
tiaceae in the upper peat layer can be explained by an
increased insolation of thislayer in summer and by the
intake of dark-pigmented epiphytic fungi from the for-
est litter in autumn, sinceit isknown that dark pigments
(melanins) protect micromycetes from various unfavor-
able factors, such as excess insolation and anthropo-
genic impact [19]. In the lower peat horizons, the rela-
tive abundance of dark-pigmented micromycetes was
seasonally stable and did not exceed 20%.

The widest species diversity of peat micromycetes
was observed for the genus Penicillium (20 species),
the most abundant and frequently encountered species
being P. funiculosum Thom, P. lividum Westling,
P. thomii Maire, and P. spinulosum Thom detected in all
peat horizonsin all seasons. Seasonal dependence was
observed only for representatives of the genus Phialo-
phora, which were detected in the peats at the end of
the vegetative period.

The peat at st. 3 gave rise to the greatest number of
isolates (32 species). For comparison, the number of
species isolated from the peats at st. 2 and st. 5 was
equal to 26 and 23, respectively. Typicaly, micro-
mycete species were uniformly distributed in the peat
horizons. However, some species (e.g., Trichoderma
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Table 3. The taxonomic composition of the micromycete
complexes of the oligotrophic peat deposits

Abundance group Genera

Dominant (OR > 60%) |Penicilium, Mycelia sterilia
Frequent (OR = 30-60%)| Trichoderma

Rare (OR =10-30%) | Phialophora, Oidiodendron,
Aureobasidium, Candida,
nonidentified mycelium

Ghrysosporium, Septonema,
Acremonium, Hainessia, Aspergil-
lus, Mortierella, Chloridium, Dorat-
omyces, Geotrichum, Gliocladium,
Gliomastix, Mucor, Paecilomices,
Torula, Zygodesmus, nonidentified
yeastlike mycelium

Note: Parenthesized isthe range of the occurrence rates (OR).

Occasiona (OR < 10%)

koningii Oud. and T. viridi Pers.) were mainly detected
in the upper peat horizon and did not exhibit seasonal
dependence. Therefore, the primary ecological factor
of these speciesisthe peat depth.

The Sorensen similarity coefficient of the micro-
mycete complexes of the peats was relatively small
(0.44-0.48), indicating their noticeable difference in
the taxonomic composition (largely due to the variable
content of micromycetes with low temporal and spatial
occurrence rates).

The majority of the isolated micromycetes were
slow-growing cdlulolytics, which are typical inhabit-
ants of all types of soil in thisregion. At the sametime,
fast-growing saccharolytic micromycetes, first of all
mucorales, which mainly utilize easily degradable
organic substances, were detected very rarely.

Thus, analysis by culture methods showed the pres-
ence of micromycetesin all the peat layers. The number
of micromycetes was relatively small and decreased
with the peat depth. The species diversity of isolated
micromycetes was low. Dominant were fungi of the
genus Penicillium, aswell asMycelia sterilia and light-
pigmented fungi. The micromycete complexes of the
peat deposits were similar in the content of dominant
species but differed in the content of minor species.
Dominant were slow-growing micromycetes.

To conclude, the analysis of peat samples by direct
microscopic count revealed the presence of both the
active component of the micromycete complex (myce-
lium) and its inactive component (spores). The dynam-
ics of micromycetesin the active peat layer was largely
determined by two factors, the season and the type of
peat deposit. The effect of the peat layer depth was pro-
nounced only in the thick peat deposits. In this case,
fungal spores were uniformly distributed in a vertical
direction, whereas the fungal mycelium was mainly
detected in the upper 1-m-thick peat layer. Rarely,
micromycete hyphae could be detected at depths down
to2m.
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The predominant location of the micromycete
mycelium in the upper soil horizons may be related to
two factors: (1) fungi are strictly aerobic organisms, so
that only some fungal species can grow at relatively
great depths; and (2) being saprotrophs, fungi follow
the organic matter of soil, whose content decreaseswith
depth in amost all types of soil [20]. Swampy ecosys-
tems are characterized by a specific hydrologic regime,
when their peat deposits may be flooded for along time.
Surface run-off and seasonal moisture displacement in
upland marshes are observed to depths of 0.7-0.8 m,
whereas filtration processes occur down to 1.5 m [21].
Marshes contain large quantities of organic matter in
the form of peat deposits (plant debris of different deg-
radation degree), whose thickness may comprise many
meters. Therefore, peat might seem to favor the devel-
opment of micromycetes.

Actually, however, the micromycete mycelium was
found to grow only in the upper 1-m-thick peat layer,
whereas yeast cells and fungal spores were more uni-
formly distributed over the peat horizons. The distribu-
tion and the state of various microbial groups in thick
peat deposits are determined by many factors, such as
the low content of oxygen in bog waters, the toxicity of
phenolic compounds (which drastically increases under
anoxic conditions), the presence of anticepticsand anti-
oxidants, and the low temperature of the buried peat
layers.

Some eukaryotic cells occurring at great depths
were found to be viable, as is evident from their sea-
sonal dynamics investigated by direct microscopic
observation and by culture methods. It is the culture
methods that alowed micromycetes to be detected in
the peats at 3-m depths, whereas direct microscopic
examination failed to detect the micromycete myce-
lium at great depths. Thisimpliesthat micromycete col-
onies grown on nutrient media from peat samplestaken
from great depths originated from fungal spores.

Some fungal spores found in the upper peat layer
were amost indistinguishable from vyeast cells.
Accordingly, the high population of eukaryotic cellsin
the peats under study may be explained by the high
content of yeastlike cells rather than of fungal spores.
Thissuggestion is confirmed by the observation that the
major portion of seemingly fungal spores found in the
peats multiply by budding, whereas the number of gen-
uine fungal spores, which germinate with the formation
of the germ tube, is low. Analysis by culture methods
showed that yeasts were uniformly distributed over the
oligotrophic peat deposits. Thetotal content of yeastsin
the peat deposits was considerably greater than in elu-
vial soils.

The content of the eukaryotic microbial biomassin
the peat deposits was the same or even higher than in
eluvia soils. However, as compared with the total pool
of organic matter in the peats, which is mainly repre-
sented by phytomass and plant debris (mortmass), the
content of the eukaryotic microbial biomass was insig-
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nificant: the carbon of micromycete origin comprised
only 3% of thetotal peat carbon.

The micromycete complexes of the peat deposits
were dominated by fungi of the genus Penicillium,
Mycelia sterilia, light-pigmented micromycetes, and
diverse ascomycetous yeasts.

ACKNOWLEDGMENT

This work was supported by grants nos. 01-05-
64163 and 01-04-48249 from the Russian Foundation
for Basic Research.

REFERENCES

1. Gantimurova, N.I., The Microflora of Peat—-Bog Soils,
Mikroflora pochv Zapadnoi Shiri (The Microflora of
West Siberian Soils), Novosibirsk: Nauka, 1970,
pp. 148-170.

2. Zhdannikova, E.N., The Micrabiological Characteristics
of Peat—Bog Soils in the Tomsk Region, Zabolochennye
lesai bolota Shiri (Marshy Forestsand Marshesin Sibe-
ria), Moscow: Akad. Nauk SSSR, 1963, pp. 170-182.

3. Wainwright, M., Origin of Fungal Colonies on Dilution
and Soil Plates Determined Using Nonanoic Acid,
Trans. Brit. Soc., 1989, val. 79, no. 1, pp. 178-179.

4. Metody pochvennoi mikrobiologii i biokhimii (Methods
of Soil Microbiology and Biochemistry), Zvyagint-
sev, D.G., Ed., Moscow: Mosk. Gos. Univ., 1991.

5. Vasyuganskoe boloto: prirodnye usloviya, struktura i
funktsionirovanie (The Vasyugan Marsh: Natural Condi-
tions, Structure, and Functioning), Inisheva, L.l1., Ed.,
Tomsk: Tomsk TSNTI, 2000.

6. Polyanskaya, L.M., Microbial Succession in Soil, Doc-
toral (Biol.) Dissertation, Moscow, 1996.

7. Zvereva, A.A., Yudina N.V., Serebrennikova O.V., Ini-
sheva L.l., The Composition of Lipids in Oligotrophic
Peats, Materialy V mezhd. konf. “ Novye idei v geologii i
geokhimii nefti i gaza” (Proc. Vth Int. Conf. “New Idea
in the Geology and Geochemistry of Oil and Gas'),
Moscow: Mosk. Gos. Univ., 2000, val. 2, pp. 148-151.

8. Dudka, 1.A., Metody eksperimental’noi mikologii
(Methods of Experimenta Mycology), Kiev: Nauk.
Dumka, 1982.

9. Domsch, K.H. and Gams, W., Compendium of Soil
Fungi, IHW, 1993.

10. Pitt, J1., The Genus Penicillium and Its Teleomorphic
Sates Eupenicillium and Talaromyces, London: Aca
demic, 1979.

11. The Yeasts: A Taxonomic Sudy, Kurtzman, C.P. and
Fell, JW., Eds., Amsterdam: Elsevier Science, 1998.

12. Golovchenko, A.V., Polyanskaya, L.M., Dobro-
vol'skaya, T.G., Vasil'eva, L.V., Chernov, l.Yu., and
Zvyagintsev, D.G., The Spatial Distribution and Struc-
ture of Microbial Complexes in the Marsh—Forest Eco-
systems, Pochvovedenie, 1993, no. 10, pp. 78-89.

13. Golovchenko, A.V. and Polyanskaya, L.M., The Viabil-
ity of Fungal Spores and Mycelium in Peat Deposits,
Materialy soveshchaniya “ Bolota i zabolochennye lesa
v svete zadach ustoichivogo prirodopol’zovaniya”
(Proc. Conf. “Marshes and Marshy Forests in Light of

MICROBIOLOGY Vol. 71  No.5 2002



14.

15.

16.

THE STRUCTURE OF THE MICROMY CETE COMPLEXES

Sustainable Environmental Management”), Moscow:
GEOS, 1999, pp. 106-109.

Golubev, V.I., Blagodatskaya, V.M., Manukyan, A.R.,
and Liss, O.L., Peat Yeasts, 1zv. Akad. Nauk SSSR, Ser.
Bial., 1981, no. 2, pp. 181-187.

Polyakova, A.V., Chernov, I.Yu., and Panikov, N.S,,
Yeast Diversity in Hydromorphic Soils with Reference
to a Grass—-Sphagnum Wetland in Western Siberiaand a
Hummocky Tundra Region at Cape Barrow (Alaska),
Mikrobiologiya, 2001, vol. 70, no. 5, pp. 714-720.
Terekhova, V.A., Golovchenko, A.V., Semenova, T.A,,
Rakhleeva, A.A., and Trofimov, S.Ya.,, The Structural
and Functional Organization of Soil Mycobiota Near the
Mezha River Channel, Tez. dokl. mezhd. konf. “ Malye
reki: Sovremennoe ekol ogicheskoe sostoyanie, aktual’ nye
problemy” (Proc. Int. Conf. “Small Rivers: Modern Eco-
logical State and Topical Problems’), Tol'yatti: IEVB
Ross. Akad. Nauk, p. 203.

MICROBIOLOGY Vol. 71  No.5 2002

17.

18.

19.

20.

21.

581

Terekhova, V.A., Trofimov, S.Ya,, Semenova, T.A., and
Dorofeeva, E.l., The Structural and Functional State of
Mycobiota with Regard to the Dynamics of Organic
Matter in the Virgin Soils of Southern Taiga, Poch-
vovedenie, 1999, no. 4, pp. 461-467.

Parinkina, O.M., Mikroflora tundrovykh pochv (Microf-
lora of Tundra Soils), Leningrad: Nauka, 1989.

Zhdanova, N.N. and Vasilevskaya, A.l., Melanin-
soder zhashchie griby v ekstremal’ nykh usloviyakh (Mel-
anin-containing Fungi under Extreme Conditions), Kiev:
Nauk. Dumka, 1988.

Mirchink, T.G., Pochvennaya mikologiya (Soil Mycol-
ogy), Moscow: Mosk. Gos. Univ., 1988.

Sirin, A.A., Water Exchange Processes and the Struc-
tural and Functional Characteristics of Forest Bogs in
European Taiga, Doctoral (Biol.) Dissertation, Moscow,
1999



