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Preliminary studies in the northern part of the “Bitsevsky forest” natural and historical park resulted in the col-
lection of 79 specimens of nivicolous myxomycetes belonging to 6 species from 3 genera. This is the first record
of nivicolous myxomycetes in urban parks in lowlands. Photographs of sporocarps and micromorphological
structures are given for each species. Lamproderma ovoideoechinulatum var. microspora, L. zonatopulchellum, and
Meriderma carestiae var. carestiae were found for the first time in Moscow Region. The data indicate that high
level of anthropogenic pressure, namely trampling and moderate improvement does not restrict sporulation of

nivicolous species.
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Nivicolous myxomycetes are a rather distinct eco-
logical group comprising species capable of forming
sporocarps in early spring at the edge of melting snow-
banks (Schnittler et al., 2022). Previously, nivicolous
myxomycetes were assumed to sporulate only in the
mountains or rugged areas. However, recent years have
seen isolated data on their occurrence in lowland bore-
al ecosystems in Moscow (Gmoshinskiy, Kireeva,
2023), Leningrad (Erastova, Novozhilov, 2015), and
Tver Regions (Gmoshinskiy, Kireeva, personal data),
as well as in Kharkov Region, Ukraine (Yatsiuk, Leon-
tyev, 2020; Yatsiuk et al., 2023) and other regions
(Ronikier, Ronikier, 2009). The increase in the num-
ber of such works is associated with the understanding
of the nivicolous myxomycete ecology. It has been
shown that these species can form sporocarps only un-
der a favorable combination of several climatic factors
(the absence of severe frost before the establishment of
a stable snow cover persisting throughout the winter)
(Schnittler et al., 2015). Such conditions in the low-
lands are not observed every year. Also, snow melts in
the mountains gradually over several weeks or even
months. An important factor in the mountains is also
the fairly high solar radiation, which, in the presence of
a long and thick snow cover, contributes to the heating
of the soil surface under the snow (Ishikawa, 2003).
Thus, it is possible to discover nivicolous species within
a fairly long period. Otherwise, in the lowlands, only
1—2 weeks may elapse between formation of the first
thawed patches and complete disappearance of snow
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cover. In addition, sporocarps of most species are very
fragile and almost completely destroy after the first
precipitation (Gmoshinskiy, Kireeva, 2023).

The first data on myxomycetes of Moscow Region
date back to the beginning of the 19th century, but reg-
ular studies of the species diversity began only in the
1960s (Bortnikov et al., 2020). Since then, more than
197 species of myxomycetes have been recorded in
Moscow and Moscow Region (Gmoshinskiy, 2013).
A study of the species diversity of nivicolous myxomy-
cetes of Prioksko-Terrasny Nature Reserve was initiat-
ed in 2022, during which 10 species were registered
(Gmoshinskiy, Kireeva, 2023). At the same time, nivi-
colous myxomycetes have not been noted not only in
Moscow but in any large urban agglomeration so far.

The “Bitsevsky forest” natural and historical park is
the second largest forest area in Moscow following
Losiny Ostrov National Park. It is located in the south-
eastern part of the Teplostan Upland, in the most ele-
vated part of it (up to 255 m above sea level), which is
an isolated natural area formed on preglacial drift. Its
modern territory, split by ravines and gullies with steep
slopes, is composed of former estates merged together
in the Soviet era (Uzkoe, Yasenevo, Biryulevo, Kras-
noe, Konkovo, Markovo, Kolchevo, Znamenski Sadki,
etc.) and peasant lands marked off from the estates as a
result of the 1861 reform. Consequently, there are no
continuous forest tracts, but fields and meadows, inter-
spersed with groves. Each plot of land was exploited
depending on the owners’ needs (Korobko, 2013).
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During the Second World War, on the territory of the
present park there was a Moscow Line of Defense with
a branched network of trenches and bunkers. A signif-
icant part of green areas was cut down during its con-
struction and for the needs of local villagers. Therefore,
many broad-leaved trees were planted in the 1950—
1960s (Anonymous, 2023), but a considerable part of
the area is taken up by aspen forests. Most of the coni-
fer stands are also of artificial origin. The oldest ones
are oak forests (180—190 years old) and linden forests
(90—100 years old), but their area is not large, and the
main area is covered by linden forests, represented by
70—90 years old plantations, and birch forests (60—
70 years old). The understory is formed by linden and,
occasionally, by spruce. The dominant species in the
undergrowth is hazel.

Material was collected on April 11, 2023 in four
study plots located in the northern part of the park, in
the vicinity of the Bitsa Euestrian club:

Loc. 1 — Birch forest with linden: Betula pendula Roth,
Malus sp., Tilia cordata Mill.; undergrowth: Acer platanoides
L., Cornus sericea L., Corylus avellana (L.) H. Karst., Sorbus
aucuparia L. (55.64454° N, 37.57774° E). — Loc. 2 — Mixed
forest with birch, acer and linden: Acer platanoides, Betula
pendula, Tilia cordata; undergrowth: Corylus avellana
(55.64450° N, 37.57142° E). — Loc. 3 — Linden forest with a
few birch trees: Tilia cordata, Betula pendula (55.63901° N,
37.57381° E). — Loc. 4 — B. pendula, Populus tremula L.,
Quercus robur L.; undergrowth: Acer platanoides, Corylus
avellana (55.6377° N, 37.57757° E).

We also investigated several sites with dominated by
conifers trees, but no sporophores of nivicolous species
were found there, so they were excluded from study.
Specimens were collected according to the standard
methods (Wrigley de Basanta, Estrada-Torres, 2022).

Photographs of sporocarps were taken using a Mi-
cromed 3 var. 3LED optical microscope with an
E3CMOS06300 digital camera and top illumination.
The series of pictures were taken in different focal
planes and processed with a Helicon Focus ver. 6.0.18
software. The measurements of spores, capillitium,
and sporocarps were obtained via ToupView 3.7 and
Imagel ver. 1.52a. Microscopic measurements and ob-
servations were made with the same microscope and
software. Microscope slides were prepared with 4%
KOH.

The list of recorded species is ordered alphabetical-
ly. Authors and concepts of taxa are given according to
the Eumycetozoa database (Lado 2005—2023).

Dianema nivale (Meyl.) G. Lister (Fig. 1 A—D). — 2
specimens: Loc. 1 — MYX 22562; Loc. 2 — MYX 22587. On
living Carex sp. Colonies are very small and represented by
only few sporangia.

The species was previously found in Prioksko-Terrasny
natural state reserve (Gmoshinskiy, Kireeva, 2023). Our
samples identical for morphological and ecological features
of type sample (Singer et al., 2006; Pinheiro Vellosa et al.,
2020). The species has been previously recorded ins southern
Western Siberia, but sporophores was found in moist cham-
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bers conditions on bark of Salix sp. and Populus sp. (Vlasen-
ko, 2013, 2020).

Lamproderma arcyrioides (Sommerf.) Rostaf. (Fig. 1 E—I). —
23 specimens: Loc. 1 — MYX 22547; Loc. 2 — MYX 22563,
MYX 22564; Loc. 4 — MYX 22596—22610, MYX 22614—
22616, MYX 22618, MYX 22619. On living Carex sp. and on
dead small deciduous twigs (less than 3 cm in diam.).

It is one of the most widely distributed species. The spo-
rocarps of two specimens (MYX 22598 and MYX 22601)
were tinted with gold (Fig. 1 I) apart from the typical violet-
blue color (Fig. 1 E—H). This is the feature by which L. ar-
cyrioides differs from L. aeneum Mar. Mey. et Poulain. Thus,
either two different but very similar species formed sporo-
carps on the same substrate fragment, or the peridium color
of L. arcyrioides can vary very widely. Further studies are
required to establish the limits of the peridium color vari-
ability.

L. echinosporum Meyl. (Fig. 1 J—N). — 23 specimens:
Loc. 1 — MYX 22538-22543, MYX 22548-22550, MYX
2255222554, MYX 22556; Loc. 2 — MYX 22565, MYX
22566, MYX 22576, MYX 22578—22580, MYX 22582, MYX
22585; Loc. 3 — MYX 22595; Loc. 4 — MYX 22617.

On living Carex sp. and on dead small twins of deciduous
trees (less 3 cm in diam.), rare on fallen leaves of deciduous
trees. This is the only species observed in all study areas.
Its diagnostic feature is the presence of clearly visible spots
on the peridium surface (Fig. 1 J) and echinulate spores
(Fig. 1 K). In most specimens, many light spherical bodies
with dark warts were observed. These bodies were inside the
capillitial filaments and on the spore surface, and were also
freely distributed on the slide. Some authors attributed spec-
imens with such characters to L. echinosporum f. liberum
K. Baumann, Nowotny, Kuhnt et Mar. Mey. However, it
appears to be a kind of endoparasite related to the genus Mi-
tosporidium from Rozellomycota (Yajima et al. 2013; Gros-
sart et al., 2016) (Fig. 1 L—N). Notably, A. Kuhnt (2019) in-
dicates that this phenomenon is typically very rare, but we
observed these bodies in 8 of 13 specimens from the Loc. 1,
while in Loc. 2 only one such colony was found, and in
Loc. 3 and Loc. 4 both specimens were lacking them. Thus,
it is possible that the endoparasite lesion may have a local
character.

L. ovoideoechinulatum var. microspora Mar. Mey et Pou-
lain (Fig. 2 A—D). — 3 specimens: Loc. 1 — MYX 22545;
Loc.2 — MYX22575; MYX 22586. On dead small deciduous
twigs (less 3 cm in diam.).

This species has not been previously recorded in the
Moscow region. Its most characteristic features are the oval
shape of the sporotheca (Fig. 2 A, D) and small spores (11—
13 um in diameter) with unevenly thickened walls and orna-
mentation of fine warts (Fig. 2 B—C).

L. zonatopulchellum Yatsiuk, Leontyev, Lopez-Vill. et
Schnittler (Fig. 2 E—H). — 6 specimens: Loc. 1 — MYX
22544, MYX 22546; Loc. 2 — MYX 22577, MYX 2258]1,
MYX 22583, MYX 22584. On small herbaceous shrubs
(Cornus sericea) and on downside of leaves of living Carex sp.

Often sporocarps formed on the same substrate frag-
ments as L. echinosporum (MYX 22576—22577, MYX
22581-22582; MYX 22584—22585). This species was not
described until 2023. The authors specify that it occupies a
middle position between L. zonatum Mar. Mey et Poulain
and L. pulchellum Meyl. It differs from the former primarily
by light brown capillitial threads with whitish ends, and from
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Fig. 1. Sporocarps of myxomycetes from the genera Dianema and Lamproderma: A—D — Dianema nivale (A — MYX 22562, B, C —
capillitium and spores in transmitted light, D — MYX 22587, mature sporangia); E—1 — Lamproderma arcyrioides mature sporangia
(E—-MYX 22602, F — MYX 22607, G — MYX 22563, H — MYX 22609, I — sporangium with golden reflection, MYX 22601);
J—K — L. echinosporum MYX 22578 (J — mature sporangia, K — spore ornamentation, TL); L—N — L. echinosporum f. liberum
MYX 22538 (L — sporangium with endoparasite, M — spherical bodies in the capillitium, TL, N — spores and light spherical bodies,
TL). Scale: 10 um (K, M, N); 20 um (C); 50 um (B); 200 um (D, L); 400 um (E—I); 500 um (A, J).

the latter — by concentric reddish and yellowish zones on the
peridium and smaller spores (12—14 um in L. pulchellum
vs. 10.3—12.6 um in L. zonatopulchellum) (Yatsiuk et al.,
2023). In addition, most of sporangia in our colonies were
short-stalked (Fig. 2 E, F), while sporangia of L. zonatum are
always sessile. Also, Yatsiuk et al. report that L. zonatopul-
chellum is most likely quite widespread in the lowlands. To
note, in the original paper specimens MYX 8431 and MYX 8437
were referred to the erroneous location. They were actually
found in Central Forest Nature Reserve (Tver Region) and
not in Nizhnesvirsky Reserve (Leningrad Region).
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Meriderma carestiae var. carestiae (Ces. et De Not.) Mar
Mey. et Poulain (Fig. 2 I-K). — 22 specimens: Loc. 1 —
MYX 22551, MYX 22555, MYX 22557—22561; Loc. 2 —
MYX 22567—22574; Loc. 3 — MYX 22588—22594. On small
living broad-leaved shrubs, small fallen twigs, and leaves of
living Carex sp.

The main distinguishing feature of this species is sub-
reticulate ornamentation of spores (Fig. 2 I).

Even the most superficial studies of the species di-
versity of nivicolous myxomycetes in Moscow park
showed strong chance of their discovery. Most likely,
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Fig. 2. Sporocarps of myxomycetes from the genera Lamproderma and Meriderma: A—D — Lamproderma ovoideoechinulatum var. mi-
crospora (A, D — MYX 22575, mature sporangia, B — MYX 22545, capillitium and spores, TL, C — MYX 22575, spore ornamenta-
tion, TL); E—H — L. zonatopulchellum MYX 22546 (E, F — mature sporangia, G — capillitium and spore ornamentation, TL, H —
capillitium and columella, TL); I—-K — Meriderma carestiae var. carestiae MYX 22588 (I — spore ornamentation, TL, J, K — mature
sporangia). Scale bars: 10 um (G, I); 50 um (B, C); 200 um (D); 300 um (A, E, F, H, J, K).

the significant anthropogenic pressure to which the
ecosystem in urban parks is subjected is not a limiting
factor for nivicolous myxomycete populations. As in
the case of vascular plants (Istomina et al., 2014), myxo-
mycetes completely disappear only on the paths, where
all other forest myxomycete species cannot form, too.
The main reason for the disappearance of myxomy-
cetes as well as vascular plants (Polyakova, Melank-
holin, 2007), in the park is a significant change in hab-
itat, rather than trampling itself. Thus, in order to pre-
serve biodiversity within the city, it is important to
implement a balanced regulation of improvement ac-
tivities. It should be emphasized that the ecosystem of
the city has a very complex and, as this study shows, in-
sufficiently studied multi-component structure.
Ne 5
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Changes in the natural resource management policy,
transformation of native forests into parks — replace-
ment of topsoil with rolled lawns and destruction of the
shrub layer and forest floor — entail an irreversible
change in the structure of this ecosystem, and conse-
quently the potential disappearance of various organ-
isms. That is why it is so important to preserve small
forest areas that are still left on the territory of the Eu-
ropean largest city.

The field work of V.I. Gmoshinskiy was funded by
the Polistovsky Nature Reserve (project FEA No 1-22-
66-3) and identification and study of specimens was
carried out within the state assignment of the Ministry
of Science and Higher Education of the Russian Fed-
eration (Ne 075-15-2021-1396).
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IlepBbie 1aHHBIE 0 HUBAJBHBIX MUKCOMHIIETAX NMPHPOIHO-HUCTOPHIECKOTO
napka “burneBckuii jec” (Mocksa, Poccus)

B. U. Imoumnckuii*, H. . Kupeepa®*

MTY umenu M. B. Jlomonocoea, Mockea, Poccus
b Hesasucumviii uccaedosamens, Mockea, Poccus
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B xone mpenBapuTeIbHOTO UCCIeIOBAHUS B CEBEPHOM YaCTU TMTPUPOTHO-UCTOPUIECKOTO TTapKa “ BUTiieBCKmii
Jtec” ObLI0 coOpaHo 79 06pa3loB HUBAIBHBIX MUKCOMUIIETOB, MPUHALICKAIIMX K 6 BUIaM U3 3 pomnoB. D10
TepBLIi cTyvail 0GHapyKeHUsI HUBAJIbBHBIX MUKCOMUIIETOB B TOPOACKUX MapKax. JIJIst KaxkIoro BUaa MpuBO-
nsTcsl hoTorpacuu CIIOPOHOILIEHU 1 MUKponpenapaTtoB. Brepsbie 111 MOCKOBCKOTo peruoHa OTME4YeHbI
Lamproderma ovoideoechinulatum var. microspora, L. zonatopulchellum w Meriderma carestiae var. carestiae. [1o-
JIydeHHbIE JTaHHbIE CBUAETEIbCTBYIOT O TOM, YTO BBICOKUI YPOBEHb aHTPOMIOT€HHOM Harpy3ku (BbITANThIBa-
HUE U yMEPEHHOE 6JIarOyCTPONCTBO) HE MOXKET ITOJTHOCTBIO MPETSITCTBOBATh POPMUPOBAHUIO CIIOPOHOIIIECHUIA
HUBAJIbHBIX BUIOB.

Knroueessie crosa: anTpororeHHast Harpyska, 0Mopa3HooOpas3ue, BBICOTHOE paclipeeeHue HUBaJbHbBIX MUK-
COMMUIIETOB, TOPOACKME TEPPUTOPUHU, PEKPeallMOHHAS 1eITeIbHOCTD, SKOJIOTUS
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