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Abstract—Rapid climate warming in the Arctic contributes to an increase in the number of fungal species.
However, the long-term dynamics of alien mycobiota, especially in Siberia, has been studied fragmentarily.
In one of the largest industrial centers of the Arctic, the Norilsk city and nearby settlements in the Taymyrsky
Dolgano-Nenetsky District of Krasnoyarsk krai, 78 species of fungi and pseudofungi (Ascomycota, Basidio-
mycota, and Oomycota) have been collected on alien plants over a 100-year period. Of these, 59 species are
new to the district, 32 of which are noted in the Russian Arctic for the first time. Fungi are associated with
57 species of alien woody and herbaceous plants, 8 of which are included in the Black Book of Siberian Flora;
50 species of fungi were found on woody plants and 38 on herbaceous plants. The richest mycocomplexes are
associated with Populus tremula (seven species of fungi), Acer negundo, and Prunus padus (five species each).
Most of the alien fungi species (69.2%) are taxa widespread in Siberian forests, which, thanks to alien host
plants, were able to expand their range to the north, while 7.7% are invasive for the entire territory of the Arc-
tic and Siberia. The primary ranges of 24 fungi species are located in America, East Asia, and Europe. All
alien fungal species were brought to district unintentionally. The main vectors of dispersal are the develop-
ment of transport infrastructure and the movement of transport, people, and related goods during the eco-
nomic development of territories. The first results indicate the absence of a correlation between the number
of aphyllophoroid fungi species with the age and area of cities, but a reliable relationship has been established
with the number of residents. A detailed study of other territories will allow the development of a Black List
of Russian Arctic mycobiota.
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INTRODUCTION
The Arctic is warming about four times faster than

other regions of the planet (Rantanen et al., 2022). In
response to rapid temperature increases, profound
changes are being observed in terrestrial Arctic ecosys-
tems, such as borealization of f lora, northward
advance of the tree line, growth of woody phytomass,
and increased species richness of mycobiota (Kause-
rud et al., 2008; Shiyatov, 2009; Walker et al., 2012).
Fungi, including symbionts, pathogens, and decom-
posers, play a leading role in plant community dynam-
ics and nutrient cycling in terrestrial ecosystems.
Despite their ecological importance, the response of
Arctic fungi to climate warming is unknown, as is their
potential role in driving observed and projected
changes in high-latitude biota (Diez et al., 2013).

With the rise in temperature in the north, anthro-
pogenic activity has intensified: the construction of
economic infrastructure from imported lumber is
underway, and the rate of introduction of woody and
herbaceous plants is accelerating in order to green

populated areas (Morozova and Tishkov, 2021;
Pis’markina et al., 2022). In turn, the emergence of
many alien plant species in the Arctic is the cause of
associated biological invasions that affect local,
regional, and global biodiversity (Wasowicz et al.,
2020). Warming and the introduction of plants have
allowed alien fungi to spread to regions where they
could not previously survive and reproduce (Dahlberg
and Bültmann, 2013). The increasing rate of emergence
of alien fungal species in the north, as in more southern
regions, will probably contribute to changes in plant
communities, especially when alien phytopathogenic
species penetrate local ecosystems (Diez et al., 2013;
Khimich et al., 2020). In the Arctic, the number of
indoor fungi is growing, which destroy infrastructure
built from imported wood building materials and also
cause allergies in the local population (Shiryaev et al.,
2020; Schertler et al., 2024).

The alien mycobiota of the European Arctic has
been studied for at least 30 years, making it possible to
establish the principles of spatiotemporal dynamics of
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invasive species and invasion vectors (Karatygin et al.,
1999; Shiryaev and Mukhin, 2010; Shiryaev et al.,
2020). The alien mycobiota of Siberian territories has
been studied. Fragmentary data are known for the
West Siberian and Yakut sectors (Otchet…, 1992; Shi-
ryaev et al., 2018; Shiryaev et al., 2020). In high-latitude
regions, at least 90% of alien fungal species were found
on alien plants, as well as on anthropogenic building
materials (Kotiranta and Mukhin, 2000; Khimich et al.,
2020; Shiryaev et al., 2020). Data on the alien mycobi-
ota of the vast Taymyrsky Dolgano-Nenetsky District
of Krasnoyarsk krai are rare (Karatygin et al., 1999;
Shiryaev, 2011, 2024).

The Norilsk industrial region is one of the largest
agglomerations in the Russian Arctic, with more than
a century of industrial development history (Erts,
2004; Open…, 2024). In 1938, a state-owned agricul-
tural enterprise was established in the region that
included two farms: Norilsk and Valkovskaya. For
cows and pigs, hay and feed were brought in from the
“mainland.” In the mid-1940s, the state farm grew a
number of “exotic” plants in the open ground: turnips,
potatoes, three types of cabbage, rutabagas, turnips,
radishes, lettuce, carrots, peas, beets, dill, sorrel, and
green onions. In order to grow heat-loving crops,
greenhouses and hothouses were built (Erts, 2004;
State…, 2024). In the 1980s, the Norilsk state farm
grew flowers; cucumbers, tomatoes, eggplants, bell
peppers, lettuce, spinach, parsnips, watermelons,
melons, green onions, and table greens ripened in
greenhouses, and champignons and oyster mush-
rooms were also grown (Otchet…, 1992; Sevastyanov
et al., 2014). However, in the 1990s, most agricultural
products were already delivered from the “mainland,”
and in 2005, the Norilsk farm was abolished (Sev-
astyanov et al., 2014).

Norilsk lacks green spaces. Landscaping is of an
island nature: lawns and flower beds are common;
shrubs are present along roads and in public places
(Postanovlenie…, 2015; State…, 2024). In 2012, the
central part of Norilsk was renovated. Meadow blue-
grass and red fescue, blue spruce, juniper and flower-
ing shrub species, and decorative larch shrubs (dog-
wood, serviceberry, Japanese spirea, and cinquefoil)
were planted on lawns. In 2013, about 100000 seed-
lings of various flower crops were grown in a Norilsk
greenhouse: several types of marigolds, coleus, agera-
tum, and sage (Postanovlenie…, 2015). Since the begin-
ning of the 2020s, perennial herbs have been planted in
the Central District of the city and shrubs such as rose
hips, spirea, rhododendrons, and bergenia. In popu-
lated areas, the greening of living spaces is actively tak-
ing place with a wide range of trees, shrubs, and her-
baceous plants, the primary habitat of which is located
far from Taymyr (Postanovlenie…, 2015; Filatova and
Sergeeva, 2021; Yanchenko and Filatova, 2021; Pos-
pelova and Pospelov, 2023).
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In the vicinity of Norilsk, the number of recre-
ational complexes (recreation centers, sports and
health facilities, tourist centers, and summer cottages)
is increasing, where landscaping with introduced
woody and herbaceous plants is being carried out. The
Norilsk Lake District became the basis for the forma-
tion of a recreational area approximately 30 km in
length (along the Norilsk-Talnakh highway), where
38 recreational complexes created in the second half of
the 20th and early 21st centuries are located (Sev-
astyanov et al., 2014). In landscaping, there are woody
and herbaceous introduced species, such as Bergenia
crassifolia (L.) Fritsch, Iris sibirica L., Populus trem-
ula L., and Sorbaria sorbifolia (L.) A. Braun. Climate
warming and the desire of local residents for personal
garden plots have led to the introduction of a large
number of plants. In the Valek region, the number and
area of garden plots is growing. The number of green-
houses where seasonal crops are grown is increasing:
cucumbers, tomatoes, peppers, zucchini, onions, dill,
and parsley (Sevastyanov et al., 2014). According to
E.B. Pospelova and I.N. Pospelova (2007, 2023),
54 species of alien plants are known in Taymyr.

The first information about the discovery of alien,
cryptogenic species of fungi and pseudofungi (herein-
after simply referred to as fungi) of Taymyr dates back
to 1912, when oomycetes (Peronospora chenopodii
Schltdl.) were collected in the vicinity of Dudinka on
the leaves of an alien Chenopodium album L. (Lavrov,
1926, cited from Karatygin et al., 1999). At the same
place, on the leaves of Rumex acetosella L., ascomycete
Cladosporium allicinum (Fr.) Bensch, U. Braun &
Crous was collected (Lind, 1934, cited by Karatygin
et al., 1999). In 1968, a new species of alien fungi Rhi-
zoctonia solani J.G. Kühn was collected on potatoes
and tomatoes at the Norilsk state farm (Otchet…,
1992). In the 1970s, three types of microscopic patho-
gens were identified: Cladosporium cucumerinum (Fr.)
Bensch, U. Braun & Crous, Golovinomyces artemisiae
(Grev.) VP Heluta, and Pseudoperonospora cubensis
(Berk. & M.A. Curtis) Rostovzev. In 1980, the Phy-
tophthora infestans (Mont.) de Bary developed mas-
sively on potatoes and tomatoes and Septoria petrose-
lini Desm. on parsley in greenhouses. In the 1990s and
2000s, no new species of fungi were discovered, but in
the 2010s, the macromycete Typhula ishikariensis
S. Imai was collected (Otchet…, 1992; Shiryaev, 2024).
By the start of this research in 2024, nine species of
alien fungi developing on alien plants were known in
Taymyr. In the 1980s, there were attempts to grow
champignons (Agaricus spp.) and oyster mushrooms
(Pleurotus sp.) in greenhouses, but this turned out to be
economically unprofitable. These species are excluded
from this study.

The aim of this study is to establish the number of
fungal species developing on alien plants of Taymyr
and identify the trophic and biogeographic structure
of mycobiota and the routes of penetration of invasive
species.
 No. 5  2025



640 SHIRYAEV et al.

Fig. 1. Map of Taymyrsky Dolgano-Nenetsky District. The rectangle marks the research area.
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MATERIALS AND METHODS

The Taymyrsky Dolgano-Nenetsky District is
located in the far north of Krasnoyarsk krai, north of
the Arctic Circle (Krasnaya kniga…, 2022). Cape Che-
lyuskin, the northernmost point of Eurasia, is located
on the Taymyr Peninsula (Fig. 1). The territory
belongs to the Central Siberian f loristic subprovince of
the North Angara province of the Hypoarctic belt
(Yurtsev, 1966). In the far north of Taymyr, arctic des-
erts are widespread, and most of the region is covered
with tundra vegetation. The Arctic forest boundary
runs through the region of Dudinka and Norilsk. For-
est tundra and mountain northern taiga forests are
widespread to the south.

The area of the region is 879900 km2. The capital is
the city of Dudinka, located on the right bank of the
Yenisei River (69°24′ N, 86°10′ E). The largest city in
the Taymyrsky Dolgano-Nenetsky District is Norilsk
(69°21′ N, 88°11′ E), with a population of 235000 peo-
ple. It is the second largest city in Krasnoyarsk krai by
population (Open…, 2024).

According to data from the Dudinka weather sta-
tion (Reference and information…, 2024), the climate
in the Norilsk region is subarctic continental. The
average annual air temperature in the middle of the
20th century was –9.4 to –10.5°C (Fig. 2). Since the
1980s, there has been warming, and in the current
decade the average annual air temperature is –6.4°C.
Therefore, over 50 years the temperature has increased
by 4.4°C; i.e., it is increasing at a rate of 0.88°C/10 years.
On average, 341 mm of precipitation falls per year.
CONTEMPORAR
Our team identified alien plants and mycobiota in
July–September 2024. We use the term “alien plants”
(and fungi) in a broad sense: species that are absent
from the natural f lora of the region or are highly likely
to have been introduced (Pyšek et al., 2015). For
example, like in the work (Pospelova and Pospelov,
2023), we classify Chenopodium album, Pinus sibirica
Du Tour, Populus tremula, and Tanacetum vulgare L.,
et al., as alien plants.

The location of primary habitats allows us to divide
alien plants into three groups:

(A) Exotic, whose primary range is located in
America, East and Central Asia, and Europe: Acer
negundo L., Beta vulgaris L., Cucumis sativus L.,
Cucurbita pepo L., Hydrangea arborescens L., Lupinus
polyphyllus Lindl., Malva thuringiaca (L.) Vis., Petrose-
linum crispum (Mull.) Fuss, Ribes uva-crispa L., Sola-
num tuberosum L. S. lycopersicum L., Solidago
canadensis L., Sorbaria sorbifolia, Symphyotrichum
novi-belgii (L.) G.L.Nesom, Syringa josikaea J. Jacq. ex
Rchb., Ulmus pumila L., Vitis vinifera L., and others.

(B) Siberian (Eurasian), distributed in the south of
Siberia, but not north of the Arctic Circle: Bergenia
crassifolia, Cotoneaster lucidus Schltdl. [=C. acutifo-
lius Turcz.]. Lonicera xylosteum L., Pinus sylvestris,
Populus alba L., Populus laurifolia Ledeb., Prunus
padus L., Rubus idaeus L., Spiraea chamaedryfolia L.,
and others.

(C) Northern, the range limits of which are located
on the border of Taymyr: Dasiphora fruticosa (L.)
O. Schwarz., Hordeum jubatum L., Pinus sibirica, Pop-
ulus tremula, etc.
Y PROBLEMS OF ECOLOGY  Vol. 18  No. 5  2025
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Fig. 2. Changes in average annual air temperature at the Dudinka weather station (1930–2020). The mean value and 95% confi-
dence interval are given.
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The names of plant species are given according to
the Plants of the World (2024) database.

Plants collected in Taymyr are stored in the Biolog-
ical Museum of the Institute of Plant and Animal
Genetics, Ural Branch, Russian Academy of Sciences
(SVER) (Yekaterinburg).

The fungal samples are stored in the collection of
the Institute of Plant and Animal Ecology, Yekaterin-
burg (SVER(F)). The names of fungi species are given
according to the IndexFungorum database (2024).

The work separately analyzes the distribution of
two model groups of fungi in anthropogenic territo-
ries: aphyllophorales and powdery mildews.

A number of plants showed signs of damage by
pathogenic fungi, but there was no sporulation. Such
plants and fungi are excluded from the work.

In Taymyr, some genera of host plants (Artemisia,
Vicia, Urtica, etc.) are found in natural conditions, so
associated micromycetes can be considered native for
the region (Erysiphe baeumleri (Magnus) U. Braun &
S. Takam.; E. polygonum DC. s.str.; E. urticae (Wallr.)
S. Blumer; Golovinomyces artemisiae; G. macrocarpus
(Speer) U. Braun; and G. bolayi S. Takam., Lebeda &
M. Götz). However, in the course of previously con-
ducted studies, it was not possible to identify them, or
they were associated with anthropogenic habitats
(Karis and Pyldmaa, 1974; Karatygin et al., 1999).
Due to the uncertainty of their geographic origin, such
species are classified as cryptogenic, i.e., probably
introduced (Voglmayr et al., 2023). In the future, such
fungi are considered together with alien fungi.
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 18 
When comparing data arrays, Spearman’s rank
correlation coefficient (rSP), Sørensen’s index of spe-
cies similarity (ICS), and the Kruskal–Wallis criterion
(KW-H) were used. The Shannon (H') and Menhi-
nick (DMn) diversity indices were calculated. The den-
drogram was constructed using Ward’s method and
Euclidean distance. Calculations were performed
using the Statistica 10.0 program.

The description of the fungal species in the anno-
tated list is given in the following order:

The letter (A) denotes new species for the Russian
Arctic; the asterisk (*) denotes new species for the
Taymyrsky Dolgano-Nenetsky District.

The synanthropic status of fungal species is formed
from two components: geographical group (I is alien
and II is native). Alien species are divided into three
subgroups (Richardson et al., 2000): accidental (Ia),
naturalized (Ib), and invasive (Ic). Native species, in
relation to the anthropogenic factor, are divided into
three subgroups (Mukhin and Ushakova, 2005):
anthropophobes (IIa), anthropotolerants (IIb), and
anthropophiles (IIc).

Trophic group of fungi: M indicates a mycorrhiza-
forming organism, P indicates a pathogen, and S indi-
cates a saprotroph.

The number of fungal finds is given.
Geographic groups of plants: A is exotic, B is Sibe-

rian, and C is northern.
A*Species name [=synonym]—Ia–IIc, MS, num-

ber of fungi found on alien substrates: description of
 No. 5  2025
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locality, substrate (biogeographic group of plants: A–C),
date of discovery, collection number in SVER(F) or
(link to a literary source).

RESULTS
Annotated list

Ascomycota

Blumeria graminis (DC.) Speer sl – IIb, P, 4: Dud-
inka, on cereals (Põldmaa and Raitvir, 1972); Norilsk,
lawn on Leninsky prospekt, on leaves of Phleum
pratense L. (B), August 22, 2024, SVER(F) 86563;
ibid., lawn, on Festuca pratensis Huds., August 7, 2024,
SVER(F) 86631; Talnakh, lawn near the bus station, on
Hordeum jubatum (C), August 4, 2024, SVER(F) 86589.

A*Cercospora beticola Sacc. – Ic, P, 3: Valek, gar-
den plots, on leaves of Beta vulgaris (A), August 29,
2024, SVER(F) 86588.

A*Cercospora hydrangeae Ellis & Everh. – Ia, P, 1;
Norilsk, greenhouse, Valekskoe shosse 1, on living
leaves Hydrangea arborescens (A), August 29, 2024,
SVER(F) 86630.

Cladosporium allicinum (Fr.) Bensch, U. Braun &
Crous [= Mycosphaerella allicina (Fr.) [Vestergr.] – Ia,
P, 1: env. Dudinki, on the leaves of Rumex acetosella L.
(B) (Lind, 1934).

A*Cladosporium iridis (Fautrey & Roum.) GA de
Vries – Ia, P, 1: Valek, garden plot, on leaves of Iris
sibirica (A), August 8, 2024, SVER(F) 86562.

*Coleosporium tussilaginis (Pers.) Lev. – Ia, P, 1:
Talnakh, st. Baumanskaya, on Tussilago farfara L. (B),
September 9, 2024, SVER(F) 86632.

A*Colletotrichum malvarum (A. Braun & Casp.)
Southwest. – Ia, P, 1: Valek, garden plots, on leaves of
Malva thuringiaca (A), July 7, 2024, SVER(F) 86629.

A*Cryptosporium lonicerae Cooke & Ellis – Ib, P, 1:
Norilsk, greenhouse, on branches of Lonicera xylos-
teum (B), September 1, 2024, SVER(F) 86550.

*Epichloe typhina (Pers.) Brockm. – Ia, P, 1;
Norilsk, lawn on Leninsky prospekt, on Phleum
pratense (B), August 7, 2024, SVER(F) 86590.

A*Erysiphe adunca (Wallr.) Link – Ia, P, 1: Snezh-
nogorsk, on the leaves of Populus tremula (C), Sep-
tember 2, 2024, SVER(F) 86587.

*Erysiphe baeumleri (Magnus) U. Braun &
S. Takam. – Ib, P, 6: Norilsk, lawns, on leaves of Vicia
sepium L. (B), September 7, 2024, SVER(F) 86633;
Talnakh, ul. Maslova, on V. sepium, August 31, 2024,
SVER(F) 86564.

A*Erysiphe convolvuli DC. – Ia, P, 1: Valek, Norilsk
Rublevka, on leaves of Convolvulus arvensis L. (A),
September 3, 2024, SVER(F) 86628.

A*Erysiphe ehrenbergii (Lev.) U. Braun, M. Brad-
shaw & S. Takam. – Ic, P, 1: Norilsk, greenhouse, on
CONTEMPORAR
leaves of Lonicera xylosteum (B), September 9, 2024,
SVER(F) 86676.

A*Erysiphe macleayae R.Y. Zheng & GQ Chen –
Ia, P, 2: Valek, garden plots, on leaves of Chelidonium
majus L. (A), September 18, 2024, SVER(F) 86685;
Dudinka, on Ch. majus, August 5, 2024, SVER(F) 86675.

*Erysiphe polygonum DC. s.str. – Ib, P, 3: Norilsk,
former state farm, on leaves of Persicaria maculosa
Gray. (B), September 14, 2024, SVER(F) 86627; same
place, TPP-1, on Polygonum aviculare L., September 14,
2024, SVER(F) 86586.

A*Erysiphe russellii (Clinton) U. Braun & S. Takam. –
Ia, P, 1: Valek, garden plots, on leaves of Oxalis
stricta L. (A), September 12, 2024, SVER(F) 86591.

A*Erysiphe syringae-japonicae (U. Braun) U. Braun &
S. Takam. – Iс, P, 2: Norilsk, Lake Dolgoe Park, on
leaves of Syringa josikaea (A), August 6, 2024,
SVER(F) 86634.

*Erysiphe trifoliorum (Wallr.) U. Braun – Ib, P, 1:
Talnakh, Ogni tundry tourist center, on leaves of Lupi-
nus polyphyllus Lindl. (A), September 6, 2024,
SVER(F) 86561.

*Erysiphe urticae (Wallr.) S. Blumer. – Ib, P, 3:
Dixon, on leaves of Urtica dioica L. (B), August 4,
2024, SVER(F) 684; Norilsk, near the greenhouses,
on U. dioica, September 3, 2024, SVER(F) 86674.

Golovinomyces artemisiae (Grev.) VP Heluta – Ib,
P, 14: Norilsk, lawn on Leninsky prospekt, on leaves of
Artemisia vulgaris L. (B), July 30, 2024, SVER(F)
86635; Dudinka, on A. vulgaris, August 8, 1967,
(Karis, Pyldmaa, 1974); Talnakh, on leaves of A. vul-
garis, August 4, 2024, SVER(F) 86592.

A*Golovinomyces asterum var. asterum (Switzer-
land.) U. Braun – Ia, P, 1: Valek, Norilsk Rublevka,
on leaves of Symphyotrichum novi-belgii (A), Septem-
ber 3, 2024, SVER(F) 86585.

A*Golovinomyces asterum var. solidarity (Switzer-
land.) U. Braun - Ia, P, 1: Valek, on leaves of Solidago
canadensis L. (A), September 3, 2024, SVER(F) 86565.

A*Golovinomices bolayi S. Takam., Lebeda &
M. Got – Ic, P, 3: Norilsk, Lake Dolgoe Park, on liv-
ing leaves of Petunia × atkinsiana (Sweet) D.Don ex
WHBaxter (A), September 3, 2024, SVER(F) 86677;
Talnakh, campsite, on P. × atkinsiana, August 27,
2024, SVER(F) 86625.

A*Golovinomyces latisporus (U. Braun) P.-L. Qiu &
S.Y. Liu – Ia, P, 1: Valek, garden plots, on leaves of
Helianthus tuberosus L. (A), September 10, 2024,
SVER(F) 86626.

*Golovinomyces macrocarpus (Speer) U. Braun –
Ia, P, 2: Norilsk, near the greenhouse, on leaves of
Tanacetum vulgare (C), September 3, 2024, SVER(F)
86593.

A*Golovinomyces sonchicola U. Braun & RTA Cook –
Ib, P, 2: Norilsk, near TPP-1, on Sonchus arvensis L. (B),
Y PROBLEMS OF ECOLOGY  Vol. 18  No. 5  2025
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SVER(F) 86673; Talnakh, near the bus station, on
S. arvensis, August 27, 2024, SVER(F) 86678.

A*Golovinomyces sordidus (L. Junell) VP Heluta –
Ia, P, 1: Norilsk, on leaves of Plantago major L. (B),
September 10, 2024, SVER(F) 86594.

A*Melampsora populnaea (Pers.) P. Karst.sl – Ia, P, 2:
Norilsk, greenhouse, on leaves of Populus alba (B),
August 7, 2024, SVER(F) 86566; Snezhnogorsk, on
P. tremula (C), August 6, 2024, SVER(F) 86636.

*Nectria cinnabarina (Today) Fr. – Ia, P, 2:
Norilsk, lawn on Leninsky prospekt, on a dead branch
of Spiraea hypericifolia (B), August 3, 2024, SVER(F)
86624; ibid., greenhouse, on a dying branch of Prunus
padus (B), August 5, 2024, SVER(F) 86672.

Podosphaera aphanis (Wallr.) U. Braun & S. Takam. –
IIb, P, 1: Valek, garden plots, on leaves of Dasiphora fruti-
cosa (C), September 10, 2024, SVER(F) 86584.

Podosphaera fusca (Fr.) U. Braun & Shishkoff
[=Podosphaera xanthii (Castagne) U. Braun & Shish-
koff) – IIc, P, 2: Dudinka, greenhouse, on leaves of
Cucurbita pepo (A), August 3, 2024, SVER(F) 86671;
Valek, garden plots, on leaves of Calendula officina-
lis L. (A), September 4, 2024, SVER(F) 86679.

A*Podosphaera tridactyla (Wallr.) de Bary s.str. –
Ia, P, 1: Norilsk, greenhouse, on leaves of Prunus
padus (B), September 10, 2024, SVER(F) 86560.

A*Polystigma rubrum (Pers.) DC. – Ia, P, 1:
Norilsk, greenhouse, on Prunus padus (B), Septem-
ber 1, 2024, SVER(F) 86670.

A*Pseudocercospora cotoneastri (Katsuki & Tak.
Kobay.) Deighton – Ia, P, 1: Norilsk, Lake Dolgoe
Park, on Cotoneaster lucidus (B), September 1, 2024,
SVER(F) 86623.

A*Pseudocercospora puderi BH Davis ex Deighton –
Ia, P, 1: Valek, garden plots, on Rosa rugosa (A), Sep-
tember 4, 2024, SVER(F) 86595.

*Puccinia urticata (Link) F. Kern s.l. – Ia, P, 1:
Norilsk, next to the greenhouse, on Urtica dioica (B),
August 28, 2024, SVER(F) 86551.

A*Ramularia bergeniae Vasyag. – Ib, P, 2: Norilsk,
lawn on Leninsky prospekt, on leaves of Bergenia cras-
sifolia (B), July 31, 2024, SVER(F) 86637.

A*Sawadaea bicornis (Wallr.) Homma – Ia, P, 3:
Norilsk, lawn, on Acer negundo (A), August 1, 2024,
SVER(F) 596; same place, greenhouse, August 5,
2024, SVER(F) 86567.

Septoria petroselini Desm. – Ib, P, 2: Norilsk,
greenhouse, on living leaves of Petroselinum crispum
(Mill.) Fuss (A), August 1986, (Report …, 1992).

A*Septoria phlogis Sacc. & Speg. – Ia, P, 1; Valek,
Norilskskata rublevka, on living leaves of Phlox panic-
ulata L. (A), September 2, 2024, SVER(F) 86622.

A*Sporocadus rosarum (Henn.) F. Liu, L. Cai &
Crous – Ia, P, 1: Valek, garden plots, on Rosa rugosa (A),
August 29, 2024 SVER(F) 86638.
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 18 
A*Titaeosporina tremulae (Lib.) Luijk – Ia, P, 1:
Talnakh, on Populus tremula (C), September 5, 2024,
SVER(F) 86597.

Basidiomycota
*Athelia rolfsii (Curzi) CC Tu & Kimbr. – Ia, P, 1:

Norilsk, greenhouse, on the bases of living and dying
stems of Cucumis sativus (A), August 27, 2024,
SVER(F) 86583.

Basidiodendron cinereum (Bres.) Luck-Allen – Ib,
P, 4: Norilsk, lawn on Leninsky prospekt, on the base
of a seedling Pinus sibirica (C), September 2, 2024,
SVER(F) 86620; Talnakh, Zharki tourist center, on
Pinus sibirica, September 9, 2024, SVER(F) 86639.

*Bovista furfuracea Persian. – Ia, S, 1: Norilsk,
trash can next to greenhouses, on dead cucumber tops
mixed with soil (A), September 1, 2024, SVER(F)
86598.

*Chondrosteroneum purpureum (Pers.) Pouzar – Ia,
P, 1: Snezhnogorsk, on the trunk of a living Populus
tremula (C), August 20, 2024, SVER(F) 86668.

*Coprinellus micaceus (Bull.) Vilgalys, Hopple &
Jacq. Johnson – Ia, S, 1: Norilsk, greenhouse, on the
base of a dead Hydrangea arborescens trunk (A), Sep-
tember 10, 2024, SVER(F) 86569.

*Gymnopilus penetrans (Fr.) Murrill – Ia, S, 1:
Norilsk, greenhouse, on the base of a dead Ulmus pumila
trunk (A), September 10, 2024, SVER(F) 86600.

A*Intextomyces contiguus (P. Karst.) J. Ericss. &
Ryvarden – Ia, S, 1: Norilsk, greenhouse, on the base of
Populus alba (B), September 14, 2024, SVER(F) 86558.

Kneiffiella barba-jovis (Bull.) P. Karst. – IIa, S, 1:
Norilsk, greenhouse, on Ulmus pumila (A), August 5,
2024, SVER(F) 86655.

Marasmius oreades (Bolton) Fr. – Ia, S, 1: Talnakh,
lawn near the bus station, at the base of the stems Hor-
deum jubatum (C), August 4, 2024, SVER(F) 86580.

Mutinus ravenelii (Berk.) E.Fisch. – Ia, S, 2:
Norilsk, greenhouse, on the base of dead Acer negundo
trunks (A) and Salix sp.; September 12, 2024,
SVER(F) 86602; ibid., August 1984 (Otchet…, 1992).

*Peniophora cinerea (Pers.) Cooke – Ia, S, 1:
Norilsk, Lake Dolgoe Park, on a dead branch of Coto-
neaster lucidus (B), September 13, 2024, SVER(F)
86642.

*Peniophora limitata (Chaillet ex Fr.) Cooke – Ia,
S, 1: Norilsk, greenhouse, in pots on the base of dead
Hydrangea arborescens (A), August 5, 2024, SVER(F)
86654.

*Phellinus tremula (Bondartsev) Bondartsev &
P.N. Borisov – Ib, P, 1: Snezhnogorsk, on the trunk of
living Populus tremula (C) (Shiryaev, 2024).

*Phragmidium rubi-idaei (DC.) P. Karst. – Ia, P, 1:
Valek, garden plots, on leaves of Rubus idaeus (B),
September 4, 2024, SVER(F) 86615.
 No. 5  2025
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A*Pleurotus calyptratus (Lindblad ex Fr.) Sacc. – Ia,
S, 1: Dudinka, greenhouse, on the base of a dead Vitis
vinifera tree trunk (A), August 3, 2024, SVER(F) 86643.

*Podofomes stereoides (Fr.) Gorjon – Ia, S, 1:
Norilsk, at the base of a dead stem of Artemisia vulgaris
(B), August 7, 2024, SVER(F) 86614.

*Pseudotomentella nigra (Höhn. & Litsch.) Svrček –
Ia, M, 1: Norilsk, greenhouse, on the root and root
collar of Ribes uva-crispa (A), August 5, 2024,
SVER(F) 86604.

*Ramariopsis tenuiramosa Corner – Ia, S, 1:
Norilsk, greenhouse, in a tub on the root collar of Pop-
ulus laurifolia (B), moss covered, August 5, 2024,
SVER(F) 86557.

A*Rhizoctonia fusispora (J. (Schroed.) Oberw.,
R. Bauer, Garnica & R. Kirschner – Ib, P, 3: Norilsk,
Lake Dolgoe Park, on the base of Spiraea hypericifolia
(B), August 1, 2024, SVER(F) 86644; Valek, Norilskaya
rublevka, on Dasiphora fruticosa (C), September 10,
2024, SVER(F) 86571; Valek, Norilskaya rublevka, on
the root collar Fragaria × ananassa (A), September 10,
2024, SVER(F) 86573.

Rhizoctonia solani JG Kühn – Ib, P, 3: Norilsk
(Otchet…, 1992); Dudinka, vegetable garden, on stems
and tubers of Solanum tuberosum (A), August 3, 2024,
SVER(F) 86653; Valek, garden plots, on Brassica sp. (A)
September 4, 2024, SVER(F) 86613.

Schizophyllum commune Fr. – Ia, S&P, 2: Norilsk,
greenhouse, in a tub at the base of a living Populus lau-
rifolia (B), August 5, 2024, SVER(F) 86605; same
place, on a dead branch of Syringa josikaea (A),
August 5, 2024, SVER(F) 86681.

*Sistotrema raduloides (P. Karst.) Donk – Ib, S, 3:
Norilsk, greenhouse, on the base of Lonicera xylos-
teum (B) and on the neighboring Prunus padus (B),
August 5, 2024, SVER(F) 86682; Valek, garden plots,
on dead Rubus idaeus bushes (B), September 1, 2024,
SVER(F) 86611.

*Thelephora palmata (Scop.) Fr. – Ia, M, 2:
Norilsk, lawn on Leninsky prospekt, on the basis of
living Sorbaria sorbifolia (A), August 7, 2024,
SVER(F) 86651; Talnakh, tourist center, on the root
collar of Rubus idaeus (B), September 2, 2024,
SVER(F) 86606.

*Tomentella badia (Link) Stalpers – Ia, M, 1: Tal-
nakh, Gora Otdel’naya ski resort, on the dead part of
the base of Populus tremula trunk (C), August 6, 2024,
SVER(F) 86648.

Trametes hirsuta (Wulfen) Lloyd – IIb, S, 2:
Norilsk, greenhouse, on a dead Acer negundo tree
trunk (A), August 27, 2024, SVER(F) 86556; Valek,
garden plots, on a dead Rosa rugosa bush (A), Septem-
ber 6, 2024, SVER(F) 86610.

Trechispora cohaerens (Switzerland.) Jülich &
Stalpers – IIa, S, 1: Norilsk, lawn on Leninsky pros-
pekt, on the base of a dead seedling Pinus sibirica (C),
August 7, 2024, SVER(F) 86574.
CONTEMPORAR
Trechispora microspora (P. Karst.) Liberta – IIb, S, 1:
Valek, garden plots, near greenhouses, on fallen
dead Rubus idaeus trees (B), September 4, 2024,
SVER(F) 86577.

Typhula ishikariensis S. Imai – Ib, P, 2: Dudinka
(Shiryaev, 2024); Norilsk, lawn on Leninsky prospekt,
on Festuca pratensis (B), August 7, 2024, SVER(F) 86607.

Typhula micans (Pers.) Berthier – IIb, S, 3: Dud-
inka, trash near the port, on dead stems of Cannabis
ruderalis Janisch. (B), August 3, 2024, SVER(F) 86554;
Valek, garden plots, on Persicaria maculosa (B), Sep-
tember 6, 2024, SVER(F) 86649; Norilsk, greenhouse,
on a fallen branch of Acer negundo (A), August 5, 2024,
SVER(F) 86649.

*Typhula trifolii Rostr. – Ia, S, 2: Norilsk, trash
can near greenhouses, on leaves of Trifolium monta-
num L. (B), August 7, 2024, SVER(F) 86683; Dud-
inka, lawn near the administration of the Taymyrsky
Dolgano-Nenetsky District, on leaves of Trifolium
pratense L. (B), August 3, 2024, SVER(F) 86650.

A*Xenasma tulasnelloideum (Höhn. & Litsch.)
Donk – Ia, S, 1: Norilsk, lawn on Moskovsky Pros-
pect, on the basis of a seedling Acer negundo (A),
August 6, 2024, SVER(F) 86608.

*Xenasmatella alnicola (Bourdot & Galzin) KH
Larss. & Ryvarden – Ia, S, 1: Dudinka, greenhouse,
on the base of a dead Vitis vinifera tree trunk (A),
August 3, 2024, SVER(F) 86609.

*Xylodon detriticus (Bourdot) KH Larss., Viner &
Spirin – Ib, S, 2: Snezhnogorsk, on the litter under Pop-
ulus tremula (C), September 5, 2022 SVER(F) 86575.

Oomycota
Peronospora chenopodii Schltdl. – Ia, P, 1: the envi-

rons of Dudinka, on leaves of Chenopodium album (B),
July 20, 1912 (Lavrov, 1926, cited from Karatygin
et al., 1999).

Phytophthora infestans (Mont.) de Bary – Ic, P, 5:
Norilsk, on leaves of and fruits Solanum tuberosum (A)
(Otchet…, 1992); Valek, garden plots, on leaves of
S. tuberosum and S. lycopersicum (A), August 27, 2024,
SVER(F) 86576.

A*Plasmopara viticola (Berk. & M.A. Curtis) Berl. &
De Toni – Ia, P, 1: Dudinka, greenhouse, on leaves of
Vitis vinifera (A), August 3, 2024, SVER(F) 86555.

Pseudoperonospora cubensis (Berk. & M.A. Curtis)
Rostovzev – Iс, P, 3: Norilsk, greenhouse, on leaves of
Cucumis sativus (A), August 1975 (Otchet…, 1992).

Over 120 years, from the 1910s to the 2020s, 78 spe-
cies of fungi were collected on alien plants in Norilsk
and neighboring settlements: seven local (8.9% of the
total number of species) and 71 alien species (91.1%). In
the annotated list, 41 species (52.6% of the total) are
Ascomycota, 33 species are Basidiomycota (42.3%),
and four species are Oomycota (5.1%) (Fig. 3). If only
alien species are taken into account, the Ascomycota
Y PROBLEMS OF ECOLOGY  Vol. 18  No. 5  2025
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Fig. 3. Number of species (a) and proportion (b) of three divisions of fungi in the general list and the alien group.
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division includes 39 species (54.9%), Basidiomycota
28 species (39.4%), and Oomycota 4 species (5.6%).

In 2024, 73 species of fungi were collected on alien
plants, 69 of which were collected on alien plants for
the first time (Fig. 4). Of these, 59 species are new to
Taymyr, and 32 were discovered for the first time in
the Russian Arctic. None of the species are included in
the Red Data Book of Krasnoyarsk krai (2022). In
contrast, five species were found (Blumeria graminis,
Lachnellula willkommii1, Phytophthora infestans, Plas-
mopara viticola, and Pseudoperonospora cubensis) from
the list of 100 most dangerous pathogenic fungi on the
planet (Schertler et al., 2024).

Of the nine species collected from 1910 to the
2010s, only six were recorded in 2024; hence the simi-
larity coefficient is low (ICS = 0.11). The average simi-
larity between the eight decades (in which the fungi
were collected) is also low: 0.14 (min–max. 0–0.29).

The diversity of the alien fungal fraction, including
71 species and 127 samples (DMn = 6.3), is almost
twice as high as the native one, which includes 7 spe-
cies and 15 samples (DMn = 3.8). This conclusion is
also confirmed by the Shannon Index (H' = 3.02 vs.
1.96), which is significantly higher for the alien frac-
tion (t = 3.6, p < 0.001).

The abundance of the five most common fungal
species (>4 samples) is 22.5% of the total number of
samples (142), while 46 species are represented by only
one sample. Among the mass species, there is one
local species (Blumeria graminis, 4 samples), and four
are alien (Basidiodendron cinereum, Erysiphe baeum-
leri, Golovinomyces artemisiae, and Phytophthora infes-
tans, 29 samples).

1 Lachnellula willkommii is a local species that develops on larch
trees. It is not included in the article.
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In Taymyr, the proportion of alien species was cal-
culated for two model groups of fungi. Currently,
290 species of aphyllophoran fungi are known, of
which 12.4% are alien species (Table 1). For the life
forms of aphyllophoran fungi—poroid and corticioid
fungi—the proportion of alien species is 8.4 and
12.8%, respectively. The proportion of alien aphyllo-
phorans forming basidiomes on wood is 9.6%, on litter
7.3%, and on soil 5.4%.

For the second model group, powdery mildew
fungi, 19 alien species are taken into account in this
study. Previously, 12 native species were known in the
region (Karatygin et al., 1999), and we collected
another one, Phyllactinia betulae (DC.) Fuss (Budi-
mirov, personal data). Thus, at present, in Taymyr,
59.4% of the total list of the group are alien species. On
woody plants, 71.4% of powdery mildew fungi species
are alien, and on herbaceous plants, 56% are alien.

When studying the mycobiota of the settlements of
Dudinka, Norilsk (center), Talnakh, and Snezhno-
gorsk, there was no correlation between the number of
fungal species with the age and area of the settlements
or the number of residents (p > 0.01). For the model
group—aphyllophoral fungi—in well-studied cities of
the Russian Arctic (Murmansk, Vorkuta, Labytnangi,
Salekhard, Dudinka, and Norilsk (center)), there is no
correlation between the number of fungal species with
age and the area of the city, but there is with the num-
ber of residents (rSP = 0.832, p = 0.039).

Among the alien fraction, pathogens predominate—
50 species, which is 68.5% of the species richness of the
fraction, followed by saprotrophs (20 species/27.4%)
and mycorrhiza-forming (3 species/4.1%). The native
fraction is characterized by the opposite situation: sap-
rotrophs totally predominate here (6 species/85.6%);
there is only one species of phytopathogens, and
mycorrhizal fungi are absent (Fig. 5).
 No. 5  2025
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Fig. 4. Number of species of alien fungi collected in each decade and the accumulation curve of the number of species identified
in the Taymyrsky Dolgano-Nenetsky District, Krasnoyarsk krai, from the 1910s to the 2020s.
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Among the alien fraction, the greatest richness was
found for pathogens: (random) 31 species in group Ia,
which is 64% of the species richness of the group;
14 species in group Ib (83.3%); and 6 species in Ic
(100%) (Fig. 6). Among the native fraction, the maxi-
mum richness was found for saprotrophs in group IIb
(anthropotolerants, four species), then for anthropo-
phobes (IIa, two species), and the least was for anthro-
pophiles (one). Among the three groups of the native
fraction, saprotrophs predominate (50–100%).

Fungi were collected on 57 species of alien plants:
18 species of woody plants and 39 species of herba-
ceous plants. Fifty species of fungi have been identi-
CONTEMPORAR

Table 1. Species richness of native and alien mycobiota in Ta

Group of fungi
Taymyrsky Dolga

Native species

Aphyllophorales 254
Poroid fungi 76
Corticoid fungi 156
On wood 234
On soil 35
On litter 39
Powdery mildew (Erysiphales) 13
On woody plants 2
On herbaceous plants 11
fied on woody plants, and 38 species on herbaceous
plants. On 46 plant species (80.7%), one to two species
of fungi were identified (Fig. 7); three species on
Cucumis sativus, Hydrangea arborescens, Lonicera
xylosteum, Pinus sibirica, Rosa rugosa, and Vitis vinif-
era; four on Rubus idaeus; and five on Acer negundo
and Prunus padus. The richest mycocomplex is associ-
ated with Populus tremula (seven). Only on one species
of herbaceous plants were three species of fungi iden-
tified (Cucumis sativus), while on all the others there
are no more than two. In general, the species richness
of mycocomplexes associated with woody plants is
2.5 times richer than those associated with herbaceous
plants (2.91 vs. 1.23); their 95% confidence intervals
Y PROBLEMS OF ECOLOGY  Vol. 18  No. 5  2025

ymyrsky Dolgano-Nenetsky District and Sverdlovsk oblast

no-Nenetsky District Sverdlovsk oblast

Alien species (share %) Alien species (share %)

36 (12.4) 96 (11.3)
7 (8.4) 22 (7.7)

23 (12.8) 52 (13.8)
25 (9.6) 71 (9.0)

2 (5.4) 12 (10.2)
3 (7.3) 8 (5.7)

19 (59.4) 33 (38.4)
5 (71.4) 25 (53.5)

14 (56.0) 8 (19.5)
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Fig. 5. Ratio (%) of trophic groups among alien and native species of fungi developing on alien plants of Taymyr.
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do not intersect (Fig. 8). The mycocomplexes of
woody plants are reliably richer than those of herba-
ceous plants: KW-H (1; 57) = 27.19; p = 0.00001.

In relation to the natural ecosystem of Taymyr, we
classify six species of fungi (Ic) as invasive: Cercospora
beticola, Erysiphe ehrenbergii, E. syringae-japonicae,
Golovinomyces bolayi, Phytophthora infestans, and
Pseudoperonospora cubensis (Fig. 9). Of these, 83.3%
were found on exotic plants (group A) and 16.7% on
Siberian plants (group B), but they were not found on
plants of group C. Naturalized species together with
invasive species comprise 28 species, which constitutes
33.7% of the alien fraction. Fungi of the richest synan-
thropic group—Ia (random)—populate exotic and
Siberian substrates in approximately equal propor-
tions, and only a few northern ones. The maximum
proportion of fungi (83–100%) on exotic plants
include groups IIc (anthropophiles) and Ic (invasive),
and the least (27–30%) are naturalized and anthropo-
tolerant (groups Ib and IIb). The largest number of
naturalized fungal species develop on Siberian plant
species (Ib, 54.5%). A similar parameter was found for
anthropotolerant fungi (IIb, 50%).
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 18 

Table 2. Species richness of fungi developing on five groups 

Plant groups Number of species Number
of samples

Plants in greenhouses 24 32
Urban greening 20 28
Weeds 16 43
Agricultural plants 14 24
Garden landscaping 13 14
The largest number of alien fungi were collected on
plants in greenhouses (24 species), followed by a group
of plants used in urban landscaping (20 species) and
on weeds (16 species) (Table 2). The maximum num-
ber of samples was collected from weeds (43) and
greenhouse plants (32). The minimum species rich-
ness and number of samples were collected from
plants used in garden landscaping (13 and 14, respec-
tively). The Menhinick and Shannon diversity indices,
as well as the number of specific fungal species, are
highest for greenhouse plants, followed by a group of
plants used in urban as well as garden landscaping.

The most invasive group is agricultural plants,
mainly grown in garden associations: Cercospora beti-
cola develops on beets, Pseudoperonospora cubensis on
cucumbers, and Phytophthora infestans on potatoes
and tomatoes (three species, accounting for 21.4% of
the group of agricultural plants). Also, three invasive
species of fungi were identified in urban landscaping
(Erysiphe ehrenbergii, E. syringae-japonicae, and Golo-
vinomices bolayi; 15%). Only one species (P. cubensis) is
associated with greenhouse plants, and invasive species
 No. 5  2025

of synanthropic plants

Manning’s index Shannon index Unique species

4.3 3.11 18
3.8 2.88 16
2.5 1.92 11
3.0 2.15 10
3.6 2.56 10
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Fig. 6. Species richness (a) and proportion (b) of trophic groups forming six synanthropic groups of fungi in Norilsk.
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of fungi have not been identified in garden landscaping
or on weeds.

The species of fungi developing on weeds and agri-
cultural plants form a single cluster, while another
cluster is formed by two groups—mycocomplexes
formed on plants used in urban and garden landscap-
ing, as well as those found in greenhouses and on
wooden structures (Fig. 10). Natural dark coniferous
forests on Lake Lama (Shiryaev et al., 2025), located
100 km from Norilsk, form a separate cluster, the least
similar to synanthropic groups of plants.

DISCUSSION

From 1912 to 2024, 78 species of fungi were identi-
fied on alien plants in the Taymyrsky Dolgano-
Nenetsky District of Krasnoyarsk krai. At present, this
is the largest regional list of alien fungal species in the
CONTEMPORAR
Russian Arctic. Thus, in the neighboring Yamalo-
Nenets Autonomous Okrug (YNAO), 30 species are
known (Otchet…, 1992; Karatygin et al., 1999; Shiryaev,
2006; Shiryaev et al., 2020; Tikhanovsky, 2021) and,
in Murmansk oblast, 33 species (Shavrova, 1989;
Karatygin et al., 1999; Ivanov and Milina, 2003;
Isaeva and Khimich, 2011; Litvinova and Rak, 2017;
Khimich et al., 2020; Khimich, 2022). The differences
are related to the different levels of research in the
regions.

In three regions, it is possible to compare data for
only one well-studied group of fungi—aphyllophora-
ceae: 26 species of this group have been identified in
Taymyr, 14 in the Yamalo-Nenets Autonomous Okrug,
and 10 in Murmansk oblast. Mycobiota research in
each region has lasted at least a century. A probable
explanation for the fact that there is a smaller number
of alien species of fungi in Murmansk oblast is that in
Y PROBLEMS OF ECOLOGY  Vol. 18  No. 5  2025
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Fig. 8. Average number of fungal species (and 95% confidence interval) collected from alien woody and herbaceous plants of Taymyr.
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Fig. 7. Number of fungi species on 57 species of alien plants of Taymyr.
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Taymyr, bird cherry and aspen are alien substrates,
while in Murmansk oblast they are native. Therefore,
the specific fungi associated with these trees are alien
to Taymyr and local for Murmansk oblast. The simi-
larity between the mycocomplexes of the three regions
is average (ICS = 0.58 ± 0.11). As a result, the increased
rate of plant introduction may lead to homogenization
of the northern aphyllophoran fungal biota.

For microscopic mycocomplexes, the similarity is
lower, since all alien species in the north are associated
with introduced plants. Therefore, the spectrum and
species richness of mycobiota depend on the list of
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 18 
“exotic” plants imported for landscaping and garden-
ing, weeds that have spread due to the import of hay,
etc. An arbitrary set of plants is imported to various
regions of the Arctic, which does not contribute to the
homogenization of the species composition of synan-
thropic mycobiota.

Most alien fungal species (69.2%) are taxa that are
widespread in Siberian forests and have been able to
expand their range northward thanks to alien host
plants, while 30.8% of species are exotic, including
7.7% that are invasive throughout the Arctic and Sibe-
ria. In general, for a number of species of fungi, the
primary ranges are located in America (Erysiphe rus-
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650 SHIRYAEV et al.

Fig. 9. Species richness (a) and ratio (b) of six synanthropic groups of fungi developing on alien plants of Taymyr.
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sellii, Golovinomyces asterum var. asterum, G. asterum
var. solidaginis, G. latisporus, Phytophthora infestans,
etc.) and in East Asia and Europe (Athelia rolfsii, Cer-
cospora hydrangeae, Erysiphe ehrenbergii, E. macleayae,
E. syringae-japonicae, Mutinus ravenelii, Peniophora
limitata, Plasmopara viticola, Septoria petroselini, Ser-
pula lacrymans, Rhizoctonia solani, etc.) (Voglmayr
et al., 2023).

By the start of the study in 2024, 11.5% of the fungal
species from the current list were known in the region.
It is possible that the sharp increase in the number of
fungi collected in Taymyr can be explained by a tar-
geted study in 2024. However, given that alien fungi
were found only on alien plants, and also that a sharp
increase in the number of alien plants in Norilsk has
been observed since 2010, we have established a strong
and positive correlation (R2 = 0.96) between these
CONTEMPORAR
parameters. At the same time, in the 1960s, four
researchers studied alien mycobiota in Taymyr, one in
the 1970s, one in the 1980s, three in the 1990s, two in
the 2000s, two in the 2010s, and two in the 2020s.
Thus, there is no correlation between the number of
researchers and the identified fungal species in each
decade (rSP = 0.63, p = 0.13). It is worth noting that, in
the Yamalo-Nenets Autonomous Okrug (Priuralsky
District), a sharp increase in the number of alien fungi
has been recorded since the second half of the 2010s,
although this region can be characterized as one of the
most studied in the Arctic (Shiryaev, 2006, 2017, 2018;
Shiryaev et al., 2019, 2020).

In Taymyr, 12.4% of the species of aphyllophoral
fungi are alien (Table 1). It is worth noting that, in the
well-studied Sverdlovsk oblast, the proportion of the
alien fraction is similar—11.3% (Shiryaev et al., 2010,
Y PROBLEMS OF ECOLOGY  Vol. 18  No. 5  2025
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Fig. 10. Similarity of mycocomplexes developing on five groups of plant substrates in the city of Norilsk. Data are compared with
the old-growth northern taiga forest massif on Lake Lama.
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2024). In general, from north to south of Taymyr, a
downward trend in this parameter was identified: in
the Arctic deserts 28%, in the tundra 16%, and in the
forest tundra 13%, while in the northern taiga it was
only 10%. For two life forms, poroid and corticioid
fungi, the proportion of alien species in Taymyr is 8.4
and 12.8%, while in Sverdlovsk oblast it is 7.7% and
13.8%, respectively. In Taymyr, the proportion of alien
species on wood is 9.6%, on litter 7.3%, and on soil
5.4%. For macroscopic fungi, it is still problematic to
draw conclusions about the latitudinal or longitudinal
dynamics of the proportion of the alien fraction. In
contrast to our results, for alien f lora, minimum
parameters were found in the Siberian sectors with an
increase in the direction of Fennoscandia, as well as an
increase in the proportion of alien species with a
decrease in latitude (Morozova and Tishkov, 2021).

In Taymyr, 59.4% of powdery mildew fungi species
are alien. In Sverdlovsk oblast, the proportion of alien
species is lower, 38% (Budimirov, 2023; Budimirov
and Shiryaev, 2024). On woody plants of Taymyr,
71.4% of powdery mildew fungi species are alien and,
on herbaceous plants 56%, while in Sverdlovsk oblast
these parameters are lower: 53.5 and 19.5%, respec-
tively. These results seem unexpected given the pre-
vailing paradigm about the small number (and propor-
tion) of alien species in the Arctic (Morozova and Tis-
hkov, 2021). A likely explanation for such high
parameters in Taymyr is the rapid increase in the num-
ber of introduced plants in Norilsk. Many of the intro-
duced species have been grown in the region for many
years, and a specific mycobiota associated with spe-
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 18 
cific plants has formed on them. However, the number
of native host plants in the north is low. Consequently,
the number of alien host plants exceeds the number of
native ones. This factor determines the unexpectedly
high diversity of alien fungi in the Taymyrsky Dol-
gano-Nenetsky District.

Over more than a century of research, rapid
dynamics of the species composition of alien fungi has
been established (Ics = 0.15). Initial results indicate
high variability in the lists of alien fungi, as well as
plants. In Taymyr, 81% of fungal species are found no
more than twice, after which they disappear when the
resource is exhausted. Therefore, many species col-
lected in the 1960s–1980s are no longer found. Conse-
quently, the mycobiota formed on alien plants (sub-
strates) in the Arctic/Subarctic is represented, to a
large extent, by random species. Only a third of the
species have become naturalized. Like in other high-
latitude regions, pathogens of some plants used in hor-
ticulture can be called naturalized in Taymyr: Athelia
rolfsii, Phytophthora infestans, Rhizoctonia fusispora,
R. solani, Schizophyllum commune, Typhula ishikarien-
sis, and Xylodon detriticus. For example, of the alien
aphyllophoran fungi, 28.2% of species (7 out of 26)
have naturalized in Taymyr, which is similar to the
Yamalo-Nenets Autonomous Okrug (30.7%) and
Murmansk oblast (25.3%).

The importance of native and alien flora. The result
established in Taymyr confirms the previously
obtained conclusion that in Arctic regions 95–100%
of alien fungi species develop on alien plants (sub-
 No. 5  2025
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strates) (Shiryaev et al., 2020). This once again
demonstrates that, in order to more fully identify alien
fungi, it is necessary to fully study the entire diversity
of alien plants in the northern regions.

The rate of warming and growth of economic activ-
ity suggests that the number of alien plants in Taymyr
may be greater than the known 54 species (Pospelova
and Pospelov, 2023). For example, in the neighboring
Yamalo-Nenets Autonomous Okrug, this parameter is
at least 224 species (Pismarkina et al., 2022). During
our research, 57 species of alien plants were identified,
some of which are being reported for the first time in
Taymyr: Acer negundo, Cannabis ruderalis, Rubus
idaeus, etc. Fungi were collected on eight species of
alien plants included in the Black Book of Siberian
Flora (2016): Acer negundo, Fragaria × ananassa,
Helianthus tuberosus, Hordeum jubatum, Lupinus poly-
phyllus, Senecio vulgaris, Solidago сanadensis, and
Ulmus pumila, as well as on three (Rosa rugosa, Sor-
baria sorbifolia, and Symphyotrichum novi-belgii) rec-
ommended for inclusion in the reprint of the book.

Discoveries of new alien species are important,
given that the results and studies of the long-term
dynamics of the natural vegetation cover of the tundra
and forest tundra of Taymyr indicate the absence of
reliable changes in the species richness of vascular
plants (Pospelova and Pospelov, 2016; Matveyeva,
2017; Matveyeva et al., 2024).

The appearance and increase in the number of
alien species of fungi is a marker of natural and cli-
matic changes in the Arctic. Fungi, at least macro-
scopic ones, generally do not develop on introduced or
weedy plants in the first year. They need time during
which the plant will increase its phytomass or even
naturalize. Almost all the fungi we identified were col-
lected on plants that have been growing in Norilsk
conditions for at least 3 years. The older the plant pop-
ulation, the more types of fungi can develop on it. The
older the wooden structure, the more wood destroyers
will be found on it. A 3-year period, the average period
required for the first appearance of a new species of
alien fungus on an introduced plant, was also previ-
ously identified for the Yamal-Nenets Autonomous
Okrug (Shiryaev et al., 2020).

In the northern regions, North American species of
microscopic fungi develop on North American plants,
and the corresponding microscopic fungi coevolu-
tionarily associated with them develop on East Asian
and European plants (rSP = 0.78–0.93, p < 0.01). In
taiga, broadleaf, and steppe regions, the strong posi-
tive relationship weakens (p ≤ 0.05). Perhaps this is due
not only to more comfortable natural and climatic fac-
tors, but also to the long period of time that has passed
since the introduction of plants. It is worth noting that
a similar trend was not identified for macroscopic
fungi (Shiryaev et al., 2020). As the results of this study
show, exotic plants, especially woody ones, have a
high proportion of local or taiga Siberian species.
CONTEMPORAR
Botanical data indicate that, in the 20th–21st cen-
turies, rapid dynamics of alien plant species was
observed in Taymyr (Pospelova and Pospelov, 2023).
Many plant species that are “accidentally” introduced
to the north disappear within 1–4 years, and the fungi
associated with them disappear with them. The mini-
mal similarity coefficients between individual decades
and two main periods of mycobiota studies in the region
support this conclusion. It is likely that, with climate
warming and increased economic activity, the likeli-
hood of alien plants surviving in the north will increase.

For certain groups of synanthropic plants (weeds
used in urban and garden landscaping, etc.), only a
few species of fungi are common. There is not a single
species that was found in all six studied groups of syn-
anthropic plants. In landscaping and greenhouses,
local and alien species of fungi develop on woody
plants, but only alien species develop on herbaceous
plants in gardens and greenhouses.

In the last 20 years, there has been a massive,
uncontrolled import of woody and herbaceous plants
by private individuals into garden associations in Tay-
myr, which probably explains the maximum number
and proportion of invasive fungi found on agricultural
plants. The largest number of naturalized species have
also been identified here. A similar trend was noted in
the Yamal-Nenets Autonomous Okrug and a number
of forest regions of the country (Bulgakov, 2024;
Shiryaev et al., 2024). In northern cities, a similar
problem is common to plants used in urban landscap-
ing. Various woody plants are delivered to Norilsk in
tubs with a closed root system, where a large number
of alien species of fungi may be hidden. This is one of
the main routes of penetration to the north of not only
microscopic, but also macroscopic invasive fungi. The
massive import of wooden building materials from the
south of Krasnoyarsk krai to the north over the course
of a century also contributes to the penetration of inva-
sive fungi into Taymyr, as well as a large number of
species of fungi that have already naturalized in the
region. For comparison, in populated areas of Arctic
Yakutia, invasive species of fungi have not been found,
which is largely explained by the almost complete
absence of the introduction of alien plant species, and
only local species of fungi have been collected on
wooden structures (Kotiranta and Mukhin, 2000;
Shiryaev and Mikhaleva, 2013).

Routes of introduction of alien fungi. Despite the
fact that Norilsk is located far in the north, far from
railways and roads, which are traditionally considered
vectors of invasions (Chernaya Kniga…, 2016; Tomo-
shevich, 2019; Morozova and Tishkov, 2021; Tomo-
shevich et al., 2023), the region has quite high trans-
port accessibility. Norilsk is the largest Arctic indus-
trial hub in Russia, with more than a century of history
of economic development. The most important trans-
port artery of the region is the Yenisei River, along
which ships and barges deliver cargo from the south of
Y PROBLEMS OF ECOLOGY  Vol. 18  No. 5  2025
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Siberia. The Trans-Siberian Railway passes through
Krasnoyarsk, transporting goods and building materi-
als across Eurasia, and a wide range of goods are then
delivered north along the Yenisei. Another important
transport corridor is the Northern Sea Route, along
which cargo is delivered from Murmansk and Arkhan-
gelsk. The third way is air communication with numer-
ous cities of the country located in forest regions, as well
as steppe and subtropical ones.

Starting in the 1920s and 1930s, hay, feed, and soil
were imported for state farms, which led to the pene-
tration of many alien plants and fungi into the north.
Plants with soil were brought to the greenhouses from
Krasnoyarsk, Novosibirsk, and Alma-Ata, resulting in
a high probability of alien fungi being imported. Per-
haps Mutinus ravenelii was brought in this way in the
1980s. Currently, local residents and entrepreneurs
independently order seeds and seedlings for landscap-
ing and garden plots, which contributes to the emer-
gence of new “southern” plants—substrates for the
development of alien mycobiota. Vast territories of
sparsely populated taiga stretch between the settle-
ments of the south of Krasnoyarsk krai, where alien
fungi develop on various plant substrates, and up to
Taymyr. Here the local population uses a minimal set
of alien plants, mainly herbaceous ones. Therefore, it
is unlikely that most species of alien fungi (developing
on greenhouse plants and weeds used in landscaping)
will spread to Taymyr to the north along the Yenisei
River through small villages.

One explanation for the penetration of alien plant
and fungal species into the north can be found in the
following example. In the center of Norilsk on the
lawn in the soil clod, in which the Pinus sibirica grows,
a 3-year-old Acer negundo plant was found. The tub
with cedar was brought by barge from Krasnoyarsk in
2020. The tub was kept in a heated greenhouse for one
winter, and in 2021 the cedar with soil was planted in
open ground. Consequently, the cedar and maple have
already survived three winters in the open ground. It is
worth noting that in this same greenhouse, whose own-
ers ordered plants from Krasnoyarsk, several A. negundo
have also been identified at present in tubs with Prunus
padus and Populus laurifolia. Their seeds fell into the
soil in Krasnoyarsk, where a nursery grew the corre-
sponding woody plants for sale, and then they were
transported north by barge.

We have no evidence that alien fungi were brought
to Taymyr through tourism. Also, fungi were not
detected on plants dispersed from the crop. In the
work (Pospelova and Pospelov, 2023), Elymus trachy-
caulus (Link) Gould et Shinners, Festuca pratensis,
Dactylis glomerata L., and Iris setosa Pall. ex Link are
indicated among dispersing plants. We have collected
fungi on F. pratensis, but only within the city lawns,
where these grasses are purposefully planted as lawn
mixtures. We also found a fungus on an iris, but it was
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 18 
I. sibirica, specially purchased, brought and planted in
a garden plot, where it has grown for six years.

Probability of survival of alien fungi. The anthropo-
genic mycobiota of Norilsk is a fragile, unformed
structure, which can very quickly, within 1 to 3 years,
change its species composition by 60–70%. Without
human support, no more than 20–30% of the Norilsk
anthropogenic mycobiota species will be able to sur-
vive for 10 years or more: these are fungi associated
with naturalized plants (Chenopodium album, Populus
tremula, Tanacetum vulgare, and others.). For exam-
ple, late blight of potatoes and septoria of parsley have
been known since the 1980s. State farm workers sent
infected plant samples for identification to the All-
Union Institute of Plant Growing (Otchet…, 1992).
However, many species of fungi found in greenhouses
probably have no chance of naturalizing. This applies
to fungi that specialize in developing on grapes,
hydrangeas, and other exotic substrates that do not
have close relatives in the northern f lora.

With warming and an increase in the spectrum of
local f lora, some species of fungi will move from the
status of alien to local, and local anthropophobic to
anthropotolerant, from accidental to naturalized, and
the latter to invasive. This is already observed in the
forest zone of the country (Shiryaev et al., 2020; Bul-
gakov, 2024), as well as in Murmansk oblast, where the
climate is milder and the range of local f lora is wider
compared to the Siberian regions.

CONCLUSIONS

The results of the study of the species richness of
the mycobiota of alien plants in Taymyr have been
summarized. The analysis of the information made it
possible to trace the history of the identification of the
species composition of mycobiota, the influence of
the dynamics of the number of introduced plant spe-
cies on various aspects of the formation, and the pos-
sible future of alien fungi in the Arctic. It has been
shown that the introduction and spread of alien spe-
cies are local and mostly associated with settlements
and industrial centers. The main vectors for the intro-
duction of alien species are the movement of trans-
port, people, and associated objects during economic
and agricultural development of territories. Along the
latitude-zonal gradient of the Russian Arctic, a nega-
tive correlation was found between the proportion of
alien fungi and plants, which undoubtedly requires
further research into this issue. Data on the impact
that global warming has on the invasion of alien plant
species and associated fungi also remains to be investi-
gated. There is a rapid turnover in the species compo-
sition of alien fungi, which reflects the extreme nature
of high-latitude natural and climatic conditions, but a
third of alien fungi species have already become natu-
ralized, and some have become invasive.
 No. 5  2025



654 SHIRYAEV et al.
ACKNOWLEDGMENTS

We thank T.S. Bulgakov for help in identifying some
samples. We thank H. Kotirant for providing information
about the materials collected in Norilsk and the surrounding
area. We are extremely grateful to M.E. Popov, I.M. Popov,
N.B. Khromchenko, and I.O. Pestereva for assistance in the
work and collection of material.

AUTHOR CONTRIBUTION

А.G. Shiryaev was responsible for the idea and method-
ology; collected and processed material; analyzed data; and
wrote, reviewed, and edited the manuscript. А.S. Budi-
mirov collected and processed material; analyzed data; and
wrote, reviewed, and edited the manuscript. О.S. Shiryaeva
processed material and wrote, reviewed, and edited the
manuscript.

FUNDING

This study was supported by the Russian Science Foun-
dation (project no. 24-24-00271).

ETHICS APPROVAL 
AND CONSENT TO PARTICIPATE

This work does not contain any studies involving human
and animal subjects.

CONFLICT OF INTEREST

The authors of this work declare that they have no con-
flict of interest.

REFERENCES
Budimirov, A.S., Powdery mildew fungi (Erysiphaceae,

Helotiales) of the Middle Urals: past and present of na-
tive and alien species, Materialy Vserosoyuznoi konfer-
entsii molodykh uchenykh “Ekologiya: fakty, gipotezy,
modeli” (Proc. All-Union Conf. Young Sci. “Ecology:
Facts, Hypotheses, Models”), Ekaterinburg: Al’fa Print,
2023, pp. 49–51.

Budimirov, A.S. and Shiryaev, A.G., Invasive species of
powdery mildew fungi in intact areas of the Middle
Urals, Fitosanitariya, Karantin Rast., 2024, vol. S4–2,
no. 20, p. 18.

Bulgakov, T.S., Anthropogenic factors and phytopatholog-
ical threats to woody plants in the south of Russia, Ma-
terialy XVIII Mezhdunarodnoi nauchno-prakticheskoi
ekologicheskoi konferentsii “Mozaichnost’ i sistemnost' v
biosfere” (Proc. XVII Int. Sci. Pract. Ecol. Conf. “Mo-
saic and Systematic in the Biosphere”), Belgorod,
2024, pp. 32–35.

Chernaya Kniga flory Sibiri (Black Book of the Flora of Sibe-
ria), Vinogradova, Yu.K., Ed., Novosibirsk: Geo, 2016.

Dahlberg, A. and Bültmann, H., Fungi. Chapter 10, Arctic
Biodiversity Assessment. Status and trends in Arctic biodi-
versity, Meltofte, H., Ed., Akureyri: CAFF, 2013,
pp. 355–371.
CONTEMPORAR
Diez, J.M., James, T.Y., McMunn, M., and Ibáñez, I., Pre-
dicting species-specific responses of fungi to climatic
variation using historical records, Global Change Biol.,
2013, vol. 19. pp. 3145–3154.

Ertts, S., Stroitel’stvo Noril’skogo kombinata s 1935 po
1938 gg.: stanovlenie krupnogo ob’’ekta ekonomicheskoi
sistemy GULAGa, Ekonomicheskaya istoriya, Ezhegod-
nik (Construction of the Norilsk Combine from 1935 to
1938: the Formation of a Major Object of the Econom-
ic System of the Gulag, Economic History. Yearbook),
Moscow, 2004, pp. 140–176.

Filatova, S.N. and Sergeeva, O.K., Tree and shrub species
of vascular plants in urbanoflora Norilsk, Kul’t., Nau-
ka, Proizvod., 2021, no. 7, pp. 28–32.

IndexFungorum Online. CABI, Kew, 2024. https://www.in-
dexfungorum.org/. Cited December 03, 2024.

Isaeva, L.G. and Khimich, Yu.R., Katalog afilloforoidnykh
gribov Murmanskoi oblasti (Catalogue of aphyllopho-
roid fungi of the Murmansk Region), Apatity: Kol’sk.
Nauchn. Tsentr Ross. Akad. Nauk, 2011.

Ivanov, S.M. and Milina, L.I., Osnovnye vrediteli i bolezni
rastenii, ikh fitosanitarnaya profilaktika v usloviyakh
Murmanskoi oblasti (The Main Pests and Diseases of
Plants, Their Phytosanitary Prevention in Murmansk
Oblast), Apatity: Kol’sk. Nauchn. Tsentr Ross. Akad.
Nauk, 2003.

Karatygin, I.V., Nezdoiminogo, E.L., Novozhilov, Yu.K.,
and Zhurbenko, M.P., Griby rossiiskoi Arktiki (Fungi of
the Russian Arctic), St. Petersburg: S.-Peterb. Gos.
Khimiko-Farm. Akad., 1999.

Karis, Kh. and Pyldmaa, P., Some materials to the fungus
flora of the Taimyr peninsula. II. Powdery mildews, Fo-
lia Cryptogamica Estonica, 1974, no. 4, pp. 25–32.

Kauserud, H., Stige, L.C., Vik, J.O., and Stenseth, N.,
Mushroom fruiting and climate change, Proc. Natl.
Acad. Sci. U. S. A., 2008, vol. 105, pp. 3811–3814.

Khimich, Yu.R., History of the study and the current state
of the biota of aphyllophroid fungi of the Kandalaksha
Nature Reserve, Materialy nauchno-prakticheskoi kon-
ferentsii “90 let nauchnykh issledovanii v Kandalakshs-
kom zapovednike: istoriya i perspektivy “ (Proc. Sci.-
Pract. Conf. “90 Years of Scientific Research in the
Kandalaksha State Reserve: History and Prospects”),
Apatity, 2022, pp. 100–101.

Khimich, Yu.R., Shiryaev, A.G., and Volobuev, S.V., Some
noteworthy findings of aphyllophoroid fungi in the
North of Eastern Fenoscandia (Murmansk region,
Russia), Botanica, 2020, vol. 26, no. 1, pp. 49–60.

Kotiranta, H. and Mukhin, V.A., Aphyllophorales (Basidi-
omycetes) of Tiksi, Republic of Sakha (Yakutia),
Northeast Siberia, Karstenia, 2000, vol. 40, pp. 65–69.

Krasnaya kniga Krasnoyarskogo kraya: Redkie i nakhodya-
shchiesya pod ugrozoi ischeznoveniya vidy rastenii i gribov
(Red Book of Krasnoyarsk Krai: Rare and Endangered
Species of Plants and Fungi), Stepanov, N.V., Ed.,
Krasnoyarsk: Sib. Fed. Univ., 2022, vol. 2.

Lavrov, N.N., Mycoflora of the lower reaches of the Yenisei
River and the islands of the Yenisei Gulf, Izv. Tomsk.
Gos. Univ., 1926, vol. 76, no. 2, pp. 158–177.

Lind, J., Studies on the geographical distribution of arctic
circumpolar micromicetes, Kgl. Danske Videns. Selsk.
Biol. Medd., 1934, vol. 11, no. 2, pp. 1–152.
Y PROBLEMS OF ECOLOGY  Vol. 18  No. 5  2025



MYCOBIOTA OF ALIEN PLANTS IN SIBERIAN ARCTIC 655
Litvinova, S.V. and Rak, N.S., The main types of pathogens
and pests of introduced trees and shrubs of the Rosace-
ae family in the arboretum of the Polar-Alpine Botani-
cal Garden, Materialy mezhdunarodnoi nauchnoi kon-
ferentsii “Rol’ botanicheskikh sadov i dendrariev v
sokhranenii, izuchenii i ustoichivom ispol’zovanii raznoo-
braziya rastitel’nogo mira” (Proc. Int. Sci. Conf. “The
Role of Botanical Gardens and Arboretums in the Con-
servation, Study and Sustainable Use of Plant Diversi-
ty”), Minsk: Medisont, 2017, pp. 397–400.

Matveeva, N.V., Changes in vascular f lora in Dickson set-
tlement vicinity (Western Taymyr) from 1980 till 2012,
Bot. Zh., 2017, vol. 102, no. 6, pp. 812–846.

Matveyeva, N.V., Zanokha, L.L., and Yanchenko, Z.A.,
Vegetation of the Tareya (Western Taymyr): forty years
later, Environ. Dyn. Global Climate Change, 2024,
vol. 15, no. 3, pp. 133–188.

Morozova, O.V. and Tishkov, A.A., Alien plant species in
the Russian Arctic: spatial patterns, corridors and local
invasions, Ross. Zh. Biol. Invazii, 2021, vol. 14, no. 3,
pp. 50–62.

Mukhin, V.A. and Ushakova, N.V., Synanthropic species of
tinder fungi of the Middle Urals, Materialy VI mezh-
dunarodnoi konferentsii “Problemy lesnoi fitopatologii i
mikologii” (Proc. Int. Conf. “Problems of Forest Phy-
topathology and Mycology”), Moscow, Petrozavodsk,
2005, pp. 230–233.

Open Joint Stock Company “Norilsk Mining and Metallur-
gical Plant named after A.P. Zavenyagin”, Norilsk City
Archive. Portal of Archives of Krasnoyarsk Krai
https://krasmun.krasarh.ru/archives/noril/stocks/3000-
47394. Cited December 09, 2024.

Otchet “O perspektivakh uvelicheniya urozhainosti sel’sko-
khozyaistvennykh rastenii severa” (Report “On the
Prospects for Increasing the Yield of Agricultural Plants
in the North”), Kitova, N.F., et al., Yakutsk, 1992.

Pis’markina, E.V., Byalt, V.V., Khitun, O.V., Egorov, A.A.,
Shcherbakov, A.V., and Morozova, L.M., Alien f lora of
the Yamalo-Nenets Autonomous Okrug, Vestn. Orenb.
Gos. Pedagog. Univ., 2022, vol. 4, no. 44, pp. 77–122.

Plants of the World Online. Kew, 2024. https://powo.sci-
ence.kew.org/. Cited December 11, 2024.

Pospelova, E.B. and Pospelov, I.N., Flora sosudistykh ras-
tenii Taimyra i sopredel’nykh territorii (Flora of Vascular
Plants of Taimyr and Neighboring Areas), Moscow:
KMK, part 1, 2007.

Pospelova, E.B. and Pospelov, I.N., Changes in the vascu-
lar f lora of Khatanga village and its surrounding area,
Taimyrsky biosphere reserve, over a long period,
Zapovednaya Nauka, 2016, vol. 1, no. 2, pp. 65–84.

Pospelova, E.B. and Pospelov, I.N., Alien species of vascu-
lar plants of Taimyr, Probl. Bot. Yuzhnoi Sib. Mong.,
2023, vol. 22, no. 2, pp. 268–271.

Postanovlenie glavy goroda Noril’sk ot 4 dekabrya 2015 g.
N 591 Ob utverzhdenii munitsipal’noi programmy “Bla-
goustroistvo territorii” na 2016–2018 gody (Resolution
of the Head of the City of Norilsk dated December 4,
2015 N 591 On approval of the Municipal Program
“Improvement of the Territory” for 2016–2018.)

Pyldmaa, P. and Raitvir, A.G., Materialy k flore gribov leso-
tundry Eniseisko-Khatangskogo vodorazdela. I. Dis-
komitsety, Vodorosli i griby Sibiri i Dal’nego Vostoka
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 18 
(Materials on the Flora of Fungi of the Forest-Tundra
of the Yenisei-Khatanga Watershed. I. Discomycetes,
Algae and Fungi of Siberia and the Far East), 1972,
pp. 122–125.

Pyšek, P., Manceur, A.M., Alba, C., McGregor, K.F., Per-
gl, J., Štajerová, K., Chytrý, M., Danihelka, J., Kar-
tesz, J., Klimešová, J., Lučanová, M., Moravcová, L.,
Nishino, M., Sádlo, J., Suda, J., Tichý, L., and Kühn, I.,
Naturalization of central European plants in North
America: species traits, habitats, propagule pressure,
residence time, Ecology, 2015, vol. 96, no. 3, pp. 762–
774.

Rantanen, M., Karpechko, A.Y., Lipponen, A., Nordling, K.,
Hyvärinen, O., Ruosteenoja, K., Vihma, T., and Laak-
sonen, A., The Arctic has warmed nearly four times
faster than the globe since 1979, Commun. Earth Envi-
ron., 2022, vol. 3, p. 168.

Reference and information portal “Weather and climate”,
1934–2024. http://pogodaiklimat.ru/. Cited Decem-
ber 09, 2024.

Richardson, D.M., Pyšek, P., Rejmanek, M., Barbour, M.G.,
Panetta, F.D., and West, C.J., Naturalization and inva-
sion of alien plants: concepts and definitions, Div. Dis-
tribution, 2000, vol. 6, pp. 93–107.

Schertler, A., Lenzner, B., Dullinger, S., Bufford, J.L.,
Ghelardini, L., Santini, A., Capinha, C., Monteiro, M.,
Reino, L., Wingfield, M.J., Seebens, H., Thines, M.,
Dawson, W., van Kleunen, M., Kreft, H., Pergl, J.,
Pyšek, P., Weigelt, P., Winter, M., and Essl, F., Bioge-
ography and global f lows of 100 major alien fungal and
fungus-like oomycete pathogens, J. Biogeogr., 2024,
vol. 51, no. 4, pp. 599–617.

Sevast’yanov, D.V., Isachenko, T.E., and Guk, E.N., No-
rilsk region: from the peculiarities of nature to the prac-
tice of development, Vestn. S.-Peterb. Gos. Univ., 2014,
vol. 7, no. 3, pp. 82–94.

Shavrova, L.A., Parazitnye griby introdutsirovannykh rastenii
v usloviyakh Kol’skogo poluostrova (Lakes of Various
Landscapes of the Kola Peninsula), Leningrad: Nauka,
1989.

Shiryaev, A.G., Clavarioid fungi of the Urals. III. Arctic
zone, Mycol. Phytopathol., 2006, vol. 40, no. 4, pp. 294–
307.

Shiryaev, A.G., Changes in mycobiota of Ural-and-Siberi-
an region under global warming and anthropogenic im-
pact, Vestn. Ekol., Lesoved. Landshaftoved., 2009, no. 9,
pp. 37–47.

Shiyatov, S.G., Dinamika drevesnoi i kustarnikovoi rasti-
tel’nosti v gorakh Polyarnogo Urala pod vliyaniem sovre-
mennykh izmenenii klimata (Dynamics of Tree and
Shrub Vegetation in the Polar Ural Mountains under
the Effect of Current Climate Change), Yekaterinburg:
Ural. Otd. Ross. Akad. Nauk, 2009.

Shiryaev, A.G., Spatial structure of clavarioid fungi biota in
tundra zone of Taimyr Peninsula, Nov. Sist. Nizshikh
Rast., 2011, vol. 45, pp. 133–145.

Shiryaev, A.G., Longitudinal changes of clavarioid funga
(Basidiomycota) diversity in the tundra zone of Eur-
asia, Mycology, 2017, vol. 8, no. 3, pp. 135–146.

Shiryaev, A.G., Spatial diversity of clavarioid mycota (Ba-
sidiomycota) at the forest-tundra ecotone, Mycosci-
ence, 2018, vol. 59, no. 4, pp. 310–318.
 No. 5  2025



656 SHIRYAEV et al.
Shiryaev, A.G., Moiseev, P.A., Devi, N.M., Peintner, U.,
Devi, N., Kukarkikh, V.V., and Elsakov, V.V., Arctic
greening caused by warming contributes to composi-
tional changes of mycobiota at the Polar Urals, Forests,
2019, vol. 10, no. 12, p. 1112.

Shiryaev, A.G., Additions to the species list of aphyllopho-
roid fungi in Taymyrsky Dolgano-Nenetsky District
(Arctic Siberia, Krasnoyarsk Krai, Russia), Mycol. Phy-
topathol., 2024, vol. 58, no. 6, pp. 491–495.

Shiryaev, A.G. and Mikhaleva, L.G., Aphyllophoraceous
fungi (Basidiomycetes) in the tundra and forest-tundra
of the Lena River delta and Novosibirsk Islands (Arctic
Yakutia), Nov. Sist. Nizshikh Rast., 2013, vol. 47,
pp. 155–166.

Shiryaev, A.G. and Mukhin, V.A., Clavarioid-type fungi
from Svalbard: their spatial distribution in the European
High Arctic, N. Am. Fungi, 2010, vol. 5, no. 5, pp. 67–84.

Shiryaev, A.G., Kotiranta, H., Mukhin, V.A., Stavishen-
ko, I.V., and Ushakova, N.V., Afilloforoidnye griby.
Sverdlovskoi oblasti: Bioraznoobrazie, rasprostranenie,
ekologiya i IUCN kategorii (Aphyllophoroid Fungi of
Sverdlovsk Region, Russia. Biodiversity, Distribution,
Ecology and the IUCN Threat Categories), Yekaterin-
burg: Goschitskii, 2010.

Shiryaev, A.G., Zmitrovich, I.V., and Ezhov, O.N., Taxo-
nomic and ecological structure of basidiomycetes biota
in the polar deserts of the Northern Hemisphere, Con-
temp. Probl. Ecol., 2018, vol. 5, pp. 526–544.

Shiryaev, A.G., Khimich, Yu.R., Kosolapov, D.A., et al.,
Changes in the structure of vegetation and mycobiota in
connection with climate warming in polar latitudes,
Materialy mezhdunarodnoi konferentsii “Global’nye
problemy Arktiki i Antarktiki” (Proc. Int. Conf. “Global
Problems of the Arctic and Antarctic”), Arkhangelsk:
Fed. Issled. Tsentr Kopmpleksn. Izuch. Arakt. Ural.
Otd. Ross. Akad. Nauk, 2020, pp. 624–629.

Shiryaev, A.G., Bulgakov, T.S., Shiryaeva, O.S., Kisele-
va, O.A., and Zmitrovich, I.V., Additions to species list
of fungi associated with alien and native woody plants in
Sverdlovsk region (Russia, Middle Ural), Mycol. Phyto-
pathol., 2024, vol. 58, no. 4, pp. 294–302.

Shiryaev, A.G., Grigoriev, A.A., Zmitrovich, I.V., et al.,
Rapid response of tree stands and wood-inhabiting fun-
gi to climate warming on the Putorana Plateau (Arctic
Siberia), Forests, 2025, vol. 16, no. 12, p. 672.

State enterprise of the Taimyr (Dolgano-Nenets) Autono-
mous Okrug “Sovkhoz Norilsky”, Norilsk city archive.

Portal of archives of Krasnoyarsk Krai. https://kras-
mun.krasarh.ru/archives/noril/stocks/300053992. Cit-
ed December 7, 2024.

Tikhanovskii, A.N., Kartofel’ na Yamale (Potatoes in
Yamal), Novosibirsk: Akademizdat, 2021.

Tomoshevich, M.A., Interrelations between alien and na-
tive foliar fungal pathogens and woody plants in Sibe-
ria, Contemp. Probl. Ecol., 2019, vol. 12, no. 6, pp. 642–
657.

Tomoshevich, M.A., Belomesyatseva, D., Banaev, E.V.,
Vorob’eva, I.G., and Shabashova, T., Comparative
analysis of foliar diseases of some native and non-native
tree species in Belarus and Siberia, Contemp. Probl.
Ecol., 2023, vol. 16, no. 2, pp. 217–229

Voglmayr, H., Schertler, A., Essl, F., and Krisai-
Greilhuber, I., Alien and cryptogenic fungi and oomy-
cetes in Austria: an annotated check-list, Biol.
Invasions, 2023, vol. 25, pp. 27–38.

Walker, D., Epstein, H.E., Raynolds, M.K., Kuss, P.,
Kopecky, M.A., Frost, G.V., Daniëls, F.J.A., Leib-
man, M.O., Moskalenko, N.G., Matyshak, G.V., Khi-
tun, O.V., Khomutov, A.V., Forbes, B.C., Bhatt, U.S.,
Kade, A.N., Vonlanthen, C.M., and Tichý, L., Envi-
ronment, vegetation and greenness (NDVI) along the
North America and Eurasia Arctic transects, Environ.
Res. Lett., 2012, vol. 7, art. 015504.

Wasowicz, P., Sennikov, A.N., Westergaard, K.B., Spell-
man, K., Carlson, M., Gillespie, L.J., Saarela, J.M.,
Seefeldt, S.S., Bennett, B., Bay, C., Ickert-Bond, S.,
and Väre, H., Non-native vascular f lora of the Arctic:
Taxonomic richness, distribution and pathways, Ambio,
2020, vol. 49, pp. 693–703.

Yanchenko, Z.A. and Filatova, S.N., Features of f lora for-
mation in anthropogenic transformed territories in the
environment of the city of Norilsk, Kul’t., Nauka,
Proizvod., 2021, no. 7, pp. 35–41.

Yurtsev, B.A., The hypoarctic botanical-geographical belt
and the origin of its f lora, Materialy konferentsii “Ko-
marovskie chteniya XIX” (Proc. Conf. “Komarov Read-
ings XIX”), Moscow, Leningrad: Nauka, 1966, p. 95.

Publisher’s Note. Pleiades Publishing remains
neutral with regard to jurisdictional claims in
published maps and institutional affiliations. 
AI tools may have been used in the translation or
editing of this article.
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 18  No. 5  2025


	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Annotated list
	Ascomycota
	Basidiomycota
	Oomycota

	DISCUSSION
	CONCLUSIONS
	REFERENCES

		2025-09-22T10:36:03+0300
	Preflight Ticket Signature




