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The paper is devoted to ecological and biodiversity studies on basidiomycetes associated with common juniper
(Juniperus communis) from subtaiga zone of Belarus as well as several taiga regions of the European part of Rus-
sia, namely, the Leningrad Region, the Republic of Karelia, the Komi Republic, the Arkhangelsk Region, the
Murmansk Region. The taiga zone represents an ecological-coenotic optimum of common juniper and the wid-
est spectrum of its fungal consorts is expected to be revealed. A total of 96 species of wood-inhabiting basidiomy-
cetes, both from dead and living wood, were recorded in association with J. communis in the boreal regions of
Belarus and the European part of Russia. These species belong to the Pucciniomycetes (Pucciniales, 3 species),
Dacrymycetes (Dacrymycetales, 1 species), and Agaricomycetes (Agaricales, Atheliales, Auriculariales, Boletales,
Cantharellales, Gloeophyllales, Gomphales, Hymenochaetales, Polyporales, Russulales, Thelephorales, Trechispo-
rales, 92 species). An annotated species list is given, including an expanded substratum and ecology datasets. The
ecological and geographical preferences of these fungi and the strength of their connection with juniper were an-
alyzed by thermal map, clusterization, and Sankey diagram methods. The various types of wood decomposition
by juniper-associated basidiomycetes were discussed. The global distribution pattern of the species was analyzed.
It was concluded that the biota of basidiomycetes associated with juniper in Eastern European taiga forests is a
heterogeneous and heterochronous formation, where it is possible to distinguish clearly a florogenetically ancient
core of the species specialized on juniper, exhibiting in one or other way biotrophic properties, and several taiga
sets of species (suites) connected with pine trees and their litter as well as with spruce-pine-leaved taiga mosaics
and boreo-nemoral mosaics typical of the Northern Hemisphere.

Keywords: biodiversity, coenotic preferences, Gymnosporangium, Pinetum, species composition, substratum
spectra
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INTRODUCTION cold (high altitude and boreal) climates. The common
The genus Juniperus is an example of ecological juniper (Juniperus communis) is a Holarctic species (re-
specialization of initially subtropical Cupressaceae in corded as an invasive species in Libya, South Africa,
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Argentina, Australia, and New Zealand) with the high-
est abundance on fairly drained soils in boreal forests.
It is an evergreen tree or shrub with egg-shaped or con-
ical crown, and gray-brown longitudinally scaly bark.
The needles are dense, 1—1.5 cm long and 0.7—1.5 mm
wide, shallowly grooved at the top, brilliantly green be-
low with a blunt keel, elongated into a thorny point at
the end. This plant is anemophilous, mesophilic, mi-
crothermal, oligotrophic, and represents rather stable
assectator. Over a large extent of its range, the common
juniper grows predominantly in the undergrowth of co-
niferous (Pinus sylvestris, Picea abies, P. obovata, Larix
sibirica) and also in birch and birch-aspen derived for-
ests. The communities with its dominance are very ra-
re, as, for example, in alvars on limestone along the
Baltic Sea or in forest-tundra valleys. In boreal forests
this species grows mostly in lichen, Vaccinium myrtillus
or V. vitis-idaea types of forests, although it is recorded
in flow-moistened spruce forests too, reaching 18 m in
height. On dry and stony soils in communities of
sparsely standing larch on plateaus of Siberia as well as
in tundra light forests it grows as a shrub, reaching 1—
1.5 m in height. At the southern boundary of its range,
J. communis is included in the undergrowth of steppe
insular oligotrophic pine forests (Sokolov, Svyazeva,
1965; Lammers et al., 2016).

The juniper’s mycobiota attracted the attention of
researchers since a long time (Holm, Holm, 1977; Be-
lomesyatseva, 2004; Volobuev, Ivanushenko, 2020) be-
cause it is a species with very strong wood, dense nee-
dles, and a very peculiar niche, which occupied by only
some fungi from the total mycobiome of communities
with juniper.

Concerning basidiomycetes, yet Linnaeus (1753)
described Gymmnosporangium teliostage on juniper as
Tremella juniperina, whereas Persoon (1794) described
the same species as Puccinia juniperi. Subsequently, the
juniper as a substratum for fungi attracted attention of
Fries (1828), who described from this substratum such
species as Thelephora juniperina and Th. laevigata.
Karsten (1876) described from juniper such species as
Corticium juniperi (later under the name Xerocarpus ju-
niperi; Karsten, 1881); the same researcher noted 22 spe-
cies of basidiomycetes for this host. Bourdot and Gal-
zin described for the first time from juniper such taxa
as Corticium serum var. juniperi (Bourdot, Galzin, 1911;
current name is Lyomyces juniper) and Peniophora gle-
bulosa subsp. juniperina [Bourdot, Galzin, 1913; cur-
rent name is Tubulicrinis sororius (Bourdot et Galzin)
Oberw.].

There is a number of classical works devoted to the
rust genus Gymnosporangium (Arthur, 1934; Dietel,
1888; Sydow, Sydow, 1924; Transhel, 1939). This genus
is a kind of exception among other rust fungi because
coniferous plants usually serve as a reservoir for its te-
liostage, while most of other rust fungi infecting conif-
erous species (the genera Cronartium, Coleosporium,
Calyptospora, Hyalopsora, Melampsora, Melampsorel-
la, Pucciniastrum, Uredinopsis) develop on coniferous
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hosts their aecia and spermogonia. Another exception
is Chrysomyxa, which produce its telia on Picea).

Crowell (1940) summarized the data on the locali-
ties of Gymnosporangium species, Savulescu (1953)
published a picture of the distribution of Gymnosporan-
gium species in Europe. The origin and taxonomy of
the genus Gymnosporangium were discussed by Leppik
(1956), who considered the correlation between evolu-
tion of host groups and formation of sections within the
genus, and this process was analyzed in time and eco-
logical-geographical aspects.

Parmasto (1968) mentioned 15 species which devel-
op on Juniperus communis. In particular from juniper
he described a new species, Atheloderma mirabile.
Scandinavian mycologists, primarily J. Eriksson and
his students, made a great contribution to the study of
aphyllophoroid fungi on J. communis. In the beginning
period of his studies, Eriksson described an interesting
species, Peniophora junipericola, specialized on this ge-
nus (Eriksson, 1950). In the book series “The Corticia-
ceae of North Europe” (Eriksson, Ryvarden, 1973,
1975, 1976; Eriksson et al., 1978, 1981, 1984; Hjorts-
tam et al., 1987, 1988), Eriksson and co-authors cited
many finds from this plant, including Amylostereum
laevigatum, Lyomyces juniperi, Peniophora junipericola.

Several species of corticioid fungi were described on
juniper in the Netherlands and Germany by B. de
Vries, for example, Hyphoderma cryptocallimon and
Trechispora kavinioides (Vries, 1987). The finds of fun-
gi confined to Juniperus communis were listed in special
papers by Bernicchia (2000), and Sell and Kotiranta
(2011).

Annotated checklists of basidiomycetes, published
in recent decades, include some species indicated on
common juniper as a substratum. However, special
studies of this host in the optimum zone of the species,
similar to that Bernicchia did for southern species of
Juniperus, began relatively recently starting from the
territory of the Republic of Belarus (Belomesyatseva,
2002, 2004). The present paper complements this data
with new finds of basidiomycetes on J. communis from
the subtaiga part of Belarus as well as several taiga re-
gions of the European part of Russia, namely, the Len-
ingrad Region, the Republic of Karelia, the Komi Re-
public, the Arkhangelsk Region, the Murmansk Re-
gion. The taiga zone represents an ecological-coenotic
optimum of common juniper (at least this follows from
the documented records of this species in GBIF data-
base, 2022) and the widest spectrum of its fungal con-
sorts is expected to be observed. Having identified the
list of basidiomycetes associated with living and dead
wood of common juniper, we intended to analyze eco-
logical and geographical preferences of these fungal
species and to assess the strength of their connection
with common juniper as substratum. We assumed that
this information would shed a light on the issues of
ecological specialization and substratum adaptation of
wood-inhabiting Basidiomycota.
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MATERIAL AND METHODS

Study area. The studies were carried out in the fol-
lowing vegetation bands in eastern Europe (the borders
of zones and subzones in Russia follow the maps by
Ogureeva (1999).

Subtaiga. Belarus: Vitebsk Region, Grodno Region,
Minsk Region. The border between boreal and nemoral
biomes in Belarus is accepted by us as the boundary between
Pre-Polesie and Polesie physiographic provinces (Martsin-
kevich et al., 2001).

Southern taiga, middle taiga near the oceanic sector of
the taiga zone. Leningrad Region: Vyborg, Vsevolozhsk,
Lodeynopolsky, Podporozhsky districts.

Middle taiga. Arkhangelsk region: Shenkursk, Vel’sky,
Kotlas, Plesetsk, Nyandoma districts. The Republic of
Karelia: Kondopoga, Lakhdenpokhya, Pitkyaranta, Prione-
zhsky, Pudozh, Sortavala districts, Kostomuksha town. The
Republic of Komi: Knyazhpogostsky district (Lyali village).

Northern taiga. Arkhangelsk region: Onega, Primorsky,
Pinega districts. Murmansk Region: Pechenga, Kola, Kovdor
districts, Apatity Town, Khibiny Mountains (Fig. 1).

Extrazonal locatity in mountain taiga belt. Karachayevo-
Circassian Republic: Teberda State Biosphere Reserve.

Sampling. When collecting the material, mostly the
method of conventional floristic route studies was
used, with more detailed searches within the comuni-
ties with old or numerous juniper plants. Additionally,
the methods of radial routes proposed by Tolmachev
(1974) was used with the concentration of routes near
the base camp and sparse routes of reconnaissance
character at the periphery of the site. Living and dead
trunks, branches and stumps of juniper in different
types of forests (spruce, pine, aspen, birch, mixed
stands) were examined. Particular attention was paid to
the areas with favourable conditions for the develop-
ment of fungi growing on roots and litter. Well recog-
nized in field conditions and widespread species were
mostly not collected and information about them was
recorded in field notebooks.

The collected material is deposited in the Komarov
Botanical Institute Herbarium (LE), N. Laverov Fed-
eral Center for Integrated Arctic Research Herbarium
(AR), Karelian Research Center RAS Herbarium
(PTZ), Herbarium of Institute of North Industrial
Ecology Problems, Kola Science Center, Russian Acade-
my of Sciences (INEP), and Herbarium of V.F. Kupre-
vich Institute of Experimental Botany, National Acad-
emy of Sciences of Belarus (MSK).

Data analysis. Identification of the collected mate-
rial was carried out using light microscopes MBS-10,
Axio Imager.Al, Nikon Eclipse E200, and Olympus
BX-51 under magnification up to x1000. Generative
elements and mycelia of the fungi were prepared in 3—
5% KOH water solution — for dissolving part of glucans
and softening plectenchymes, Melzer’s reagent — for
identifying the amyloid and dextrinoid reaction of glu-
can structures; 0.1% solution of blue toluidine dye in
lactophenol (“cotton-blue”) was also used — for iden-
tification of cyanophilic reaction of the walls of spores
and hyphae (Zmitrovich, 2008). Some microscopic
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Fig. 1. Study area. Belarus: Vitebsk Region: 1 — Myory dis-
trict, 2 — Beshankovichy district, 3 — Lepel district, Grod-
no Region: 4 — Astravets district, 5 — Smarhon district, 6 —
Hrodna district, 7 — Masty district, 8 — Svislach district,
Minsk Region: 9 — Myadzel district, 10 — Stoubtsy, Uzda,
and Dzyarzhynsk districts. Russia: Leningrad Region: 11 —
Vyborg district, 12 — Vsevolozhsk district, 13 — Lodeyno-
polsky district, 14, 15 — Podporozhsky district; Arkhangelsk
region: 16, 17 — Primorsky district, 18 — Pinega district;
19 — Onega district, 20 — Plesetsk district, 21 — Shenkursk
district, 22 — Nyandoma district, 23 — Velsk district, 24 —
Kotlas district; the Republic of Karelia: 25 — Kostomuksha
town, 26 — Kondopoga district, 27 — Pudozh district, 28 —
Prionezhye district, 29 — Pitkyarantsk district, 30 — Sorta-
vala district, 31, 32 — Lakhdenpokhya district; the Republic
of Komi: 33 — Knyazhpogostsky district; Murmansk Re-
gion: 34, 35, 36 — Pechenga district, 37 — Kola district, 38,
39 — Khibiny Mountains, 40 — Kovdor district, 41 — Apa-
tity Town.

studies of specimens were carried out at the Center for
collective use of scientific equipment “Cellular and
molecular technologies of studying plants and fungi”
(Komarov Botanical Institute, Russian Academy of
Sciences, St. Petersburg).

The collected specimens of wood-inhabiting fungi
were prepared for storage in herbarium in accordance
with recommendations by Ryvarden and Gilbertson
(1993). Material identification was carried out using
key-books and monographic treatments of the corre-
sponding taxa (Eriksson, Ryvarden, 1973, 1975, 1976;
Eriksson et al., 1978, 1981, 1984; Jiilich, Stalpers, 1980;
Hjortstam et al., 1987, 1988; Ryvarden, Gilbertson,
1993, 1994; Koljalg, 1996; Hansen, Knudsen, 1997,
Ryvarden, Melo, 2014, 2017) as well as by comparative
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Fig. 2. Taxonomic structure of juniper-associated basidiomycetes biota of the taiga regions of Belarus and the European part of

Russia.

analysis with specimens available in herbaria LE, AR,
PTZ, INEP.

The taxonomic status of species is given in accor-
dance with the nomenclatural database Index Fungo-
rum (2022). Higher taxa of basidiomycetes are given
according to Kirk et al. (2008), the trophic status — ac-
cording to Zmitrovich et al. (2015). Latin nomencla-
ture of plant communities is given according to domi-
nant classification, widely accepted in East European
geobotanical tradition (Sukachev, 1931; Tsinzerling,
1932; Lashchenkova, 1954; Vasilevich, Bibikova, 2010;
Kucherov, 2014). The communities called Pinetum
pleuroziosum are included in this paper in Pinetum hy-
locomiosum type.

The cluster analysis was performed using R 3.3.3
programming language (R Core, 2022) in RStudio
1.0.136 software environment (RStudio Team, 2022).
For this, a matrix of Euclidean distances built on non-
standardized data was used, constructed using Vegan
package (Oksanen et al., 2018). The clustering of the
obtained matrix was performed by Ward’s method, fol-
lowed by visualization of the obtained data using APE
package (Paradis et al., 2004) in RStudio.

The graphs were performed using the packages Gg-
plot2 (Wickham, 2009), Scales (Scales, 2022), Ggpubr
(RPackages, 2022) as well as the online program San-
key Diagram Generator v. 1.2 (Sankey, 2022).

RESULTS

A total of 96 species of wood-inhabiting basidiomy-
cetes were identified in association with Juniperus com-
munis in the boreal regions of Belarus and the Europe-
an part of Russia (Table 1). These species belong to the
Pucciniomycetes (Pucciniales, 3 species), Dacrymycetes
(Dacrymycetales, 1 species), and Agaricomycetes (Aga-
ricales, Atheliales, Auriculariales, Boletales, Cantharel-
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lales, Gloeophyllales, Gomphales, Hymenochaetales,
Polyporales, Russulales, Thelephorales, Trechisporales,
92 species; fig. 2). The richest orders are Hymenochae-
tales, representing 25% of the considered species diver-
sity, and Thelephorales (23.9%). The orders Polyporales
(11.4%), Atheliales (10.4%), and Russulales (8.4%) are
quite representative. The share of the remaining orders
in the structure of considered fungi diversity is small
and varies from 1.1% (Auriculariales, Dacrymycetales,
Gloeophyllales, Gomphales) to 3.1% (Pucciniales, Tre-
chisporales).

In terms of their trophic status (Fig. 3), most of the
juniper-associated basidiomycetes identified (65.6%)
are saprotrophs, decomposing lignocellulosic compo-
nents of the wood of dead trunks. Essentially saprobic
group of pathogenic saprotrophs (2.1%) also develops
on living trunks. This group is adapted to develop un-
der conditions of functioning xylem. At the same time,
a part of saprotrophs colonizing wood debris or the
part of a trunk submerged in forest litter, can form ec-
tomycorrhizae with both juniper and adjacent alien
rhizospheres (28.1%). Moreover, the teliostage of sev-
eral species of true biotrophic fungi of the order Puc-
ciniales (3.1%) was revealed. Several saprotrophic spe-
cies associated with colonization of small tree rem-
nants exhibit biotrophic properties with respect to
aerophytic algae and mosses protonemata (1.1%).

As it was shown by Nagy et al. (2015), there are three
main types of rot caused by basidiomycetes: I — ances-
tral soft rot with the prevalence of hydrolases, II —
white rot, III — brown rot with oxidation by Fenton
mechanism. Most of the studied fungi species (69.9%)
cause white rot, the ancestral soft rot and brown rot are
less common (21.5 and 8.6%, respectively). Among the
studied fungi, 3 species (Gymnosporangium clavarii-
Jforme, G. cornutum, G. tremelloides; Pucciniales) do not
Ne 1
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Fig. 3. Trophic structure of juniper-associated basidiomy-
cetes biota of the taiga regions of Belarus and the European
part of Russia (classification of trophic groups according to:
Zmitrovich et al., 2015): S — saprotrophs; S EM — sapro-
trophic species on forest litter and small wood debris capa-
ble to forming of ectomycorrhizas; B — biotrophs; PS —
pathogenic saprotrophs; B S — saprotrophic fungi capable
to biotrophic nutrition on epixylic algae and protonemata
mats.

cause rot, but feed by establishing a parasite-host inter-
face (Fig. 4).

As can be seen from table 1, there are not too many
species of basidiomycetes strictly specialized on juni-
per. Of these, Lyomyces juniperi, Oxyporus millavensis,
Peniophora junipericola, and the teliostages of Gymno-
sporangium should be mentioned (while aecio- and
uredostadia of the latter are associated with members
of the Rosaceae family: Amelanchier ovalis, Cydonia
oblonga, Malus spp., Pyrus communis). A group of spe-
cies, highly specialized on juniper, includes also Amy-
lostereum laevigatum, although this fungus occasionally
can be found also on Pinus sylvestris.

Most species found on juniper have a fairly wide
spectrum of substrata, even within the taiga zone. Fig-
ure 5 shows the so-called “thermal map” of the distri-
bution of the identified species by host genera, from
which it can be seen that most of the fungi found on
Juniperus are also occur on such tree genera as Alnus,
Betula, Picea, Pinus, Populus, less often on Abies and
Salix. On the remaining genera of plants, basidiomy-
cetes from the present work are found sporadically.

Fig. 6 shows the similarity of species composition of
juniper-inhabiting basidiomycetes from our list in as-
sociation with the genera of host plants in environment
of Eastern European taiga forests. According with this
analysis, the core of juniper-associated mycobiota con-
sists of Basidiodendron caesiocinereum, Globulicium
hiemale, Gymnosporangium tremelloides, G. cornutum,
G. clavariiforme, Kneiffiella cineracea, Leptosporomyces
Sfuscostratus, Lyomyces juniperi, Peniophora junipericola,
Peniophorella pallida, Piloderma lanatum, Pseudoto-
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Fig. 4. Distribution of juniper-associated fungi from this
study on types of caused rot (I — ancestral soft rot, 11 —
white rot, III — brown rot).

mentella mucidula, Tomentella fuscocinerea, T. galzinii,
and Trechispora kavinioides.

According to their patterns of global distribution
(Fig. 7), basidiomycetes associated with juniper in
Eastern European taiga forests were grouped as Hol-
arctic, i.e., common in non-tropical areas of the
Northern Hemisphere (27 species, 28%), bipolar, i.e.,
common in temperate regions of both hemispheres
with pronounced disjunction in tropical belt (26 spe-
cies, 27%), circumglobal, i.e., widespread everywhere,
including tropical climates (21 species, 22%), Euro-
American, i.e. distributed in Europe and North Amer-
ica (11 species, 12%), European, i.e., common in Eu-
rope, sometimes irradiating a little east of the Urals
(8 species, 8%), Eurasian, i.e., common in temperate
Eurasia (3 species, 3%).

The ecological-phytocoenotic spectrum of basidio-
mycetes associated with common juniper in taiga East-
ern European forests is presented In the Fig. 8. As it can
be seen, most of species (45) are associated with Pinetum
myrtillosum, then follow Pinetum cladinosum (31 spe-
cies), Pinetum hylocomiosum (10 species), Pinetum vac-
ciniosum (6 species), Parvo-Betuletum myrtilloso-her-
bosum (5 species), and Betuleto- Piceetum myrtilloso-
herbosum (4 species). In sub-virgin spruce forests Pi-
ceetum hylocomiosum/P. myrtillosum (where common
juniper is extremely rare) as well as in north taiga com-
munities with Empetrum — Pinetum empetroso-cladino-
sum and Cladinetum empetroso-nano-betulosum these
fungi are represented by 1 species in each type.

In the Fig. 9 it is possible to trace the correspon-
dence between coenotic gravitation of basidiomycetes
and their general geographical distribution pattern.
The largest number of Holarctic species is confined to
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Fig. 6. Dendrogram of similarity for species composition of juniper-associated basidiomycetes, recorded for various genera of host

plants in Eastern European taiga forests (scale bar shows Euclidean distance).
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Fig. 7. Distribution of juniper-associated basidiomycetes
from this study by global distribution patterns according to
GBIF data (2022).

Pinetum myrtillosum, the circumglobal species are
evenly distributed in the wet (Pinetum myrtillosum), dry
(Pinetum cladinosum), and cryotic (Parvo-Betuletum
myrtilloso-hylocomiosum) types. Bipolar, European,
and Euro-American species also have fairly diverse co-
enotic spectra.

In the Fig. 10, the correspondence between the
spectrum of substrata and the coenotic preferences of
juniper-associated basidiomycetes can be traced. It can
be seen that many species are able to colonize the main
stand-formers of the taiga zone in a wide range of eco-
logical and coenotic conditions.

In the Figure 11, the similarity between species of
juniper-associated basidiomycetes in their ecological-
phytocoenotic preferences is shown. There are two
main clusters corresponding to dry (Pinetum cladino-
sum: Gloeophyllum sepiarium — Tubulicrinis glebulosus)
and moderately wet conditions (Pinetum myrtillosum:
Asterostroma laxum — Lyomyces sambuci).

The Fig. 12 shows the similarity of phytocoenoses
of Eastern European taiga forests by species composi-
tion of juniper-associated basidiomycetes. Oligospe-
cies communities form a single cluster, whereas multi-
ple species communities are differentiated in order of
increasing differences in species composition in the
following series: Pinetum vacciniosum — Pinetum hylo-
comiosum — Pinetum cladinosum — Pinetum myrtillosum.

Piceetum hylocomiosum

Piceetum myrtillosum

Pinetum empetroso-cladinosum
Cladinetum empetroso-nano-betulosum
Betuleto-Piceetum myrtilloso-herbosum
Parvo-Betuletum myrtilloso-herbosum
Pinetum vacciniosum

Pinetum hylocomiosum

Pinetum cladinosum

Pinetum myrtillosum

DISCUSSION

The present study significantly enlarges our knowl-
edge of the species composition of basidiomycetes as-
sociated with juniper. More than 90 species have been
observed in total, that constitutes about 1/5 of the
wood-inhabiting basidiomycetes diversity of the taiga
zone. The main orders of the classes Agaricomycetes,
Dacrymycetes, and Pucciniomycetes are presented on
the substratum in question. It is noteworthy that there
are no representatives of Tremellomycetes, quite com-
monly associated in the taiga zone with fungi that col-
onize other conifers (for example, spruce and pine).
The reason may be related to clear specialization of
Tremellomycetes to certain species of xylotrophic Rus-
sulales, which, in turn, also show a tendency to sub-
stratum specialization. A rather high proportion of
Thelephorales associated with juniper attracts atten-
tion, too. These are mainly debris-inhabiting species
that can develop in litter and are quite widespread in
pine forests, developing in extremely poor (oligotro-
phic) soil conditions, where Juniperus communis main-
ly grows.

Common uniper is characterized by significantly
dense wood with relatively small diameter and height of
senile shoots, so its destruction occurs after a fairly
long decay in standing state, where it harbours most of
saprotrophic basidiomycetes. Pathogenic saprotrophs,
such as Amylostereum laevigatum, begin this process.
The parts of the stem that come into contact with forest
floor are colonized by unspecialized saprotrophs and
saprotrophic ectomycorrhiza-forming species from the
genera Thelephora and Tomentella (Zmitrovich et al.,
2018). The bark is colonized by group of saprotrophs
with biotrophic activity, capable of absorbing the me-
tabolites produced by aerophytic algae (Athelia epiphyl-
la, Resinicium bicolor, possibly also Lyomyces juniperi).
True biotrophic species (Gymnosporangium spp.), at-
tacking cambium cells, cause hypertrophy and hyper-
plasia of shoots. Like pathogenic biotrophs, true
biotrophs develop chronically, but the results of their
development can be detachment of bark and partial ne-

0

10 20 30 40 50

Fig. 8. Distribution of species of juniper-associated fungi over the phytocoenoses types of Eastern European taiga forests.
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Fig. 9. Sankey diagram of relationships of coenotic prefer-
ences of fungi with their distribution pattern. The coenotic
preferences of fungi is shown in the left column, the relation
of individual coenotic preferences to the general geograph-
ical distribution of fungi is shown in the right column. For
groupings containing one or two species, the numbers are
not indicated.

crosis of stems, which are then colonized by a wide
range of saprotrophs.

Like in the taiga mycobiotas as a whole, white rot
species are predominating (69.9%) among xylotrophs
on juniper, although the percentage of species capable
of causing brown rot is also quite high (21.5%), which
is typical for conifers (Zmitrovich et al. 2007; Arefyev
2010). It should be noted, however, that the brown rot
of juniper proceeds inactively and the integrity of the
trunks and branches is maintained for some time; usu-
ally old plants penetrated by deep corrosive rot collapse
from fracture in the area of root collar, while in wet for-
est types they remain standing, somewhat retained by
moss carpets or Lerchenfeldia flexuosa curtains. The
group of fungi that cause ancestral soft rot (8.6%) is al-
so fairly representative — these are mainly species col-
onizing small wood debris associated with common ju-
niper phytosphere.

Specialized juniper species gravitate to various parts
of this plant: cambial zone (Gymnosporangium ssp.),
bark (Lyomyces juniperi, Oxyporus millavensis, Penio-
phora junipericola) as well as sapwood (Amylostereum
laevigatum). The majority of juniper-associated species
(Fig. 5) are widely represented on the main forest-
forming arboreous plant genera of the taiga zone, as Pi-
cea, Pinus, Abies, Larix, Populus, Betula, Alnus, Sorbus,
Salix as well as on species introduced or irradiant from
the broadleaf forest zone (Quercus robur, Tilia cordata,
and their satellites).

Juniperus communis is a Holarctic species (recorded
as an invasive in some tropicl and Southern Hemi-
sphere areas) (GBIF, 2022).

It seems therefore quite natural that Holarctic
(28.1%) and bipolar (27.1%) species play an important
Ne 1
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Fig. 10. Sankey diagram of relationships of the substrate
(the main taiga stand-formers) and the coenotic preferenc-
es of juniper-associated basidiomycetes. In the left column
is the number of species of basidiomycetes confined to tree
species, in the right column — the number of fungi having a
certain coenotic affinity for the above species of trees. For
groupings containing one ot two species, the numbers are
not indicated.

role in the considered fungal list and that circumglobal
species complexes have a significant presence as well.
Basidiomycetes having more fine differentiation of
their distribution areas within the Holarctic are also
present in the composition of juniper-associated my-
cobiota. At the same time, there seems to be a natural
representation of Eurasian species (3.1%), which opti-
mum area is generally shifted to the cryo-xerophilic
zones.

The ecological and phytocoenotic optimum of
J. communis in the taiga belt is pine forests (at least this
follows from the documented records of this species in
GBIF database, 2022) in oligotrophic sandy soil con-
ditions, having the dynamics after occasional fires, and
lacked spruce renewal. This type corresponds to Pine-
tum cladinosum and pioneering communities preceding
this type on the burnt areas. However, in the pine com-
munities of Pinetum myrtillosum and Pinetum hylocomi-
osum types, which are the long-lived successive stages
of Piceetum myrtillosum, J. communis plays a rather
prominent role in the structure of the phytocenoses till
the stage of spruce and pine trees crown closure. Most
species of basidiomycetes (45) were noted on common
juniper in Pinetum myrtillosum. These are sufficiently
moist forests, the hydrothermal regime of which is suit-
able for the development of many fungal species. To-
gether with Pinetum hylocomiosum (10 species), they
give almost half of the species list of juniper-associated
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Fig. 11. Dendrogram of similarity of juniper-associated basidiomycete species by ecological-phytocoenotic preferences (scale bar
shows Euclidean distance).
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basidiomycetes identified in the taiga zone. The drier
types are Pinetum cladinosum (31 species), Pinetum
vacciniosum (6 species), Parvo-Betuletum myrtilloso-
herbosum (5 species), Betuleto-Piceetum myrtilloso-
herbosum (4 species), Pinetum empetroso-cladinosum
(1 species), and Cladinetum empetroso-nano-betulosum
(1 species), which add fewer species, but they are more
characteristic of the portrait of the juniper-associated
mycobiota, corresponding to fungal associations such
as Bankero-Amyloporietum and Suillo bovinis-Amyloste-
reum laevigatidis (Zmitrovich, 2011). Thus, Peniophora
Jjunipericola is found on juniper predominantly in open
pine forests, and only on shores of sea or large lakes
(Sell et al., 2011; Ezhov, Zmitrovich, 2017).

Correspondence between coenotic preferences of
basidiomycete species and their general geographical
distribution (Fig. 8) shows that the greatest number of
Holarctic species is confined to Pinetum myrtillosum,
circumglobal species are distributed uniformly in wet
(Pinetum myrtillosum), dry (Pinetum cladinosum), and
cryotic  (Parvo-Betuletum myrtilloso-hylocomiosum)
types, whereas bipolar, European, and Euro-American
species have fairly diverse coenotic spectra. There is no
doubt that dry and cryotic highland habitats involving
pine and juniper are peculiar guides of taiga species
complexes to warmer pine and juniper communities in
the Southern Hemisphere.

The revealed relationships between a spectrum of
substrata and a coenotic preferences of juniper-associ-
ated basidiomycetes show that most of the basidiomy-
cetes can colonize the main stand-formers of the taiga
zone in a wide range of ecological-coenotic conditions,
that is, they have a wide environmental plasticity.
At the same time, there are two main complexes
among juniper-associated basidiomycetes (Fig. 10),
according to their ecological-phytocoenotic preferenc-
es, corresponding to: 1) dry conditions (Pinetum cladi-
nosum: Gloeophyllum sepiarium — Tubulicrinis glebulo-
sus), which in terms of coenogeography represents the
binding complex with those of the Southern Hemi-
sphere pine forests, and 2) moderately humid condi-
tions (Pinetum myrtillosum: Asterostroma laxum — Ly-
omyces sambuci), which in terms of coenogeography
represents the core of the taiga juniper-associated my-
cobiota.

The similarity of phytocoenoses of Eastern Europe-
an taiga forests in respect of species composition of ju-
niper-associated basidiomycetes (Fig. 12) reflects a
kind of “degenerate” species composition of open
communities with the participation of juniper, the sim-
ilarity of which is determined by few dominant basidi-
omycetes. The Pinetum myrtillosum — Pinetum cladino-
sum — Pinetum hylocomiosum — Pinetum vacciniosum
series does not reflect any gradient of vegetation condi-
tions, but rather the fact that most numerous groups of
basidiomycetes are characteristic of Pinetum myrtillo-
sum and Pinetum cladinosum, where the juniper is most
abundant and its consortium is most developed.
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Betuleto- Piceetum myrtilloso-herbosum

/

Parvo-B myrtilloso-hylocomiosum

Pinetum vacciniosum

Pinetum hylocomiosum

Pinetum cladinosum

Pinetum myrtillosum
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Fig. 12. Dendrogram of similarity of phytocoenoses types
of Eastern European taiga forests by species composition of
juniper-associated basidiomycetes (scale bar shows Euclid-
ean distance).

It is necessary to note that our conclusions are
based on boreal juniper-associated fungal diversity
studies and in the case of addition of data from the
Eastern Europe regions located to the center and east,
where vast thickets of juniper develop on limestones in
the south boreal and hemiboreal forests, then the re-
sults will change.

CONCLUSION

In general, we can conclude that the biota of basid-
iomycetes associated with juniper in Eastern European
taiga forests is a heterogeneous and heterochronous
formation, where it is possible to distinguish clearly a
florogenetically ancient core of the species specialized
on juniper, exhibiting in one way or other biotrophic
properties, and several taiga sets of species (suites) con-
nected with pine trees and their litter as well as with
spruce-pine-leaved taiga mosaics and boreo-nemoral
mosaics, typical to the Northern Hemisphere.
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PaGota nocasieHa U3y4eHUIO 3KOJIOIrMU U OMopa3Hoobpa3ust 6a3uaMOMULIETOB, aCCOLIMMPOBAHHBIX C MOX-
XEeBEIbHUKOM OOBIKHOBEHHBIM (Juniperus communis) B IIipeaeiiax moaTaexkHoi 30HbI Pecrryonuku bemapycs, a
Tak>Ke psifia TaeXKHBIX PETMOHOB eBporneiickoit yactu Poccuu, a umeHHo JleHuHrpanckoii o6:., Pecriyoauku
Kapemus, Pecnyomuku Komu, ApxaHrenbckoii 061., MypMmaHcKoii 06i1. TaexkHast 30Ha IIpeacTaBIsIeT KOJI0-
rO-1IEHOTUYECKUI ONMTUMYM MO KeBeTbHUKA OOBIKHOBEHHOTO U 3[I€Ch MPENINoJiaraeTcsl BbIsIBIeHEe HAaubo-
Jiee IUPOKOTO CITeKTpa ero rpuOHBIX KOHCOPTOB. Beero B acconmanum ¢ J. communis B 60pealTbHBIX paiioHax
Pecniy6nuku benapych u eBporneiickoit yactu Poccuu 3apeructpupoBaHo 96 BUIOB A€PEBOOOUTAIOLINX Oa3H -
MTMOMUIIETOB, aCCOIIMMPOBAHHBIX KaK C MEPTBOM, TaK U C KUBOI TpeBeCUHOM. BhIsSIBIICHHBIE BUIIBI OTHOCSITCS
K knaccaM Pucciniomycetes (Pucciniales, Tpu Buna), Dacrymycetes (Dacrymycetales, onyuiH BUI) U Agaricomycetes
(Agaricales, Atheliales, Auriculariales, Boletales, Cantharellales, Gloeophyllales, Gomphales, Hymenochaetales,
Polyporales, Russulales, Thelephorales, Trechisporales, 92 Buna). IlpencraBieH aHHOTMPOBAaHHBINA CIUCOK,
BKJIIOYAIOIIU I MHDOPMAIIUIO O CyOCTPATHOM CIIEKTPE KaXKIOTO BBISIBJIEHHOTO Ha MOXOKeBeJIbHUKE BUIa. DKO-
JIOTUYeCKKe U reorpaduieckue mpeanoyTeHus: 6a3uIMOMUIIETOB U CHJIa MX CBSI3U C MOXCKEBEIBHUKOM ITPOaHaIIN -
3MpPOBaHbl METOJAMU TETUIOBOM KapThl, KjlacTepu3aluu U Sankey-nuarpamm. PaccMOTpeHbl pa3uyHbIe TUTTBI
THWIM, BbI3bIBa€Mble 0a3UAMOMUIIETAMHU, aCCOLIMMPOBAHHBIMU C MOXCKEBEbHUKOM. [IpoaHanm3npoBaHa KapTu-
Ha I100aIbHOTO pacIpoCcTpaHeHUsT pacCMOTPeHHbIX BUAOB. [lokazaHo, 4To 61oTa 6a3MIMOMUIIETOB, ACCOLIMMPO-
BaHHBIX C MOXKEBETBHUKOM B TaeXKHbIX Jiecax BoctouHoit EBporibl, mpencranisieT codoii reTeporeHHOe U TeTepo-
XpOHHOE 00pa3oBaHUE, B KOTOPOM MOXKHO OTUETIIMBO BBIIEIUTH (hIOPOTeHETUUECKHU IPEeBHEE SIPO CIIeMaIu31-
POBaHHBIX Ha MOXKEeBEJIbHUKE BUIIOB, TTPOSIBIISIIONIMX B TOI WM MHOI Mepe OMOTpodHbIE CBOICTBA, a TaKXKe
HECKOJIbKO KOMIUTEKCOB (CBUT), CBA3aHHBIX C COCHOI M COCHOBBIM JIETPUTOM, €JI0BO-COCHOBBIMU TaeXKHBIMA MO-
3aMKaMU U 60peOoHEeMOPaIbHBIMU JIECHBIMU MO3aUKaMU, XapaKTePHBIMU 1151 CeBEpHOTO TMOJTYIIAPUST.

Knroueswie crosa: 6uopazHoodOpasue, BUIOBOI COCTaB 1€PEBOOOUTAIOIIVX IPUOOB, CyOCTpaTHBIE CIIEKTPHI TPU-
00B, LleHOTUYecKue npedepeHaymol, Gymnosporangium, Pinetum

MUKOJIOI'UA U PUTOIIATOJIOTHUA  tom 57 Nel 2023



