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Corticulous myxomycetes remain one of the least surveyed ecological groups of terrestrial protists. These organisms develop on the 
bark of trees, mostly feeding on bacteria and microalgae. Their microscopic size and fast developmental cycle (3–5 days) complicate the 
study of these organisms, and therefore data their on ecological relationships and patterns of biodiversity corticulous myxomycetes remain 
controversial. On the territory of the southwest spurs of the Central Russian Upland (Northeast Ukraine), no special studies on these or-
ganisms have been conducted. During 2017–2020, in nine forest sites located in this territory, we collected samples of bark of 16 species 
of tree plants, on which sporulating myxomycetes were then identified using the moist chamber technique in laboratory conditions. A 
total of 434 moist chambers was prepared, and 267 (61.5%) of which were found to contain myxomycete fruiting bodies. In total, we 
made 535 observations, finding 20,211 sporocarps. As a result, in the surveyed territory, we found 38 species of corticulous myxomy-
cetes, belonging to 18 genera, 10 families, 7 orders, and 2 subclasses of Myxomycetes. Among the species of corticulous myxomycetes, 
the most abundant were Echinostelium minutum, Arcyria pomiformis, Macbrideola cornea, Perichaena chrysosperma, Licea kleistobo-
lus, Paradiacheopsis fimbriata, Cribraria violacea, Enerthenema papillatum, A. cinerea, and L. operculata. The greatest species richness 
in the examined biota was observed for genera Comatricha, Licea, Paradiacheopsis and Perichaena, families Amaurochaetaceae and 
Trichiaceae, orders Stemonitidales, Trichiales and Physarales. By species diversity, dark-spored myxomycetes (Collumellomycetidae) 
somewhat exceeded bright-spored myxomycetes (Lucisporomycetidae). Badhamia versicolor, Didymium dubium, D. sturgisii, Macbri-
deola decapillata, and Perichaena luteola are new species for the surveyed area. Four species of myxomycetes were collected in Ukraine 
for the first time: Hemitrichia pardina, Licea floriformis, L. pygmea, and Macbrideola argentea. Quantitative and qualitative structure of 
myxomycete consortia developing on different species of substrate-forming plants demonstrated significant differences. The highest level 
of similarity was demonstrated by Fraxinus excelsior and Acer platanoides, and a relatively strong relationship was seen between Pinus 
sylvestris and Tilia cordata. The central cluster comprised F. excelsior, A. platanoides and P. sylvestris. By the sum of values of Bray-
Curtis coefficient,  Quercus robur appeared to be most distinctive plant species by quantitative composition of myxomycete consortia. F. 
excelsior and T. cordata are the most favourable for the development of corticulous myxomycetes. In all the analyzed consortia, the do-
minant species belonged to the Stemonitidales and Trichiales orders, while the remaining orders were represented by notably fewer spe-
cies. Relative species richness of Stemonitidales was the highest in consortia of P. sylvestris, the contribution of Liceales was the greatest 
in A. platanoides and P. sylvestris, the percentage of Echinosteliales and Physarales was the highest on F. excelsior, the share of Cribra-
riales was especially large on A. platanoides. Trichiales were represented on all the analyzed substrates to almost the same extent. Repre-
sentatives of Cribrariales and Physarales were completely absent on P. sylvestris, the species of Clastodermatales – on all species of plants, 
except Q. robur. Prevalence of bright-spored myxomycetes was determined for consortia of Acer platanoides, the dominance of dark-
spored myxomycetes – for F. excelsior, P. sylvestris and Q. robur. The obtained data indicate the presence of stable complexes of corti-
culous myxomycetes, associated with different species of trees in the forest ecosystems of Northeast Ukraine. This encourages further 
study of the structure of myxomycete consortia with tree species that were not included in this study and determining the influence of 
physical-chemical properties of the bark of different plant species on the discovered peculiarities of myxomycete communities.  

Keywords: consortive connections; epiphytic community; Eumycetozoa; moist chamber cultures; Myxogastrea; terrestrial protists; 
bark of living trees.  

Introduction  
 

Myxomycetes (Myxomycetes, =Myxogastrea) are terrestrial eukary-
otic amoebae that are able to develop complex spore-forming structures. 
The life cycle of these organisms includes stages of single-nucleus amoe-
bae cells (myxamoebae), multi-nuclear amoeboids (plasmoids) and fruit-
ing bodies (sporocarps), in which the spore mass is covered by non-
cellular membranous coating (Clark & Haskins, 2013; Stephenson & 
Schnittler, 2017). The identification of myxomycetes is based on investi-
gation of spores and non-cellular elements of their fruiting bodies (Leon-
tyev & Fefelov, 2012; Leontyev et al., 2014). According to contemporary 
views, myxomycetes belong to the Amoebozoa supergroup (Kang et al., 
2017; Leontyev & Schnittler, 2017) that also contains most of the lobose 
amoebae and some heterotrophic flagellates (Adl et al., 2019). The num-

ber of described species of myxomycetes exceeds 1,100; in Ukraine, over 
300 species of these organisms have been found (Leontyev et al., 2020). 
Distribution and ecological significance of myxomycetes is hard to over-
estimate: they account for 50% of biomass of soil amoebae and are essen-
tial regulators of the number of bacteria, algae and heterotrophic protists in 
terrestrial ecosystems (Urich et al., 2008; Leontyev et al., 2020).  

In ecosystems, myxomycetes occupy the niche of microconsumers 
(Stephenson et al., 2016). The dependence of myxomycetes on the com-
position of communities of microorganisms that they consume restricts 
the abundance of myxomycete species and leads to development of spe-
cific complexes of these organisms, associated with a certain substrate, 
type of landscape, natural-climatic zone (Stephenson et al., 2008; Rollins 
& Stephenson, 2011). Despite their distribution by spores, myxomycetes 
are not cosmopolites (Aguilar et al., 2014). The effect of substrate, in 
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which the myxomycetes undergo most of the stages of their life cycle, is 
manifested in the distinct division of these organisms into several ecologi-
cal groups, the main of which are xylophilous, corticulous, litter and nivicol-
ous myxomycetes (Takahashi & Harakon, 2012; Fiore-Donno et al., 2016).  

One of the least studied ecological groups of Myxogastrea, and terre-
strial protists in general, is the corticulous myxomycete group, which un-
dergo all the stages of the life cycle on tree bark (Mitchell, 2004; Schnittler 
et al., 2016). The representatives of this group have been recorded on all 
continents and in all climate zones, including those with no forest vegeta-
tion, because of their abilities to develop on the caudexes of semi-shrubs 
and shrubs in tundra, steppes and deserts (Novozhilov et al., 2006, 2017a). 
Despite the fact that some species of corticulous myxomycetes have a 
broad distribution range and high density, the group in general is consi-
dered as more specialized than other ecological groups of myxomycetes 
(Everhart et al., 2009). Texture of the bark, hygroscopicity, pH, the age of 
the tree and epiphyte load on its trunk have a significant effect on the 
species composition of corticulous myxomycetes. Similar peculiarities of 
substrate-forming plants are less important to litter, xylophilous and nivi-
colous species (Everhart et al., 2008; Schnittler, 2016).  

The microscopic sizes and fast rates of the development cycle (3–
5 days) make corticulous myxomycetes difficult to study. Therefore, the 
data on ecological relationships and patterns of biodiversity of these orga-
nisms remain contradictory (Rojas & Stephenson, 2017). In particular, a 
significant problem is determining the qualitative and quantitative stricture 
of myxomycete communities in different biogeographic zones and on 
different species of substrate-forming plants (Schnittler et al., 2016). This 
is totally relevant for biota of corticulous myxomycetes of Ukraine, where 
specialized studies of corticulous myxomycetes have not been conducted 
so far. Some representatives of the group are reported for the Polesia (Le-
ontyev et al., 2012), the mountain regions of the Crimea (Romanenko, 2002; 
Leontyev et al., 2011) and the Forest-Steppe zone of Ukraine (Leontyev, 
2006b; Prylutskyi et al., 2017), but no general analysis of ecological pecu-
liarities of corticulous myxomycetes has been performed so far for any of 
the landscape-climatic complexes of Ukraine.  

The southwest spurs of the Central Russian Upland are a physical-
geographic area that comprises northeast part of the forest and forest-
steppe belts of Ukraine. According to the botanical-geographic zoning, 
this territory belongs to district XIX of the Central Russian Sub-Province 
of the East European broad-leaved province and districts XXVIII–XXX 
of the Central Russian Forest-Steppe Sub-Province of the East European 
Forest-Steppe Province (Barbarych, 1977), and according to the zoning 
adopted in the studies of myxomycetes, the forest part of the territory cor-
responds to the Central Russian forests, and the forest-steppe part – to the 
Kharkiv Forest-Steppe (Heluta, 1989). Forest vegetation in this territory is 
mostly represented by oak, maple-lime-pine, oak-pine, pine, aspen and 
floodplain forests of various compositions. The main forest-forming trees 
there are Acer platanoides L., Tilia cordata Mill., Fraxinus excelsior L., 
Pinus sylvestris L. and Quercus robur L. (Barbarych, 1977; Heluta, 1989). 
Taking into account that quantitative and qualitative compositions of 
corticulous myxomycetes depend directly on the substrate-forming plants, 
the diversity of the vegetation in the territory of northeast of Ukraine al-
lows one to expect broad diversity of these organisms (Schnittler et al., 
2006; Vlasenko et al., 2020). To test this hypothesis, we performed studies 
on biodiversity and ecological peculiarities of myxomycetes of the north-
east of Ukraine.  
 
Materials and methods  
 

We carried out the survey in the period 2017–2021 in nine forest terri-
tories, including six nature reserves and three forestries with no protection 
status (Table 1). In total, we collected 358 samples of the bark of 16 tree 
species (Acer campestre L., A. platanoides L., Betula pendula L., B. pu-
bescens Ehrh., Crataegus sp., Fraxinus excelsior L., Gleditsia triacanthos 
L., Malus sylvestris L., Pinus sylvestris L., Prunus armeniaca L., P. do-
mestica L., Populus tremula L., Quercus robur L., Robinia pseudoacacia 
L., Tilia cordata L., Ulmus sp.). The myxomycete fructifications were 
obtained using the moist chamber technique, which involves keeping the 
bark samples on moist filter paper in Petri dishes (Goad & Stephenson, 
2013; Schnittler et al., 2015). Incubation in humid conditions leads to 

germination of the spores of myxomycetes and the following develop-
ment of their fruiting bodies. The bark was taken from trunks of over 
20 cm diameter at the height of 1.5 m above the ground, around the whole 
perimeter of the trunk. We cut pieces of the outer dead layer of bark into 
sections of several square centimeters and put them into individual paper 
bags. The bark fragments were placed in the moist chambers so that the 
surface of Petri dishes is overlaid by one layer of the bark. The chambers 
were inspected on days 6–7, 10–13 and 18–20. In total, 434 moist chambers 
were used, 267 (61.5%) of which myxomycete fruiting bodies were ob-
served.  

Table 1  
Таблицы без названия недопустимы  

Locality  
abbreviation Name of the locality Point of  

sampling Coordinates 

VB Vilkhova Balka Regional Land-
scape Park (Kharkiv Oblast) 1 50.1774°N, 36.2731°E 

HF Homilsha Forests National Nature 
Park (Kharkiv Oblast) 
 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

49.6236°N, 36.3225°E 
49.6230°N, 36.3228°E 
49.6229°N, 36.3229°E 
49.6230°N, 36.3232°E 
49.6230°N, 36.3232°E 
49.6229°N, 36.3235°E 
49.6229°N, 36.3224°E 
49.6227°N, 36.3222°E 
49.6224°N, 36.3222°E 
49.6222°N, 36.3223°E 
49.6214°N, 36.3202°E 
49.6197°N, 36.3152°E 
49.6193°N, 36.3153°E 
49.6188°N, 36.3154°E 
49.6188°N, 36.3154°E 
49.6188°N, 36.3154°E 
49.6188°N, 36.3154°E 
49.6186°N, 36.3152°E 
49.6186°N, 36.3152°E 
49.5805°N, 36.3490°E 
49.5810°N, 36.3498°E 
49.5810°N, 36.3498°E 
49.5807°N, 36.3497°E 
49.5816°N, 36.3514°E 
49.5822°N, 36.3521°E 
49.5828°N, 36.3570°E 
49.5840°N, 36.3619°E 
49.6175°N, 36.3602°E 
49.6169°N, 36.3601°E 
49.6163°N, 36.3602°E 
49.6156°N, 36.3601°E 
49.6148°N, 36.3604°E 
49.6141°N, 36.3602°E 
49.6160°N, 36.3142°E 
49.6159°N, 36.3167°E 
49.6159°N, 36.3170°E 
49.6159°N, 36.3172°E 
49.6161°N, 36.3171°E 
49.6160°N, 36.3172°E 
49.6112°N, 36.3241°E 
49.6239°N, 36.3199°E 
49.6230°N, 36.3223°E 
49.6224°N, 36.3219°E 
49.6224°N, 36.3219°E 
49.6226°N, 36.3219°E 
49.6226°N, 36.3221°E 
49.6222°N, 36.3224°E 
49.6220°N, 36.3227°E 

DF Derhachivske Forestry (Kharkiv 
Oblast) 

50 50.1655°N, 36.3209°E 

ZF Zolochivske Forestry (Kharkiv 
Oblast) 

51 50.2502°N, 35.9340°E 

KD Kochetotska Lisova Dacha Land-
scape Reserve (Kharkiv Oblast) 
 

52 
53 
54 
55 
56 
57 
58 
59 

49.9290°N, 36.7475°E 
49.9292°N, 36.7471°E 
49.9293°N, 36.7479°E 
49.9294°N, 36.7485°E 
49.9294°N, 36.7485°E 
49.9294°N, 36.7484°E 
49.9296°N, 36.7485°E 
49.9291°N, 36.7480°E 

MF Makivske Forestry (Sumy Oblast) 60 
61 

50.5683°N, 34.9882°E 
50.5680°N, 34.9883°E 
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Locality  
abbreviation Name of the locality Point of  

sampling Coordinates 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 

50.5680°N, 34.9884°E 
50.5681°N, 34.9894°E 
50.5680°N, 34.9898°E 
50.5678°N, 34.9902°E 
50.5678°N, 34.9902°E 
50.5678°N, 34.9902°E 
50.5671°N, 34.9911°E 
50.5668°N, 34.9913°E 
50.5661°N, 34.9912°E 
50.5661°N, 34.9912°E 
50.5659°N, 34.9928°E 
50.5659°N, 34.9929°E 
50.5654°N, 34.9931°E 
50.5654°N, 34.9931°E 
50.5654°N, 34.9931°E 
50.5651°N, 34.9931°E 
50.5648°N, 34.9932°E 
50.5648°N, 34.9932°E 
50.5631°N, 35.0463°E 
50.5631°N, 35.0450°E 
50.5201°N, 35.0331°E 
50.5202°N, 35.0330°E 
50.4954°N, 34.9966°E 

SE Seimsky Regional Landscape Park 
(Sumy Oblast) 

85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 

51.3933°N, 33.5606°E 
51.3784°N, 33.4789°E 
51.3917°N, 33.4795°E 
51.3888°N, 33.4757°E 
51.3871°N, 33.4765°E 
51.3854°N, 33.4769°E 
51.3845°N, 33.4764°E 
51.3845°N, 33.4769°E 
51.3843°N, 33.4770°E 
51.3839°N, 33.4762°E 
51.3835°N, 33.4762°E 

SL Slobozhansky National Nature 
Park (Kharkiv Oblast) 

96 50.1055°N, 35.2811°E 

SP Sokilnyky-Pomirky Regional 
Landscape Park (Kharkiv Oblast) 

97 
98 
99 
100 
101 
102 
103 
104 
105 

50.0413°N, 36.2597°E 
50.0414°N, 36.2632°E 
50.0414°N,36.2638°E 
50.0412°N, 36.2645°E 
50.0413°N, 36.2651°E 
50.0412°N, 36.2657°E 
50.0413°N, 36.2664°E 
50.0411°N, 36.2668°E 
50.0535°N, 36.2690°E 

 

According to the generally accepted technique (Spiegel et al., 2004; 
Rojas & Stephenson, 2017), the abundance of myxomycetes found in 
moist chambers was determined according to two parameters: number of 
observations and number of sporocarps. The observation was considered 
as the presence of a certain species in one moist chamber. A separate frui-
ting body of a myxomycete or dense, morphologically indivisible group 
of fruiting bodies was calculated as one sporocarp. The significant varia-
tion in the numbers of sporocarps, including 10–20-fold differences 
among some species, complicates the visualization of this parameter. The-
refore, to compare the species by number of sporocarps, we used binary 
logarithm of this value. Throughout the study, we made 535 observations 
of corticulous myxomycetes and found 20,211 sporocarps of these orga-
nisms. The species were identified according to the specialized sources 
(Mitchell, 2004; Poulain et al., 2011). Classification of myxomycetes is 
given according to Leontyev et al. (2019). The material of the study is 
stored in the mycological section of the Scientific Herbarium of H. S. Sko-
voroda Kharkiv National Pedagogical University (CWP).  

As a parameter of diversity of myxomycetes, we used the Margalef 
index (Gotelli & Chao, 2013). Qualitative and quantitative composition of 
myxomycete consortia were compared using Bray-Curtis index (Ricotta 
& Podani, 2017). Visualization of the similarities between the myxomy-
cete consortia was made using the similarity graph, developed according 
to Godsil & Royle (2001).  
 
Results  
 

In the territory of southwest spurs of the Central Russian Upland, we 
found 38 species of corticulous myxomycetes, belonging to 18 genera, 
10 families, 7 orders and 2 subclasses of Myxomycetes class. Below we 

provide a systematic list of these species. Abbreviations for the localities 
are given in parentheses (Table 1).  
Class Myxomycetes G. Winter  

Subclass Lucisporomycetidae Leontyev, Schnittler, S. L. Stephenson, 
Novozhilov & Shchepin  

Cribrariales T. Macbr.  
Cribrariaceae Corda  

Cribraria violacea Rex (HF, DF, KD, MF, SP)  
Liceales E. Jahn  

Liceaceae Chevall.  
Licea floriformis T. N. Lakh. & R. K. Chopra (SP)  
L. kleistobolus G. W. Martin (HF, MF, SE, SP)  
L. operculata (Wingate) G. W. Martin (HF, SP)  
L. pygmea (Meyl.) Ing (HF)  

Trichiales T. Macbr.  
Dianemataceae T. Macbr.  

Calomyxa metallica (Berk.) Nieuwl. (HF, SP)  
Trichiaceae Chevall.  

Arcyria cinerea (Bull.) Pers. (HF, MF, SL, SP)  
A. minuta Buchet (HF, DF)  
A. pomiformis (Leers) Rostaf. (HF, MF, SE, SL, SP)  
Hemitrichia pardina (Minakata) Ing (HF)  
H. serpula (Scop.) Rostaf. ex Lister (SP)  
Perichaena chrysosperma (Curr.) Lister (VB, HF, MF, SE, SP)  
P. corticalis (Batsch) Rostaf. (SL)  
P. luteola (Kowalski) Gilert (MF)  
P. vermicularis (Schwein.) Rostaf. (HF, DF, KD, MF)  
Trichia contorta (Ditmar) Rostaf. (HF)  

Subclass Columellomycetidae Leontyev, Schnittler, S. L. Stephenson, 
Novozhilov & Shchepin  

Echinosteliales G. W. Martin  
Echinosteliaceae Rostaf. ex Cooke  

Echinostelium elachiston Alexop. (KD)  
E. minutum de Bary (HF, MF, SE, SP)  

Clastodermatales Leontyev, Schnittler, S. L. Stephenson, Novozhilov 
& Shchepin  

Clastodermataceae Alexop. & T. E. Brooks  
Clastoderma debaryanum A. Blytt (SP)  

Stemonitidales T. Macbr.  
Stemonitidaceae Fr.  

Macbrideola argentea Nann.-Bremek. & Y. Yamam. (HF)  
M. cornea (G. Lister & Cran) Alexop. (VB, HF, KD, MF, SE)  
M. decapillata H. C. Gilbert (HF)  
Stemonitis pallida Wingate (SE)  

Amaurochaetaceae Rostaf. ex Cooke  
Comatricha elegans (Racib.) G. Lister (HF, SL)  
C. ellae Härk. (HF, SE, SP)  
C. laxa Rostaf. (HF, SL)  
C. nigra (Pers. ex J. F. Gmel.) J. Schröt. (SP)  
Stemonitopsis amoena (Nann.-Bremek.) Nann.-Bremek. (SP)  
Enerthenema papillatum (Pers.) Rostaf. (HF, MF, SE, SL, SP)  
Paradiacheopsis acanthodes (Alexop.) Nann.-Bremek. (HF)  
P. fimbriata (G. Lister & Cran) Hertel ex Nann.-Bremek. (HF, SE)  
P. rigida (Brândza) Nann.-Bremek. (HF)  

Physarales T. Macbr.  
Didymiaceae Rostaf. ex Cooke  

Didymium bahiense Gottsb. (ZF)  
D. dubium Rostaf. (HF)  
D. sturgisii Hagelst. (HF)  

Physaraceae Chevall.  
Badhamia versicolor Lister (HF)  
Physarum compressum Alb. & Schwein. (HF)  
Ph. decipiens M. A. Curtis (HF)  

 

The discovered species differ significantly by their distribution in the 
surveyed area (Fig. 1). According to the number of observations, leading 
positions belong to E. minutum and A. pomiformis, and somewhat lower 
abundance was seen for M. cornea, P. chrysosperma, L. kleistobolus, 
P. fimbriata and C. violacea. Over ten observations were also made for 
E. papillatum, P. vermicularis, A. cinerea and L. operculata and C. ellae. 
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Less than ten observations were made for 26 (68.4%) species. Abundance 
of sporulation did not always correlate with the distribution of the species. 
According to the number of sporocarps found, E. minutum significantly 
exceeded other species (12,180 sporocarps; 60.3% of the total number of 
sporocarps of myxomycetes), and even the most abundant species were 
much more inferior according to this parameter: A. pomiformis (2,144; 
10.6%), L. kleistobolus (1,879; 9.3%), M. cornea (1,202; 5.9%). Over 
100 sporocarps were also recorded in P. chrysosperma, E. papillatum, 
L. operculata, P. fimbriata, C. violacea, P. vermicularis, A. cinerea and 
E. elachiston, and the latter species had a much higher number of sporo-
carps than species with a comparable numbers of observations. Taxono-
mic structure of biota of corticulous myxomycetes of the northeast of 

Ukraine was characterized by the following traits. According to the num-
ber of species, the leading positions belonged to genera Comatricha, Li-
cea, Paradiacheopsis and Perichaena, families Amaurochaetaceae and 
Trichiaceae, and orders Stemonitidales, Trichiales and Physarales (Fig. 2). 
Dark-spored myxomycetes (Columellomycetidae) somewhat exceeded 
the bright-spored myxomycetes (Lucisporomycetidae) by species diversi-
ty: 23 species (59.0% of the total number) and 16 (41.0%), respectively. 
This tendency increases according to the number of found sporocarps: 
dark-spored myxomycetes were represented by 14,949 sporocarps 
(74.3% of their total number), and bright-spored myxomycetes by 5,263 
sporocarps (26.2%). The proportions of the surveyed biota equaled 2.2 : 
1.8 : 1.4 : 3.5 : 2.0.  

  
Fig. 1. Distribution of species of corticulous myxomycetes in northeast of Ukraine according to the number of observations and sporocarps:  

blue columns – number of observations, i.e. findings of one species in one moist chamber (n = 535); red columns – binary logarithm of number  
of sporocarps (n = 20,211); logarithm of number of sporocarps was used for the visualization of this parameter because of broad range  

of its values (1–2 orders), which complicates the visual interpretation of the data  

 
Fig. 2. Proportions of supraspecific taxa of corticulous myxomycetes in northeast of Ukraine according to number of species:  

a – spectrum of genera; b – spectrum of families; c – spectrum of orders; the leading taxa were Comatricha (4 species / 10.3%), Licea (4 species / 10.3%),  
Paradiacheopsis (4 species / 10.3%), Perichaena (4 species / 10.3%), Arcyria (3 species / 7.7%), Didymium (3 species / 7.7%), Macbrideola  

(3 species / 7.7%), Echinostelium (2 species / 5.1%), Hemitrichia (2 species / 5.1%), Physarum (3 species / 5.1%), Amaurochaetaceae  
(10 species / 25.6%), Trichiaceae (10 species / 25.6%), Liceaceae (4 species / 10.3%), Stemonitidaceae (4 species / 10.3%), Didymiaceae  

(3 species / 7.7%), Physaraceae (3 species / 7.7%), Echinosteliaceae (2 species / 5.1%), Clastodermataceae (1 species / 2.6%), Cribrariaceae  
(1 species / 2.6%), Dianemataceae (1 species / 2.6%), Stemonitidales (14 species / 35.9%), Trchiales (11 species / 28.2%), Physarales (6 species / 15.4%),  

Liceales (4 species / 10.3%), Echinosteliales (2 species / 5.1%), Clastodermatales (1 species / 2.6%) and Cribrariales (1 species / 2.6%)  

Among the 38 species found in the territory of Kharkiv Forest-
Steppe, nine (23.6%) were new to this area: Badhamia versicolor, D. 
dubium, D. sturgisii, Hemitrichia pardina, Licea floriformis, L. pygmea, 
Macbrideola argentea, M. decapillata and Perichaena luteola. Two of 
them, M. decapillata and P. luteola, were recorded for the first time in the 
lowland part of Ukraine, and another four are new to Ukraine: H. pardina, 

L. floriformis, L. pygmea, M. argentea. Among six species found in the 
territory of the Central Russian forests, all were discovered in this geobo-
tanical region for the first time. All of them are common species with a 
wide distribution: Arcyria cinenrea, A. pomiformis, Comatricha elegans, 
C. laxa, Enerthenema papillatum, Perichaena corticalis. Below, we pro-
vide morphological descriptions of the species that were new to Ukraine.  
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Hemitrichia pardina (Minakata) Ing, Myxomycetes Britain and Irel-
and 132 (1999). Sporocarps stipitate, scattered, up to 0.8 mm high, yellow, 
spotted. Hypothallus inconspicuous. The stalk short, up to 0.3 mm long, 
black. Peridium membranous, bears convex, dark-brown to black areolae. 
Capillitium is composed of long, poorly branched tubes 2–4 µm in diame-
ter, ornamented with spirals and short spines up to 1 µm long. Spores in 
mass yellow, pale-green-yellow by transmitted light, 9–11 µm in diame-
ter. Found in: HF, the Kozacha Mountain, on the bark of Tilia cordata, 
21.10.2018 (date of collecting the bark), 49.5816°N, 36.3514°E.  

Licea floriformis T. N. Lakh. & R. K. Chopra, in Lakhanpal, Nan-
nenga-Bremekamp & Chopra, Proc. Kon. Ned. Akad. Wetensch., C. 
93(3):255 (1990). Sporocarps stipitate, up to 0.7 mm long. Stalk stout, 
cylindrical, thickened in the lower part, with longitudinal grooves, almost 
black, 0.25–0.45 mm long. Sporotheca globular or suboval, 0.25–
0.35 mm in diameter, dark-brown to almost black, indistinctly wrinkled, 
with no lid. Peridium coriaceous, relatively thin, with unclear concentric 
zones, dehiscence into irregular radial lobes. Spores in mass dark, pale 
yellow by transmitted light, smooth, 11–12 (14) µm in diameter. Found 
in: SP, in northeast part of the forest, on the bark of Gleditsia triacanthos, 
28.10.2008 (date of collecting the bark), 50.0535°N, 36.2690°E.  

Licea pygmea (Meyl.) Ing, Trans. Brit. Mycol. Soc. 78(3):443 (1982). 
Sporocarps sessile, more or less isodiametrical, irregularly polygonal, 
0.05–0.30 mm in diameter. Peridium splits along the folds, the margin 
of the pridial fragments bears one row of the small papillae. Spores 
dark-brown in mass, light-brown by transmitted light, 11–14 µm in 
diameter. Found in: HF, Zadinetsky pine forest, on the bark of Pinus 
sylvestris, 21.10.2018 (date when the bark was collected), 49.6156°N, 

36.3601°E. Macbrideola argentea Nann.-Bremek. & Y. Yamam., Proc. 
Kon. Ned. Akad. Wetensch., C. 86(2):228 (1983). Sporocarps stalked, 
solitary, 0.5–1.0 mm high. Stalk straight, forming 75–80% of the total 
height of the sporocarp, thins toward the top, almost black, red-brown in 
the base; the lower part translucent by transmitted light, indistinctly longi-
tudinally striped, hollow. Sporotheca spherical, 0.1 mm in diameter. Peri-
dium does not disappear after maturation, membranous, translucent, 
slightly iridescent. Columella almost reaches half of the sporotheca, splits 
into two-three branches and merges with the capillitium. Capillitium dark 
brown, composed of thin, relatively flexible filaments, with innumerous 
anastomoses. Spores are dark-brown in mass, pale grey by transmitted 
light, verrucose, with small groups of darker and larger warts, 7.0–8.5 µm 
in diameter. Found in: HF, the Kozacha Mountain, on the bark of Tilia 
cordata, 21.10.2018 (date when the bark was collected), 49.5807°N, 
36.3497°E.  

Quantitative and qualitative composition of myxomycete communi-
ties that develop on different species of substrate-forming plants demon-
strate significant differences (Table 2); hereinafter the analysis involves 
only five species of plants on which over 1,000 sporocarps and over 
5 species of myxomycetes were found. The highest number of myxomy-
cete species was found on the bark of Quercus robur, Tilia cordata and 
Fraxinus excelsior. The indicated species dominated by sporocarp num-
ber as well. Species diversity of the consortia of corticulous myxomycetes, 
calculated using the Margalef index, was the highest for the communities 
of T. cordata, F. excelsior and Q. robur. According to the mean number 
of species per moist chamber, the leading positions belonged to T. cordata 
and F. excelsior.  

Table 2  
Density and species diversity of corticulous myxomycetes on prevailing species of substrate-forming plants  

Species of plants 
Parameters 

Number of species  
of myxomycetes 

Number of sporocarps  
of myxomycetes Margalef index Percent of positive  

moist chambers, % 
Mean number of species 

per moist chamber 
Acer platanoides 10 1274 1.26 72.4 0.11 
Fraxinus excelsior 15 2031 1.84 66.7 0.14 
Pinus sylvestris 11 1640 1.35 71.6 0.10 
Quercus robur 17 9124 1.75 91.8 0.09 
Tilia cordata 16 2322 1.94 74.5 0.15 

 

Quantitative and qualitative composition of myxomycetes on diffe-
rent species of substrate-forming plants varied widely. In particular, on the 
bark of A. campestre, the prevailing species were A. pomiformis and 
L. kleistobolus (each accounted for 21.4% of the total number of positive 
observations), on A. platanoides – M. cornea (20.6%) and L. kleistobolus 
(14.3%), on B. pendula – E. minutum (80.0%), on Crataegus sp. – 
A. pomiformis and P. chrysosperma (26.7% each), on F. excelsior – 
M. cornea (41.7%) and C. violacea (18.1%), on P. sylvestris – P. fimbria-
ta (46.2%), on Q. robur – A. pomiformis (32.0%) and A. minutа (30.2%), 
on T. cordata – A. pomiformis (17.7%), A. minutum (16.5%) and P. chry-
sosperma (12.7), on Ulmus sp. – P. chrysosperma (41.2%).  

The consortia were compared according to qualitative and quantita-
tive composition using the Bray-Curtis coefficient (Fig.3).  

  
Fig. 3. Graph of similarity of substrate-forming plants according  

to species composition of the consortia of corticulous myxomycetes:  
the values of the Bray-Curtis coefficient that exceed the value of 0.20  

are shown; the thickness of the lines is proportional to the value  
of the coefficient; AP – Acer platanoides, FE – Fraxinus excelsior,  

PS – Pinus sylvestris, QR – Quercus robur, TC – Tilia cordata  

The highest level of similarity was exhibited by F. excelsior and 
A. platanoides, relatively strong was also the relationship between 
P. sylvestris and T. cordata. The central cluster of the graph comprised 

F. excelsior, A. platanoides and P. sylvestris. According to the sum of 
values of the Bray-Curtis coefficient, the consortium of myxomycete on 
Q. robur has the most specific composition of myxomycetes (0.60).  

Communities of corticulous myxomycetes on different substrate-for-
ming plants differ by the number of species in different orders and sub-
classes (Fig. 4). We determined that in all analyzed substrates species of 
Stemonitidales and Trichiales were the most numerous, whereas Physa-
rales, Liceales and Echinosteliales were represented by a noticeably lower 
number of species. The percent of Stemonitidales was the greatest in the 
consortia of P. sylvestris, share of Liceales – on A. platanoides and 
P. sylvestris, shares of Echinosteliales and Physarales – on F. excelsior, 
and the share of Cribrariales – on A. platanoides. Trichiales were 
represented in all analyzed substrates to almost the same degree. Repre-
sentatives of Cribrariales and Physarales were completely absent on 
P. sylvestris, representatives of Clastodermatales – in all species of plants, 
except for Q. robur.  

The ratio between the classes of myxomycetes according to the spe-
cies diversity on the bark of different species of plants varies insignificant-
ly. Prevalence of bright-spored myxomycetes was found in the consortia 
of A. platanoides, prevalence of dark-spored ones was observer on 
F. excelsior, P. sylvestris and Q. robur. On the bark of T. cordata, both 
taxonomic groups were represented by an equal number of species.  
 
Discussion  
 

The study we performed is a record for Ukraine for the amount of 
collected material (Romanenko, 2002; Leontyev, 2006a), thus allowing us 
to confirm the patterns earlier found in other regions of the world and 
detect some earlier undetermined peculiarities of the substrate ecology of 
myxomycetes. Similarly to the previous studies (Borg Dahl et al., 2019; 
Shchepin et al., 2019), abundance and diversity of corticulous myxomy-
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cetes were found to be the highest on the commonest species of substrate-
forming plants. However, we have shown that differences between the 
consortia in abundance of myxomycetes cannot be explained only by the 
number of collected samples. The ratio between the number of species 
and the number of positive moist chambers, which we calculated, revealed 
that leading positions according to both parameters belonged to T. cordata 
and F. excelsior, the species that were neither the commonest in the sur-
veyed territory nor represented in our study by the highest number of 

moist chambers (these were Q. robur and P. sylvestris in both cases). 
It has to be noted that T. cordata and F. excelsior also exhibited the highest 
values of the Margalef index. The obtained data suggest that in northeast 
Ukraine, the most favourable conditions for the development of corticul-
ous myxomycetes are those particular species of substrate-forming plants. 
The appropriateness of these species for the development of myxomy-
cetes in the conditions of the Holarctic had not been shown earlier (Ste-
phenson et al., 2001; Yatsuk et al., 2018).  

 

  
Fig. 4. Shares of above-species taxa of myxomycetes according to the number of species (n = 38) on different substrate-forming plants:  

a – ratios between the orders, b – ratios between the subclasses  

Calculations revealed only insignificant differences in taxonomic 
spectra of myxomycetes on the bark of the examined species of plants, 
and this observation makes the taxonomic spectra of corticulous myx-
omycetes considerably different from the similar spectra developed for the 
myxomycetes in general (Romanenko, 2002; Leontyev et al., 2006a, 
2011). However, we should note the fact that the Physarales were best 
represented in the taxonomic spectrum of the consortia of F. excelsior and 
A. platanoides, but were completely absent on P. sylvestris. This agrees 
with the earlier published data (Everhart et al., 2008; Novozhilov et al., 
2017a) that the distribution of Physarales is limited by acidity of the 
substrate, because sporocarps of this group contain limey deposits. 
Since рН of the bark of P. sylvestris (4.3) was the lowest among the 
compared species, and the highest values (5.9) is typical for F. excelsior 
and A. platanoides (Leontyev, 2006a), this observation may be ex-
plained by the difference between the substrate-forming plants accor-
ding to this parameter.  

The pattern of the proportions between the subclasses of myxomy-
cetes according to the number of species on different substrates is current-
ly studied poorly, first of all due to the fact that the classification that di-
vides myxomycetes into subclasses Bright-spored (Lucisporomycetidae) 
and Dark-spored (Columellomycetidae) based on molecular-phylogenic 
data has developed recently (Fiore-Donno et al., 2013; Leontyev et al., 
2019). Today it is clear that the abovementioned subclasses comprise 
independent phylogenetic branches of myxomycetes that had evolved in 
the early Paleozoic period (Fiore-Donno et al., 2012) and have underwent 
individual adaptations to the terrestrial ecosystems, particularly the abilities 
to develop on the bark of trees (Stephenson et al., 2008; Leontyev & 
Schnittler, 2017). The relative contribution of these groups to the consortia 
of myxomycetes is therefore fundamental for understanding the evolution 
of the entire class (Rojas & Stephenson, 2017). Currently, the prevalence 
of dark-spored myxomycetes in the groups of nivicolous (Novozhilov 
et al., 2013; Novozhilov et al., 2017b) and litter (Takahashi & Hada, 2012; 
Macabago et al., 2017) myxomycetes is well-known, as well as domi-
nance of bright-spored species in the xylophilous group (Takahashi, 2004; 
Takahashi & Harakon, 2012). As for corticulous myxomycetes, such an 
analysis has not been conducted in the studies we are aware of. The ob-
tained results indicate that even between such ecologically close species as 

A. platanoides and F. excelsior, the bark of which is very similar accor-
ding to the texture and physical-chemical properties (Romanenko, 2002; 
Leontyev, 2006a), there may be differences between the ratio of bright- 
and dark-spored myxomycetes.  

An important conclusion that can be drawn from the obtained results 
is the necessity of separate consideration of the number of observations 
and sporocarps as two independent, but related parameters of myxomy-
cete abundance. Species that were represented by the highest number of 
observations may be characterized as the commonest, i.e. such that occur 
most often and are characterized by broad ecological optimum, particu-
larly concerning the type of substrate and the parameters dependent on it, 
as pH (Romanenko, 2002; Everhart et al., 2008), hygroscopy (Romanen-
ko, 2002; Schnittler et al., 2016), age of the plants and sampling height 
(Ing, 1994; Schnittler et al., 2016). Unlike the previous parameter, the 
number of sporocarps characterizes not the distribution, but the intensity of 
the development in favourable conditions (which may occur in the territo-
ry relatively seldom). We may assume that abundant species do not neces-
sarily demonstrate a broad range of ecological tolerance. Particularly, 
Schnittler et al. (2016) found that some abundant species of myxomycetes 
(Echnostelium brooksi, E. fragile) have narrow substrate specialization. 
This observation is confirmed by our data about significant differences 
between A. cinerea, E. elachiston, L. kleisobolus, L. operculata, E. papil-
latum and the remaining examined species according to the ratios between 
the number of observations and the number of sporocarps. All the indi-
cated species developed massive sporulation only in favourable conditions 
and were not among the leaders by the number of observations.  
 
Conclusion  
 

The data we obtained indicate the presence of specific complexes of 
corticulous myxomycetes associated with leading species of substrate-
forming plants. This allows us to confirm the conclusion drawn by 
Schnittler et al. (2016) that the distribution of corticulous myxomycetes is 
limited by the presence of appropriate substrate rather than their ability to 
spread. Differences that we found include the species composition, abun-
dance of some species, the number of positive moist chambers, taxonomic 
structure of the consortia at the levels of orders and subclasses, i.e. practi-
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cally all the parameters involved in the study. In the light of the obtained 
data, the conclusions about the determining role of physical-chemical 
properties of substrates on the formation of myxomycete biota, made by 
other scientists, need elaboration, because the differences in the composi-
tion of myxomycetes were determined even between the plants that have 
very similar texture, pH and hygroscopicity of the bark (A. platanoides, 
F. excelsior). However, it has to be noted that the mentioned patterns were 
confirmed only for those species of plants for which we managed to col-
lect the representative material (over 1,000 sporocarps and over 5 species 
of myxomycetes). This encourages studies of myxomycete consortia on 
other species of trees distributed in the northeast of Ukraine.  
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