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Abstract. This study presents a comparative analysis of
morphological characters of nivicolous myxomycetes of the genus
Physarum Pers. recorded in the Katon-Karagay and Ile-Alatau State National
Nature Parks. The aim was to identify diagnostically significant features
allowing the delimitation of nivicolous taxa under conditions of high
morphological similarity and ongoing taxonomic revision of the family.
Material was collected in spring 2025 during active snowmelt in high-
mountain regions of Eastern and Southeastern Kazakhstan at elevations
of 1570-3180 m a.s.l. Morphological examination of 56 specimens was
conducted using light microscopy, focusing on characters of sporocarps,
peridium, capillitium, columella, and spores. Four nivicolous taxa were
identified: Badhamia albescens (Ellis ex T. Macbr.) ].M. Garcia-Martin,
J.C. Zamora & Lado, Nannengaella alpestris (Mitchel, S.W. Chapm. & M.L.
Farr) ].M. Garcia-Martin, ].C. Zamora & Lado, Physarum nivale (Meyl.)
Mar. Mey. & Poulain, and Physarum vernum Sommerf. The most abundant
species was Ph. vernum (45 specimens), while N. alpestris, Ph. nivale, and
B. albescens were represented by 6, 4, and 1 specimens, respectively.
The most informative diagnostic characters were the type and shape of
fruiting bodies, presence of a stalk, degree and pattern of calcification of
the peridium and capillitium, presence and morphology of the columella,
and spore size and ornamentation. Specimens of N. alpestris, Ph. nivale,
and Ph. vernum generally correspond to their protologues, whereas some
Kazakh specimens of B. albescens show notable differences, suggesting
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the possible presence of closely related, yet undescribed taxa in the
region. The results confirm the high diagnostic value of morphological
characters for nivicolous Physarum spp. and highlight the perspectives
of integrated morphological and molecular studies in Kazakhstan.

Keywords: morphological analysis, high-mountain ecosystems,
nivicolous myxomycetes, taxonomy, diagnostic characters, spore orna-
mentation

Introduction

Plasmodial slime molds (Myxomycetes, Amoebozoa) are a group of amoeboid protists
that form macroscopic fruiting bodies—sporocarps—whose morphological characteristics have
traditionally served as the basis for their systematics [1,2]. Despite the recent development of
molecular phylogenetic method, which were applied as well to Physarales [17], the morphological
characteristics of sporocarps remain important for species identification, especially in groups
where habitually similar taxa differ in subtle morphological characters.

Among myxomycetes, a distinct ecological guild is the nivicolous, or snowbank myxomycetes,
soil-inhabiting species that develop in the spring along the edges of melting snow in mountainous
regions of the temperate and subarctic zones. They require a long-lasting snow cover with low
positive temperatures, and fruiting upon snow melt when intense solar radiation warms up the
soil. Virtually all nivicolous myxomycetes are members of the dark-spored clade, one of the two
basal clades of myxomycetes. In addition to their dark spore mass (melanin prevents damage by
UV radiation), many nivicolous species are characterized by a dense calcareous peridium, [3,4,7].

According to the latest data, nivicolous myxomycetes account for about 10% of the total
species diversity of Myxomycetes and include more than 100 described species, concentrated
primarily in the dark-spored families Physaraceae and Didymiaceae [5]. Nivicolous species of
the Physaraceae are widely distributed in high-altitude habitats and are characterized by a com-
bination of adaptive morphological similarities and stable diagnostic differences.

Research on nivicolous myxomycetes has been conducted in various mountainous regions
of Europe, North Asia, and North America, where their ecological characteristics, seasonal de-
velopment, and morphological variability have been described [3,4,6-11]. These studies have
shown that the structural features of the peridium, capillitia, calcareous deposits, columns, and
spores are particularly important for the accurate diagnosis of nivicolous species. However, for
the territory of Kazakhstan, such studies remain few and far between and fragmentary [12,13].
The current knowledge of myxomycete diversity in the country is based on records accumulated
over more than a century of research, covering different regions and ecological conditions. Nev-
ertheless, many areas remain poorly investigated, particularly high-mountain ecosystems where
nivicolous species occur. A recent review of myxomycete records from Kazakhstan summarized
the history of research and the currently known species diversity in the country [13]. These data
indicate that further studies are needed to improve our understanding of the distribution and
ecology of myxomycetes in Kazakhstan. The high-altitude regions of Eastern and Southeastern
Kazakhstan, including the Katon-Karagay and Ile-Alatau State National Nature Parks, have not
yet been specifically studied from the perspective of the comparative morphology of nivicolous
representatives of the Physaraceae family.

Most representatives of the Physaraceae family were historically classified within the
broad genus Physarum Pers. However, modern molecular phylogenetic studies have revealed the

JLH. 'ymunes amuindarul Eypasus yammuik yHusepcumeminiy XABAPIIBICHI. Buoa02usiablK FolablmMOap cepusicobl Ne2(155) 135
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasuiickozo HAyuoHa1bHOo20 yHUsepcumema umeHru J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



Z. Azirakhmet, O. Shchepin, M. Schnittler, G. Ainagulova, R. Bersimbay

polyphyly of this genus as traditionally understood and have led to a revision of the systematic
placement of several species [14-17]. In particular, Physarum albescens Ellis ex T. Macbr. was
transferred to the genus Badhamia Berk., Physarum alpestre Mitchel, S.W. Chapm. & M.L. Farr to
Nannengaella ].M. Garcia-Martin, ].C. Zamora & Lado., and Ph. nivale (Meyl.) Mar. Mey. & Poulain
will, perhaps with further revisions, be transferred to Aethaliopsis Zopf.[17]. These changes,
caused by the rule of monophyly for a valid taxonomic unit, underscore the need to reassess
the morphological characteristics of the nivicolous taxa in light of current understanding of the
Physaraceae system.

In Kazakhstan, the study of nivicolous myxomycetes is of particular relevance, as the
country’s mountain ecosystems are characterized by a wide range of elevations, diverse slope
exposures, and prolonged snow cover in certain high-altitude regions. These factors create favor-
able habitats for snowmelt species; however, their species diversity and morphological variability
remain insufficiently studied. For the first time, a comparative analysis of the morphological
characteristics of nivicolous representatives of the Physaraceae family is being conducted for
the territories of the Katon-Karagai and Ile-Alatau State National Nature Parks, which helps fill
aresearch gap regarding this group in Kazakhstan.

This study examines four nivicolous taxa of the Physaraceae family: Badhamia albescens
(Ellis ex T. Macbr.) ].M. Garcia-Martin, ].C. Zamora & Lado, Nannengaella alpestris (Mitchel, S.W.
Chapm. & M.L. Farr) ].M. Garcia-Martin, ].C. Zamora & Lado, Physarum nivale and Physarum vernum
Sommerf, identified within the Katon-Karagay and Ile-Alatau State National Nature Parks. The
aim of the study is to conduct a comparative analysis of their morphological characteristics and
to identify the most consistent features relevant for the diagnosis, taxonomic interpretation, and
further study of nivicolous myxomycetes in Kazakhstan.

Materials and research methods

The data for this study were collected during the snowmelt period in the Katon-Karagai
and Ile-Alatau State National Nature Parks, located in the mountainous regions of Eastern and
Southeastern Kazakhstan.

Field research was conducted within the Katon-Karagay State National Nature Park in the
Sarymsak River valley, on the gentle northern and eastern slopes of the Sarymsak Range, and
in the vicinity of the village of Katon-Karagay, from May 4 to 8, 2025. Collections were made at
elevations of 1,570-1,880 m above sea level.

Within the Ile-Alatau State National Nature Park, research was conducted on the northern
slopes of the Zailiyskiy Alatau, including the Medeu Gorge, adjacent valleys, the slopes of Mount
Shymbulak, and the area around Big Almaty Lake, from April 26 to May 1, 2025. Samples were
collected at elevations ranging from 1840 to 3180 meters above sea level.

Specimens of nivicolous myxomycetes from the family Physaraceae were chosen for com-
parative analysis. The samples were identified based on the morphological concept of species,
using the identification keys and descriptions provided in the work by Poulain et al. [18]. Air-dried
sporocarps were studied using a Keyence VHX 7000 stereomicroscope (Keyence Corporation,
Osaka, Japan) and a Leica DM2500 microscope (Leica Mikrosysteme Vertrieb GmbH, Wetzlar,
Germany). Temporary microscopic slides were prepared by placing fragments of fruiting bodies
with capillitium and spores in a drop of water on a microscope slide. Spore size was measured
for 50 spores per sample (excluding spore ornamentation), and values are given as the mean
+ standard deviation. The examined specimens were deposited in the private herbarium of M.
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Schnittler (abbreviation: sc). The taxonomy in this study follows the nomenclatural database
Nomenmyx [19] (Lado et al. 2005-2026).

Results

The study identified four nivicolous taxa of the Physaraceae family: Badhamia albescens
(= Physarum albescens), Nannengaella alpestris (= Physarum alpestre), Physarum nivale, and
Physarum vernum.

A total of 56 samples were analyzed. The most common species was Physarum vernum,
with 45 samples, accounting for the majority of the material studied. Nannengaella alpestris was
represented by 6 samples, Physarum nivale by 4 samples, and Badhamia albescens by 1 sample.

The data obtained indicate an unbalanced representation of the studied taxa in the collected
material. Within the studied areas (Katon-Karagay and Ile-Alatau national parks), P. vernum
was the most frequently encountered species. This may suggest a wider ecological range and
greater adaptability of this species to local nivicolous conditions, although further research is
needed to test this hypothesis.

The results of the study of the morphological characteristics of the identified species are
presented in the descriptions below and in Table 1.

Taxonomy and morphological comparison of species

Badhamia albescens (Ellis ex T. Macbr.) ].M. Garcia-Martin, ].C. Zamora & Lado, Persoonia
51: 109-110 (2023) = Physarum albescens Ellis ex T. Macbr., N. Amer. Slime-moulds, ed. 2: 86
(1922) = Leocarpus fulvus T. Macbr,, N. Amer. Slime-moulds: 82 (1899) = Physarum rubronodum
G.W. Martin, J. Wash. Acad. Sci. 38(7): 238 (1948)

Study area: Kazakhstan, East Kazakhstan Region, Katon-Karagai District, Katon-Karagai
State National Nature Park: Sarymsak River valley, open meadow in a cedar forest, on dry grass
and leaves, 49.09531 N, 85.65785 W, 1828 m a.s.l, May 5, 2025, leg. M. Schnittler and O.N.
Shchepin, sc37823.

This is one of the most easily recognizable species of the Physaraceae family, known for
its stalk, the light, creamish yellowish-ochre or even golden color of its peridium, and the nu-
merous bright yellow capillitium nodules. In classic representatives of this species, the fruiting
bodies are usually sporocarps, with sporangia that are ovoid or globose, often on a thin, slender
brown stalk. The hypothallus is brown and clearly defined. The peridium is double: the outer
layer is dense and calcified to varying degrees, while the inner layer is thin and membranous.
The capillitium is well-developed, colorless, reticulate, tubular, with yellow calcareous nodules.
The spores are dark in color, with a warty ornamentation.

The sample studied is distinguished by a number of characteristics from both the classic
form of B. albescens [18,20] and the specimens of Badhamia aff. albescens discovered in the
[le-Alatau National Park in 2013 [13]. Fruit bodies consist of irregularly shaped sporocarps and
short plasmodiocarps, sessile or on a short brown stalk (Fig. 1A). The color of the capillitium also
differs: in the studied specimen, the capillitium filaments are pale brown in both reflected and
transmitted light, rather than colorless (Fig. 1B). The spores are dark brown in bulk, violet-brown
in transmitted light, uniformly warty, and have a diameter of (10.4-) 11.2-12.5 (-13.1) um (Fig.
1C), which is consistent with classical descriptions.
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The combination of a stalk, a distinct hypothallus, and a typical physaroid capillitium
with bright yellow nodules reliably distinguishes this species from other nivicolous species of
the Physaraceae.

Despite its external distinctiveness, recent genetic data suggest that the name B. albes-
cens encompasses a complex of closely related biological species [21]. Therefore, this species is
important as a model organism for discussing the stability of traditional morphological traits in
nivicolous myxomycetes and the dispersal capacity of cryptic soil protist species [21,22].

Figure 1. Badhamia albescens (sc37823) A-C; Nannengaella alpestris (sc37814) D-F;
Physarum nivale (sc37801) G-I; Physarum vernum (sc37707) J-L. Fruiting bodies (A, D, G, ]);
details of the peridium and capillitium (B, E, H, K); spores in transmitted light (C, F, I, L). Scale
bars: A, D, G,] =1000 um; B, E, H, K= 200 pm; C, F [, L =10 um.
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Nannengaella alpestris (Mitchel, S.W. Chapm. & M.L. Farr) ].M. Garcia-Martin, ].C. Zamora &
Lado, Persoonia 51: 110 (2023) = Physarum alpestre Mitchel, S.W. Chapm. & M.L. Farr, Mycologia
78(1): 68 (1986)

Study area: Kazakhstan, Almaty, [le-Alatau State National Nature Park: valley 450 m northeast
of the dam in front of the Medeu Stadium, on dry grass, 43.14865 N, 77.06855W, 1,934 m as.l,
April 26,2025, leg. M. Schnittler; O.N. Shchepin, Yu.K. Novozhilov, and Zh. Azirakhmet, sc37678;
43.14867 N, 77.06847 W, 1,940 m a.s.l., sc37660; East Kazakhstan Region, Katon-Karagai Dis-
trict, Katon-Karagay State National Nature Park: Sarymsak River valley, open meadow in a cedar
forest, on dry grass, 49.10930 N, 85.66324 W, 1667 m a.s.l,, May 5, 2025, leg. M. Schnittler and
O.N. Shchepin, sc37814; 49.10918 N, 85.66302 W, 1669 m a.s.l,, sc37819; 49.10881 N, 85.66271
W, 1,690 m a.s.l,, sc37817; 49.10810 N, 85.66250 W, 1682 m a.s.l., May 7, 2025, sc37851.

This is a typical plasmodiocarpous nivicolous species with a thick, heavily calcified outer
peridium. The morphological characteristics of the studied specimens correspond to the protologue
[23] (Fig. 1D-F). Fruit bodies are most often clustered or densely grouped; plasmodiocarps are
usually more or less elongated, often curved and branched, sometimes forming labyrinthine
structures up to 40 mm long; rarely, sessile, cushion-shaped sporocarps are present. The color
of the peridium varies from cream-yellow and canary-yellow to ivory. The hypothallus is thin,
membranous, transparent, colorless or pale yellow, and usually becomes calcified along the
margin of the fruiting bodies. The peridium is double: the thick outer layer is smooth, brittle,
corky-calcareous, white, and covered with a yellow transparent membrane as a third layer; the
inner layer (the true peridium) is thin, membranous, transparent, and splits irregularly. The
capillitium is dense, reticulate, of the badhamoid type in the lower part, with large, branched
nodes; above, it is physaroid, with transparent filaments; the nodes vary from large, angular, and
branching to small, spindle-shaped, shiny, yellow, ivory-colored, or pale cream. The columella
is well-developed, calcified, white, yellow, or creamy white, often forming a central ridge along
the plasmodiocarp. Spores are black in bulk, dark purplish-brown in transmitted light, warty,
(9.0-) 10.3-11.5 (-12.0) pm in diameter.

The reclassification of this species into Nannengaella is well supported by its strong
calcification, well-developed calcareous columella, and the general morphological characteristics
of representatives of this clade as described in the revision by Garcia-Martin et al. [17].

Nannengaella alpestris is reliably distinguished from other nivicolous species of the
family Physaraceae by its elongated plasmodiocarpous fruiting bodies, combined with a strongly
calcareous yellow or cream-colored peridium and abundant yellowish, angular or branching
lime nodes.

Physarum nivale (Meyl.) Mar. Mey. & Poulain, in Poulain, Meyer & Bozonnet, Les Myx-
omycetes: 551 (2011) = Badhamia panicea var. niviale Meyl., Bull. Soc. Vaud. Sci. Nat. 56: 66
(1925)

Study area: Kazakhstan, East Kazakhstan Region, Katon-Karagay District, Katon-Karagay
State National Nature Park: Sarymsak River valley, on dry grass, 49.11287° N, 85.66566°E, 1619
m a.s.l, 04 May 2025, leg. M. Schnittler and O.N. Shchepin, sc37797; 49.11269° N, 85.66648° E,
1611 m a.s.l,, sc37801; 49.1119011° N, 85.66550418° E, 1635 m a.s.l,, sc37804; 49.09341° N,
85.65755°E, 1844 m a.s.l, 05 May 2025, sc37827.

Physarum nivale is a nivicolous species forming relatively small sessile sporocarps and
short, densely clustered plasmodiocarps. The examined specimens collected in Katon-Karagay
National Park correspond to the protologue in their main morphological characteristics [24,25]
(Fig. 1G-1). The fruiting bodies are usually rounded, sometimes kidney-shaped, and more rarely
worm-like elongated; the base is often distinctly compressed. The peridium is greyish, with scat-
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tered calcareous thickenings. The capillitium is well developed, reticulate, of the badhamioid type,
with large angular and branching nodes densely filled with calcareous granules and connected by
thin, hyaline capillitial threads free of lime. The spore mass is dark brown; the spores are finely
and evenly verrucose, (11.0-) 11.7-13.1 (-13.9) um in diameter. Macroscopically, the species
strongly resembles Physarum vernum, but differs in the more rounded outline of the sporocarps,
which only exceptionally form short plasmodiocarps, stronger calcification of the capillitium, and
darker spores with a paler side [18]. In its barcodes, both species differ strongly [13].

Physarum nivale belongs to a group of species whose taxonomic placement will probably
be revised in the near future. For now, it is retained in the genus Physarum; however, its phyloge-
netic position indicates a close relationship to the type species of the genus Aethaliopsis [17].

Physarum vernum Sommerf., Syst. Mycol. 3: 146 (1829) = Badhamia verna (Sommerf.)
Rostaf,, Sluzowce monogr. 145 (1874)

Study area: Kazakhstan, Almaty, Ile-Alatau State National Nature Park: steep lateral ravine
with a small stream, ca. 600 m south of the dam above the Medeu stadium, right side, along the
road to Shymbulak, near snow patches, on dry grass, 43.14527° N, 77.05899° E, 1900 m a.s.l,
26 April 2025, leg. M. Schnittler, O.N. Shchepin, Yu.K. Novozhilov and Zh. Azirakhmet, sc37672;
snow patches in open woodland of Picea schrenkiana, small lateral valley above a steep gorge,
near snow patches, on dry grass, 43.12724°N, 77.05270°E, 2312 ma.s.l,, 27 April 2025, sc37686;
43.12719° N, 77.05297° E, 2307 m a.s.l,, sc37687; 43.12699° N, 77.05305° E, 2300 m a.s.l,
sc37688; 43.12720° N, 77.05274° E, 2322 m a.s.l, sc37692; 43.12718° N, 77.05269° E, 2318
m a.s.l,, sc37693; 43.12821° N, 77.05091° E, 2315 m a.s.l,, sc37694; 43.12713° N, 77.05295° E,
2313 ma.s.l.,, sc37695; snow patches in open woodland of Picea schrenkiana, open meadows in
the upper part of the valley, near snow patches, on dry grass, 43.12574° N, 77.05403°E, 2331 m
a.s.l, sc37696; 43.12509° N, 77.05408° E, 2342 m a.s.l,, sc37698; northern slope, left side of the
valley across the road, ca. 3.2 km south-southeast of the dam, large open meadows, near snow
patches, on dry grass, 43.12494° N, 77.07485°E, 2255 m a.s.l,, 29 April 2025, sc37704; 43.12210°
N, 77.07536°E, 2279 ma.s.l, sc37706; 43.11986°N, 77.07563°E, 2298 m a.s.l., sc37691; northern
slope, left side of the valley across the road, ca. 4.2 km south-southeast of the dam, alpine mead-
ows with deep erosion depressions, near snow patches, on dry grass, 43.11854° N, 77.07418°
E, 2376 m a.s.l,, sc37707; 43.11504° N, 77.07335° E, 2434 m a.s.l, sc37725; northern slope, left
side of the valley across the road, ca. 2.8 km south-southeast of the dam, small open meadows
among open woodland of Picea schrenkiana Fisch. & C.A.Mey, near snow patches, on dry grass,
43.12800° N, 77.07323° E, 2195 m a.s.l,, sc37711; 43.12802° N, 77.07327° E, 2194 m a.s.l,
sc37712;43.12749° N, 77.07333°E, 2215 m a.s.l, sc37713; 43.12746° N, 77.07333°E, 2215 m
a.s.l,sc37715;43.12753°N,77.07327°E, 2231 ma.s.l, sc37716; 43.12748°N, 77.07332°E, 2207 m
a.s.l, sc37719;43.12508°N, 77.07415°E, 2247 m a.s.l, sc37721; 43.12484° N, 77.07457° E, 2237
m a.s.l,, sc37722; 43.12398° N, 77.07542° E, 2257 m a.s.l,, sc37724; 43.12802° N, 77.07334° E,
2201 ma.s.l,sc37728;43.12486° N, 77.07458°E, 2247 m a.s.l, sc37734; 43.12479° N, 77.07465°
E, 2253 m a.s.l,, sc37735; gentle southern slope above the upper cable car station, below the
summit of Shymbulak, near snow patches, on dry grass, 43.11718° N, 77.11378° E, 3169 m
a.s.l,, 30 April 2025, sc37753;43.11766° N, 77.11414° E, 3183 m a.s.l,, sc37755; steep southern
slope below the middle cable car station, near the upper forest limit, near snow patches, on dry
grass, 43.11979° N, 77.09930° E, 2802 m a.s.l,, sc37749; road from Shymbulak village, near the
tourist base, gentle western slopes, isolated snow patches in clearings of open woodland of Picea
schrenkiana, near snow patches, on dry grass, 43.11375° N, 77.07751° E, 2431 m a.s.l, 1 May
2025, sc37776; 43.11375° N, 77.07755° E, 2438 m a.s.l, sc37777; 43.11345° N, 77.07768° E,
2444 m a.s.l., sc37779; 43.11342° N, 77.07770° E, 2444 m a.s.l,, sc37781.
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Comparative analysis of morphological characters of nivicolous myxomycetes of the family Physaraceae in Katon-
Karagay and Ille-Alatau State National Nature Parks

Kazakhstan, East Kazakhstan Region, Katon-Karagay District, Katon-Karagay State Na-
tional Nature Park: descent along the Sarymsak River valley, middle part of the valley, near snow
patches, on dry grass, 49.11545° N, 85.66699° E, 1576 m a.s.l, 4 May 2025, leg. M. Schnittler
and O.N. Shchepin, sc37810; 49.11289° N, 85.66557° E, 1619 m a.s.l,, sc37796; 49.11158° N,
85.66478°E, 1621 ma.s.l, sc37805;49.11041° N, 85.66426°E, 1642 m a.s.l, sc37807; 49.11043°
N, 85.66413°E, 1646 m a.s.l,, sc37809; middle part of the valley, near snow patches, on dry grass,
49.10930° N, 85.66326°E, 1667 m a.s.l, 5 May 2025, sc37816; 49.10918° N, 85.66300° E, 1666
m a.s.l,, sc37822; 49.10811° N, 85.66252° E, 1686 m a.s.l., 7 May 2025, sc37853; ascent along
the Sarymsak River valley, upper part of the valley, near snow patches, on dry grass, 49.09338°
N, 85.65749° E, 1845 m a.s.l., 5 May 2025, sc37825; 49.09336° N, 85.65751° E, 1850 m a.s.l,
sc37826; 49.09337° N, 85.65761° E, 1842 m a.s.l,, sc37829.

This is a widespread nivicolous species, usually forming short, sinuous, irregularly shaped
plasmodiocarps, greyish-white due to abundant calcium carbonate. The morphological char-
acteristics of the specimens examined by us correspond to the protologue [26] (Fig. 1J-L). The
plasmodiocarps are variable in shape, confluent, but do not form distinctly sinuous structures;
individual fruiting bodies are slightly rounded-flattened, smooth, and, when fused, form broad
patches. The peridium is very thin and fragile, dehiscing irregularly and later partly disappearing.
A stalk is absent. The capillitium is reticulate, densely branched, physaroid, composed of white
calcareous nodes, angular or fusiform, connected by thin hyaline threads; sometimes, due to their
shortening, it becomes almost badhamioid in appearance. The spores are dark brown in mass,
pale violet-brown in transmitted light, (11.1-) 11.8-12.4 (-12.5) pm in diameter.

Physarum vernum is morphologically closest to Physarum nivale; however, it differs from
this species by the predominance of large, irregularly shaped plasmodiocarps closely appressed
to one another, a more physaroid capillitium with predominantly non-calcareous threads bearing
small angular or fusiform nodes, and paler spores.

The phylogenetic position of Ph. vernum remains unknown and requires further study,
but the two specimens (sc30257 and 30091) clustering with Physarum nivale in Garcia-Martin
[17] were now revised as Ph. nivale.

Table 1
Comparative table of morphological characters
. Badhamia . .
Species albescens Nannengaella alpestris | Physarum nivale Physarum vernum
predominantly
narrow, elongated
. - usually clustered,
sporangia, plasmodiocarps, sporocarps and short .
Type of h irregularly shaped
. usually clustered, | often curved, plasmodiocarps, .
fruiting . . . plasmodiocarps, more
. medium to very branched, sometimes medium to large :
bodies . o . rarely sessile sporocarps,
large colonies labyrinthiform; nearly | colonies . .
. often in large colonies
always with small
colonies
Stalk often short, weak | absent absent absent
Size of 0.3-1 mm wide, 0.3-
fruiting small to medium | 0.5 mm high, up to 40 small small to largg (0.4-0.8
. cm) plasmodiocarps
bodies mm long
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pale yellow,

Peridium golden, ochre- cream-}_/ellow, canary- greyish to whitish greyish to whitish
color yellow, ivory-colored
yellow
Peridial abundant, in lime forms a abundant, in irregular abundant, in irregular
calcification irregular patches | continuous dense crust | patches patches
well-developed,
convex, extending
Columella absent alopg the base (.)f the absent absent
entire plasmodiocarp,
white, yellow, or
cream-colored
reticulate, 'retlculate, badhamioid reticulate, physaroid, with
. . in the lower part and ) - . ;
physaroid, with . reticulate, badhamioid, | white fusiform or angular
- : physaroid above; . . .
Capillitium yellow fusiform ) with large branching lime nodes connected
. nodes yellowish, large o ) .
or angular lime white lime nodes by thin hyaline threads;
and angular or small o
nodes . locally almost badhamioid
and fusiform
dark brown in moderately dark to dark
mass, violet- . dark brown in mass violet-brown; spores 9.4-
. dark brown in mass, . . N .
brown in . and in transmitted 18.1 um in diameter, with
. . pale violet-brown . i . .
transmitted light, | . . . light, finely and evenly | variable ornamentation;
Spores in transmitted light, . .
evenly verrucose, (11.1-) 11.8-12.4 verrucose, (11.0-) specimens corresponding
(10.4-) 11.2-12.5 (_1'2 5) m in di.ameter 11.7-13.1 (-13.9) umin | to f. parvisporum have
(-13.1) umin I diameter spores 11-12 pym in
diameter diameter.
Discussion

During the study conducted in Katon-Karagay and Ile-Alatau State National Nature Parks,
four nivicolous species of the family Physaraceae were recorded out of the seven known to science:
Badhamia albescens, Nannengaella alpestris, Physarum nivale, and Physarum vernum. Two of
these species (Physarum nivale and Nannengaella alpestris) are new records for Kazakhstan,
while the other two (Badhamia albescens and Physarum vernum) were recently published
as new records for the country [13]. The remaining species, Nannengaella alpina (Meyl.) ].M.
Garcia-Martin, J.C. Zamora & Lado (= Physarum alpinum Meyl.), Craterium andinum (Meyl.) ].M.
Garcia-Martin, J.C. Zamora & Lado (= Physarum andinum Meyl.), and Badhamia alpina G. Lister,
were not found during the present study.

The examined specimens of Nannengaella alpestris, Physarum nivale, and Ph. vernum
possess sets of characters typical of these species and fully correspond to their protologues. This
result demonstrates the stability of diagnostically important morphological characters known
for these species. At the same time, the specimen of Badhamia albescens found in Katon-Karagay
National Nature Park in 2025 differs both from the specimens found in Ile-Alatau National Na-
ture Park in 2013 [13] and from the classical forms of B. albescens known from the mountain
systems of Europe and North America [18]. These differences are substantial enough to suggest
that some specimens from Kazakhstan may belong to a species of Badhamia unknown to science,
close to the heterogeneous species complex of B. albescens.

The differences revealed among the studied taxa confirm the particular diagnostic value of
several morphological characters for distinguishing nivicolous species of the family Physaraceae.
The most informative characters for species delimitation are the type and shape of the fruiting
body, the presence of a stalk, the pattern of lime distribution in the peridium and its color, as well
as the degree of calcification and color of the capillitium. However, as the latter two characters
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Karagay and Ille-Alatau State National Nature Parks

are connected to lime deposition, which may be completely absent under suboptimal conditions,
they are not well pronounced in all specimens. All these characters have also previously been
considered as key for the diagnosis of representatives of Physaraceae [17,27].

Comparison of the obtained data with current taxonomic concepts shows that classical
morphological characters of myxomycetes require careful interpretation because of frequent cases
of convergent evolution [28-30]. The transfer of Physarum albescens to the genus Badhamia and
Physarum alpestre to the genus Nannengaella confirms that the traditional broad concept of the
genus Physarum does not fully reflect the real phylogenetic relationships within Physaraceae [17].
Therefore, similar morphological characters in nivicolous species may be associated not only with
phylogenetic relatedness, but also with convergent adaptation to similar ecological conditions.

For Kazakhstan, such studies are of particular importance, since nivicolous myxomycetes
of the country’s high-mountain regions remain insufficiently studied. The results of the present
work add to the knowledge of the morphological diversity of representatives of Physaraceae in
the mountain ecosystems of Eastern and South-Eastern Kazakhstan. In addition, the detection of
a potentially new species within the Badhamia albescens complex confirms the high taxonomic
potential of the region and the need for further research.

Thus, the comparative analysis showed that morphological characters remain an im-
portant tool for diagnosing nivicolous representatives of Physaraceae; however, they should be
considered together with modern molecular phylogenetic data [30]. The main conclusion of the
study is that the examined taxa have stable morphological differences that allow species to be
distinguished and their taxonomic position to be clarified.

Conclusion

The system of the family Physaraceae is currently undergoing rapid revision. Multigene
phylogenetic data have already shown that the traditional broad concept of the genus Physarum
does not reflect natural evolutionary relationships, and that a considerable proportion of
nivicolous species have been or will be reassigned to other genera. Nevertheless, the morphological
differences among the nivicolous taxa considered here generally retain their high diagnostic
value and allow them to be reliably distinguished through careful analysis of the fruiting bodies,
as well as enabling the detection of species potentially new to science.

The results of this study confirm the promise of further research on nivicolous myxomycetes
in Kazakhstan, especially when using an integrated approach combining morphological and
molecular genetic methods.
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KaToHkaparau >xoHe Li1e-As1aTaybl MeMJIEKETTIK Y/ITTbIK TAOMFU NapKTepi
aymaKrTapbiHAarbl Physaraceae TyKbIMacbiHa »KaTaThIH HUBAJIbJbl MUKCOMHULIETTEP/AIH,
MOP$OJIOTUSAIBIK GeJrijiepiHe ca/IbICTbIPMAJIbI Tajaay

K. Asupaxmert?, O. lllenuH 2, M. lllauTTaep3, I. AiiHarynoBa4, P. Bepcum6aii*>s

L4 5)Kacywanvik 6u0a02us HeaHe 6UOMeXHOA02US uHcmumymbl, JLH. ['ymuiee amuiHdarbl
Eypasusi yrmmuik yHueepcumemi, Acmana, Kazakcmad.
23 BomaHuka xaHe aandwagdm skonoz2usacel uHcmumymul, [patihceanso ynusepcumemi,
3oabdmaHHwmpacce keweci, 15, 17489 I'paiigpceanvd, [epmaHusi.

Avpaarna. bys 3eptTeyae KatoHKapaFai koHe lne-AsiaTaybl MEMJIEKETTIK YJITTHIK,
TabUFY NMapKTepi ayMaFblH/AA aHbIKTalafaH Physarum Pers. TybICblHA aTaTblH HUBAJIb/Ibl
MUKCOMULETTEP/iH MOPPOJOTUSIBIK berisiepiHe casblCThipMaibl Taaay Kyprisiiji. JyMbICThIH,
MaKCaThbl - MOPGOJIOTUSJIBIK YKCACTBIFbI >)KOFAPbl )K9HE TYKbIMACTbIH TAKCOHOMHUSIJIbIK KalTa
KapaJiybl KaJIFachlIl )KaTKaH »aF/laii/ja HUBaJb/bl TAKCOHAAP/ bl aXKbIpaTyFa MYMKIH/IiK 6epeTiH
JIMarHOCTUKAJIbIK MaHbI3/bl OeJrijiep/ii aHbIKTay. 3epTTey MaTepuasbl 2025 xKblI/IbIH KOKTEMiH/E
[Ibirbic )xoHe OHTYCTiK-LIbIFbIc Ka3aKcTaHHBIH O6UiK Tay/bl aMaKTapbiH/a KapAbIH 6eceH i
epy Ke3eHiH/ie, TeHi3 JeHreineH 1570-3180 M 6uikTiKTe *kMHa/1/bl. 2KapbIK MUKPOCKOMHUSICHI
aJliciMeH 56 yurire MopQdoJIOTUAIBIK 3epTTey KYprisiin, cnopokapnTapAblH, IePUAUN/IH,
KaWJUTUIUH i H, KOJIyMeJIJIaHbIH )KoHe Criopasiap/iblH 6esrisiepiHe epekiiie Ha3ap ayAapblaabl.
HuBasib/ibl MUKCOMUILETTEPAIH TOPT TaKCOHbI aHbIKTabl: Badhamia albescens (Ellis ex T. Macbr.)
J.M. Garcia-Martin, ].C. Zamora & Lado, Nannengaella alpestris (Mitchel, S.W. Chapm. & M.L. Farr)
J.M. Garcia-Martin, J.C. Zamora & Lado, Physarum nivale (Meyl.) Mar. Mey. & Poulain *xaHe Physarum
vernum Sommerf. EH ken ke3aeckeH Typ Ph. vernum 6oabl1 (45 yuri), an N. alpestris, Ph. nivale
*koHe B. albescens colikeciHlie 6, 4 xoHe 1 yariMeH ycbIHbLIABL. EH MaHbI3/1bl AUATrHOCTUKAJBIK
GeJirijiep peTiHje eMicTi AeHesep/liH, TUII MeH MilliHi, agKIIacbIHbIH, 60Jybl, TepUUNA MeH
KaNWJIMLUKIH 9KTEHY [l]9peXeci MeH CUNaThl, KOJyMeJlJIaHbIH 60J1ybl MeH MOPQOJIOTUSACHI,
COH/laii-aK Criopasiap/AblH MeJiliepi MeH OpHaMeHTalUsAChl aHbIKTaAAbL. N. alpestris, Ph. nivale xxaHe
Ph. vernum yarinepi xasnbl aJifaH/a e3/iepiHiH 6acTanKbl CHaTTaMaJlapblHa COMKeC KeJiei, a
B. albescens TypiHiH Kelb6ip Ka3aKCTaH/bIK y/rijepi adlTap/blKTak alblpMallblIbIKTAp KOPCETill,
eHip/ie 9Jli cUlIaTTa/IMaFaH »aKbIH TybICTaC TaKCOHZAP/bIH 60JIybl MYMKIiH €KeHiH KepceTe/,.
AJNbIHFaH HOTHXKeJiep HUBaJIb/bl Physarum ekinjepi yiiH MOpdoIorUsiIbIK OeriepAiH *oFaphbl
JIMarHOCTUKAJIbIK, MaHbI3bIH pacTan/bl xkoHe KazakcTaHjaFbl KellleH[i MOPPOJIOTHSJIBIK 9pi
MOJIEKYJIAJIbIK 3epTTeyJIep/iH 6oJaliaFbl 30p €EKeHiH KepceTes.

TyiiiH ce3aep: MopoIOTUsIbIK TaAay, OUiK Tay/bl 3KOXKYHeaep, KazakcTaH, TAKCOHOMMUS,
JIMarHOCTUKAJIBIK, 6eJrijiep, copasapAblH OpHaMeHTAaLUsIChl
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Comparative analysis of morphological characters of nivicolous myxomycetes of the family Physaraceae in Katon-
Karagay and Ille-Alatau State National Nature Parks

CpaBHHTe/IbHBINM aHAJIU3 MOP(PO/I0rHYeCKUX NPU3HAKOB HUBAJIbHbIX MUKCOMUILLETOB
cemenicTrBa Physaraceae Ha Tepputopusax Katon-Kaparaiickoro u Uie-Anarayckoro
rocyfapCTBEHHbIX HALLMOHAJ/IBHBIX IPUPOAHBIX IAPKOB

K. Asupaxmert?, O. lllenuH 2, M. lllnuTtTAep3, [. AlHarynoBa4, P. Bepcumo6an™>s

145 HHcmumym K/iemo4HoU 6uo/102uu U 6uomexHoao2uu, kagedpa obujeli buoro2uu
u 2zeHomuku, Eepasulickuli HaUuoOHAa/IbHbIU yHUBepcumem
umeHu JI.H. 'ymunesa, AcmaHa, Kazaxcmad.
2,3 UHcmumym 6omaHuku u saHdwagmHotu akoaozuu, I'patigpceanbickuil yHusepcumem, ya.
3oabdmanHwmpacce 15, 17489 I'patigpcsanvo, [epmaHusi.

AHHOTanus. B HacTos1eM Hcc/ieJOBAHUM NIpe/iCTaB/eH CPaBHUTENbHbIA aHAIU3
MOPOJIOrHYECKUX TPU3HAKOB HUBAJIbHBIX MUKCOMUIETOB poza Physarum Pers., BbISIBJIEHHBIX
Ha Tepputopuu KatoH-Kaparanckoro u Uie-Anatayckoro rocyapCTBEHHbIX HallUOHAIbHbIX
NPUPOJHBbIX NapKOB. Llesibio paboThl SABJAJIOCH BbISIBJIEHUE JJUArHOCTHUYECKH 3HAYUMbIX
NPU3HAKOB, MO3BOJISIOUIUX PA3rPAaHUYMBATh HUBAaJIbHbIE TAKCOHBI B YCJIOBUSX BbICOKOU
MOpPQOJIOTUUECKON CXOAHOCTU U MPO/I0/KAOIENCS TAKCOHOMUYECKON PEBU3UU CEMENCTRBA.
MaTepuas 6611 cobpaH BecHo# 2025 rosia B nepro/; akTUBHOI'O CHETOTAsIHUS B BbICOKOTOPHBIX
paiioHax BoctouyHoro u l0ro-Boctounoro Kaszaxcrana Ha BeicoTax 1570-3180 M Hajy ypoBHEM
Mops. Mopdosiorndeckoe uccieoBaive 56 06pas1oB NPOBeEHO C UCII0JIb30BAaHUEM CBETOBOU
MUKPOCKOIIUM C aKL|eHTOM Ha M3y4YeHHe NPU3HAKOB CIIOPOKAPIOB, NepUAUs], KalUJIULHUS,
KOJIyMeJIJIbl U cop. BeisiBjieHO yeTbipe HUBa/bHBbIX TakcoHa: Badhamia albescens (Ellis ex T.
Macbr.) ].M. Garcia-Martin, ].C. Zamora & Lado, Nannengaella alpestris (Mitchel, S.W. Chapm. &
M.L. Farr) ]J.M. Garcia-Martin, J.C. Zamora & Lado, Physarum nivale (Meyl.) Mar. Mey. & Poulain
u Physarum vernum Sommerf. Hau6oJiee MHOro4HC/I€HHBIM BHUI0OM OKasaJjics Ph. vernum (45
06pas1oB), Toraa Kak N. alpestris, Ph. nivale v B. albescens 6b11v IpeiCTaBJIEHbl COOTBETCTBEHHO
6,4 u 1 o6pasyom. Hanbosiee tHGOPMAaTUBHBIMU JJUATHOCTUYECKMMHU IPU3HAKAMH 0Ka3a/IMCh
TUI U GopMa MJIOA0BBIX TeJl, HAIMYKEe HOXKKH, CTENeHb U XapaKTep 06bI3BECTBJIEHUS IEPUAUS
Y KallWJIJIMLIMSA, HAJIMYMe U MOpOJIOTHs KOJIyMeJlJIbl, a TAKXKe pa3Mepbl U OpHaMeHTal s CIop.
O6pa3zurl N. alpestris, Ph. nivale v Ph. vernum B 11€JIOM COOTBETCTBYIOT CBOUM IPOTOJIOTAM,
TOT/la KaK HEKOTOpble Ka3axCTaHCKUe 06pa3iibl B. albescens JeMOHCTPUPYIOT 3aMeTHbIE
OTJINYMS, YKa3bIBaKOI[Ke Ha BO3MOXKHOE IPUCYTCTBUE B PETMOHE 6JIM3KOPO/ICTBEHHDIX, €1é He
ONMMUCAHHBIX TAKCOHOB. [lo/Ty4yeHHblIe pe3y ibTaThbl IOJTBEPKAAIOT BbICOKYIO JUAaTHOCTUYECKYIO
[eHHOCTb MOP(}OJIOTUYECKUX MPU3HAKOB /IJIsI HUBAJIbHbBIX NpeJcTaBUTeN el posa Physarum
Y NOJAYEPKUBAKT MEPCNEKTUBHOCTh KOMIIJIEKCHBIX MOP)OJOTUUYECKUX U MOJIEKYISPHBIX
ucciaesoBanui B KazaxcraHe.

KiroueBblie c1oBa: Mopdos1oruiecKril aHa/in3, BbICOKOTOpPHbIe 3KOCUCTeMbl, KazaxcTaH,
TaKCOHOMHUS, IUAaTHOCTUYECKHE IPU3HAKH, OPHAMEHTALUs CIIoP

ABTOpJ1ap Typasibl M3JIiIMeET:

A3upaxmem KaHcas CyaeiliMeHKbI3bl - YKapaTbIbICTAaHY FbLIbIMJAPbIHbIH, MAarucTpi,
acymanbiK 6M0J10THS KIHE OUOTEXHOJIOTUS UHCTUTYThI 3€PTXaHAChIHbIH, FhIJIBIMU KbI3METKEPI,
KaxxbimyKaH keueci, 13, 010000, Actana, KasakcraH.

llenuHn Onez Hukosae8u4 - 610J10TUS FbIIBIMJAPbIHbIH, KaHAUAAThI, ['palidcBanbj
YHUBEPCUTETIHIH boTaHKKa XoHe JJaH AP TThIK 3KOJIOTHSI UHCTUTYThIHBIH, FbIJIBIMU KbI3METKEPI,
3osbAMaHHIITpacce Keuieci, 15, 17487, 'paitdcBanba, [epmanus.
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