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Abstract

An inadequate understanding of microbial eukaryotes, especially dictyostelids, threatens
accurate biodiversity assessments and conservation efforts. Integrative taxonomy combining ISCC-
NBS color quantification, spore morphometrics, and multi-locus phylogenetics (SSU rDNA, atpl)
was applied to 68 dictyostelid isolates from 200 soil samples collected across China’s biodiversity
hotspots (Changbai Mountain, Shennongjia, and Jianfengling National Nature Reserves). We
identified 28 taxa, including 17 new species, nine new varieties, and two already known species—
collectively increasing global dictyostelid diversity by 15% (from 178 to 204 taxa) and expanding
records from China by 42% (from 61 to 87 taxa). Crucially, five novel taxa were segregated by
systematically revising the D. purpureum complex, with the reclassification of D. pseudosessile as
an independent species, thus resolving both cryptic speciation and historical taxonomic ambiguities.
Phylogenetic analyses validated these taxonomic revisions through distinct morphological-
molecular signatures. Combined with prior findings, 18 endemic taxa are now documented from
Changbai Mountain, establishing this region as a microbial diversification hotspot and advocating
urgent inclusion of protists in biodiversity conservation efforts. This work provides a replicable
protocol for microbial taxonomy by standardizing phenotypic descriptors and reconciling
molecular-phylogenetic conflicts.

Keywords — Cryptic speciation — Dictyostelium purpureum complex — integrative taxonomy —
microbial conservation — multi-locus phylogenetics

INTRODUCTION

While biodiversity conservation efforts predominantly focus on macro-organisms (Rodriguez
et al. 2015), an inadequate understanding of certain microbial eukaryote taxonomic groups could
jeopardize the accuracy of biodiversity assessments (Pawlowski et al. 2012, Geisen et al. 2018).
This gap is particularly acute in dictyostelids (dictyostelid cellular slime molds, a group of fungus-
like organisms) (Wijayawardene et al. 2020), where signature sequence limitations and cryptic
speciation obscure true species boundaries (Mehdiabadi et al. 2009, Sheikh et al. 2018, Chittavichai
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et al. 2025, Zhang et al. 2025). Despite their ecological significance in nutrient cycling and
microbial interactions (Geisen et al. 2018), protists remain underrepresented in conservation efforts,
with only about 6.3% of described species assessed by the [IUCN Red List (Adl et al. 2019, Banki
et al. 2025, IUCN 2025). This disparity is exacerbated by the exclusion of micro-organisms from
IUCN biodiversity monitoring programs. The unresolved status of taxa such as Coenonia
denticulata — described in 1884 but never isolated again — epitomizes how taxonomic
uncertainties perpetuate conservation blind spots (Raper 1984, Sheikh et al. 2018).

Modern integrative taxonomy, combining morphometrics, molecular phylogenetics, and
biogeographic analysis, has proven critical in resolving cryptic speciation in microbial eukaryotes
(Boluda et al. 2019). For dictyostelids, historical reliance on subjective morphological descriptors
(e.g., “grayish white to pale lemon yellow”) has led to persistent classification ambiguities (Raper
1935). Although small subunit rRNA (SSU rDNA) sequences cannot identify dictyostelids to the
species level alone (Chittavichai et al. 2025), recent advances in molecular techniques, such as
multi-locus sequencing (SSU rDNA and atpl), now enable robust phylogenetic resolution of
cryptic lineages (Zou et al. 2022). However, standardized quantitative frameworks for phenotypic
characterization are still lacking, which hinders global biodiversity comparisons.

Herein, we address these taxonomic challenges through a systematic revision of the
Dictyostelium purpureum complex. An integrative taxonomy framework that combines color
quantification (Kelly & Judd 1976), spore morphometrics (Hagiwara 1989, Kirk et al. 2008), and
multi-locus phylogenetics was developed to resolve the long-standing ambiguities within this
group. This approach allowed us to critically evaluate species boundaries and uncover the cryptic
diversity that has been previously neglected (Mehdiabadi et al. 2009).

Our study, conducted across three biodiversity hotspots from high, intermediate and low
latitudes in China, significantly expands the known diversity of dictyostelids and reveals a
substantial amount of previously unrecognized cryptic diversity (Liu et al. 2025). These discoveries
underscore the prevalence of cryptic diversity in understudied microbial groups, emphasizing the
urgent need for taxonomic modernization (Baldauf 2008, Pawlowski et al. 2012, Wang et al. 2019,
Wang et al. 2023, Liu 2024, Wang et al. 2024). Our polyphasic approach establishes a replicable
framework for protist systematics and provides a vital tool for accurate biodiversity assessment,
which directly informs the development of effective conservation strategies in human-dominated
ecosystems.

MATERIALS AND METHODS

Soil samples

Soil samples were collected from the Changbai Mountain National Nature Reserve in Jilin
Province, the Shennongjia National Nature Reserve in Hubei Province, and the Jianfengling
National Nature Reserve in Hainan Province, all of which are located in the Priority Conservation
Areas of China’s Biodiversity Conservation Strategy and Action Plan (2023—2030). The detailed
information about the collecting site was recorded in Supplementary Tables 1-2. The geographic
information was downloaded from Aliyun (Aliyun), and visualized with detailed information as a
collection map of China using the R packages “sf”, “tidyverse”, “ggplot2”, and “ggspatial” with R,
while the rooted tree of Fig. 1 was constructed with the Wekemo Bioincloud (Wekemo , Wickham
2016, Pebesma 2018, Wickham et al. 2019, Dunnington 2023, Pebesma & Bivand 2023, Gao et al.
2024). The map was combined with the rooted tree using Adobe Illustrator. Each collecting site had
10 quadrats, with an interval of more than 10 meters between each one. Each quadrat was a square
with an area of approximately four square meters. Within each quadrat, more than 20 grams of soil
was collected from each of nine randomly selected sampling points within that quadrat. The soils
were transported to the laboratory and preserved at 4°C as soon as possible. All of the soils were
processed within a month after collection to ensure that dictyostelids maintain their maximum
abundance (Cavender & Raper 1965).
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Figure 1 — Map of the collecting sites where dictyostelids were isolated. (A) The left side displays
various collecting sites with all vegetation types from which collecting was carried out within or
near three nature reserves located in different provinces (latitudes) of China, each with a distinctly
different climate. Each collecting site (vegetation type) is represented by a unique color (the
specific meaning of the colors are shown in the lower part of the figure). The right side is a rooted
tree that shows the species relationship of dictyostelids considered in this study, * indicates a new
species, and ** indicates a new variety. The connection lines between the left map and the right
root tree indicate dictyostelids from different collecting sites; the color of the connection lines
corresponds to the province on the left map and species points on the right root tree (yellow
indicates Jilin Province, green indicates Hubei Province, and blue indicates Hainan Province),
indicating from which province those species were collected. (B) Collecting sites in Jilin Province
(Changbai Mountain National Nature Reserve and nearby areas). (C) Collecting sites in Hubei
Province (Shennongjia National Nature Reserve). (D) Collecting sites in Hainan Province
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(Jianfengling National Nature Reserve and nearby areas). The names of vegetation types are given
below.

Isolation, cultivation, and classification

A composite soil sample (100 grams) for each collecting site was produced by combining ten
grams of soil from each of ten sampling points within one collection site. An amount of 100 grams
of soil from each collecting site was then mixed with 900 mL of sterile distilled water, resulting in
an initial dilution of 1:10. After shaking at 280 rpm for two minutes, 5 mL of the above suspension
was taken and mixed with 7.5 mL of sterile water to produce a 1:25 dilution as described in the
method of Cavender and Raper (Cavender & Raper 1965). Part of the remaining initial suspension
was used for pH measurements using a digital pH meter, while the others were filtered for another
experiment (unpublished). Soils with pH < 6 were classified as low pH (acidic), pH 6—7 as
intermediate pH (circumneutral), and pH > 7 as high pH (alkaline). Isolation and cultivation were
performed using the previously established method (Zou et al. 2022), in which 0.5 mL of dilution
and 0.4 mL of Escherichia coli were uniformly spread on a dry grass (Setaria spp.) agar dish for
isolation. The dictyostelid isolates obtained were then transferred, along with 0.4 mL of E. coli, to a
water agar culture dish for cultivation. Both isolation and culture dishes were incubated at 23°C.
The classification of morphology, DNA extraction, and PCR amplification followed the same
procedures and equipment as described by previous research (Zou et al. 2022).

Sorocarps, pseudoplasmodia, and aggregations were first observed and then subsequently
photographed, measured, and analyzed using a Leica dissecting microscope equipped with 0.63%
ocular lenses and 1.0x objective lenses. Photographs were taken with a Leica digital camera and
accompanying software (LAS). Observations of spores and sorophores were conducted on slides
using sterile water as the mounting medium. These slides were subsequently photographed,
measured, and analyzed using a Zeiss light microscope equipped with 10x ocular lenses and 40%
objective lenses. Photographs were taken with a Zeiss microscope camera. Morphological
characteristics were compared with the original descriptions in the first published papers for each
dictyostelid species. When these descriptions were incomplete, morphological characteristics were
compared with authoritative monographs on the subject (Raper 1984, Hagiwara 1989). For
controversial species (e.g., Dictyostelium sphaerocephalum), morphological features were
compared with relevant revised taxonomic publications (Romeralo et al. 2007). If there are three or
more significant morphological character differences compared to each known species, we regard
the taxon as a new species in terms of morphology. If there are one or two significant
morphological character differences, we regard it as a new variant in terms of morphology.

PCR products were sent to Sangon Biotech (Shanghai) Co., Ltd. for sequencing. Phylogenetic
analysis was conducted using auto option in MAFFT for alignment, IQ-TREE 2 to construct ML
(Maximum Likelihood) phylogenetic trees, ModelFinder in IQ-TREE 2 determines the best-fit
model, with 10000 ultrafast bootstrap (UFBoot) replicates and 1000 SH-aLRT tests performed for
branch support and testing (Anisimova et al. 2011, Kalyaanamoorthy et al. 2017, Hoang et al. 2018,
Minh et al. 2020). We sequenced SSU sequences for all taxa in this paper, but atp/ sequences were
obtained for only some taxa that were difficult to identify using SSU sequences alone. Reference
sequences of SSU and atp! (Supplementary Table 3) were downloaded from Nucleotide in NCBI
or obtained from the supplementary data of Sheikh et al. (Nucleotide [Internet] 1988, Sheikh et al.
2018). Taxonomy of dictyostelids is listed in Supplementary Table 4. Figures of dictyostelid photos
were cropped, magnified proportionally, and adjusted for brightness and contrast, and combined
using Adobe Photoshop. Phylogenetic trees of SSU and atp/ were drawn in the circular formats
using iTOL and in the rectangular formats using FigTree (Letunic & Bork 2024); these two formats
were then combined using Adobe Illustrator. The morphological characters and sequences of
dictyostelids were separately registered in MycoBank and GenBank (GenBank [Internet] 1988,
Robert et al. 2005). All of the isolates obtained in the present study were frozen in HL-5 media at
—80°C and deposited in the herbarium of the Mycological Institute of Jilin Agricultural University,
Changchun, China (HMJAU), and listed in Supplementary Table 4 (Cocucci & Sussman 1970).
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The software versions and instrument models mentioned previously are listed in
Supplementary Table 5.

RESULTS

We collected 200 soil samples from 20 collecting sites in three national nature reserves and
nearby areas across three different provinces in China, all located in the eastern monsoon ecoregion
and characterized by distinctly different climates. Ten soil samples were collected from each
collecting site, and each site had the same type of vegetation. The collecting sites within each
nature reserve and nearby areas were characterized by unique vegetation. These were 80 soil
samples from the Changbai Mountain National Nature Reserve of Jilin Province (continental
temperate climate zone), 50 soil samples from the Shennongjia National Nature Reserve of Hubei
Province (north subtropical monsoon climate zone), and 70 soil samples from the Jianfengling
National Nature Reserve of Hainan Province (tropical monsoon climate zone) (Fig. 1). The
distances between these three nature reserves are all greater than 1500 kilometers. The collecting
site in the Changbai Mountain National Nature Reserve had almost the same geographical
coordinates in two successive collecting years (2018 and 2019).

We isolated 68 isolates of dictyostelids from 200 soil samples collected across these three
nature reserves. Combining multi-locus phylogenetics (SSU rDNA, atpl) and standardized
morphometrics (e.g., ISCC-NBS color codes, spore length/width ratios), these isolates were
classified into 28 different taxa, including 17 species new to science, nine varieties new to science,
and two previously known species. Notably, there were four new species (Cavenderia
bifurcatimacrosorum, Ca. fasciculaticomplexispora, Ca. inordinata, Ca. varicelloides) in the genus
Cavenderia, family Cavenderiaceae, order Acytosteliales; six new species (Dictyostelium
collarimigratum, D. diversisporum, D. latiorifirmibasis, D. majileptosomum, D. rufopurpureum,
D. sinuatipurpureum), one previously known species (D. pseudosessile), and eight new varieties
(D. collarimigratum var. breviorimigratum, D. diversisporum var. brevisporum, D. diversisporum
var. laevisorophorum, D. diversisporum var. maximisporum, D. latiorifirmibasis var.
minorifirmibasis, D. rufopurpureum var. longioripseudosessile, D. sinuatipurpureum var.
corymbipurpureum, D. sinuatipurpureum var. subulibasipurpureum) in the genus Dictyostelium,
family Dictyosteliaceae, order Dictyosteliales; three new species (Polysphondylium
latiamplitudinisporum, P. macroviolaceum, P. paniculoides) and one new variety (P. paniculoides
var. multiverticillatum) in the genus Polysphondylium, family Dictyosteliaceae, order
Dictyosteliales; one new species (Hagiwaraea conicibasis) in the genus Hagiwaraea, family
Raperosteliaceae, order Dictyosteliales; and three new species (Raperostelium kraken, Ra.
krakenopsis, Ra. pusillum) and one already described species (Ra. minutum) in the genus
Raperostelium, family Raperosteliaceae, order Dictyosteliales. All species have been separated and
included in a SSU phylogenetic analysis (Fig. 2). Closely related species, which couldn’t be easily
separated by SSU phylogeny, have been distinguished by atp/ phylogenetic analysis (Fig. 3). The
morphological measurements of all taxa described in this study are summarized in Supplementary
Table 6.

Taxonomy

Cavenderia bifurcatimacrosorum Y. Li, P. Liu et Y. Zou, sp. nov. Figs.2,4,5

MycoBank number: 853146; GenBank accession number: SSU: PP590172.

Etymology — the name refers to the bifurcate pseudoplasmodia and the large terminal sori.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are phototropic, solitary,
clustered to gregarious, erect or semierect to prone, a little sinuous, 0.2—2.6 mm in length. When
clustered, 2—5 sorocarps are always clustered together and may share the same or different basal
disks. Sorophores consist of several tiers of cells except tips, unbranched or with one to five short
lateral branches near or below the middle, or with bifurcate dichotomous branches; rarely with
8—10 branches grown from one mound on the sorophore. Bases are clavate to round or conical with
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basal disks, consisting of several tiers of cells, 16.2—55.7 um in width, with the widest points of
base terminals measuring 11.9—-121.8 um. Tips are acuminate to capitate, consisting of one to
several tiers of cells, 2.5-15.4 um in width, with the widest points of tip terminals measuring
2.7-43.6 um. Branches are reaching 150—591 pum. Branch bases are clavate, consisting of one to
two tiers of cells, 8.7—17.3 um in diam. Sori are white to pale yellow, light brownish gray
(#8e8279) or grayish yellowish brown (#7e6d5a), globose, terminal sori 43—400 um diam. Lateral
sori are smaller, from 25 to 147 um. Spores are broadly elliptical to oblong, 3.9-5.6 x 2.3—-3.4 um
(length/width = 1.29-2.25), some spores large and reaching to 8.0—8.6 x 3.0—3.3 um (length/width
= 2.53-2.64), with polar granules. Aggregations are radiate at first, then shrink into a mound or
secondary mounds. Pseudoplasmodia migrate with stalks, some pseudoplasmodia are bifurcate.
This species belongs to the Cavenderia clade in a SSU rDNA phylogeny.

Distribution and ecology — Isolated from a forest near the Jianfengling National Nature
Reserve, in mixed soil samples collected from a semideciduous rainforest at a low elevation
(93—336 m) with an intermediate soil pH (pH = 6.80).

Material examined — China, Hainan Province: near the Jianfengling National Nature Reserve,
18.69° N, 108.82° E, average elevation 253.7 m. Isolated from mixed soil, February 2022, haiban2-
1 (HOLOTYPE, voucher specimen code: HMJAU MR390). Known only from Hainan Province,
China.

Notes — Distinguishing features of Cavenderia bifurcatimacrosorum including the bifurcate
pseudoplasmodia and bifurcate sorocarps, make it different from other Cavenderia species, except
for the species with bifid, bifurcated or dichotomous structures such as Ca. aureostabilis,
Ca. bifurcata, Ca. fulva, Ca. parvibrachiata, Ca. pseudoaureostipes, Ca. subdiscoidea, but the
phototropic character, large sori (Ca. aureostabilis has sori in 60—180 pum, Ca. bifurcata 70-300
um, Ca. fulva has terminal sori in 50—150 pm with lateral in 50—70 pm, Ca. parvibrachiata 43252
um, Ca. pseudoaureostipes 50—250 um and Ca. subdiscoidea 50—200 um), broadly elliptical spores
(Ca. aureostabilis has elliptical-oblong spores in 6—10 % 3—=5 pum, Ca. bifurcata has two types with
4.5-6.3 x 1.8-2.7 and 89 x 3 um, Ca. fulva has elliptical-oblong 4-8 X 3—4.5 pum,
Ca. parvibrachiata has elliptical-oblong 5.4—9.7 x 2.6—4.8 pm, Ca. pseudoaureostipes elliptical-
oblong 6—8.5 x 3—4.5 um and Ca. subdiscoidea elliptical-oblong 6—8 x 2.8—3.8 um) and with 1—4
short lateral branches or rarely 8—10 branches grown from one mound of sorophore separate
Ca. bifurcatimacrosorum from those species (Cavender 1976, Cavender et al. 2018, Vadell et al.
2018, Cavender et al. 2022). On the other hand, only Ca. bifurcata clusters near
Ca. bifurcatimacrosorum in the SSU phylogenetic tree, and morphological distinctions have been
discussed.

Cavenderia fasciculaticomplexispora Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 6,7
MycoBank number: 853147; GenBank accession number: SSU: PP590173; PP590174.
Etymology — the name refers to the clustered sorocarps and complex spores from subglobose

to oblong; the word “clustered” = Latin fasciculatus/fasciculata/fasiculatum with compounding

form fasciculati--, while the word “complex” = Latin complexus/complexa/complexum with
compounding form complexi--.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are clustered, prone to
erect or semierect, sinuous, 0.2—4.3 mm in length. Sometimes the color of medium near the
clustered bases deepens like light grayish olive (#8c8767). Sorophores consist of one to two tiers of
cells except bases, unbranched or with irregular branches. Bases are round to clavate, consisting of
two to several tiers of cells, 12.6—26.7 um in width, with the widest points of base terminals
measuring 16.6—28.0 um. Tips are clavate, consisting of one tier of cells, 4.6—10.2 um in width,
with the widest points of tip terminals measuring 7.7—12.0 pm. Branches are 0.1—1.2 mm in length.
Sori colors are white, occasionally a little darker, like purplish gray (#8b8589) or pinkish gray
(#c1b6b3) to grayish pink (#c4aead), globose, 31-279 um. Spores are elliptical to oblong, 3.5-7.6
x 2.4-3.4 um (length/width = 1.32-2.38), a few small spores are subglobose to broadly elliptical,
3.2-4.9 x 2.9-3.9 pum (length/width = 1.09—1.28), all spores are with polar granules. Aggregations
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are mounds with short radiate streaming around, 0.5—-1.5 x 0.5—-1.2 mm. Aggregations have
secondary centers when forming pseudoplasmodia. Pseudoplasmodia with stalks but do not
migrate. This species belongs to the Cavenderia clade in a SSU rDNA phylogeny.
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Figure 2 — SSU phylogenetic tree of dictyostelids. Isolates obtained in this study are indicated in
bold, new species are marked with one asterisk (*) and new varieties are indicated with two
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asterisks (**). Numbers with color represent SH-aLRT and UFBoot support values (%). The upper
part of the figure displays an entire SSU phylogenetic tree with all 12 genera of dictyostelids, while
the lower part of the figure shows a partial tree with specific branches of isolates in this study and
adjacent species.

Genus
[ cavenderia
[[] Heterostelium
[ Dictyostelium
[ Polysphondylium
[ Raperostelium

Tree scale: 1

o Cavenderia medusoides OH592 KF662074.1 Dictyostelium sp. TAS30A KF662068.1
- B&avenderia granulophora CH11-4 KF662075.1 Dictyostelium mucoroides 5735-3-23 MZ318393.2
8 Cavenderia cf. aureostipes Got3A2 KF662097.1 03.9/95 Dictyostelium di porum var. brevisporum 19yueal PP932642**
Cavenderia aureostipes LR2 KF662124.1 Dictyostelium diversisporum 19yued1 PP932644*
Cavenderia cf. aureostipes TH3B KF662125.1 \Dictyostelium diversisporum var. laevisorophorum yue4 PP932649**
Cavenderia cf. aureostjpes TH4B KF662126.1 94.1/100—4 Dictyostelium diversisp var. laevisorophorum yue3 PP932648**
Cavenderia cf. aureostipes BP7B KF662127.1 Dictyostelium diversisporum hun2 PP932645*
Cay ia cf. aureostipes MAQ52B KF662128.1 o Dictyostelium diversisporum huné PP932646*
90.11 Cavenderia aureostipes YA6 KF662129.1 1 WDictyostelium diversisporum var. laevisorophorum yue1 PP932647**
Cavenderia varicelloides 19yuec2-2 PP932632* #1.6931Dictyostelium diversisporum var. maximisporum yue6 PP932650**
1193 Cavenderia aureostipes KP3 KF662130.1 Dictyostelium diversisp var. brevisp 19yueb?2 PP932643**
99.1/100 Cavenderia aureostipes OH110 BW6 KF662131.1 o7 71 Dictyostelium robusticaule 5729-bai-2021 MZ318391.2
d ﬁndena aureostipes OH111 KF662132.1 o4 4;; 100 Dictyostelium robusticaule 5729-huang-2021 MZ318392.2
venderia aureostipes 13 KF662133.1 oD Dictyostelium collarimigratum var. breviorimigratum beichang2bda PP932651**
Cavenderia aureostipes JKS150 KF662134.1 Dictyostelium collarimigratum beichang2bxiao PP932652*
i%s{elium discoideum AX3 AB000109.1 Polysphondylium paniculoides 19yuec4 PP932663*
ictyostelium discoideum AX3, partially X22 (48172-51517 bp) NC 000895.1 100/100 }Polysphondyilum paniculoides hun4 PP932665*
) ‘9‘ 00stelium discoideum 5752-3-17 MZ318394.2 Polysphondylium paniculoides var. multiverticillatum 19yuef3 PP932664**
ictyostelium discoideum 5751-1-23 MZ318395.2 0178 Raperostelium kraken 19yuec5 PP932633*
...} Dictyostelium citrinum DQ336395.4 Raperostelium kraken 19yuea2 PP932634*
Dictyostelium citrinum NC 007787.2 U/473Raperostelium krakenopsis 19yueb3 PP932635*
Dictyostelium firmibasis TNS-C-14 CM069771.1 : Raperostelium krakenopsis 19zhend1 PP932637*
Dictygstelium firnibasis TNS-C-14 JAVFKY010000009. 1 834541 Raperostelium krakenopsis 19zhenb3 PP932636*
7 i lium latiorifirmibasis var. minorifirmibasis beihunic PP932653** | Raperostelium minutum yue2-1 PP932638
telium latiorifirmibasis beihunieda PP932654* “27%<1 | Raperostelium minutum yue2-3 PP932639
}ﬁ[ﬁ?}fgﬁtelium intermedium BK014289.1 00.3/100 Raperostelium pusillum zhen1 PP932640*
ictyostelium intermedium NC 058586.1 Raperostelium pusillum zhen2 PP932641*

Dictyostelium sinuatipurpureum var. corymbipurpureum beichangia PP932655**
Dictyostelium sinuatipurpureum beichang1igenzhi PP932658*

Dicty lium sinuatipurpureum beichangligenqu PP932657*

Dictyostelium sinuatipurpureum var. subulibasipurpureum beichanglidao PP932656**
<98 4/901 Dictyostelium rufopurpureum var. longioripseudosessile haiyuné-1 PP932659**

16.0/100 Dictyostelium rufopurpureum haiyund-1xiao PP932661*

ceaua Dictyostelium rufopurpureum haiyuni-1da PP932660*

Dictyostelium pseudosessile haihun1-1 PP932662 0.05

Figure 3 — Atpl phylogenetic tree of dictyostelids. Isolates considered in this study are indicated in
bold, new species are marked with one asterisk (*) and new varieties are marked with two asterisks
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(**). Numbers with color represent SH-aLRT and UFBoot support values (%). The upper part of
the figure includes an entire afp/ phylogenetic tree with only five genera of afpl dictyostelid
sequences available in NCBI database, the lower part of the figure presents a partial tree with
specific branches of isolates in this study and adjacent species.

Figure 4 — Morphological features of Cavenderia bifurcatimacrosorum. (A) Gregarious sorocarps.
(B) Sorocarp with five short branches. (C) Sorocarp with 8—10 branches arising from one mound
on the sorophore. (D) Conical bases of the sorophores. Line a indicates the widest point of base
terminal, line b indicates the width of the base. (E) Capitate tip of the sorophore. Line a indicates
the widest point of tip terminal, line b indicates width of the tip. (F) Acuminate tips of the
sorophores. (G) Spores with polar granules. (H) Early aggregation. (I) Late aggregations shrink
into mounds. (J) Bifurcate and un-bifurcate pseudoplasmodia. Scale bars: A, H-J = 1 mm; B and
C=0.5 mm; D—G =20 pum.

Distribution and ecology — Isolated from the Northern Slope of the Changbai Mountain
National Nature Reserve, in mixed soil samples collected from an alpine birch forest at an
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intermediate elevation (1821-1837 m) with an intermediate soil pH (pH = 6.03). Also isolated from
the Northern Slope of the Changbai Mountain National Nature Reserve, in mixed soil samples
collected from an alpine birch forest at an intermediate elevation (1755—1828 m) with a low soil pH
(pH =5.32).

Figure 5 — Cavenderia bifurcatimacrosorum. (A—B) Sorocarps. (C) Spores. (D) Tips. (E) Bases.
(F) Aggregation. (G) Pseudoplasmodium. Scale bars: A, G=0.5 mm; B, F =1 mm; C—E =20 pm.

Material examined — China, Jilin Province: Northern Slope of the Changbai Mountain
National Nature Reserve, 42.07° N, 128.07° E, average elevation 1829.1 m. Isolated from mixed
soils, August 2018, yue2-2 (HOLOTYPE, voucher specimen code: HMJAU MR391). Also isolated
from mixed soils of Northern Slope of the Changbai Mountain National Nature Reserve, 42.07° N,
128.07° E, average elevation 1799.2 m, August 2019, /9yuefl. Known only from Jilin Province,
China.

Notes — Distinguishing features of Cavenderia fasciculaticomplexispora are including the
clustered sorocarps, the smaller subglobose to broadly elliptical spores with larger elliptical to
oblong ones, the aggregation pattern and the deepened medium color near the bases. In the SSU
phylogenetic tree, Ca. fasciculaticomplexispora clusters near Ca. fasciculata and Ca. fasciculoidea,
the differences between them are sorocarp size (this species has a little wider range than
Ca. fasciculoidea (0.7-3mm), shorter than Ca. fasciculata (2—4 mm, occasionally to 10 mm)),
complex spore size, sori size (Ca. fasciculata is milky-white to distinctly yellowish 60—300 pm,
Ca. fasciculoidea is hyaline-white 40—150 (—220) um in terminal and 25—40 um in lateral), and the
aggregations of Ca. fasciculaticomplexispora are obvious looser than them (Traub et al. 1981a,
Vadell et al. 2011).

Cavenderia inordinata Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 8,9

MycoBank number: 853148; GenBank accession number: SSU: PP590175.
Etymology — the name refers to the inordinate sorocarps on the medium.
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When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are non-phototropic,
gregarious, and grow in an inordinate manner on medium, prone to semierect, delicate, 0.3—2.3 mm
in length. Sorophores consist of one tier of cells, colorless or white, unbranched. Bases are clavate,
round to conical, sometimes curved, consisting of one to two tiers of cells, 5.1-10.5 pm in width,
with the widest points of base terminals measuring 7.3—26.4 um. Tips are acuminate, consist of one
to two tiers of cells, 2.1-5.2 um in width, and the widest points of tip terminals are 1.4—6.8 um.
Sori are white, globose, 24—212 um in diam. Spores are elliptical to oblong, 3.2—7.1 x 1.8-3.8 um
(length/width = 1.47-2.04), rare broadly elliptical such as 3.5 x 2.7 um (length/width = 1.28).
Spores have polar granules. Aggregations are mound. Pseudoplasmodia migrate with stalks.
Microcysts present 2.2—2.8 um in diam. This species belongs to the Cavenderia clade in a SSU
rDNA phylogeny.

Figure 6 — Morphological features of Cavenderia fasciculaticomplexispora. (A) Sorocarps with
light grayish olive medium near the bases. (B) Clustered sorocarps. (C) Clavate bases of the
sorophores. (D) Clavate tips of the sorophores. (E) A few subglobose to broadly elliptical spores in
the center. (F) Elliptical to oblong spores with polar granules. (G) Mounds aggregation with short
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radiate streaming. (H) Aggregations and early pseudoplasmodia. (I) Clustered pseudoplasmodia
with stalks but not migrating. Scale bars: A = 1 mm; B = 2 mm; C—F = 20 um; G = 0.5 mm;
H-1=200 pm.

Distribution and ecology — Isolated from the Dell Forest of the Changbai Mountain National
Nature Reserve, in mixed soil samples collected from a mixed broadleaf/conifer forest at an
intermediate elevation (1564—1620 m) with a low soil pH (pH = 5.59).

Figure 7 — Cavenderia fasciculaticomplexispora. (A) Sorocarps. (B) Spores. (C) Tips. (D) Base.
(E) Aggregation. (F) Pseudoplasmodia. Scale bars: A = 0.5 mm; B—D =20 pm; E-F = 0.2 mm.

Material examined — China, Jilin Province: Dell Forest of the Changbai Mountain National

Nature Reserve, 42.09° N, 128.07° E, average elevation 1594.2 m, August 2018, hunl
(HOLOTYPE, voucher specimen code: HMJAU MR393). Known only from Jilin Province, China.

3188



Notes — Gregarious unbranched sorocarps, colorless or white sorophores, white sori and the
bases without basal disks distinguish Cavenderia inordinata from other Cavenderia species.
Cavenderia amphispora, Ca. microspora and Ca. parvispora cluster near Ca. inordinata in the
SSU phylogenetic tree. The distinctions among them are sorus size, spore size and base size
(Hagiwara 1986, 1989, Cavender et al. 2005). Cavenderia amphispora has sori 30—80 pum in diam,
Ca. microspora has 10—100 (—150) um and Ca. parvispora 10—170 um, are all smaller than
Ca. inordinata. Cavenderia amphispora has larger ovoil spores 4.8—6.3 x 2.8—3.5 and smaller
elliptical narrow spores 3—4.5 x 1.5-2.8 um, Ca. microspora also has two types spores with
4.4-5.8 x 2.8—4.3 um and 3.3-5.3 x 1.7-2.8 um, Ca. parvispora has 4.3—6.1 x 1.8-2.8 um, are all
different with Ca. inordinata. Cavenderia amphispora has round to clavate bases with 7-22 pum in
diam, Ca. microspora has clavate with 3—17.5 (=21.5) um and Ca. parvispora has clavate with
5-25 (=36) um, are all wider than Ca. inordinata.

Figure 8 — Morphological features of Cavenderia inordinata. (A—B) Inordinate sorocarps.
(C) Curved clavate base. (D) Curved and non-curved clavate bases. (E) Acuminate tip. (F) Spores
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with polar granules. (G) Mound aggregations. (H) Aggregations and early pseudoplasmodia.
(I) Pseudoplasmodia migrate with stalks. Scale bars: A—B = 0.5 mm; C—F =20 pym; G—I =200 pm.

Cavenderia varicelloides Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 3,10, 11
MycoBank number: 853170; GenBank accession number: SSU: PP817843. Atpl: PP932632.
Etymology — the name varicelloides refers to the resemblance of the aggregations to

chickenpox (Latin: varicella).

E—— F

Figure 9 — Cavenderia inordinata. (A) Sorocarps. (B) Spores. (C) Tip. (D) Base. (E) Aggregations.
(F) Pseudoplasmodium. Scale bars: A = 0.5 mm; B—D =20 um; E-F = 0.2 mm.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are without phototropic,
gregarious or tightly clustered, prone to decumbent, 0.1-12.2 mm in length, unbranched or with
many irregular branches. The part of sorophores near the bases is sometimes pale golden, ranging
in color from deep yellow (#af8d13) to moderate olive brown (#6c541e). Branch length 0.1-3.2
mm or longer; bases of branches are clavate, consist of one tier of cells, 5.2—13.7 um in width;
branch tips are clavate, consist of one tier of cells, 2.6—4.7 um in width. Sorophores consist of one
to two tiers of cells. Bases are clavate, consisting of one to several tiers of cells, 7.3—25.9 um in
width, the widest points of base terminals measuring 7.2—32.9 um. Tips are obtuse, capitate,
clavate, or acuminate, consisting of one to two tiers of cells, 2.3—6.8 um in width, with the widest
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points of tip terminals measuring 2.6—11.9 um. Sori white, globose, 41—428 um in diameter. Spores
are elliptical to oblong, sometimes reniform, 3.8—7.3 x 2.4—4.4 pm (length/width = 1.32-2.68),
occasionally large to 9.4 x 4.2 um (length/width = 2.24), with obvious polar granules. Aggregations
are small, round mounds that look like chicken pox. Pseudoplasmodia cluster with stalks, but do
not migrate. Microcysts present, 3.2—3.9 x 2.9-3.8 um. This species belongs to the Cavenderia
clade in a SSU rDNA phylogeny.

Distribution and ecology — Isolated from the Northern Slope of the Changbai Mountain
National Nature Reserve, in mixed soil samples collected from an alpine birch forest at an
intermediate elevation (1755—1828 m) with a low soil pH (pH = 5.32).

7 - L ', g %
| g . o e

— T e | — i S —

Figure 10 — Morphological features of Cavenderia varicelloides. (A) Clustered sorocarps with
yellowed bases. (B) Branch on the sorophore. (C—D) Bases of the sorophores. (E) Clavate tip of the
sorophore. (F) Spores with polar granules. (G) Small, round mounds form aggregations that look
like chicken pox. (H) Aggregations and pseudoplasmodia. (I) Pseudoplasmodia do not migrate.
Scale bars: A, G =1 mm; B-F =20 pm; H=2 mm; [ = 0.5 mm.
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Material examined — China, Jilin Province: Northern Slope of the Changbai Mountain
National Nature Reserve, 42.07° N, 128.07° E, average elevation 1799.2 m. Isolated from mixed
soils, August 2019, 19yuec2-2 (HOLOTYPE, voucher specimen code: HMJAU MR429). Known
only from Jilin Province, China.

F

Figure 11 — Cavenderia varicelloides. (A) Sorocarps. (B) Spores. (C) Tip. (D) Bases.
(E) Aggregations. (F) Pseudoplasmodium. Scale bars: A, E =1 mm; B—D =20 um; F = 0.5 mm.

Notes — Cavenderia varicelloides clusters near the species Ca. aureostipes and Ca. fulva in
the SSU phylogenetic tree. On the atpl phylogenetic tree, Ca. varicelloides clusters closer with
some conferred (cf.) species than Ca. aureostipes. On the other hand, Ca. aureostipes,
Ca. aureostipes var. helvetia, and Ca. delicata are all similar to Ca. varicelloides in having long
sorocarps that are more than 10 mm. Cavenderia varicelloides has the most obvious differences
from the four species in small, round mound aggregations that look like chicken pox. Other
morphological distinctions include sorophore color, width of tips and bases, and sorocarp habitat
(Cavender et al. 1979, Hagiwara 1989, Cavender et al. 2018). Sorophores of Ca. varicelloides are
white but yellowed near the bases, those of Ca. aureostipes, Ca. aureostipes var. helvetia, and
Ca. fulva are golden-yellow, those of Ca. delicata are colorless. Cavenderia varicelloides has
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2.3—6.8 um wide tips, which are narrower than those of Ca. aureostipes (7—8 pum), Ca. aureostipes
var. helvetia (13—19 um), Ca. delicata (2.5—15.0 ym), and Ca. fulva (7—10 pm). Base widths of
Ca. varicelloides (7.3—-25.9 um) are also narrower than those of Ca. aureostipes (25—30 pm),
Ca. aureostipes var. helvetia (50—60 um), and Ca. fulva (20—50 um). Cavenderia varicelloides has
gregarious or tightly clustered sorocarps, Ca. aureostipes var. helvetia has solitary sorocarps, and
Ca. delicata has usually gregarious and sometimes solitary sorocarps.

Dictyostelium collarimigratum Y. Li, P. Liu et Y. Zou, sp. nov. (Figs. 2, 3, 12, 13)
MycoBank number: 853151; GenBank accession number: SSU: PP590178. Atp1: PP932652.
Etymology — the specific epithet refers to the collar structures and the migrating
pseudoplasmodia.

Figure 12 — Morphological features of Dictyostelium collarimigratum. (A) Solitary sorocarps. (B)
Sorocarps with light grayish yellowish brown sori and with light orange yellow at the periphery of
sori. (C) Expanded midpoints of the sorophores. (D) Clavate bases. (E) Base with slightly expand
basal disk. (F) Capitate tip with a collar. (G) Spores with consolidated subpolar granules on one or
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both sides. (H) Radiate aggregations. (I) Migrating pseudoplasmodium. (J) Migrating
pseudoplasmodium with a continuous trail. (K) Migrating pseudoplasmodium with a discontinuous
trail. Scale bars: A, H, K=1mm; B, J =0.5 mm; C—G =20 um; [ =2 mm.

Figure 13 — Dictyostelium collarimigratum. (A) Sorocarp. (B) Spores. (C) Expanded sorophore.
(D) Tip. (E) Bases. (F) Aggregations. (G) Pseudoplasmodium. Scale bars: A = 0.5 mm; B-E = 20
pm; F—G = 1 mm.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are solitary or gregarious,
sometimes two to three sorocarps clustered in one point, erect, prone to prostrate, 0.2—2.1 mm in
length, unbranched or with one to two branches. Sorophores consist of several tiers of cells in
width, have supporting cells, generally stout, expanded at midpoint, uneven taper in erect
structures. The expanded midpoints of sorophores are 23.3—40.0 um in width. Bases are clavate or
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acuminate, with one to several tiers of cells wide, 9.5-29.6 um in width, sometimes have slightly
expand basal disks (19.8—63.9 um) at terminal cells of bases. Tips are capitate or obtuse, 9.1-25.0
um wide, with one to several tiers of cells in width, with collars near the tips. The widest points of
tip terminals are 9.1-36.5 um. Sori are semi-hyaline, mostly white, or sometimes with cream color
like light grayish yellowish brown (#ae9b82) with light orange yellow (#fbc97f) at the periphery,
globose, 43—231 pum in diameter. Spores are elliptical to oblong, capsule-shaped, 5.0—11.5 X
3.2—4.6 um (length/width = 1.45-2.83), with consolidated subpolar granules on one or both sides
when observed under a microscope at 100x magnification. Aggregations are radiate,
pseudoplasmodia migrate without stalks but with continuous or discontinuous trails. This species
belongs to the Dictyostelium clade in a SSU rDNA phylogeny.

Distribution and ecology — Isolated from Songbai Town of the Shennongjia National Nature
Reserve, in mixed soil samples collected from an evergreen deciduous broadleaf forest at an
intermediate elevation (1011—1424 m) with a high soil pH (pH = 7.41).

Material examined — China, Hubei Province: Songbai Town of the Shennongjia National
Nature Reserve, 31.65° N, 110.54° E, average elevation 1151.2 m. Isolated from mixed soils, July
2022, beichang2bxiao (HOLOTYPE, voucher specimen code: HMJAU MR396). Known only from
Hubei Province, China.

Notes — This species and Dictyostelium collarimigratum var. breviorimigratum cluster with
D. minimum Li et al., D. multiforme Li et al., and D. robusticaule Li et al. in same clade of the SSU
phylogenetic tree. On the afp! phylogenetic tree, D. collarimigratum and D. collarimigratum var.
breviorimigratum cluster in the same clade but differ from others. They all have stout sorophores
with relatively large sori, collars near tips with basal disks around bases, and the almost entirely
identical SSU rDNA sequences, make these organisms really similar (Liu et al. 2019b, Zou et al.
2022). But they still have some differences in morphological characters, maybe due to the
geographical isolation. Dictyostelium minimum has mini sorocarps (erect with 95—720 um), white
sori, globose spores without polar granules (PG—), mound-like aggregations, and not migrating
pseudoplasmodia without stalks. Dictyostelium multiforme has several types of sorocarps (semi-
erect with 0.68—1.8 mm and erect with 0.21—1.13 mm), white sori, oblong or elliptical spores with
5.8—12.6 x 3.6-5.0 um (PG—), mound-like aggregations, and not migrating pseudoplasmodia
without stalks. Dictyostelium robusticaule also has two types of sorocarps (larger 0.3—2.4 mm,
smaller 0.1-0.2 mm) with erect, inclined, semierect or prone characters, larger sori with color white
to off-white and dry out or tend to yellowish in age and smaller sori hyaline to white, larger
elliptical or oblong spores with 5—7.2 x 3.2—4.7 um with polar granules (PG+) and smaller spores
with 4.7-6.5 x 3—4.3 um (PG+), and radiate aggregations. Dictyostelium collarimigratum has erect,
prone to prostrate 0.2—2.1 mm sorocarps, white or sometimes with cream color sori, elliptical to
oblong and capsule-shaped spores with 5.0-11.5 x 3.2—4.6 pum (with consolidated
subpolar granules on one or both sides), radial aggregations and migrating pseudoplasmodia with
stalks. Dictyostelium collarimigratum var. breviorimigratum has erect to prone or prostrate
sorocarps, white, or sometimes with a little cream sori, elliptical to oblong and capsule-shaped
spores with 5.3-9.2 x 3.2—4.2 um (with subpolar unconsolidated granules on one or both sides),
radial aggregations and pseudoplasmodia not migrating or migrate only a short distance with stalks.

Dictyostelium collarimigratum var. breviorimigratum Y. Li, P. Liu et Y. Zou, sp. nov.
Figs. 2,3, 14, 15

MycoBank number: 853152; GenBank accession number: SSU: PP590179. Atpl: PP932651.

Etymology — the name refers to the pseudoplasmodia migrating a shorter distance than those
of D. collarimigratum (from Latin brevior/brevior/brevius, meaning shorter).

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are solitary, sometimes
clustered with only two sorocarps, erect to prone or prostrate, 0.2—1.1 mm in length. Sorophores
consist of one to several tiers of cells, taper from bases to tips. Bases are round or clavate with
hook-shape, 13.1-24.5 pm in width, with two to several tiers of cells wide, sometimes have basal
disks (26.3—85.1 um). Tips are round to clavate, or capitate, 5.8—18.2 um in width, with one to two
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tiers of cells in width, with collar near the tips, the widest points of tip terminals measuring
8.6—33.4 um. Sori are mostly white, or sometimes with a little cream just like light brownish gray
(#8e8279) to dark grayish yellow (#al8f60), with brownish pink (#c2ac99) at the periphery,
globose, 70—287 pum in diam. Spores are elliptical to oblong, capsule-shaped, 5.3—9.2 x 3.2—4.2 ym
(length/width =1.54-2.50), with subpolar unconsolidated granules on one or both sides when
observed under a microscope at 100x magnification. Aggregations first are radiate, and later shrink
into mounds with primary center and secondary centers. Pseudoplasmodia do not migrate or
migrate a short distance with stalks. This variety belongs to the Dictyostelium clade in a SSU rDNA

phylogeny.

Figure 14 — Morphological features of Dictyostelium collarimigratum var. breviorimigratum.
(A) Solitary sorocarps. (B) Sorocarps with light brownish gray to dark grayish yellow and with
brownish pink at the periphery of sori. (C) Clavate base. (D) Bases with small basal disks. (E) Tips
with collars. (F) Spores with subpolar unconsolidated granules on one or both sides. (G—H) Radiate
aggregations. (I) Pseudoplasmodia migrate only a short distance. Scale bars: A =2 mm; B, [ = 0.5
mm; C—F =20 ym; G—H =1 mm.
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Distribution and ecology — Isolated from Songbai Town of the Shennongjia National Nature
Reserve, in mixed soil samples collected from an evergreen deciduous broadleaf forest at an
intermediate elevation (1011—1424 m) with a high soil pH (pH = 7.41).

Figure 15 — Dictyostelium collarimigratum var. breviorimigratum. (A) Sorocarps. (B) Spores.
(C) Tip. (D) Base. (E) Pseudoplasmodium. (F) Aggregations. Scale bars: A = 0.5 mm; B-D = 20
pum; E=0.2 mm; F =1 mm.

Material examined — China, Hubei Province: Songbai Town of the Shennongjia National
Nature Reserve, 31.65° N, 110.54° E, average elevation 1151.2 m. Isolated from mixed soils, July
2022, beichang2bda (HOLOTYPE, voucher specimen code: HMJAU MR397). Known only from
Hubei Province, China.

Notes — This variety has similar morphology to Dictyostelium collarimigratum, but this
variety has spores with subpolar unconsolidated granules, and pseudoplasmodia do not migrate or
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migrate only a short distance. It shares the same clade as D. collarimigratum on the SSU and atpl
tree.

Dictyostelium diversisporum Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2,3, 16, 17
MycoBank number: 853156; GenBank accession number: SSU: PP590184; PP590185;
PP590186. Atp1: PP932646; PP932645; PP932644.

Etymology — the name diversisporum refers to the various spore shapes.

Figure 16 — Morphological features of Dictyostelium diversisporum. (A) Sorocarps. (B) Nodule-
like cells on the sorophore. (C) Clavate base. (D) Capitate tip. (E—F) Various shapes of spores with
consolidated or unconsolidated granules. (G) Radiate aggregations. (H) Aggregation and
pseudoplasmodium. (I) Migrating pseudoplasmodium with a stalk. Scale bars: A = 2 mm;
B-—F =20 um; G =1 mm; H-1=0.5 mm.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are without phototropic or
with a little phototropic, solitary to gregarious, erect or prone, prostrate, and decumbent, sori
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collapse and regrow new sorocarps; sorocarps are 0.5—8.4 mm in length. Sorophores consist of one
to two tiers of cells in width. Sometimes sorophores are one-tier cells and two-tier cells in width for
turning. Sometimes there are several nodule-like cells that occur on sorophores. Bases are clavate
to round or conical, consisting of one to two tiers of cells, 5.4—18.3 um in width, with the widest
points of base terminals measuring 7.6—44.2 um. Tips are capitate to expand clavate, sometimes
hook-shape, consisting of one to two tiers cell, 4.2—16.7 pm in width, with the widest points of tip
terminals measuring 6.0—38.2 um. Sori are white, globose to citriform, 54—284 pum. Spores are
amorphous shapes, including capsule-shaped, sigmoid, reniform, sunflower seed-shaped, pear-
shaped, or drop-shaped, in addition to common shapes ranging from globose to bacilliform, 3.8-9.3
x 2.3-5.8 um (length/width = 1.03—3.24), sometimes large and reaching to 10.2 x 3.8 pum
(length/width = 2.68), rarely small size measuring 3.4 x 3.0 pum (length/width = 1.13), without
polar granules but with consolidated or unconsolidated granules dispersed in spores. Aggregations
are radiate and shrinking into mounds, 0.7-3.5 x 0.5—1.1 um. Pseudoplasmodia migrate with stalks.
Microcysts present, 3.7—5.7 um in diameter. This species belongs to the Dictyostelium clade in a
SSU rDNA phylogeny.
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Figure 17 — Dictyostelium diversisporum. (A) Sorocarps. (B) Spores. (C) Tip. (D) Base.
(E) Aggregations. (F) Pseudoplasmodium. Scale bars: A = 1 mm; B—D =20 pm; E-F = 0.5 mm.

Distribution and ecology — Isolated from the Dell Forest of the Changbai Mountain National

Nature Reserve, in mixed soil samples collected from a mixed broadleaf/conifer forest at an
intermediate elevation (1564—1620 m) with a low soil pH (pH = 5.59). Also isolated from Northern
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Slope of Changbai Mountain National Nature Reserve, in mixed soil samples collected from a soil
sample collected in an alpine birch forest at an intermediate elevation (1755—1828 m) with a low
soil pH (pH = 5.32).

Material examined — China, Jilin Province: Dell Forest of the Changbai Mountain National
Nature Reserve, 42.09° N, 128.07° E, average elevation 1594.2 m. Isolated from mixed soils,
August 2018, hun6 (HOLOTYPE, voucher specimen code: HMJAU MR402); hun2; hun2-2; hun2-
3; hun6-2. Also isolated from mixed soils of Northern Slope of Changbai Mountain National
Nature Reserve, 42.07° N, 128.07° E, average elevation 1799.2 m, August 2019, /9yuedl. Known
only from Jilin Province, China.

> n

Figure 18 — Morphological features of Dictyostelium diversisporum var. brevisporum.
(A) Sorocarps. (B—C) Round and clavate bases. (D—E) Capitate tips. (F—G) Different shapes of
spores with or without granules dispersed. (H) Radiate aggregation and migrating
pseudoplasmodium. (I) Phototropic pseudoplasmodia migrate with stalks, and aggregations shrink
into mounds at the top-left corner. Scale bars: A, H=1 mm; B-G =20 um; [ =2 mm.
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Notes — Dictyostelium diversisporum 1s brought together with D. austroandinum,
D. capitatum, D. leptosomopsis, D. mucoroides, and D. pseudobrefeldianum on close branches of
the SSU phylogenetic tree. However, the atpl phylogenetic tree has shown it to be different from
others, except for its varieties. Dictyostelium diversisporum has nodule-like cells on sorophores,
and various spore shapes; each characteristic distinguishes this from other Dictyostelium species
(Hagiwara 1983a, Raper 1984, Hagiwara 1996, Vadell et al. 2011). On the other hand, this species
has narrower base sizes than D. austroandinum, D. mucoroides, and D. pseudobrefeldianum; and
wider tip sizes than D. capitatum and D. leptosomopsis. The morphological differences between
D. diversisporum and its varieties are detailed in the notes for those varieties.

Figure 19 — Dictyostelium diversisporum var. brevisporum. (A) Sorocarp. (B) Spores. (C) Tip.
(D) Base. (E) Aggregation. (F) Pseudoplasmodia. Scale bars: A, E =1 mm; B—D = 20 um; F = 2
mm.

Dictyostelium diversisporum var. brevisporum Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 3, 18, 19

MycoBank number: 853159; GenBank accession number: SSU: PP590193; PP590194. Atp!:
PP932643; PP932642.
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Etymology — the name refers to the shorter spores (smaller ratio of length to width) compared
with Dictyostelium diversisporum.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are phototropic,
gregarious, prone to prostrate, sometimes decumbent with stoloniferous behavior, 3.2-9.5 mm in
length, unbranched or with one branch. Sorocarp consists of two parts: a strong erect part and a thin
prostrate part; the connecting points of two parts are the thickest and consist of two to several tiers
of cells with a diameter of 20.9—55.0 um. Sorophores consist of one to two tiers of cells. Bases are
clavate, accumulate, or round, consist of one to two tiers of cells, 6.4—14.5 um in width, the widest
points of base terminals measuring 3.7—32.8 um. Tips are capitate, consist of one to several tiers of
cells, 3.8—18.1 um in width, the widest points of tip terminals measuring 10.9-33.1 um. Sori are
white, globose or citriform, 80—250 pm in diam. Spores are globose to oblong, sometimes pear-
shaped, 3.8=7.2 x 2.7-4.5 um (length/width = 1.00—2.27), without polar granules but sometimes
with granules dispersed. Aggregations are radiate at first and then shrink into mounds, 1.6—4.5 x
1.1-3.3 mm. Pseudoplasmodia migrate with stalks. Microcysts present with 3.5-5.6 x 3.2—5.6 um.
This variety belongs to the Dictyostelium clade in a SSU rDNA phylogeny.

Distribution and ecology — Isolated from the Northern Slope of the Changbai Mountain
National Nature Reserve, in mixed soil samples collected from an alpine birch forest at an
intermediate elevation (1755—1828) with a low soil pH (pH = 5.32).

Material examined — China, Jilin Province: Northern Slope of the Changbai Mountain
National Nature Reserve, 42.07° N, 128.07° E, average elevation 1799.2 m. Isolated from mixed
soils, August 2019, /9yueb2 (HOLOTYPE, voucher specimen code: HMJAU MR408); /9yueal.
Known only from Jilin Province, China.

Notes — Dictyostelium  diversisporum var. brevisporum clusters together with
D. diversisporum, D. diversisporum var. maximisporum, and D. diversisporum var.
laevisorophorum on common branches of SSU and atp! tree, however, the smaller spore ratio of
length to width, and the absence of nodule-like cells have distinguished it from others.

Dictyostelium diversisporum var. laevisorophorum Y. Li, P. Liu et Y. Zou, sp. nov.
Figs. 2, 3, 20, 21

MycoBank number: 853158; GenBank accession number: SSU: PP590188; PP590189;
PP590190; PP590191; PP590192. Atp1: PP932647; PP932648; PP932649.

Etymology — laevisorophorum refers to the smooth sorophores that are compared to
Dictyostelium diversisporum.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are phototropic, solitary
to gregarious, erect, semierect, prone, to prostrate, or decumbent, 0.1—-6.4 mm in length. Mostly
unbranched but occasionally with only one branch on the sorocarp. Sorophores consist of one to
several tiers of cells in width, usually unbranched. Bases are clavate to round or conical, curved or
expanded, consisting of one to several tiers of cells in width, 5.2—19.0 pum in width, the widest
points of base terminals measuring 5.5-39.5 um. Sometimes skirt-like floccules surrounding the
bases are observed under a microscope. Tips are capitate, curved, with one or two tiers of cell in
width, 2.2—18.8 um in width, the widest points of tip terminals measuring 4.2—34.5 um. Sori are
semi-hyaline, white, rarely cream at the periphery, appearing light grayish olive (#8c8767),
globose, occasionally round-apiculate, 36—251 um in diam. Spores are globose to bacilliform,
sometimes reniform and sigmoid, occasionally pear-shaped, 3.5-14.6 x 2.5-5.6 um (length/width =
1.00-3.03), without polar granules but with consolidated to unconsolidated granules. On the other
hand, one spore with V-shaped has been observed, the two arms of ‘V’-shape as 9.3 and 7.7 um.
Aggregations are 0.5-1.3 x 0.3-0.9 um. Early aggregations have radial streaming, late
aggregations shrink into mounds and form pseudoplasmodia. Pseudoplasmodia migrate with stalks.
Microcysts present as 3.2—4.4 x 2.9—4.4 um. This variety belongs to the Dictyostelium clade in a
SSU rDNA phylogeny.

Distribution and ecology — Isolated from the Northern Slope of the Changbai Mountain
National Nature Reserve, in mixed soil samples collected from an alpine birch forest at an
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intermediate elevation (1821—1837 m) with an intermediate soil pH (pH = 6.03). Also isolated from
the Dell Forest of the Changbai Mountain National Nature Reserve, in mixed soil samples collected

from a mixed broadleaf/conifer forest at an intermediate elevation (1564—1620 m) with a low soil
pH (pH = 5.59).

Figure 20 — Morphological features of Dictyostelium diversisporum var. laevisorophorum.
(A) Sorocarp with light grayish olive at the periphery of white sori. (B—C) Bases. (D) Capitate tip.
(E-F) Spores with consolidated to unconsolidated granules. (G) Radiate aggregations.
(H) Aggregations and early pseudoplasmodia. (I) Pseudoplasmodium migrates with a stalk. Scale
bars: A, G-H = 0.5 mm; B—F =20 pum; [ =200 pm.

Material examined — China, Jilin Province: Northern Slope of the Changbai Mountain
National Nature Reserve, 42.07° N, 128.07° E, average elevation 1829.1 m. Isolated from mixed
soils, August 2018, yue! (HOLOTYPE, voucher specimen code: HMJAU MR304); yuel-2; yuel-3;
yue3; yue3-2; yue3-3; yue4. Also isolated from mixed soils of Dell Forest of the Changbai
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Mountain National Nature Reserve, 42.09° N, 128.07° E, average elevation 1594.2 m, August 2018,
hun3. Known only from Jilin Province, China.

Notes — Dictyostelium diversisporum var. laevisorophorum clusters together with
D. diversisporum, D. diversisporum var. maximisporum, and D. diversisporum var. brevisporum on
common branches in the SSU and a#pl phylogenetic tree. In morphology, this variety is
characterized by its smooth sorophores that lack nodule-like cells, the occasional “V’-shape spores,
and rarely a cream rim of sori.

Figure 21 — Dictyostelium diversisporum var. laevisorophorum. (A) Sorocarp. (B) Spores. (C) Tip.
(D) Base. (E) Aggregations. (F) Pseudoplasmodium. Scale bars: A, E =0.5 mm; B-D =20 um; F =
0.2 mm.

Dictyostelium diversisporum var. maximisporum Y. Li, P. Liu et Y. Zou, sp. nov.Figs. 2, 3, 22, 23
MycoBank number: 853157; GenBank accession number: SSU: PP590187. Atpl: PP932650.
Etymology — the name refers to the huge spores compared with Dictyostelium diversisporum.
When cultured at 23°C on non-nutrient agar, sorocarps are solitary or gregarious, 0.3—1.5 mm

in length, erect or semierect to prone, unbranched or have one short branch near the base.

Sorophores consist of one tier of cells, mostly buckling, some have nodule-like cells on sorophores,

and buckling at the nodule-like space. Bases are clavate or round, attached a little slime, consisting

of a tier cell, 8.0—17.1 um in wide, with the widest points of base terminals measuring 11.5-23.8
um. Tips consist of one tier of cells, a little expanded with one cell as capitate or recurve, 4.1-8.0
um in wide, the widest points of tip terminals measuring 7.0—18.8 um. Sori are globose, white,
semi-hyaline or hyaline, diameter 73—170 pum. Spores have a lot of forms, mostly oval to
bacilliform with capsule-shaped, reniform, and long “S”-shaped, as 6.1-20.7 x 2.9-7.4 um
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(length/width = 1.74—4.17), rarely subglobose as 10.1 %X 9.3 um (length/width =1.09), or pear-
shaped as 7.5 x 4.8 um (length/width = 1.56), or elliptical as 10.1 x 7.1 um (length/width = 1.42),
without polar granules but sometimes with granules dispersed. Pseudoplasmodia with stalks.
Microcysts 3.9—4.7 x 3.8—4.4 um. This variety belongs to the Dictyostelium clade in a SSU rDNA

phylogeny.
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Figure 22 — Morphological features of Dictyostelium diversisporum var. maximisporum.
(A) Sorocarps. (B) Nodule-like cells on the sorophore. (C—D) Clavate bases. (E—F) Capitate or
recurve tips. (G) Spores with or without dispersed granules. (H) Long “S”-shape spore on the
middle of picture. (I) Pseudoplasmodium with a stalk and sorocarps. Scale bars: A = 0.5 mm;
B-H=20 pm; I =1 mm.

Distribution and ecology — Isolated from the Northern Slope of the Changbai Mountain
National Nature Reserve, in mixed soil samples collected an alpine birch forest at an intermediate
elevation (1821—1837 m) with an intermediate soil pH (pH = 6.03).
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Material examined — China, Jilin Province: Northern Slope of the Changbai Mountain
National Nature Reserve, 42.07° N, 128.07° E, average elevation 1829.1 m. Isolated from mixed
soils, August 2018, yue6 (HOLOTYPE, voucher specimen code: HMJAU MR306). Known only
from Jilin Province, China.

Notes — Dictyostelium diversisporum var. maximisporum is characterized by buckling at the
sorophore near the nodules, and giant spores reach a length of 20 um. In the SSU and atpl
phylogenetic tree, this variety clusters together with D. diversisporum, D. diversisporum var.
laevisorophorum, and D. diversisporum var. brevisporum on common branches.

E—— F

Figure 23 — Dictyostelium diversisporum var. maximisporum. (A) Sorocarps. (B) Spores. (C) Tip.
(D) Base. (E) Nodule-like cells. (F) Pseudoplasmodium. Scale bars: A, F = 0.5 mm; B—E =20 um.

Dictyostelium latiorifirmibasis Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 3, 24, 25

MycoBank number: 853153; GenBank accession number: SSU: PP590180; PP590181. Atp1:
PP932654.

Etymology — the Latin adjective for “wider” is latior/latior/latius; latiorifirmibasis means the
wider spores than D. firmibasis.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are phototropic, solitary,
clustered to gregarious, erect, semierect to prone, occasionally decumbent and become prostrate,
sigmoid, 0.5—8.7 mm in length, rarely prostrate with stoloniferous stalks, and length reach to 10.9
mm. Sorophores are with one to several tiers of cells in width, taper from bases to tips. Mostly
unbranched, a few with 1-3 short branches, branches length 323—664 pum, sometimes branches
elongate to 2.3 mm. Bases are conical or expand bulbous, with basal disks, rarely round without
basal disks. Bases mostly consist of two to several tiers of cells in wide, a few bases consist of one
tier of cells, 10.8—51.4 pum in width, and the basal disks are 11.6—124.9 um. Tips are clavate to
capitate with one to two tiers of cells wide, 2.3—13.8 um, with the widest points of tip terminals
measuring 2.9—45.2 um. Sori are white, semi-hyaline, spherical to round-apiculate or citriform,
terminal sori 56—444 pm in diam, lateral sori 74—94 um. Spores are oval to oblong, 5.4-9.7 x
3.0-4.5 pm (length/width = 1.67-2.51), without polar granules. Aggregations are radiate, mostly
have one center but sometimes have secondary centers, 0.8—7.0 x 0.4—4.5 mm. Pseudoplasmodia
with stalks. This species belongs to the Dictyostelium clade in 18S DNA.

Distribution and ecology — Isolated from the Shennongjia National Nature Reserve, in mixed
soil samples collected from a mixed broadleaf/conifer forest at an intermediate elevation
(1750—1961 m) with an intermediate soil pH (pH = 6.40).
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Material examined — China, Hubei Province: Shennongjia National Nature Reserve, 31.6° N,
110.4° E, average elevation 1837.9 m. Isolated from mixed soils, July 2022, beihunleda
(HOLOTYPE, voucher specimen code: HMJAU MR398); beihunla; beihunld; beihunlexiao.
Known only from Hubei Province, China.

Figure 24 — Morphological features of Dictyostelium latiorifirmibasis. (A) Phototropic solitary
sorocarps. (B) Clustered sorocarps. (C—D) Bases with basal disks. (E) Clavate tip. (F) Capitate tip.
(G) Spores without polar granules. (H) Radiate aggregations. (I) Pseudoplasmodia with stalks.
Scale bars: A—B, [ =2 mm; C—G =20 um; H=1 mm.

Notes — Characters including basal disks, bases size, bases shape, tips shape, large white sori,
tips without collar structure, large sorocarp, have been distinguished Dictyostelium latiorifirmibasis
from other Dictyostelium species except D. firmibasis, D. longosporum, D. macrocephalum and
D. pseudobrefeldianum (Hagiwara 1983b, Hagiwara et al. 1985, Hagiwara 1989, 1996). The
morphological differences between D. latiorifirmibasis and the four species are discussed further
below; each species has three or more differences. Dictyostelium latiorifirmibasis has sorophores
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one to several tiers of cells in width, D. pseudobrefeldianum with only one tier. Dictyostelium
latiorifirmibasis has conical or expand bulbous bases with 10.8—51.4 um in width, D. longosporum
bases expanded and stable with 5-37.5 um, D. macrocephalum has expanded bases with
9-32.5(=38.5) um, D. pseudobrefeldianum bases conical with 7-27(=33) um. Dictyostelium
latiorifirmibasis has clavate to capitate tips with 2.3—13.8 um in width, D. firmibasis has only
capitate tips with 2—8(—=12) um, D. longosporum has only capitate tips with 2—10 pm,
D. macrocephalum has slight widened tips with 2.5-12.5(-15) um in width,
D. pseudobrefeldianum has only clavate tips with 2.5-10(=17.5) wm. Dictyostelium
latiorifirmibasis has spores 5.4—9.7 x 3.0—4.5 um with 1.67-2.51 length/width ratio, D. firmibasis
has spores 6.2-9.2 x 2.7-3.8 um with 2—2.7 ratio, D. longosporum has spores 6.9—9 x 3.1-3.8 um
with 1.98-2.5 ratio, D. macrocephalum has 6.3—8.5 x 3.7-4.8 pm with 1.57-1.98 ratio.
Dictyostelium latiorifirmibasis has solitary, clustered to gregarious, erect, semierect to prone,
occasionally decumbent and become prostrate sorocarps with or without branched, D. firmibasis
has solitary and sometimes prostrate with unbranched sorocarps, D. longosporum has solitary and
sometimes prostrate with rarely branched sorocarps. Dictyostelium latiorifirmibasis has
aggregations with mostly one center but sometimes secondary centers, D. firmibasis has centralized
aggregations. Only D. firmibasis and D. latiorifirmibasis var. minorifirmibasis (in this paper)
cluster together with D. latiorifirmibasis in the SSU phylogenetic tree, but D. firmibasis has been
distinguished from the Ilatter two in the a#pl/ phylogenetic tree. Differences between
D. latiorifirmibasis and its variety, D. latiorifirmibasis var. minorifirmibasis, are discussed in the
notes for the latter.

Figure 25 — Dictyostelium latiorifirmibasis. (A) Sorocarps. (B) Spores. (C) Tips. (D) Base.
(E) Pseudoplasmodia. (F) Aggregation. Scale bars: A, E =2 mm; B-C =20 um; D =40 ym; F =1
mm.

Dictyostelium latiorifirmibasis var. minorifirmibasis Y. Li, P. Liu et Y. Zou, sp. nov.

Figs. 2, 3, 26, 27
MycoBank number: 853163; GenBank accession number: SSU: PP590202. Atpl: PP932653.
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Etymology — the Latin adjective meaning “smaller” is minor/minor/minus, with compounding
form minor--; minorifirmibasis means the smaller sorocarps than D. latiorifirmibasis.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are phototropic, solitary,
erect to prone, weak, 0.9—-3.7 mm in length. Sorophores consist of one to two tiers of cells except
bases, unbranched or rarely with one branch. Bases are round, conical, obtuse, consisting of several
tiers of cells, with basal disks around, some bases connected with another bases. Bases 12.9—44.0
pum wide, and basal disks are 18.9—85.2 um in diam. Tips are capitate or obtuse, consisting of one
tier of cells, 3.1-11.7 um in width, the widest points of tip terminals measuring 3.5—-15.9 um.
Branch bases are clavate, consisting of several tiers of cells, 19.3—20.3 um in diam. Sori are white,
semi-hyaline, globose to citriform, 121-281 pum in diam. Spores are oval to bacilliform, sometimes
reniform, without polar granules, 5.3—11.8 x 2.6—4.3 pm (length/width = 1.73-3.19). Aggregations
have asymmetric streaming. Pseudoplasmodia with stalks. This variety belongs to the Dictyostelium
clade in a SSU rDNA phylogeny.

Figure 26 — Morphological features of Dictyostelium latiorifirmibasis var. minorifirmibasis.
(A) Phototropic solitary sorocarps. (B) Conical base. (C) Base with basal disk. (D) Capitate tip. (E)
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Obtuse tip. (F) Branch base. (G) Spores without polar granules. (H) Aggregations.
(I) Pseudoplasmodia with stalks. Scale bars: A =2 mm; B-G =20 pm; H=0.5 mm; [ =1 mm.

Figure 27 — Dictyostelium latiorifirmibasis var. minorifirmibasis. (A) Sorocarps. (B) Spores.
(C) Tip. (D) Branch base. (E) Base. (F) Aggregation. (G) Pseudoplasmodia. Scale bars: A =2 mm;
B =20 ym; D-E =40 pm; F = 0.5 mm; G = 1 mm.

Distribution and ecology — Isolated from the Shennongjia National Nature Reserve, in mixed
soil samples collected from a mixed broadleaf/conifer forest at an intermediate elevation
(1750—1961) with an intermediate soil pH (pH = 6.40).

Material examined — China, Hubei Province: Shennongjia National Nature Reserve, 31.6° N,
110.4° E, average elevation 1837.9 m. Isolated from mixed soils, July 2022, beihunlic
(HOLOTYPE, voucher specimen code: HMJAU MR417); beihunli. Known only from Hubei
Province, China.

Notes — The basal disks, weak sorocarps with 0—1 branch, white sori, long spores without
polar granules, and base sizes make the species different with other Dictyostelium species.
Dictyostelium firmibasis, D. longosporum, and D. latiorifirmibasis are similar with this species in
morphology. Dictyostelium latiorifirmibasis var. minorifirmibasis has larger spores than
D. firmibasis (6.2—9.2 x 2.7-3.8 um) and D. longosporum (6.9—9 x 3.1-3.8 um) (Hagiwara 1983b,
1984, 1989). Sorocarps of D. latiorifirmibasis var. minorifirmibasis are smaller than D. firmibasis
in 0.5-9.69 (—11.6) mm and D. longosporum in 0.5—5.1 (-30) mm. Dictyostelium latiorifirmibasis
var. minorifirmibasis has asymmetric streaming of aggregations, D. firmibasis and D. longosporum
all have radial aggregations. Dictyostelium latiorifirmibasis var. minorifirmibasis is different from
D. latiorifirmibasis in smaller sorocarps (0.9-3.7 mm length of D. latiorifirmibasis var.
minorifirmibasis smaller than 0.5—8.7 rarely 10.9 mm of D. latiorifirmibasis) without clustered or
gregarious formation, narrower sorophores (D. latiorifirmibasis var. minorifirmibasis is one to two
tiers of cells except bases in width, D. latiorifirmibasis is one to several tiers of cells in width),
smaller sori range (121-281 um of D. latiorifirmibasis var. minorifirmibasis, terminal sori 56—444
um and lateral 74—94 pum of D. latiorifirmibasis) and higher spore ratio of length/width (1.73—-3.19
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of D. latiorifirmibasis var. minorifirmibasis, 1.67-2.51 of D. latiorifirmibasis). Dictyostelium
latiorifirmibasis var. minorifirmibasis clusters together with D. firmibasis and D. latiorifirmibasis
in the SSU phylogenetic tree, but D. firmibasis is different in the atpl phylogenetic tree.

Dictyostelium majileptosomum Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 28, 29
MycoBank number: 853154; GenBank accession number: SSU: PP590182.
Etymology — the Latin adjective for “larger” is major/major/majus; majileptosomum means
larger spores than D. leptosomum.

Figure 28 — Morphological features of Dictyostelium majileptosomum. (A) Sorocarps.
(B) Pseudoplasmodium regrows from collapsed sorus. (C—E) Bases with many shapes.
(F) Acuminate tip. (G—H) Spores with many shapes. (I) Radiate aggregations.
(J) Pseudoplasmodia with stalks. Scale bars: A =2 mm; B, J =1 mm; C—H =20 um; [ = 0.5 mm.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are slightly phototropic,
gregarious, semierect to prone or decumbent, 0.3—3.1 mm in length. Sometimes sorocarps regrow
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from collapsed sori. Sorophores consist of one tier of cells in width except bases, unbranched.
Bases are conical, obtuse, round, wizard-hat shape or hook, consisting of one to three tiers of cells,
usually covered by a sheath. Bases widths are 7.6—26.3 um, with the widest points of base
terminals measuring 7.6—41.1 um in diameter. Tips are obtuse, acuminate, capitate, consisting of a
tier of cells wide, 4.1-6.6 um in width, with the widest points of tip terminals measuring 3.7—7.8
um. Sori are semi-hyaline to white, spherical to round-apiculate, 89—203 pum in diam. Spores are
elliptical to oblong, 6.4—12.2 x 4.2—5.3 um (length/width = 1.47-2.35), some are reniform with
9.4-10.9 x 4.5-5.6 um (length/width = 1.96—2.17), some are pyriform with 8.0-9.3 x 4.6—6.3 um
(length/width = 1.48—1.72), and rarely egg-shaped with 5.5 x 3.9 um (length/width = 1.42). Spores
are without polar granules. Aggregations are with radiate steams. Pseudoplasmodia do not migrate
with sorophore formation. This species belongs to the Dictyostelium clade in a SSU rDNA

phylogeny.

Figure 29 — Dictyostelium majileptosomum. (A) Sorocarp. (B) Tip. (C) Spores. (D) Bases.
(E) Pseudoplasmodium. (F) Aggregation. Scale bars: A, E =1 mm; B-D =20 um; F = 0.5 mm.

Distribution and ecology — Isolated from Honghua Small Town of the Shennongjia National
Nature Reserve, in mixed soil samples collected from a camellia cropland at a low elevation
(817956 m) with an intermediate soil pH (pH = 6.32).

Material examined — China, Hubei Province: Honghua Small Town of the Shennongjia
National Nature Reserve, 31.42° N, 110.46° E, average elevation 891.7 m. Isolated from mixed
soils, July 2022, beifu2h (HOLOTYPE, voucher specimen code: HMJAU MR400); beifulb;
beifulf, beifulg; beifulj; beifulk; beifula; beifulc; beifule. Known only from Hubei Province,
China.

Notes — Distinguishing features of Dictyostelium majileptosomum including the base shape,
large spore size and spore shape, white sori, and slender sorocarps without branches, make it
different from other Dictyostelium species. SSU phylogenetic analysis showed that
D. majileptosomum was clustered with D. leptosomum. The major morphological difference
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between them is the spore size, D. majileptosomum is significantly larger than D. leptosomum
(5—6.5 x 2—3 pum) (Cavender et al. 2002). The other differences are that D. majileptosomum is
unbranched, but D. leptosomum is unbranched or irregularly branched; D. majileptosomum has
many base shapes, but D. leptosomum only has rounded, expanded shapes.

Dictyostelium pseudosessile (Yu Li, Pu Liu, Yue Zou, S.L. Stephenson & J.G. Hou) Y. Li, P. Liu
et Y. Zou, comb. & stat. nov. Figs. 2, 3, 30, 31
Basionym. Dictyostelium purpureum var. pseudosessile Y. Li et al., BMC Evolutionary
Biology 19: 78 (2019)
MycoBank number: 853160; GenBank accession number: SSU: PP590195. Atp: PP932662.
Etymology — pseudosessile refers to the variable number sessile droplets water of sorophores.

Figure 30 — Morphological features of Dictyostelium pseudosessile. (A—B) Sorocarps with or
without pseudosessile. (C) Expanded midpoint of colored sorophore. (D) Clavate base.
(E—F) Capitate tips. (G—H) Spores without obvious polar granules. (I) Spores with unconsolidated

3213



granules under 100x magnification. (J) Pseudoplasmodium with a stalk. Scale bars: A =2 mm; B =
0.5 mm; C—1=20 pm; J =200 pm.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are gregarious, prostrate
at lower part and erect or semierect at upper part, with some variable number pseudosessile (sessile
droplets water) adhered stalks. Sorophores consist of several tiers of cells except tips and bases,
colorless to strong purplish pink (#e68fac), strong pink (#€a9399) or grayish red (#905d5d),
0.9-19.3 mm in length. Most of lower prostrate part is obviously longer than the upper erect or
semierect part of the same sorophore in this study, erect part is length 0.7-5.3 mm or more. The
connections of prostrate and erect part consist of several tiers of cells in width, often widen as the
widest part of the whole sorophore, up to 19.1-56.3 pm or more in width. Bases are round or
clavate, recurved, and consisting of one to two tiers of cells in width, 10.9—13.6 um in width, with
the widest points of base terminals measuring 11.9—17.3 um in width. Tips are capitate, with one to
two tiers of cells wide, 2.6—10.9 um in width, with the widest points of tip terminals measuring
10.4—26.6 pm. Sori are hyaline to semi-hyaline, sori colors have a range from moderate reddish
orange (#cb6d51), grayish red (#905d5d), grayish purplish red (#915f6d), dark grayish red
(#543d3f), dark brown (#422518) to red reddish brown (#3eldle). Sori are globose, 121—621 um.
Spores are broadly elliptical to oblong, sometimes reniform, 3.5—7.8 % 2.3—3.7 um (length/width =
1.27-2.52), without obvious polar granules but with unconsolidated granules at the polar or
subpolar regions when observed under a microscope at 100x magnification. Aggregations are
radiate. Pseudoplasmodia with stalks. This species belongs to the Dictyostelium clade in a SSU
rDNA phylogeny.

Figure 31 — Dictyostelium pseudosessile. (A) Sorocarp. (B) Spores. (C) Tip. (D) Base.
(E) Expanded sorophore. (F) Pseudoplasmodium. Scale bars: A = 1 mm; B—C = 20 um; D—E =40
pm; F=0.1 mm.
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Distribution and ecology — Isolated from the Jianfengling National Nature Reserve, in mixed
soil samples collected from a mixed broadleaf/conifer forest at a low elevation (785—797 m) with a
low soil pH (pH = 5.51).

Material examined — China, Hainan Province: Jianfengling National Nature Reserve, 18.75°
N, 108.87° E, average elevation 790.7 m. Isolated from mixed soils, February 2022, haihunli-1
(EPITYPE, voucher specimen code: HMJAU MR410). This species is known from Hainan
Province and Yunnan Province, China.

Notes — The sori are delicate, after opening the culture dish cover, sori would fall and break
on agar medium shortly, and the pseudosessile would also dry up and disappear soon after opening
the culture dish cover. The reasons for this are likely due to the climate changed: the culture lab is
located in northeast of China with dry air from northerly continental monsoons, and Dictyostelium
pseudosessile has only been found in tropical areas of China (Wang et al. 2017, Liu et al. 2019a). In
the previous study, the length and the width of spores can be up to 10 and 5 um, but the maximum
length is 7.8 um with maximum width 3.7 um in this study (Liu et al. 2019a). The differences
between D. pseudosessile with D. purpureum Olive are the pseudosessile, widening connections of
sorophores, and lighter color of sori. The sori color of almost black when mature in D. purpureum
has never been observed in D. pseudosessile in this or previous studies (Raper 1984, Liu et al.
2019a).

Liu et al. (2019a) designated this organism as a variety named Dictyostelium purpureum var.
pseudosessile, and we have isolated it from the Hainan Province of China again. Maximum-
likelihood analysis showed this organism as a cryptic species of the complex species D. purpureum
in the SSU phylogenetic tree. However, the distinguishing morphological characteristics make the
organism really different from other cryptic species of D. purpureum. And atpl phylogenetic
analysis also made it stand out. Thus, we redefined it as a species instead of a variety and described
it herein.

Dictyostelium rufopurpureum Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2,3, 32,33

MycoBank number: 853161; GenBank accession number: SSU: PP590196; PP590199. Atp!:
PP932660; PP932661.

Etymology — the name refers to the reddish purple sori (from Latin rufus/rufa/rufum, meaning
reddish).

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are phototropic to a little
phototropic, solitary to gregarious, prone to prostrate, sometimes decumbent, sinuous, 0.3—10.2 mm
in length, sometimes up to 15.1 mm or even longer. Sorophores are colorless, or white to strong
reddish purple (#9e4188), grayish reddish purple (#836479), or dark purple (#563c5c); rarely
moderate reddish orange (#cb6d51) near the tips; rarely observed pseudosessile adherents to the
upper sorophores; sorophores consist of one to several tiers of cells in width, taper from middle to
two terminals, sometimes with supporting cells near the middle part. The middle of sorophores
have a width of 12.9-58.4 um. Bases are round to clavate, sometimes expanded conical, consisting
of one to two tiers of cells, 4.5-23.9 um in width, the widest points of base terminals measuring
4.8-25.6 um. Bases sometimes expand or with slime sheath, shape of slime sheath resembles basal
disk, with 18.7-46.4 um of sheath. Tips are capitate or clavate to obtuse, consisting of one to
several tiers of cells, 2.6—17.0 um in width, the widest points of tip terminals measuring 6.6—31.0
um. Sori are hyaline or semi-hyaline, reddish purple as pale violet (#9690ab), pale reddish purple
(#aa8a9e¢), light reddish purple (#b784a7), strong purplish pink (#e68fac), brilliant violet
(#7e73b8), light purple (#b695c0), moderate reddish purple (#915c¢83), moderate purplish red
(#a8516e), strong red (#bc3fda), moderate red (#ab4e52), grayish purplish red (#915f6d), grayish
reddish purple (#836479), dark reddish purple (#5d3954), dark purplish red (#673147), dark red
(#722137), deep reddish brown (#56070c), very dark red (#3f1728), dark reddish brown (#3eldle),
dark brown (#422518), globose to citriform, 47-293 pm in diam. Spores are elliptical to oblong,
sometimes reniform, 4.3—8.7 x 2.4—4.5 um (length/width = 1.63—2.29), rarely large to 9.1 x 5.1 um
(length/width = 1.78), with unconsolidated granules at the polar or subpolar. Aggregations are
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radial. Pseudoplasmodia migrate with stalks. This species belongs to the Dictyostelium clade in a
SSU rDNA phylogeny.

Distribution and ecology — Isolated from main peak of the Jianfengling National Nature
Reserve, in mixed soil samples collected from a cloud forest at an intermediate elevation
(936—1375 m) with a low soil pH (pH = 5.12).

Material examined — China, Hainan Province: main peak of the Jianfengling National Nature
Reserve, 18.71° N, 108.87° E, average elevation 1148.7 m. Isolated from mixed soils, February
2022, haiyuni-lda (HOLOTYPE, voucher specimen code: HMJAU MR411); haiyun4-Ixiao.
Known only from Hainan Province, China.
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Figure 32 — Morphological features of Dictyostelium rufopurpureum. (A) Sorocarps. (B) A few
pseudosessile adherent to the upper sorophore of sorocarp. (C—D) Round and clavate bases.
(E) Capitate tips. (F) Spores with unconsolidated granules at the polar or subpolar regions under
100x magnification. (G) Radiate aggregations. (H) Migrating pseudoplasmodia with stalks.
(I) Phototropic pseudoplasmodia. Scale bars: A, I =1 mm; B, G—H = 0.5 mm; C—F =20 um.

3216



Notes — Dictyostelium rufopurpureum has clustered with the species of this paper as
D. rufopurpureum var. longioripseudosessile and D. pseudosessile in the SSU phylogenetic tree,
and they all cluster into the former D. purpureum clade. But the atp! phylogenetic tree has shown
that D. rufopurpureum and D. rufopurpureum var. longioripseudosessile are distinct from
D. pseudosessile. The differences among the three taxa are discussed in the notes on
D. rufopurpureum var. longioripseudosessile. Sorocarps of D. rufopurpureum are solitary to
gregarious, prone to prostrate, sometimes decumbent; D. purpureum has solitary, erect or
semierect, then inclined sorocarps (Raper 1984). Sori of D. rufopurpureum are reddish purple with
47-293 um in diam; D. purpureum has larger and darker color of sori, with color ranging from dark
vinaceous purple to almost black when mature, and a diameter of 125-450 um. As part of
clarifying and defining the internal distinctions within the complex species D. purpureum, we have

separated D. rufopurpureum from D. purpureum as a new species.
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Figure 33 — Dictyostelium rufopurpureum. (A) Sorocarps. (B) Spores. (C) Tip. (D) Base.
(E) Pseudoplasmodia. (F) Aggregation. Scale bars: A =1 mm; B—D =20 um; E-F = 0.5 mm.

Dictyostelium rufopurpureum var. longioripseudosessile Y. Li, P. Liu et Y. Zou, sp. nov.
Figs. 2, 3, 34, 35
MycoBank number: 853155; GenBank accession number: SSU: PP590183. Atp: PP932659.
Etymology — the Latin adjective “longer” is longior/longior/longius with the compounding
form longior--; longioripseudosessile means the sorocarp has many pseudosessile and also has a
higher spore ratio of length/width and a longer spore size than D. rufopurpureum.
When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are gregarious, without
phototropic or with lightly phototropic, semierect to prone, rarely decumbent with a stoloniferous
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habit, with several pseudosessile adhered to stalks, 0.6—7.7 mm in length. Sorophore are one to
three tiers of cells wide, colorless to pale purple (#aa98a9). Bases are clavate to round, consist of
one to two tiers of cells in width, often covered with strong slime sheath, 5.6-22.6 um in width,
with the widest points of base terminals measuring 6.7—25.2 um. Tips are capitate, with one to two
tiers of cells wide, 2.1-11.8 um wide, the widest points of tip terminals measuring 5.3—32.2 pum.
Sori are semi-hyaline, with colors of reddish gray (#8f817f), grayish purple (#796878), grayish
reddish purple (#836479), pale reddish purple (#aa8a9e), grayish purplish pink (#c3a6bl),
moderate purplish pink (#d597ae), grayish purplish red (#915f6d), and dark grayish reddish brown
(#43302¢), globose, 74—272 pum in diam. Spores are oval to bacilliform, sometimes reniform,
4.8-12.2 x 2.6—4.8 um (length/width = 1.66—3.36), with unobvious unconsolidated polar granules.
Aggregations are radial. Pseudoplasmodia migrate with stalks. This variety belongs to the
Dictyostelium clade in a SSU rDNA phylogeny.

Figure 34 — Morphological features of Dictyostelium rufopurpureum var. longioripseudosessile.
(A—-B) Gregarious sorocarps with or without several pseudosessile adhered to stalks.
(C) Unexpanded midpoint of colored sorophore. (D—E) Round and clavate bases. (F) Many
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myxamoebae near bases. (G—H) Capitate tips. (I) Spores with unobvious unconsolidated polar
granules under 100x magnification. (J) Radiate aggregations. (K) Pseudoplasmodia migrate with
stalks, which are not phototropic. Scale bars: A—B, J-K =1 mm; C-I=20 um.

Distribution and ecology — Isolated from main peak of Jianfengling National Nature Reserve,
in mixed soil samples collected from a cloud forest at an intermediate elevation (936—1375 m) with
a low soil pH (pH = 5.12).

Material examined — China, Hainan Province: main peak of Jianfengling National Nature
Reserve, 18.71° N, 108.87° E, average elevation 1148.7 m. Isolated from mixed soils, February
2022, haiyun6-1 (HOLOTYPE, voucher specimen code: HMJAU MR401). Known only from
Hainan Province, China.

C—— D

Figure 35 — Dictyostelium rufopurpureum var. longioripseudosessile. (A) Sorocarp. (B) Spores.
(C) Tip. (D) Base. (E) Pseudoplasmodia. (F) Aggregation. Scale bars: A = 0.5 mm; B—D =20 um;
E-F=1mm.

Notes — The pseudosessile structure of Dictyostelium  rufopurpureum  var.
longioripseudosessile looks similar to the species D. pseudosessile and D. rufopurpureum
introduced in this paper. The differences between them include spores, sorophores, habitat of
sorocarps, tip sizes, and sori diameter. Dictyostelium rufopurpureum var. longioripseudosessile has
longer spores and a higher spore ratio than D. pseudosessile with 3.5-7.8 x 2.3-3.7 um
(length/width = 1.27-2.52), and D. rufopurpureum with 4.3—8.7 x 2.4-4.5 pm (length/width =
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1.63—2.29). The sorophores of D. rufopurpureum var. longioripseudosessile are slenderer without
widening connections, both D. pseudosessile and D. rufopurpureum are all with middle widen
sorophores. Sorocarps of D. rufopurpureum var. longioripseudosessile are rarely decumbent, on the
other hand, most sorocarps of D. pseudosessile are prostrate. Dictyostelium rufopurpureum var.
longioripseudosessile has narrower capitate tips with one to two tiers of cells wide, measuring
2.1-11.8 um, compared to the capitate or clavate to obtuse tips of D. rufopurpureum, which have
one to several tiers of cells wide, measuring 2.6—17.0 um. Dictyostelium pseudosessile has sori
121-621 pm in diameter, which are larger than those of D. rufopurpureum (47-293 pum in
diameter) and D. rufopurpureum var. longioripseudosessile (74—272 um in diameter).

Apart from the structures of pseudosessile and the lighter color of sori of D. rufopurpureum
var. longioripseudosessile, the spores of D. rufopurpureum var. longioripseudosessile with
4.8-12.2 x 2.6—4.8 um are also larger than those of D. purpureum with 5—8 (+) x 2.5-3.2 um
(Raper 1984). As part of clarifying and defining the internal distinctions within the complex species
D. purpureum, we have separated D. rufopurpureum var. longioripseudosessile away from
D. purpureum as a new variety.
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Figure 36 — Morphological features of Dictyostelium sinuatipurpureum. (A—B) Sorocarps with or
without small hyaline drops. (C—D) Conical and clavate bases. (E—F) Capitate tips. (G) Spores
with some unconsolidated granules dispersed under 100x magnification. (H) Radiate aggregations.
(I) Pseudoplasmodium with a colored stalk, and a sorocarp with some looped structures at the
lower part of the sorophore. Scale bars: A, [ =1 mm; B =2 mm; C—G =20 um; H= 0.5 mm.

Dictyostelium sinuatipurpureum Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 3, 36, 37
MycoBank number: 853162; GenBank accession number: SSU: PP590200; PP590201. Atp!:
PP932657; PP932658.
Etymology — the Latin adjective meaning ‘“‘sinuate” is sinuatus/sinuata/sinuatum, with
sinuatipurpureum standing for the purple sori and lower sinuous sorophores.
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Figure 37 — Dictyostelium sinuatipurpureum. (A) Sorocarps. (B) Spores. (C) Tip. (D) Base.
(E) Aggregation. (F) Pseudoplasmodium. Scale bars: A, F =1 mm; B—D =20 um; E = 0.5 mm.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are solitary, sinuous,
semierect or prone to semi-prostrate, 0.3—13.6 mm in length, phototropic, without branches,
occasionally with a really small sorocarp (about 180 um) adhering at the base. Sorocarp sometimes
with a loop or flexuous structure at the lower part of sorophore. The sorocarp have many
prominences at upper part of sorophore, small hyaline drops would appear on the prominences, the
drops with prominences would disappear with time. When sori dropped, new small sorocarps
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would regrow from fallen sori. Sorophores are colorless to pale reddish purple (#aa8a9e) and
moderate purple (#86608e¢), semi-hyaline, taper from bases to tips. Bases are clavate, round, obtuse,
conical, consisting of one to several tiers of cells wide, 8.5-44.6 um in width, the widest points of
base terminals measuring 8.3—74.1 um. Tips are capitate, consisting of one to two tiers of cells
wide, 3.0—11.7 um in width, the widest points of tip terminals measuring 4.4—31.5 um. Sori are
purple with a serious color as dark yellowish pink (#c48379), grayish reddish orange (#b4745¢),
grayish red (#905d5d), moderate red (#ab4e52), strong reddish brown (#882d17), dark red
(#722137), moderate reddish brown (#79443b), deep brown (#593319), deep reddish brown
(#56070c), dark reddish brown (#3eldle), dark brown (#422518), globose to citriform, 61-345 um
in diam. Spores are oval to oblong, 5.1-8.3 x 2.8=3.7 um (length/width = 1.74-2.37), without polar
granules but with some unconsolidated granules dispersed in spores. Aggregations are radiate,
1.8-6.5 x 0.7-3.2 mm. Pseudoplasmodia migrate with stalks. Stalks of pseudoplasmodia are
colorless to light grayish brown (#958070), light grayish reddish brown (#977f73), grayish purple
(#796878), grayish reddish purple (#836479), moderate purple (#86608¢), grayish reddish brown
(#674c47), and dark grayish purple (#50404d). This species belongs to the Dictyostelium clade in a
SSU rDNA phylogeny.

Distribution and ecology — Isolated from Songbai Town of the Shennongjia National Nature
Reserve, in mixed soil samples collected from an evergreen deciduous broadleaf forest at an
intermediate elevation (1011—1424 m) with a high soil pH (pH = 7.41).

Material examined — China, Hubei Province: Songbai Town of the Shennongjia National
Nature Reserve, 31.65° N, 110.54° E, average elevation 1151.2 m. Isolated from mixed soils, July
2022, beichangligenqu (HOLOTYPE, voucher specimen code: HMIJAU MR415);
beichangligenzhi. Known only from Hubei Province, China.

Notes — The drops of this species are different from pseudosessile of Dictyostelium
pseudosessile in prominences of sorophores; the prominence structure has not been observed in
D. pseudosessile. Dictyostelium sinuatipurpureum clusters with D. sinuatipurpureum var.
subulibasipurpureum, D. sinuatipurpureum var. corymbipurpureum, and D. purpureum in the SSU
phylogenetic tree, and D. sinuatipurpureum also clusters with the two varieties in the atpl
phylogenetic tree. The differences between this species and the other two new varieties are detailed
in the notes on those varieties. Dictyostelium sinuatipurpureum is different from D. purpureum in
sorocarp length, sorus color, base size, and tip size (Raper 1984). Dictyostelium sinuatipurpureum
has sorocarps in 0.3—13.6 mm length; D. purpureum is variable in length, often reaching several
centimeters in unidirectional light. Dictyostelium sinuatipurpureum has purple sori, D. purpureum
has sori in dark vinaceous purple to almost black when mature. Dictyostelium sinuatipurpureum
has tips 3.0—11.7 pm in width and bases 8.5—44.6 um in width, while D. purpureum is commonly
20—40 pm in width below and tapers to half that diameter within the sorus. As part of clarifying and
defining the internal distinctions within the complex species D. purpureum, we have separated
D. sinuatipurpureum away from D. purpureum as a new species.

Dictyostelium sinuatipurpureum var. corymbipurpureum Y. Li, P. Liu et Y. Zou, sp. nov.
Figs. 2, 3, 38, 39

MycoBank number: 853150; GenBank accession number: SSU: PP590177. Atp1: PP932655.

Etymology — the Latin noun for “cluster” is corymbus; corymbipurpureum means the
clustered sorocarps with purple sori.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are clustered to
gregarious, curved, erect to prone, sometimes decumbent, 0.3—8.0 mm in length, unbranched, or
with 1—4 branches. Sorophores are brilliant purple (#d399¢6), semi-hyaline, consist of one to
several tiers of cells in width. Sorophores curl near the bases and sometimes form a ring-like
structure (similar to Dictyostelium annularibasimum) or a spiral conformation. Bases are conical,
round or clavate, one to several tiers of cells wide, sometimes with basal disks. Bases are 9.1-79.4
um in width, basal disks 81.2—248.8 um. Tips are capitate, obtuse to conical, consisting of one or
two tiers of cells in width, 3.3—15.1 pm wide, the widest points of tip terminals measuring
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12.5-48.6 um. Sori are dark purple to almost black as deep brown (#593319), blackish purple
(#291e29), reddish black (#282022), brownish black (#28201c¢), globose to citriform, 39—828 um in
diam. Spores are oval to bacilliform, sometimes are reniform and sigmoid with large sizes,
5.1-14.8 x 2.3—4.5 um (length/width = 1.80—4.03), without polar granules. Aggregations are
radiate. Pseudoplasmodia migrate with stalks. This variety belongs to the Dictyostelium clade in a
SSU rDNA phylogeny.

Distribution and ecology — Isolated from Songbai Town of the Shennongjia National Nature
Reserve, in mixed soil samples collected from an evergreen deciduous broadleaf forest at an
intermediate elevation (1011—1424 m) with a high soil pH (pH = 7.41).

Material examined — China, Hubei Province: Songbai Town of the Shennongjia National
Nature Reserve, 31.65° N, 110.54° E, average elevation 1151.2 m. Isolated from mixed soils, July
2022, beichangla (HOLOTYPE, voucher specimen code: HMJAU MR395). Known only from
Hubei Province, China.

Figure 38 — Morphological features of Dictyostelium sinuatipurpureum var. corymbipurpureum.
(A—B) Sorocarps with dark sori. (C—D) Bases with or without basal disks. (E—F) Capitate tips.
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(G) Spores without polar granules. (H) Radiate aggregations. (I) Pseudoplasmodia migrate with
stalks. Scale bars: A—B =2 mm; C—G =20 um; H = 200 pm; [ = 1 mm.

Notes — Dictyostelium sinuatipurpureum var. corymbipurpureum can be distinguished by
clustered and sometimes decumbent sorocarps from solitary and semierect or prone to semi-
prostrate sorocarps of D. sinuatipurpureum; and solitary, erect or semi-erect, then inclined
sorocarps of D. purpureum (Raper 1984). The large spores of 5.1-14.8 x 2.3—4.5 um (length/width
= 1.80—4.03) are also different from 5.1-8.3 x 2.8—3.7 um (length/width = 1.74—2.37) spores of
D. sinuatipurpureum and 5.0-7.2(=8) x 2.5-3.2 um spores of D. purpureum. Sori of
D. sinuatipurpureum var. corymbipurpureum are 39—-828 pum larger than sori of
D. sinuatipurpureum, which have a size of 61-345 um, and larger than D. purpureum, which have
a size of 125—450 pum. In addition, the sori colors of D. sinuatipurpureum var. corymbipurpureum
are dark purple to almost black and darker than the purple of D. sinuatipurpureum. The features
discussed above distinguish D. sinuatipurpureum var. corymbipurpureum from D. purpureum. As
part of clarifying and defining the internal distinctions within the complex species D. purpureum,
we have separated D. sinuatipurpureum var. corymbipurpureum away from D. purpureum as a new
variety.

Figure 39 — Dictyostelium sinuatipurpureum var. corymbipurpureum. (A) Sorocarps. (B) Spores.
(C) Tip. (D) Base. (E) Aggregation. (F) Pseudoplasmodia. Scale bars: A =2 mm; B—D = 20 um;
E=0.2 mm; F =1 mm.

Dictyostelium sinuatipurpureum var. subulibasipurpureum Y. Li, P. Liu et Y. Zou, sp. nov.
Figs. 2, 3, 40, 41
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MycoBank number: 853149; GenBank accession number: SSU: PP590176. Atp1: PP932656.

Etymology — the Latin noun for “awl” is subula; and for “base” is basis;
subulibasipurpureum means the purple sori and clavate or round base sometimes with an awl-shape
terminal.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are solitary, slight
phototropic or without phototropic, prone to prostrate, with stoloniferous behavior, 0.6—4.4 mm in
length. Sorophores consist of one to two tiers of cells wide, expanding slightly with several tiers of
cells wide at the connection point, measuring 17.6—25.8 pum, and taper from the expanded
connection point to the stoloniferous part and erect part. Bases are clavate or round, sometimes
bases expanded then with terminal acuminate like an awl, with one to two tiers of cells wide,
6.3-22.1 pm in width, the widest points of base terminals measuring 8.4-22.1 um, and the awl-
shape base terminals measuring 4.4—8.7 um in width. Tips are capitate to clavate, consisting of one
tier of cells, 2.8-9.9 um in width, with the widest points of tip terminals measuring 5.0—-21.9 um.
Sori are purpure as grayish red (#905d5d), moderate reddish brown (#79443b), dark brown
(#422518), globose, 70—193 um in diam. Spores are oval to oblong, 5.0—8.2 x 2.6—3.4 um
(length/width = 1.78—-2.44), occasionally spores are large and up to 10.0 x 3.5 um (length/width =
2.86), spores without polar granules but with unconsolidated granules dispersed. Aggregations are
radiate, with obvious strong but interrupted streams, 0.8—3.1 x 0.3—1.3 mm in size. At the end of
aggregation, stream shrank into a mound and grew a pseudoplasmodium. Pseudoplasmodia migrate
with stalks. This variety belongs to the Dictyostelium clade in a SSU rDNA phylogeny.
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Figure 40 — Morphological features of Dictyostelium sinuatipurpureum var. subulibasipurpureum.
(A) Solitary sorocarps. (B) The expanded connection point on sorophore. (C—D) Bases and
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sorophores. (E) Capitate tip. (F) Spores without polar granules but with unconsolidated granules
under 100% magnification. (G) Aggregations and pseudoplasmodium. (H) Radiate aggregation.
(I) Migrating pseudoplasmodia with stalks. Scale bars: A, G, I =1 mm; B—F =20 um; H = 0.5 mm.

Figure 41 — Dictyostelium sinuatipurpureum var. subulibasipurpureum. (A) Sorocarps. (B) Spores.
(C) Tip. (D) Bases. (E) Expanded sorophore. (F) Aggregation. (G) Pseudoplasmodia. Scale bars:
A, F-G=0.5 mm; B-E =20 pm.

Distribution and ecology — Isolated from Songbai Town of the Shennongjia National Nature
Reserve, in mixed soil samples collected from an evergreen deciduous broadleaf forest at an
intermediate elevation (1011—1424 m) with a high soil pH (pH = 7.41).

Material examined — China, Hubei Province: Songbai Town of the Shennongjia National
Nature Reserve, 31.65° N, 110.54° E, average elevation 1151.2 m. Isolated from mixed soils, July
2022, beichanglidao (HOLOTYPE, voucher specimen code: HMJAU MR394). Known only from
Hubei Province, China.

Notes — Dictyostelium sinuatipurpureum var. subulibasipurpureum has clustered with
D. sinuatipurpureum var. corymbipurpureum and D. sinuatipurpureum in the SSU and atp!
phylogenetic tree, and they all cluster into the former D. purpureum clade. Dictyostelium
sinuatipurpureum var. subulibasipurpureum has clavate or round bases, sometimes with awl-shape
terminals; the latter three species lack the structure (Raper 1984). Dictyostelium sinuatipurpureum
var. subulibasipurpureum has 70—193 um sori smaller than 39—-828 pum of D. sinuatipurpureum
var. corymbipurpureum, 61-345 um of D. sinuatipurpureum, and 125—450 um of D. purpureum.
Dictyostelium sinuatipurpureum var. subulibasipurpureum has narrower bases, measuring 6.3—22.1
um, compared to 9.1-79.4 um of D. sinuatipurpureum var. corymbipurpureum and 8.5—44.6 um of
D. sinuatipurpureum. Dictyostelium sinuatipurpureum var. subulibasipurpureum has prone to
prostrate sorocarps with stoloniferous behavior; D. purpureum owns erect or semi-erect, then
inclined sorocarps. Comparing with D. sinuatipurpureum, the aggregation streaming of
D.  sinuatipurpureum  var. subulibasipurpureum is  obviously sparse. Dictyostelium
sinuatipurpureum var. subulibasipurpureum has lighter sori color with purple than
D. sinuatipurpureum var. corymbipurpureum with dark purple to almost black sori, and
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D. purpureum with sori dark vinaceous purple to almost black when mature. The spores of
D. sinuatipurpureum var. subulibasipurpureum measure 5.0-8.2(—=10.0) x 2.6—3.4(=3.5) um with a
length/width ratio of 1.78—2.44(—2.86), which are smaller than those of D. sinuatipurpureum var.
corymbipurpureum with 5.1-14.8 x 2.3—4.5 um and a ratio of 1.80—4.03, and larger than those of
D. purpureum with 5.0-7.2(=8) x 2.5-3.2 um. The features discussed above distinguish
D. sinuatipurpureum var. subulibasipurpureum from D. purpureum. As part of clarifying and
defining the internal distinctions within the complex species D. purpureum, we have separated
D. sinuatipurpureum var. subulibasipurpureum away from D. purpureum as a new variety.

Figure 42 — Morphological features of Polysphondylium latiamplitudinisporum. (A—B) Gregarious
sorocarps. (C) Whorl branches on the sorophore. (D) Base is covered by slime. (E) Obtuse tip.
(F) Spores with polar granules under 100x magnification. (G) Early aggregation with short
streaming. (H) Mound aggregations with secondary centers. (I) Migrating phototropic
pseudoplasmodia with stalks. Scale bars: A = 0.5 mm; B, H-I =1 mm; C—F =20 pm; G =200 um.

Polysphondylium latiamplitudinisporum Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2,42, 43
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MycoBank number: 853168; GenBank accession number: SSU: PP590208.

Etymology — the name refers to the wide range of spore sizes.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are phototropic,
gregarious, erect or prone to prostrate, sometimes decumbent, sometimes sigmoid, 0.2—12.4 mm in
length, unbranched or with whorl branches. Sorocarps have 1—8 whorls, with 1-5 branches on each
whorl nude. Terminal segments are 173—978 um in length, and node lengths are 77-997 pm.
Branches are 68—863 pum in length. Bases of branches are round, consisting of one tier of cells,
3.3-9.7 um in width. Tips of branches are capitate to clavate, consisting of one tier of cells, 2.0—6.8
um in width. Sorophores consist of one to two tiers of cells except bases. Bases are round to
clavate, consisting of one to two tiers of cells, 9.4-35.2 um in width, the widest points of base
terminals measuring 9.9—40.8 um. Tips are obtuse, capitate, sometimes lack sori at terminal,
consisting of one to two tiers of cells, 3.3—11.7 um in width, the widest points of tip terminals
measuring 3.0—15.1 pm. Terminal sori are pink or light purple, from dark yellowish pink
(#c48379), dark pink (#c08081) to grayish purple (#796878), globose, 54—219 um in diam. Lateral
sori are colorless to grayish purple (#796878) or grayish reddish purple (#836479), globose, 27-96
um in diam. Spores are elliptical to bacilliform, sometimes reniform, 4.2—10.8 x 2.6—5.0 um
(length/width = 1.34—3.52), with consolidated polar or subpolar granules. Aggregations are mounds
with many secondary centers. Pseudoplasmodia migrate with stalks. This species belongs to the
Polysphondylium clade in a SSU rDNA phylogeny.

D E

Figure 43 — Polysphondylium latiamplitudinisporum. (A) Sorocarp. (B) Spores. (C) Branch bases.
(D) Tip. (E) Bases. (F) Pseudoplasmodia. (G—H) Aggregations. Scale bars: A, F, H = 1 mm;
B-E =20 pm; G =0.2 mm.
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Distribution and ecology — Isolated from the Jianfengling National Nature Reserve, in mixed
soil samples collected from an evergreen tropical seasonal rainforest at a low elevation (672—707
m) with a low soil pH (pH = 5.34).

Material examined — China, Hainan Province: Jianfengling National Nature Reserve, 18.75°
N, 108.91° E, average elevation 696.3 m. Isolated from mixed soils, February 2022, haichangl-1
(HOLOTYPE, voucher specimen code: HMJAU MR421). Known only from Hainan Province,
China.

Notes — This species is distinguished from other species of Polysphondylium by a wider range
of terminal segment lengths, base widths, sorocarp sizes, and spore sizes, except for P. violaceum
and P. laterosorum (Cavender 1970, Raper 1984, Vadell et al. 2011, Perrigo et al. 2013, Vadell &
Cavender 2018). Other than the range of sori sizes and spore sizes, there is one more difference in
the aggregation pattern between P. latiamplitudinisporum with P. violaceum. Polysphondylium
latiamplitudinisporum has aggregations in mounds with secondary centers, while P. violaceum has
radial aggregations with secondary centers. Polysphondylium latiamplitudinisporum is significantly
different from P. laterosorum due to the presence of sessile sori in P. laterosorum.

Polysphondylium macroviolaceum Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 44, 45

MycoBank number: 853165; GenBank accession number: SSU: PP590204.

Etymology — the name refers to the larger sori and spores of this species compared to
Polysphondylium violaceum.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are solitary or gregarious,
erect or prone, sometimes prostrate, 2.5—7.0 mm in length, sometimes up to 9.9 mm when prostrate.
Sorophores are colorless to brilliant violet (#7e¢73b8) or grayish violet (#554c69), have whorls or
irregular branches, and sometimes have irregular branches near the bases. Each sorocarp has 1-11
whorls. Each whorl has 1-5 branches, mostly 3—4 branches. Sometimes with sinuous sorophores
which have a strong “S” shape in the lower portion near the bases. Sorophores are strong and
tapering from bases to tips. Terminal segments are 289—980 pum in length. Bases are obtuse or
clavate, occasionally digitate, covered by slime, usually with many tiers of cells in wide, 13.4-33.7
um in width, with the widest points of base terminals measuring 11.2—96.3 um. Tips are acuminate,
capitate, or obtuse, with one or two tiers of cells wide, 6.8—13.5 um in width, the widest points of
tip terminals measuring 4.3—23.4 um. Branches consist of one, two, or more tiers of cells in width,
87996 pm in length. Sometimes branches can reach up to 1153 pm on prostrate stalks. The bases
of branches are round or obtuse, consisting of one to several tiers of cells, 8.8—26.7 um wide. The
tips of branches obtuse to clavate or capitate, consisting of one to two tiers of cells, 4.2—12.3 pm
wide. Sori are purple, ranging from moderate purple (#86608¢), dark reddish purple (#5d3954),
dark purple (#563c5c), dark grayish purple (#50404d), to dark brown (#422518), globose, terminal
sori are a little larger than lateral sori, sometimes sorophores may lack terminal sori. Terminal sori
are 131-256 um in diameter, while lateral sori are 42—218 um in diameter. Spores are subglobose
to oblong, sometimes reniform, usually 3.2—7.8 x 2.8—4.2 um (length/width = 1.10-2.24), but
sometimes longer and up to 9.3—11.3 x 3.7-4.5 pum (length/width = 2.46—2.90), with polar
granules, but sometimes polar granules are unobvious. This species belongs to the Polysphondylium
clade in a SSU rDNA phylogeny.

Distribution and ecology — Isolated from Northeast Asia Botanical Garden near the Changbai
Mountain National Nature Reserve, in mixed soil samples collected from a broadleaf forest at a low
elevation (728—763 m) with a high soil pH (pH = 7.15).

Material examined — China, Jilin Province: Northeast Asia Botanical Garden near the
Changbai Mountain National Nature Reserve, 42.4° N, 128.11° E, average elevation 748.3 m.
Isolated from mixed soils, August 2018, kuo3 (HOLOTYPE, voucher specimen code: HMJAU
MR308); kuo5. Known only from Jilin Province, China.

Notes — Comparing with other known species of Polysphondylium: P. laterosorum has sessile
sori, whereas this species does not (Cavender 1970). Polysphondylium fuscans and P. patagonicum
have branch whorl numbers of less than five, while this species has up to eleven whorls (Vadell
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et al. 2011, Perrigo et al. 2013). Polysphondylium violaceum has terminal sori 100—200 pm in
diam, P. acuminatum has sori 170—220 um, while this species has terminal sori measuring 131-256
um (Raper 1984, Vadell & Cavender 2018). Polysphondylium violaceum has lateral sori 35—75 um
in diameter, while this species has 42—218 um. Polysphondylium violaceum has spores measuring
5-8 x 2.5-3 um, P. acuminatum has spores measuring 6.5—9 x 3—4.5 um, while this species has
spores measuring 3.2—11.3 x 2.8=4.5 um. Polysphondylium acuminatum has terminal segments
with length of 600—800 pum, whereas this species has terminal segments ranging from 289—-980 pm
in length. This species is different from P. paniculoides var. multiverticillatum and P. paniculoides
due to the panicle-like branches of the latter two; and different from P. latiamplitudinisporum due
to the narrower sorocarp sizes and spore ratio compared to P. latiamplitudinisporum. This species
clusters nearby P. violaceum in the SSU phylogenetic tree.

Figure 44 — Morphological features of Polysphondylium macroviolaceum. (A—B) Sorocarps have
or lack terminal sori. (C) Sorophores sinuous with strong “S” shape in the lower portion near the
bases. (D) Whorl branches on the sorophore. (E—F) Bases are covered by slime. (G) Obtuse tip.
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(H-TI) Small and large spores with polar granules or with unobvious polar granules. Scale bars:
A-B =2 mm; C—1=20 pm.

Polysphondylium paniculoides Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 3, 46, 47
MycoBank number: 853166; GenBank accession number: SSU: PP590206; PP590205. Atp1:
PP932663; PP932665.

Figure 45 — Polysphondylium macroviolaceum. (A) Sorocarp. (B) Spores. (C) Tip. (D) Bases.
(E) Sinuous sorophore. (F) Branches. Scale bars: A =1 mm; C—E =20 um; F =40 um.

Etymology — the name refers to the panicle-like pattern of branching.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are solitary, without
phototropic, erect, prone, or prostrate to decumbent, a few are unbranched. Sorocarps always
bifurcate and divide into two almost equal lengths at the lower part of the sorocarps, each
dichotomous branch could bifurcate into more new branches, the bifurcate branches sometimes
have crowded branches with whorls, or irregular branches. When branches are whorls, 1—4 whorls
on each bifurcate branch, usually 1-6 branches on each whorl, but branch numbers of each whorl
could reach 10 or more. The whole sorocarp appears to be in a panicle-like form. Sorocarps 0.2—5.9
mm in length. When sorocarps bifurcate, the lower parts (un-bifurcate part) are 0.4—2.8 mm, and
the upper parts (bifurcate parts) are 1.1-5.1 mm in length. Whorl branches consist of one to two
tiers cell in width, and 75—581 pum in length, a few single branches could reach 1.5 mm in length.
Bases of branches are conical to round with one to several tiers of cells wide, 5.7-21.1 pum in
width. Tips of branches are obtuse to capitate with one to two tiers of cells in width, 2.9—13.8 um in
width. Terminal segments are 348—900 pum in length. Sorophores consist of two to several tiers of
cells, strong and tortuous or irregular, taper from bases to tips, colorless, white or light reddish
purple (#b784a7) to very light purple (#d5badb). Bases are mostly enlarged, clavate, round,
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bulbous, conical, or digitate, consisting of two to several tiers of cells in width, 18.7-46.4 um in
width, with the widest points of base terminals measuring 27.9—-64.0 um. Some bases are obtuse,
consisting of several tiers of cells, 43.8—61.9 um in width, with the widest points of base terminals
measuring 37.3—68.0 um. A few bases are acuminate, consisting of several tiers of cells wide with
43.2 um in width, the widest points of acuminate terminals measuring 11.0 um. Sometimes many
filaments stayed near the base. Tips are clavate, capitate, or obtuse, consisting of one to several
tiers of cells, 2.0—19.3 um in width, the widest points of tip terminals measuring 12.1-37.4 um.
Sori are globose, with a series of purple to brown colors, ranging from brilliant purple (#d399¢6),
deep pink (#e4717a), pale reddish purple (#aa8a9e¢), dark purplish pink (#c17¢91), light reddish
purple (#b784a7), light violet (#8c82b6), grayish reddish purple (#836479), moderate purplish red
(#a8516e), grayish red (#905d5d), strong reddish brown (#882d17), to dark reddish purple
(#5d3954), sometimes lateral sori could shrink and the color deepen to moderate red (#ab4e52).
Terminal sori are 42—422 um in diam, usually larger than lateral sori, lateral sori are 48—185 pum in
diam. Spores are oval to bacilliform, sometimes reniform, 5.2—11.5 x 2.7-4.8 um (length/width =
1.71-3.24), with conspicuous polar granule. Aggregations have two types, one with long and finely
radial streams around center mounds, 1.1-3.1 x 0.4—2.7 mm; another are mounds with 4—8 ample
short radiate streams, 0.3—0.8 x 0.2—0.7 mm. Pseudoplasmodia are mostly bullet-shaped with
stalks, sometimes bifurcated. This species belongs to the Polysphondylium clade in a SSU rDNA

phylogeny.

Figure 46 — Morphological features of Polysphondylium paniculoides. (A—C) Panicle-like and un-
bifurcate sorocarps with whorl branches. (D) Bifurcate portion of the sorophore. (E) Branch of the
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whorl. (F—G) Obtuse and bulbous bases. (H-I) Capitate and clavate Tips. (J-K) Spores with

conspicuous polar granule. (L—M) Aggregations with two types. (N—O) Bifurcate and not bifurcate
pseudoplasmodia. Scale bars: A =2 mm; B—C, L, O =1 mm; D-K =20 uym; M—N = 0.5 mm.
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Figure 47 — Polysphondylium paniculoides. (A—B) Sorocarps. (C) Spores. (D) Tips. (E) Bases.
(F) Branch. (G) Aggregation. (H) Bifurcate sorophore. (I) Pseudoplasmodia. Scale bars: A—B =1
mm; C—F, H=20 ym; G, [ = 0.5 mm.

Distribution and ecology — Isolated from the Northern Slope of the Changbai Mountain
National Nature Reserve, in mixed soil samples collected from an alpine birch forest at an
intermediate elevation (1755—1828 m) with a low soil pH (pH = 5.32). Also isolated from the Dell
Forest of the Changbai Mountain National Nature Reserve, in mixed soil samples collected from a
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mixed broadleaf/conifer forest at an intermediate elevation (1564—1620 m) with a low soil pH (pH
=5.59).

Material examined — China, Jilin Province: Northern Slope of the Changbai Mountain
National Nature Reserve, 42.07° N, 128.07° E, average elevation 1799.2 m. Isolated from mixed
soils, August 2019, 19yuec4 (HOLOTYPE, voucher specimen code: HMJAU MR419); 19yuec3.
Also isolated from mixed soils of Dell Forest of the Changbai Mountain National Nature Reserve,
42.09° N, 128.07° E, average elevation 1594.2 m, August 2018, hun4; hun4-2; hun4-3. Known only
from Jilin Province, China.

Notes — This species clusters with Polysphondylium paniculoides var. multiverticillatum in
the SSU and atpl phylogenetic tree. The differences between them are described in the notes on
P. paniculoides var. multiverticillatum. Polysphondylium paniculoides is distinct from other species
of Polysphondylium due to its special panicle-like branches and bifurcated sorogens, which are
significantly different from those of other species (Raper 1984, Vadell et al. 2011, Perrigo et al.
2013, Vadell & Cavender 2018). This species is similar to Dictyostelium dichotomum in terms of
the bifurcate structure, but other morphological characteristics are different, such as sori color,
spore sizes, and sorocarp sizes (Vadell & Cavender 2007).

Polysphondylium paniculoides var. multiverticillatum Y. Li, P. Liu et Y. Zou, sp. nov.
Figs. 2, 3, 48, 49

MycoBank number: 853167; GenBank accession number: SSU: PP590207. Atp1: PP932664.

Etymology — the Latin adjective meaning “whorled” is verticillatus/verticillate/verticillatum
multiverticillatum means the sorocarps with more whorls but fewer bifurcate structure than
Polysphondylium paniculoides.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are phototropic, solitary
to gregarious, sigmoid, strong, erect, prone to prostrate, 1.0-6.8 mm in length. Sorocarps
sometimes unbranched or with whorl branches but without bifurcate structure, and sometimes with
bifurcate dichotomous branches. Dichotomous branches could also bifurcate into secondary
dichotomous branches, dichotomous branches may have few or no whorl branches on the stalks.
When sorocarps bifurcate, the lower parts (un-bifurcate part) are 0.3—0.6 mm, and the upper parts
(bifurcate parts) are 1.2—3.7 mm in length. Sorocarps could have 1-5 whorls, and each whorl have
1—7 short branches. The branches on whorls are 0.1-0.5 mm in length. Branch bases on whorls are
round, consist of one to several tiers of cells, 8.7-20.8 um in width. Branch tips on whorls are
obtuse to clavate, consist of one tier of cells, 4.9—-8.7 pum in width. Terminal segments are 378—945
um in length. Sorophores are colorless or light reddish purple (#b784a7) to light purple (#5695c0),
consisting of several tiers of cells. Bases are round to clavate, consisting of two to several tiers of
cells, 16.3—77.9 um in width, with the widest points of base terminals measuring 19.0-76.9 pm.
Tips are obtuse, clavate, consisting of one to several tiers of cells, 9.2—18.0 um in width, the widest
points of tip terminals measuring 8.9—25.6 um. Sori are purple to brown colors ranging from light
purple (#b695¢0), dark purplish pink (#c17e91), grayish red (#905d5d), to moderate reddish brown
(#79443b), globose. Terminal sori are 92—263 um in diam, lateral sori are 44—206 pm in diam.
Spores are elliptical to oblong, sometimes reniform, 5.1-10.6 x 2.6—4.1 um (length/width =
1.44-2.60), with unobvious polar granules or subpolar granules. Aggregations are typical radiate,
with thin or thick streams, 1.0-5.3 % 0.9-3.1 mm. Pseudoplasmodia migrate with stalks. This
variety belongs to the Polysphondylium clade in a SSU rDNA phylogeny.

Distribution and ecology — Isolated from the Northern Slope of the Changbai Mountain
National Nature Reserve, in mixed soil samples collected from an alpine birch forest at an
intermediate elevation (1755—1828 m) with a low soil pH (pH = 5.32).

Material examined — China, Jilin Province: Northern Slope of the Changbai Mountain,
National Nature Reserve, 42.07° N, 128.07° E, average elevation 1799.2 m. Isolated from mixed
soils, August 2019, /9yuef3 (HOLOTYPE, voucher specimen code: HMJAU MR420). Known only
from Jilin Province, China.
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Notes — This variety has the same SSU rDNA and atpl sequence as Polysphondylium
paniculoides, but sorocarps of P. paniculoides var. multiverticillatum have fewer bifurcate
structures. When sorocarps bifurcate, the lower part (un-bifurcate part) and upper parts (bifurcate
parts) of P. paniculoides var. multiverticillatum are all shorter than P. paniculoides. Spore ratio of
P. paniculoides var. multiverticillatum is also smaller, but aggregations are a little larger. In another
time, P. paniculoides var. multiverticillatum has a phototropic character, while P. paniculoides is
not phototropic.

Figure 48 — Morphological features of Polysphondylium paniculoides var. multiverticillatum.
(A) Panicle-like and un-bifurcate sorocarps are phototropic. (B) Sorocarp with whorl branches but
without bifurcate structure (C) Sorocarp forms a panicle-like form with bifurcate structure.
(D) Bifurcate part of the sorophore. (E) Branches of the whorl. (F—G) Round and clavate bases.
(H) Clavate Tip. (I) Spores with unobvious polar granules or subpolar granules. (J) Radiate
aggregation. (K—L) Migrating pseudoplasmodia with stalks. Scale bars: A—C, J = 1 mm; D—I = 20
um; K =2 mm; L =200 pum.
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Hagiwaraea conicibasis Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 50, 51
MycoBank number: 853164; GenBank accession number: SSU: PP590203.
Etymology — the Latin adjective meaning “conical” is conicus/conica/conicum; conicibasis
means the bases encapsulated in a conical mass.

Figure 49 — Polysphondylium paniculoides var. multiverticillatum. (A—B) Sorocarps. (C) Spores.
(D) Tip. (E) Base. (F) Bifurcate sorophore. (G) Branchs. (H) Pseudoplasmodium. (I) Aggregation.
Scale bars: A—B, [ =1 mm; C—G =20 um; H=0.2 mm.
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Figure 50 — Morphological features of Hagiwaraea conicibasis. (A—C) Sorocarps with yellow to
grayish olive sori. (D—E) Conical and round bases. (F—G) Clavate elongated and capitate tips.
(H) Spores with polar granules. (I) Radiate aggregation. (J—K) Migrating pseudoplasmodia with
stalks. Scale bars: A, C =1 mm; B, J-K =0.5 mm; D—H =20 um; [ =200 pm.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are solitary, clustered, or
coremium-like with 2 to 5 sorocarps, erect to prone, 0.4—5.6 mm in length, usually unbranched,
sometimes with one branch near the base. Branches are 0.4—1.1 mm in length. Sorocarps usually
grow from a mass of cells; the cell mass appears similar to a conical flask or round-bottom flask
when the light is incident only from the bottom side. Sorophores consist of one to several tiers of
cells. Bases are round, conical, or expand with hook-shape, consisting of one to several tiers of
cells. Bases are 8.4-30.2 um in width, with the widest points of base terminals measuring
11.5-57.1 um. Bases are often encapsulated in the cell of conical mass. Tips are clavate, capitate,
obtuse, or elongated cell, consisting of one to several tiers cell, 3.3—16.7 um in width, with widest
points of tip terminals measuring 5.2—25.7 um. Sori are semi-hyaline, yellow to grayish olive,
ranging in color from pale yellow (#f3e5ab), light yellow (#{f8de7e), grayish yellow (#c2b280),
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yellowish gray (#bfb8a5), light grayish olive (#8c8767), grayish olive (#5b5842), to olive gray
(#57554c¢), globose, 32—-304 pum in diameter. Spores are capsule-shaped, elliptical to oblong,
4.3-8.7 x 2.5—4.7 um (length/width = 1.44-2.19), with polar granules. Microcysts are present with
4.5-6.9 x 4.4-6.7 um. Pseudoplasmodia with stalks. This species belongs to the Hagiwaraea clade
in a SSU rDNA phylogeny.

Figure 51 — Hagiwaraea conicibasis. (A) Sorocarp. (B) Spores. (C) Tip. (D) Base.
(E) Aggregation. (F) Pseudoplasmodium. Scale bars: A = 1 mm; B-D =20 pym; F = 0.5 mm; E =
0.2 mm.

Distribution and ecology — Isolated from the Jianfengling National Nature Reserve, in mixed
soil samples collected from a mixed broadleaf/conifer forest at a low elevation (785—797 m) with a
low soil pH (pH = 5.51).

Material examined — China, Hainan Province: Jianfengling National Nature Reserve, 18.75°
N, 108.87° E, average elevation 790.7 m. Isolated from mixed soils, February 2022, haihun6-1
(HOLOTYPE, voucher specimen code: HMJAU MR418). Known only from Hainan Province,
China.

Notes — The species clusters with Hagiwaraea radiculata and Ha. rhizopodium in the SSU
phylogenetic tree. The bases of Ha. conicibasis encapsulated in a conical flask or round-bottom
flask cell mass can be distinguished from later two species (Raper & Fennell 1967, Landolt et al.
2008). In morphological features, Ha. conicibasis has sorocarps (0.4—5.6 mm) and branches
(0.4-1.1 mm), which are longer than 0.3—1.5 mm length sorocarps and 0.07-0.2 mm length
branches of Ha. radiculata; and bases (8.4—30.2 um) of Ha. conicibasis are narrower than 50—90
um width bases of Ha. radiculata. On the other hand, Ha. conicibasis is different with
Ha. rhizopodium in spores, base shapes and sizes. Hagiwaraea rhizopodium with the two sizes
spores of 10—13 x 3—4 pum and 6.0—8.0 x 3.0—3.5 um are narrower than those of Ha. conicibasis.
The bases of Ha. conicibasis are round, conical, or expand with hook-shape, with 8.4-30.2 pm in
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width; Ha. rhizopodium has strongly dissected crampon-like bases with 25—50 um in width. At the
same time, Ha. coeruleostipes also has a color that is white to faintly cream-colored and pale
yellow; however, the basal disks, thinner tips (4—7 pum), and blue-purple sorophores make it
different from Ha. conicibasis (Raper & Fennell 1967).

Raperostelium kraken Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2,3,52,53

MycoBank number: 853169; GenBank accession number: SSU: PP590209; PP590210;
PP590218. Atp1: PP932633; PP932634.

Etymology — the name refers to the multiple sorophores sharing a common base, resembling
the sea monster Kraken from book “The Natural History of Norway” as ‘full of arms, or branches.’

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are solitary, gregarious to
clustered, erect or semierect to prone, sometimes sinuous, 0.2—1.1 mm in length; usually
unbranched, but sometimes with 1—-3 branches. Sometimes 2—13 sorophores (rarely more and
reaching up to 21 sorophores) share a common base; the overall shape looks like the sea monster
Kraken and was called a Kraken structure by us. Sorophores consist of one to three tiers of cells.
Basal disks are sometimes present, but not obvious under the Kraken structure. Bases are round or
irregular in shape, sometime adhered by slime, consisting of one to several tiers of cells, 8.0-25.4
pum in width, with the widest points of base terminals measuring 17.1-266.7 pm, but sometimes can
be more than 300 um wider. Tips are acuminate, obtuse, consisting of one tier of cells, 1.9-9.1 um
in width, with the widest points of tip terminals measuring 1.9—6.1 pm. Sori are white, semi-
hyaline, globose or citriform, 28—134 pum in diameter. Spores are abnormal, globose to oblong:
globose spores are 3.1-3.9 x 3.0-3.8 pum (length/width = 1.00—1.05); subglobose spores are
3.1-4.3 x 2.7-3.8 um (length/width = 1.07—1.15); broadly elliptical spores are 3.4—5.0 x 2.8—4.2
pum (length/width = 1.16—1.30); elliptical spores are 3.8—6.5 x 2.6—4.5 um (length/width =
1.31-1.65); oval spores are 4.1-6.6 x 2.5-3.7 um (length/width = 1.66—1.86); oblong spores are
5.3-8.4 x 2.6—4.3 um (length/width = 1.93—2.33). Some spores have circular polar granules, some
have consolidated polar granules, and others have unconsolidated polar granules. Aggregations are
small mounds with flat, blocky streaming. Pseudoplasmodia with stalks. Microcysts present with
2.9-4.4 x 2.9-4.1 um. Globose or subglobose structures with an irregular or prickly surface have
present near the spores, 5.4-9.1 pm in diameter. This species belongs to the Raperostelium clade in
a SSU rDNA phylogeny.

Distribution and ecology — Isolated from the Northern Slope of the Changbai Mountain
National Nature Reserve, in mixed soil samples collected from an alpine birch forest at an
intermediate elevation (1755—1828 m) with a low soil pH (pH = 5.32).

Material examined — China, Jilin Province: Northern Slope of the Changbai Mountain
National Nature Reserve, 42.07° N, 128.07° E, average elevation 1799.2 m. Isolated from mixed
soils, August 2019, 19yuec5 (HOLOTYPE, voucher specimen code: HMJAU MR422); 19yueaZ;
19yuec2. Known only from Jilin Province, China.

Notes — Raperostelium kraken has clustered with Ra. krakenopsis, Ra. pusillum, and
Ra. minutum in same clade of the SSU phylogenetic tree. However, the four species all have
different characteristics in morphology. Firstly, Ra. kraken, Ra. krakenopsis, and Ra. pusillum all
have clustered sorocarps, except Ra. minutum. Secondly, the sorocarps with several sorophores
sharing a common base (Kraken structure) have been observed in Ra. kraken, Ra. krakenopsis, and
Ra. pusillum, but Ra. minutum and other Raperostelium species do not have this characteristic
(Raper 1941, Cavender et al. 1979, Hagiwara 1983b, 1989, Cavender et al. 2002, Cavender et al.
2005, Cavender & Vadell 2006, Romeralo et al. 2009, Cavender et al. 2013, Cavender et al. 2018,
Perrigo et al. 2020). Thirdly, Ra. kraken, Ra. krakenopsis, and Ra. pusillum have distinct polar
granules in spores, but Ra. minutum only has unobvious polar granules or lacks polar granules.
These characters differentiate Ra. kraken, Ra. krakenopsis, and Ra. pusillum from Ra. minutum.

On the other hand, Raperostelium kraken is also different with Ra. krakenopsis, and
Ra. pusillum. The structure of Kraken (several sorophores sharing a common base) in Ra. kraken
has more sorophores, specifically more than half of the sorocarps have 2—13, rarely up to 21
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sorophores sharing a base in Ra. kraken; a few sorocarps have two, rarely three to four sorophores
sharing a base in Ra. krakenopsis; and infrequent sorocarps have 4—9 sorophores sharing a base in
Ra. pusillum. Both Ra. krakenopsis and Ra. pusillum have clavate, conical, round bases, but bases
of Ra. kraken are round and irregular. The widest points of Ra. kraken base terminals (17.1-266.7
um, sometimes more than 300 um in width) are obviously wider than Ra. krakenopsis (9.4—76.8
um) and Ra. pusillum (4.5-29.1 um). Finally, Ra. kraken has widely varying shapes of spores
(from globose to oblong); the ratio of Ra. kraken spores (length/width = 1.00—2.33) has a broader
range than Ra. krakenopsis (length/width = 1.16-2.01) and Ra. pusillum (length/width =
1.52—-1.97).

Figure 52 — Morphological features of Raperostelium kraken. (A—B) Non-Kraken and Kraken
sorocarps. (C—E) Side-view and top-view of sorocarps with Kraken-like structures. Picture D was
taken under lateral light, while picture E was the same sorocarp taken with bottom light. (F) Round
and a little irregular base of the sorophore. (G) Acuminate tip of the sorophore. (H-I) Different
ratio of spores with consolidated and unconsolidated polar granules. (J) Small aggregations with
flat, blocky streaming. (K—L) Pseudoplasmodia of non-Kraken and Kraken-like structures.
(M) Globose or subglobose structures with an irregular surface. Scale bars: A =2 mm; B = 1 mm;
C-E, J-L =200 pm; F-1, M =20 pm.
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Figure 53 — Raperostelium kraken. (A) Sorocarps. (B) Spores. (C) Tip. (D) Base. (E) Aggregation.
(F) Pseudoplasmodium. (G) Globose or subglobose structures. Scale bars: A, E-F = 0.2 mm; B-D,
G =20 pm.

Moreover, in the atpl phylogenetic tree, the four species (Raperostelium kraken,
Ra. krakenopsis, Ra. pusillum, and Ra. minutum) have clustered in four different clades.

This species sometimes has a Kraken structure that grows several twisted stalks from a
common base on medium, reminiscent of the legendary Kraken, in which a monster reaches out
with many tentacles and attacks boats from the sea surface (Pontoppidan 1755, Denys de Montfort
1801). This is also the reason why the species is named.

Raperostelium krakenopsis Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 3, 54, 55

MycoBank number: 854075; GenBank accession number: SSU: PP590211; PP590213;
PP590216; PP590217. Atpl: PP932636; PP932637; PP932635.

Etymology — the name refers to the overall resemblance of this species to Raperostelium
kraken.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are solitary to gregarious,
occasionally cluster with two sorocarps, erect to prone, 0.1—1.0 mm. Kraken structures present as a
few sorocarps grow two sorophores on one common base and rarely grow three to four sorophores
on one common base. Usually unbranched, sometimes with 1—3 branches near the base. Branches
are 50—296 um in length. Bases are clavate, conical, round, consisting of one to several tiers of
cells, 6.6—19.8 um in width, with the widest points of base terminals measuring 9.4—76.8 um. Tips
are acuminate, obtuse, capitate, consisting of one tier of cells, 1.2—5.8 um in width, with the widest
points of tip terminals measuring 1.5—7.1 um. Sori are semi-hyaline, white, globose, 16—150 um in
diameter. Spores are broadly elliptical to oblong, sometimes reniform: broadly elliptical spores are
5.1-6.8 x 44-5.2 um (length/width = 1.16—1.30); elliptical spores are 4.4—5.3 x 2.7-3.3 um
(length/width = 1.60—1.63); oval spores are 4.8—7.1 x 2.8—3.8 um (length/width = 1.70—1.85);
oblong spores are 6.7-7.7 x 3.5-3.8 um (length/width = 1.91-2.01). All spores have polar
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granules. Aggregations are mounds. Pseudoplasmodia with stalks but do not migrate. Microcysts
present, 3.9—4.7 um in diameter. Round myxamoebae cells appearing near bases have been
observed, 3.4—5.9 um in diameter. This species belongs to the Raperostelium clade in 18S DNA.

Figure 54 — Morphological features of Raperostelium krakenopsis. (A—B) Solitary to gregarious
sorocarps with Kraken structures. (C) Whole sorophore. (D—E) Conical and round bases of the
sorophores. Myxamoebae cells was appearing near bases in picture E. (F—G) Acuminate, obtuse
and capitate tips of the sorophores. (H) Different shapes of spores with polar granules. (I) Mound
aggregation and pseudoplasmodium with stalk. Scale bars: A =2 mm; B = 1 mm; C—H = 20 um;
=200 pm.

Distribution and ecology — Isolated from the Beauty Pine Park near the Changbai Mountain
National Nature Reserve, in mixed soil samples collected from a conifer forest at a low elevation
(714=721 m) with an intermediate soil pH (pH = 6.03). Also isolated from the Northern Slope of
the Changbai Mountain National Nature Reserve, in mixed soil samples collected from an alpine
birch forest at an intermediate elevation (1755—1828 m) with a low soil pH (pH = 5.32).
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Material examined — China, Jilin Province: Beauty Pine Park near the Changbai Mountain
National Nature Reserve, 42.44° N, 128.12° E, average elevation 717.3 m. Isolated from mixed
soils, August 2019, 19zhenb3 (HOLOTYPE, voucher specimen code: HMJAU MR425); 19zhenbl;
19zhendl. Also isolated from mixed soils of Northern Slope of the Changbai Mountain National
Nature Reserve, 42.07° N, 128.07° E, average elevation 1799.2 m, August 2019, /9yueb3. Known
only from Jilin Province, China.
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Figure 55 — Raperostelium krakenopsis. (A) Sorocarps. (B) Spores. (C) Tips. (D) Base.
(E) Aggregations. (F) Pseudoplasmodium. Scale bars: A = 0.5 mm; B—D =20 um; E-F = 0.2 mm.

Notes — This species has clustered with Raperostelium kraken, Ra. minutum, and Ra. pusillum
in the same clade of the SSU phylogenetic tree, but in different clades of the atp! phylogenetic tree.
In morphology, clustered sorocarps, the Kraken structure (two, or rarely three to four sorophores
grown on one base), and polar granules make Ra. krakenopsis different from Ra. minutum (Raper
1941). Morphological distinctions between Ra. krakenopsis and Ra. kraken are also discussed in
the commentary on Ra. kraken. Finally, the differences between Ra. krakenopsis and Ra. pusillum
are in branches, sorophore number of Kraken structure, bases, and spore ratio. Raperostelium
krakenopsis usually has no branches, sometimes has 1—3 branches near the base; Ra. pusillum has
no or one branch. A few sorocarps of Ra. krakenopsis have two sorophores on one base, while rare
sorocarps have three to four sorophores on one base, fewer than the infrequent sorocarps of Ra.
pusillum with 4-9 sorophores on one base. Raperostelium krakenopsis has one to several tiers of
base cells wide, while Ra. pusillum has one to two tiers of base cells wide; and the widest points of
base terminals in Ra. krakenopsis (9.4—76.8 um in width) are also wider than Ra. pusillum
(4.5-29.1 pm in width). Lastly, spore ratio of Ra. krakenopsis (length/width = 1.16—2.01) is
broader than of Ra. pusillum (length/width = 1.52—1.97).

In the atpl phylogenetic tree, Raperostelium krakenopsis clusters with Ra. kraken and
Ra. minutum closer than Ra. pusillum. The Kraken structure and wider base terminals make this
species very similar to Ra. kraken.

Raperostelium minutum (Raper) S. Baldauf, S. Sheikh & Thulin, Protist 169: 23 (2018)
Figs. 2, 3, 56, 57

Basionym. Dictyostelium minutum Raper, Mycologia 33: 634 (1941)

GenBank accession number: SSU: PP590212; PP832569. Atpl: PP932638; PP932639.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are solitary or gregarious,
erect to prone, 0.2—1.3 mm, sometimes with a few branches. Sorophores consist of one tier of cells
in width, curved. Bases are clavate to conical, sometimes adhere slime, consisting of one tier of
cells in width, 7.2—13.5 pm in width, with the widest points of base terminals measuring 8.1-21.7
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um. Tips are acuminate or a little capitate, consisting of one tier of cells in width, 2.6—5.5 pum in
width, with the widest points of tip terminals measuring 2.0—7.0 um. Sori are white, globose,
72—143 pum in diameter. Spores are oblong to elliptical, 4.5-7.2 % 2.3—4.3 um (length/width =
1.32-2.40), with unobvious polar granules or without polar granules. Aggregation are mounds.
Pseudoplasmodia migrate with stalks. Microcysts present, 3.2—4.5 um in diameter. Irregular
globose or subglobose macrocysts present near the bases, 10.3—12.9 x 9.3—12.8 um. This species
belongs to the Raperostelium clade in 18S DNA.
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Figure 56 — Morphological features of Raperostelium minutum. (A) Erect to prone sorocarps.
(B) Clavate base. (C) Base and macrocysts. (D—E) Acuminate or a little capitate tips. (F) Spores
with unobvious polar granules. (G) Spores without polar granules under 100x magnification.
(H) Pseudoplasmodium migrates with a stalk. (I) Macrocysts and spores under 100x magnification.
Scale bars: A =1 mm; B—G, [ =20 um; H =200 pm.
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Figure 57 — Raperostelium minutum. (A) Sorocarp. (B) Spores. (C) Macrocysts. (D) Tip.
(E) Bases. (F) Pseudoplasmodium. Scale bars: A = 0.5 mm; B—E =20 um; F = 0.2 mm.

Distribution and ecology — Isolated from the Northern Slope of the Changbai Mountain
National Nature Reserve, in mixed soil samples collected from an alpine birch forest at an
intermediate elevation (1821—1837 m) with an intermediate soil pH (pH = 6.03).

Material examined — China, Jilin Province: Northern Slope of the Changbai Mountain
National Nature Reserve, 42.07° N, 128.07° E, average elevation 1829.1 m. Isolated from mixed
soils, August 2018, yue2-1; yue2-3. This species is known from America, Canada, China, Germany,
India, Italy, Japan, Kenya, Mexico, New Zealand, Nepal, Norway, Pakistan, Portugal, Puerto Rico,
Russia, Spain, Sweden, Switzerland, Tanzania, Thailand, Uganda, Yugoslavia.

Notes — Raperostelium minutum is a species found worldwide (Cavender 1978, Traub et al.
1981b, Hagiwara 1989, Cavender et al. 1995, Stephenson et al. 1997, Stephenson et al. 1999,
Swanson et al. 1999, Cavender et al. 2002, Romeralo & Lado 2006, 2008, Sathe et al. 2010,
Cavender et al. 2012, Perrigo et al. 2013, Seephueak & Petcharat 2014, Liu et al. 2020). The
isolates yue2-1 and yue2-3 had almost the same 18S rDNA sequences as Ra. minutum. The
morphology of this species in this paper had narrower bases (7.2—13.5 pm in diameter) than those
described for Ra. minutum (12—18 pm in diameter) in 1941 (Raper 1941), and branches of isolates
yue2-1 and yue2-3 were also infrequent instead of frequently branched as described in 1941.
However, the bases of Ra. minutum described in 1989 were 6.5-22.5 pm in diameter, and the
branches were also described as unbranched or sparsely and irregularly branched in that paper,
indicating that the morphology here is normal. More importantly, the frequent macrocysts and
spores with unobvious polar granules or without polar granules identified the species as Ra.
minutum.

Raperostelium pusillum Y. Li, P. Liu et Y. Zou, sp. nov. Figs. 2, 3, 58, 59

MycoBank number: 830539; GenBank accession number: SSU: PP590214; PP590215. A#p!:
PP932640; PP932641.

Etymology — The name pusillum refers to the tiny sorocarps.

When cultured at 23°C on non-nutrient agar with E. coli, sorocarps are solitary, gregarious to
clustered, erect to prone, 0.3—1.1 mm, unbranched or with one branch. Infrequent 4-9 sorophores
share a common base. Sorophores consist of a single tier cell in width, slightly taper from bases to
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tips. Bases are clavate, round to conical, slightly expand, consisting of one to two tiers of cells,
5.1-17.6 pm in width, with the widest points of base terminals measuring 4.5-29.1 um. Tips are
acuminate or capitate, consisting of one tier cell, 2.4—6.3 um in width, with the widest points of tip
terminals measuring 1.2—8.6 um. Sori are semi-hyaline, white, globose, 59—135 um in diameter.
Spores are elliptical to oblong, capsule-shaped, 4.8—8.2 x 2.8—4.7 um (length/width = 1.52—1.97),
with conspicuous polar granules. Aggregation are mounds. Pseudoplasmodia with stalks. This
species belongs to the Raperostelium clade in 18S DNA.

Distribution and ecology — Isolated from the Beauty Pine Park near the Changbai Mountain
National Nature Reserve, in mixed soil samples collected from a conifer forest at a low elevation
(703—746 m) with an intermediate soil pH (pH = 6.51).

Figure 58 — Morphological features of Raperostelium pusillum. (A) Erect to prone sorocarps.
(B) Sorocarps with several sorophores sharing a common base. (C—D) Clavate, round to conical
bases. (E—F) Acuminate or capitate tips. (G) Spores with conspicuous polar granules. (H) Mound
aggregations. (I) Migrating pseudoplasmodia with stalks. Scale bars: A—B = 1 mm; C—G = 20 um;
H-1=0.5 mm.
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Figure 59 — Raperostelium pusillum. (A) Sorocarps. (B) Spores. (C) Tip. (D) Base.
(E) Aggregations. (F) Pseudoplasmodium. Scale bars: A = 1 mm; B—D = 20 um; E-F = 0.5 mm.

Material examined — China, Jilin Province: Beauty Pine Park near the Changbai Mountain
National Nature Reserve, 42.44° N, 128.12° E, average elevation 724.3 m. Isolated from mixed
soils, August 2018, zhen! (HOLOTYPE, voucher specimen code: HMJAU MR311); zhen2. Known
only from Jilin Province, China.

Notes — Raperostelium pusillum has clustered with Ra. kraken, Ra. krakenopsis, and
Ra. minutum in the same clade of the SSU phylogenetic tree, but in different clades of the a#p!
phylogenetic tree. Kraken structure (infrequent sorocarps with 4—9 sorophores share a common
base), clustered sorocarps, and narrower spore ratio make Ra. pusillum different from Ra. minutum.
The distinctions between Ra. pusillum, Ra. kraken, and Ra. krakenopsis are also discussed in the
commentary on the latter two species.

In the atpl phylogenetic tree, Raperostelium pusillum is distinct far away from Ra. kraken,
Ra. krakenopsis, and Ra. minutum. In morphology, the largest difference between Ra. pusillum and
the latter three species is a narrower spore ratio. Spore ratio of Ra. pusillum is 1.52—-1.97, of
Ra. kraken is 1.00—-2.33, of Ra. krakenopsis is 1.16—2.01, and of Ra. minutum in this study is
1.32—2.40. Difference of spore ratio in Ra. pusillum is only 0.45, smaller than 1.33 in Ra. kraken,
0.85 in Ra. krakenopsis, and 1.08 in Ra. minutum.

Key to dictyostelid species and varieties in this study

1. Sorocarps with whorled branches ............c.ccoooiiiiiiiiiii e 2
1. Sorocarps lacking whorled branches ...........cccooeiiieiiiieiiiec e 5
2. Sorocarps with panicle-like branching (repeated dichotomies and whorls)..........cccccoeceeeiieninnin. 3
2. Sorocarps without panicle-like branching .............ccoocvieiiiieiiiiiiiiieceeeee e 4
3. Repeated dichotomies and Whorls ...........cccoeceeiiiniiiiiiniicieeee, Polysphondylium paniculoides
3. Branches predominantly whorled with fewer dichotomies than P. paniculoides .............................
.................................................................................................. P. paniculoides var. multiverticillatum
4. Sori purple; spores subglobose to 0blong..........cccvveviieeiiieeiiiieieece e P. macroviolaceum
4. Sori pink or light purple; spores elliptical to bacilliform .......................... P. latiamplitudinisporum
5. Sorocarps with "Kraken StruCtUIE" ............oooouiiiiiiiieeieeee et s 6
5. Sorocarps without "Kraken StruCTUIE" ..........c.coiiiiiiiiiiieie ettt 8
6. 2—13, rarely up to 21 sorophores per shared base; spores polymorphic (globose to oblong) ...........
............................................................................................................................ Raperostelium kraken
6. <9 S0rOphOores Per Shared DASE .......cccuviiiiiiiciieeceece et e 7
7. Bases one to several tiers of Cells Wide ........ccoooeeviiiiiiiniiieiiiiecee e Ra. krakenopsis
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7. Bases one to two tiers Of CellS Wide.......ccvvieviiiieiiiieiiieeciie e Ra. pusillum

8. Sori light purple to dark BIOWIN ........cccuiiiiiiiiiiiicieee et st 9
8. Sori white, or yellow to grayish olive, or cream COlOT ..........ccecuvieeciiieeiiieciie e 14
9. Sorophores With PSEUAOSESSIIE SOTT .....vieuiiiiiiiiiieiieieeie ettt et saae s eeees 10
9. Sorophores Without PSEUAOSESSIIE SOTT .....ueeeviiieiiieeiieeeiie ettt e e e e ere e e e e e s e e enes 12
10. Larger sori (121—621 pum); bases not covered slime sheath ............... Dictyostelium pseudosessile
10. Smaller sori (47—293 pum); bases covered slime sheath ...........ccccocoveeeiiieiiiiiccec e 11
11. Sorophores with widen middle CONNECtIONS ........c.eevvieriieriiieiiieriieiiecie e D. rufopurpureum
11. Sorophores without widening connections.............. D. rufopurpureum var. longioripseudosessile
12. Spore ratio smaller (length/width = 1.47-2.37) ...ccoovveeviieeieeeieeeeeeeee e D. sinuatipurpureum
12. Spore ratio larger (length/width = 1.78=2.86 or 1.80—4.03) ...ccviiiiiiiieiieceeeeceeeeee e 13
13. Sori dark purple to almost black...........c.ccccvveennnenne D. sinuatipurpureum var. corymbipurpureum
13, SOTT PUIPUIE ..ot D. sinuatipurpureum var. subulibasipurpureum
14, MACTOCYSES PIESEIIL ...uuvveeeeiiiiieeeeiteeeeeitteeeeesteeeeeseteeeeesnaeeeeessssaeesanssseeeesssseessnsseeesanns Ra. minutum
14, MACTOCYSES ADSENL.....ccuiiiiieeiiieiieeiieeteeete et e eite et e etre e e e ssaeesbeessbeesseessbeenseessseesseessseenseessseenseenssas 15
15. Spores with polar granules or subpolar granules............cccceeviiiiiiiiiniiiie e 16
15. Spores without polar granules or subpolar granules............cccceeecueerieriiieiieniieieeie e 22
16. Sorophores with suUbpolar Granules.............ccooiiiiiiiiiiiiieiieee e 17
16. Spores With POlar GranuleS. ..........cccuieriieriiiiiieiie ettt et sae e ssaeebeessaeebeessaeesseensnas 18
17. Pseudoplasmodia migrate with continuous or discontinuous trails.................. D. collarimigratum
17. Pseudoplasmodia not migrating or migrate only a short distance with stalks.............cccceeeerinnnne.
............................................................................................ D. collarimigratum var. breviorimigratum
18. Sorocarps could up to 12.2 mm in length........c.cccoveiieiieniiiiiinieeeeee, Cavenderia varicelloides
18. Sorocarps <6 mm N 1eN@th.........coiiiiiiiiiiii e 19
19. Bases wider, could up to 55.7 pm in width .........cccoeeveeviieniiieiieniecieee. Ca. bifurcatimacrosorum
19. Bases <35 M 10 WIAEH .o..oiiiiiii et 20
20. Spores ratio wider (length/width = 1.09-2.38)......ccccvvrveerienrennen. Ca. fasciculaticomplexispora
20. Spores ratio narrower (1.28 <length/width <2.19) ..o 21
21. Tips acuminate with 2.1-5.2 um in Width.........cccooiiiiiiiiie e, Ca. inordinata
21. Tips clavate, capitate, obtuse, or elongated cell, with 3.3—16.7 pum in width ............ccccccerrinnnnn.
........................................................................................................................ Hagiwaraea conicibasis
22. Bases With basal diSKS ........cooiiiiiiiiiiiie e 23
22. Bases without basal diSKS ........coc.eoiiiiiiiiiiii e 24
23. Sorocarps 0.5—8.7 mm length, rarely up to 10.9 mm .........cocoevieviniininncnnen. D. latiorifirmibasis
23. Sorocarps <4 mm length.........cccccovvviiiiniiiiniieiieeee. D. latiorifirmibasis var. minorifirmibasis
24. Tips 4.1—6.6 um in width, with the widest points of tip terminals measuring 3.7—7.8 um.............
................................................................................................................................ D. majileptosomum
24. Tip widths could up to 8.0 um or more, with the widest tip terminals up to 18.8 um or more.......
........................................................................................................................................................... 25
25. Sorophores with nodule-11Ke CEILS .........ocuiiiiiiiiiiii e 26
25. Sorophores smooth that lack nodule-like Cells ...........cooouiieiiiiiiiiiiiiee e 27
26. Spores highly polymorphic with longest spore 10.2 X 3.8 um........cccceeevveeneenne. D. diversisporum
26. Spores could be exceptionally long (> 20 pm)..................... D. diversisporum var. maximisporum
27. Spores ratio narrower (length/width = 1.00-2.27) .................. D. diversisporum var. brevisporum
27. Spores ratio wider (length/width = 1.00-3.03)................. D. diversisporum var. laevisorophorum
DISCUSSION

Coordinated field sampling for species in geographical areas and habitats along with more
taxonomic revisions of species groups should enhance our understanding of any taxonomic group
(Costello et al. 2013). This will improve our knowledge of related species and better protect
biodiversity. Collecting dictyostelids from nature and revising details of their classification could
improve our understanding of the taxonomy and provide more germplasm resources of this group.
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The new species and new varieties have greatly enriched our knowledge of the dictyostelids.
Prior to this study, 178 taxa of dictyostelids had been described worldwide, including 172 species
and six varieties (www.indexfungorum.org, accessed on 01 January 2025). The new taxa isolated
and identified in this study increased the total to 189 species and 15 varieties, representing an
increase of nearly 15% compared to the total reported previously. Only 61 species and one variety
of dictyostelids were previously known from China. In this study alone, the number of species and
varieties has increased by nearly 42% of the total number recorded in China (Liu et al. 2020, Zhu
et al. 2021, Zou et al. 2022, Zhang et al. 2023a, Zhang et al. 2023b, Zhang et al. 2024a, Zhang et al.
2024b). Study of these new species is important for a better understanding of protists, particularly
dictyostelids, as it helps identify community composition patterns in China and provides a more
complete understanding of the complexity of ecosystems, and thus is beneficial for protecting
biodiversity from a microcosmic perspective (Enkhtur et al. 2021, Prosekov et al. 2022).

We also have clarified and defined the internal distinctions of the complex species
Dictyostelium purpureum, which was found to encompass several hidden species that were not well
defined, and separated two species and three varieties new to science from it (Mehdiabadi et al.
2009). Actually, morphological features of D. purpureum have been interpreted slightly differently
as described by Raper (1984) and Hagiwara (1989) based on the original description of Olive
(1901) (Olive 1901, Raper 1984, Hagiwara 1989). With the development of molecular biology,
Mehdiabadi et al. (2009) showed that genetic variation and cryptic species occur within
D. purpureum (Mehdiabadi et al. 2009). Since then, the problems have not been addressed
properly, and many organisms that displayed differential genetic and morphological variation
throughout the world were still classified into species or varieties of D. purpureum (Rollins et al.
2010, Stephenson & Landolt 2011, Yulo & dela Cruz 2012, Cavender & Cavender 2013, Vadell
etal. 2018, Liu et al. 2019a, Liu et al. 2019c). After deliberate consideration, we defined to separate
the organisms away from D. purpureum as new species and new varieties: D. rufopurpureum,
D. rufopurpureum var. longioripseudosessile, D. sinuatipurpureum, D. sinuatipurpureum var.
corymbipurpureum, and D. sinuatipurpureum var. subulibasipurpureum by morphological and
phylogenetic distinctions, with D. purpureum sensu Raper (1984) corresponding to Olive’s
D. purpureum (Olive 1901, Raper 1984). We also corrected the concept of a species,
D. pseudosessile, which was identified as the variety Dictyostelium purpureum var. pseudosessile
before due to the cryptic species problem of D. purpureum (Liu et al. 2019a).

Actually, we considered separating Dictyostelium purpureum and those hidden species into a
new genus distinct from the genus Dictyostelium. The reddish to purple sori, along with the
colorful, long but sturdy sorophores, gave these organisms a high level of identifiability.
Meanwhile, these organisms occupied a distinct clade that is parallel to and separated from other
Dictyostelium species on the SSU phylogenetic tree (Fig. 2). However, the phylogenetic analysis of
atpl could not distinguish D. purpureum, along with its hidden species, from other Dictyostelium
species, unlike the SSU phylogeny (Fig. 3). The atp! sequence has been shown to complement the
SSU sequence in identifying dictyostelids (Zou et al. 2022). This means that D. purpureum and the
hidden species cannot be distinguished from Dictyostelium as a new genus.

Consistently, the descriptions of the color of dictyostelids were ambiguous. Phrases such as
“grayish white to pale lemon yellow” or “present white to off-white with abundant slime at
first...tend to become yellowish in age” made it difficult to distinguish between the similar colors
(Raper 1935, Zou et al. 2022). For this, we suggested defining color determination in dictyostelids
using ISCC-NBS color charts (Kelly 1964). ISCC-NBS color charts were widely used in the study
of microbiology (Hoang et al. 2007, Tan et al. 2015, Liang et al. 2020). And the ISCC-NBS color
charts could easily be found on the internet (Foster 2007). With a high color accuracy screen,
photos of dictyostelids can be accurately compared to the ISCC-NBS color charts on a personal
computer. It could reduce the subjective opinions of researchers on colors and be more effective in
avoiding ambiguous descriptions about the color of dictyostelids; this approach has also been
applied in the characteristic description of species on this paper.
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Finally, we added some new characters of dictyostelids for identification purposes (the widest
points of base and tip terminals, and ratio of spores), parenthetically, to differentiate species in
more detail. In the meanwhile, we linked some spore shape descriptions with the spore ratio,
referring to spores of Fungi and dictyostelids (Hagiwara 1989, Kirk et al. 2008). To be specific,
these spore descriptions were specified as globose or spherical (length/width = 1.00—1.05),
subglobose (length/width = 1.06—1.15), broadly elliptical (length/width = 1.16—1.30), elliptical
(length/width = 1.31-1.65), oval (length/width = 1.66—1.90), oblong (length/width = 1.91-2.99),
and bacilliform (ratio is more than 3.0). While other descriptions were merely of shapes, they
include but are not limited to capsule-shaped (a common shape that resembles a capsule), reniform
(also called fabiform, another common shape that is curved and resembles a human kidney),
sigmoid (also called “S”-shaped, which curved like the letter “S”), long “S”-shaped (seems like a
stretched sigmoid shape), V-shaped (seems like two capsule-shaped spores stick the ends together
like the letter “V”’), drop-shaped (which appears like a drop, that ratio as globose or subglobose but
with one side pointed), pear-shaped (also called pyriform, with a ratio that is broadly elliptical or
elliptical spore but one side is obviously narrower than another side), sunflower seed-shaped
(seems like a sunflower seed or a stretched pear-shaped spore, but ratio larger as oval or longer
spore), egg-shaped (with a ratio similar to an elliptical spore, but resembling a chicken egg), and
fusiform (also called spindle-like, where the two sub-sides are obviously narrower than midpoint of
spores).

With the developments in molecular biology technology, identification using DNA can be in
much greater detail, and more species or genera have been published on since this approach became
available (Sheikh et al. 2018, Perrigo et al. 2020, Cavender et al. 2022). SSU sequences were not
able to provide all the necessary information for identification (Fontaneto 2011); atpl sequences
complemented it and were further confirmed in our study. On the other hand, traditional
morphology could also improve with digital techniques and more refined definitions. Meanwhile,
the dictyostelids exhibited morphological distinctions despite having almost identical sequences,
highlighting the importance of traditional morphology, such as the new varieties identified in this
study. In addition, after nearly 40 years of studying history in China, many new species and new
varieties discussed in this paper have been discovered, revealing that an abundant species diversity
of dictyostelids was hidden within the vastness of this land.

Looking forward

Five species (Dictyostelium culliculosum, D. longigracilis, D. macrosoriobrevipes,
D. recurvibasicum, and Heterostelium recretum) were found only in the Changbai Mountain
National Nature Reserve or in the piedmont of Changbai Mountain in previous studies (He & Li
2008, Liu & Li 2017, Zou et al. 2022, Zhang et al. 2024a, Zhang et al. 2024b). Our integrative
study reveals that Changbai Mountain harbors 18 endemic taxa of dictyostelids, including nine new
species and four new varieties described herein. The 18 endemic dictyostelid taxa collectively
account for nearly 9% of all dictyostelid taxa worldwide. This concentration of endemism—
spanning two orders (Dictyosteliales and Acytosteliales), four families, and five genera—
challenges the traditional paradigm that higher latitudes harbor lower dictyostelid diversity (Perrigo
et al. 2013). Previous studies have shown that protist species that are rare or unique to a continent
may be ecologically important and could be of conservation interest (Fontaneto 2011). To
safeguard this unique biodiversity, we propose the following evidence-based strategies:

Microhabitat Protection Zone: Prioritize mid-elevation place (1550—1850 m), where 11
endemic taxa were identified, comprising 61% of the unique species of Changbai Mountain zone,
according to our soil sampling data from mixed broadleaf/conifer forests and alpine birch forests.

IUCN Red List Assessments: Collaborate with the IUCN to develop standardized protocols
for microbial eukaryote assessments, addressing current biases toward micro-organisms (IUCN
2025).

Community-Driven Monitoring: Train local rangers in standardized sampling protocols to
track population trends of key dictyostelids. Integrate data into citizen science platforms, such as
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the Catalogue of Life (Banki et al. 2025), to enhance public engagement and ensure long-term data
sustainability.

Our polyphasic taxonomic workflow—combining morphometrics (three or more distinct
morphological characteristics as criteria for a new species and one or two distinct morphological
characteristics as criteria for a new variety), ISCC-NBS color quantification, and multi-locus
phylogenetics (a unique phylogenetic clade for a new species)—provides a replicable model to
accelerate microbial conservation efforts globally.

ACKNOWLEDGEMENTS

This study was supported by funding supplied by the National Natural Science Foundation of
China (Nos. 32370020, 32070009), the Science and Technology Development Program of Jilin
Province (No. 20250205020GH).

We wish to express our appreciation to the editor and the reviewers for their comments and
valuable reviews for this paper.

We also wish to express our appreciation to Shunhang Zhang, Jialing Jin, Yingkun Yang, and
Chao Zhai for collecting some of the soil samples; Lixin Ou for calculating all spore ratios
(length/width) of dictyostelids.

DECLARATION ON CONFLICT OF INTEREST
The authors have declared that no competing interests exist.

REFERENCES

Adl SM, Bass D, Lane CE, Lukes J et al. 2019 — Revisions to the classification, nomenclature, and
diversity of eukaryotes. Journal of Eukaryotic Microbiology 66, 4—119.

Aliyun. — DataV.GeoAtlas. https://datav.aliyun.com/portal/school/atlas/area selector#&lat=
31.769817845138945&1Ing=104.29901249999999&zoom=4 (Accessed on Mar 27, 2025)

Anisimova M, Gil M, Dufayard J-F, Dessimoz C et al. 2011 — Survey of branch support methods
demonstrates accuracy, power, and robustness of fast likelihood-based approximation
schemes. Systematic Biology 60(5), 685-699.

Baldauf SL. 2008 — An overview of the phylogeny and diversity of eukaryotes. Journal of
Systematics and Evolution 46(3), 263-273.

Banki O, Roskov Y, Doring M, Ower G et al. 2025 — Catalogue of Life (Version 2025-02-13).
Catalogue of Life, Amsterdam, Netherlands. http://www.catalogueoflife.org/ (Accessed on
Feb 23, 2025)

Boluda CG, Rico VI, Divakar PK, Nadyeina O et al. 2019 — Evaluating methodologies for species
delimitation: the mismatch between phenotypes and genotypes in lichenized fungi (Bryoria
sect. Implexae, Parmeliaceae). Persoonia 42, 75-100.

Cavender JC. 1970 — Dictyostelium dimigraformum, Dictyostelium laterosorum and Acytostelium
ellipticum: new Acrasieae from the American tropics. Journal of General Microbiology 62(1),
113-123.

Cavender JC. 1976 — Cellular slime molds of Southeast Asia. I. Description of new species.
American Journal of Botany 63(1), 60-70.

Cavender JC. 1978 — Cellular slime molds in tundra and forest soils of Alaska including a new
species, Dictyostelium septentrionalis. Canadian Journal of Botany 56, 1326-1332.

Cavender JC, Cavender-Bares J, Hohl HR. 1995 — Ecological distribution of cellular slime molds in
forest soils of Germany. Botanica Helvetica 105, 199-219.

Cavender JC, Cavender ND. 2013 — Butterfly Woods, The Wilds, an optimal habitat of
dictyostelidcellular slime molds in Ohio. Mycosphere 4(2), 282-290.

Cavender JC, Landolt JC, Suthers HB, Stephenson SL. 2012 — Dictyostelid cellular slime moulds
of Mexico. Mycosphere 3(3), 336-351.

Cavender JC, Raper KB. 1965 — The Acrasieae in nature. I. Isolation. American Journal of Botany
52(3), 294-296.

3251



Cavender JC, Raper KB, Norberg AM. 1979 — Dictyostelium aureo-stipes and Dictyostelium tenue:
new species of the Dictyosteliaceae. American Journal of Botany 66(2), 207-217.

Cavender JC, Stephenson SL, Landolt JC, Vadell EM. 2002 — Dictyostelid cellular slime moulds in
the forests of New Zealand. New Zealand Journal of Botany 40(2), 235-264.

Cavender JC, Vadell E, Landolt JC, Stephenson SL. 2005 — New species of small dictyostelids
from the Great Smoky Mountains National Park. Mycologia 97(2), 493-512.

Cavender JC, Vadell E, Landolt JC, Stephenson SL et al. 2018 — New dictyostelid cellular slime
molds from South Africa. Phytotaxa 383(3), 233-251.

Cavender JC, Vadell EM. 2006 — Cellular slime molds of Ohio, vol 16. Ohio Biological Survey
Bulletin New Series, Columbus, Ohio

Cavender JC, Vadell EM, Landolt JC, Winsett KE et al. 2013 — New small dictyostelids from
seasonal rainforests of Central America. Mycologia 105(3), 610—635.

Cavender JC, Vadell EM, Perrigo AL, Landolt JC et al. 2022 — Four new species of dictyostelids
from soil systems in northern Thailand. Journal of Fungi 8(6), 593.

Chittavichai T, Sathitnaitham S, Utthiya S, Prompichai W et al. 2025 — Limitations of 18S rDNA
sequence in species-level classification of dictyostelids. Microorganisms 13(2), 275.

Cocucci SM, Sussman M. 1970 — RNA in cytoplasmic and nuclear fractions of cellular slime mold
amebas. The Journal of Cell Biology 45, 399—407.

Costello MJ, May RM, Stork NE. 2013 — Can we name earth's species before they go extinct?
Science 339(6118), 413—-416.

Denys de Montfort P. 1801 — Histoire naturelle, générale et particuliére des mollusques, vol 2. A
Paris, de L'Imprimerie de F. Dufart. doi:10.5962/bhl.title.169285

Dunnington D. 2023 — ggspatial: spatial data framework for ggplot2. R package version 1.1.9.
https://CRAN.R-project.org/package=ggspatial (Accessed on Nov 15, 2024)

Enkhtur K, Brehm G, Boldgiv B, Pfeiffer M. 2021 — Alpha and beta diversity patterns of macro-
moths reveal a breakpoint along a latitudinal gradient in Mongolia. Scientific Reports 11(1),
15018.

Fontaneto D. 2011 — Biogeography of microscopic organisms: is everything small everywhere?
Cambridge University Press, United Kingdom

Foster JC. 2007 — NBS/ISCC Color System. https://web.archive.org/web/20121103030619/
http://tx4.us/nbs-iscc.htm (Accessed on Nov 15, 2024)

Gao Y, Zhang G, Jiang S, Liu Y-X. 2024 — Wekemo Bioincloud: A user-friendly platform for
meta-omics data analyses. iMeta 3(1), el175.

Geisen S, Mitchell EAD, Adl S, Bonkowski M et al. 2018 — Soil protists: a fertile frontier in soil
biology research. FEMS Microbiology Reviews 42(3), 293-323.

GenBank [Internet]. 1988 — Bethesda (MD): National Library of Medicine (US), National Center
for Biotechnology Information; [1988] — [cited 2025 Mar 27]. Available from:
https://ncbi.nlm.nih.gov/nucleotide/. (Accessed on Mar 27, 2025)

Hagiwara H. 1983a — The Acrasiales in Japan. VI. Bulletin of the National Science Museum,
Tokyo, Series B 9(2), 45-49.

Hagiwara H. 1983b — Four new species of dictyostelid cellular slime molds from Nepal. Bulletin of
the National Science Museum, Tokyo, Series B 9(4), 149—158.

Hagiwara H. 1984 — The Acrasiales in Japan. VII. Two new species Dictyostelium implicatum and
D. crassicaule. Bulletin of the National Science Museum, Tokyo, Series B 10(2), 63-71.
Hagiwara H. 1986 — The Acrasiales in Japan. IX. A new species of Dictyostelium with small spores.

Bulletin of the National Science Museum, Tokyo, Series B 12(3), 99—-105.

Hagiwara H. 1989 — The taxonomic study of Japanese dictyostelid cellular slime molds. National
Science Museum, Tokyo. doi:10.11501/12519356

Hagiwara H. 1996 — Dictyostelids in Japan. X. Two new species of Dictyostelium, D. pseudo-
brefeldianum and D. robustum. Bulletin of the National Science Museum, Series B Botany
22(2), 47-54.

3252



Hagiwara H, Yeh ZY, Chien CY. 1985 — Dictyostelium macrocephalum, a new dictyostelid cellular
slime mold from Taiwan. Bulletin of the National Science Museum, Tokyo, Series B 11,
103-108.

He XL, Li Y. 2008 — A new species of Dictyostelium. Mycotaxon 106, 379-383.

Hoang DT, Chernomor O, von Haeseler A, Minh BQ et al. 2018 — UFBoot2: improving the
ultrafast bootstrap approximation. Molecular Biology & Evolution 35(2), 518-522.

Hoang KC, Tseng M, Shu WIJ. 2007 — Degradation of polyethylene succinate (PES) by a new
thermophilic Microbispora strain. Biodegradation 18(3), 333-342.

TUCN. 2025 — The IUCN Red List of Threatened Species. Version 2024-2. https://iucnredlist.org/
(Accessed on Feb 23, 2025)

Kalyaanamoorthy S, Minh BQ, Wong TKF, von Haeseler A et al. 2017 — ModelFinder: fast model
selection for accurate phylogenetic estimates. Nature Methods 14(6), 587-589.

Kelly KL 1964 — Inter-Society Color Council-National Bureau of Standards Color Name Charts
[lustrated with Centroid Colors. U.S. Government Printing Office, Washington, DC

Kelly KL, Judd DB. 1976 — Color: universal language and dictionary of names. US Department of
Commerce, National Bureau of Standards, Washington, D.C.

Kirk PM, Cannon PF, Minter DW, Stalpers JA. 2008 — Dictionary of the Fungy. 10th edn. CAB
International, Cromwell Press, Trowbridge

Landolt JC, Cavender JC, Stephenson SL, Vadell EM. 2008 — New species of dictyostelid cellular
slime moulds from Australia. Australian Systematic Botany 21(1), 50—66.

Letunic I, Bork P. 2024 — Interactive Tree of Life (iTOL) v6: recent updates to the phylogenetic
tree display and annotation tool. Nucleic Acids Research 52(W1), W78—W82.

Liang LJ, Jeewon R, Dhandevi P, Durairajan SSK et al. 2020 — A Novel Species of Penicillium
With Inhibitory Effects Against Pyricularia oryzae and Fungal Pathogens Inducing Citrus
Diseases. Frontiers in Cellular and Infection Microbiology 10, 604504.

Liu D. 2024 — Train specialists to fight for biodiversity. Nature 633, 741.

Liu P, Li Y. 2017 — Dictyostelids from Jilin Province, China II. Phytotaxa 323(1), 077-082.

Liu P, Zhang S, Zou Y, Li Z et al. 2020 — Distribution and ecology of dictyostelids in China.
Fungal Biology Reviews 34(4), 170-177.

Liu P, Zhang ZJ, Ge JH, Zou Y et al. 2025 — Dictyostelids: The second major group of slime molds.
Mycosphere 16(1), 423-516.

Liu P, Zou Y, Hou J, Stephenson SL et al. 2019a — Dictyostelium purpureum var. pseudosessile, a
new variant of dictyostelid from tropical China. BMC Evolutionary Biology 19(1), 78.

Liu P, Zou Y, Li S, Stephenson SL et al. 2019b — Two new species of dictyostelid cellular slime
molds in high-elevation habitats on the Qinghai-Tibet Plateau, China. Scientific Reports 9(1),
5.

Liu P, Zou Y, Li W, Li Y et al. 2019c — Dictyostelid cellular slime molds from Christmas Island,
Indian Ocean. mSphere 4(2), e00133-00119.

Mehdiabadi NJ, Kronforst MR, Queller DC, Strassmann JE. 2009 — Phylogeny, reproductive
isolation and kin recognition in the social amoeba Dictyostelium purpureum. Evolution 63(2),
542-548.

Minh BQ, Schmidt HA, Chernomor O, Schrempf D et al. 2020 — IQ-TREE 2: New models and
efficient methods for phylogenetic inference in the genomic era. Molecular Biology and
Evolution 37(5), 1530-1534.

Nucleotide [Internet]. 1988 — Bethesda (MD): National Library of Medicine (US), National Center
for Biotechnology Information; [1988] — [cited 2025 Mar 27]. Available from:
https://ncbi.nlm.nih.gov/nucleotide/. (Accessed on Mar 27, 2025)

Olive EW. 1901 — A preliminary enumeration of the sorophorez. American Academy of Arts &
Sciences 37(12), 333-344.

Pawlowski J, Audic S, Adl S, Bass D et al. 2012 — CBOL protist working group: barcoding
eukaryotic richness beyond the animal, plant, and fungal kingdoms. PLoS Biology 10(11),
e1001419.

3253



Pebesma E. 2018 — Simple Features for R: Standardized Support for Spatial Vector Data. The R
Journal 10(1), 439-446.

Pebesma E, Bivand R. 2023 — Spatial Data Science: With Applications in R. Chapman and
Hall/CRC. doi:10.1201/9780429459016

Perrigo AL, Baldauf SL, Romeralo M. 2013 — Diversity of dictyostelid social amoebae in high
latitude habitats of Northern Sweden. Fungal Diversity 58(1), 185-198.

Perrigo AL, Vadell EM, Cavender JC, Landolt JC et al. 2020 — Additional new species suggest
high dictyostelid diversity on Madagascar. Mycologia 112(5), 1026—1042.

Pontoppidan E. 1755 — The natural history of Norway. London : Printed for A. Linde, Bookfeller to
Her Royal Highness the Princess Dowager of WALES, in Catherine-Street in the Strand.
doi:10.5962/bhl. title.64789

Prosekov A, Vesnina A, Atuchin V, Kuznetsov A. 2022 — Robust algorithms for drone-assisted
monitoring of big animals in harsh conditions of Siberian Winter Forests: recovery of
European elk (4lces alces) in Salair Mountains. Animals 12(12), 1483.

Raper KB. 1935 — Dictyostelium discoideum, a new species of slime mold from decaying forest
leaves. Journal of Agricultural Research 50(2), 135-147.

Raper KB. 1941 — Dictyostelium minutum, a second new species of slime mold from decaying
forest leaves. Mycologia 33(6), 633—649.

Raper KB. 1984 — The dictyostelids. Princeton University Press, Princeton.
Doi 10.1515/9781400856565

Raper KB, Fennell DI. 1967 — The crampon-based Dictyostelia. American Journal of Botany 54(5),
515-528.

Robert V, Stegehuis G, Stalpers J. 2005 — The MycoBank engine and related databases.
https://MycoBank.org/ (Accessed on Mar 27, 2025)

Rodriguez JP, Keith DA, Rodriguez-Clark KM, Murray NJ et al. 2015 — A practical guide to the
application of the IUCN Red List of Ecosystems criteria. Philosophical Transactions of the
Royal Society B: Biological Sciences 370(1662), 20140003.

Rollins AW, Landolt JC, Stephenson SL. 2010 — Dictyostelid cellular slime molds associated with
grasslands of the central and western United States. Mycologia 102(5), 996—-1003.

Romeralo M, Baldauf SL, Cavender JC. 2009 — A new species of cellular slime mold from southern
Portugal based on morphology, ITS and SSU sequences. Mycologia 101(2), 269-274.

Romeralo M, Fiz-Palacios O, Lado C, Cavender JC. 2007 — A new concept for Dictyostelium
sphaerocephalum based on morphology and phylogenetic analysis of nuclear ribosomal
internal transcribed spacer region sequences. Canadian Journal of Botany 85(1), 104—110.

Romeralo M, Lado C. 2006 — Dictyostelids from Mediterranean forests of the south of Europe.
Mycological Progress 5(4), 231-241.

Romeralo M, Lado C. 2008 — The biodiversity of dictyostelids in a Spanish Biosphere Reserve.
Nova Hedwigia 87(1-2), 247-259.

Sathe S, Kaushik S, Lalremruata A, Aggarwal RK et al. 2010 — Genetic heterogeneity in wild
isolates of cellular slime mold social groups. Microbial Ecology 60(1), 137-148.

Seephueak P, Petcharat V. 2014 — The biodiversity of dictyostelid cellular slime molds in rubber
tree leaf litter in Southern Thailand. Mycosphere 5(6), 805-813.

Sheikh S, Thulin M, Cavender JC, Escalante R et al. 2018 — A new classification of the
dictyostelids. Protist 169(1), 1-28.

Stephenson SL, Landolt JC. 2011 — Dictyostelids from aerial “canopy soil” microhabitats. Fungal
Ecology 4(3), 191-195.

Stephenson SL, Landolt JC, Laursen GA. 1997 — Dictyostelid cellular slime molds from western
Alaska, U.S.A., and the Russian Far East. Arctic and Alpine Research 29(2), 222-225.

Stephenson SL, Landolt JC, Moore DL. 1999 — Protostelids, dictyostelids, and myxomycetes in the
litter microhabitat of the Luquillo Experimental Forest, Puerto Rico. Mycological Research
103(2), 209-214.

3254



Swanson AR, Vadell EM, Cavender JC. 1999 — Global distribution of forest soil dictyostelids.
Journal of Biogeography 26(1), 133—-148.

Tan LT, Ser HL, Yin WF, Chan KG et al. 2015 — Investigation of Antioxidative and Anticancer
Potentials of Streptomyces sp. MUM?256 Isolated from Malaysia Mangrove Soil. Frontiers in
Microbiology 6, 1316.

Traub F, Hohl HR, Cavender JC. 1981a — Cellular slime molds of Switzerland. I. Description of
new species. American Journal of Botany 68(2), 162—171.

Traub F, Hohl HR, Cavender JC. 1981b — Cellular slime molds of Switzerland. II. Distribution in
forest soils. American Journal of Botany 68(2), 172—182.

Vadell E, Cavender JC, Landolt JC, Perrigo AL et al. 2018 — Five new species of dictyostelid social
amoebae (Amoebozoa) from Thailand. BMC Evolutionary Biology 18(1), 198.

Vadell EM, Cavender JC. 2007 — Dictyostelids living in the soils of the Atlantic Forest, Iguazu
region, Misiones, Argentina: description of new species. Mycologia 99(1), 112—124.

Vadell EM, Cavender JC. 2018 — Polysphondylium from forest soils of Tikal, Guatemala.
Mycologia 90(4), 715-725.

Vadell EM, Cavender JC, Romeralo M, Edwards SM et al. 2011 — New species of dictyostelids
from Patagonia and Tierra del Fuego, Argentina. Mycologia 103(1), 101-117.

Wang J, Buyck B, Wang X-H, Bau T. 2019 — Visiting Russula (Russulaceae, Russulales) with
samples from southwestern China finds one new subsection of R. subg. Heterophyllidia with
two new species. Mycological Progress 18(6), 771-784.

Wang J, Gao H, Liu DM, Deng CY et al. 2023 — A new species of Arrhenia (Agaricales,
Hygrophoraceae) from Guizhou Province, China. Turkish Journal of Botany 47(2), 190-195.

Wang Y, Ma YH, Wu G, Yang XY et al. 2024 — Polyphasic taxonomy clarifies the relationships
between Butyriboletus and Exsudoporus, and new taxa and reports of Boletaceae from China.
Mycosphere 15(1), 881-953.

Wang Z, Wang S, Nie J, Wang Y et al. 2017 — Assessment of polycyclic aromatic hydrocarbons in
indoor dust from varying categories of rooms in Changchun city, northeast China.
Environmental Geochemistry and Health 39(1), 15-27.

Wekemo. — Wekemo Bioincloud. https://bioincloud.tech/ (Accessed on Mar 27, 2025)

Wickham H. 2016 — ggplot2: elegant graphics for data analysis. second edn. Springer-Verlag New
York. Doi 10.1007/978-3-319-24277-4

Wickham H, Averick M, Bryan J, Chang W et al. 2019 — Welcome to the tidyverse. Journal of
Open Source Software 4(42), 1686.

Wijayawardene NN, Hyde KD, Al-Ani LKT, Tedersoo L et al. 2020 — Outline of Fungi and
fungus-like taxa. Mycosphere 11(1), 1060—-1456.

Yulo PRJ, dela Cruz TEE. 2012 — Diversity and distribution of cellular slime molds (dictyostelids)
in Lubang Island, Occidental Mindoro, Philippines. Mycology 3(3), 188—194.

Zhang Z, He L, Sun Y, Li Z et al. 2024a — New species and records expand the checklist of cellular
slime molds (dictyostelids) in Jilin Province, China. Journal of Fungi 10(12),

Zhang Z, Li M, Zhang S, Qin Y et al. 2024b — Diversity of Cellular Slime Molds (Dictyostelids) in
the Fanjing Mountain Nature Reserve and Geographical Distribution Comparisons with Other
Representative Nature Reserves in Different Climate Zones of China. Microorganisms 12(6),

Zhang Z, Yang Y, Du Y, Zou Y et al. 2025 — The community diversity and metabolic function of
symbiont bacteria associated with soil amoebae (dictyostelids) in free-living habitats. Applied
Soil Ecology 206,

Zhang Z, Yang Y, Zhao Y, Li Y et al. 2023a — Environmental factors influencing the diversity and
distribution of dictyostelid cellular slime molds in forest and farmland soils of western China.
Microbiology Spectrum 11(6), e0173223.

Zhang Z, Yang Y, Zou Y, Dilida Y et al. 2023b — Cultivable symbiotic actinomycetes of
dictyostelid cellular slime molds in different regions. Journal of Fungal Research 21(1/2/3),
131-142 (in Chinese).

3255



Zhu H, Guo SN, Xue Q, Li Z et al. 2021 — Dictyostelids from Jilin Province, China, 4. Mycotaxon

136(2), 445—449.
Zou Y, Hou J, Guo S, Li C et al. 2022 — Diversity of dictyostelid cellular slime

molds, including two species new to science, in forest soils of Changbai
Mountain, China. Microbiology Spectrum 10(5), €02402—0242

Supplementary data related to this article can be accessed via Zenodo at the following link:
DOI: 10.5281/zenodo.17539224

3256


https://doi.org/10.5281/zenodo.17539224

