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Abstract

Karst habitats are hotspots of diversity and endemism. Their naturally fragmented 
distributions across broad geographic landscapes have led to a complex array of 
smaller evolutionary ecosystems. Comprehensive biodiversity assessments of karst 
habitats have revealed that these ecosystems contain a high level of endemism. 
During a survey of cordycipitoid fungi in the karst region of southwest Guizhou, 
China, we identified and proposed two new species, based on morphology and 
multi-locus (nrSSU, nrLSU, tef, rpb1, and rpb2) phylogenetic analyses. O. cystidiata 
sp. nov. is characterized by gray-white to yellow fertile part, verrucose phialides, 
and conidia enveloped in a cystic thickened mucus sheath, distinguishing it from 
other species. O. sinocampes sp. nov. is distinguished by long tapering phialides 
with inflated bases. Phylogenetic analyses using five loci reveal that O. cystidiata 
shares a close relationship with O. fenggangensis, O. musicaudata, O. alboperithecia-
ta, and Hirsutella kuankuoshuiensis, while O. sinocampes is closely related to O. mul-
tiperitheciata and H. strigosa. Herein, we completed the descriptions, illustrations 
and molecular phylogeny of these two new species. The host diversity of O. sino-
campes has also been documented within the orders Lepidoptera and Coccoidea. 
Our research further enriches the diversity of cordycipitoid species in the typical 
karst landform areas of Guizhou, China.

Key words: Cordycipitoid fungi, invalidation, karst landform, nomenclature, phylogeny

Introduction

Karst landform encompasses surface and subterranean features that are 
shaped by the action of water on soluble rocks. Karst topography represents 
distinctive geological formations characterized by caves, sinkholes, and 
other notable features. These environments harbor diverse landforms and 
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microclimates that foster rich biological diversity. Karst habitats are hotspots 
of diversity and endemism due to their distinct ecological niches, which allow 
for the diversification of a wide variety of species (Clements et al. 2006; Gris-
mer et al. 2021). Numerous research expeditions of karst landforms have un-
covered new species with localized distributions (Tian and Huang 2015; Huang 
et al. 2019; Agung et al. 2021; Qu et al. 2021), identifying karsts as hotspots of 
endemism and biodiversity and priorities for conservation.

Guizhou, referred to as the “Karst Province of China” and “the Karst Museum”, 
has an extensive karst area of 128,000 km2, accounting for 73% of its total land 
area. This makes it the largest karst region in China, with diverse landscapes 
including peak forests, stone forests, canyons, valleys, enigmatic caves, and 
vast sinkholes (Li 2011). The karst landscapes of Guizhou exhibit remarkable 
diversity, featuring peak forests, stone forests, unique canyons, blind valleys, 
enigmatic caves, and vast sinkholes.

The genus Ophiocordyceps was established by Petch (1931) to classi-
fy the species with non-disarticulating ascospores and clavate asci with 
thickened apices. Most species in Ophiocordyceps possess firm, darkly pig-
mented stromata or subiculum, especially those with Hirsutella Pat. asexual 
morphs. Conversely, some species exhibit brightly or palely colored stro-
mata associated with Hymenostilbe Petch and Paraisaria Samson & Brady 
asexual morphs (Mongkolsamrit et al. 2019). The stromata are generally 
tough, wiry, fibrous, or pliant. The perithecia, which can be superficial or 
completely immersed, are typically arranged obliquely or in an ordinal fash-
ion. Ascospores in this genus are typically cylindrical and multiseptated, 
disarticulating into part-spores or remaining whole upon discharge (Sung et 
al. 2007; Xiao et al. 2023). Species of Ophiocordyceps are distributed world-
wide across various forest ecosystems, including tropical and subtropical 
regions (Petch 1937; Kobayasi 1941; Tzean et al. 1997; Chen et al. 2013; 
Ban et al. 2014; Sanjuan et al. 2015; Luangsa-ard et al. 2018; Araújo et al. 
2018; Mongkolsamrit et al. 2019; Zha et al. 2021). Notable species with 
widespread distribution include O. nutans (Friedrich et al. 2018). Among the 
most prominent species in this genus is O. sinensis, a well-known tradition-
al Chinese medicine found exclusively in alpine environments of the Qing-
hai-Tibet Plateau (Dai et al. 2020). Another notable group within the genus, 
O. unilateralis s.l., is famous for its ability to manipulate ants, turning them 
into “zombie ants” that facilitate the spread of spores (Evans et al. 2011). 
Recently, a newly discovered species, O. megala, was identified, notable for 
being the largest cordycipitoid fungus with a single specimen weighing 28 
g, a hundred times heavier than typical O. sinensis (Dai et al. 2024).

In this study, we undertook a comprehensive survey of cordycipitoid fungi 
within the Xingyi karst landform area, spanning the Baishi Mountains, Mal-
inghe Valley, and Wanfeng Forests. A total of 55 specimens were collected. 
One species infecting lepidopteran larvae in the Baishi Mountains was iden-
tified as O. cystidiata. Another specimen, parasitizing Coccoidea sp. from 
the Malinghe Valley, was validated and reclassified it as O. sinocampes. 
Morphological, microstructural, and multi-gene phylogenetic analyses were 
conducted to compare the new species with closely related taxa for classi-
fication and descriptions.
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Materials and methods

Specimen collection

Specimens were collected from three karst landform areas in Xingyi City, 
Guizhou Province, China: (1) Baishi Mountains, Baiwanyao Village (25°4'12"N, 
99°10'12"E), (2) Malinghe Valley (25°8'24"N, 104°57'36"E), and (3) Wanfeng 
Forests (24°59'24"N, 104°58'12"E).

Fungal isolation and culture

Upon collection, specimens underwent surface sterilization with 75% ethanol 
for 1–3 min, followed by rinsing with sterile water. The internal sclerotia were 
isolated and cultured on potato dextrose agar (PDA) at 20 °C under dark condi-
tions. All isolated strains were deposited at the Institute of Fungal Resources 
Collection, Guizhou University (GZAC), China.

Microscopic morphological structure observation

Specimens collected in the field were analyzed and photographed using an 
Olympus SZ61 stereomicroscope. Fruiting bodies were sectioned and exam-
ined under a Leica S9E stereomicroscope. Sections of the fertile head were 
mounted on glass slides with a drop of lactic acid and lactophenol cotton 
blue, covered with a cover slip, and observed and photographed under a Leica 
DM2500 compound microscope for detailed measurements of perithecia, asci, 
peridium, apical cap, ascospores, and secondary ascospores.

The slant cultures were transferred to new PDA plates and incubated at 20 
°C for three weeks for colony morphological observations. Circular agar blocks 
approximately 5 mm in diameter were extracted from a colony and transferred 
to fresh PDA plates for further colony morphological observations.

For the morphological description, microscope slide cultures were prepared 
by placing small pieces of mycelia on 5-mm diameter PDA medium blocks, 
which were then overlaid with a cover slip. Micro-morphological observations 
and measurements, including those of hyphae, phialides, and conidia, were 
conducted using an Olympus CX40 microscope.

Scanning electron microscope observations

Electron microscopy was performed as previously described by Qu et al. (2021). For 
scanning electron microscopy (SEM) observations, 1-cm-wide agar blocks with hy-
phae were excised from PDA cultures. Samples were fixed with 4% glutaraldehyde 
overnight at 4 °C, washed thrice with phosphate buffer solution (PBS) (137 mM 
NaCl, 2.7 mM KCl, 8.1 mM Na2HPO4, and 1.5 mM KH2PO4; pH 7.4), each time for 10 
min. Next, the fixed hyphae and conidia underwent dehydration using a series of al-
cohol concentrations (50%, 70%, 90%, and 100% alcohol), each step lasting 10 min.

Subsequently, the samples were dehydrated with supercritical carbon diox-
ide. The gold coating was then applied to the samples prior to examination. Co-
nidia and mucilage were visualized and photographed using a Hitachi S-3400N 
scanning electron microscope (Japan).
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DNA extraction, polymerase chain reaction amplification, and 
sequencing

Genomic DNA from both the fungus and its host was extracted using a Fungi 
DNA isolation Kit following the manufacturer’s instructions (Transgen Bio-Tek, 
USA). DNA was extracted from the stroma and the surface of sclerotium sec-
tions, respectively. Additionally, genomic DNA was extracted from fungal pure 
cultures using 0.05–0.1 g of axenic mycelia. The concentration of the obtained 
genomic DNA was larger than 20 ng/μL, and this DNA was used as a template 
for polymerase chain reaction (PCR) amplification of target DNA fragments.

Six nuclear loci of the fungus were targeted for amplification and sequencing, 
namely the internal transcribed spacer (ITS), the small and large subunit ribo-
somal RNA (nrSSU and nrLSU, respectively), the transcription elongation factor-1 
alpha (tef), and the largest and second largest subunits of RNA polymerase ІІ 
(rpb1 and rpb2, respectively). The PCR assays followed protocols described by 
Qu et al. (2021) and Peng et al. (2024). Detailed information regarding the prim-
ers used was provided in Suppl. material 1. PCR products were subsequently se-
quenced using an ABI3700 automatic sequence analyzer (Sangong, Shanghai).

Phylogenetic analysis

For the construction of a phylogenetic tree encompassing the potential new Ophio-
cordyceps species, representative taxa were selected based on five loci: nrSSU, nrL-
SU, tef, rpb1, and rpb2. These taxa were selected from previous studies within the 
genus Ophiocordyceps (Sung et al. 2007; Ban et al. 2014; Quandt et al. 2014; San-
juan et al. 2015; Simmons et al. 2015; Luangsa-ard et al. 2018; Mongkolsamrit et al. 
2019; Fan et al. 2021; Qu et al. 2021; Peng et al. 2024) (Table 1). Sequences for each 
locus were retrieved from GenBank using their respective accession numbers. We 
combined the published data with our newly generated sequences from the pres-
ent study to establish a five-locus dataset. This dataset comprised a total of 212 
taxa, encompassing sequence data from nrSSU, nrLSU, tef, rpb1, and rpb2, aimed at 
capturing the diversity within Ophiocordyceps (Table 1). As outgroups, Drechmeria 
coniospora and Haptocillium sinense were selected based on Kepler et al. (2014).

The alignment of nrSSU and nrLSU sequences was performed using MAFFT 
(Katoh et al. 2002) with default settings. For the exon regions of tef, rpb1, and rpb2, 
alignment was conducted using codon models. The total alignment lengths for the 
five loci were as follows: 1060 bp for nrSSU; 968 bp for nrLSU; 936 bp for tef; 555 
bp for rpb1 and 936 bp for rpb2, resulting in a combined dataset length of 4455 bp. 
All five loci were integrated into a unified dataset, which was further partitioned into 
11 distinct segments for analysis. This partitioning included one segment each for 
nrSSU and nrLSU, along with nine additional segments corresponding to the three 
codon positions within the protein-coding genes tef, rpb1, and rpb2.

The optimal partitioning scheme and evolutionary models for the 11 predefined 
partitions were determined using PartitionFinder2 (Lanfear et al. 2016), employ-
ing a greedy algorithm and the Akaike information criterion. The analysis yielded 
the following 10 partitions with their respective best-fit models: Partition 1—nrSSU: 
TRNEF+I+G, Partition 2—nrLSU, Partitions 3–5—tef codon1, codon 2 and codon 3: 
GTR+I+G, Partition 6—rpb1 codon1, rpb2 codon1: TVM+I+G; Partitions 7–9 —rpb1 co-
don2, codon3 and rpb2 codon2: GTR+I+G, and Partition 10— rpb2 codon3: TIM+I+G.
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The maximum likelihood phylogenetic tree was constructed using IQ-TREE 
(Nguyen et al. 2015) with 1000 ultrafast bootstrap replicates (Minh et al. 2013). 
The Shimodaira–Hasegawa-like approximate likelihood ratio test was em-
ployed to assess branch support (Guindon et al. 2010). The entire phylogenetic 
analysis was performed using PhyloSuite v1.2.2 (Zhang et al. 2020).

The Bayesian inference phylogenetic tree was constructed using MrBayes 
3.2.6 (Ronquist et al. 2012) with a partition model. The analysis involved running 
two parallel Markov Chain Monte Carlo (MCMC) runs for 50,000,000 generations. 
The substitution model settings (lset) used the general time reversible model (nst 
= 6) and a gamma distribution of rate variation across sites (rates = invgamma), 
which was applied uniformly across all 10 partitions. To ensure the robustness 
of the phylogenetic inference, the initial 25% of sampled data were discarded as 
burn-in. The convergence of MCMC chains was monitored throughout the analy-
sis, and the operation was stopped when the average standard deviation of split 
frequencies fell below 0.01, indicating convergence. Due to the extensive data-
set and the time-consuming process, we employed the CIPRES Science Gateway 
(https://www.phylo.org/portal2/) to conduct the Bayesian phylogenetic analysis. 
The consensus tree was visualized and analyzed for tree topology and branch 
support using FigTree v.1.6 (http://tree.bio.ed.ac.uk/software/figtree/). While ITS 
sequences were not used to build the phylogenetic tree, they helped distinguish 
the relationships between the two novel taxa and closely related species.

Results

Phylogenetic analysis

A total of 213 taxa were classified into five well-supported clades within Ophio-
cordyceps based on the combined five-locus dataset (nrSSU, nrLSU, tef, rpb1, 
and rpb2) using maximum likelihood (ML) and Bayesian inference (BI) analyses. 
These clades were designated here as the Hirsutella-like A clade (BI = 0.999), 
Hirsutella-like B clade (BI = 1.00), O. nutans clade (BI = 1.00), and O. ravenelii 
clade (BI = 0.859) (Fig. 1). O. sinocampes was found to belong to the Hirsutel-
la-like A clade, clustering within the H. strigosa sub-clade. It was identified as 
a sister species to O. multiperitheciata. The separate clade with high support 
values highlighted the distinctiveness of O. sinocampes from its closely related 
species. Similarly, O. cystidiata was positioned within the Hirsutella-like B clade, 
specifically clustering into the H. gigantea sub-clade. It was found to be a sister 
species to O. fenggangensis, O. musicaudata, O. alboperitheciata, and H. kuan-
kuoshuiensis. The distinct clade formed by O. cystidiata with high support val-
ues underscores its differentiation from other species within the sub-clade.

Taxonomy

Ophiocordyceps sinocampes X. Zou, Zhong S. Xu & J.J. Qu, sp. nov.
MycoBank No: 854597
Fig. 2

Synonym. Hirsutella campes nom. invalid. X. Zou, J.J. Qu, Y.F. Han & Z.Q. Liang, 
Journal of Mountain Agriculture and Biology 40(6): 1–12, 2021 (in Chinese).

https://www.phylo.org/portal2/
http://tree.bio.ed.ac.uk/software/figtree/
https://www.mycobank.org/MB/854597
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Figure 1. The phylogeny of Ophiocordyceps with emphasis on O. sinocampes, O. cystidiata and their related species 
based on 5-locus (nrSSU, nrLSU, tef, rpb1, and rpb2) datasets.
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Etymology. The name sinocampes was derived from “sino,” referring to Chi-
na, and “campes,” referring to the host in Latin, meaning caterpillar.

Holotype. GZUIFR-2010MC(Fig. 2a), China • Guizhou Province: Kuankuoshui 
National Nature Reserve (28°6'36"N, 107°2'24"E). The specimen was found on 
the larva of Lepidoptera buried in soil, collected in July 2010 by X. Zou (ex-holo-
type: GZUIFR-2010MC-1) (The GenBank accession number of ITS: PQ765882; 
nrLSU: PQ766190; tef: PQ787212; rpb2: PQ787213).

Host. The larvae of Lepidoptera.
Description. Stromata: Single, clavate, solid, lignified, yellow-brown, arising 

from the head of the host, 120–150 × 0.5–1.0 mm. Fertile part: Cylindrical, yel-
lowish, about 5 cm long. Perithecia: Superficial, ovoid, 320–350 × 260–300 μm. 
Asci: Cylindrical, hyaline, 8-spored, 130–210 × 4–6 μm, with the apex thick-
ened to form a hemispherical ascus cap that is, measuring 5–5.5 × 3.2–4.0 μm. 
Ascospores: Filiform, hyaline, irregular, multi-septate, disarticulating into sec-
ondary ascospores, 4.5–11 × 1.5–2.0 µm.

Asexual morph: Hirsutella-like.
Colonies: The colony reaches 13–18 mm in diameter after two weeks on 

PDA at 22 °C, appearing round with irregular swellings. The edge of the colony 
is fluffy, with a slight yellow protrusion in the middle and dark brown pigment 
secreted on the back, measuring approximately 10–15 mm in diameter. Hy-
phae: Hyaline, smooth-walled, septate, branched, 1.8–3.6 μm wide. Conidiog-
enous cells: Monophialidic, hyaline, smooth-walled, subulate, growing directly 
or laterally from hyphae, tapering gradually into a slender neck (21.6–38.4 µm 
long). The base width measures 2.4–4.8 µm, and the neck width measures 
0.9–1.5 µm. Conidia: Hyaline, smooth, arising solitarily from the apex of conid-
iogenous cells, oval or orange-like shape, often enveloped in a mucous sheath, 
usually single, rarely aggregated in pairs or triplets (6–8.4 × 2.9–4.3 µm).

Distribution. China, Guizhou Province: Zunyi and Xingyi City.
Additional specimens examined. GZUIFR-2022MLH-H1 (Fig. 2l), and its 

pure culture GZUIFR-2022MLH-H1C, China. Guizhou Province: Malinghe Valley, 
Xingyi City (25°8'24"N, 104°57'36"E; altitude, 1068 m). These specimens were 
found on a larva of Coccoidea in soil, collected in July 2022 by Xiao Zou, Jiao-
jiao Qu, and Zhongshun Xu.

Notes. The basionym of O. sinocampes is H. campes, which was initially doc-
umented in the Journal of Mountain Agriculture and Biology (in Chinese) in 
2021(Table 2). Notably, the taxonomic validity of H. campes is compromised 
due to its description being solely in Chinese, which does not meet the requisite 
standards set forth by the International Code of Nomenclature for algae, fungi, 
and plants (ICN). According to the ICN, the descriptions of new species must 
be provided in English or Latin (McNeill et al. 2012).

Furthermore, based on the priority under ICN, the genus Hirsutella has been con-
sidered as a synonym of the genus Ophiocordyceps (Quandt et al. 2014). Through 
morphological and five-gene phylogenetic analyses, it is more appropriate to as-
sign this species to Ophiocordyceps. Since the name O. campes was already used 
by Tasanathai et al. (2020), we renamed our species as O. sinocampes.

In this study, we described the sexual stage, completing the species’ sexual 
and asexual stage descriptions. Additionally, a new specimen of this species 
was reported in the karst landform area— Malinghe Valley, Xingyi, enhancing 
our understanding of the species’ hosts and habitats.

http://www.ncbi.nlm.nih.gov/nuccore/PQ765882
http://www.ncbi.nlm.nih.gov/nuccore/PQ766190
http://www.ncbi.nlm.nih.gov/nuccore/PQ787212
http://www.ncbi.nlm.nih.gov/nuccore/PQ787213
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O. sinocampes is closely related to O. multiperitheciata Tasan., Thanakitp., 
Khons. & Luangsa-ard (Luangsa-ard et al. 2018) and H. strigosa (Petch 1939). Mor-
phologically, O. sinocampes is similar to H. strigosa due to the long and base-in-
flated phialides, but it differs in having tapering phialides of O. sinocampes.

Ophiocordyceps cystidiata X. Zou, Zhong S. Xu & Y.D. Dai, sp. nov.
MycoBank No: 854598
Fig. 3

Etymology. Cystidiata refers to the saccate mucous sheath that envelopes 
the conidium.

Holotype. GZUIFR-2023XY-OA5 (Fig. 3b), China • Guizhou Province: Baishi 
Mountains, Baiwanyao Village, Xingyi City (25°4'12"N, 99°10'12"E; altitude, 1720 
m). These specimens were found on a larva of Hepialidae, buried in soil, collect-
ed in July 2023 by Zhongshun Xu, Binghui Zhou, Yongdong Dai, Huiling Tian, and 
Xiao Zou (ex-holotype: GZUIFR-2023XY-OA5C). (The GenBank accession num-
bers: nrSSU, PQ497594; nrLSU, PQ497634; rpb1, PQ516632; rpb2, PQ516636).

Host. The larvae of Hepialidae (Lepidoptera).
Description. Stromata: Arising from the head the host, lignified, solitary, rare-

ly branched, brown to yellow-brown, 60–146 mm long. Fertile part: Cylindrical, 
yellowish, without a sterile tip, surface spinous due to protruding ostioles, up to 
18 × (0.8-) 1.44 mm.

Perithecia: Immersed, ovoid to oblong-ovate, 355–434 × 178–220 μm. Asci: Cy-
lindrical, hyaline, eight-spored ascus, 133–224 × 5–7 μm, apex thickened to form 
an ascus cap, hemispherical, 4.7–5.6 × 3.6–4.0 μm. Ascospores: Filiform, hyaline, 
irregular, multi-septate, non-disarticulating, 13.2–25.2 × 1.5–2.6 μm, with septa.

Figure 2. Morphological characteristics of O. sinocampes a–i morphological and micromorphological characteristics of 
specimen GZUIFR-2010MC c perithecia d–i ascus and ascospore j–t morphological characteristics of specimen GZUI-
FR-2022MLH-H1 and its pure culture GZUIFR-2022MLH-H1C j–l wild morph m, n fungus in culture o–t phialides and 
conidia. Scale bars:  150 μm (c); 50 μm (d); 30 μm (e–i); 15 μm (o–s); 5 μm (t, u).

https://www.mycobank.org/MB/854598
http://www.ncbi.nlm.nih.gov/nuccore/PQ497594
http://www.ncbi.nlm.nih.gov/nuccore/PQ497634
http://www.ncbi.nlm.nih.gov/nuccore/PQ516632
http://www.ncbi.nlm.nih.gov/nuccore/PQ516636
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Asexual morph: Hirsutella-like
Colonies: On PDA, reaching 13–16 mm in diameter after two weeks at 20 °C, 

round, irregularly swollen, initially light yellow, gradually changing color with an out-
er layer of white, an inner layer of rose red, and a central white protrusion. The back 
of the colony is rose red. Hyphae: The basal hyphae are hyaline, smooth-walled, and 
septate; the apical hyphae are verrucose (2.5–3.3 μm wide). Conidiogenous cells: 
Growing from verrucose apical hyphae, monophialidic, 22–56 µm long. The base 
is cylindrical, with an inflated structure near the bottom, tapering gradually into a 
slender neck. The base width measures 2.4–3.3 µm, and the neck width measures 
0.9–1.4 µm. Conidia: Arising solitarily from the apex of conidiogenous cells, fusi-
form or orange-like shape, usually solitary, hyaline, smooth-walled, measuring 10–
12 × 2.5–3.2 µm, often enveloped in a hyaline mucous sheath (1.5–3.0 µm thick).

Distribution and habitat. The karst-landform forest of Xingyi City, Guizhou 
Province, China.

Additional specimens examined. GZUIFR-2023XY-OA2, 3, 6, 7, 8, 9, 10, 11 
(Fig. 3f). Location: China. Guizhou Province: Baishi Mountains, Baiwanyao Vil-
lage, Xingyi City (25°4'12"N, 99°10'12"E; altitude: 1710–1730 m). These spec-
imens were found on a larva of Hepialidae sp. buried in soil, collected in July 
2023 by Zhongshun Xu, Binghui Zhou, Yong-dong Dai, Huiling Tian, and Xiao Zou.

Notes. O. cystidiata is closely related to O. fenggangensis (Peng et al. 2024), 
O. musicaudata (Peng et al. 2024), O. alboperitheciata (Fan et al. 2021), and H. kuan-
kuoshuiensis (Qu et al. 2021). Morphologically, O. cystidiata is similar to O. fenggan-
gensis and O. musicaudata in the shape of the stromata, fertile part, and perithecia 
but it differs by its inconspicuous separate ascospores (Table 3). It also resembles 
H. kuankuoshuiensis in asexual morphology but differs in having phialides with a 
verrucose apex and conidia enveloped by a thickened mucous sheath.

Figure 3. The morphological and micromorphological characteristics of O. cystidiata a wild environment of O. cystidiata 
b–f Wild morph g host h, i superficial perithecia j, k, r–u ascus and ascospore i colony m–q phialide and conidium. Scale 
bars: 1 cm (g); 1 mm (h); 100 μm (i–j); 20 μm (k, r–u); 5 μm (m–q).
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Discussion

Ophiocordyceps sinocampes was originally discovered on a caterpillar in the 
Kuankuoshui National Nature Reserve, a non-karst landform area in Guizhou. 
In this study, we present a new specimen parasitizing Coccoidea sp. (Hemip-
tera), a typical karst landform environment. Despite significant differences in 
host and ecological habitat, no distinguishing differences were observed in the 
asexual morph. Furthermore, the specimens were identical in their ITS, nrLSU, 
and tef sequences. The initial discrepancy in the nrLSU sequence (GenBank No. 
MF623040) was attributed to machine misreading. The only two mutations pre-
sented in the rpb2 gene are synonymous: site 369 (TTG/TTA) [Leu] and site 564 
(GTT/GTC) [Val] (Suppl. material 2). Based on the morphological indistinction 
and the highly consistent sequences across multiple loci, the evidence strongly 
supports that both specimens belong to the same species-O. sinocampes, un-
derscoring the importance of molecular data in species identification.

Moreover, host jumping is also widely discovered in cordycipitiod fungi, such 
as Beauveria, Metarhizium and ant-infecting Ophiocordyceps (Pu et al. 2013; 
Lin et al. 2020; Patil et al. 2021). The discovery of the host transboundary of O. 
sinocampes provides further evidence of this phenomenon in Ophiocordyceps 
species. However, considering the differences in hosts, it is necessary to con-
duct omics analyses of the two strains in the future.

O. cystidiata is a recently identified species found in the Xingyi karst land-
form area. It is characterized by its gray-white to yellow fertile part, verru-
cose phialides, and conidia enveloped in a cystic mucous sheath. Among 
Ophiocordyceps species with Hirsutella-like characteristics and mucous 
sheaths outside the conidia, notable examples include H. shennongjiaensis 
(Zou et al. 2016a), H. liboensis (Zou et al. 2010), H. nodulosa, H. tortricicola 
(Zou et al. 2016b), and H. kuankuoshuiensis (Qu et al. 2021). However, the 
mucous sheath of O. cystidiata is thicker and darker, giving its entire struc-
ture the appearance of a typical lantern.

Karst landform areas represent a distinct geological feature and habitat 
type, making the investigation of cordycipitoid fungus biodiversity in these re-
gions highly significant. Zhu et al. (2004) summarized 45 cordycipitoid species 
found in the karst areas of Guizhou, Yunnan, and Guangxi, highlighting the rich-
ness of resources in these landscapes. Chen et al. (2022) conducted a study 
in the Monkey-Ear Tiankeng karst region (Kaiyang, Guizhou Province), report-
ing 15 species, including 8 new Cordyceps-like fungi, which further illustrated 
the abundance of cordycipitoid fungi in the Karst Tiankeng. Our present study 
surveyed cordycipitoid resources in the typical karst landform areas of Xingyi, 
resulting in the identification of two new species. Karst ecosystems are more 
fragile than other ecosystems, with low stability and high vulnerability to distur-
bance. Consequently, conservation is crucial to safeguard the biodiversity and 
ecological functions of karst environments.
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