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Abstract
Octospora tucumanensis, a new bryophilous ascomycete infecting rhizoids of the pleurocarpous moss Dimerodontium bal-
ansae (Fabroniaceae), is described and illustrated based on collections from Argentina. The new species has a unique set 
of morphological characters and is phylogenetically supported. Morphologically, O. tucumanensis is characterized by the 
globose to subglobose ascospores ornamented with warts of variable size and shape. Differences from other morphologically 
similar species of Octospora are discussed.

Keywords Ascomycota · New species · Pyronemataceae · Pezizomycotina · Phylogeny · Taxonomy

Introduction

The "bryophilous fungi" have their development linked 
to the dependence on mosses or liverworts, from which 
they take food to complete their development cycle 
(Calzada 2021). Due to their small size and special ecol-
ogy, bryophilous fungi are often overlooked and somewhat 

neglected by mycologists. Therefore, they are mostly spot-
ted and collected by bryologists (Németh 2017).

Octospora Hedw. (Ascomycota, Pezizales) includes spe-
cies known to be intimately associated with bryophytes, 
and most of them are narrow specialists having a single 
moss or liverwort species as host (Benkert 1990; Vega et al. 
2016; Egertová et al. 2018b). The genus is characterized 
by sessile, discoid, saucer-shaped or turbinate apothecia, 
usually hairless, which are colored in orange, red or pink 
shades. At microscopic level, Octospora is characterized by 
operculate, inamyloid asci containing 8 or less commonly 
4 ascospores, and by the content of carotenoid pigments, 
especially in paraphyses. Ascospores vary widely in shape 
(subglobose, ovoid, broadly to narrowly ellipsoid, cylindri-
cal, fusoid or lemon-shaped), size, content of lipid bod-
ies, and perispore ornamentation (smooth, warted, spiny or 
reticulate) (Sochorová et al. 2021).

Because of their difficult perceptibility, most bryophil-
ous Pezizales are under-recorded worldwide and they have 
so far not been detected in many countries (Eckstein 2016). 
In Latin America, only a few species have been recorded 
based on work carried out at the beginning or middle of 
the last century (Cash 1957; Seaver 1914; Spegazzini 1918; 
Stevenson 1975). However, there were 10 species of bryo-
philous Octospora known from Argentina (Gamundí 1960; 
Gamundí et al. 2004): O. argentina (Speg.) Gamundí and 
O. antarctica (Speg.) Gamundí (now in Humaria Fuckel), 
O. annulata (Seaver) Yei Z. Wang and O. macracantha 
(Boud.) Caillet & Moyne (now in Lamprospora De Not.), 
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O. citrina Hedw. (now in Calycina Nees ex Gray), O. 
deformis (P. Karst.) Gamundí and O. fusispora (Berk.) 
Brumm. (now in Byssonectria P. Karst.), O. nivea R. Hedw 
(now in Dasyscyphella Tranzschel). Octospora leucoloma 
Hedw. and O. humosa (Fr.) Dennis are the only species that 
remain inside Octospora.

In 2020, an interesting Octospora species growing on the 
pleurocarpous moss Dimerodontium balansae Müll. Hal. 
was found on Jacaranda mimosifolia D. Don. In the fol-
lowing two years, more collections were found in the same 
host. Morphological and molecular analyses confirmed that 
these samples represented an undescribed species. Herein, 
we describe and illustrate Octospora tucumanensis sp. nov. 
and discuss its phylogenetic relationships.

Materials and methods

Specimens were collected over the years 2020–2022 in 
several points of San Miguel de Tucumán city and the 
Chaco Serrano forest in Tucumán province, Argentina. 
Fresh apothecia were photographed, measured, and 
macroscopically described using a stereoscope (Leica 
MZ6). Microscopic features were measured and illus-
trated under the light microscope (Olympus CX31). The 
material was mounted in tap water, potassium hydrox-
ide solution (5% KOH), or lactophenol cotton blue 
(LPCB). At least 30 values of spore size and 10 values 
of other structures were measured in water and the Q 
values were calculated from the ratio between the aver-
age spore length and width. Staining with lactophenol 
cotton blue was used to study spore ornamentation and 
infection structure. The iodine reaction of the asci was 
checked with Melzer’s solution. The material was also 
mounted in calcofluor (Romero and Minter 1988) for 
examination of the hymenium under epif luorescence 
(EF) microscopy (Olympus BX43F; camera Olympus Q 
color S, SMP). Ascospore ornamentation was also stud-
ied with scanning electron microscopy (SEM) (Cross-
beam 340, Zeiss). The specimens used in this study are 
deposited and preserved in the LIL herbarium (Thiers 
2023, updated continuously).

DNA extraction and analyses

Genomic DNA was extracted using the CTAB method 
described by Doyle and Doyle (1987). Three to five 
apothecia were homogenized with a pestle, and incu-
bated in 300 μl extraction buffer at 65 °C for one hour; 
the extract was subsequently purified in a chloroform-
isoamyl alcohol mixture, precipitated by isopropanol, 
dissolved in 30 μl bi distilled water and finally incu-
bated overnight at 37 °C. Genomic DNA quality was 

checked on agarose gel and the amount of DNA was 
determined by spectrophotometry at 260 nm absorb-
ance using a Thermo Scientific™ Multiskan™ GO 
Spectrophotometer.

Three different regions were amplified and sequenced 
in this study. The first region (LSU), spans the ITS1, 5.8S, 
ITS2, and D1/D2 domain of the 28S rDNA. The sequence 
was amplified by using universal primers ITS1 and NL4 
(White et al. 1990; O’Donnell et al. 1998). The second 
region, SSU, spans the 18S rDNA subunit and was amplified 
and sequenced with universal primers NS1 and NS8 (White 
et al. 1990). The third sequence, named TEF1α, includes a 
partial sequence of the translation elongation factor-1-alpha 
gene, specifically amplified by primers EF1-983F and EF1-
1567R (Rehner and Buckley 2005).

PCR products were sequenced by Macrogen Inc., South 
Korea. The consensus sequences were edited with DNA 
Dragon 1.4.1 (Hepperle 2011) and compared in the GenBank 
database using the BLAST tool (Altschul et al. 1990) from 
the National Center for Biotechnological Information (NCBI).

The analyzed dataset includes sequences from Octospora 
tucumanensis, along with sequences from 65 pre-identified 
organisms from related species and genera selected from 
previous works (Sochorová et al. 2019; Eckstein et al. 2021; 
Németh et al. 2022). Sequences from two organisms (Otidea 
concinna and Otidea leporina) selected as outgroups, were 
also included in the final dataset. Selected organisms, along 
with the GenBank accession numbers are listed in Table 1. 
Datasets were aligned by using the MUSCLE algorithm 
implemented in MEGA11 (Tamura et al. 2021) and manu-
ally trimmed when necessary. Phylogenetic analyses were 
conducted in PhyloSuite (Zhang et al. 2020). Sequences 
were realigned using the MAFFT algorithm, and MACSE 
was used for codon usage optimization in sequences from 
TEF1α, using predefined parameters, as recommended by 
Xiang et al. (2023). Sequences from the three analyzed 
DNA fragments were trimmed with GBlocks and concat-
enated using BIC criterion in ModelFinder (Kalyaanamoor-
thy et al. 2017). The final dataset was submitted to TreeBase 
repository (http:// purl. org/ phylo/ treeb ase/ phylo ws/ study/ 
TB2: S29688? x- access- code= f8e23 4db12 36853 8a92a 5e94b 
0b1e1 3c& format= html).

To explore the robustness of our data, three different 
approaches were employed to conduct the phylogenetic 
inference: maximum parsimony (MP), maximum like-
lihood (ML) and Bayesian Inference (BI). MP analysis 
was performed in TNT 1.5 (Goloboff and Catalano 2016) 
under equal weighting. Tree searches were conducted by 
using 100 Wagner trees as starting points, each subjected 
to 15 rounds of Tree Drifting, Sectorial Searches and 5 
rounds of Fusing (Goloboff 1999). Support values were 
estimated with Bootstrapping using 100 replicates. Mod-
elFinder (Kalyaanamoorthy et al. 2017), as implemented 

http://purl.org/phylo/treebase/phylows/study/TB2:S29688?x-access-code=f8e234db12368538a92a5e94b0b1e13c&format=html
http://purl.org/phylo/treebase/phylows/study/TB2:S29688?x-access-code=f8e234db12368538a92a5e94b0b1e13c&format=html
http://purl.org/phylo/treebase/phylows/study/TB2:S29688?x-access-code=f8e234db12368538a92a5e94b0b1e13c&format=html
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in Phylosuite, was used to select the best-fit model using 
BIC criterion. Maximum likelihood phylogenies were 
inferred using IQ-TREE (Nguyen et al. 2015) under the 
model automatically selected by IQ-TREE ('Auto' option 
in IQ-TREE) for 20000 ultrafast (Minh et al. 2013) boot-
straps, as well as the Shimodaira–Hasegawa–like approxi-
mate likelihood-ratio test (Guindon et al. 2010). Bayesian 
Inference phylogenies were inferred using MrBayes 3.2.6 
(Ronquist et al. 2012) under GTR + I + G + F model (2 par-
allel runs, 5000000 generations), in which the initial 25% 
of sampled data were discarded as burn-in. The visualiza-
tion of the phylogenetic trees was carried out in iTOL v6 
(Letunic and Bork 2007). Clades were considered strongly 
supported when either PP or BS ≥ 0.95 (Hyde et al. 2013).

Results

Phylogenetic analysis

Three sequences were analyzed in this study: a 1374 bp 
sequence corresponding to the ITS1, 5.8S, ITS2, and 
D1/D2 domain of LSU rDNA, a 1719 bp sequence cor-
responding to the 18S subunit of rDNA (SSU), and a 
561 bp sequence from the Translation Elongation Fac-
tor 1α (TEF1α). Pairwise alignment of the O. tucuman-
ensis sequences with the closest matches in GenBank 
(all belonging to O. americana) showed high identities 
of 99.1% (1719 bp) in the SSU rDNA region and 97.9% 
(561 bp) in TEF1α. The alignment of the LSU rDNA 
regions showed an identity of 99.4% when considering the 
full 1374 bp and 97.02% identity when considering exclu-
sively the ITS1-5.8S-ITS2 region (over 538 bp compared).

Sequences from LSU, SSU, and TEF1α corresponding 
to 67 taxa from the family Pyronemataceae were included 
in the phylogenetic analysis. After automatic trimming and 
manual curing, 223 bp were selected from the SSU region, 
with 29 positions resulted informatively. In the SSU, 631 
characters remained after trimming and curing, with 63 
considered informative. Sequences from the TEF1α region 
produced an alignment of 103 bp with 35 informative sites. 
Overall, this concluded in a concatenated matrix of 957 
characters (124 of which were parsimony informative).

In the section Wrightoideae, Octospora tucumanensis 
was strongly supported as the sister taxon to O. ameri-
cana (Fig. 1A, B, and C). In all concatenated phyloge-
netic trees, the separation of the extended outgroup clade 
(Otidea concinna and Otidea leporina) was fully sup-
ported and the novel strain (O. tucumanensis) formed a 
distinct and separate lineage with O. svrcekii, O. erzber-
geri, O. hygrohypnophila, and O. americana.

Taxonomy

Octospora tucumanensis Catania & G. M. Suárez, sp. nov. 
(Figs. 2, 3, 4, 5 and 6).

MycoBank: MB#848265.
Holotype: ARGENTINA. Tucumán, San Miguel 

de Tucumán, 26°49′31″S 65°13′24″W, 450  m asl., on 
Dimerodontium balansae, 28 Apr 2021, G. Suárez 1929 
(LIL159229).

Etymology: “tucumanensis” in reference to the 
Tucumán province where the species was found.

Diagnosis: Octospora tucumanensis resembles Octospora 
americana but differs from it by the ascospores size, orna-
mentation consisting of regularly distributed warts (different 
size and morphology) with striate surface; and its ecology, 
only infecting the rhizoids of Dimerodontium balansae.

Host: Octospora tucumanensis was observed fruiting on 
Dimerodontium balansae Müll. Hal., an epiphytic moss spe-
cies growing on Jacaranda mimosifolia, Allophylus edulis 
(A. St.-Hil., A. Juss. & Cambess.) Hieron. ex Niederl. and 
Fraxinus pennsylvanica Marshall. Accompanying mosses: 
Syntrichia laevipila Brid., Tricherpodium beccarii (Müll. 
Hal.) Pursell and Venturiella glaziovii (Hampe) Pursell.

Macroscopic features: Apothecia scattered to gregari-
ous, first spherical, later urceolate, rounded from the top 
view, sessile, (0.3)0.5–0.8 mm in diameter, hymenium 
orange, margin lacerate; receptacle and margin lighter, 
orange furfuraceous, covered by short hyaline hairs; at 
the base with numerous hyaline, branched hyphae; grow-
ing on stems of the host moss.

M i c r o s c o p i c  fe a t u r e s :  A s c i  c y l i n d r i c a l , 
107.5–130(137.5) × 12.5–15 μm, 8-spored, spores uniseriate, 
pars sporifera (85.5)90–115(125) μm; apex operculate, non-
amyloid; base arising from croziers. Ascospores subglobose, 
11–12.5 (13) × (10)10.5–11.5(12.5) μm (ornamentation not 
included), Q = 1.06, hyaline, always with a large lipid body, 
8–9 μm diameter, accompanied by some small lipid bodies, 
2–4.5 μm in diameter. Ornamentation consisting of two types 
of warts: 1)- large warts with rounded ends, constricted in the 
basal or middle zone, 1.2–1.5 µm high and 0.6–0.8 µm broad; 
and 2)- small, regularly distributed, slightly conical warts, 
0.3–0.4 µm high and 0.25–0.3(0.35) µm broad. Warts with 
striated surface. Paraphyses cylindrical, straight to slightly 
sinuous, sparsely branched (bifurcate), septate, last cell slightly 
inflated, with multiple yellow orange guttules; apical cells 
21–27 × 4.5–5.5 μm, cells below narrower, 2.5–3.5 μm wide. 
Subhymenium composed of textura intricata-epidermoidea, 
cells 3.5–4.5 μm wide, thin-walled, hyaline, guttules contain-
ing orange pigment. Medullary excipulum of textura intricata 
with cells 6.0–8.0 μm wide, thin-walled, hyaline. Subhyme-
nium together with medullary excipulum contain orange pig-
ment guttules. Ectal excipulum from base to flank of textura 
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Fig. 1  a Bayesian phylogram based on the concatenated TEF1α, 
LSU and SSU rDNA sequences from Octospora tucumanensis and 
67 related clades. Bayesian posterior probabilities (> 0.50) are shown 
below the branches. b Maximum Likelihood phylogram based on the 
concatenated TEF1α, LSU and SSU rDNA sequences from Octos-

pora tucumanensis and 67 related clades. Bootstrap values (> 0.75) 
are shown below the branches. c Maximum Parsimony phylogram 
based on the concatenated TEF1α, LSU and SSU rDNA sequences 
from Octospora tucumanensis and 67 related clades. Bootstrap values 
are shown below the branches
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Fig. 1  (continued)
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Fig. 1  (continued)
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Fig. 2  Apothecia of Octospora tucumanensis growing on Dimerodontium balansae. (a, c LIL159234; b holotype; d LIL159230). Scale bar: a, b, 
c, d = 1 mm
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angularis, cells 4.5–18 μm in diameter, hyaline, angular, sub-
globose or irregularly shaped. At the base of apothecia, hyphae 
growing from the outer cells of the ectal excipulum, 5–9 μm 
wide, hyaline, branched. Margin composed of hyphae arranged 
parallely to form a textura porrecta, hyphal cells up to 10 μm in 
diameter, hyaline to pale yellow. Hairs 5–8.5 μm wide, thick-
walled, hyaline, septate, with obtuse apices.

Infection. Octospora tucumanensis infects the rhizoids 
of the moss Dimerodontium balansae. The infection struc-
ture consists of appressoria connected to the terminal cell of 
rhizoid, which becomes a more or less spherical, one-celled 
gall 40–42.5 μm in diam. The galls are covered by thick-
walled hyphae 3.5–5.5 μm wide. (Fig. 5).

Habitat and occurrence. The pleurocarpous moss 
Dimerodontium balansae (Fabroniaceae) is restricted to 
southern South Africa and South America: Argentina, 
Brazil, Paraguay, and Uruguay (O’Shea and Price 2008; 
Câmara and Magill 2009). It belongs to the order Hypnales 
and grows epiphytically, on trunks and exposed roots of 
trees. The Argentinian localities are in Tucumán in the 
northwest of the country, five of these points are in an 
urban place and one near to a rural zone in the Chaco 
Serrano forest.

Additional specimens examined (all samples were found 
growing on Dimerodontium balansae on different trees as 
indicated in each material): ARGENTINA. Tucumán, 
San Miguel de Tucumán, 26°49′29″S 65°12′56″W, 441 m 
asl., 20 Apr 2020, on Jacaranda mimosifolia, G. Suárez 
1928 (LIL159230). Tucumán, San Miguel de Tucumán, 
26°49′21″S 65°13′00″W, 458 m asl., 15 Oct 2021, on J. 
mimosifolia, M. Catania 4037 (LIL159231), Catania 4038 
(LIL159232). Tucumán, Dpto. Trancas, San Pedro de Cola-
lao, 26º15′05″S 65º31′16″W, 1141 m asl., 23 Jun 2022, on 
Allophylus edulis, G. Suárez 1930 (LIL159233). Tucumán, 
San Miguel de Tucumán, 26°49′18″S 65°13′53″W, 461 m 
asl., 28 Jun 2022, on Fraxinus pennsylvanica, G. Suárez 
1931 (LIL159234).

Discussion

The ascomata of Octospora species are small and usually dif-
ficult to find in bryophyte collections, becoming more visible 
only upon rehydration of the samples. This study demon-
strates the paucity of knowledge of bryophilous Pezizales in 

Southern South America and it does not yet represent their 
real diversity in Argentina. Unlike the new species recorded 
here from Northwestern Argentina, the Octospora species 
mentioned for the country were collected at higher latitudes, 
in places with temperate to cold climate and rarely associated 
with mosses (Gamundí et al. 2004). According to Eckstein 
(2016), Octospora tucumanensis is currently the only spe-
cies of bryophilous Pezizales known to infect Dimerodon-
tium balansae. This moss grows epiphytically on native and 
exotic trees in Tucumán, Argentina. The finding of Octospora 
tucumanensis manifests that Argentine Northwest is still far 
from being satisfactorily explored and that future fieldwork 
will likely reveal novel bryophilous Pezizales.

From a phylogenetic viewpoint, Octospora tucumanensis 
is closely related to O. americana Benkert, however, the 
ascospores of O. tucumanensis in SEM have warts closer 
together with striated surface versus isolated warts with-
out striated surface. The ascospores of both O. tucumanen-
sis and O. americana are ornamented with warts, but they 
differ in size [11–12.5(13) × (10)10.5–11.5(12.5) µm vs 
(12)13–15 × (10)11–13 µm], morphology (cylindrical, con-
stricted in the middle zone versus conical) and size of the 
warts (large: 1.2–1.5 × 0.6–0.8 µm vs 1.0 × 1.0 μm; small: 
0.3–0.4 × 0.25–0.3 μm vs 0.5 × 0.5 μm). Likewise, asci are 
smaller in O. tucumanensis (107.5–130 × 12.5–15 μm long 
vs 150–200 × 13–18 μm) (Benkert 1998). In addition, O. 
americana grows on Forsstroemia trichomitria (Hedwig) 
Lindberg and Cryphaea glomerata Schimp. ex Sull., and 
is only known from temperate southeastern United States 
(Benkert 1998) while O. tucumanensis was found in sub-
tropical, warm areas of Argentina.

The Bayesian, Maximum Parsimony, and ML trees 
obtained in this study closely reflect the topology of trees 
from previous studies, supporting the close relationship 
between O. meslinii and O. pseudoampezzana recently 
reported (Németh et al. 2022), the relationship between O. 
oscarii, O. rustica and O. neerlandica—but excluding L. 
aneurae under MP (Eckstein et al. 2021), and the results 
obtained from the study and description of O. conidiophora 
(Sochorová et  al. 2019). The section Wrightoideae, as 
described previously (Sochorová et al. 2019; Eckstein et al. 
2021) is strongly supported in our ML analysis (BS 0.91), 
albeit weakly supported under BI (PP 0.59) and MP (< 50) 
(Fig. 1B and C).

Octospora tucumanensis formed a well-supported mono-
phyletic clade along with O. hygrohypnophila, O. svrcekii 
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and O. wrightii. The differences found in the pairwise align-
ment between Octospora tucumanensis and O. americana 
are small. Although this may suggest that both taxa could 
well be treated as synonyms, it shall be noticed that even 
minor differences have been described between two well 
established species (i.e. O. meslinii and O. pseudoampez-
zana; Németh et al. 2022). The small differences observed 

do not prevent these organisms from being recognized as 
independent taxa.

Although our concatenated matrix consisted of 957 bp 
(124 parsimony informative sites), over 2600 bp obtained 
from the sequencing of LSU, and SSU rDNA and TEF1α 
from O. tucumanensis had to be trimmed. Most of the 
trimmed sequences could be ascribed to the use of differ-
ent primers for the amplification of target sequences. The 
relatively low support for the section Wrightoideae in our 
Bayesian analysis could be attributed mainly to the inclusion 
of partial TEF1α sequences retrieved from GenBank. The 
exclusion of species on the basis of low-quality or partial 
TEF1α sequences lead to a significant improvement in statis-
tical support, explaining the differences between our results 
and those found in the literature (i.e. Eckstein et al. 2021; 
Sochorová et al. 2021; Németh et al. 2022).

Fig. 3  Microscopic features of Octospora tucumanensis (holotype) 
a Asci and paraphyses, in water. b, c Ascospores inside ascus, orna-
mented with warts and ascospores with one large oil droplet, in water. 
d Asci and paraphyses in LPCB, the apex of the ascus open (arrow). 
e Young ascus: spores with a large lipid body and small lipid bodies. 
Ascus opens with an operculum (arrow) (EF). f Spores ornamented 
with warts, in water. g Spores ornamented with warts, in LPCB. h 
Paraphyses (EF). Scale bar: a = 30  μm; b, c, e, f, g = 10  μm; d, 
h = 20 μm

◂

Fig. 4  Microscopic characters of Octostpora tucumanensis (holotype) 
a Longitudinal section of an apothecium. b Detail of the hymenium 
and margin of apothecium, in LPCB. c Hymenium and margin of 

apothecium, in water. d Asci and paraphyses, in LPCB. Scale bar: 
a = 100 μm; b, c, d = 50 μm
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Octospora species that grow on pleurocarpic mosses are 
classified by Benkert (1998) in the section Wrightoideae, 
all of which induce gall formation on rhizoids of the host 
moss, except O. affinis (Sochorová et al. 2020). Octospora 
hygrohypnophila has larger ascospores than our new species, 
measuring 13.7–15 × 11–12.5 μm, ornamentation consist-
ing of isolated warts up 1 μm high. Its host is Hygrohyp-
num luridum (Hedw.) Jenn. (Dissing and Sivertsen 1983). 

O. svrcekii also differs from O. tucumanensis in its larger 
ascospores, 14–16 × 13–15 µm, and the ornamentation con-
sisting of isolated, rounded warts; and infects Cratoneuron 
filicinum (Hedw.) Spruce (Benkert 1998). Finally, Octos-
pora wrightii differs from our new species in having slightly 
larger ascospores, (11)12–14(15) × 11–13(13.5) μm, and 
the host, Amblystegium serpens (Hedw.) Schimp. (Benkert 
1998).

Fig. 5  SEM images of Octospora tucumanensis ascospores (holotype) a, c General view warts, b Detail showing the ornamented warts. Scale 
bar: a, c = 5 μm; b = 1 μm
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Fig. 6  Infections of Octospora 
tucumanensis on Dimerodontium 
balansae (holotype) a View of 
infected moss stem and rhizoids 
with hyphae. b Galls on rhizoid 
tips covered with interwoven 
hyphae stained with LPCB. Scale 
bar: a = 200 μm; b = 100 μm
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