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Abstract: Four new resinicolous species of Chae-
nothecopsis are described from China: Chaenothecopsis
perforata from exudate of Rhus chinensis (Anacardia-
ceae), C. pallida from exudate of Ailanthus altissima
(Simaroubaceae), C. resinophila from exudate of
Kalopanax septemlobus (Araliaceae) and C. hunanen-
sis from resin of Pinus massoniana (Pinaceae). All the
new species are compared with previously described
resinicolous mycocalicioid taxa, and several new
features in these species are presented. The newly
described species cannot always be distinguished by
any single character, but they all possess unique
combinations of morphological, chemical and eco-
logical features. Several aspects in the ecology and
evolution of boreal and tropical resinicolous species
are briefly discussed.
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INTRODUCTION

Chaenothecopsis Vain. is a genus of small, pin-like
ascomycetes in the order Mycocaliciales (Tibell and
Wedin 2000). Molecular studies clearly suggest that
the genus is polyphyletic (Tibell and Vinuesa 2005,
Tuovila et al. 2013), but precise generic delimitations
within the order remain unresolved. The substrate
ecology of most mycocalicioid fungi has not been

studied in detail, but most species appear to be either
saprotrophic on wood (lignicolous) or resin (resini-
colous) or associate with atmophytic green algae
(algicolous) or the green algal symbionts of lichens
(lichenicolous) (e.g. Tibell 1999).

The majority of previously known resinicolous
mycocalicioid species live on the resin of conifers,
especially on various species of Abies Mill, Picea A.
Dietr. and Tsuga Carriére (Pinaceae) (Titov and
Tibell 1993, Tibell and Titov 1995, Rikkinen 2003a,
Tuovila et al. 2011b). These fungi have been found
mainly from Eurasian and North American boreal
and temperate forests. However, a few mycocalicioid
species also have been described from angiosperm
exudates (e.g. Funk and Kujt 1982, Samuels and
Buchanan 1983, Tuovila et al. 2011a). Compared to
conifers of the boreal and temperate zone, there are
many more woody angiosperm species that produce
resinous exudates, especially in the tropics and
subtropics. This suggests that a plethora of mycoca-
licioid species might be found from such substrates in
future studies.

Compared to the relatively uniform terpenoid resins
of the Pinaceae, there is a wide diversity of different
types of exudates in woody angiosperms. For example,
tropical and subtropical trees of the orders Apiales and
Sapindales and the families Dipterocarpaceae and
Fabaceae, include many species that often produce
substantial quantities of exudate. The chemical com-
positions of the exudates vary and are species specific
and often even closely related plant species can
produce distinctively different mixtures of phenolic
and terpenoid products (Langenheim 2003a, Courtois
et al. 2009). Here we describe four new resinicolous
mycocalicioid fungi from the warm temperate forests
of south central China, including three species from
angiosperm exudates and one from conifer resin. Also
a full description of Chaenothecopsis khayensis Rikkinen
& Tuovila is provided in English in that this text was
accidentally left out from the original species descrip-
tion (Tuovila et al. 2011a).

MATERIALS AND METHODS

Resinicolous fungi were collected from trunks and branches
of Ailanthus altissima (Mill.) Swingle (Simaroubaceae),
Kalopanax septemlobus (Thunb.) Koidz (Araliaceae), Rhus
chinensis Mill. (Anacardiaceae) and Pinus massoniana Lamb.
(Pinaceae) in warm temperate evergreen broadleaf forests in
Hunan province in south central China. Specimens were
obtained from Zhangjiajie National Forest Park in 1999,
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Badagongshan National Nature Reserve in 1999 and 2000,
Yunshan National Forest Park in 2001 and Shunhuangshan
National Forest Park in 2001. For information on the study
area, see Koponen et al. (2000, 2004).

Morphological and chemical characters for the Chinese
collections were determined with the methodology intro-
duced in Tuovila et al. (2013). Additional material was
obtained from the University of Helsinki Herbarium (H)
and characterized both morphologically and chemically:
Chaenothecopsis asperopoda Titov 3126 (isotype), C. eugenia
Titov 6706 (paratype), C. golubkovae Titov 303 (isotype), C.

dolichocephala Titov 4458 (isotype; 4232, 4226 paratypes), C.
sitchensis Rikkinen JR98446B, 98447, 98460A (paratypes),
C. khayensis Rikkinen & Tuovila Rikkinen JR04G058
(holotype; Rikkinen JR04G001, JR04G051, JR04G057,
JR04G60 isotypes).

Ascomata were imaged under a compound microscope
with simultaneously incident and transmitted light. Images
(FIGS. 2, 4, 6, 8) are digitally stacked photomicrograph
composites obtained from several focal planes with the
software package CombineZP for a better illustration of the
three-dimensional objects.

TABLE I. NCBI GenBank accession numbers for the fungal ITS and LSU sequences used

Species
GenBank accession

Nos. ITS/LSU
Reference ITS/LSU

if not the same

Pyrgillus javanicus Nyl. DQ826741/DQ823103 James et al. 2006
Caliciopsis sp. GQ259981/GQ259980 Pratibha et al. 2011
Chaenothecopsis sp. 1 JX119110/JX119119 Tuovila et al. 2013
Chaenothecopsis sp. 2 KC590480/KC590485 This study
Chaenothecopsis consociata AY795851/DQ008999 Tibell and Vinuesa 2005

(Nádv.) A.F.W.Schmidt

Chaenothecopsis debilis (Sm.) Tibell AY795852/AY795991 Tibell and Vinuesa 2005
Chaenothecopsis diabolica Rikkinen & Tuovila JX119109/JX119114 Tuovila et al. 2013
Chaenothecopsis dolichocephala Titov AY795854/AY795993 Tibell and Vinuesa 2005
Chaenothecopsis epithallina Tibell AY795855/— Tibell and Vinuesa 2005
Chaenothecopsis fennica (Laurila) Tibell AY795857/AY795995 Tibell and Vinuesa 2005
Chaenptecopsis golubkovae Tibell & Titov AY795859/AY795996 Tibell and Vinuesa 2005
Chaenothecopsis khayensis Rikkinen & Tuovila JX122785/HQ172895 Tuovila et al. 2012/Tuovila et al. 2011a
Chaenothecopsis montana Rikkinen JX119105/JX119114 Tuovila et al. 2013
Chaenothecopsis nana Tibell AY795862/— Tibell and Vinuesa 2005
Chaenothecopsis nigripunctata Rikkinen JX119103/JX119112 Tuovila et al. 2013
Chaenothecopsis pallida Rikkinen & Tuovila JX122779/JX122781 Tuovila et al. 2013
Chaenothecopsis pusiola (Ach.) Vain JX119106/JX119115 Tuovila et al. 2013
Chaenothecopsis quintralis —/ JQ267741 Messuti et al. 2012

Messuti, Amico, Lorenzo & Vidal-Russell

Chaenothecopsis resinicola Tibell & Titov AY795867/— Tibell and Vinuesa 2005
Chaenothecopsis resinophila Rikkinen & Tuovila JX122780/JX122782 Tuovila et al. 2013
Chaenothecopsis sitchensis Rikkinen JX119102/JX119111 Tuovila et al. 2013
Chaenothecopsis tsugae Rikkinen JX119104/JX119113 Tuovila et al. 2013
Chaenothecopsis vainioana (Nádv.) Tibell JX119107/JX119116 Tuovila et al. 2013
Myccalicium sp. 1 AF243133/— Vinuesa et al. 2001
Mycocalicium albonigrum (Nyl.) Tibell AF223966/AY796001 Vinuesa et al. 2001/Tibell and Vinuesa 2005
Mycocalicium sp. 2 KC590482/KC590487 This study
Mycocalicium sequoiae Bonar —/AY796002 Tibell and Vinuesa 2005
Mycocalicium subtile (Pers) Szatala AF225445/AY796003 Vinuesa et al. 2001/Tibell and Vinuesa 2005
Phaeocalicium sp. KC590483/KC590484 This study
Phaeocalicium interruptum (Nyl.) Tibell AY795873/— Tibell and Vinuesa 2005
Phaeocalicium polyporaeum (Nyl.) Tibella AY789363/AY789362 Wang et al. 2005
Phaeocalicium populneum AY795874/AY796009 Tibell and Vinuesa 2005

(Brond ex Duby) A.F.W. Schmidt

Phaeocalicium praecedens (Nyl.) A.F.W. Schmidt KC590481/KC590486 This study
Sphinctrina leucopoda Nyl. AY795875/AY796006 Tibell and Vinuesa 2005
Sphinctrina turbinata (Pers. ex Fr.) de Not AY795877/DQ009001 Tibell and Vinuesa 2005
Stenocybe pullatula (Ach.) Stein AY795878/AY796008 Tibell and Vinuesa 2005

a Deposited as Mycocalicium p.(Nyl.) Vain.
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Genomic DNA was extracted and the ITS and LSU
regions of rDNA were amplified and sequenced as
described in Tuovila et al. (2013). Phylogenetic analysis of
a concatenated dataset of ITS and LSU sequences was
conducted as described in Tuovila et al. (2013), except
MrBayes 3.2.1 (Ronquist et al. 2012) was used in the
phylogenetic analyses. The models of evolution selected by
jModelTest 2.0 (Darriba et al. 2012) for ITS1, 5.8SR, ITS2,
and partial LSU respectively were: TPM2uf + G, TPM2 + I,
TPM2uf + G, TrNef + I + G. GenBank accession numbers of
sequences are provided (TABLE I). Pyrgillus javanicus Nyl.
and Caliciopsis sp. were used as outgroups based on results
of Schoch et al. 2009) (TABLE I).

RESULTS

Phylogenetic analyses.—We obtained ITS and partial
LSU sequences for three of the four species described
herein (C. hunanensis, C. resinophila, C. pallida).
Despite repeated attempts we were not able to
sequence C. perforata. C. hunanensis was excluded
from the final analysis for reasons discussed in
Tuovila et al. 2013. The concatenated matrix consist-
ed of 35 species of Mycocaliciales and included 967
nucleotides. The resulting alignment was uploaded to
TreeBASE, accession number TB2:S13910. The re-
sults of Bayesian and maximum likelihood phyloge-
netic analyses are illustrated on a maximum likeli-
hood tree (FIG. 1). The overall tree topology is
consistent with that found by Tuovila et al. (2013).
The deeper nodes of the tree are unresolved or with
low support. All crown clades are moderately or well
supported. The monophyletic clades obtained in the
analysis do not correspond to the generic delimita-
tion of the classification in current use (e.g. Tibell
1999). However, the resinicolous species in each
supported clade share some morphological and
ecological characters. Clade A includes species with
aseptate ascospores from angiosperm exudate; Clade
B includes species with aseptate spores from conifer
resins; Clade C includes resinicolous species from
conifer resins that share some peculiar features in
ascocarp morphology (see Tuovila et al. 2011b); and
Clade D includes only species with septate, cylindrical
ascospores from conifer resin.

TAXONOMY

Chaenothecopsis resinophila Rikkinen & Tuovila, sp.
nov. FIGS. 2–3

MycoBank MB804598
Typus: Rikkinen 000424 (holotype, H). Etymology:

refers to the ecology on resinous exudate.
Apothecia on exudate or exudate impregnated

wood of Kalopanax septemlobus (Thunb.) Koidz.,
usually numerous, 800–1300 mm high. Stipe shining

black, straight, sometimes flexuous, occasionally
branched once or more, 50–120 mm wide. Capitulum
black, in young apothecia usually obovoid to ovoid,
even obconical, later subspheric to hemispheric, 200–
350 mm wide. Asci cylindrical, (28–) 32–45 3 (3–) 3.5–
4 mm (n 5 30), apex variously thickened, often
penetrated by a short canal, mature asci usually without
a thickening; formed without croziers, but croziers
were observed occasionally in ascogenous hyphae.
Ascospores uniseriate, sometimes partly biseriately
arranged, usually obliquely, rarely periclinally oriented
or even disorganized in asci, aseptate, yellowish brown,
ellipsoid to cylindrical, smooth, but each ascocarp with
some free spores with minute, finely punctate orna-
mentation, visible under light microscopy at high
magnification (10003), (4–)4.8–6.3(–6.6) 3 (2–)2.5–
3.4(–3.8) mm (n 5 74, from eight ascocarps, three
populations), mean 5.4 3 3 mm, Q 5 (1.5–)1.6–2.2
(–2.5), mean Q 5 1.8. Paraphyses hyaline, filiform, 30–
50 3 1.5–2 mm (n 5 10), occasionally with a simple
branch in the upper part; septate, septal intervals 7–
10 mm, paraphysis apices encrusted with strongly
congophilous crystals. Stipe hyphae yellowish brown
to dark brown, 3 mm wide, walls 1–1.5 mm, hyphae
periclinally arranged (textura prismatica, slightly
intertwined), basal cells large, irregular, walls 1.5 –
2 mm, stipe surface usually covered with a fragmenting
pigment layer, thick-walled cells at the base of the stipe
turn violet red in 1% IKI, reaction sometimes difficult
to detect due to the pigmented cell walls; hyphae swell
in KOH and brown pigment leaks into the medium;
hyphae in inner part of stipe hyaline to light yellowish
green, more or less periclinally arranged, thin-walled.
Excipulum hyphae yellowish brown to greenish brown,
3 mm wide, wall 1–1.5 mm, periclinally arranged
(textura prismatica, slightly intertwined); hyphae swell
in KOH, some brown pigment leaks into the medium.
Excipulum and upper part of stipe covered with sparse
net of 2–3 mm wide, arching hyphae. Epithecium
yellowish green, formed as a poorly developed, sparse
net of moderately thick-walled, pigmented hyphae
extending from the outer layer of the excipulum,
hyphae 1.5–2 mm wide, hyphae swell in KOH, some
brown pigment leaks into the medium. Hypothecium
hyphae hyaline to light green, thin-walled, hyphae
swell in KOH. All parts of the apothecium N2 (or
yellow on the ascoma slightly disappearing, green
enhancing), all parts MLZ2.

Specimens examined: CHINA. Sangzhi County. Badagong-
shan National Nature Reserve (Badagongshan – Tianping-
shan). Nan Mu Ping. Agricultural land with shade trees on
mesic slope near forest edge, 29u459N, 110u039E, ca. 500 m.
In trunk crevices of Kalopanax septemlobus, 23 Sep 2000,
Rikkinen 000424 (holotype, H), 00398, 000425 (paratypes
SKLM, H).
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Chaenothecopsis perforata Rikkinen & Tuovila, sp.
nov. FIGS. 4–5

MycoBank MB804599
Typus: Rikkinen 010540 (holotype, H).
Etymology: refers to the tight, perforated epithecium.

Apothecia on exudate or exudate impregnated
bark and leaf scars of Rhus chinensis Mill., 800–
1400 mm high. Stipe very dark brown, shiny when
young, later black and matte, relatively short, straight,
rarely flexuous, usually unbranched, 70–100 mm wide.
Capitulum initially black, almost shiny, spherical, later
brownish from released ascospores accumulating on
top of epithecium, obovoid to hemispheric, 300–
600 mm wide. Asci cylindrical, (26–)30–42 3 3–4 mm
(n 5 20), apex variously thickened, often penetrated
by a short canal, mature asci usually without a
thickening; formed with croziers. Ascospores uniseri-
ate, sometimes partly biseriately arranged, usually
periclinally, rarely obliquely to almost vertically
arranged in asci, aseptate, pale grayish to yellowish

FIG. 1. Phylogenetic relationship of resinicolous mycocalicioids. Bayesian tree inferred from ITS1, 5.8S, ITS2 and 28S
(partial) sequences (142, 154, 143 and 525 nucleotides respectively). Posterior probabilities $ 90% for Bayesian inference
(above node) and bootstrap values . 60% for maximum likelihood (below node) are given for supported nodes. Species from
conifer resin indicated with a diamond and species from angiosperm resin indicated with flower.

FIG. 2. Chaenothecopsis resinophila (holotype). Bar 5

200 mm.
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brown, ellipsoid to widely cylindrical, smooth, (4.2–)
4.8–6.1(–6.9) 3 (2–)2.3–3.2(–3.5) mm, mean 5.4 3

2.8 mm (n 5 100, from nine ascocarps, four
populations); Q 5 (1.4–)1.6–2.3(–2.5), mean Q 5

1.9. Paraphyses hyaline, filiform, 30–40 mm 3 1–2 mm,
rarely branched, septate, septal intervals 7–15 mm.
Stipe hyphae light grayish brown, almost hyaline, 3–
4 mm wide, walls 1–1.5 mm, more or less periclinally
arranged, partly intertwining (textura prismatica-
intricata), hyphae strongly violet red in 1% IKI,
moderately swelling in KOH; hyphae in inner part
of stipe hyaline, slightly interwoven. Excipulum
hyphae pale grayish brown, 2–3 mm, walls 0.5–1 mm,
more or less periclinally arranged, less thick-walled
near the margin, lower part strongly violet red in 1%

IKI, hyphae moderately swelling in KOH. Excipulum
and upper part of stipe covered with sparse net of 2–
3 mm wide arching hyphae, walls 0.5 mm. Epithecium
grayish brown, formed as a continuum of excipulum,
appearing as an uniform, pitted layer without obvious
hyphal shapes, moderately swelling in KOH. Hypothe-
cium hyphae hyaline, thin-walled, intertwined, mod-
erately swelling in KOH. All parts of apothecium N2

and MLZ2. A hyaline anamorphic fungus often was
found covering the capitula of old ascocarps which
gave capitula a white, hairy look.

Specimens examined: CHINA. Hunan Province. Xinning
County. Shunhuangshan National Forest Park. Zheng Jiang
Valley. Heavily grazed plantation forest with young Cun-
ninghamia lanceolata and Trachycarpus fortunei mixed with

FIG. 3. Chaenothecopsis resinophila (A, C–F Rikkinen 000424, holotype; E, Rikkinen 00042, paratype). A. Mature ascospores.
B. Ascocarps on resin. C. Ascus tip variation. D. Ascus formation (from left to right: mature, semimature, young) and ascospore
orientation. E. Paraphyses. F. Textura type, excipulum. Bars: A, C, F 5 10 mm; D–E 5 10 mm; B 5 1000 mm. Drawings HT.
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naturally regenerated evergreen trees, 26u249350N,
110u599200E, ca. 950 m. On branches of Rhus chinensis, 24
Sep 2001, Rikkinen 010540 (holotype H), 010538 (paratype
UPS). Wugang County. Yunshan National Forest Park.
Along road between Yunfeng Ge and Luhousi. Young
plantation forests and secondary thickets along roadside,
26u359550N, 110u379130E, ca. 1250 m. On branches of Rhus
chinensis, 19 Sep 2001, Rikkinen 010174, 010182, 010185,
Yan 004889 (paratypes SKLM, H). Sangzhi County. Bada-
gongshan National Nature Reserve (Badagongshan –
Tianpingshan). Tuanping. Forest clearing with secondary
thickets on steep ridge, 26uN, 110uE, ca. 1400 m. On
branches of Rhus chinensis, 29 Sep 1999, Rikkinen 991084A,
991085B (paratypes H). Between Yuang Yang Ya and Yang
Yang Ping. Low secondary evergreen forest, along roadside,
29u479N, 110u059E, ca. 1400 m. On branches of Rhus
chinensis, 20 Sept 2000, Rikkinen 000120 (paratype H). Nan
Mu Ping. Agricultural land with shade trees on mesic slope
near forest edge, 29u459N, 110u039E, ca. 500 m. On
branches of Rhus chinensis, 23 Sep 2000, Rikkinen 000398
(paratype H).

FIG. 4. Chaenothecopsis perforata (holotype). Bar 5

500 mm.

FIG. 5. Chaenothecopsis perforata (A–D, F–G Rikkinen 010540, holotype; B Rikkinen 010538, paratype). A. Ascocarps on
resin. B. Ascus tip variation. C. Epithecium, surface view. D. Mature ascospores. E. Textura type, stipe. F. Paraphyses. G. Ascus
formation (from left to right: mature, semimature, emerging) and ascospore orientation. Bars: A 5 1000 mm, B–E 5 10 mm,
F–G 5 10 mm. Drawings HT.

994 MYCOLOGIA



Chaenothecopsis pallida Rikkinen & Tuovila, sp. nov.
FIGS. 6–7

MycoBank MB804600
Typus: Rikkinen 010652 (holotype, H).
Etymology: refers to the pale stipe.

Apothecia on exudate or exudate impregnated
wood of Ailanthus altissima (Mill.) Swingle, 750–
1100 mm high. Stipe brown, shiny when young, matte
when older, straight, sometimes slightly flexuous,
occasionally branched, 60–120 mm wide. Capitulum
initially black, lentil-shaped or obovoid, later sub-
spheric to hemispheric, later dark brown from
released ascospores accumulating on top of the
epithecium, 200–320 mm wide. Asci cylindrical, (33–)
36–50 3 3–4 mm (n 5 50), apex variously thickened,
often penetrated by a short canal, mature asci usually
without a thickening; formed without croziers. Asco-
spores uniseriate, obliquely or periclinally arranged in
asci, aseptate, yellowish brown, cylindrical, smooth,
(4.8–)5.0–6.6(–6.9) 3 (2.1–)2.3–3.8(–4) mm, mean
5.8 3 3 mm (n 5 70, from seven ascocarps, three
populations); Q 5 (1.5–)1.7–2.4(–2.7), mean Q 5

1.9. Paraphyses hyaline, filiform, 27–45 3 1–1.5 mm (n
5 10), often branching in upper part, septate, septal
intervals 4–10 mm. Stipe hyphae light brown to almost
hyaline, 5 mm wide, periclinally arranged, agglutinat-
ed walls (textura oblita) between two lumina 3–5 mm,
hyphae strongly violet red in 1% IKI, strongly swelling
in KOH; hyphae in inner part of the stipe more
loosely arranged, hyaline, slightly intertwined, thin-
walled. Excipulum hyphae yellowish brown, of similar
structure than in stipe, in lower part of excipulum
strongly violet red in 1% IKI. Epithecium yellowish
brown, formed as a continuum of excipulum, of
strongly pigmented, thin-walled hyphae, 3 mm wide.
Hypothecium hyaline, hyphae thin-walled. All parts of
apothecium N2 and MLZ2.

Specimens examined: CHINA. Hunan Province. Xinning
County. Shunhuangshan National Forest Park. Li Zhu Jiang
Valley. Mature riparian secondary evergreen broadleaf
forest in narrow valley, 26u249N, 110u599, 980 m. On
exudate in basal crevice of large Ailanthus altissima, 25
Sep 2001, Rikkinen 010652 (holotype H), 010638, 010639
(paratypes SKLM, H).

Chaenothecopsis hunanensis Rikkinen & Tuovila, sp.
nov. FIGS. 8–9

MycoBank MB804601
Typus: Rikkinen 990059 (holotype, H).
Etymology: refers to Hunan province, China, where the

species first was discovered.

Apothecia on resin or resin impregnated wood and
bark of Pinus massoniana Lamb., 700–1200 mm high.
Stipe slender, shining black, 30–50 mm wide. Capitu-
lum matte black, later dark brownish, obconical to
conical or obovoid to hemispheric, 150–300 mm wide;
also often irregularly shaped and/or strongly flat-
tened, agglomerated, almost heart-shaped or
stretched and then as narrow as stipe. New apothecia
can proliferate from old capitula, even repetitiously.
Asci cylindrical, 55–74(–85) mm 3 (3–)3.5–4(–4.5) mm
(n 5 20), apex variously thickened, often penetrated
by a short canal, mature asci usually without a
thickening; formed with distinct croziers. Ascospores
uniseriate, usually periclinally, sometimes obliquely
arranged in asci, green to yellowish green-brown,
septate, septa thinner (and less visible) than spore
wall, slightly thickened at the septal junction, cylin-
drical, smooth to finely pointed, (7–)7.3–10.3(–11.1)
3 (2–)2.5–3.8(– 4) mm, mean 8.7 3 3.2 mm (n 5 110,
from 14 ascocarps, six populations); Q 5 (1.9–)2.1–
3.6(–4.5), mean Q 5 2.8. Paraphyses filiform,
unbranched proportion of paraphyses 50–75 mm 3

1–1.5 mm, septate, septal intervals 11–13 mm, shorter
or as long as asci, occasionally branching once or
twice, or longer than asci, and then branching at
ascus apex or above, intertwining to form a loose net
above the asci, covered with small colorless, strongly
congophilous crystals. Stipe hyphae dark green to
brownish, 4–5 mm wide, walls 1.5 mm, strongly
pigmented, the green pigment often unevenly ag-
glomerated on walls as small lumps or plates,
periclinally arranged (textura prismatica); hyphae in
inner part of the stipe hyaline or light green, more
thin-walled, intertwined. Excipulum hyphae light
yellowish green, textura prismatica, pigmented as in
the stipe. Epithecium light green, formed as a loose
net of the excipular hyphae, partly of branching and
intertwining paraphyses, hyaline to light green,
congophilous pigment covers cells in epithecium.
Hypothecium hyaline to light green. Hymenium and
hypotechium IKI2 or often with fast and faint blue

FIG. 6. Chanothecopsis pallida (holotype). Bars 5 100 mm.
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reaction (see Tuovila et al. 2013). All green or
greenish parts of apothecium turn brown in KOH,
brown leaks into the medium, sometimes faint
reddish reaction in excipulum. All parts N2,
MLZ2. A brown hyphomycetous fungus was often
found growing among the ascocarps, and rarely on
top of the old ascocarps.

Specimens examined: China. Hunan province. Dayong
County. Zhangjiajie National Forest Park. Fuqiyan, along
trail to view point above Zhangjiajie Hotel. Young Cunning-
hamia-angiosperm forest with large remnant pines,
29u199N, 110u259E, 650 m. In basal crevice of large Pinus
massoniana, 15 Sep 1999. Rikkinen 990059 (holotype H),
990055 (paratype UPS), 990058 (paratype SKLM). Matia-
nya, young plantation forest with Cunninghamia lanceolata,
Pinus massoniana mixed with naturally regenerated broad-
leaf trees and bamboo stands, 29u19.059N, 110u27.479E, ca.
900 m. Resinicolous on basal trunks of mature Pinus
massoniana, 16 Sep 1999, Rikkinen 990139, 990164–990167
(paratypes H). Xiejiayu. Naturally regenerated evergreen
forest with grassy openings on steep slope of narrow stream
valley. 29u189N, 110u259E, ca. 750 m. Resinicolous on basal

trunk of large Pinus massoniana, 19 Sep 1999, Rikkinen
990413 (paratype H).

Chaenothecopsis khayensis Rikkinen & Tuovila
Tuovila H., Cobbinah J.R., Rikkinen J. (2011).

Chaenothecopsis khayensis, a new resinicolous cali-
cioid fungus on African mahogany. Mycologia
103:610–615.
Apothecia on exudate of Khaya spp. (Meliaceae),

400–650 mm high. Stipe straight, sometimes flexuous,
occasionally branched once or more, shiny, almost
black with olive-green tinge, 50–100 mm wide. Capitu-
lum obovoid to ovoid, even obconical, later subsphe-
rical to hemispherical, black; 100–260 mm wide. Asci
cylindrical, (46–)49–66(–70) 3 (3–)3.5–5.5 mm (n 5

25), apex variously thickened, often penetrated by a
short canal, mature asci usually without a thickening;
formed without croziers. Ascospores uniseriate, usually
periclinal, rarely obliquely oriented in asci, aseptate,
grayish olive green, ellipsoidal to cylindrical, with
minute ornamentation of low ridges consisting of

FIG. 7. Chaenothecopsis pallida (A–B, E Rikkinen 010652, holotype; D Rikkinen 010390 paratype; C, F Rikkinen 010638
paratype). A. Ascocarps on resin. B. Ascus tip variation. C. Mature ascospores. D. Textura type, stipe. E. Paraphyses. F. Ascus
formation (mature with spores and very young without spores) and ascospore orientation. Bars: A 5 1000 mm, B–F 5 10 mm.
Drawings HT.
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small warts, visible under light microscope at high
magnification (10003), a small proportion of smooth
spores seen in each ascocarp, (6.1–)6.8–9.1 mm 3 (2–)
2.5–4(–4.2) mm (n 5 50, from four populations), mean
5 7.6 3 3.2 mm, Q 5 (1.6–)1.8–3.2(–3.5), mean Q 5

2.4. Paraphyses hyaline, filiform, 30–50 3 2 mm (n 5

10) occasionally branching at the lower part, septate,
septal intervals 15–17 mm. Stipe hyphae grayish or
brownish olive green, 5–7 mm wide, walls 1.5–2.5 mm,
hyphae periclinally arranged (textura prismatica),
thick-walled hyphae turn violet red in 1% IKI, hyphae
in inner part of stipe hyaline to light green, more or

less periclinally arranged. Excipulum hyphae grayish to
brownish olive green, 2–4 mm wide, walls 0.5–1.5 mm;
hyphae periclinally arranged (textura prismatica),
excipulum and upper part of stipe covered with sparse
to dense net of horizontally to vertically arranged, 2 mm
wide arching hyphae, walls 0.5 mm wide. Epithecium
olive green, formed as a continuum of the outer layer
of excipulum, appearing as a sparse to dense net,
hyphae 2 mm wide, walls 0.5 mm. Hypothecium hyphae
hyaline to light green, thin-walled. All parts of
apothecium swell and turn brown in KOH, all parts
N2 and MLZ2.

FIG. 8. Chaenothecopsis hunanensis (holotype). Bars: upper image 5 500 mm, lower images 5 50 mm.
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DISCUSSION

Taxonomy and systematics.—The overall topology
recovered in the phylogenetic analysis is consistent with
Tuovila et al. (2013). The same major clades, also
supported by consistent morphology and ecology, are
maintained. Our phylogeny demonstrates that the
majority of genera in the Mycocaliciales (Chaenothecop-
sis, Mycocalicium, Phaeocalicium) are polyphyletic (see
also Tibell and Vinuesa 2005). Unfortunately the lack of
resolution in the deep nodes makes it impossible to
delimit monophyletic genera at this point. Hopefully
the generic boundaries and relationships can be
resolved in studies using additional gene regions and
a wider taxon sampling. However, some concluding
remarks are possible, especially concerning the position
of the genus Sphinctrina Fr. (Fries 1825) within
Mycocaliciales. In some studies Sphinctrina has been
found to be nested within Mycocaliciaceae (Gueidan et
al. 2008, Prieto et al. 2013, Prieto and Wedin 2013), but

this position was dubious due to the relatively few
representatives of species in the order included in the
analyses. Although Tibell and Vinuesa (2005) analyzed
the family with wider taxon sampling, the position of
Sphinctrina was not well resolved. Our study (Tuovila et
al. 2013) was the first to demonstrate strong support for
the inclusion of Sphinctrina within Mycocaliciaceae, and
our current results indicate that this relationship is
robust. The additional taxon sampling in these studies
has provided improved resolution of the position of
Sphinctrinaceae and indicates the taxon is superfluous
and should not be used.

While Tuovila (2013) suggests possible solutions to
reassign generic names to certain clades in Mycoca-
liciales, she indicates that sample depth is low in most
geographic areas (especially from the southern
hemisphere) and more data is needed to elucidate
the morphological and phylogenetic affiliations of
mycocalicioid species. At this point we still lack
sufficient knowledge to make appropriate taxonomi-

FIG. 9. Chaenothecopsis hunanensis (A, D–E Rikkinen 990059, holotype; A Rikkinen 990055, paratype; B–C Rikkinen
990167 paratype). A. Ascus tip variation. B. Paraphyses, ascus formation (mature with spores and very young without spores)
and ascospore orientation. C. Textura type, stipe. D. Mature ascospores. E. Ascocarps on resin. Bars: A–D 5 10 mm, E +
1000 mm. Drawings HT.
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cal changes, despite the well characterized incon-
gruencies between the nomenclature and evolution-
ary relationships within the group.

The newly described Chaenothecopsis species from
hardwood exudates differ from most previously
known species in the genus in having relatively short,
aseptate ascospores and in growing on the exudates
of tropical or subtropical broadleaf trees. In both of
these features they most closely resemble Chaenothe-
copsis khayensis and the recently described South
American Chaenothecopsis quintralis Messuti, Amico,
Lorenzo & Vidal-Russell (Messuti et al. 2012). Indeed,
in our phylogenetic analyses two of the new species,
C. pallida and C. resinophila, formed a strongly
supported monophyletic clade with C. khayensis and
C. quintralis, supporting a close evolutionary rela-
tionship between these hardwood exudate species.

The species described herein cannot always be
distinguished from each other by any unique charac-
ter but instead are separated by species-specific
combinations of morphological and chemical charac-
ters (TABLE II). Chaenothecopsis quintralis is easily
distinguished from C. khayensis, C. resinophila and C.
pallida by the presence of croziers. It differs from C.
perforata, another species with croziers, in the shape
and size of spores (spore width 3.2–5 mm vs. 2.3–
3.2 mm) and in the hyphal structure of the stipe. All
four species presented herein are similar in several
morphological attributes, which distinguish them
from other species of resinicolous mycocalicioids.
Most of the other species are confined on conifer
resins and have longer, septate ascospores. Four of
the seven previously known resinicolous mycocali-
cioid species that have aseptate spores can be
conveniently distinguished from the present group
on the basis of these characters: C. diabolica Rikkinen
& Tuovila (Tuovila et al. 2011b) has distinctively
ornamented, fusoid spores, C. resinicola Tibell &
Titov (Tibell and Titov 1995) has a distinct pruina on
the stipe and C. tsugae Rikkinen (Rikkinen 1999) is a
robust species with large spores. Chaenothecopsis
oregana Rikkinen (Rikkinen 2003a), C. schefflerae,
and Mycocoalicium chaudhari Tewari & Pant (Tewari
and Pant 1966) are superficially more similar, but also
they have for example the following distinguishing
characters: C. oregana grows on conifer resin and its
hyphae are wine red, C. schefflerae produces a
pseudostroma and has almost round spores and M.
chaudhari has ellipsoid, strongly ornamented spores.
Mycocalicium viscinicola Funk & Kujt (Funk and Kujt
1982) has much larger spores than any other
mycocalicioid species from hardwood exudates.

Chaenothecopsis hunanensis differs clearly from the
other species described here, both in morphology and
in its association with conifer resin, but it closelyT
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resembles several previously known species with septate
spores. It can be distinguished from these by a
combination of spore, ascocarp and chemical charac-
ters. For example, C. nigripunctata Rikkinen, in
addition to having a characteristic macroscopic appear-
ance, has larger spores than C. hunanensis (Rikkinen
2003b). Chaenothecopsis edbergii Selva & Tibell, has a
lime green pruina on its ascocarps (Selva and Tibell
1999) and a blue MLZ+ (euamyloid) reaction of the
hymenium. All the other species on conifer resin with
septate spores, including C. sitchensis Rikkinen (Rikki-
nen 1999), C. proliferatus Rikkinen, A.R. Schmidt &
Tuovila (Tuovila et al. 2013), C. dolichocephala Titov
(Tibell and Titov 1995), C. golubkovae Tibell & Titov, C.
asperopoda Titov (Titov and Tibell 1993) and C. eugenia
Titov (Titov 2001) have similar characters but in
different combinations. All these species are compared
with C. hunanensis (TABLE III).

The identification of resinicolous mycocalicioid
species is often complicated by the co-occurrence of
several species in the same collection (Tuovila et al.
2011b). For example, the examination of type
material of C. asperopoda and C. dolichocephala
revealed the presence of two undescribed species.
The isotype material of C. asperopoda kept in Helsinki
has two distinct species, which may explain the odd
variation in stipe color noted in the original species
description by Titov (Titov and Tibell 1993). The
differences between the two species will be addressed
in a forthcoming paper, and the characters and spore
size indicated herein are from the ascocarps corre-
sponding best to the original description (light green
stipe). In addition, the paratype material of C.
dolichocephala kept in Helsinki contains two speci-
mens collected from resin of Pinus koraiensis Siebold
& Zucc. These specimens differ from the isotype
material from resin of Abies holophylla Maxim. They
are similar to C. hunanensis and actually might
belong to the same species. The spores however are
consistently wider than those of C. hunanensis. All the
species with septate spores from conifer resin are
obviously closely related, and it is quite likely that
additional taxa will be found when additional conifer
hosts from eastern Asia are examined in more detail.

Resinicolous ecology.—A considerable proportion of all
currently known mycocalicioid species are resinicolous
with different species colonizing terpenoid resins of
conifers and phenolic resins of angiosperms. The early
evolution of this ecology remains unclear in that the
exact relationships of the five well supported clades with
resinicolous species could not be resolved. However, all
clades with species on conifer resins are clearly distinct
from the clade of species on angiosperms. This indicates
that either the resinicolous ecology has evolvedT
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independently in each group or that there have been
multiple switches to lichenicolous and lignicolous
ecologies in some lineages. The fossilized specimens
preserved in Miocene and Eocene ambers demonstrate
that the association between mycocalicalean fungi and
conifer exudates is ancient (Rikkinen and Poinar 2000,
Tuovila et al. 2013). Also the well defined group of
species on angiosperm exudates may be quite old in
that these species share several unique morphological
and chemical traits but have highly disjunct ranges in
Africa, Asia and South America.

Most resinicolous species of Mycocaliciales seem to
be host specific, with individual plant species hosting
different fungi. It is known that pathogenic organisms
sometimes can accidentally infect foreign hosts and
when doing so they can be subjected to strong selective
pressures leading to highly directional evolutionary
development (Giraud et al. 2006). Because the
chemical compositions of angiosperm exudates vary
more than those of conifer resins (Langenheim 2003a),
the fungi on angiosperms could show higher substrate
specificity. However, it must be noted that also the
terpene composition of different conifers can be
variable (Zamponi et al. 2007, Nikolić et al. 2011) and
thus also the mycocalicioid species on conifer resin may
be more host specific than originally thought.

Of the nine presently known mycocalicioid species
from angiosperm exudates, five (including C. perfor-
ata, C. pallida, C. khayensis) colonize host plants in
the Sapindales. This order includes numerous trop-
ical hardwoods with moderate to copious exudate
production (Langenheim 2003b). Given the apparent
host specificity in this group of mycocalicoid fungi,
and the great diversity of potential host plants, it
seems likely that many more resinicolous will be
found from the exudate flows of other sapindalean
genera (e.g. Boswellia Roxb. ex Colebr., Bursera Jacq.
ex L., Commiphora Jacq. and Canarium L.).
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