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most part, but some portions often with simple to furcate, cylindric to slightly coarse excrescences, 1.5–10 × 
1.5–3 µm; giving rise to numerous terminal cells (Fig. 3H,I) that may be quite variable in size and shape, rang-
ing from irregular-cylindric to irregular-clavate, 12–53 × 5–11 µm, covered entirely to apically with simple to 
branched, short to quite long, cylindric to slightly coarse excrescences, 2–37 × 1.5–3 µm, some forms more or 
less irregular-cylindric, often tapered, giving rise to one or more apical to lateral, long, often branched, often 
tapered, flexuous excrescences that tend to form a loose network over stipe surface, these forms up to 125 µm 
in length; medullary hyphae broader, 10–19 µm diam., brownish-vinescent in Melzer’s reagent; lactiferous 
hyphae present, 2–4 µm diam., with hyaline, refractive contents.
	 Habit, habitat, and known distribution.—Solitary to densely gregarious or subcespitose on the bark of 
Ulmus americana. Thus far only encountered on bare trunk bark collected from a single living tree at the Fort 
Worth Botanic Garden in Texas, and fruited in moist chambers in the laboratory at the Botanical Research 
Institute of Texas and California State University, East Bay.

Fig. 2. A. Basidiomes of Mycena ulmi (BAP 1088). B. Basidiomes of Mycena ulmi (BAP 1085, HOLOTYPE). C. Light micrograph image of Mycena ulmi pileus 
demonstrating a pseudocollarium that typically develops in mature specimens.
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Fig. 3. Micromorphological features of Mycena ulmi. A. Basidiospores (BAP 1084). B. Basidia (HWK 4937). C. Cheilocystidia (HWK 4839). D. Cheilocys-
tidia (BAP 1084, BAP 1085). E. Pileus epicutis hyphae (HWK 4839). F. Pileus epicutis hyphae terminal cells (BAP 1085, HWK 4837, HWK 4839). G. Stipe 
cortical hyphae (HWK 4839). H. Stipe cortical hyphae terminal cells (HWK 4943). I. Stipe cortical hyphae terminal cells (HWK 4937). Scale bars = 10 µm.
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Fig. 4. Maximum likelihood phylogeny of Mycena ulmi and related taxa based on ITS sequence data (-lnL = 3762.3899). Sequences of Mycena ulmi indi-
cated in bold type. Values separated by / refer to nonparametric ML bootstrap proportions and Bayesian posterior probabilities, respectively. Only 
values greater than 70/0.70 are shown (- designates a value below 70% or 0.70). Nodes receiving support values greater than 90/0.95 are highlighted 
in bold.
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Fig. 5 A, B. Mycena ulmi, SEM. A. Close-up of primordial initial growing on bark of Ulmus americana; visible portion represents region that will develop 
into pileus surface. Scale bar = 50 µm. B. Primordial initial growing on bark of Ulmus americana; visible portions include developing pileus surface and 
stipe base with anchoring hyphae. Scale bar = 100 µm.
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	 Etymology.—ulmi is in reference to growth on the bark of live Ulmus americana, the only known substrate 
for this taxon.

Additional specimens examined.—U.S.A. Texas. Tarrant Co.: Fort Worth Botanic Garden, specimens collected from bark of live American 

elm (Ulmus americana, silver tag #2002) cultured in batch moist chambers, bark collected 3 Apr 2018, wetted 3 Jul 2018, harvested 12 Jul 

2018, HWK 4839 (paratype: BRIT, barcode BRIT507957); same location, bark collected 26 Jul 2019, wetted 29 Jul 2019, harvested 21 Aug 

2019, HWK 4906 (paratype, BRIT, barcode BRIT521895); same location, bark collected 20 Jul 2019, wetted 7 Aug 2019, harvested 10 Dec 

2019, HWK 4915 (paratype: BRIT, barcode BRIT521904); same location, bark collected 20 Jul 2019, wetted 7 Aug 2019 at BRIT, harvested 10 

Dec 2019, HWK 4916 (paratype: BRIT, barcode BRIT521905); same location, bark collected 4 Dec 2019, wetted 6 Dec 2019, harvested 26 Dec 

2019, HWK 4935 (paratype: BRIT, barcode BRIT425240); same location, bark collected 3 Apr 2019, wetted 3 Jul 2019, harvested 29 Jul 2019, 

Fig. 6 A, B. Mycena ulmi, SEM. A. Intermediate stage with distinct zone separating the pileus and stipe surface hyphae, with no suggestion of an organized 
layer of wrapping hyphae. Scale bar = 200 µm. B. Close-up of intermediate stage with distinct zone separating the developing pileus and stipe regions. 
Scale bar = 50 µm. C. Close-up of lamellae separating from stipe surface to form a distinct pseudocollarium. Scale bar = 1.0 mm.
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Fig. 7 A, B. Mycena ulmi, SEM. A. Densely minutely pubescent pileus surface of developing basidiome. Scale bar = 400 µm. B. Densely minutely pubescent 
stipe surface of developing basidiome. Scale bar = 300 µm.
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HWK 4936 (paratype: BRIT, barcode BRIT378113); same location, bark collected 4 Dec 2019, wetted 6 Dec 2019, harvested 28 Dec 2019, HWK 

4937 (paratype: BRIT, barcode BRIT425239); same location, bark collected 4 Dec 2019, wetted 6 Dec 2019, harvested 31 Dec 2019, HWK 4943 

(paratype: BRIT, barcode BRIT425238); same location, bark collected 8 Jan 2020, S side of tree, wetted 2 Feb 2020, harvested 21 Feb. 2020, 

HWK 4944 (paratype: BRIT, barcode BRIT528580); same location, bark collected 8 Jan 2020, N side of tree, wetted 2 Feb 2020, harvested 20 

Feb 2020, HWK 4946 (paratype: BRIT, barcode BRIT59721); same location, bark collected 10 Dec 2019, wetted 17 Jan 2020 at CSUEB, har-

vested 23 Jan 2020, BAP 1084 (SFSU, barcode SFSU-F-034628); same location, bark collected 10 Dec 2019, wetted on 17 Jan 2020 at CSUEB, 

harvested 4 Feb 2020, BAP 1088 (paratype: SFSU, barcode SFSU-F-034629).

Commentary.—Mycena ulmi is herein proposed as a new species of sect. Viscipelles Kühner, based upon the 
presence of a separable gelatinous pellicle covering the pileus, ellipsoid to broadly ellipsoid basidiospores, 
clavate cheilocystidia that give rise apically to excrescences, and stipe cortical hyphae terminal cells (i.e., cau-
locystidia) that are often quite long and flexuous. It should be noted that the presence of a separable gelatinous 
pellicle is easily overlooked in fresh material due to the dry, minutely pubescent nature of the pileus. This 
character can, however, be determined even in dried material by completely rehydrating the pileus in water 
and using fine tipped forceps to peel this layer off.
	 Mycena sect. Viscipelles currently contains three taxa known only from Europe: M. cyanorrhiza Quél., M. 
pseudocyanorrhiza Robich, and M. pachyderma Kühner. While M. ulmi is quite similar in overall stature to M. 
cyanorrhiza, it can be distinguished from this species macroscopically by the lack of blue coloration at the stipe 
base as well the absence of a lamellar edge that is separable as a gelatinous, elastic-like thread. Mycena pseudo-
cyanorrhiza is characterized by relatively larger basidiomes (pileus 6–10 mm diam, stipe 35–75 in length, 
12–16 lamellae reaching stipe) in comparison to M. ulmi, and is also distinguished by the presence of blue 
pruina and/or pubescence on the lower portions of the stipe (Robich 2003).
	 Micromorphologically, M. ulmi can be distinguished from these taxa by the slightly narrower spores of M. 
cyanorrhiza (3.6–5 µm, as reported by Robich 2003 and Maas Geesteranus 1984), and the broader, subglobose 

Fig. 8 A, B. Mycena ulmi, light micrographs. A. Primordial initial growing on bark of Ulmus americana. Scale bar = 100 µm. B. Primordial initial and 
early intermediate stage growing on bark of Ulmus americana. Scale bar = 100 µm. C. Densely minutely pubescent pileus of developing basidiome. 
Scale bar = 500 µm D. Lamellae and hollow stipe of young basidiome before lamellae have seceded from stipe to form a pseudocollarium; note droplet 
of fluid being exuded by stipe where it has been cut. Scale bar = 500 µm. E. Close-up of D. Scale bar = 200 µm.

00_JBRIT14(2)161-224_FA.indd   17900_JBRIT14(2)161-224_FA.indd   179 10/28/20   2:17 PM10/28/20   2:17 PM



180 	 Journal of the Botanical Research Institute of Texas 14(2) 

spores of M. pseudocyanorrhiza (9–11 µm, as reported by Robich 2003). Ecologically, M. cyanorrhiza is found 
primarily on the wood and bark of conifers, while M. pseudocyanorrhiza is described from soil, grass, ferns, and 
other herbaceous debris, among mosses or on twigs on the ground in mixed forests (Robich 2003). Neither M. 
cyanorrhiza nor M. pseudocyanorrhiza have been reported from the bark of Ulmus, the only substrate known 
thus far for M. ulmi.
	 Mycena pachyderma, also known only from Europe, appears to be a relatively rare and poorly understood 
species. Kühner (1938) described the species from French collections reported as growing on the bark of 
Ulmus and Salix. Maas Geesteranus (1984) was unable to locate Kühner’s material, but noted both significant 
similarities and differences between this taxon and M. cyanorrhiza based on Kühner’s original description. 
Material identified as M. pachyderma has since been collected from Belgium and Germany (according to 
Aronsen & Læssøe 2016), Italy (Robich 2003) and Spain (GenBank JF908491). Robich (2016) provided a 
detailed examination based on two collections from Italy, and retained the taxon in sect. Viscipelles despite the 
presence of subglobose to nearly globose basidiospores. Aronsen and Læssøe (2016) and Aronsen (https://
www.mycena.no/cyanorrhiza.htm) question Robich’s recognition of this material as M. pachyderma, suggest-
ing instead that the material in Robich’s photographs likely represents M. clavularis (Batsch) Sacc. due the 
presence of a small basal disc, a feature not indicated in Kühner’s original description. However, Robich’s 
(2016) illustrations and description indicate the presence of clamp connections and ornamented pileipellis 
terminal cells, features not known in M. clavularis. Additionally, an ITS sequence of a Robich collection from 
Spain identified as M. pachyderma falls close to M. cyanorrhiza in our analyses (Fig. 4), albeit on a collapsed 
branch without significant support. It is obvious that additional material needs to be examined before there is 
a clear concept of M. pachyderma. Although it is one of the few Mycena species that has been reported from the 
bark of Ulmus, this taxon as currently understood is easily distinguished from M. ulmi by paler coloration, 
shorter stipe, and presence of subglobose to globose basidiospores. A comparison of the taxonomically infor-
mative characters for all species currently treated in sect. Viscipelles can be found in Table 1.
	 Phylogenetic analysis of ITS sequences for collections made by Robich and identified as M. cyanorrhiza 
and M. pachyderma suggest a possible relationship between these taxa, but sequences of M. ulmi are resolved in 
an isolated position from these species (Fig. 4). Comparison of the aligned, overlapping ITS sequence data 
indicates 85–85.8% pairwise similarity between the sequences of M. pachyderma and M. ulmi, and 84.8–85.6% 
between M. cyanorrhiza and M. ulmi, with differences consisting primarily of polymorphic nucleotide posi-
tions, as well as eleven indels 1–7 nucleotides in length. In comparison, the sequences of M. pachyderma and M. 
cyanorrhiza show 92.6% pairwise similarity, with differences consisting of polymorphic positions and nine 
indels 1–2 nucleotides in length. While these data support the recognition of these taxa as independent spe-
cies, they do not reveal anything additional regarding their phylogenetic relatedness nor the integrity of sect. 
Viscipelles.
	 Additional species found in North America that superficially resemble M. ulmi in stature or habitat 
include M. amicta (Fr.) Quél. and M. subcaerulea Sacc. from sect. Amictae A.H. Smith ex. Maas Geest., as well as 
M. pseudocorticola Kühner and other taxa from sect. Supinae Konr. & Maubl. Mycena amicta was originally 
included in sect. Viscipelles by Kühner (1931), but this taxon has since been transferred to sect. Amictae, with 
M. subcaerulea, based upon morphological differences between the taxa of these sections. Both M. amicta and 
M. subcaerulea are characterized by growth on woody substrates, blue coloration to the stipe base and often 
pileus, and a separable gelatinous pellicle covering the pileus. These taxa can be distinguished from M. ulmi 
and the other species of sect. Viscipelles, however, by their relatively larger basidiomes, cylindric to sublageni-
form and smooth cheilocystidia, and predominantly smooth pileipellis hyphae and terminal cells. Species of 
sect. Supinae (= sect. Corticolae (Kühner) A.H. Smith 1947), including M. pseudocorticola, M. corticola (Pers.) 
Gray, M. corticalis A.H. Sm., M. meliigena (Berk. & Cooke) Sacc., and M. supina in North America, are all char-
acterized by growth on the bark of standing trees. However, all of these taxa are typically smaller in stature 
than M. ulmi and lack a separable gelatinous pellicle. With the exception of M. corticalis, which has been 
reported from Texas (Smith 1947), all of these taxa are also characterized by globose to subglobose spores.
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	 Phylogenetic analysis of ITS sequence data for members of sections Amictae and Supinae resolve sequences 
of M. ulmi as isolated and distinct from the taxa included from these sections. Sequences of Mycena amicta 
(sect. Amictae) are resolved on a branch subtending M. ulmi, while sequences for taxa from sect. Supinae are 
resolved in a weakly supported clade with M. filopes (sect. Filipedes (Fr.) Quél.) or scattered among taxa from 
other sections. Again, these data support the recognition of M. ulmi as an independent taxon, but reveal little 
regarding the phylogenetic relatedness of this taxon to members of these sections.

key to the species of mycena sect. viscipelles

1.	Stipe base with distinct blue coloration; lamellar edge separable as a gelatinous elastic-like thread, or not; basidio-
spores ellipsoid.
2.	Lamellar edge separable as a gelatinous elastic-like thread; stipe base with blue coloration in the stipe flesh; stipe

generally up to 32 mm in length; basidiospores 3.6–5 µm in diameter_ _______________________________ M. cyanorrhiza Quél.
2.	Lamellar edge not separable as a gelatinous, elastic-like thread; stipe base coloration due to presence of blue granules

and/or hairs; stipe generally up to 75 mm in length; basidiospores 6–7 µm in diameter_ _________ M. pseudocyanorrhiza Robich
1.	Stipe base lacking blue coloration; lamellar edge not separable as a gelatinous elastic-like thread; basidiospores  

ellipsoid, globose or subglobose.
3.	Pileus and stipe with distinct gray to gray-brown component; stipe length greater than 15 mm in mature specimens;

basidiospores ellipsoid (5–6 µm diam); stipe terminal cells (caulocystidia) up to 125 µm in length_____________________ M. ulmi  
B.A. Perry & H.W. Keller

3.	Pileus and stipe white to pale gray; stipe length less than 10 mm in mature specimens, basidiospores subglobose to
globose (6.5–8.5 µm diam); stipe terminal cells (caulocystidia) up to 45 µm in length_ _________________ M. pachyderma Kühner

results and discussion

Phylogenetic analyses
To resolve the placement of M. ulmi among morphologically similar members of sections Viscipelles, Amictae, 
and Supinae, ITS sequences for the holotype (BAP 1085) and paratype (HWK 4839) collections were analyzed 
phylogenetically within a limited sampling of representative sequences from these and other sections of the 
genus obtained from Genbank. As Mycena is an exceedingly large genus (ca. 500 species, Kirk et al. 2001) with 
a very high degree of ITS variability (B.A. Perry, pers. obs.), only Genbank BLASTn (Altschul et al. 1990) 
matches with percent identity scores of 85% or greater were included in the data set for alignment purposes. 
Two sequences of Mycena adscendens Mass Geest. (=Mycena tenerrima (Berk.) Quél., sect. Sachariferrae) were 
selected as the outgroup for rooting purposes based upon phylogenetic evidence that this section falls outside 
the bulk of Mycena sensu stricto (B.A. Perry, unpublished).
	 Maximum likelihood analysis of the ITS sequence data (Fig. 4) resolves the two collections of M. ulmi in 
an isolated grade subtending a clade composed of members of sections Cinerellae Sing. ex Maas Geest., 
Filipedes, Fragilipedes (Fr.) Quél., Galactopoda (Earle) Mass Geest., Lactipedes (Fr.) Quél., Mycena (Pers.) 
Roussel, Supinae, and Rubromarginatae Sing. ex Maas Geest. The sequences of Mycena amicta, the only repre-
sentative of sect. Amictae with available data, fall out together in a well-supported clade basal to M. ulmi. 
Mycena cyanorrhiza and M. pachyderma, the only additional species of sect. Viscipelles for which sequence data 
currently exists, fall out on a collapsed branch basal to the other ingroup taxa. With the exception of Lactipedes, 
Galactopoda, Cinerellae, Filipedes, and Amictae, which are only represented by a single taxon each, the ITS data 
do not support the recognition of the included sections within the genus as they are currently circumscribed 
(and in several cases underscores the challenge of successfully identifying the small corticolous member of 
sect. Supinae). This is not surprising given that all sections within Mycena are based entirely on morphological 
data. While ITS is clearly not an adequate genetic marker for addressing questions of sectional integrity, it does 
serve to support the recognition of M. ulmi as a distinct taxon from morphologically and ecologically similar 
species (Fig. 4).

Fruit body growth displays negative geotropism
Most M. ulmi basidiomes developed on external bark surfaces or along edges in moist chamber cultures. 
However, some basidiomes developed on the bark underside from a single midpoint. The stipes grew laterally 
around the bark edges eventually curving upward, reorienting at right angles in an upright position.
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	 Mature basidiomes had stipes up to 38 mm in length with mostly bell-shaped pilei up to 7 mm in diame-
ter. Lamellae re-oriented downward exposing spores. Typically, spores are discharged into air currents unim-
peded. Negative geotropism was well documented more recently by Bunyard (2012) in a wide spectrum of 
different basidiomycetes, Pleurotus dryinus (Pers.) P. Kumm., Amanita muscaria (L.) Lam., and Ganoderma 
species. More than 250 mature M. ulmi basidiomes were measured and observed throughout this study. 
Unfortunately, basdiospores were not observed in any moist chamber bark cultures on bark surfaces or over-
lapping pileus surfaces. Numerous basidiospores were observed, however, during the microscopic examina-
tion of the dried material.

Morphogenesis of Mycena basidiome development
The most recent study of mycenoid basidiome development is that of Walther et al. (2001) using light and scan-
ning electron microscopy (SEM). These authors used field collected primordia/basidiomes of Mycena stylobates 
(Pers.) P. Kumm. from fallen beech leaves representing various developmental stages. Light microscopy (LM) 
and SEM analysis suggest that M. stylobates primordia are enveloped in a layer of differentiated “wrapping 
hyphae” soon after emerging from the substrate tissue. Sectioned tissue also revealed synchronous develop-
ment of the pileus, hymenophore and stipe features. A pattern of development superficially similar to that of M. 
stylobates was observed in primordia of M. ulmi using both LM and SEM (Figs. 5–8). One major difference 
between these taxa, however, is that in M. stylobates the wrapping hyphae ultimately form the marginal 
hyphae of a distinct basal disc which displays the imprints of the developing lamellae. In M. ulmi, which lacks 
a basal disc, wrapping hyphae are absent. Instead, what is visible covering young primordia is in fact the pileus 
hyphae. The pileus appears to completely envelope any developing stipe tissues, with these only being revealed 
when the stipe initiates elongation and effectively lifts the pileus off the substrate. A distinct zone can clearly be 
seen separating the pileus and stipe surface hyphae, with no suggestion of an organized layer of wrapping 
hyphae (Fig. 6A,B). The SEM and LM images clearly demonstrate the dense, minute pubescence of the stipe 
and pileus surfaces (Fig. 8A,B).
	 Moist chamber trunk bark cultures yielded basidiomes in various stages of morphological development 
over a period of 9 to 21 days. Complete development from the earliest visible stages of primordial initials to 
mature basidiomes typically occurs within 48 hours, and can be divided into three stages: the first observable 
earliest primordial initials (Figs. 8A,B); intermediate or “button” stage with a short stalk and rounded unex-
panded pileus (Fig. 8B) and a fully mature third stage with elongated stalk and expanded pileus with mature 
lamellae (Figs 2A,B). The earliest primordial initials are the first observable sign of development as a whitish, 
circular, filamentous, undifferentiated area about 50 µm in diameter. The primordia develop over a period of 
8–12 hours into the intermediate stage, with the pileus becoming obvious as a dark gray mound covered with 
minute white pubescence, and the developing stipe visible as a white region below (Fig. 8B). Over the interven-
ing 36–40 hours, the stipe elongates and the pileus continues to expand, eventually forming a fully mature 
basidiome, characterized by a long narrow, hollow stipe (Figs. 2A,B; 8D,E) and expanded pileus. As they age 
these mature specimens often become top heavy, eventually falling over on the substratum (Figs. 2A,B) before 
drying out.

conclusions

Trees in urban areas support a diverse biodiversity of life forms, especially the microscopic corticolous myxo-
mycetes and more rarely macromorphological corticolous fungi. Individual mature trees may take 50 to 100 
years to provide enough time for organisms to colonize bark surfaces. Trees have more value than just aesthetic 
beauty as they also create microhabitats for hidden life forms that are lost every time a tree is cut down. As 
highlighted by the current research, the beneficial value of trees in urban settings includes the potential har-
boring of cryptic or rarely observed species that are new to science. Managing urban trees should include the 
assessment and evaluation of species biodiversity before the removal of such trees to create space for construc-
tion or other projects.
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