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DNA-based phylogenetic analyses have revealed more species in the fungal genus 
Skeletocutis than has traditionally been acknowledged. Here we describe two resu-
pinate species as new: S. delicata Niemelä & Miettinen and S. exilis Miettinen & 
Niemelä. They are very similar to S. brevispora, S. papyracea and S. kuehneri, but 
differ from them mostly by their spore size and pore characteristics. The relation-
ships of these species are discussed, and the importance of exact spore measurements 
is emphasized. Skeletocutis friata Niemelä & Saaren. is reduced to synonymy under 
Tyromyces chioneus, and misidentifications of some published records are corrected.

Introduction

The genus Skeletocutis (Kotlaba & Pouzar 1958) 
contains about 40 species of white-rot polypores 
with characteristic, rose-thorn-like encrustations 
on generative hyphae (Keller 1979). Most spe-
cies have a dimitic, acyanophilous hyphal struc-
ture and allantoid spores, but also monomitic 
species and other spore types are found. Recent 
molecular studies have placed this genus in the 
Tyromyces clade, now Incrustoporiaceae, within 
Polyporales (Tomšovský et al. 2010, Miettinen 
& Rajchenberg 2012, Vlasák et al. 2012, Justo 
et al. 2017), albeit with a few exceptions (Miet-
tinen & Larsson 2011, Miettinen et al. 2012). 
Thus delimited, Incrustoporiaceae includes poly-
pores of the genera Piloporia (Niemelä 1982), 
Skeletocutis and Tyromyces.

Alix David (1982) and Tuomo Niemelä 
(1998) carried out major revisions of the genus 

Skeletocutis, and others such as Mario Rajchen-
berg (1987, 2001), Leif Ryvarden (Ryvarden et 
al. 1986, Ryvarden 2009), Josef Vlasák (Vlasák 
et al. 2012) and the research group of Yu-Cheng 
Dai (Dai 1998, Cui 2008, Dai 2012, Zhou & Qin 
2012) have since contributed by describing new 
species. Ryvarden and Melo (2017) provided the 
most recent treatment of European Skeletocutis.

Many species in this genus grow preferably 
or exclusively on trees previously decayed by 
certain other, more common polypores. Such 
predecessor–successor relationships among 
wood-inhabiting fungi were discussed by Nie-
melä et al. (1995), and in some cases these links 
are constant enough to serve as an aid for iden-
tification.

In the light of new collections and DNA data 
we expand Niemelä’s (1998) treatment of north 
European Skeletocutis by describing further two 
new species, and re-assess some older names.
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Material and methods

We produced 15 new nrDNA ITS sequences for 
this study and received two more from Kadri 
Runnel, Tartu University. In addition we down-
loaded ITS of two S. chrysella sequences from 
the INSDC to be used as an outgroup; cf. Table 1 
for sequenced specimens.

DNA of the specimens was extracted with 
E.Z.N.A. forensic DNA kit (Omega Bio-Tek, 
Norcross, GA, USA) or DNeasy plant mini kit 
(Qiagen, Hilden, Germany). PCR and sequenc-
ing primers were ITS5, ITS4, LR22 and ITS3 
in various combinations (http://biology.duke.
edu/fungi/mycolab/primers.htm). We aligned the 
17 ITS sequences with MAFFT online version 
7 strategy E-INS-I (Katoh & Standley 2013), 
and adjusted the alignment manually in PhyDE 
0.9971 (http://phyde.de/). The final alignment 
contained 590 characters, 56 of which variable 
and 44 parsimony informative.

We used JModelTest 2.1.10 Akaike Informa-
tion Criterion to decide on substitution model, 
HKY+G (Darriba et al. 2012). MrBayes 3.2 was 
uses to produce a majority consensus phylogram 
by running three parallel runs eight chains each, 
temp = 0.1 for 2 million generations, sampling 
every 1000 generations (Ronquist et al. 2012). 

Runs converged well, average standard deviation 
of split frequencies fell below 0.01, and burn-
in of 25% was used. The resulting phylogram 
(Fig. 1) was edited in FigTree 1.4.2 (http://tree.
bio.ed.ac.uk/software/figtree/) and CorelDraw 
ver. 19.0.

Herbarium abbreviations follow the Index 
Herbariorum (http://sweetgum.nybg.org/science/
ih) and country abbreviations ISO 3166.

IKI stands for Melzer’s reagent, and KOH 
means 5% potassium hydroxide. Unless other-
wise indicated, microscopy is based on char-
acteristics as they appear in Cotton Blue (CB, 
formula from Niemelä 2016: 404).

Spore sizes were measured from turgid 
spores free-floating in basidiome sections. 
Because of their small size and minimal differ-
ences, exact spore dimensions are essential for 
reliable identifications. In our work, spore length 
and width were measured subjectively to the 
nearest 0.1 µm. This accuracy can be reached in 
blue light (CB) and phase contrast illumination 
(Stein 1969).

Thirty basidiospores were measured from 
specimens selected for a closer scrutiny. For pre-
senting basidiospore measurements, 5% extreme 
values (if separable) from both ends of the 
variation are given in parentheses. The following 

Table 1. ITS sequences of Skeletocutis spp. used in this study. Specimens with collector data are newly sequenced.

Species Country Collector, coll. no./date INSDC acc. no.
 (province/state) (herbarium)

Skeletocutis brevispora Finland holotype (H 6050280) MF685346
Skeletocutis brevispora Finland Niemelä 6287 (H) MF685347
Skeletocutis brevispora Finland Niemelä 6760 (H) MF685345
Skeletocutis brevispora Norway Spirin 11200 (H) MF685348
Skeletocutis chrysella Finland  FN907916
Skeletocutis chrysella USA (MA)  KP135310
Skeletocutis delicata Estonia Runnel 892 (TU) MF685355
Skeletocutis delicata Finland holotype (H 6014021) MF685349
Skeletocutis delicata Finland Niemelä 7321 (H) MF685351
Skeletocutis delicata Finland Niemelä 7583 (H) MF685352
Skeletocutis delicata Russia (KR) Penttilä 25-VIII-2014 (H) MF685354
Skeletocutis delicata Russia (NIZ) Spirin 2134 (H) MF685350
Skeletocutis delicata Russia (PRI) Spirin 6492 (H) MF685353
Skeletocutis exilis Estonia Runnel 904 (TU) MF685359
Skeletocutis exilis Finland holotype (H 6014020) MF685357
Skeletocutis exilis Finland Niemelä 6987 (H) MF685358
Skeletocutis exilis Russia (NIZ) Spirin 2073 (H) MF685356
Skeletocutis friata Finland holotype (H6032474) MF685360
Skeletocutis kuehneri Finland Miettinen 18407 (H) MF685361
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abbreviations are used in species descriptions 
and tables: L = mean basidiospore length for 
specimen or species, W = mean basidiospore 
width, Q = L/W ratio, n = total number of meas-
urements per specimens/species measured.

Skeletocutis delicata Niemelä & Miettinen, 
sp. nova (Figs. 2 and 3)

Resupinatus, albus, tenellus; pori sinuosi, 3–5 
per mm, hyphis generativis in orificio pororum 
incrustatis, sporae allantoideae, arcuatae, 3.2–
4.2 ¥ 1.1–1.4 µm. Basidiomata plerumque super 
Phellinidio ferrugineofusco mortuo emergens.

MB 823483. — Holotype: Finland. Etelä-Häme: Padas-
joki, Vesijako Strict Nature Reserve, old-growth forest, Picea 
abies decayed by Phellinus ferrugineofuscus, 61.349°N, 
25.106°E, 19 August 2003 Tuomo Niemelä 7553, Dmitry 
Schigel & Jevgeni Jakovlev (H 6014021).

etymology. Delicatus (Lat., adj.), charming, delicate, 
referring to the lace-like appearance and decorative pattern 
of labyrinthine pores.

Basidiome annual, resupinate, when fresh 
fragile, when dry soft and easily cut, arising as 
small patches which later merge together, and 
then 50–80 mm across, 0.5–1 mm thick. Ster-
ile margin missing (pores extend to the very 
edge), outline sharply delimited or thinning out, 
irregularly sinuous. Pores opaque when fresh, 
white with a faint grey tone because of slight 
hygrophany, when dry white, cream or very light 
ochraceous coloured; pores round to elongated 

and often sinuous or even split when grown on 
vertical surface; pores in regular areas (2)3–6 
per mm, in older parts merged-together and 
larger but original ones seen deep inside. Sec-
tion: subiculum white and soft, thickness nil to 
0.1 mm; tubes creamy white, not oily-looking, 
fragile, less than 1 mm long. When fresh with 
a sharp smell characteristic of Skeletocutis spe-
cies. Hyphal system dimitic, hyphae CB–, IKI–, 
generative hyphae with clamps, skeletals swell a 
little in KOH, becoming translucent. Subiculum 
dimitic throughout, hyphae arranged in a spaced 
mesh-like pattern; generative hyphae thin-
walled, 1.4–3.7 µm, smooth (rarely encrusted); 
skeletals thick-walled, (2)2.5–3.6(4.4) µm, gelat-
inizing and swelling up to 6–8(9) µm in KOH. 
Tube tramal hyphae almost parallel, tightly 
packed but separate (not glued together), struc-
ture dimitic down to the dissepiment edge; gen-
erative hyphae thin-walled, 1.8–3.2 µm, smooth 
except at orifices; skeletals (1.8)2.6–3.3(4.1) µm, 
thick-walled, dominating in the structure. Dis-
sepiment edge with smooth, straight, rather thin-
walled skeletals which are slightly swollen (like 
a baseball bat) at tip and there up to 4.5–5.9 µm 
in diameter; generative hyphae winding, mod-
erately to strongly encrusted with sharp-pointed 
crystals. Subhymenium poorly differentiated; 
basidia short clavate, 9–13.5 ¥ 3.8–4.9 µm, 
with four sterigmata, basidioles similar in shape, 
7.5–11 ¥ 3.5–4.7 µm; cystidioles common but 
poorly differentiated, bullet-shaped, with acute 
or short finger-like apex. Spores allantoid, of 
even thickness or slightly tapering to apicu-

Fig. 1. Phylogenetic 
Bayesian consensus tree 
of selected Skeletocutis 
species based on nrDNA 
ITS sequences. Numbers 
on nodes denote posterior 
probabilities.
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lus, curved along their whole length, with no 
clear guttules, thin-walled, CB–, IKI–, (3.0)3.2–
4.2(4.7) ¥ (1.0)1.1–1.4(1.6) µm, L = 3.73 µm, W 
= 1.25 µm, Q = 2.84–3.16, n = 553/16.

Distribution anD ecology. We have seen 
material from boreal and hemiboreal Europe (Fin-
land, Sweden and Russia) and the Russian Far 
East. Skeletocutis delicata inhabits spruce (Picea 

Fig. 3. Skeletocutis delicata (from the holotype). — a: Spores. — b: Hymenium. — c: Generative and skeletal 
hyphae at dissepiment edge. — d: Section through tube wall.

Fig. 2. Skeletocutis delicata (holotype) in situ.
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abies, P. jezoensis) trunks in old, semi-natural and 
natural forests; one find from Estonia is from pine 
(Pinus sylvestris). Basidiomes are found during 
intermediate to late stages of decay and often 
together with Phellinidium ferrugineofuscum. In 
suitable localities the species is not rare.

The new species was well represented in the 
Helsinki herbarium before we started our work 
on this paper. Specimens were mostly placed 
under S. brevispora and S. papyracea. If material 
is fertile, it should be straightforward to tell apart 
these three species (Table 2), and identification 
of sterile material is possible as well.

Many collections of S. delicata were 
obtained from fallen, thick spruce trunks, often 
decayed by Phellinidium ferrugineofuscum. That 
preceding species is also favoured by S. bre-
vispora (Niemelä 1998), and sometimes these 
two were found growing side by side, on or 
beside dead Phellinidium. Then the new species 
differed clearly from S. brevispora, which was 
bony white, with pores so small that they could 

hardly be seen, and with solid texture and abrupt 
margin, while S. delicata looked thinner, reticu-
late, larger-pored, and slightly hygrophanous, 
which gave a grey tone to its white colour. The 
hygrophany is seldom strong enough to make the 
fungus look jelly-like or as if soaked with water.

Dried specimens of S. brevispora often obtain 
a lemon yellow colour whereas S. delicata speci-
mens remain white or turn cream-coloured. Pores 
of S. brevispora are regular in size and shape, and 
counts of 7–9 pores per mm are usual, contrast-
ing with the larger (3–6 per mm) and irregular 
and dentate pores of S. delicata. While drying 
pores of S. delicata lose their nicely labyrinthine 
appearance, and become split. Microscopical dif-
ferences are small. In S. brevispora, spores taper 
towards apiculus and they are on average slightly 
wider. Tramal hyphae are agglutinated in S. bre-
vispora when studied in CB, but stay separate 
in S. delicata. In KOH, hyphae of S. brevispora 
remain unchanged, whereas skeletals of S. deli-
cata gelatinize and swell noticeably.

Table 2. Comparison of key morphological characters of species reminiscent of the newly described Skeletocutis 
species.

 S. brevispora S. delicata S. exilis S. papyracea

Basidiome white when white when fresh, white when fresh, white, orange stains
 fresh, turns white to cream white to cream occasionally
 clearly yellowish when dry when dry
 upon drying
Pores regular, mouths irregular, mouths irregular, mouths often irregular and
 smooth lacerate lacerate mouths lacerate
Pores per mm (6)7–9 4–6(7), 2–3 (2)3–5, splitting larger 4–7, 2–3 in old
  in old parts in older parts parts
Spores tapering towards evenly bent, evenly bent, only long, only moderately
 apiculus, short but not tapering, moderately curved; curved, usually with
 wide; mostly the narrowest; mostly aguttulate two guttules
 aguttulate mostly aguttulate
Average spore size (µm) 3.54 ¥ 1.36 3.73 ¥ 1.25 3.53 ¥ 1.00 4.52 ¥ 1.42
Trama agglutinated not agglutinated often agglutinated not agglutinated
Subiculum dimitic throughout dimitic throughout dimitic throughout partly monomitic
KOH reaction none skeletals gelatinize none skeletals quickly
  and swell up to  gelatinize, swell
  6–8(9) µm  strongly and dissolve
Ecology	 spruce	trunks	 spruce	trunks	in	 spruce	trunks	in	 chiefly	pine,	also
 decayed by old-growth old-growth forests spruce, often
 Phellinidium forests  managed forests
 ferrugineofuscum
 in old-growth
 forests
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Approximately half of the Skeletocutis bre-
vispora material from Finland stored in Hel-
sinki herbarium turned out to be S. delicata, 
including one of the paratypes of S. brevispora 
(Vehmaa 336). Both species are found through-
out the country, but S. delicata is proportionally 
more common in the south (35 specimens from 
the provinces Varsinais-Suomi, Uusimaa, Etelä-
Häme and Pohjois-Savo versus 23 specimens of 
S. brevispora). As in the case of S. brevispora, 
also S. delicata specimens were all collected in 
old and semi-natural forests. Many collections 
of S. delicata were made from trees apparently 
without Phellinidium ferrugineofuscum as an 
accompanying or preceding species. The con-
nection of S. delicata with P. ferrugineofuscum 
appears less strict than in the case of S. brevis-
pora, which always or nearly always grows on 
trunks previously inhabited by that species.

Skeletocutis papyracea is another thin spe-
cies in the genus, but — belonging to the S. 
biguttulata group — its spores usually bear two 
pearl-like guttules and they are more straight and 
bigger (Table 3). Its skeletals gelatinize, swell 
strongly and eventually dissolve in KOH, and 
although the swelling is moderate to strong in 
S. delicata, its skeletals do not dissolve quickly 
if at all. Subiculum is almost monomitic in S. 
papyracea, but dimitic in the two resembling 
species mentioned here. In the field these three 
are difficult to tell apart, and sets of careful 
measurements are needed to ensure differences 
in spore sizes. Their ecology is different, though, 
S. papyracea usually inhabiting pine trunks and 
S. delicata spruce. The orange flecks often seen 
in basidiomes of S. papyracea (Niemelä 2016: 
fig. 447) are missing from S. delicata.

The Finnish find of Skeletocutis subincar-
nata reported by Niemelä (1998, coll. Niemelä 
6054), turned out to be S. delicata. It seems 
that S. biguttulata has only one close relative in 
North Europe, S. papyracea. The relationship 
between S. papyracea (European taxon) and S. 
subincarnata (North American taxon) has not 
been solved satisfactorily yet, but it appears that 
the type specimen of S. subincarnata represents 
a separate species: KOH causes only moderate 
swelling of skeletal hyphae under long exposure 
(up to 5 µm in width), pores are relatively small 
(5–8 per mm), and spores are almost straight and 

wider (W = 1.64 µm) than in either S. papyracea 
or S. delicata (cf. Niemelä 1998: fig. 22, depict-
ing the type of S. subincarnata).

From spruce forests we have also collected 
a thin taxon of Skeletocutis kuehneri coll. which 
is described below as S. exilis. It resembles S. 
delicata in being thin, lace-like, fairly large- and 
labyrinthine-pored, but differs by its still nar-
rower spores, 0.9–1.1 µm in diameter, and by 
the absence of swelling of skeletals in KOH. The 
other members of S. kuehneri coll. in northern 
Europe have smaller and non-labyrinthine pores.

Based on ITS sequences (Fig. 1), the clos-
est relative of S. delicata is S. exilis, and other 
closely related species include S. chrysella and 
S. kuehneri.

Skeletocutis exilis Miettinen & Niemelä, 
sp. nova (Figs. 4 and 5)

Resupinatus, albus, tenellus; pori sinuosi, 3–5 
per mm, hyphis generativis in orificio pororum 
incrustatis, sporae allantoideae, arcuatae, 3.1–
3.9 ¥ 0.9–1.1 µm.

MB 823484. — Holotype: Finland. Kainuu: Sotkamo, 
Korholanmäki, Losonvaara, middle-aged forest adjacent to 
an old-growth area, cf. Picea abies fragment of a log in a 
pile, 64.05372°N, 27.96634°E, 30 August 2007 Pekka Helo 
1627 (H 6014020).

etymology. Exilis (Lat., adj.), delicate, feeble, referring 
to the appearance of a fresh basidiome.

Basidiome annual, resupinate, when fresh 
fragile, when dry brittle, arising as small irregu-
lar patches, 10–60 mm across, 0.5–1 mm thick. 
Sterile margin missing (pores extend to the very 
edge), outline usually thinning out, irregularly 
sinuous. Pores opaque when fresh, white with 
a faint grey tone because of slight hygrophany, 
when dry cream coloured or dull ochraceous; 
pores at first round to angular, (2)3–5 per mm 
but becoming soon sinuous and larger; dry pores 
very irregular, partly shrunk and small, partly 
split wide open. Section: subiculum white and 
soft, thickness nil to 0.1 mm; tubes cream col-
oured, oily- or resinous-looking, brittle, less than 
1 mm long. When fresh with a sharp smell char-
acteristic of Skeletocutis species. Hyphal system 
dimitic, hyphae CB–, IKI–, KOH–, generative 
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Table 3. Spore measurements of Skeletocutis spp. L = mean length (µm), W = mean width (µm), Q = L/W.  The 
measurements are given as follows: the main range is for 90% of basidiospores and the values in parentheses are 
for 5% that are smaller and 5% that are larger than the main-range lower and upper limits, respectively.

Species/specimen Length L Width W Q Spores/specimens 
      measured

Skeletocutis brevispora (2.8)3.0–4.1(4.5) 3.54 (1.0)1.1–1.7(1.9) 1.36 2.60 441/13
holotype (3.0)3.1–4.2(4.5) 3.62 1.1–1.6(1.7) 1.35 2.68 60
Anttila 213 (3.0)3.1–4.2(4.4) 3.72 (1.0)1.1–1.6 1.32 2.83 45
Edman 2 (3.0)3.1–4.0 3.59 1.3–1.7 1.47 2.44 29
Jaederfeldt 10.VII.1991 3.0–3.6(3.7) 3.33 1.2–1.4(1.6) 1.29 2.58 30
Miettinen 14570 2.8–3.3 3.09 1.2–1.4 1.28 2.42 30
Niemelä 6760 3.1–4.0 3.57 (1.2)1.3–1.6(1.7) 1.39 2.57 30
Niemelä 7320 (3.0)3.1–4.0(4.2) 3.43 1.2–1.8(1.9) 1.41 2.43 30
Savola 784 3.0–4.2 3.59 (1.0)1.1–1.6(1.7) 1.30 2.76 34
Savola 788 (3.1)3.2–4.3 3.82 1.1–1.7(1.8) 1.47 2.60 30
Vehmaa 310 3.1–4.2(4.4) 3.74 (1.1)1.2–1.8(1.9) 1.49 2.51 30
Vehmaa 337 (3.0)3.1–4.3(4.4) 3.66 (1.1)1.2–1.6 1.35 2.71 30
Vehmaa 338 3.0–3.9(4.0) 3.35 (1.1)1.2–1.5 1.31 2.55 42
Vehmaa 346 (2.9)3.0–3.6(4.0) 3.28 1.1–1.5 1.27 2.59 21
Skeletocutis delicata (3.0)3.2–4.2(4.7) 3.73 (1.0)1.1–1.4(1.6) 1.25 2.97 553/16
holotype 3.3–4.0(4.3) 3.72 (1.0)1.1–1.4 1.24 3.01 40
Carlstedt 5-X-1985 3.1–4.2(4.3) 3.61 1.1–1.4(1.5) 1.25 2.88 30
Miettinen 194 3.3–4.1 3.69 (1.1)1.2–1.4(1.5) 1.26 2.94 30
Niemelä 6054 (3.2)3.3–4.3(4.7) 3.85 (1.1)1.2–1.4(1.6) 1.29 2.98 60
Niemelä 6127 3.4–4.3(4.4) 3.85 (1.0)1.1–1.4 1.25 3.09 30
Niemelä 6129 (3.3)3.5–4.5 3.97 1.1–1.5 1.28 3.11 33
Niemelä 6296 (3.2)3.3–4.1(4.2) 3.74 (1.1)1.2–1.4 1.26 2.96 30
Niemelä 6653 (3.4)3.5–4.2(4.3) 3.84 1.1–1.3(1.4) 1.22 3.16 30
Niemelä 6761 3.2–3.9(4.0) 3.52 (1.0)1.1–1.3(1.4) 1.22 2.88 60
Niemelä 7096 (3.2)3.3–4.0(4.1) 3.67 1.1–1.4 1.23 2.98 30
Niemelä 7321 (3.3)3.4–4.3(4.5) 3.91 1.1–1.5(1.6) 1.29 3.03 30
Niemelä 7583 (3.4)3.5–4.0(4.1) 3.73 (1.1)1.2–1.4 1.28 2.92 30
Niemelä 7831 (3.3)3.4–4.2(4.5) 3.75 1.1–1.4(1.5) 1.26 2.99 30
Spirin 2134 3.2–4.1(4.3) 3.59 1.1–1.4(1.5) 1.24 2.89 30
Strid 557a (3.2)3.4–4.0 3.75 (1.1)1.2–1.4 1.26 2.97 30
Vehmaa 336 3.0–4.0 3.47 1.0–1.4(1.5) 1.22 2.84 30
Skeletocutis exilis (3.0)3.2–3.9(4.2) 3.53 (0.8)0.9–1.1(1.2) 1.00 3.52 181/5
holotype (3.0)3.1–3.7(4.0) 3.45 (0.8)0.9–1.2 1.00 3.44 30
Jakobsson 2004a (3.1)3.2–4.0(4.1) 3.59 0.8–1.2 1.00 3.59 30
Miettinen 220 3.1–3.9(4.2) 3.47 0.9–1.1(1.2) 1.02 3.39 30
Niemelä 6987 3.2–3.9(4.0) 3.51 (0.8)0.9–1.1(1.2) 0.97 3.61 30
Spirin 2073 (3.2)3.3–3.9(4.0) 3.57 (0.8)0.9–1.1(1.2) 1.00 3.56 61
Skeletocutis papyracea (3.5)3.9–5.4(6.8) 4.52 (1.1)1.2–1.7(1.8) 1.42 3.18 360/11
holotype (3.9)4.0–4.9(5.0) 4.30 1.3–1.6(1.7) 1.43 3.02 30
David 4097 3.7–5.0(5.3) 4.23 1.2–1.7(1.8) 1.51 2.81 60
Jakobsson 10669 4.0–5.1(5.3) 4.47 1.2–1.5 1.33 3.35 30
Jakobsson 1496 (3.9)4.0–4.9(5.3) 4.49 1.2–1.7 1.42 3.16 30
Miettinen 11022.1 (4.0)4.1–6.0(6.8) 5.12 1.2–1.6 1.35 3.79 30
Miettinen 11833 (3.8)3.9–5.6(5.7) 4.63 (1.1)1.2–1.6 1.34 3.44 30
Miettinen 13421,3 (3.9)4.0–6.0 4.84 1.2–1.7(1.8) 1.44 3.36 30
Niemelä 5886 (3.9)4.0–5.1(5.3) 4.44 1.2–1.6(1.7) 1.39 3.19 30
Niemelä 7731 (4.1)4.2–5.3 4.55 1.2–1.6 1.37 3.33 30
Niemelä 7837 (3.5)3.6–4.9(5.1) 4.22 1.2–1.5 1.35 3.12 30
Nuss 4663 (4.0)4.1–5.3(5.4) 4.66 1.4–1.8 1.57 2.96 30
Skeletocutis subincarnata (3.4)3.5–5.1(5.9) 4.36 2.2–3.1(3.9) 1.64 2.67 60

hyphae with clamps. Subiculum dimitic through-
out, hyphae arranged in compact mesh-like pat-
tern; generative hyphae thin-walled, 2–3.7 µm, 

smooth (rarely encrusted); skeletals subsolid, 
(2.2)2.4–4(4.3) µm, not swelling in KOH. Tube 
tramal hyphae almost parallel, tightly packed 



202 Miettinen & Niemelä • ANN. BOT. FENNICI Vol. 55

and often glued together in tube wall, structure 
dimitic down to the dissepiment edge; genera-
tive hyphae thin-walled, 1.9–3.2 µm, smooth 
except at orifices; skeletals (2.2)2.3–4(4.7) µm, 
thick-walled, dominating in the structure. Dis-
sepiment edge with smooth, straight and tightly 
packed, rather thick-walled skeletals; genera-
tive hyphae winding, weakly to moderately 
encrusted with sharp-pointed crystals (seldom 
strongly encrusted in old specimens). Subhyme-
nium poorly differentiated; basidia short clavate, 
8–11.5 ¥ 3.7–4.5 µm, with four sterigmata, 
basidioles similar in shape, 6–11 ¥ 2.5–4.3 µm; 
cystidioles abundant, tapering, with finger-like 
apex. Column-like, projecting hyphal pegs 
common in some sections, occasional in others. 
Spores allantoid, of even thickness, moderately 
curved along their whole length, empty-looking 
(no guttules), thin-walled, CB–, IKI–, (3.0)3.2–
3.9(4.2)¥(0.8)0.9–1.1(1.2) µm, L = 3.53 µm, 
W = 1.00 µm, Q = 3.44–3.61, n = 181/5.

Distribution anD ecology. Skeletocutis exilis 
was confirmed to occur in Finland from south 
to north, and we got further DNA-confirmed 

records from hemiboreal Estonia and European 
Russia. Overall the species appears to be rather 
rare. Most collections were made in old spruce-
dominated forests, stand age of the Estonian 
find being 114 years. Pine trees in the Russian 
locality — a nature reserve — were 250–300 
years old; this pine-dominated forest was inter-
mixed with spruce and oak together with other 
angiosperm trees. The holotype was collected 
from timber wood, remnants of a collapsed hut 
at forest edge. Core parts of this forest are 70–90 
years old and in a fairly natural state, and a 
fairly large old-growth forest reserve is close by. 
Remnants of dead Phellinidium ferrugineofus-
cum were recorded from two collections, other 
associated fungi being Phellopilus nigrolimita-
tus, Trichaptum laricinum and Asterodon fer-
ruginosus.

This species is reminiscent of Skeletocutis 
delicata, and in the field the two are almost 
indistinguishable. Spore thickness, and hence 
also spore shape, is the best difference, but it is 
advisable to compare this species and S. delicata 
(preferably also S. brevispora) during the same 

Fig. 4. Skeletocutis exilis (holotype) in situ. Photograph by Pekka Helo.
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session. Copious column-like hyphal pegs of S. 
exilis may be a good character, but our mate-
rial is too small to ensure the constancy of these 
structures; they are occasionally found also in 
other Skeletocutis species, S. delicata included. 
Unlike in S. delicata, skeletals are not widen-
ing at tube mouths, and they do not swell in 
KOH. The species belongs motrphologically to 
the S. kuehneri complex, which even after the 
separation of S. exilis includes several taxa. The 
remaining members of S. kuehneri coll. differ 
from the new species in having smaller, not at all 
sinuous pores.

Skeletocutis friata Niemelä & Saaren.

Karstenia 41: 12. 2001.

Skeletocutis friabilis Niemelä & Saaren., Acta Bot. Fen-
nica 161: 16. 1998, non S. friabilis (Corner) Quanten, Opera 
Bot. Belgica 11: 228. 1997 (“friabile”).

Holotype. Finland. Uusimaa: Sipoo, Östersundom, on 
Alnus glutinosa, 25. August 1990 Saarenoksa 27490 (H 
6032474).

We re-studied the type and sequenced its 
nrDNA ITS. The ITS sequence is identical with 
that of Tyromyces chioneus, a Skeletocutis-
related species common in the habitat where the 
type of S. friata was collected. Young specimens 
of T. chioneus are nearly monomitic like the type 
of S. friata. Colouration, thick subiculum, and 
spore and pore size of the type fit T. chioneus 
well (Niemelä 1998, 2005). Encrusted hyphal 
ends characteristic of Skeletocutis are also pre-
sent in T. chioneus. Arboriform branches of con-
textual generative hyphae typical of T. chioneus 

Fig. 5. Skeletocutis exilis (a–c from the holotype, d from Jakobsson 2004b, e–f from Niemelä 7553. — a: Spores. 
— b: Hymenium. — c: Three hyphal pegs. — d: Section through tube wall. — e: Generative and skeletal hyphae at 
dissepiment edge. — f: Heavily encrusted generative hypha from tube mouth.
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were not mentioned in the original description 
of S. friata, but they are present in the type. We 
conclude that the type of S. friata is a young 
specimen of T. chioneus, untypical because of its 
growth on a thin twig. Thus S. friata is a taxo-
nomic synonym of T. chioneus.

Key to Skeletocutis in northern Europe [trans-
lated from Niemelä (2016), with corrections]

1. Context and subiculum uniform (a hair-thin basal layer 
may be present next to wood), fragile to chalky to 
woody; cap (if present) blunt or shelf-haped  ...............  4

1. Context and subiculum with dense, cartilaginous, when 
dry hard and dark layer next to tubes; cap thin like fin-
gernail, or like mouse’s ear  ..........................................  2

2. Pore surface bright lilac, when dry pinkish black  ...........  
 ........................................................  Skeletocutis lilacina

2. Pore surface at first white, when mature pale salmon, 
orange-red, or pale pinkish grey, not changing much 
upon drying  ..................................................................  3

3. Pore surface finally bright orange-red; basidiomes soli-
tary, not associated with any preceding fungus; skeletals 
common in upper parts of tube walls, but lower parts and 
tube mouths monomitic; spores commonly well over 1 
µm thick (1–1.3 µm)  .................... Skeletocutis amorpha

3. Mature pore surface pale pinkish grey; basidiomes 
growing on or near dead Trichaptum; skeletals abundant 
along tube walls and at dissepiment edges; spores almost 
exactly 1 µm thick (0.9–1.1 µm)  ....................................  
 ...............................................  Skeletocutis carneogrisea

4. Pores 4–6(8) per mm  ....................................................  8
4. Pores 7–11 per mm (almost invisible to unaided eye)  ...  5
5. Spores ellipsoid  .................................  Skeletocutis jelicii
5. Spores allantoid  ............................................................  6
6.  On angiosperm trees  ................  Skeletocutis nivea coll.
6. On gymnosperm trees  ..................................................  7
7. Annual, pileate or effused-reflexed, cap resembling a 

2–5-mm-wide cup upside down; tube trama monomitic   
 .................................................... Skeletocutis ochroalba

7. Perennial, resupinate, basidiomes wide-effused; tube 
trama dimitic, with abundant skeletal hyphae down to 
tube mouth  ....................................... Skeletocutis stellae

8. Spores 0.7–0.9(1) µm wide, narrow allantoid, empty-
looking (without oily droplets)  ..................................  15

8. Spores 1–1.8 µm wide, allantoid, cylindrical, or narrow 
ellipsoid, often bearing 1–2 guttules  ............................  9

9. Perennial (annual zones seen in tube layer); mostly on 
angiosperm hosts; some generative hyphae at dissepi-
ment edge with ampullaceous inflations  .........................  
 .......................................................  Skeletocutis borealis

9. Annual; mostly on gymnosperm hosts; hyphae at dis-
sepiment edge of even thickness, or skeletals thickening 
slightly and gradually towards the apex  ....................  10

10. Basidiomes not associated with any preceding fungus; 
white to cream-coloured to ochraceous to yellowish-
grey when dry; spores long (4–6 µm) and only slightly 

curved  .........................................................................  13
10. Basidiomes often growing on and around dead Phellin-

idium ferrugineofuscum; butter yellow when dry; spores 
short (3–4 µm), strongly curved at their distal end, but 
tapered and more straight towards apiculus  ...............  11

11. Pores 6–8 per mm; basidiomes solid-looking and well-
demarcated; pores keep their shape when drying  ...........  
 ...................................................  Skeletocutis brevispora

11. Pores 4–6 per mm; basidiomes delicately lace-like and 
with thin fimbriate margin; tubes split open when drying  
 ....................................................................................  12

12. Spores 1.1–1.4 µm thick; skeletals widening gradually 
towards apex (like a baseball bat) at dissepiment edges  .  
 .......................................................  Skeletocutis delicata

12. Spores 0.9–1.1 µm thick; skeletal hyphae of even thick-
ness at dissepiment edges  .................. Skeletocutis exilis

13. When fresh juicy and as if soaked with water; dry tubes 
fragile when cut; tube trama monomitic or almost so 
near tube mouths  ............................... Skeletocutis odora

13. Not remarkably watery when fresh; dry tubes woody 
tough; skeletals abundant down to tube mouths  ........  14

14. Basidiomes stout, tubes keep their shape when drying; 
skeletals unchanged in KOH and some of them amyloid  
 ................................................... Skeletocutis biguttulata

14. Basidiomes fragile, tubes split open when drying; skel-
etals unchanged in IKI, swelling and finally dissolving in 
KOH  ..........................................  Skeletocutis papyracea

15. Pores 3–5 per mm  .............................. Skeletocutis exilis
15. Pores 5–7 per mm  ......................................................  16
16. Basidiomes thin and brittle, clearly annual; tube walls 

opaque; on wood decayed by Trichaptum; basal layer 
often present in subiculum  ...  Skeletocutis kuehneri coll.

16. Basidiomes fairly thick and when dry woody, persisting 
a few years; tube walls translucent, as if oily or waxy; on 
and around dead basidiomes of Porodaedalea abietis; 
without any clear basal layer  ......  Skeletocutis chrysella

specimens examineD. The specimens are deposited in 
herb. H (Helsinki) unless otherwise stated. Sequenced ones 
are marked with an asterisk. — Skeletoccutis brevispora 
(on Picea abies). Finland. Pohjois-Karjala: Lieksa, Kitsi, 2 
September 2002 Niemelä 7320. Sompion Lappi: Sodankylä, 
Pikku-Luosto, 12 August 1998 Niemelä 6287*. Kittilän 
Lappi: Kittilä, Koivakero, 23 August 2000 Niemelä 6760*. 
Norway. Telemark: Nome, Mørkvasslia, 25 October 2016 
Spirin 11200*. Sweden. Jämtland: Härjedalen, Urgan, 16 
August 2011 Miettinen 14570 (H 7005510). For other speci-
mens see Niemelä (1998). — Skeletocutis delicata (on Picea 
abies unless otherwise mentioned). Estonia. Hiiu: Kõrges-
saare, Kriipsuränga Nat. Res., 9 Sptember 2004 Niemelä 
7831. Valga: Tõlliste, Rampe, Pinus sylvestris, 4 September 
2014 Runnell 892* (TU). Finland. Etelä-Häme: Hämeen-
linna, Lammi, Kotinen Nat. Res., 17 September 1996 Niemelä 
6054, 21 September 1999 Niemelä 6653. Padasjoki, Vesijako 
Strict Nat. Res., 13 September 2001 Niemelä 7096; see type*. 
Pohjois-Karjala: Lieksa, Kitsi, 2 September 2002 Niemelä 
7321*. Kainuu: Suomussalmi, Hiienvaara, 18 September 1993 
Vehmaa 336. Perä-Pohjola: Rovaniemi, Pisavaara Strict Nat. 
Res., 16 September 1997 Niemelä 6127, 6129, 28 August 2003 
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Niemelä 7583*. Sompion Lappi: Pelkosenniemi, Latvava-
ara, 13 August 1998 Niemelä 6296. Kittilän Lappi: Kittilä, 
Koivakero, 23 August 2000 Niemelä 6761. Norway. Opp-
land: Lunner, Nordmarka, Nordre Branntjern, 21 September 
2012 Ryvarden 49074 (O). Sweden. Östergötland: Vist, Säby 
Västerskog, 5 October 1985 Carlstedt (S). Dalarna: Likenäs, 
Transtrand, 25 August 1995 Strid 557a (S, H). Russia. Kare-
lia: Louhksiy, Lake Kamennoye E, 20 August 1997 Miet-
tinen 194; Kondopoga, Kivach Nat. Res., 25 August 2014 
Penttilä*. Nizhny Novgorod: Sharanga, Kilemary Nat. Res., 
17 August 2004 Spirin 2134*. Primorye: Krasnoarmeysky, 
Valinku, Picea jezoensis, 29 August 2013 Spirin 6492*. — 
Skeletocutis exilis (on Picea abies). Estonia. Valga: Tõlliste, 
in Oxalis–Myrtillus site type, 4 September 2014 Runnel 904* 
(TU 129591). Finland. Keski-Pohjanmaa: Nykarleby, Sorv-
ist, Lumpbacken, on dead Phellinidium ferrugineofuscum, 
11 September 1996 Jakobsson 2004a. Kainuu: Sotkamo (see 
type*). Koillismaa: Posio, Korouoma, with remnants of P. 
ferrugineofuscum, 23 August 2001 Niemelä 6987*. Russia. 
Karelian Rep.: Louhi, E slope of Mt. Lunas, old-growth spruce 
forest, 25 August 1997 Miettinen 220. Nizhny Novgorod Reg.: 
Lukoyanov, Panzelka, 3 August 2004 Spirin 2073*. — Skel-
etocutis kuehneri. Finland. Uusimaa: Helsinki, Pasila, Pinus 
sylvestris, 26 August 2014 Miettinen 18407*. — Skeletocutis 
papyracea (on Pinus sylvestris). Estonia. Hiiu: Kõrgessaare, 
Pihla-Kaibaldi Nat. Res., 10 September 2004 Niemelä 7837. 
Finland. Satakunta: Ylöjärvi, Viljakkala, Lietniemenlahti, 14 
August 2004 Niemelä 7731. Pohjois-Savo: Pieksänmaa, Lake 
Korpinen – Lake Taka-Saarinen, 1 October 2006 Miettinen 
11022.1*. Norway. Finnmark: Kárášjohka, Guorrasvuovdi, 
Vuolitjájávri, 2 September 2008 Miettinen 13421.3*. Sweden. 
Norrbotten: Boden, Grankölen, 24 August 2007 Miettinen 
11833.1*. For other specimens see Niemelä (1998). — Skele-
tocutis subincarnata. United States. New York: Alcove, Tsuga 
canadensis, September 1893 Shear (NYS, holotype).
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