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INTRODUCTION

2

Dillon Husbands

Species of Boletaceae (Boletineae, Boletales, Agaricomycetes) are well represented in the ectomycorrhizal
(ECM) macromycota associated with the leguminous
genus Dicymbe (Fabaceae subfam. Caesalpinioideae)
in the remote tropical forests of Guyana (Henkel et al.
2012). To date 28 morphospecies of boletoid fungi
have been collected in Dicymbe-dominated forests, 21
of which were described formally in six genera including Austroboletus (Corner) Wolfe, Boletellus Murrill, Fistulinella Henn., Phylloporus Quél., Tylopilus P. Karst.
and Xerocomus Quél. (Henkel 1999, 2001; Fulgenzi et al.
2007, 2008, 2010; Mayor et al. 2008; Neves et al. 2010;
Husbands et al. 2013). An additional seven morpho‐
species remain undescribed, four of which are treated
here. At least 17 of these boletoid species are confirmed ECM associates of Dicymbe spp., Aldina insignis
(Fabaceae subfam. Papilionoideae), or Pakaraimaea
dipterocarpacea (Dipterocarpaceae) (Smith et al. 2011,
2013 unpubl).
In this study the following new taxa in Boletaceae
are described: Binderoboletus segoi gen. and sp. nov.,
Guyanaporus albipodus gen. and sp. nov. and Singerocomus rubriflavus gen. and sp. nov. Xerocomus inundabilis
Singer, originally described from the Brazilian Amazon
based solely on the type collection, is redescribed from
several collections from Guyana and combined into
Singerocomus. Although each species arguably could
have been classified in Retiboletus Manf. Binder & Bresinsky or Xerocomus sensu lato (s.l.) based strictly on
morphological grounds, molecular data from the
internal transcribed spacers (ITS1-5.8S-ITS2 5 ITS)
and 28S of the nuc rDNA and RPB1 indicated that
these Guyanese taxa, while nested within the Boletaceae, are evolutionarily distinct from the type species
of Retiboletus, Xerocomus and other described genera
within the family, justifying erection of the new genera.
Macromorphological, micromorphological, habitat
and DNA sequence data from the ITS, 28S and RPB1
regions are provided for each species, and RPB2
sequences are provided for G. albipodus and S. inundabilis. Three of the species were encountered repeatedly in Guyana’s Dicymbe forests, and data are
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Abstract: Binderoboletus segoi gen. and sp. nov., Guyanaporus albipodus gen. and sp. nov. and Singerocomus
rubriflavus gen. and sp. nov. (Boletaceae, Boletales,
Basidiomycota) are described from the Pakaraima
Mountains and adjacent lowlands of Guyana. Xerocomus inundabilis, originally described from the central
Brazilian Amazon and based solely on the type collection, is redescribed from numerous collections from
Guyana and transferred into Singerocomus. These
boletes occur in Neotropical forests dominated by
ectomycorrhizal trees in the genera Dicymbe (Fabaceae subfam. Caesalpinioideae), Aldina (Fabaceae
subfam. Papilionoideae) and Pakaraimaea (Dipterocarpaceae). Three of the species were repeatedly
found in a multiyear sporocarp survey in Dicymbe corymbosa-monodominant forest. Macromorphological,
micromorphological, habitat and multilocus DNA
sequence data are provided for each species. A molecular phylogenetic analysis based on a large taxon set
across the Boletaceae justifies erection of the new
genera.
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provided on their multiyear fruiting frequencies (Henkel et al. 2012).
MATERIALS

AND METHODS

Collections.—They were made in Guyana during the May–Jul
rainy seasons of 2000–2002, 2005–2006, 2008–2010 and 2015
and the Dec–Jan rainy season of 2009 from the Upper Potaro
River Basin, within a 15 km radius of a permanent base camp
at 5u18904.8″N; 59u54940.4″W, 710 m (Henkel 2003). Additional collections were made during Jan 2011 and Jun 2012
from the Upper Mazaruni River Basin within 0.5 km of a
base camp at 5u26921.3″N; 60u04943.1″W, 800 m, and May–
Jun 2011 and Dec–Jan 2013–2014 from the Upper Demerara
River Basin at Mabura Ecological Reserve, within 4 km of a
field station at 5u09919.0″N; 58u41958.9″W, 100 m. At the
Potaro sites basidiomata were collected from monodominant
forests of ECM Dicymbe corymbosa (Henkel et al. 2012) and
other stands containing ECM Dicymbe altsonii, A. insignis and
D. corymbosa (Smith et al. 2011); at the Mazaruni site collections were made from forests co-dominated by ECM P. dipterocarpacea and Dicymbe jenmanii (Smith et al. 2013); at the
Mabura site collections were made in D. altsonii-monodominant stands (Zagt 1997). Fungi were field-dried with silica
gel. Macroscopic features of basidiomata were described fresh
in the field. Colors were described subjectively and coded
according to Kornerup and Wanscher (1978), with color
plates noted in parentheses. Micromorphological features of
fresh specimens were examined with an EPOI field microscope with light optics. Dried specimens were examined with
an Olympus BX51 microscope with bright field and phase
contrast optics. Rehydrated fungal tissues were mounted in
H2O, 3% potassium hydroxide (KOH), and Melzer’s solution.
At least 20 individual basidiospores, basidia and other structures were measured for each specimen. Range and mean
quotients (Q) of basidiospore length divided by width are
included. Outlying measurements observed in less than 5%
of a given structure are placed in parentheses. Line drawings
were traced from digital photomicrographs and edited with
Photoshop CS5 (Adobe, San Jose, California). Scanning electron micrographs (SEM) of basidiospores were obtained with
a FEI Quanta 250 scanning electron microscope using 200 kV.
Specimens were deposited in the following herbaria
(Holmgren et al. 1990): BRG, University of Guyana; HSU,
Humboldt State University; NY, New York Botanical Garden;
PUL, Kriebel Herbarium, Purdue University. Cameroonian
specimens used for comparative purposes were deposited in
the National Herbarium of Cameroon (YA) and HSU. Type
specimens of Malaysian Xerocomus and Boletus species
described by Corner were examined at the Royal Botanic
Garden Edinburgh Herbarium (E), and holotypes of Brazilian Xerocomus species described by Singer were examined
on loan from the herbarium of the Instituto Nacional de Pesquisas da Amazonia (INPA).
DNA extraction, amplification, sequencing and phylogenetic
analyses.—DNA extractions were performed on dried basidioma tissue from holotypes and additional specimens using
the modified CTAB method (Gardes and Bruns 1993) or a

Plant DNAeasy mini kit (QIAGEN, Valencia, California).
PCR and DNA sequencing of the nuc rDNA region encompassing internal transcribed spacers 1 and 2, along with the
5.8S rDNA (ITS), nuc 28S rDNA D1-D2 domains (28S) and
the genes for RNA polymerase II largest subunit (RPB1)
and, for some taxa, the second largest (RPB2) subunit, followed the protocols and used the primers of Dentinger et al.
(2010), Smith et al. (2011) and Wu et al. (2014). For ITS we
used primers ITS1F (Gardes and Bruns 1993) and ITS4
(White et al. 1990) and for 28S we used primers LROR,
LR3 and LR5 (Vilgalys and Hester 1990; http://sites.biology.
duke.edu/fungi/mycolab/primers.htm). In some cases ITS
and 28S were amplified and sequenced in two fragments
with primer combinations ITS1F-LR3 and LROR-LR5 and
combined into a single contig. RPB1 was amplified with primers RPB1-B-F and RPB1-B-R, whereas RPB2 was amplified
with reverse primer RPB2-B-R and either forward primer
RPB2-B-F1 or forward primer RPB2-B-F2. Newly generated
sequences were edited in Sequencher 5.1 (Gene Codes
Corp., Ann Arbor, Michigan), and deposited in GenBank.
DNA sequences from several loci for each new species were
subjected to BLASTn queries to determine the closest relatives in GenBank. To assess generic affinities of the three
new species, we used maximum likelihood (ML) analysis of
a concatenated dataset based on 28S and RPB1 sequences of
diverse Boletaceae with outgroup taxa in related lineages of
Boletales. The analysis included representative species from
across the Boletaceae phylogeny based on recent molecular
results (e.g. Nuhn et al. 2013; Wu et al. 2014, 2015). We
included the type species and/or key representative taxa for
as many genera as possible using species where 28S and
RPB1 sequences were available (see SUPPLEMENTARY TABLE I
for taxa and GenBank numbers). Sequences of 28S and
RPB1 were compiled in two separate nucleotide alignments
of 1044 bp (28S) and 1004 bp (RPB1) using MEGA 5
(Tamura et al. 2011) and aligned with the aid of MAFFT 7
(Katoh and Standley 2013). Gblocks (Talavera and Castresana 2007) was used to exclude ambiguous portions of the
alignment, producing a final aligned dataset of 778 bp
for 28S and 717 base bp for RPB1, available on TreeBASE
at: http://purl.org/phylo/treebase/phylows/study/TB2:
S17968. The following taxa in Boletales suborders or
families other than the Boletaceae served as outgroup taxa
for the phylogenetic analyses: Suillus aff. granulatus, Suillus
aff. luteus (Suillineae), Gyroporus castaneus, Phlebopus portentosus, Boletinellus meruloides (Sclerodermatineae), and Gyrodon
lividus (Paxillaceae). Maximum likelihood analysis was
performed separately on 28S and RPB1 (SUPPLEMENTARY
FIG. 1) to determine whether there were any well-supported
phylogenetic incongruencies between these two loci.
Because no supported incongruence was detected we conducted maximum likelihood analysis based on the concatenated 28S+RPB1 data set with RAxML on the CIPRES
Science Gateway (www.phylo.org, Stamatakis 2006, Stamatakis et al. 2008). For this analysis the three codon positions
were partitioned and evaluated separately and the
GTRGAMMA setting was used to determine the best ML tree
and for rapid bootstrapping with 1000 replicates.
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RESULTS
BLASTn queries and phylogenetic analyses.—ITS BLASTn
queries of each species on GenBank were uninformative
at the genus level, with none of the searches exceeding
95% similarity with any ITS sequences in GenBank. For
B. segoi, G. albipodus and S. inundabilis ITS sequences
from multiple specimens were 99–100% similar, indicating that each of these morphological species is congruent
with the ITS barcode (SUPPLEMENTARY TABLE II). For S.
rubriflavus ITS sequences were successfully obtained from
only two specimens; among these we detected some differences between the ITS sequence from the holotype (Henkel 9585) and a second specimen (Henkel 9616, see
additional comments for S. rubriflavus below). The maximum likelihood (ML) analysis of the 28S+RPB1 dataset
produced a phylogram (−ln 36456.292067) with similar
overall topology to that of previously studies (e.g. Wu et al.
2014) (FIG. 1). Based on this analysis none of the species
reported here can be assigned readily to any pre-existing
genus in the Boletaceae. The unique phylogenetic positions of the Guyanese taxa and lack of supported relationships with other known genera of Boleteaceae therefore
required the erection of three new genera. Also S. inundabilis and S. rubriflavus were resolved as monophyletic, supporting their inclusion in the same genus.
TAXONOMY
Binderoboletus T.W. Henkel & M.E. Sm., gen. nov.
MycoBank MB811834
Diagnosis: Basidiomata epigeous. Pileus olive-yellow
to olive-brown, matted fibrillose, trama light yellow,
unchanging. Hymenophore tubulose, adnate, light yellow, browning with pressure, pores subisodiametric.
Stipe subequal, concolorous and striate, yellow and
reticulate at apex, base yellow tomentose, trama bright
yellow. Basidiospores olivaceous brown in deposit,
smooth, dextrinoid in Melzer’s reagent. Pleurocystidia
present, dextrinoid in Melzer’s reagent. Cheilocystidia
present. Hymenophoral trama parallel to slightly divergent (phylloporoid). Pileipellis an entangled cutis,
terminal cells cylindrical. Clamp connections absent.
Type species: Binderoboletus segoi T.W. Henkel &
Husbands
Etymology: Bindero-, referring the bolete systematist Dr
Manfred Binder; and –boletus, in reference to the resemblance of the type species to a species of Retiboletus, a genus
described by Dr Binder and Prof Andreas Bresinsky.

Binderoboletus segoi T.W. Henkel & Husbands, sp.
nov.
FIGS. 2A, 3A, 4
MycoBank MB811835
Diagnosis: Pileus olive-yellow to olive-brown, matted
fibrillose, with age finely subareolate, subviscid,
glossy when dry, trama light yellow, unchanging.
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Hymenophore tubulose, adnate, sublamellate at stipe,
light yellow, browning with pressure, pores subisodiametric, 1–2 per mm. Stipe subequal, concolorous and
longitudinally striate over lower one-half, yellowing and
reticulate over upper one-half, base yellow tomentose
with concolorous hyphal cords, trama bright yellow.
Basidiospores olivaceous brown in deposit, smooth, subfusiform, mean Q 5 2.2, dextrinoid in Melzer’s reagent.
Basidia narrowly clavate to clavate, sterigmata mostly two
or four. Pleurocystidia narrowly ventricose to ventricoserostrate, contents dextrinoid in Melzer’s reagent. Cheilocystidia few. Hymenophoral trama parallel to slightly
divergent (phylloporoid), mediostratum indistinct.
Pileipellis an entangled cutis, hyphae externally
incrusted, terminal cells cylindrical. Stipitipellis hymenidermous. Clamp connections absent. NH4OH slightly
orange-brown on pileus, stipe and trama.
Typification: GUYANA. REGION 8 POTARO-SIPARUNI: Pakaraima Mountains, Upper Potaro River Basin,
within 5 km radius of Potaro base camp at 5u18904.8″N;
59u54940.4″W, 710-750 m; 3.5 km southwest of Potaro
base camp near Dicymbe plot 3, 5 May 2001, Henkel
8035 (holotype BRG 41206). Isotypes NY 02425244,
HSU G1111. GenBank accessions: ITS+28S 5
LC043078, RPB1 5 LC043079.
Pileus (35–)60–90(–135) mm broad, 15–35 mm tall,
broadly convex, occasionally plano-convex, dark oliveyellow initially (3D8–3E8), with more olive-brown
(4D8–4E8) patches at maturity; surface initially densely
matted fibrillose and occasionally rugulose, with age
finely subareolate revealing yellow ground, moist to viscid when wet, with a distinct glossy sheen in dry conditions; margin entire; trama 1–3 mm thick at margin, 9–
17 mm over tubes, light yellow (2A3–2A4), solid,
unchanging. Odor mildly fragrant; taste mild to
slightly sour. Tubes 1–3 mm long at margin, 4–9 mm
centrally, 3–5 mm at stipe, sublamellate immediately
near stipe, adnate and contiguous with upper stipe
reticulum, light yellow (2A5–2B5), browning slightly
when cut; tube edges concolorous, browning (5E5–
5F5) quickly under pressure; pores subisodiametric,
1–2 per mm. Stipe (36–)52–80(–98) 6 11–25 mm, subequal, broadening slightly over basal one-fifth to 15–32
mm, concolorous with pileus and longitudinally striate
over lower one-half, striations anastomosing upward
into a true reticulum toward apex and there grading
to grayish yellow (2B6–2B7) to yellow (2A6–2A7) at
apex; apical reticulations tall, nearly lacunose, browning with pressure; trama bright yellow (2A8) throughout, orangish brown around larval channels, solid,
unchanging to slightly browning; basal mycelium a
bright yellow tomentum, subtended by abundant concolorous hyphal cords.
Basidiospores olivaceous brown (5E6–5F6) in
heavy deposit, (8–)9–12(–14) 6 (3–)4–5(–6) mm,
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FIG. 1. Maximum likelihood phylogram (−ln 36456.292067) based on 28S ribosomal DNA and RPB1 sequences depicting
phylogenetic relationships of the new Guyanese bolete taxa Binderoboletus segoi, Guyanaporus albipodus, Singerocomus inundabilis
and Singerocomus rubriﬂavus within the Boletaceae. Support values above the nodes are maximum likelihood bootstrap support
values. Nodes with bootstrap support values , 75 are not shown. Clades with multiple species from the same genus are collapsed
into triangles for visual simpliﬁcation as is a clade of outgroup taxa from other suborders or families of Boletales.
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FIG. 2. Basidiomata of new species and distribution records from Guyana. A. Binderoboletus segoi (holotype). B. Guyanaporus
albipodus (holotype). C. Singerocomus inundabilis (Henkel 9199). D. Singerocomus rubriﬂavus (holotype), dorsal view. E. Ventral view.
Bars 5 10 mm.

Q range 5 (1.8–)2.0–2.4(–2.8) (mean Q 5 2.2), subfusiform, smooth, with a broad, shallow suprahilar
depression, pale olivaceous brown in H2O and KOH,
uniformly dextrinoid to orangish to reddish brown in
Melzer’s, uni- to multiguttulate; hilar appendage 0.5–
1 mm long; wall 0.4–0.5 mm thick; surface under SEM
slightly undulating, otherwise smooth. Basidia (17–)
24–35(–40) 6 (7–)8–10(–11.1) mm, narrowly clavate
to clavate, tapering evenly toward base, hyaline in
H2O and KOH, devoid of content or cytoplasmically
dense with greenish yellow granules and globules in
KOH, these paler in H2O; sterigmata 3–7(–8) mm
long, two, four, or occasionally three per basidium.
Pleurocystidia frequent, (15–)27– 49.5(–69) 6 (5–)6–
10(–12.5) mm, narrowly ventricose to ventricoserostrate, subacuminate at apex, barely projecting above
hymenium to 5–15 mm, with 1–2 large ochraceous,
amorphous globules in the ventricose portion in otherwise hyaline epiplasm in H2O and KOH, these globules
uniformly dextrinoid to dark orangish to reddish
brown in Melzer’s, rarely distributed throughout. Cheilocystidia few, (19.5–)24.5–30(–32) 6 5–7.5 mm, narrowly ventricose-rostrate, devoid of cytoplasmic

contents or with 1–2 large olive-yellow globules in
KOH, barely projecting above tube edge. Hymenophoral trama phylloporoid, parallel to slightly diverg‐
ing, in mass light yellow-gray in H2O, paler in KOH;
hyphae somewhat inflated, 5–10(–12.5) mm wide, with
uniformly faint gray cytoplasmic pigmentation in H2O
and KOH; mediostratum indistinct; conductive hyphae
frequent, opaque, irregularly branched, 2.5–5 mm wide.
Pileipellis a cutis of periclinal to subanticlinal, uninflated, highly entangled hyphae, in mass rich brownish
yellow in H2O, light yellow-gray in KOH; individual
hyphae with scattered, irregular clump-like external
incrustations, these 0.5–1 mm tall, occasionally with
short side branches or nodules on subterminal cells,
faint gray in KOH; terminal cells uninflated, cylindrical
with rounded tips, (25–)27–62(–79) 6 2.5–5(–6) mm.
Pileus trama interwoven, in mass light brownish yellow
in H2O, faint yellow-gray in KOH; individual hyphae
thin-walled, nearly hyaline, slightly inflating, (4–)5–10
(–12.5) mm wide; conductive hyphae scattered, opaque,
2.5–3.5 mm wide. Stipitipellis hymenidermous, in mass
olivaceous orange in H2O, pale olivaceous yellow-gray
in KOH; sterile terminal elements ventricose-rostrate,
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clavate, or cylindrical, (17.5–)24.5–49.5 6 (5–)7.5–10
mm, interspersed in the grooves of the reticulum with
numerous subcylindrical basidia bearing basidiospores,
these more frequent over upper half of the stipe; penultimate cells anticlinal, irregularly branched, with externally incrusted walls. Stipe trama densely packed, in
mass olive-yellow in H2O, faint yellow-gray in KOH; individual hyphae somewhat inflated, 3.5–10(–12.5) mm
wide, hyaline, with irregularly clumped, opaque external incrustations; conductive hyphae scattered throughout, opaque, hyaline, irregularly branched. Clamp
connections absent. Macrochemical reactions: 10%
NH4OH slightly orange-brown on pileus, stipe, and
trama; 3% KOH burgundy on pileus.
Habit, habitat and distribution: Solitary to scattered on
humic mat of the forest floor in monodominant D. corymbosa stands or mixed D. corymbosa, D. altsonii and
A. insignis stands on lateritic soils; also found in D. altsonii monodominant stands on white-sand soils; known
from the type locality in Guyana’s Upper Potaro River
Basin and , 100 km to the east in the Upper Demerara River Basin.
Etymology: In honor of Francino “Sego” Edmund, Patamona Amerindian field assistant and collector of the type
specimen.
Other specimens examined: GUYANA. REGION 8 POTAROSIPARUNI: Pakaraima Mountains, Upper Potaro River Basin,
within 15 km radius of Potaro base camp at 5u18904.8″N;
59u54940.4″W, 710-750 m; vicinity of base camp, 9 Jun 2001,
Henkel 8002 (BRG, HSU G1129); 4 km upstream from Ayanganna airstrip, 12 May 2001, Henkel 8109 (BRG, HSU G1130);
, 4 km southwest of base camp near Dicymbe plot 3, 30 May
2005, Henkel 8811 (BRG, HSU G1131); , 1 km west of base
camp under D. corymbosa, 18 Jul 2009, Henkel 8952 (BRG,
HSU G1132). GenBank accession: ITS 5 LC043080; 0.5 km
south of base camp at Blackwater Point, 9 Jul 2009, Henkel
9023 (BRG, HSU G1133); , 15 km east of Potaro base
camp near Tadang base camp in mixed D. corymbosa-D. altsonii-A. insignis forest; vicinity of Tadang base camp, 21 Dec
2009, Henkel 9121 (BRG, HSU G1134). GenBank accession
number: ITS 5 KT339278; REGION 10 UPPER DEMERARA-BERBICE: Mabura Ecological Reserve, field station at
5u09919.0″N; 58u41958.9″W, , 100 m; , 4 km northwest of
Mabura field station in D. altsonii monodominant plot 3, 31
May 2011, Henkel 9623 (BRG, HSU G1135).

Commentary: Binderoboletus segoi is recognized in the
field by its medium to large basidiomata, olive-brown,
subviscid pileus, light yellow, adnate tubes that bruise
brown, subequal, concolorous, apically reticulate stipe,
yellow to bright yellow trama, and yellow basal mycelium subtended by abundant concolorous hyphal
cords. Microscopically the species is distinguished by
FIG. 3. Scanning electron micrographs of basidiospores
of bolete species from Guyana. A. Binderoboletus segoi (holotype), 12 6006. B. Guyanaporus albipodus (holotype),

r
12 6006. C. Singerocomus inundabilis (Henkel 9199) 12 6006.
D. Singerocomus rubriﬂavus (holotype) 15 0006.
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FIG. 4. Microscopic features of Binderoboletus segoi (holotype). A. Terminal elements of the pileipellis. B. Basidiospores.
C. Basidia. D. Pleurocystidia. Bars 5 10 mm.

the dextrinoid basidiospores and pleurocystidia. The
infrequent occurrence of B. segoi in Guyana’s Dicymbe
forests was indicated in a long-term D. corymbosa plot
study of Henkel et al. (2012), with basidiomata occurring in 1% of 630 quadrats sampled during the MayJul rainy seasons over 7 y.
Morphologically Binderoboletus is reminiscent of Retiboletus Manfr. Binder & Bresinsky based on the
smooth, olivaceous brown basidiospores, subequal,
reticulate stipe, yellow pileus and stipe trama, and
pleurocystidia with yellow contents in KOH. Retiboletus
was erected primarily to accommodate Boletus species
of sect. Boletus subsect. Reticulati of Smith and Thiers
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(1971) (5 Boletus sect. Ornatipedes of Singer 1986)
with yellow trama due to the presence of unique retipolide secondary metabolites and was supported by
molecular phylogenetic analysis (Binder and Bresinsky
2002). Retipolide compounds were not analyzed for
B. segoi, but the phylogenetic analysis presented here
supports Binderoboletus as distinct from the Retiboletus
lineage. However, the remarkable similarity of B. segoi
to the type species of the genus, Retiboletus ornatipes
(Peck) Manfr. Binder & Bresinsky from oak woods of
eastern North America and Central America, warrants
consideration. Macroscopically the two species have
similar sized basidiomata, a convex, olive-brown pileus
and light yellow, adnate, brown-bruising tubes with
subisodiametric pores, subequal, yellow to brownish
stipe with a pronounced reticulum and yellow basal
mycelium, yellow trama and a reddish brown KOH
reaction on the pileus surface (Smith and Thiers
1971, Ortiz-Santana et al. 2007). Microscopically the
two species share basidiospores, basidia, pleurocystidia
and cheilocystidia that are similarly-sized and shaped, a
pileipellis of entangled, narrow, cylindrical hyphae
with poorly differentiated terminal cells and dextrinoid basidiospores and pleurocystidia. Retiboletus ornatipes is distinguished from B. segoi by its dry
tomentulose pileus, yellow stipe that is reticulate
throughout, and bitter taste. Furthermore R. ornatipes
has basidiospores that are slightly narrower (3–4 vs.
4–5 mm in B. segoi) with higher mean Q (3.0 vs. 2.2 in
B. segoi), and basidia consistently with four sterigmata
(vs. mostly two or four sterigmata in B. segoi) (Smith
and Thiers 1971, Binder and Bresinsky 2002, Ortiz-Santana 2007).
While similarities between the two species may
appear to outweigh the differences, the ITS sequence
of B. segoi is highly unique (e.g. the closest BLASTn
matches in GenBank are only about 85% similar) and
the ITS2 region is only , 83% similar to sequences
from the Retiboletus ornatipes group (sequences for the
ITS1 region were unavailable on GenBank). Nonetheless Binderoboletus and Retiboletus are clearly related and
both were nested in a well-supported Leccinoideae
(Wu et al. 2014) (5 Leccinoid group of Nuhn et al.
2013) that includes species of epigeous Leccinum and
Leccinellum and sequestrate Spongiforma and Borofutus
(FIG. 1). Additional analyses by Wu et al. (2014) and
Orihara et al. (2012) indicated that species of sequestrate Octaviania, Chamonixia and Rossbeevera also
belong to this clade.
Among Neotropical Xerocomus species with yellow
basal mycelium, Xerocomus campinaranae Singer from
the central Amazon resembles B. segoi in its olivebrown, subviscid pileus, pale yellow, unchanging
trama, and yellow, adnate tubes; it also has simi‐
larly sized and shaped basidiospores, basidia with
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predominantly two or four sterigmata and narrowly
ventricose pleurocystidia in the same size range. Xerocomus campinaranae differs fundamentally from B. segoi in
its narrower pileus (19–48 mm), shorter, non-reticulate stipe (30–40 mm) and palisadic trichodermium
with close-septate hyphae and short (15–32 mm), variously shaped terminal cells (Singer at al. 1983).
The Malaysian Boletus subreticulatus Corner resembles B. segoi in its overall basidioma size, subcylindrical
stipe with pronounced reticulations, and viscid pileus,
but differs in its brown pileus, white basal mycelium,
four-sterigmate basidia and boletoid tube trama (Corner 1972). Xerocomus macrocystis Heinem. from the
Congo is superficially similar to B. segoi in its pileus
and stipe dimensions, basidiospore length, unchanging trama and stipe reticulations but differs in its
brown pileus and stipe colors, wider, lower Q basidio‐
spores and much longer cheilocystidia and pleurocystidia (Heinemann 1964).
Guyanaporus T.W. Henkel & M.E. Sm., gen. nov.
MycoBank MB811836
Diagnosis: Basidiomata epigeous. Pileus grayish
brown, dry, tomentulose, trama white to pale yellow,
bluing slowly on exposure. Hymenophore tubulose,
shallowly depressed at stipe, grayish yellow, bluing
slowly with pressure, immature pores nearly stuffed,
eventually ovate and angular. Stipe equal, grayish
brown, pale yellow at extreme apex, longitudinally striate to reticulate at apex, base densely white tomentose,
trama white, unchanging. Basidiospores brownish olive
in deposit, smooth, inamyloid. Pleurocystidia present.
Cheilocystidia absent. Hymenophoral trama parallel
to slightly divergent (phylloporoid), mediostratum
barely distinct, concolorous. Pileipellis a trichodermium with variously-shaped terminal elements. Stipitipellis hymenidermous at apex. Clamp connections
absent.
Type species: Guyanaporus albipodus T.W. Henkel &
Husbands
Etymology: Guyana, in reference to the country of origin;
and -porus (Latin sm. II) for the poroid hymenophore.

Guyanaporus albipodus T.W. Henkel & Husbands, sp.
nov.
FIGS. 2B, 3B, 5
MycoBank MB811837
Diagnosis: Pileus grayish brown, dry, glabrous macroscopically, low tomentulose under hand lens, minutely
areolate toward margin, trama white to pale yellow,
bluing slowly on exposure. Hymenophore tubulose,
shallowly depressed and sublamellate at stipe, grayish
yellow, bluing slowly with pressure, immature pores
nearly stuffed, with age subisodiametric, then finely
ovate and angular, 2–3 per mm. Stipe equal, concolorous, pale yellow at extreme apex, longitudinally striate

FIG. 5. Microscopic features of Guyanaporus albipodus
(holotype). A. Terminal elements of the pileipellis. B. Basidia.
C. Pleurocystidia. D. Basidiospores. Bars 5 10 mm.

over lower three-quarters, reticulate over upper onefourth, base densely white tomentose, trama white,
unchanging, solid. Basidiospores brownish olive in
deposit, smooth, ovoid-ellipsoidal, mean Q 5 1.68, inamyloid. Basidia narrowly to broadly clavate, strongly
tapering toward base, sterigmata two or four. Pleurocystidia ventricose-rostrate to sublanceolate. Cheilo‐
cystidia absent. Hymenophoral trama parallel to
slightly divergent (phylloporoid), mediostratum barely
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distinct, concolorous. Pileipellis a trichodermium with
polymorphic terminal elements, these cylindrical, clavate, ventricose, or ventricose-rostrate. Clamp connections absent. NH4OH and KOH unreactive on all
surfaces.
Typification: GUYANA. REGION 8 POTARO-SIPARUNI: Pakaraima Mountains, Upper Potaro River Basin,
within 5 km radius of Potaro base camp at 5u18904.8″N;
59u54940.4″W, 710–750 m; vicinity of base camp, 7 Jun
2005, Henkel 8848 (holotype BRG 41207). Isotypes
NY 02425245, HSU G1112. GenBank accessions:
ITS 5 KC155379, 28S 5 HQ161868, LC043081,
RPB1 5 HQ161837, LC043082, RPB2 5 LC043083,
ATP6 5 HQ161805.
Pileus 34–75 mm broad, (7–)15–21 mm tall, convex
to planate to strongly upturned with age, grayish
brown (6F4–6F5, 7F3–7F4), glabrous macroscopically,
under hand lens a dense contiguous low tomentum,
with age minutely areolate over marginal one-third
revealing whitish ground, dry to submoist; margin
slightly incurved and undulating when young, otherwise entire; trama 1–2 mm thick at margin, 6–11 mm
above tubes, 9–10 mm above stipe, white to pale yellow
(2A2), bluing slightly and slowly with exposure, solid.
Odor mild to somewhat rank, farinaceous; flavor
mild, indistinctive. Tubes 1–3 mm long at margin,
2–5 mm centrally, 2–4 mm at stipe, of slightly irregular
heights when mature, shallowly and narrowly
depressed around stipe and there slightly sublamellate
and with short, decurrent teeth descending into upper
stipe reticulum, initially pale grayish yellow (2B4–3B4),
darker concolorous (3B5–3B6) when mature, bluing
instantly upon exposure; edges concolorous, bluing
slowly and moderately with pressure, this eventually
browning; pores initially convoluted, substuffed, then
subisodiametric to ovate and subangular, 2–3 per
mm. Stipe (47–)60–97 6 7–20 mm centrally, equal
but broadening to 14–25 mm at base due to dense
basal mycelium, grayish brown (6F3–6F4), pale yellow
(3A2–3A3) at extreme apex, longitudinally striate
over lower three-quarters with lighter ground between
striations; striations merging upward into distinct reticulum over upper one-quarter; basal mycelium a dense
white tomentum, occasionally yellowish orange with
age, surrounding the basal one-fifth of the stipe; trama
white, unchanging, yellowing around larval channels,
solid.
Basidiospores olive to brownish olive (4D4–5D4,
4D7–4E7) in medium deposit, (6–)7–8(–9) 6 4–5
mm, Q range 1.4–1.9 (mean Q 5 1.68), ovoid-ellipsoidal with suprahilar depression, pale olivaceous in
H2O, concolorous but lighter in KOH, inamyloid,
smooth, mostly 1–2 guttulate; hilar appendage 0.3–
0.4 mm long; wall 0.4–0.5 mm thick; surface under
SEM smooth. Basidia (20–)25–37.1(–45) 6 (6–)7.5–
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10(–12) mm, narrowly to occasionally broadly clavate,
strongly tapering toward base, devoid of refractive contents or with varying degrees of olivaceous brown granulation and globules in H2O, paler in KOH; sterigmata
3–6 mm long, two or four per basidium. Pleurocystidia
infrequent, (27–)37–57(–79) 6 (5–)7.5–10(–14) mm,
narrowly ventricose-rostrate to occasionally sublanceolate, projecting (10–)12.5–27 mm above the hymenial
palisade, devoid of refractive contents, hyaline in
H2O and KOH. Cheilocystidia absent. Hymenophoral
trama phylloporoid, parallel to slightly divergent,
non-gelatinizing, in mass light yellow-gray in H2O,
paler in KOH; individual hyphae somewhat inflated,
5–10(–12.5) mm wide, hyaline to faint gray in H2O
and KOH; mediostratum barely distinct, concolorous,
10–39.5 mm wide; conductive hyphae rare, opaque
and hyaline. Pileipellis a trichodermial palisade with
terminal elements projecting at slightly unequal
lengths, in mass pale gray or light orangish yellow in
H2O, paler in KOH; individual hyphae faint yellow in
KOH; terminal elements (25–)37–66.5(–87) 6 (5–)
8.5–15(–20) mm, cylindrical, clavate, ventricose, or ventricose-rostrate; subpellis hyphae anticlinally arranged,
close-septate, variably inflated. Pileus trama interwoven; hyphae (3.5–)5–10(–12.5) mm wide, hyaline in
H2O and KOH, somewhat inflating, devoid of contents
or minutely granulose. Stipitipellis a trichodermial
palisade, in mass olivaceous orange in H2O, olivaceous
gray in KOH; sterile terminal cells cylindrical, clavate,
mucronate, ventricose, or ventricose-rostrate, 22–39.5
6 (5–)7.5–10 mm, hymenidermous in grooves between
apical stipe reticulations with numerous two- or foursterigmate basidia, these apparently nonsporulating,
34.5–37 6 7.5– 10 mm, narrowly clavate with long
tapered base; contents variously granulose-guttulate.
Stipe trama interwoven, in mass orangish gray in
H2O, paler yellow-gray in KOH; individual hyphae
3.5–10 mm wide, somewhat inflating, irregularly
branching, hyaline; conductive hyphae rare, opaque,
faintly yellow. Clamp connections absent. Macrochem‐
ical reactions: 10% NH4OH and 3% KOH not reactive
on all surfaces.
Habit, habitat and distribution: Solitary to scattered on
the humic mat of the forest floor under D. corymbosa;
also found in stands of P. dipterocarpacea and D. jenmanii; known from the type locality in the Upper Potaro
River Basin and , 25 km to the west in the Upper
Mazaruni Basin.
Etymology: Albus (Latin adj. A) 5 white and -podus (Greek
adj. A) 5 footed, in reference to the stipe with copious white
basal mycelium.
Other specimens examined: GUYANA. REGION 8 POTAROSIPARUNI: Pakaraima Mountains, Upper Potaro River Basin,
within a 5 km radius of Potaro base camp at 5u18904.8″N;
59u54940.4″W, 710-750 m; vicinity of base camp, under D.
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corymbosa, 26 May 2000, Henkel 7422 (BRG, HSU G1136); 21
Jun 2000, Henkel 7530 (BRG, HSU G1137); 7 Jul 2000, Henkel
7881 (BRG, HSU G1138); 11 May 2001, Henkel 8091 (BRG,
HSU G1139); , 1 km southwest of base camp between Blackwater Creek and Potaro River, 14 Jun 2015, Henkel 10088
(BRG, HSU G1140). GenBank accession: ITS KT380009.
REGION 7 CUYUNI-MAZARUNI: Pakaraima Mountains,
Upper Mazaruni River Basin, ,10 km west of Mount Ayanganna in vicinity of Pegaima savanna, within 5 km radius of
a base camp at 5u26921.3″N; 60u04943.1″W, 800 m; vicinity
of base camp, 22 Dec 2010, Henkel 9506 (BRG, HSU
G1141). GenBank accession: ITS KT339277; , 3.8 km east
of Pegaima base camp on Ayanganna line, adjacent the
west bank of Koatse creek, under D. corymbosa, 31 Dec 2010,
Henkel 9570 (BRG, HSU G1142); vicinity of base camp, 8
Jun 2012, Henkel 9701 (BRG, HSU G1143). GenBank
accession: ITS LC043095. BRAZIL. AMAZONAS: Estrada
Manaus-Caracarai km 125, 22 May 1978, Singer B11015, Xerocomus globuliger Singer!, Holotype (INPA 77399). MALAYSIA.
North Borneo, Mount Kinabalu, Mesilau, 8 Apr 1964, Corner
RSNB 8172, Xerocomus dispersus (Corner) E. Horak!, Holotype
(E-0008456).

Commentary: Guyanaporus albipodus is recognized in
the field by its drab, grayish brown, seemingly glabrous
pileus that is finely tomentose under hand lens, with
pale yellow, adnate, weakly cyanescent to brunnescent
tubes, and concolorous, striate-reticulate stipe with a
dense white mycelium covering the base. Microscopically the species is distinguished by the ovoid-ellipsoid
basidiospores with relatively low Q ratio, palisadic pileipellis with polymorphic terminal cells ranging from
clavate to ventricose-rostrate, and hymenidermous
upper stipitipellis. Rare fruiting of G. albipodus in Guyana’s Dicymbe forests was recorded in a long-term D. corymbosa plot study of Henkel et al. (2012), with its
basidiomata occurring in 0.2% of 630 quadrats
sampled during the May–Jul rainy seasons over seven y.
Guyanaporus albipodus is phylogenetically distinct
within the Boletaceae and was resolved on a long
branch in the 28S+RPB1 analysis (FIG. 1). Although
this species was nominally associated with the Guyanese Xerocomus cyaneibrunnescens and a clade of Imleria
species, its placement on a long branch combined
with the lack of bootstrap support for the putative
clade suggests that additional sampling and analyses
will be needed to identify the closest intrafamilial relatives of Guyanaporus.
From a morphogeneric standpoint, the combination
in G. albipodus of hymenophoral tubes that are adnate
and sublamellate near the stipe, subequal stipe, oliva‐
ceous brown, smooth basidiospores and parallel tube
trama suggest Xerocomus s.l., although the hymenidermous, reticulate stipe apex and basidiospores with a
low Q values are inconsistent with that genus (Singer
1986). Among Xerocomus species with light yellow
tubes, white basal mycelium, negative alkali reactions
on the pileus and association with leguminous host

plants described by Singer from the central Brazilian
Amazon, Xerocomus scrobiculatus Singer resembles
G. albipodus in its dry pileus, adnate tubes, slightly reticulate stipe, and similarly sized and shaped basidia,
pleurocystidia and pileipellis terminal elements
(Singer et al. 1983). However, Xerocomus scrobiculatus
can be distinguished from G. albipodus by its chestnut,
pitted pileus, non-cyanescent tubes, and trama and
longer basidiospores (11–12 vs. 7–8 mm). Xerocomus globuliger Singer differs from G. albipodus in its fuscous
brown pileus, non-cyanescent tubes, and punctate,
non-reticulate stipe (Singer et al. 1983). Examination
of the type of X. globuliger also revealed much longer
basidiospores (13–17 vs. 7–8 mm), and larger basidia
(39–40 6 12–13.5 vs. 25–37 6 7.5–10 mm). Although
fresh specimens and molecular data are unavailable
for X. scrobiculatus and X. globuliger, these species may
well be related to G. albipodus and eventually be combined into Guyanaporus.
Corner (1972) described a group of Malaysian xerocomoid boletes combining the features of cyanescent
tubes and trama and palisadic pileipellis with variously
shaped terminal cells. Of these species, Xerocomus dispersus (Corner) E. Horak is most similar to G. albipodus
in its similarly sized, convex, dry, subareolate, oliva‐
ceous brown pileus, concolorous stipe with white basal
mycelium, and short-clavate basidia. Xerocomus dispersus
is distinguished from G. albipodus by its bright yellow
tubes and pruinose, non-reticulate stipe (Corner
1972, Horak 2011). In addition, examination of the
type of X. dispersus revealed longer basidiospores (10–
11.5 vs. 7–8 mm) and basidia with four sterigmata.
Xerocomus brevisporus Heinem. is the only Congolian
Xerocomus species reported to have ellipsoidal basidio‐
spores with Q , 2. This species also resembles G. albipodus in its similar pileus and stipe dimensions, subareolate pileus, concolorous striate-reticulate stipe,
yellow, adnate, cyanescent tubes, and palisadic pileipellis with variously shaped terminal cells (Heinemann
1964). Xerocomus brevisporus can be differentiated
from G. albipodus by its ochraceous pileus and stipe,
light brown basal mycelium, larger basidiospores
(10.5–14.5 6 5.9–7.5 vs. 7–8 6 4–5 mm), longer pleurocystidia (50–80 vs. 37–57 mm), and presence of
cheilocystidia.
Among Boletus species of the porcini group with pallid tubes and stuffed immature pores (e.g. Dentinger
et al. 2010), Boletus subcaerulescens (E.A. Dick & Snell)
Both, Bessette & A.R. Bessette shares a number of morphological features with G. albipodus, including its
broad, convex to planate, overall brownish toned
pileus with undulating margin and pallid context, pallid to dull yellow tubes lacking distinct olivaceous tones
when mature, substuffed young pores at maturity staining transiently blue with pressure, concolorous stipe
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with apical reticulum and white basal mycelium, shortclavate basidia, and a palisadic pileipellis with clavate,
ventricose and ventricose-rostrate terminal cells
(Smith and Thiers 1971, Bessette et al. 2000). Boletus
subcaeruluescens differs from G. albipodus in its viola‐
ceous brown pileus and concolorous, clavate stipe,
much longer basidiospores (11–15 vs. 7–8 um), and
apparent lack of pleurocystidia (Smith and Thiers
1971).
Singerocomus T.W. Henkel & M.E. Sm., gen. nov.
MycoBank MB811838
Diagnosis: Basidiomata epigeous. Pileus pinkish red
to red, tomentose, trama white to light yellow, un‐
changing. Hymenophore tubulose, depressed at stipe,
yellow, unchanging, pores subangular. Stipe equal,
concolorous or lighter, glabrous or with squamules
and scales, base yellow, dull yellow tomentose, trama
white to light yellow. Basidiospores olivaceous brown
in deposit, smooth, inamyloid. Pleurocystidia present.
Cheilocystidia present or absent. Hymenophoral trama
parallel to slightly divergent (phylloporoid). Pileipellis
a trichodermium, terminal cells cylindrical. Clamp
connections absent.
Type species: Singerocomus inundabilis (Singer) T.W.
Henkel
Etymology: Singero-, referring the late agaricologist Rolf
Singer; and -comus (Greek), a god of revelry; in reference
to the describer of the type species, which was originally
placed in Xerocomus.

Singerocomus inundabilis (Singer) T.W. Henkel,
comb. nov.
FIGS. 2C, 3C, 6
MycoBank MB811839
; Xerocomus inundabilis Singer Beih Nova Hedwigia
77 : 70. 1983 (Basionym).
Pileus 25–33(–47) mm broad, 6–9 mm tall, broadly
convex to planate to slightly uplifted, occasionally
with a low umbo when young, pinkish red (9A7–
10A7, 9B8–9C8) throughout, becoming lighter (9A6–
9B6) toward margin with age, under hand lens a dense
tomentum of minute erect fascicles throughout, with
age these separating to fine areoles toward margin
exposing pale yellow ground; terminal elements of
tomentum yellowish when young, dry to submoist;
margin entire; trama 0.5–1 mm thick at margin, 2–4
mm over tubes, 4–5 mm above stipe, pale yellow with
reddish band immediately beneath pileipellis, un‐
changing with exposure, reddening slightly around
mycophagy damage, subsolid. Odor mildly fungoid;
taste mild. Tubes 1–2 mm long at margin, 4–6 mm cenr
FIG. 6. Microscopic features of Singerocomus inundabilis
(Henkel 9199). A. Terminal elements of the pileipellis.
B. Basidiospores. C. Basidia. D. Pleurocystidia. Bars 5 10 mm.
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trally, 1–2 mm at stipe, of slightly varying lengths, narrowly and deeply depressed at stipe, nearly free, with
decurrent teeth 0.5–2 mm long, light yellow (2A4–
3A4), discoloring olivaceous (, 3B7) with age, un‐
changing with exposure; edges concolorous, unchanging with pressure; pores subisodiametric to ovate
and subangular, 1–2 per mm. Stipe 37–63(–70) 6 5–
7(–10) mm, subequal to subclavate, widening evenly
toward base to 7–9 mm, attenuating slightly at extreme
base, pinkish red (9A7–9B7) over upper two-thirds,
lower third light yellow (2A5–3A5), glabrous, slightly
pulverulent and faintly longitudinally striate under
hand lens; basal mycelium a low, light yellow tomentum descending into soil, with concolorous hyphal
cords; trama light yellow (, 2A6) throughout, unchanging, solid.
Basidiospores dark olivaceous brown (5E7–5F7) in
heavy deposit, 6–9 6 4–5.5(–7) mm, Q range 1.2–1.8
(–2.0) (mean Q 5 1.38), ellipsoidal, with prominent
suprahilar depression, olivaceous brown in H2O and
KOH, mostly uniguttulate, inamyloid, smooth; hilar
appendage prominent, 0.5–1 mm long; wall 0.5 mm
wide; surface under SEM smooth. Basidia (20–)25–35
(–42) 6 (7–)8–10(–12) mm, clavate to broadly clavate,
tapering evenly downward, hyaline in KOH and H2O,
devoid of refractive content or variously granulose-guttulate; sterigmata 2–6 mm long, two, three, or four per
basidium. Pleurocystidia infrequent, (28.5–)34.5–61
(–74) 6 7.5–10 mm, narrowly to broadly ventricoserostrate, projecting 12.5–29.5(–42) mm above hymenial
palisade, thin-walled, devoid of refractive contents.
Cheilocystidia absent. Hymenophoral trama phylloporoid, subparallel, non-gelatinized, in mass pale yellow-gray in H2O, paler in KOH; individual hyphae
somewhat inflated, 3.5–10 mm wide, with lightly pigmented walls and faint transverse bands; mediostratum
indistinct; conductive hyphae absent. Pileipellis a trichodermium of filiform elements, in mass grayish
orange-brown in H2O, lighter in KOH; individual
hyphae frequently septate and projecting at irregular
lengths, 4–8 cells per filament, uniformly pale
orange-gray in H2O, faint yellow-gray in KOH; terminal cells (17–)20–49(–61) 6 (3.5–)5–10(–12.5) mm,
cylindrical with rounded tips, rarely subclavate, pale
yellow in H2O and KOH; walls smooth, not incrusted;
subterminal cells close-septate, longer septate at
deeper levels, inflating at varying degrees and occasionally with bifurcate branching patterns; walls with
scattered, irregular flake-like incrustations. Pileus
trama a compact mass of partially gelatinized hyphae,
in mass grayish to orange-yellow in H2O, paler in
KOH; individual hyphae slightly inflated, 3.5–12.5 mm
wide, with scattered minute flake-like external incrustations and faint transverse bands; conductive hyphae
absent. Stipitipellis a shallow trichodermial palisade,

in mass pale orangish gray in H2O, pale gray in KOH;
terminal cells ventricose, ventricose-rostrate, clavate,
cylindrical, or occasionally ovate, 24.5–49.5(–54.5) 6
(5–)7.5–12.5 mm. Stipe trama of loosely packed, slightly
inflated hyphae, in mass orangish gray in H2O, lighter
in KOH; individual hyphae 3.5–7.5 mm wide; walls with
brownish flake-like incrustations; contents faint gray,
granulose. Clamp connections absent. Macrochemical
reactions: 10% NH4OH and 3% KOH slightly yellowing on pileus, unreactive elsewhere.
Habit, habitat and distribution: Solitary to scattered on
litter fragments on the forest floor in seasonally inundated igapo forest with ECM Aldina trees, and on
humic deposits of the forest floor and pseudotrunks
of D. corymbosa on upland lateritic and white sand soils.
Known from the type locality in the central Brazilian
Amazon, the Upper Potaro River Basin of Guyana
and from the Upper Mazaruni Basin based on a DNA
sequence from ECM roots.
Specimens examined. BRAZIL. AMAZONAS: Igarape do Tarumazihno, in igapo forest with ECM Aldina (Fabaceae) trees,
14 Jul 1978, Singer B11432, Xerocomus inundabilis Singer!,
holotype (INPA 82822). GUYANA. REGION 8 POTAROSIPARUNI: Pakaraima Mountains, Upper Potaro River Basin,
within 5 km radius of Potaro base camp located at 5u18904.8″
N, 59u54940.4″W, 710–750 m; vicinity of base camp, 19 May
2000, Henkel 7404 (BRG, HSU G1144); vicinity of old Ayanganna airstrip, 25 Jul 2000, Henkel 7900 (BRG, HSU
G1145); vicinity of base camp, 7 May 2001, Henkel 8061
(BRG, HSU G1146); 29 Jun 2001, Henkel 8408 (BRG, HSU
G1147). GenBank accessions: ITS 5 JN021114, 28S
HQ161863, RBP1 HQ161832; ATP6 HQ161800; 3 km east
of base camp, 13 Jun 2002, Henkel 8459 (BRG, HSU
G1148); vicinity of base camp, 26 May 2005, Henkel 8803
(BRG, HSU G1149); 1.5 km southwest of base camp, 2 Jul
2006, Henkel 8865 (BRG, HSU G1150). GenBank accessions:
ITS+28S 5 LC043084, RPB1 5 LC043085, RPB2 5
LC043086; vicinity of base camp, 29 Aug 2007, Henkel 8896
(BRG, HSU G1151); 1 km northeast of base camp, 9 Jul
2008, Henkel 8928 (BGR; HSU G1152); 0.5 km southeast of
base camp along Benny’s ridge, 6 Jun 2009, Henkel 9055
(BRG, HSU G1153); 2 km southwest of base camp, 17 May
2010, Henkel 9199 (BRG 41209; NY 02425246; HSU G1114).
GenBank accessions: ITS+28S 5 LC043087, RPB1 5
LC043088, RPB2 5 LC043089; 0.2 km south of base camp
near Blackwater Creek, 23 May 2010, Aime 4004 (BRG, PUL
F2840). GenBank accessions: ITS+ 28S 5 LC043090, RPB1
5 LC043091, RPB2 5 LC043092; 0.5 km east of base camp
between Benny’s Ridge and Leon’s camp, 11 Jun 2015, Henkel 10072 (BRG, HSU G1154 ). GenBank accession: ITS
KT380010; , 2 km northeast of base camp near old Ayanganna airstrip in transect SB 2, 14 Jun 2015, Henkel 10087
(BRG, HSU G1155). GenBank accessions: ITS 5 KT380014,
28S 5 KT380016; , 0.5 km northeast of base camp on line
to old airstrip behind Leon’s camp, 18 Jun 2015, Henkel
10109 (BRG, HSU G1156). GenBank accessions: ITS 5
KT380013, 28S 5 KT380015; Henkel 10111 (BRG, HSU
G1157). GenBank accession: ITS 5 KT380012.
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Commentary: Singerocomus inundabilis is recognized in
the field by its small to medium stature, pinkish red
pileus with erect, subareolate tomentum with yellow
end cells when young, light yellow, unbruising tubes,
and subclavate, glabrous, concolorous stipe grading
to yellow below with yellow basal mycelium. The light
yellow, unchanging pileus trama and minimal alkali
reactions on the pileus also are distinctive. Diagnostic
micromorphological features include the short-ellipsoidal basidiospores, erect pileipellis of close-septate
filaments with rounded, mostly cylindrical end cells,
and externally incrusted tramal hyphae. Singerocomus
inundabilis was confirmed by Smith et al. (2013) as
forming ectomycorrhizas with the leguminous host
D. jenmanii, although the species ranked last in frequency out of 52 ECM fungal species recovered as
sequenced from root tips in the Upper Mazaruni
Basin. Similarly rare fruiting of S. inundabilis in Guyana’s D. corymbosa forests was recorded in a long-term
plot study of Henkel et al. (2012), with its basidiomata
occurring in 0.2% of 630 quadrats sampled during the
May-Jul rainy seasons over 7 y.
Phylogenetic analysis based on 28S+RPB1 recovered
S. inundabilis and S. rubriflavus as a member of a
strongly supported two-membered clade but with no
bootstrap support for any particular placement within
the Boletaceae (FIG. 1). The suggested relationship of
Singerocomus with species of Rugiboletus and an unidentified Boletus species is unlikely given the long branch
leading to the Singerocomus clade and lack of bootstrap
support, suggesting that further sampling and analyses
are needed to resolve the phylogenetic relationships of
the new genus.
Specimens of S. inundabilis from Guyana agree well
both macro- and micromorphologically with the original material described by Singer from the central Brazilian Amazon (Singer et al. 1983, p 70–74). Detailed
examination of the holotype (Singer B11432, INPA
82822) revealed complete congruence in micromorphology, although the slightly forking tips of the pileipellis terminal cells occasionally seen in Singer’s
specimen are lacking from the Guyana material. While
Singer reported regularly four-sterigmate basidia,
mounts from the type specimen indicated varying
sterigmata numbers of two, three, or four, congruent
with those from Guyana.
The discovery of S. inundabilis in Guyana constitutes
a northward range extension of nearly 1000 km from
the type locality in Brazil. In Guyana the species occurs
in upland forests with at least five potential ECM host
plants, including three Dicymbe species, the papilionoid
A. insignis and the dipterocarp P. dipterocarpacea and has
been confirmed as forming ectomycorrhizas with D. jenmanii (Smith et al. 2013). The type locality igapo forest
in Amazonas, Brazil, is characterized by seasonal
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inundation, black-water streams, Guiana Shield-derived
sandy soils and abundant ECM Aldina trees (Singer
et al. 1983). Species co-occurrence between the two
regions is therefore not surprising and has been shown
previously for some species of Tylopilus (Henkel 1999),
Amanita (Simmons et al. 2002), Clavulina (Henkel et al.
2011) and Cantharellus (Henkel et al. 2014).
Singerocomus rubriflavus T.W. Henkel & Husbands,
sp. nov.
FIGS. 2D−E, 3D, 7
MycoBank MB 811840
Diagnosis: Pileus red, tomentose, areolate in center,
pitted toward margin, trama light yellow, unchanging.
Hymenophore tubulose, shallowly depressed and sublamellate at stipe, olivaceous yellow, darkening slightly
with pressure, pores subangular, 1–1.5 per mm. Stipe
equal, with light yellow squamules on concolorous
ground over apical one-third, recurved brownish red
scales over concolorous or lighter ground over lower
two-thirds, base with yellowish brown appressed tomentum, trama white, unchanging, solid. Basidiospores olivaceous brown in deposit, smooth, subfusiform, mean
Q 5 1.94, inamyloid. Pleurocystidia ventricose to ventricose-rostrate. Cheilocystidia ventricose-rostrate or
narrowly obclavate. Hymenophoral trama parallel to
slightly divergent (phylloporoid), mediostratum indistinct. Pileipellis a trichodermium, of loosely aggregated filiform hyphae, terminal cells cylindrical.
Clamp connections absent. NH4OH and KOH yellow
to yellowish brown on pileus.
Typification: GUYANA. REGION 7 CUYUNI-MAZARUNI: Pakaraima Mountains, Upper Mazaruni River
Basin, , 10 km west of Mount Ayanganna in vicinity
of Pegaima savanna, within 0.5 km of a base camp at
5u26921.3″N; 60u04943.1″W, 800 m; vicinity of base
camp in forests dominated by P. dipterocarpacea and
D. jenmanii, 1 Jan 2011, Henkel 9585 (holotype BRG
41208). Isotypes NY 02425247, HSU G1113. GenBank
accessions: ITS+28S 5 LC043093, RPB1 5 LC043094.
Pileus 37–77 mm broad, 12–23 mm tall, broadly convex, dark red (10C8–10D8), areolate and brownish
over central one-third, contiguous matted tomentose
and finely pitted toward margin, submoist; margin
broadly wavy; trama 1–1.5 mm thick at margin, 3–5
mm over tubes, 9–14 mm above stipe, light yellow
(2A3–2A4), unchanging with exposure, subsolid.
Odor minimal, somewhat clay-like; flavor mild. Tubes
1–3 mm long at margin, 4–7 mm centrally, 2–4 mm
at stipe, of slightly irregular lengths, shallowly and
broadly depressed and slightly sublamellate at stipe
with decurrent teeth, olivaceous yellow (3A5–3B5);
edges concolorous, darkening slightly with pressure;
pores subangular, 1–1.5 per mm. Stipe 39–70 6 9–14
mm, equal, flaring outward slightly at apex to 12–17
mm, tapering slightly at extreme base, with light yellow
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FIG. 7. Microscopic features of Singerocomus rubriﬂavus
(holotype). A. Terminal elements of the pileipellis.
B. Basidiospores. C. Basidia. D. Pleurocystidia. Bars 5 10 mm.

(2A4–2A5) squamules on concolorous ground over
apical one-third, these transitioning to distinct,
recurved brownish red (10D8) scales over concolorous
or lighter ground over lower two-thirds; basal mycelium a dense, dull yellowish brown (5D4–5E4)
appressed tomentum over lower one-quarter, extreme
base white and somewhat radicating; trama white, yellowish beneath stipitipellis and in base, unchanging
with exposure, solid.
Basidiospores olivaceous brown (5D4–5E4) in light
deposit, 9–11(–12) 6 4.5–6.5 mm, Q range 1.6–2.2
(–2.6) (mean Q 5 1.94), subfusiform, smooth, with a
prominent suprahilar depression, olivaceous brown
in H2O, slightly paler in KOH, inamyloid, uni- to multiguttulate; hilar appendage 0.4–1 mm long; wall 0.4–0.5

mm thick; surface under SEM smooth. Basidia (27–)
32–39.5 6 10–13.5(–15) mm, broadly clavate, tapering
evenly and strongly toward with base, hyaline in H2O
and KOH, devoid of refractive content or with greenish yellow granules and globules in H2O; sterigmata
3–8 mm long, two, four, or rarely three per basidium.
Pleurocystidia infrequent to scattered, (32–)37–64 6
10–15(–16) mm, ventricose to ventricose-rostrate, projecting 10–25 mm above the hymenial palisade, devoid
of contents or with pale grayish cytoplasm in H2O, hyaline in KOH. Cheilocystidia infrequent, (24.5–)29.5–39
(–44.5) 6 7.5–10 mm, broadly ventricose-rostrate or
occasionally narrowly obclavate, faint yellow-gray in
KOH, projecting 7.5–24.5 mm above tube edge, devoid
of cytoplasmic contents or with yellow-gray granules.
Hymenophoral trama phylloporoid, subparallel to
slightly divergent, in mass light yellowish gray in H20,
paler in KOH; individual hyphae somewhat inflated,
3.5–12.5 mm wide, hyaline, with uniformly faint gray
cytoplasmic pigmentation, with faint transverse bands
under phase contrast; mediostratum barely distinct,
7.5–17 mm wide, hyaline, non-gelatinizing; conductive
hyphae absent. Pileipellis a trichodermium of loosely
aggregated filiform hyphae projecting at various
lengths, these occasionally with short side branches
or nodules on terminal or penultimate cells, in mass
pale orange-brown in H2O, pale yellowish gray in
KOH; individual hyphae pale yellow in KOH, with minute, band-like incrustations on outer wall; terminal
cells cylindrical, 29.5–62(–64) 6 3.5–10 mm, pale yellow in KOH; subpellis hyphae interwoven, slightly
inflated. Pileus trama interwoven, in mass faint
orange-gray in H2O, pale yellow-gray in KOH; individual hyphae 5–10 mm wide. Stipitipellis hymenidermous, in mass olivaceous orange in H2O, olivaceous
gray in KOH; sterile terminal cells ventricose-rostrate
or clavate, occasionally cylindrical or obvate, 17.5–
34.5(–44.5) 6 (5–)7.5–12.5(–15) mm, interspersed
with numerous non-sporulating, narrowly clavate basidia with two, three or four sterigmata in the grooves
between squamules of the upper stipe, with varying
degrees of cytoplasmic granules and globules; subpellis
hyphae close-septate and inflated. Stipe trama densely
interwoven, in mass orange-gray in H2O, faint yellowgray in KOH; individual hyphae (3–)5–8.5 mm wide,
irregularly branching and occasionally strangulated,
hyaline, with minute, light orange-brown transverse
incrusting bands; conductive hyphae absent. Clamp
connections absent. Macrochemical reactions: 10%
NH4OH slightly yellowing or unreactive on all surfaces;
3% KOH instantly yellowish brown on pileus, gradually
yellowish brown on stipe and trama.
Habit, habitat and distribution: Solitary on humic mat
on the forest floor in mixed P. dipterocarpacea and
D. jenmanii stands on white sand soils, and D. altsonii
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monodominant stands on brown or white sand soils;
known from the type locality in the Upper Mazaruni
River Basin of Guyana, and ,120 km to the east in
the Upper Demerara River Basin.
Etymology: Rubra (Latin adj. A), red; and -flavus (Latin adj.
A), yellow, referring to the predominant red and yellow colors of the basidiomata.
Other specimens examined: GUYANA. REGION 10 UPPER
DEMERARA-BERBICE: Mabura Ecological Reserve, field station located at 5u09919.0″N; 58u41958.9″W, , 100 m; 200 m
west of field station under D. altsonii, 23 May 2011, Henkel
9604 (BRG, HSU G1158); , 400 m west/northwest of field
station in D. altsonii plot 1 on brown sand soils, 26 May
2011, Henkel 9616 (BRG, HSU G1159). GenBank accession:
ITS 5 LC043096; 4.5 km northwest of field station in D. altsonii plot 4 on white sand soils, 3 Jun 2011, Henkel 9626 (BRG,
HSU G1160); 4 km northwest of field station near D. altsonii
plot 4 on white sand soils, 10 Jun 2011 Henkel 9628 (BRG,
HSU G1161); 20 Dec 2013, vicinity of base camp on humic
mat under D. altsonii, Aime 5472 (BRG, PUL F2839). GenBank accession: 28S 5 KP941572. CAMEROON. EAST
PROVINCE. Dja Biosphere Reserve, Northwest Sector near
Somalomo Village, Upper Dja River Basin, within 2 km radius
of Dja base camp at 3u21929.8″N; 12u43946.9″W, 650 m; , 1.4
km WNW of base camp on trail between Gilbertiodendron plots
1 and 2, in semi-inundated G. dewevrei monodominant forest,
20 Aug 2014, Henkel 9872, Xerocomus spinulosus Heinem. &
Goos.-Font.! (YA, HSU); ,1.5 km WNW of base camp in Gilbertiodendron plot 2, 12 Sep 2014, Henkel 9961, Xerocomus sp.
(YA, HSU); , 2 km NW of base camp in Gilbertiodendron
plot 3, 29 Sep 2014, Henkel 10022, Xerocomus spinulosus Heinem. & Goos.-Font.! (YA; HSU).

Commentary: Singerocomus rubriflavus is a distinctive
bolete recognized by its medium to large stature,
dark red, tomentose-pitted and centrally areolate
pileus, olivaceous yellow, non-cyanescent tubes, equal,
solid stipe with yellow squamules over the apex that
transition downward into recurved brownish red
scales, and yellowing alkali reactions on all surfaces.
Micromorphologically the species is distinguished by
its subfusiform basidiospores with relatively low mean
Q, trichodermial pileipellis of cylindrical, uninflated,
incrusted hyphae, and hymenidermous upper stipe
surface.
In addition to the type from the Upper Mazaruni
Basin, numerous additional specimens of S. rubriflavus
were collected ca. 120 km from the type locality in the
Mabura region of Guyana. These specimens (Henkel
9606, 9616, 9626, 9628; Aime 5472) are morphologically identical to the type but were found with different
host plants. The ITS sequences from collection Henkel
9616 is slightly divergent with an ITS sequence that is
95% similar (738/777 bp) to the type (Henkel 9585).
However, most of the differences between these two
sequences are the result of several indels 3–11 bp
long spread across the ITS1 and ITS2 regions. These
molecular differences are suggestive of a possible
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species complex similar to that found for a few other
fungi from the same sites in Guyana (e.g. the Clavulina
sprucei complex, Henkel et al. 2011). Although it would
be ideal to have more specimens with sequence data
from across the region, the remote field location
means that it might be years before additional specimens can be collected, carefully examined and
sequenced. We have opted currently to describe the
species based on the well preserved type specimen
with the understanding that additional cryptic species
may exist, and ultimately be found, in the rainforests
of Guyana.
Perusal of the literature for tropical boletes reveals a
dearth of species with olivaceous brown basidiospores,
non-cyanescent tubes and well-defined stipe squamules
and scales as seen in S. rubriflavus. The Amazonian Xerocomus chapinii Singer and the sympatric S. inundabilis
(see above) have similarly red pilei and bright yellow,
non-cyanescent tubes, but both have equally shorter
basidiospores (6–9 mm) and lack stipe scales (Singer
et al. 1983). Two Malaysian xerocomoid species that
combine red pileus, cylindrical pileipellis hyphae and
non-cyanescent tubes, Boletus phoeniculus Corner and
Boletus spiculipes Corner, are similar to S. rubriflavus in
the protolog (Corner 1972, p 244–245) because of
their medium to large basidiomata with red, tomentose pilei, yellow tubes, and concolorous, pruinose-furfuraceous stipes that are yellow at the apex, but both
lack recurved scales on the stipe and have different
sized basidiospores. In addition, each is known only
from the type specimen, both missing from E (also
noted by Horak 2011), prohibiting further meaningful
comparisons. Among Congolian boletes Xerocomus spinulosus Heinem. & Gooss.-Font. resembles S. rubriflavus
in its large basidioma, tomentose to squamulose-areolate pileus, olivaceous yellow tubes, cylindrical pileipellis terminal elements and similarly sized and shaped
pleurocystidia. Comparison with the protolog (Heinemann and Goossens-Fontana 1954, p 62–63) and
examination of X. spinulosus specimens recently collected in Cameroon (Henkel 9872, Henkel 10022) indicate that X. spinulosus differs from S. rubriflavus in its
reddish brown pileus and stipe, cyanescent tubes and
trama, somewhat longer basidiospores (10.8–13.2
mm), and regular association with termite mounds.
An additional undescribed Xerocomus species (Henkel
9961) from Cameroon is macroscopically similar to
S. rubriflavus in its pinkish red, tomentulose pileus,
concolorous stipe with yellow apex, and yellow tubes
with subangular pores, but differs in its cyanescent
tubes and lack of stipe scales.
North American Boletus species with xerocomoid
morphology and stipe scales reminiscent of a Leccinum,
namely those considered in sect. Pseudoleccinum by
Smith and Thiers (1971, p. 313), are worth mentioning
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in reference to S. rubriflavus. Among these, Boletus longicurvipes Snell & A.H. Sm. combines a red pileus, yellow, non-bluing tubes, nearly equal, scabrous stipe,
broadly ventricose pleurocystidia and narrow pileipellis hyphae with undifferentiated end cells. Boletus longicurvipes is distinguished from S. rubriflavus by its
viscid to near glutinous, more orange-red pileus,
much larger basidiospores (13–7 6 4–5 mm) and
shorter basidia (20–26 mm) (Smith and Thiers 1971).
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