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ABsTRACT—Seven species of Scytinopogon in the Atlantic Forest of Brazil are described.
Scytinopogon caulocystidiatus and S. foetidus are proposed as new species based on
morphological and molecular data. Five other species are presented: S. chartaceus,
S. dealbatus and S. robustus, originally described from Brazil; and S. pallescens and
S. scaber, previously reported for Brazil. Illustrations of the basidiomata and microstructures,
including SEM images of ornamented basidiospores, are provided for all taxa. Comparisons
with morphologically similar taxa and a key to the seven species of Scytinopogon known to
occur in Brazil are also presented.
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Introduction

Scytinopogon Singer is a clavarioid genus that is mainly distributed in tropical
and subtropical regions (Garcia-Sandoval & al. 2004, Larsson & al. 2011). The
genus comprises eight species (Corner 1970, Petersen 1988, Desjardin & Perry
2015) and is characterized by its light colored, densely branched basidiomata
with flattened branches, monomitic hyphal system consisting of clamped,
noninflated hyphae, usually 4-spored basidia, and slightly angular, hyaline
basidiospores with verruculose-echinulate ornamentation (Corner 1950).
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Scytinopogon was previously included in Clavariaceae Chevall. based on
basidiome morphology (Corner 1950, 1970, Garcia-Sandoval & al. 2004);
however, it was also proposed as related to different taxa of Hydnodontaceae
Julich (Julich 1981) or the “Thelephoroid” series (Corner 1950). The tough,
coriaceous basidiomata in Scytinopogon support its removal from Clavariaceae
(Julich 1981); Larsson & al. (2011) and Birkebak & al. (2013) show a
phylogenetic proximity of Scytinopogon to the corticioid genus Trechispora
P. Karst. (Trechisporales K.H. Larss.). Morphological characters supporting the
Scytinopogon + Trechispora clade are a monomitic hyphal system and clamped
generative hyphae with subicular hyphae or context hyphae with ampulliform
septa (Hibbett & al. 2007). The presence of calcium oxalate crystals is common
in Trechispora but is a species-specific character (Jiilich 1981). Garcia-Sandoval
& al. (2004) found these crystals in the basal mycelium hyphae of Scytinopogon
species.

Reviews of previously reported species of Scytinopogon from Brazil were
published by Corner (1953, 1966, 1970) for the Amazon and by Rick (1959,
Rio Grande do Sul), Corner (1970, Rio de Janeiro), Petersen (1988, Sao Paulo),
and Meijer (2006, 2008, Parand) for the Atlantic Forest. These studies cited five
species, but most lack complete descriptions.

Considering the wide distribution of Scytinopogon in tropical and
subtropical regions, and with the goal of increasing what is known about the
genus in the Atlantic Forest, this work provides detailed descriptions and
illustrations of the seven Scytinopogon species recorded for Brazil: two new
species (S. caulocystidiatus, S. foetidus); three species described first from Brazil
(S. chartaceus, S. dealbatus, S. robustus); and two species originally described
elsewhere (8. pallescens, S. scaber).

While this article was in preparation, Meiras-Ottoni & al. (2021) proposed
synonymizing Scytinopogon under Trechispora based on ITS and 28S sequence
analyses. Although we agree the two genera are phylogenetically related, we
feel that additional DNA regions and species are needed before concluding that
Scytinopogon and Trechispora are fully synonymous. We prefer to retain the
present species in Scytinopogon until a more thorough revision of the group is
conducted.

Material & methods

Morphological data
Field trips were conducted between January 2013 and August 2014 (with an
additional expedition in January 2016) mostly during the rainy season in the states of
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Rio Grande do Sul, Sdo Paulo, and Santa Catarina. Whenever possible, macroscopic
characters were studied from fresh specimens. Color codes (e.g., 2B19) are based
on Kornerup & Wanscher (1978). Microscopic characters were observed from
sections of dried basidiomata using an Olympus CX21 microscope and a 1000x
immersion oil lens. Descriptive terms follow Corner (1947), Largent & al. (1977),
and Vellinga & Noordeloos (2001). All microscopic structures were observed in
water, 3% potassium hydroxide, Melzer’s solution, and Congo red. Measurements
were made in a solution of Congo red and 5% potassium hydroxide. Basidiospore
measurements excluded ornamentation. At least twenty-five measurements were
made of each microstructure. Q refers to the average basidiospore length/width
ratio. The descriptions are based on all collections studied; the number of collections
is shown in parentheses (s =) after each basidiospore measurement. Illustrations
of microscopic features were based on digital photographs. Scanning electron
microscopy (SEM) was conducted at the Laboratério Central de Microscopia
Eletronica (LCME/UFSC). Hymenophore fragments were removed from dried
basidiomata, mounted on aluminum stubs using carbon adhesive tabs, coated with
30 nm of gold, and examined with a scanning electron microscope operating at 10
keV. Voucher material was deposited at the Universidade Federal de Santa Catarina,
Florianépolis, Brazil (FLOR). The MATERIAL EXAMINED sections list specimens
collected during the present work and the ADDITIONAL SPECIMENS EXAMINED
were from BPI, CGE, FLOR, INPA, JPB, K, MBM, PACA, RBGE, and URM (Thiers
2017). The REFERENCE EXSICCATA STUDIED section lists specimens of other taxa
that were used for taxonomic comparison.

Genomic DNA extraction, PCR and Sequencing

Genomic DNA was extracted from dried material using a PowerPlant®Pro
DNA Isolation Kit, following the manufacturer’s protocol adapted for fungi. The
internal transcribed spacer of ribosomal nuclear DNA (nrITS) region was amplified
using the primers ITS1F and ITS4R (Dentinger & al. 2010) and the following
cycling parameters: an initial denaturation at 94°C for 2 min; 40 cycles of 30 s at
94°C, 45 s at 55°C and 1 min at 72°C; and a final extension at 72°C for 7 min. The
PCR products were purified using PEG (polyethylene glycol; Sambrook & al. 1989).
Sanger sequencing was performed with a BigDye Terminator 3.1 Cycle Sequencing
Kit, following the manufacturer’s protocol, using the same primers cited above, at
Fundag¢ao Oswaldo Cruz (Fiocruz), Minas Gerais, Brazil. The generated sequences
and their respective chromatograms were manually inspected and edited with
Geneious v.6.1.8 (Kearse & al. 2012).

Phylogenetic analyses

Specimensand GenBankaccession numbers used in this study are shownin TABLE 1.
Newly generated DNA sequences were combined with the available ITS sequences of
Scytinopogon from GenBank, as well as sequences of Brevicellicium exile (H.S. Jacks.)
K.H. Larss. & Hjortstam and Trechispora stellulata (Bourdot & Galzin) Liberta as the
outgroup, to construct a final 32-sequence matrix. Alignments were generated using
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TABLE 1. Scytinopogon and outgroup sequences used in the phylogenetic analyses.
Newly generated sequences are set in bold font.

GENBANK ACCESSION
TAXON VOUCHER ORIGIN

NUMBER
S. caulocystidiatus FLOR 56314 Brazil MK458772
S. chartaceus FLOR 56185 Brazil MK458775
S. dealbatus FLOR 56182 Brazil MK458776
FLOR 56183 Brazil MK458777
S. foetidus FLOR 56315 Brazil MK458769
S. havencampii SESUDED8300 Sao Tomé & Principe KT253946
S. pallescens FLOR 56184 Brazil MK458767
FLOR 56186 Brazil MK458766
FLOR 56187 Brazil MK458771
FLOR 56188 Brazil MK458774
S. robustus FLOR 56179 Brazil MK458770
FLOR 56190 Brazil MK458768
S. scaber FLOR 56189 Brazil MK458773
Scytinopogon sp. BAB5120 India KT804576
9P829 Taiwan KF6795001
0906RK610 Taiwan KF6795051
9P615 Taiwan KF679498
0906RK623 Taiwan KF6795031
9P1233 Taiwan KF6795011
0906RK71 Taiwan KF6795021
0906RK1023 Taiwan KF6795061
0906RK647 Taiwan KF6795041
9P79 Taiwan KF6794991
Scytinopogon sp. 1 MEL2382623 Australia KP012986
MEL2382744 Australia KP012927
MEL2382716 Australia KP012897
MEL2382612 Australia KP012977
Scytinopogon sp. 2 MEL2382992 Australia KP012847
MEL2382675 Australia KP013038
MEL2382987 Australia KP012842
Brevicellicium exile UV2022824 USA KP814539

Trechispora stellulata UC2022931 USA KP814168
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MAFFT v. 7 (Katoh & Standley 2013) according to E-INS-i criteria. Sequences were
then manually corrected using the software MEGA v.7.0.14 (Tamura & al. 2013). Indels
present in the nrITS datasets were recoded as binary characters following the “simple
indel coding method” (SIC, Simmons & Ochoterena 2000), which was implemented
in SeqState (Miiller 2005). The resulting binary characters were joined in the final
matrix as a distinct partition. The final alignments (as well the final topologies) were
logged in TreeBase (http://purl.org/phylo/treebase/phylows/study/TB2:522377). New
sequences generated for this work were uploaded to GenBank (Sayers & al. 2009).
Maximum likelihood (ML) and Bayesian inference (BI) criteria were applied to the
datasets, which were divided in three partitions for the ITS (ITS1/2, 5.8S and recoded
indels). The best model of nucleotide evolution for each nucleotide partition was
determined using BIC (Bayesian information criterion) with the software jModelTest
v2.1.6 (Guindon & Gascuel 2003, Darriba & al. 2012). ML analyses were performed
using the software RAXML v. 8.2.10 (Stamatakis 2014) available on the CIPRES portal
(Miller &-al. 2010, http://www.phylo.org/). The analysis first involved 100 ML searches,
each starting from one randomized stepwise addition parsimony tree (command —f
d), under a GTRGAMMA model, with all other parameters estimated by the software.
To assess the reliability of the nodes, nonparametric bootstrapping replicates under the

same model were computed, allowing the program to halt bootstrapping automatically
with the autoMRE bootstrapping criterion. To plot the calculated bootstrap values on
the branches, the command -fb was used. The BI was performed with the software
Mr. Bayes v.3.2.6 (Ronquist & Huelsenbeck 2003), implemented in CIPRES Science
Gateway 3.1. BI was performed using two independent runs, each starting from
random trees, with four simultaneous independent chains, and performed 10,000,000
generations, keeping one tree every 1000th generation. Four rate categories were used
to approximate the gamma distribution. Of all trees sampled, 20% were discarded as
burn-in and checked by the convergence criterion (frequencies of average standard
deviation of split <0.01) with Tracer v.1.6 (Rambaut & al. 2014), while the remaining
were used to reconstruct a 50% majority-rule consensus tree and to estimate Bayesian
posterior probabilities (BPP) of the branches. A node was considered strongly
supported if it had a BPP 20.95 and/or BS 290% and moderately supported if it had a
BPP 20.90 and/or BS 270%.

Phylogenetic results

Twelve new nrITS sequences from Scytinopogon were generated during this
study. The best models of nucleotide substitution estimated for the partitions
were TPM2uf+G for the combined ITS1/ITS2 and K80 for the 5.8s. The
recovered tree topologies resulting from both routines were basically identical.
This work shows the topology from the ML analyses, with both BPP and BS
values (F1G. 1). Scytinopogon scaber, S. caulocystidiatus and S. dealbatus are
early branches in the trees. Four other clades are formed by the remaining
species.
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Seytinopogon sp. KF6795001 Taiwan
Scytinopogon sp. KF6795051 Taiwan
Seytinopogon sp. KF679498 Taiwan

Seytinopogon sp. KF6795031 Taiwan
Scytinopogon sp. KF6795011 Taiwan
Seytinopogon sp. KF6795021 Taiwan
99/1 | Scytinopogon sp. KF6795061 Taiwan

Scytinopogon sp. KF6795041 Taiwan

Scytinopogon sp. KF6794991 Taiwan
Scytinopogon sp1 KP012986 Australia

Seytinopogon sp1KP012927 Australia

10043 1001

Scytinopogon sp1KP012897 Australia

Scytinopogon sp1 KP012977 Australia

Scytinopogon chartaceus MK458775 Brazil
100/1

Seytinopogon pallescens MK458774 Brazil

Scytinopogon pallescens MKA58767 Brazil
10011

Brazil

pa4/0.97] lscyﬁnopogon pallescens MKA458771 Brazil

991 Scytinopogon sp KT804576 India

Scytinopogon sp2 KP012842 Australia
10011 Seytinopogon sp2 KP013038 Australia

Scytinopogon sp2 KP012847 Australia
54/0.57

ii KT253946 Sao Tomé and Prince

10011 9o i foetidus Brazil W
100R l: Seytinopogon robustus MKA458768 Brazil
Scytinopogon robustus MK458770 Brazil
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M‘— L Scytinopogon caulocystidiatus MK458772 Brazil Y
Scytinopogon scaber MK458773 Brazil

exile KP814539 USA

100/1 i i
ispora stelluiata KP814168 USA

F1G. 1. Consensus tree from Maximum likelihood (ML) analysis of Scytinopogon based on a dataset
of 32 nrITS sequences rooted with the outgroup (Brevicellicium exile and Trechispora stellulata).
Bayesian posterior probability (on the right of the “/”) >0.7 and bootstrap values (on the left of the
“/”) >50% are shown. The twelve new sequences are highlighted in bold type. Red stars indicate the
new taxa, Scytinopogon caulocystidiatus and S. foetidus.

In the analysis, the Scytinopogon caulocystidiatus sequence (FLOR 56314)
is closely related to S. dealbatus (FLOR 56182, FLOR 56183) from Brazil (BS =
80, BPP = 0.98). Our molecular phylogeny (F1G. 1) confirms our morphological
analyses that S. caulocystidiatus and S. dealbatus are distinct taxa.

Two Scytinopogon robustus sequences (FLOR 56190, FLOR 56179)
clustered in a well-supported clade (BS = 99, BPP = 1) with the sequences
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of Scytinopogon foetidus, S. havencampii (SSFU DEB8300) from Sio
Tomé and Principe, and Scytinopogon sp. 2 from Australia.

The Scytinopogon foetidus sequence clustered in a weakly supported
but resolved clade (BS = 54, BPP = 0.57) close to S. havencampii (SSFU
DEB8300), suggesting that they are different species. This is supported by
the morphological analysis, as discussed below.

The Brazilian S. pallescens sequences (FLOR 56184, FLOR 56186,
FLOR 56187, FLOR 56188) clustered (BS = 64; BPP = 0.97) in a clade
that included Scytinopogon sp. (BAB5120) from India. The clade
including Scytinopogon chartaceus was strongly supported (BS = 100;
BPP = 1). Sequences from Scytinopogon sp. (9P829, 0906RK610, 9P615,
0906RK623, 9P1233, 0906RK71, 0906RK1023, 0906RK647, 9P79)
from Taiwan and Scytinopogon sp. 1 (MEL2382623, MEL2382744,
MEL2382716, MEL2382612) from Australia were recovered as sister taxa
of S. chartaceus.

Taxonomy

Scytinopogon caulocystidiatus A.N.M. Furtado & M.A. Neves, sp. nov. FiG. 2
MB 829606

Differs from Scytinopogon dealbatus by the presence of catenulate caulocystidia.

TypE—DBrazil. Santa Catarina: Floriandpolis, Ilha do Campeche, Trilha do Morcego,
27°40°40”S 48°28'6”W, 24 III 2014, AN.M. Furtado 460 (Holotype, FLOR 56314;
GenBank 458772).

ErymoroGy—The epithet refers to the abundant catenulate caulocystidia.

BasipromaTa 35-70 mm tall, solitary, gregarious to densely caespitose,
white (1A1), drying yellowish white (4A2) with reddish-brown (8D7)
apices; branches subcylindric at first, becoming flattened, twisted, slightly
subpruinose, 3.0 mm wide in the lower branches, tapering towards the apex,
polychotomous below, di- or trichotomous towards the apex, branched three
to five times, internodes gradually becoming smaller, apices subfusiform,
acute, subterete, narrowly spathulate; sTIPE cylindric, short, 10-20 x 3.0-5.0
mm. CoNTEXT reddish brown (8DF), tough at stipe base; odor of ammonia;
taste unrecorded.

BASIDIOSPORES 3.5-4.5 x 3.0-3.5 pym (Q = 1.06) (s = 2 specimens),
subglobose, hyaline, uniguttulate, slightly angular, with diminutive spines,
<0.5 pum long, slightly thick-walled, apex blunt, inamyloid; hilar appendage
<0.5 pm. BASIDIA 20-29 X 4.5-6.0 um, clavate, clamped; 2- or 4-spored,
3.5-5.0 um long. CysTIDIA in stipitipellis as caulocystidial hairs, 58—-72 x
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F1G. 2. Scytinopogon caulocystidiatus (FLOR 56314). A. Fresh basidiomata in situ;
B, C. Basidiospores; D, Basidia; E. Capitate cystidial hairs of stipitipellis.
Scale bars: A =1 cm; C-E = 10 pum.

10-18 um, formed by concatenation of narrowly utriform, capitate to
sphaeropedunculate hyphae, smooth, thin-walled, clamped; peduncle when
present 4.0 x 2.0 pum. HYMENIUM <62.5 um thick, thickening upward,
amphigenous, stratified into three layers, older basidia tortuous to collapsed,
absentin stipe. SUBHYMENTUM <40 pm thick, constricted at the septa, hyphae
5.0 um diam, thin-walled. CoNTEXT with subparallel arranged hyphae
4.0—6.0 um diam, cylindric, alternating with inflated hyphae 10-12 um wide,
ampulliform segments rare, 6.0—7.0 um wide, thin-walled, clamped. Internal
stipe hyphae 2.0-7.0 um diam, irregularly inflated, pale yellow (1A2).

EcoLoGY & DISTRIBUTION—On sandy soil in forest on marine sands.
Known only from the type locality.

ADDITIONAL MATERIAL EXAMINED—BRAZIL. SANTA CATARINA: Floriandpolis,
Unidade de Conserva¢do Ambiental Desterro - UCAD, 27°3150”S 48°30'44"W, 8 1
2016, M.L. Vanegas-Leon 61 (FLOR 59324).
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CoMMENTS—Scytinopogon caulocystidiatus is difficult to see in the field as
its white basidiomata grow on a whitish, sandy substrate.

Scytinopogon caulocystidiatus and S. dealbatus have basidiomata
that are the same size, shape, color, and consistency. Also, unlike most
Scytinopogon species, both have an amphigenous hymenium. Scytinopogon
dealbatus can be separated by its ellipsoid basidiospores and the absence
of caulocystidia.

Besides the strong odor of ammonia, a diagnostic characteristic of this
species is the cystidial stipitipellis, previously undescribed for Scytinopogon
(Corner 1950, 1970, Petersen 1988, Garcia-Sandoval & al. 2004).

Scytinopogon chartaceus (Pat.) R.H. Petersen, Mycologia 80: 574. 1988
[ as ‘chartaceum’]. F1G.3

BasipiomMAaTA 30-65 x 25-47 mm, solitary to gregarious, chalk-white
(1A1), becoming grayish white (1B1), drying pale yellow (3A4), palmately
forked from a flattened stipe immersed in soil, branching in a plane, twisted;
branches flattened and narrowly spathulate, 2.0-6.0 mm wide in the lower
branches, tapering towards the apex, polychotomous below, becoming

E

F1G. 3. Scytinopogon chartaceus. (FLOR 56185). A. Fresh basidiomata in situ;
B, C. Basidiospores; D. Basidia; E. Context hyphae with ampulliform septa.
Scale bars: A = 1 cm; C-E = 10 pm.
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dichotomous, branched two to four times, internodes diminishing gradually;
axils U-shaped, apices acute to blunt, subterete, suede-like above, smooth
below; sTIPE 15-30 x 7.0—15 mm, sometimes branched from the base, dilated
and flattened below the branching points, arising from very scarce white
mycelial strands on the soil. CONTEXT pale yellow (1A2), waxy, tough at the
base of the stipe, drying cartilaginous; odor and taste unrecorded.
BAsiDIOSPORES 6.0-8.0 x 3.0-4.5 um (Q = 1.82) (s = 1 specimen),
narrowly ellipsoid, hyaline, angular-echinulate, slightly thick-walled, spines
0.7-1.5 um long, apex blunt, inamyloid; hilar appendage obscured by spore
ornamentation. BASIDIA 25-32 X 6.0-8.0 um, clavate, barrel-shaped, with
homogeneous to minutely guttulate contents, clamped; 1-2-spored, 4.0-7.0
pum long. Cystipia absent. HyMENIUM thickening upward, <100 pm thick,
covering the undersides of the branches. SUBHYMENIUM ¢, 30 pm thick,
hyphae 2.5-3.0 um diam, thin-walled. CONTEXT with parallel arranged hyphae
3.5-4.0 um diam, cylindric and long-celled, slightly thick-walled, ampulliform
septa 5.5-8.0 um diam, clamped. Surface of sterile base composed of repent
hyphae 2.5-5.0 pum wide, smooth, thin-walled, clamped. Irregular crystals of
calcium oxalate covering the contextual and basal mycelium hyphae.
EcoLoGY & DISTRIBUTION—On soil among litter, in Atlantic Forest.
Known only from Séo Paulo (Campinas, Patouillard 1907; Sdo Paulo, Petersen
1988), and Santa Catarina (present study), Brazil.
MATERIAL EXAMINED—BRAZIL. SANTA CATARINA: Florianépolis, Trilha para
Naufragados, 27°49'4”S 48°33’37”W, 23 V 2014, AN.M. Furtado 504 (FLOR 56185;
GenBank MK 458775).
ComMENTs—The Brazilian type specimen, published as Lachnocladium
chartaceum by Patouillard (1907), was not studied due to its poor condition.
The identification of the specimen from Santa Catarina was based on the
original protologue (Patouillard 1907) and the description of a specimen
collected by Leif Ryvarden in Sdo Paulo, Brazil, and identified as S. chartaceus
by Petersen (1988).
Morphologically, S. pallescens is the most similar species; however,
S. pallescens has larger internodes on its branches, the surface of the
basidiomata is rugulose and subtomentose, and the well-developed basal
mycelium is very compact (Corner 1950, 1970, Petersen 1988). Scytinopogon
chartaceus has smaller internodes, basidiomata with a smooth surface,
and scarce and loosely attached basal mycelium (Petersen 1984). Also,
S. pallescens has nodulose to verrucose basidiospores and S. chartaceus has
echinulate basidiospores with long spines (Reid 1962, Petersen 1988).
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F1G. 4. Scytinopogon dealbatus. (FLOR 56183). A. Fresh basidiomata in situ;
B, C. Basidiospores; D. Basidia. Scale bars: A = 1 cm; C-D = 10 um.

Scytinopogon dealbatus (Berk.) Corner,
Beih. Nova Hedwigia 33: 89. 1970. F1G. 4

Basipromara 55-75 mm tall, solitary to gregarious, white (1A1), the
hymenium becoming pale yellow (1B3), drying to reddish brown (5C4);
branching often polychotomous from the base, becoming dichotomous above,
branched three to four times; branches 1.0-3.0 mm thick, ligulate, smooth;
axils flat; apices concolorous with branches; sTIPE 2.0-3.0 mm thick, slightly
distinct, white (1A1). CONTEXT gelatinous; taste and odor unrecorded.

BAsSIDIOSPORES 4.0-4.5 x 2.5-3.5 um (Q = 1.39) (s = 2 specimens),
ellipsoid, hyaline, echinulate to almost spineless, uniguttulate, warts <0.4 pm
long, inamyloid; hilar appendage <1.0 um, often sublateral. BAsip1a 21-29
x 5.0-7.0 pm, clavate, clamped; (2—-)4-spored, 3.5-6.0 um long. CysTIDIA

117
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absent. HYMENIUM <150 um thick, thickening upward, amphigenous, absent
in stipe. SUBHYMENIUM <20 pum thick, composed of loosely interwoven hyphae
<5.0 um diam, thin-walled. CoNTEXT hyphae subparallel, slightly agglutinated,
5.0-6.5 pm diam, walls thin, subgelatinous; ampulliform septa 6.6—-13 pm
diam, clamped.

EcoLoGY & p1sTRIBUTION—In the Atlantic Forest, this species is found on
soil. In Brazil, it is known from Amazonas (type locality), Mato Grosso (Corner
1970), Parana (Meijer 2006), Sao Paulo (Petersen 1988) and Rio Grande do
Sul (Rick 1959; present study). It is also recorded for Bolivia, Panama (Corner
1970), and Venezuela (Petersen 1988).

MATERIAL EXAMINED—BRAZIL. R10 GRANDE DO SUL: Porto Alegre, Universidade

Federal do Rio Grande do Sul, Campus do Vale, 30°04'23.8”S 51°07'23.6”W, 1 IV 2014,

E.P. Fazolino 176 (FLOR 56182; GenBank MK458776), E.P. Fazolino 177 (FLOR 56183,

GenBank MK458777).

ADDITIONAL SPECIMENS EXAMINED—BRAZIL. R10 GRANDE DO SUL: Panuré,

Sdo Jerdbnimo, 1873, Spruce s.n. (K 135803, 135804, holotype of Clavaria dealbata Berk.);

Sao Leopoldo, 1904, J.E. Rick s.n. (BPI 295129; PACA 17230, 17241, 17246, 17251, as

Lachnocladium dubiosum); 1907, J.E. Rick s.n. (BPI 295385, 333169, 333170, 333171

as Scytinopogon dubiosum ad. int.); 1932, J.E. Rick s.n. (BPI 295383). MATO GROSSO:

Chavantina, 1 II 1968, E.J.H. Corner s.n. (RBGE 101765).
CoMMENTS—Scytinopogon  dealbatus  basidiomata  resemble  young
Scytinopogon scaber but lack the erect habit and papillate branches (Petersen
1988). Also, the hymenium is present on both sides of the branches, contrary to
other Scytinopogon species where the hymenium is unilateral. The gelatinous
context is only known to occur in S. dealbatus. This character is rather common
in Ramaria species; however, it is rarely reported in Scytinopogon (Petersen
1988).

Scytinopogon pallescens could be mistaken for a robust form of S. dealbatus.
However, S. pallescens has flattened branches with the hymenium on one side of
the branches, mycelia at the base of the stipe, angular-nodulose basidiospores,
and lacks a gelatinous context (Corner 1950).

Petersen (1984, 1988) proposed transferring S. dealbatus to Ramariopsis
based on the gelatinous context of the fresh basidiomata (a character never
reported for Scytinopogon) and the ellipsoid and echinulate basidiospores
rather than angular-nodulose basidiospores described by Corner (1970).
However, Petersen (1988), who also studied a specimen from Venezuela
collected by Roy Halling and identified as S. dealbatus, agreed that the species
shares more characters with Scytinopogon than with Ramariopsis, especially
because S. dealbatus lacks the dextrinoid reaction characteristic of Ramariopsis
and not found in Scytinopogon.
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F1G. 5. Scytinopogon foetidus. (FLOR 56315).
A. Fresh basidiomata in situ; B, C. Basidiospores; D. Basidia.
Scale bars: A =1 cm; C-D = 10 pum.

Scytinopogon foetidus A.N.M. Furtado & M.A. Neves, sp. nov. FiG. 5
MB 829605
Differs from Scytinopogon havencampii by its 4-spored basidia, its slightly concave

ellipsoid basidiospores, its ampulliform septa, its strong putrid odor, and by the
presence of calcium oxalate crystals.

TYPE—Brazil. Santa Catarina: Florianépolis, Costio do Santinho, Morro das
Aranhas, 27°47°66”S 48°38’18”W, 27 1 2014, A.N.M. Furtado 423 (Holotype, FLOR
56315; GenBank MK458769).

ETYMOLOGY—The epithet refers to the strong, unpleasant odor of the fresh
basidiomata.
BAsIDIOMATA 25-55 mm tall, gregarious, pale grayish beige (4C2),
becoming reddish brown (8E6) to deep brown (8F5) upward, the apices
pure white (1A1), palmately branched from a flattened stipe, branching in
one plane, sometimes twisted, subpruinose; branches cylindric to flattened
and narrowly spathulate, 3.0—4.0 mm wide in the lower branches, tapering
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towards the apex, polychotomous below, becoming dichotomous, branched
three to four times, narrowly U-shaped, flattened below the branching
points, internodes gradually becoming smaller, apices blunt, subterete,
narrowly ligulate; sTIPE 8.0—-15 X 2.0-6.0 mm, rarely branched from the
base, pale grayish beige (4C2). CONTEXT pale yellow (1A2), slightly viscid,
tough at the base of the stipe; odor strong and putrid; taste unrecorded.

BASIDIOSPORES 5.0—-6.5 X 3.0-4.0 um (Q = 1.52) (s = 1 specimen),
ellipsoid, the inner side slightly applanate to slightly concave, hyaline, finely
verrucose, thin-walled, warts 0.4-0.6 um long, apex blunt, inamyloid; hilar
appendage small. BAsiDIA 23-28 x 7.0-9.0 um, clavate, barrel-shaped,
clamped; 4-spored, 3.0-5.0 pm long. CysTIDIA absent. HYMENIUM <32.5
um thick, absent in stipe. SUBHYMENIUM <50 pm thick, with loosely
interwoven hyphae, 3.5-5.0 pm diam, thin-walled. CONTEXT with
subparallel arranged hyphae 3.5-8.0 um diam, thin-walled, constricted at
the septa, ampulliform septa 5.0-6.0 pm diam, clamped. Surface of stipe
composed by a trichodermal pellis, with cylindric hyphae up to 3.0 pm
diam, slightly thick-walled, clamped. Crystals of calcium oxalate in needle
clusters covering the cortical hyphae from the stipe.

EcoLOGY & DISTRIBUTION—On soil in forest, perhaps also lignicolous.
Known only from the type locality.

CoMMENTs—Given that many basidiomata in Scytinopogon are white,
S. foetidus and S. robustus appear similar in their grayish-purple coloration.
Scytinopogon robustus, however, is slenderer and drier, with flattened
branches and a unilateral hymenium (Corner 1970). It also has inflated
hyphae and lacks the putrid odor and the calcium oxalate crystals in the
stipe cortex.

Another pigmented species, S. havencampii Desjardin & B.A. Perry,
described from Principe Island, Africa, differs in its cylindric, orangish-
white stipe, 2-spored basidia with long sterigmata, ellipsoid, nonconcave
basidiospores, indistinct odor, and absence of ampulliform septa and
calcium oxalate crystals (Desjardin & Perry 2015). The molecular
phylogeny also supports S. foetidus and S. havencampii as distinct species,
but closely related species and in the same clade (F1G. 1).

Another pigmented species, Scytinopogon echinosporus (Berk. &
Broome) Corner, known from Sri Lanka and Java, differs in its pale purple,
often flattened branches with dark violet-brown tips, ellipsoid to angular
basidiospores, 4-spored basidia, and inflated (<12 um diam) hyphae.
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F1G. 6. Scytinopogon pallescens. (FLOR 56184). A. Fresh basidiomata in situ;
B, C. Basidiospores; D. Basidia; E. Context hyphae with ampulliform septa.
Scale bars: A = 1 cm; C-E = 10 pm.

Scytinopogon pallescens (Bres.) Singer, Lloydia 8(3): 139. 1945. F1G. 6
Basipromata 40-110 mm tall, solitary, gregarious or densely caespitose,
chalk-white (1A1) when young, pale yellow (1A2) in age, not changing
when dried, palmately branched from a flattened stipe immersed in the soil,
branching four to six times in one plane but twisted; branches slightly rugulose,
flattened and narrowly spathulate, the upper side of the branches minutely
subtomentose, 3.0-5.0 mm wide in the lower branches, tapering towards the
apex, polychotomous below, becoming dichotomous, internodes becoming
gradually longer; apices white (1A1), acute to blunt, subulate or subterete,
narrowly ligulate; STIPE 15-45 x 2.0-4.0 mm, sometimes branched from the
base, dilated and flattened below the branch nodes, arising from compact
mycelial strands in the soil. CONTEXT pale yellow (1A2), slightly coriaceous,
tough at the base of the stipe; odor unpleasant; taste unrecorded.
BASIDIOSPORES 6.0-7.5 x 3.0-4.5 um (Q = 1.96) (s = 5 specimens),
narrowly ellipsoid, hyaline, angular-nodulose, finely verrucose, slightly thick-
walled, warts 0.3—-0.6 um long, apex blunt, inamyloid; hilar appendage small.
Basipia 25-32 x 6.0-8.0 pm, clavate, finely granular-vacuolate, clamped;
2—-4-spored, 4.0-5.0 um long. CysTIDIA absent. HYMENIUM <40 um thick,
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thickening upward, <250 pm thick, covering the underside of the branches.
SUBHYMENIUM ca. 30 um thick, composed of loosely interwoven hyphae,
2.5-5.0 um diam, thin-walled. CONTEXT compact, with parallel arranged
hyphae 3.5-4.0 um diam, cylindric, with ampulliform septa 5.0-6.0 um
diam, slightly thick-walled, clamped. Surface of sterile base composed of a
trichodermal pellis, hyphae 1.5-3.0 um diam, smooth, thin-walled, clamped.
Crystals of calcium oxalate in rosettes, covering the hyphae in the context and
basal mycelium.

EcoLoGY & DISTRIBUTION—In the Atlantic Forest, this species is found
on soil and is possibly lignicolous. In Brazil, it is known from Amazonas, Mato
Grosso, Pard, Parand, Rio de Janeiro, Rio Grande do Sul (Corner 1953, 1966,
1970; Meijer 2006) and Santa Catarina (present study). It is also known from
Burma, Cameroon, Congo (type locality), Cuba, Japan, Java, Madagascar,
Malaysia, Mauritius, Nigeria, Panama, Sumatra, the Philippines, Solomon
Islands, Uganda, the USA (Corner 1950, 1966, 1970), and India (Thind 1961;
Dutta & al. 2012).

MATERIAL EXAMINED—BRAZIL. SANTA CATARINA: Floriandpolis, Lagoa do Peri,
Trilha da Cachoeira, 27°74'41”S 48°52’04”W, 15 1I 2014, A.N.M. Furtado 441 (FLOR
56187; GenBank MK458771); 19 III 2014, A.C. Magnago 974 (FLOR 56186; GenBank
MK458766); Universidade Federal de Santa Catarina, Campus Trindade, Depto de
Botanica, 27°60°17”S 48°52’50”W, 26 III 2013, A.N.M. Furtado 304 (FLOR 56184;
GenBank MK458767); 14 IV 2014, A.N.M. Furtado 488 (FLOR 56188; GenBank
MK458774); M.A. Neves 588 (FLOR 56197).

ADDITIONAL SPECIMENS EXAMINED—BELIZE, 2002, PJ. Roberts s.n. (K 109202,
109203, 109237). BRAZIL. PARATBA: Mataraca, 06 VI 2011, E Wartchow s.n. (JPB
45094). PERNAMBUCO: Recife, Parque Estadual de Dois Irméos, 13 VIII 1954, O.S. Silva
n.n. (URM 876); Vitdria de Santo Antio, Itamatamirim, 17 IX 1954, S.J. Silva n.n. (URM
1071). Rio Grande do Sul: no location, 1925, J.E. Rick s.n. (BPI1 295379, 333159, 333160,
333162, 333164, 723389, as Clavaria pteruloides Pat. & Gaillard), 1907, J.E. Rick s.n.
(PACA 17243, as Lachnocladium moelleri Henn.); Sao Leopoldo, 1925, J.E. Rick s.n. (BPI
295379, 333159, 333160, 333162, 333164, 723389). MALAYSIA. MALAYA: Pahang, 25
X1 1930, E.J.H. Corner s.n. (BPI 295368).

CoMMENTS—Scytinopogon pallescens is morphologically highly variable and a
common species in tropical and subtropical regions (Corner 1970).

Scytinopogon pallescens is easily recognized macroscopically by its chalk-
white basidiomata with flattened branches. Microscopically, it has hyaline
ellipsoid, angular-echinulate basidiospores, and uninflated, non-mucilaginous
hyphae throughout the basidioma (Corner 1950). Some of our collections had
basidiospores with such subtle angles that they appeared ellipsoid. In addition,
the specimens have chalk-white basal mycelia that divide palmately before
reaching the surface of the substrate.
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Corner (1970) referred many Brazilian collections to Scytinopogon
angulisporus (Pat.) Corner, including several specimens from Rio Grande
do Sul that Petersen (1984) redetermined as S. pallescens. Scytinopogon
angulisporus is no longer accepted in Scytinopogon, since its type specimen is
conspecific with Clavulina connata (Berk.) Corner (Petersen 1984).

Scytinopogon chartaceus is quite similar to S. pallescens, in both color
and morphology of the basidioma; however, S. chartaceus has more strongly
echinulate basidiospores. This ornamentation is unusual for most Scytinopogon
species, which are normally nodulose-warted with cushion-shaped warts
(Petersen 1988).

Scytinopogon robustus (Rick) Corner, Beih. Nova Hedwigia 33: 91. 1970. F16.7

BasipioMATA 23-35 mm tall, solitary or caespitose, pale grayish
(19B2), drying pale yellow (3A4), subfragile, flattened; branches flattened
to subcylindric, bifurcate with slightly compressed axils, branched three
times, subacute, mostly dichotomous, internodes irregular, diminishing
gradually towards the apex; apices grayish violet (15E5), subulate,

F1G. 7. Scytinopogon robustus. (FLOR 56190).
A. Fresh basidiomata in situ; B, C. Basidiospores; D. Basidia.
Scale bars: A = 1 cm; C-D = 10 pum.
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sometimes blunt, subcristate to subpalmate; sTIPE 9.0 x 2.0 mm, white
to pale grayish (19B2), smooth, cylindric to flattened, coriaceous-fibrous.
ConTEXT hollow; odor and taste not distinctive.

BASIDIOSPORES 6.0-6.5 x 3.5-4.0 um (Q = 1.53) (s = 3 specimens),
ellipsoid, hyaline, angular-nodular, slightly echinulate, slightly thick-
walled, warts 0.4—0.8 um long, inamyloid; hilar appendage obscured
by spore ornamentation. BAsipia 22-31 x 7.0-10 pm, clavate, barrel-
shaped, clamped; (2—-)4-spored, 3.0-5.0 um long, homogeneous to
minutely guttulate. CysTIDIA absent. HyMENIUM <37.5 um thick,
covering the undersides of the branches. SUBHYMENIUM c. 20 pm thick,
hyphae 3.0-3.5 um diam, slightly inflated, clamped. CoNTEXT with
subparallel arranged hyphae 6.0-23 pum diam, inflated, thin-walled,
slightly constricted at the septa, clamped. Surface of sterile base covered
by repent hyphae <3.0 um diam, smooth, hyaline, clamped; medullary
basal hyphae 12—15 pm diam.

ECOLOGY & DISTRIBUTION—In the Atlantic Forest, S. robustus occurs
on soil among litter. In Brazil, it is known from Parana (Meijer 2006), Rio
de Janeiro (Corner 1970), Rio Grande do Sul (type locality, Rick 1931,
1959), and Santa Catarina (present study). It is also known from Puerto
Rico (Corner 1970) and Mexico (Garcia-Sandoval & al. 2004).

SPECIMENS EXAMINED—BRAZIL. SANTA CATARINA: Floriandpolis, Morro da
Lagoa, Trilha do Jipe, 27°59°43”S 49°47°83”W, 23 I 2013, A.N.M. Furtado 422 (FLOR
56190; GenBank MK548768); Costio do Santinho, Morro das Aranhas, 27°47'66”S
48°38'18”W, 27 I 2014, A.N.M. Furtado 431 (FLOR 56179; GenBank MK458770). Sio
PauLo: Caraguatatuba, Serra do Mar, 19 12016, ET.E. Linhares 144a (FLOR 59329).
ADDITIONAL SPECIMENS EXAMINED—BRAZIL. R10 GRANDE DO SuL: Pareci
Novo, 1935, J.E. Rick s.n. (PACA 12457, holotype).
ComMENTS—Although our collection is small in size and has fragile
basidiomata, Scytinopogon robustus can reach 50-100 mm tall (Rick 1931,
Garcia-Sandoval & al. 2004). However, the epithet refers to the size of the
basidiospores, which are larger than the spores of other Scytinopogon species.

Scytinopogon pallescens, a widespread species, looks like a pale form of
S. robustus; however, S. pallescens has larger basidiospores (5.5-7.0 x 3.5-4.0
pm) and its hyphae are not inflated (occasionally <10 um diam) (Corner 1950,
1970, Garcia-Sandoval & al. 2004).

Among the known species of Scytinopogon, only S. robustus and
S. echinosporus have inflated hyphae (Corner 1970). Scytinopogon echinosporus
has basidiomata with light brown apices and smaller basidiospores (4.5-5.5 x
3.5 um, Garcia-Sandoval & al. 2004).
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F1G. 8. Scytinopogon scaber. (FLOR 56189). A. Fresh basidiomata in situ;
B, C. Basidiospores; D. Basidia; E. Context hyphae with ampulliform septa.
Scale bars: A = 1 cm; C-E = 10 pm.

Scytinopogon scaber (Berk. & M.A. Curtis) D.A. Reid,
Persoonia 2(2): 161. 1962. F1G. 8

BasipiomaTa 95 mm tall, solitary to scattered, white (1A1), slightly
translucent to slightly pinkish close to the stipe, the apices concolor,
branched; branches in one plane, becoming inclined and horizontal, flattened
and narrowly spathulate, polychotomous below, becoming dichotomous,
internodes spaced, subterete, slightly expanded at the axils, the underside
developing minute spines or papillae (these scattered at first, then crowded
and concrescent), entire or slightly dentate, irregular, apices ligulate; sTIPE
35 x 7.0 mm, dilating 3.0 mm wide upward. CONTEXT rather dry, firm; odor
and taste absent.

BASIDIOSPORES 3.0-4.0 x 2.5-3.5 um (Q = 1.26) (s = 1 specimen),
broadly ellipsoid, hyaline, slightly angular, echinulate, warts 0.2-0.5 pm
long, inamyloid; hilar appendage obscured by spore ornamentation. BAsipia
15-18 x 4.5-5.5 um, clavate, finely granular-vacuolate, clamped; 4-spored,
2.0-4.0 pm long. CysTIDIA absent. HYMENIUM <20 pm thick, thickening

125
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upward, amphigenous, covering the undersides of the branches, sterile on
the hypogenous region. SUBHYMENIUM <15 pm thick, hyphae 2.5-5.0 um
diam, thin-walled. CoNTEXT with parallel arranged hyphae 3.5-4.0 um
diam, cylindric, slightly thick-walled, inner hyphae 8.0-12 ym diam, not
inflated, clamped. Surface of sterile base with cylindric repent hyphae 3.0 um
diam, disarticulated, slightly thick-walled.

EcoLoGYy & DISTRIBUTION—In the Atlantic Forest, this species occurs
on soil. It was previously reported for Brazil (without any details of localities
or specimens) by Corner (1970), and here we record it for Santa Catarina.
It is also known from Fiji (type locality), Brunei (Corner 1970), and Mexico
(Ramirez-Lopes & al. 2012).

MATERIAL EXAMINED—BRAZIL. SANTA CATARINA: Santo Amaro da Imperatriz,
Hotel Plaza Caldas da Imperatriz, Trilha da Pousada, 27°70'39”S, 48°80'37"W, 10 IV
2014, A.N.M. Furtado 483 (FLOR 56189; GenBank MK548773).
ADDITIONAL SPECIMENS EXAMINED—BRUNEIL 1959, E.JH. Corner s.n. (K
69072), 1992, B.M. Spooner s.n. (K 27130).
CoMMENTS—Originally described from Fiji, Scytinopogon scaber is diagnosed
by its small, echinulate basidiospores and branched, clavarioid, distinctly
papillate basidiomata (Ramirez-Lopes & al. 2012).

The collection from Santa Catarina is quite similar to Corner’s collection
from Brunei, except for some hyphae in the context that are broader in the
Brazilian specimen (2.0-3.5 um diam on Corner’s specimen).

Scytinopogon papillosus Corner, the only other Scytinopogon species with
a papillate hymenophore (Corner 1970), can be distinguished by its reddish
basidiomata, very strongly inflated hyphae (3.0-25[-30] um diam), and larger
(4.0-4.5 x 2.7-3.5 pm) ellipsoid basidiospores (Corner 1970). Scytinopogon
papillosus is known only from Bolivia, from Singer’s collection in Corner
(1970). Unfortunately, the type collection was not found so our comparison
was based on Corner’s protologue.

Key to Scytinopogon species in Brazil

1. Hymenophore becoming more or less minutely papillate or hydnoid .. ... S. scaber
1. Hymenophore smooth ........ ... .ot 2
2. Basidiomata light brown to reddish brown when fresh ........................ 3
2. Basidiomata pure white to pale yellow when fresh .................. ... ... .. 4

3. Basidiomata slender with flattened branches,
context dry; context hyphae inflated to 6.0-23 yum diam .......... S. robustus
3. Basidiomata robust with cylindric to flattened and narrowly spathulate branches,
context viscid; context hyphae 3.5-8 um diam .................... S. foetidus
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4. Basidiomata subfragile, reddish brown when dry; basal mycelium absent ........ 5
4. Basidiomata more robust, pale yellow when dry; basal mycelium present ........ 6
5. Basidiospores subglobose; cystidial hairs on stipitipellis . ....... S. caulocystidiatus
5. Basidiospores ellipsoid; no cystidial hairs on stipitipellis . . ............ S. dealbatus
6. Basal mycelium abundant and very compact, crystals present, insoluble in KOH;
basidiospores nodulose, finely verrucose ....................... S. pallescens

6. Basal mycelium scant and loosely attached, crystals absent;
basidiospores truly echinulate ................... .. .. ... ... S. chartaceus

REFERENCE  EXsiccaTa  STUDIED—Scytinopogon echinosporus: SOLOMON
ISLANDS. 1967. EJ.H. Corner s.n. (RBGE 101775). INDONESIA. 1996, R.F. Ellen s.n.
(K 45815).

Scytinopogon papillosus: BOLIVIA. 17 III 1956, R. Singer B 2100, B 2100 A (CGE,
holotype).

Discussion

The Brazilian Atlantic Forest harbors a great diversity of macrofungi
and the continual description of new species in this area emphasizes the
importance of studying and preserving this biome. This work expands what
is known about clavarioid fungi in the Atlantic Forest by providing detailed
descriptions and illustrations for seven Scytinopogon species and adding two
new species. to both the region and the world.

This work also presents a more robust phylogeny for Scytinopogon
generated from nrITS sequences of six out of eight known species, supporting
Scytinopogon caulocystidiatus and S. foetidus as new, independent species
and confirming the morphological differences between them and the rest
of the genus.

Scytinopogon was historically classified in Clavariaceae, despite the
proposed relationship with Hydnodontaceae and thelephoroid fungi.
However, the results obtained by Larsson & al. (2011) and Birkebak & al.
(2013) indicate Scytinopogon is related to Trechispora. Nevertheless, to
clarify the classification of Scytinopogon in Hydnodontaceae (Trechisporales),
a more comprehensive study with more samples and more molecular
markers is needed.

We have also shown that despite its being rarely documented, Scytinopogon
is both abundant and widespread in the tropics and subtropics.
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