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Abstract.

Usnea bicolorata, U. hakonensis, and U. pycnoclada are reported as new to Taiwan.

Their morphology, chemistry, and ecological features are discussed.
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Introduction

The genus Usnea (Parmeliaceae, Ascomycota)
consists of ca. 300 species, and is widely distrib-
uted from polar zones to tropical area (Kirk et
al., 2008). Diagnostic features of the genus in-
clude a fruticose thallus with a cortex, medulla,
and a cartilaginous central axis, and the presence
of usnic acid in the cortex. Monophyly of the
genus has been confirmed by molecular phyloge-
netic methods using the taxa having these
synapomorphic features (Articus, 2002; Ohmura,
2002; Ohmura & Kanda, 2004; Wirtz et al.,
20006), although Articus (2002) elevated several
infrageneric groups to generic level (i.e., Dolic-
housnea, Eumitria, Neuropogon, and Usnea).

The Usnea flora of Taiwan was primarily sum-
marized by Ohmura (2001) who revised the for-
mer studies in this area made by Zahlbruckner

(1933), Motyka (1936-1938), and Asahina
(1956, 1963, 1965a, 1965b, 1967a, 1967b,
1967¢c, 1967d, 1968a, 1968b, 1969a, 1969b,

1969c, 1969d, 1970, 1972a, 1972b). Subsequent-
ly two additional species and one variety were
also reported from Taiwan (Aptroot ef al., 2002;
Clerc, 2004). The total number of Usnea taxa in
Taiwan is 35 species and one variety up to date.

flora, lichenized fungi, Usnea, secondary substances, soralia, taxonomy.

In 2008, the first author carried out joint field
surveys in Taiwan with the third author. In addi-
tion, the second author has collected ca. 400
specimens of Taiwanese Usnea during a period
between 1990 and 2008. Some of these speci-
mens are identified as U. bicolorata Motyka, U.
hakonensis Asahina, and U. pycnoclada Vain.,
which had not been previously reported from Tai-
wan. The purpose of this study is to discuss their
morphology, chemistry, and ecological feature,
and to provide descriptions based on the Tai-
wanese materials.

Materials and Methods

This study is based on ca. 500 specimens of
Taiwanese Usnea deposited in the herbaria of
National Museum of Nature and Science, Tokyo,
Japan (TNS) (ca. 100 specimens) and National
Museum of Natural Science, Taichung, Taiwan
(TNM) (ca. 400 specimens).

Morphological observations were made using
a dissecting microscope or a bright field micro-
scope. The diameter of branch was measured
using a well-developed thicker branch. The ratios
of thickness of the cortex, medulla, and axis for
the branch were measured following the method
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of Clerc (1984). The minimum-average-maxi-
mum values of them are shown in the descrip-
tion. Cross sections of thallus were cut by hand
with a razor blade, and observed after mounting
in GAW (glycerin: ethanol: water, 1 : 1 : 1).

Lichen substances were examined using thin
layer chromatography (TLC) (Culberson & John-
son, 1982). Solvent B system (hexane: methyl
tert-butyl ether: formic acid, 140: 72: 18) was
used for all TLC analyses.

Results and Discussion

Usnea bicolorata Motyka, Lich. Gen. Usnea
Stud. Monogr., Pars Syst. 2: 336, 1937. (Fig.
1)

Type: Africa centralis, in montibus Kivu, de
Witte s. n. (herbarium, not traced).

Thallus fruticose, erect, up to 6 cm long, gray-
ish green with reddish pigment in parts, jet black
at the base; branching anisotomic-dichotomous;
branches matt on the surface, lacking pseudo-
cyphellae and maculae, terete, uninflated, gradu-
ally tapering, with many fibrils and lateral
branches, 1.3—/.4-1.5mm in diameter; lateral
branches cylindrical at the base; papillae sparse,
hemispherical; soralia common, formed mainly
on lateral branches, developed from the top of
eroded papillae, more or less discrete, rounded in
shape or confluenting each other to form irregu-
lar mass of asexual propagules, larger than
branch diameter, sessile to slightly stipitate, cor-
tical margin reflexed as growing, concave at the
top with granular soredia and rarely with isid-
iomorphs. Cortex 8.6-9.4-10.2% of the radius,
florida-type plectenchymatous (see Ohmura,
2001); hyphae leptodermatous, secreting red pig-
ment in the cell wall in part, with oblong lumina.
Medulla dense, 24.2-28.6-32.9% of the radius,
hyphae near the cortex thickened and secreting
red pigment in the cell wall. Axis solid,
17.1-24.2-31.3% of the diameter, [—. Apothe-
cia not seen.

Chemistry. Usnic, barbatic, protocetraric,
and salazinic (%) acids.

The distinguishing features of U. bicolorata

are (1) erect thallus with anisotomic-dichoto-
mous branching (Fig. 1a), (2) jet black base (Fig.
1b), (3) uninflated branches, (4) concave soralia
with granular soredia and few isidiomorphs (Fig.
Ic), (5) the presence of red pigment secreting in
the hyphal cell wall in the medulla near the cor-
tex [“subcortical” in Swinscow & Krog (1979)]
(Fig. 1d & e), and (6) the presence of barbatic
and protocetraric acids as major substances.

Although Motyka (1937) designated the type
specimen of U. bicolorata in “Institut de Parc
Nationaux Belges, Bruxelles”, Swinscow and
Krog (1979) noted that the existence of type
specimen could not be traced. We identified Tai-
wanese specimens as U. bicolorata following the
description of Swinscow and Krog (1979).

Taiwanese specimens (Y. Ohmura 6099 and
6112) have the florida-type cortex which is seen
in the sect. Usnea [e.g. U. florida (L.) FH.
Wigg.] (Fig. le). However, the subcortical red
pigmentation in the medulla has never been
known in the sect. Usnea. Further study based on
molecular phylogenetic analysis is necessary to
clarify the taxonomic position of this species.

Three chemical races have been known in this
species: race 1, containing usnic, protocetraric,
alectorialic (%), salazinic (*), and barbatic (*)
acids; race 2, containing usnic, alectorialic, and
barbatic acids; and race 3, containing usnic,
norstictic, galbinic, and salazinic acids (Swin-
scow & Krog, 1979; Stevens, 1999). All Tai-
wanese specimens belong to the race 1. Stevens
(1999) described U. bicolorata var. australiensis
G. N. Stevens based mainly on the different
chemistry (race 3) from U. bicolorata var. bicol-
orata (races 1 and 2). She also pointed out the
consistent presence of isidiomorphs on soralia in
U. bicolorata var. australiensis. Since chemistry
and amount of isidiomorphs are variable in some
species of the genus Usnea, the relationship be-
tween these taxa should be carefully examined in
further study.

Usnea bicolorata resembles U. fragilescens
Lynge, U. fulvoreagens (Résénen) Résdnen, U.
glabrescens (Vain.) Vain., and U. wasmuthii
Résédnen in having a jet black base of thallus and



Three sorediate species of the genus Usnea (Parmeliaceae, Ascomycota) new to Taiwan

Fig. 1. Morphology of Usnea bicolorata (Y. Ohmura 6099, TNS). a, thallus. b, jet black base of thallus. ¢, con-
cave soralia having granular soredia and few isidiomorphs. d, subcortical red pigment in the medulla. e, flori-
da-type cortex. Scales=1mm (a—d) and 100 um (e).

71



72 Yoshihito Ohmura et al.

concave soralia with granular soredia. However,
it is readily distinguished from them by the pres-
ence of subcortical red pigment in the medulla. It
also resembles U. dorogawensis Asahina in hav-
ing subcortical red pigment in the medulla, from
which it can be distinguished by the uninflated
branches, the jet black base of thallus, and the
presence of protocetraric and barbatic acids.
Usnea bicolorata may be confused with U. rubi-
cunda Stirt. and U. rubrotincta Stirt. in having
partly red pigmented thallus. However, the red
pigmentation of U. rubicunda and U. rubrotincta
occur in the cortex, while that of U bicolorata
occurs in subcortical part of medulla.

In Taiwan, U. bicolorata is found on bark of
Pinus at elevation around 2600m of Mt.
Dasheue. This species has been also recorded
from Africa and Australia (Motyka, 1936-1938;
Swinscow and Krog, 1979; Stevens, 1999).

Specimens examined. Taiwan, Nantou Co.,
Mt. Dasheue, on bark of Pinus sp., elevation
2595 m, September 2, 2008, Y. Ohmura 6099 and
6112 (TNS, TNM).

Usnea hakonensis Asahina, Lich. Jpn. 3: 77,

1956. (Fig. 2)

Holotype: Japan, Honshu, Prov. Sagami,
Hakone, lakeside of Ashinoko, July 15, 1952, M.
Togashi s. n. (TNS!). Chemistry: usnic, norstic-
tic, protocetraric, and salazinic acids, and
unidentified substances (US1 and US2) (Ohmura,
2001).

Usnea hakonensis f. inactiva Asahina, Lich.
Jpn. 3: 77, 1956. Lectotype: Japan, Honshu, Prov.
Sagami, Hakone, Lakeside of Ashinoko, July 15,
1952, M. Togashi s. n. (TNS!). Chemistry: usnic
acid and unidentified substances (US1 and US2)
(Ohmura, 2001).

Fig. 2.

Morphology of Usnea hakonensis (H. Kashiwadani 55009B1, TNS). a, thallus. b, soralia with isid-
iomorphs. Scales=1cm (a) and 1 mm (b).
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Thallus fruticose, erect, up to 8 cm long, gray-
ish green when fresh, chestnut brown in herbari-
um specimen, concolorous with thallus or black
at the base; branching anisotomic-dichotomous;
branches glossy on the surface, lacking pseudo-
cyphellae and maculae, terete, inflated, gradually
tapering, with many fibrils and lateral branches,
0.7-1.1-1.6mm in diameter; lateral branches
constricted at the base; papillae sparse or absent,
hemispherical to verrucose; soralia common,
formed mainly on lateral branches, developed
from the top of eroded papillae, more or less dis-
crete, rounded, smaller than branch diameter, ses-
sile to distinctly stipitate, cortical margin not re-
flexed, convex at the top often with many isid-
iomorphs, lacking granular soredia. Cortex
6.8-9.9-11.4% of the radius, ceratina-type
plectenchymatous;  hyphae pachydermatous,
lacking red pigment, with oblong or turbinate lu-
mina. Medulla lax to moderate in density,
22.9-29.0-34.5 % of the radius, lacking red pig-
ment. Axis solid, 17.6-22.4-31.4% of the di-
ameter, [—. Apothecia not seen.

Chemistry. Usnic and norstictic acids, US1
(Rf class 2, lower than salazinic acid), and US2
(Rf class 2, higher than salazinic acid) (see
Ohmura, 2001).

The distinguishing features of U. hakonensis
are (1) erect thallus with anisotomic-dichoto-
mous branching (Fig. 2a), (2) inflated branches
which are glossy on the surface and with few
papillae, (3) rounded soralia which are convex at
the top often with many isidiomorphs (Fig. 2b),
and (4) the presence of unidentified substances
(US1 and US2) as major substances.

Two chemical races have been known in this
species: race 1, containing usnic, norstictic acids,
US1, US2, salazinic (), protocetraric (*) acids,
and atranorin (*); and race 2, containing usnic
acid, US1, US2, and atranorin (*). All Tai-
wanese specimens belong to the race 1.

Usnea hakonensis resembles U. cornuta Korb.,
U. dasaea Stirt., and U. pygmoidea (Asahina) Y.
Ohmura very much in having the inflated branch-
es with round soralia which are less than branch
diameter. However, it is distinguished from them

by the presence of unidentified substances (USI
and US2).

Usnea hakonensis has been known only from
Japan so far (Ohmura, 2001). The distribution
now includes Taiwan, where it grows on bark of
Pinus and Prunus at elevation around 2000 m.

Specimens examined. Taiwan. Taichung Co.:
Tashueshan Forest Park, Hopen, elevation about
2000m, October 28, 2008, H. Kashiwadani
55008 (on decayed wood) and 55009B1 (on bark
of Prunus sp.) (TNS). Nantou Co.: Haitienshih,
Tantalindao of Hsini, on trunk of Pinus sp., ele-
vation 2210m, September 25, 1993, C. K. Lin
3305 (TNM).

Usnea pycnoclada Vain., Philipp. J. Sci. 4: 653,

1909. (Fig. 3)

Lectotype (selected here): Philippines, Luzon,
Prov. Laguna, Mt. Banajao, Nov. 1907, H. M.
Curran and M. L. Merritt, 8000 (TUR-V 833!).
Chemistry: usnic, barbatic, and protocetraric
acids (annotated by Drs. G. N. Stevens and P.
Clerc).

Thallus fruticose, erect, up to 3 cm long, gray-
ish-green when fresh, jet black at the base;
branching anisotomic-dichotomous; branches
slightly glossy on the surface, lacking pseudo-
cyphellaec and maculae, terete, inflated, tapering
only near the apices, with many fibrils and lateral
branches, 0.7-/./-1.4mm in diam.;
branches constricted at the base often with ex-
posed medulla of the crack to form white annular
rings; papillae sparse to common, hemispherical;
soralia common, formed mainly on lateral
branches, developed from the top of eroded
papillae, more or less discrete, rounded in shape
or confluenting each other to form irregular mass
of asexual propagules, larger than branch diam.,
distinctly stipitate, cortical margin reflexed, con-
vex at the top often with isidiomorphs or rarely
concave with granular soredia. Cortex 6.7—7.8—
9.8% of the radius, ceratina-type plectenchyma-
tous; hyphae pachydermatous, lacking red pig-
ment, with oblong or turbinate lumina. Medulla
lax, 23.2-28.1-31.5% of the radius, lacking red
pigment. Axis solid, 23.1-28.3-34.1% of the di-

lateral
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Fig. 3. Morphology of Usnea pycnoclada. a, thallus. b, jet black base of thallus. c, inflated branches with white
annular rings. d, convex soralia which are distinctly stipitate. e, ceratina-type plectenchymatous cortex. (a, Y.
Ohmura 6113, TNS; b, Y. Ohmura 6054B, TNS; c—e, Y. Ohmura 6054A, TNS). Scales=1 mm (a—d) and 50

um (e).
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ameter, [—. Apothecia not seen.

Chemistry. Usnic, barbatic, protocetraric, and
4-0O-demethylbarbatic (*) acids.

The distinguishing features of U. pycnoclada
are (1) erect thallus with anisotomic-dichoto-
mous branching (Fig. 3a), (2) jet black base of
thallus (Fig. 3b), (3) inflated branches which are
constricted at the base often with exposed medul-
la of the crack to form white annular rings (Fig.
3c), (4) convex soralia which are larger than
branch diameter and distinctly stipitate (Fig. 3d),
(5) the ceratina-type plectenchymatous cortex
(Fig. 3e), and (6) the presence of barbatic and
protocetraric acids as major substances.

When Wainio (1909) described U. pycnoclada,
he cited two specimens in the protologue (H. M.
Curran and M. L. Merritt 7999 and 8000). Only
one specimen (no. 8000) is found in the herbari-
um of TUR-V while the other (no. 7999) is miss-
ing from the packet. The specimen of no. 8000
(TUR-V 833) agrees well with the protologue,
and should be designated here as the lectotype
according to Art. 9.2 of ICBN Vienna Code (Mc-
Neill et al., 2006).

Four chemical races have been known in this
species: race 1, containing usnic, protocetraric,
and barbatic acids; race 2, containing usnic,
psoromic, and conpsoromic acid; race 3, contain-
ing usnic, barbatic, and psoromic acids; and race
4, containing usnic, norstictic, and stictic acids
(Stevens, 1999). All Taiwanese specimens belong
to the race 1.

Usnea pycnoclada resembles U. dorogawensis
and U. glabrata (Ach.) Vain. in having inflated
branches and stipitate soralia which are larger
than branch diameter. However, it is distin-
guished from U. dorogawensis by the absence of
red pigment, and from U. glabrata by the convex
soralia.

In Taiwan, U. pycnoclada is found on bark of
Pinus at elevation 2200 to 2600 m. This species
has been also recorded from Philippine, China
(Prov. Yunnan), and Australia (Motyka, 1936—
1938; Stevens, 1999).

Specimens examined. Taiwan. Nantou Co.:
Mt. Dasheue, on bark of Pinus sp., elevation

2595 m, September 2, 2008, Y. Ohmura 6054A,
6054B, 6079, and 6113 (TNS, TNM);
Nantzusienchi, on trunk of Pinus sp., elevation
2250 m, October 14, 1993, S. Z. Chen 113
(TNM). Philippines. Luzon, Prov. Mountain,
summit of Mt. Data, mossy oak forest, elevation
about 2300 m, 1964, M. E. Hale and J. Banaag
25973 pr. p. (TNS).
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