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New Distribution Area of Helminthostachys zeylanica
(Ophioglossaceae) from North Taiwan
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Abstract
A new distribution area of Helminthostachys zeylanica in North Taiwan was reported at
Yangmingshan, which was supposed to be the northern boundary of this species in Taiwan. The
phenology, the characters of its habitat, and companions are described in present study.

Key words: Ophioglossaceae, Helminthostachys zeylanica, Taiwan, Yangmingshan, rare
species
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Introduction
Helminthostachys zeylanica (L.) Hook.

is the only species of the genus Helmintho-
stachys in the Ophioglossaceae, this species
was utilized as, medicinal properties such
as malaria controlling preparation (Cicuzza,
2020). Helminthostachys zeylanica distrib-
uted in Sri Lanka, India, the Philippines,
Ryukyu, Australia, Southern China, Malay
Peninsula, and Taiwan (lto, 1928; Hatsusi-
ma, 1975; Kuo, 1985; Shieh & Devol, 1994;
Joshi, 2011; Zhang et al., 2013; Bharali et
al., 2017). In Taiwan, the populations were
reported from Tianchi of Lanyu, the third
sector of Kenting Forest Recreation in Heng-
chun Peninsula (Kuo, 1997), Xiaolanyu (Yeh
et al., 2010), Hushan Dam in Yunlin County
(Huang et al., 2012), Huisun Experimental
Forest Station in Nantou (Wang & Ou, 2002).
Due to its scarcity, it needs to be protect-
ed. Most of the populations of H. zeylanica
in Taiwan contained only few individuals,
therefore, this was an endangered species in
Taiwan (Lu & Chiou, 1997). In the Red List of
Vascular Plants of Taiwan 2017, the conser-
vation rank of this species was evaluated as
Nationally Critically Endangered (NCR) (Ed-
itorial Committee of the Red List of Taiwan
Plants, 2017).

In March 2020 our field survey first
found plants in Yangmingshan National Park
area. Therefore, we started phenological
observation, and found more than 30 plants
sprout in spring, and then matured with fer-
tile spike in the summer.

BRCEREILEEZ DM

Material and Methods

Phenological observations were
conducted during Mar. 2020 to Sep. 2021.
The different phenophases of H. zeylanica
were recorded and photographed. Climate
data of habitat were obtained from the
website of Central Weather Bureau.

Results and discussion
I. Habitat condition of H. zeylanica in

northern Taiwan

The habitat located in a mountain
forest near Erziping in Yangmingshan Nation
Park, the altitude was ca. 650 m and far
from roadside. In addition to the ancestors’
activities and graveyard, there is only few
artificial disturbances. The habitat is located
on 25 degrees north latitude, which is
belonged to subtropical monsoon climate.
The afternoon thundershowers in summer
might cause this habitat submerged, under
the water. In winter, due to the northeast
monsoon, the climate here becoming with
low temperature and high precipitation,
moreover the habitat might cover by snow
under some extremely weather conditions
(Fig. 1). The weather data of 2020 from
the nearby Zhuzihu weather station was
revealed that the yearly sunshine hour of
the area is less than 1,400 hours with more
than 4,700 mm precipitation. The highest
monthly temperature is 33°C in July, and the
lowest one was 1.4°C in December (Fig. 2).

This region around 20 m’ is featured
by open forests gap with high sunlight
exposure, many companion species in the
understory layer, including Ludwigia ovalis,
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Fig. 1 Habitat of Helminthostachys zeylanica. A. Overview B. Habitat submerged after heavy rain. C.
The snow-covered neighboring region in 2018. (2016, 2018, and 2021 all have snowfall records in
Yangmingshan)

1. $ERtTEm (Helminthostachys zeylanica) RIRRER - A. MTRIREDR B. (KEEEERNEIEGE
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Fig. 2 Climatic data of 2020 from Zhuzihu weather station.

2. TIFiRiEIS 2020 FERRER -

Ophioglossum petiolatum, Duchesnea
indica, Rubus buergeri, Persicaria chinensis
var. chinensis, P. pubescens, Lobelia
chinensis, Viola arcuata, and V. betonicifolia,
The surrounding canopy layer species,
such as Liquidambar formosana and
Ardisia sieboldii, have been identified, with
following understory species, e.g., Pollia
Miranda, Murdannia keisak, Amischotolype
glabrata, and Paris polyphylla var. polyphylla
and some woody species, including
Eleutherococcus trifoliatus var. trifoliatus,
Ficus erecta var. beecheyana, Euscaphis
japonica, Euonymus carnosus, Machilus
thunbergii, Hydrangea angustipetala, and
Diospyros morrisiana. The companion
species in this region are relatively common
in comparison with its adjacent areas, it

can be inferred that the distribution of H.
zeylanica is not significantly correlated with
its companion species. Besides, we also can
find some common habitat characteristic
between Yangmingshan and Tianchi of
Lanyu, both them are known for their
temporary wetland environment caused
by heavy rainfall. It is noteworthy that such
environmental condition can partly inhibit
the growth of the understory layer, and
thus leading to the dwarf vegetation under
forests.

Il. Phenology of H. zeylanica in
northern Taiwan population

This study was conducted in March
2020. We only found a few individuals with
leaves in the habitat, we believed that those
leaves were persisted from the last winter.
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However, as the local climate had become
warmer, we detected 13 newly sprout
plants on 30" May after heavy precipitation.
In the middle of June, the mature plants
with fertile spike have been spotted. The
fertile spike turned into yellow color and
their spores matured in August. The habitat
submerged again on 12" August due to the

BRCEREILEEZ DM

heavy rain, and spores are likely spreading
by water force. Nearly all the fertile spike
withered (only an individual remained
intact) in September. After then, the habitat
had suffered from the disturbance of wild
boars, and only 2 of H. zeylanica individuals
with leaves weathered the winter when we
visited again in Feb. 2021 (Fig 3.). According

Fig 4. Helminthostachys zeylanica in the summer 2021. A.B. the fertile spike turned into yellow color and
then their spores matured 11 July 2020. C.D. the fertile spike dropped from plants on 5 September
2020.

4 $FRETIERR (Helminthostachys zeylanica) 2021 FEEZ#cik - A.B. 7 B 11 HEFAIKERDIEMRIBFE
TR C.0. @9 8 11 HEVRISE S T EIRTZEAERL -
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to the recorded in 2021, the life cycle starts
again. The fertile spike turned into yellow
color was spotted on 11" July and dropped
from plants on 11" September (Fig 4.).

I1l. The distribution of H. zeylanica in
Taiwan

The distribution of H. zeylanica in
Taiwan is very sporadic and only with few
individuals in each locality (Fig. 5), such
pattern is probably caused by long-distance
dispersal events. Barrington (1993) revealed
that pteridophytes are easier carried by
other approaches to spread a long distance
to other areas due to their small spores.
This result is also supported by other recent
studies that pointed out the significant
effects of long-distance dispersal events on

several fern species (Perrie and Brownsey,
2007; Bauret et al., 2017). However, no
robust evidence to prove if the distribution
of H. zeylanica is associated with the long-
distance dispersal events.

IV. The significance of Ludwigia ovalis
in this area

Among those companion species in
these regions, L. ovalis is the rarest species,
one of rare aquatic plant species in Taiwan.
Based on the previous records, it was
mainly found in mid-altitude lakes, including
Shuanglianpi, Lunpi Lake, Caopi, Mingchi,
Yuanyang Lake, and Mysterious Lake. (Yang
and Yen, 2001) Moreover, it is important to
note that L. ovalis has been recognized as
a NVU species on the Red List of Vascular

Fig 5. The distribution map of Helminthostachys zeylanica in Taiwan.
5. TR (Helminthostachys zeylanica) DfafE -



Plants of Taiwan (Editorial Committee of
the Red List of Taiwan Plants, 2017). The
habitat here in northern Taiwan is the only
one where both H. zeylanica and L. ovalis
existing together. Therefore, the biodiversity
might be underestimated here, and some
unknow species might be recorded in the
future.

Conclusion
It was widely believed that H. zeylanica

is a tropical species which was restricted
in southern part and Lanyu island. But
some northern populations in Yunlin and
Nantou County were recently recorded.
Moreover, this study further expanded
its northernmost boundary in Taiwan to
Yangmingshan where did not belong to
tropical climate area actually. These findings
implied that the distribution of H. zeylanica
is out of southern Taiwan and remote
island. Therefore, it is expected that more
populations would be found in other places
with similar condition in the future.
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Four new records for the Fern Flora of Taiwan
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Abstract

On account of intensive field and herbaria investigations in Taiwan, new data about the
biodiversity and taxonomy of the ferns in Taiwan are proposed. Three native species, Adiantum
roborowskii var. faberi (Baker) Y.X. Lin & J. Prado (Pteridaceae), Diplazium hachijoense Nakai
(Athyriaceae) and Polystichum erosum Ching & K.H.Shing (Dryopteridaceae) and a naturalized
species Cheilanthes viridis (Forssk.) Sw. (Pteridaceae) are recorded in Taiwan for the first time.
We provide the background data of taxonomy, distribution, habitats, photographs, conservation
status, and notes for each species.

1% &
KT FRBEEINIRAEZ » AR E N E R - BE = aist o
BE IR UE SR 4R % (Adiantum roborowskii var. faberi (Baker) Y.X. Lin & J. Prado) ~ j# 2 B 5k
(Diplazium hachijoense Nakai ) k&2 H.J#k (Polystichum erosum Ching & K.H.Shing) » DL —
HEF ETESEIEK R (Cheilanthes viridis (Forssk.) Sw.) o AT REREL 48 ~ AW B AR ~ 18
F BGEEECHHRR AR
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Introduction

Ferns and lycophytes in Taiwan
represent an incredibly high diversity which
could be due to large extent to warm and
wet weather, altitude variation, diverse
habitats, and geographical distribution
(Moore et al. 2010). Since the latest
comprehensive studies (TPG 2019; Hsu et al.
2019a; 2019b), new taxa were continuously
reported (Chao et al. 2019; 2021; Hsu et al.
2019c; Lu et al. 2019; Chang et al., 2020;
Chang & Hsu 2021; Ebihara et al. 2021; Fan
et al. 2021), and currently 816 taxa including
natural hybrids and infraspecific taxa has
been accepted (TPG 2021).

Apparently, the exact diversity of
ferns and lycophytes in Taiwan has not
been fully expressed. There are still dozens
of taxonomically uncertain materials
discovered by researchers and amateurs
in recent years, some of which have been
introduced as undetermined species
(“sp.”) by Knapp (2011, 2013), Knapp and
Hsu (2017) and Hsu et al. (2019a; 2019b).
After examining floristic documentation
and herbarium collections from adjacent
georegions, we are now confirming the
identity of three native taxa, namely
Adiantum roborowskii var. faberi (Baker)
Y.X. Lin & J. Prado (Pteridaceae), Diplazium
hachijoense Nakai (Athyriaceae) and
Polystichum erosum Ching & K.H. Shing
(Dryopteridaceae). Meanwhile, we recognize
a newly naturalized species Cheilanthes

11

viridis (Forssk.) Sw. (Pteridaceae) from
northern Taiwan. In this paper, background
data of nomenclature, distribution, habitats,
taxonomy and conservation status for each
species are provided. In addition, their
conservation status in Taiwan based on the
International Union for Conservation of
Nature and Natural Resources (IUCN) Red
List Categories and Criteria (IUCN 2017) is
evaluated.

Materials and methods

Morphological data of the studied
species were mainly gathered from field trips
in Taiwan during 2010-2020 and from the
specimens preserved in HAST, TAI, TNM and
TAIF. The identities of these materials were
clarified by consulting related taxonomic
literature and also images of related type
materials and general collections from the
databases of B, BM, K, MO, NY, P, PE and
US. We used GeoCAT (Bachman et al. 2011)
to help assessing the Extent of Occurrence
(EOO) and the Area of Occupancy (AOO) of
the discussed species in Taiwan.

Results and discussion

Taxonomic Treatments
Adiantum roborowskii var. faberi

(Baker) Y.X. Lin & J. Prado, Fl. China 2-3:
249. 2013. [Pteridaceae]. Fig. 1.
=Adiantum faberi Baker, J. Bot. 26(7):

225.1888.



=Adiantum roborowskii f. faberi (Baker)
Y.X. Lin, Fl. Reipubl. Popularis Sin. 3(1): 212.
1990.

Type: CHINA. Sichuan Province: Mt.
Omei, 1000m, 1887, Faber 1033 (syntypes:
B 20-0004243 image!, B 20-0004244 image!,
MO 1865038 image!, NY 00127467 image!,
P 00607858 image!).

Chinensis name: “ I#§ UF & 4% 7 ~
adapted from Lin et al. (2013).

Distribution: This variety was
previously recorded from SW China and is
newly recorded from Taiwan.

Habitat: Lithophytic, growing in Abies—
Tsuga upper-montane coniferous forest (Li
et al. 2013) on stream-side, semi-shaded
cliff at ca.2000-2500m elevation in Taiwan.

IUCN Red List Category and Criteria:
VU [D1+2]. This species has quite limited
EOO (ca. 50 km?), AOO (ca. 10 km?) and
mature individuals (< 1000) in central
Taiwan estimated from currently available
data, though no significant threat has
been detected. We hence evaluated it as
Vulnerable.

Specimens examined: TAIWAN.
Hualien County: Xiulin Township, en route
from Ho Huan Chin Kuang to Ping Feng
Shan, 2600 m, 5 September 2009, Huang
4223 (HAST, the central frond only; others
are Adiantum taiwanianum); Mt. Pingfeng,
2500-2800 m, 25 July 2015, Hsu 7974 (TAIF);
Nantou County: Renai Towbship, Da Yu Ling,
2420 m, 8 November 2014, Knapp 3537 (P);
Pilu Stream, 2000m, 06 April 2006, Lu 11625
(TAIF); Sung chuan kang, 2450 m, 12 March
2006, Tsai 01060 (TNM); Sung chuan kang,

12
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2300-2600 m, 14 September 2014, Hsu
7248 (TAIF); Hsu 7249 (TAIF); Sung chuan
kang, 2400-2500m, 21 June 2020, Chang
ZXC002075 (TAIF). CHINA. Chongging: Nan
chuan District, 800m, 17 March 1995, Liu
15412 (PE, TAIF). Hubei Province: Li chuan
City, 830m, 16 June 2009, Dong 428 (TAIF).
Note: This taxon has been introduced
by Hsu et al. (2019a: pp.231) as “Adiantum
sp.” with a comprehensive set of images.
Among the congeners in Taiwan (TPG 2019),
Adiantum roborowskii var. faberi is closely
related to A. monochlamys Eaton and A.
taiwanianum Tagawa in sharing tripinnate
fronds and 1 (rarely 2) sori per pinnule. It
could be distinguished from A. taiwanianum
by having larger fronds (20-40 vs. 4-18 cm
long) and larger fertile pinnules (5-10 vs. 2-5
mm long) with usually flat (usually strongly
revolute) margins and rounded cuneate (vs.
cuneate) bases. Meanwhile, it differs from A.
monochlamys by having orbicular-flabellate
(vs. obovate to obtriangular) fertile pinnules
with sub entire or shallowly crenate (vs.
obtusely to sharply toothed) upper margins.

Cheilanthes viridis (Forssk.) Sw., Syn.
Fil. 127. 1806; Schelpe, Fl. Zambesiaca: 133;
Crouch et al., Ferns S. Africa: 390, pl. 2011;
Yatskievych, Lundellia 23: 22, f. 2. 2020.
[Pteridaceae]. Fig. 2.

=Pteris viridis Forssk., Fl. Aegypt.-Arab.:
186. 1775.

=Pellaea viridis (Forssk.) Prantl., Bot.
Jahrb. Syst. 3:420. 1882.

See Roux (2009) for other synonyms.

Type: YEMEM. Montium Hadiensium, P.
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Forsskal s.n. (lost, according to Roux 2009).
Chinese name: “%kiF KR
Distribution: Cheilanthes viridis is
native and widely distributed from South
Africa through East Africa toward the
Arabian Peninsula and some adjacent
islands (Miller 1996; Roux 2009). It also

distributes in Brazil with uncertain origin
(Prado et al. 2013) and naturalized in
several countries such as USA (Yatskievych
2020), India (Fraser-Jenkins et al. 2017), Sri
Lanka (Fraser-Jenkins et al. 2006), Australia
(Bostock 1998) and New Zealand (Webb
et al. 1995). The record in Taiwan likely

Figure 1. Adiantum roborowskii var. faberi, from Chang ZXC002075. A-B. Habitat and habits. C. Scales on stipe
base. D. Adaxial sterile pinnules. E. Abaxial sterile pinnules. F. Adaxial fertile pinnules. G. Abaxial fertile
pinnules. Scale bars =1 cm.



represents its first record as a naturalized
species in East Asia.

Habitat: In Taiwan, Cheilanthes viridis
is found growing on a semi-shaded roadside
stone pitching concrete wall accompanied
with Pilea microphylla (L.) Liebm. and
Lemmaphyllum microphyllum C. Presl in the
urban area of Tucheng, New Taipei City.

IUCN Red List Category and Criteria:
NA. Cheilanthes viridis is presumed as a
naturalized species in Taiwan.

Additional specimens examined:
TAIWAN. New Taipei City: Tucheng District,
Tucheng, ca. 20 m, 9 January 2021, Hsu
13219 (TAIF). INDIA. Tamil Nadu State:
Kodaikanal Botanic Garden, 1400 m, 27
November 2006, Chiou et al. 15214 (TAIF);
Chiou et al. 15239 (TAIF); Tirunelveli,
Kothayar Forest, 700-900 m, 28 November
2006, Chiou et al. 15263 (TAIF).

Note: Cheilanthes viridis is readily
distinguished from the other species of
subfamily Cheilanthoideae (Pteridaceae)
in Taiwan (TPG 2019; 2021) by its relatively
large (ca. 15-50 x 6—15 cm), 2-pinnate to
3-pinnatifid laminae and ovate-deltoid
to ovate-elliptic, sometimes trifid but
never pinnatifid segments (Fig. 2). In fact,
its gross outline superficially resembles
an unrelated native species, Lindsaea
heterophylla Dryand. (Lindsaeaceae), but
could be differentiated by having false
indusia that open toward midribs (Fig. 2H—
J; L. heterophylla has true indusia that open
toward margin).

This species is currently only known
from a single wild population in northern

14

FETERE Y IURTIBERY

Taiwan, but presumably more records will be
added in the future considering its potential
of naturalization. The population in Taiwan
was first photographed and documented
by a citizen naturalist Helen Shine on
May 2020 in the “Plant Investigation and
Phenology Observation” website (https://
plant.tbn.org.tw/; accessed 8 January 2021),
and the images were named by other data
contributors as either “genus Cheilanthes”
or Lindsaea heterophylla. Street view
images available in Google Map (https://
maps.google.com.tw; accessed 8 January
2021) revealed that a few individuals
had grown there on August 2019, and
a significantly expansion of population
size could be observed by comparing our
present observation (Fig. 2A) with these
earlier images. Although C. viridis has long
been a horticultural plant in Europe (Walters
1986), it is in fact seldom sold or cultivated
in Taiwan (personal observation), and the
origin of the naturalized population is thus
uncertain.

The systematics within Cheilanthoideae
remains unsettled, and so as the generic
placement of Cheilanthes viridis (Prado et al.
2013; Yatskievych 2020). Here we tentatively
follow the latest study (Yatskievych 2020)
which placed it under Cheilanthes, though
this species is genetically distantly related
to the other Taiwanese Cheilanthoideae
(Schuettpelz et al. 2007; Zhang et al. 2007).
Several infraspecific taxa are recognized in
its native areas (Crouch et al. 2011), and the
naturalized population in Taiwan belongs to
var. viridis when subdivided.
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Figure 2. Cheilanthes viridis, from Hsu 13219. A—B. Habitat and habits. C. Rhizome. D. Scales on stipe base. E. Adaxial
lamina. F. Abaxial lamina. G. Segment with transmitted light, showing veination. H-J. Sori. Scale bars: B, E, F =
5cm;C,G-I=1cm; D,J=5mm.




Diplazium hachijoense Nakai, Bot.
Mag. (Tokyo) 35(417): 148-149. 1921; Kato,
Fl. Japan 1: 227. 1992; Ebihara, Standard
Ferns Lycophytes Japan 2: 329, 340, pl.
2-061-6-9. 2017. [Athyriaceae]. Fig. 3.

=Athyrium hachijoense (Nakai) Ohwi,
Bull. Natl. Sci. Mus. 3(2): 100. 1956.

=Allantodia hachijoensis (Nakai) Ching,
Acta Phytotax. Sin. 9(1): 55. 1964.

See Ebihara and Kasetani (2018
onwards) for other synonyms.

Type: JAPAN. Hachijo Island (“insulae
Hachijo”), T. Nakai s.n. (Tl not seen).

Chinese name: “ J# 2 ff == 55 7
adapted from He and Kato (2013).

Distribution: Korea, Japan, S and SW

=

’

China and Taiwan

Habitat: Terrestrial, growing in
Pyrenaria-Machilus winter monsoon forest
(Li et al. 2013) under humid shaded forest
on mountain slopes at ca. 700-900m in
Taiwan.

IUCN Red List Category and Criteria:
NT [D1+2]. This species is currently only
found in the forests around Mt. Datun in
Yangmingshan National Park, where it is
locally very abundant and no potential
threat is observed. It is hence evaluated
as Near Threatened considering the small
estimated AOO (ca. 5 km?) and mature
individuals (< 2500).

Specimens examined: TAIWAN. New
Taipei City: Sanzhi District, Erhtzuping,
850 m, 7 October 2001, Lu 2037 (TAIF);
Erhtzuping, 800m-900m, 23 April 2016,
Hsu 8424 (TAIF). Taipei City: Beitou District,

16

FETERE Y IURTIBERY

Palaka Road, 800m-900m, 23 April 2016,
Hsu 8422 (TAIF); BeiTou, 850 m, 23 April
2016, Knapp 4105 (P); 830 m, 23 April 2016,
Knapp 4106 (P); Mt. Datun, 700m, 17 July
2016, Lu 29608 (TAIF).

Note: This species has been introduced
as “Diplazium sp. 2” by Hsu et al. (2019b:
91) with a comprehensive set of images. It
belongs to a taxonomically and genetically
complicated species group with bipinnate
to tripinnatifid fronds due to hybridization
and polyploidization (Hori and Murakami
2019). Among the morphologically similar
species in Taiwan, D. hachijoense could
be distinguished by having lanceolate,
appressed, fugacious scales on stipe base (vs.
linear-lanceolate, spreading and tpersistent
scales in D. conterminum, D. dilatatum,
D. okinawaense, D. pseudodoederleinii, D.
taiwanense and D. virescens), sori medial
on lateral veins of ultimate segments and
spaced from both costulae and segment
midribs (vs. sori usually adjacent to costulae
in D. doederleinii and adjacent to segment
midribs in D. laxifrons). Preliminary plastid
DNA data from Taiwanese materials support
that D. hachijoense and D. laxifrons (=
D. amamianum recognized by Hori and
Murakami 2019) share the same maternal
parentage (TPG, unpublished data).

Polystichum erosum Ching & K.H.Shing,
Acta. Phytotax. Sin. 10: 303. 1965. Fig. 4

Replaced basionym: Polystichum
lacerum Christ, Bot. Gaz. 51: 352. 1911.
nom. jlleg., non. (Thunb.) C. Presl, Epimel.
Bot. 56. 1851.
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A
Figure 3. Diplazium hachijoense, from Hsu 8422. A. Habit. B. Rhizome. C. Scales on stipe base. D. Pinnules. E. Sori.
Scale bars:B=5cm;C,E=1cm; D=2cm.

Type: CHINA. Sichuan Province: Baoxing
(“Mupin”), August 1908, E.H. Wilson 2608
(holotype: BAS; isotypes: BM-001048684
image! E, LE, US-00067511 image!, W).

Chinese name: “fhZHL”
from Zhang and Barrington (2013).

Distribution: S and SW China and

, adapted
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Taiwan

Habitat: Lithophytic, growing in Abies—
Tsuga upper-montane coniferous forest (Li
et al. 2013) on stream-side, shaded cliff at
ca. 2300-2500m elevation in Taiwan.

IUCN Red List Category and Criteria:
VU [D1+2]. Polystichum erosum is currently



FETERE Y IURTIBERY

Figure 4. Polystichum erosum, from Hsu 11929. A. Habitat. B—C. Adaxial lamina. D. Abaxial lamina. E. Lamina with
transmitted light, showing venation. F. Scales on stipe base. G. Abaxial pinna and sori. Scale bars: A=5cm; B—
E=1cm; F-G=5mm.
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only observed from two locations with
totally < 50 mature individuals in central
Taiwan. However, we estimate much larger
EOO (ca. 100 km?), AOO (ca. 10 km?) and
number of mature individuals (< 1000)
based on the facts that similar habitats in
this region are mostly uninvestigated, and
its small, shaded-growing habits are also
easily overlooked. Therefore, we evaluate
this species as Vulnerable.

Additional specimens examined:
TAIWAN. Taichung City: Heping District,
from Hsiangkuliao to Chungyangchien
Stream shelter, ca. 2300 m, 20 August 2019,
Hsu 11929; Chang ZXC001713 (TAIF); from
Chungyangchien Stream shelter to Mt.
Chungyangchien, ca. 2450 m, 21 August
2019, Hsu 11967 (TAIF). CHINA. Sichuan
Province: Emeishan City, Mt. Emei, 2200-
2400 m, 5 August 2011, Hsu 4390 (TAIF);
same locality, 1700-1800 m, 6 august 2011,
Hsu 4413 (TAIF); Chengdu City, Mt. Xilingxue,
1300-2100 m, 12 August 2011, Hsu 4468
(TAIF); Hsu 4469 (TAIF); 2100-2700 m, 13
August 2011, Hsu 4497 (TAIF).

Note: Among the documented
Polystichum species in Taiwan (DeVol and
Kuo 1975, Shieh et al. 1994, TPG 2019), P.
capillipes (Baker) Diels and P. thomsonii
(Hook.f.) Bedd. are morphologically similar
to P. erosum Ching & K.H.Shing in sharing
bipinnatifid, lanceolate frond and basal
pinnae with a pair of pinnatisect or free
segments. It is easily distinguished by having
sparse, linear brown scales on both surface
of lamina (vs. covered with clavate brown
microscales adaxially in P. capillipes and
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glabrous in P. thomsonii), often bearing
1 proliferous bulbil on rachis apex (vs. 1
proliferous bulbil on junction of basal pinnae
and stipe in P. capillipes and non-proliferous
bulbil in P thomsonii) and only 1-2 pairs of
basal pinnae pinnatisect (vs. more than 3
pairs of pinnae pinnatisect with basal auricle
segments in P. capillipes and P. thomsonii).

In Taiwan, Polystichum erosum was
possibly first collected by Chia-Yu Tsai ( ££
f£ & ) around a branch of Piluchi ( £ %%
7% ) in 2005, but the voucher specimen was
lost and only some photos are preserved
(Pi-Fong Lu, personal communication on
January 2021).
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Abstract
Ganodermataceae is a large family of polyporoid fungi, characterized by having double-
walled and pigmented basidiospores. In the present study, Ganoderma gibbosum, G. lingzhi
and Haddowia longipes are reported as newly recorded from Taiwan. Descriptions, illustrations
and photos of these three species are provided.
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Introduction

Ganodermataceae (Donk) Donk is a
large family of polyporoid basidiomycetes.
Its members are widespread in tropical to
temperate regions; and is morphologically
characterized by having laccate or non-lac-
cate pileal surface, mostly trimitic hyphal
system, and pigmented double-walled basid-
iospores. In Taiwan, the first report of Gano-
dermataceae species is Ganoderma australe
(Fr.) Pat. (Murrill 1909, as Elfvingia tornata
(Pers.) Murrill), which was collected by a
Japanese K. Miyake. Since then, several ear-
ly records were made by Japanese mycolo-
gists. They are Ganoderma lucidum (Curtis) P.
Karst. (Kanehira 1918a, as Polyporus lucidus
(Curtis) Fr.), Ganoderma applanatum (Pers.)
Pat. (Kanehira 1918b, as Fomes leucophae-
us (Mont.) Cooke), Ganoderma dimidiatum
(Thunb.) V. Papp (Sawada 1931, as Gano-
derma japonicum (Fr.) Sawada), Ganoderma
orbiforme (Fr.) Ryvarden (Sawada 1942, as
Ganoderma fornicatum (Fr.) Pat.), Ganoder-
ma tropicum (Jungh.) Bres. (Sawada 1942),
Sanguinoderma rugosum (Blume & T. Nees)
Y.F. Sun, D.H. Costa & B.K. Cui (Sawada 1942,
as Ganoderma rugosum (Blume & T. Nees)
Pat.) and Trachyderma tsunodae (Yasuda ex
Lloyd) Imazeki (Sawada 1942, as Ganoderma
tsunodae (Yasuda ex Lloyd). Among them, G.
applanatum and G. lucidum were supposed
to be misidentified (Yeh and Chen 1990;
Moncalvo et al. 1995), and have not been
found occurring in Taiwan.

Subsequently new records were added
by Taiwanese mycologists, namely Amau-
roderma exile (Berk.) Torrend (Chang et al.
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2001), Ganoderma applanatum var. laevis-
porum Humphrey & Leus-Palo (Chang 1994),
Ganoderma calidophilum J.D. Zhao, LW. Hsu
& X.Q. Zhang (Chou and Chang, 2005), Gan-
oderma flexipes Pat. (Wang and Wu 2007),
Ganoderma multiplicatum (Mont.) Pat.
(Wang and Wu 2007), G. orbiforme (Chang
1992, as Ganoderma boninense Pat.; Chang
1992 as Ganoderma limushanense J.D.
Zhao & X.Q. Zhang; Wu and Zhang 2003, as
Ganoderma densizonatum J.D. Zhao & X.Q.
Zhang), Ganoderma rotundatum J.D. Zhao,
L.W. Hsu & X.Q. Zhang (Wu and Zhang 2003),
Magoderna subresinosum (Murrill) Steyaert
(Chang 1996) and Tomophagus colossus (Fr.)
Murrill (Wu and Zhang 2003).

Four new species have been proposed
by domestic mycologists. There were Gan-
oderma multipileum Ding Hou (Hou 1950),
which was collected from the lowlands
in Taichung, Ganoderma formosanum T.T.
Chang & T. Chen (Chang and Chen 1984),
which was synonymized under Ganoderma
sinense J.D. Zhao, LW. Hsu & X.Q. Zhang
(Moncalvo et al. 1995; Moncalvo and Ryvar-
den 1997), and Ganoderma microsporum
R.S. Hseu (Hseu et al. 1989), which was syn-
onymized under Ganoderma weberianum
(Bres. & Henn. ex Sacc.) Steyaert (Wang
2005; Wang et al. 2005), and Ganoderma
bambusicola Sheng H. Wu, C.L. Chern & T.
Hatt., which was misidentified as Ganoder-
ma neojaponicum Imazeki from Taiwan for
thirty years (Hseu 1990). Totally there have
been 18 species of Ganodermataceae spe-
cies known in Taiwan.

In the present study, we report three
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new records of Ganodermataceae from
Taiwan: Ganoderma gibbosum, Ganoderma
lingzhi and Haddowia longipes, which were
collected during 2015-2020.

Materials and methods

Morphological studies

All studied specimens are deposited
at the herbarium of National Museum of
Natural Science (TNM). Descriptions and
illustrations are based on dried specimens.
Freehand thin sections are mounted in 5%
KOH for observations and measurements.
Melzer’s reagent (IKI) are applied to detect
amyloidity and dextrinoidity.
DNA extraction, PCR and sequencing

Dried specimens were prepared for
DNA extraction using the Plant Genomic
DNA Extraction Miniprep System (Viogene
Biotek corporation, New Taipei City, Taiwan),
following the manufacturer’s protocol. Prim-
er pairs ITS1/ITS4 were used to amplify ITS
regions (White et al. 1990). PCR products
were purified and sequenced by MB Mis-
sion Biotech company (Taipei City, Taiwan).
BioEdit v7.2.5 was used to assemble new
sequences (Hall 1999). Finally, the newly
generated sequences were submitted to
GenBank.
Phylogenetic analyses

The dataset of ITS sequences was used
to construct the phylogenetic tree. MAFFT
v.7. was used to align the sequences. Phy-
logenetic analyses were carried out for the
dataset based on maximum likelihood (ML),
using RaxML Black Box (Stamatakis 2014) at
the CIPRES Science Gateway. The statistical
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supports were shown above branches of ML
tree when bootstrap values (BS) > 70.

The ITS ML tree (Fig. 1) consisted of
26 species and 39 sequences. Twenty-four
species from ingroups; two species from
outgroups (Perenniporiella chaquenia Ro-
bledo & Decock and P. pendula Decock &
Ryvarden), Ingroups contain the members of
8 genera of the Ganodermataceae: Amauro-
derma Murrill, Ganoderma P. Karst., Haddo-
wia Steyaert, Humphreya Steyaert, Magod-
erna Steyaert, Sanguinoderma Y.F. Sun, D.H.
Costa & B.K. Cui, Tomophagus Murrill and
Trachyderma (Imazeki) Imazeki.

Results

Phylogeny

The final alignment of 39 sequences
had 684 sites including gaps, of which 129
sites were parsimony informative. Our new
generated Ganoderma gibbosum strains
(MW887921, MW887922, MW887927,
MW888212 and MW888213), G. lingzhi
(MW888214, MW888223, MW888224
and MW888225) and Haddowia longiceps
(MW888226) were clustered with G. gibbo-
sum strains [AY593856 (Wang and Yao 2005)
and KY364271 (Jargalmaa et al. 2017)] G.
lingzhi holotype strain (JQ781858) and H.
longiceps strain [MK345423 (Hapuarachchi
et al. 2019)], respectively, and with strong
support values (BS = 100%). Therefore, phy-
logenetical analysis supports identification
of these three species.
Taxonomy
Ganoderma gibbosum (Blume & T. Nees)
Pat., Annales du Jardin Botanique de Buiten-



97 - JO514110 Ganoderma tornatum
KFBE05ETE Ganodaerma lobatum
AY593856 Ganoderma gibbosum
) KY364271 Ganoderma gibbosum
MWB2BT921 Gancderma gibbosum
MW887922 Ganoderma gibbosum
MWa8792T Ganoderma gibbosum
MWEBB212 Ganoderma gibbosum
MWBEB213 Ganoderma gibbosum
AM2697 71 Ganoderma adsparsum
100 MF4 36675 Ganodarma australe

MH5T 1686 Ganoderma ausirale
MNEI'ETTEJ Ganodarma bambusicola
KF494508 Ganoderma sinensa

HM138671 Ganoderma ryvardenii

5 JJOTE1 848 Ganoderma curtisii
JQ520191 Ganoderma meredithae
MWEB8E214 Ganoderma lingzhi
MWBEE223 Ganoderma lingzhi
"L MWBB8224 Ganoderma lingzhi
MWE8B225 Ganoderma lingzhi
JOTH1B58 Ganaderma lingzhi

u KUSE8553 Ganaderma multiplicatum
u[l g

00

02

MG2TD1?3 Ganoderma casuarinicola

EU0Z21460 Ganodarma mulipileum
ELI0Z21457 Ganoderma tropicum
10 rKLU218887 Ganoderma applanatum

KF495001 Ganoderma applanatum
MK 119804 Amauroderma schomburgkii
1w MWEBB226 Haddowia longipes

MK345423 Haddowia longipes

100 MK 119836 Sanguinoderma rude
KJ143823 Tomophagus colossus
MK 119823 Magoederna subresinosum
— ABSREDEY Trachyderma tsunodasa
KU315204 Humphreya coffeata

100 |: MR111365 Perennipariella chaquenia
FJ411082 Perennipariella pendula
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KUST2481 Ganoderma aridicola
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Fig. 1. The phylogram of Ganodermataceae inferred from ML analysis using the ITS dataset. The result
presented the position of the three newly recorded species (shown in bold).

zorg Suppl. 1: 114 (1897)

Fig. 2A and Fig. 3

Description. Basidiomata perennial, solitary
or scattered. Pileus semicircular, applanate,
projecting 3.5-9.5 cm, 6-16 c¢cm broad and
2-6.5 cm thick, sessile or laterally substipi-
tate, woody hard. Pileal surface non-laccate,
light brown to brown, with concentrically
sulci, sometimes irregularly swollen. Pore
surface cream to light yellowish, brownish in
old specimens; pores circular, 4-5 per mm,
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120-160 um diam, dissepiments entire,
60—-100 um diam. Context layer dark brown,
1-3 cm thick. Tube layer concolorous or
slightly paler than context layer, 2—-4 cm
thick. Hyphal system trimitic. Pileipellis of
a cutis, 0.4-1.4 mm thick, blackish brown,
anamixoderm, composed of compacted in-
terwoven skeleto-binding hyphae, terminal
branched, main stems brownish to brown
4-5 pm diam, walls subsolid, lateral branch-
es brownish to subcolorless, 1-2.5 um diam,
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Fig. 2. Photos of basidiomata in situ. A. Ganoderma gibbosum. B. Ganoderma lingzhi. C. Haddowia

longipes.

walls subsolid. Context mainly composed of
skeleto-binding hyphae, fairly straight, usu-
ally over 300 um long, terminal branched,
main stems brownish to brown, 3.5-6 um
diam, walls subsolid, lateral branches yel-
lowish brown, 2—3 um diam, walls subsol-
id; generative hyphae not observed. Tube
mainly composed of binding hyphae, richly
branched, main stems brownish to brown,
3—-4.5 um diam, with 0.8-1.5 thick walls or
subsolid, lateral branches brownish to sub-
colorless, 1-2 um diam, walls or subsolid;
generative hyphae with clamp connections,
2—-2.5 um diam, thin-walled. Basidia not
observed. Basidiospores double-walled,
ellipsoid to narrowly ellipsoid, exospore
smooth and colorless, endospore echinulate
and brownish, IKI — ,CB — , 8.2-11 x 5.2-7
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pm (with myxosporium), 7-9 x 4.8-5.8 um
(without outer myxosporium).

Specimen examined. TAIWAN. Nantou
County, Jenai Township, Aowanda National
Forest Recreation Area, 121°11’E, 23°57’N,
alt. 1250 m, on fallen angiosperm trunk, 3
Oct 2016, C.-C. Chen & C.—L. Wei, WEI 16-
460 (TNM F31102, GenBank MW888213);
121°10’E, 23°57’N, alt. 1200 m, on fallen
angiosperm trunk, 28 Aug 2017, C.—C.
Chen, GC 1708-345 (TNM F33086, GenBank
MW887927); Wulingshan Trail, 121°10’E,
24°01’E, alt. 1170 m, on fallen angiosperm
trunk, 2 Mar 2020, C.—L. Wei, WEI 20-020
(TNM F34691, GenBank MW887921); Y.—
C. Lin, L-2003-04 (TNM F34692); New
Taipei City, Chinshan District, Shihtoushan
Park, 121°38’ E, 25°13’ N, alt. 12 m, on liv-
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Fig. 3. Micromorphological of Ganoderma gibbosum. A. Skeletal-binding hyphae from context. B.
Generative hyphae from tube. C. Binding hyphae from tube. D. Basidiospores. Bars = 10 pm.

ing trunk base of Casuarina equisetifolia,
26 Aug 2015, C.—C. Chen, C.—L. Wei, W.—C.
Chen & S. Lim, GC 1508-86 (TNM F33086);
Taichung City, Hoping District, Hengling-
shan Trail, 120°55’E, 24°14’N, alt. 990 m,
on standing angiosperm trunk, 8 Aug 2017,
C-L. Wei & Y—L. Huang, WEI 17-602 (TNM
F32608); WEI 17-603 (TNM F32609, Gen-
Bank MW888212); Taiwan Endemic Species
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Research Institute, Low Altitude Experimen-
tal Station, 120°57’E, 24°16’N, alt. 1000 m,
on standing angiosperm trunk, 7 Aug 2017,
C.—L. Wei & Y.-L. Huang, WEI 17-568 (TNM
F32583, GenBank MW887922).

Habitat. On dead angiosperm trunks.
Distribution. China, Laos, Myanmar, Thai-
land and Vietnam (Hapuarachchi et al. 2019;
Parmasto 1986; Zhao et al. 1983), and Tai-
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Fig. 4. Micromorphological of Ganoderma lingzhi. A. Pileipellis. B. Skeletal-binding hyphae from context. C.
Binding hyphae from tube. D. Generative hyphae from tube. E. Basidiospores. Bars = 10 uym.

wan (this study).

Notes. Ganoderma gibbosum is character-
ized by sessile to laterally substipitate ba-
sidiomata, non-laccate pileal surface, pores
4-5 per mm, context skeleto-binding hy-
phae with terminal branched and ellipsoid
to narrowly ellipsoid basidiospore. Gano-
derma australe (Fr.) Pat. is similar in having
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non-laccate pileal surface and same pores
size. However, it differs from G. gibbosum
in having consistently sessile basidiocarps
and slightly smaller basidiospores [5.3-7.9
x3.4-5.1 um (without outer myxosporium)
(Hapuarachchi et al. 2019)] Taiwanese col-
lection fits description of Luangharn et al.
(2020) in all aspects.
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Fig. 5. Micromorphological of Haddowia longipes. A. Pileipellis. B. Skeletal-binding hyphae from context. C.
Binding hyphae from tube. D. Basidiospores. Bars = 10 ym.

Ganoderma lingzhi Sheng H. Wu, Y. Cao &
Y.C. Dai, Fungal Diversity 56 (1): 54 (2012)
Fig. 2B and Fig. 4

Description. Basidiomata annual, solitary or
scattered, stipitate. Pileus reniform, semi-
circular to flabelliform, projecting 4—7 cm,
5-12 cm broad and 1.5-2.5 cm thick, hard
corky to corky. Stipe lateral, subcylindrical,
laccate, dark reddish brown to dark purplish
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brown, up to 27 cm long and 1.5-3 cm thick.
Pileal surface laccate, orange brown, reddish
brown to dark reddish brown. Pore surface
cream to yellow, yellowish brownish in old
specimens; pores circular, 5-6 per mm,
100-180 um diam, dissepiments entire, 50—
100 um diam. Context layer rather homoge-
neous, buff to brownish, about 0.5 cm thick.
Tube layer concolorous with context layer,
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up to 2 cm thick. Hyphal system trimitic. Pil-
eipellis of a cutis, hymeniderm, composed
of clavate hyphal elements, brown, 30-50
x 810 um, with narrow lumens, more or
less amyloid. Context mainly composed of
skeleto-binding hyphae, intercalary, main
stems brownish to brown, 4—6 um diam,
with 1-2 um thick walls or subsolid, lateral
branches brownish, 1.5-3 um diam, walls
subsolid; generative hyphae rarely, 2.5-3
pum diam, thin-walled. Tube mainly com-
posed of binding hyphae, richly branched,
main stems subcolorless, 4—6 um diam,
with 0.5—-1 um thick walls, lateral branches
colorless, 1.5-3 um diam, with 0.5 um thick
walls; generative hyphae with clamp con-
nections, 2—3 um diam, thin-walled. Basidia
not observed. Basidiospores double-walled,
ellipsoid to ovoid, exospore smooth and col-
orless, endospore echinulate and brownish,
IKI —, CB — , 9.5-11.5 x 6.2—7.2 um (with
myxosporium), 7.5-9 x 5.5-6.5 um (without
outer myxosporium).

Specimen examined. TAIWAN. Nantou
County, Jenai Township, Aowanda National
Forest Recreation Area, 121°10’E, 23°57’N,
alt. 1200 m, on the ground, 12 Aug 2015,
C.—C. Chen, GC 1508-3 (TNM F29033);
8 Sep 2016, K.-Y. Lin, GC 1609-38 (TNM
F31387); GC 1609-39 (TNM F31388); 27 Sep
2016, N.A., GC 1609—-47 (TNM F31394); GC
1609-48 (TNM F31395); 28 Aug 2017, C.-C.
Chen, GC 1708-346 (TNM F33087); 12 Sep
2018, C.—C. Chen & C.—C. Chang, GC 1809-
43 (TNM F33756, GenBank MW888225);
14 Jun 2020, C.—C. Chen, GC 2006—1 (TNM
F34693); 121°11’E, 23°57°N, alt. 1250 m, on
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the ground, 3 Oct 2016, C.—C. Chen & C.—
L. Wei, WEI 16—418 (TNM F31078); 21 Aug
2017, C.—C. Chen & C.—L. Wei, WEI 17-606
(TNM E34297); WEI 17-607 (TNM F32614);
28 Aug 2017, S.—H. Wu, Wu 1708-309 (TNM
F31664), Wu 1708-313 (TNM F31668),
Wu 1708-314 (TNM F31669), Wu 1708-
315 (TNM F31670); 28 Apr 2018, C.—L. Wei,
WEI 18-017 (TNM F33181); 12 Sep 2018,
C.—L. Wei, WEI 18-403 (TNM F34461); WEI
18-409 (TNM F34224); Yuchih Township,
Lienhuachih, 120°53’E, 23°56’N, alt. 700
m, on the ground, 30 Aug 2006, S.—Z. Chen,
Chen 1562, (TNM F25901); on rotten trunk
base, 2 Jun 2018, S.—Z. Chen, Chen 3968
(TNM F34511, GenBank MW888224); on
the ground, Chen 3969 (TNM F34512); Chen
3970 (TNM F 34513); Taichung City, Hop-
ing District, 3.5 km of Tungmaoshan Trail,
120°57’E, 24°11’N, alt. 1200 m, on standing
dead trunk, 27 May 2018, C.—L. Wei & C.—P.
Huang, WEI 18-127 (TNM F33559, GenBank
MW888214); Hsinshe District, Takeng Walk-
ing Road No. 4, 120°48’E, 24°11’'N, alt. 780
m, on the ground, 10 Jun 2018, C.—L. Wei
& C.—P. Huang, WEI 18-378 (TNM F34444,
GenBank MW888223).

Habitat. Usually on the ground near angio-
sperm tree, rarely on trunk.

Distribution. China, Japan and Korea (Cao et
al. 2012), and Taiwan (this study).

Notes. Ganoderma lingzhi is a famous me-
dicinal fungus in China for more than two
thousand years (Cao et al. 2012). It is char-
acterized by having laccate pileus, yellow
pore surface, skeleto-binding hyphae with
intercalary branch and ellipsoid to ovoid



basidiospore. Ganoderma lucidum (Curtis)
P. Karst. shares similar pileal surface and ba-
sidiospores sized with G. lingzhi. However, it
differs from G. lingzhi in having white pore
surface and longer cuticle cells (47-70 pum).
Besides, Moncalvo et al. (1995) indicated
that G. lucidum have not been distributed
in Taiwan, here we follow their opinions. In
Taiwan, G. lingzhi occurs at the elevation of
700-1200 meters, usually grow under trees
of Fagaceae spp. This observation corre-
sponds with Cao et al. (2012). Morphologi-
cal features of Taiwanese collections fit de-
scription of Cao et al. (2012) for this species.

Haddowia longipes (Lév.) Steyaert, Per-
soonia 7 (1): 109 (1972) Fig. 2C and Fig. 5

Description. Basidiomata annual, solitary,
stipitate, light in weight. Pileus reniform,
projecting 4 cm, 4.5 cm broad and about 1.2
cm thick, soft corky. Stipe eccentric, cylin-
drical, laccate, black, 12 cm long and about
0.7 cm thick. Pileal surface weakly laccate,
orange brown, with concentrically shallow
sulci. Pore surface cream; pores subcircular
to subangular, 1.5-2.5 per mm, 300-500
pum diam, dissepiments entire, 100-140 um
diam. Context layer buff, 0.2-0.3 cm thick.
Tube layer concolorous with context layer,
0.7-0.9 cm thick. Hyphal system trimitic.
Pileipellis of a cutis, hymeniderm, com-
posed of clavate hyphal elements, yellowish
brown, 25-35 x 9—11 um, with wide lumens,
swollen in KOH. Context mainly composed
of skeleto-binding hyphae, intercalary, main
stems colorless, 3.5-6 um diam, with 1-1.5
um thick walls or subsolid, lateral branches
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colorless, 1.5-3 um diam, walls up to 1 um
thick or subsolid; generative hyphae not
observed. Tube mainly composed of binding
hyphae, richly branched, main stems color-
less, 3—5 um diam, walls up to 1.5 um thick
or subsolid, lateral branches colorless, 1.5-3
um diam, walls up to 1 um thick; generative
hyphae 3—4 um diam, thin-walled. Basidia
not observed. Basidiospores broadly ellip-
soid to subglobose, double-walled, exospore
with longitudinal ridges partly connected
with short transverse walls, colorless, endo-
spore smooth, brownish, IKI —, CB — , 10—
13 x 9-11.5 um (with myxosporium), 9-11 x
8.5-9.5 um (without outer myxosporium).
Specimen examined. TAIWAN. Pingtung
County, Mudan Township, Shimen Village,
120°45’E, 22°09’N, alt. 240 m, on the ground
near Melia azedarach, 11 Nov 2020, S.—
H. Wu, S.-Z. Chen & C.—L. Wei, Wu 2011-62
(TNM F34694, GenBank MW888226).
Habitat. On the ground near angiosperm
tree.

Distribution. Africa—Angola and Kenya,
Asia—China, India, Laos and Philippines,
South America—Brazil, Costa Rica and
French Guiana (Corner 1983; Hapuarachchi
et al. 2019; Ryvarden and Johansen 1980;
Zhao 1989; Zhao and Zhang 2000) and Tai-
wan (this study).

Notes. Haddowia longipes was initially col-
lected from South America (French Guiana)
and subsequently reported to widespread
in other tropical regions (Zhao and Zhang
2000). This species is characterized by hav-
ing weakly to strongly laccate pileus, large
pores (1.5-2.5 per mm), skeleto-binding
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hyphae with intercalary branch and broadly
ellipsoid to subglobose basidiospores with
crest-like ornamentations. Taiwanese col-
lection fits description of Ryvarden and Jo-
hansen (1980) in all aspects, except for the
slightly smaller basidiospores, i.e., 10-13 x
9-11.5 um (with myxosporium) in this study
vs. 12-17 x 10-14 pm (with myxosporium)in
Ryvarden and Johansen (1980). The ITS se-
guence derived from Wu 2011-62 (GenBank
MW888226) has a 99% similarity with the
strain LPDR17072709, (GenBank MK345423
(Hapuarachchi et al. 2019) of this species.
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AEFE &M/ NI E (Barbula indica (Hook.) Spreng.) FAR[F V¢ EREFE T 2 ARSI
FELGZENSE > FF/NROERAEA RS » EFAFCEREESERH#ER
SRR AT & T > ZARCHR B M R E 2R (49 21 mmol H,0 m” s7) » [FIRf B A #
= 1B AT B (light saturation point, LSP at 800-1,200 pmol photon m™ s™) Kz Y& # & B (light
compensation point, LCP at 68.19%12.36 umol photonm™®s™) » LA K% #5781z 33K 2% (dark
respiration rate, Rd at 3.3120.48 umol CO, m”s™") » BEFFH A BEMAA RN Z — - £k
B HE (electron transport rate, ETR) 771 » ETR BAY: & 7% (net photosynthesis rate, Pn) £
HREEE AR (P < 0.0001) > HEYET (1,200-2,000 pmol photon m™ ™) » JEFEALELHEL (non-
photochemical quenching, NPQ) AE & ELAIME = EAER 2 80% » BUVNMAOIEAEE RFLE

35



REYE N MEOEREIAMERIRRECZ T

AHEEDREMEAIE A LEMEURH] > i EGR BRI > BT ~ R IR
MR - ATREIL RN S EE Y AR RR AR EHYIRAR - BRI T GG RERHYEE - R
e B R Z AN B EEE Y -
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Abstract

The gas exchange and chlorophyll fluorescence parameters of Barbula indica (Hook.)
Spreng.were measured under different irradiation gradients. The results show that B. indica is
lack of stomatal structure, and regardless of the amount of irradiation, the evapotranspiration
rate maintained a constant rate around 21 mmol H,0 m™ s™. B. indica had a higher light satura-
tion point at 800-1,200 pmol photon m?s™ and a light compensation point at 68.19+12.36 pmol
photonm™s™, and low dark respiration rate at 3.31+0.48 pmol CO, m?s™). This may be one
of the reasons for the widespread type. In terms of photochemical efficiency, ETR of B. indica
was significantly correlated with photosynthetic rate (P <0.0001). Under high light at 1,200-
2,000pumol photon m? s™, the proportion of non-photochemical quenching energy accounted
for 80% of the total energy, indicating that the photosynthetic system of B. indica was capable
with the functional non-photochemical quenching mechanism. The chlorophyll fluorescence
measurement technology has not only the advantages of convenience, speed, and non-destruc-
tiveness which can monitor the ecological and physiological state of moss, but also will help
understand the evolution of the photosynthetic system and develop new applications for such
widespread moss.

Key words: moss, gas exchange, photosynthesis, chlorophyll fluorescence, non-photochemical
guenching
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Fig. 1. The appearance and microscopic photos of Barbula indica. Spreng. A. mature plant. B. blade (leaf). C.
part of a cross-section of a blade, no stomata. Specimen number: K.-Y. Yao 9067.
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Fig. 2. The measurement of net photosynthetic rate (Pn, panel A) and transpiration rate(E, panel B) in
Barbula indica under 0, 5, 10, 15, 25, 50, 75, 100, 200, 400, 800, 1200, 1500, 1800 and 2000 pymol
photon m™s™. Error bar = standard error. n = 5.
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Photosynthetic parameters

Rd (umol CO2 m?s™) 3.31+0.48
Qy (CO2/photon) 0.05+0.01
LCP (umol photon m?s™) 68.19+12.36
Amax (pmol CO2 m™*?) 4.46+0.47

+: standard error (SE). n=5

& 1. /JVRMOE (Barbula indica) }2 0-100 xmol photon m’ s (3R HIETT R LA B2 858 FE IR 3R
Z (dark respiration rate,Rd) » Y6 EFUXZE (Tight quantum yield, Qy) ~ Ye#{EFs (light
compensation point,LCP) ~ RANEEE (maximum photosynthetic rate,Amax) FiFBERE SE.

Table 1. Dark respiration rate (Rd), light quantum yield (Qy), light compensation point (LCP) and maximum
photosynthetic rate (Amax) of Barbula indica under 0-100 ymol photon m?s™.

DL #E dk f#8 PASW Statistics 18 i rate, Rd) & 3.3120.48 umol CO, m”s” ~ ¢
SigmaPlot 10.0 #E 17 &t st 7 At BLég &l - St & T UZ % (quantum yield, Qy) £ 0.05+0.01
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2 -l
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Fig. 4. The measurement of ETR (panel A), AF/ Fm' &Fv/Fm (panel B), non-photochemical quenching (panel
C), and ETR/PG (panel D) in Barbula indica under 0, 5, 10, 15, 25, 50, 75, 100, 200, 400, 800, 1200,
1500, 1800 and 2000 pmol photon m?s™. Error bar= standard error. n = 5.
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