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E-mail: kenji.suetsugu@gmail.com

Introduction

Gastrodia Brown (1810: 330; Gastrodieae, Epidendroideae) is a mycoheterotrophic leafless genus that is distributed
throughout the temperate and tropical regions of Asia, Oceania, Madagascar and Africa (Cribb et al. 2010, Hsu &
Kuo 2010, Suetsugu et al. 2018a) and characterized by fleshy tubers, united tepals and two mealy pollinia that lack
caudicles (Cribb et al. 2010, Hsu & Kuo 2010, Suetsugu et al. 2018a,b). Several recent studies have re-examined the
diversity of Gastrodia in many Asian countries (Hsu et al. 2012, 2016, Ong & O’Byrne 2012, Tan et al. 2012, Suetsugu
2013b, 2014, 2016, 2017, Huang et al. 2015, 2018, Tsukaya & Hidayat 2016, Metusala & Supriatna 2017, Pelser et
al. 2016, Suetsugu et al. 2018a,b). As a result, the genus now comprises ca. 100 species, thereby making it the most
diverse mycoheterotrophic genus (Hsu et al. 2016, Suetsugu 2017, Suetsugu et al. 2018a,b). However, it is likely that
the distribution and diversity of Gastrodia species remain underestimated because plants are easily overlooked in the
field due to their short flowering seasons and small size (Hsu et al. 2016, Suetsugu 2017, Suetsugu et al. 2018Db).

As anticipated, an unknown Gastrodia taxon was discovered during a recent botanical survey of the lowland
evergreen forest of Amami-Ohshima and Tokunoshima Islands, Japan. Detailed morphological examination revealed
that the floral morphology differs from that of other known species. Accordingly, I describe my collection as a new
species and provide a detailed morphological account.

Taxonomic Treatment

Gastrodia amamiana Suetsugu, sp. nov. (Figs. 1, 2)
Type:—JAPAN. Ryukyu Islands: Kagoshima Pref., Amami-Oshima Island, Amami City, Naze, 3 March 2019, Morita et al. ANOO3
(holotype: TNS, a flower in the spirit collection).

Terrestrial, mycoheterotrophic herbs. Rhizome tuberous, fusiform or cylindrical, 3-8 cm long, 4-9 mm in diameter,
yellowish brown, covered with numerous scales. Stem leafless, erect, pale brown, 2—4 cm long, 2-3 mm in diameter.
Bracts ovate, ca. 4 mm long. Pedicel and ovary 610 mm long. Flowers 1-5, tubular, angled slightly upward, resupinate,
10-13 mm long, ca. 7 mm in diameter. Sepals and petals united, forming a 5-lobed perianth tube; perianth tube entirely
closed. Sepals similar, 10-13 mm long, connate ca. 2/3 the length of the petals, lateral sepals connate ca. 3/5 their
length with each other, outer surface dark brown, densely verrucose, margins entire; free portion of dorsal sepal
straight, ovate-triangular, retuse, ca. 4.5 x 4.5 mm; free portions of lateral sepals spreading, apex obtuse. Free portions
of petals ovate or elliptic, ca. 3 x 2 mm. Lip adnate to column foot, 67 mm long; hypochile with 2 degenerate calli;
epichile red-brownish, ovate-triangular, base contracted, with 2(—4) indistinct ridges elevated on upper portion, and 2
ridges extending to the ligulate apex. Column straight, clavate, 5.5-6.5 mm, white tinged with grayish brown at base,
with a pair of lateral wings; column foot present; lateral wings red, incurved, edges parallel to column; rostellum
absent; stigma located slightly above middle. Anther hemispheric, ca. 1 mm in diameter, pollinia 2.

Additional specimen examined:—JAPAN. Ryukyu Islands: Kagoshima Pref., Tokunoshima Island, Amagi-cho,
27 March 2019, Morita TA009 (TNS, a flower in the spirit collection).
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FIGURE 1. Gastrodia amamiana at the type locality. A. Flowering plants. B. Flower. Gastrodia amamiana, Tokunoshima Island, Japan.
C. Flowering plants. D. Flower. Photography by Hidekazu Morita.

Distribution and phenology:—To date, the distribution of G. amamiana is restricted to two localities (the type
locality on Amami-Ohshima Island and the other locality on Tokunoshima Island). In both, ca. 20 flowering individuals
were found in a dense forest dominated by Castanopsis sieboldii (Makino) Hatusima. Flowering March, fruiting
April.

Taxonomic notes:—Guastrodia amamiana is morphologically similar to G. clausa Hsu, Chung & Kuo (2012:
271), primarily because both possess dark brown, densely verrucose and completely cleistogamous flowers (Table 1).
However, G. amamiana can be distinguished by its lip morphology (well developed, ca. 67 mm long vs. peloric, <5
mm long), column foot condition (prominent vs. obscure), and column morphology (without ventral appendage vs.
with a prominent ventral appendage). In addition, G. amamiana is somewhat similar to G. kuroshimensis Suetsugu
(2016: 266), with both species fully cleistogamous. However, G. amamiana can be easily distinguished by its smaller
stature at flowering (2—4 c¢cm vs. 817 cm) and anther cap morphology (independent vs. joined with column). Finally,
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G. amamiana is also similar to G. uraiensis Hsu & Kuo (2010: 244). However, G. amamiana can be distinguished by
its floral condition (cleistogamous vs. chasmogamous), rostellum condition (degenerate vs. ca. 0.7 mm long), stigma
position (slightly above middle vs. base), and hypochile condition (degenerate vs. developed; Table 1).

Reproductive notes:—It is notable that the flowers of G. amamiana remained completely closed throughout the
flowering period (Fig. 1). It is known that most cleistogamous plants adopt mixed pollination strategies, producing
some chasmogamous flowers for outcrossing (Culley & Klooster 2007). In contrast, G. amamiana appears to be
completely cleistogamous species that is obligately self-pollinating. Nevertheless, such obligate self-pollination is
relatively common among Gastrodia species, having been observed in at least four species: G. clausa, G. kuroshimensis,
G. takeshimensis Suetsugu (2013: 375), and G. flexistyloides Suetsugu (2014: 270). However, it should be noted that
the complete cleistogamous status of G. amamiana will need to be confirmed using both the phenological observation
of numerous individuals under natural conditions (Culley & Klooster 2007) and genetic analysis (Kishikawa et al.
2019). In particular, microsatellite analysis of the completely cleistogamous species G. clausa and G. amamiana and
the putative chasmogamous sister species G. uraiensis could help elucidate whether the species are subject to either
current or historical outbreeding.

Importantly, the evolutionary advantage of complete cleistogamy among Gastrodia species remains unclear.
Because mycoheterotrophic plants often grow on the dense forest floor, where they are shaded by woodland or scrub,
it is plausible that mycoheterotrophy developed as an adaptation for survival under low-light conditions (Bidartondo
2005). However, such low-light environments are unsuitable for most of the insect species and, therefore, would limit
reproduction (Herrera 1997). Indeed, it appears that most mycoheterotrophic species (especially nectarless species)
have abandoned insect-mediated pollination in favor of clesitogamy (Suetsugu 2013a, 2015, but also see Martos et
al. 2015, Suetsugu 2018). Therefore, the fully cleistogamy observed among Gastrodia species is likely a means of
reproductive assurance that compensates for the pollinator limitation owing to these species lack of nectar and their
pollinator-unfriendly habitat.

TABLE 1. Morphological comparison among Gastrodia amamiana and related species.

Character G. amamiana G. clausa G. kuroshimensis G. uraiensis
Plant height 2-4 cm 2-4 cm 8-17 cm 1-6 cm

Floral condition cleistogamous cleistogamous cleistogamous chasmogamous
Perianth tube size 10-13 mm long 9—-13 mm long 11-13 mm long 11-13 mm long

densely verrucose, dark  densely verrucose, dark  verrucose, dark greenish densely verrucose,

Perianth tube condition

brown brown brown dark brown

Column shape

Rostellum condition

Position of stigma

Anther cap

Lip size

Lip connection

Number of ridges on the lip

Hypochile

clavate, ca. 6 mm long
without any prominent

appendage

absent

slightly above middle

independent

67 mm long

joined with the perianth
tube

2-4

with two degenerate

calli

clavate, ca. 6 mm long
with a prominent ventral

appendage

absent

near middle

independent

peloric, less than 5 mm
long

joined with perianth
tube

none

without any appendages

semi-cylindrical, ca. 7
mm long without any

prominent appendage

absent

slightly above middle

joined with column

8-10 mm long

joined with the perianth
tube

2-4

with two degenerate

calli

terete, ca. 67 mm
long without any
prominent appendage
just below the anther

cap

basal

independent

67 mm long

adnate to the column
foot

4

with two developed
globose calli

Data of related species from Hsu et al. (2010, 2012) and Suetsugu (2016).
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Gastrodia amamiana. A. Habit. B. Flower, top view. C. Flower, side view. D. Flower, bottom view. E. Flattened perianth tube.

FIGURE 2.

A-D.Bar =5 mm. E. Bar=3 mm. F-J. Bar=1

F. Column and lip. H. Column, top view. I. Column, bottom view. G. Lip. J. Anther cap.

mm. Drawing by Kumi Hamasaki.

SUETSUGU

228 < Phytotaxa 413 (3) © 2019 Magnolia Press



Acknowledgements

I am grateful to Yohei Tashiro, Hidekazu Morita, Chiyoko Hara and Kazuki Yamamuro for the discovery of Gastrodia
amamiana. 1 also thank Kumi Hamasaki for providing excellent line drawings. This study was financially supported
by the JSPS KAKENHI (17H05016).

References

Brown, R. (1810) Prodromus florae Novae Hollandiae, et Insulae van Diemen. Johnson, London, 446 pp.

Bidartondo, M.I. (2005) The evolutionary ecology of myco-heterotrophy. New Phytologist 167: 335-352.
https://doi.org/10.1111/j.1469-8137.2005.01429.x

Cribb, P., Fischer, E. & Killmann, D. (2010) A revision of Gastrodia (Orchidaceae: Epidendroideae, Gastrodieae) in tropical Africa. Kew
Bulletin 65: 315-321.
https://doi.org/10.1007/s12225-010-9193-4

Culley, T.M. & Klooster, M.R. (2007) The cleistogamous breeding system: a review of its frequency, evolution, and ecology in angiosperms.
Botanical Review 73: 1-30.
https://doi.org/10.1663/0006-8101(2007)73[1: TCBSAR]2.0.CO;2

Herrera, C.M. (1997) Thermal biology and foraging responses of insect pollinators to the forest floor irradiance mosaic. Oikos 78: 601—
611.
https://doi.org/10.2307/3545623

Hsu, T.C. & Kuo, C.M. (2010) Supplements to the orchid flora of Taiwan (IV): four additions to the genus Gastrodia. Taiwania 55:
243-248.

Hsu, T.C., Chung, S.W. & Kuo, C.M. (2012) Supplements to the orchid flora of Taiwan (vi). Taiwania 57: 271-277.

Hsu, T.C., Fanerii, M., Yang, T.Y.A., Pitisopa, F. & Li, C.W. (2016) Gastrodia isabelensis and G. solomonensis (Gastrodieae, Epidendroideae,
Orchidaceae): Two new species representing a new generic record in the Solomon Islands. Phytotaxa 270: 137-145.
https://doi.org/10.11646/phytotaxa.270.2.6

Huang, X.Y., Hu, A.Q., Hsu, T.C. & Liu, Y. (2015) Gastrodia huapingensis (Orchidaceae: Epidendroideae: Gastrodieae): a remarkable
new mycoheterotrophic orchid with dimorphic columns from China. Phyfotaxa 222: 290-294.
https://doi.org/10.11646/phytotaxa.222.4.7

Huang, W., Wang, Z., Wei, N., Zhu, J., Lan, S., Hu, G. & Wang, Q. (2018) Gastrodia elatoides (Orchidaceae: Epidendroideae: Gastrodieae),
a new holomycoheterotrophic orchid from Madagascar. Phytotaxa 349: 167-172.
https://doi.org/10.11646/phytotaxa.349.2.7

Kishikawa, K., Suetsugu, K., Kyogoku, D., Ogaki, K., Iga, D., Shutoh, K., Isagi, Y. & Kaneko, S. (2019) Development of microsatellite
markers for the completely cleistogamous species Gastrodia takeshimensis (Orchidaceae) that are transferable to its chasmogamous
sister G. nipponica. Genes & Genetic Systems 94: 95-98.
https://doi.org/10.1266/ggs.18-00057

Martos, F., Cariou, M.L., Pailler, T., Fournel, J., Bytebier, B. & Johnson, S.D. (2015) Chemical and morphological filters in a specialized
floral mimicry system. New Phytologist 207: 225-234.
https://doi.org/10.1111/nph.13350

Metusala, D. & Supriatna, J. (2017) Gastrodia bambu (Orchidaceae: Epidendroideae), A new species from Java, Indonesia. Phytotaxa
317:211-218.
https://doi.org/10.11646/phytotaxa.317.3.5

Ong, P. & O’Byrne, P. (2012) Two new species of Gastrodia from Terengganu, Peninsular Malaysia. Malesian Orchid Journal 10: 7-16.

Pelser, P.B., Doble, K.J.S., O’Byrne, P, Ormerod, P. & Barcelona, J.F. (2016) Gastrodia cajanoae (Orchidaceae: Epidendroideae:
Gastrodieae), a new species from the Philippines. Phytotaxa 266: 53-56.
https://doi.org/10.11646/phytotaxa.266.1.9

Suetsugu, K. (2013a) Autogamous fruit set in a mycoheterotrophic orchid Cyrtosia septentrionalis. Plant Systematics and Evolution 299:
481-486.
https://doi.org/10.1007/s00606-012-0736-z

Suetsugu, K. (2013b) Gastrodia takeshimensis (Orchidaceae), a new mycoheterotrophic species from Japan. Annales Botanici Fennici
50: 375-378.
https://doi.org/10.5735/085.050.0613

A NEW SPECIES OF GASTRODIA Phytotaxa 413 (3) © 2019 Magnolia Press « 229



Suetsugu, K. (2014) Gastrodia flexistyloides (Orchidaceae), a new mycoheterotrophic plant with complete cleistogamy from Japan.
Phytotaxa 175: 270-274.
https://doi.org/10.11646/phytotaxa.175.5.5

Suetsugu, K. (2015) Autonomous self-pollination and insect visitors in partially and fully mycoheterotrophic species of Cymbidium
(Orchidaceae). Journal of Plant Research 128: 115-125.
https://doi.org/10.1007/s10265-014-0669-4

Suetsugu, K. (2016) Gastrodia kuroshimensis (Orchidaceae: Epidendroideae: Gastrodieae), a new mycoheterotrophic and complete
cleistogamous plant from Japan. Phytotaxa 278: 265-272.
https://doi.org/10.11646/phytotaxa.278.3.6

Suetsugu, K. (2017) Two new species of Gastrodia (Gastrodieae, Epidendroideae, Orchidaceae) from Okinawa Island, Ryukyu Islands,
Japan. Phytotaxa 302: 251-258.
https://doi.org/10.11646/phytotaxa.302.3.4

Suetsugu, K. (2018) Achlorophyllous orchid can utilize fungi not only for nutritional demands but also pollinator attraction. Ecology 99:
1498-1500.
https://doi.org/10.1002/ecy.2170

Suetsugu, K., Hsu, T.C. & Kaneko, S. (2018a) New natural hybrid in the genus Gastrodia: Gastrodia xnippo—uraiensis (Orchidaceae) from
Yakushima Island, Japan. Taiwania 63: 220-226.

Suetsugu, K., Suleiman, M. & Tsukaya, H. (2018b) A new species of Gastrodia (Gastrodieae, Epidendroideae, Orchidaceae) from the
Maliau Basin Conservation Area, Sabah, Borneo. Phytotaxa 367: 78-84.
https://doi.org/10.11646/phytotaxa.367.1.9

Tan, Y.H., Hsu, T.C., Pan, B., Li, JJW. & Liu, Q. (2012) Gastrodia albidoides (Orchidaceae: Epidendroideae), a new species from Yunnan,
China. Phytotaxa 66: 38—42.
https://doi.org/10.11646/phytotaxa.66.1.6

Tsukaya, H. & Hidayat, A. (2016) A new species of Gastrodia (Orchidaceae: Gastrodieae, Epidendroideae) from Java. Phytotaxa 273:
77-80.
https://doi.org/10.11646/phytotaxa.273.1.9

230 e« Phytotaxa 413 (3) © 2019 Magnolia Press SUETSUGU



