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(Bromus catharticus Vahl)

(B. formosanus Honda) (B.

morrisonensis Honda) (B.

remotiflorus (Steud.) Ohwi var. piananensis

Ohwi)

( 1975; Hsu

1978) (

1975; Hsu 1978)

(Veldkamp 1991)

(B. rigidus Roth)(Kuo

1979) Ohwi (1941)

B. remotiflorus (Steud.)

Ohwi

Hsu(1978)

Dr.

J. F. Veldkamp

Hsu(1978)

B. remotiflorus

B. remotiflorus (Koyama

1987; Veldkamp 1991; 1993)

(Veldkamp 1991)

(Kuoh and Chen

2000)

DELTA (Bromus L.)

(Bromus catharticus Vahl)

(Bromus formosanus Honda) (Bromus morrisonensis Honda)

(Bromus rigidus Roth) (Bromus remotiflorus (Steud.) Ohwi var. piananensis Ohwi)

DELTA

2001 10 8 2002 6 20
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1950

(numerical taxonomy) ( 1996)

DELTA(DEscriptive Language for

TAxonomy)

(Commonwealth Scientific and Industrial

Research Organisation of Australia, CSIRO)

(Division of Entomology) Michael J.

Dallwitz

(International Union of Biological Sciences)

(Taxonomic Database

Working Group)

DELTA

(Askevold and O'Brien 1994; Dallwitz et al.

1999; Partridge et al. 1999; 2000)

DELTA

(TAI Herbarium)

(Chen and Kuo

2000) 18

(operation taxonomic unit, OTU)

OTU 1

( 1975; Hsu 1978; Watson and

Dallwitz 1994; Chen and Kuo 2000; Kuoh and

Chen 2000)

(

I.) DELTA OTU

Askevold and

O'Brien (1994) Dallwitz et al. (1999)

Partridge et al. (1999) (2000) Chen

and Kuoh(2000)

DELTA

Gower(1971) (similarity

coefficient)

( = 1 ) NTSYS-

pc2.02j (Rohlf 1998)

(unweighted pair-group method using

arithmetic average, UPGMA)

OTU

18 OTU (states)

2 OTU

3 1 1

0.23 18 OTU

4 1 5 6 9

10 17

18

15, 16, 17

OTU

OTU
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Veldkamp(1991)

Bromus morrisonensis Honda, Bot. Mag. Tokyo

42: 137. 1928; Honda, Monogr. Poac. Jap. 39.

1930; Hsu, Taiwania 16: 237. 1971; Hsu, Taiwan

Grass 299. pl. 44. 1975; Hsu, Fl. Taiwan 5: 430.

pl. 1388. 1978; Koyama, Grass. Jap. Neighb.

Reg. 35. 1987; Veldkamp, Blumea 35: 492.

1991; Kuoh and Chen, Fl. Taiwan, 2nd ed. 5:

371. 2000.

Bromus remotiflorus (Steud.) Ohwi var. piananensis Ohwi,

Acta Phytotax. Geobot. 10: 106. 1941; Hsu, Taiwania 16:

237. 1971; Taiwan Grass. 301. pl. 45. 1975; Fl. Taiwan 5:

431. 1978.

OTU

1                     B. catharticus Kuoh C. S. 80088 

2                     B. catharticus Tsai M. C. 17

3                     B. catharticus Wang J. C. 2618

4                     B. catharticus Hsu and Kuoh 7102

5                     B. catharticus Wang et al. 3918

6                     B. formosanus Fukuyama 4080

7                     B. formosanus Hsu C. C. 12194

8                     B. formosanus Shimada 2611

9                     B. formosanus Hsu C. C. 5966

10                    B. morrisonensis Huang and Hsieh 8505

11                    B. morrisonensis Tsai M. C. 11

12                    B. morrisonensis Fukuyama s.n. Jul. 12. 1935

13                    B. morrisonensis Hsu C. C. 6331

14                    B. morrisonensis Kuoh 1283

15 7 Hsu C. C. 12130A

B. remotiflorus
var. piananensis

16 7 Hsu C. C. 6350

B. remotiflorus
var. piananensis

17 7 Sasaki s.n. Jul. 15 1932

B. remotiflorus
var. piananensis

18                    B. rigidus Kuo C. M. 9611

1. (OTU)

Table 1. Codes, identification and vouchers of the 18 OTUs used in this study for Bromus of Taiwan
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2. 18 OTU OTU 1

I

Table 2. The states of 48 characters of the 18 OTUs used in this study for Bromus of Taiwan (referring to

Table 1. and Appendix I. for the codes of the OTUs and characters)
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2
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7

7
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8

8

9
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9
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9
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1
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9
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4

5

4

6

5

6

5
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7
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8
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6

6

6
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6
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Characters
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Characters
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Perennials. Culms ascending, 28-100 cm

tall, 2 mm wide. Leaf-blades chartaceous, linear,

12-28 cm long, 3-5 mm wide, sharp at apex,

veins conspicuous, loosely puberulous to

glabrous above, villous to glabrous beneath.

Sheath villous to glabrous. Ligule membranous,

rounded or acute at apex, 2 mm long.

Inflorescence an open or contracted panicle, 9-18

cm long. Spikelets with 5-10 florets, elliptical or

lanceolate or linear lanceolate, 11-25 mm long,

2-4 mm wide, slightly laterally compressed.

Pedicels minutely hispid. Lower glumes

membranous on margins, glabrous to minutely

hispid, lanceolate to linear-lanceolate, sharp at

apex, 4-6 mm long, 1-nerved. Upper glumes

chartaceous, broadly lanceolate, sharp or acute to

obtuse at apex, 5-8 mm long, 3-nerved, minutely

strigose to glabrous. Florets 8-9 mm long, with

1. 18 OTU (unweighted pair-group method using

arithmetic average, UPGMA)

Fig. 1. The phenogram derived from the cluster analysis with 18 OTUs of the Bromus in Taiwan using

UPGMA. 
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rachilla. Lemmas chartaceous, lanceolate to

elliptical, margins inrolled, rounded at apex or

acute at apex, 8-9 mm long, with a awn longer

than half to nearly as long as lemma, 3- or 7-

nerved, slightly hairy on the base of nerves or

glabrous. Paleas membranous, linear oblong,

round or truncate at apex or acute at apex, 6-7

mm long, 2-nerved, ciliate to minutely ciliate on

nerves. Callus glabrous. Anthers 2.5 mm long.

Caryopsis linear-oblong, 6 mm long, hilum

linear.

Distributed in Malaysia, the Philippines and

Taiwan. Common in the alpine regions.

1996

1975

2000 DELTA

33(4):

573-583

1993

Askevold, I. S., and C. W. O'Brien. 1994.

DELTA, an invaluable computer program

for generation of taxonomic monographs.

Annuals of the Entomological Society of

America 87: 1-16.

Avise, J. C. 1994. Molecular markers, natural

history and evolution. Chapman & Hall,

New York.

Chen, C. H., and C. S. Kuoh. 2000. The Genus

Bromus L. (Poaceae) in Taiwan: A DELTA

database for generating key and

descriptions. Taiwania 45: 311-322.

Dallwitz, M. J., T. A. Paine, and E. J. Zurcher.

1999. User's guide to the DELTA system: A

general system for processing taxonomic

descriptions. Ed. 4.10. CSIRO Division of

3. 18 OTU

Table 3. A matrix of the distances derived from the similarity coefficients among 18 OTUs used in this

study for Bromus of Taiwan
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Entomology, Canberra. 164 pp.

Gower, J. C. 1971. A general coefficient of

similarity and some of its properties.

Biometrics 27: 857-871.

Hsu, C. C. 1978. Gramineae. In: H. L. Li, T. S.

Liu, T. C. Huang, T. Koyama, and C. E.

DeVol (eds.). Flora of Taiwan 5: 429-433.

Epoch Publishing Co., Taipei.

Koyama, T. 1987. Grasses of Japan and its

neighboring regions. Kodasha Ltd., Tokyo.

Kuo, C. M. 1979. Three newly recorded

naturalized plants of Taiwan - Mollugo

verticillata, Festuca elatior and Bromus

rigidus. Taiwania 24: 22-26.

Kuoh, C. S., and C. H. Chen. 2000. Pooideae,

Gramineae. In: D. E. Boufford, C. F. Hsieh,

T. C. Huang, C. S. Kuoh, H. Ohashi, and H.

J. Su (eds.). Flora of Taiwan (2nd version)

5: 336-402. Editorial Committee of the

Flora of Taiwan, Second Edition, Taipei.

Ohwi, J. 1941. Gramina Japonica 1. Acta

Phytotaxomica et Geobotanica 10: 94-135.

Partridge, T. R., M. J. Dallwitz, and L. Watson.

1999. A primer for the DELTA system. Ed.

3.01. CSIRO Division of Entomology,

Canberra.

Rohlf, F. J. 1998. NTSYSpc: Numerical

taxonomy and multivariate analysis system.

State University of New York, Stony

Brook, New York.

Veldkamp, J. F. 1991. Bromus (Gramineae) in

Malaysia. Blumea 35: 483-497.

Watson, L., and M. J. Dallwitz. 1994. The Grass

genera of the world. Second Edition. CAB

International, Wallingford.
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#1. culms <height>/

cm tall/

#2. culms <diameter>/

mm wide/

#3. leaf-blades <length>/

cm long/

#4. leaf-blades <width>/

mm wide/

#5. leaf-blades <indumentum above>/

1. puberulous above/

2. loosely puberulous above/

3. glabrous above/

#6. leaf-blades <indumentum beneath> /

1. villous beneath/

2. glabrous beneath/

#7. sheath <indumentum on surface>/

1. villous/

2. loosely villous/

3. glabrous/

#8. <adaxial> ligule <texture>/

1. membranous/

2. chartaceous/

#9. <adaxial> ligule <apex>/

1. rounded at apex/

2. acute at apex/

#10. <adaxial> ligule <length>/

mm long/

#11. inflorescence <type>/

1. an open panicle/

2. a contracted panicle/

#12. inflorescence <length>/

cm long/

#13. spikelets with <number of florets>/

florets/

#14. spikelets <shape>/

1. elliptical/

2. lanceolate/

3. linear lanceolate/

#15. spikelets <length, including the awn>/

mm long/

#16. spikelets <width>/

mm wide/

#17. spikelets <compressibility>/

1. strongly laterally compressed/

2. slightly laterally compressed/

#18. pedicels <vestiture>/ 

1. minutely hispid/

2. glabrous/

#19. lower glumes <texture>/

1. chartaceous/

2. subcoriaceous/

3. membranous on margins/

#20. lower glumes <vestiture on back>/

1. strigose/

2. glabrous/

3. loosely strigose/

4. minutely hispid/

#21. lower glumes <shape>/

1. lanceolate/

2. narrowly lanceolate/

3. linear-lanceolate/

#22. lower glumes <apex>/

1. acute at apex/

2. sharp at apex/

#23. lower glumes <length>/

mm long/

#24. lower glumes <number of nerves>/

-nerved/

#25. upper glumes <texture>/

1. chartaceous/

2. subcoriaceous/

3. coriaceous/
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#26. upper glumes <shape>/

1. lanceolate/

2. broadly lanceolate/

#27. upper glumes <apex>/

1. sharp at apex/

2. acute to obtuse at apex/

#28. upper glumes <length>/

mm long/

#29. upper glumes <length 2>/

1. longer than 10 mm/

2. shorter than 10 mm/

#30. upper glumes <number of nerves>/

-nerved/

#31. upper glumes <vestiture on nerves>/

1. minutely strigose/

2. glabrous/

#32. florets <length>/

mm long/

#33. lemmas <texture>/

1. chartaceous/

2. subcoriaceous/

3. coriaceous/

#34. lemmas <shape>/

1. broadly lanceolate/

2. lanceolate/

3. elliptical/

#35. lemmas <margins>/

1. margins inrolled/

2. margins not inrolled/

#36. lemmas <apex>/

1. rounded at apex/

2. acute at apex/

3. shortly bilobed at apex/

#37. lemmas <length, including awn>/

mm long/

#38. lemmas <length>/ 

1. longer than 20 mm/

2. shorter than 20 mm/

#39. lemmas <awn presence>/

1. with awn/

2. awnless/

#40. lemmas <awn: ratio of length>/

1. with a short awn less than the 1/2 length 

of lemma/

2. with an awn longer than half to nearly as 

long as lemma/

3. with an awn longer than lemma/

#41. lemmas <number of nerves>/

-nerved/

#42. lemmas <presence of hairs>/

1. hairy/

2. glabrous/

#43. lemmas <vestiture>/

1. densely hirsute on marginal region of 

backside/

2. only slightly hairy on the base of nerves/

3. minutely hispid on nerves/

4. densely pubescent on back surface/

#44. paleas <apex>/

1. round or truncate at apex/

2. acute at apex/

#45. paleas <length>/

mm long/

#46. paleas <vestiture on nerves>/

1. ciliate on nerves/

2. minutely ciliate on nerves/

#47. caryopsis <shape>/

1. oblong/

2. linear-oblong/

#48. caryopsis <length>/

mm long/
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A Numerical Taxonomic Study of the Genus Bromus L.

(Poaceae) of Taiwan 

Chih-Hui  Chen 1 and Chang-Sheng Kuoh 2

1 Taiwan Endemic Species Research Institute, Chichi, Nantou, Taiwan

2 Department of Biology, National Cheng-Kung University, Tainan, Taiwan

Abstract

We conducted a numerical taxonomic study on Bromus L. in Taiwan. According to the dendrogram

derived from the cluster analysis with 48 characters, 18 OTUs were divided into four groups. They are

identified as Bromus catharticus Vahl, Bromus formosanus Honda, Bromus morrisonensis Honda and

Bromus rigidus Roth. Furthermore, we confirmed that Bromus remotiflorus (Steud.) Ohwi var.

piananensis Ohwi is a synonym of B. morrisonensis.
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