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Trillium in Japan 

Trillium species consist of perennial rhizomatous herbs with trimerous flowers and thre巴

cauline leaves. The g巴nusoccurs・ in temperate forests in the Northern H巴misphereand shows 

a disjunct distribution between North America and eastern Asia. It is composed of 36 North 

American species (Freeman, 1975) and nine Asiatic species (Samejima & Sameiima, 1962). 

All Asiatic species except for one Himalayan species; T. gova11iα11111n Wallich ex Royle, are 

found in Hokkaido, the northernmost main island of Japan. In this issue these eight species 

are described. Among them th巴 basicand common species are regarded as T. apetalo11, T. 

ka111tschatic11111, and T. tscho11osllii (Samejima & Sam巴jima,1987). The other five“species’z 
ar巴 regardedas natural hybrids or allopolyploids originating from the hybrids. Chromosome 

Table 1. Species and hybrids of the genus Trilliu/11 found in Japan 

Tax on 2n Ploidy Genome 

T. aJ,etalon 20 4X ssuu 
T. kamtschatic11111 10 2X K1K1 

T. tsc/1011oskii 20 4X K2K2T、T

T. S/11(/llii 30 6X K2K2SSUU and/or K1K1SSUU 

T. hagae 30 6X K1K1K2K2TT 

T.×hagae 15 3X K1K/f 

Y：× //li:yabea1111//I 20 4X K2TSU 

T.×:yezoense 15 3X K1SU 
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numbers, ploidy level, g巴nomeconstitutions of the eight sr】巴ciesare listed in Table 1. Japanes巴

Trillium species are distinguished by th巴followingkey using external morphological charact巴rs.

Th巴 subsermentkey, taxonomic treatment and description for each taxon are mostly indebted 

to Samejima and Samejima (1987). but some m四 surementvalues are chang巴dbased on th巴

additional observations. An introductory part and remark for each taxon are newly prepared 

by the editors. 

A key to the species of Japanese Trillium 

A. Flowers with 3 1】etals,whit巴 or pal巴 purr】l巴J 五lamentscreamy to gr巴巴nishwhite 

B. S巴palsacuminatae. anthers as long as or slightly longer than 

五laments. . . . . . . . . . . . . . . . . . . . . . . 3. T. tschonoshi 

B. Sepals not acuminate, anthers longer・ormuch longer than Ii.lam巴nts

C. Stam巴nslonger than pistils. anth巴rsthr・巴巴 times as long as 

五laments. . . . . . . . . . . . . . . . . . . . . . 2. T. lwmtschaticum 

C. Stamens shorter than pistils, anthers two times as long as五laments

D. Fruits conical -ovoid .目・・・・・・・・・..... 5. T.× hagae 

D. Fruits ovoid . . . . . . . . . . . . . . . . . . . 5. T. hagae 

A. Flowers with 0-3 p巴tals,petals and五lamentsreddish purple, v巴ryrar巴lywhite 

B. Flowers usually with no p巴tals(very rarely with petals), 

anthers as long as filaments, leaves broadly rhombic-obovate 

1. T. aρetalon 
B. Flow巴rswith O 3 petals, the shape and the number variable, 

anthers longer than五laments,l巴avesdepressed rhombic-orbicular 

C. Sepals acuminate. ovary angled ovoid . . . . . . 7. 7：× miyabeanu.m 
C. Sepals not acuminate, ovary globose or depressed ovoid 

D. Fruits globose . . . . . . . . . . . . . . . . . . 4. T. smallii 

D. Fruits conical-globose . . . . . . . . . . . . . . . 8. T.× ye2oe11se 

1. Trilliumαpetαlon Makino (Plate 1) 

Trillium apetalon Makino, Bot. Mag. Tokyo 3 : 8 (1889). 

Trillizυn smallii Maximowicz, Mel. Biol. 2. 862 (1883). p. p. 

JAPANESE NAME: Enreiso エンレイソウ

V/ithin the genus this is th巴 onlysp巴cieslacking petais. The apetalous condition should 

be regarded as an apomorphic character in this genus. T. apetalon tends to grow in mor巴

shady forest floor compared to the other Japanese species. Th巴丑oweringperiod of it is th巴

earliest among Japan巴s巴 species,from the end of April in Hokkaido. This species has been 

considered to have th巴 sameorigin as North American T. erectum by Fukuda (1960) and 

Fukuda et al. (19811. 

DESCRIPTION. Rhizomes stout, short. Stems 1, 2 or 3, erect, slender or sometimes thick, 

glabrous, green 10-50 cm long. Leaves 3, sessile, depressedly rhombic-obovate or rhombic, the 

apices abruptly cuspidate acuminate, the bases obtuse, 3.3-15.5 cm long, 3.8 18.5 cm wide, main nerves 

3 or sub-5. Fl口、.verspedicellate ; pedicels erect, 0.7 8.2 cm long目 Sepalsnarrowly oblong, ovate-

oblong or ovate-lanceolate, obtuse, acute, sub-acuminate at the apices, greenish purple or reddish 

purple, rarely green, 7 23 111111 long, 4 12 111111 wide, presistent. Petals absent, rarely 1 3. Stamens 

6, equal to or a little longer than pistils, erect, 4-10 mm long ；五lamentssubulate-linear, dilated 
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t O羽＇ars the base, re【ldish1】uq】le,dark purple or rarely creamy white, 2-5 mm long; anthers oblong 

or broadly oblong, 2 5 mm long; pollen sacs introrse on flattened connectives, pale purple or cream 

yellow, Pistils 4 10 mm long; ovary ovoid globose or conical-globose, 6-r・idged,green to dark 

purple, or reddish purple, 3-9 mm long, 4 10 mm wide; stigmas 3 lobed, revolute, usually dark 

purple, Berry globose, with the persistent stigmas at the top, green to dark purple or reddish 

purple, 11-17 mm  long, 4-17 mm wide; seeds many, 2 2,5 mm long, arcuate-oblong, brown, with 

white elaiosomes. Chromosome number 2nニ 20.

DISTRIBUTION. Southern Sakhalin, Southern and Central Kuriles, Hokkaido, Honshu, Shikol叩，

Kyushu. 

REMARKS. Four varieties; apetalo11, atrop111JJ11reoca,ア11111, viridiρIllアureocarρu111, and 

rubroca,ア1011ar巴 1・巴cognizeclon the fr・uitcolour, i.e., green, dark purple, green with purr】le

spots, and red, respectively. The last variety is often found in the subalpine zone in Hok-

kaido・ Formaalbum is charact巴rizedby having white stamens and forma tripetalum by 

having three reddish purple petals. The ovary colour is constant from y巴arto year according 

to the observation on the cultivated individuals. The individual with two stems, whose flowers 

are normal and f. tripetalum, resp巴ctively,was collected and preserved at the Herbarium of 

the Botanic Garden, Hokkaido University. The abnormality in numbers of leaves and floral 

organs has b巴enrecorded. 

2. Trillium kαmtschαticwn Pallas ex Pursh (Plate 2) 

Trillium lwmtschaticum Pallas in Herb. Lamb. ex Pursh, Fl. Am. Sept. 1 : 246 (1814). 

Trillium obovatum Kunth, Enum. Pl. 5: 124 (1850). 

Trillium erectum L. var. jaρonicum A. Gray. Bot. Jap. 413 (1859). 

Trillium pallasii Hulten, Fl. Kamtch. 1: 252-254 (] 927,. 

JAPANESE NAME: Obanano-enreiso オオパナノエンレイソウ

“Obanano-enreiso" means large flowered Trillium. In actual fact, th巴 flowerswith white 
petals are the largest in size among Asian species. This is th巴 onlydiploid species in Asian 

Trilliu111. Infraspecific variation of this sp巴cies has been vigorously studied and thr巴e

geographical subgroups, northern Hokkaido, eastern Hokkaido, and southern Hokkaido and 

northern Honshu, are recognized within th巴 speciesbased on the chromosomal composition. 

The flower size is especially large in some populations of east巴rnHokkaido. This species has a 

tendency to grow in th巴 moreexposed habitats compared to th巴 otherspecies. 

DESCRIPTION. Rhizomes stout, short or l臼ngcylindrical. Stems 1 3 or rarely more, erect, 

glabrous, green, 7.7 50 cm long. Leaves 3, sessile, deltoid-orbicular to rhombic-oval, or rarely rhombic-

lanceolate, the apices acute to acuminate, the bases obtuse, 3.7 16. 3 cm long, 3.4 17.4 cm、.vide,main 
nerves 3 or sub-5. Flowers pedicellate; pedicels erect, 0.5 10 cm long. Sepals oblong or oblong-

lanceolate, the apices acute or acutish obtuse, pale green, 11 49 mm long, 5-19 mm、vide. Petals 3, 
ovate, ovate四oblong,elliptic or rarely oblong-lanceolate, the apices acute or acutish obtuse, the 

bases obtuse or cuneate, white, 18-62 mm long, 7 36 mm wide. Stamens equal or longer than the 

pistils, erect, 10-24 mm long ，五lamentssubulate田linear,dilated towards the base, pale green, 2 7 mm 

long, anthers linear, 6 20 mm long; pollen sacs linear, introrse on connectives, yellow; connectives 

pale green. Pistils 8-22 mm long, 4 10 mm、vide;ovary conical, cylindrical or conical-ovoid, 6-ridged, 
whitish yellow or pale greenish yellow, with a few or many dark purr】lishdots or stripes, dark 

purple at the tips, stigmas 3 lobed, revolute, yellowish. Fruit ovoid to globoid, with the persisten・t 

stigmas at the top, green, with a few or many purr】lishdots，。r【larkpurple, 9 30 mm long, 6-22 
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mm wide. Chromosome number Zn= 10. 

DISTRIBUTION. Sakhalin, Kamchatka, Commanders, Kuriles, Hold《乱ido,Northern Honshu, 

Korea, North-east China, Amur, Ussuri. 

REMARKS. Three varieties are recognized by the ovary colour. The ovary colour of Yar. 

lwmtschαticum is characterized by pale greenish yellow and dark purple at th巴 baseof stigma 

sometimes with purple dots. That of var. lwrilense is characterized by dark purple, and that 

of var. soyanum is by pale yellowish white and gre巴nat th巴 bas巴 ofstigma. Forma plenum 

is a double flowered form. The abnormality in numbers of both leaves and floral organs 

has often b巴巴nreport巴d.

3. Trillium tsclwnoskii Maximowicz (Plate 3) 

Trilliu//1 tschonoskii Maximowicz, Mel. Biol. 2 : 863 (1883). 

Trillium tschonosllii forma violaceum Makino. Bot. Mag. Tokyo ?7 115 (1913). 

JAPANESE NAME・ Miyama－巴nreiso.Shirobanano-enreiso ミヤマエンレイソウ

“l'vliyama" means deep mountains and “shirobana" m巴日nswhite flowers. At 五rstglance 
this species appears to be similar to T. lw//ltschaticum in having white flower・5・ Asmention巴d

in the key, sepal shape is different and the ratio between anth巴rsand五！日m己ntsis also a 

good character. Furthermore the flowers of this species turn sideways on the erect pedicells. 

On the other hand they turn upwards in T. flαmtschaticum (the sideways app巴aranceof th巴

latter species is due to a bend in the pedicels th巴mselves). This character is convenient for 

the五elclobservations. This species easily hybridi,es ・with T. lw//ltschaticum where the two 

Sj)巴ciesgro,v tog巴ther. This species is distributed forth巴rsouth than T. flαmtschaticum, and 

extends to Formosa, China and Himalayas. 

DESCRIPTION. Rhizomes stout, short. Stems 1 or 2, erect, glabrous, green or yellowish green, 

12-45 cm long. Leaves 3, sessile, depressedly rhombic-oval or rhombate, the apices acuminate, the 

bases obtuse, 5.8 16 cm long, 5.5 18 cm wide, main nerves 3, or sub-5. Flowers solitary, pedicellate; 

pedicels erect, 0.8-5.7 cm long. Sepals ovate-oblong or ovate-lanceolate, the apices acute or 

acuminate, pale green or yellowish green, 12 33 mm long, 5 14 mm wide. Petals 3, oblong-ovate, 

ovate or elliptic, the apices acute or acuminate, the bases cuneate, white, 14-35 mm long, 5-18 mm 

wide. Stamens 6, erect, equal or a little exceeding the pistil, 7-13 mm long ；五lamentssubulate-

linear, pale greenish yellow, 3 6 mm long; anthers linear, pale yellow, pollen sacs 3 9 mm long, 

introrse, connectives pale green. Pistils 6-15 mm; ovary ovoid or conical-globose, 6-ridged, pale 

greenish yellow or with a few purplish dots or entirely dark purple, 5 12 mm long, 4-9 mm wide; 

stigmas 3”lobed, revolute, yellowish white. Fruit ovoid, with the persistent stigmas at the top, 

green, 11-18 mm long, 11-16 m日1 wide. Chromosome number Znニ20目

DISTRIBUTION. Southern Sakhalin, Hokkaido, Honshu, Shikoku, Kyushu, Korea, Formosa, 

China, the Himalayas. 

REMARKS. The main varieties ar巴 asfollows; var. tschonoshi, var. atrorubens, var. hima-

laicum. The ovary of var. tschonoskii is cr巴amin colour and sometimes with sm,ill purpl巴

dots, and that of var. atrorubens is reddish purr】le to dark purple in colour. Himalayan 

individuals of this species are recognized as another variety, var. himalaicll/11. “Fonna 

violacellm" has pal巴 purplepetals. It is doubtful whether this colour character is gen巴tical

or not. Th巴 colourchange in petals is often observed among natural individuals at the lat巴

flowering stage or the rainy period. Samejima and Samejima (1987) hav巴 notrecognized 

4 -



“forma violaceum" as any distinct forma in this species. The abnormality in numbers of leaves 
and floral organs has rarely be巴nreported. 

4. Trillium smallii Maximowicz (Plat巴 4)

Trillium smallii Maximowicz, Mel. Biol. 2 : 862 (1883). p. p. 

Trillium smallii var. ma:cimowiczii Miyabe et Kudo, Fl. Hokk. & Saghal. 344-345, 

五g.2-5 (1932). 

Trillium amabile Miyabe et Tatewaki, Contr. Fl. N. Jap. 10・137，五g.1 (1938). 
JAPANESE NAME: Kozima-enreiso コジマエンレイソウ

The Japanese name is based on th巴 islandOshima-Kozima, where this plant was found 

for the五rsttime. This species is a hexaμloid and regarded as an allopolyploid (K,K,SSUU) 

b巴tweenT. aρetalon and diploid progenitor of T. lwmtschaticum (Haga & Kurabayashi, 1950, 
1953 ; Samejima & Samejima, 1987) or allopolyploid (K1K1SSUU) between T. aρetalon and 

pr巴sentT. lwmtschaticum (Uchino, 1980, 1987). This species is characterized by having 0-3 

reddish purple petals with a variability in number and shape. This inconsistent character as 

well as stoutness in habit may indicate its hybrid origin. Th巴 variabilityof floral organs 

has been studied by several workers since the first report by Haga (1939). Seeds and pollen 

grains are highly fertile 

DESCRIPTION. Rhizomes stout, short. Stems 1 3, erect, glabrous, green, 13 49 cm long. Leaves 

3, sessile, depressedly ovale-r hombate, the apices acute, the bases cuneate, 6.3 14.8 cm long, 6.2 18.5 

cm wide. Flowers pedicellate; pedicels erect, 1.1 7.5 cm long. Sepals 3, lanceolate or oblong-

lanceolate, the apices acuminate, 13 28 mm long, 9 13 mm wide, dark purple. Petals O 3, orbicular 

or orbicular-ovate, size and shape very variable, sometimes changes to stamen, 11-24 mm long, 

8 21 mm wide, the apices rotunclate or obtuse. Stamens 6 9, erect, 7 12 mm long；五laments

subulate-linear，【larkpurple, 3 6 mm long ; anthers oblong or broadly-oblong; pollen sacs 4-8 mm 

long; connectives purplish. Pistils 8 12 mm long; ovary globose or conical-globose, 6-riclgecl, 

yellowish green or dark purple, 6 8 mm long, 7-10 mm、.vicle;stigmas 3-lobecl, dark purple. Fruit 
globose or subglobose, with persistent stigmas at the top, green or dark purple, 24 26 mm long, 

22-27 mm wide. Chromosome number 2nニ30.

DISTRIBUTION目 SouthernSakhalin, Southwestern Hokkai【lo.

REMARKS. Two varieties have been recorded. The fruit of var. smallii is green in 

colour, and that of var. atrop11rp11reocmア1//11，【larkpurple. 

5. Trillium hαgαe Miyabe et Tatewaki 

Trillium hagae Miyabe et Tatewaki, Contr. Fl. N. Jap. 7: 189 (1936). 

JAPANESE NAME: Shiraoi-enreiso 6X シラオイエンレイソウ

This species is a hexaploid and regarded as an allopolyploid b巴tweenT. lwmtschaticum 

and T. tschonoskii. Seeds and pollen grains are highly f巳rtile. External characters indicate 

the intermediate state b巴tweenthe parents. 

DESCRIPTION. Rhizomes stout, short. Stems 1-3, erect, glabrous, green, 20.5 46 cm long. 

Leaves 3, sessile, rhombic-orbicular, cuspidate or sub-acute at the apices, the bases obtuse, 12.1 

19.1 cm long, 11.6 19.2 cm wide, main nerves 3-5. Flowers solitary, peclicellate; peclicels erect, 2.1 

-4.3 cm long. Sepals oblong-lanceolate, the apices acute or acutish-obtuse, pale green, 24-40 mm 

long, 9-16 mm wide. Petals constantly 3, broadly ovate or ovate目。rbicular,the apices acute or 
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acutish-obtuse, the bases obtuse, white, 27 48 mm long, 16-27 mm、，vide. Stamens short to the 

pistil, erect, 11 15 mm  long，五lamentssubulale-linear, pale green, 3 5 111111 long; pollen sacs linear, 

8-11 mm long, yellow; connectives pale green. Pistils 11 17 111111 long; ovary conical-ovoid, 

6目ridged,whitish yellow or pale greenish yellow, with dark purplish dots, dark purple at the tips, 

9-15 111111 long, 7-11 mm、，vide;stigmas 3 lobed, revolute, yellowish. Fruit ovoid, with the persistent 

stigmas at the top, green or ，，アithpurplish dots, about 29 111111 long, about 24 111111 wide. Chromo-

some number 2nニ 30目

DISTRIBUTION. Hokkaido. 

6. Trillium× hagαe Miyab巴巴tTatewaki (Plate 5) 

Trillium hagae Miyab巴 etTatewaki, Contr. Fl. N. Jap. 7: 189 (1936). 

JAPANESE NAME: Shiraoi-enreiso 3X シラオイエンレイソウ

It is a natural hybrid between T. lwmtschaticum and T. tschonoshi. It is a triploid and 

most seeds and pollen grains are sterile. This hybrid is distinguished from T. hagae (Gx) 

by having more slender ovary reflectinga th巴 sterility.

DESCRIPTION. Rhizo111es stout, short, erect or rarely oblique. Ste111s 1-4 or more, erect, 

glabrous, green, 21.5 49 cm Joni?;. Leaves 3, sessile, rhombic-orbicular, cuspidate or sub-acute at 

the apices, the bases obtuse, 9.4 18.4 cm long, 9.1 24.3 cm wide, 111ain nerves 3 5. Flowers solitary, 

pedicellate; pedicels erect 1.9-7.4 cm long. Sepals oblong-lanceolate, acute or acutislトobtuseat the 

apices, pale green, 23 45 111m long, 8 19 mm  wide. Petals 3, broadly ovate or ovate田orbicular,acute 

or acutish”obtuse at the apices, white, 27 49 mm  long, 16 32 mm  wide. Stamens 12 17 mm  long; 

五lamentssubulate-linear, pale green, 3 6 mm  long, anthers linear, 8 13 111m long, pollen sacs 

yellow; connectives pale green. Pistils 12 20 mm  long; ovary conical or conical-ovoid, 6-ridged, 

whitish yellow or pale greenish yellow, with dark purplish dots, dark purple at the tip, 9-18 mm  

long, 7-12 mm  wide; stigmas revolute, 3-lobed, yellowish. Fruit conical ovoid with the persistent 

stigmas at the top, green or with purplish dots, about 18 mm  long, about 15 111111 wide. Chromosome 

number 2nニ 15.

DISTRIBUTION. Southern Sakhalin, Hokkaido, Northern Honshu. 

7. Trillium x miyαbeα1mm Tatewaki ex Samefona (Plate 6) 

Trillium× miyabeanum Tatewaki in schecl. Fae. Herl】 Agr.Hokkaido Univ. ex Samejima, 

Act. Hort. Gotob. 25 : 166 (1962). 

JAPANESE NAME: Hidaka-enreiso ヒダ、カエンレイソウ

This is a natural hybrid between T. aρetalon and T. tschonoskii. At a first glance it is 

similar to T. smallii and T. × yezoense in having reddish purple p巴talswith a variability 

in size and number. These three taxa ar巴 recognizedeach oth巴rby sepal shape and fruit 

shape listed in a key. Poll巳ngrains are partly fertile. Fertility and size of the pollen grains 

are also conveni巴ntf巴aturefor th巴 discriminationamong the tlu・eetaxa (Takahashi, 1985). 

Berries usually grow well, but the fertility of the seeds has never been tested. The stoutness 

of habit and the occurrence of this taxon with the parents ar巴 fieldcharacters. 

DESCRIPTION. Rhizo111es stout, short. Stems 1 3 or 111ore, erect, glabrous, green, 15-39 cm 

long. Leaves 3, sessile, depressedly rhombate, the apics cuspiclate, obtuse towards the bases, 8.3 

21 cm long, 9.5 23.8 cm wide, 111ain nerves 3 5. Flowers peclicellate; peclicels erect, 22 61111111 long. 

Sepals 3, narrowly ovate or ovate, the apices acute, purplish or reddish green, margin almost 

reddish purple, 17-33 111m long, 8 15 mm  wide. Petals O 3, the size and form equal or irregular, 

sometimes with pollen sacs, ovate, oval or orbicular-oval, obtuse or sub-cuspidate at the apices, 
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the bases obtuse, recldish purple, 14 27 mm  long, 10 22 mm wide. Stamens 6 9, equal or unequal 

to the pistils, 9 11 mm long，五lamentssubulate-linear, purple, 4 5 mm long, anther sacs linear, 5 7 

111111 long, yellowish pale purple, connectives reddish pur pie. Pistils 8 13 111111 long; ovary conical 

or conical-ovoid, 6-ridged, cream-yellow or pale purple, with dark purple dots, dark purple at the 

tip, 6-11111111 long, 7-10 mm wide; stigmas 3-lobed, revolute, crea111-yellow or pale purple. Fruit 

depresseclly globose or ovoid, with the persistent stigmas at the top, pale green or dark purple, 

with dark purple dots, about 13 m111 long, about 14 m111 wide. Chromosome number 2n二 20.

DISTRIBUTION. Hokkaido, Northern Honshu. 

REMARKS. Two varieties and one form are described. The ovary is gre巴nwith purple 

clots in var. miyabeanum or dark purple in var. atroρ11rpureoca1アU//1. Forma albifioru//1 has 

white petals and stamens. 

8. Trillium × !Jezoense Tatewaki ex Sam巴iima(Plate 7) 

Trillium yezoense Tatewaki in schecl. Fae. Herb. Agr. Hokkaido Univ. ex Samejima, Act. 

Hort. Gotob・25: 167 (1962). 

JAPANESE NAME: Tokachi-enreiso トカチエンレイソウ

It is a natural hybrid betw巴enT. apetalon and T. lw/Jltschaticum. Usually th巴twoparents 

are separated in the habit and flowering p巴riod,so this hybrid occurs very rarely. Most 

seeds and pollen grains are sterile. 

DESCRIPTION. Rhizo111es stout, short-cylindrical. Stems 1-3 or more, erect, glabrous, greenish, 

32.5 49 cm long. Leaves sessile, depressedly rhombic-orbicular, cuspidate at the apices, rounded 

towards the bases, 9.7 15.3 c111 long, 16.3 19.1 c111 wide, glabrous, main nerves 3-5. Flowers pedicel-

late; pedicels erect 2.1 5 cm long. Sepals 3, ovate, acutish-cuspidate at the apices, entire, green 

or pmplish green, margin almost reddish purple, 25 32 mm  long, 12 20 mm wide. Petals O 3, the 

size and form irregular, sometimes with pollen sac, ovate to ovate-orbicular, 111ucronate at the 

apices, reddish purple, 13-19 mm  long, 14 17 m111 wide. Stamens 6 9, erect, 9 11 mm  long ；五laments

subulate-linear, pale purple or dark purple, 4 6 mm  long; pollen sacs linear, 5-7 111111 long, yellow, 

pale purple; connectives pale purple to dark purple. Pistils 10 12 mm  long; ovary conical or 

conical田ovoid,6-ridged, 8 10 mm long, 8-10 mm  wide, cream-yellow, pale greenish yellow or dark 

purple, with purple dots, dark purple at the tip; stigmas 3-lobed, revolute, cream-yellow or purple. 

Fruit depressedlyア conical-ovoid,with tire persistent slig111as at the top, pale green or dark pmple, 

with dark purple【lots,about 13 111111 long, about 13 111m wide. Chro111oso111e number 2nニ15.

DISTRIBUTION. Hokkaido目

REMARKS. Two varieties are described. The fruit of var. yezoensis is green sometimes 

with purple dots and dark purple in var. atropurpureocarpum. 

History of Trillium studies 

Trillium Studies in Japan 

Hideki Takahashi 

Gotoh and Stow (1930）五rstlyreported x = 5 for Ja panes巴 Trillium. Before this the 
numb巴rwas beli巴vedto be x = 6. This五rstreport was a preliminary one written in Japanese. 

Later Gotoh (1933) found that the basic chromosome number of the North American T. sessile 

was 5 and ascertained the same basic chromosom巴 numberfor the genus Trilliu//1. Following 
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this pioneering work, Matsuur・aand Haga then b巴cametwo leaders in Japanese Trillium 

studies. Their work is the basis of the following two trends in this五elcl: 1) Use of Trillium 

plants (especially T. lwmtschaticum) as experimental material for clarifying general phenomena 

or mechanisms in cytology (studies from this point of view are briefly intro【luceclin this review); 

2) Evolution and phylogeny of Trillium. 

Matsuura studied the cytogenetics of T. lwmtschaticum b巴caus巴 thisspecies has few large 

chromosomes. Most of his and his disciples' work are described in“Chromosome studies on 
Trillium lwmtschaticum Pall. (and its allies.; from 1944) I-XXX." between 1935 and 1962. 

The study of chromosome structure was expanded on by use of electron microscopy (Nakanishi 

et al., 1970; and others). Using th巴sporocytesof T. kamtschaticum, the mechanism of meiotic 

division has been also studied by Ito (1973 a, b), Ito and Maeda (197 4), and others. 

Haga described details of th巴 chromosomecomplem巴ntin the Parideae which includes 

Japanese Trillium species (Haga, 1934). Subs巴quentlyhis studies were published in“Gen om 
(sic) and polyploidy in the genus Trillium. I-VI'’from 1936 to 1956. Basic interrelationships 
in Japanese Trillium species were rev巴aledby this work. Later, the diploid species, T. 

lwmtschaticum attracted the attention of researchers. Based on differential staining reactions 

in chromosomes induced by cold treatment (Haga and Kurabayashi, 1950, 1953), analysis of 

infraspecific variation of T. lwmtsc!iaticum was vigorously carried out by Kurabayashi and his 

colleagues from 1956 to 1970 （“Evolution and variation in 7、rillium. I X”）. Monographic 

work on East Asiatic Trillium was completed by Samejima and Samejima (1962). 1950 to 

1962 may have been the五rstgolden age of Japanese Trillium studies. After that, the follow 

ing aspects of the phylogeny and evolution of Japanese Trillium were studied: 1) Genetic 

studies on Japanese polyploid sp巴cies(Watanab巴日ndKayano, 1971 ; Uchino, 1973, 1980 a, b, 

Haga et al., 197 4; Saho, 1974 a, b; and so on); 2) Life history studies (Ohara and Kawano, 1986 

a, b, 1987 ; Ohara and Higashi, 1987 ; and so on) ; 3) Phylogenetic studies using new techniques, 

e.g., isozyme and DNA analyses, palynology (Baba, 1973; Ihara and Endo, 1981 ; Ihara, 

1981 ; Yakura et al. 1983 ; Takahashi, 1982, 1983). These studies 日rethe beginnings of 

the next golden age of Trillium studies. In this context a compatibility experiment between 

American and Asian species by Haga and Channell (1982) is exciting. During this second golden 

age comparative and synthetic studies between American and Asian Trillium species should 

be accomplished and the evolution of the genus as a whole should be studied. 

Speciation of Japanese 1'rilliwn 

Haga (1951) presented the五rstspeciation diagram of Japanese Trillium (Fig. 1), and this 

was based on a series of studies on karyotypes and chromosome pairing (also see genomic 

constitutions of Japanese Trillium, Table 1 in the former chapter). By then h巴hadalready 

distinguished the K1 and K, g巴nomes(Haga, 1937), but h巴 useda collective symbol K in this 

diagram. And although he had revealed a genomic constitution of T. apetalon to be SSUU 

with U representing a di妊erentgenome from K1, K,, and T (Haga & Kurabayashi, 1950), he 

used SSxx for this sp巴cieswith x repres巴ntinga genom巴 undefinedas yet in this diagram. 

From these reasons this diagram (Fig. 1) was insu自ci巴nt. Suzuki (1954) provided a second 

diagram and in it she used the K1, K,, and U genome symbols (Fig. 2). This diagram 

is a prototype of later ones. Saho and Kurabayashi (1956) later provided their diagram (Fig. 

3) and incorporated extinction and degree of survival of the species. Interestingly they in-
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terchangecl the positions of the SU and KT genom巴 groupsof Suzuki’s diagram (compare Fig. 
2 and .1). Suzuki’s diagram (1954) was used in Kurabayashi and Saho (1957) and Kurabayashi 
(1958) without any modi五cations. On the other hand Saho and Kurabayashi’s diagram (1956) 
was adopted by Samejima and Sameiima (1987) with some modifications (Fig. 4). Even the latest 

diagram (Fig. 4) cannot clear the following problems : 1) Th巴 genomic constitution of T. 

smallii was recognized as K2K2SSUU according to Haga and Kurabayashi (1950, 1953) who 

based their conclusions on a population in Usu. R巴centlyUchino (1980, 1987) revealed that 

the g巴nomicconstitution of this species in Muroran and Hakodat巴 populationsis K1K1SSUU. 

Accordingly T. smallii is b巴stregard巴das an allopolyploid between present T. lwmtschaticum 

6x 

4x 
＼／！ 川いKTT ] ／仁三：

I KKT Iパゾノ
＼｜／＼／ 

3x 

2x 巳ヨ巳ヨEヨ
Fig. 1. Diagramatic representation of speciation by polyploidy in Japanese 

Trillium (Haga 1951, Cytologia 16: 243-258). 

Table 1. Different nomenclatural treatment of t＼＼ァoJapanese Trilli，川
species，“Enreiso”and “Kozima-enreiso” 

’l、reatment“A”

T. smallii rνfaxim. for“Enreiso”and/or 

T. a川abile!VIiyabe te Tatewaki for “Kojima-
enreiso’， 

Treatment“B” 

T. aJxtalon Makino for “Enreiso”and/or 
T. sma lli i Maxim. for“Kozima-enreiso” 

In genetical, ecological, morphological and biochemical studies 

All Japanese researchers ( 1957) Following researchers (1958ー）・

Following researchers (1958-): Ibara, Endo Haga, Kurabayashi, Samejima, Fukuda, 

Uchino, Ohara and others 

In taxonomic revision and flora 

Ohwi, FL Jap. (1953) 

Kitamura et al., Coll. Illust. Herb. PL Jap. 

III (1964) 

Ohwi, FL Jap. in Engl, (1965) 

Satake et al., Wild FL Jap. I (1982) 

Ohwi (Kitagawa), New FL Jap. (1983) 

9 

Samejima & Samejima (1962) 

Samejima & Samejima (1987) 

Okuyama, Wild PL Jap. I (1987) 

Toyokuni, Alp. FL Jap. (1988) 



K,T 

Fig. 2. Relationships between Tri1!111川
species (Suzuki 1954, Organic 

Evolution 1: 45-51, in Japanese). 

and T. a1うetalon. More detailed studies on several 

populations of T. smallii are needed to clarify this 

controversy; 2) Could more complicated hybridization 

phenomena occur in th巴sespecies? 

All Japanese species ar巴 1・巴£erredto th巴 p巴dice!-

late-flowered group, and not as diverse in their gross 

morphology as th巴 NorthAmerican ones composed 

of both the p巴dicellate-and sessile-flowered groups. 

But Japanes巴 T.αρetalonis an exception and the only 

species which lacks the three p巴tals in the genus 

Trillium. The apetalous condition is clearly an 

apomorphic character in the genus and th巴 acquisi-

tion of this character during evolutionary history is 

interesting from comparative morphological and floral 

biological viewpoints. 

Confusion over the scientific name in Japan 

At present there is a confusion over the scientific 

仁コ松 -It l豆、 r
工－：：：.〕 雑f長（不な） 、r
司交 雑」ι
＝＝染色体的加1 ． 
×滅亡圃

Fig. 3. Process of speciation in Japa-

nese Trillium (Sabo & Kura-
bayashi 1956, Organic Evolution 
3: 74 86, in Japanese). 

name of some Trillium species in Japan. The differences are giv巴n for “Enreiso”and 
“Kozima-enreiso”in Tabl巴 1. Although critical reexamination of the momenclature is urgently 
needed, here I have only appended a list (Table 1). Treatm巴nt“A”wasfollowed by all 
researchers until 1957. Kurabayashi (1958) declared a chang巴 ofthe sci巴nti五cname, and 

thereafter most geneticists followed his r巴commendation; Treatment “B". (This treatment was 
formally published in the revision by Samejima and Samejima, 1962). But even presently som巴
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中
置
、
＼
門，一

Fig. 4. Process of the speciation in Japanese Trilliu川（Samejima& 

Samejima 1962, Acta Hort Gotoburg. 25 : 157 257; Samejima 

& Samejima 1987, Trilliu川 Genus).

geneticists and many taxonomists in Japan follow Treatment“A”. Researchers in foreign 
countries should note the different usage in Japanes巴 Iiterature. Here we adopt Treatment 

“B”for the sake of convenience. 

Lit巴ratur巴 onAsian Trillium 

Gotoh, I仁＆ I. Stow (1930). Karyological study on Paris and Tri/li11111. A preliminary note. Jpn. 

J. Genet. 5: 114 117. (in Japanese). 

Gotoh, K. (1933). Karyologische Studien an I'αris und Trilli 11111. Jpn. J. Genet 8: 197 203. 

Haga, T. (1934). The comparative morphology of the chromosome complement in the tribe Parideae. 

J. Fac. Sci. Holdζaido Univ. Ser. V (Bot). 3: 1-32 (with 1 plate). 
Matsuura, H. (1934). On the number of spiral gyres in the chromonemata. A preliminary note. 

Jpn. J. Genet. 9: 143-149 (with 1 plate). (in Japanese with English summary).* 

Matsuda, S. (1935). Plant malformation (2). Plant and Animal 3: 643 644. (in Japanese). 

Matsuura, H. (1935). Chromosome studies on Trilliu川知111tschaticu111Pall. I. The number of 

coils in the chromonema of the normal and abnormal meiotic chromosomes and its relation 

to the volume of chromosomes. Cytologia 6: 270 280 (with 2 plates). 

Matsuura, H. (1935）目 Chromosomestudies on Tri//i11111 lw111tschatic11111 Pall目II. The direction of 

coiling of the chromonema within the五rstmeiotic chromosomes in the PMC. J. Fac. Sci. 
Hokkaido Univ. Ser. V (Bot). 3: 233 250 (with 3 plates). 

Stow, I. (1935). On the correlation between the satelltie of chromosome and the leaf shape in 

Parideae from Hokkaido. J. Fac. Sci. Hokkaido Univ目 Ser.V (Bot). 4・31-46(with 2 plates). 
Tatewaki, lvf. & T. Suto (1935). On the new genus Ki1111gasa. Trans. Sapporo Nat. Hist. Soc. 14: 
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34 37. 

Haga, T. (1937). Genom and polyploidy in the genus Trilli111凡 I.Chromosome affinity between 

the genoms. Jpn. J. Genet目 13: 135一145. 

Haga, T. (1937). Chromosome complement of Ki1111gasa Jυρonica with special reference to its origin 

and behavior. Cytologia 8・137-141(with 2 plates). 
Matsuura, H. (1937). Chromosome studies on Trilli11111 ka111tschaticu111 Pall. III. The mode of 

chromatic! disjunction at the五rstmeiotic metaphase of the PMC. Cytologia 8田142177 (with 

1 plate). 

Matsuura, H. (1937). Chromosome studies on Trilli，川知111tschaticu111Pall. IV. Further studies 
on the direction of coiling of the chromonema within the五rstmeiotic chromosomes. Cytologia 

8: 178 194 (with 1 plate). 

Matsuura, H. (1937). Chromosome studies on Trillium ka川tschaticumPall. V. Abnormal meiotic 

divisions clue to high temperature. Cytologia Fujii jub. vol. :20-34 (with 2 plates）目

Matsuura, H. (1938). Chromosome studies on Trilli11川 lw111tschatil11111 Pall. VI. On the nucleolus-

chromosome relationship. Cytologia 9: 55 77. 

Matsuura, H. (1938）目 Chromosomestudies on Trilliu川加川tschatirn111Pall. VII. Additional evi-

clence for the Neo-two-plane theory of bivalent constitution. Cytologia 9 : 78-87. 

Matsuura, H. (1938). Chromosome studies on Trillium ka川 tschatic11111Pall. XI. A simple new 

method for the demonstration of spiral structure in chromosomes. Cytologia 9: 243 248. 

Haga, T. (1939). A note on staminocly in Trillium a111abile Miyabe et Tatewaki. Jpn. J. Genet. 
15: 235 240. 

肘［atsuu

the mitosis-meiosis relationship. Cytologia 10・382-389.*
Matsuura, H. (1940). Chromosome studies on Trilliu川知川t.,,:hati口1111Pall. XII. The mechanism 

of crossing over. Cytologia 10: 390 405. 

Matsuura, H. (1941). Chromosome studies on Trilliu川知111/schatic11111Pall. XIII. The structure 

and behavior of the kinetochore. Cytologia 11: 369-379. 

Matsuura, H目（1941). Chromosome studies on Trilliu川知111tschatic11//IPall. XIV. Primary and 

secondary chiasmata. Cytologia 11: 380 387. 

Matsuura, H. (1941). Chr口mosomestuζlies on Trillium ka111t.w ati《、

to the present status of knowledge on the mechanism of chromonema coiling. Cytologia 11・
407 428. 

Haga, T. (1942). Geographical distribution of Trilliaceae plants in relation to polyploicly. Jpn. J. 

Genet. 18: 168-171 (in Japanese). 

Matsuura, H. (1942). Chromosome studies on Trillium ka111tschatic11111 Pall. XVI. Alterations of 

the nucleolus-chromosome system due to irradiation. Cytologia 12: 271 288. 

Matsuura, H. & T. Haga (1942). Chromosome studies on Trilliu川 ka111tschaticu111Pall. X. On the 

origin of the chiasma. Cytologia 12: 397-417. 

Amano, Y. (1944). The metamorphosis of珪oralorgans in Trillium a111abile N[iyabe et Tatewaki. 

J. Fae. Sci. Hokkaido Univ. Ser. V (Bot). 5: 109-120. 

Matsuura, H. (1944). Chromosome studies on T, illi11111 ka111tschati口川 Pall.and its allies. XVII. A 

study of chromosome interlocking in T. Tschonoskii Maxim. Cytologia 13: 369 379. 

Matsuura, H. & T. Haga (1946). Chromosome studies on Trillium h川 tschatirn111Pall. and its 

allies. IX. Chromosome aberrations induced by X-ray treatment. J. Fac. Sci. Hokkaido Univ. 

Ser. V (Bot). 6: 1-10 (with 2 plates). (in Japanese with English summary).* 

Matsuura, H. (1946). Chromosome studies on Trili11111 ka111tschati「11111 Pall. and its allies. XVII. 

A study of chromosome interlocking in T. Tschonoskii Maxim. J. Fac. Sci. Hokkaido Univ. 

Ser. V (Bot). 6: 11 17 (with 2 plates）目（inJapanese with English summary).* 
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Matsuura, H. (1946). Chromosome studies on Trilliu川知川tschatic111nPall. and its allies. XVIII. 

The role of the kinetochore on the trivalent formation. J. Fae. Sci. Hokkaido Univ. Ser. V 

(Bot.) 6: 19 26 (with 2 plates). (in Japanese with English summary）.本

Matsuura, H. (1946). Chromosome studies on Trillium ka川tschaticumPall. and its allies. XIX. 

Chromatic! breakage and reunion at chiasmata. J. Fae. Sci. Hokkaido Univ. Ser. V (Bot.) 6・
27 35 (with 1 plate）目（inJapanese with English summary).* 

Matsuura, H. & S. Takizawa (1946). Chromosome studies on Trillium kamtschaticum Pall. and its 

allies. XX. A statistical analysis on the chromosome association in a triploid species T. Hagae. 

J. Fac. Sci. Hokkaido Univ. Ser. V (Bot.) 6: 37-55. (in Japanese with English summary).* 

Matsuura, H. & M. Kurabayashi (1946). Chromosome studies on T、rillium加川tschatic

its allies. XXL On the relation between the matrix and the chromonema in metaphase cluo-

mosomes. J. Fac. Sci. Hokkaido Univ. Ser. V (Bot.) 6: 57 60 (with 1 plate). (in Japanese with 

English summary).* 

Matsuura, H. (1946). Chromosome studies on Trillium 是正1mtschatirn111Pall. and its allies. XXII. 

Critical evidence of the spiral theory of crossing-over. J. Fac. Sci. Hokkaido Univ. Ser. Y 

(Bot.) 6: 61 66 (with 1 plate). (in Japanese with English summary).* 

Kurabayashi, M. (1948）目 Effectof temperature upon the differential reaction of chromosomes. 

Teion-Kagaku (Low Temperature Science) 4: 97 103. (in Japanese with English summary.）キ

政Iatsuura,H. (1949). Chromosome studies on Trillium是正1111tschatirn111Pall. XXII. Critical evidence 

of the spiral theory of crossing-over. Chromosoma 3: 431-439. 

Haga, T. (1950). Genom and polyploidy in the genus Trilliu川. IL Morphological comparison of 

a natural hybrid with its parental plants. Cytology and Genetics Oguma Commemoration 

Vol.: 95-102. (in Japanese with English summary). 

Haga, T. & M. Kurabayashi (1950). Genom and polyploidy in the genus Trillium. IV. Genom 

analysis by means of differential reaction. Teion-Kagaku (Low Temperature Science) 6: 247 
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Matsuura, H. & T. Haga (1950). Chromosome studies on Trillium ka川知・hati,wn Pall. and its 

allies. IX. Chromosome aberrations induced by X-ray treatment. Cytologia 16: 37 47. 
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Cytologia 16: 243 258. 
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Temperature Science) 7: 127-137. (in Japanese with English summary).* 

Kurabayashi, M目（1951). Effect of temperature upon the induction of chromosome aberration due 

to X-ray irradiation. TeiorトKagaku(Low Temperature Science) 7: 139-147. (in Japanese with 

English summary).* 
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Predominant Inbreeding and Resourc巴 Limita1ionin 

Four Japanese T，・illiumSpecies 

Masashi Ohara, Katsunor・iOkazaki and Shoichi Kawano 

In plant species, the number of ovules per plant are indicators of intrinsic r巴productive

outputs, which also reveal the amount of primary energy investment for r巴production(Ste-

phenson, 1981). Realized seed set in most plants, however, are usually well below the ovule 

numbers, and also different among individuals and populations. Sinc巴 plantsare adhesive, 

the diversities of reproductive outputs are consequences of the interplay between species’own 

breeding and pollination systems, and resource availability to fertilized ovules under various 

environmental conditions. 

For last several d巴cades,in order to understand th巴 reproductivestrategies in plants, the 

modes of energy investment to reproductive activities，“reproductive effort”（Harper and Ogd巴n,

1970) and “reproductive capacity’＇， i.e., numb巴rof seed produced per plant (Salisbury, 1942) 
have been investigated in numerous numbers of plant species. Furthermore, the comprehensive 

relationships between thes巴 tworeproductive parameters have been also critically discussed 

(Kawano, 1981). However, in spite of the accumulation of information on reproductive traits, 

the breeding and pollination systems which act on the ovule fertilization, and the mechanisms 

of subsequent resource translocation to fertilized ovules have not be巴nSU伍cientlyunderstood 

in the light of the m巴chanismsdetermining reproductive outputs and patterns of energy alloca-

tion to reproductive structures (Janzen et al., 1980; Bierzychudek, 1981; Udovic, 1981; Kawano 

et al., 1982 ; Motten, 1983 ; Kawano and N日gai, 1982, 1986; Galen, 1985; Sih and Baltus, 

1987). 

In a series of comparativ巴 lifehistor目ystudi巴sof the genus Trillium, we have investigat巴【l

and compared various aspects of life history ph巴nomenasuch as reproductive biology and 

demographic features of various sr】巴cies(Ohara and Kawano, 1986 a, b, Kawano et al., 1986; 

Ohara and Utech, 1986, 1988). However, th巴 overall ecological pictures with respect to br巴巴d-

ing and pollination systems in this genus are unknown well at present (Fukuda, 1967, 1987; 

Fukuda and Grant, 1980; Ihara, 1981 ; Davis, 1981 ; Nesom and La Duke, 1985; Uchino et 

al., 1987; Uchino and Kanazawa, 1988). In this paper, in order to obtain further detail巴d

understanding on the r巴productivefeatur巴sin the genus Trillium, s巴veralbreeding experiments 
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and observations of ins巴ctvisitation are carried out for four Japanese Trillium species. 

Floral Characteristics 

For the present study, four Japanes巴 speciesof the genus Trillium, i. e・， T.kamtschaticum 
Pall. (2n = 10), T. apetalo11 Makino (2nニ20),T. tschonosllii Maxim. (2n =20), and T. smallii 

Maxim. (2n = 30) were selected (Table 1). These Trillium species grow mostly in mesic 

broad-lea vecl d巴ciduousforest develop巴din the cool temperate zone of th巴 JapaneseIslands. 

In contrast to the North American sp巴cieswhich are known to be diploid (2n = 10), 

Japanese species form a polyploid seri巴s,i. e., 2n = 10, 15, 20 and 30, including hybrid derivatives 

(Haga, 1973 ; Haga and Kurabayashi, 1953 ; Samejima and Samejima, 1962, 1987). The 

North American species are highly diverse in their gross morphology, comprising of both the 

pedicellate-(erect and declinate) and sessile-flowered groups (Samejima and Samejima, 1987). 

On the other hand, all Japanese species ar巴 onlypedicellate－巴rect-floweredspecies with an 

erect peduncl巴・ It is, however, V巴ryimportant to note here that som巴 of Japanese sp巴cies

hav巴 uniquefeatures in th巴 numberof petals. For example, the number of petals varies from 

0 to 3 in T. smallii, and T. apetalon lacks all three petals and possesses reddish brown 

s巴pals,whil巴 otherspecies has greenish s巴pals.

There were、;videranges in the ovule numbers -which represent potential maximum number 
of s巴巴dset in each species (Tab］巴 1). The two tetraploid species, T. aJうetalonand T. tscho-

noskii possess mean about 150 ovul巴sper flow巴r,while T. kamtschaticum and T. smallii 

possess more than 200 ovules per flower on the average. vVith respect to the number of 

poll巴nsp紅白ower,T. lwmtschaticum which possesses the anthers thre巴 timesas larg巴 as

the other thre巴 speciesshowed exceedingly high value of 4.2 5. 7×105. T. tsclwnoskii and 

T. smallii possess 0.8 1.4×10' and 1.3 1.5×10' pollens p紅白ower. T. aρetalon which 

lacks petals showed the smallest number of pollens of 0.6 0.7×10'. 

Based on the numbers of pollens and ovul巴s,ratios of pollen to ovule (P/0 ratio) as an 

indicator of th巴br巴巴dingsystem in plant were also calculat巴d(Cruden, 1977). T. kamtschaticum 

Table 1. Reproductive characteristics of four Japanese Trill111111 
species at flowering stage (Ohara and Kawano, 1986 a) 

＼ ＼＼一

Taxa T. ka111tschαticu m T.α俳句lon T. tschonoskii T. s111alli1 
Criteria 

(Ploidy) 2× 4× 4× 6× 
Chromosome* 

(Zn) 10 20 20 30 

Genome* K1K1 ssuu Iく2K2TT K2K2SSUU 

No. of petals 3 。 3 0 3 

Color of petals white ネ斗ミ white red or 
reddish purple 

No. of ovules/plant 
225.1士39.8本件 156.0+27.9 153.8土31.1 216.1土42.1
(158 341) (113-205) (90-222) (127-293) 

No. of pollen grains/plant 4.2 5.7×105 0.6 0.7×105 0.8 1.4×105 1.3 1.5×1Q5 

Pollen-ovule ratio ca. 2200 ca. 400 ca. 700 ca. 650 

* After Haga (1937), Haga and Kurabayashi (1953) and Samejima and Samejima (1962, 1987). 

** T. apetalon possesses reddish brown sepals. 

件＊ Ranges of values, mean土standarddeviation 
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with larg巴 whitepetals showed the highest P/0’s of 2200 which indicates outbre巴cling. T. 
tsclzonoslu・i and T. smallii which show 700 and 650 of P/0 ratios are classifi巴clbetw配 n

facultative outbreecling and facultative inbreeding (Cruden, 1977). T. apetalon showed the 

smallest P/0’s of 400 indicating obligate inbreeding. Accordingly, the breeding systems esti-

mated based on P/0 ratios coincide well with the diff巴rencesin floral characteristics which may 

have a role to attract pollinators. 

Insect Visitation 

Flower visitors wer巴 observedand collected during middle of flowering period at various 

sites where each species was common and predominant. Following Sakagami et al. (197 4), 

the sampling was conducted for 7 hours per day at each locality in 1984. Of four sp巴cies,

T. kamtsclzaticum and T. tsclzonoskii with white petals were mainly visit巴dby insects belong-

ing to Dipt巴raand Coleoptera (Table 2). Among th巴m,visitations of Carpophilus clzalybeus 

to T. lwη1tschaticum and Dasytes ,1//lgaris to T. tsclwnoskii were frequently observed. On 

the other hand, T. a1りetalon日ndT. smallii which wholly or partly lack petals and r巴present

low P/0 ratios, were rarely visited by insects. 

It is generally known that b巴esare the most effective pollin日torsfor outbreeding and 

insect pollinated plants, and they sometimes restrict their visit to flowers of a single species 

or morphology within a species, referring to as flower constancy (Grant, 1950; ,Vaser, 1986). 

ln the present study, although several bees were observed in T. lwmtschaticum (Mt. Hakodate), 

they are all male and less effective for pollination than female bees which normally show 

Table 2. A list of flower visitors of four Japanese Trillium 

species observed in each study site 

*T. kamtschaticum 

Mt. Hakodate (16 and 17 Ma：，ア 1984)

Hymenoptera 

Andrenidae 

Trethredinidae (1) 

, lndrena s11ble1•igata Hirashima (2) 

Hanakawa (20, 21 and 23 May 1984) 

I〕iptera

Bibionidae 

Empididae (4) 

Syrphidae 

Trypetidae 

Scatophagidae 

Anthomyiidae 

Calliphoridae 

Sarcophagidae 

Coleoptera 

Dermestidae 

βibio amρutonen•is Hardy et Takahashi (1) 

Tuhif,刊百円・，－gatusCoquillett (3) 

Eristalis cerealis Fabricius (5) 

,Helanostoma seafare Fabricius (1) 

;¥cidiella diversa Ito (1) 

Scatlwphaga ster「orariaLinne (7) 

Pegomya robusta Suwa (4) 

lモorientisSuwa (4) 

P.川口ES川町（1)

Shakshainia ra/1/<'toka Suwa (1) 

Protoρhorm ia terra<'nm•ae Robineau-Desvoidy (1) 

Ravinia sp. (1) 

,¥11thre1111sτ，erbasci Linn己（1)
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Nitidulidae 

Coccinellidae 

Oedemeridae 

Chrysomllidae 

Hemiptera 

Epuraea jxw/11/a Reitter (3) 

CarJうophiluschalybeus l¥tlurray (21) 

Proρ，ylaea q11at11ordecimρunctata Linnる（1)

Cotasterom川I/IS川 orimotoChujo et Voss (1) 

Oedemeron ia川anicataLewis (2) 

Aρ，hthona/tica angustata Ealy (7) 

Zeugophora nigricollis Jacoby (1) 

!V!ono/ej,ta dichroa Harold (1) 

Sangariola multi「ostataJacoby (1) 

Membracidae 1Wachae1 otyj,us sibiricus Lethierry (1) 

Lygaeidae Iphicrates sρinicaput Scott (1) 

Nopporo Forest Parl王（24May 1984) 

Coleoptera (3) 

*T. aρetalon 

Mt. Hakodate (16 and 17 May 1984) 

Diptera 

Bibionidae 

Phryneidae 

ネT.tschonoskii 

Bibio a11e11ret11s Hardy et Takahashi (2) 

Phryne sp. (1) 

Tomakomai Experimental Forest, Hokkaido University (25 May 1984) 

Di pt era 

Bibionidae 

Syrphidae 

Lonchaeidae 

Scatophagidae 

Muscidae 

Anthomyiidae 

Coleoptera 

Scarabaeidae 

pν1elyridae 

Nitidulidae 

Oedemeridae 

Chrysomllidae 

Hemiptera 

Deltocephalidae (1) 

*T. smallii 

Bibio sp. (1) 

ルletasyrplwscollorae Fabricius (1) 
Cheilosia 1111da Shiraki (1) 

Eristal is arbustornm Linne (1) 

Earo川 yiasp. (1) 

Scojxuma stercorarium Linn己（1)

Helina sp. (1) 

Leu coρhara 1111istriata Setterstedt (1) 

Cetoniaρil,jera Motchulsky (1) 

Das）ぜesvulgaris Nakane (24) 

Eρuraea ma11dib11laris Reitter (1) 

E. j,a11!11la Reitter・（4)

Eρ川町d sp. (1) 

Oedemerina concolor Lewis (1) 

A.ρhthonaltiほ angustataBaly (1) 

Mt. Hakodate (16 and 17 May 1984) 

Diptera 

Bilionidae Bibio aneuretus Hardy et Takahashi (2) 

Number of individuals observed is shown in the parentheses. 
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oligolectic or polylectic habit (Sakagami et al., 1974). Furthermore, judging from foraging 

b巴havior日ndvisiting frequ巴ncy,other flower visitors seem to b巴 muchless effective pollinators 

than bees・ Ofthose insects, Hemi1】terais considered to be just temporal visitors because they 

do not depend on flowers as source of food and their visitations are infrequent. Consequently, 

even in T. lwmtschaticum and T. tschonosla'i which were observed relatively many visitors, 

most of th巴 ins巴ctswer巴 lesseffective for pollination. One may think these results were 

caused by th巴 paucityof E任ectiveinsects during the flowering period of these Trillium species. 

These Trillium species, however, flower with other spring ephemeral plants such as Corydalis 

ambigua which produce large amount of nectar and are exclusively pollinated by overwintered 

Bombus hyρOC／古α saρ•porensis queens (Higashi et al., 1988). Accordingly, with r巴spectto the 

insect visitation, these Trillium species s巴emto be I巴ssattractive plant for bees‘and the 

visitors observed on these Trillium species ar巴 lesseffective for the pollination. 

Breeding system 

In order to examine th巴 breedingsystems of these four Trillium species, th巴 following

tests were carried out on each speci巴s.

1) whole flower was bagged by paraffin paper prior to the anthesis. 

2）自owerbud was emasculated and left under open pollination. 

3) flower bud was emasculated and bagged with net of a 1 mm  mesh. 

4) flower bud was emasculated and cross-pollinated by hand. 

5) flower was self-pollinated by hand and bagged by paraffin paper at the anthesis. 

6) without treatment for control. 

For each treatment, 20 individuals were used. 

As a result, open pollinated individuals produced average 146.8 seeds in T. kamtschaticum, 

120.l seeds in T. apetalon, 94.3 s巴edsin T. tschonoskii and 129.0 seeds in T. smallii (Table 

3). Consequently, these species showed the average se巴dsetting rates of 65.3%, 76.9%, 61.1% 

Table 3. Comparis口nof seed setting rates under various breeding experiments 
in four Japanese Trillium species (Ohara and Kawano, 1987) 

Seed setting rate (%) 
No. of seeds一一一一一一一一一一一一一一一一一emascu- self働

Species pro【luced lated emascu- emascu- hand 

伽 dy討te) u 

1刈 lination tion °fi干n bagged cross-hand ti?n 
P~ \-~~a- with net pollination b斗ed

品。，！~；i：~c目立：II 凶8±35.4特則±16.0 62.8土14.7 46.0±11.2* 5.臼 4.1料 68.紅 10.9 的回5.4
Park) (77 189) (nニ15) (n=l4) (n=7) (n=l2)a (n=9) (n二 7)

T. aρetalon 120.1士23.9 76.9士12.2 71.2土20.3 0.0料 0.5土2.0料 82.1土12.7 81.4±16.7 
(Mt. Hakodate) (84 157) (n=l7) (n=l2) (n=20) (nニ16)b (nニ16) (n=l3) 

T. tscho11oskii 94.3土30.1 61.1士20.0 54.4 + 19.0 0.0料 3.2+13.2料 56.7±20.1 52.2士9.5
(Tomakomai Ex- ー了
perimental Forest) (29 134) (n 15) (n 20) (n 9) (n = 18) c (n = 8) (n = 12) 

T. SJ/IC/ llii 129.0士35.6 59.6土16.5 57.5士13.0 9.4土23.4料 0.0材 51.2±14.9 6日3土11.5
(Mt. Hakodate) (60 194) (n = 15) (n = 14) (nニ14)d (n=l3) (n=20) (nニ1η

持， Rangesof values, mean士standarddeviation目

Signi五cantdi任erencefrom open pollinated plants is indicated byヘP<0.05and ＊ヘ P<0.01(by 
トtests).

No seed was produced in 10 (a), 15 (b), 17 (c) and 12 (d) individuals, respectively. 
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Spatial distribution and seasonal changes of Trillium如川知・lwti,u川 ina 

permanent quadrat (1×lm, Nopporo Forest Park) from 1980 to 1986 (Ohara 

and Kawano, 1986 b ). 

an【l59目6弘 respectively. Bagged individuals, however, also produced mature seeds in all four 

species suggesting that these species are self-compatible (Fukuda, 1967; Ihara, 1981 ; Uchino 

et al., 1987; Uchino and Kanazawa, 1988), and there was no signi五cantdifference in seed 

setting rates betw巴enopen pollinat巴cland bagged individuals in all four species. 

vVith respect to the individuals which were emasculated and bagged with net, although 

several individuals produced mature seeds in T. kamtschaticum, T. aρetalon and T. tschonoskii, 
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most of the indiviudal examined bore no seed, suggesting that wind-pollination do not usually 

occur in these species (Table 3). Almost no seed was produced in th巴 individualswhich were 

巴masculatedand left under open pollination in T. apetalon, T. tschonos/a'i and T. smallii. T. 

lwmtschaticum, however, produced mature seeds and showed the seed setting rates of 46.0 %. 

This fact suggests that insect pollination occurs to some ext巴ntin T. lwmtschatic11111 as one 

could expect from floral display including high P/0 ratio and insect visitations (Tables 2 and 3). 

In addition to the facts obtained from floral displays and insect visitation, e.g., lack of 

petals, low P/0 ratios, infr巴quentinsect visitation, this breeding experiment cl巴arlyindicates that 

T. aρetalon日ndT. smallii depend exclusively on inbreeding system for the production of 

seeds. Although seed sets wer巴 recognizedin th巴 individualsof T. lwmtschaticum which 

wer巴 emasculatedand left under open pollination, seed setting rate was significantly lower than 

open pollinated ones. Hence, in spite of the several xenogamous characters found in T. 

lwmtschaticum such as large white petals, high P/0 ratio, frequent insect visitations, outbreeding 

by ins巴ctpollination seems to be incomplete, and both inbreeding and outbreecling may be 

complementally taking place in th巴 naturalhabitats of this species. In this conn巴ction,it has 

been also report巴dthat different breeding systems occur in different local populations of T. 

lwmtschaticum (Narise, 1956; Ful王uda,1967). 

Regulation of seed-set 

In case of typical outbreeding and s巴If-incompatibleplant, seed sets should also b巴 directly

affected by pollinator availability such as the kinds of pollinator and the visiting frequency of 

pollinator. Furthermore, it is also known that individuals pollinated with su伍cientamount 

of pollen by hand produced much larger number of seed than op巴npollinated ones, i. e., 

pollinator limitation (Bierzychudek, 1981 ; Kawano and Nagai, 1982 ; Motten, 1983 ; Sih and 

Baltus, 1987). However, with respect to thes巴 fourTrillium species which have self-compati-

bility, the both cross-and self-hand-pollination did not show the signi五cantdifferences in the 

seed sets from open-pollinated ones, suggesting that su自cientamount of pollen does not have 

a signi五canteffect on seed s巴tsin these Trillium species (Table 3). 

In g巴neral,it has be巴nknown that each individual organisms partitions a limit amount 

of availabl巴 r巴sourcesinto growth, maintenance, and reproduction (Cody, 1966). In the case 

of pollinator limitation, the amount of photosynthate translocated into the propagules is evidently 

controlled by the e侃ciencyof pollination and the subsequent level of fertilization (Kawano and 

Nagai, 1986). Then, it is also reported that high fecundity, i.e., high巴nergyconsumptions 

to f巴rtilizedovules, in one year depletes plant resources, leading to greater resource clefici巴ncy

in subsequent years (Janzen, 1980). Concerning the Japanese Trillium species, based on the 

continuous observations of the marked individuals in the permanent quadrat established on 

the forest廷oors,most of the flowering individuals hav巴produc白dflowers and fruits continuously 

at least for seven years (Fig. 1, and cf. also Ohara and Kawano, 1986 b). This fact suggests 

that the flowering in thes巴 speciesare not affected by the different fecundity levels due to the 

di汀巴rentpollinator effici巴ncyin the previous years, and seed set is constantly regulated by th巴

amount of resources in plant, i・h resource limitation (Stephenson, 1981 ; Kress, 1981 ; Young, 

1982; Galen, 19851. 

Summary and Conclusiom:' 

The present study on the breeding and pollination systems of four Japanese Trillium 
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species clearly revealed that although these sp巴ciessubstantially possess the ability of both 

inbreeding and outbr巴eding,inbreeding is the predominant breeding system. Furthermore, 

subsequent resource limitation allows only c巴rtainlev巴lsof fecundity regardless of high fertiliza-

tion l巴vels,and as a result guarant巴巴B continuous yearly flowering and fruiting. 

Among four Japanese Trillium sp巴cies巴xamined,T. aρetalon seems to have di百erentiat巴d

further d巴velopedinbreeding system with th巴specializationin the floral characteristics such as 

lacking of petals, low P/0 ratio, and maintain high f巴cundity. In contrast to T. apetalon, T. 

kamtschaticum showed several xenogamous features, such as large white petals, high P/0 ratio, 

relatively frequent ins巴ctvisitation, seed productions in the emasculated individuals. It is 

known that this species has relatively high genom巴 a伍nityto T. tschonoshi, and thes巴 two

species frequently produce a tetraploid species, T. hagae by natural hybridization (Haga, 1937: 

Haga et al., 197 4). In this context, although the pres巴ntbree【lingexperiments did not show 

evid巴ncesof outbreeding by insects in T. tsclwnosliii, relatively frequ巴ntinsect visitation and 

occupation of similar habitats with T. lw111tschatic11111 in the southwest巴rnpart of Hokkaido 

wher巴 T.hagae is commonly observed may indicate the possibility of outbreeding in T. 

tschonuskii. In ord巴rto clarify the ecological mechanisms of this hybrid formation, further 

critical studies on spatial population structur巴sincluding plant density and also insect activities 

within th巴 populationsare needed. Accordingly, these criticai studies on bre巴【lingand pollina-

tion systems provid巴 usinvaluable information concerning not only the mechanisms of deter” 

mining reproductive output, but also the differentiation of floral morphologies and the mech 

anisms of hybridization in the genus Trillium. 
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Plate 6 
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