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The phytogeographical studies of Thermopsis (Fabaceae)
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Abstract The present article is the first comprehensive treatment of phytogeography of Thermopsis
(Fabaceae) in the world. Thermopsis is one of the few genera within Fabaceae with the distribution
pattern of the East Asia-North American disjunction. The distribution paiterns of 5 recognized sec-
tions {including a new one) covering 21 species in Thermopsis are analyzed, and the results show
four centres of frequency of the genus: the Eastern Asiatic Region (9 spp./ 3 sects. , including 4
endemic species) , the Irano-Turanian Region (7 spp./ 3 sects. , including 3 endemic species) , the
Rocky Mountain Region (7 spp./ 2 sects. , all endemic), and the Atlantic North American Region
(3 spp./ 1 sect., all endemic). In the light of the fact that most species and sections, a number of
phylogenetic series of the genus, and the most primitive sections and most advanced sections in
Thermopsis occur in the East Asia, the Eastern Asiatic Region might be the centre of diversity of the
genus. As the Trano-Turanian Region and the Rocky Mountain Region were just second to that of
Fastern Asiatic Region in number of sections and species, and many polyploids appeared in these
regions, they were considered as the secondary centres of distribution and speciation of the genus.
The speciation looks to be frequent and complex in these regions, and many new taxa have been de-
scribed from there while many new reduced or incorporated taxa have happened over there. Howev-
er, recent molecular data has shown that two reduced taxa of Thermopsis are distinet in these re-
gions. Based on the modem distribution pattems and evolutionary trends in morphological characters
of the genus, and available fossil record of the genus and the historical geology, we speculate that
Thermopsis had already existed on Eurasia and North America before the Late Miocene, and proba-
bly originated from an ancestral form of Sophora-like taxa with lupine alkaloids somewhere in the
Laurasia in the Early Tertiary or Late Cretaceous. After the separation of the two continents, species
on different continents developed distinctly under influences of different evolutionary factors. In
Asia, the late Tertiary orogeny, disappearing of the Tethys and aridity and freezing caused by the
Quatemary glaciation were the main forces to promote the speciation and evolutionary processes,
whereas in North America it was the Quaternary glaciation and the orogeny of partial area to promote
evolution of the genus. According to the evolutionary trends in Thermopsis and the distribution pat-
tern of the primitive taxa, Sino-Japanese Subregion of Eastern Asiatic Region may be considered as
the centre of primitive forms of Thermopsis .
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Z—o XRS5 20 AT T, R BUAR 4 T8 01 PO IRKOCR R (8 # 34,
FAFrA R 4 7) P L2 (7 FY 3 40 P AR R 3 R R LI (7 B 2 4 BN A RO R
KEHIERMBEG M/ A ARAEMN), ATUTHEL. EREPMEFEARBESHHESH HERE
ATLA B 4 R R A R R R R 20 P B A A A Rt (X S, P LLIA R 7R i X
EZRHBELT O RERC, Fl-T 20K (PR RBEE SRR K I KT & HH
RRTFHEEHRE, M H SRR L EAE TEXWK, H ey R4 R WA b0 e L. 7
TR e BE R R R R A TR E T F M F, B E T S R L A, R
Sr Y EIE R AW R TR X R A Y — B R B RN, AT SR Sy R 5O S
L AR R A B BR A S REHEA T A AL TE A, TEIR R FT 7 K BE L R RS LA BEHE 1T VI, i 51 1R
SR FEREREREY ORI L SRS RH LD AP LR, N R
AT FH 2 AR SRR, I EIERSE SRR KRS0 R AR R R % 2 Wi M R 2 277
L ROTRER T R sl 1 2 A5 95 Wbl BRI T — & PR S YA SR b . FRR
B AR R RAE TR IR T F AR R N, S =AM E SRS L is s
o eh g ok R IR ok IR IR I B AL EAL {8 T RAE 0 s 2501k s T TEAL 38, 88 mes s vk 1)
R ER#HMLEER, TR ZRAY RN IR L. REREREYHRRELESRIK
AR AU o T R KR - B A KT SRR A BHY KRR BRI L,

XA WERE; B B Bk

IR Thermopsis BT EHL B IEWHL, 8 4EE tib. Themopsideae, PR IE M
R LR PE B R tib. Podalyrieae 1140 B3R — 8, HHRE F# G.P. Yakovlev
(1972) iy, HERD 10 MELZeBEBEE A=/ I ERETREEIRILY
B (lupine) FFFE-S5ERIE trib. Sophoreae 3¢ A% (Tumer 1981), TEEIE L W R H 4k T4
BRI E . A4 TR BEREYR I IR SR EREL TR AR tb.
Genisleae , FF 5 53 9 % A R 2K BR 38 B (B Um0 )V R IR T IR R BRI L e, 3R FAT i
AL T 3 ( Cramer & Tumer 1967}, B FEHAIE A T EMM A ER Ammopiptanthus, B
K& Piptanthus , 5375 TR Anagyris, 775 FILE W) Baptisia . Pickeringia K ¥ -3t
EREHANHEERF B 1),

Thermapsis EEESE Robert Brown T 1811 LY Thermopsis lanceolata R. Br. (=T.
lupinoides (L.) Link) AHERXE ., ABERERT SR, HER-ALEE W 540,
MaEE, AASFE A BETHREAEE, ERBURFILFRE, &E— R aRE
B, ARAEYWHTFARMEET  EREER, GHANT 64 M, SREATRMIR A A
RMB PR R A T, Elt, B4 T E TR R

R %A Crefranova 76 1958 EARTHAHEBM A KFELE BERB a4 10
F26F0, 1970 & 1976 F M HERB RAE VM THRBR, HHT 2 4TEH .44 14
R 38F, BEHSEAMH1992)5 P E A K 20 B ERIRI G 8 R 3 ML HFIHA
Czefranova RELMY 3 MH(EH —dr=d W), HAR R A MM EL HEVE, MEREILR
BAREAESR 2R, RFEHET(1994) WL EM 20 F 7 SR ERBAY T 715
1T, BAJL R BB 1070 3 ARy, Kb 2 B PUAHE (Chen et of . 1994). FEkH
FEICAR L 18 0 (1998) B A sk B RMA RIEEE Ra s b M EHEEBEREERE
B Czefranova ZAR T T KRB TEE L. FBREH Ko SR ARSI EERN MRS



150 H oW o4 B F M 38 3%
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Fig.1 Distribution of trib., Thermopsidese.  T= Thermopsiss A= Anagyris; Am= Ammopiptanthus ;
B= Baptisia; P= Piptanthus; Pi= Pickeringia
HARR R — A R BRI - I E W A5 R . REERRR RS
BB Mz —. BT IZR AR AL, LS rl SR AT R BOR, X 20R B E

BB PR A R RIS AR R S AT

1 HREERSERS

MET AR AR AR X A, AL EE TR —TARMALRERB SN
R AR T Coefranova (1958) BOFREE, fF# WAL R VMR RE R IL AR
H e (P BOR A I TR B T — M, Bt AR S . AIHKIBR KRR
DRARGMT
1.1 pAEER

sect. | Archithermopsis C.J. Chen, R. Sa et P.C. Li in sched.

AR RAR PR T BIERIL, BH RV AHEH R, 10  BARIETHY
FEE A SRR RIR A, FERERT, YRR ATE (KR > 102 HL, M TFH
L H/N, N R, RO BB R RN AT 6 5P 1M (T, chinensis Benth.
ex S. Moore, T. fabacea (Pall.) DC., T. mollis {mich.} Curtis ex Gray, T. fraxinifolia
(Nutt. ex Torrey & Gray) Curiis, 7. villosa ( Walter) Fernald & Schubert, T. gracilis Howell,
T. gracilis Howell var. ovata (Robinson ex Piper)M. Mendenhall) BN TR AT
% AedbdE NS BER AR AL IEIE A L B A B MK T L R R A B B R A .
ZEREE T, gracilis BIAEILETTIE S , Ll KAABIRB SAEHIL X (B 2), /b
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sect.2 Pseudothermia Czelr.

A4 th ELADL/ N B A4 B — Bk UG AR AR , JIAE B2 nhR R B TR LY
FIUH AT WA AL . ST PP MR G ERK E < 10, FRAHYEAE
A BT 2 F (T, alterniflora Regel. & Schmalh., T. dolichocarpa V. Nikit. ), 7+ i T
G- 22 4 X 8 R LRI K AR - P X (1 2) . AR SRR /et B AR AR Dk, 3
BB i W AR R PR B WA PR LA TR E T R —/ 8, BREM R
PRI — S FRAE
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Fig.2 Geographical distribution of the sections of Thermopsis . Y. sect. Thermopsis; + . sect. Thermopsidella;
A sect. Thermi; W . sect. Archithermopsis; ¥ . sect. Pseudothermia

1.3 FHELHEEA

sect.3 Thermia (Nutt.) Ceefr.

AHH R BN BB R 0, B IR R A AR K ISR EMR . HaH
HX ST EREFREE TR S KIS SR T 0%. 4% 6
b 34850 (T. californica S. Watson, T. californica var argentata (E. Greene) C.J. Chen &
B.L. Tumer, T. californica var semota (Jepson) C.J. Chen & B.L. Tumer, T. divaricarpa
Nelson, T. macrophylla Hook & Am., T. montana Nutt. ex Torrey & A. Gray, T. montana
Nutt. ex Torrey & A. Gray var. hitchcockii (Isely) M. Mendenhall, T. rhombifolia (Nuit. ex
Pursh) Richardson, T. robusta Howell) 437 T ATV AR ¥ 2 98 52 Ly ok B HL<H0OE O 7E 2
MBI (P 2) , Ho R 1 A L S A i — 2 TR bt B AR 2 ol s AR L SR AL A T R 26 B,
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1.4 HEAR

sect.4 Thermopsis

ZAw 2l —REL Y AR 0 AR A AR, TR AR B S SR L AERE 1,8
FRK W <5, ERRTWHE, M THALT 10 B -RHEANELEY, AHT 7/
(T. alpina Ledeb., T. inflata Camb., T. licentiana Pet.-Stib., T. lupinoides (L.) Link.,
T. lupinoides (L.) Link var. mongolica (Czefr.) Saren et C.J. Chen, T. smithiana Pet.-
Sub., T. turkestanica Gdgr),ﬁjﬁﬁﬁ?ilwﬂ(@ 2), ARHPEA R, s e B
TR, A SIERRE, L RA TMIER , RE2TRERIL,

1.5 HLEEA

sect.5 Thermopsidella Czefr.

A R EER TR -2, DEEE BA S~ T HaEmiEn FR5EHLT
PETHRAT | FHEHBEKH TREH, HE 180 (T, barbata Benth.) K& 1 ZEFF(T.
barbata Benth. var. gyirongensis (S Q Wei) Z X Peng et Y M Yuan) , EE 5340 T AL HLIX 1)
ke R LB, P T A BB L 2 s X (A AR D) (B 2).

2 HERg—EHRRLES

2.1 AR B RIK8GE

2.2 HETIAEN: R —~ER =t

2.3 /pH BB

2.4 /PHHH KL

2.5 fEM 2B (AT FE G4  HE- 5
2.6 FRIEFIE: BA—R4E

2.7 B ETERH-FTHKISHHE

2.8 FHEM: X./DFH—KWH

2.9 MR HIEBERE B

2,10 fEMBIfG . B KR

2.11 ¥R B R B Ey XA ERE AR AR
2.12 FhF: poR B0

2.13 fEHE2fF 4

3 REREMHMESTRES

3.1 FEHES TS

W R WAL RSB, R TNA 1 R(E D, BRI TS S HRED
2o B AR AR R LU B, 1 S B A A F BT L B SR L B R 1L AR R L
HAREA SH (SIAF 2#),hlH 7#(SEER 37D, KILE 2 BOSHER 1
B AL 10 B (3 2), B 28 N, 54 PO A0 7588 1L BRI 72 L1 BR &
AT BRI, K R 1R,
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Fig.4 The gecgruphical distribution of Thermopsis. A. T. alpina; F. T. fabacea
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3.1.1 BWlEE T, adpine

AT T IR X, T8 A BRI I R IR - 2 X, & T AR
FEAAAITE (LB -gR e ) R E ML H R 8 . 1 S8 T P (HE
WeIR-EURIEER G KL R R-FUR) (B 4).

TR LB LA S LR TR o L R b L LR B PSRN, ¥
# 2000 ~ 4800 m,
3.1.2 KREE T. inflaa

AR EEAERFY-+ 220X, L TFRENTE AR S8 BHR HE . BE
$#H (BEAR IR ) (B 5) o AR TR IR A L B M OO BT A T 2 B 3t B
2% M A B A LI REA), B4R 3200 ~ 5200 m.

=1 UMEAEEREY AT
Table 1 The geographical distribution of Asian Thermopsts

# v | F0 | as o | | R | me | RS R | A
Species china 1902 Joran | Korea | Indis | Nepsl | Russia | oo | W B | sl
lia Kazakhstan Tajikistan (KyrgyzstanUzbekistan
T. aipina + + + + + + +
T. alterniflora + +
T. barbata + + +
T. chinenesis + +
T. dolichocarpa +
T. jabacea + + +
T. inflata + + +
T. licentiane +
T. Ilupinoides + + + + + + +
T. smithiana +
T. turkestanica + + +

3.1.3 XMHELE T. licentiana

& EISER, T HA S RII(E S) . B4ETILsRk EREUK L&
P A S YD B M et BES5 R  H ARGR TR YHb AR (RI R, JBEIK 1500 ~ 2500
( ~4300)m.
3.1.4 #ETHIRE T. lupinoides

AR TR, B, T TN R X AR X, [ Pk BT
B A SR K A0 -1 2 M X, 43T FERM (IR B R AR5, SMRRH T
%) FERARIT ( FHEMANiT, SRALT, FURE); RRMFE (RMhr-g=Elk, &
L MRS ) O (RIE-ENE, EERBETE, ERR-EBREHE, X
), FEREHNTFNEEY . WL, L. TE . 58 R WL ER.EH.
RIAREA S (E3).

AT ATFE T RERELE . o JE%E KM b T 57 L3 phek o
FR B BKIA] B R, 4R 600 ~ 3400( ~ 4500)m.
3.1.5 EEHEE T. snuthiana
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KEAEMH, Aaofh TRENW R/ (E 6). LTI Esh, %R 3500 ~ 4800
3.1.6 FBHEE T. twhestanica

KIFFER. REFBAILAN2H (B 5). T I EH 5 WM, Bk
1200 ~ 2200 m,

#2 RREREYBIELG
Table 2 The Geographical distribution of North American Thermopsis

X T. cali- |T. dive- | T. gra- [T. macro|T. mon-|T. thom-|T. robu-|T. frax-| T. mol- | T. wil-

Region Jformica | ricarpa cilis phylla tana bifolia sta nifolia lis losa
+
+

Alabama
Georgia +
Maine
| Maryland
Mussachusetts
N. Carolina +
New
hemisphere
New York
:f’enmsylvau;&
S. Carolina

Tennessee

+ |+ |+ [+ |+ 14

+

Vermont

o+ |+ [+ |+ |+

Virginia +

U.5.A. | Arizona + +
California + + +
Colorado + . + +
Idaho

Montana
Nebraska
N. Dakota +
Nevada +
New Mexico + + +
Oklahoma
Oregon + +
5. Dakota +
Utah +
Washington
Wyoming + +

Canada

3.1.7 EHRET. barbua
SHTREFE. W AR . 0. E BREHECGIARRBE). BIER. 8%
MATHUA DA (E 6) . WA TR ILILTERA # R L B BREg, %R 3000 ~ 5000 m.
3.1.8 BEAWHEE T. altemiflora
KA, BRTREFERH(E S) S /REE. AT U s RTs
Erg, W ATE 3600 m,
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Fig.5 The geographical distribution of Thermapsis.  A. T. altemifloras D. T. dolichocarpa ;
[. T. inflata; L. T. licentiana; T. T. turkestanica
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3.1.9 KXEEL T. dolichocarpa

HITF Ak R-FI#H X, P8 R8T (E 5) . TR T R#EMP, B
1200 ~ 2200 m,
3.1.10 /MHEHE T. chinensis

AR FHRWHX 47 T/ EREA L L5 L. BARAa4h (E6). AT
. BE S FeHh, ¥R 100 ~ 1500 m, HAREEZH,
3.1.11 FRER#E T. fobacen

AMTFER (BEMEL FURE(ERS) B8 550 EEHE, ERT
REMEELAFHRE 4. EFREREFDH, FEKT 1500 m.
3.1.12 MH#EE 7. favnifolia

435 T 56 B BT BB B2 WP L Bk A B P AL 5 SR LB B R M AR TTEH T
MBS FLE (F 8), EH A TEMS, LA Rih S EER N MEER, B 100 ~
1200 m,
3.1.13 ZFBHEE T. graclis

W PO AR, 43 A AR JE M AL A8 S BR B A BB (B 8) o AR T4 LD H 2pk
B, MR 100 ~ 1200 m,
3.1.14 RERE T. mollis

Sy T 3 [H e R 3T AV 1k A BN PE M G B kN B R B R AR
RWEDH . ERIEMN(E9), BHAETM. PILH, ik 300 ~ 800 m.
3115 KEHE T. villosa

BF A B0 KBRS, A0 A T3 E P B 2 WL PR AT R BRI E T =
W ERat, BaT, WHEHT EREFEFATHETM I RZ RPN HEFREM.
DR XM EAERTM AAM SEEEMN FEMT RN EEMNEE 7). BET
AR B S, ¥R 1000 ~ 1600 m,
3.1.16 MM HEE T. californica

RAmmMARERIEM, H 3-SR4 S0 B RS CRR (B 7). T. califor-
nica var. californica FAETIMPRER, £ FESFEMEMN P, 8K EFHZE 1000 m.
TR E IR T, californica var. argentata R T. californica var. semota. RI& 4 T H &
WA P T , B4R 1200 ~ 2200 m; 5 &£ THRA T AR, & 1000 ~ 1500
3.1.17 BRAKE T. divaricarpa

S TEEERLKORIS R M AN RRBEIAMNE 7., FBETFTRR
WeFish AR K S5, AT IR FMRSIR A LA, R 2000 ~ 3000 m.,
3.1.18 AMEHE T. macrophylla

H W F AR e T A Santa Yuez Peak 1WA KE—BRXIH(E 9), £ FimILTRAL,
LKA R RN, I 1000 ~ 1400 m,
3.1.19 WLibEE 7. montana

Syt FIFFE LB R g R LK Z A & IR BB XN R M R R M AR A
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ek A BB B M R ERIEM RPN (F 8) . KT HEILERYLE,

YR 2000 ~ 3200 m. HAERE var. hitchcockii = Mendenhall(1994) 224 F ARG WFE, KB
126" 105°

[N RERRN

LT TS

M7 HERMYA I A
Fig.7 The geographical distribution of Thermopsis. C. T. califorrica; D. T, diwaricarpa; R. T. robusta; V. T. willosa

Hs EEREYE RS
Fig.8 The geographical distribution of Thermopsis.  F. T. fraxinifolia; G. T. gracilis; M. T. montona
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F 2 KT H e DNAJFHI, WIIRE B — DR, A T, montana BEHRKE
KER. D FEBEM, T. gracilis var. ovata & Mendenhall 2554 F R G55, &
BL DNA FPR s, REFE S SEAR R B HGE M 5r 2801 B . 8 A S S EH,
BATARES T. montane 35, M5 T. gracilis FHFEEIN
3.1.20 KFFEHE T. rhombifolia

SRS, EAEERNEE LR EARTN TR (B R SR 2 520 J i
T8N BB 2 M ARARH L AR RTIN M R R B M B AR L JE R BB M, dL
ERHALAEE SERER FUEMERE, KA BRC LB AZIKARILE B XM
AEREIFE (E9), AMEILEHERPAIMES AEERAHN KR, AV L,
K+ MR R EERA M R . AR ARG 1000 ~ 2000 m Vb HE A A B R
FRHEZ IR 3500 m 491U AT REA: K,
3.1.21 #HXHEE T. robusia

R F A AN AR (| 7). AT, 4K 150 ~ 1500 m,
3.2 EEENSHRES

AR A REREEYILT 21 F 6 AF, 1R 88 Takhtajan (1986) B FAEYIX &
TR, MEEXNABEY X RBHEI T T . AREYLBETFEREMAYER, 4
RTHMEYER, B E R (ERERIL X R TSR KPP #
MY JER YK ) Zﬁﬁﬁl@ﬁﬁ%]ﬁﬁ(ﬁ*&ﬁ i“#ﬁ%&lz)a

\*\%\ )
\@i

;X =
R U W ¢ W P

B RERMYIN IS
Fig.9 The geopraphical distribution of Thermopsis. R.T. rhombifolia; Ma. T. macrophylla; M. T. mollis

30°

3.2.1 ERX4E.MHESTRILE
R4 Takhtajen (1986) XF{H FAHH X R AR5, SHAEBHAAE S 5 MEYHK , 4
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BREAE LI 3 (B IS RaIE R RN H& KA N E DH
FUINT AR HLIK (8/3) (L 4 AT R 8, A BHURAL R, TR, -1 223X (7/3),
SESIHBIK (772) , RPEPEALEH X (3/1) , BRdb 7 #1 K (2/1) (ML X AR 5L AR 1 AR SR 8t
), KUK ERL IS BEES fr, T TR E N R Rk, t
B~ 2 B PR R AR X /0 AR MO R, LA e 7B LR R AU R AT SR W
S S FEE R X M A RS, (IR AW X % b — L, S RTETE
LXK 3 F—HE, PO

#3 WHEBMEYNE TR
Table 3 Florstic areas of Thermopsis

e TR 0 X AR
Tethyan subkingdom Boreal subkingdom

-+ 2 mIX T MK FRIFHX #wRpX | KFEdLRME
Irano-Turanian Circumboreal Eastern Asiatic Rocky Mountain North American
Region Region Region Region Atlantic Region
alterniflora +
dolichocarpa +
licentiana
. lupinoides
alpina
smithiana
turkestanica
inflata
barbata
chinensis
Jabacea
. fraxinifolia +
mollis
villosa
gracilis
rhombifolia
montena

+ |+ |+ |+

+ o+ |+ [+

robusta

. californica

. divaricarpa
T. macrophylla
BEFH Total 2

AR B
Endemic/Total{ % )

IR IR IR R R R el el b

e P N R B

100 42.9

=]
8
8

3.2.2 BREHFMALE

SAE RIS T S628 , T B KRS A S A KR, TERERT K
5 AR B e BRAL e K AR RO, AR W R AR B 2 K 43 B 50% & 42.9% 1Y)
R RIS 1. TR BTS00 X B BHX , WP TE 5 2 B R0, W e L R AR
PR, TATEATEPEIL 2 Bk L K B A R B R 4 A AT, BRI K AR R R W
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T3k, ZA7E BETINE RN A LR R R AR . BT AR LB R S5
NS [ R — AN, AP B A I AR, R E T R E B R, AT RE A 5
5.
3.2.3 HERETENSH

FE W EEREYE 34 0 ®l, Hib 2 #p g R, A5 4 & iR S4ER
AP 60% ,F i 42.9% . R RERIESI R AE M H 20 EF, 0 H At 5
£ FTABST AR R B4 S HETHER R BB, RIERER(1979)
P EESX R KRS, AREPEMAGIR 4, FUREBK(21), RUHX (3/1),
R PERRHBIX (2/1) , R FRHBIX (5/2) , WFDOR /R LB T M IX (4/2) , VS B b e b X (27
2), FRACHIIX (2/2) , ALK (372) AR MLIK (/1) , TR B HLIX (1/1) , TR B D s IX
(3/2),

F4 HEHAEREDMELS G
Table 4 Geographical distribution of Thermopsis in China

T. bar- |T. chin-| T. in- |T. faba-|T. licen-| T. lupi- | T. smi- |T. wurke-| SFEHE
bata ensis flata ceq tiana noides | thiena | stanica | Total

7. alping

KX
Tianshan Region
spE PSR b X
West central Asiatic + + 2
Region
AR AR X
East central Asiatic ¥ 1
Region

e g X

Tangut Region
WIRRBE.
FIEH X

Parnir, Kunlun,

PS8 S o (X
West Himalaya Region

ARt

Notth-east China Region
L X

North China Region
R :
East China Region
E s 1
Yunnan Platean Region

BT L BRI
Hengduan-shan Region
R DHRE

X )
Eastern Sibirian
Region
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4.1 HHXAER

HABE R R TR b W KR, X 5 RAEA (1990 (A THE YR
B4 A KRR 2 — B, BPEIR A 5 4 21 FRAY 4 4118 BT TR B AT R, H
A AR ) 2 R R R A SR B RO IR R B 1 AP R
LB AR+ 2 %, B e T it UG 2 RS SR T i i i R S i i K AL 2
Ak, A A e o R AR A — IR . A B F AR AR AT X )
FEA-1 2L M X,
4.2 SEHHD

A A X R R TR F AR O H 16 e 3 X, BRI BE P L @R AL
AR Z B PSR C . R A M K A SRR 7 UK
VR MK 341 8 FUSAR 4), 5 BRI 33% , FR LK 2 H 7 F (5 ¥H L
44), & 30.4% BH-£ 24 41X 3 40 6 R (LB 3), T 26% .

GHNEEN RTBKAY T 34, KB FZBHRALERE AT, MEA B E
B N A A (B PRREZE 1992, Yuan er al. 1990) , IRAEAMGE) T 3G 4 J BOHAL R AE
FEAERERILNE R, BUAE R ERFARMYHERI R P OZ— R
FK R L, TR K R - L 2 S X (S PR MR- LA SRR
% FEDRTE ALEEAE) B FEEREL T REARE, EERRMTER,
WA, SAT RIS A THE LR, B, 248 f K E P BRAEFb. H
FRAR N ZEEESERA, YA 2 E MR T EH S XK L PREEM
F AR B3 (Chen et of . 1994, B IFHES 1992, Isely 1981) . AT, BoEHI5T REF
B9 AR T A S0 36 1 K RE LA IS 19 DNA 50 KR BB AT A5 Pk
B, UIKESEHE TENNARR, 10 T. gracilis var. ovata X T. montana var. hitchcockii
(Mendenhall 1994), X FA7EREESIFR X BERK R P (FDHHE, L. FE
L BIENAALE BR 9 2BE , ot BB A BB T IRF b B, SRR I

A3 TG VeI, 36 M K 5 4 i 25 00 ) 2R 32 LU BREG 3 R4, MR FALRE
AT KT BRI R 0 | RN S RRE. X 4HRE
AT R M KB AR | F A e (R 28 USRI EARMERAH
EHFRISE R TH G M/ S, B I E i i I BE R BN =L
BABRER, BAETREEILE R

1Eh E AN RN 3 41 9 B, it AL BB RN 42.8% , B TR IX 1
o, IR ES A WA B A A st . T ARAL B 4R (T8 B0 B RIFHR K /Nt J 4
4] B T R FE R R A B AL R T . AT TR ST B D3
1 LA B R 2SR L A B AR, TR R A K T S X BT A B
4.3 RiEetESibRa RN

W RA BRI TR -3 (R ) B 4 i 4 R, R 5 R BRI ER LS5
AR MIZE R . TEBUE AR BE 2 SO 0 40 A T B — i 4 7 BT | T JE 7R TR A7 B



214 BB % ERRERAYHENR 163

Pefi g LK, B, W ERFERM EEEE. AtZ 2 om e ERNAAICRHER
T 3R ARE REEM LT LG TN . © B AR EE KERKK
S TP BRI MDA F R RICEFGREE Pickeringia J&, CAITE N E AR,
FAEH CERA 7 MR R T B AR B R 87 #9268 (Yuan & Peng 1991,
Yuan & Chen 1991), T B S EMREARE LR, Hith, HEM ALK h ik S i — oy
M R R, R A ek x =8 FIM A EL IR B E K x = 9 BB 5 (Tumer
1981, Crammer & Turner 1976), RAE4i(1983) IAh WA FREFE R BR S, ER T
Poif , S AR AR B R, QHEER S TILERTBE Bapisic BEINEF
FEE M LG R EAS LERS N BEE R —E4AR, ERE MR, R
AR UEER, J5 E R BB R F AL KT 4 B (Tumer 1981), QBB S5HIE
KRBT EEHRHE BEENIEZERL  KHE4  BR— AN E-FLRHR
Sy R HBATEE RS, EWEZRHIEg (1982) 15 H A9, BHEARHE AT BB M 53 Hy
K, ER=LPH AR TERESRRM . B (1992) AN ERESHE4E
AREEETIL TR HAE, KRB ENER, EARSERK AR, 528
EChZEABANMY (MR RE 5 AT Bt BTN SN DR F R, FE R RN R
S A TFRAMAE. OFEBAIFERDE -BWNIHE.

PLEILGH R ERAKITREN I M X B R EREATR, Bl 504
% . Baptisia %EILFER— i iy AT A ZNRTE 1 & PUE S A PR i HLR AR B, 31
B b REAERTATE, FHI, X R R A AR LR R R,
BT ERRRTREE R,

Raven & Polhill (1981) X151~ SAREYIH IR 46 XA BRI T 5 A R &
BAYEH TR KR . Hsu(1974) RIFAEVERM K Z K HERE Thermopsis prebarbata
a ARPHFREEREYC RN ERSENEREZ —, B, EEEHEYYZE
TEH R LRI, B ZE AR, AR L S A ELKRT K
REFIERMTER Z R R 280, BERBHY, FHRZBWELEREERT KRR L
CBER. LELWEEBEAE, BPERENEE 4 LR LR U2 54
4.4 MMM IBELSHREAE

B THREB =L, BT RPEEREY KR RER O 5 4 % B M RO K B 1632 KRk
KERHER, SHTERARR EMRERMAY, A BIREAENT & B ik,

i, e, ATEHERMYREEMAMSERENE SR EEILZH BEE
el Bk S B R R R, A gk, K KB T SRR AR N
FBLKHEREN, FHETERESPE ZX R TRESAEL LS, %
H: A (sect. Thermopsis, sect. Thermopsidella) ThBETEXPHEALT b HAEH 4 5 8 fRH 5%
AELE R T RENIE, FMEEmEAERY. CESNBEARAT, f FR k. Ed
HNEE T 4RI BT %2 (speciation) , JEASTEE 4§ RO 2678 il FE 70 BOR AR A9 R T 3 4R4l
sect. Pseudothermio (BARRE T AN, BEE K, EXEELT, THEE. ¥R TE
%) ; FIHE4L sect. Thermopsis (FE562L (B E B R E ., TRE I 01 & B ) 0 & 10 KA EE
BT B R BN AL AL 5 A4 IE B4 sect. Thermopsidella (TEAT) 5 5440 —RER 4=,
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AR A REE L ERH) . 470 TH R ELORET KRR EE
T SRR L2 B B S VAL oK AR AR S AR B T IE R BRI EHE (T, chinensis, T.
Jabacea) o AT (K BEAESM RS 5 E B R RS LLGE BB A, A ¥ R AR T
ok I RO B2 m T T LA T U SR SR AR S i

R4 T M B A4, 7EEME R A A4 R L B A KA [ T M
AL R, HRAL R = A SO N X B i R B 3 1L 3 S R SR AR, 5B
V043 3% Bl BRI £ L R ERR T L R I 3 = 48 3 LB AR A SR, TR R 1 4
SEEARRT R, o T AT ISR IE B L BRI S5 1) B 1Y 7 HE R T AR R R FE vk I 4
FEIR , 3625 AT AL AL, N B X R AL, TEIL X P TR X B B R R A T B
AL AL F A B, BIVE S B sect. Thermia (TEH 40 4E , M RIF DRI AR, 35
SR P TR, S KSR . YRR LK AR R R B T A RV X 2 UK M Y
98 B K L R R HE ) SRS ), WA TG [RERRAS ) 431 3t DX A7 7 AR [ R AL 258, ey 3 ) o
PSS T A A . W ILBRA R T IR K LB S KRS SR R
B0 , BRI A 3t DX A S AL AR ST BR, B B A R A B[R] i X 5253 i 3 JEE A
SRR RN R, LSRR, T H SR E R MTKE, W B 25 ML
VK IVVE B R AR R A/, BRAR B T SRR IR AR . A BURREI A IR,
WUESE T TP sk A SR R B RS AL R 2 SR A A S AL B 2B 5 ) (I 10, B PP
A B R AR HE SRR B A P R B RO — B, B SR A IR RAH R
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Fig. 10 Sketch for evolutionary trends of Thermopsis under the influences of aridity and freezing
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ML o 9o, R St X o - o Gt Xy B S AL WD T B P T P R 5 = 20, T
38 3 WO AR F14E 26 2 [R] R P VR AU AR Btidf B AL B AR B TERX IS, R Dbt i X 32
TRE T EL KR, BB R SR A v RRE I AU B AR, B (W e AL SR Y.
VFXRE I S AR IR T T AU DG R A 1Ly vl DXORI A7 1 b 5 X 1] By 20 AR 6 6 — TR
A

& £ X M

Atkinson E T, 1980. Flora of the Himalaya. New Delhi: Cosmo publications

Chen CJ, Zhu X Y, Yusn Y M, 1992. Cytological studies on the tribe Thermopsideae ( Fabacese) T . Report on
karyotypes of eleven species of four genera. Cathaya, 4: 103 ~ 116

Chen C J, Mendenhall M G, Tumer B L, 1994. Taxonomy of Thermopsis (Fabaceae) in North America. Ann Miss
Bot Gard, 81: 714 ~ 742

Czefranova Z, 1954. Species novae generis Thermopsis K. Br. Not Syst Herb Inst Bot Nom Com Acad Sei URSS,
16: 207 ~ 220

Czefranova Z, 1958. The materials on the monography of genus Thermopsis R. Br. Not Syst Herb Inst Bot Nom Com
Acad Sci URSS ser. 1, 12: 7~83

Czefranova Z, 1970. Species novae generis Thermopsis R. Br. Nov Syst Pl Vasc, 7: 211~ 212

Czefranova Z, 1976. Species novae generis Thermopsis R. Br. Nov Syst Pl Vase, 13: 174~ 192

Goldblatt P, 1981. Cytology and the phylogeny of Fabaceae. Advances in Legume Systematics, 2: 427 ~ 464

Hou X-Y (f&%48), 1988. Physical Geography in China{Phytogeography). Vol 2. Beijing: Science Press

Li P-Q (ZEMEH), N Z-C (i), 1982, The formation and evolution of Fabaceae in Xizang. Acta Phytotax Sin
(Y EFER), 202): 142~154

Lu A-M (BR%E), 1982. Studies on phytogeography in Jungladaceae. Acta Phytotax Sin(fE# 7+ 222 4), 20
(3): 257~ 271

Peng Z-X (ZFEPE), Yuan T-M (EKBH), 1992. Systematic revision on Thennopsideae ( Fabaceae) of China.
Acta Bot Boreal-Occident Sin( FHALARHI¥# M), 12(2): 158 ~ 166

Polhill R M, Raven P H, 1981. Fwvolution and systen.atics of the Fabaceae. Advance in Legume Systematics, 1: 1 ~
26

Raven P H, Polhill R M, 1981. Biogeography of the Fabaceae. Advances in Legume Systematics, 1: 27 ~ 34

Shishkin B K, 1945. Thermopsis . In: Komarov ed. Flora of USSR. Vol 11 (English translation) . lsreal program for
acientific translation, Jerusaleum (1971)

Takhtajan A, 1986. Floristic Region of the World. University of California, USA. 522

Tumer B L, 1981. Thermopsideae. Advance in Legume Systematics. 1: 403 ~ 408

Vedensky A I, 1981. Conspectus florae Asiae Mediae, 4: 17 ~ 18

Walter H, 1979. Vegetation of the Earth { Chinese translation by Ecological Department of the Chinese Academy of
Sciences, 1984). New York: Springer-Verlag

Wang H-S (L4 ), 1992. Floristic Geography. Beijing: Science Press

Wang W-C { £ 3CR), 1992. On some distribution patterns and some migration routes found in the Eastern Asiatic
Region. Acta Phytotax Sin(MEY5 73385241 ), 30(1): 1~ 245 30(2):97 ~ 117

Wang W-C (), 1992, Vascular Plants of the Hengduan Mountains. Vol 1. Beijing: Science Press

Wei $-Q (F83F),1999. Thermopsis. F1 Reip Pop Sin. Beijing: Science Press. 42(2): 397 ~ 411

Wei 5-Q (FEF), 1984, Two new species of Thermapsis R. Br. from China. Bull Bot Res(CEIHITRFT) . 4(2):
136 ~ 141

Wu C-Y (BAEHE), 1991. The Areal-Types of Chinese genera of seed plants. Acta Bot Yunnan{ z= BgAE ¥ 5T, 14
FIV), suppl IV, 1~39

Wu C-Y (R{E4E), 1985. Flora Xizangica. Vol 2. Beijing: Science Press

Wu C-Y (R{EH), 1983. Vegetation of China. Beijing: Science Press



166 oW o4 ¥ FEOH 38 &

Wu C-Y (RAFESE), Wang H-S (FEfi), 1983, i HAMBGEY ) . EA}. Beijing: Science Press

Wu C-Y (RfL%i), 1979. The regionalization of Chinese flora. Acta Bot Yunnan (=EEHWR), 1. 1~-22

WuLF (RE%), 1943. (Translated by Zhong C-X et of . {P5{5 5%, 1960) . Introduction to Historical Geog-
raphy. Beijing: Science Press

Xu R (#:{=), 1982. Evolution of paleovegetation in Qingzang Plateau and the uplifting of Qiingzang Plateau. Acta
Phytotax Sin (FE4715r28%4% ), 20(4) : 386 ~ 390

Yang C-Y (#B7/& ), 1987. New taxa Thermopsis from Xinjiang. Acta Bot Bor-Oce Sin (FEILAEZI2ER), 8(1):
55~ 57

Yuan Y-M (A ), Peng Z-X (1), Chen C-J (FRFEH), 1991, The systematic and ecological significance
of anatomical characters of leaves in the tribe Thermopsideae ( Fabaceae) . Acta Bot Sin( #2238 ), 33(11):
840 ~ 847

Yuan Y-M {(ZK8H), Chen C-J (BRZH), 1993. Anatomical evidence for phylogeny of the tribe Thermopsideae
{Fabaceae) . J Lanzhou Univ { Natural Science) [ *24H KE2M(H MBI 1, 29(1): 97~ 104

Yuan Y-M (EAKBH), Peng Z-X (ZEEH), 1991, Pollen morphology and its systematic significance of the tribe
Thermopsideae ( Fabaceae) from China, J Lanzhou Univ { Natural Science) [ 22 M K228 (B HRFERD ],
27(3): 84~ 96

Yuan Y-M, Peng Z-X, 1990. Leafl architecture and its systematic significance in the tribe Thermopsideae ( Fabace-
ae). Cathaya, 2: 29~ 40

Yuan Y-M, Peng Z-X, 1990. A revaluation on morphology and systematics of Thermpsideae (Fabaceae) from China.
Chinese J Bot, 2{2): 141 ~ 149

Quaternary Society of Japan ( H 435Ul F&40), 1984, Swdies of Quaternary in Japan. Beijing: Oceanic Press

Scientific Expedition Team in Qingzang Platean of China (37 E Bl Be %5 FALFH 20N ), 1983, Quatemary
Geology in Tibet. Beijing: Science Press

feE e

AT 37 5 5 A0 TS P E /b E B REAM T RBHMA R R R — 30
B 2. B3 FE 4 B de. searsii(a) LK Ae. sharoensis, FF 53k B # Bl Liu Dengeai, no
number, STREFF S A SHA - B, $FHLEIE



