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A Preliminary Analytic Biogeography in Caragana
(Fabaceae)

ZHANG Ming-Li
(Kunming Institute o f Botany, The Chinese Academy o fSciences, Kunming 650204)

Abstract The analytic biogeographic methods, including the Component analysis, Cluster analy-
sis and Minimum Spanning Tree, are employed to treat the area relationships of the genus
Caragana. The distribution region of Caragana is divided into thirteen areal types according to the
floristic regionalizations of Wu and Takhtajan. Seventy—two species and twelve series occurring in
the areas are regarded as disribution characters. East Asia and Tethys are classified into two
groups. The former includes Far East— Northeast China, North China— Qinling mountain,
Hengduan mountain, Himalayas and East Asia subtropic areas, in addition to Mongolia plateau.
The two areas, i.e. Far East—Northeast China and Altai—Sayan have a close relationship. Based
on the area cladograms, the evolutionary directions of the areas may be considered from Far East
—Northeast China in East Asia and from Altai—Sayan in other areas. Having summed up the
area relationships, the distribution of the more primitive groups especially Ser. Caragana and the
congruence between phylogeny and distribution pattern of Caragana, the origin of the genus is in-
ferred in eastern Siberia at the Late Miocene to Pliocene of the Tertiary. The ecological adaptation
could be explainated from eastern to western and from northern to southern areas, corresponding
to the environment from mesophytic to xerophytic and frigid, this supports Komarov’s (1909)

viewpoint.
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fio MEDRRES ABARETHER . KN USEENERLHNHES. XEIHXMHEE RIKBR
ERR B %(1979, 1996)i B | Tk DX Fus A Ak iR1 (1988)“ 7y F R BES:, (HAMABTY K. XEHHEHLE
—S 800 B ARM R, P X RGRVARE, FETX R, HEFHET.

2 9HRHE

KB ER 134024, B85 72 FGKAE, 19970)3F& B AKX, FiFnFE 1. ETEHIETX
72 B R R AN S KRG, 1997b), HibhA T R % (F# 2)o
21 #BRH

RAEHHEMMES, RBEXFHYUEN BN EE, FESAHBEASEARSEERR, —&
xR, Bl C. jbata, IR EF A RAEM L7, o AERIRE-GEEY, 4Eibilib, B
W, Ky, Mk /R-FI8, C. tibetica 53 A LEBEMT 1L =71 ki, $B3EWL, RE R, C. opulens 5y i ER w1
IR, 4edb, ENLCA R R L8R, B S ESEA0E/REEEX ., T oAl BB, BRI,
FEBELZHEPFEREX., FREMIE, A 21 F, Kl 14 #, S IR EDRREEAENERS
)& 138, RUEBEHEDUTREARGRE Y Pl MERPHXRBHFEMMIIMEBE, REY
FEEHRH., SIABRER-BEKRILE 285, X8 C. arborescens BIE C. futicosa (Pall.)Bess., C.
manshurica Kom. %, B, RN H—AEAFIES 3 Fi,

%2 RIDHER RARESHZANIHB S HE

1, X3 %% 0)

Table 1 12 areas and 12 series distributions

22 RESH

H T Komarov (1909) & f Bt 2 B 4 17 &
HBE,FIUARBIAORBREEMN S Al
ft. SHBIHRL, LERBZHTRES

(present with 1 and absent with 0)

FarEast

100000000100

9 #&, Kl 8 &, KWLl 7 o A, BRI

AltaiSayan 110010000011 B EEAANTS | R, A EEA—REE
Mongoliap 010001010011 ’
NChinaQL 110010000010 b, RET#HKN, B EX—PETE2 K. 2
Hengduan 101011010011 B R & Ser. Bracteolatae, I E DR 4
Himalaya 001011010001 i, Ser. Ambiguae b 8 B X ¥ A .
BalutAfgha 100100000000 Ser.Frutescentes 4 7 B/, (U0 % B O 5 T
CentrAsia 110011101011

- N 3 A
Tianshan 100011110011 ARBE-FIEITH, £ 134X P 114
PamirAlai 100011110010 #Hor Ao
FupWSibrTun 000000000010 23 AMeH
EAsiaSubt 000000000110 ch LS 4 | FKill, kR34S

HEFEATLHRA, IFRZER—RER

. FhAKEAxELHR, BX, RHEE—AEARAAENREERTREA 2 ERANH, ARO A
X R, ENES i L RAMRAMARE TREN, BnEZ KL R SHARGL, 56T
LIRS X B F R, T B2 AR EDE2AR, B2 AmAMR, RAOGFHE T, RH4M 06 LER
B, WUFHER T o AR — A LH,

3 HESH

3.1 % 9 #7(component analysis)
PR Sy, 355y KA 1 A-4) K (clade) T4 45 X 0 4 2 BE 7 B 2 19 72 % (Humpbhries et al, 1988)0 &
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SO MR A RAISY A M EE 0 BT T BB, BRI AGR WM L, REMUL, ELAD X RKEN
3 RH, B LA 4y X B (cladogram) b # il 49 B 4> A X 4> % B (area cladogram) . H Nelson % (1981) LA K
Zandee %(1987) %42 H T 3 MRIRLAK, BIRFH HC BB #&. AR A Component ¥ (Page, 1989)
AT o
S BICER AR, 1997b) s | IR T TES &%, B T TRERNSBNE 13 1 12 AR 8
W5y X B, EERFRERN S XXRTE, )
(arborescens, (decorticans, (boisi, stipitata), microphylla, (brachyantha, (((acythica, (kirghisorum,
(licentiana, opulens))), (rosea, sinica)))))) (1)

(arborescens, (decorticans, (boisi, stipitata), microphylla, (brachyantha, (((acythica, (kirghisorum,
licentiana)), (rosea, sinica))))))

(2
AXEERBEENHTERIE, (VE -2 XPETRABHEX AR, WRE A28 ; (2R

EEREENR. APARBRE, G) Y2 AXAERR Y X PN, WREFLH 4, RXEFHX '
Lo B h A R (A AR R & %, AL FRA

A (1)7E B ik (Assumption) 0 FE3 3ANEL KRR EIH LA X 52K HE, LA Nelson —B RG] 1
A~—3i ¥ (consensus)i, B 1, H Strict 1 Majority—rule —B# RN AR figtER SHE | MR, &
Bk TAANSSKERHSHAX O XERB 2K ALK, H 62,357, 1154 m—BtEoiE3AH
SHELHHFBRE, ERFER, Bk, £RIE 2 TUHELTRRH,

Far East PamirAlai
AhaiSayan Himalaya
PamirAlai Hengduan
Himalaya BalutAfgha
BalutAfgha EupWSib
EAsiaSubt Turan
EupWSib Tianshan
Turan CentrAsia .
Tianshan E AsiaSubt
Hengduan N ChinaQL
N ChinaQL Mongoliap
CentrAsia FarEast
Mongoliap AllaiSayan
B R SE R FEERR 0 FH B2 MRQEYXERIFHRERIE O TR
{4y A7 X 4> % B, Nelson &+ Hy4r X 5> X B, Nelson &#%
Fig. 1 An area cladogram, Nelson consensus tree analyzed Fig. 2 An area cladogram, Nelson consensus tree
under the Assumption 0 for Caragana distribution, based analyzed under the Assumption 0 for Caragana
on the original simplified taxa cladogram as in the formula distribution, based on the original simplified
W taxa cladogram as in the formula (2)

R (DEBE 0 THR I AERHYHE S XE, B2, £&IZ 1 THA 127, sSRABRRATHE D
% B, 5%t Nelson. Strict fil Majority—rule — Bk R B AT g AT, 2 BB B — /X 4 X
M, {(B3%# Strict Bt, 13 Ay K 5224517, Hib &2, REIH B0 EA(E 3, B 4), £RIE 2 THRRBIHHE
He o


http://www.cqvip.com

D000 http://iwww.cqvip.com|

18 SREBAER: BR58 JL B BT AL Y 2 BT 5
3.2 E¥45#Hi(cluster analysis)

PA 13 A2 M X R H T D REAE, 2 BIX AR, R, AHRMBIBEREHETREDH, 247 1345
X A ARLIEX R

PE#E Jaccard MU R %, UPGMA 3: % 3 (Sneath er al, 1973; Brown et al, 1983), B NTSYS it
B

Mongoliap
BalutAfgha
PamirAlai
Himalaya
Hcengduan
N ChinaQL
EAsiaSubt
Far Easi

AlaiSayan

EupWSib

' Turan

CcentrAsia

Tianshan

H3 HRNQELY XEHRAFRERIE O THE A4 MHRNQELs XEREMEERIR O THEIM
By5r 751X 53 % B, Nelson %8 5 A X 5> % B, Majority—rule ¥
Fig. 3 An area cladogram, Nelson consensus tree analyzed Fig. 4 An area cladogram, Majority—rule consensus tree
under the Assumption 0 for Caragana distribution, based analyzed under the Assumption O for Caragana

on the original simplified taxa cladogram as in the formula distribution, based on the original simplified

) taxa cladogram as in the formula (2)

mERAMSHE S, A2 HCEE LES TOAHAKE. Sk E 2o 35 HEAFRR R T
B BARADHEEZRMHELXREERE S, B 6).
3.3 B/hERA MST(Minimum Spanning Tree)

SRR, RO AEM, M 134X IHE Jaccard R, LA LR B/ R B (Sneath er
al, 1973; 5k BIEE, 1995), JF L F NTSYS % f4-2, WE 7. B 8,

4 ZR5HE

4.1 NLRAESERGEH

DAL 3B BB A I ME ZRARXRARELS T &, EXEBEMNETRY 8, BAYERIEMARLR
EXAREM L. B LRI FERFEN, AT AL I RBES, S XEENRE R, £ &L KB,
BREBRFTILAED, ATXHERIR, NEEE, HFA —EhERYE. BILI AKX ZXEIHR
ARMBHET AR AXXROHBREERNLER. BF, R, AN HABEHS, ERIHABRARS

fi b, RO BB EN, BRI H A S 858, B AT S5 RBE, DURR I 53 A T 2 32 A 43 A (X
KR AR,


http://www.cqvip.com

D000 http://iwww.cqvip.com|

6 & = @ oW B W% 20%

42 HHEXR

SAX X EE 1 RYEE R, KL, FHERR. PERERX SRS ILEES Y I H iy
KXAREE. B 182 RANHRERE —BRERILME/RE—FEES X R, HFAES XEHRE L
Hesrt.

B2, B3, H4FERH—EDo3X, msUSE DR R, Eiblit—Re 54 E E 43, B
C.sinica X, BREES, R, ZRERXREIE; F/RE—FEE KB rEB—h i E X% R &
i PEREK, K, AZ5HRKEARKL. BRXESHRX ZEMXFEBLLLEERX & HIE, HX2%
XAREEANE, B - So06XZRAELERH, W HBREZHE—REKZLRF/RE—FEES{E C.
arborescens, C. tibetica N B LR EHWH UM KIL—TEF Mo H. B URBEREIE C. bicolor, C.
JFanchetiana, C.arcuata, C. acanthophylla 5y % fE P RWEE X, KL, WK /R—BTH#,

0.00 0.08 0.16 0.24 0.32
Far East
N ChinaQL

AltaiSayan

| ~—— CentrAsia

—|—-Tianshan
Mongoliap

[ Hengduan

Himalaya
BalutAfgha
PamirAlai
EAsiaSubt
Turan
EupWSib

—

B5 ZF #2524 KRIER, &8 Jaccard ZH UPGMA % %Kik
Fig.5 An area phenogram of Caragana 72 species, using Jaccard coefficient and UPGMA

0.00 0.25 0.50 0.75 1.00 ]
Far East

I BalutAfgha
AltaiSayan
___:N ChinaQL
CentrAsia
PUNS— Hcengduan
_—-{: Tianshan
l———————————PamirAlai
M
Himalaya

Turan—BupWSibr
L EAsiaSubt

o]
B 1 4

e T 12FKAMys 4K RER, i Jaccard REA UPGMA R 25k
Fig.6 An area phenogram of Caragana 12 series, using Jaccard coefficient and UPGMA
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RARAERE 5 WIBX AR, BB AR —AEE AR 342 H XK SR ES AARIFEFLE/N
RES, REMBHFBRER —RERILGEIL—RE, FURE—EER, PIERREX. R, B8R K
Wil B DR R SHk/R—PTE, & AR —%/NRE RETHMAX ZRMHELIER, h52 %
XaXEA -8z, URHIAHERM, HTRESITHEREE 6)REANRLIEMT, mAE 6 HR
BATABOE R —RERIESHEBRIR /IR, BE, RMEAB—AEAFAESREES., HKZAINIE
xR, UUKBRHIBIHERREHERN.

FELAF ARG 2 A TR BN B/ ER B 7. B 8 b, U BILURR 4 76 00 2 Rl B/ A BB 5 R R
WfEM. BE/MERMERE THE LAXAEKMOME, WEH 7, B3 EERMIRETHHX ZAMHK
Fo A7, PEFREX R MST piy— M. FXAEK, 588 RE R4 A4S, LiEdE £t
Mo, Kt DRV ES, PR AR L R, AL SRR BN N, R T3], AR E
LK, HRELBARIC. FEXRTFRETRERERRARE, RAEERBRREDIA,

~ .

h o
i P O A
/ s 4 LAy
' : LTy
; ‘ R
1,45500000 1
0 455 910 136%m
— e

H7 EF 282%, M Jaccard REABRNH S HX AR /MERH MSTE S HXRERE 1)
Fig.7 Minimum Spanning Tree shows area relationships based on 72 species and Jaccard coefficient

(the number order as in the Table 1)

B LR s 47, MBS RB/DERBIH, 13 2 KKK LEARERMSG b pRgRa 2 K%K,
8% & U S X 4 BUSR TR R DI, BLA BT 54y 4 #rith 43 3¢ H #9(Humphries et al, 1988). 7
A& b Z R4 AR TR, LARXS LB 2347, LARE o 5 SR A0 P L SE B DX B IR ¢, an B 7; s AT R
F—REFRILEF/RE—FEES ZEHBER, WEH 1~4, B7, REEMBEREEY. TXHR.

B s AR An K o X AR RSB 2K, MAAFHXRRRFHIE. —BRHE, ESAHK
X EREBH BN 2 A, TR Py RBEES KPS XEMRIBHEL. WAl HBRERBE -PEK
i, FI/R % -BE B, B C. arborescens 534, EHBIES X M REGRYIA, 1997b). B, ATRER LK
RoARD, A HMRR, SHESAX LA XBMHS X, Mk /R -, EEZ@LE1~5). m
RS s TR, B A R ORIF, T B 7 o T SRR A< — 9 (B AR AL LA B o] /R 48—t 5 o B2 I 46
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WeIX, MiBRh B /R BB BE T “R7, [ Z B R RB, X8, FEBBEAXHXHRTERFEBPERIL
Wl -, BIMNT LURME DR, FHSEEN AR, B, ERSFIFER, HbHEHEEN 4
X AT A kM FTR - B B PR, AR, MRR-FIBER SRR, REIAIAHEXRR
i, RS ER REAEE. Am, EU5EDRRtbE KR, £iBid Ser. Ambiguae 5HESA
7— # Ser. Bracteolatae BE X R, Al & R BRIMA, BH PEDBIRMBN LSS,
43 BHFESHEL :
BETHESILBREABHMARREXRAMOIHXXR, RETITREFRAEFREHEM. DTES
Komarov(1909), Moore(1968), Sanczir(1979), Gorbunova(1984). #&— 2 (1993)% % & iy M 53, 3t — e [a] &
HiTRIE.
43.1 JR#R¥EME B Moore (1968) IR 17 T & M 4 % UE 48 (Dormer, 1945 & & B ¥ IR 44 2S BE & P10
M. HHEE KR, LU C. arborescens AR ELLJG, 28 fn Sanczir(1979). Gorbunova(1984). & — 2
(1993). BEARE(98) K EHGRAMESE, 199)EMHTFR, AiEE T Komarov(1909)iAKk C. sinica B#% N
FRH 2 3R BEERH RERFBEBHBR S, XIS RERHE, 19970)BIEsk T ERR A, R
gk, T H PR %, a3 2B Sect. Caragana, £ X B F Y BRE T IRABMLE,

20 40 60 80 100 120 140

145550500
[ G35 010 136%m
—

B8 #TF 12 R0, &M Jaccard ZBORELIY 5 46 X 9 B/ gL bt MST(B 2 i X R 5 1H 3% 2 P EIF)
Fig.8 Minimum Spanning Tree shows area relationships based on 12 series and Jaccard coefficient

(the number order as in the Table 2)

W LM s 2R, iR bt Bk, BEE KB Halimodendron. ¥R B Calophaca. %R
Astragalus %, {H5X 8 RBEEET K Galegeae T LEBARK. EMNEF —LRBIORAL, b —
SR AIE, B AT VE R MDA PHE B IR R, BB, Moore(1968)IA 4 #AxE JL B E N K E B AR &
RBEWILTR, B ERAFBEEEASFES WA EA(Sanderson, 1991), [FRt 3% % B #5747 %4 B,
BRLA, K% BATES IR ILRAGR”, B AE B R
432 REH FXBEEHFE, FEERBREARNFER, DRXEREMERERE LA RE, A%
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AR AR M ok M A EM LM, - RBiAR, REAFER SR, 1964), Bl 305 4 K i) R R Bk
EHRBX R PERILRS TXEEFERA &M, TRXESHE S A BRI PELRDE BAEMRRAE
B RTRALBT BE Ry K BE, U C. ussuriensis —FpHlsh. 5FIRE—FEZ HLL, TAHRF A FTREHEE K —18,
ERMMEXSFAEDHBHX 5% 2HrGkBHE, 1997a). B—2(1993). Sanczir (1979)% 1 &tk —
B, X, RITEECLBLF F=LRERNEFRBALUTEMRAET %, 5EAXHEIIERER
BLBAREEKNEFE, i Komarov(1909) LA C. sinica WA PEEH A A BLER, EmGER, dF
MEBPREEXROBIEAER, AMERA 2, Moore (1968) # #8 [L/R%% 11114 B 4 & (Pojarkova,
1945 ZABER)ER A 2 A, WAHBRSEM, RIULAR SR EWSLHXKIRERTE .G, hkmEEe#. 7Rk,
FRKFEREREFRNT AT #H. SBRIMMBRREXR. 2HXXRRERFHEEHZ{E, BETR
Moore(1968)i1iE X & R MM S SR AR S, BEEMARILE, £4LH Sect. Caragana FhEBEEFH
o4, ME Sl BEFS RHE, AN EL AR L, v E H Moore (1968) A9iXk 3 L £ A
il 0

433 BEMH SBYLBERKRZHRMESHARREGHEMHOERLEATABCELEBRN. 7ERKM
o 3dn C. arborescens, C. futex, C. pygmaea, C. spinosa %, BV, & 18 #2235 FhR 3 A (Moore ,
1968), ZEZHRIE C. sinica B FRIE., R\ILATH, BRi ML LUETK Galegeae, B F X% H
Astragalus, B G B Oxytropsis MBS JLBERBHRBHHLAIRRFK. B A8 Indigo fra, Desmodium,
Dalbergia, Lespedeza, Pueraria, Wisteria, Campylotropis Z##. E#RHF I AZ, ERBEERENLA
IR pi it (WEE, 1992, Guo et al, 1992), NSRBI RLER H X & LA (Polhill, 1981), ‘EfTELLIE
HRBRB—2%, Hik, #8JLRFTRRAEEE =Ltk A— Lt X6, L&
R, FEARRIIEEL RAMRALRBAHBI(REXR, 1964,FEHE, 1979; HER, 1982), Hx8JL
BRAMB BRI EAMERAZBRE AKX MY, R, B8JLEEESRK, Lol Ao ks
BES EABKLI. RMNBFAZEA. ERT96)MHRA, NPFHLE, A KERT HEEEE L,
RERATHREMNL ., EDRBRA LMK OITEREE, 19972), BAXHDFHKERT #MkRE, HEIH
K#& A AREREANFHE BREMAXHFPRRL, XEHEBHFRERERT #AR, 226
HEMERNTERRZ —, SRR T bk — Lt R .

44 HETEM :

XEBHRA ARG, B ILRED N PAENTRY . HEEEFERE RBIBEERN, HEEF
WLR R, RABRHAR, XERL, RLMHBETRIEFNHE, AR ETEFEE., KE®mE.
HREFLRBN L, BORRYHAXHSHERAKRE, 1989, B—2Z, 1990 ; K BIEE, 1993; KHE,
1997a), 4D ABRAREXFEMDHEFTEKRF, A% Komarov (1909) 2% 4E 12 tH 5 38 JL R HE ¥ M 7R Iql
7, W R R LR R LA W AR A EEAY, (BIAN C. sinica B FAXBENBATRE, £3XH
&R BB TAAHRERKR, M KBREE —BRERL. FIRER—FEES2HBHRLER, PEKE
BRGXER R B E M A . M BRERL—EL L —Re, BEBTILARES, LA C. arborescens fl
C. boisi Wy AR, ‘B 54 A BEARENE N H FHR (E# 4, 1979;F30R, 1992), B U a1 i i8 BL 75 ) &
BRIFER . XAk B /RF—FEEW B35 K W, Mk /R—F1E, LLK RIFE PR (AR T, ok 5 X A8 B R
i, KMHBERAZER b, RN REHRER FES LR, RSN, SRA&ER. SEEEHE—3(
R, 1980), BIAREBH AL, M HEHX —TRE, AFKX —HRXK —REKX, EATR L0
Pz He Y Bk AR — SRR, FIRH —R AR, M-SR % — TR AR L F AR AE

Bt AERTUBBEDHEISIHTENE, HEK, NERE, HEK. B—2Z. REFEER
PRl IESCRRTT R, RS ES TR B MBS
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X XK

EXR, 1992. KEMBE AN L5y HRBAT B, 845 224, 30(1): 124, 30(2): 97~117
E#E, 1989, hEFFH A REEOHI. ZEAHHRE, 11(1): 1~6
HEXR, FRT, 1996 RIAREH FHEBX ROHG & RS ML LR LK THE BB, @2 FNZLFHE b b
. W5 2, 34(5): 453~478
FHY, XE, KHRE, 1979, BFREEECHHR, EEREBRHE. hEFHE, 6: 608~616
RAEES, 1979. it hEH WX R X B Z#EHPFTL, 101): 1~22
R, 191, PEMAFHHRBY G RG] ZEABHT, #H 1V, 32
SR, 1980. PEME B F¥EHEH
RBIEL, 1995 B/MERBMSTIH REF S LB ¥ K Y. AL HER, 152): 154~ 160 ‘
FREAEE, 1997a. HMARNE DA ERSLRE WIS . Htsr H¥H, 3702): 36~ 147
FREAEL, 1997b. MBILBAR R R EX R BRBOFT. ZEEHHT, 19(4): 331~341
FREABE, EH M, 1993. Fet AR LR F X WS LRI R, £ X AL et ZEESHY, 154): 332~338
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