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PHENETIC, CLADISTIC AND BIOGEOGRAPHIC STUDIES ON
THE GENUS CARAGANA IN QINLING MOUNTAIN
AND THE LOESS PLATEAU

ZHANG Ming-Li, WANG Chang—Ru
(Northwest Institute of Botany, Academia Sinica, Yangling, Shaanxi 712100)

Abstract More than 20 species of the genus Caragana distributed mainly from Qinling mountain
and northward and their 59 morphological characters were analyzed. Both phenogram and
cladogram revealed that the taxa with pinnate or palmate leaves were grouped into clusters of their
own. The cladogram showed that C. arborescens and its related taxa, C. stipitata ect. were primi-
tive. Along the distributed region of C. arborescens, the genus radiated adaptively westward and
southwestward into ecological series resulted from factors of temperature and precipitation, that
is, 1. forest species— forest—steppe species—>steppe species—>desert species; forest species— alpine
montane species, II . humid zone—>semihumid zone—semidrought zone—drought zone.

Key words Caragana; Ecological adaptative radiation; Quantitative approaches; BPA(Brooks
parsimony analysis)
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Table 1 Species selected following Pojarkova (1945) system
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Ser. Arborescentes Kom.
C. stiptata Kom.

C. arborescens (Amm)Lam.
Ser. Microphylla Kom.
C. purdomii Rehd.

C. microphylla Lam.

C. potanini Kom.

C. korshinskii Kom.
Ser. Jubatae Kom.

C. jubata Kom.

Ser. Tragacanthoides Pojar.
C. tibetica Kom.

C. roborovski Kom.

C. tangutica Maxim.
Ser. Chamlagu Pojar.

C. sinica (Buchoz) Rehd.
“Ser Spinosae Kom.

C. erinacea Kom.

Ser. Frutescentes Kom. ex Pojar.

C. brevifolia Kom.
C. chinghaiensis Liou filia
C. densa Kom.
C. shensiensis C. W. Chang
C. licentiana Hand.—~Mazz.
C. rosea Turcz. ex Maxim.
Ser. Grandiflorae Pojar.
C. brachypoda Pojar.
C. leveillei Kom.
C. opulens Kom.
C. kansuensis Pojar.
Ser. Pygmaceae Kom.
C. stenophylla Pojar.
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BT RIS R AW AL KX 23 B, KT 9K, B & B Moore ® RGP FEFTLTH
BEARRE. AR 1. FEEAIEYHAFGEERNENICREE, MPIRSMOHFRERTNRY
Kﬂ (1,4,6) .

RS X FE BB E 2 H— T ZhrMElL, R A Gower BB R ¥AE MAMIMEE &, Ll UPGAM
BEXT ERLAEL ‘

DEPW A CEER SN (outgroup analysis)Bi & MR B9 H(polarity) © ., — kR @49,
WY L% KB N E K Halimodendron holodendron Pall.)Voss., i 5. Calophaca sinica Rehd., 5
T H S HE Astragalus adsurgens Pall., %R RLHZR.
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Fig. 1 Phenogram using Grower coefficient and Fig. 2 Strict consensus cladogram based on the three
UPGMA clustering method equal (L = 286) cladogram
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Brooks '"'¥ R — i, EBK 4N (clades) M—F (coincided) BIFHE K4 BREMER
WAES T FE, RBEFZ WML RS (cospeciation analysis) , #F7 % BPA (Brooks
paraimony analysis) %, ¥ 3, Brooks ¥ W% MFL T BMEISH T .

BPA X EN=F, F—SRWBEMREREXR. FPWIRBSHESGEHAMN. B=%
MR R R — A X 4> B (area cladogram), HRIHR FAGRKHBEE, ZREE—#,
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44 SRS, RISF R LR X R ILRERIE, 53X AEY IR E R 335
BT —MARBLTEAN0T KUK FFE W 087 & R 2.

A3 ERBEEES XA
A, PRAHSE RN EEHE); B. BIBHE THEH R AR (ERE) C. PEHFERMHFE TR D REFER
WA, R AR LR FECET2): B RBWEFRE, BEARLHECETR): F. PRFERELF(TE) G FRHEE
RS EAHBFORE) H TREN BN KSR AR T 0RE) L FEARER, BR SRBFECETR)
Fig. 3 A comprehensive division of natural geography

A.'meditemperate wet steppe zone (subhumid). B. warm temperate semidrought deciduous broadleaf forest zone
(subhumid). C. meditemperate steppe zone (semidrought). D. warm temperate steppe zone, the eastern Loess Plateau
(semidrought). E. warm temperate steppe zone, the western Loess Plateau (semidrought). F. meditemperate semidesert
zone (drought). G. Qinghai—Xizang Plateau coniferous forest and meadow zone (humid). H. subtropic deciduous
broadleaf and evergreen broadleaf forest zone (humid). I. Qinghai—Xizang Plateau meadow steppe and forest

zone(semiarid)

730 B Brooks ¥ M BBEAIN L, 7E 9 MM X L R E IS E(BR % C. opulens BAEF A5 F0
R)bric, BRI 4. B4 KA L “FPEH (homoplasy) B “BH" (reversal), iT“x"5, HBHFSHT
RBEMN.

TR R EE SR L.
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FAEEE DAL EE 2)ERK TR EARH AP K. Ser. Chamlagu #i Ser. Spinosae KA K
PRk, EECyERY, ERFRAEEMN Z MK E, DFERETERMY, M, C erinacea, C.
sinica TERAE B4 X B p B FR TEMXER. FHili, Moore @ BF R & A4 J7 R BB A4 77 18 (Folli-
age condition)E X R A HEM.
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XFHBWAL, Komarov " @45 H ERM K I K BE, C. sinica W J 7 R i) 1 4 265 (prototype),
Moore ik Komarov KIS A, fih 8 56 R 41 Dormer ¥ A % 5 8 /h# £ (leaf highly compound)iiZ%
BIRA, /b (leaf less compound) W HE 3 I &, B, I E A B R G IATER, Moore @ FIfgRARE @
#INh Ser. Arborescentes. Ser. Bungeanae F Ser. Microphyllae K% % J — f54k, 2n =16, 81 F LK
L EARMESEET, “ETHER, XBERES SRS HHBHER.
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Fig. 4 The evolution and evolutionary path westward and southwestward for Caragana, the main line through

the distributed region of C. arborescens
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Fig. 5 Area cladogram, the numbers on the branches referring to Table 1
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SRR 1 FR B AL IR 2B, 2 3 B AR b S0, SRR AR AR T B BR AR R FRAR R R B R
TR B BT EUMA. EFRHEBED C. stipitata, C. jubetaca, C. tangutica, C. sinica %X
P, HEF T X B BT, T Ser. Tragacanthoides 1 C. tibetica, C. roborovskyi %% R B, HEFIESG
. WESLE®E ZRRMTREFRENL, TR PAMELGBR, PR DI AE,
Moore © MR R KREFR, WAME X, HHBEDEHETIRHESHELS. EORMERD, N
Ser.Grandiflorae F Ser.Frutescentes R)Fp R ¥, B REZHAFFRMMFKEM. B, 4 XEBIFRIEBL
[EMBEKAEFEFHA M ARESFS, RERE > TBEBE T 2T 2.

FA1HEFE Moore Mg EARE @ AR L C. arborescens RILIEZF HABEIREFA, €
fARRH, HERE AR, HAOAX (94) MAEAER. B BPA BINSHARS XA (A
5) BUERHRRTRMXR, E—HERETREGILSAmAREL, B ELREREREMER
FEEEA, SERNAESFIMEE, BERMMER TERAASE 5-FH, XAMREERT A
BRHMFHIBHE (H4).

BWTLBKILER G fE R — 14587 (nede), BR—AEEMNRE. XBEHRHHSIL C. bossnii Schn.
ERM R LE B A, YRERE TRERAM M, AEBERRLRER, AR DHR™EE
T —%% Ser. Trangacanthoides, Ser. Spinosae BI®, U C.spinifera, C. erinacea, C.alpina Liou %, X%
FEPRH EFERMHOSE, MHELELEREUESTEEN, BNNEE BRI WA C.tangutica,
C. changduensis F C. brevifolia %+ )L, MEBXEARY —FENELBEEBROEMH, B—HFEH
PE-FEONERS MY 8. BEEEEERED Y,

Bz, BEHLREEERFEREEBA T L2 —, BAAREHEAM 'O, BTEE KEEX
Wik, XHMEARRX S RBEFTRIER, FImmMRRERak, BERRNIE, UERYHE RN
WTENLH; B — P EAAR S A E, SR E SRS LS s xR BT S EiTE. XA,
TRAESMARRBESR WIS R EMAAL., B A TR g4,

7% JLIBE KN Komarov 7€ 80 ERIMIA A LR AAFEN AR — V'Y, BRESREL, MBS
fi, A5, ERRAFMRAMTERADTARFRNER. &4 HASHREERBHBTE
BENEE, AMMATBYXRRBEARMBE. BERTEE SXERBETL2E5ERR. 8%
Mt FB, ¥R S ¥ SEYMB¥EFRM M, KABABTTEEREEXNITH. FX
fER R, RETHNUEXFEN -SSR, CORMTZERNE. HE BHEEZWHLY
P B ERMES.

B Zli)tﬁﬁﬁﬂfﬁ%i#&ﬁ?ﬁﬂ?ﬂﬁ?ﬁt, HHEEIH., Rifgk. BTRE. BRFEELEFRTEAX
HRUETHEZEREN, REKEEFAEUTEX. ZHEEERETHIEZLSWBEF (N L.
Felsenstein 415 %)). BREBRFELAE.

B PERRE, A% b R O)RI#S(1)

Appendix The characters and their states, the evolutionary trends from primitive (0) to advanced (1)

LERES OK), >100), <1(1): 2. MABH T, HE0), TBA) 3. B HRE v, H70), Bi(1): 4. WEH LAK &
(0), T(1): 5. FEM7E K BAL R E RABFE, RIE(0), TEAE(1): 6. FEPHERAL 5, BEAL(0), REEAL(1); 7. 56 R B A EHH, £(0),
AR(1): 8. $GHH KR E(EXK), >0.70(0), <0.7(1); 9. M$h7E I, B0, BAE(1): 10. o4 K BFEUEX)>, 2(0), <2(1);
1L AEBA T, 5 (0), (1) 12. FAL B AT R, XA(0), HE(): 13 /NI, >400), <4(1): 14. NS, B
RO, BERA) 15 DR, HER. S0WF0), XF. £F. BEEBO) 16 M KECEX), >100), <1(1): 17./h
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B EE(EK), >0.500), <0.5(1), 18. /M SE3TEAR, B, BHEI0), . RO 19. MR, B, ¥k, #IE©0), &
R.OEIB(): 20 MM B, R(0), K. W) 21 MBI AT, BHO), Bk, () 22. BEHEFR, 24(0), 3
A BRARQ1): 23, TR BEOEK), >2(0), <2(1); 24. XWHZERL R, TAHK. o E7R0), th3h. HM(D), 25. LEHE, BT
(0), KB(: 26. H B . WAHEAO), — 401 27. AR, 40, RIER, REA) 28. LHIBR, 8H0). 14
R OBRA) 29. BWHKBECEK), >9(0), <9(1); 30. HE FE (ZEK), >5(0), <5(1): 31. BEHE, BEO), HEA): 32.
BN, RZMH. ZABO), BEIBO); 33 LUK KB (ZER), >20), <2(1); 34, BB, HA0), REMQ, B
B0 35 BRIZAR, B, RIIE. EIRIE0), 8. KIILQ): 36. BB EUEXK), >20), <2(1); 37, B GHTHR,
B, BRE0), I 38. BUMEEERIL AR, #i52(0), Be(1): 39. HUBHEK S5 K K2 Ik, <0.3(0), >0.3(1); 40. RE®
w, KB, BRI, EHHE. HEHEA) 41 BBKEER), >20), <2(1):42. BRERFHE, H80), FHE
(1 43 BORW LA KIEZ I, 2>100), <101) 4. BEBWEK SEA KEZ . >10,<101) 45. BERFLTHS,
Wi (0), A E.(1), d6. 2B MEE IR, BIE©0), HEQ): 47. BB S5BKEZ I, >100), <1(1):48. BEBRSEBK
EZ I, >100), <11); 49. FHEAHILE, B EO0), £BU): 50. FHBA LM, TEWO), HA) 5t FHKEEX), >1(0),
<101); S2. FHIER, K. £KI0), B4 (1) 53. HEE OV EEXK), >2(0), <2(1): 54. B8 () B (%), >200),
<201} 55 MEEOV KB SRR EZ <T1.10), > 1.1(1); 56. LRI, BHEO), £, BstA): 57. R KEFGE
), <3(0). > 3(1); 58. R FHE(ZEXK), >4(0), <4(1): 59. FHRHE LT, HE0), XLEQ).
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