5535 B 5 W) *E &~ 2 Eild Vol.35,No.5
20154F3 A ACTA ECOLOGICA SINICA Mar. 2015

DOI: 10.5846/stxb201404040642
Tr, SR, #. P EYUR BB R (FIER) Mg R A 8442 ,2015,35(5) :1470-1479.

Wang Q, Wei Y K, Huang Y B.Research on distribution pattern of Subg. Salvia Benth. ( Lamiaceae) , an important group of medicinal plants in East Asia.
Acta Ecologica Sinica,2015,35(5) ;1470-1479.

FEIEREELE(BEM)NahEE

I OF,MRFRT, HHE
PRI, RS IR BRSO, B 201602

HE IR U HOLJE (Subg. Salvia Benth.) J& H [ J5U ™ [ R 5o @ e K9 & TR0, A 44 Fh 13 B FP, RZHH 512 (S,
miltiorrhiza ) SN AT PEAL & W0 3 25 PR, e AT v R TR S i P AR 25 PRI B2, OB 25270 1200 Js B i 26
TERY EZURRAE, YRl 0 AW 2, R0 B B A IR AL B SRR A s MBI A K S 7, 120 Ja8 A v 20 T 5 e e L R o
BT LUK B iR X, B B ARIA R A v SRR 5 2 PR AN Ak A AR S ), AR B A T I 21, SR AR TR 0 4%
Ko Pt , oMb U w4 IXHEA T 1 A S S PR ASI R AR RHZ IR R Eh B I A 3 A1 i 57 2689 7%, g4k
PSR 1007 2%, 7041 s 286 MK, HE DX R N AL R BRSO AR R IR AT, S5 R TR DL
BT L AZG DX, F2 300 A0 T PR B )1 P —fF , 2 B 9 HGT A i AL L2, s oA ) A o L 1 i
ST 45% o AEWIRIEER > AR SR b TR P 6 A R ELAT AR AT B, DA vRs TR A 19 7 S A 00 ol o o 908 ARG T 119 5
SO T R IR R SN B4 S £ SR 5 ) S PR A Y B AR AR —FREE N T 5 T B R G R R 12
HBK 9 ARk AR AT 8K 3 A s R AR 2 5 A8 Al R O S W R A B 1 B PR 7, R B
HESE A5 AT PRI RN 22 R 7 A B SRR TR 2R I PN AN TR S 1) 23 A A6 g 5 1 5 4 22 28 B LA AR AR P 3R T 3R I 1
Feks & s F l BE L R4 P AT 9 R R W s B9 2 A A% )

KRR PR R G I 5 SERRIRA ; ek S s BREEIN T SRR fels o 4%

Research on distribution pattern of Subg. Salvia Benth. ( Lamiaceae), an

important group of medicinal plants in East Asia

WANG Qi, WEI Yukun” , HUANG Yanbo
Shanghai Chenshan Botanical Garden, Shanghai Chenshan Plant Science Research Center, Chinese Academy of Sciences, Shanghai 201602, China

Abstract: The Subg. Salvia Benth. is the largest subgenus in the Salvia Linn. and is native to China. Most of the 44 species
and 13 varieties in the subgenus contain active compounds and have medicinal effects similar to that of Salvia miltiorrhiza,
and thus serves as a wild resource with relatively high prospects as medicinal plants. Morphological investigation shows that
Subg. Salvia exhibits the original characteristics of the Salvia as well as notable species differentiation, and so it is an
important group for studying the origin and evolution of the Salvia. Geographically, this subgenus is mainly distributed in
higher elevation areas in the Tibetan Plateau and Hengduan Mountains, nevertheless a few extending to central and east
China. Hence, intense pressure exists to protect this resource due to the subgenus is vulnerable to environmental, global
climate change and disturbance of human activities. Based on aforementioned factors and combined with specimen records,
documented 2689 species distribution records with latitude and longitude information, and 1007 records with elevation
information , covering 286 county-level regions, a comprehensive survey of Subg. Salvia was conducted and their distribution

map was plotted. Furthermore, their distribution pattern was analyzed on the level and vertical dimensions at the different
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sections and series in the subgenus. The potential distribution regions with Subg. Salvia were predicted using maximum
entropy ecological niche modelling (Maxent). In addition, dominant climatic factors affecting its present distribution were
confirmed. The results showed that the Hengduan Mountains serves as the diversity center of this subgenus; its distribution
range is from southeastern Tibet to western Sichuan, rarely spreading to northern Hebei and eastern Hubei. In this
subgenus, narrow-ranging endemic species have a very high proportion (45% of all species). In addition, the six series
within the subgenus show a vicarious distribution as related to elevation, gradual transitioning from the narrow-ranging
species of high elevation to wide-ranging species of low elevation. The subgenus potential distribution obtained based on a
maximum entropy model was mostly consistent with the actual distribution of the species. Regarding the relationship between
single climatic factors and probability of occurrence, the amount of precipitation of September and December, the
temperature annual range, altitude, maximum temperature of March and temperature seasonality are the dominant climate
factors influencing species distribution. In view of a key innovation for Salvia speciation, stamen differentiation was
investigated in this study. The results showed that the filament to connective ratios of the stamen of Subsect. Annuae, Ser.
Campanulatae and Ser. Maximowiczianae, of which the distributions spread to low-elevation areas, are far smaller than Ser.
Hiantes , Ser. Digitaloidites and Ser. Brachylomae, of which the distributions are concentrated in high-elevation areas in the
southwest; thus the former may be more evolutionary advanced than the latter. Environmental and climatic factors and

pollinator choice may together determine the current distribution pattern of the Subg. Salvia.

Key Words: Subg. Salvia Benth.; Sect. Eurysphace Stib.; distribution pattern; climate factors; maximum entropy model ;

pollinator choice
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Fig.1 Geographic distribution of Chinese Subg. Salvia ( A), Subsect. Perennes (B), Subsect. Annuae (C), Ser. Hiantes (D), Ser.
Digitaloidites(E) , Ser. Brachylomae(F) , Ser. Castaneae(G) , Ser. Campanulatae( H) , Ser. Maximowiczianae (1)
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T BE AR RS /N B 2R DS S A L BB R, AL T R R R IAE N, K TN
T AR AR A AR K R BR A T S Rl 4 B, a3kt T R 3 S I B R I S A A BA 43 A A
JR R Z —

AHFFEIERE 699 44T AR IREASBUH THIEE Maxent LY 0K B 15 B bR ME (AUC=0.926) , Ui I
AU T I 25 5 5 S BR o A A AR e B4 B, R e bttt IR VR 0 P A A TR I i o AR L . R GIS Bfd:
GBI AL PRESHE | (A5 S BRI Y 53 A0 B 5 PR A AE A AS B TT AR X N, 5 SR IR A A S B A A R i
GG E SRR RN I BR A0 5 0 A ORI IS W R A A 5 A 0 R T B M LS BB AR
BRI PE Y L SRIAT, Maxent AR 2 WA (S WA (14 Al A= A5 A0, R AT AR ERAR S M 2R A 45 1 i L3R
1T HT A58t TG 85 e B Fir A8 SR 0 8 P Fp A A PR 2R 7 SE b i A v & B 9IRS R R — R
KAEAIRAE BIARS BAR | DL R Ll A s LLEE A 630, W 5 32 B B % A5 R T sl i s, P25 T 2
PGSV R PR 33 33k 1) K ISR 2 SRR T 25 R AN 3 S PR A B AR RS R A R G AT
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B8 SR 1) A3 A S RIS IR 22 R 7 A 1 G BRE R 3R, DI ZH 0 22 /KT 1 43 A A Jmy 285 5 e
AT R, A AR ALTE oA DA 2= ARV DX — AR AR P 4H B SRR R AR S SR U AR, EATTAY M
A AL 22 Y8 U2 IR ST B A5 T A DX PP 7 PG g v T A0 X ) W Bl 2 s R L T M v Bl R R AR R BB
FAR, A2 W A T 250 . 2B ATSCHBT o I, o ) URE e Jas A 8 0 R AL T 1) 32 BRLAE A6 2235 7 S T 24
B T T S, AT S R B A 0 IS [ X 2R 1 B R Ay, 2 e 500 B0 A R A P & — M ik
i, AL T 1) SR RIS TE B R B0 Tl — 20 TAE R A, T2 0 25 2 22 18] 14 4377 4% Ja) 7T g
ARG E —AFA WA Pt R 5 AR AN P SR R AR 20 A DX AR SR BT, o A DR e RS 2 B D 0t
b, M ZAFE A VR R B W R A U e R A IR A MESS 2 s o it . R
g AL v B U HR S A K B R HE AL A H 2SR B, AN Pt A B AR A 3 S i R A —
TEWRR , R TE EERR AR R Y N N 3R R (AR e — 2P P Y IR

Walker 55 ATA g ARV 2 U HE T8 B ZHREIE PO 2 — | TTX — 23 SC N B R 2346 55 2 RE PRI IO L ] 20 R
AP B GRS AR SRy A TS LA D GBI, DN T L DX AR AR I B R ) e o A
FIZARTEIME O TR R B A JRUE R A DI B8 0 I J D R 2 A | 2 1) R BRI A3 D A 0 1, 3
i eh S R S AR (4 2245 A P S B O A Bt A i — 4R A S0 A A 5 T P 0 e RS R
R eIV JaR i T Y by A S | B B R P R 2 B A AT 3 Sy AR R 2 BRATAT R LT
FHAERMRER ) R IE T2 5 AT A RHCSE JB S BRI G3F JR GE 25T, LA W AR I 43 52 (¥ M S 1
R, 53— 51T, SRR BRI AR B 1 A2 A BT S 2 6 R A AR ™= 7= A e
PR R AL LU, DA 5 280 22 5 T S A, DTt BEMI T 25 FH BT
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Appendix 1 Herbarium and code

AR ARASTE SRR WA ARAIE AR

Code Herbarium Code Herbarium

BNU AEHT LR A=A Y R A bR A % IMC PRI T 2R 5 B P 2 R I T BT AR A

CCNU Pl a4 Yy R b A a8 IMD FP ] B2 A B bt BRI R 2 e 24 PR A I 5 b A A
CDBI  th R B R A M52 AR A< 4 Jiu W HREAEYRR YA E

CMMI s EER B T 25 05T T I TP REBEA: P58 BRI 5T BT LT AR AR ) bR AR O
ECM  #HtrP R 2 RbrA L KUN F 2 e B AR BT 5 T A AR 0

EDC LA 25 ik g TR P br AR 3 LBG TLVH A v 2 B 5 1L A A Pl

EU WAL R 2 E Y R bR A = NAS VLI h R BEAE ) I 52 bR AR 47

GXMG  J VHZj Y PE op E R BEAE AT S AR AR

HHBG  HUMMEY) bR A = SHM i AR R A AR A E

HIB rh R BE RO A D AR A SHMI  HrEBMERE 25 Wi o i A A =

HITBC AP [} 2 e P LR 4 B A 0 el B A 1 SM P P

HNNU R IR 25 A M R b A 1 Sz VU1 R 25 A ) B AR b A 2

HTC  HUMIB RIS A i 5 SR R 2 e WH BT A B2 B A IR A4

HUCM s h BE2Epe 2 R AR A = WUK  PHdbRMRE R = R AR

IBK TP B A X P R E B OF T T AR AR W48 T L B R A SRR X A A

IBSC  EBRRE B R AR R AR AR FEETT AR H AR X AR AR 3 (T AR 1)

MR 2 68 TAELE

Appendix 2 Meaning of 68 environment variables

5t A ik 75 g ARG ik

Variable code Description Variable code Description
alt T334 Altitude biol2 SRR
biol Gl biol3 RN WK i
bio2 BRR2E H E biol4 T A Bk
bio3 R biol5 Rk 21 A S5 R B0
bio4 TR 2 AL A A 2 biol6 e 7 B K
bio5 ez A iR biol7 TR K Gt
bio6 H? A AR bio18 R 7 B K
bio7 AR ARG biol9 eV ZE B K it
bio8 B it 7 B V-S4 B precl-precl2 1-12 ARk
bio9 I TR IR tmin]-tmin12 1-12 H &AL
biol0 e 2 3 IR tmax1-tmax12 1-12 ARSI
biol1 TV 2R TR tmean1-tmean12 1-12 A FHSIR
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