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Distribution of specimens and species richness of seed plants above tim-
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Abstract: Herbaria can provide important information about the spatial distribution of plants, and are im-
portant data sources for estimating species richness. In this study we described elevational patterns of
specimen frequencies and species richness of seed plants above timber line in the Hengduan Mountains
and discussed the impact of specimen data on the estimation of species richness. Specimen data came from
the online database (http://hengduan.huh.harvard.edu) and herbaria. Elevations above timber line were di-
vided into fourteen 100-m belts, and the frequencies of specimens in each elevational belt were recorded.
There were 1,820 species and 8,316 specimens with elevational information, of which 655 species were
endemic to this region. Distribution of specimens among species was extremely uneven. For example, 974
species (about 53.5% of total species) were represented by 1-2 specimens. Total and average number of
specimens in elevational belts decreased linearly with the increasing elevation. Species richness also de-
creased with the increasing elevation, but species rarefaction curves were not useful for describing eleva-
tional patterns in species richness. We suggest that more field plot-sampling and specimen collections are
needed to accurately estimate species richness.
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WE L Emnl X T HARER . [RAE. ®E
MR AR SR EBOA 2 BRI S B A
o X . —(Komer, 1999) . 151 1L B 35k b T 2 LA
ARG B TR T PR AR 54
WL FEHERT R RIS X . R, ElEYhTH
R TR 110 T 2 R 2 RS AR e B 558 2 0 1) 28 R ATL 1 T
5 B 4% K () 5% 1 (Billings, 1974; 4 4% 1 9) il
2006).

Bl L X ReREY TR X2 —, H
A4 % BEMEAE B2 95T (Boufford & Dijk, 2000; Myers
et al., 2000; Boufford et al., 2004), F.7E20tH42 4] HA
WA B 4% 35 i Handel-Mazzetti, Ward Kingdon,
Rock Joseph Francis, Forrest George, Emest Henry
Wilson®$ 75 iZ X ST IS VAR AR &R, HArAk
FA b HAE AR E b AR AT b (B A,
1998; ZEEFR, 2005). A& WS EE. i8R .
REDE, MUREH KMHE EANR A A0 11X 55
AT I RFIR AR AR (10 E 355, 1998), RN XX
KRR ¥ 2% B S 4R T 198 14F o [ B2 e 4 4R i
B L X Fa BB, JOREMRAL1,0825, X
HIERERILHA (L EEEY) (L. T
MYTICR, 1993, 1994). {HEEWT X #3R 70 FBIK,
FEY) 2 PR PE I R IR 55 AR A IR SR AR SR FE 7R AN 8] 1) i
R RERA 28 ? UL RER X EEA R
KHRERT AT KRG T T RETH
UL EEYIAR A, B AT X AR A B R AR
W, HEXEED RS — P B R ERARE
RUKYE .

RERARACE T W) o A AR R R R, 2
SIATT IR A B R S A N AT ORI, R
ME — 3K Y& (Suarez & Tsutsui, 2004) . & B V%
(rarefaction)SE I T HE4) A5 A R 4 Fib & 5 2% 1) 43
FiHIE LG &, HRYEY)FH R i 28 (species rarefac-
tion curves)A] VPt FE ) R A ) R AR 58 R Rk A b
FEE RS Aiks R (Herzog et al., 2005; Grytnes &
Beaman, 2006; Solow & Roberts, 2006). & <AHY %
FEVE 8 SERFR A RAR L T R R M, LUK
o [ 40 R A0 AR A T B A R AT BB 4 T WL AR
AR TR T L DXAR e LA b DX SA 0 A 1) 00 A1 £
B FEt, A FEBEMRZ: ()7 TN L X R
£ LU b DX SAB A AR A 1) SR R TR RN o Vg 1A 9
orAf; Q)RR S Ll b X i 38 o A kg

&, HoMRAEREN M EE BB .
1 FAHER

BEWL X B VO B IR A (Mo,
1987; X4EHESE, 1985, 1989), ALK Z KT
(1987 Ft5E, 1TBUEEEIE =R A TG AL 58, 1Y
JITGER PR AR B &0 HoN AR B d A B g vh rg 0, Hb
PG [ 424° 40'-34° 00" N, 96°20'-104°30" E, S
FAN36.407km’ o 1L bk 5 V13 R 17 B AL 1) B, ML
AL R BT R ARBARY, (LARSE R M
JE 4R [1)4,000-5,000 m T B3 = B 75 #0113,000 mZE
Fi(ZFTT, 1989; KFHE, 1997). BBEFHE
B A12-15C, JbBA9-12°C; SEF4 W B 7E B I
AKES5HEE®RE, 41,000-1,300 mm, FEE5IL
ERBK, H600-800 mm(5K L, 1997). HRIEHE
AR G M B, A XA RS R E — R B —
) (B A% B — J\fE — &R A PR R T, M
WG SR R AR SRIE M IRAS AR, B4
& Fih 4 ¥% )& (Castanopsis)« F ¥k B  (Lithocar-
pus) PRJB (Quercus, £ %5 &H X & (Cyclobala-
nopsis))~ &FJ@ (Michelia). KA J&(Schima). #E
KJE(Betula). W& (Acer)s; ILBBE R R REE
MM X B4 4%, 1989). TEEE Z A L, B, b
B AN ZEZ R FERIAE3,000 mbl TR
BL, Mi7E3,000 mbL b3k BUAE 5 40 A L (R4S
%, 1984).

2 HRAE

2.1 HEYEEERKRIE

(WEAEEER AL RE R K EARATE R P ER
% bt B I 0 SO AR B T WL X BE AT T 2 AR AR
YRR, EHRIHE P REMEDIAREBIL
Ga JyrEWT (L AE Y 2 BEME SR (http:/hengduan.
huh.harvard.edu), EZEIEFEEM IR T BESHER
A Al B, A0 T ZBEE BN T B AR
o

QFRATE R B E BT P bR A TE (CVH,
http://www.cvh.org.en) B35 T B A = BAR A TH O #
PR AAE B, Hrp o BRI R TR A
TR B WA 0 S BT A A VR O R T LU X ) AL
AL . HTWEREESMRARTEE R A 1E BB HE
e, BXRG I EIMRATE AR AE R
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22 SHAE
22.1 BEREREMBEMBERTHYS

T L X AR AR AE 4 23 A B 7E 4,100 mZE A,
mHEmM. EBJLPMRIGIMeHES, 1984). Fit, B
W7 L DX AR 2R LA b X 48R4 4,100 mbL R HEIRTE .
& B £ 15,500 m A b X8 4 A B BT AR A A,
BT LAASHIF 55 35 3 Y B R 4,100-5,500 m. KFiX —H§
WL KI5 414405100 mifgik 7, H15,400-5,500
miFIR A AIE T 24 T5,400 mLL R T A bR A AT
YiFli
222 iR EIEER

¥ & YR A S AR A KRS B0 R B A N 1
100 mifFIRHE A, 15hrasit 81, mRkaaF £S5
PRANERE BT, idxEdEd, XTFoAa S i
AR B BIARE, UREHERG B AR A ER
AMac s INRESHILKRERGE R, BRA—%5
WENHEERILRINERER. ZHEBREMY
TR AR A5 BT & NI H A P —hR A 5
PR .
223 YMEZERMGENFRAREREITG

i {E v% (interpolation) F1#% B ¥ (rarefaction) /& fili
HYMEE BT WK% KR EiEr kg
I 2N (Fu et al., 2006; Grytnes & Beaman, 2006;
Solow & Roberts, 2006). HBRiEE EHYIIR AR E
WAL TR M, TEHERL B &R
B 2K H R ST k4 o, BIBEAS REE RSN, ¥
P E RS RREA SIEINR . ASUREDFIFE
B 2R R AT A T LU X 28 DL B X S R B
WA A R, IF856 B B ks
RERAPE S MNER T EYR AN RERE. H
EcoSim7.68 8 W H {H WK F WY £ E F
(Gotelli & Entsminger, 2004).

A ICFTIRFEE R AR E R, HoA70
[ R R T A L X a9, B A Ve [ e
W LU DX P AT MU X AT gAY, AR RAREEE
Fh by BT FREO E 2 L. G814 B £ SigmaPlot 10.0
H 426

3 ARER

3.1 EYMRARH
IR DIE A BORHC R, BT L DXORIZRLL B o)

Fi A R R T0RI297 /8 1,820% . FHEUR L IR A
R, L84k, HIRAZSHE, 1638, M
FE BT 1047 B R Y 1,1000, & B R EH
60.4%. M Z KB ALEER (Pedicularis), 3t
136F, HIXAHESE (Rhododendron), F:83F; Ff
BOHEAE AT 104 B B R FEeTo R, T B R B
37.1%(FK1). HEARGEEAMR FUEXEYEEE,
F1,538Fh, A7 S AP EH084.5%; KA FE282F,
515.5%.

PR RO E, MWL X R R 3sSRH21E
655FF, F5H FEA35.5%, T Z XA F Y
B A #(32.4%)(Zhang & Sun, 2007). A Fhi
ZHRREZ SR, LeoR, HLIRANHER, LT3R,
R A M EAETERT LOAL R L R FE 4900, L
HREBHIT74.8%. FEMBREZHWEANDLER, 3t
2%, WA RERRE (Saxifraga), I£37F; #5F
FhECHETERT 1007 1 B SR FE339%, LB B3
H151.8%(FK2).

32 HAEEEYFERS A

BT LD DX 2R DL B X 33t 4 A0 A B A
A8,316%, Fi¥N4.575, & %X B FHY 81
R AR (12.15)BK KA, 2008). ArA<ZEHyFiialf
SARAYE, MRS ARE BN A
LI “L” BE1A). NE1 29N RE
974%h, FLEFRA1,309%, RIS3.5%HIMFHAE IR
A G AELBEHI15.7%; F105 XET105hE
R R St241 %, HHr43,9995, BI13.2%H94F
ThA S5 148.1%,. WA EELS PR LE
W5 (Draba oreades var. oreades), B &S50,

B X AR P A AR 2,414, Fh3.69
5, R T AR TR AL AR E Y E
KI5 A R B 21 (B B) IXNE 12 5k A A
404%h, HEFEFIN61.7%; 105 RETFI105k4E
AR 60FT, LRFEFII9.2%.

TEIX LRt b L ZEM 22 L B BT bR A A
f 4 (th AT R BOA A X L6 Fh 76 2 X 3 43 A BB
F e Ll EXIR)IAH 2485, HirAs36s, f
2.16%5 . Hrp gl LKA E M 132F, Fhid2475,
Fiy1.875.
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F1 HEELERZ XS T A EHEE R 10 R AR
Table 1 The top ten families and genera comprising the largest number of seed plants above timber line in the Hengduan Mountains
#E i R L
Families Number of species Genera Number of species
%%l Compositae 184 L EE Pedicularis 136
% %% Scrophulariaceae 163 #E8T6J8 Rhododendron 83
EE# Ranunculaceae 134 EHEE Saxifraga 69
RERE Saxifragaceae 102 FehB B Gentigna 66
FLESTERL Ericaceae 100 WE Salix 55
FAE# Gentianaceae 93 WEH B Saussurea 55
4%l Umbelliferae 90 WEFRE Primula 50
FF7%L Caryophyllaceae 79 FKIE Arenaria 47
##El Rosaceae 78 ¥R Corydalis 45
FAF Gramineae 77 538 Aconitum 35
BER Delphinium 35
43t Total 1,100 A1t Total 676

2 LR E X FHE S A DA E R 104G A R R
Table 2 The top ten families and genera comprising the largest number of endemic seed plants above timber line in the Hengduan
Mountains
R4 i =E3 i
Families Number of species Genera Number of species
% %8 Scrophulariaceae 80 LR Pedicularis 72
3% Compositae 73 RHEE Saxifraga 37
F£KH Ranunculaceae 67 T 0B Arenaria 34
BREREF Saxifragaceae 47 REE Corydalis 33
FF7# Caryophyllaceae 46 B8 Gentiana 31
##FE Primulaceac 45 WBEE Primula 30
BH %l Papaveraceae 38 5308 Aconitum 26
JefH#l Gentianaceae 36 4B Delphinium 26
A% 1ER} Ericaceae 31 HESTEB Rhododendron 26
+-%F Cruciferae 27 RNEHE Saussurea 24
41t Total 490 £t Total 339
700
i ] 53078
15» 600 g 250
2. 500 | 2
®2 2 200
& £ 400 ﬁ g
' i 2 150
U c 300 I (9
=3 =% 100
£ 200 5
g Rl
= 100 g 50
0 7 d ~ 0
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1
Fig. 1

% 2= %1 B Number of specimen

EETL R LR FEYR AR BN E NS

The distribution of specimens of seed plants among species above timber line in the Hengduan Mountains

#12~#1 & Number of specimen
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Fig. 2 The distribution of frequencies of specimens in each elevational belt along an elevational gradient in the Hengduan Moun-
tains
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Fig. 3 Species rarefaction curves of all 100-m elevational belts based on rarefaction. The specimens in some 100-m elevational

belts are rare, so their species rarefaction curves are invisible in this figure.
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TREHIH S (E2). 4,900 mbL b XSk AR A B 24
b, FTEMILERRA262S, (152 RE893.15%,
FERRA1135; FFEMNEERAT6S, ML
FAE 1S ARA(E2).
34 PIMEEEBERBEENSH

P A5 R RE M R 035 i SR R RS, E%
wRTTNYIREE BN ERE D, 754,800 mLL Lk,
YRR EEH UX 2 JF R TN EE
R ES . FraMEE BRI a4 20
TR, BRI I, YRiFe ih 2
FFARIRGHMK > SRR TN EE RN E
7, KEHEHRFHNYF R EMEIN I E LXK
FR(AE3), X700 X R AR AR AR R
BAK.

4 i1t

4.1 HEIREDTH

A3 H AT R AR TR L DR 48 DL E DXtk
TAEY AR AT T AR, AR ER T
HEAR A E N ITA KA AT, B4R TR
ARG B R AR_ AT RIK . SR RIME S A A
—RRKESYMNE 125 EEE), —AEEE
R PV AR A AR 2), YRl h 2
JLVFREHEEXR(ES). SEXMINE KT RER K
H: ()EBRXEFEMNEEEE T ZXEM T
YRR AR, MaWF o miaERE, A
MEKEW D, AR TFERRE;, QRE
RXIAE = K, PR Rh e BEAR( K BESE, 2004;
R4, 2004), MEFR D, BAEYHSEEX
Eel, e 3l 52 40 A7 6 R PR - i Rt X 0 Bk e b
KHEEDF RN E1875); Q)EERXIE
SLLRIE, W HAKSTE, BwAREZET R
K, REMEFEE K.

Fo, WA DS RE T WE L EREYR A
REFEELRFRS, 85 (H)RERKRENSHE
RICE AR, TEAREG LR D KI5 hr A
AR AL, R iR R AR AT A AR £ Ak
ZHR AR R, B, A EMRAREDH#AT
MR EREFEE, QRBEFURBEYIRE, 3)
WA TAREIE Z S bR A, (d)REERE; (5)
E M ATE IR RATR A . B2, RBFFLATSETHids

A GTREIN A2 AIRT L X R 2 DL BT SR SR AR AR A
#RH s, BE ERRFE I FFAUEIEN, 4,900
mbl b Z R AR AR E A ST RSN
hn.
42 WU ELESRREMMEEERS

Yok R dl 2 R B, BT L DXR £ DL XI5
=5 B BE R (0 38 0 T R LA R B B H((E13),

K5 H AL X mR R XY £ R

)43 Ak J—B(Vetaas & Grytnes, 2002; Grytnes,
2003; Wang et al., 2007). JiR K2 Sk X s Fi
B E 520 M 4 (Bhattarai e al., 2004), S
B IR I NI T LR S B £ 5 K
R 3 N SRR R R

B2, PRA RG24 W dh 26 A Re
RFHX o B EREROMETE, E2RIUAE
ZILR(E3), 1X2RYRHRGE 2R miE R X I8
YR EE E o kg REFI3L R R B(Fu et al., 2006;
Grytnes & Beaman, 2006). ifij B #g4k X 15 5 & L
IR AR Gr S E B DR WA B D F
BT 2 AN BRAR A MO IX 23 & MR T R 8 B
(Grytnes & Beaman, 2006).

AEEEM T EEY M ES RS —F R
25, AR AT AR E A m g R X B
SR PR 1G0T SR T B Sk 43 A4 SR (Grytnes &
Vetaas, 2002). 1 H, BT &EHRTRAR TR
Z, EFHEY A XEEBRTYMER S GE R
FHC B AN A e, WA CPEREER). (B
Wi X BT F RIS EE, BT LX
4,100 mbA LD A A R F AP L,6325, KT &
RGP EEE. FHIRHESA AR i
BRI EE B .

T ARERE HOWI ) o« 2R X YR
Yy ZRM R MR, FTLUREE o 2R
WRTUMEFHRER y ZHEMENERIAKE
(Eriksson, 1993; Zobel, 1997). {H&, HEFE o« £
FENERER EREEMEREGLERSE,
2001; B FHLE, 2006), 1iE mERBEEHRD> « ZH
P IEAE . WL EEl R X, Yih & R
IR 3G N T SR T R o A R TE AR Z R
AR ENESE, HEH THIR BB AR WM R
HIYIFNE & R 5 IR e IR i s il B A
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BHREHOMESE, FETRESHEREA
FIREYI bR AR E THE.

BEWT LU X R — 23— LW L I o AR S a4k
FUL(PMIT, 2002, PMILFIZEE B, 2003), X L8
R 2 DAL I i = BB GR L, 2). [RIRY,
EATH R LLBGHT I 2EEE, X TSR T L X AR X
ANEESECAAEER X(FRE RS, 2003; *
FE X4, 2004; Luo ef al., 2005). &= LLIAEYXT
IR R4 B UK (Kullman, 2004; 225845
2006), [F i IX 6 X 35 I AE P bR A B8 AN AE 9 26
P EEEE X, MH M0 EE X SR R )
5 B(Woodward, 1987; *WEF L& -, 2005),
AT T A0 5E %) % DA B IX S A 0 bR A ) SR EE SR T
YER Xz
S 30k
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