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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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LA Es L DO T AR . 0 R
AR A T R A R AR O 2 B AR R B Ay
Wity PR X dak 2 — (K orner, 1999), iy L X sk by Tk DL
B IKME S B AR S AF 110 O bR AR AR 5
WZFEMEREICIR S X o SR, A As ) i T3
R R (18D T 28 ) 3 T 0] A i B 355 22 1) 3 N ATL 1
% B B K 1 5% ¥ (Billings, 1974; 4 47 A1 9h i,
2006).

MR Ll DX Bk AR 2R X 22—, B
W) 22 BEPEAS 5% 93 (Boufford & Dijk, 2000; Myers
et al., 2000; Boufford et al., 2004). . 7E201H 441
Wl A7 [H 4h 2% % Qi Handel-Mazzetti, Ward Kingdon,
Rock Joseph Francis, Forrest George, Ernest Henry
Wilson S8 7E 1% X SHEAT I M FR A R AR, HobR A
W NI Py G ES P E i A N1 R (O e
1998; ZEEFR, 2005). [H A& dnih [ PE . ATiEfR
I IDAE, BLACRAT R 175 SRR A A 12 X 3
BEAT IS 25 SERIbR ACK AR (10 L 9E4%, 1998) 1HXAFXIX
Sl K RS 1 2% 8RS 4 T 198 147 v [l R} 2% e 2 2 (1)
WK L X 2R B 5, JOREARA 21,082, X
Lot g B 9wk (RaT L X4 ) (B R
WH(ESCR, 1993, 1994). {HAS T LL X i34 e FK,
T 22 AR R v I 5 A AR PR R A i 32 A AN () FR) T
Pl B BAT Bt 2 JUILR il ik X S P bR
KRB R 7032 ARFTGE o0 T R T
2 LN ERRIRR A, S B A ISR A R R AR AR
Db, MDA Z R P B SR AR AR
PR .

JE I BR AL B T RS 8] 2 AT AR DR AE B,
IR AT R R A ) E A R, H R
M — ok J5i (Suarez & Tsutsui, 2004) . Hi B 3%
(rarefaction) SEHIL T AH ) bk A R ) B =F & B2 =% ) 43
A PG G, MR YRR 53 1t 2 (species rarefac-
tion curves) ] P AR AR A (1) A 4 o FE At ik 47 Ao
F 5 150 Ak Jsi(Herzog et al., 2005; Grytnes &
Beaman, 2006; Solow & Roberts, 2006). H FAH4)%
FEPEE SERbR AR AR DL T TEE e A 2, DL &
R A B AU D S ARt AT ] A A T WAL B
SRAE T W Ly DX 206 DL X 38l 4 s A 1 3 AT A
B P, ASCR B B (1) A i DR
2 LA L DXCSSORE A0 b A ) SR A IR R ¥ AR 32 1)
I3A; ()RR B Ee L1 DI A o R ) O3 AT R

Jai, FEAMTARAKC XY I B EAG R .
1 fARHEIR

R 1L DX R O R A IR 2 S e (R G,
1987; XA KESE, 1985, 1989), 7 3C % HI 254 7T
(1987 Ft e, AT G FlALHE 2 Fg vE A0 vE L0 1Y
VG VU A B 38 s H R 2R R s R 7 T P R, M
FEYG I A24°40'-34°00" N, 96°20'-104° 30" E, Ml
FAN36.477km? o L Jik-5 3037 A2 1) O b 1) g, 3
A AG R g PG ) AR URE, LA R RN TG
i 2R [114,000-5,000 m T B 21 2 B PH 143,000 m/:
1 (FINTC, 1989; TKRHEE, 1997). B BCAE-F 3%
JEA12-15°C, 6B A9—12°C; 4F 4 N 5 7E 7 Ui«
KEE SRR S, M1,000-1,300 mm, HE 5L
R, 49600-800 mm(5KZEAHEE, 1997). g%k
T REL Y R T, A DX P A R — K L —
o) (B A TP — )\ — R AR, BB
RV #Afy i Z  HAR BRSS9V IR A AR, A
B Fh ok K% JE (Castanopsis) . 41 8k J&  (Lithocar-
pus) . A%k J& (Quercus, i #% 7 X J& (Cyclobala-
nopsis)). %<8 (Michelia). AfifJE(Schima). HE
AKJE (Betula). MJE (Acer)%s; b BLE 7 = IR i 9
R IR (A A 4%, 1989), ETE 451 b, m. b
B e 20 B 1) 22 S 2 EEAR IR AE 3,000 mBA R ifg K
B, TMiTE3,000 mPL b B A 41 RO ALl v
24:1984).

2 MRAZE

2.1 HEYIRARERIKIR

(D)EAR PE DR 36 B IS P RS R AR L A =R
Bk BRI ST BT AE R T L DR AT T 2 AR A
M Z R ER, s P R As AAE R
G by Mt Ll A=) 2 AR s 1 (http://hengduan.
huh.harvard.edu), 2 ETEAIIC K T &5 FR A
A S, ASSCHE DL T 23008 PR A s AE
o

Q)bRATE TR b [ B A ) b AT (CVH,
http://www.cvh.org.cn) 45 T [B Py 3= BLFR A TH AL
FAIARAAE B, Forb b [E R BER A7 bR A
OB W AR A BT 9 s AN P A R L DX R R )
PRARZ o T AR B SN AR L s A5 B
M, ASCRGEVE BEAMRATE AR AT B o
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22 HWAE
221 BERCERBENERTEIX S

AT 1 DR MR A 20 A L R AE4,100 mAAT,
i H - ACBUUTPAHFE IS HESE, 1984), DRI, A5
W Ll DB 2 DAL X 4 454,100 m UL L ()R Y .
[l I H1 5,500 m PA L D3 53 A 1) Al AL A 2D
P CAAHIE S 45 76 254,100-5,500 mo H4 31X —fF
PG RISy 2145100 mifgdkar, H5,400-5,500
mifE PR AL T 20 A 15,400 mBL F ¥ BT R AR
Wikt
222 YIM—IRAR R ERE

KB MRE 5 BR AS (R 3R TR 3% 2 AH Y 1)
100 mifFdk N, Vbt 8o 1, Wi 25
PRANEH Bot o il B b, X0 s AR
B S BN AR AR, DA RBEAT AR AR S R FR A
AL 1R SN IAAE R, BIE-—%
A AR A S SR RS B X 2R
T B AR A A5 JEAE 2 AN HE R AT 70 A1 B ) Feh— s A< 2
PR o
223 WMFFEEERMGBEFRRARERE /I

Jii{E ¥ (interpolation) F1#4 i7 V2: (rarefaction) & il
SR B R WL T, HrP M R A A R
J iz N H (Fu et al., 2006; Grytnes & Beaman, 2006;
Solow & Roberts, 2006). b 12 MB e FH A b3 AR AR
WEBENL AR AAT, MRt Ea @R R
i Hh SR HY LT e 49y 1, BV BEAS A K= 18N, W)
Tl BER DR AN AR B IR 2 o ASSTIR Y ) A
i3 1 2 e 73 B i T L DR 2 DL X B b o e
VEIREROBR L TR S A% JR), T &5 & T R X bR
B AL B AN GO R AR A R R A B .
EcoSim7.68 # 4 11 5 & ifg 4k 4 (4 M = & B
(Gotelli & Entsminger, 2004).

A SCHTHRREAT I BT LU X R A R, LA
] ey PR TR T L DX Bl P, B 3 0 A i P A
W7 L1 DX P I [ SR B X GBI RE AT R
P BT M 5 L. SEit 40 # R AE SigmaPlot 10.0
il

3 MIRER

31 EYMXEEN
MR P AL D b A TSR 28, AT 1L XAk DA F

AR R 70812978 1,820%0 . PR Z IR A
HEE, SL1gah, ik XS F, L1630, R
EHJlOuE’Jﬂ AL FE R 1,100 5, Ay B R B0
60.4%. Fifii 2 W)@ 4 T5eE 8 (Pedicularis), 3t
136Ff, HXOyFEESJE (Rhododendron), $t83%; Ff
HHEAE /T 1042 (19 8 SL R 676 B, o5 B A EL
37.1%(K 1) o AEAIERIA N L LAY I FE
JE1,538%h, R R EK84.5%; AAKIMIL282F,
15.5%.

PRATERC R, BT L X R R 358121 )8
655, A % 035.5%, Ff s T X AT HE A
SEHIREAT #(32.4%)(Zhang & Sun, 2007). FFAT Pl
ZEE ZX SR, L8R, LA R, JL73F;
R R ECHEE BT LOAL A RHL AL FE R 490, i kE
AR EL74.8% A Rl 2 (18 0 D58 s, 3t
728, HUChRE S (Saxifraga), JL37F0; HFf
P ECHEAE AT 1047 1) J8 3L A 3398, (I RF A Rl S 2L
[K151.8%(2¢2).

32 WAHEEMMER D

AT L DX 28 DL X sl 3 o0 A A T A A
A8316%5, Fli¥4.575, KT XMl AHY 17
IR AL(12.15) K KA, 2008). ARASAEYI B 1)
IIATASYYS), PP AR S bR AR A ORI
LRI “L” (EI1A). AT 125 A FieT
974Ff, HAThRAL,3095, RI53.5% IR IAT (AR
AAE A RE15.7%; 7105 X Z T 105 A
(R Fh 324150, FThRA3,9995, HI13.2% W0 F
TR REL48.1% 0 bRAK R I 2 PRl A 115
5 (Draba oreades var. oreades), i HrA505 .

REIKT Ll DRF A M LA AR A 2,414 5, M4 3.69
G, AT AR IR A L . bRARZE AT ]
(119345 FIRE AR 5 (B 1B) AN 12 S hRA I Fi
404FF, HEFHEFIII61.7%; H105 M2 T 105 kA
MR 60, A PI9.2%.

TEIX L) o AR 206 DL B X887 A A 43 A
() ol (A5 T K B0 g 3K S8 b 7 12 X3 f) 43 A PR
Tk DL X BRI A 248 Fh, HhRAS36°5, Rty
2,165 o RaW L DR R 3280, A hRA247 5,
Fh1.875 .
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Table 1 The top ten families and genera comprising the largest number of seed plants above timber line in the Hengduan Mountains

w4 gk J&4 Tl
Families Number of species Genera Number of species

%jk} Compositae 184 G & Pedicularis 136
% %%l Scrophulariaceae 163 FfAY4E)% Rhododendron 83
EHEFRl Ranunculaceae 134 JRE)E Saxifraga 69
JEH %R Saxifragaceae 102 JefHJE Gentiana 66
HAESTE R} Ericaceae 100 HiJgE Salix 55
JEMHA} Gentianaceae 93 NEHiJE Saussurea 55
R Umbelliferae 90 W& JE Primula 50
£171F} Caryophyllaceae 79 Jo03EJE Arenaria 47
H Rl Rosaceae 78 2% Corydalis 45
AAFR} Gramineae 71 53 J& Aconitum 35
S242 )8 Delphinium 35

£l Total 1,100 #1it Total 676

2 ML X BT LLE XKEM T YRR WA HEE AT 106 R R AR
Table 2 The top ten families and genera comprising the largest number of endemic seed plants above timber line in the Hengduan
Mountains

F4 Tl g J& % T
Families Number of species Genera Number of species
2% 2%} Scrophulariaceae 80 48 & Pedicularis 72
%j%} Compositae 73 R H 58 Saxifraga 37
FEHEFEl Ranunculaceae 67 T3 )& Arenaria 34
fRH R R} Saxifragaceae 47 “KHJE Corydalis 33
F 1R} Caryophyllaceae 46 JEfHJE Gentiana 31
RFIER} Primulaceae 45 RFJE Primula 30
BEZERL Papaveraceae 38 53L& Aconitum 26
JEJHEL Gentianaceae 36 Z248)8 Delphinium 26
FHSIERE Ericaceae 31 #8988 Rhododendron 26
+1ERE Cruciferae 27 KB4 )& Saussurea 24
411 Total 490 437 Total 339
) 700 A % 300 B
.§ 600 i 250
2500 | 5
= @ = 2 200
o £
& *5 400 = O
= = 2 150
F 5 300 - e 5
= [
=3 £5 100
g g
2 100 { E 50
0 . Z

10 20 30 40 50 0 10 20 30 40

FRA$ & Number of specimen FrA% & Number of specimen

Bl L XU E XS FER AR EEIME NS5

Fig. 1 The distribution of specimens of seed plants among species above timber line in the Hengduan Mountains
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Fig. 2 The distribution of frequencies of specimens in each elevational belt along an elevational gradient in the Hengduan Moun-
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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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BRI R (E2). 4,900 mUA_E Xk bR A K B 4R
b RIS RRAR262 5, A bR A ESL13.15%,
FHIARAL13 5 KA ISR ATe S, REMPEEA
ARV EERREY I N(EP) B
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JIT A Tl = R RV PR3 I S B, (R
R RN R 22 RN, 754,800 mbL I,
Wb A g 2 L A DUIX oy S i R
FEWIZE 5 o e P =F s BB AR IR 3 n A4 b 5L
NS, HER UG AT, DR G it 2
[F) A AN BE A 47 DX 3 25 T 4 e Y 0 A = BT 22
N2 R L L T ES R S S SN ERE SIS
F(EI3), X707 U B I R N AR AR AR (1 i
BAIG,

4 g

41 HEYIRERSH

AT H AT TR T (L XORE 2 DL L X s
TR IR A AT T Mgk, brARTERE S T
FHOCHHE PEFNE ) BT A R AR AR, AH 45 R sk
ARAETRE SR EA A S R IAEPIAN 7 1H:
IR REB WA 125 b A (), R i
RIX I BV h A AR E2), PR ith 28
JUT R HL KRR KIS FEOXFRIL G AT GE R
A (L) X SR A R T o T X R 1
GER 7/ S OL R Sl S W 15707 s (TEN & =S THEN
AMEECE D, ARASTT BRI TR CRR A, (2) Mt
PRI IS, IR BEARCE R SE, 2004,
JAA 4, 2004), MaEED, WA A E KR
LEAg, A5 ol A2 AT S B g B 1w i B b DX ) 1
AKE T D (PR AN 1.875); ()il X 5%
M LA, 1 H AR, ARACR AL S T R
K, KEAMEEE K,

Thb, WA DI KA TR L BRI YIbR A
ROFEEABI R, Wi ()EH LARE S5
PACE IARA, FEARA G R P R UK BB bR A
AR LA, e Sl A TR A B AR AR AR 22 #S e
Z WSO AAE B Bk, 7EA R bR AR kAT
MG R AR B2 QARBLIEYIARA; (3)
AT R ARTE Z ANIARAS; (ORI EARA; (5)
AR A IO TR bR A o (HJE, AT SR AR

AR AR N A T 1L DA 22 DL T SR S R ) b AR [
YKoy, RIERE LR RGP AT EIEN, 4,900
m AR R A AR AR AN R 2
e
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Wk i i 2 WY, AT 1L DX OB 2 L X s
T B B AR PR 358 T B A R B (K3),
1 55 At DX v i R DX ) b T R T AROBG B
HI 53 Ak Jii— 2 (Vetaas & Grytnes, 2002; Grytnes,
2003; Wang et al., 2007). Jit Rt sk X 3 f =
W B2 B ) 2  (Bhattarai et al., 2004), i
VA S5 PR 98 i 2 R R 6 SR S B Bl B
IR R i R

B2, FRATORHK B Z AL 13 P) M G5 iih 2 A BE
IRAF MBI I SR P g B, LRI H
R Z(E13), X A AR g th 2 it idk ek DX I
Y= B Ak e R 3L R 1) J(Fu et al., 2006;
Grytnes & Beaman, 2006). 1] H. /&4 [X 385 5 5 L
51 A 0 T (s A A R 0 k) 0 A6 43 0 ol
it 1 2 AN BE AR 4l DX 0 25 AN AT B P ol o e
(Grytnes & Beaman, 2006).

ARV TS SR 5 5 B 5y W7
V0, ARSI TTVE G A R B A i R DX B
VAR I SRR BN R 23 A1 A% JR (Grytnes: &
Vetaas, 2002). 1fif H., HF & 8o b A Bk i s
=, STl R A % RO PRI AR A A R
FC B AR AN e R, ity (P RS (B
WLl DX R A A5 R B G o B, BT L X
4,100 mLL b DX AR R 1,632F, RTA
WG R B DG (AR B AN BRAR i 1
fli SR AT R

BE T AR VEERE UL PR @ 22 B 01X I Aol )
Y SR RO, BT URYE o ZREVEREE R A
1% Ja AT DUAR G M 2R AR v 22 A 1 0 U 4R 00 Al ks )
(Eriksson, 1993; Zobel, 1997). {H, HuiFrfH o« £
TR 00 R P 4 b R A R e B T (kR R A
2001; S EAE, 2006), 1 R B> o ZFE
PERLINECHE . W2 DL gk X s, P0Fh s BB
5 TR A8 o B R P 0 AT R R AE AR 22 BT S
FRARAF RIUESE, (B m T HkE BERH A 78 20 i A H
B =5 B 1) UF 507 VAN REAR G M il 525 A
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PO IR W, BT R 2 R R

HIAHAIFRARAE TAE o
BT Ly DX — S At — g 1 B3 PR 20 A1 5 44k

HUL(EMIT, 2002; FMITAIZE R, 2003), X LLAH

LA 2 LB DB a1 0 ISR (R L, 2). A,

EAT S LR IR, 0 TR SURR KT L X A X

B R A B B R K AR, 2003;

A4, 2004; Luo et al., 2005). = LA,

SRR AR IR A U (Kullman, 2004; 2558145,

2006), A IR 48 X5 1) A A0 A A B REAN AN AT 23 26

2 A EEIE S T HAR R B R AR I R (1

5 5. (Woodward, 1987; FSUEZ A L H J&-F, 2005),

R T i A e DA DX IR P b AR [ R AR 5 9 L
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