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CHANGES IN PLANT SPECIES DIVERSITY AND PRODUCTIVITY ALONG
AN B EVATION GRADIENT IN AN AL PINE M EADOW

WANG Chang Ting  WANGQi-Ji © LONG Rui-Jun JING Zeng Chun and SHI Hui-Lan

(Northwest Plateau Intitute d Biology, Chinese Academy o Sdences, Xining 810001, China)
Absgtract Undergtanding the rlationship between biodiversty and ecosysem function is centra to the Gobal
Change and Terredrial Ecosysem (GCTE) project aswell as to ecosysem ecology in general . Productivity and
nutrient mai ntenance , both critical ecosygem functions, can be measured in relation to Pecies diverdty to test
how ecosygem functions are dfected by ecies diverdty. We gudied changes in gecies diverdty and produc-
tivity dong eevationd gradients in apine meadow grasdands to assess the irfluence of changing gpecies diver-
sty on productivity.

The results show a dgnificant uninoda pattern of ecies diversity across the eevation gradient with
oecies diverdty highest at mid-eevations. Maximum secies diversty occurred at intermediate levels of pro-
ductivity and ecies richness. Above-ground biomass decreased with increasng eevation and below ground
biomasswas greated at low and high devations and lowes at mid-eevations. Belowground biomass varied
during the growing season and verticaly within the il profile: maximum underground biomass occurred a the
beg nning and end of plant growing and was digtributed primarily in the top 0- 10 cm o il .

Key words Hevation gradient , Primary productivity , Hant species diverdty , Alpine meadow

) , Tilman  Naeem
(Naeem «
( ,2002) , al. ,1994; Tilman et al. ,1996 ;1997 ;2001) Kasen
. , (2000)

: 2003-01-20 : 2003-11-17
: oo (2001BA606A-02-03)
* Author for correpondence  Email : WQJ @mall . nwipb. ac. cn

Email : weht6 @hotrmail . com



241

( Ptilagrostis dichotoma)

1.2
1.2.1
, 2002 5 9
, « ) 300 m
) ) 1 1
, , 6 ( 3840 m
- , Waide 3856 m 3927 m
(1999) , 3988 m 4232 m
, , 4 435 m) 50 m x50 m
, ( ) 5 50 cm x50 cm
; G 9 ), 20
, 80
, , 15 cm x 15
, ( ,2003) cm , (0O 10ecm 10 20 cm 20 30 cm)
, , , 3 (1 mm)
) , 80
( (8 )
,1995 ;1998 ;1999 ; ,1996) , ( ),
250 cmx 25 cm 25 cmx 25 cm 10
, 2 , 20
, 1.2.2 ( ,
1994)
R=S
1 Shannon-Wiener
1.1
' H=- ii Pin P,
3343 35°16 N, 98°48  100°55 E
1 4000 m , S Aelou
542.1mm,5 9 445 nm J=(- 2 RInP)/InsS
-2.3 , 210 914. 3 , P; i ( +
2450.8h , )/2,S i
(K. pygmaea) 2
( K. humilis) ( K. capillifdia)
( K. tibetica) ( Stipa 2.1
aliena) ( Festuca ovina) ( Poa
pratensis) ( Bymus nutans) 5 ,



242 28
9 6 7
1 , , (1998) :
, (3840m) 8 0 10cm ,
371.60 g-m™? 335.08 g-
m 2 288.12 g-m’ 2 220. 60 ,
g-m 2 173.16 g- m™? 0 10cm ,
(4 435 m) 8 132. 00 g-
m?, 8 :
2 ,6 , 10 cm ,
(3840 m) (4 435 m) . ,
, VA ( 2 (5 2.3
) 9 ) 6 7 2.3.1
, ( Kobresia tibetica) , :
] , 60% 95% 35
) (Stipa aliena)
, , , (Scirpus distig
, 9 , , maticus) , 60% 88% 37
& 4000 , ( Poa annua)
S 350}
\:.93007 , ( Guel denstaedtis diversifoli-
g é a) g (Ligularia virgaurea) 60 %
#s 85 % 41
o
ﬁ § 1 H
&
b 39 40
5
ﬂ y b
. 40% 60 % 26
FRHE Elevation gradient 18 000 -
B5H May OO6F June B7H July B8A Aug. H97 Sept. 16 000 F
1 =
Fg.1 Seaond dynamicsof the above ground biomass of different %o 14 000
dtitude gradient in apine meadow 3 é 12 000 |
] 5 L
52 ) = 10 000
6 l% g 8 000
5 6000
, , g
= 4000
. & 2000 f
1 1 6 (0 10 cm 0 . ) ! . |
) 51. 65% 5 6 7 8 9
87.40% 89.08% 87.09% 88.03% 100 %, A Month

(10 20 cm)
10.06% 8. 89% 0%,
3.37% 4.16 % 2.85% 3.08% 0%,

28.27% 9.23% 6. 77%
20. 08 %

——1 14+—2 —0—3 -& 4 —%-bH—0C-6

1~6: ¥Etk4EERF Elevation gradient
2
Fg.2 Seaond dynamicsd the beowground biomass o different
dtitude gradient in apine meadow



2 : 243

16 (gm?
Table1l Verticd digribution of belowground biomessin Sx eevation gradient

Hevation (cm) 5 6 7 8 9 +
i ember +
qadert il depth May June July August St Mean + D
1 0 10 6324.44 6 835.56 5 348.89 6 147.56 83%.22 6610.13+1 131.38
10 20 5164.89 2 662.67 3969.33 3784.89 2508.44 3618.04+1 082.58
20 30 4 538. 67 1915.11 2334.67 2 303.56 1 759. 56 2570.31+1127.80
2 0 10 2952.00 2 159.56 2211.56 2622.22 2845.33 2 558.13 +360.80
10 20 174.67 237.78 214.22 365. 33 358. 67 270.13 +86.87
20 30 42.22 39.11 76.88 110.67 225.00 98.78+76.34
3 0 10 3417.32 1618.65 2365.34 2341.76 3446.21 2637.86+784.49
10 20 143.12 154.21 156.00 210.65 337.30 200.26 +£80.98
20 3D 76.87 69.78 117.35 121.75 229.76 123.10+64.01
4 0 10 3267.10 1919.13 2208.00 2 896. 86 2 896.87 2 637.59+554.87
10 20 226.21 164. 86 261.34 366. 67 469.78 297.77 +120.88
20 30 116.88 38.23 77.32 91.10 99. 56 84.620 +29.63
5 0 10 3106.22 1 416.00 2 050.65 1982.67 3896.00 2 490.31£995.04
10 20 149.76 136. 87 195.10 304. 86 472.00 251.72+139.77
20 30 69.32 22.67 77.30 78.20 187.12 86.92+60.51
6 0 10 3974.65 3316.45 3673.32 4 260.00 4625.31 3969.95+507.12
10 20
20 30
10 cm There are ort of ome data which cannot gain from under 10 cm rock layer D : Sandard deviation
2
Table 2 Number of gecies above-ground bhiomass below-ground biomass and gecies diversty indices of 6 elevation gradient communities in apine meadow
Shanon-Wiener
. Feou
Hevation Gommunity NurTbgr o .A gounFj . Bdowgounq Shanron-Wiener Hdou index
gradent Pecdies biomess (g:m~?)  biomess (g- m”?) index
1 Kabresia tibetica 35 371.60 12 236.00 3.2 0.90
2 Stipa aliena community 37 335.08 3 098. 67 3.36 0.93
3 Kebresia pyg 41 288.12 2 674.66 3.52 0.95
4 Kobresia pyg 39 220.60 3 354.66 3.37 0.93
5 Kobresia pygi 40 173.16 2 364.89 3.26 0.91
6 Festuca capillifdia 26 132.00 4 260.00 2.7 0.86
2.3.2 ) ) ,
2 , 37 41
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; , 0.908 6, 0.5,%? 6.113 6. 311
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6
3856 4232m
: , 37 ,
40 ( 3 Gentry (1988)

3856 m( ) 4232 m( (1994) _ "



244 28
(Mid-dtitude bulge) (2002) 16
2.4
6
( 4) 1 R 1
0.8853 0.984 7 0.954 6, X 6. 661
10.147 8.040, X5.05=11.07,f =5, ,
6
d c
501 L 40 0.96
o ! ¢ 3.5 |
£ 40 5 gg 3o 89"‘\ 094
& 530 f TR ggo.sz-
%{‘g i g_@ 2.0 3,09 o
b 0 LE L5 = 8 _
[-F] = o O 088
R TPy T gse |
= ‘:E 0.5 :
0 b—— & 0.0 0.4 L——
3500 4000 4500 3500 4000 4500 3500 4000 4500
R EAE Elevation (m)
3

Fg.3 Changesd number of gecies, diversty and evenness dong devation gradient

a:y=-0.0001x>+0.9835x- 1961.1 R*=0.9421 b: y=-4E- 06x°+0.0329x- 62.865 R?=0.9042 c: y=-5E- 07x*+
0.004x- 7.046 R?=0.8255
. a 37, P 0 96 ¢
o
& 535 0. 94
wap | 0 o fie=! y
] *f.a‘"* 3.3 £0.92
o 3 -] qm g
ﬁ%“ EEs1 5 0.90
E a9 | = e
b 8 2.9 £ 2088
- o g £ ¢ &
525 | 58277 0.86
= &
20 2.5 0.84 ——————
100 300 500 100 300 500 100 300 500

#h =44E Above-ground biomass(g-r™®)
4
Fg.4 Rdationship between above ground biomess and diversty , evenness, number of species of apine meadow
a:y=-0.0007x*+0.398 7x- 11.132 R?=0.7838 b: y= - 3E- 05x*+0.018 7x- 0.9864 R?’=0.9112 c: y= - 4E- 06x*+
0.0023x- 0.628 R?=0.9697

3 Gertry (1988) (1994) _—
6 :
,6
, R
0.9706 0.9509 0.908 6, 0.5,)(2 , )
6.113 6.311 6.709, X%_OE =11.07, ) )
G =5, . Kasen  (2000)



245

Tilman (2001) 7

( ,2000)

Bai,Y.F. ( ) L.H.Li( ) Q.B. Wang( ) L.

X. Zhang( ) Y. Zhang( ) & Z. Z. Chen( ).
2000. Changes in plant ecies diversty and productivity adong
gradients of precipitation and eevation in the Xilin River Basn,

Inner Mongplia. Acta Phytoecologica Snica ( ),
24:668 673. (in Chinese with English abdract)

Du,G Z ( ) ,GL.Qin( ) .Z. Z.Li( ) ,Z. H.
Liu( ) & G S Dong( ) . 2003. Reaionship be-

tween ecies richness and productivity in an apine meadow plant
community. Acta Phytoecologica Snica ( ) ,27:
125 132. (in Chinese with Engish abdract)

Gentry, A. H. 1988. Changes in plant community diversty and
florigic conpostion on environmenta and geogrgphica gradient.
Annudsd the Misouri Botanicd Garden, 75:1  34.

Kasen ,R. ,B. Angus,B. Gaham & B. R. Paul. 2000. Diversty
peaks a intermediate productivity in a laboratory microcoam. Nar
ture, 406:508 511.

Ma,K. P. ( ) & Y.M.Liu( ) . 1994. Measurement of
biotic community dversty. . o dversty (Pat 2). Chines
Biodiversty ( ), 2:231  239. (in Chinee with

Endish absract)

Neeem, S. ,L.J. Tompon, S. P. LaMer ,J. H. Lamon & R. M.
Woodin. 1994. Declining biodiversty can dter the peformance
o ecosygem. Nature, 368:734 737.

Tilman,D. J. Krops. ,D. Wedin. ,P. Rech,M. Ritchie & E. Se
mann. 1997. The irfluence of functiond diversty and conpostion
on ecosydem processes. Stience ,277:1300  1302.

Tilman ,D. , D. Wedin & J. Krops. 1996. Productivity and sudain-
ablity irfluenced by biodiverdty in grasdand ecosygem. Nature,
379:718 720.

Tilman,D. , P. B. Reich, J. Krops,D. Wedin, T. Midke & C.
Lehman. 2001. Diverdty and productivity in a longterm grass
land experiment. Stience, 294:843  845.

Wang ,Q.J. ( ) ,X.M. Zhou( ) &W. Y. Wang(

) .1999. A preliminary sudy of fpecies diverdty of main plant
communities in apine meadow. Acta Biologica Flateau Snica(

) ,14:77 87. (in Chines with Engish ab-
dract)

Wang ,Q.J. ( ), W. Y. Wang( ) & Z. F.Deng(

) . 1998. The dynamics of hiomass and the dlocation of energy
in dpine Kobresia meadow communities,Haibei regon of Qinghai
Province. Acta Phytoecologica Snica( ) ,22:222

230. (in Chinese with Endish absract)

Wang ,Q.J. ( ), X.M. Zhou( ), Y. Q. Zhang(

) & Z. X. Shen( ). 1995. Gommunity dructure and
biomass dynamics of the Kobresia pygmaea geppe meadow. Acta
Phytoecologica Snica ( ), 19:225 235. (in
Chinese with Endish abstract)

Waide, R. B. ,M. R. Willig,C. F. Seiner, G Mittelbach,L.
@ugh,S. |. Dodon,G P. Juday & R. Parmenter. 1999. The
relationship between productivity and gecies richness. Annud
Review of Ecology and Sydematics, 30:257  300.

Xie J. Y. ( ) &L.Z Chen( ) . 1994. Characterigics
o 9ecies diversty in subtropica decidwus broad-lef fored.
Acta Ecologica 9nica( ) ,14: 337 344. (in Chine
with English abdract)

Yang L. M. ( ) ,G. S. Zhou( ) &J.D.Li( ).
2002. Rdaionship between productivity and plant ecies divers-
ty of grasdand communities in Sngnen Hain o Northeag China.
Acta Phytoecologica Snica ( ), 26:589 593.
(in Chinese with Endlish abdract)

Zhu,Z. H. ( ) & G Wang( ) . 1996. An gpproach to an-
ayzing nature of community gructure: with exanples o dpine
meadow and dpine bushland. Acta Phytoecologica Snica(

) ,20:184 192. (in Chinese with Endish abdract)

Zhang Q. G. ( ) &D.Y. Zhang( ) . 2002. Biodivers-
ty and ecosygem functioning: recent advances and controverses.
Biodiversty Science ( ) ,10:49 60. (in Chinexe
with Endish absract)



