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Abstract: The impact of alpine ecosystem degradation to biodiversity and aboveground biomass and the two interaction
patterns along with the gradient of elevation are critical for understanding the changes in natural ecosystems that induced by
global climate change and human disturbance. This research focused on the degraded meadow and shrub of hillside in the
headwaters region of three-river on Tibetan plateau and aimed to investigate their relationship between plant species diversity
and above-ground biomass along an elevation gradient. We observed that: (1) the vegetation coverage on the upslope of
degraded sloping alpine meadows and alpine shrubs was significantly greater than that on the downslope ( P<0.05). Both
degraded slopes of alpine meadows and alpine shrubs exhibited a unimodal pattern of plant species diversity over elevation
gradients. Furthermore, the interpretation rate of the quadratic regression equations of the Shannon-wiener index and the
Simpson index against elevation gradients on alpine meadow slopes achieved more than 80% and 70%, respectively ( P<
0.05). (2) The above-ground biomass of degraded sloping alpine meadows and alpine shrubs was consistent with the
altitude gradient, that is, the above-ground biomass of alpine meadows and alpine shrubs increased initially then declined
with the increase of altitude. Interpretation rate of the quadratic regression equation indicated that the altitude gradient could
accounted for more than 85% of the above-ground biomass in degraded alpine meadows and alpine shrubs (P<0.05). (3)
The association between plant species diversity and above-ground biomass exhibited a similar pattern on both alpine
meadows and alpine shrubs slopes, which proved to be a linear increasing trend. The interpretation rate of the regression
between plant species diversity and above-ground biomass reached more than 70% on alpine meadow slopes and more than
60% on alpine shrub slopes (P<0.05). Also, the alpine shrubs on degraded slope land had higher plant community
diversity and above-ground biomass than alpine meadow plant communities. The species diversity of plants in degraded
alpine, alpine meadows, and alpine shrub slopes, as well as their relation with above-ground biomass, was consistent with
the pattern of changes along elevation gradients in degraded alpine mountains. These findings suggest that environmental
variations induced by altitude gradients continue to have a stronger influence on plant community species diversity and
above-ground biomass. This study has important reference value for understanding the formation ecological mechanism of
degraded alpine meadow and shrub of hillside in the headwaters region of three-river on Tibetan plateau and putting forward

effective ecological restoration measures.
Key Words: alpine mountains; slope degradation; alpine meadow; alpine shrub; above-ground biomass; species diversity
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Fig.1 Location of study area and sample sites
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Fig.2 The vegetation coverage on different lines in degraded mountain areas varies with altitude
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Table 1 Detailed information and survey results of degraded slopes in alpine meadow ( Mean+SE)

Shannon- Mo b A
HHBE %73 £ L8 wiener $84( Simpson F84L Pielou %% Margalef 1541 Above-ground
Vegetation Elevation/m Cover/% Species Shannon- Simpson index Pielou index Margalef index biomass/
wiener index (g¢/m?)
LAtris) 4225 65.63 16 1.57£0.03¢ 0.66+0.01c 0.640.02¢ 2.25:0.04 68.125h
Meadow 4245 73.25 21 1.62+0.05be 0.71£0.02be 0.66+0.02de 2.25+0.04 92.68+7h
slope 4260 76 22 1.90£0.12a 0.8+0.02a 0.82+0.02a 2.24+0.07 98.56+8ab
4280 72 20 1.9420.08a 0.80+0.01a 0.77£0.02ab 2.24+0.03 128.72+11a
4295 79.63 21 1.91£0.09a 0.77£0.02ab 0.73+0.03be 2.54+0.05 99.96+11ab
4315 71.38 18 1.81+0.05ab 0.71£0.02be 0.67£0.01cde 2.39+0.03 95.4+9ab
4330 89.75 18 1.82+0.05ab 0.77£0.03ab 0.72£0.02bed 2.54+0.04 85.6+9b

2.1.2 BB AL FERE MY RER R AE
12 FEHE AR A 89 MARERE T (2 mx2 m) HPRE Ty WA EUEAGIE B R 18—24 Fh I id 4 3] 85 FiiE Y, s
BT 68 J& 29 B, WriERE BEAE YT VR R S R M VR AL AR MR VR TR 4245—4260 m b, FEE R
R AE SRR MR 4200—4260 m A EMEDACE = ILAEMD SIS A R A R g, PR
FE Y RE bR 25 B2 530 J2: 55.89 em \37.67 em 1 20 em, PHEAE T NZREZ A 75 Fi, S8 T 58 J8 26 B,
SR ARARE EFHEY A 4.4 2 B Hh R Z A 14 M HIRE RRIE IR, 4 9 M) .
S b A S AT A0 (AR ) A T 3R ((Galium verum) TR B ( Ephedra monosperma) \HUIRHE 7
( Pleurospermum hedinii) WAL (Viola biflora) Lk KR HEMIN 32 ( Epilobium palustre) 55, W#§K 4245—4260 m
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Table 2 Detailed information and survey results of alpine shrub degraded slopes ( mean + standard error)

Shannon- Ho EAE Y
B K wE LT wiener 541 Simpson F84L Pielou 8% Margalef 84X Above-ground
Veget ation Elevation/m Cover/ % Species Shannon- Simpson index Pielou index Margalef index biomass/
wiener index (g/m?)
TE M3 b 4200 55.25b 23 2.01+0.07b 0.72+0.02b 0.74+0.02b 4.14+0.16ab 173+12¢
Shrub slope 4215 78.31a 22 2.24+0.07a 0.82+0.01a 0.83+0.01a 4.49+0.16a 261+30a
4225 81.56a 20 1.84+0.7hc 0.63+0.02¢ 0.68+0.01c 4.02+0.15ab 247+16ab
4235 80.55a 20 1.80+0.07he 0.63+0.01c 0.65+0.02¢ 4.14+0.11ab 225+10abe
4245 78.75a 21 1.76+0.08bc 0.53+0.02d 0.63+0.02¢ 4.19+0.12ab 190+20be
4260 75.5a 21 1.07+0.03d 0.38+0.01e 0.38+0.01d 3.49+0.09¢ 166+16¢

1o FE B f5) 1 FETE AT LR, vo FEHE TR T A A D7 DY 1 S AR O P 82 L v FE R R A Hh B ) ) R iy
ik 6 FhLL b R FE R A 84 FEYISRIE T 39 B, mFEHE 85 MAHYSRIE T 29 Bl HEBH M AR W) B
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B ZEE BB i FE R A 8 WA 2 R IR R e
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TP 22 S R (P 3) o THE NI AN [) 35 7 2 S M DR T B2 e T8 ML) A7 A (0 T AR J2 M O3 A
ANTA] , A3 ) 3 TR AR A A A e AR A LR M B 43 T AR KO M, 3 i T AR 2 A ) AR
KRB 0 22 5, TS i 20 A7 AE 25 57

DA ¥ UL 1 4 A o 1A

1.0 . YA 2 I

& Stress = 0.2 Stress = 0.19

NMDS2
o
T
e »
, P
P
L]
o
T
» P
> »>
SV
ii :
’:.0,0.
>

1 1 1 | | 1
0 1 2 -2 -1 0 1
NMDS1

3 SEE@GENEMARE A NMDS 53
Fig.3 NMDS analysis of different slope positions of alpine meadow and shrub slope
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Fig.4 Changes of species diversity in alpine meadow and alpine shrub communities with elevation gradient
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Fig.6 Changes of above-ground biomass in alpine meadow and alpine shrub with elevation gradient
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Fig.7 Relationship between above-ground biomass and species diversity in alpine meadow and alpine shrub communities
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