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Abstract. Climate change in tundra areas is becoming increasingly important in the context of
global climatechange. In this study, we established a comprehensive monitoring system to
investigate the “characteristics of tundra vegetation on the Changbai Mountain, with data
indicating that tremendous changes have emerged in vegetation communities. In addition,
obvious differences were observed in the tundra vegetation on Changbai Mountain in regard to
slope direction, with the pattern in species composition and diversity of vegetation change on
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the northern slope found to be quite different. Results showed that: (1) Shrubs on the
southern slope were dominant among vegetation communities, consistent with that observed
on the northern and western slopes. species composition showed obvious
differences in regard to slope direction, suggesting a moderate level of dissimilarity. (2)
Vegetation community characteristics (e.g. biodiversity, abundance, and coverage) on the
southern and northern slopes were quite similar, but differed from those on the western slope.
(3) Spatial characteristics of species diversity were the same on the southern and northern
slopes, and showed a single peak at mid-altitude, whereas species diversity on the western
slope increased monotonously with increasing altitude. These results indicated that distinctions
existed in the anti-interference ability of the vegetation communities on the "different slopes.
Compared with the western slope, the southern and northern slopes. shared a. strong
vegetation community anti-interference ability. (4) Changes in vegetation on‘each slope were
quite different. Vegetation on the southern and northern slopes was relatively stable, which
differed obviously from the strong upward invasion of herbaceous plants found on the western
slope. The differences in tundra vegetation based on slope. direction on Changbai Mountain
were due to several reasons, including background differences.of each slope, environmental
differences, and different responses to global climate “change. It is the combination of
vegetation succession and change in response to‘climate change under the interference of

However,

volcanoes and strong winds.
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1.1 HRXBARER

K1l (41°23" ~42°36'N, 127°55' ~129°FE)
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LI SR RAKE Y %)
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AR MR AE A T L R B DR (VR 2000 ~
2600 m), FEHLBERELL AP R =
PR EN, B EFF50 m A4AEE 1 D10 mox
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TR P REHLEER 4 4~ 1m X 1 m AEE
U5, AT 40 ARETT, DA HIZR LR | R (H
GPS W15 ) , GeitH e v ARk {5 L (VN A i Re
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Table 1 * Sample locations
FEhikE Dy Eaai)ia R (m)
Sample Latitude and longitude Altitude
1 41°57/49.41"N, 128°04'36.32"E 2124
2 41°57'26.64"N, 128°04'34.6"E 2172
3 41°57'33.86"N, 128°04'32.88"E 2220
4 41°57'42.61"N, 128°04'27.51"E 2254
5 41°57'561.36"N, 128°04'22.13"E 2288
6 41°58'0.68"N, 128°04'4.40"E 2344
7 41°58'09.99"N, 128°03'46.67"E 2400
8 41°58'18.51"N, 128°03'40.32"E 2457
9 41°58'27.04"N, 128°03'33.97"E 2496
10 41°58'35.57"N, 128°03'27.62"E 2536
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75, APEML; 24 J 75 ~ 100 B, R E
AL

(4) ZHEEEE AXZHMEREBCKRH
Shannon-Wiener ¥ Fl Z2 ¥E 4 8 55 ( SW) B &, 2

S SW =3 Pine, Rete BARE i

ZREWH, B P.= N/ N; N A i PR B4
R, N g2l i S MARRL

2 ZER59Hh
2.1 KBAWLFEKREFEERHE
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(Ranunculaceae) . KAF}(Poaceae) . JEH-HE}
( Saxifragaceae ) . % = #l ( Scrophulariaceae) .
He KB Crassulaceae) gl El ( Salicaceae ) 55,
Hr BEAMWA 48 118/, FEAHE, Sl
4K ( Dryas octopetala L. var. asiatica ( Nakai)
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Nakai) . 4= # 8% ( Rhododendron aureum Geor-
gi) . kAL ( Vaceinium uliginosum Linn.) . &
Hi 1B ( Rhododendron confertissimum Nakai) 4% ;
RATYI A 34 )8 44 Fh, FEALE. SR EH
( Saussurea tomentosa Kom.) . & ¥ ( Deschamp-
sia caespitosa (L.) Beauv.) . Ek %3 ( Polygo-
num viviparum L.) . /N 1€ Hb 4 ( Sanguisorba
tenuifolia var. alba Trautv.) . 404# > ( Plilagrostis
mongholica (Turcz. ex Trin.) Griseb.) %%,

WA AR RE S A 28 S FREE RS SR
T 1, AOMMBEMEEMEART 3, 240 BFEY
20%, WA EZEKRT 3 19 MIFMENE
JHs B P S, 4 B R/ IMRIR R . SERHIl &
A IS XES . R ARRS . AT, . R D
1124 ( Dendranthema oreastrum (Hance) Ling) .
R MRF B (ER2),
2.1.2 HEWEEEE

1 LR 3 & I RS Y B 7.57 em,
ARSI B 10.99 cm, BN Y BB
LWV KRR 3.42 cm; MM AR Y LLVE KR 2
1073 #k, 1 HL A A 4 & 55 BE AN L KBS IR
0.24% ; T3 A A ) 1) %% FE LU WE K 155 32.86 1/
m*(£ 3),
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49.73, FAPYAHXT 55 B HREARBEAIL 0.54% 5 M
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K1 1L 5 g A 9% Shannon-Wiener 244
T B bt e R I AR I (P < 0.05) , SR
O3, WE(E HH PR TP IR L X 24 2200 m 4k, Ff1A]
TR R g g Az s (T 1)

FAYEE R A2 FIE A 2 Shannon-Wiener
MM i BB VR 1 T v AR AL B 3 (P < 0.05) i
WA (P <0.01), ¥RHIER AR, (HIGE
BN E WA R, B R 2R A TR
2250 m e (B 2: A), HEARZ ZAE M IE(EAL T
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Table 2 Dominant plant species in the tundra zone of the southern slope of Changbai Mountain

52z} Wi AEXT 25 AEXT 55 B AT A5 G| AR A
Number sitond Relative Relative Relative Importance Life
P density coverage frequency value form
s ilie A Dryas octopetala
! L. var. asiatica (Nakai) Nakai 9.98 13.53 4.28 9.26 A
2 EIAX B Saussurea tomentosa Kom. 9.98 9.48 7.74 9.07 A
3 4 HEY  Rhododendron aureum Georgi 7.48 10.50 3.87 7.28 HEAR
4 FHREIRS  Vaccinium uliginosum L. 5.98 11.34 4.28 7.20 HEA
5 k¥ Deschampsia caespitosa (L.) Beauv. 10.77 3.41 1.43 5.20 HAR
/NMUZS  Dendranthema oreastrum
6 (Hance) Ling 6.96 4.42 4.07 5.15 AR
7 ERZEZE Polygonum viviparum L. 3.87 1.18 6.72 3.92 FAR
AN Ptilagrostis mongholica .
8 (Turcz. ex Trin.) Griseb. 282 331 3.26 8.13 A
9 EHiMES Rhododendron confertissimum 206 489 204 3.06 WEA

Nakai
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Table 3 General characteristics of tundra vegetation on the southern slope of Changbai Mountain

TR A FEIRE (cm) SHRE(HR) SR (%) SRR (BR/m?)
Vegetation types Average plant height Total number of plants Total coverage Average density
#EAK  Shrub 7.57 2136 22.61 40.77
KA Herb 10.99 3209 22.37 73.63

x4 KAUEREREFEAMERNMLETE

Table 4 Comparison of dominant herbs and shrubs in the tundra zone on the southern slope of Changbai Mountain

T EEAE

(UREE/EL 6

T B AHXS 22 AHX 5 i | lue of  Number of domi B RE
Vegetation type Relative abundance  Relative coverage rgg%ritfgrieséaeg%f um esrpc;Ciec;mlnant Ecological dominance
HEA  Shrub 39.96 50.27 26.81 4 0.020
A Herb 60.04 49.73 26.47 5 0.035
&1 Total 100 100 53.28 9 0.055
® Shannon-Wiener
2.07 " y=-21.29965 + 0.02109x - 4:78502E - 6x
5 R?=0.54835
& 1.8
5
S 1.6
c
c
[}
B 1.4 .
1.2 T T T T T
2000 2100 2200 2300 2400 2500
K Altitude (m)
1 E &R # Shannon-Wiener & #4155 bEiE kML
Fig. 1 Changes in Shannon-Wiener.diversity index of southern slope tundra vegetation with altitude
1.81 A m Shannon-Wiener 1071 B ® Shannon-Wiener
5 = y=-27.80105 + 0.02637x - 5.90324E - 6x° 5 y = -21.52103 + 0.0209x - 4.88898E - 6x°
S 16 - R*=0.77548 S 087 R?=0.90326
= S
c < 0.6
g o
c 1.4 E
s 8 041
n )
1.2 0.2

2000 2100 2200 2300 2400 2500
I3k Altitude (m)

2000 2100 2200 2300 2400 2500
iR Altitude (m)

B2 FEEERHEEREZ(A)FENKRER(B)Shannon-Wiener & iF it #BEERNTL
Fig. 2 Changes in Shannon-Wiener diversity index of tundra zone herb (A) and shrub layers (B) on
southern slope with altitude
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K H I E 3 o 4 A 19 B 38 J&
55 #, duyE A A 29 60 J§ 79 F, PEH R
A 22851 & 72 F (R 5) . WEIAKF &,
A 37 FhiEIE R . dLI A B, By ALY
FIFAL R Bh 38.14%, M EEARHMMRL; 4 28 Fh

MYIER Y, | PR I, rE RV AL R
o 28.28%, FHBEASARAL; A3 42 FhAE A AE T
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Table 5 Species statistics of tundra plant communities on each slope of Changbai Mountain

Jt3%  North slope Vi3 West slope F¥  South slope

Genus  Species plants Genus  Species plants Genus  Species plants
FA4ERL  Ericaceae 3 7 4368 5 10263 6 1035
R Rosaceae 4 5 1623 4 5 5888 5 922
FElL  Polygonaceae 2 4 1321 1 3 782 1 2 279
%%} Compositae 6 7 872 7 10 3376 5 5 1266
JefEEL  Gentianaceae 1 2 158 1 3 364 1 2 157
HF  Leguminosae 3 3 379 2 2 331 1 1 101
HAF Liliaceae 3 3 652 2 2 92 1 1 58
5 KFL Crassulaceae 2 3 116 1 1 1059 2 3 41
IRl Salicaceae 1 1 180 1 3 48 1 4 76
KRAFL  Poaceae 6 6 1124 7 9 2383 5 5 503
AIEF Umbelliferae 3 3 325 4 5 456 2 2 149
R Cyperaceae 2 6 686 2 8 1045 1 4 223
JRHHEL  Saxifragaceae 2 3 20 2 2 114 2 2 188
EHE Ranunculaceae 4 4 57 4 4 1315 2 2 90
+#4ERL  Cruciferae 2 2 9 - - - - - -
fif1Rl  Caryophyllaceae 2 3 81 2 2 82 - - -
HEERL Papaveraceae 1 2 30 = - - 1 1 50
Z &8 Scrophulariaceae 2 2 24 2 2 23 2 2 11
R Violaceae 1 2 43 1 1 18 - - -
#i#}  Cupressaceae 1 1 - - - - - -
REBFERL  Pyrolaceae 1 1 5 1 1 5 - - -
Fi¥ARl  Lycopodiaceae 1 1 - - - 1 1 156
HAFL Caprifoliaceae 1 1 25 - - - - - -
M2k )L RL  Geraniaceae 1 1 91 1 1 664 1 1 12
AR Primulaceae 1 1 12 1 1 8 - - -
fT.OFFRE Juncaceae 1 2 12 1 1 214 1 2 28
Hint3E%l  Onagraceae 1 1 7 - - - - - -
2%l Orchidaceae 1 1 5 1 1 5 - - -
HEF Iridaceae 1 1 14 - - - - - -
e =" RUHEZRAE R
Note: “ =" indicates:that it does not appear in the plot.

*® 6 BFEERFTWHHAERBOERE

Table 6 Similarity coefficients of plant species
composition in each tundra zone

i) WA EA JERUN
Slope direction Shrub  Herb Total
N +l i
PEACAI 38.46% 35.06% 28.18%
West slope and south slope
PIRRIIL S 46.15% 32.56% 38.53%
West slope and north slope
FSCAIAL 40% 41.67% 38.14%

South slope and north slope

ok 46.15% F1 41.67%, 415 A AR K
F(5£6),
2.2.2 BHEEmEBEREHABMER

IS RINRea 2 Wl o 1T a7 N = g
L% BEM (Form. Dryas octopetala var. asiatica—
Saussurea tomentosa) N £, EHEYFIHHEAR S 4
Fiv, REAC T 5, Jb3E IR LA B A RS K 1
1 M A6 B P\ ( Form. Rhododendron aureum -
Sanguisorba sitchensis) &, fLH#¥ Rl #E A
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RENCI L 7 NFSC I i = R o W L
K AL AR A (Form. Rhododendron aureum-—
Sanguisorba sitchensis) i+, L#YIFHHEA S
28, AL 6 F,

RN A TR 5 A, 30k . BT
B el AR, 4 B AR RS BRZEZE . mIRRE
%o FEMCRPGR A HFN 3 A, a4 R
A . KREfeHitm . = KB4, B Hndes . PR
B IGHFD 44, 50 ARG . R AEH
fan . EITEORE . mIR KB (R T),
2.2.3 BEMEBREHEEHFLIER

ERAEG T, U JEBOR R A B 0 P bk
R 21.47 . 12,99, 10.25 cm, EidE S ALk
SEERR R A ARARL, T PGS AE AT v R T
AP s O3 AU R S AT T 350985 i O

x7

Wk 182,82, 159.21. 114.39 #k/m2, 3 A3k ]
FER AR P8 B SRR EBCRLE 56 ) 1K
AN S > dbdE > MY (£ 8) .,

A FEY) A BB B R R, P
1, 1 62.30%; Mk, i 60.04%; dtk
A i 58.21%, MEIASHE ) 35 B o5 A A R 55 R Y
FeBIRE, PEdiim, & 57.09%; MKz, o
49.73%; bt /l, 5 41.19%, FHH PRI Fg I
FARLYIIT 0 H B TR (R 9) .

2.2.4 KALUAREEHEEREHREENEZR

Jin 25U XK L A AN [RI 3 )X 4 Bk AR 18
(1) 2 S AT 5T e B, “RE R 2 R B A 11 T
HAAAATE PRI - Fhoh e AR 2 B
Ak, W E R ILAE R, SRR AL TR e R
T3 — RN R IR A (R v T e S R e, R

B EEEFERB S LB

Table 7 Comparison of dominant species of tundra plant:cammunities on each slope

Ri%  South slope

k3 North slope

Pl West slope

Wb AEVER EEYE Wi A TE AL R Wy EVER EEYE
. Life  Importance . Life” " Importance . Life Importance
Species form  value Species form . value Species form value
SirtiliZc A Dryas sy o
octopetala L. var. Wik oop T gm@mmmn WA 104 TEALES QM@WWM Wk 2033
asiatica (Nakai) Nakai aureum Georgi aureum Georgi
B X B3 Saussurea . KE{EHI | Sanguisorba .. KIEFEHIMT  Sanguisorba .
tomentosa Kom. A 9.07 sitchensis C. A. Mey. A 565 sitchensis C. A. Mey. R 8.09
Zan . S /NALEHIMT  Sanguisorba
FREALHS Hhodqdendron HEA 7.28 ﬂﬂ?f Polygonum HA 5.40  tenuifolia var. alba HAR 7.15
aureum Georgi viviparum L.
Trautv.
o - o o /NIEE Deyeuxia
Lkt Vaccinium o 00/ 70 BN Vaccinium WA 540  angustifolia (Kom.) Y. iz 5.58
uliginosum L. uliginosum L.
L. Chang
. . Fa il D L
BH  Deschampgia Bk 520 J&Eii@L%ﬁ WEA go7 MIWWATH Saussurea 4.23
caespitosa (L.) Beauvie..' : fop CT ) ) tomentosa Kom. ) ’
asiatica (Nakai) Nakai
/NUZS  Dendranthema . . )
e Hs B3 Saussurea . Hitpa R Ligularia .
E(ﬁ:strum (Hance) AR 515 tomentosa Kom. A 3.02 jamesii (Hemsl.) Kom. AR 4.08
BRZFZE Polygonum ks Vaccinium
viviparum L. R 8.92 uliginosum L. A 359
AR Ptilagrostis Egﬁ%ﬁ)ﬁ_‘agf;%dﬁla
mongholica (Turcz. ex EAR 3.13 ) - B 3.23
Trin.) Griseb Ohba subsp. sino-alpina
' ‘ (Frod.) H. Ohba
EHikRS  Rhododendron WA 306

confertissimum Nakai
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AL FRGEIRE . AR REN, KAlimdk
IR Y Z PR 0 B AR RS 55U
], BB R3S el 2840k, WA B AE op
T, 155 PG Rl 2 R B I R T 2 B U
ERTERARE

KA1t Shannon-Wiener ¥)F 2 #1458 %k

BRI TR AR L B (P > 0.05) , SHIgmI /31 |
WA H A P 3R 2 2250 m HiLIX, I ) AR 4R R
1 U PR M X 2 e D (' 3. A) L PE 3 Shannon-
Wiener 47l 22 A5 14 i 50 i 18 4 1) T v 22 Al i 3%
(P <0.01), RRFT RS, KGR 2
FEMEROh R, miERA 2R TR 3: B) .,

* 8 BWEBREWRTE SMEFFEXT L

Table 8 Comparison of general characteristics of tundra vegetation communities

] I el gﬁi@ﬁ‘%%(cm) /'E'\HE%&(H%) E‘»ﬁ%@f(%) %i&]ﬁ?‘fg(ﬁi/mz)
I : Average plant Total number of Total coverage - .
Slope direction Vegetation type height plants Average density
_— AR Shrub 7.57 2136 22.61 40.77
South ;(Iope HA  Herb 10.99 3209 22.37 73.63
Bk Total 10.25 5245 4498 114.40
It WA Shrub 6.82 5120 37.65 62.59
North ifliope FA  Herb 15.13 7133 26.37 96.62
Bk Total 12.99 12253 64.02 159.21
, WK Shrub 13.49 10768 36.52 69.02
Wefjfllope FAR  Herb 23.16 17767 48.58 113.80
Bk Total 21.47 28535 85.1 182.82

®9 BHEAERERESRBILL

Table 9 Contrast of dominance of shrubs and herbs in tundra vegetation on different slopes

e HE RS AY AR 2 B AHX 558 WHYFYEEE BRI ECR B
Slope Vegetation Relative Relative Importance value of Number of Ecological
direction type abundance coverage dominant species dominant species dominance
by A Shrub 39.96 50.27 26.81 4 0.020
Soutmﬁ flope B Herb 60.04 49.73 26.47 5 0.035
Bk Total 100 100 53.28 9 0.055
" WA Shrub 41.79 58.81 20.88 3 0.036
Nortjh iiope WA Herb 58.21 41.19 14.07 3 0.023
Bk Total 100 100 34.95 6 0.059
55 WA Shrub 37.70 42.91 23.92 2 0.087
West ?ope WA Herb 62.3 57.09 26.77 6 0.024
A Total 100 100 50.69 8 0.111
] A ® Shannon-Wiener 1 B ® Shannon-Wiener
_ 24 y = -36.84145 + 0.03458x - 7.67014E - 6x° 28 y= -0.00322x + 9.47941
e | R?=0.31937 2 R?=0.86667
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Fig. 3 Changes in Shannon-Wiener diversity index of tundra zone on northern (A) and
estern slopes (B) with altitude
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Fig. 4 Changes in Shannon-Wiener diversity index of tundra zone herb (A) and shrub layers (B)
on the northern slope with altitude
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