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TRE(H) >EESRBERE(SN) >SHEE IS AR EU(R) o (2) L AERSHEVR B SRR IR B B AR 2Bk AR g £
FEMEFRECE 3 = THEAR)Z B MR, 1E4F Bk BTV M b VT g 4560 BE i 4 R b WOAHE ) & THE AR W), Routledge
R EEH AR R I 1986m b FNHEHR 2250m 4b, FEARJZE Cody F8 2 H BUPHAM AR , W54k 2250m DAL HEVEE A2 2 0] 22
S HEHBU N, Whittaker ZHEVESE B Cody $8 BB HHE T-FE3 . (3) HHABR EE IR A= 58 K AEVE 451 22 Ml AR ) Z M2 1k
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Elevational changes in species diversity and similarity analysis of a Rhododendron

chrysanthum community on Changbai Mountain
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Abstract; We analyzed variations in community structure and species diversity of a Rhododendron chrysanthum community
along an elevational gradient by using sample plot investigations. In addition, we evaluated the similarity of the
Rhododendron chrysanthum community at different elevations. We showed that, at the same elevation, the species diversity
of the herb layer was higher than that of the shrub layer. As the altitude increased from 1926 m to 1986 m, the a diversity
index of the shrub layer initially decreased and then increased. As the altitude increased from 1986 m to 2010 m, the a
diversity index dropped to its lowest value and then increased again, indicating a gradual increase in the number of species

adapted to growth under the unique habitat conditions of alpine tundra. At an altitude of 2250 m, we observed gradual

BELTH EER T H” RS EHE R ( 2012BAD22B0401 ) ; 35 M4 BHE % 2155 H (20100426)
rfE B #9:2014-05-12; &iT B HA:2014-11-14
# MIRVEAH Corresponding author.E-mail ; huangxiangtongehs@ 126.com

http ://www.ecologica.cn



126 JAE = 35 %

changes in the o diversity index and the species composition remained relatively stable. At an altitude of >2528 m, the a
diversity index again showed a downward trend. Regarding the herb layer, the Shannon-Wiener index, richness index, and
Pielou’s index showed similar trends along the elevation gradient. The diversity index was lowest at an altitude of 1986 m
and highest at an altitude of 2350 m. The a diversity index of the community was significantly positively correlated ( P<
0.01). The greatest contribution to the a diversity index was determined for the species richness, followed by Hurlbert's
index, Simpson’s index, Pielou’s index, and the richness index. The B diversity of the Rhododendron chrysanthum
community showed waveform changes along the altitudinal gradient; moreover, the B diversity of the herb layer was generally
higher than that of the shrub layer. The replacement rate along the altitudinal gradient was higher for herb species than for
shrub species. We determined no significant trends in Routledge’s index. At altitudes of 1986 m and 2250 m, Cody’s index
for the herb layer appeared two extreme. At an altitude of >2250 m, species variations in the shrub layer were small and
Whittaker's index and Cody's index showed generally stable trends. Along the different elevational gradients, we observed
marked differences in habitat and community structure and clear biodiversity changes. We determined relatively high
similarity coefficients for two altitudes with similar elevations. Taken together, our findings imply that altitude is the key

factor that influences variations in the Rhododendron chrysanthum community.
Key Words: Rhododendron chrysanthum Pall; o diversity; B diversity; community similarity

4 B2 ¥ B ( Rhododendron chrysanthum Pall.) L RS LR ZAFEA: 5 2 /INEEAR ¥R 55 10—25em , A8 i, 228
AR TR A LNER 1300—2650m' " JE K LR L E R ES RGP A FEEY . Har, x4 iRk
S e (B2l A S SR RV R A 350 S5 D TET O FSE 7 o DG T2 BORT B R 7 45 ) R A= 40 22 My T 46 A 4
B, SR A B B HE AR AN [RIEAR A B A W) R A B R DL AR TE . Wb 2 R IR 2 SR AR R 7 A T 4B A,
2 S WA PR 7 1) A B 2 S TR 45 W 4 R R PR R B A5 T L B Y L B R £
R B S 2 (AR AR AR 2R A S = TR ST AT S AR SCRAA 1 Ll 2R B AL RS BETS W 9T 0 42, 5 i
A B RE BT T& W 2L B A ) 22 REPE T ARORR BE AR 72 AL 48 7R A B L RS REIE AR W) Z AR PERY B LA B AR TR
N T A AL BSRETS WA AR AT I AAKR R | g A= BORE RS RE I A2 1 AR 1 0 DR 37 A4S PR PR BRI Al

1 HFRXIEHR

WFFEX AL T F I AESIRER 1900—2150m 9 A - 25 J5Ued P AR IR 2150m DL b iy Ll By o UM ¢
P TR PR T g L e, & ZE S 2N, BRI U, AR ORI, A R R, A I P
R JOlE A SO LR A R B R R (LA AR, R, R m LB R sz R+
BEAFRALFE IR 2, 222 B R AL AL 78 T A AR R | I e A R B P A 2P Rk i B 8
F Kk B ERR R R , TEEHE-E RS, BV (Betula ermanii) 5 H Y% 1 # ( Larix olgensis) | il
7585 (Alnus mandshurica ) SR T BERFIRZ | F8A 4 B FLEHY ( Rhododendron chrysanthum ) | V8 4H F1) JF
FUAA ( Juniperus sibirica) VSRS (Vaccinium uliginosum) 100 3 25 L& AR 2N  HEAR B B 2R 1K, S s HR
AR T 5 BT 50 AR R IR A2 35, M 550 W B 22 T4t 1300 ) A (4 A R R B B8 R 4 B B 4
AR A BT ANTR], BRI RIS R A B2 FE B ( Rhododendron chrysanthum) 5B ( Phyllodoce caerulea ) % 17
& (Vaccinium uliginosum) AL ALY ( Rhododendron bracteatum) | Sl 2 A ( Dryas octopetala var.asiatica) |
I ( Salix crenata) FE1L1%4 ( Dendran themum zawadskii var.alpinum ) 55 122 3€ ( Papaver alpinum) %5,

2 HIRAE

2.1 FEMIRE STEA
DI A I b 3 8 3 1900—2600m 4= Bz # BS 75 A AF 9% DX 3k, AR 3 0F 5T X 38 A0 57 3l 2514 , SR FH AR b ) A
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2, AR 1900m 2 2600m FIH GPS FEAL, 73 HITE 10 A [R5 BE A ARMERY 25 Je MRS RE S BB,
FEHBTET AN 20mx20m , ZEREH Y I 8 M THIAR SmxSm A AR MR /INE T FE T HEARJZ Wy Fh 22 FE % 1 4, 1
B8 AR Tmx1m B/METT TR R R SRR U A, A& N IR 2 4 B ik i B B 55
FAMEOLLL SIEAR AR AR RL bR AR IR BRERE . REMIMELL ILER 1 TR

*1 WREHHER
Table 1 Description of the Sample plots

e TR MR

R 2 4 ez W 1n] C . C o
Elevation/m Longitude Latitude Slope/ (°) Aspect/ (°) ()n'1mun1 Y ()mlinunl Y
height/m physiognomy
RIS 5 g M- B B HE AR LA B2
1926 128°04'15.38"  42°03'37.41" 25 130 13 FEHG A 3, Rl AE SR A TR 4R ROAL
B R B R A
HBACRETE S, TR K LR HE N 2R
onA’ ” o’ ” = N e T o
1949 128°04'19.55"  42°03'38.64 5 140 12 FEBE A (R 5K SR 3k
- o 441 1 v
1986 128°03'58.0"  42°03'27.50" 15 175 13 ggﬁ TR, o B HS 20 00 5 B
19 i1 B A
1992 128°03'57.2"  42°03'25.10" 7—10 158 8 Eﬁﬁkﬂﬁ’gﬁﬂkﬁmﬁﬁﬁﬁg@mwﬁ%
R
- g L .
2010 128°03'57.9"  42°03'14.50" 15 65 5 E*{fﬂﬁ’ REH BRI, A0 R
ERAR
YR |- YL , Bl yi N S R
2250 128°04/25.37"  42°02'28.32" 35 40 0.30 WAL, FRAERE N A E TS
i
A NG A B B AL RS, W A AN AR R A
2350 128°04'21.97"  42°0227.97" 10 100 0.31 ; SRt
R /D3 LA S R, o
2450 128°04'19.44"  42°02'11.82" 30 35 0.28 A At B BEHCR S0, HE AR 5 B 85%
B 26 gE K 3 [RES
2528 128°04'18.12"  42°02'05.70" 35 175 0.13 Tm:iﬁg "u";ry:ﬁ 80% KR/ LB HAE
A AL AL Y
VAT Y VA B B i L
2598 128°04'20.98"  42°01'54.97" 10 95 0.15 ATV 2 BESR I 38 21 1 e i

il

2.2 WS SRR AR M T ik
BRI AR A S GE T34 23R SPSS17.0 4K 4 Al Microsoft Office Excel 2003 £ {F5E
221 FEEMESLZGAMHL

A VI, = (KX 35 BE + A RS9 BE + A X5 5 ) /3
ZEA L SDR,, = (FHX} 22 5 + R %] 5 B + A X 41 3 + A ok v B8 ) /4

222 BEE o RN
(HYM =5 ERE(D,,D,)

NS S
Gleason F5%k D, “InA
S S—l
Marglef $5%% D, A
(2) Shannon-Wiener ¥ ZFEPEFEEL(SW)
N. N,
SW=-2 —in—
2 yiny

(3) M IEJ5 Y Simpson A= AL FPEFEEL(SN)

sef5()
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(4) FhEHLIB LA Hurlbert $8%X(H)
N AL
H{N—Jx[l_ E(Nj }

SW
IS
K, S IR RGE TR S, A B THAR, N AR 8RS, N R BTFE R VR I AR A B R
2.2.3 B B ZREME e
(1) Whittaker $5%4(8,,)

(5)Pielou FHIE 2 (R)

R

B=" 1
A, S WBFSE R GErh A EHG ma A8 HETT TR - 28
(2) Cody #5%0(B,)
H)+1(H
Bc=g( );( )

Kb, g(H) HUTHEFRELEE OGS FIEEG ((H) U R R KR ECR  BITE b — 6 B2 h A7 A
MAE T — A YR ECH |

(3) Routledge 5% (B, )

52
Br=5 s~

A, S WHFTE R G AP S ¢ SRR DT A R AR E
2.2.4 BEEMLE

K H Jaccard MARIPEAZGHEARMIME RS

1

c

q_a+b—c

K, g HEEARRINE REG o ARRIAFE T A P AECE 50 T b 43 IR A HEVE B9 R0 S, 0. 00<g<
0.25 FRMAFIML,0.25<9<0.50 s FEEARHLL,0. 50<¢<0.75 Fm FP2EHAML,0.75<9<1.00 Fon i ARpL

3 HBREHS

3.1 R BT ES IR A AR AR

PE A BORE SRR TP (3R 2) AL SRR E 14 B BEACRIE 96 Fh, MANIRDMESR A A B BB IR
TEA e BE I A K AL RS IRV B0 AN B 22, 1K 34 i, BEE ISR T, Wi S S S P N D Y
e, BEH R A IR EZER R L R A P A A 5, K 2000m S H ILHEHRE B 2G F e YY)
EHITIF R S HR AR 233 5 A A7 B 5 TP AR ), 0 i S BORE X D/ | T TR 4K 2300m 7 R o IR AL ) A 1Y)
AL, Pl AR Z

x2 HREMMFHEE

Table 2 The number of species in Sample plots

FBEZEIR YAEE A number of species

Vegetation Layer 1926 1949 1986 1992 2010 2250 2350 2450 2528 2598
WA JZ Shrub layer 6 2 7 4 3 7 7 7 7 6
HEARZ Herb layer 28 23 7 8 11 23 24 20 13 16
A3t Total 34 25 14 12 14 30 31 27 20 22
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MAEARJZ O HZ AR S 2R 5 U L (3R 3) Wl A B ik B 7B A v b 0 B B AL SR s, IR
2000m F) 2 B AL HEFEVE , T A MRS £ 45 3 JA0B0 L 2 A, PHAR AR RABR 1949m 804 B, BT
WA M o XSRS K E LT AR #5 Il P U8 A 4 A B A ARV TP, A BORE RS RIRE N L35 bt , MRS
HRACFHE

R3 SEMHBEEEEEHIESEAMEBIL

Table 3 The importance value and dominance of Rhododendron chrysanthum community

HEAK D HEHS LGN VL, and SDR,/%

Shrub species 1926 1949 1986 1992 2010 2250 2350 2450 2528 2598
- B MY 72.2 87.3 60.1 64.3 100.0 41.9 26.7 37.9 39.6 17.3
Rhododendron hrysanthum (57.7) (87.2) (49.3) (55.9) (100.0) (39.0) (24.7) (36.2) (37.1) (22.3)
A 2.2 12.7 17.4 21.9 - o o o o o
Vaccinium vitisidaea (2.7) (12.8) (14.0) (18.4)

2 kA - - L7 11.8 - 10.7 223 6.4 35 6.9
Vaccinium uliginosum (2.6) (13.7) (11.2) (24.9) (8.2) (5.5) (9.7)
A L 89 s2 a1 B
Juniperus sibirica (10.0) (8.7) (12.0)

AERK 5.4 - - - - - - o - -
Sorbus pohuashanensis (1.6)

A R A A 4.7 - L7 o o o - o o o
Lonicea caerulea (7.5) (7.3)

HAA 23 . 12.5 - o - - - - -
Linnaea borealis (2.5) (12.1)

THIM Y - - - . - 3.1 16.0 1.0 4.1 3.7
Rhododendron confertissimum (4.7) (14.4) (3.3) (6.3) (5.9)
UASEES - - - - - 19.5 5.3 21.2 19.6 -
Phyllodoce caerulea (18.7) (7.1) (18.9) (17.7)

MR o B 1.4 - B - - B B B
Rhododendron dauricum (6.0)

R ALY - - - - - 10.4 10.2 15.0 15.4 6.6
Rhododendron redowskianum (10.1) (10.2) (14.0) (15.3) (7.8)
TE il e A - - o - B 5.2 18.6 5.7 7.1 43.8
Dryas octopetala var. asiatica (5.9) (16.4) (6.2) (7.5) (35.2)
(53] PH- A0 . - . . . 9.3 0.9 12.7 10.8 21.7
Salix crenata (10.4) (2.3) (13.3) (10.5) (19.2)

TEHR 2000m LA AECHE o | BEE VR G T , 28 BT B TR v R ) R Al A B B AR Ak R | T A
IRV R e e S e R P a By = I o o N L 1 0 N P = R 2 7 N 7/ L2 B 2 N
FE . A B AT ESRREEAE M REVE B SRR BRIEIR 2598m JCRA R HUT I RAR L b B AR A A AL S
Bysscies NE RV B ARIAFIAEAE . 25 B Ve ST 0 43 Ay B2 MG AR R B e AR B8 SRR S5/ N TR R
il
3.2 A FL RS REVE VIR BRBR B 1) 2 ) R PR RRAE
321 Bk o ZHPER R AL

FEYIFETE AR YRR PR 5E SO A A LRI A SRR BE AN A0 AR AR T A2 AL . o ZFEVESRRAE
TR 7% N0 2 CRRAE ) — I AR AR (R 4) o B T E I RRIR s PR | K B AR ™ 0 , 00 R 4y ol
A R AR R E . WS AB, A BT BE AR TE A R R B, AR 2 B W R 2o kv T
RIZWYIRZ R,

HEAZ o ZRPES R BIR PR & IR D, AN, oAt 45 48 B0 v 5 B0 B 1 AR (b AR R B HE —
Mk, FHRER 1926—1986m , ZAEMEFR BULREAKGE THisr, 1986m 5 PR FRAR, B 14K 2010m PR AL S5 £
FEPEFSEOT IR BT, B 2R 2250m , A=) ZREMFS BB Lk T 22, BBl i3 0 T, 203k v L & ey
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S, 7 1 L T R R A B8 SR AP £ TREAR 2250—2528m YR IY , 38 B B I B A AU A ETR 1Y

& ZFEEFRBR AR AL S AR SN A, HABAEE b8 TP RURAS WA A B X 3R R E . 14K 2528m

DAL T R XA R, 20, SO IR )2 IS, BRI T R AR A A ) 2R R R R
IR 45 R 5K A IR A PR EE A5 56 | 1949—2010m A EAHE 28 2010m DL b Ry L& HA

R4 FEABEEYH o SEEREY

Table 4 Species « diversity index of Rhododendron chrysanthum community

(ﬁ?fyi/ m Bk SifnPson . Shna‘limctn \ E;leaAS(\:M E’lvargAlebe Pielou \ ‘Hurl‘berl .
Elevation Layer i?‘éﬁﬁ%fﬁ?’éﬁ( %ﬁ‘%ﬁﬂ%ﬁ( ER R Fw AL Y5 R il ] BIL 18 45 %K

(SN) (SW) (Dy) (Dy) (R) (H)

1926 WA shurb 0.625 0.925 1.731 0.786 0.516 0.466
WA herb 2.911 3.069 13.465 4.251 0.921 0.947

1949 HEA shurb 0.251 0.381 0.577 0.194 0.550 0.223
AR herb 2.576 2.821 11.061 3.130 0.900 0.925

1986 H#EA shurb 0.890 1.222 2.020 0.823 0.628 0.590
HA herb 2.618 1.694 3.366 0.984 0.870 0.786

1992 HEA shurb 0.744 0.950 1.154 0.472 0.685 0.526
I herb 2911 1.622 3.847 1.094 0.780 0.947

2010 THEAR shurb 0.000 0.000 0.289 0.000 — 0.000
IR herb 2.618 2.296 5.290 1.761 0.957 0.894

2250 HEA shurb 1.395 1.639 2.020 0.862 0.842 0.753
LA herb 2.819 2.968 11.061 3.639 0.947 0.943

2350 HEA shurb 0.638 1.724 2.020 0.855 0.886 0.806
HAR herb 2.894 3.034 11.542 3.474 0.955 0.946

2450 HEA shurb 1.447 1.629 2.020 0.840 0.837 0.765
WA herb 2.529 2.755 9.618 3.019 0.920 0.922

2528 HEA shurb 1.435 1.650 2.020 0.819 0.848 0.762
AR herb 2.215 2.367 6.252 1.966 0.923 0.893

2598 A shurb 1.274 1.482 1.731 0.831 0.827 0.722
I herb 2.493 2.607 7.694 2.128 0.940 0.918

A Bz MRS REE AR o ZAEHAR TR SRR R SV B ALIBHE B H (AR fb SR B B 1
YIFh Z AR EL SW & BEFE B D R385 BERE B R VR 0B B 19 AR AL K BOCR BUAH [F] ARt 34, H gk
1926m F-i5 , SelEARG FH &, Blak 2350m B B KA, Bifi Je 4k 252 F B, 21135 2528m J5 BRI, (H R LB B AR
@ NTES
3.2.2 VA o ZREMEFRB0E BAH B 1 4

FERETS ZREPERREE I FERRI A 23 [RIKSF  BEVR A o ZRETEHR B0 T REVE D Ah Z AR 10 DTS R]

FRYGAH AT vl HI (2 5) 2R S AL RO IR 2 o ZREMEFEBUA 2 P<0.01 AR B 3 B A M, th T 45
At 2 AP o BE A S X R AR T B (SW ) 5 H A A48 5 = [ EA T T A 2047

SW 5 A SMHEEFREL SN (1 )= 77 %

Y=-0.049+0.985X

SW S5=F & EE D1 By

Y=-3.107+4.368X

SW 5 F & R E D2 (i [R)A )

Y=-0.809+1.306X

SW SIS FEFEEL R (1R )H 7 A

Y=0.541+0. 148X
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SW S FpRINLIEFEEL H i [al 3 75 F
Y=0.250+0.264X

MITBEE IR Z R0 SW IR TTEk [ , 78 A 2R B AL RS IRV, W 2 5 TR 1 R MRS B sk R
R, RIN & FEFR B PN 16 8504 S B R B HEVR B 5 BEE 484U
323 Mg B ZHErEREE AL

A B KRS RES B 22 REPETT IR A B S A Y AR Ak, A B AL RS HETS B 2 FE AR JE A Hh IR 1) 3
A, R 6 Won A AR HEA N EAZE B Z R BCE & THEAR)Z B ZFEVERS 8L, X BB 164 e ALY
& R TR BR A B () R Bt % b REAR A ) 5 T HE AR YR, Routledge #8401 AR fb a3 A 8.3 17 Cody 15
BB AEAR JZ RN FAZIEAHN & IR B8 5, Cody TR EUTEEHA 1986m FITEEHK 2250m AL, HHIEH
UMAEL, 5F— AR B S R T g L R MY ) v L 8 Dty ) a0 5 8 AW (SR B T AR S22 0 o 1 ) i 25 738
Ko MR 2250m LU FEAR)Z AT Whittaker ZFEPEFEEUN Cody TR BGERHTA T4, UL L BEREVEERZZ
)0 22 S AR TR /N, B 46 Bk 35 AR AR RE T Ta] ) 7K 1 5 5 R ) b 8 Ak R/ IV 56T

x5 HEMBBEEYM o SHMEEREEAXRE

Table 5 The correlation coefficient between « diversity index of Rhododendron chrysanthum community

N SN D, D, R H
SW 1
SN 0.877"" 1
D, 0.910** 0.811** 1
D, 0.920** 0.795** 0.992 " 1
R 0.863 " 0.763 ** 0.651** 0.650 ** 1
H 0.903** 0.864 " 0.681** 0.699 ** 0.904 " 1

w % 03 P<0.01 /K-l 25 5 i 25 1

x6 HFREMHESEZYM B SHEMEH
Table 5 SpeciesBdiversity index of Rhododendron chrysanthum community

AR X ]/ m 33 Whittaker %8 Cody F541 Routledge %%
Elevation range Layer (B.) (Be) (Br)
1926—1949 i 6.000 2.000 11.739
AR 3.174 12.500 90.275
1949—1986 HEAR 1.000 2.500 11.739
AR 12.714 16.500 93.633
1986—1992 HEAR 2.500 1.500 10.686
AR 11.000 6.000 95.000
1992—2010 HEAR 3.667 1.500 13.000
AR 7.727 7.500 92.305
2010—2250 AR 1.000 4.000 13.000
AR 3.174 14.000 92.852
2250—2350 AR 1.000 0.000 9.955
FAR 3.000 10.500 90.275
2350—2450 HEA 1.000 0.000 9.955
AR 3.800 11.000 90.432
2450—2528 A 1.000 0.000 9.955
AR 6.385 7.500 90.798
2528—2598 A 1.333 0.500 10.147
A 5.000 3.000 90.432
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Bt
%

Eild 35 %

3.3 A[RNARAR A SR RS RE T AR DL R 5K

R Jaccard ARDAEZR VR o R R4 I I ARULE M9 52 ot S SM0T . 40 7 7, 344 2250m
5K 2450m BETEARLME 22500 0.583 ; 14K 2350m 54K 2528m BEVEAHIME R 50k 0.545 ;154K 2450m 51
K 2528m BEEAME RECK 0.516 13 2528m 54k 2598m BEEMILITE RECH 0.680, LA LA B AL RS
BEVE 5 S B S A RUK T s 1R 1926m S5 IHE 1949m BETEARRLIE BN 0.311 ;94K 1926m 514K 1992m
PR ECH 0.278, 14K 2250 m 514K 2350m 2528 m ,2598m Z [H], 14K 2350m 54K 2450m ,2598m Z [H] , 1
1K 2450m SR 2502m 22 JAIREE AIRIE RECAE 0.25—0.50 22 [, 5 sp S A ARRUK T s AL 45 B =2 1) A
IFEFRBOYE 0.00—0.25 Il J& THRAABIKT . 55056 B 1) E-H3 BOREVA 2 M0 22 SPE K R 2 REPE A5 M
BT, VA R JEE I AR TR AR DL AR o

KT FRHBEEEMUERE

Table 7 The similarity index of Rhododendron chrysanthum community

WK/ m

Elovation 1926 1949 1986 1992 2010 2250 2350 2450 2528
1949 0.311(10)

1986 0.127(8) 0.147(5)

1992 0.278(10)  0.156(5)  0.238(1)

2010 0.200(8) 0.147(5)  0.217(5)  0.300(6)

2250 0.085(5) 0.078(4)  0.048(2)  0.105(4)  0.100(3)

2350 0.048(3) 0.037(2)  0.098(4)  0.132(5)  0.071(3)  0.452(12)

2450 0.070(4) 0.061(3)  0.051(2)  0.083(3)  0.051(2)  0.583(21)  0.450(11)

2528 0.038(2) 0.023(1)  0.097(3)  0.143(4)  0.063(2)  0.471(16) 0.545(18)  0.516(9)

2598 0.037(2) 0.044(2)  0.091(3)  0.133(4)  0.059(2)  0.405(15) 0.472(17)  0.400(14)  0.680(11)
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