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Abstract: Exploring the differences and coupling relationships of species diversity and stand characteristics could provide

data with which to improve biodiversity and ecological services of natural forests. In this study, three typical communities of
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larch forest, shaw ( mixed forest with various tree species), and birch-larch forest were selected at Huzhong in the
Daxinganling mountains for measuring stand characteristics ( height, diameter at breast height [ DBH ], crown width,
coverage, and others) , richness index, diversity indexes, and evenness indexes of the arbor layer, shrub layer, and herb
layer. Canonical correspondence analysis ( CCA) was used to uncover their differing associations among forest types,
together with a multiple analysis of variance to detect the inter-forest differences. The results showed that (1) the height and
clear tree bole height of the arbor layer differed with shaw > larch forest > birch-larch forest (P < 0.05) ; DBH of the larch
forest was 6% and 11% higher than that in the birch-larch forest and the shaw, respectively. There were no significant
differences in the shrub layer in the parameters of height, canopy coverage, ground diameter, crown width, as well as in the
herb layer for species abundance, herb coverage, and herb height. (2) The maximum species richness, Shannon-Wiener
index, and Simpson index of the arbor layer, shrub layer, and herb layer all occurred in the shaw relative to the larch forest
and the birch-larch forest. Moreover, the herb layer showed the same pattern as in the arbor layer, i.e., shaw > birch-larch
forest > larch forest; however, the shrub layer exhibited a different order, with shaw > larch forest > birch-larch forest. The
species evenness of the arbor layer in the birch-larch forest and shaw were approximately three times that of the larch forest;
however, there was no significant difference in the shrub layer and the herb layer (P > 0.05). (3) CCA showed that the
correspondence associations between community characteristics and species diversity differed among the three forest types. In
general , for all three forests the characteristics of the shrub ( ground diameter and crown width) and herb layer ( coverage,
abundance, and height) had a substantial influence on plant species diversity. Plant diversity was significantly affected by
tree DBH in the birch-larch forest and the shaw; however, it was highly significantly affected by tree height in the larch
forest. With the increase of shrub coverage and herb height, herb diversity decreased; whereas decreasing herb diversity
usually corresponded with increasing diversity of the arbor and shrub layer in the shaw. In the larch forest, herb height
increase, together with decreases in abundance and coverage usually corresponded with a decrease in herb diversity, and
increases in arbor and shrub diversity. An increase in shrub diversity was usually accompanied by a decrease in arbor and
herb diversity, but corresponded with increases in tree DBH, herb abundance, and coverage, and decreases in shrub crown
width in the shaw; however, it was accompanied by decreases in shrub crown width, as well as herb abundance and
coverage in the birch-larch forest. Our findings highlighted that community characteristics were closely coupled with species
diversity, and the above-mentioned decoupling results will favor diversity conservation through maintaining good forest

structure in the Daxinganling Mountain Region, Northeast China.

Key Words: species diversity; community characteristics; coupling association; Canonical Correspondence Analysis
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B %) B8 X B 43 B ( Canonical Correspondence Analysis, CCA) MM CHEA CRNEE TR &4
FEVEAROCH & AR AR A R ERITHFR G OCR BB E ML S RGBS 42 BRI 2 I A M RN A2 J 1
PRUE S HE

T U i [X R I — A FE T b X T ) R 0 AR e, i X LA A A P 2R %
LR AS Dl T AR ST AL AR O 3 1 i Y R AL AR e AbR, T sl B AR X
FoE A SR ER A T R AR BEUR, B AT S R RO TR O XK — . XS RO L X A %
FEVER IS O AR DRI ECE: | SRR PERE BN R TGRS AR o A AR AR 7 S5 )y AR AR kR . H Al
AR I I EL 28 1 3k R R 1 RS AIR BRI 25 6 AR BT AR N IR A TR & iR e AR =X
PR A8 X AL ) AR R AR S M), TG S TR TR VR 454 5 Z AR R R A — D B RS W AR SE . T it A F
FEIEIR L ZE el X i T J0 7 TR 28 9 AR ORAP XA P vl XA g R 58 0 52, A0 BRI X 3 T R )R |
HEARZ MR Z AT BOM A LAl b WF 50 R BRARSEBY [ BE VR AR AE b 2R S AR 5 O R 0 28 5, T
SRR AT R A AR SR T SR A e S A

1 MR ETTE

1.1 5T IS R A

IS XA T R 2L X, BRI 7419.99 km?®, & FE IR AT KBl 2 WA B 22K, 4R -1
SIR-4.3C , BRI E -52.3°C 7 &K, RW 100 d A4, BB, A 30 d, FFH K E
400—700 mm, +HERAY FEONEROEH AR L F R IR VYR, J2 BRI D4 LV AR ( Larixgmelinii) |, I
HNEA 1T ( Pinussylvestris var. mongolica) | FAKE ( Betulaplatyphylla) 5% 1 8% ( Quercusmongolica ) %" o AWk
A2 Y ARAR A BT AMETR AL AR AR VR IHAAAR, X 3 D ARMRE AL Z A AR AR . Hoh
Mg AR SR, 2202 DL FTAERITIE A g DL A, T HE 5 HETE 28%—49% , V& M 7 LUAE 47 %—60% Z 18] 5
ZRAMRER T FAHERNTE A8 SN PR o EMRZ A 48 | 1L ( Populusdavidiana ) FIHAZS ( Padusracemosa ) 55,
Lt 10%—30% ; 7% AR LA TR iR A UL 35 LU 276 90% LA L

2015 4 8—9 H JRFFFEMbIAA | T i A #uf7 T 122°83'86"—123°70"43"E;51°63'62"—52°29'67"N ; M4 =i
J¥ 469—982 m, A FAMEVEIHAL ZRABR B T FARR 0] 28 Bt 19 HLAl 29 Bttt 7E 4 DAL NBEE 1A
N 30 mx30 m FFETT s FEJT TR A A R A DR A TR 2 EARZ AR Z Mg A S, TRARZH
AT 5 AR AR S BCR S AR R N AR (R E AR 2.5 em DURIRAR) AR R ZEFR ARRE 5
FEMLIEEEE 5 1> 2 mx2 m /NET AT HER IZ R (GRS /NT 2.5 em BUFRAR) T4 ICSREEAR IR 2 %L
Phies Jebii | 55 BE M b Az el 2 HE R A R AU RN AR VY ) Wi B - IME . FE RS HER 2 AR YR A NI
BE 1 mx1 m FEA/NET (GG S AS) AN H AL S22 A, bR
FETT T TR LL , 2 BEFE R AR5
1.2 YfpZ PRI

X513 FRARME R TR R Z RERZ BEAR)Z  WIRh Ak S 5 P58 A5 AR 80 2 HE R 5
B SRR BO TR A RS T R,

FEEHEEGR=S

ZHEPEFE 2L Shannon-wiener 541 H'= - z P.n P,

Simpson B D=1 - z P,.,2
Pielou Y& IS 1. Jsw= H'/ InS
Pielou YJ2]BEF84 2. Jsi = D/(1 - 1/S)

http ; //www.ecologica.cn



4 A E = 38 &

Alatalo ¥ 5] A6 Ea= [1/( X, P7) = 1] /[exp (= X, PInP,) - 1]
Ko POREE § P ASARER 7 BT A R ASARE LA 5 S S i BTAERE DT TR A B
1.3 BEEFAE(E AT

PR RHIERE MRS TR Z R i RO & AR R B S B MR R , AR 2 SRR, A
M REIE FFE AR AR S4ME , 7E Excel 2010 Wil T FEETHE., St B — 0 0P 3ME , BT TRHE O
SRS
1.4 HdEabr

iz FH SPSS 22.0 HEAER T 28T (ANOVA) H i fie/ N i 35 2575 (LSD ) FLESHEIS R fiE AP b 2 FE M4 B0
PUETEDRMIE AL ] 1 22 57, 0% 22 557K P8 @=0.05, SRH] Canoco 5.0 A 34T LRI 43 BT 12 (CCA ) #-5T
3 MR BE SRR AR Z R ARG DG R B0 R A FE 1 A - 4 [R) B 5 2% P b St A 7
S TR B AR HE H % 8 Log transformation” , BRIN AP SECH 1, K57 8 H = 2L
FEPET A, 55 S ARRBEE S5 R RS AR R Fh AR T8 50, 3 Sk i Ak 1) 5 B /s 16 465 40 -5 HIE P Sl 1 11 A
M RERER A, 5 HE T 3l ) B A SRR A 5 5 Sk K SRS IV S5 A X P P A A A S I R

2 RS

21 3AMRATRASE MR R A B2 5 H b7
R IR PR 6 AL AR 2 22 5, S IE 3 A BRI TR AU A S8 J2 0 B4 4
AT LR SRR 1.

®1 3WMHKNSFARE EREMEREHFECFIE bR R )

Table 1 The community characteristic values of tree layer, shrub layer and herb layer in 3 forest types ( mean + SD)

= FrES 5L SRR/ AR PRI
Layer Characteristic parameter Birch-larch forest Shaw Larch forest
FE TH/m 11.83+2.01¢ 16.13+2.76a 13.48+2.77b
fr:;’% Ja4% TDBH/ cm 13.39+3.46a 12.82+1.96a 14.21+3.44a
KT #5 TCBH/m 5.95+1.68b 9.95+2.62a 7.06+2.74b
FiE SH/m 0.49+0.38a 0.66+0.21a 0.44x0.20a
AR I SC/% 43.52+21.57ab 24.39+15.71c¢ 48.84+29.45a
Shrub H1#2 SGD/cm 0.96+1.28a 0.63+0.12a 0.9420.70a
SEHE SCD /cm 15.98+8.99a 13.96+5.09a 12.95+9.91a
» L HA/B 31.32+18.98a 44.57+8.70a 30.05+11.04a
;’l‘ﬁ}% w5 HC/ % 17.22+8.05a 25.98+14.95a 16.89+10.82a
& & HH/cm 26.68+5.86a 24.09+5.89a 26.2126.80a

TH ;tree height, 78 A4 ; TDBH ; tree diameter breast height, 75 A 942 ; TCBH ; clear tree bole height , 78 AKL T # ; SH ; shrub height , # AKE & ;
SC :shrub coverage , # K 35 & ; SGD : shrub ground diameter, # A H14% ; SCD ; shrub crown width , 7 A& i ; HA ; herb abundance , 524X 2 £ ; HC ; herb
coverage , B T B s HH : herb height, ARG, [F|HARF/NG FREFRRE S BE (P< 0.05),

Wi BT R B AR, AT R MR R/, BV AR S T I RABR> MR T RABK | 22 S IR B 2 2%
IR, TTRAZ A A 22 B I RABR S A REVE AR S A AR (BN [R) AR AR B 0] 2 S A (3

3 DARMRIE R RIREA R RFIE2E 52 A 25 (P>0.05) |, HEAR S TR A i BEALE A — B, Z- AR MR, v I FABK
A AN AR TEACF X BE AR 22 AN K, HEAR S 55 e B S B S R AL, 3R BRI AP 8 28 I T A
T A A AR, 20 501] v RPN 3 ME 7 I RA MR B RE AP 32 T2 BE AR 51.29% H1 32.7% T A A2 L el R 42
T LT MR R R LA 3 BRI 22 57 RIB B KF (£ 1)

W1 R 3 AR B Z R R AL IR R 22 5 A .35 (P>0.05) , FAE s ARG AN IR 2 2 o
JE e AR R TR M RARR , ELYE I RABR A 22 BRI 5 B AN 8 ARARAY 5 BE e/
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3AFRMEARENR Z I ZHEEFR R D \H T & E R Pielou 2] FEFREL(Jsw Jsi) \Alatalo ¥ 5] BEFE L Ea
S I Z AR S VR AR S FIMETE IEFARR, L 3 PR MRE AL ) 22 e R 3

FEHE 3 A ARMRE IO (Y 42 5 BEFE AL R D (H” Pielou 5] FEFEEL(Jsw  Jsi) BIR I ZARMRAY IR, I AE
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Table 2 Richness, Diversity and Evenness indexes of different vertical layers of forest types (mean + SD)

= YR Z B R R (SR AU VN HAMR LRI N
Layer Species diversity index Birch-larch forest Shaw Larch forest
BN~ F & ¥ Richness R 2.29+0.54h 3.67+0.50a 1.68+0.61¢
Arbor Simpson 15 D 0.40+0.13b 0.53+0.13a 0.09+0.12¢
Shannon-Wienner 1§44 H’ 0.61+0.13b 0.92+0.13a 0.17+0.12¢
Pielou #6841 1 J,, 0.77+0.25a 0.71+0.19ab 0.23+0.25¢
Pielou #5482 J; 0.74+0.61a 0.74+0.48ab 0.19+0.68¢
Alatalo 641 E, 0.82+0.22a 0.79+0.09ab 0.33+0.28c¢
AR & B Richness R 5.04+1.45a 5.22+1.20a 5.21+2.23a
Shrub Simpson $5%( D 0.27+0.18a 0.41+0.22a 0.32+0.19a
Shannon-Wienner 1§ %% H’ 0.53+0.21a 0.79+0.20a 0.58+0.19a
Pielou 841 1 J,, 0.34=0.27a 0.50+0.26a 0.38+0.26a
Pielou #5482 J; 0.35+0.23a 0.52+0.18a 0.41+0.27a
Alatalo 841 Ea 0.54+0.16a 0.61+0.13a 0.59+0.29a
FAR [2 & J& Richness R 7.43+5.32b 15.11+7.32a 6.50+5.32b
Herb Simpson 5%t D 0.52+0.38b 0.72+0.40a 0.48+0.33b
Shannon-Wienner 1§ %7 H’ 1.12£0.24b 1.75£0.11a 1.00£0.27h
Pielou 641 1 J,, 0.59+0.25a 0.66+0.09a 0.59+0.31a
Pielou 641 2 J; 0.63+0.23a 0.79+0.25a 0.62+0.23a
Alatalo 54X Ea 0.58+0.21a 0.62+0.12a 0.60+0.26a

T-R: Richness index of tree, 7+ R J& ; T-D ; Simpson index of tree, F5 A Simpson 54 ; T-H": Shannon-wiener index of tree, ¥ /K Shannon-wiener
FE B0, T-Jsw; Pielou index 1 of tree, 77 A Pielou #6451 1;T-Jsi: Pielou index 2 of tree, 77 A Pielou 1641 2;T-Ea; Alatalo index of tree, 78 A Alatalo 5% ;S-
R:Richness index of shrub,# A= % ; S-D: Simpson index of shrub, A Simpson $5 %1 ;S-H": Shannon-wiener index of shrub,# A Shannon-wiener $§
H;S-Jsw; Pielou index 1 of shrub, # K Pielou $5%% 1;S-Jsi; Pielou index 2 of shrub, # A& Pielou 5% 2;S-Ea; Alatalo index of shrub, # A Alatalo $5%¥
H-R : Richness index of herb, .2 F 5 & ; H-D ; Simpson index of herb , 5L A% Simpson $§%4 ; H-H"; Shannon-wiener index of herb, 5.7 Shannon-wiener 5§
¥, H-Jsw: Pielou index 1 of herb, %75 Pielou $6%% 1;H-Jsi: Pielou index 2 of herb, %7 Pielou 541 2; H-Ea: Alatalo index of herb, #75 Alatalo $6%%
FF AR R NG PR RE R BE (P< 0.05),

2.3 3 Bl RURESRHIE S PRk ZEEME R G O R
231 HHER MRS RIE -5 WP 2 R B AR Sk
it R 7L o W 1y 7 B 8 SN AT L2l g AR e S AR S PSR SR AE (3R 3) o W TH HEATE IR SCD
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FEARHIAZ SGD FEAE B SH FIAZE HA HARSR HC 555 —4h &8 FAC, 42 TDBH AL K & TCBH A
SERE SC UM, RS A I b, R BERTEEE SC 558 Tl M 58 HeRSE R R IEAM 6, 45 AR
FEERHIE S RUPRRIAR OCPE (32 3) |, RTPIAIAR RS T BEVE RRIE-ZRE 1 E R 1Y 83.17% , Gauch IIFST B AT =45
IE 1) 2 B BT R 7 AL SRR 40% DAL WIHEFPRCR 2 B0 L 1T RUE Y 558 — Sl AR & 1 K ) S T K b
& SCD \ HAS T HC AL HA , P 5HEATE IR SCD pyAHe i K, o 0.3008, 1M 558 —HliAH e g K
M)A M2 TDBH \FEA S B HC KA ZE HA A F & TCBH, AR HCN 0.1807—0.2669 (3K 3) .

P HETE A BCAS [R) 38 2500 A W) A PEFR PR AZ RIS FEAE S R/ NS — 38, i I 1A 1550, BE A R ek
Wi SCD FIEATE BE HC 22 HA B3I (CCA 15l , HER ZAEMERRAR, Wi TR AR M FAR Z R AT 3G ka5 vk
FRTEARZ Y 0 ZREPEE BN S B M, Y4FR AR Mg4%E TDBH 15K JEARFZHE SC B/INIF (CCA 2) , %%
SRR Z TR EL(D HY) BN T2 (Ea) K

Y ZREERIETE CCAL By ) B BAT IS 70 5 1 AE CCA2 Bl oy RIS . Bl CCAL Sl , FA
TR ARG L2 B 38 A S A S i L AR AT A X 1, 5 T AR o 2 B A S AR A (18T 1A

R3 BERE CCAHFHIERSHAEEXRY

Table 3 Eigenvalue and correlation coefficients of CCA ordination first two axis with community characteristics

e FIMET& A PR ZRAM FLAUR /NN
FEREFAE Birch-larch forest Shaw Larch forest
Community characteristics

CCAl CCA2 CCAl CCA2 CCAl CCA2
W& TH 0.041 0.039 -0.114 -0.305 -0.050 0.164
W94% TDBH -0.034 0.267 0.031 -0.714 -0.010 0.114
FeAJZE Arbor N
ki F 5 TCBH -0.005 0.181 -0.109 -0.067 0.235 0.068
Wi SH 0.221 0.132 -0.180 0.058 -0.063 -0.081
W SC -0.035 -0.150 0.625 0.114 -0.232 -0.030
A Z Shrub 42 SGD 0.238 0.081 0.075 0.094 0.288 0.036
IR SCD 0.310 0.044 -0.219 0.200 -0.255 -0.153
£ HA 0.079 0.048 0.542 -0.159 -0.063 0.449
EARZE Herb )/ HC 0.290 0.262 -0.050 -0.274 0.294 -0.353
i HH 0.277 0.255 -0.052 -0.356 0.218 -0.310
HEMEZS 5L Characteristic parameter
FAF{E Eigenvalues 0.026 0.012 0.031 0.006 0.043 0.011
ZMTTHRR Explained variation ( cumulative ) 18.33 26.51 78.93 95.20 30.37 38.45
Z R -BR AR AE A & R 5L Pseudo-canonical correlation 0.614 0.565 0.998 0.986 0.756 0.708
4 WA/, ?:,E,\ij k% Explained fitted variati
ZHAEMIRHAR BT Explained fited variation o, o) 83.17 79.65 96.08 66.00 83.56

(‘cumulative )

2.3.2 R ARMEEVE Z5A 5 W Fh AR AR OG b

FEAR RS (ARARIEIE RRAE ) X g 07 A8 & (0 Fh 2 R0 ) 04 A B8 D7 T, T G il R 008 A R 2 AR PR AR AR 1Y
95.20% ., R RRAS B (FRAREEVERRAE ) Y SR — SN A7 =420 B HE AR 36 5 SC RANE E HH 942 TDBH A
A2 SGD 55 —4h 2 IEARSC  BCF = TCBH W TH AR = B SH i SCD AR SR HC 2 HA 55—
B GOMDC, WSS 0, VER I T8 SRR IR AR 43 A 16 1 J7 1), T 7 A J2 R RS 1) 1 BV R A1 48 A 4B 2 A5 #E 71
Jrmal b, Hod MEARRFERE SC RIS BE HH 555 — Al A Gk fe i, FHOC R0 51 R 0.6245 1 0.5416, 7
AR SCD FIwE EE SH, 7 AW & TH AR T TCBH 5 Wi 107 il 4 67 AH ¢ R 808, 4 - 0.1092—-0.2185
(#£3),

Fe AR TR A ZFRIE X P Fh Z2 1 () S e A A V|, RS 22 A ) A A, BIVERE VR R 1 5 W b 2 A
ZEGMKER, MEMEATEE SC AR E HH BB (CCAL i) , AR SRR, A2 A ZY
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Fig.1 The two-dimensional CCA ordination diagram of effect ofcommunitycharacteristics on diversity indices

A FARETRRERARR, B, ZeARBR, C, VERIRABK, 5 k RARMATRHIE | Ay il A ik 5 S0 BT SRR ZREHEFREL, o mi B 5k, TH: tree height, 7%
KB ; TDBH ; tree diameter breast height, 75 A )42 ; TCBH ; clear tree bole height, 78 A A% T 85 ; SH: shrub height , # A#% &5 ; SC: shrub coverage,
HEAR T ;SGD : shrub ground diameter, #E AR Hif% ; SCD ; shrub crown width , ¥ K & ; HA ; herb abundance, #ARZ & ; HC ; herb coverage , %48 55
J ;HH : herb height, 54 &, T-R: Richness index of tree, 7F A 3 & B ; T-D : Simpson index of tree, 75 A Simpson 1% ; T-H*; Shannon-wiener
index of tree, 75 Shannon-wiener $§4% ; T-Jsw: Pielou index 1 of tree, 5t A Pielou 54X 1;T-Jsi: Pielou index 2 of tree, 75 A Pielou #§4% 2;T-Ea.
Alatalo index of tree, 7F /K Alatalo 4§ ;S-R : Richness index of shrub , # A 4 & & ;S-D ; Simpson index of shrub, # K Simpson $#4;S-H": Shannon-
wiener index of shrub, #£ 7K Shannon-wiener 541 ; S-Jsw; Pielou index 1 of shrub, #E A Pielou 1544 1;S-Jsi; Pielou index 2 of shrub, #2A& Pielou 15 %%
2;S-Ea: Alatalo index of shrub,#A Alatalo $5%%; H-R ; Richness index of herb, %7 32 & Ji ; H-D ; Simpson index of herb, %7K Simpson #§ %1 ; H-
H’; Shannon-wiener index of herb, % 7% Shannon-wiener 35 %1, H-Jsw; Pielou index 1 of herb, 575 Pielou #5%% 1;H-Jsi; Pielou index 2 of herb, H A<
Pielou %X 2; H-Ea: Alatalo index of herb, #i4< Alatalo $5%1

Fh Z FEPERFIESG I i R ZREPE R I S AR TR )2, BEE IR A Maf2 TDBH Bk AR IR SCD
F/N(CCA2) FEARJZ Y TP BEPESE I | TR A2 RS AR 2 Y Fh Z R I NS (& 1B) .

Tr E BRI ZFEERHEE RIS AR HE T Bl AR S RIS, FE CCAL Bl I BOAR ZREPEREAR, T AR A
ZREPERFESE TN T AE CCA2 Bl L FRVE AR W Fh Z M (5 32 5 b o7 1] A RO AS A ) 2 A6 o7 AR el 2 (A
1B).

2.3.3  VRIIAMEER S5 5 PR 2R AR G

FEAR R AR 5 (REVERRAEFE bR ) Xof il o7 A5 8 (0 2060 ) B AR R D7 T, 1 A SR A DTHR T 38.45% , 55—l
5IRARHK T R TCBH A SGD HARZZ 4 HA MFEJE HC RIEM ¢, 5 HAARER MAHSC, X FH
Bl FRARJZRHE TR AR AR AS 5 B HH EAHIAE SCD 558 A 2 IEAHDC, MR RIFE S —M, i 24
AHi4% SGD K R TCBH A K 55 B SC L i SCD 5 48 — il (i A SR v, 4 56 R B T -0.2546—
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0.2877, FFXF5E A, BAR 2 A RAAE 55 5 Rl AH DG fe i, MG R B R IR B 0.449( £ 3)

Bl T AR 5 TCBH FIE AR AR SGD A3 K FEAIE MR SCD J8/IN( CCAL) , TR AR ZAEMERAI, AR
AR LRV T B AR 5 22 BE 36 BE B /N (CCA2) |, TR AR FIE AR 2 2 REVEBR G, T B A 2 2 REME BRI
KR 5 TCBH %42 TDBH FIR & TH Tl 5, X N 28 2R ma W i (181 10) .

P& RARTT HE TR Z AR R TR R S AR HE I il L AFTE o3 SR 4 . CCAL Bl BB R o3 il R A 24
PERFIEAR , S A A e A2 3], T REAS FIRE AR ZAREVERAE , 73 A 7E CCAL B3, —F 7y AW i, 7E CCA2 fh |,
Tr i HZREERE A AR (F 10)

3 iTit

3.1 R[FEART AR R AE AN R 2 REPE Y 22 55

3 FhARMR Y (AR T AR SARTN P HETR HAABR) Th IR AR JZ RE TS R IEAA A 1025 25 5, T REAS 2 FIHE R
AR FEERHEE T B E 25 (R 1), X 5030 X AT DR 35 KA [l BRI o 25 S — 32
BARRT  TeARJZ B (BRI T ) SEARARRS T A bR > P METE I ARG MR, 1R SIS b bR 0 B 9 AR
25 5 WL S BIRRE LSRR AT 5C, Rl FTAETE AR A, BEAS A F AR BEASCRE ), I i [ 5 4 1 ol
P TEA 0 BRI AR A3 i B AR O AR O R YRR TR = A i A A SR, S B TR A
WIS, R R S R R P B R IR RS A b A K 5 I R AR B A A
RHT AR AR AR A AR IE (B AE 3 D ARARE B A TE B 26 25 5 . 3 X A 42 0% i DR T SR 7E AV v Al ik
T BEE A5 2R Z ) T8 B X R A4 S I R A R 22 5

ARMAE DA Z R B R BORE R AE A — AR, FROTR BT 25 R B 7E 3 FhARMRE AL TRl R 2 4
PEX I FOA S HEA 2 S TeAR 2 3 5 YT RE AN 22 RS 5 AR R 25 51 — 80 ) RARJZ R AR 24
PEFREC D H K = TR E R AR R B AR S BY (A A 7 A I I 22 5, U HUR 28 BRI TR A B RN FCAS 2 11 5 BE 4R
R F 7 AAARIN 1.5—2.5 F%5 (3 2) , 33X 5 B0BUE X KGRI rhh DX -8 LLAE ) RE 75 454 S - 21
a3 YR ZRE PRI T 45 18] S5 M | TR B B B R e A AR B Y e AR D AR S R G
HRE ) A A I HAWFFE b T A IR Z2 W A SR SRy | TITAS [ Y [ 22 e B S8 A D A

AT ANBFIE IR 2B, 7R )7 ARMRE % 25 25 3R G0 22 Rk (0 /NG B T REAR PR R RN FRATT Y B
FEMAESE T REAR Z YR AR R R Z R D A BRI T HAT, BEXF RG220l X G T ARbR s ] 25 4
AR DG AAT HOE 5 78 R RG22 TR FTMEMRIE I8 45 10 R R B )R Z ARV T T A9, R B A IR A2
MRELAT 5 12 ) W) Pl 22 RE D2 5 R 5 TR 42 e = B R MR IS bR 3 2 [10) 285 4 2 300 1 MG bR 1 300 0 W ) SR 4
A0 ZEBRIIB RIS T AR TR Xob R £ U P v R MRATE % 45 ) 155 00 Jmd P s iy 1 5 2 SR A
WA T RS DA PR IX T B XA A 2 REPE S I B B ) M LU N RS, FRATT AR 5% RIS [ bkt
RUREIS RRIE S AR G OC AR NI H DX R E Y FRIE A A 2 AR P AH GBI IF ST AR SE o
32 BARBEERRIES Z RN G OGRS SRR B R

BR T IR RE R E AN R Z REELEA R () A7 AR ) 8 22 S A1, FRAT T A AN [+) AR ARSI B W) 7 7 B W A 3
[FIRRAE, B oK )2 AR Z R Z YR ZFEPE AR A W] 0 2 SR, = 38 Z TRl 78 ) 9 97 A O G
£ — 2R Z RPN 2 R H A Z W R Z AR RRAR (1) 51046, 3 DRSS B 5 R A
WA RS S B RN 22 FE X AR B IR, VRO £ 455 AN RIRETR R I S5 5 2 X b 5 B B
BIGEZ I  GRAERE S B R E AR IR A SR R TR ST A SRR L A 3 AR rh R )2
TR, FAZ 2 G 5RO A DO B AL VR S5 R R TE AT B R T LU AR
SERRFAE IR N A8 7 KA BERAR R B, UL WX e v P b ZRE MRS AR (61 1,36 3) . HRFIE Al 5 2k
PERFIE ARG OC R TEAN R RARSS AL (B HAT B 0 22 5 | E 2R INTE . AMETE AR SSpRh R R FCA T I
FEE 5 AR A Shannon-Wienner gﬁé‘ﬁ%’ﬁ\ﬁmpmn ZAEEFE B T B 1Y Pielou ﬁ]@ﬁ%’%&%ﬂi*ﬁ?é,fﬂ%
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HEAE SRR, TRARZ MG FAZIFFES B B YRt ZREPE RS ESCHRAY , AR B RHE
(BREBE) 5 A SR SRR GO (B 1,38 3) o AR AR TR BB R, A A K, A et
B AN | 22 TR S B A AR B S BE AN T BE SR A R AR PR R B BE AN F T 8 B RHIE S I SY b 24
PAETAJZ EARZ FREAR R PR R BN FOCHR Y kS 2 2R T AR AR R TR AR A A A s R 9 52
FGE R AR R (B 1,38 3) o FEFR AR AIRR A, TR AR 2R PR A8 2] BEB 7, TR HE AR TN REAR AR PR A
PV, PEBEE R AOTE AR S5 BE SRR /N RE R AR IR AR S E R B (18 1,36 3) . WFSE XA T
e Tl 2 et DX A PR XA DX, 2 SR SRR 7 14 R DB, X S BB PRI 5 AR P G AR BOTAIR A B
THINABA R AT RO Rt Z R IR

MR IR 2R A PRI A A2 X0 22 R R B2 ) S5, A S AR SR U, A SR 3 i A% G 1) 3% R )
il (PRI AR AR ) A AT RE S BOR AR AR RS 51 4 B R &, TR AR R i 24
PEFIRSIREE . SR, AR AR IE ST AR JZ BT R A BB AR A (EvE MM B R rp B RG
IR R 2 B A5 AT 1T RESE A SRR T i R SR TR Rt X 50 B 2 o FE RN A R S E

HEAN T A RETE ARSI UE , PRI TR A2 ZAEPERY BN, 22 3 IHE AR )Z 22 Bk B R I 5 AH DGR3 254
PR ANFEAR AR L | 3 BE LR R/INE I , % T ITT AR SR SR A 45 (HE v RE s th AR
AU A ARG, A0 T RS A BR  Z- AR RT T AR JZ FIREAZ Wb Z RV R3S I, 22 1B
FARZYITP ZRENE IR . R AARTR AR Z B AR TR RN, PEBE S HE AR 2 IR A JZ W0 Fh 2 BV B R A
XL [ 22 S AR — MR 08 LU RN R TS E

FIHTAE 25 FF A0 AR T B AS A0 5 DAL S MR, X B AR B AL ) P i e 77 B 48 SR A B,
ARTZTEN | FASJZ 22 BE 3 BE 7T HE R b RV E AP A B G R TR AR W REAR 208 3 B2 AR Y
FUAS 1R BE AR = A AR AR PE AR T AR AR Rl AL 2R ARRPA, U2 HH B s A RE ARy b
ZRENE TR LT T RABR R UL R B0 T2 ARMRAR B AR 3, FRATT B 45 SR X T I REAR W B IR OTT &, T 52
WA 73 T R 2RI A 5 BE AN B St T AP SHy

4 Z5ig

ROGLEWNT- i [X 3 Foft SR F PR 73 (2 ACRR MG I RABK 7 I RABR) B LA 8 35 AN () A A v 4 4 A1)
P ZREPERRAE , T BT AR EARZFEARZ RN —E, TRARZ M R RO mAS R AR R rh R B 2
AR>S T RS MR I AAMK | 22 SR B R E K | TIEAZ REAR AR 0 AR AR R ARSI ] 4 25 57 1 R 38
F K (P>0.05) . SJZEHIHF 5 B ZREVESR B RAR M ok, HAET AR Z A ZIRE T 8
FAF HEARZ YR AR BRI 0] 22 57 2 AN 3

X 3 A AR v A AR R R 22 AR 22 6] A S0 R R ] A Z RIAF AN R R DG R TE AN R AR R T v 3
BAR 2L, 3 DARMEE R LR A AR IE R HE AR A | A2 5 N 2 B A 2 RV B RO, it
b, ZARBRE TR A A2 0 FE A g BE X R 2 R T, W08 AR AR B TR A T 85 AR A R AR v
S 5P SRR ERAE T W TR BB v R R A R AR &SGR AT A B TR
VAN, LABCR P ZEARAR 8 A8 PG , SR B ) 2 REMEAT S8R
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