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Abstract: The variation patterns of species diversity of forest community in Xiaozhaizigou Nature Reserve were

studied by systematic survey along altitudinal gradients, and the relationships between environmental factors and

species diversities were analyzed by using Detrended Canonical Correspondence Analysis (DCCA). The results

showed that the species diversities was in order of herb layer > shrub layer > tree layer. In tree layer, altitude

was the most principal factor on distribution pattern of species diversity. With increment of altitude, species

richness and diversity in tree layer decreased, and evenness of tree layer had no obvious changes. In shrub layer

and herb layer, the soil nutrient status, such as the contents of organic matter and total nitrogen played important

roles in distribution pattern of species diversity. There were not obvious relationships between species diversity

and some topographic factors, such as slope, slope aspect, et al.
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BRAER, BEREYESHIROBXZ —NE
Dy - BN X, IR R, BT REHE
S I P AP G FERRE I R AR B 5, X I 4
HHE SR BRURENRRES RS, HHE
EAMRH R L RSB ARERY XNET
TR R R B A RME R A HE " BA XX
KB E VI S S TR KRR E I
WIB o AICH/NET I HRRY X BT & N
#1710 ~3520 m Ky Y)7b SRR AT BESE, HE 07
Vit SHEETHRR, 9 ILHAEY ZH
BB SRR PR IERL 24K

1 B B 5T 05 8k

1.1 S5t
/NEETFIE BRI A FU)IE H0) I B L,
31°50'N ~32°16'N,103°45’'E ~104°26'E, T EH &R

LT ES [ B0 1T L K A S B L P B0 L 1L AR YT
WRZITIBI TR . %EEIR 4769 m, BKEK
1160 m, FHXI =22 3609 m, SEFH 44384.7 hm® ,{f
PR E S, MBI AREMRK, DRI
X, W BIRIZL, e AR Z, W E —M >30°, &
BEMEETEHE, i EET A ILEEF &L
A 1 RN PR L B B ARAR I B AR
Wi b AR 4 1 A B 7E 30 ~60 cm ZH],
SEARBTIEERNSE, W50, WER
Mo >10CHAETRE K 4500°C ,4E PR 9.2°C , Bk
A ByYRmREE 22C, B4 A0 BB
RIBA-15C, TFEHP 4~10 A, FEHBEKEY
800 mm,EHFTET~9 B, HEFHKER 80%,
EHMR 15275 h, HTHIBERE R, ER T ZFHEH
HI/NSIEIR S, M MR O R B 4t T I
RSP,

R1 HHIREHERRERER
Table 1 Environment status and vegetation type of 18 plots
S WK (m) M Slpe HHE(C) e THRA
Plot No. Altitude aspect Slope Slope position Vegetation type

1 1710 SW30 40 T Lower HHRET R IRA M Evergreen broad-kaved and deciduous broad-
leaved forest

2 1790 NW30 25 B Middle-lower ¥ i M #k Deciduous broad-leaved forest

3 1900 NE20 35 T Middle-lower  H 4% M I IR 22 #k Evergreen broad-kaved and deciduous broad-
leaved forest

4 2110 NW75 28 & Middle HHE T R IE M Evergreen broad-kaved and deciduous broad-
leaved forest

5 2170 NW50 55 H Middle H¥E R B AX MK Evergreen broad-kaved and deciduous broad-
leaved forest

6 2220 SW20 35 & Middle & i Mk Deciduous broad-leaved forest

7 2240 SW20 40 T Middle-lower  41IIB3ZHK Coniferous and broad-leaved forest

8 2410 NES0 25 H Middle 41 W& IR ASHR Coniferous and broad-leaved forest

9 2450 NW70 35 7 | Middle-upper  ¥&M R H#R Deciduous broad-kaved forest

10 2770 SF45 40 ¥ T Middle-lower #8154k Abies fabri forest

11 2780 SE25 50 ¥ I Middle-upper ¥ ASHk Abies fabri forest

12 2870 NW70 35 HF Middle-lower  URYLYZ A2HK Abies faconiana forest

13 3110 NW30 45 F Middle WRYLY&AZHR Abies faxoniana forest

14 3220 SE60 30 7 b Middle-upper  URYLYR A2HK Abies faxoniana forest

15 3240 SES5 36 7 b Middle-upper  URYLYR A2HK Abies faxoniana forest

16 3320 NE60 46 7 Middle WRILYZ A2HR Abies faconiana forest

17 3460 NE20 45 F Upper WYL AWk Abies faxoniana forest

18 3520 NW20 50 F Upper WYL AWk Abies faxoniana forest
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2003 4F 8 B, E/NEFHEARYRZAN
THAR/ MR G FRAREEVE 84K 1710 ~ 3520 m
BB 18 M, M 600 m®(20 m x30 m), i
6 1~ 10 m x 10 m FRE 4 AR, 3L 108 MR, 38
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AT A2 RS E VR EARE DR
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YRR G SR R, BEEANBLE 1,

BAEEHLL ST 5 B, RELO~20 cm 1Y
BA LR R E e B R A e IR
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1.3 B2

ASCE LA TR B Y 2D,

(1) Margalef I8%0: R = (S —1)/nN

(2) Shannon-Wiener $§%{: H=— Y, P,nP,
(P;=N;/N)

() Simpson ¥E¥: D=1- T P =1- X [N,(N, -
1)YN(N -1)]

(@) Pielou ¥15] 18 4L: J = H/InS

(5) Alatolo ¥15] FEEEL: E=(1/Z P; - 1)/[exp(-
2(PnP)) -1]
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A2 &M 78 Xt B 4> B P (Detrended canonical
correspondence analysis, DCCA), DCCA #HEfF 2
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MHEE T E R RS TR RN, a5 ©
IR RASRERGIREN TIE; Q3w BT &
A B SZITT; Fa R : 0°(N) ~ 180°(S), R AKX
43U YR : PR B AN S s @3 : A TR B33 TR
BFaS &, BE1~5, HERFRATZREE,

2 GRS

2.1 HEBRENOM SN

2 AR IR B RIS R SR R RO
BB E R T /NET W B RERI XA FE
YIReiE R ETE W AR R v L LK F 5 TG
Z5. WUEH, 18 MBI YT S HAH —&
MER,S MEBHERIBEER, KRHEEE
B S RMERBOR, X T R H IR E
BERETERBRE R,

®2 TEFMYH SRR
Table 2 Species diversity indexes of different plots

FEHS Plot No.

1 2 3 4 5 6 7

8

9 10 11 12 13 14 15 16 17 18

1.086 0.869 2.171 3.040 1.737
0.654 0.457 0.790 0.858 0.830
1.331 0.935 1.873 2.280 1.927
0.743 0.581 0.781 0.842 0.877
0.679 0.545 0.681 0.686 0.834
0.868 2.822 3.474 3.909 1.954
0.705 0.889 0.880 0.930 0.702
1.376 2.379 2447 2.772 1.731
0.855 0.901 0.864 0.941 0.752
0.810 0.815 0.697 0.882 0.508
3.474 4343 4994 5429 0.869
0.861 0.926 0.926 0.934 0.710
2.378 2.783 2.903 0.934 1426
0.839 0914 0913 0.914 0.886
0.633 0.822 0.723 0.759 0.774

1.954
0.808
1.859
0.807
0.774
2.606
0.723
1.872
0.730
0.474
2.606
0.879
2302
0.898
0.809

1.303
0.797
1.729
0.889
0.847
2.152
0.410
1.052
0.457
0.374
0.514
0.408
0.598
0.863
0.842

FARE
Tree layer

AR
Shrub layer

EARE
Herb layer

SV I o B O T I o B R - VR B B

by

2.172
0.783
1.836
0.765
0.683
1.699
0.801
1.957
0.850
0.663
0.869
0.751
1.478
0.918
0.889

2.606
0.850
2216
0.864
0.696
2.606
0.699
1.840
0.717
0.438
1.954
0.882
2218
0.963
0.912

1303
0.718
1.502
0.772
0.729
2389
0.888
2347
0.944
0.839
4.126
0.874
2.543
0.849
0.592

1.520
0.798
1.750
0.842
0.831
3.040
0.822
2212
0.817
0.566
3.040
0.885
2.440
0.901
0.737

0.217
0.143
0.273
0.394
0.533
2.606
0.862
2.236
0.872
0.746
3.040
0.865
2.356
0.870
0.670

0.217
0.104
0.214
0.308
0.489
1.303
0.751
1.632
0.838
0.735
4.343
0.918
2.746
0.902
0.763

0217
0222
0382
0.551
0.616
2.172
0.722
1.800
0.751
0.514
4.126
0.904
2.684
0.896
0.694

0.434
0.545
0.864
0.786
0.871
1.520
0.825
1.895
0.912
0.835
4.126
0.910
2.651
0.885
0.768

0.217
0.450
0.643
0.927
0.909
1.954
0.820
2.001
0.869
0.713
3.040
0.890
2.439
0.901
0.773

0.217
0.500
0.693
1.000
0.999
1.519
0.735
1.667
0.802
0.645
3.040
0.905
2.513
0.928
0.840

0.217
0.248
0.414
0.597
0.643
1.520
0.772
1.781
0.856
0.688
2.389
0.875
2.264
0.911
0.813

R: Margalef $8%{ Margalkf index; D: Simpson 4% Simpson index; H: Shannon-Wiener $5%{ Shannon-Wiener index; J: Pielou 315] 5% Pielou
evenness index; E: Alatolo 35 FE#5#L Alatolo evenness index. 72/, The same as following Tables.
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Table 3 Correlation coefficient of environment factors with the first two axes by DCCA and the eigenvalues of axes

HERTF F*ARE Tree layer #AKZ Shrub layer BZZ Herb layer
Environmental factors AX1 AX2 AX1 AX2 AX1 AX2
4R Atitude 0.7690™ 0.0760 -03927  -03490  0.0051 -02021
A Slope aspect -0.0874  -0.1960  0.1122 -00118  0.1502 -0.1094
¥ Slope 03621 -02655  -02260 -02739 02413 -02726
A Slope position 03007 0.2212 -00771 05302 0.1573 0.0929
+3E & 7K & Water content of soi 02323 -0.1579  0.0326 0.0434 0.0876 -0.0328
THEAEYF A’ Organic matter of soil ~ —0.1321  -0.1956 04211 -0.0338  0.5379" 0.2081
+ 344, Total nitrogen of soil -02996  -02237  0.4635" 0.0151 0.2717 0.3580
3K AR Available nitrogen of soil 02799 -0.5102  -0.0429  0.0158 0.0149 -0.1754
43884 5B Availible phosphorus of sl -0.0281  -0.1051  0.1629 0.1617 0.1284 0.0211
$&4EAE Eigenvalues 0.074 0.001 0.009 0.000 0.033 0.004
% 755 76.6 35.9 375 55.1 61.7
' P<005;" : P<001
B DCCA HEFE R (& )WH, R ARE JERE 222 FeARBYITh 2R IS E AT

B AR 2 BB B AN HEP S AR A 73 B o B AE
) 76.6% 37.5% .61.7% , SBHFF R EMEARZ K
HEPROR BT, TEARZHEF M 45 R T REA R 7E
BN, FTAREHT 1885 DCCA £ —
W AR B E MR RR P E S DCCA F—HfHx
HEBIF(0.3621), LEATE /NE T IHBRMEEE, WIREE
BARERFEYM ZHEENEETERFPES
FREHEREHF P, LE2E 5 DCCA F—
WA BENMEXER, AVATES DCCA E—i
A—EHIMRR R (0.4211), i 5 DCCA 2 — B
ABEMMEERRZEREHFH,XEIRSE
5 DCCAE—MABEMMHERXR, ULTH,
DCCA £—MREHX N —NEEWIFEHE, B
FIRER SR X GREW MY, Hit, #hE
DCCA £—H HE P B R ARE T HMEIFE
23 [RIp BAE 2L, SEA AHE T B R R 2R L
B, T RES A I S it 2 53R B R Y
B R

W 1 R, TR IR IR = B R R
IR DCCA S —HhHE )y, T H g IR S B |
F.UMEEEE TRYEE, AN AR
(P<0.01), UAFTE:(DERBEHF . TEE
(R): y =0.1168x +2.3039, R* =0.4486,rn =18 ,P <
0.01; Shannon-Wiener % #£4: (H): y =-0.0288x +
0.8597, R* =0.3445, n=18, P<0.01; Simpson index
(D): y =—0.0872x +2.0904, R* =0.4326,n =18 ,P<
0.01, (2) DCCA ¥ : £ & B (R): y =—0.0028x +
2.3603,R* =0.8988, » = 18, P < 0.01; Shannon-
Wiener £ F¢ ¥ (H): y =-0.0021x + 2.1506, R* =
0.9034,n» = 18, P <0.01; Simpson index (D): y =
-0.0007x +0.8917,R* =0.7798 ,n =18 ,P <0.01,

BEE MR T, BEVE 2B N R Ak 4T TR
RPN AR, ST AR PP R BB D, Ho, FEH 4
HEEERK, TREER NG TR BEERE;
MEEHL 12 FF4G , BEVE R BUONMIR LR AR, Fe AR TP 2
B U EEEREERK,
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Fig. 1 Changes in species diversity of tree layers with both DCCA axis1 and altitudinal gradient

WEE W REI TR, Y SRR RO DEE
T RS A AR (P <0.01), Fi12
FERE AR B B A, SR R 5 B, T4
MEFSIERREERMYIEN I SEEE
HEiwo

MYFpE 5 R BRI i 2F , 5 DCCA
SRR B IO KR (P > 0.05), IFEE
KT, RS BN E ., WHE/NET
.9 MAFERTHBEREET AR BN REERE
BB . FeAR YR 3 A B 2 SR R T BRI 2 T
BrimZ IR T 241, Z 2% B B S RHE L
REBROEIEH

B2 FARBUMESHEER DCCAHR
Fig. 2 The environmental factors of DOCA of species diversity in tree layers
AL: ¥48 Attitude; SA: 3] Slope aspect; SP: 3 & Slope; SPP: 3%
{if Slope position ; WC: 13 &7k B Water content of soil; OM: +35&
HLIT Organic matter of soil; TN: 1344 Total nitrogen of soil; AN:
+ 3 /K #% A Available nitrogen of soil; AP: + HE7H 3§ Available
phosphorus of soil.

HE 2 WA, %IREE S DCCA 5% —Hhi s
faf/N, GLEAT A R 19 26 R B V) IR ™ E TR
RIE LK, A H S5 2R B ks R A
XAERK#E, Hit,DCCA E—ihfr LREMERS
R E, L DCCA HEF M E — i EEENE
R A AR RENTEREE. UL
Ui, RS EREMT R YR EEEME T
B EBENAEE T, SR E B RBUK I E
B4k, B, S X TR R R YR 2R ARt H R
T REE 23 32 i TR KR E KB F R E .
FEFRE%).

223 HEAR B YT Z RIS E AT

R4 BERBYMEHERYSHERFH
MHRRE, T, UHEEERESSFHREETFH
BAEUHBHXRR, U SHIREEER BT AR
R, TREE B TR A R B E A ERENY
M HES. TEAEVRSESYMHEHEE
¥ D.H U B S EIRE T E B RIBREIHRRKR;
1ELES D.J BEHGHERERT5&BH
BRI B, X A VLR R R E
IR R A, R TR ARRRF R
HEK), BEA B3 (P >0.05), Bk by gk
ko

M3 FLLEH, EARZYR 2% DCCA HE
FE—HFERRNE LELRANEILEX
WHRHETF, X SR AMERE HNERER 3 B
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Table 4 Correlation coefficient of species diversity of shrub layers and environmental factors

R D H J E
¥R Atitude -0.387 0.037 -0.141 0.115 0.015
A Slope aspect -0.060 -0.387 -0.302 -0.356 -0290
¥ Slope -0.366 -0.270 -0377 -0.165 -0225
YAz Slope position -0.134 -0.014 -0.067 -0.025 -0256
+3E & 7K & Water content of soi -0.105 -0.343 -0.286 -0310 -0.168
THEAVLFE AR Organic matter of soil 0.058 -0.720™  -0469"  -0768"  -0.564"
T+ 4H Total nitrogen of soil 0221 -0.531" -0265  -0.585" -0.447
3K ARA Available nitrogen of soil -0.128 -0.235 -0.200 -0.177 -0.093
3 3Bk Available phosphorus of soil 0.119 -0.167 -0.049 -0.206 -0.077

" P<005;™ :P<001

FE/NET A RMERE o TR R YR AR
RKERR TR
224 EARRK YR SRR ISR E AT

x5 REARRYMZHERBSSHRET
HIRRRT FRMEXTRN, LRANESE
SEERRY R VM EZHMEEE D.HHXB A
B A TEANENEREYHEERAER
F; 1R RE D H BEMR S ERE S

S35 A A A B, R AR E YR A 3
SRR REE 2 M3 i T3 B N s ]
ERREF 5L EARHE

B3R 3 WA, EARBEYFZ MM DCCA HEFSE
—HFBERENE T EAVRX N HERE T, 5
TENETFHRMBERE B, R ER YR 25
RN EERTRELERD

®5 EARUMSHESHRERTFHRAXAY
Table 5 Correlation coefficient of species diversity of herb layers and environmental factors

R D H J E
¥R Atitude 0012 0.220 0.306 0.145 0.023
&7 Slope aspect -0.244 -0.361 -0.254 -0.542" -0277
¥ Slope -0.303 -0.154 0.031 -0.177 -0.113
YAz Slope position -0.112 0.242 0.114 0611 0.463
+3E & 7K & Water content of soi -0.112 -0313 -0.226 -0.114 0.045
TEAEYFE AR Organic matter of soil  -0.508"  -0.791™  -0.717™ -0.069 0.364
T+ 4H Total nitrogen of soil -0.283 -0515"  -0.641" 0.099 0332
3K ARA Available nitrogen of soil -0.069 -0.308 -0.131 -0.380 -0236
T A 3B Avaibble phosphorus of sol  —0.135 -0.250 -0.185 0.113 0.368

" P<005;™ :P<001

3 GIHiE

/NET IR IR RATEE R R SRR ER
BNERE >EARR > FoARR, X5 H BT H
X AR AL A RA— B, T 5 R Y W Ak
REPEEREEE. TRENETHBRRY
X AL TF AL LR X, 67T 7Y )1 22 M 0 75 7 7 SR
A B, SRR R GRE TR ) E IR TRIE
HHLX

FE/NETWIRIARAN, R R RS HENERE
THEREETARRYI SN AR, tok

TEB RS MEARL KT, BIRIFBOKRSEMF
EFHA BT BRI , S AREE R FEK
PG ERR - RAF R BCRE , BE T R B A R R 19
RS G KU R, FRCHTERR,RE
ANBETT AR YT SRR A 48 R Z B 24
HEETHEAEMR, BREBRBEREFEK,
MEERKREN LI HEYREERMEHESET
W, T3S BN R, X501 HKR B AR
PRIOBIRGRIEM, BFFE YR SR
i B U R
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BT AL ) LB, BE T E A KRR R,
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