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WE: [ B8] BAFRIEZ L3N0 G b 4L s Pinus tabuliformis AT T i o #em, AHit—F B 5 F & Ldp
AT T A S AR AR BRI, [FE] AT PEL A THRFRMY e LR RS HIE, SHFEET
SAAA TR T O HeHm, [HBR] FFBRFHEA. ER RRDFAS>F O BEE BREMER) 55 % 45.7%
(34.5%). 37.0% (20.4%). 43.4% (30.6%); itk T At oA £ L2 AMKFEHm, BRI IEBLRZ B AZHES
oA XBEAEET; BARBEASA L ELHER YA, FRASA T L LREAN YR, LMAESHR. LEEA®
WS AN TR T A SR TR, [ 4R ] 30 (53R) Ao £ (RHEE A B F 38 RSB % A B e K 4L 81 B AT
T R R 05 R ol P AL AN TAR T A 5 g 24T, B 1A S A 39
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Influence of environmental factors on distribution of undergrowth
species of Pinus tabuliformis plantation in Zhongtiao Mountain

PEI Shunxiang, FA Lei, DU Manyi, XIN Xuebing

( Beijing Jiulong Mountain National Long-term Scientific Research Base of Warm Temperate Forests, Experimental

Center of Forestry in North China, Chinese Academy of Forestry, Beijing 102300, China)

Abstract: [Objective] This study is aimed to quantify the impact of environmental factors on the distribution
of species under the Pinus tabuliformis plantation in Zhongtiao Mountain, Shanxi Province so as to provide a
theoretical basis for further revealing the maintenance mechanism of species diversity under the P. tabuliformis
plantation in Zhongtiao Mountain. [Method] With survey data collected of the plant and soil of different
types of P. tabuliformis plantation in Zhongtiao Mountain, an analysis was conducted of the influence of
environmental factors on the distribution of species under the planted P. tabuliformis plantation. [Result] The
interpretation rates (adjusted explanation rates) of environmental factors on the distribution of shrubs, herbs, and
liana species were 45.7% (34.5%), 37.0% (20.4%), and 43.4% (30.6%), respectively. The distribution of species
under the P. tabuliformis plantation is mainly affected by abiotic environment. Altitude and soil aeration are the
key environmental factors that affect the distribution of species in this area. The distribution of shrubs and lianas
under the P. tabuliformis plantation are mainly affected by altitude whereas the distribution of herbs was mainly
affected by soil aeration, and the species diversity of the P. tabuliformis plantation declined with the increase of
altitude and soil aeration. [Conclusion] The environmental filtering formed by the key shaping effects of
topography (altitude) and soil (soil aeration) factors on the regional community habitat are the key factors that

affect the distribution of understory species of P. tabuliformis plantation in Zhongtiao Mountain. [Ch, 1 fig. 5
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Y Z REPEROIE ORI AE R DL AR W) 2 PR ORI A R R, IR, AEZS 2 B XY Y Fh 2 4
PEIE RO GE Ry BT AEAL R S a8 7 S0y s A . KPS S B . REERMERE . Ve 2Rt B AR 5
S PR SR T R AR B P A 2 Z RN R R, ERAAR AR IR N T BRI
BUFN 23 (6] R B S50, AR A SR N TARERAR AL S R G B2 AR 4, IR A8 7S BRI IR X AR
YR o A BN , R AR N TARERARA 25 R G ZRETE A UM 4R R5 A RO TR Z — o MR Pinus
tabuliformis MOEREICHB X HAF AR, Q2 AU X TR AR VR AR MR B R R SRR B 4R 2. (Hh T
NRES T, AR AN T 32, A EERAAM, N T IR E 5, YRt 4
Ji RERHGHAVESTRENE TRESF R, RS R SRR PEA, RGUA AL EH BEIR
HETT 2 0 B A4 S B AV S R GEIRED . B L, JT ARG K 7~ Xp A A AR M0 3 A 5 e i AIE 5
XFF KA TR AR S S A EEE L REITRD R W #ik. 13 Ot
O &t X DO p NI/ i e b AL DO N | T RS S A VR IR VA% 7 NI N7 s R ) e S0 R /S
M WRh oA T EZ AR T, A TR, HLAZ O IR B2 M R T AR TR
e Bhb 2 AMBRSE s AR R el 2 X, TR 28 Ll Ak Tl i~ i e XN, AR Y
SR ISR ST AR, RIS N TR B A TR AT E V. BT, AW LOLgHh
ZRITIAR N T BRI R, S TR A L e PR AR, 20 BR5E IR X2 i it s N AR o A7 )
SN, DA izt DX N T ARAE ) 2 R R 3 R0 228 A8 R AR S 9

1 MRS 7 *

L1 FAREHER

HARIE T I P B A, 2 b B s B ) AR I A AR T R X, AU DR b R T 2
P 2 XU X o A N T AR I3 A X 3 Sy 1 M bk 4 e, Al DR b S I T 7 I R I bk
W, FRMAEPEEE o A R AR Rl =A% Forsythia suspensa. ¥ 2545 Spiraea pubescens .
PEEF L Carex lancifolia . IV 3% Viola prionantha . ¥6 % Rubia cordifolia M 428 % R. membranace %% .
12 HMEESHEEKEAE

2018 4F 6—8 H, TEXS 2R lbA N TARSEAT 2 TS A 9 Sl b, MU . ARl . B B
Beey | RAZFREEHAMAGRIER 12 MM TR GR D), B 3 A EE, it 36 MR AR
Tio B2 SREHISZ SRR, FRARKE AR 15 mx15 m, HALSFET HFLR 20 mx20 m, idsERET N
IR ERTE AR, IFENRE =5 cm FRAMFI AR Mote . BEm. K 2 SHeslal o 9 4> HAbre
&7 16 A~ 5 mx5 m BEEARKETT, I TREAMEARRET H.OBE 14 1 mx] m BREART, #A, &
AT AT 5554, 0l sREAR M AREDT NAEAR | FAEYRIME | Bog, JFCRER
FEDT A BORPE | B, M0k 178 Rl Y, HLPHER 47 Bl R 112 R, A 19 B, 2)m 56 A
124 J& , L 36 DI AR B 2 BB S VIR EERE (Zyraas Ziinass Zioxae)o ICRBFDREHLIY 4
BECHEHR . RRE L iE), MR R 2R L AR AR T2 A B SR IBORR S R TR, SR R TR 1 I S R
JIHBIAEE
1.3 TEERRXESUE

TEREAN TR ARE L Y U0 A LR BERLIEHE 3 A mio LIERERCR A A, TERE SRR 2 1 A e
% 0~10 . 10~20. 20~40 cm XI7r H 3R FEBA TR L, 100 em® (FRTTHORE . R L AR
BER)ZTHE 200 g, PRIVRAYIBT, A IAISC80 % AARKT . AFEE . b 0 5 R AT A 27 0 A A

e g p S OKE . RORRKE . BERKE .. HEFKE . BESLE . JEBELBRALSLLEE
G IEYERVERT, W U7 R IR LY/T 1215—1999 K FRAR 1 187K 43 - $9LPE J5 i I o )U' 1647 . pH R A
pH B2 11 (HANNA pH 211 ) 72 ;3 HLTCR T EAR IR P A8 AL- M BE I E 5 2R HELRE A
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Table 1 Overview of the sample sites

e it /a RE/°) Wi 1k/m P RE/(MR- hm™) ST A% /om SR /m
1 40 22 [ 1916 808 24.08 14.89
2 46 34 PN 1924 1511 17.56 9.31
3 28 19 [} 1880 1600 14.77 12.43
4 38 35 [ 1750 925 18.66 11.20
5 48 21 xR 1722 508 25.64 15.46
6 48 13 pirel 1933 583 27.84 16.31
7 41 20 [ii]E) 1917 500 27.79 14.74
8 36 26 [&] 1509 1383 17.39 11.60
9 39 25 (i) 1997 2475 14.79 9.07

10 32 11 VN 1872 1250 17.39 12.95
11 48 8 [ 1928 467 29.32 15.94
12 46 23 [ii]z2) 1960 558 21.76 10.90

PRI 5 AR AR ORI 5 Al R AR SR FH A5 B R SO v (IRIS Intrepid 1T XSP) il
FE o BRARE L A SRR T AT I AT Y (B R AE
1.4 YFh5INEEREREL

A=) R R B O AR T M A A . S R L B T TR AR L SRS AR O R L AR B
WS B AR . TRARABER ., AR AEY &R . FIARTFHER, AT EY &R, EREX
F— oM RRFITEN, Ak TR = 0 AR Y B 2 50T . SRR FEE s 1
rERT . SR B, AR . R . by m oy T o AR, Oy srohdl . ARAEL R OAR
M. oM. PAR . PO PEdE, BT 1~8 AKUIRE . B DL L PR BOA B AR B (Z36x00) 0
1.5 HEE

FHERST 30T (PCA) AT AR IR s SR BRI N8 (DCA) % 5BR “SIER0%” 5 RH
HLFEXF R AT (CCA) STHIF AT HERF - BB R ] Excel 2016 5210 ; YR ZREVE AT . VER KRS
F PCA St ¥R HI R 4.0.3 BfF “vegan” FEFAL5EAL; DCA Fl CCA SR Canoco 5 #AF5E L
2 RGN
2.1 WERFERSHH

M TR TR L, BN FEAAEZ TSN, TRRICBIRAEE . K3 pH XM Fh 35 5 K23 A
O3 sEMA RN, WK B 3 pH LIS 28 AIREE T HEAT BT (36 2)0 AR B R, A
1 ERor FER M ATOK Iy 5 2 EM FE WM EEE; 53 0 R B 5 4 TR
Gy EE R HEEAM: 8 S FRr FE R MEY R 4 6 T FE R MUMGEARIA B 55 7 ERAr R
MR . UL 7 A F s 5 8 pH LRI ST ARSI (Zyeng)o ¥ TR 3240, AN, pH. WK
F AR YIRS N, MR . A . MOEABI B N A R I o JE T U b 4 SR A
IERAERE, Sy BT EREE BT X AR W0 o AR 52
2.2 INMERERFXER TS ST

R HEBR TUAYAS H P00 HE R 45 R A0S, E CCA HEFF RSl AT R 8, IRk fr sk %
WEMAE: (5 3), LEAKRILEEHE T LIEA CCA HEFF /A BRI 7.l 3 il 5. B BREEH 1
BInf Lt A CCA HEJP 00T, HIASERFXEAR . HAR | FEARY R0 fE BRI IE MR RER) 430118 45.7%
(34.5%). 37.0% (20.4%). 43.4% (30.6%), HILHHrHERK—Eo MY EETRESELR.

Yyl 5 7 CCA M AU AR /1 1) Z R K B 143 3k 8.91. 7.98. 9.32, HI/NT 10, UiHIAY
CIETPN= - N B2 ORI /AN IV NI N7/ B i R ) =T o ) PR VA NI 7/ L o e s A | e oL
BT o ABE K S5 PR o A0 R AE OC B B MRS B0 AT N (3R 5): MR . B | BEAR MG 5 IREE R AR
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Table 2 Rotated component matrix for principal component analysis of environmental factors

F G
EE
1 2 3 4 5 6 7

TIEEE KGR 0.93 0.05 0.23 0.18 0.06 -0.04 -0.06
FH ] 47K 1k 0.93 0.12 0.18 —0.03 0.07 0.14 0.08
TIEEE LB 0.91 0.13 0.21 -0.19 0.01 -0.01 0.07
LR 0.87 0.08 0.21 0.37 -0.08 0.05 -0.01
TR KRR 0.81 -0.01 0.20 0.49 0.02 0.00 -0.10
A K 0.80 0.09 0.22 -0.34 0.16 0.00 0.32
et 25 -0.10 -0.92 0.15 0.03 0.17 0.08 0.10
FH AR 0.15 0.90 -0.02 -0.23 0.24 0.06 0.02
AT ER 0.10 0.88 0.08 -0.19 0.31 -0.02 0.12
B -0.05 0.80 —0.06 -0.33 0.31 —0.11 0.03
SFER 0.06 0.73 -0.23 —0.46 0.30 -0.05 -0.05
GINiES 0.47 0.61 -0.01 0.34 0.06 0.37 0.14
TR P 0.18 0.02 0.95 0.12 -0.03 -0.13 -0.03
TR 0.22 -0.11 0.92 0.20 -0.03 -0.16 0.06
T HEHAUA 0.21 -0.11 0.90 -0.05 0.11 -0.02 0.12
R 0.41 0.09 0.67 -0.30 -0.06 0.06 0.26
TR 0.29 -0.21 0.61 —0.03 0.04 0.01 —0.44
TR LR 0.13 -0.06 0.05 0.86 -0.14 0.10 -0.12
i3} 3 -0.06 -0.31 0.10 0.81 -0.28 —0.15 -0.19
AR A 0.05 0.21 0.11 -0.77 0.04 -0.26 -0.19
TR A it 0.40 -0.20 0.02 0.62 0.22 -0.09 -0.03
TEARLNEEH 0.04 0.29 0.04 -0.08 0.91 0.14 0.09
TR Yy b 0.04 0.29 0.04 -0.08 0.91 0.14 0.09
g U T AR 0.26 -0.51 -0.11 -0.33 0.63 0.02 -0.25
il -0.12 0.00 —-0.27 0.26 0.18 0.83 0.04
Yeray -0.30 -0.08 0.17 0.03 -0.03 -0.78 0.29
[i] £ ] B -0.05 -0.46 0.27 -0.10 0.16 0.66 0.17
237 0.46 -0.02 0.20 -0.14 0.20 -0.13 0.73
TR /% 26.91 22.96 12.55 9.65 6.78 4.90 4.00
ESawaeal 26.91 49.88 62.43 72.07 78.85 83.75 87.74

LB RPN TR R PSRRI R B A R T

BEHE (P<0.001), RPN JT 22 5THRFESM R 53.63% . 49.12% . 63.93%, HEIFIIKH /5 BB M,

FETMMA TR, BA | BEASIHERN T CCA e P45 R AT/ (& 5 A 1): W AT
MR AR FE 2 MGG, HUOe T HEESME, ARG E 232 P aa g, Hko2
MOEARPA B, BIBEE TR . 3l S T Sl N TR P Rh 20 T R

MTHERYFN AR S BIEFR A Y T R E A RSN, SHAWAE 73 W A0C, HEEAR
B A AR RO BN L RS R AN N TARTR TS DL FR K Berberis amurensis
(S19). %4k Rosa bella (S28) F- 243 A FE MR IR 7 B X3 o AR FEAR Y 20 A Bk 5 - HEoK 79 TG fb 25 4
KRFRIN, SHAABER TR EME, HEARFZEDAAAE SRR ARAR I EE SR AA A T
MR, T WFR AR K I 5 Begonia grandis subsp. sinensis (H22), FiMT: Spodiopogon sibiricus (H110) &£
FL AR AE HEE AR 2 0 X3, /NEAT B Juncus articulatus (H26) . 1% Heracleum hemsleyanum
(H96) FE A e T EFE 8- m X, 21 K114 Asparagus filicinus (H101) 3254345 12 AR A BE 5 = 1Y
Xl PR BEAYF AR SR . RIS . B TC R EMOCOCRS, 5HAME R 14 B %
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Table 3 Forward selection results of environmental factors

— HEAR LW /=N
R % P FERER % P R/ % P

+HOoK 1.7 0.690 42 0.012 5.4 0.034
Moy 6.6 0.002 5.1 0.002 4.8 0.046
3RS 4.6 0.002 3.3 0.112 6.3 0.044
THEEAM 7.6 0.002 9.9 0.002 6.1 0.004
Y 5.0 0.002 42 0.008 1.9 0.440
MR A 5.8 0.002 42 0.014 4.6 0.038
MK 10.7 0.002 3.5 0.068 8.7 0.002
pH 3.7 0.034 2.6 0.322 5.5 0.016
R RRR % 45.7 37.0 43.4

ISR % 345 20.4 30.6

K, HEEAREZ AWK, LHEEMR k4 £Y95EEYMESEFHYHSHHKIE

L SN 2 ) £ DO 2/ (AR VAN I NI 1 i R fRRER
*]/j} Zi@(?f% Clematis glauca (L10) jg%ﬁ}?fﬁﬁ: j:ig%ﬁ Table 4 Adjusted explanation rates of biotic and abiotic environmental
/{ % ﬁ:ﬁ:ﬁ% E/‘JFE'_} ﬂi lZi@i N factors for species distribution
MAEAERERS % —
NS N SRR %
3 Wi5£# L "
WA SHERN. —ApRRET, G e b 653
X L . A 12.8 6.5 48 75.9
S 2= SR W Bl 22 R AR AR A g 3 B i A ) A
A 20.6 8.0 7.4 69.4

A FEYS b DX R AR Py - X R A s R, R
I b, X A= ) DRl - S M AR X R TS B R B T, R R, A NI, B .
5. YRR EY R AR IR S R R P2 R LA N TR P Rh A2 AR A YA R
BRI, EARA YR R (TR AN - SRR R B R R R BREE S ik, 2 5 e ey Bl P A
YR o3 A B G EE R, BRI IR BB PR EE T (environmental filtering) 15 FHJE: 52 W 12 X 38K T W)
B BRI AR A7 2224

TREAR N A 58 MRS R M A AR P Fh o3 A 0 SR PR -, LR R R AR o3 A T2 A2 M AR R
TR A F 2 HEE AN, B R WG S AR D R o A B OGP 2, R R
FELOWEE . GRAERRMWGEERERER, XYM SRR M 2 — BRI, KRR
A, YR ZREER IR HAERSERR R E D, RIS S Ko RS A T, N TGS T
K, IR AR SR S B EKSS A BR TR A AR DR, Wb 2R SURBERT st , Ha)
Vi Z R B AR T m i R I AT A AR R I AR IR o A SR B S A OG, BD
Mk TE i, T YR ZAEPE T . KRAFT P A58 A& I . AR AR SR K [a] (1) ) ol 3 2 52 b TP PR 55 7 4
il AR R 2 A Y R GEgr el BRI 2 /) (52 RO T AR LA TR
HEARREEAR YR A EZE M R T2 —, LB X AR P b A5 25 S w7 A R

TEJRBTERIN, BRIEHRSL, T3S E R PIRN A 5 1Y o — A B AR AR W AR R 100 AR Bt
GERIN . A HEE SRR BEA TN AS Y Fh o3 A 1 52 e (O T34, E6 BEAS ) b 43 A 9 52 1 KT
e, BRI EXTRARM R THOE R R, AEARFEEA R/ N TP F R . 2458 5 AR
SR, ZAT R SRR, TERBGEEN, MO R R &2 e oA sy R &, i IR
RRZ PO, HEZR PR, Rt E FEGRE . BIE . L2EE TR, RHHmeTY, Ahgik R
FIEE B R OCHE A . AR R HEE SRR AR B A LSRR . B WAMARXT LA L TR
YRS AR FEESIR, HHEIEBE LR REMIZG SRR OCHEI SRR+, thsih, At
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Table 5 Correlation coefficients between distribution of species and environmental factors at the first fourth canonical correspondence analysis ordination

axes under P. tabuliformis plantation

HE

WEEH-F R P
CCAl CCA2 CCA3 CCA4
LY 0.25 0.01 0.86 —0.44 0.59 0.001%**
RGP E -0.37 0.40 0.73 0.41 0.83 0.001***
TRy 0.37 -0.46 0.26 -0.77 0.37 0.051
otz STk -0.85 -0.42 0.13 -0.28 0.48 0.007**
HEAR
Y 0.69 -0.13 -0.71 -0.10 0.33 0.099
MRSEAR A FE -0.06 -0.62 -0.01 0.78 0.76 0.001%+*
IR 0.90 -0.07 0.31 0.29 0.61 0.001%**
pH -0.02 0.58 -0.81 0.00 0.55 0.004**
FEIEE 0.57#%* 0.26%+* 0.23 %%+ 0.17#%%
SRR % 36.95 53.63 68.68 79.87
ks 0.38 -0.14 0.11 0.91 0.22 0.124
I EEEE -0.21 0.35 0.89 0.21 0.86 0.001%**
3R 0.37 -0.70 0.42 —0.44 0.30 0.032%
- Raee S likaN 0.85 0.46 0.16 -0.18 0.88 0.001%+*
" GEL7/ s -0.50 0.45 -0.39 0.63 0.56 0.001 ***
MRTEERR A B -0.18 0.77 —0.04 -0.60 0.63 0.001*+**
TR -0.36 -0.19 0.31 -0.86 0.41 0.004**
pH 0.56 0.21 -0.72 -0.34 0.37 0.004+*
FHIEME 0.63%%* 0.23%%* 0.23%*+* 0.19%**
FIHRRER % 35.72 49.12 62.27 73.35
8K -0.39 0.08 0.76 0.51 0.68 0.001 ***
RGP E -0.66 -0.71 -0.26 0.06 0.32 0.053
3Ry -0.61 -0.11 0.67 -0.41 0.31 0.052
_ +3em A 0.69 0.42 -0.20 0.55 0.48 0.002%*
Y -0.54 0.27 -0.79 -0.04 0.24 0.162
MRS A FE 0.65 0.19 -0.36 —0.64 0.44 0.005%*
IR -0.59 0.62 —0.45 -0.25 0.70 0.001%**
pH 0.64 0.25 0.72 0.13 0.47 0.006%*
FEIEE 0.48%%* 0.26%+* 0.19%** 0.14%%%
SRR % 41.38 63.90 79.80 91.65

Pl *FRP<0.05, **F/RP<0.01, ***F/RP<0.001

FEKIRA VIR IR AR AT, HIF OB R 8 BEBOR, RS XA S A R A0, i A
SRR, HHERITROKRE N TR, BEEIK, LB S, PR R CRRBOR > 55T,
TS BAEL IR TCIEAAE T LA HAE R R A o34 4 52 B R A

LI N )RR o3 A ) 2 EEIREE N 12— BT RTS8 MR P B2 XA 0 e e 0 Ao A 4
FAAERE RN, DL RO BRI X AT R AR 55— A SCHEIREE N 1o XUTEARAEDS BF9E A 3 -
e J2A 1S A R 3 o ot RV T 5 W U B S Dacrydium petinatum KIRFETE IR 43 A 19 EEIR S &K .
ABEFEH, MO EE AR RE . Bray | (eI R A% 3 ST R R MZR AR, FTLIES IR AR B
s, T RGEE AR 107 SO T O BRI, B AR T b A

TR N AR Byl oA B ZARA YA I 1500, Il (IR A (- 38E <) SR 4%
L RA N AR By b oA B9 SCBERRBE IR 7o bl 7 L Ml AR 25 AR G K B T2 RS2 W RGO , JEE4R 0 0 14



286 WroIL R R K A R 20224E 4 F 20 H

1.0 i 1.0

A H]O]é B
by HS,
i wd ¢ WA 11,
RI6 1ip1 05
Sz*ﬁ’gg S6 sz Sﬂ6s§£5 H3g H5 \ oa 173 it HI{{12(§
[ ] 52% o i‘t’»V/J‘Q' =
N i Jgdk
< SRR e . < R
S . °S44 I HOT pigfdQ\\
®] @) 431610 S 102
--------- ;ﬁg it
i
il 85 Y4y HS H96 0
S;j H53 3}{%0 Hsd
-10 : 2 0.6 i
—0.6 1.0 —0.6 1.0
CCA1l CCA1
1.0 .
L10 C
3
L9
HR 8L19
< S1~SATNERY T T
S HI~HI12NERYFN S ;
L1~HI9NEAR YN 5
CCA1l
B A AT A A 5 SR E T S 5 A = S B

Figure I Two-dimensional ordination diagram of canonical correspondence analy51s between distribution of species and environmental factors under

P. tabuliformis plantation

ORISR AL, B TR R SR T R, NIRRT, B A L
T B A A W R S A P2 DS AR A A BRI A A, AR A T A O A B AT
UEZNTL L

ABFERIE A RERBAR, BEH AT P AR R — 8 RO AR5 B AT RE K o T U R A AR Ay i AT ]
SERFIE LY AR R AR, WAREYINR R R | BOKE . OEISE, AR/
FYIDRETEAR . Sidfr . ARIESHSEL B LI T34 3RsE PR3 o 2% LA N AR W7k Z2 A P A A
R, AR MBI BRI T

4 BE Xk

(1] Efdh, BEMA, BhEing, 25, Bl 6 o IO ) DA A = 5 BEAR Jm BOHERSE AR (0] JEmtpll 22741, 2019, 41(3):
14 —23.
WANG Jianming, CUI Panjie, ZHONG Yueming, et al. Biogeographic patterns and environmental interpretation of plant
regional species richness in Alxa Plateau of northern China [J]. J Beijing For Univ, 2019, 41(3): 14 — 23.

(2] S5, sk, ARARZE, 55, 0 L 10 Fh R BB R0 o B B ZHEMEAR R S ma 2R (1], A=) 2 REE, 2019,
27(1):33 —41.
WENG Changlu, ZHANG Tiantian, WU Donghao, et al. Drivers and patterns of a- and B-diversity in ten main forest
community types in Gutianshan, eastern China [J]. Biodiversity Sci, 2019, 27(1): 33 — 41.

(3] X, AN R, MR, 5. w4 B R GRS AR S REEAE: BUR . PREE R (1], A= 757#4k, 2015, 35(1):
1-09.
LIU Shirong, DAI Limin, WEN Yuanguang, et al. A review on forest ecosystem management towards ecosystem services:

status, challenges, and future perspectives [J]. Acta Ecol Sin, 2015, 35(1): 1 — 9.


https://doi.org/10.17520/biods.2018171
https://doi.org/10.17520/biods.2018171
https://doi.org/10.17520/biods.2018171
https://doi.org/10.17520/biods.2018171

5539 B4 2 ) WS PRBED 708 p 25 LLHIAR T AR T $ 0 20 A1 1) 52 ) 287

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

PENNEKAMP F, PONTART M, TABI A, et al. Biodiversity increases and decreases ecosystem stability [J]. Nature, 2018,
563(7729): 109 — 112.
AR, SCUIE, RIBF, 55, LB IR L S 7% R R SR b 22 BV A Jay S LR i B (0] P B A 2741, 2019,
39(8): 1491 — 1502.
ZHU Qiang, Al Xunru, WU Manling, ef al. Species diversity pattern and environmental explanation of evergreen deciduous
broad-leaved mixed forest in Qizimei Mountains [J]. Acta Bot Boreal-Occident Sin, 2019, 39(8): 1491 — 1502.
XU, F/INEF, BUGEEE . JAS N TMAR  RE AR v AL SRR 0] A2 752400, 2014, 33(2): 290 — 295,
LIU Hongwen, CHENG Xiaoqin, KANG Fengfeng. Changes of understory plant community in Pinus tabuliformis plantation
and associated environmental explanations [J]. Chin J Ecol, 2014, 33(2): 290 — 295.
T, B, XU O LA AR AR ZH s S BRI (0] AR S 3RIR 74, 2017, 26(1): 13 — 19.
WANG Hui, NAN Hongwei, LIU Ning. Species composition and environmental factors of understory plant communities in
Pinus tabuliformis Garr. natural forest of Guandi Mountain [J]. Ecol Environ Sci, 2017,26(1): 13 — 19.
Zy, HEN, give. (YA S RERLIR o S s I SR (D). AR A2, 2015, 35(2): 396 — 408.
QIN Hao, DONG Gang, ZHANG Feng. Classification of plant functional types and spatial pattern in Shanxi Province [J].
Acta Ecol Sin, 2015, 35(2): 396 — 408.
AR ZE, AR PG P 2R LA A R IRAE (1] PE LR 2540, 1994, 14(2): 148 — 152.
FU Zhijun, ZHENG Xueting. The characteristics of flora in the Zhongtiao Mountain [J]. Acta Bot Boreal-Occident Sin,
1994, 14(2): 148 — 152.
FE AR R . ZRAR K - BRI BRI 52 : LY/T 12151999 [S]. dbst: v AR H Ak, 2000.
State Forestry Administration. Determination of Forest Soil Water-physical Properties: LY/T 1215-1999 [S]. Beijing:
China Standard Press, 2000.
XUBCER, SR, JAAE, 45, rhESRTE AR M. bt oh EARl R, 2017.
LIU Qijing, MENG Shengwang, ZHOU Hua, et al. Tree Volume Tables of China [M]. Beijing: China Forestry Publishing
House, 2017.
Tk, X EAE, By, e EAMAE B A Y gl 7= i (1], A 2524, 1996, 16(5): 497 — 508.
FANG Jingyun, LIU Guohua, XU Songling. Biomass and net production of forest vegetation in China [J]. Acta Ecol Sin,
1996, 16(5): 497 — 508.
BRI, ERA, WNLLL, A5 TR K A B b A JZ W R 2 R S BRI e (0] AR 2 AR 1E, 2020, 28(6):
658 — 667.
HUANG Qingyang, CAO Hongjie, XIE Lihong, et al. Species diversity and environmental interpretation of herb layer in
lava platform of Wudalianchi, China [J]. Biodiversity Sci, 2020, 28(6): 658 — 667.
WOODWARD F I, MCKEE I F. Vegetation and climate [J]. Environ Int, 1991, 17(6): 535 — 546.
XU Manhou, MA Li, JIA Yanyan, ef al. Integrating the effects of latitude and altitude on the spatial differentiation of plant
community diversity in a mountainous ecosystem in China [J/OL]. PLoS One, 2017, 12(3): €0174231[2021-03-14]. doi: 10.
1371/journal.pone.0174231.
HEE, oKL, sk BT R GERF B b S DR A ) A1 SR AT A SRy (0], W) 241, 2019, 27(12):
1269 — 1278.
DONG Xuerui, ZHANG Hong, ZHANG Minggang. Explaining the diversity and endemic patterns based on phylogenetic
approach for woody plants of the Loess Plateau [J]. Biodiversity Sci, 2019, 27(12): 1269 — 1278.
LAUGHLIN D C, ABELLA S R. Abiotic and biotic factors explain independent gradients of plant community composition
in ponderosa pine forests [J1. Ecol Modelling, 2007, 205(1/2): 231 — 240.
KLANDERUD K, VANDVIK V, GOLDERG D. The importance of biotic vs. abiotic drivers of local plant community
composition along regional bioclimatic gradients [JJOL]. PLoS One, 2015, 10(6): €0130205[2021-03-14]. doi: 10.1371/
journal.pone.0130205.
2R, BN, GRata, 2. IR R 2B BERT I RETC IR RV AT L (] AR 255741, 2020, 40(4): 1249 — 1257.
LI Lin, WEI Shiguang, LIAN Juyu, et al. Distributional regularity of species diversity in plant community at different
latitudes in subtropics [J]. Acta Ecol Sin, 2020, 40(4): 1249 — 1257.
SRA N, T3, MG, S, TR T W R 2 R S U R R SRR IR 9 5C &R (D). A2 4R, 2018, 38(22):


https://doi.org/10.1038/s41586-018-0627-8
https://doi.org/10.3321/j.issn:1000-4025.1994.02.012
https://doi.org/10.3321/j.issn:1000-4025.1994.02.012
https://doi.org/10.17520/biods.2019371
https://doi.org/10.17520/biods.2019371
https://doi.org/10.1016/0160-4120(91)90166-N
https://dx.doi.org/10.1371/journal.pone.0174231
https://dx.doi.org/10.1371/journal.pone.0174231
https://dx.doi.org/10.1371/journal.pone.0174231
https://doi.org/10.17520/biods.2019224
https://doi.org/10.17520/biods.2019224
https://dx.doi.org/10.1371/journal.pone.0130205
https://dx.doi.org/10.1371/journal.pone.0130205
https://dx.doi.org/10.1371/journal.pone.0130205
https://dx.doi.org/10.1371/journal.pone.0130205
https://doi.org/10.1038/s41586-018-0627-8
https://doi.org/10.3321/j.issn:1000-4025.1994.02.012
https://doi.org/10.3321/j.issn:1000-4025.1994.02.012
https://doi.org/10.17520/biods.2019371
https://doi.org/10.17520/biods.2019371
https://doi.org/10.1016/0160-4120(91)90166-N
https://dx.doi.org/10.1371/journal.pone.0174231
https://dx.doi.org/10.1371/journal.pone.0174231
https://dx.doi.org/10.1371/journal.pone.0174231
https://doi.org/10.17520/biods.2019224
https://doi.org/10.17520/biods.2019224
https://dx.doi.org/10.1371/journal.pone.0130205
https://dx.doi.org/10.1371/journal.pone.0130205
https://dx.doi.org/10.1371/journal.pone.0130205
https://dx.doi.org/10.1371/journal.pone.0130205

288

RN/ NI NI e 14 20224F4 420 H

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

7990 — 8000.

ZHANG Shubin, WANG Xiangping, WU Peng, et al. Relationship between shrub species diversity and climate and local
environmental factors across Jilin [J]. Acta Ecol Sin, 2018, 38(22): 7990 — 8000.

RN, MY, XUMSHE, 55 AU DX IR 20 N A S 0 Z2 e 25 18] 20 S UAEE [0 R 2R 25074, 2019, 43(9): 825 —
833.

TANG Lili, YANG Tong, LIU Hongyan, et al. Distribution and species diversity patterns of Vitex negundo var.
heterophylla shrublands in North China [J]. Chin J Plant Ecol, 2019, 43(9): 825 — 833.

KLUGE J, WORM S, LANGE S, et al. Elevational seed plants richness patterns in Bhutan, Eastern Himalaya [J]. J
Biogeogr, 2017, 44(8): 1711 — 1722.

ZELLWEGER F, BALTENSWEILER A, GINZLER C, et al. Environmental predictors of species richness in forest land
scapes: abiotic factors versus vegetation structure [J]..J Biogeogr, 2016, 43(6): 1080 — 1090.

PETERS M K, HEMP A, APPELHANS T, et al. Predictors of elevational biodiversity gradients change from single taxa to
the multi-taxa community level [J/OL]. Nat Commun, 2016, 7: 13736[2021-03-14]. doi: 10.1038/ncomms13736.
GALLARDO-CRUZ J A, PEREZ-GARCIA E A, MEAVE I A. B-diversity and vegetation structure as influenced by slope
aspect and altitude in a seasonally dry tropical landscape [J]. Landscape Ecol, 2009, 24(4): 473 — 482.

SUBEDI C K, ROKAYA M B, MUNZBERGOVA Z, et al. Vascular plant diversity along an elevational gradient in the
Central Himalayas, western Nepal [J]. Folia Geobot, 2020, 55: 127 — 140.

VRS, SRR, 4 S =W RSB BRI Rl 2 M 14 23 AU R 0BT B s A e L0 #2441, 2000, 42(6): 620 —
627.

SHEN Zehao, ZHANG Xinshi, JIN Yixing. Spatial pattern analysis and topographical interpretation of species diversity in
the forests of Dalaoling in the region of the Three Gorges [J]. Acta Bot Sin, 2000, 42(6): 620 — 627.

ITOW S. Species turnover and diversity patterns along an elevation broad-leaved forest coenocline [J]. J Veg Sci, 1991,
2(4): 477 — 484.

KRAFT N J B, VALENCIA R, ACKERLY D D. Functional traits and niche-based tree community assembly in an
Amazonia forest [J]. Science, 2008, 322(5901): 580 — 582.

RODRIGUES P M S, SCHAEFER C E G R, SILVA J D O, et al. The influence of soil on vegetation structure and plant
diversity in different tropical savannic and forest habitats [J].J Plant Ecol, 2018, 11(2): 226 — 236.

R, HI SO, A, A5 PRIE PR 00 P g R ARR T R B o 2 R S R R LD 2R 2 R, 2019, 27(9):
970 — 983.

TAN Yibo, SHEN Wenhui, FU Zi, et al. Effect of environmental factors on understory species diversity in Southwest
Guangxi Excentrodendron tonkinense forests [J]. Biodiversity Sci, 2019, 27(9): 970 — 983.

SIEFERT A, RAVENSCROFT C, ALTHOFF D, et al. Scale dependence of vegetation-environment relationships: a meta-
analysis of multivariate data [J]..J Veg Sci, 2012, 23(5): 942 — 951.

DROLLINGER S, MULLER M, KOBL T, et al. Decreasing nutrient concentrations in soils and trees with increasing
elevation across a treeline ecotone in Rolwaling Himal, Nepal [J].J Mt Sci, 2017, 14(5): 843 — 858.

HALBRITTER A H, FIOR S, KELLER 1, et al. Trait differentiation and adaptation of plants along elevation gradients [J].
J Evol Biol, 2018, 31(6): 784 — 800.

KORNER C. The use of “altitude” in ecological research [J]. Trends Ecol Evol, 2007, 22(11): 569 — 574.

MIEHE G, PENDRY C A, CHAUDHARY R. Nepal: An Introduction to the Natural History, Ecology and Human
Environment in the Himalayas [M]. Edinburgh: Royal Botanic Garden Edinburgh, 2015.

MARDARI C, TANASE C. Plant diversity-environment relationships in xeric grasslands of North-Eastern Romania [J].
Appl Ecol Environ Res, 2016, 14(1): 111 — 127.

AR, BRI, fRilds, 55, 1R 5 B CIRR R RIAHEE Y Fh ZREE B IE R T e (1), AR 382 2RiK, 2020, 39(2):
394 — 403.

LIU Haodong, CHEN Qiao, XU Zhiyang, et al. Effects of topographical factors on species diversity across Dacrydium
pectinatum natural community in Hainan Island [J]. Chin J Ecol, 2020, 39(2): 394 — 403.

LI Ting, XIONG Qinli, LUO Peng, et al. Direct and indirect effects of environmental factors, spatial constraints, and
functional traits on shaping the plant diversity of montane forests [J]. Ecol Evol, 2020, 10(1): 557 — 568.


https://doi.org/10.17521/cjpe.2018.0162
https://doi.org/10.17521/cjpe.2018.0162
https://doi.org/10.1111/jbi.12955
https://doi.org/10.1111/jbi.12955
https://doi.org/10.1111/jbi.12696
https://dx.doi.org/10.1038/ncomms13736
https://dx.doi.org/10.1038/ncomms13736
https://doi.org/10.1007/s10980-009-9332-1
https://doi.org/10.1007/s12224-020-09370-8
https://doi.org/10.2307/3236029
https://doi.org/10.1126/science.1160662
https://doi.org/10.17520/biods.2019133
https://doi.org/10.17520/biods.2019133
https://doi.org/10.1111/j.1654-1103.2012.01401.x
https://doi.org/10.1007/s11629-016-4228-4
https://doi.org/10.1111/jeb.13262
https://doi.org/10.1016/j.tree.2007.09.006
https://doi.org/10.15666/aeer/1401_111127
https://doi.org/10.1002/ece3.5931
https://doi.org/10.17521/cjpe.2018.0162
https://doi.org/10.17521/cjpe.2018.0162
https://doi.org/10.1111/jbi.12955
https://doi.org/10.1111/jbi.12955
https://doi.org/10.1111/jbi.12696
https://dx.doi.org/10.1038/ncomms13736
https://dx.doi.org/10.1038/ncomms13736
https://doi.org/10.1007/s10980-009-9332-1
https://doi.org/10.1007/s12224-020-09370-8
https://doi.org/10.2307/3236029
https://doi.org/10.1126/science.1160662
https://doi.org/10.17520/biods.2019133
https://doi.org/10.17520/biods.2019133
https://doi.org/10.1111/j.1654-1103.2012.01401.x
https://doi.org/10.1007/s11629-016-4228-4
https://doi.org/10.1111/jeb.13262
https://doi.org/10.1016/j.tree.2007.09.006
https://doi.org/10.15666/aeer/1401_111127
https://doi.org/10.1002/ece3.5931

	1 材料与方法
	1.1 研究区概况
	1.2 样地设置与植被调查
	1.3 土壤样品采集与测定
	1.4 物种与环境矩阵建立
	1.5 数据处理

	2 结果与分析
	2.1 环境因子主成分分析
	2.2 环境因子对林下物种分布影响分析

	3 讨论与结论

