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Relationships between dominant arbor species distribution and environmental

factors of shelter forests in the Beijing mountain area
SHAO Fangli, YU Xinxiao® , ZHENG Jiangkun, WANG Henian

Ministry of Education Key Laboratory of Soil and Water Conservation and Desertification Combating , Beijing Forestry University, Beijing 100083, China

Abstract ; Shelter forests of the Beijing mountain area are a major ecological barrier of Beijing. Forest cover protection and
construction, and health and stability of forest ecosystems are critically important to the ecological security of Beijing. This
study aims to provide a scientific basis for the restoration of degraded vegetation, protection of natural vegetation, and
construction and management of shelter forests. Based on the dominant species of the shelter forest in the Beijing mountain
area, 20 representative natural forest plots were established across 13 natural reserves or forest management areas in 7
counties of the Beijing mountain area. To reveal the distribution pattern of arbor species in the area and explore how
environmental factors influence the distribution pattern, Detrended Canonical Correspondence Analysis (DCCA) was used
to analyze the relationships between the distribution of dominant arbors and 14 environmental factors. Environmental factors
tested included soil infiltration rates (IR), pH value (pH), alkali-hydrolyzable nitrogen ( AN), available phosphorus
(AP) , available potassium (AK) , organic matter (OM) , total nitrogen ( TN) , total phosphorus (TP, total potassium
(TK) , elevation (ELE) , slope (SLO), aspect ( ASP) , thickness of soil (TOS) , and soil water content (SWC). Twenty
six sample plots were divided into 5 communities: Pinus tabulaeformis (1), Platycladus orientalis ( 1), Quercus (1),

Populus-Betula (1V) and Larix principis-rupprechiii ( V') according to the dominant arbor species in the area and their
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importance values. Analysis of environmental factors revealed that elevation was significantly positively correlated with OM
(0.6), AN (0.683), SWC (0.598) (P<0.001), TN (0.556) (P<0.01), TOS (0.477) and AK (0.419) (P<
0.05), and negatively correlated with TK (=0.423) (P<0.05). Results of DCCA ordination showed that elevation was
dominant among the 14 environmental factors that affected community distribution. The first DCCA axis accounted for the
largest fraction of the variation and showed gradients of elevation, soil water content and organic matter. Along the first
axis, community distribution ranged from broad-leaved forest to coniferous forest. The second DCCA axis showed variation
due to slope and aspect. On the whole, the five types of communities coincided with the distribution of DCCA ordination
diagram demonstrating the importance of environmental gradients in shaping community distribution. From the left of the
first DCCA axis community types were IV, V, I, II, whereas community type Il was widely distributed along the
elevation gradient. The DCCA ordination of main arbor species with importance values =15 displayed two distribution
patterns. First, an arbor species was dominant or subdominant in a community and rarely emerged in other communities,
the arbor species similarly distributed in the community. Second, an arbor species was dominant or subdominant in many
communities, the arbor species distributed among these communities. Furthermore, the influence of environmental factors
was quantitatively assessed. Fourteen environmental factors were divided into topographic and soil factors, and the effects of
environmental factors on community distribution were quantified. The results indicated that together, the tested factors could
explain 43.19% of the distribution. Within that, topographic factors accounted for 20.36% of the variation, soil factors for
11.9% , and topographic-soil-factor interaction for 10.39% . Other, undetermined, factors accounted for an additional 56.

81% of the variation.

Key Words: Beijing mountain area; DCCA ; community; distribution; environmental factors

FEYIBER B AN LR oA 5 EREE R 7 1Y 5C R A ST, T LASB /R RE DB ER 40 A AR RN ER BT 0 B, A A
BRI EENE  FEESFI AR R HT A CCA R DCCA NI REFIBT 45 & 21355 4
F A KRR SRR SR Z R DCCA 45 A e RS 50 , 76 bR« = IR0 e
HHAHETE , R R o AR B B Fm 7E—AN L, AT DL EDWHE e 12 B 056 2 A A T HE P A A 5
SCHOfERE B BRI B A 5 BB AR RR A R Ak D ik ) L AR SCRAAE T L X B PR A b A A 5 %6
S FERF AN R A I ZE I R A3 AT AR 4 A B AL b L X A AR AR AR v 2R R R A 4 2, 9
DCCA J5 X6 X B AR e B 75 43 A 5 2158 7 1 0 R AT 0 AT, LA 7~ DL 34T 100 23 A B i B % 0 AT
f S BRI -, I g B AR I A UL L e b O R A BV 0 AT A R 5 IR DR I AR R R A
YIRETE Sy A S )R SRR N T I B C R, AP S A AR B R A, iz KGRI B 1 A K AT | A SR 1A A
PRI I B 9K ) 1 A B IR 22 AR i
1 HREHR

eIl XA TAC ST LRI PE 3 (39°12'—41°05'N,115°25'—117°30'E) . i wi K Il R4, 75 &8 )8 KAT
Wik, e m el ik . M A PE b ARG, T Bk il AR P ok U 380w b AR 1 L R b R R
PR A, XA 1,04 7 km?, AU R R 62% ,fE 4T 18 AN Er rili [Tk B,
FERR M B ST AL X DB 1 L X TR AR A il DR TR AR g — 22 Db A6t LU DX iz Iy > 0 10 2
KB S A, S A B M A M I B | AR BB K i 470—660 mm , AR IR 10—12 °C . 1M+ 305 T g iR
2 VR b DX A8 - S | - S b P S o DX P 2 R B RV R AR R A S
2 MIRF*E
2.1 FEHbA R

PAAG ST L DX B 47 bR ) 2 B2 2 AR R R Al , SRR I X 7 AN KB 13 A 3 SR PR X B i i 7Y
KRR A 15 26 FLHIFRK/NA 50 mx50 m BARIMEREHD . AEHLSR 50 T P9 ILAR (HEEVE ) , /IR A7) ( 4E

http ; //www. ecologica. cn



6094 A E = 324

P&) MR F SRR X (IEJR) |, + =Bk ( BF) KR
PAP IR TAESE (Fw) SR INKYG () (L
MG () GRS KR (% =) 8 DG VE Y i
(B MWGETT AR X (HRFR), T2k (F
) DU EEREARY (A ) FE B A AR R I IX (1T 2k
) AT R IR 1, FEHB R A A AL 4G T AL 5Tl
X Bff 3 AR I A4S Fob , WA ( Pinus tabuliformis ) | ] 44
( Platycladus orientalis) J|# ( Robinia pseudoacacia) 7%
W#5 ( Larix principis-rupprechtii) KER ( Betula spp. ) \#k
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Fig.1 Sample plots distribution in study area
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PRl ) 2L S B AR R/ K 26 BREEHBRIZ D 5 AR S

1 HREPFIPHREEFARRH

Table 1 Dominant arbor species of shelter forest in study area

PFl Species

PFh Species

PFh Species

WH1 Platycladus orientalis
HIBE Robinia pseudoacacia
WEHE Tilia mandschurica
LM Tilia amurensis
KMbMk Juglans mandshurica
F1#E Betula plaryphylla
REEAR Carpinus turczaninowii
MAME Betula dahurica

ZTME Betula albo-sinensis
MHE Betula ovalifolia

S48 Tilia mongolica

AR Quercus aliena

Wi Quercus dentata

L H MR Quercus liaotungensis

AR Quercus acutissima
ST Bk Quercus mongolica
1 B KR Quercus variabilis
B Ailanthus altissima
TLFMR Acer truncatum
KIEM Rhus typhina

F1Z4 Pures bretschneideri
KtEL Pyrus betulaefolia
MK Sorbus pohuashanensis
WA Prunus armeniaca
YW Broussonetia papyrifera
& Morus alba

B Dateplum Persimmon

fii Diospyros kaki

B2 Pinus bungeana
HFT Picea meyeri

Y& Larix principis-rupprechtii
AB1IH Pinus armandii
JMAS Pinus tabuliformis
A5 Koelreuteria paniculata
HAEMN Salix caprea

H% Populus cathayana
114 Populus davidiana
Wit Ulmus pumila

INHEN Celtis bungeana

U Fraxinus chinensis

IR A T LIS R PL3AFh JRASH I Kb W B AR S5 A B ket 1,12 14 16 .22 24 26 #iF 7% 11 AR
RAREFR IR AN IS AR 7 13 21 FEEISAL T AKR2E N F A TR SR, , 32 R R 2 A ]
DL R AR RN i e m A A R TR S A SR 8 (15 .17 .18 .19 20 23 25, Hith 23 F 3 RiT KKk ,8 .17 .18
FEZNMA 15 .19 .20 25 BN AR BEIE 2SIV 2 DIAs MR DL IR 3C 52 b ik BB SE I R 1R 58
MO FEHL 2 5.6 .10 11 BEVRISH VI DITE RN S LT TR AT HERT | 52 15 AR 55 B 51 TR S AR, A 5% F b
349,

3.2 BT B

WA T R85 R FRHE N7, R TR A B ER R EKE pH (A B A AL
T I o W e o N 5 W 1 19 A B S0 R 257 ) - [ W w455 B e =1 W AP R R B 1 e 1
WIFEE ARG (3R 2)  Horh W4k 5 IR DL Bl A, 1Sk 2R 3 IEAH G (P<0.001) , 52 4%
(P<0.01)  THEJRRE HALER (P<0.05) 5 B IFAE, S8 B EAAE(P<0.05) ; 13 pH {4 535 B
] R S B IE A (P<0.01) ; HIEAB RS pH (H i A 225 535 EAE(P<0.05) ; il &5
R R FIEMIE(P<0.001) , 548 2 B EIEHE(P<0.01) ; 285 20 2 5 A (P<0.001) ;
PR 5 A S 0 IE A G (P<0.05)

3.3 BT S5HIF A

HEF i RR A2 S e — 2 i A= SRR BE 38 PR IR - S HE R Rl A AE A BT, T AR 5 HE R i 2 AR DG A B
B, XF 26 SuobEH BT EEAE =1 IR ARRFETT DCCA HEF , WA 5 3R 55 R i 55 —HEF A ss —
HEFF R A OC R 5530120 0,993 F10.95 , 1A R W 2 AHOC (P<0.001) , BaHAHE P ROCR AR #E s D Fh i 5
IS5 R T[] B VIAH G

3 Won, 14 DS R A 2R AL R S KR S Rk B L UG (P<
0.001) , + 32/ 55— A B 2 6 E (P<0.05) , 3 A0 A — 4k i 5 IEAHOE (P<0.05) 3 55 Al 5 5k 1w
B FE A (P<0.01) 355 =8 59 B FIEAE (P<0.05) o % AH I R B0 246 X E KIS, 45—l 5 4R
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FHMES R, A 56 R EGAF] 0. 9051 5 558 —HilA 48 KA CIE A9 I8 A0 35 B 0 (0. 7348) A HLT (0. 7147) &R
(0.6444) , 481(0.4722) , 2 =l 3B Ml 1) 3% RE AR LB B A OC R AU -0. 4901 ,0. 3975, T 4 F
SRR T E = HEFE Al AR OC R B XTI (0. 752) AR SCE XA — | HEE R T 0T

®2 PRXHEERTFEBBEXRY

Table 2 Correlation coefficients among environment factors in study area

5% A
Envir}zlfe:zctors IR pH AN AP AK ™ B
IR 1
pH 0.469 " 1
AN 0.451" 0.025 1
AP 0.263 0.489 ** 0.047 1
AK 0.335 0.245 0.223 0.396 "
TN 0.415" 0.167 0.881 *** 0.076 0.192 1
TP 0.024 0.054 0.494 ** 0.175 0.120 0.649 **~ 1
TK -0.112 0.213 -0.197 0.013 -0.011 -0.226 -0.136
oM 0.280 0.139 0.851 """ 0.098 0.201 0.948 *** 0.624 """
ELE 0.337 -0.161 0.683 “** 0.039 0.419"° 0.556 " 0.272
SLO 0.167 0.532*" -0.188 0.141 -0.103 -0.115 -0.317
ASP 0.330 0.529 ** 0.069 0.194 0.188 0.144 0.015
TOS 0.089 -0.089 0.011 0.116 0.249 -0.145 -0.295
SWC 0.120 -0.285 0.760 -0.206 0.058 0.761 """ 0.656 """
Envijifezctors TK oM ELE SLO ASP TOS SWcC
IR
pH
AN
AP
AK
TN
TP
TK 1
OM -0.282 1
ELE -0.423" 0.600 *** 1
SLO 0.257 -0.157 -0.274 1
ASP 0.173 0.085 -0.138 0.090 1
TOS 0.191 -0.128 0.477" -0.249 -0.120 1
SWC -0.109 0.729 *** 0.598 *** -0.221 -0.099 -0.202 1

% .P<0.05, * # .P<0.01, % % % .P<0.001;IR .pH AN AP AK TN TP TK OM .ELE SLO ASP .TOS SWC /% + 1 A B # 3 pH i &

JRC ik TR AR A T A A AR WU R BE BT | TR R K A

®3 IHMEEFE DCCA HiEFHIHIE X REL

Table 3 Correlation coefficients of DCCA ordination axes with environmental factors

HeJrth 5% K F Environment factors
Ordination axes IR pH AN AP AK TN TP
1 -0.145 0.269 -0.735""* 0.038 -0.229 -0.644 """ -0.328
2 0.127 -0.269 -0.077 -0.056 -0.018 -0.187 -0.317
3 -0.032 0. 185 0.023 0. 156 0.061 0. 046 -0.187
HEF Hh P45 K F Environment factors
Ordination axes TK oM ELE SLO ASP TOS SWC
1 0.472°* -0.715*"* -0.905 *** 0.315 0.311 -0.414* -0.624 "
2 0.371 -0.284 -0.001 0.279 -0.490 " -0.016 -0.005
3 0.061 0.068 0.012 0.398 " 0.052 -0.185 -0. 064
# P<0.05, * * P<0.01, = * * P<0.001
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23 FE I AHRAR,8.17 .18 FE IR 15,19 .20.25 H2 BESIEETH DCCA HF
I)_UJ I% jﬂ‘% EZ 1‘5: i Fig.2 DCCA ordination of plant communities and environmental
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