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Abstract; The arbor species in natural regeneration communities of Pinus tabuliformis Carr. pure forest,
Quercus variabilis Bl. pure forest, and P. tabuliformis-(). variabilis mixed forest in Xiaoxishan Mountain of
Beijing were investigated, and the phylogenetic structures of natural regeneration communities in three
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plantations were analyzed based on net relatedness index ( NRI) and nearest taxon index ( NTIL),
meanwhile, the interspecific associations between main tree species ( important value greater than or
equal to 10%) were analyzed by using variance ratio ( VR), X* test, Spearman rank correlation
coefficients, and association coefficients. The results show that the tree species in natural regeneration
community of P. tabuliformis pure forest, (). variabilis pure forest , and P. tabuliformis-Q. variabilis
mixed forest are 12 species (including varieties, the same below) in 12 genera of 9 families, 20 species
in 16 genera of 12 families, and 17 species in 13 genera of 12 families, respectively, and the main tree
species are 7, 9, and 8 species, respectively. The NRI and NTI values of natural regeneration community
of P. tabuliformis pure forest are all negative at the sampling scales of 5 mX5 m, 5 mx10 m, and 10 mX
10 mj those of natural regeneration community of . variabilis pure forest are all positive at sampling
scales of 5 mx5 m, 5 mx10 m, 10 mX10 m, and 10 mX20 m; the NRI values of natural regeneration
community of P. tabuliformis-(). variabilis mixed forest are all positive at four sampling scales, while the
NTI values are all negative at the sampling scales of 5 mX5 m, 5 mx10 m, and 10 mX20 m. The VR
values of main tree species in natural regeneration community of P. tabuliformis pure forest and P.
tabuliformis-(Q. variabilis mixed forest are 0.91 and 0.97, respectively, the statistics (W) are 21.52 and
23.28, respectively, indicating that the communities are not significantly negatively associated in general.
The positive and negative association ratios of P. tabuliformis pure forest obtained by X* test, Spearman
rank correlation coefficients, and association coefficients analyses are 1.3, 0.8, and 1.3, respectively,
while those of P. tabuliformis-Q. variabilis mixed forest are 0.8, 1.2, and 0.9, respectively. The VR value
of main tree species in natural regeneration community of (). variabilis pure forest is 0.47, the W value is
11.28, indicating that this community is significantly negatively associated in general; the positive and
negative association ratios obtained by X* test, Spearman rank correlation coefficients, and association
coefficients analyses are 0.6, 1.0, and 0.7, respectively. It is suggested that the phylogenetic structures
of natural regeneration communities of P. tabuliformis pure forest and (). wvariabilis pure forest in
Xiaoxishan Mountain of Beijing are mainly divergent and aggregated, respectively, and that of natural
regeneration community of P. tabuliformis-(). variabilis mixed forest is non-significantly aggregated, but it
is mainly non-significantly divergent in related species. The overall association between main tree species
in natural regeneration communities of three plantations is negative association, and the community
stability is relatively poor.

Key words: Xiaoxishan Mountain of Beijing; plantation; natural regeneration community; phylogenetic
structure ; interspecific association; forest management
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PERIA MR GRS B TR 28 ( Koelreuteria
paniculata  Laxm.) . ¥ ¥ ( Cotinus coggygria var.
cinereus Engl.) . FI#E ( Robinia pseudoacacia Linn.) 55

F1 AEFNEL3IFHAIHZSERBHELRER

MR TEARFNE F 2 TR Ziziphus jujuba var. spinosa
(Bunge) Hu ex H. F. Chow.) ./INE Ji #HFT [ Grewia
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Table 1 Basic information of each plot of three plantations in Xiaoxishan Mountain of Beijing

FeHg s £33 i HW/m Yim Wiz SR /m A/ em
No. of plot" Longitude Latitude Elevation Slop aspect Slop position Mean height ~ Mean diameter at breast height

P1 E116°11'25" N40°00'42" 300 t North 1 Middle 10.8 15.9

P2 E116°11'26"  N40°00'40" 320 #RAL Northeast f Middle 12.4 16.0

P3 EI116°11'27" N40°00'40" 330 it North 1 Middle 11.1 17.0

P4 E116°11'50" N40°58'00" 335 s East 1 Middle 12.7 16.4

P5 E116°11'35" N39°5829" 220 7R East 1 Middle 15.1 27.5

P6 E116°11'05" N39°58'26" 210 R East T Lower 16.7 21.9

P7 E116°11'45" N39°5827" 160 7R East 1 Middle 10.3 14.7

P8 E116°11'50"  N39°58'24” 160 It North T Lower 11.9 16.8

P9 E116°11'54" N39°58'25" 170 it North T Lower 12.3 21.1

D P1,P2,P3. JMANLIMK Pinus tabuliformis Carr. pure forest; P4, P5, P6: ¥ JZHR4EAK Quercus variabilis Bl. pure forest; P7,P8,P9. JHFA—12 i BRIRAC

B P. tabuliformis-Q. variabilis mixed forest.
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Table 2 Composition and important values of tree species in natural
regeneration communities of three plantations in Xiaoxishan Mountain
of Beijing

(R A TR 9 1 %)
Ak Important value in different
Species plantations"
Pt Qv Pt-Qv

F9H Broussonetia papyrifera 186.6 29.4 21.1
F 1T Diospyros lotus 40.2 52.9 37.1
1 B8R Quercus variabilis 14.7 46.5 61.8
MBI Celtis bungeana 12.5 1.8 9.9
5¢Z& Morus mongolica 10.9 36.3 30.7
JUFEMK Acer truncatum 10.6 13.5 78.4
WK Picrasma quassioides 10.0 1.4 —
ZRM Koelreuteria paniculata 4.4 54.4 11.2
T Cotinus coggygria var. cinereus 3.9 17.6 17.8
1Bk Prunus davidiana 3.8 13.8 7.1
AEMMI Fraxinus chinensis subsp. 1.2 0.8 0.8
rhynchophylla

A Ailanthus altissima 1.2 1.4 5.0
3& Morus alba — 6.3 0.9
BB Robinia pseudoacacia — 3.7 —
MF Platycladus orientalis — — 10.5
JHAS Pinus tabuliformis — 1.4 4.6
WA Prunus sibirica — 2.9 1.7
PSR Fraxinus chinensis — 2.0 0.8
Wit#% Quercus aliena — 10.8 0.8
HR Styphnolobium japonicum — 1.6 —
%A Pistacia chinensis — 1.6 —

D pr. AR Pinus tabuliformis Carr. pure forest; Qv: ¥z BR4iiAk
Quercus variabilis Bl. pure forest; Pt—Qv: jHi WS —F2 B BRIR AS M P
tabuliformis-Q. variabilis mixed forest. —: A& B Not found.

F3 AFMALIMAIRFAEIRERBERAEFFENSIERE
%% Z 540 (NRI) A5 5 R Fh (8] 3= 45 2 R84 (NTI) Y

Table 3 Net relatedness indexes ( NRI) and nearest taxon indexes
(NTI) of natural regeneration communities of three plantations in
Xiaoxishan Mountain of Beijing at different sampling scales"

ANRLCEAR A NRI B AR AR NTIAE
HBURERUE NRI value of different NTI value of different
Sampling plantations plantations
scale
Pt Qv Pt-Qv Pt Qv Pt-Qv

Smx5m —0.450 #x 0.605 #* 0.099
S5mx10m -0.528 % 0.633 = 0.147  -0.207 0.790 =+ -0.097
10 mx10 m -0.366 0.528 0.296  -0.064 0.618 0.046
10 mx20 m  0.377 0.724 0.427 0.386 0.342 -0.071

-0.255 0.738 =% —0.095

D Pt. JAAZEMK Pinus tabuliformis Carr. pure forest; Qv: 14 H Bk 2l AR
Quercus variabilis Bl. pure forest; Pt—Qv: JHAN - ¥R S P.
tabuliformis-Q. variabilis mixed forest. * ; P<0.05; =#* . P<0.01.

RIS — 8 B2 AR TR 5 AR R SR B 3 B V& 1 NRI (B 7E
4 AHURE RUBE R 1EA 5 1 HL, #e B Bk 40K K SR o B
75 NRI{HAE 5 mx5 m F1 5 mx10 m BUEER 4351
IR E A 4 2 A 2 K (HAE 10 mx 10 m HT 10 mx

20 m HURE R R IR 3 5 K mim s -1 B AR IR AS
PRRIR TR RETS (1 NRI B AE 4 U RUBE AR IR 3]
FK Uk B B AR Sl AR K SR BRI B TR S R 4 M A
5 mx5 m fl5 mx10 m HURE R 43 551 3¢ B 0 % i &
LI 2 SRR | MRS e ARSMOR SR BB B A I 15 R 45 W 7
10 mx10 m A1 10 mx20 m HUREROEE DL KL JM AR —#4 f2
BRIRSEAR R IR SR E 75 1% R A TE 4 S HURE R SR
AN ERE,

2 3 10 AT DL IS SR SR TR A 5 101 B il
FhiE) 24 R 48R (NTD) 7 5 mx5 m .5 mx10 m #l
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HEVE IS RE5FTE 5 mx5 m Al 5 mx 10 m BUFE R %
PR BB R AE 7F 10 mx 10 m F1 10 mx20 m HURE
ROBERIAA B RE A -1 B ARIR 2 MK 2R
TUHTREYS R NTLMHAE 5 mx5 m.5 mx10 m F110 mx
20 m HUREERE R HU(E, 7F 10 mx 10 m HURE R R IF
{EL; 9 FLNTIfEAE 4 AN HORE RUE A5 31 8 25 0KF 16
WA 14 B BRIR SSMROR SR BTV 1% RE5HIFE 5 mx
5m.5 mx10 m A1 10 mx20 m HURE R H B A
EOREL A 10 mx10 m BURE ROEE R A ik 25 4L
2.3 EERFHEXBEES
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ZIR] BB S KIR T v B Al SRR Iy
AN OCIR W B MR MO SR B e, 9 A %
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NEE GBI A 10 % (4 H35.7%) , B e
IRARTAT 6 XF (5 bE 21.4% ), BEIE IR 61OCIE L 0.6,
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®. A3 IF SCIE Non-significant positive association; O; /N1 35 7 Je K
Non-significant negative association; A: .3 1F JCBX Significant positive
association; A .3 1 5CHE Significant negative association; Y: J&ICHK
No association; —: JC4t i ##E No statistics. Bp: 4% Broussonetia
papyrifera (Linn.) L’Hér. ex Vent.; Dl. H iEF Diospyros lotus Linn.;
Pq: WK Picrasma quassioides ( D. Don) Benn.; Mm: 52 2% Morus
mongolica (Bur.) Schneid.; Qv 14 2 Bk Quercus variabilis Bl.; Ch: e ]
W Celtis bungeana Bl.; At: JCF W Acer truncatum Bunge; Qa: Hit £k
Quercus aliena Bl.; Cc: FEHT Cotinus coggygria var. cinereus Engl.; Kp:
25K Koelreuteria paniculata Laxm.; Pd. WiBk Prunus davidiana ( Carr.)
Franch. ; Po: Ml Platycladus orientalis (Linn.) Franco.

A JHANEEAR P. tabuliformis pure forest; B & AREIMK Q. variabilis pure
forest; C: YHAN—F2ZARIRACHK P. tabuliformis-Q. variabilis mixed forest.

B 1 deFNAEL 3 MATHRRAEHREEIENMN 2 RIER
Fig. 1 x? test results of main tree species in natural regeneration
communities of three plantations in Xiaoxishan Mountain of Beijing

AL —F B BRIBSS AR OR BB E VR v 8 A 2R Fh 20
BT 28 ATt HOR G 3 IE SRR A 10 X (5
35.7%) ,JCRBRFIXA 5 X (4 1617.9% ) , AN #5106
HEFIAT 13 X (15 1246.4% ) BFVEIE GG 0.8,
233 APEREEAL  JMAASEAROR IR TR RS £
T Spearman T A & RELFNIR S5 REC(AC) /0 Hr
2E IR (K 4) R N\ Spearman FRAHICREE ,H 9 X
OO 52 TE DG I, 11 X Fpoxsd 52 17 DG HR, {52 5 ( Morus
mongolica ( Bur.) Schneid.] - 7% K [ Picrasma
quassioides (D. Don) Benn.) FiX]JCIHE PR IET G
HRHH0.8, M AC T IECHRFFRS A 8 X, S Sk A X
A6 XF, B ¥ IE 7 OCER Lo 1.3, JF H, 35 1 OQ Ik
(AC<-0.5) FWAT 4 X, T TCHLR IECHK (AC=0.5)
s

¥ Bz MR AEAR ISR BT A v 2 20 A Spearman &
PR AC 7 Hr 453 (58 5) R . A Spearman
IR , IR SCHR A 34k 18 X, B
VEIETOCHR LN 1.0, MAC &, IESCBMOAT 11 4,
TOCHRMONT 16 %) BV IETOCHR LR 0.7, 37 HL, 3¢
SR SCHRFP XS A 11 %, BRI SR AR AAT 2 X,

TP — Fa Bz AR TR 58 AR R SR 0T 1 v 32 SR b
Spearman FEAHE REUH AC 045 R (£ 6) B A
Spearman AR RECE , A 15 XA 1ECHK, 13 X
il B ORI, R IE SOCHK L 1.2, M AC R L IE
SRBCMXSA 13 X, FOCHKF XA 15 X, #f v IE 7k

R4 AeFUNE LA SRR SR E F R R T E R Spearman #X4H
KRB RN

Table 4 Analyses on Spearman rank correlation coefficients and
association coefficients between main tree species in natural
regeneration community of Pinus tabuliformis Carr. pure forest in
Xiaoxishan Mountain of Beijing!’

Spearman FEAH & REL(HEZE T J7 ) MRS, REL (L 1J7)

Pk Spearman rank correlation coefficient ( below the line) and
Species association coefficient (above the line)
Bp DI Pq Mm Qv Cb At
Bp — 0.00 0.00 0.00 0.00 0.00 0.00
DI -0.44 — 0.05 0.02 -0.20 0.05 0.03
Pq 0.11 -0.18 — 0.05 0.00 0.25 -0.50
Mm -0.05 0.25 0.00 — -047 -1.00 0.20
Qv -0.25 0.13 0.03 -0.16 — 0.17 -1.00
Cb 0.06 -0.22 035 -0.35 0.09 —  -0.50
At 0.26 -0.07 -0.17 0.10 -0.43 -0.22 —

Y Bp: ¥I# Broussonetia papyrifera (Linn.) L’Hér. ex Vent.; DI; FiF
F Diospyros lotus Linn.; Pq: ¥R Picrasma quassioides (D. Don)
Benn.; Mm: 5¢3& Morus mongolica (Bur.) Schneid.; Qv: % 15
Quercus variabilis Bl.; Cb. AR Celtis bungeana Bl.; At IT 5
Acer truncatum Bunge.
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Table 5

Analyses on Spearman rank correlation coefficients and association coefficients between main tree species in natural regeneration

community of Quercus variabilis Bl. pure forest in Xiaoxishan Mountain of Beijing"’

Spearman FRAHIC R B (LT 7 ) FIHRES R B (B LJ7)

&Tﬂ: Spearman rank correlation coefficient (below the line) and association coefficient (above the line)

Species Bp DI Qa Ce Kp Mm Pd Qv At
Bp — -0.20 -0.71 0.22 -1.00 0.00 -0.14 0.00 0.22
DI -0.58 — 0.10 -0.60 0.30 0.05 -0.31 0.00 -0.60
Qa -0.59 0.32 — -0.60 0.73 0.40 -0.28 0.00 -0.60
Ce 0.67 -0.39 -0.59 — -0.78 -0.50 0.43 0.00 0.50
Kp -0.49 0.54 0.25 -0.46 — 0.20 -0.62 0.00 -0.78
Mm -0.08 0.30 0.22 0.12 0.12 — -0.14 0.00 -1.00
Pd 0.48 -0.20 -0.32 0.56 -0.57 0.07 — 0.00 0.40
Qv -0.29 0.24 0.07 -0.15 0.72 0.07 -0.44 — 0.00
At 0.72 -0.48 -0.51 0.72 -0.65 -0.17 0.54 -0.39 —

Y Bp: ¥ Broussonetia papyrifera (Linn.) L’Hér. ex Vent.; DI: F3iE T Diospyros lotus Linn.; Qa: A% Quercus aliena Bl.; Cc: #EH Cotinus
coggygria var. cinereus Engl.; Kp: 288 Koelreuteria paniculata Laxm.; Mm: 5%3& Morus mongolica (Bur.) Schneid.; Pd: IW#k Prunus davidiana
(Carr.) Franch.; Qv: & E#k Quercus variabilis Bl.; At: JCFEMK Acer truncatum Bunge.

6 EFERNMNALBMMBREFRELCHRRAETHEIZRMD
Spearman Fk18 % RETFBL L R E 4TV

Table 6 Analyses on Spearman rank correlation coefficients and
association coefficients between main tree species in natural
regeneration community of Pinus tabuliformis Carr.-Quercus variabilis
BI. mixed forest in Xiaoxishan Mountain of Beijing!’

Spearman FBRARSC R (RELR T U5 ) MRS R AL (K B7)

R Spearman rank correlation coefficient ( below the line) and

association coefficient (above the line)

Species

Po Bp DI Cc Kp Mm Qv At
Po — 035 052 010 -0.60 0.10 -1.00 0.20
Bp 039 — 045 -0.18 -0.39 -0.19 -1.00 0.39
DI 048 042 — 036 -043 -0.10 -1.00 0.14
Cc 0.4 001 030 — -025 0.06 0.25 -0.50
Kp -031 -020 -0.41 -0.28 — 050 1.00 -0.11
Mm 023 -0.09 0.04 005 018 — -1.00 -0.50
Qv -0.59 -0.46 -049 -0.03 041 -0.36 — ~-1.00

At 053 032 046 031 -0.20 -0.08 -0.01 —

DPo. M #4 Platycladus orientalis ( Linn.) Franco; Bp: #J #f
Broussonetia papyrifera ( Linn.) L'Hér. ex Vent.; DI. H i +
Diospyros lotus Linn. ; Cc: B Cotinus coggygria var. cinereus Engl. ;
Kp: Z8#) Koelreuteria paniculata Laxm.; Mm: 5 3% Morus mongolica
(Bur.) Schneid.; Qv: ¥ ¥k Quercus variabilis Bl.; At: JT T Ak

Acer truncatum Bunge.
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