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Abstract; Beta diversity is a hot topic in ecology, and the same patterns of B diversity may be determined by different
ecological processes. Null model and canonical variation partitioning methods were used to determine the relative
importance between environmental filter and dispersal limitation on community assembly between Pinus tabulaeformis
plantation and natural Quercus wutaishanica forest. The results were as follows: (1) The understory communities of
Pinus tabulaeformis plantation and natural Quercus wutaishanica forest had similar B diversities and similar 8 deviations
with strong intraspecific aggregations of most species. (2) Environmental and spatial variables jointly explained the great
variation of species composition of understory plant community in the two forest types (Herb layer: [E + S| was 33%—
45% ; Shrub layer: [E + S] was 21% -35%), and dominated by the environmental explanations ( including pure
environmental variables [ E | S] and spatial environmental variables [ E N S]). (3) Although Pinus tabulaeformis
plantation and natural Quercus wutaishanica forest on the Loess Plateau were both dominated by environmental filter, 3
diversities in both forests reflected dissimilar mechanisms of community assembly. It was mainly reflected in the
differences of habitat heterogeneity and specific environmental factors between these two forests. Such as, altitude, litter
depth and soil nutrients (available nitrogen and available potassium) were significant environmental factors that caused
species differentiation between the two forest types. Therefore, it suggests that even if the same environmental filter
process, it is necessary to compare the differences of regional environmental heterogeneity and further analyze the
differences of the specific environmental factors that cause environmental filter. To restore species diversity effectively on
the Loess Plateau, habitat heterogeneity is an important guarantee. At the same time, dispersal limitation caused by
geographical distance should not be neglected, and special attention should be paid to interaction between dispersal
limitation and habitat heterogeneity on 3 diversity.

Key words; habitat heterogeneity, dispersal limitation, plantation forest, intraspecific aggregation, canonical

variation partitioning

B ZHEMELE LS T W) Fh Z FEVEA ) 5 T A
TR, AR SE ST B9 T8 T ( Anderson et al.
2011; ZEFESE ) 2016) , B ZREVE AR £ i b 2k
BRGYF Z FEVE 0 F 2R3, (H HE 47 AL 6147
FTEAR K41 ( Soininen et al., 2007) , 4 &4
FIS A I Th i Py MO B 1Y B YRR
25 B IS N IR EE AN ] A A A5 R e T A I
JE BT B W) A T T N ) ol BT S A A A
B4k s RINAE B ZHEME Ty I B Ol PR3 22 S Kk
YA 2H R Y 25 5 R R s R U PR BE R g A
AR R B ZREMEAS R, BD PR BE A 8 . T HL R
BRSNS, o TR T N RSP R B A A (R B 3 4
Ae 77 AHE ) AR R RO T 35, B 05 9 1 ) 2 Bl
BLEY, U HECRR i 2t e HETE B 22 PRI A Jm 1)
AR, BRI, KEMFFE R, BE T A dE I A 2 i
ATART—A> o A Bt 5 8, T AT BB A2 B A5 A g A
FRRR ) S [] 52 ey (BN KA 2017) , =3 B AR X
BT k-5 TR SRR T AT Y B RO A G

M 1960 4FEFF 4 , I #S ( Pinus tabulaeformis ) 1

Ry FE R AR T AE BT A IR OR A, B TR (L
DR WK S, B A 2 AR g A (X N,
1998; FiEMESE, 2014) . Wang et al. (2014) #F 5%
R, &0k 50 248 59 WAL R, Il A N AR
(Form. Pinus tabulaeformis) B\ . & 3% T HAM T 2
AP RRZE I, A N AR XY AL 2R AR R AR bR
(Form. Quercus wutaishanica) W4 Z2 £ H AT A
LAY 22 ROBE & Ja, #8228 g W b = 32 i 2 ) R
FEBG I miE m, KOBE B/ B 2 R AR S 7 A
ARBL W B 22 R R 0 32 B (I HE, 2013,
Wang et al., 2014) , & B 0k E 4% J&y , 46 Ja B ik i
2 (Loreau, 2000) , {HAHALL ) 90 22 BEPE A% JRy AN
— & R WA N TARFNL AR AR KSR AR B A A LAY
RETE M ok A T 46 75 AHE V4 el o P 4R & X I
A IR A B R T e AR (LR, 2013)
ST (2013 ) AIF 5T R B, BR 582 g A9 L
IR 1) [ 52 o 5 8 v B AR OMR 1) B ) A R
B2 BEXS 5 RO TE T 2 AL B BR o) 0 PR B8 2ok 3
AN TTIRS AN A T 0, JE HOR X T BAT L2



364 OO0 M W

41 %

REVEAR JR) B AR 0 7% O St i e R B A 22 A 4
M JRIE AL ) T 2R A, T ST B A PR
A RN IR ] o B ) A 2 5 R X W R 2 R
PR S AT X T, 48 7% 3l P N TMRORTEL AR K
SRMRAERE Al il R P i 22 53, o b oy L) Ao
ZRENE IR 5 PR AP 4R S BRI AN S B AR =

1 B RO 5 8% 7 ik

1.1 FF R XHRR

WF5E DI A T 2 g R AR A AR IS i
A P IR A, R TR YT 700 m, Fr (IR 3K
297091 200 m, ZXOGIETE R BRARFIY , AEP R
AT °C, =0 CHIE N3 134 C., KB MmAA
Y, 55 A (RISE A, 1998) o ARIX 4 R ki fa
P4 N A =) = T T VA N T S-S A =
JEALAGF .

HI T3 ZU A NS0 3l T BOZ X AR ARAE B R T
PR (EAHEME, 2013) , BEAF A AR AR R 43 02 8
BRI T A R AR BRI A AR, ot bk i T AR
M 74%, £ 2 8 3 L K B K (Form. Q.
wutaishanica ) , /0 8 K 4 H HE AR ( Form. Betula
platyphylla) 11K ( Form. Populus davidiana) J —.
FAGILARPRR IR SRS (T HEHESE, 2014) 0 A T
WEZ XA, H 20 a7 £ AR, BUR 52
it TV A R SRR PR A TR A5 22 T R it i
RIS B0 AR Joy S A= 355 AR AE 32 A AR iR ( Robinia
pseudoacacia) . M #1 ( Platycladus orientalis) . 111 7
(Armeniaca sibirica) F170 1 ( Hippophae rhamnoides )
A, o AN I8 T N TR K ALHE A AE 2 R
WEW TN S A = LN TGRS N DN B
1EF] 1993 4R i N AR i85 4 5 A
BT, o5 BT A e I A 0 bR ST AR B 119 (X SE
A, 1998)

1.2 #ithig &

WA 5 38 ¢ 48 AR | ok % M Y A A N TR
T ARBR R IR A L E 3 DA, BN FE ML S
A~ 20 m x 20 m BREDT  TEREDT BB GRBRICE /)
FEDT AT AR Wy b , Forp R JZ /N DT
Hamx4m FARZR/MET T mx 1 m, K

28 MLAE W) T & 2% J7 ¥R R B AS /INRE O 3R AT T 7 R
L e S TR A NIRRT R | 3 A
N TR e o= Sl N 78 v Rl W G |51 VA 7
355 DR A0 45 MO PAT R TR A BRE B T A
Hili 75 ) R B o J5E 8 4 AR RS /N T A% IR0 ~
30 em B RIFERE N 3 Al ]S % KT I i E 4
SRR HUSWE  ESE A MLB L & pH (L, L
5 pH FH A I A2 5 A AL 5T H o % 1R 0 5 v
i BRI A A ZAS AN S MER, ] AA3
S Bl Ak 5 o3 A A R 5 SR i A B A
P £, 00 2 5 02503 SR P K0 O B 1 T S (B
H, 2000) .

1.3 S

3 A RE T W A AR Y 58 A B AL A A
R PR BT U AN BRI VR D A S PR ER Y B
ZFEE B, B ARk IRl 1Y 22 55 R 38 /s e TR
Hyid B (Myers et al., 2013) , Z A0 Fg i A0 B
MR 5 — R R AR B BT ) R e SO R
18 DX 28 5 20— OREF RS FE D T A IR 2 EER
AR AT v B AL Al SO b R AT A O i A =
HE AL TE 499 W IR LR WS B £
FEPERTIUN B ZREPERI 22 5%, i R B I 25, R
/NEETOEAA 5 DR 1Y 25 55 00D {E A A o 22 1Y
T o Hoh, B ZAEE L T W) Fh 2 25U 1Y Bray-
Curtis T8ECR IR . B W EHEIE T 0, B & %
B L R 2 58 R BE DL, AN 32 FR BT I U8 A R
HEVE R B8 B I 25 KR L bR B 2 AR B
TRANLAE , RO SEBRE 7 B9 AR AL RS 25 I T BEPLAE 7%
RUIIPRBE I vh Wy B 5 R AR A A, AT RE 2 M BT i
R B RR ] 2 o SRR AT ) B
BRANEER B Z R BN T RENLE B ZHEE,
R BRRE V& 2 X 50 o0 A 0y (I BRAE ) 2017)
PIASARAL ] (1 SEBRILEE 1Y B M T B 2 4F
PELL K B i 1253 2ok 5 T 2 B AL 14 5 22 43 Bt i
17 b %8 ( Anderson et al., 2011)

IRBEAR R DA R s [a) i JBE b 1 728 S 0 e O v 4
HET ST T A El 0 P2 1 B 2298 42 (Gilbert et al.
2004 ; Legendre et al., 2009) , GnSRH#E 7% b B9 Fh
RS (B ZHEIE) 5 RE Hb 1) Y 20 55 B 3 A G,
26 PRI 0 U8 T EE H ( Valencia et al., 2004) ;



3 1] TAMESE . B b AR FL ARERAR T ALY B AR 22 53 Sl M 3R 365

MR B 2 AR5 25 ] X 1Y 22 AL %5 DTAR oG, &
W7 FCBR i B2 32 2241 1] ( Hubbell, 2001) o R85
U8RI I BIR ) A9 AR R /0N 38 o X6 A 358 A s (] A
18y ML 30 A S O3 ik O ¥R R A, Herh, s R R4
% il 2B #5 ¥ ( principal coordinates of neighboring
matrices, PCNM ) H2 85 £ 77 19 A4 5 7= 4= ( Peres-Neto
et al., 2006), ¥ 855K 1 47 AR X RO AL
( Kristiansen et al., 2012), ¥ Ff £ B £ 4% 3 47
‘Hellinger” ¥% 1k ( Legendre & Gallagher, 2001 ),
FREE AN 23 0] PR 38 25 /i [a) 2E 85 19 77 7% ( Monte Carlo
permutation, n=999) i &k i} . FH K F (P<0.1) J5
FEYEAT W0 AE S o3 A (T MESE 2014) , HIGE o
JUAYSr BT (redundancy analysis, RDA) KA TCAY 43
BT (partial RDA, pRDA) S ( E i, 2013), ¥
o 28 J30E A 0 i B o i D AR 3 AR BEER
BiffpRe [ E | S Aixs R[S | E] LI A=)
T PR i B [ EN'S T (Laliberté et al., 2009; T
tHAE, 2013) o ZBFFERHIBT IE I R R B & A
i BE 1 1Y BTk 2R (Peres-Neto et al., 2006) ., AT A&
Sprid it R AFSEE (R Core Team, 2019)

2 SR E M

THIAA N TARFN AT R B SR R o AR 78 3 8 £
ISR AR Z YR 111 Fl, HEARZ YRl 86 Fh, H
A N T AAREEAJZ Y Fl 70 Fl R Z PR 64
Tt s LR AR R AR AR AR 2 R 75 i, VE K 2 ) Fob
66 Fl, BRI T ARAR R ARAR LA Hl A L T AR
B o ZHEM%E (R R ) |, BRI AR BR R 2R Ak
MRE DT B HLR AR N TR Z R, X T
AJE AN TR o ZFEPE R 11.80+3.12, K4k
ILZRARI R 12.70+5.65 ;% THEAZ , AR A T K
Mo ZFEME N 18.00+6.10, KR KB 19 N
22.53£5.24,

PR AR AL (1 4 Fh 52 B0 T B 00 o A R 25
PE, B, XFF E AR, Wb N TR A R
JE<5%/IETT) I8 52 B, B UL AR (B =25% /1
FETT) 4 Fl s S0 ZR MR ARFR 7 Fl 48 B, 5 WL FP 2 Fh
Hrh RERmAMIUERELNHE L, HEZEE
JIN T DL 22 B AR X R, G AR 2 ) 4 - AR

. ( Carex duriusata ) 75 W FfORIL Hh 2 7 45 26 6 A0 41
AL, [FIAER, HERZ ) R 2 B TR A R
B LA R I T B R PR A

TS N TMORTIT AR A% K SR AR B AR i v 34 L
FAFLA B Z RN, B B2 5 (1
HARZE.F=0.93,P=0.34;K)Z.F=0.41,P=
0.52) , {HZ, PIFIARELA FU B ZHEPELDL I B f
B EA B EEZES (P<0.05) , A AN TAREA
WEETIULARMRRRM T 8 ZFEPE, EEW
S PIRNARAL Y B M S 1 S B T TR AY E AH OGO
Z,BISEPR B 2RI KT g 2 MM, X
W T PR AR RS P Y 4 R 22 B A A BT AR g A A
WERELFE(K2),

7R N R AT L I AS i 9 A
AR S0 R T VR AT T o0 M. A5 R AR, AR A
23 (] PR L [ i 1 7 b PR B AR T 4 b 2 B ) K
KA (FAJZ[E +S] = 33%~45% ; HEARZ
[E+S] =21%~35%) . Hri WHEiAh (iha
WEZE[E | S| HREAZAEIE N S])
(R 7 B R 11 50% LA B (&1 3) . s A
F AR UA N = 0 A8 B DS A N TARAR T
VR b 20 728 A0 00 i B i v T AL AR AR R AR AR,
HUNGE SBR[ E] hE, FEF, AR E B A A
U (FAZ 16% ~ 18% s HEAJZ 4% ~ 5% ) 2123 [8]
B[S | B, X S T P AR AH AL 0y 4 HRR
it A

RDA 745 SRR B, A APk AL 2 9 T
AFRL B PG Ml R 32 (ELZ: , 51 7 b AR AL AR T 49 Fel
BT AE RN FIEAME (B 4), ik
(altitude ) DA Ak 75 W) (litter depth) 5251 A2 P A
MAVEAJZ Wy 22 55 09 B 2 PR B I, I 3R L &
HEHUSCR(N) RIS (K ) DL KA v ) R S | ke
PRRIARAY R 2 W 22 S 0 B 3 R 1 (1A 4
A-B) o X THRE AL AN [FJZ2 IR AT BER L2
LT B S AT B PR AR 1, R T 30 AR R AR R AR
JZ) R E R 7 ik 13 pH A DL SRR
P41 ( canopy openness) , 1fii -1 pH {H 1 1 5% i
('soil moisture ) #2 5% M HE AR 1) 10 2 IS A (&
4.C-D) ; s MM N TARFLA JZ () B R R R
A+ 32 JE 58 5 JE JE (humus thickness) FI3EE (slope



366 | LI N7 41 &
5 L0p KiAJZ Herb layer 210 H#EARJZ Shrub layer
5 A 5
2 08| 5 08| [
[<=N .
= el
: :
5 06f 5 0.6 |
el el
) o)
a 04 s 041 1
N N
T 02 F Jeg o2 b
i lie
= 00 ' - * 00 : :
WA AT A PP T RMRRSAR NW WA N Tk PP T ARMER IR NW
2 05 2045 -
g — S
<=} [<a}
T 04t 2 040 |
& % o
[8a) 88|
3 Eaal
= 03F s 035 F %
I R
(=N <o ™
= =
" 0.2 1 L = 030 1 L
AN T PP T RBRR AR NW HFA N TH PP W ARBRR AR NW
= 30 o 100
.9 )
3 C 5
> ;
Q 5 90 | %
5 80}
S 20 | &)
@ @
,‘f@ ‘TZE 70
2 5r H g
= 1 1 . 50 1 1
WA N LAk PP W RMRR SRR NW WA N AR PP T RBR RS NW

MA Forest type

A Forest type

AL SET UMY SERS B 2R B, ST RERENLIAG A BN B ZREME; C. JETSC PR MEMH 5 WUBME T /) B 2R 2 5 46

2R B Fm s BRI ES 10790 4 5L

A. Observed 8 diversity; B. Expected B diversity from a null model based on random sampling from the regional species pool; C. B diversity

deviation calculated based on observed and expected values. Boxes represent the median and the 10th/90th percentile.
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A ,B. Pinus tabulaeformis plantation (PP); C,D. Natural Quercus wutaishanica forest (NW).
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Fig. 2 Intraspecific aggregation in two types of forests

TRUBKT BEI5 W Fi 20 100 2 R AR Ak, B DL 2 o] 4k 1
%P‘I?([E N ST) k3, ENIE T PR 55 5 Ik i

TR AR R V& A Y I 20T A (Myers et al.,
2013; FibiE%:, 2013) .

B2 R B 22 RE I DL K AT BL ) 2R 55 i ¢
I RE VLIl BE T8 i R #2 . pF R R,
SR AT AR R A AL B ZFETERS
Ja (Kraft et al., 2011) {HH @R T #K A [ f 7
KA 2 (Myers et al., 2013) . Hfix B ZHM:

BLAZ W) b B AL R P (R 2 AR BT O N B R
I EBREIG I W AP SR AL AR B, R TR AR MR ER B
PO TR I | P i 1 R R AR R T A BE
U I, A IR A A W R A DL B

B PS5 3k e R T Bl R AR A R ) e A R AR R
F T HICRIR ) BT 3, 32 e I Dy e 1) A [ AR
P, BREm  3 HBR ] ( Myers et al., 2013) , ASHf
FE, JCIR 2 A N AR GE S 1L AR AR K SR RIS £
TSR N REL R, BT LR B ZFEE
W1 KT B 2 e, P1 58 3 U8 2 fife 8 T bR
AR N RN EZE R
IEE g XT B 22 FE 1 Y 52 e, A g AR T
BE R S5 PE (Myers et al., 2013) . M RDA HEF#
IR LU Y 3R BR R SRR B R J7 BCA AR X 2 2
TS N AR B 78 0 4 07 18] 2 A B 3 1 3R 4R 31
B X UL IL AR MR K AR ARAE D5 [ 1 B 2 FEVEHR 1L
B, MRS N TARE = 0 B 2 A 1 3 2 4 43



368 OO0 M W

41 %

W
(=]
1

K2 Herb layer

[y} (9% by
(=} (=] (=]

composition variation (%)

—_
(=]

VI A R R A
Explained percentage of species

A N LAk PP
24 Forest type

IRBRRIRM NW

VORI AR AR
Explained percentage of species

4
(=]
1

H#EAJE Shrub layer

m— [S|E]
—— [ENS]
= [E[S]

[\ (9% S
(=] S (=]
T T

—_
S
T

composition variation (%)

A N TH PP TRBRABM NW
A Forest type

B3 BRI IS E] 3 XA AR (PP ) AL ZR R R SRR (NW) 4y b 2H 18072 S e o o5

Fig. 3 Percentage of species composition variation explained by environmental and spatial factors in

Pinus tabulaeformis plantation (PP) and natural Quercus wutaishanica forest (NW)

FET7 18] A 35 S5 o 1k i 38, TR B, A 5 e o M T
DA g ) R B AR ] 1 i ) b SR AR A R 3 T 52
Wi) B ZSREPEMS Jay o ) 5 4 1 S 26 55 4 BE ) 55 1Y
PIRREAE W MR B, X T AR T Py b B 2 4
W, T4 1 A0 34 b A 0 B A 5 v 1) 5 4 e
( Lancaster, 2006 ; % M4, 2017) , 57 Rk
FALE, W R AR P A D, B8R WL (Pitman et
al., 2001; Gilbert et al., 2010) , ZWFFEH, A 55
S JO P T T b bR L A e 5 A 1 S W) 32 R BTE
DL A A7 b Ao S A ) 8 R 22 S LA R R S R
75 HhEy WL ORI A R 22 B TR A BOR 22 S X AR
PR Y FEAJZ BB

[, BREE L B XS B 22 FE R 4 52 i i 3R B
FE PRGN 7 5T, B, IR — ARG
BRI, R e 7 W R T ORI E TR 2R B A R
JE PR AR ) Fh 22 S 0 AR 1, W)
BF T A N RO 505 A A8 T TR B R B8 1Y
7 i TR AR B AN F T AR PR %) 22 JE ( Barlow
et al., 2007; FE{HE, 2013) , B4, MRIEHRA SE
I TR AR S AR WA E S Y A A
T RGE T AT A Z R /N, AT 4
F M B2 AH W) B BRI 0o o B, o i i — 2P
3B S B 8 a0 0 B AR BRI R S N T
ANTE R s 26 B 07 B X8 A (] 1) A6 5 R Al A ¥R
YBUAS [R) AR 52 465 7

RS =881 SURY 3 SR VAW B Q= R 8

2014 ) FIL AR BR K SR AREE v i) 2 1) B B (R
FofobR R b 2 Ay 2 2 () PR P A RE R ([S | E])
BH 7 R -t 2 A o b TR A 2o A R AN T 22
M EE R, BT AR R AT 4 K Z 50 Fh
B B+ 2 A R ( Bierzychudek, 1982;
Whigham, 2004 ) , & 9 FR il 76 —A~2E 55 5 3 A
Hurb BRR A R (EERE, 2013) WA Bl 5 EAERE
KRB b5 ma BV (0 W b 2 REPEAR Ry ( E H A 4
2018) 4" B FR il (5 75 A i AR X3 4 3] X 35N T
A G EA PR T, DT B T R A ] R SR AR AR
SR T YRR VS B 2 R R (R
85, 2017) o [A]ERE, 4 HIC PR ol o Ao T A B 1) 32 e
BE (AR, 2013) , B A o e X I AR YUK, Jin |
NZEIE S 2 fif A5 5 4 g DR ) A Bk gk 3
2 [ s e e | B S G RS I BT /A NS X
i T AR AR U AE AR S B i SR B R A, A
BR AN Y S U 5 R0, el AR T AR A RS i
FIAE AR | Tl i as 4% AN AR S5 56, 2 T ) i) €
AR R, DA dob 2 b 3R JR) B L % 4 i 22 4 1
(Fralish et al., 1991; Fittifi, 2013) .,

T RIS N TR AL ARBR R IR, B ZHE
PRI PR AR L) b 22 1 1 S R (
e, 2013) , B, (R4 B ZHEM RO 3 +
R PR ZREVE 1 BT S B 2 RR R R
P2 A= B2 S Pk () S i, B 4y B AR, TR
B LU T AR, 55— A5 )



3 1] TAMESE . B b AR FL ARERAR T ALY B AR 22 53 Sl M 3R 369

= o
— |A ) — | B 99
18 16 S
28 ® HEVEPIEIE Litter depth
. 3 o
79 1 1
o 0% o 7 .
@ 5 " T Altitude 2 o 5
» ]
b 2 %8 e - 3480 23 04
é u o 903 = © L
~ .,. ® 5 ~ 280 N
= 137 re=s 27@ 20® '17
o 29 1 Bl 14012 % ° ~
i o 6 = 2@ 9}? 18
ﬁ 14 3 12 1 0 3 By 1 Aliitudg
® & 1.9
100 ? o 26
(]
90 90 20 210" gog
=2 FiyE ¥ Litter depth ]
-1.0 55 —HE)F M RDA axis 1 10 -10 S HEF 4 RDA axis 1 10
= = 1
=1c = 3
b 5 ©
05 14
~ S a
w o=
s 13 <
< o
14 10 6
a 4 o 3 @ L (o)
# 4 KB e F o o
& 1o |\ jin 50,
= o) 6 = (o)
= P %% ] 12
6 o
B3 JUE)% Humus thickness F
(3
o1
L=} o 04
o i[5 Slope degree i 02 fEVSE Litter depth
-1.0 9 . . 1.0 -1.0 e . 1.0
SB—HE7Hh RDA axis 1 F—HEFH RDA axis 1
< ® <
= 19 =
E F 21
[
18
25 22
7w . ] 4
) - WK Altitude “
24
S 24® o o = ® 17 pH
% 17 7 -
< <
=) a
~ ~
= ®
F 16 £ 23 °
tr»{ e ¢ * 16
= o ,® s 28
1] » 7 b 1 27
] ’1 IR Canopy openness P & .
} e o ‘e
) 19
?
s 2
2 130 2. TIETRE Soil moisture
-1.0 X 1.0 -1.0 . 1.0
E—H 75 RDA axis 1 H—HEFHh RDA axis 1

A, C, E. 5A)Z RDA HE/F458; B, D, F. #EARZ RDA HEP 45 . 1-15. WA AN TAREE 5 16-30. L AR AR KSR MAETT
A, C, E. Biplots of RDA in herb layers; B, D, F. Biplots of RDA in shrub layers. 1-15. Sample plots of Pinus tabulaeformis plantations; 16—

30. Sample plots of natural Quercus wutaishanica forests.

K4 SLARBRRARMFIIMAR AN TARE) RDA HEF
Fig. 4 Biplots of redundancy analysis (RDA) in herb layers and shrub layers of

Pinus tabulaeformis plantations and natural Quercus wutaishanica forests



370 | i

k7

41 %

JEL W) 22 A K A2 1) TR R ) A B X
B i AT R ] A B 05 DR 1 S o 2R 5 T g
JEYERF PR AR B 2 REME A B AT PR, n, X
TR T AR Bl Z R PE 00 PR 3P, AT DL 5B 3
RIS A W R T L T S TP 5 TN T AL R AR R
SRR, AT LA 1B A i TR 23 DL S MR P BE )
SPESE, 5 T REZ R T B R SR AY
YRR S S AR S e — E S AR I B £
FEVERYSZ R, (40, AN [R] 9% SR bR FLARL B 3 A
TR G A 15 N TR v 57 o 1 10 B A it
ANTR B R AR MR T BRR i 1 2 E T AN R B AT
MRRIE, T 2 A1 250 R B8 S b SR 2 FEAR R AR
JE B B T4 N T DR 241

4 i

AN N MR AT 2R AR R SR AR Y AR i v 34 2L
AL B 2Rk /I, B bk 2 34 52 8 T B
BRI N RELSRE, SREMRGR -3, w+
1 S RIS N TOMORI I 2R AR R R AR o % ) 2 P
i R AR L g e, H DA A i 3R 85 R &
T HIE PRI Y IR AR L DR R IR — 4 E
BERIN A AN [A] 1) A 35 5 o Pk R0 AN ] i 24 858 B 1
R, BRI 2 AR AL 8 I 858 3 i o B, o i L 3 X
SR S BRI 22 S, O — 2P A g AR B
UERIRRE R BT DL, X T 4 R X kA
AU, NZE XA [R] 3 V% 2 AR I 22 S5+ 4k
(PR S A it « 55— , 2B B8 S o Pk X 2 b v IR ) i 2
FEVE S 00 B 22k R 0l B BT R 1 b B 3 A
RS BT B 05 PR 1 ) S Jo P A 5 T B S A R
FhARAL B ZHEPERY BRI S, 55 = RN AE Z A
T R S G Y P RIRR ) B 5 A B e v
HRBAEHN B ZHAERR I,

SE k.

ANDERSON MJ, CRIST TO, CHASE JM, et al., 2011.
Navigating the multiple meanings of 8 diversity: A roadmap
for the practicing ecologist [J]. Ecol Lett, 14(1) . 19-28.

BAO SD, 2000. Soil and agricultural chemistry analysis
[M]. 3rd ed. Beijing: China Agriculture Press. [ ffi1-H

2000. TSRS [M]. 3 . dbat: FPER TR ]

BARLOW J, GARDNER TA, FERREIRA LV, et al.,
2007. Litter fall and decomposition in primary, secondary
and plantation forests in the Brazilian Amazon [ J]. For Ecol
Manage,, 247(1-3) : 91-97.

BIERZYCHUDEK P, 1982. Life histories and demography of
shade-tolerant temperate forest herbs; A review [ J]. New
Phytol, 90(4) : 757-776.

CONDIT R, PITMAN N, LEIGH EG, et al., 2002. Beta-
diversity in tropical forest trees [ J]. Science, 295(5555) ;
666-669.

FERNANDEZ-GOING BM, HARRISON SP, ANACKER BL,
et al., 2013. Climate interacts with soil to produce beta
diversity in Californian plant communities [ J]. Ecology,
94(9) . 2007-2018.

FRALISH JS, CROOKS FB, CHAMBERS JL, et al.,
1991. Comparison of presettlement, second-growth and old-
growth forest on six site types in the Illinois Shawnee Hills
[J]. Am Midland Nat, 125(2) ; 294-309.

FREESTONE AL, INOUYE BD, 2006. Dispersal limitation
and environmental heterogeneity shape scale-dependent
diversity patterns in plant communities [ J]. Ecology,
87(10) ; 2425-2432.

GILBERT B, LECHOWICZ MJ, LEVIN SA, 2004. Neutrality,
niches, and dispersal in a temperate forest understory
[J]. Proc Natl Acad Sci USA, 101(20) ; 7651-7656.

GILBERT GS, HOWARD E, AYALA-OROZCO B, et al.,
2010. Beyond the tropics; Forest structure in a temperate
forest mapped plot [J]. J Veg Sci, 21(2) ; 388-405.

HANNA T, KALLE R, MARKKU YH, 2003. Dispersal,
environment, and floristic variation of western Amazonian
forests [J]. Science, 299(5604) : 241-244.

HUBBELL SP, 2001. The unified neutral theory of biodiversity
and biogeography [ M]. New Jersey: Princeton University
Press.

KRAFT NJB, COMITA LS, CHASE JM, et al., 2011.
Disentangling the drivers of (-diversity along latitudinal and
elevational gradients [J]. Science, 333(6050) ; 1755-1758.

KRAFT NJB, VALENCIA R, ACKERLY DD, 2008.
Functional traits and niche-based tree community assembly in
an Amazonian forest [ J]. Science, 322(5901) ; 580-582.

KRISTIANSEN T, SVENNING J-C, EISERHARDT WL, et
al., 2012. Environment versus dispersal in the assembly of
western Amazonian palm communities [ J]. J Biogeogr,
39(7) . 1318-1332.

LALIBERTE E, PAQUETTE A, LEGENDRE P, et al.,
2009. Assessing the scale-specific importance of niches and
other spatial processes on beta diversity; A case study from a
temperate forest [ J]. Oecologia, 159(2); 377-388.

LANCASTER J, 2006. Using neutral landscapes to identify
patterns of aggregation across resource points [ J ].
Ecography, 29(3) : 385-395.

LEGENDRE P, GALLAGHER ED, 2001.
meaningful transformations for ordination of species data
[J]. Oecologia, 129(2) ; 271-280.

LEGENDRE P, MI X, REN H, et al.,

Ecologically

2009. Partitioning beta



3 1] FAHCHESS B B AL ARAR AR T ALY B AR 22 57 KO i R 371

diversity in a subtropical broad-leaved forest of China
[J]. Ecology, 90(3) : 663-674.

LI XH, LIU YH, LIU Y, et al., 2016. Impacts of geographical
distances and environmental differences on the beta diversity
of plant communities in the dry-hot valley of the Yuanjiang
River [J]. Biodivers Sci, 24(4) ; 399-406. [ Z=5%, X4k
UL, XURKE A, 2016, Hb BRI B K PR 22 57 0 < B OCTL T
PO HEIRETS beta ZFEMERY M [J]. AW 2R,
24(4) : 399-406. ]

LIU LP, 1998. Flora arborum et fruticum Ziwu Mountain
[ M]. Lanzhou: Lanzhou University Press. [ Xl 37 fit,
1998. TR ARAFYIE [M]. 2200 22HORSA A ]

LOREAU M, 2000. Are communities saturated? On the
relationship between o, B and vy diversity [ J]. Ecol Lett,
3(2) . 73-76.

MYERS JA, CHASE JM, JIMENEZ I, et al., 2013. Beta-
diversity in temperate and tropical forests reflects dissimilar
mechanisms of community assembly [ J]. Ecol Lett, 16(2) .
151-157.

PERES-NETO PR, PIERRE L, STEPHANE D, et al.,
2006. Variation partitioning of species data matrices:
estimation and comparison of fractions [ J]. Ecology,
87(10) : 2614-2625.

PITMAN NCA, TERBORGH JW, SILMAN MR, et al.,
2001. Dominance and distribution of tree species in upper
amazonian terra firme forests [ J]. Ecology, 82 (8):
2101-2117.

PLOTKIN JB, POTTS MD, LESLIE N, et al., 2000. Species-
area curves, spatial aggregation, and habitat specialization in
tropical forests [ J]. J Theor Biol, 207(1) : 81-99.

R CORE TEAM, 2019. R: A language and environment for
statistical computing [ DB/OL ] Foundation for Statistical
Computing, Vienna, Austria. https://www.R-Project.org.

RAO MD, FENG G, ZHANG JL, et al., 2013. Effects of
environmental filtering and dispersal limitation on species
and phylogenetic beta diversity in Gutianshan National
Nature Reserve [ J]. Chin Sci Bull, 58 (13). 1204 -
1212. [GERGE, MR, ka0, 45, 2013, A5G IERY
BUBRAVE X LR FIR LR T B Z R
W [J]. BReFEaR, 58(13) : 1204-1212.]

SHEN G, YU M, HU XS, et al., 2009. Species-area
relationships explained by the joint effects of dispersal
limitation and habitat heterogeneity [ J]. Ecology, 90(11):
3033-3041.

SHI JJ, ZHAO MF, WANG YH, et al., 2019. Community
assembly of herbaceous layer of the planted forests in the
central Loess Plateau, China[J]. Chin J Plant Ecol, 43
(9) : 834-842. [fitidhsh, BANG K, AL, 45, 2019. ¥
b IR AR R R AL ()] S
2F4R, 43(9) ; 834-842.]

SOININEN J, MCDONALD R, HILLEBRAND H, 2007. The

distance decay of similarity in ecological communities
[J]. Ecography, 30(1): 3-12.

TAN LZ, FAN CY, ZHANG CY, et al., 2017. Effects of local
ecological processes on community similarity in the Jiaohe
broadleaved Korean pine forests in Jilin Province [J]. Sci
Silv Sin, 53(11); 12-19. [ ¥ &, JEFW, sKFEWN, 45,
2017, Jey sl Ao A X 7 BRI T ] 2T RA MR 1 0L 32
fsem (1], Mol Abeg, 53(11) ¢ 12-19. ]

VALENCIA R, FOSTER RB, VILLA G, et al., 2004. Tree
species distributions and local habitat variation in the
amazon ; large forest plot in eastern Ecuador [J]. J Ecol,
92(2): 214-229.

WANG SX, 2013. Spatio-temporal patterns and processes of
plant community species diversity in Ziwuling, Loess Plateau
[D]. Xi’an: Shaanxi Normal University. [ E{HHfE, 2013. #%
bR R AR U R R VR W R 2R TE R I s A% R 5l A
(L2 30) [D]. P2 PRPGIIE R ]

WANG SX, GUO H, WANG XA, et al., 2013. Dispersal
limitation versus environment filtering in the assembly of
plant communities in the Ziwu mountains [ J]. Sci Agric Sin,
46(22); 4733 -4744. [ E Al M, Stk T4, %,
2013. 47" KR il FHPR 58 75 2 X~/ U AR AR 7 40 AL 114 AH
XFoiEk [J]. REL R, 46(22) ; 4733-4744.]

WANG SX, GUO H, WANG XA, et al., 2014. Multiple-scale
assessment of understory herb species diversity in pine
plantations after long-term restoration [ J]. Nord J Bot,
32(5) . 680-688.

WANG SX, WANG XA, GUO H, et al., 2014. Multiple-scale
patterns in understory species diversity of pine plantations in
the Loess Plateau [ J]. Arid Zone Res, 31 (2). 294 —
301. [EfbAE, £, #AE, 45, 2014, B R FMAAM
MY Z et 2 REAR R [T]. T 5 X5,
31(2) : 294-301.]

WANG SX, WANG XA, GUO H, et al., 2018. Relative
contributions of rare and common species to the multiple-
scale patterns of species diversity in Quercus wutaishanica
communities on the Loess Plateau [ J]. Acta Ecol Sin, 38
(22) : 8060-8069. [ E A, FF42, FAE, 4, 2018. i
AR DA 8 o S AR TR b 2 AR Tk
ZRBESHT [J]. A", 38(22) : 8060-8069. ]

WHIGHAM DF, 2004. Ecology of woodland herbs in temperate
deciduous forests [ J]. Ann Rev Ecol Evol Syst, 35:
583-621.

ZHAO MF, WANG GY, XING KX, et al., 2017. Patterns and
determinants of species similarity decay of forest communities
in the western Qinling mountains [ J]. Biodivers Sci, 25
(1):3-10. [RMG7R, F [, JRITHE, 45, 2017, ZI& 7Y
PRI AR I 1A% S5y S HE R ()], A2
REME, 25(1) ; 3-10.]

(RfEFRE F #)



