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Abstract

Quantitative estimation of the contribution of predictary variables to community composition is a hotspot in
community ecology. However, multicollinearity and joint contributions among predictors make it difficult to
estimate the importance of predictor in specific analysis scenarios. To address this issue, the “rdacca.hp” package
provides a new quantitative indicator by introducing the concept of hierarchical partitioning (HP) to assign
individual effects for individual predictors (or groups of predictors) across all possible model subsets. The
package solves the problem of estimating the relative importance of predictors with multicollinearity in canonical
analysis. The “rdacca.hp” package has become an important tool for community ecological analysis. To further
promote users’ understanding and use of the “rdacca.hp” package, we demonstrate the general steps for using this
package in canonical analysis with an example analyzing the important environmental and spatial drivers that
shape the oribatid mites (Oribatida) community. Subsequently, we conduct a bibliometric analysis of recent
studies using “rdacca.hp” package. The results show that, since its launch, the package has been widely used as a
fundamental quantitative framework in ecology, environmental science and related disciplines. Finally, we discuss
the further application and extension of the “rdacca.hp” package. In conclusion, this paper aims to advocate the
understanding and application of the “rdacca.hp” package for domestic researchers.

Key words “rdacca.hp” package; canonical analysis; relative importance; hierarchical partitioning; community
composition
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R Z WA 5 2 A & 2 A0 R IR
PEFE P 2877 R (BPR JLE 73 47, canonical analysis)
ez AR AR SRR T B ARE L, RAREdE
JUARIIHT(RDA) LR B 73 BT (CCA)MIZE - FH B 1)
TUA 7M1 (db-RDA )% (Legendre & Legendre, 2012).
EREVE AR, e EZE B — £
JE T 45 8 PN R T (R AR )0 H AR A WA U 2Lk
(T %A% ) (R RRE R B (B RD), AR /R W Rl AL R (22
FEE) B SE i AL o AR T AL R SR R R R
b, AR B ()R X B S R I TN D R O
R (1] 171 ] (Peres-Neto et al., 2006). fFEREAS & AH
B ) T R T AR A AR B R ) B ik
Et 45 (Johnson & LeBreton, 2004). 24 il A B AR & 1
I 58 A AH LS. (RIAH OC REON0), WA [R] fig e Rl -1
) B R Ak 45T MRS, S AR 100 e PR 9 REET
PE(Genizi, 1993). {HIXFMEHLAEF S5 M IRME
W, BT A EEE 2R AN, AR 455 ]
MIAH B G REE LR E AR, AR L 2R 1 2 5 i I R
(Graham, 2003). PA-3EHALEE Jufil, TIRAG LG
TE. AATE. pHEREE RA MM, W
XA B AN AR T s HH I AR R AR I 3
LME o FLENE X AR IR 5 ) T AR IAEAS [|] A1
B R AR 22 AR AESL R R IR 43, Gt EERR A
R (Legendre & Legendre, 2012). R HLA1
FEOK, VIR MERRGE . T IR RITEE, A
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X X
(QZE @X
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[FI AL A 7 (1 R PR (R B g B A B A g e — fi
AR I AR ) R N AT 2 K TR AR (1 S AR,
PRIk, £ 06 Bxt S S RABEAT 20 %1, DL AN R R
AR BT We) 8 A% B PRI B ST. DT R

G S 5 RO M A5 A AR B e S
REFH AR S8 B P W AN 51k, TR sl AR A L 2 1)
ROV FL 25 AR AS B o TGHIX — o) J, AR 25
SR 30 R PR R 0 a4k A8 BRI RO 5748 25 23 g 3 ey
EHAT AR . Horh, BERYR 0k 3 B e D R A
1) 3 28 M AR R B B 2 1) L M (Burnhan &
Anderson, 2004; Blanchet et al., 2008). iX— 7Lk
ZRT—EMAEN (nplE. FRE BN (AIC)H)
BB —AFTE SRR, HXFUEE g T
BRI ERE G TRARERERE L, BN
A REAFAE LR M I . o — PP A 2 N T
ik, KHEE R S HT(PCA) T7 ZE K 7 (VIF)%:
J7EVPAS R A B (R A AH DG o0 Rtk e vEm 55, JF
GEFEREN S VAR E L, AN
i PR SR . RIX PR AR B )RR TC B AT A 3 )
Wr, AR NS . AR B RO 7 vk A W e AR
gk /e 110) 1115 1D it L sI: VI =32 liiof DI A=)
KAIWA R R TTER(E1A). EHEIEN T, %
AL FE /N0 K B 0 14 R R A 80 /0N PR B3 3R 4T R R R
n, IS B JE R Z RO BENLR?, B4k
%% 8% (conditional effect)(Smilauer & Leps, 2014).

X X,

2= Residual = [h]

Bl DISAMREAREX . X RIX A, A5 B TN AR R YR E A . A, T RRMITRI T, W56
BT, [a]y [DIAI[C] X X AGIRIZEAFRNL . B, JETARZ I MERRIX D FIE, [a] [DIA[C] 0 AAX s X RIXs I FR2k
B, [d]s [e)FI[£]70 B AX s XTI X PP Z IA] )AL R 80R, [g] o =3 TR AL [RIRRRE, X\ XX R BRI R 33y [a] + [d]/2 +
[£]/2 + [g)/3~ [b]+ [d]/2 + [e]/2 + [g)/3VA K [c] + [e]/2 + [£)/2 + [g]/3. FRZE[MCFT T RIEX . XoFIXGARBERIYHIAS Z 5545

Fig. 1 Venn diagram representing the variation composition of a response matrix Y regressed against three correlated predictors of
X1, X3, and X;. A, According to the order of assignment, [a], [b] and [c] are the conditional effect of X;, X, and Xs, respectively. B,
Based on variation partitioning and hierarchical partitioning, [a], [b] and [c] are the marginal effect of X;, X, and X3, respectively; [d],
[e] and [f] are the common effect of X;, X, and X3, respectively; [g] is the common effect among X;, X, and X;; the individual effect of
X1, X; and X; can be expressed as [a] + [d]/2 + [f]/2 + [g]/3, [b] + [d)/2 + [e]/2 + [g)/3 and [c] + [e]/2 + [f]/2 + [g]/3. Residual [h]
represents the fraction of Y that is not explained by X, X, or X;.
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CANOCOH 4 5RFE - f“adespital” ft) forward.sel B
BBIRA T, i R Iz AR
FH o 3R 5 925 0 ) RLAE T i A B T 43 L P I R
AR T AR B NS R IT o 0 SRR AL B A7
FEILLE M, JEEROTE AR 5) 4 WO 28 S i AR 1 gt A%
AR, 1M ION BB AR B BT A TR S ERAR /D,
SESC AR AR AT S ORI . BRIED
M BA R B SIS AR, XM TS bR AR —
SE ) . = Rh o7 vk R AR % 4 f# (variation
partitioning, VP), W FRAET 200, 5 HIT
20 22 60 4 A H T 2 Jo |l 3 B 3L P 5 A
(commonality analysis)(Newton & Spurrell, 1967;
Mood, 1969), 201t 20904 A 51 A\ 2 #3534 h
(Borcard et al., 1992; Peres-Neto €t al., 2006). VPH]
DKL (0 R 20 A A Eh A AN A B (B4 B4 BT A
H AR I 2H 3 (PR A8k E 2808 (unique effect), B%32 PR
28 (marginal effect) BA S 3t [7] g R 19 2H 70 (FR 9 3%
[F] 2B (common effect)) KR ff i A & 2 [A] 2 4 10
KA(KENB). SRTMREE I B B AH 3k
FotEEERAEMEK, FRgvPorABES Y 2
B— g BRI, #lun“vegan i) varpartpf Hix %2 H B
IINAEAT &, A, RIEAKE 7 2H R AT R, AR
SR ICVEMRLR L R 80E 1) 73 ) )

L M S S SR Y 7 2 i PO ER S G
1E 2 TG B A 43— BTG BRI 32 /8. 20120 804FAX,
i Lindeman%5(1980). Cox Jr (1985)FKruskal (1987)
Iy A BHSL A T — AP 224 (averaging over
orderings)” (tBFRLMGTRE) M %, BT HrABA
+ B8 R AR R R B R A N EE % . 5 Chevan Al
Sutherland (1991) $& Hi [ 2 X 43 # (hierarchical
partitioning, HP)Z5 5 —#F, FH4f) 2 AR A
(GLM). RFEF ) “relaimpo” ] F T4 £ o 0] )9
R B FILMGTE, JFHR4t B 2895k 3 LMG1A 1

#1 “rdacca.hp” KR EH
Tablel Function of “rdacca.hp” package

i M (Gromping, 2007). “hier.part”fl3E T HPK Al
TF GLM H fif B A8 5 11 AH X B 2% (Mac Nally &
Walsh, 2004). #zilt, Lai%(2022a)% VPFTHPEE /.4
SR, HUCEHPHE LS AN BTG TR T
“rdacca.hp”™ 0 >R IR HERAN HLYE 73 BT B A0 5 11 A e
2, AR SEI T AN PR R RE AR A E IR VP, HP
SR ST BT AT AR IR 148 T & Al R AR B (1) B
3N (individual effect), %5 [F] - fif Fe AR & 1112 i 5.
b 5 H A AR R AR R P 3 ) 2R 1) S 34 4 P (P
1B), v B8 43 A H VT A e 28 P (1 At A o 11 4 %o
PR TR A AR b .

N DHE Z AR AR A A L, S
IR TAESE B R 5 N ORI 7, &
LB TE: ()4 “rdacca.hp” L) EEINRE; (2)E
% B 53 M7 VE fE “rdaccahp” B AE FH; 3) &5 A
“rdacca.hp”t B & A LK FIAH e e i A2 7 e rE
AR A5 TR 2 2R () S R AT R

1 “rdacca.hp” €145

# %2 H A, “rdacca.hp” LI BT A N 1.0-8 (%
A [A22022424 H5H). F P AT LAERIE S A
“install.packages("rdacca.hp")” H # M CRAN % #&
“rdacca.hp” B0, B # {F A “devtools::install_github
("laijiangshan/rdacca.hp")’7E GitHub3RHX . 1ZF2 )7 H
HEH BRB S AZ O DI RE R L, % R R AR S
fn LB O RE T 2 S BRSO

2 “rdaccahp” BHIRIEREH—ZB & B
(Oribatida)B¥ZHEEIMEFT B IR E F
il

A “vegan” A B Y B FR O A 4 £ T R
“rdacca.hp” ELIAH FH o 12 S0 Hh SRR R OR 2
I A AW TR T 19894E 4 Lac Geailb1iZ1 ()6

TBAT AN R A AR B R AR AR 2 Vo, S LA R AR B X ST BT RS S (RO TE RO RS B s [ 0 . A A

Implements both variation partitioning and hierarchical partitioning in canonical analysis without limiting in the number of predictors/matrices
of predictors. Output include the marginal, common, as well as individual effect of each (group) variables to total R or adjusted R*

BRI it

Function Description

rdacca.hp

permu.hp X AR A B ) BRI AT B A 0 AT A L 25

Implements the significance testing for individual contribution from hierarchical partitioning by permutation routine

plot.rdaccahp

FFrdaccahp” bR B A5, 22 H T Pl SR 7R A e A5 B B RN,

Plot a bar plot of the individual contribution of predictors based on the output of rdacca.hp()
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F2 RIEF “vegan™ [ FH i £ 5 K PRI 4 8] 5 T H0 4 4

Table2 Oribatid mites abundance dataset with environmental and spatial variables in R package “vegan”

KA el

Data frame Description

mite RN L BEFERE, LS 70 SRR KR IE T35 HTE A0 A 15

Species abundance matrix that contains the abundance of 35 oribatid mites morphospecies at 70 sampling sites

mite.env

BRI TAERE, A& 70N RAE AT SR BEAS & BT L BB KR BTSRRIt T RHIE

Environmental matrix that contains 5 environmental variables at 70 sampling sites, including substrate density, water content of the
substrate, substrate type, shrub density, and microtopography

mite.pcnm
73 (8] 45 4

E A THER, 2T 70N RAE B AR, 8 S8 AR 32 AL AR 23T (PCNM)MI O RFAE ) B, SRR 1 701 SRAE s AT AE

Spatial matrix, which is based on the geographic coordinates of 70 sampling sites and constructed by principal coordinates of
neighbour matrices (PCNM) (Borcard & Legendre, 2002), represents the potential spatial structure of 70 sampling points

REEHR AR 70 L IEREAH K, I A g 22 e 1k

AL 3 1 RABE R PR SRR AL AN 22 8] £ B A5 B (3R 2)

(Borcard et al., 1992). 3o Hri— N EEH 12

AN X IRV R R ) S BE P Bl (R BBl R 3R
> data(mite, package="vegan"

> data(mite.env, package="vegan")

> data(mite.pcnm, package="vegan")

21 BABBETERHENEEMSN

A T8 S 3 M5 73 AT 5 P R DT X i
HEVR 2 R 2N o 2% R8BI Ah 2 FERRRE AF R AL 2 0
18, S HEAT Hellinger % 14 LV B A5 i 8L O 52 71 JF:
98 /0 1 3= B W A ) AL EE (Legendre & Gallagher,
2001). B )5, 2T RDAKILG/HTH T L&A 2
JEE (P g N2 AZ 80) 5 i A7 SAS MR TR 1~ (1 e A
)N ZZERE N, Hiid VPAIHP N & P 5K 4
PO ARSI B EFR AR . AN FREE DR - AT IR LR 1t
fiti B HAAE AT 7 N0, H B2 0 DR SREUIT A
ARER B TR, [RIINT UL T VPFIHP T iR 22 57

> library(rdacca.hp)

> mite.hel <- decostand(mite, method="hellinger")

> mod <- rdacca.hp(mite.hel, mite.env, method
="RDA", var.part=TRUE, type="adjR2")

> UpSetVP::upset_vp(mod, plot.hp=TRUE,
order.part="degree")

> permu.hp(mite.hel, mite.env, method="RDA",
type="adjR2", permutations=999)

RDA R IRS DAL 7 IR 10 2 2 B4
#1143.7% (KR IER = 0.437) (K12). “rdacca.hp” L
DySEIL R T AMMRALE IV, SR1BEH AR AL
BRI, PR P T PR N AT [ N
SKER A B R R 2% ok R ARH B APk . MHEEZ
., HPHRE 4k 2550 i IF 451X He 4] 53R 73 ie 5%

B2, $RAt T AR RO AR AR SR R Y
FEX BB HE PP AR O FE 5T 35 /K B (16.42%)  HE A
P PE(10.18%)- WL TEARFE(8.43%)  HE i 257 (5.43%)
FNEE 5T T2 (3.2%) o FIT A A8 D] 1 B8 s 47
F, (HRAUERRZ, BT AR AR A A B A
W FAERR AR M A R TR, Bkl
A FVES % (Lai et al., 2022a), R LT
F VP (8320 o 252 S A7 T e 8 A2 B 1) AF 6 B 4k,
B R RE S A wdk. #ln, (B bR
ISLINS, VBE M T (2.88 %) MU R of F e Vi 4 B D R e
ANEIFRERDE o P OTVE P A B — A R
TETVE MR PR MR it 25 7K B DL R Al TR R (I 25 A
I8 B 1 [A) A7 A2 R B 38 ] R (VA B T FE e ),
Jei 3 R X 3[R AR 1 78 5 BORE A % ) iR
W EARAN o BEAR, TR AR B T P4 A Ak B
FRIERRAR SRR, 570 3 A R4 BE HH I A7 M8 . W% 3] 3
JoF 5 130 BN (3.63%) > AN (3.2%), A
AN R VEAL B B8t 2 A ) At e A R ) B Sk gl
mifilie 4L, HPEfR R R BRI R R P RA I
22 WRRBRTEEMENEEZMSN

“rdaccahp”BL[FIFEHE L T H T RBZ EH VP
AIHP o JRATT Ak SR 2 18] X 7 g N By 23 Hy, 43 )
RDA HJVPATHP & A 7% ] 5 44 IR 35 557 5 1 % Y il
TEI& RS DT R

> iv <- list(PCNM=mite.pcnm, ENV=mite.env)

> mod <- rdacca.hp(mite.hel, iv, method="RDA",
var.part=TRUE, type="adjR2")

> UpSetVP::upset_vp(mod, plot. hp=TRUE, order.part
="degree")

> permu.hp(mite.hel, iv, method="RDA", type
="adjR2", permutations=999)

SRR, TEFEFEEMAI27.39%, p <
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2= Residual = 56.3%

10.09 EIER? Adjusted R? = 43.7%
8.97

bl g1 B EE S YA

Marginal and common effect (%)

BN
Individual effect (%)
20 10 0

|
[\S]

|
=
19
=1

K E
Water content ~ ® *
ofthe substrate I
TN o
Shrub density I
T ARE o
Microtopography I
e 35ip i °
Substrate type
S . I
Substrate density

L]

B2 SEPFRSELA 50 HHA b 22 LSS (A X B B o AR 22 3 AN 2 U 20 3 45 SR A T UpSet B R 2 3L 4 B o, 4

LA FRPEIN AR 22 1 43 LU CR B A8 22 0 ) F AR AE L7 T B e o e (R TE BE D #5 FR 858 B 1 BB ASORE R 12 k43, HAE S5 1)
TAZIEE A B bR RN I b 5 HARIA G R 7 B S R RS P2 73 BB . *, p < 0.05; ***, p<0.001,

Fig. 2 UpSet matrix layout of variation partitioning and hierarchical partitioning results to show the relative importance of five
environmental factors on oribatid mites abundance. In the dot-matrix plot on the right, each row corresponds to an environmental
factor. For each column, the isolated black dot represents the marginal effect of each environmental factor, lines connecting multiple
dots represent the common effect among these corresponding environmental factors, and the percentage of variation explained by
each component (from variation partitioning) are shown in the top column diagram. Column diagram on the left shows individual
effect of each environmental factor (from hierarchical partitioning), its value is equal to its marginal effect plus its average shared

common effect with other environmental factors. *, p < 0.05; *** p<0.001.

0.00 1) FHI I A (BB K R 26.41%, p < 0.001)3) %5
ERm BV LA, SRR T R 2
A FE1153.8% (R IFRE = 0.538) (B13). HTHIZEARL
1%, % 7~ 3™ 5 B dhil AR B 15 24 488 e 7 7 9838 4
TR T P 1 B I DA A o A TR R O T A A
FEAR B A AR Ee 9 (0 3L [F] RURE (34.53%), 1T RE
R X BE IR BT R T B A A g R v, (R VA TR
BRI 25 A0 S, B8 L Ath 2 ) &6 A o R (o g
S ERAE YDA BAE D SR IR AR VR 1) — 3K
M) J3

3 “rdacca.hp” & 848 3% 5z F 2451

e, WAL T8 H “rdacca.hp” B J& 7 #7
AR OCHIEFE, DAE— 2 IR P AR 7 A8 FH 3
HINIR . LL Google 5 A A Hi 41 Ui A 2 OC B A
“rdacca.hp”Fl“rdaenvpart” (“rdacca.hp” B HIHT &, T
X G FR N “rdacca.hp”) H AR B N 2F BT EL ), R
202248 A 31 H it 93 5 IE Xk R KB 3L,
“rdacca.hp” i H KA T CRAN PLRAE 15 2] 2= R 510
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BEORVE, WSl IRE B IR s, R 2
202241 HiZ 5 LW 3 (Lai et al., 2022a)7E2k kK %
JE 1 B % [ P Ah 23 BT (K14) o 4k SAT AR SC I
T KSR T A B 2R Y Sy
AT P g[8 R A R AR 288 1) 1) D B 1] I AT 3 4]
ST, &5 8RR R 7R “rdacca.hp” B IETE 2 22 R AE X
(B M AT (15). Horb, IRBI Rl AR
A R MR 2 2 “rdacca.hp 0 45t L 0 AR,
Fa Rl K 2R R R G DA ST
SNT RS, 5 A & g sk BT 35 0 R
. FREE|“rdacca.hp” B 1) E 2 H bR 2 R E =TS
b A AR S AR R AR B OCR, T SRR X L
W58 R S AT 6 SR H 1, 2860 18 %R T A
() 24T R o
31 ¥z HE

TEFTA G T G, V2 FEE. B
gER R SIS AR, MR B AR TR 9%
RZFR L KVE, A YIREIE B 7 LK A A
HEIE T2 (5, [#6). 7B W) 2 PR VR A0 4
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BEER® Adjusted R = 53.8% %2 Residual = 46.2%
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common effect (%)
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MHPLCR BRI E]) . ***, p<0.001.

Fig. 3 UpSet matrix layout of variation partitioning and
hierarchical partitioning results to show the relative
importance of spatial and environmental factors on oribatid
mites abundance. In the dot-matrix plot on the right, three
columns represent the marginal effect of spatial factors, the
marginal effect of environmental factors, and the common
effect between them, respectively (from variation partitioning).
Column diagram on the left shows individual effect of spatial
and environmental factors (from hierarchical partitioning). ***,
p <0.001.
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Fig. 4 Statistics of published papers citing “rdacca.hp”
package (publication time and number of published paper).
Dashed line indicates the publication time of methodological
paper related to “rdacca.hp” package.

(R IX B R 25 A2 AR A S T R RO el B —, R0l
LE YT R E 5N, 0T 7 A SR IA AU
KA RGN RE ML 22 06 HE B (Kreft & Jetz, 2007;
Hooper et al., 2012; Guo et al., 2018). {#I A2
T EEONF ARG B B ) A A, RN BR AN R AR S R
(1) B XS T e R SRR B HEMME. REA
[ A= W 2 R T Y0 T SR AT 353 3 I A7 S5 o A i

B2 T 7C HPSE 200 — st flln, Hufe
B SR R IR AL IR 7 o S AR ORT
T RFE A28 1k (Liu et al., 2022b; Xie et al., 2022;
Zhao et al., 2022). IR KAV I AE PO VE 2 55 53 1k
FER R ZL e, e R MUK & (Hu et al.,
2021; Zhang et al., 2023). X Le35 % 7R 75 B HUE B
T It LA AR S AIVE 77 A4 A8 40 1T B SR AN
Flsm .

IR IE S AT 7 AR A ) B U 1) i
MK, 1H“rdacca.hp” 5 2 # N FH T AE Vi v%
aHT(Ee). FL b, REEWAERFEI A ITIEE R
BITERE A A S AR BIIRAIE, X155 T IRk o
U0 B AR R A B Ak A P AR A A I T A
M HRRBEEMLL, 5RMBCE KM LI A
W HR. AERFAHE. NTA. $O5SENMA
TAERZRGT, PLREEFIHP 2 Hr 98 8 pHAR B Hoth
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B 3 bt i SO S5 e A B AR P )
FLORE) R 2 AR HE SR (5, Bl6). A Z R AR
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TR (1 5 R R A 2 AR A A5 2 v 1) A 1] (Isbell
etal., 2018; van der Plas, 2019). & Y471 Z45] 420,
ELATS R AR 45 HP A3 401 PR 43 465 440 S5 25 B2 i 3 U E
EVE. PR, BEETEDEE T EXu et al,
2021; Yan et al., 2022a), o535 ARG R Y £ #E
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IR R G AT (Yan et al., 2022b). 1% AR
VIR i), AL 453 K P AR B e 5 L IR
BMES B IR DL = AR B S
#(Chen et al., 2021; Kong et al., 2022; Liu et al.,
2022a). HIFANAT A I LU M BR 1L 22 45 fb Bk ) [R]
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FAARAE, 0 an 9 = e 2 vl DU kR 0 o 55 0 5
B 7K R L 438 pH ) 58 AH 98 9% 2 (Duan et al., 2022a,
2022b), X T~ 5 G M fAR A ) H R A 2 AR A A A
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al., 2021; Zhang et al., 2021, 2023), 787> H 3 Fh
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5, AR5 F F S B TR R T R
SAEAR AN AR 2 OC B F (Cleland et al., 2007;
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RINBE RS (Xiong et al., 2020; Yang et al., 2020;
Gou et al., 2021; Cui et al., 2022). HTHEE L, 7
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fiti HP v B %N ) 02 25 R I, e R B R A
BB s TS AR IR B Ak HAERS (Lai et al,
2022a). DA, ARRA AR SR IR EOT K 2 2
PR AR s R o e b, B 247l B “rdacca.hp”
B BEATHEE 73 B A TF R SR BRI I 4 K 2 0N
NHIECR, B4 HAPR 51 (K4), RARBAH T
BT B EEN . Ah, % EEF]“rdaccahp”
A, J6 V2 A B 5 280N A Y 1) ARG B (S AR I,
B F F — B 1 “glmm.hp” B B 4 K A & CRAN
(https://cran.r-project.org/web/packages/glmm.hp) F
GitHub (https://github.com/laijiangshan/glmm.hp) (Lai
etal., 2022b), #t—L5EE TIX—TER R fE0] Tl
WHIARK, X —TTER 2OV ESIHE G 7 HT i
HETH.

it Rt RARL K FRAESRE G F B,

S 3k

Blanchet FG, Legendre P, Borcard D (2008). Forward selection
of explanatory variables. Ecology, 89, 2623-2632.

Borcard D, Legendre P (2002). All-scale spatial analysis of
ecological data by means of principal coordinates of
neighbour matrices. Ecological Modelling, 153, 51-68.

Borcard D, Legendre P, Drapeau P (1992). Partialling out the
spatial component of ecological variation. Ecology, 73,
1045-1055.

Burnhan KP, Anderson DR (2004). Model Selection and
Multimodel Inference: a Practical Information-theoretic
Approach. 2nd ed. Springer-Verlag, New York. 10.

Chen Q, Long CY, Chen JW, Cheng XL (2021). Differential
response of soil CO,, CHy, and N,O emissions to edaphic
properties and microbial attributes following afforestation
in central China. Global Change Biology, 27, 5657-5669.

Cheng M, Wang Y, Zhu JX, Pan Y (2022). Precipitation
dominates the relative contributions of climate factors to
grasslands spring phenology on the Tibetan Plateau.
Remote Sensing, 14, 517. DOI: 10.3390/rs14030517.

Chevan A, Sutherland M (1991). Hierarchical partitioning. The
American Statistician, 45, 90-96.

Cleland EE, Chuine I, Menzel A, Mooney HA, Schwartz MD
(2007). Shifting plant phenology in response to global
change. Trendsin Ecology & Evolution, 22, 357-365.

Cox Jr LA (1985). A new measure of attributable risk for public
health applications. Management Science, 31, 800-813.

Cui ZQ, Kang HL, Wang WL, Guo WZ, Guo MM, Chen ZX
(2022). Vegetation restoration restricts rill development on
dump slopes in coalfields. Science of the Total Environment,
820, 153203. DOIL: 10.1016/j.scitotenv.2022.153203.

www.plant-ecology.com

Duan YW, Sun Q, Werne JP, Hou JZ, Yang H, Wang Q,
Khormali F, Chen FH (2022a). The impact of precipitation
on the distributions of branched tetracthers in alkaline
soils. Organic Geochemistry, 169, 104410. DOI: 10.1016/
j.orggeochem.2022.104410.

Duan YW, Sun Q, Werne JP, Hou JZ, Yang H, Wang Q,
Khormali F, Xia DS, Chu GQ, Chen FH (2022b). General
Holocene warming trend in arid Central Asia indicated by
soil isoprenoid tetraethers. Global and Planetary Change,
215, 103879. DOI: 10.1016/j.gloplacha.2022.103879.

Gao J, Nunes RF, O’Shea K, Saylor GL, Bu LJ, Kang YG,
Duan XD, Dionysiou DD, Luo SL (2022). UV/sodium
percarbonate for bisphenol A treatment in water: impact of
water quality parameters on the formation of reactive
radicals. Water Research, 219, 118457. DOI: 10.1016/j.
watres.2022.118457.

Gao YX, Wang L, Hu XQ, Zhang ZL, Liu BG, Zhang XH,
Wang GX (2021).
rosette-type macrophyte Vallisneria natans juveniles to

Rapid adaptive responses of
varying water depths: the role of leaf trait plasticity.
Ecology and Evolution, 11, 14268-14281.

Genizi A (1993). Decomposition of R® in multiple regression
with correlated regressors. Satistica Snica, 3, 407-420.

Gou MM, Li L, Ouyang S, Wang N, La LM, Liu CF, Xiao WF
(2021). Identifying and analyzing ecosystem service
bundles and their socioecological drivers in the Three
Gorges Reservoir Area. Journal of Cleaner Production,
307, 127208. DOI: 10.1016/j.jclepro.2021.127208.

Graham MH (2003). Confronting multicollinearity in ecological
multiple regression. Ecology, 84, 2809-2815.

Gromping U (2007). Estimators of relative importance in linear
regression based on variance
American Statistician, 61, 139-147.

Guo X, Feng JJ, Shi Z, Zhou XS, Yuan MT, Tao XY, Hale L,
Yuan T, Wang JJ, Qin YJ, Zhou AF, Fu Y, Wu LY, He
ZL, van Nostrand JD, et al. (2018). Climate warming leads
to divergent
communities. Nature Climate Change, 8, 813-818.

Hooper DU, Adair EC, Cardinale BJ, Byrnes JEK, Hungate
BA, Matulich KL, Gonzalez A, Duffy JE, Gamfeldt L,
O’Connor MI (2012).
biodiversity loss as a major driver of ecosystem change.
Nature, 486, 105-108.

Hu LL, Shan K, Huang LC, Li YR, Zhao L, Zhou QC, Song LR
(2021).
cyanobacterial assemblages in a mesotrophic subtropical
plateau lake: a focus on bloom toxicity. Science of the
Total Environment, 777, 146052. DOIL 10.1016/j.
scitotenv.2021.146052.

Isbell F, Cowles J, Dee LE, Loreau M, Reich PB, Gonzalez A,
Hector A, Schmid B (2018). Quantifying effects of

biodiversity on ecosystem functioning across times and

decomposition. The

succession of grassland microbial

A global synthesis reveals

associated  with

Environmental  factors

©U 00000 Chinese Journal of Plant Ecology



X585 RIEF A “rdacca. hp” FEA S FHAR - IR H: Rl 5k 143

places. Ecology Letters, 21, 763-778.

Johnson JW, Lebreton JM (2004). History and use of relative
importance  indices in  organizational
Organizational Research Methods, 7, 238-257.

Ke B, Hu WH, Huang DM, Zhang J, Lin XT, Li CH, Jin XJ,
Chen J (2022). Three-dimensional building morphology

research.

impacts on PM, 5 distribution in urban landscape settings
in Zhejiang, China. Science of the Total Environment, 826,
154094. DOI: 10.1016/j.scitotenv.2022.154094.

Kong WB, Yao YF, Hou LC, Bao KQ, Zhang LQ, Wei XR
(2022). Effects of vegetation presence on soil net N
mineralization are independent of landscape position and
vegetation type in an eroding watershed. Agriculture,
Ecosystems & Environment, 325, 107743. DOI: 10.1016/j.
agee.2021.107743.

Kreft H, Jetz W (2007). Global patterns and determinants of
vascular plant diversity. Proceedings of the National
Academy of Sciences of the United States of America, 104,
5925-5930.

Kruskal W (1987). Relative importance by averaging over
orderings. The American Satistician, 41, 6-10.

Lai JS, Zou Y, Zhang JL, Peres-Neto PR (2022a). Generalizing
hierarchical and variation partitioning in multiple
regression and canonical analyses using the rdacca.hp R
package. Methods in Ecology and Evolution, 13, 782-788.

Lai JS, Zou Y, Zhang S, Zhang XG, Mao LF (2022b).
glmm.hp: an R package for computing individual effect of
predictors in generalized linear mixed models. Journal of
Plant Ecology, 15, 1302-1307.

Legendre P, Gallagher ED (2001). Ecologically meaningful
transformations for ordination of species data. Oecologia,
129, 271-280.

Legendre P, Legendre L (2012). Numerical Ecology. 3rd ed.
Elsevier, Amsterdam.

Li S, Yao Q, Liu JJ, Yu ZH, Li YS, Jin J, Liu XB, Wang GH
(2022). Liming mitigates the spread of antibiotic resistance
genes in an acid black soil. Science of the Total Environment,
817, 152971. DOI: 10.1016/j.scitotenv.2022.152971.

Lindeman RH, Merenda PF, Gold RZ (1980). Introduction to
Bivariate and Multivariate Analysis. Scott Foresman,
Glenview, USA.

Liu Y, Bing HJ, Wu YH, Zhu H, Tian X, Wang ZG, Chang RY
(2022a). Nitrogen addition promotes soil phosphorus
availability in the subalpine forest of eastern Tibetan
Plateau. Journal of Soils and Sediments, 22, 1-11.

Liu YZ, Shen HH, Ge G, Xing AJ, Tang ZY, Fang JY (2022b).
Classification and distribution of evergreen broad-leaved
forests in Jiangxi, East China. Journal of Plant Ecology,
rtac059. DOI: 10.1093/jpe/rtac059.

Mac Nally R, Walsh CJ (2004). Hierarchical partitioning
public-domain software. Biodiversity and Conservation,
13, 659-660.

Mei N, Zhang XZ, Wang XQ, Peng C, Gao HJ, Zhu P, Gu Y
(2021). Effects of 40 years applications of inorganic and
organic fertilization on soil bacterial community in a
maize agroecosystem in northeast China. European
Journal of Agronomy, 130, 126332. DOI: 10.1016/j.¢ja.
2021.126332.

Mood AM (1969). Macro-analysis of the American educational
system. Operations Research, 17, 770-784.

Newton RG, Spurrell DJ (1967). Examples of the use of
elements for clarifying regression analyses. Journal of the
Royal Satistical Society, 16, 165-172.

Peres-Neto PR, Legendre P, Dray S, Borcard D (2006).
Variation partitioning of species data matrices: estimation
and comparison of fractions. Ecology, 87, 2614-2625.

Rao QY, Su HJ, Ruan LW, Deng XW, Wang LT, Rao X, Liu
JR, Xia WL, Xu PK, Shen H, Chen J, Xie P (2021).
Stoichiometric and physiological mechanisms that link
hub traits of submerged macrophytes with ecosystem
structure and functioning. Water Research, 202, 117392.
DOI: 10.1016/j.watres.2021.117392.

Ren TT, He NP, Liu ZG, Li MX, Zhang JH, Li A, Wei CZ, Li
XT, Han XG (2021). Environmental filtering rather than
phylogeny determines plant leaf size in three floristically
distinctive plateaus. Ecological Indicators, 130, 108049.
DOI: 10.1016/j.ecolind.2021.108049.

Richardson AD, Keenan TF, Migliavacca M, Ryu Y, Sonnentag
O, Toomey M (2013). Climate change, phenology, and
phenological control of vegetation feedbacks to the climate
system. Agricultural and Forest Meteorology, 169,
156-173.

Smilauer P, Leps J (2014). Multivariate Analysis of Ecological
Data Using CANOCO 5. 2nd ed. Cambridge University
Press, Cambridge, USA.

Tao H, Song KS, Liu G, Wen ZD, Wang Q, Du YX, Lyu LL,
Du J, Shang YX (2021). Songhua River Basin’s improving
water quality since 2005 based on Landsat observation of
water clarity. Environmental Research, 199, 111299. DOIL:
10.1016/j.envres.2021.111299.

van der Plas F (2019). Biodiversity and ecosystem functioning
in naturally assembled communities. Biological Reviews of
the Cambridge Philosophical Society, 94, 1220-1245.

Wang F, Kong WD, Ji MK, Zhao K, Chen H, Yue LY, Dong
XB (2022a). Grazing greatly reduces the temporal stability
of soil cellulolytic fungal community in a steppe on the
Tibetan Plateau. Journal of Environmental Sciences, 121,
48-57.

Wang J, Liao LR, Wang GL, Liu HF, Wu Y, Liu GB, Zhang C
(2022b). N-induced root exudates mediate the rhizosphere
fungal assembly and affect species coexistence. Science of
the Total Environment, 804, 150148. DOI: 10.1016/].
scitotenv.2021.150148.

Wang J, Liao LR, Ye ZC, Liu HF, Zhang C, Zhang L, Liu GB,

DOI: 10.17521/cjpe.2022.0314

©U 00000 Chinese Journal of Plant Ecology



144 WA 2 Chinese Journal of Plant Ecology 2023, 47 (1): 134-144

Wang GL (2022c). Different bacterial co-occurrence
patterns and community assembly between rhizosphere
and bulk soils under N addition in the plant-soil system.
Plant and Soil, 471, 697-713.

Wang WJ, Wen J, Xiang WQ, Malabrigo Jr PL, Ren MX
(2022d). Soil bacterial and fungal communities respond
differently to Bombax ceiba (Malvaceae) during
reproductive stages of rice in a traditional agroforestry
system. Plant and Soil, 479, 543-558.

Wang Y, Yang XD, Ali A, Lv GH, Long YX, Wang YY, Ma
YG, Xu CC (2020). Flowering phenology shifts in
response to functional traits, growth form, and phylogeny
of woody species in a desert area. Frontiers in Plant
Science, 11, 536. DOI: 10.3389/fpls.2020.00536.

Xiao X, Xie GX, Yang ZH, He N, Yang D, Liu MD (2021).
Variation in abundance, diversity, and composition of nirK
and nirS containing denitrifying bacterial communities in a
red paddy soil as affected by combined organic-chemical
fertilization. Applied Soil Ecology, 166, 104001. DOI:
10.1016/j.aps0il.2021.104001.

Xie L, Chen SF, Feng YY, Li Y, Wang L, He LH, Huang LQ,
Wu J, Guo K, Ding H, Fang YM (2022). Mismatch
between specific and genetic diversity in an evergreen
broadleaf forest in southeast china: a study case of 10.24
ha forest dynamics plot of Huangshan. Frontiers in Plant
Science, 12, 706006. DOT: 10.3389/fpls.2021.706006.

Xiong QL, Luo XJ, Liang PH, Xiao Y, Xiao Q, Sun H, Pan
KW, Wang LX, Li LJ, Pang XY (2020). Fire from policy,
human  interventions, or  biophysical  factors?
Temporal-spatial patterns of forest fire in southwestern
China. Forest Ecology and Management, 474, 118381.
DOI: 10.1016/j.foreco.2020.118381.

Xu HD, Yu MK, Cheng XR (2021). Abundant fungal and rare
bacterial taxa jointly reveal soil nutrient cycling and
multifunctionality in uneven-aged mixed plantations.
Ecological Indicators, 129, 107932. DOI: 10.1016/j.
ecolind.2021.107932.

Yan BS, Duan MC, Wang RC, Li JJ, Wei FR, Chen JR, Wang

www.plant-ecology.com

J, Wu Y, Wang GL (2022a). Planted forests intensified
soil microbial metabolic nitrogen and phosphorus
limitation on the Loess Plateau, China. Catena, 211,
105982. DOI: 10.1016/j.catena.2021.105982.

Yan ZW, Wu L, Lv T, Tong C, Gao ZY, Liu Y, Xing B, Chao
CX, Li Y, Wang LG, Liu CH, Yu D (2022b). Response of
spatio-temporal changes in sediment phosphorus fractions
to vegetation restoration in the degraded river-lake
ecotone. Environmental Pollution, 308, 119650. DOI:
10.1016/j.envpol.2022.119650.

Yang SQ, Zhao WW, Pereira P (2020). Determinations of
environmental factors on interactive soil properties across
different land-use types on the Loess Plateau, China.
Science of the Total Environment, 738, 140270. DOI:
10.1016/j.scitotenv.2020.140270.

Zhai DL, Thaler P, Luo YQ, Xu JC (2021). The powdery
mildew disease of rubber (Oidium heveae) is jointly
controlled by the winter temperature and host phenology.
International Journal of Biometeorology, 65, 1707-1718.

Zhang B, Tang GL, Luo HL, Yin H, Zhang ZH, Xue J, Huang
CB, Lu Y, Shareef M, Gao XP, Zeng FJ (2021). Topsoil
nutrients drive leaf carbon and nitrogen concentrations of a
desert phreatophyte in habitats with different shallow
groundwater depths. Water, 13, 3093. DOIL: 10.3390/
w13213093.

Zhang Y, Zhang HC, Liu Q, Duan LZ, Zhou QC (2023). Total
nitrogen and community turnover determine phosphorus
use efficiency of phytoplankton along nutrient gradients in
plateau lakes. Journal of Environmental Sciences, 124,
699-711.

Zhao YF, Wang X, Jiang SL, Xiao JJ, Li J, Zhou XH, Liu HY,
Hao ZG, Wang KC (2022). Soil development mediates
precipitation control on plant productivity and diversity in
alpine grasslands. Geoderma, 412, 115721. DOL:
10.1016/j.geoderma.2022.115721.

WERE: EOM TuEmE: FREER

©U 00000 Chinese Journal of Plant Ecology





