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Abstract

Aims To understand the key processes driving the community assembly and diversity patterns in North China.
Methods We investigated species composition of 87 plots from 29 sites. We applied phylogenetic approach,
combined with community distribution information, to assess the community structure and diversity along envi-
ronmental gradients. We then performed a variance partition to explore the relative importance of each environ-
mental factor that influencing the patterns of community assembly and diversity process and a canonical corre-
spondence analysis to analyze reason of community distributions.

Important findings Similar communities showed similar habitat preferences, demonstrating that environments
may shape species composition of the communities. The phylogenetic diversity showed a uni-modal pattern with
the mean annual temperature (MAT), but increased with the mean annual precipitation (MAP), partly because of
the strong disturbance in high-MAT regions. Temperature dominated the phylogenetic structure of the broad-
leaved forests in North China. Environmental filtering dominate the community assembly processes in the areas
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with relatively low MAT. In addition, the effect of environment filtering increased with MAP.
Key words community assembly; phylogenetic diversity; hydrothermal condition; species composition
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Table 1 Information of study sites of broad-leaved forests in North China

(C. cordata) .
1.2 FIMAESE

2011-20154F, fE29FEHL BT HEVE M 2, A
FEMBAZAR AP TR AT B3 N30 m x 20 miBARMREE DT,
AT EZT ST« ICFAETT WIAE(DBH) = 3 ecmf
ARATEWIRIF A ZRE S5 R A, . thah, il
SR RIGAE . IR Y. AL, B s
HBEIAF o LI AEIF2344, 1F WKL
1.3 IMEHIE

B EF MR A O I b B R R A, AR RE T
ZLE R, 1E WorldClim & 2 (http://www.worldclim.
org)FHEHL TS5 km x 5 km P k&Ak B 1) HAth PR 53

B HEVE R b g T YR PR KR
Site Community type Site Mean elevation (m) MAT (C) MAP (mm)
JLQ ZEHRHR Quercus mongolica forest ALk Longhua, Hebei 1085 55 466
TWA AR Betula albosinensis forest T ALE S Zhuolu, Hebei 2302 —0.8 624
JFL JILZHHBRM Quercus wutaishanica forest L EF Fuping, Hebei 1550 44 513
JFE FEEAIA Carpinus turczaninowii forest [ JLEF Fuping, Hebei 1517 44 513
JLB F#Epk Betula platyphylla forest J[JLPkIE Laiyuan, Hebei 1819 7.1 491
JSC K B AEAR Betula utilis forest J[JLR# Lingshou, Hebei 1693 4.1 527
YWS 1AM Quercus variabilis forest V75 P #% Weihui, Henan 371 13.8 593
NGB HHEMk Betula platyphylla forest THE[H i Guyuan, Ningxia 2370 42 591
QFL LR Quercus wutaishanica forest %75 & B Fu Xian, Shaanxi 1166 9.4 527
LT™M JRERMR Quercus acutissima forest LI7RZ&% Tai’an, Shandong 516 10.1 833
LPS e B2 MMk Quercus variabilis forest IIZR*F & Pingyi, Shandong 557 12.3 805
SZL JLZBRM Quercus wutaishanica forest 117G 728 Zuoquan, Shanxi 1896 5.0 636
SCL LA MRAR Quercus wutaishanica forest 11 4% )1l Lingchuan, Shanxi 1093 9.0 703
SQA AR Betula albosinensis forest 107K Qinshui, Shanxi 2170 5.4 731
SLE FEEAIH Carpinus turczaninowii forest PEllEE Lin Xian, Shanxi 1038 8.3 595
SLS ¥R Quercus variabilis forest PG Lin Xian, Shanxi 1077 8.3 595
SQE KEE A Carpinus turczaninowii forest thP§I07K Qinshui, Shanxi 1344 9.2 635
SQB FHHEMK Betula platyphylla forest I PEI7K Qinshui, Shanxi 1638 7.7 673
SYS KB RRAR Quercus variabilis forest 1 EtE /N Yuanqu, Shanxi 872 11.1 584
SsI T-4Mitk Carpinus cordata forest 17 R4 Lingshi, Shanxi 1288 6.7 578
SIL ILZRHRM Quercus wutaishanica forest I PEAEH, Jiaocheng, Shanxi 1731 49 518
SQL T4 BRFK Quercus wutaishanica forest I PEI07K Qinshui, Shanxi 1140 9.8 623
YSS ¥R Quercus variabilis forest JFE B Song Xian, Henan 1099 9.4 778
YTR BiUGHARA Quercus aliena var. acuteserrata forest T FEGMA) Tongbai, Henan 817 12.9 1011
YXS ¥ 2 MMk Quercus variabilis forest WF{EPH Xinyang, Henan 155 15.4 1077
YGS ¥ MMk Quercus variabilis forest TG FEEY Wugang, Henan 132 14.8 784
YYM JRARAK Quercus acutissima forest g 3E S )E Zhumadian, Henan 124 14.8 840
YNR B AR Quercus aliena var. acuteserrata forest TGN £ Neixiang, Henan 1369 8.9 917
TIS ¥R Quercus variabilis forest KHH] B Ji Xian, Tianjin 193 10.1 590

MAT, mean annual temperature; MAP, mean annual precipitation.
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Fig. 1 Result of canonical correspondence analysis (CCA) of
species composition among plots of broad-leaved forests in
North China.
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Table 2 Result of variance decomposition of environment factors to mean
phylogenetic distance (MPD) of broad-leaved forests in North China

RS [KF Factor fRREFEE Explanation (%)

W Slope 32003
i) Aspect 15.643 7
AESFE)RUR MAT 48.043 8
F PR RZE MMTD 16.433 6
EEKE MAP 15.065 3
FeKZ=1 AR SvP 1.6132

MAP, mean annual precipitation; MAT, mean annual temperature; MMTD,
mean month temperature difference; SVP, seasonal variation of precipitation.
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Fig. 2 Pattern of the relationship between phylogenetic struc-
ture and mean annual temperature (MAT) of broad-leaved for-
ests in North China. NRI, net relatedness index; NTI, nearest
taxon index. The dotted line on 0 represented null expectation
of phylogenetic structure.
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Fig. 3 Pattern of the relationship between phylogenetic struc-
ture and mean annual precipitation (MAP) of broad-leaved for-
ests in North China. The dotted line on 0 represented null
expectation of phylogenetic structure.
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Fig. 4 Pattern of the relationship between phylogenetic diver-
sity (Faith’s PD) and mean annual temperature (MAT). Solid
circles represent the value of Faith’s PD. The solid curve repre-
sent regression curve of phylogenetic diversity.
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Fig. 5 Pattern of the relationship between phylogenetic diver-
sity (Faith’s PD) and mean annual precipitation (MAP). Solid
circles represent the value of Faith’s PD. The solid line repre-
sent regression curve of phylogenetic diversity.
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PRt g4k AN 4 P R s T i SRR HB I IMAT . A
WEFE R I, 38 AL X 35k Py R R V8 1S RO R AR
TR B FEMAT, HIE5MMTDA 5(3£2). Xt
NRI.NTI J2PD 5 MATH) &2 05 3] )5 25 AL UE R 1
X— (B2, El4). R4, ik 2AENE I A RER
2), MMM EFIEESFHHERARETFNERZ
—o DRI, AR 5 e A b DX I AR R A R
REBERRK. BRILZAN, KA H FIMAP)
WAERRFEE 2w 5 B A 2 1T AR (3R 2) -
33 AEAEXE A MRBEE KRB S LB IR
(G

Bl KA B AT R VA AL I AL AR 5
b, BRI, B RERISEE TR R B KA
FERE AR R IE . Tk S A S
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FRETIAE 7KK R, FIAH T 5 ix Lt
FUCRL. BN, Kt R, milERGERE
BARMIRSE, BT RS, WA BRI AT )X
W EZ RS IR E R, TR R (RS B
i PRI P82 ) DX 3 mT DA SR B H A 5 S B O A
FH(Hulshof et al., 2013; Mori et al., 2013; Pottier et
al., 2013; Xu et al., 2017); i i 4 FF (R RE BRI
RS D B R ) DX 38 1) 4 A A 2R 12 4 SR AR 1Y)
(Hodkinson et al., 2003). 2R, A 50745 H
TAR—F L, Fltn, Zhang®5(2013) KM, T
L ) PR R VR A A U S I R AR R &= 6K,
T e e 25 (2014) R B, 22 22 1 T FA 25 P BE VR 1)
i 2 A R m R X T ik, BRI R
7K 43 BT P A AR 1 IX 35k I oK 52 30 3 B0 gk )
EH .

KT, FEMATHEE b, B I R 451
BT SR AR L 1 B AL, 2 BH 52 B PRI B A F Bl
MAT [FI38 I B AG . IX BEH, R S4Edk
X 358, A il A1 X 7 A S o AR 1 32 B AR SR R
To EXEEHX, HTMATRAK, AR LE, ™
it (1 A 358 BB 7 128 HE & BOZ AR 26 A AT, NI
IV JEAEA . ERERENZ, EMATE S
(b I, A ) T B AL A A A — 8 &
PR P MR S 80, TR S 2 MR EE
s AR & N 45 B (Mayfield & Levine, 2010; 5
%, 2014),

SR, FEMAPESEE -, NRIFINTIFTE B H )42
WA, X 507 A3 H FINRIS NTIER B U4
FF(Swenson €t al., 2007), (HL U T —FHH&EHTE
FEI IR BEA — 2K, A B3 ) 34T B 72 (Tucker
etal., 2017). H TNRIPHBUE I AR IL B 5 FHAH B
F 2 F1KF, NRIZEMAPESE b IR R H B &
A Ak %A T NI U BE MAP 38 i 2 B0 HH S8 4E 1)
s, RZ R T IAELIEMEH . — &S, MAP
Bom X, AR, SR, HlRe AR
MR . BEAET TSI 5, MAPS &1 1 J LA FEHb AL
TR IR EE IR BRI (R ), TR
B IX A A T M A8 (Xu et al., 2018),
AT UK LEFE Hb Py [R5 25 45 22 (Lessard et al.,
2009), fHHFEZ BRI IERIER
34 At XIFAM B RIE R S MRKIAIEE

TEAREF A, R 2 PR KB FRILH
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TA—BIER . — TS, TEREME -, BEERE
Ji T HGE) ETE, SRR RN T
X (Qiao et al., 2015). SR, AHFTHIE R LR
B ATEIEMAT =~ 10 CHIIX IR, 2 564 MAT
BTt 3R LR R BT S, SR
F1, AFFFRAFMAT > 10 CHIREHL P RS TS — 151
AN AR X IR B TR SRR, T2 /T I &Kk
DL, Bl ) TAR BRI (AT, RIS R I 2 AR
JKFZ W 4% (Chai et al., 2016), Fit, 28X K
MATH s X 22 ARV K 1R B A AT B e A RE . 7E
KB, R L REEREMAPTE, R IR LIX
s, KA T BUREVE PN 2 R I K AR Ak )
K

4 #Eip

AW FIE T IAETRAE LR . 3 R L5
W R BRI, BRI T AL X S B A T
BT R e R BT B TR R R . B A R,
FEABAIR) A 35 2% 440 1T LU AR BV . MAT 5 MAP
BRI X A S R F B R T TEK
BEE LR B, TEARACIX N, A Bt AR
AMEVREER R FZEIRG R LAk, MATAH
MAPY e sz At X IR BEVA 1S R 2. (EIRE
BEEE FEET R 1% RIEATREVA A A Z AR AR
T, A BT A6 DX S e VR0 TARE & 32
BEER IR AR o

BUff RADLRMERFRG T, % HE. £
B, AL, &b X FHE. g, ZMiE, L
KEHY. L. G A%, RRFA). ZAP.
AR, IHe. ABRAR. BE. TH. ERL. A E.
Xk, WA KRFIRIE, ME. eiE. kit
& 7348, FERERZ . PR, KARK,
EAFRADHARIEERZL, 2k g, REW. £
WE, TR FALEH., FRE. TR, KT
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LR T4 )@ E

Species Latin name Family

EALL Styrax hemsleyanus 2z BE&F} Styracaceae
SR Styrax japonicus

JRAR Alangium plataaifoliam J\ AR} Alangiaceae
AT 35 2 Smilax scobinicaulis H4R Liliaceae

LEI Smilax stans

FEA TR 51 Smilax discotis

LU e Platycladus orientalis %} Cupressaceae
(35 Mallotus apelta Kig#} Euphorbiaceae
#ILEk Leptopus chinenais

S Fia Sophora davidii @A Leguminosae
TR Robinia pseudoacacia

EZia s Lespedeza floribunda

BLFAH Campylotropis macrocarpa

AW Albizia julibrissin

pAwE iV EYIN Caragana rosea

BT Lespedeza bicolor

R Dalbergia hupeana

R RCT Lespedeza buergeri

EW AT Lespedeza formosa

1A Albizia kalkora

YIRE BT Lespedeza virgata

K- AT Lespedeza caraganae

JaR:E] Rhododendron simsii FESTERL Ericaceae
pUIEAW iz ] Rhododendron mucronulatum

M A Rhododendron micranthum

J A Grewia biloba BAAEL Tiliaceae
i) Tilia tuan

et Tilia mongolica

NAE R AEAT Grewia biloba var. parviflora

NI R Tilia mongolica

TRk Juglans regia HABkEL Juglandaceae

2Bk Juglans mandshurica
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Species Latin name Family

AR Platycarya strobilacea

4y Elaeagnus umbellata BT} laeagnaceae
Wik Hippophae rhamnoides

NG EiES Hydrangea gracilis JRHEER} Saxifragaceae
FAEET Ribes mandshuricum

RIEFER Hydrangea bretschneideri

P I B Deutzia hamata

SR Ribes himalense var. verruculosum

LLiHEAE, Philadelphus incanus

KTAE Philadelphus pekinensis

NREET Ribes vilmorinii

AN B Deutzia crassifolia var. pauciflora

[SPi' Betula platyphylla HeA Bl Betulaceae

Tt e Mg Betula utilis

FSEA Carpinus turczaninowii

AR Betula albosinensis

B Corylus mandshurica

Tk Carpinus cordata

% Corylus heterophylla

RS A Fortunearia sinensis 4 25H5FL Hamamelidaceae
Hm s Pertya sinensis %%} Composieae
e iR Myripnois dioica

SE7S Quercus fabri ¢} Bl Fagaceae

TS Castanea mollissima

FHRRFEAR Quercus serrata var. brevipetiolata

Hithk Quercus aliena

iiz] Quercus dentata

TR Quercus wutaishanica

JERBR Quercus acutissima

B AR Quercus aliena var. acuteserrata

e B AR Quercus variabilis

Rk Ailanthus altissima HiAK} Simaroubaceae
M Melia azedarach BEL Meliaceae

KA Periploca sepium HEERL Asclepiadaceae
% Vitex negundo var. heterophylla LEFERRL Verbenaceae
LA Bk 2k 5% Clematis argentilucida FE A} Ranunculaceae
EZ i N Magnolia multiflora A&} Magnoliaceae
SL Fraxinus chinensis KEF} Oleaceae
YT HE Syringa reticulata var. amurensis

I THE Syringa pekinensis

T Syringa oblata

peaiiiny| Fraxinus rhynchophylla
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Uzl Forsythia suspensa

ETH Syringa tomentella

NG =T Fraxinus bungeana

HEH I A % Ampelopsis humulifolia Hi%®} Vitaceae
B I 2 Ampelopsis delavayana

TOEA Pistacia chinensis AL Anacardiaceae
T Cotinus coggygria

tES Toxicodendron vernicifluum

HEM Rhus potaninii

kA Rhus chinensis

AR Acer ginnala subsp. ginnala MR Aceraceae
B Acer grosseri var. grosseri

X TR Acer palmatum var. palmatum

H R Acer davidii

FARHR Acer mono

EHERY Acer stenolobum

B Acer leptophyllum

TC M Acer truncatum

NAEH Serissa japonica PR} Rubiaceae
AR Emmenopterys henryi

S[LYisE Exochorda racemosa 7kl Rosaceae
ST Rubus innominatus

JbHTAERK Sorbus discolor

4= Padus racemosa

HilF Rosa roxburghii

T Pyrus calleryana

el Pyrus betulaefolia

HEF Rubus idaeus

HR L& Crataegus kansuensis

i) Rubus lambertianus

T P S Malus honanensis

(GRS Pyrus phaeocarpa

WG LA Crataegus hupehensis

TEMK Sorbus pohuashanensis

LSS o] Spiraea fritschiana var. angulata

ek Crataegus wilsonii

BB Rosa xanthina

KT Cotoneaster acutifolius var. villosulus

o Cerasus glandulosa

EBMFELA Spiraea mollifolia

EXi2 Rubus parvifolius

e

2 T Rosa bella

e
B
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Species Latin name Family
ARFH Pyrus xerophila

LS Rubus crataegifolius

=R Spiraea trilobata

Lh3R¥ Malus baccata

IiE:2 Rubus corchorifolius

LLikk Amygdalus davidiana

IR Armeniaca sibirica

1L Crataegus pinnatifida

KM Cotoneaster submultiflorus

TS Spiraea pubescens

FEH B Cerasus stipulacea

(eSS Cerasus clarofolia

FE 12 Cerasus dielsiana

i [r R Cotoneaster zabelii

BA Armeniaca sibirica

Rosa multiflora var. multiflora

¥
B
=

B 1L Crataegus cuneata

LSRN Stephanandra chinensis
R Potentilla glabra

i Cerasus japonica

KRR Cerasus claviculata
e Lonicera elisae

ZIEEFEES Lonicera hispida

Rk Viburnum melanocarpum
M3 Viburnum betulifolium

X S S K Viburnum opulus var. calvescens
A Sambucus williamsii
KRS Lonicera chrysantha
SRAA Lonicera maackii

W R A4 Lonicera caerulea var. edulis
NIEA Abelia biflora

EqE 3 Viburnum mongolicum
AL Lonicera tragophylla

D& Lonicera japonica

e 75 5% Viburnum schensianum
AR A Lonicera tangutica
nEA% Lonicera Kungana

R R Lonicera fragrantissima subsp. standishii
T % Lonicera fargesii

pickiid Cephalotaxus sinensis

AR) Broussonetia papyifera

23 Morus cathayana

ZAF} Caprifoliaceae

=428} Cephalotaxaceae

ZFl Moraceae
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Species Latin name Family

PLE] Morus australis

£ Morus mongolica

B Morus alba

SEic) Symplocos paniculata I ALEE Symplocaceae
Loy Swida hemsleyi thZEBE A} Cornaceae
EARITZN Swida alba

BRA Swida macrophpla

Btk Swida walteri

Y HTE Dendrobenthamia japonica var. chinensis

Wik Swida bretschneideri

it Diospyros lotus Hitf A&l Ebenaceae
i Diospyros oleifera

KRR Rhamnus utilis RZ=%} Rhamnaceae
o R4 Rhamnus dumetorum

R4 Rhamnus davurica

P& Ziziphus jujuba var. spinosa

ANt R 2R Rhamnus parvifolia

SN Pinus bungeana ¥A%l Pinaceae

IRFA Pinus densiflora

BAK Abies nephrolepis

SN Pinus thunbergii

HebvE R Larix principisrupprechtii

LETIRN Pinus armandi

SR Pinus massoniana

GEL Picea wilsonii

bHES Pinus tabulaeformis var. mukdensis

WO Euonymus macropterus TF %l Celastraceae
e Celastrus orbiculatus

e T Euonymus phellomanus

Ty Euonymus alatus

iy Koelreuteria paniculata JoE-FF Sapindaceae
KA Firmiana platanifolia FEHA A}l Sterculiaceae
H ik Kalopanax septemlobus TnEl Araliaceae
HPA Berberis amurensis /NEERL Berberidaceae
YIS AE A Salix sinica var. dentata

gt Salix caprea

ZUH Salix alfredi

LD Salix pseudotangii

[iiy7; Populus davidiana

KI A Ulmus macrocarpa K%l Ulmaceae
KR Celtis koraiensis

TR

Celiis labilis
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Species Latin name Family

i Ulmus glaucescens

b Celtis sinensis

It K A Ulmus lamellosa

NRAR Celtis cerasifera

AND Wi Celtis bungeana

Lig) Ulmus pumila

g Evodia daniellii &Pl Rutaceae
RIEBL Evodia rutaecarpa

WA Zanthoxylum simulans

e Lindera fruticosa var. fruticosa Fik} Lauraceae
=2 Lindera obtusiloba

LA Lindera glauca

FRA Trachycarpus fortunei

IEAEFPalmae
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IR e BRMBE TR AE TS B MR B 5B R 34T (CCA)ER
Supplement 11 The result of canonical correspondence analysis (CCA) of environment factors of forest
community in North China
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The length of the arrows represents the degree of explanation of the factor to the canonical axis, and the angle
between the arrows represents the correlation among the factors. Aspect, aspect of plot; MAP, annual average
precipitation; MAT, annual average temperature; MMTD, monthly mean temperature difference; Slope, slope of

plot; SVP, seasonal precipitation variation.





