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Abstract

Aims Shrublands are widely distributed in the North China. Understanding species composition and community
assembly of the shrublands has important implications for promoting vegetation restoration in this area. Commu-
nity phylogenetic structure can reflect community assembly process. In the present study, we explored the distri-
bution patterns, species composition and phylogenetic structure of major shrubland types from North China, and
then analyzed the effects of temperature and precipitation on these patterns with the help of the WorldClim dataset.

Methods A total 2 331 plots were setup to survey species composition and phylogenetic structure of major
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shrubland types in North China. A multiple stepwise regression was used to determine the effects of climatic fac-
tors on community phylogenetic structure, and a generalize linear model was used to test the interaction of envi-
ronmental factors and formation types or vegetation types.

Important findings A total of 570 woody species belonging to 207 genera from 75 families, together with 1 221
herb species belonging to 491 genera from 99 families were recorded during the investigation. Five vegetation
types and 195 formation types were identified, and the major formation types were Ostryopsis davidiana forma-
tion, Vitex negundo var. heterophylla, Vitex negundo var. heterophylla + Hippophae rhamnoides and Hippophae
rhamnoides formation. The species richness of herb layer was higher than that of shrub layer. The phylogenetic
structure was over-dispersed for herb layer and was convergent for shrub layer. The phylogenetic structure dif-
fered remarkable among different vegetation types. The phylogenetic structures of both shrub and herb layers
were significantly correlated with climatic factors, and the interaction of climate factors and vegetation types or
formation types as well. Our results indicates that large scale variation of climatic factors regulate community
phylogenetic structure of different layers in shrub community, and the effects depend on vegetation types and
formation types.

Key words North China; shrubland; phylogenetic structure; community assembly; environmental filtering
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Fig. 1 Distribution of survey plots for shrubland in North China.
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Table 1 Environmental variables used in the study of major shrublands in North China

it Code ISR F Environmental variables 455 Abbreviation
Biol 4EF#5 0 Annual mean air temperature AMT
Bio2 A A B AR S R R ZE AT 14 Mean diurnal air temperature range MDTR
Bio3 M Isothermality ISO
Bio4 ZHMHSIRAE R Air temperature seasonality TS

Bio5 A 1R IR Max temperature of the warmest month MTWM
Bio6 A A AR IE Min temperature of the coldest month MTCM
Bio7 SIRMAER 7 Temperature annual range TAR
Bio8 B ZEE KSR Mean temperature of the wettest quarter MTWEQ
Bio9 T2 1SR Mean temperature of the driest quarter MTDQ
Biol0 B [ 745U Mean temperature of the warmest quarter MTWAQ
Bioll A ZEE 1°F SR Mean temperature of the coldest quarter MTCQ
Biol2 F[FKE Annual precipitation AP
Biol3 i A B4 K E Precipitation of the wettest month PWM
Biol4 T HIF[% /K& Precipitation of the driest month PDM
Biol5 [ /K Z=95 A2 4L Precipitation seasonality PS

Biol6 IR ZEE %K R Precipitation of the wettest quarter PWEQ
Biol7 T2 R KE Precipitation of the driest quarter PDQ
Biol8 BT KE Precipitation of the warmest quarter PWAQ
Biol9 BAZEE %K & Precipitation of the coldest quarter PCQ

Alt R Altitude Alt
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Fig. 2 Major vegetation types (A) and formation types (B) of shrubland in North China. Vegetation types: a, bamboo thickets; b,
deciduous thickets; ¢, desert thickets; d, evergreen needle-leaved thickets; e, evergreen leather-leaved thickets. Formation types: 1,
Ostryopsis davidiana shrub; 2, Vitex negundo var. heterophylla shrub; 3, Vitex negundo var. heterophylla + Zizphus jujube shrub; 4,
Hippophae rhamnoides shrub; 5, Armeniaca sibirica shrub; 6, Rosa xanthine shrub; 7, Spiraea salicifolia shrub; 8, Caragana sinica
shrub; 9, Caragana korshinskii shrub; 10, Ziziphus jujube shrub; 11, Reaumuria soongarica shrub; 12, Tamarix chinensis shrub; 13,
Gleditsia microphylla shrub; 14, Sophora davidii shrub; 15, Rosa hugonis shrub.
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Fig. 3 Distribution of major vegetation types of shrubland in
North China. BEJ, Beijing; TIJ, Tianjin; HEB, Hebei; HEN,
Henan; SHX, Shaanxi; SAX, Shanxi; SHD, Shandong; NIX,
Ningxia; NMG, Nei Mongol; GSU, Gansu.

£ %X Number of plots

2 AL X I ZE N TR 10/ R

Table 2 Top ten families with the most species of major shrubland in North China

0.68-2 [A], 35 A I 2 i 25 Z= A5 2 (NRI 48 00 {E 35 /N T
1.96). AFEMEHEMEENIRGR B WA 2=
S, AR R ZE S RRIEREARZ . 779 R 4%t
HEN ) RGUR B S5 IR B HR, 0 #E T2
RGK B SR BRI R (EI5B).
23 SEREFIHEMRG L B EHREN

B RA R BN, BEETXHEN RS K
B S5 A B IR, HX AR Z 1R 0
TARZEIR (RS BEAEKSRKAZERARKE
SER B IIARRE 1N 18%, WEARIZ ARG KB G
RRERERE I N5% o BN W e . AE
IREK R e P YR B A e 22 TR B K
BRMMERZERRKE &0 FEE SRR T(£R4).
588 7R P )~ 4 U B RN B AR B 1) PR K B E A J2
[RGB S5 K (5 R TE RN, T e AR H ) e v
TS R iR 2 FE [ PR BT HEARJZE R G R B G5 HI
SN GURN . ZETIEIR AR TR 1T

5 KA Woody species EEARHEY) Herbaceous species
Rank A4 Family YIFEL No. of species ~ £l44 Family PFEL No. of species
1 Rl Rosaceae 101 %%l Asteraceae 219
2 I Fl Fabaceae 62 AAEL Poaceae 138
3 HAFL Caprifoliaceae 24 EF} Fabaceae 101
4 fRZ=%} Rhamnaceae 23 EEF} Ranunculaceae 60
5 KEF} Oleaceae 20 JETER} Lamiaceae 55
6 BMi&} Salicaceae 17 % #} Rosaceae 48
7 ¢} Bl Fagaceae 16 TRl Amaranthaceae 40
8 L%} Celastraceae 14 WJEFL Apiaceae 37
9 fiFl Ulmaceae 12 +4¢%l Brassicaceae 27
10 /NEERL Berberidaceae 11 FEL Polygonaceae 26
Hit Total 300 &1t Total 751

3 AL X I T AT Th DR T 10 1 e

Table 3 Top ten species with the most frequency of major shrubland in North China

R ARAMEY Woody species WEAIEY) Herbaceous species
Rank 40 Species AAXIHHE Relative frequency F44 Species HHXTARE Relative frequency
1 4% Vitex negundo var. heterophylla 9.53 H3EE Artemisia sacrorum 2.35
2 % Ziziphus jujuba var. spinosa 476 KHAHEE Carex lanceolata 2.24
3 JR#ET Ostryopsis davidiana 3.98 JREE Setariaviridis 1.74
4 114 Armeniaca sibirica 3.12 JLxFaT 5 Cleistogenes hancei 1.52
5 +H 45483 Spiraea pubescens 2.78 ZWE3% Potentilla chinensis 1.52
6 VWi Hippophae rhamnoides 2.76 /N4 %) Dendranthema chanetii 1.45
7 =G Diraeatrilobata 2.71 R /R 244 {4 Heteropappus altaicus 1.37
8 HEHIE Rosa xanthina 2.50 #§ % Rubia cordifolia 1.31
9 BT Lespedeza bicolor 2.16 11 Artemisia brachyloba 1.31
10 4% Spiraea salicifolia 1.83 7% Deyeuxia arundinacea 1.29
A1t Total 36.13 A1t Total 16.10

www.plant-ecology.com

©U 00000 Chinese Journal of Plant Ecology



SOKARSE: b X 3 EE AR RN AL R SR B S MREIE 799

A 20 B 20t
(] #A)Z Shrub layer
B FAJZ Herb layer

A
A
A
| A
a
a

L bc a be

a

c

0
b c d e

HAR AR a
Herb layer  Shrub layer TSR] Vegetation type

B4 b X NEARZEBR R M ECPERER ). A, ITABE AR ZAEARZ P B A2 5 .
B, [{—SitZ A FEHI B 25 . Ui BT Em 25, R 2o i A R 2 WK 2R . HE L7
AR RARFAR RLAL (B AE 5% KA R ENEZE T . a, TTHEA; b, EHHEMN; ¢, MEMNTREL d, WERETHREN; e, o am
NS

Fig. 4 Species richness of shrub species and herb species of shrubland in North China (mean + SE). A, Differences of species rich-
ness between herb and shrub species for all communities. B, Differences among vegetation types. Differences between herb and shrub
species for all communities was texted by t test and differences among vegetation types were tested using a one-way ANOVA with a
Tukey post hoc test of significance. Significance different at p < 0.05 was indicated by different letters. a, bamboo thickets; b, de-
ciduous thickets; c, desert thickets; d, evergreen needle-leaved thickets; e, evergreen leather-leaved thickets.
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Fig. 5 Net relatedness index (NRI) of shrub species and herb species of shrubland in North China (mean + SE). A, Differences of
species richness between herb and shrub species for all communities. B, Differences among vegetation types. Differences between
herb and shrub species for all communities was texted by t test and differences among vegetation types were tested using a one-way
ANOVA with a Tukey post hoc test of significance. Significance different at p < 0.05 was indicated by different letters. * indicates
that the mean of NRI was different with zero. a, bamboo thickets; b, deciduous thickets; c, desert thickets; d, evergreen needle-leaved
thickets; e, evergreen leather-leaved thickets.

IR T H KBRS ERZDMRRLELS TR FERE R L RGK B S
AR T, H=F RN IERR(R4). Wi o G5 SR AR, AR A R SR IR A

A RTZ A (81 VA 07 16 B0 PABE IR 7 0 U AN VR, SRR R 3 A R AR R AN AS [ e R 2R
R ORERRAA M — MR, A AR RGUR B AR AFI(GRS, K6).
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R IABEE T X ARG X TRV REA 2 AT A JZ AN 1 AR SR AR AR HU(NRD IS ]

Table 4 Effects of environmental factors on net relatedness index (NRI) of shrub layer and herb layer species of shrubland in North China

)P R p SEASNT ffxﬂﬁ@éﬂ%iﬂl . i D
Structural layer Significant environmental factors Beta regression coefficient
AR 0.18 <0.05 MTWEQ 6.81 7.91 <0.01
Shrub layer PWEQ 5.08 5.16 <0.01
MDTR 2.39 2.19 0.03
MTCQ 1.74 2.73 0.01
Alt 0.22 2.44 0.01
ISO —-0.89 -2.71 0.01
PWAQ —5.45 —4.64 <0.01
MTWM -9.54 -8.32 <0.01
BHAR 0.05 <0.05 TS 0.12 2.46 0.01
Herb layer MTWEQ 0.12 2.56 0.01
PDM 0.12 2.84 <0.01
PS 0.08 2.39 0.02
HERFRZEL.

See Table 1 for environmental factors.

S5 AL R R (V) FEREE PR 70 44 i 2R SR 2000 RIB RN A2 B
(=

Table 5 Interactions of environmental factors and vegetation types on NRI
in North China

A HAEM WEA Shrub
df. F p

MDTR x VT 4 39.15 <0.01
ISO x VT 4 36.33 <0.01
MTWM x VT 4 35.02 <0.01
MTWEQ x VT 4 36.63 <0.01
MTCQ x VT 4 42.16 <0.01
PWEQ x VT 4 28.76 <0.01
PWAQ x VT 4 28.70 <0.01
Altx VT 4 39.59 <0.01
TS x VT 4 5.69 <0.01
MTWEQ x VT 4 4.33 <0.01
PDM x VT 4 1.86 <0.01
PS x VT 4 12.6 <0.01
TR T REL.

See Table 1 for environmental factors.
3 g
3.1 AEEEME S TR R ATNLE AL

HEAbHBIX O« MU RE A, o B R T E AL
M AT BEE T 2 hil . ARWFARM, LI X 5 R
INBERRREE, BAEME AL 50 A0 R0 B 2 1
PR AL TEMHEMNCZIX ) R B R, TR
XS5 A, BE R RRAREZ . FILHIX 5
fid) WIENTE RA PR HEN . FRISRHE AL ik
VEM, HIXECRE MNP e BB, 73alh
612—1 965, 70—1 497411 9072 645 m, & HiX Ly
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Table 6 Interactions of environmental factors and formation types on NRI
in North China

ZHAEH WK Shrub
df. F p

MDTR x FT 194 4.15 <0.01
ISO x FT 194 4.12 <0.01
MTWM x FT 194 4.12 <0.01
MTWEQ x FT 194 4.09 <0.01
MTCQ x FT 194 4.02 <0.01
PWEQ x FT 194 3.95 <0.01
PWAQ x FT 194 3.94 <0.01
Alt x FT 194 4.17 <0.01
TS x FT 194 2.60 <0.01
MTWEQ x FT 194 2.54 <0.01
PDM x FT 194 2.33 <0.01
PS x FT 194 2.63 <0.01
WHHTFREKL.

See Table 1 for environmental factors.

DA PSR B st I FSE R 7K 20 5 A A 0 5 PR 3 N

W R RE MR ED, F BT
DA B 76 5 i ) sy Ly b g MY oy Ly My, 32 SR
A 415 #E%(Rhododendron clementinae) i M . I 4T
1B (Rhododendron mucronulatumy# A F1 Sk 46 4 7Y
(Rhododendron capitatum)iE M . 52 I FH %K 5
i, EMSRIREE AT NS S W, T8
SEdh, 32 BRAIA U (Artemisia ordosica) el .
JTUR (Kalidium foliatum) i . 2 Bk A% 6 ¢ (Salsola
passerina) it w25 .
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YR R W S5 R R, AR YRR
TR . AR L TR BN E, 47101
ot ST SRR A 2 X REVE YA AL )
AL, AER] TR RO LUIR AR O S AR AR

(AR, 1991)0 CATBFFUAT 7 57 38 (2L 02 2 25,

2003). PHIR(ATALRAE, 19840l =g (1L &, 2001)
S PRORHE P X R s I B A, UERH T
TRME Y E AT o 0 & M VA R B A2
PRI 5 3 B 3 BRI A TR HE M BEVR PP 28 b
ML AL, QA PN SRS, 2016), =R
A A P SRR AR (R AR ZE, 2018), HifEm
FEVEN (MR AT 2, 2018). b HE X HE M FEVE 1)
A LA R RNR AL P = & FE B e, IX R
P A b [X JHE DAV 0 ol 2 2 AT P 45 SR 17D (B
FEIGES 2013; HISOMEZE, 2016; XI4E, 2018; W17
&, 2018). fEAEALHLIX SR LB EEYE 2, X
ANl DX PRI T AR R R (RMET4E, 1985).
MR AR o, 5%, BREMPEHRTFER
AL H X T oA, 2db7 TR XY, 2B
Ik VRE N 2 AR SRR B 2, R b 12 XA X AT
FE e M REAR YA . R ORI B SR R
S 2B N AR E I AR AR AR R, R
TE LA ) AT B o
32 HIEMNEEAREEEWENREALE
£E

BETASMER, EBTIpEM ST S HE 72
FEVE AR TR . Byl LA i W
R AL BEIE, (ESPFR R I RGK B A XS
R, AR WRA R P 4 [F— B2 8, £
BYFHI RG K E SR R B RS, 2011).
AL B RRY, At X AFFEHEAR
JEFERZE M RGRE &5 M35 A B AL E
Bl X UCIIE X IR B b, ENBEE IR R SR
B 45 #4222 AR B F (o R 1) «
HH P S R TR R AR B VA AL A R A RN Sl —
TG TR AR B A 2 BEIE RS0 G 456 I i 25
FHIFGRE KZE, 2017). XATAE SEAEMIKE S
RO, JLy AR Jy i, PR BOR I 23 K
P (Donoghue, 2008). F4h, seFHEF SEELE
VER M E-PEBRELRE S S R AR B 4 BEHL
15 (Helmus et al., 2007).

EAR AN REHE T I R o B 2 5 A AR (1 1

REH, ANRITEFERZ AR RS K E ML
RMEARZRIARGK BRI, 3N
(T HEA JZ RO R AR JZAT SR A TR B AE VA AL e o 460
B, A R AR R 55 A5 1 E I AR AR R
R A 2 ) Bk A Ik R A X O )
(Kembel & Hubbell, 2006). CHMFFTE, #Haik
MR AR Y0 SRR F 8 B I 4E A tRoE
PETTER, W0 H i A I AR R R (it .
e, OGRS RE, FEAZ AR AT AL K
J A A oy A o R I AR, 528 A0 B A g HL
(Murphy et al., 2016), i HIXFAF A B T4
LA FERE R . ARFTE R, AR REIE N E 2
PREAFPFI RN, XL ) AT B2 KRS
15 LIRS, By DA S0 A FH A
LI T EARMF REKEIRENS . Mk, B
A JZ A LE AN 2 A AN L S i i), 1852 b
JEREARDY P, I PR R AH ELAE SR AR
(17, E RN B AR 2 ) b 2L A ) 5 ) T i 5 T R E
KEVFHBIIFEW . 5o, EREFENYFE
B T RS, XA 5 WA M A R —
TOURI TR, AT SZIaHEVE IR R SR 40 &
XL R R A AT e R A YR RS E ER )
R

ANFIEARLRE N R G R B SR A [F] AR B
TEREA)Z, FLXFPAN R 3 2 ol A P 1 A A R 1 A
RGREWALERR . F SR e FE AT HE N I HEAR
JERINAFRGR B G50 REL, T AR RN
RGRBEEMMNCI . VT RENRE I HEN I R4 K
B R HGE BT @R — SO AR AR AR MRS
W, XY R — AR R O R, Rt
SEBEANMERE R E S B HG
33 SEEFHELEMAFERZLABEHDN
AL

KRE EIRELE 7 X & RG0K B 451 15200
CUBE R BRI FUAE S, Qi fy A0 By AR AR Bl T Bk AN
FEHR AN [E] T R I T A R AR A ML, FAat
ARAREE VA A e R b 4 PR ) DR, T AR iR AT AR
PRIIEEVE AL O AR TP A BRI 8 IR (Myers et al.,
2013). 1M H, [FEFEZHGH R, RARAT 2 5m
VA ERALE AR B AR —FEN . BRUNTER AR
Fe BRI EE KSR, AT R AR A K
& 1 UK [K T-(Bhaskar et al., 2014). H AR )
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AR 2 S VR A AL, — T & = iR R
BTRMHEDBEEERSRIANRGR B RE, K
RAEBTIREE W)y R 58K B K #(Kembel & Hubbell,
2006; BANS KEE, 2017). 42, ANFEAIA AT AE AL
AR R AL, H2 B AR5 8 — R R 15
B — B AR B — g 2ok N — A g HOA AL . FRAT]
FRRIE Fe 45 SRR R, RORUEE E et S MR 7K R AR A6
HILENTHER RGR B EMA BE R . Rk
FE K E RN FEOERZMM RGR G 4541
AR, T H B K B R 3G N 4 e ik A 2 A Ao
RGUR B SRR . X0 REA2 B A K E S
(3t 77 P = B2 v, MDA B AR RS (AR 3K
&, 2013), HULHEREMBEARZIME RGKE 4
KR 2RI 9 BRI, PR K&/, A 54 X
Yidh =& FEAA IS, B2 8O B S 2% A 1)
M, FIEERGREEMBTICE. &l
AR e SBGERZYR RS E 4k
FVCEE, U IR R E y—Fhad JE R TR A AR 2
ISR . 2R PR IR B AR S A e i 2 T 1 3
IR 5 FARZYIFh R 5K G Gk A2 E V)
R, RPERBEMFERZYIF RGK B SRR
FE e AR AN 7] o X e 2 LA B T R AR 8 R
TR RYUK B S R S I R R -

A G3 B 45 R IR AR IR R 1 B R JE N
KR RGK B S EA IR0, EXERE
FRY S ) S 53R T 0 A 2 SR . X AT RE AN B AR
T o3 A1 5 4Y B % Bl AR BE R S BT MR ) S WA R
(Gilliam, 2007; Neufeld & Young, 2014). [FIfF, A
& BRI, SURE T AR RENRGK B 4
R o — [RL7~, BN SUR 7 R T ERE RS
BEMERK18%, MR J EAERGEKE
iR 5% XU, BR T ARD T, HAd R
YT (e IR TR SR R
7 (R R AR AR DB A R I R R B
SERI(ARLL B, 2011). AHF 7T BARBA AR A 1)
FEAER, B2 #r 7 A U% BT AR A A A R 2R
A HAEH . S5 REEH], A B MR e B R v
FRAHRHEMZHAEH . B b —PiiE g 2 s
RFHA B CRA FAMIUREF AT, R
SR B SRR AL B PR I AN A 1R AH A
FLRIBRAN AR o XU _EAS [FIREVA 2L fg 1 7
3 A T RO S PR I S (AR B A R
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ARG T EMA ARFRIN . B, SRR
HEVE R 90K S5 H B RE I ] BE ARV S AR 0 7 A
(P
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