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Table 1 List of plant species at survey sites in the study area in September 2019
H /& H /&L Fh 2 H /&b

— R4 H POALES H 4% H MALVALES - #f H SOLANALES

(—)#& Tl Typhaceae (L5725 F Malvaceae (/L% %l Solanaceae

| ¥l Typha orientalis 28 18] Bk Abutilon theophrasti 514TH#i4E Calystegia hederacea

2 /NE i Typha minima 75 4% H BRASSICALES 52 Jt.%% Solanum nigrum

()P HEl Cyperaceae

3 i #F 5L Bolboschoenus planiculmis

4 TR IS B Cyperus microiria
SIS EL Cyperus iria

6 SIRFHIS R Cyperus glomeratus
(Z)ARAEl Poaceae

7 3¢ Imperata cylindrica

8 ¥ Echinochloa crus-galli

9 TG KM Echinochloa crusgalli var. zelayensis
103k Triarrhena sacchariflora

11 BB T 3F Calamagrostis pseudophragmites
124 B % Setaria viridis

13 &t B % Setaria pumila

14 [ ¥ Chloris virgata

15 72 Phragmites australis

16 53 Digitaria sanguinalis

17 -4 55 Eleusine indica

18 %% & Aeluropus sinensis

(H) 46} Brassicaceae
29 W4T 3K Lepidium apetalum
30 A5 Rorippa palustris

—. T HFABALES

(V9)= F} Fabaceae

19 ¥R ME Melilotus officinalis
20 1K & Glycine soja

21 H¥%E Glyeyrrhiza uralensis

= #7% H ROSALES
()% 7% %l Rosaceae

22 §ARZEBL K Potentilla supina
23 ZEW 2K Potentilla chinensis
(7S) RWEEL Cannabaceae

24 4 5 Humulus scandens

& £i7T H CARYOPHYLLALES
(+—) 54 TEEl Portulacaceae

31 B 5 Portulaca oleracea
(F=)A1F} Tamaricaceae

32 %M Tamarix chinensis
(-+=)A4EF+El Plumbaginaceae
33 M ALY Limonium sinense
(-FV0)ZEE Polygonaceae

34 R 3E Polygonum lapathifolium
35 21 W2 Polygonum plebeium
36 Ui EAR Rumex dentatus
(-+70) % FF Amaranthaceae
373 Atriplex patens

38 W5 #E Atriplex centralasiatica
39 Hhftk Bassia scoparia

40 33% Suaeda glauca

41 ShHWTEE Suaeda salsa

42 34 Chenopodium album

43 /NHE Chenopodium ficifolium
44 IR EEFE Oxybasis glauca

45 4 VL Amaranthus viridis

46 ¥ E2% Kali collinum

+— JEJ% H LAMIALES
(+/U) % HiF} Plantaginaceae
53 ZE§( Plantago asiatica

54 K %1 Plantago major

U 4:5% % H MALPIGHIALES
(-B)¥HIEl Salicaceae

25 54l Salix matsudana

(JVO)K i El Euphorbiaceae

26 148 5 Parthenocissus tricuspidata
27 @Y Euphorbia hypericifolia

J\ J2flH H GENTIANALES
(F73)Je ik EE Apocynaceae
47 RSk Cynanchum chinense
48 B 4ii Wk Apocynum venetum
49 3 EE Cynanchum rostellatum

JL %% H BORAGINALES
(-+-b)% % R} Boraginaceae
S0H 5| ¥ Tournefortia sibirica

-+ %§ B ASTERALES

(=+)% %} Asteraceae

55 /N Erigeron canadensis

56 —43% Erigeron annuus

57 ML Aster hispidus

58 Y& ¥ Bidens pilosa

594 Artemisia japonica

60 57 8 Artemisia lavandulifolia
61 B 58 Artemisia capillaris

62 14 T8 Artemisia scoparia

63 B AL 8 Artemisia annua

645 & Artemisia caruifolia

65 il )LZE Cirsium arvense var. integrifolium
66 % Cirsium japonicum

67838 Tripolium pannonicum

e H e

68 Ei 3K Sonchus arvensis

b e e

69 K2 B SE Sonchus brachyotus

e b1

70 15 B 2% Sonchus oleraceus

7175 3E3E Iveris polycephala

72 FHETE SIS Ixeris chinensis

73 8 % Eclipta prostrata

74 FLE Lactuca tatarica

75 BRIV i€ 78 1€ Inula britannica
76 52 i 19 4 Takhtajaniantha mongolica
77 92 Takhtajaniantha austriaca
78 %8%ii Aster tataricus

79 52856 Aster subulatus

80 ) 2% Aster indicus
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Table 2 Pearson correlation coefficients between diversity indexes of plant communities, and environmental factors, and

ecosystem multifunctional index of survey sites in the study area

T I
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eI -0.03  -0.03 036"  1.00

Faith#8%F -0.48" 025 087" 027  1.00

FGRAREE 007 014 -0.14 004 -046" 1.00

ThfedHie -0.01 009 024 080" 030" -0.17 1.00

MAERE 058" -0.16 -026 001 -0.11 -0.17 0.17 1.00

M -0.537 007 022 -0.15 0.4 008 -028 -0.69" 1.00

terbim# -0.06  -0.12 040" 0377 023 025 002 -0.02 -0.12 1.00

WY -0.52" 042" -0.04 -0.16 -0.02 0.00 -007 -037" 030 -0.41" 1.00

HHBEEE 0317 007 0437 0377 038" -0.18 037" 003 014 014 005 1.00

#h F/EMRE 0417 026 0467 033 0427 -025 046" -0.07 -006 007 029 019  1.00
FMBESE 018 026 034 019 031" -0.15 040" 009 001 -0.18 012 049" 022  1.00
ZIUREMEIREL 034" 028" 049”7 034 0457 -023 0527 005 003 -007 0.8 0.69° 050" 092"
TE: BT R G SRR — R A KR 5] TR —Pielou 3521 JE 46 3 Faith #6501l 22 £ B M Faith F5 30 R4 R ¥g 80—
BRI FIREL W SRS — W SRRV AT F 8 5 w1 T R — i T ARV BT J4948 s LG T AR — LE T AR B Y IR T 35 18 A e
P — R v P RV AR S5 s A WUR 5 e — R0 WUR 2 s /R W e— R b b 2R s ORI & e — LR URI B &5 s 2 DRk
TRB— B RELRMEIREG A LAV A1 8 5 58 T p<0.05 F1p<<0.01 1) 22 MRS .

IR RV Z AR R R, (H 2, )
SRR RELFAES RAE L TRt LSt 5T
BREA B TN R . A2 REvE iR 74
BRG LIRS T 1 28.2%, P8 K] 2% b i pe
THEB RS Z R 7 10.9%, —# 13 [F f#
BEHEN10.2%.
QI P

A FEIRT T AN FEI YR 2 (K 2
FEME ThREZ FEME E R Z R AES RE 2 )
REtEZ A0 &R, 45 R BoR, MY BRI R £ &
J% Pielou 3 5] FEFR U 1 R 2 A1 Faith $5 201 1)
REZ FEME B EUR S AE S ARG 2 IR A B
ERRAE L, R EY IR 1 B2l R
AR R Z AP R Al R R A S R
G2 Re ke, mMA T REREESRAZ
DNREPE I AR 2 FEVE R 2 A E ) DR 2 AR 1%, H
KRR R,

VIFh LU+ & MR B A B S AT R

G IRENE, REAAEWZES KRG PEE Tk
SRR YRR M E A S RS2 TR
PERIRIRN R 28 A2 T 2 D WRIE SR AT IR IR
T SCAE I, AR A 2 T A 22 R AN B, B B A
Z W IR 2 2R e W] LUSE 78 20 st R B AT
BINAES ARG Z RENMES . b, KB T
L, VR B S B S e — B R b
ferm T ER R G Z DhRElE, AN F 3 A8 Y
MR F, MR s A A R RS R A A
R 2 ThREVES . X5 ORI 51 73 A e %
A TR IR T 3 R B 0 LA E A Y AT DA AR
ARG L REVEH 55

5D Re PR B 2R 2 BEVEA LE RIS 2)
K FEEARE 58 AR A AL 2 R R A O
YR SLESREZ YRR # IEM
5%, ] BE R R 9 i A ) 386 0 i B0 1 R A
THRETEIR K 2 FEVERG 5 . Y ThREVEIR S HEIIY
BEUER FH SRS A DR AR AN A 0 2 [A] AT ) )RR
L B A FERAE B0 3L 2L PR e] GER A AS [ (1



6 o

B 21%

B AT N 1R AR R R 1 B R R
M IRETER Z FEREA B M A S RA L U
PE S5 18 AR 1 1) 206 5 BT AN 2 Se it i #R AR 3 1
ESE2, K I ThRE 2 FEE S A2 S R G T g
A 5 B IR R A3 K BEURM T 28 K DA S )
AN [A) A AV 22 5 S5 A ORI g, S AR A 1k
BT RE 2 1L, DUREAR (10 K/ 22 57, (8 A A 1
Z N8V AT R A A T e 1) 22 18] 23 A7 7, 3% o
(1] A5 R LA - 3895 325 T A9 R 5 o Ak e KA,
Y AR A S RG D RER AL . SR TE FE &
TR R B AR 5 S R G — ThRE
77 71 5R F BT T4 R B, B8 A i KR i (R
IR P A A HE K, A7 0 3 e v, SCHF
R LR UE B T I RN A A R G
DIy BAT EEAE . AR, AEAR WL,
SRARALE 7 2 BB ARV N BT S (B A2 25 &
4t 2 DhREVEIFTC B35 5, 10 R AL 2 AR
UL I Tl e B RICHE A X A 35 R L 2 D RE TR I 4
FrEA HEE, I W AE [R5 18 22 R T BE R, 3
T = SN AE S 2R G T RE RO 445 5 252 AN
ez

WRZFEE R T SR N ICE
HEAL T S5 B AT AR 1 2R O <7 1 O
PR DRAN A 257 22 P ) B AR H . 1 AT G
WIS RA AR DI REVEIR . 38 Id %t 29
AR EH R, SR 2 AR DR
FEVEAR EL, A A A% 2 1 T 0 B A M TN A 3 &R
GLINRE™ s BRI, FEAHIT T, A 2R 2 XA
SRG L RETEIIRE I BRI T DhRE 2 A1k
My RLZ R, R Ret Tk R FESIEAR
RAAET SESRRIBEMRMTIRETER . 2
POE S RGN REACT I TERAE N R L IFARST
I, A R ZREAREBOVES RGTIREN R
T PR o

WU RCIL, L35 38 R i B = A A
YitEve Z REIE A S R 2 D Re PR 1 ZIA
o BEE LS LR AN, PRV 2 AR A
LRGN REACTAEFEAR . SR, IR BT 23 B
W =MMAES RS2 DRt BRI B 55
FEMREE 2 FEPE . RIS SRS /KE AR AT
UL SRR )BT 22 FE PRI A2 AL, i TR B2 5
iR RGN Z ThBETE . KL BRI E 2R H
kY UNCEYNESETIE IS PASAN: o S S e

= A YN DX I B AR AL 1) R, X AR 2 R
A R G RE I ERF I8 BB . RK, B
2 00 B T = e X 38 AR A B I 5 v
A AR B B = AN S RGN AEY)
Z RN, OO S0 = MRS R G D RE I STt
A AR P i (A A R Pt o

4 75 B

P = MIMES RGN EM ZREIER Z A A
SRG L IRETER I R R TR R, Y
DX ES RS2 UIREVE I 4ERF B R E 2,

5> K2 REVERE R 2RI L, S
=N Th e 2 FEVEACT IR R e A
HOIRTHE RGN 2 ThReE, mKCT A B
INREZ FEME R 4R Rk AES R G2 I REIE
PS5

TEIREVE AR T A8 B AR A TR A X 3
M= MAMESRGEZ Rt AR E M. 3
ZHAMES ARG L IR MR YERE 152 B AN
MI3R), SCRF 2 PP B RS

KT R ZAAET ABETE 1 8 —E 7K
FECHEYD) Z FEVEXT RS R Re g, BAMERS
R G 2 bt B AN AR 22 8] AR AR (1)
AN E B AFAEAR R FE P B i

27 3Lk

[1JPEREIRA H M, LEADLEY P W, PROENCA V, ef al. Scenarios
for Global Biodiversity in the 21st Century[J]. Science, 2010,
330: 1496-1501.

[2]BARNOSKY A D, MATZKE N, TOMIYA S, et al. Has the
Earth's sixth mass extinction already arrived?[J]. Nature, 2011,
471: 51-57.

[3JHECTOR A, BAGCHI R. Biodiversity and ecosystem
multifunctionality[J]. Nature, 2007, 448: 188-190.

[4]5k A E, KRB, EMZ RS A RSB kR 53)
] P2 FEE, 2003, 11(5): 351-363.

[SITILMAN D, ISBELL F, COWLES J. Biodiversity and ecosystem
functioning[J]. Annual Review of Ecology, Evolution, and
Systematics, 2014, 45: 471-493.

[6)iakh, SREIE, S, 45 EME RIS RS RGE 2 Dhnett: #R
SR A ZFENE, 2016, 24(1): 55-71.

[7]JHECTOR A, HOOPER R. Ecology: Darwin and the first ecological
experiment[J]. Science, 2002, 295: 639-640.

[8]JTILMAN D, THOMSON K T, LEHMAN C L. Plant diversity

and ecosystem productivity: Theoretical considerations[J].



13 FROCERAE : B = MM S R G2 DRelt 5 AN R4 EERE ) 22 BEIE K 5 R F 7T 7

Proceedings of the National Academy of Sciences of the United
States of America, 1997, 94: 1857-1861.

[9JCARDINALE B J, MATULICH K L, HOOPER D U, et al. The
functional role of producer diversity in ecosystems[J]. American
Journal of Botany, 2011, 98: 572-592.

[IOJMANNING P, FONS V, SOLIVERES S, et al. Redefining
ecosystem multifunctionality[J]. Nature Ecology & Evolution,
2018, 2: 427-436.

[11]BAGOUSSE-PINGUET Y L, SOLIVERES S, GROSS N, ef al.
Phylogenetic, functional, and taxonomic richness have both
positive and negative effects on ecosystem multifunctionality[J].
Proceedings of the National Academy of Sciences, 2019, 116:
201815727.

[12]LAVOREL S, GRIGULIS K, LAMARQUE P, ¢f al. Using plant
functional traits to understand the landscape distribution of
multiple ecosystem services[J]. Journal of Ecology, 2011, 99:
135-147.

[13]JVALENCIA E, MAESTRE F T, LE BAGOUSSE-PINGUET Y,
et al. Functional diversity enhances the resistance of ecosystem
multifunctionality to aridity in Mediterranean drylands[J]. New
Phytologist, 2015, 206: 660-671.

[14]PEREZ- HARGUINDEGUY N, DIAZ S, GARNIER E, et al.
New handbook for standardised measurement of plant functional
traits worldwide[J]. Australian Journal of Botany, 2013, 61: 167-
234.

[15]GROSS N, BAGOUSSE-PINGUET Y L, LIANCOURT P, et al.
Functional trait diversity maximizes ecosystem multifunctionality
[J]. Nature Ecology & Evolution, 2017, 1: 0132.

[16]PRINZING A, DURKA W, KLOTZ S, et al. The niche of higher
plants: evidence for phylogenetic conservatism[J]. Proceedings
of the Royal Society B: Biological Sciences, 2001, 268: 2383-
2389.

[I71FLREAE, 2R, W6 3%, 2. 1990 47 LUK 3 ANI 30 = AT oK
SR 9 43 A R FLAR AL i 3R 3l R R B AT, 3R R, 2020,
18(5): 603-612.

(815 527, XIE W EWHE 2 R T 1T a2 FEER
TEETTIECE)I]. LW HEYE, 1994, 2(4): 231-239.

[19]QIAN H, JIN Y. An updated megaphylogeny of plants, a tool for
generating plant phylogenies and an analysis of phylogenetic
community structure[J]. Journal of Plant Ecology, 2015, 9: 233-
239.

[20]WEBB C O, ACKERLY D D, KEMBEL S W. Phylocom:
Software for the analysis of phylogenetic community structure
and trait evolution[J]. Bioinformatics, 2008, 24: 2098-2100.

[21]GRIME J P. Benefits of plant diversity to ecosystems: immediate,
filter and founder effects[J]. Journal of Ecology, 1998, 86: 902-
910.

[22]TILMAN D, KNOPS J, WEDIN D, et al. The Influence of
Functional Diversity and Composition on Ecosystem Processes

[J]. Science, 1997, 277: 1300-1302.

[23]GARNIER E, CORTEZ J, BILLES G, et al. 2004. Plant
functional markers capture ecosystem properties during secondary
succession [J]. Ecology, 85: 2630-2637.

[24]LALIBERTE E, LEGENDRE P. A distance-based framework for
measuring functional diversity from multiple traits[J]. Ecology,
2010, 91: 299-305.

[25]MAESTRE F, QUERO J, GOTELLI N, ef al. Plant Species
Richness and Ecosystem Multifunctionality in Global Drylands
[J]. Science, 2012, 335: 214-218.

[26]CUTLER D R, EDWARDS J T C, BEARD K H, et al. Random
forests for classification in ecology[J]. Ecology, 2007, 88: 2783-
2792.

[27]LEGENDRE P, BORCARD D, ROBERTS D W. Variation
partitioning involving orthogonal spatial eigenfunction submodels
[J]. Ecology, 2012, 93: 1234-1240.

[28]XIE H, WANG G G, YU M. Ecosystem multifunctionality is
highly related to the shelterbelt structure and plant species diversity
in mixed shelterbelts of eastern China[J]. Global Ecology and
Conservation, 2018, 16: ¢00470.

[29]LOPEZ-ROJO N, POZO J, PEREZ J, et al. Plant diversity loss
affects stream ecosystem multifunctionality[J]. Ecology, 2019,
100: ¢02847.

[30]CARDINALE B J, DUFFY J E, GONZALEZ A, et al. Biodiversity
loss and its impact on humanity[J]. Nature, 2012, 486: 59-67.
[31]JPRETZSCH H. Canopy space filling and tree crown morphology
in mixed-species stands compared with monocultures[J]. Forest

Ecology and Management, 2014, 327: 251-264.

[32014= A, A0 RE 2, B, A5 XE Bl e = R 7 2R
HIFAEZ RGN Z I REIE SR 2 R 2 R 56 R (D).
TEHEZFAR, 2016, 40(8): 735-747.

[33]DIAZ S, CABIDO M. Vive la différence: plant functional diversity
matters to ecosystem processes[J]. Trends in Ecology &
Evolution, 2001, 16: 646-655.

[34][HOOPER D U, CHAPIN F S, EWEL ] J, et al. Effects of
biodiversity on ecosystem functioning: a consensus of current
knowledge[J]. Ecological Monographs, 2005, 75: 3-35.

[35]DIAZ S, LAVOREL S, BELLO F D, et al. Incorporating plant
functional diversity effects in ecosystem service assessments[J].
Proceedings of the National Academy of Sciences of the United
States of America, 2007, 104: 20684-20689.

[B6]1E B . NWEH RIREME 2 SRS RS2 URelE R
A [D]. MEAIERE: SR, 2020

[37]JGROSS N, SUDING K N, LAVOREL S. Leaf dry matter
content and lateral spread predict response to land use change for
six subalpine grassland species[J]. Journal of Vegetation
Science, 2007, 18: 289-300.

[38]MAIRE V, GROSS N, BORGER L, et al. Habitat filtering and
niche differentiation jointly explain species relative abundance
within grassland communities along fertility and disturbance

gradients[J]. New Phytologist, 2012, 196: 497-509.



8 o

B 21 %

[39]JGROSS N, BORGER L, SORIANO- MORALES SI, et al.
Uncovering multiscale effects of aridity and biotic interactions
on the functional structure of Mediterranean shrublands[J].
Journal of Ecology, 2013, 101: 637-649.

[40]VALENTIN C, D'HERBES J M, POESEN J. Soil and water
components of banded vegetation patterns[J]. Catena, 1999, 37:
1-24.

[41TYT S J, WU P, PENG X Q, et al. Functional identity enhances
aboveground productivity of a coastal saline meadow mediated
by Tamarix chinensis in Laizhou Bay, China[J]. Scientific

Reports, 2020, 10: 5826.

[42]SWENSON N G. The role of evolutionary processes in producing

biodiversity patterns, and the interrelationships between
taxonomic, functional and phylogenetic biodiversity[J]. American
Journal of Botany, 2011, 98: 472-480.

[43]SRIVASTAVA D S, CADOTTE M W, MACDONALD A A M,
et al. Phylogenetic diversity and the functioning of ecosystems
[J]. Ecology Letters, 2012, 15: 637-648.

[44]DAVIES T J, URBAN M C, RAYFIELD B, et al. Deconstructing
the relationships between phylogenetic diversity and ecology: a
case study on ecosystem functioning[J]. Ecology, 2016, 97:

2212-2222.

Relationship between Ecosystem Multifunctionality and Plant Diversity in
Different Dimensions in the Yellow River Delta

ZHANG Wenxin', YI Shijie’, FAN Xiaoli', ZHANG Xuefeng’, LIU Xinghong', FANG Yong',
MA Hailin', LIU Fangchun', LIANG Yu'
(1. Shandong Academy of Forestry Sciences, Jinan 250014, Shandong, P.R.China; 2. First Institute of Oceanography,
Ministry of Natural Resources, Qingdao 266061, Shandong, P.R.China; 3. Shandong Institute of Land and Space Planning,
Jinan 250014, Shandong, P.R.China)

Abstract: Biodiversity is an important driver of ecosystem multifunctionality. Understanding the relationship
between biodiversity and ecosystem multifunctionality has been a hot ecological research topic over the last
decades. Previous studies have mostly focused on predicting how species richness impacts ecosystem
multifunctionality, while the effect of functional diversity on ecosystem multifunctionality remains unclear.
We evaluated relationships among biodiversity, environmental factors and ecosystem multifunctionality in the
Yellow River Delta. We found that ecosystem multifunctionality was affected by both environmental factors
and biodiversity factors, but the contribution of biodiversity to maintaining ecosystem multifunctionality was
significantly higher than that of environmental factors. There was a significant positive correlation between
plant species richness, species evenness, phylogenetic diversity, functional dispersion index and ecosystem
multifunctionality, but there was no significant correlation between net relatedness index, community
weighted mean trait value and ecosystem multifunctionality. Compared with taxonomic diversity and
phylogenetic diversity, the increase of functional diversity could improve ecosystem multifunctionality more
effectively. Rich plant functional diversity was the key to maintaining the high level of ecosystem
multifunctionality in the Yellow River Delta. Ecosystem multifunctionality was mainly driven by

complementary effect in the Yellow River Delta.

Keywords: plant community; taxonomic diversity; phylogenetic diversity; functional diversity; ecosystem

multifunctionality



