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Abstract

The loss of genetic diversity is accelerating due to habitat loss and population reduction caused by global change
and anthropologenic activities. For species-poor ecosystems, the effect of genetic diversity on ecosystem func-
tioning may not be smaller than that of species diversity. Therefore, understanding the relationship between ge-
netic diversity and ecosystem functioning (GD-EF) and its underlying mechanisms is important for biodiversity
conservation, responses of ecosystems to environmental change and ecological restoration. Here, we reviewed the
studies on the effects of plant genetic diversity on ecosystem structures (community structure of the higher tropic
level) and ecosystem functions (primary production, nutrient cycling and ecosystem stability), and the mecha-
nisms underlying these relationships. We also discussed the influence of functiona diversity on GD-EF, the com-
parison of effects of the genetic and species diversity on ecosystem functioning, and the application of GD-EF in
the ecologica restorations. We finally pointed out the limitations in current studies to provide references for the
future: (1) further studies on the mechanisms of GD-EF are needed; (2) no study has evaluated the influence of
genetic diversity on maltifunctinarity; (3) the impacts of different measurements of genetic diversity on ecosystem
functioning are unclear; (4) there are lack of long-time GD-EF studies and GD-EF studies conducted at multidi-
mensional scales; (5) the relative importance of genetic diversity and other factors on ecosystem functioning in the
nature is unclear.
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AEMEZREEETE T =AZEM: BEZHE. Y
P FEERAS KRG AEE. T AR, A%

A VA R 353 A 3R S S A b Ty kR

A3 AE PP R BORE /D L P b K 4,
EVZFEMEAE =N 2 BRI 2SR k. EMERE
PERIR DX A ZS R G0 Dh Rt AT AR R 52 T o 45
5257 K ) @l (Butchart et al., 2010; Hughes & Sta-
chowicz, 2011; Tilman et al., 2014). K tt, W% ke

VES A RGIREM R AR AT AT — AR

TRRMEREMEZHEE RS REDBM KRR LI
WIENLHIN TAEMZ BN AR RS R LA
MR NEKR. PWAEDZ RIS EERGEDIGED
RHWETL, RZEPEDFZHIESES RSB
KELE. HNZERBTIERT UM Z LS LS RS
DIRER RINLRRIGUT 2055, I Z A LI IR T ) Fk
ZRMMNAER RGIIRE R R Ul KA TR .
EIRDIFD 2R R 10 A% 2 RE IR A — R, (B2
ABEARANREN R % ZRe1E, BRONEf% 2 R
KRV AT e . T AR E T Sk
2 FEME 5 AR REIIBER RV T4 R E RS
L2V 5 RS R DR % & (GD-EF) K N 1E
ML I, R B RT 9GD-EF 556 77 1L R R
WE ST Z SRS RR YRR RIIFA .
RV GD-EF LN EN L BERE 56 3 A 2 pe ik 528
BARGURERI R AZIWET, BIMARA BRES R
GEERERG SN, T AL 1 22 REIEXS T
BTSSP EUD | BETE A R — B AR RS R G
R, R . WL LA T R
[X) Ty e R 52 i 7] e 5 107 22 Fe 1k 1) 4 ) 4 BB
HE, IR, R Z R SRS RGUIRR R
HIRE 78, A < GD-EF K i N 72 Bl i) 9 8 1 B 2D
(Hughes & Stachowicz, 2004; L#fH%%, 2007). [E P
B REER R T 25 (2007) A28 1 AE YAl 7o %
RV R . Y S RN RS R R
Lhee o< R LM S LA . A+ J L4 GD-EF
SIGRIF I R AT 450

1 EYEESHEMEESRGEEXIRAR
HH

2 SRRV 1A% 2 U A E AN BU TR ROU
25 R AL WL R AR v D B AR S RGERIREER, WA
LG AL A AN S A R AR R A RS
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¥ J5 B2 ALk (Whitham et al ., 2006; Bailey et al., 2009;
Bailey, 2011; Hersch-Green et al., 2011). i#tf& £ #EE
I FEAN P R S AR AR S AE M A R, B
T 720 S a1 52 T o R A A2 (14 ) e DR M T 2 e e
WEATE, FIR R AESRY. B RFESHEIH
FALAFR 2 RAR TR B K. AR
G KT R RAHLE], A EE RN MNAME,
DR 2 T 2L R R RN e — S8 e WA A5 2 A R 1) L
Hr, REGD-EFE— /MR HIVIA R

FLU7E 1859 4, ik R TR HIR Bl LA N FE
(Triticum aestivurm) i Fft i) b Eb B — /N3 b ) £
Hh = B 5 & (Darwin, 1859). 204D )\ L HAEAR, 4
AT AR — B IR AR — AR A £
A i Tl SR ek /> 9 RS 8 R £ 7 = (Wolfe, 1985;
Smithson & Lenné, 1996). LA 1, R AED =K
A A B 3 AR A A B 1) 8 4% 22 R 1t R4
T R R R G A B2 (Lande, 1988). {H &3
% GD-EF R JE M 0 4338 31 21 19904F J5, 7
AL ARIC H A (B4 P FE B 12 T hRIC T AR) %
W R AN, B T ORI AT AN R AL 2
K ge 71, dE% A AT GD-EFSZ 36 I J A 72 (UL
PrHi%E, 2007). &3t +ZF IR R, GD-EFLLHT 7
WA THZHE.
11 BEZHMNESRGEHN R

TR AL 2 FEMEE RN i TR R A R TR S5 4
(ELFEY b 22 BE PR RN b 2 s 55 ) s M 4] 2 K 5K
WO A . REZH AR, MYERNEFEE
JE£ (AH G 44 1l fd R 18 L3R 1) I 42wy Re % 38 0 v 8 5
R (L s ) B =% FEAI 2, AT e
BB RGN, FNLENLEI AT B8 R0 248 B
T AE R 4 2508 B 47 (Loreau & Hector, 2001;
Crutsinger et al., 2006; Johnson et al., 2006; Crawford
& Rudgers, 2013; Wang et al., 2014; Hughes et al.,
2016; HR 754, 2016).

TP 28OS AN 0 RS A I AE A7 A P AT 1
I3 H(FR2) o ML TR AN AR B R AR S R
GUINRERULA—FE, TR NS, BIA
IF) 35 DR 284 [ 1) A LA G AR 35 R Th BB A 52,
BRI E AT T AR S R G RARE 2 v N o AR 35808 (Fo,
2005), R AL BN (Huston, 1997) )& T InPERL
N, o R R R 2 R 1 R G A R R Y
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F1 WG EZ RS AR RGIRER R A RAE AR
Tablel Theexplanation of the plant genetic diversity-ecological functioning glossary

£i7RiE Glossary

fift % Explanation

WL Z M Genetic diversity
FHEFEFE Alldicrichness

FELZFEME Alldic diversity

FEF A Genotype

SRR EE B Genotypic richness

LRI FE Genotypic eveness

FEFAIAARE Genotypic dissmilarity

FERISEZE Genotypic relatedness

TR BAE 2 R
Adaptive genetic diversity

WAL Z M Neutral genetic diversity

A Cultivar

B3R Inbreeding depression

A2 ZER Outbreeding depression

IhfgZ FEPE Functional diversity

BEEE Z M Founder diversity

A5 E £ FEPE Phylogenetic diversity

TR P 0 388 £ 30 SR R R

The degree of genetic variation among individualsin a population.

TR AL s b S R R (P H

The average number of aleles detected at the detected locus.

B L B H AR A B — 2R A% 2 A AR, L dn: Shannonfs BAREIIIE LG

A class of genetic diversity indices containing information about the number and frequency of genes at a locus,
such as: Shannon information index and expected heterozygosity.

—ANAMEFETR 2 B I AL RS R Y AL
The composition of aleles of an individual at a specified number of loci.

— AP R A HOE .
The number of genotypesin a population.

SR L5 o IR — AP SRR B 2 AR R, R4S B SRR L, R — AR R — AN
R, TR A% R R B 15 5 B 0.

The distribution of genotypic abundance. The genotype evennessis 1 if genotypic abundance is equal in a popula-
tion, and O if thereis only one genotype in a popul ation.

AT Y P e R Y T8 A B )P A

The average genetic distance between two genotypes in a population.

55 R DR RUAH S FE A B, i — AN b 8 1 B TR Y (R SR AR NP3 . X T R 4 FAsic Bk, —
£548 7] LLH STORM X 4 (Frasier, 2008)80# RFE /7t related” (Pew et al., 2015), £ %4 H PoLyReLarepnessit
LR 25 1% (Huang et al., 2015).

The average vaue of relatedness between two genotypes in a population, which is contrary to genotypic dissimi-
larity. For plant microsatellite marker data, genotypic relatedness of diploids can be calculated with STORM
software (Frasier, 2008) or R package “related” (Pew et al., 2015), and genotypic relatedness of polyploids can be
calculated with PoLyReLATEDNESS (Huang etal i 2015)

TR 8% 2 B T R TR R 1O PR B ) B T T A 5 2 25 DL S B A A N P 8 B
REEAMRE G ERAR R — R R AL G RM/MAE(L G, k8 R — B A7 A M) TR [R5
B S BEAT A BE, (ERIXAN IV BB I 3% 70 Sk, 53 4h— PR TR AN 0k th 3 R 43T hid
SR Has e A R

Adaptive genetic diversity is the variation that affects phenotypes by altering the number or structure of expressed
proteins or the expression time to help individuals adapt to the environment or improve their fitness. Quantitative
genetic common garden experiments are usually conducted to estimate the adaptive gentic variation by using
individuals with known genetic relationships (e.g., individuals from seeds of the same mother tree), but this
method is time-consuming and costly; another method is to develop and select adaptive molecular markers to
determine their genetic variation.

rpE AL 2RV AN SR R B AR S A e o A 2R PRI R A A 2 R T R A SR M,
JER R SR T B T 23 F AR A A 5 0 N P38 AR S T R A AR R BN P (A 00

Neutral genetic diversity is composed of sequence variations that do not affect phenotypes. Neutral genetic diver-
sity and adaptive genetic diversity may also be correlated, because there may be linkage imbalance between the
neutral molecular marker loci and adaptive genetic variation.

NEEE RS MRREGE TR A ST A ORI E &1, fEZrR BR_R R . —8. REm, Jf
L i 2 A 1 B TE M 77 U TR I AT R I e AR

Plants were selected for a particular trait or combination of severa specific traits, and these traits are specific,
consistent, and stable, and retained when propagated sexually or asexually.

TR AL (B SRR G R 57 20) S BUG G & 2 N RIS, PR B2 R R b T s sdm 1A %
SR BRI AL A L%,

Inbreeding (selfing and outcrossing between related individuals) results in a decrease in fitness of offspring,
mainly because inbreeding increases the probability of harmful homozygous alleles.

AFABERRIEAA, & B E SR A R R S AL R AL, AR AT L A 3438 (S C) % 7T g
TR AP A, SRR ROE LR TP

Individuals from different habitats have specific allele combinations adapted to local habitats. If they cross breed-
ing (mate) with each other, they may break the specific alele combinations and reduce the adaptability of their
offspring.

AT ERTEES . AR BE DL AR SRR S Th e MOTRE I S A7 75 8 0 AR KR ST e R ) L i
B, XD REVEPRREAE K R JEER AR A T BE £ R

Functional traits such as morphology, physiology and life history at the individua level affect plant fitness by
affecting its survival, growth and reproduction. The size, range and distribution of these functiona trait values are
called functional diversity.

KRR, MBI LS A, PSRRI 2Rk . B RO i DB AR 0
AR YesE T e E AR AR IR 208 .

This refers to the genetic diversity of founder in population conservation or ecological restoration. Founder effect
isthe gene frequency of a small number of individuals determines the gene frequency of their offspring.

HEVE RN R GUR B WY B (R Z ISR G R) T BT 4 B BE R

The sum of al the branch lengths in a phylogenetic tree of species in a community (representing the relatedness
between species).
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Table2 Main genetic diversity-ecosystem functioning hypotheses

RO (= 44
RS 2R)
Types of genetic
diversity effects (in
terms of biology)

MR 5
The differences among types of
genetic diversity effect

EEH RS R
Ecosystem
functioning

AR
Bt
Hypothesis

(C¥AE
Content of hypothesis

KL
Additive effects

EI IV
Non-additive
effects

AN [A] JE R B A A R T RE IR
BORLRAUILIR S AT, FEEE
[E A EAE A LS RS
The effects of different genotypes
on ecosystem functioning are in-
dependent and additive, and the
interactions among genotypes do
not affect their effects on ecosys-
tem functioning.

A [ R R 0 A 7S AR G D RE R
REFEAEMSLR . AR FEE
T A HAE X A3 R D Re
FEASZH YN, The effects of
different genotypes on ecosystem
functioning are dependent and
nonadditive, and the interactions
among genotypes affect their ef-
fects on ecosystem functioning.

B IR R AR
g5k, RIS
FMEIR AR RS
FasE

Community structure
of higher trophic
levels, primary pro-
ductivity, nutrientcy-
cling and ecosystem
stability

i FRPREIRE
451

Community structure
of higher trophic
levels

WIFAE= 71 718
W AR R e
Primary productivity,
nutrient cycling and
ecosystem stability

BB
Dominant
effect

FHRA AR
The resource
specialization
hypothesis

BRI
The more
individuals
hypothesis

PR S .
HMRLRE
Trait-indepen-
dent comple-
mentarity

(ERON TR
A
Trait-depen-
dent comple-
mentarity

H R AR R IR G B8 X RS R i R B A
o THIER T R Gy, DRLEE R 2 R P i A R T 4
FAESRGHEMMIAE. WIETTVEE L1275,
Systems with high genotypic diversity have a higher
probability of containing genotypes beneficiad to the
system than those with single genotype, and thus high
genotypic diversity is conducive to maintaining ecosys-
tem structure and function. Please see sections 1.1 and
1.2 for the methods for testing this hypotheses.

KEZ B MR — 2 T2 0 B P T
Wt 5 R T 2 R PR R B I, AR DGR (KA & PR R 3h
SRR, BUE T A W11,

Most of the herbivorous arthropods showed food prefer-
ence. With the increase of genotypic diversity, the diver-
sity of associated herbivorous arthropods also increased.
Please see Section 1.1 for the methods for testing this
hypothesis.

SR F 3G A SRR SR B 2 R, IR AR
RUETFLZWRESTLHEE WY, e etk
TRE Y 2 REVERE 2 55, AR R .
TS LY.

If net aboveground productivity increases with genotypic
diversity, more energy can be provided to more herbivo-
rous arthropods, and the diversity of these herbivorous
arthropods increases, followed by increased predators.
Please see Section 1.1 for the methods for testing this
hypothesis.

TELEERB RS, WRFELEFR AR RGDRELL
ENERERM ARG R T, HERERLR DI aE R
ook, T HAS AR HAb R R )3 & B AR (R R
LRI BY (G4 5 B A AR A BT AR A5 B A b R 2L R
REAFAEIEAE ), MDIERUS . BOiET ks W27,
In genotypic mixture, if the ecosystem functions of some
genotypes are improved than tha in the genotypic
monoculture but are not related to the functiona traits of
the genotypes, and are also not at the expense of inhibit-
ing the fitness of other genotypes (different genotypes
occupy non-overlgpping niches to form niche complemen-
tarities or have positive effects between genotypes). It is
a positive effect. Please see section 1.2 for the methods
for testing this hypothesis.

TEZFE R R G, Wi B A R Ty e MR 2 (R R (b
I, R D e VDR A 4525 [R5 R )T IR B A 26 (K A
AR HAE IR B R g hn T, HA U] Al
FER ARG G AR, WO IERRN . B HIETT VR
1.27%%,

In genotypic mixture, if the ecological functions of
genotypes with specia functional traits (for example, the
nested niches formed between genotypes) are increased
than those of genotypic monoculture, and not at the
expense of inhibiting the fitness of other genotypes, the
effect is positive. Please see section 1.2 the methods for
testing this hypothesis.

TXLETBAL 2 BV 25 R BE DI E SR 2R (GD-ER) R NI 2 FEIE- 35 R GE DD RE M AR IR IR BT RS 1Tk, AR A% 2 AR VX RS R L ThRERY

TS, 2 H AT 28850 0E H A 2 1 GD-EFFLEI R B -

All of these hypotheses of genetic diversity-ecologica functioning (GD-EF) come from hypotheses of the short-term species diversity effects on ecosystem
functioning to explain the positive effects of genetic diversity on ecosystem functioning, which are also the hypotheses of GD-EF that have been tested by many

experiments.

(betun: A mR ORI B R Y, B 77 2
IR A R 5 v T R I R R &, [N 22 0
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PRI R G MR T S IR R 4, 1X— 2K
B2 S ABL T BT 57 i J5E 53 S 1K) 3l 1 28Nz (sampling
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effect)(Tilman et al., 1997). {EAJL 335w ANk 3 25 v7
WARZEE], HX HE W27 . D s )2 %2 3
DR 4 22 495 Fp A [) 35 (8] 284 ) R B4 P RT ofe e 1
BRI R G RN, AR R 8 B AE L,
LA AL F AN FE DR [A) IE A FA ML 25 (Loreau &
Hector, 2001; Fox, 2005). X F-istf& 2 B X B RE
VT S R 2 BEPE AR IV RS, A P AR
kit — iR . —RBEEMIRY: K2 EE kT
JE B ) 2R B — 2 2 FE I & 1k W 4F (Bernays &
Graham, 1988), ifi %5 5: K 7 2 FF 1t B & 2 AR 1)
$ 0, HLAR S IR AR B R B 2 R R
(Srivastava & Lawton, 1998). 75— H 2 /MR
Ui Gn Sl bR g B A R Y 2 R T, TR
LR Z I RE RS T S BT s, X
S A VT S B 2 AR BE 2 3N, 4k T
2=1a i (Srivastava & Lawton, 1998).

LA L% (Oenothera biennis) it 7t %4 % [ GD-
EFsI0 & AR I, B8 8 3= & P v (8- 2 1R 20Y) Fry
T3 b b TE AR A SRR I B4 22 A L B R DR
77 10 7R 18%, 2= DR 284 [ 14 A o 44 A0 R AR o A ek vz
I 2/ ] (Johnson et al., 2006). L%k —H i
(Solidago altissima) J#iff ¢ %t 42 [ GD-EF 5L 56 th 5
ALt . BRI R B = R U7 (12- 25 R A L
FASE PRV RURE T M 1 VAR A 4 2R R sh A 2 pE
E27%, B2 R A AR RON e /e, SR
WA EE 22 AN AR i ) A B Al n 1 &% R (Crutsinger
et al., 2006). M HAE A R5USATL il A Bk PR 24 22 4 1
E RN 32 B, I AN Bl 25 75 42 4K (Crutsinger
etal., 2008a). {H/Z&, AL &Y
R B W) BV % FE VG 2 A (Crutsinger et al.,
2008b). KUk, 84 2 FEHE AN RIS AL (AL TE )
b 1 A 42X 04T B S D U 0 A A R T
REA—FES

H A, A0 R 2 22 1 M v 8 TR A
Th S R FZ I (R I SR I RN R R £
LR BUZH 1 2 Gt b A AN S R B R R K1 R 3 P 22
P AR AT D@ B, 7 VRS, R Bl L e O
DU ) P TR R RE D R R R RS TR s AR, A
A R BRI B AH B2 e 04 e s ) 2 PR A R A
T 5 Sz 22 5 R 74 4 R 2 46 H O 21 5 f sh i %2
FEVESF SSMETE TR R G015 i sh ) 2 FEPE I 95% B
fFIX A2 A6, TR v e /R o TRV, T4

BN 2 B, B dert SRR Y R g b A R
W2, RIEEDRGENZ K, K
AT RAE B R DR TR R 8 1) 7 IR sh A 135 22 BE R T
2 R Y A B 2R 455 rhoRE S 5 R RS R AL R PR B R
TIPS I 30 2 FE R R G IR sh W 2 B
WURZE e 2, W25 RSN 22 5 i 19 0 1t S50,
T RN RS/ A2 AE FH (Johnson et al., 2006). 7]
PLIE T 3 R Y & 422 i Monte Carl o il 77 7% 2%
Py AL 2 BE DR 2R 2 1l R G0 RN B AT T DRI R 304
FE, SR JE R EL SIS J7 ABEAL 2 2 D R AH 1l R 2
(PR B R Vs, IR A B £ R, BN
WA ISR E AR, Bz D)o i &
ML (Crutsinger et al., 2006; Crawford & Whitney,
2010). XPFhITIEIE B —2, ME T
X T AR RS A 6 B 2 AR U R BRI, SE R A
Wi 1 77 1 (rarefaction) KA IE AN R G811 5B
VIR E B (R AR R G0R AR 21 I 3h i Sk
A —HE), WIRBPRIE S T s i F 8 &
SR 1T00%, AR A= Jidad s
T V& 15 B Sh W A R BOR ¥ 1 7 B s W i £ 8 1,
DN SZRF B 22 AR U B IR A AR U A SR e I 23 By L
SR [ 2 DR R 2 ok 2 438 1) DA S AN ) 226 (R Y 4 1l 32
(6715 JRE BN b 2B AR ACLFEE SR [ 3 DR R 2 g
G AV ZH AR, T AN [F] B PR B 2H il 2R i (A1)
T 2H B 25 AN ], 84 S B R A B i (Crutsinger
et al., 2006).
12 BESHMNESREGIGE: IRES~H, 7
SRR FREMRIF I LS

5% 2 B AR A R GUAE M R USRI 2
oL, HEPEE R 2 R TAE S RFNI R AT )
FROEI . SPRFNR R IAAES RGf et A
A RN, H A LEALHI AT B8 A& S0 M 208 552 7y A
XN ¥4 (Reusch et al., 2005; Schweitzer et al., 2005;
Crutsinger et al., 2006; Tomimatsu et al., 2014; Ger-
stenmaier et al., 2016; Sjoqvist & Kremp, 2016), .
M IR N o TS RGEVI LA, b
R R Y 5 e e R U (12- 2 R A ) e
FARE AR 7 (M BRI A 77 7)1 36%, IX 2 A
9 JE b0 P RS H i AR 2 AL B AR BIL A AE R VR
(Crutsinger et al., 2006). [F]#¥, Reusch&(2005)Hf 7t
FE W] K -5 (Zostera: marina) 1 6-3& K U RE 7 L 3k
DRI B 7 IR AR P 4 v 1 26%, L Y ZE AL 2 2
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AL B AN DR 2R 16 1 TE A FH 5 T BR8N . 5
A, itk ZREEA OO R AR B, T H X A
AT SR B (40 B ) 1R 2 IR T RE R AR AR A
o Hehn: Rt R R A= 5 S A T —R4)
T (b 258 it Hh b FnHh R A2 47 L s 6 DR B R 7
FOR, HAMIN R F EHLH (Hughes et al., 2016); 4
[R]85 55 B 5 40 S T (Arabidopsis thaliana) ) 4 1
Wi AR FEHHAVE G S A IR AR, 2
DR 2R R A o R 3 [R] EE 4 H (Crawford: &
Whitney, 2010).

NT R F 2 FEER RS RS RE R R AL
#i], LoreaufHector (2001)K5 22 BE 1 R N AL 43 B
ik Y AR N N § A 1 DU e oV IV LRSI 0
N 55 01 22 S SR H W7 RS A 24 R - Fox (2005) A |
TR 5 1 R I ROV AL T8 O R PR A
AERE, BOZAGH A, B S Al B AR E A
SRR 7 N = (R2): AR AR
8 EL AN SSOSE R IR ST AN, o LA TS
FFox (2005) 1 77 V2K 1845 22 FE 1 RS 4H 43 9 iX =

#43(Hughes & Stachowicz, 2011; Gerstenmaier et al.,

2016; Hughes et al., 2016; Yang et al., 2017). Ak,
1£4 J5 GD-EFf AL FE I, 52 % Fl Fox (2005)
(7715 o AH E T PRIHR X DA DX 23 A ) 35 DR 284 F A kA
P, 7RSI 5 A T B B 7 FARILORIX 4 RG4S
[ 2 DR AR (R R R N, AR AR AR RS K.

T IR, W90 3R B8 A% 2 RE % R I i ik
P o e (CEL R B FE T A P R sl 40 o it o e ) i 5
O FE . 22 BE IR R VAR MR A B T 1 O iR
TH SR 0 AW A R i (Schweeitzer et al., 2005;
Wang et al., 2014), MiAEYIFED & B0 o) fif &
K, K H(Deschampsia cespitosa)dit P A4 =4 5 i & i)
BEJT BRI A R R VAR S B AR
PIRETT BT DA A il R, 4l i IR O S v
(Semchenko et al., 2017). 174 B4t /2 A P01 g 1
FEEE, S I A YR K o R,
RFRDIEA M E B — . WIS B 2R
P [R]85 R 2 FE R R 220G 3R, A AR
JE 8% 2 FEVE RNV 8 2 REVES mi, AR 2 e
kN B =i (Reynolds et al ., 2017). {E B —Fh it
Ve, RIS 3 R R N R R B B e
JEELE; ARSI 2 e m BV, RS R
R R, RS R R, A0 A R R,

www.plant-ecology.com

1M B A S W AEE A ey, B Fe s R T8
BN AN [ = DR Y 1 IS ) AR S AL A (I )«

KT NP HIGD-EFIt i A% o H LRI
rp [\ A2 B A6 K 5 (Spartina alterniflora) 3 [ A 4
B T Ry RS BN, BEHUE R
BOF A &Y B /g, WAl 1 At b =
i (Scirpus mariqueter) A K; A 7EMLEE AETS
A7 B AN FE RS, (Wang et al., 2012).

b5 BT AR A, TR
KVEAEY) GD-EFXS PR AR A R e 82, 7E T 0] B85 48
Iy, Y EER A R R AR S AR S R
Fa5E M (Hughes & Stachowicz, 2004; Ehlers et al.,
2008; Massa et al., 2013; McArt & Thaler, 2013). i
XFTFHE, ORI PR Y = v A 7 R L LR R
(11 5 fi& 71 (Hughes & Stachowicz, 2004); Thi X} 4z Bk
AR, K R Y = R RE S HR T R BRAR N A
B ARG INHEE B T 20 (Ehlers et al., 2008); TH
XPANSRNAZ P, A PR ) 25k DR B =F 5 FE R 14 e
/D RO ADoK B U £ (McArt & Thaler, 2013).
{H, BHE A YERr RS KRG ThRERS e ML
ANERT, FRETEIRANRIIT.
13 IMEZHMMNEESHUESESREZNEEX
EN: A

WAL Z R RS KRG T RE B2 00 ] BE R T
BUE Z AN 5 R A HIRAE 7 (D e 2 AR ) (1) SR IR
J£(Hughes et al., 2008), &[4 2 FF P38 i mT fg
SRS IIBEZ P (S 55, 2017), AT 0 fa| 22 D) 284
(i)t B 2 1) 0 FH 16 3 A B 5 B0 B s =
HEAESAL L, R BEE I GD-BF, J& B AN = A
MR 2 —o F—J7TH, WA TR IE R A R
4, Dse 2k, A RS D6 S (Hughes,
2014), B MNIXASFFEAR UL, R B R SRR
DI Z et Rt RS = AR B SRR 2 — o R
SR RIAEDh R IR (R 2 L B TR LB R
Z W& & NHE VR A RO E AR G 7 ) R I
ANIF], i R S EE AE ASALAk, T RE R R Y
ZREME IE 2B I HL I (Hughes & Stachowicz, 2004
2011; Reusch et al., 2005; Massa et al., 2013). {H & 1
S R BUAE — A T REPEIR R I H SR 22 S R
RS, WA ThRe 2 A — € & 2
GD-EF, X F U 75 2 Wl € 2 A Ty fig 1 4R ok fil B
GD-EF (Fischer et al., 2017; Jormalainen et al.,
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2017). 1ff BRI B Z PRI D RE 2 BEEX AR R R
DhRe s A2 i s AR IR &R, 2 B A 2 HAE
M AWK, EDIRE 2 FEMEARRT, B2 2 e
BN, MAEDRE 2 R iy, JEPE 2 2 i
BN AN B (Hughes, 2014) .

Ak, 7ER 7 GD-EF N 7EMLHIET, & 17431 N
PRSI AE DI VE RN, 34 75 TR ANFR A 16 e 355 . 7 A
BRI o [RLHG 75 20 5 22 A D RE VIR RRAE, M DIRE
Z FEPE I AR B — D R 184 2 PR RN 1R N T
GIR®

2 BEESHEMBE M S MR AL

B

T RPN R IR AR 2 FEVE——8 A% 2 AR A
Y A S A HAR R A2 35 RS D RE AU AH X

B, BRUS IR N BRI Z AN . AR
MRS AL /N T FpRI S 7, By DL — R\ isfE £
FEIE RS LE b Z AP RONAR . SR A 7 BH
[R50 22 B I R 22 R 1 6 A 25 R G Th RE S 1 AH
16l Cook-PattonZs (2012)#F 5t %2 I ) L BL L PR 7 2
FE M (8 Jik R 284 R ok 22 B 14 (84N A ) 38 38 m 1
LI1T%MRIR A7 3, T B U35 9 2 25 B A
RN, BRI 22 R RN Bl 2 AR PR G I T S B3
VIR A Z e, (HEL N ENLRIAS — 4, ZE
2 PRI RN R d i B 22 MR UOR AR, W Fh 2 A
A 205 D R 3 ek B U O A B R AR . DAL, AT
ATREARAY T B AR RS R GeH 1sAE 2 FE I RN
EARERRG, YFhZHEEREE Z T
ELRE—EE, P DA DR 28 22 R A A Fh 2 R 1) A8
NI HEE, N TEDYRM 2RISR
41, Fridleyf1Grime (2010) 7] i #42 JE [K 74 %2 AP 1
VI 2 FEI KT, W TR I A T 2 R Y 22 1 e vy
W, REREIRR PR 5E 4, T R T 4E R fh 2
FEME, AR RGTEE, HENTAESREVIR
AR EVEAEER . TIAER YR 2 FE AR IR K
WIAR RS, PR R R A 2 R e
FhZ AR, DL [R] I 42 o) R b 22 A e HL A2 HAE
(RS 4 SRR B (L) 7R 7 1) ik IR B 22 A s
. F A A Y Ammophila breviligul atadi R 7Y 22 #E 4: %}
T SRR S AN B R . B [ 4  e $A R
DRI B0 22 B MR AN P 22 RE I D SEBG HR, A 38 3 R 1Y
Z RIS IR BN IR VR 22 REPE IR RE R LU Fh 2 e

TR, FATENLSRZ AR RN, Rk, R 3
Figt ik Z RV S YR 2RV B AS HAR R, Bef%
SCRE S EE I R BT B3 ) B VK (Crawford &
Rudgers, 2013). 34h, HEFHRMAEMZ NS S
RGN 7T H (the BEF-China Project) H (1) — 3
SIS IEAETFRE, SER IS BT A YR 2 AL AR
ZFEPEAR LG RAAERS R G D) g ) 21 (Bruel heide
et al., 2014), T TOIG SIMERR 38 A% 22 FEPE A
ZREERS HAS B AR . (2)TC 18R DR AL 2 REPEIE
SRR RN, T B EARE 7 H A
A R, (HR A BN E SR T A -
W e E. MM Z R RIORETT, B T
FEA MY REPERI G I, Y0 2 AR A S AR )
B O &R SO G B 6 B IE AH 5% (Crawford &
Rudgers, 2012). [Aitk, #£HAES RGIH 2V
ZHMEEURIAES RG, B L Z A S YT
ZREIEA T AL R 4E S = AP I A S RBTIRE

3 BEERZHM-ESRFIEXREESRK
PizE+rIEHR

AL 22 A 1 B R R B AR N BT, K
B YERF S AR A RS T RE I E 7 7T BE Bk 5
(Hughes & Stachowicz, 2004; Jahnke et al., 2015g;
Hi12 7545, 2015). [X1t, GD-EFtH VFREN I TEEY £
FEMECRY . NRFpES . BRI A AE S IE R
SE i (Grady et al., 2011; Forsman, 2014; Kettenring
et al., 2014). X T ORY O Jey ek K 4 sl F P IEAE
PRI YR, AT TR EE RS, ET AR
rh R S LR B SR AL ZAEVEAN G A At . BE
BB Z RPN T AR SR B I AN, Hig R 2
FEPERONAE H AR B LE A B ARl bR S 06 =5 2641
SRR, PRy A 2 A RN T R SR BN AE RS
o AREAEE 1 H R IR 5 A 45 ) 52 I (Forsman,
2014). 53— J71H, FRREAFAE— € I 5 80& N 1 (local
adaptation), RIF7EIE N Jmis A i) B . ik, 5l
e PRI 5 40 5] NP B AR AR SRR AL AT e 2 HUAS B
TFIRCR -

TEN IR NAR T T, FRARNAZR PR 10 4% 2
FEPE, B m A AP Fp T 10 4L 2 AEVE BRVE R — Pl
NI R TTE . AR, NRMugfs 24
P U N2 56 7R (Wang et al., 2012), {HA
i gt A 22 FEE R R ARE D7 RE A% S8 A Ot AR RN
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12 . Yang%s (2017)#F 5T & B A Hb Fh Pseudoroegneria
spicatais /% 2 #E VL = A 5, b K Centaurea
stoebel] 20 A7 18/ 44% . 15 N K B T TR IR )
R THI, AR AR R PR 2 2 s AR A R 2
& e A AU PBEARE 7 29k E (Tomimatsu et al.,
2014). FENR SRR T 1, 4B E s A
W 5 IR R DA R 1 U R (AR ) M X S R Y L,
RS REVIRAET= T, RKIE AR 5L
W% (A5 4810 (Grady et al., 2011).

TEAERSAE ST, /N P B s SR T K38
(1 355 [R] 22 B P (b s 36 P 11 42 rp MR B4 22 1 1)
BEINIAES RGEEEEE . S A 5
AT R GRS TEE(Reynolds et al ., 2012). {H
S e A8 5 i F GD-EFIY, 75 25 K /] (3-5
4E) T k7R ] R (1 000m?) F £ i il £ 56 PR 7 58
HAEH A S B LKk 3§ (Kettenring et al.,
2014). ¥ GD-EFiz HEIAESBEN, HAFTFE T M
BB AL R G ——H A A 7 22 AR 1158
o E L IR (McKay et al., 2005); FrikEyfi 2
N2 AER, BENAEYIIR — Y% 0 2 A5 A A of —
FEARAMAR Z AR 7] e 4775 4 5E % 25 (Husband & Sa-
bara, 2004), 41 FAFIEAFERGE N AT RES S8 —
R Z PR IR R TR AR 7S R R Thae . HIK,
AR SE PR S H AR KA BEAN R RIE (5 R J=) 380 B
PERNE AL 2 BEPE) I FR B E1T AR 12 8 (Kettenring et
al., 2014). X3 RIFEEA M, wFrRIFE RS PE
FRENL R, A HIE S T R R BE 1 CR AT A Hh I Y
PR, 18 4% 2 REVERR E SR IR  Be A Rtk B AR TS
REIRE. Kettenring®5(2014) B R F 2 A #d5
Folt (B2 B % 22 B 14 ) A R o i R B R i it
IINBIE A% 2 BEPERR IR TR B 53, R iE & 7R 2

PR AR AN SERLR B A2 35 R GeTh RE AR H o,

T 4565 JR Ao B PE R RIS A% 22 REVEFR 1 SRR 7
RIE SRR R AR E A S R g6, A
1M, HATGD-EFHIBE JLie A2, ia TSR
AUE R ik 5 2SR A5 -

4 MRAEERE

fEY)GD-EFHE 7T ARG 7 AN g, T 2R
ILAEXT GD-EF K 246 J5 A ] ZEHL I ER I, Wl %
PR RA R RIE A 25 A PR RN K /) B R HLAZ FLAE
It 7T, UL GD-EFSE R AE AL B R o N 14)
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P HWAFEA R 2 A, HA LU RS T E N
41 GD-EFffRFZEiH—ZIRITEHRAENF

H A, GD-EFfg SR MNIIFh 2 RETE-A4 25 £
GUIRe R RITBIR, AMYIF 2 RS 2 5
MK Bl Rt AE S R G IhRE AN —FE, el
(LA B B R R AR TE RS AL, 1 R — B ) AN )
BB 2 B A7 AR R R A, n SRt I A 3 R B
Hin IR R (McKay et al., 2005), HJ &AL
S ) A AR A K 1 5 DR E P s o (R AT, T8
A ARE S AR RA LM TRe = £ MR . ()7E
Pl B 7K P b, A A 18] T RE A7 76 2% 25 0% 5 (kin
selection)E ] (Jahnke et al., 2015b), HISEZ5% &
I A Rk A ) T80 S5 4R, AR E A P AT R
wahn, BEmaTREIR S S RAIIEE. MEYRKT
b, TSRS OC R AT ) B T I R R R A AL,
TR 5 5 5K Z2 A IR ) o 1) 3. 4 O 2 1T e 2 B DA
F, M AT fE BEAK A2 &S & 45 ) 6 (Cadotte et al.,
2017). {HREMF L FEME-ES RGThRE R RiT B
SRR, 1R B EIYFh 2 B RS RIS A% 2 1
P ORI 5 7 T IR 22 3, AT RE T B R RS L R
G RGIE. YRR R R B AR
DMEIER AR U, TR 2 AR SRS, AERS
A BT YR 2 FEE-AE S R A IIRE R R N LE]
AN, MFh L RS KRBTSR RV R K
IR B —— G Y BN ORISR U AN U AR AL
Hl(Fk 4z EAISK K 55, 2002)52 75 th A K AR P GD-EF
(A RS A IS IE
42 RIFHEEZHMUTES RS SRR

VIR Z A S S R RN L O &t
JREIVEAE IR Z REER RS R B L REEXHES RS
ZIREMERIRCI(Jing et al., 2015; Lefcheck et al.,
2015; 14:)4%%, 2016b; Cadotte et al., 2017; Gamfeldt
& Roger, 2017). & RA L hRetE RIEAES RA
W42 iR RATHREARSS RN, SRS
D2 (B IR v] fe 2 S BUES KRG A 2 A
IIRE I fiE 71 %1% (Hector & Bagchi, 2007; #4645,
2016b), WA —MNMEB RGBT EZ DYIF Z RS
RERINT 4ERF 2 AR R IIRE? M T3 — i dE
MIPIERIIAES RS, BATER ORI R REZ DA
R Z FE A Re R 4E e 2 NS R G ThRe? Bl
GD-EF[1IHF FUib 45 B3 7 5L R 1 2 FEPE R AN E S R
GUINREIIFENA, FEAWS K [FII WI 2 A A= 45 R G Th
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BE BRI B MR AR S R G 2 DI Re PRI 5 I
PARIRVT A RG22 DRt I 4ERENLE . R,
EMRBHT ZMAESRG 2 hREE RS,
LI fE VR (Duffy et al., 2003). Thfig-fh B4k
(Hector & Bagchi, 2007). “F-#J{H % (Duffy et al.,
2003). HRI1EE(Gamfeldt et al., 2008). % L%
(Byrnes et al., 2014) 1% Jut 7% (Dooley et al.,
2015). Hr, ZE{EENZ oL N R . B
B S 00 5 B EAR I B 7 2 MR I 2 2
FEPE (3G 03 25— BE K P Thae B Az 4k, I
T R P R RV AR A M A I B0 S B B, JF
R 15 tH R AR T RE AT Ik 21 e KA 22 Jo 2L )
IS T AT Z A (GRS 5B SRR EE)
X MR RGIRE MR, LR 2 AR K]
FXAER RGN R AR SV, 17 Bk mT LA b
Dh g 5] AL AP [F] 5555 52 (Byrnes et al., 2014;
Dooley et al., 2015; 1% )Hi4%, 2016a). X L8777 H A
SR T ISR Z FEE RS RS2 D REMER)
SO, ARRHIFE AR AT DASR A e 3 Be i 5 77
REARVPE L 2 BN A S RS2 ThReME AL .
43 BOREARIEESHMEENESRE
BERISZ M

K% HGD-EFL 50 251K Fl B R 24 = 5 B AR st
R Z FEVERIN FEE fa by, RIZE SCER R A ik £ 48 [F) 25
H s B B R R N B R R 5 . 7 SE0 vt H Al
AT B IR R L BRI S R R

RUAR 57 P B S IR TR SR G A 25 R G DI RE RIS,

MR = T R A Re o8 R BHME AR 7, A
RIBISIRE . JER TR 4. MHRERSEZ R
2 18 A% 2 % 1) AN [R] 77 T (Hughes et al., 2008;
Jousset et al ., 2011).

AL AU — R R A RIEAE 2 RE
BXTAESRGIRERISM . L in: Abbott%(2017)4F
FUAR OB R B = 5 T R AR R AR A
Heo; R 2 RV (R FE+35 5] FE) B sk R A
B 5 B AR B R B K, (H R R R B SR 5
MUSE TR B 2 FEVE S K s s B UEH .
SR 1M Stachowi cz %5 (201.3) B 42 PR 70 2% 2% o0 R 6K
-7 A6 ) AR HL IE AR . Hughes®5:(2016) th & Bl
KI5 40y 1 B PR R S 25 FE ST T 1834% 2 R S5 4
TR FRAEAFAE B UGEAS J5), 7E 5= (R 204 555 ¢ B v 45
gt B 2 KR . Rk, BRI SES

JEXT A RS RGLThRED
.

Massa&s (2013) X} LL if % (Zostera noltii) ) 5
F & B R B AR SRR e AR E 5
Wi B R B, R R = R 35 R 20 = P g PR 11
oAWK E ¥ EAIERER, mHEREEE
VEF . PR, 78S Brh i B %% 18 2 2L ]
R F REAIBE R 5 BE 2 R [ OC &R, a8k f I Ak 2,
AT B 2 AR AR BN = PR R R =5 B s i)
SEEGARBE, P BE DR AL = R B A ST AT A
P13, Whitlock (2014)i8 ik B4 43 A1 R I 4 38
e 2R 5B RGEE MR T RER 9% R o2& IEAH IR
R, M sE 2 RN S A S KRGS A6
Fo {HE, Whitlock (2014)% il 2 A, BRI L
FEME . A E S5 VRGP S 2R, IXAE
I3 AN UAKEW. 554, Whitlock (2014) 437 44
WAL Z AL 5 RS KRGS K R BT H B 008 KR
gy KT Z AR S B R YR 241 ([
—ERRER RGN K RZBFCN, MEkZ
BitE 2R m 8 R BEE IR Z FE S R I
s, FrAWhitlock (2014) 145 1B th A fE A . (R,
RARSLIGHT TR, Bi1Z% 5 2 MU T AN [F) 8% 22 f i
MEER A RGN Re 2 R 7, FEIR e
TR AZS RGN RERZ MR R /0N, DA{SE B 4 [ 1b 3 i
GD-EFX £ 4% Jaj KL .
44 BOKENFMZTERELEENIEEZHMS
MESRANRER AL

X AE A SR AR UL, K IS0 I U A 2%
KR EEET-B. PR 2 FEIE A2 R Dy RE L
963 K S ik AR R R AE S RS
DRt BA IR, T 80N AN AR 25 A7 BN,
RS PFN Z FEE A S RGIThAE R R M BB
fil, HoEAEAS F RIS A REE, AS—FE BIHLHILE
SEAE A RITE SIG P F B R 2N e e AR, T
B 5 B T8) RO RS, 0l 2B 25 A M R R 3 7 v 5 3
H M (Cardinaleet al., 2007). H 1 GD-EFSZ 5 i [H]
JOBEAE® R (1-24F), SR AL I ) RO R K
Xt T GD-EFFH ¢ 8 [f 56 1IF 3 75 2T K 528,
B & ST E TR RO i, TRERS B —FEIN &S
R Kim(E MR RUL, WRAR R AT LB FH T AL
TR, L 2 RV RN Bl A I A A g aE, E
TR R R R, (HR N SRR AR I A B A

R R I, D
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o

TR, DR 3 O % S M R SR 3B B e i R R A
B 384 22 R A1 R8T R 2 IR 8] () HERS 177 98055
S — 5T, 152480 ) GD-EFSLLG H, a8 i FE R Y
FEAE AR P B B S 2 (1) P A B R R R
B2 S AR R BOFPRE, TS50 207E AR5 /N 2 R R
FETF R, IXFE B SEEG AN RE S B AR 451 N AR 2
PR AR REDIRERIER, 2N 7R =M
[) PR 2% 0 A2 2 R G2 D RE W 20 (Tack et al., 2010,
2012). [FIt, A7) HE DR RN R B AR S5 14 2% ) RUE
TN SLEC R, 7326 4325 D] 28 A SIS I th I Bl T LEDORE,
R 2 REESS &1 777k, BIFE RSO X 38R 1)
AL Hb 3 AT B AR S, AR A SR R A LA B A
RZHEVE. MR ER . SR ER LA BAEH1E
RN 8 ok
45 BOLRBHEME SHMNE SN EX T HE A4
EFRMER X/

HIRK 2 HGD-EFZ | SEEG IR I 18 4% 2 X
T E IR R AR SRS R A TN IEREH,
{HEAE X PR AE B SR S HR AT HoAt R () =
BRI A B, X S A T DL i s £ Fh A
F>R 528 (Hughes et al., 2008; Hersch-Green et al.,
2011). Lbtun: 385 (R e des g R o s A% 2 e
JKF 5256, Crutsingers (2013)AF 77 &k I 1 38 7% 7
[X -7 kb Fh 4 (Baccharis pilularis)ist 44 48 5 6 Ak 48
PBETE Z R PE . o5 R AR W) & 1 5 e R Dy B B
Souza®F (2017) U A B AL 36 — A B A6 R B 2 R
FEFR A XTI AL 72 T B AT AN K 2 2 e 7= AR 1) 52
W BE K, H AR e RA 8, EFREITEE
211 22 DRl -4 1) <2 6 DA HRAS 05 i 1 () 4518

A, BAEDFh 2 FEE- RS R AT RE S50
P EEE AR RGN AR AR (U3 IR PR R
JR) BT P Ay i [ 48 B A2 ) S5 6 Hh I AT 3
FhE AL Z2 PRI I RN, 0K 153 4% 2 AP 4R AR G AN AH
S HHE AT R RIS ST [ SR 4 1F T GD-EFEF 41K
RN & o MRS Z R AR S RGDIRER I
RN FHE A B E A ReIL 75 2 2 R4S & 1)t
TN A B SLE R e E 7.
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