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Positive interactions in plant communities
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Abstract; Interactions among species are central to the study of plant communities and ecological theory. Until recently,
ecologists have focused on competition as the most important interaction among plant species. During the last two decades,
however, evidence for the importance of positive interactions (facilitation) among plants in many plant communities has
accumulated.

Positive interactions among plants occur when the presence of one plant enhances the growth, survival, or reproduction
of a neighbor. Such interactions can be considered mutualistic when both species derive benefit from the interaction. Some
cases of facilitation may be better described as commensalism in which one species benefits from another, but the other is
not affected. Often, positive interactions reduce the negative effects of competition, so the net effect of neighbors is still
negative. Positive interactions occur when one organism makes the local environment more favorable for another either
directly (such as by ameliorating harsh environmental characteristics, altering substrate characteristics, or increasing the
availability of a resource) , or indirectly (such as by removing potential competitors, introducing other beneficial organisms
or protecting their neighbors from herbivores or parasites) .

The net effect of plant interactions is frequently measured as the ratio of some measure of performance, usually
biomass, of individuals with neighbors removed to that of control plants with neighbors left intact. It is difficult to
distinguish positive interactions from negative interactions because both effects operate simultaneously, and we can only
observe the net effect of plant interactions. Several indices have been used over the years to explore the net effect of plant
interactions. The relative interaction intensity ( RII) in plants has been proposed because it has useful mathematical and
statistical properties, thus avoiding many of the problems associated with other frequently used indices. In addition, RII can
be used to measure multispecies interactions at the community level. Certain ecological models (e. g. individual-based

modelling) incorporating plant facilitation provide useful tools for exploring some of the fundamental processes within plant
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communities (e.g. species distributions along environmental gradients, biomass-density relationships and size inequality in
plant populations).

The stress-gradient hypothesis (SGH) predicts that the frequency of facilitative and competitive interactions will vary
inversely across abiotic stress gradients, with competitive interactions being most important when abiotic stress does not
strongly limit the ability of plants to acquire and exploit resources, and facilitative interactions being more important when
abiotic stress is high or when consumer pressure is intense. The SGH has been supported by numerous studies in many
ecosystems, and has provided a foundation for studying the balance between facilitation and competition in plant
communities. A growing number of empirical studies do not support the SGH, however, It may be possible to refine specific
predictions relevant to the SGH by explicitly considering the life history of the interacting species ( relative tolerance to
stress versus competitive ability) and the characteristics of the stress factor ( resource versus non-resource) over wider stress
gradients. In addition, inclusion of consumer-incurred biotic stress can alter the predicted outcome of interactions along
resource- and non-resource-based stress gradients for both benefactors and beneficiaries. Positive interactions may influence
community spatial patterns, permit coexistence, enhance diversity and productivity, and drive community dynamics.
Inclusion of facilitation into the theory, models and paradigms of population and community ecology may alter many basic
predictions.

We also consider future directions for research on facilitation, emphasizing the need to increase our understanding of
(1) the balance between positive and negative interactions and their effects on community organization, (2) positive
interactions in the context of global warming, (3) integrating positive interaction with evolution, and (4) the potential role

of positive interactions in ecosystem restoration.

Key Words: plant communities ; neighbor; positive interactions ; stress gradient; community organization; global warming;

evolution; ecosystem restoration
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Fig. 2 The predicted relationship between different abiotic stress, different life strategies of species, without and with inclusion of biotic

stress, and the outcome of a given plant-plant interaction

LRI SR YIIE , RN 5 A Y8, A0 B8 BE T YRR SR ISR A (L7 ARBEMSE, ¢ M7 EEE, ¢ H 7R

W) 5 € 7x SEGHENEMEHIRN < S 7 s WU REREHIRY , < B IR - WURE W 0K AR 5 T 00 M
i

FUTEGHAE . Anderson™™) BB MR 41 B 0 £ A7 SR B R R PR 4l 85 A 5 I T B, R T IE B 8
BERBIR R

4.2 FEMEERSHEWE

TE A AR R AT P e BT 125 (R AR B , (M R RS L7, 3 I TRE T SR N A 72 ), 9F LIRS BETE 3h 80 .
Bruno % Y I IEARE AR FA I8 BB RS P, S SR AR S A AL S AR S AL K R, A8 A 25 78
DAY s IEAR B AR R 168 0 4 B P L BRLIE RO B BEAROBIR R, B kA P S REPE-BETE T AR IE L R o

FEHEEREEPARKSBEP U EEEENMAG. KETRCLRWI MM 8E A K
HHRERE AW AR . Callaway F1 Aschehoug'™’ & B 5 I FI AT A M5 Hb 14 35 2 A A 5 2 9 32 40 3808, T %
S B R L SR G AR N B A X P T4 U o Simberloff 1 Von Holle™ ' I\ Jy B #| AT B & A 18- K8 & H— 1
FEFERA,

BT, BRI RS B W PR B Wi 2, EHEARATRESBFAYMEEHBRENEEN
1 ERE SERE IR 22 HT LK, HIR AR B AR O RS RE RS RETE (4 R G , 388 T BT K S A
W B B, R B AN AR R TR RSN T AR M SR T R A EEER . BRSO Rk
SERYIF B AR R Y IEAN T AR R IR B A A/ N B SR | IE SR B4 AR S s s
YRR R R R A AR N B MRS R E ' o 7R I AR ARV R 0 P, S
Tt AFEROE I BAR3E T 5 R BR IR A, S M RUE ST AR B X R LT,

5 MRRE
5.1 IESUHEARR P45 R X REE M i i

XA 0 A8 % ) TE AR LA R AR, 48 7 A L VR PR R 888 B0 B 22 W £ 56 R AR BF R P s, AL
BRI R A HF R RS2 1™, 5 24 S KA R R B FR R R AR ERERNSIS . BFEZEMm
VR A A P AT B A 40/ A AR e BB B R v LA % 2 R TR ELAE RSB T AR L BN . [l AR B
1 FIREFR 3 B B L A L A B — B R R

HHRAEAMERRF R L% R L (R X S R B R K F LIS R m 26w, 8
SRR R T TAE AR FAX BEE 254 RO . I DR R R B A BB R R E T
B EE TR , LA T S At A TG A0 %, R T 5 R AR SR B Y R B Ak e U R AR A

http ://www. ecologica. cn



19 #4 RGPS RE R IEAEAE A 5377

B IR A EAE R I IR S B AR ? XA T E RSN A A MBS RISHIE . R IEAR /R XS B 14
BRI R IR X MRS R R o A R ZREVE SRR R IR, LA LR 3 T AR, Wy b F B -
THXR , B NEFE REEE T LS EAHEAE PRI RER ., [N, 564 W4 | IZ fF7E 1 (8] 640 B
YEF T — P R,

FEGET TE SR B AR P P88 B LR 9 4 PR s e TR , SRR ) — PR R Bl 2 (i PR AL . AR 1]
R, L AT 48 [R] & A= 9 IE SR ELVE L 43, 26 SR I rP AR ERRAE 1 B AR AU A A T RESE L. BEEUBFA AT LA
KRR EA A BT, (ER 3A B) Z # M B Y (B IEAH EAE B b, BR R R Bt — P58
H—RIIFE R AR MR 3 AR T A A SR (AR R : STH A Shwl (B Y ) s SETF AR R 48 1A
RREA : R AL IR B AH DG AR A, J5 8 A HE AR [ 28 Y SRS S i S A RN AR S IR A, Sk SO A B
WIESE T RAPR I, Bt r] Y R B EAHEAE 5 .
5.2 REERERTHREMEER

SERATHE S FHONEASE & A0k, 2R th & 5 Wi 3 ) 18] AR B4R o Brooker™ ™ A 4 49y 18] M A1 .
VE FTEAE D) ) A FAE T i b SRR AL P B B A 6, S ETPFR — MR R PR : T s Y A
HIAH ELAE R S ZE VA 5 PR AR AL 7= A e AR, ASGRMTAMER . 23R4 Y ZHEERE IR E =
JE R Z—, St BRI A U XS AR ) SRR R P AR B — 2 I FE R TR

—SEBF I TN A PR AR R , S ST G 0 Kk AR, IR B 1S I AT R MR B (LSRR A3 B 7 1k
BRI BT TIESE 7, 55— BB MRS R T 2 BRAEE 000 T — N5 T O BREE , 2 1 5 0 B A 9
KA BRI AR 1 IR I IR, S BT BRI RN . e RRASEE ST IR S N3RS
oy JBE , R SR U/ NI ol 38 B, B T AN ] F b, X B gl , R AR R B 45 Hh R s W 2 [ AH ELAE F S WA 75
B ZHPHMLIMRIE, T H, KB REE BKE SR B 5T 7 R EE 15 M i 38 8 2 BRE R = T AHEAEH
HFE A AL, [F] B S B 5T e i — 2P e e A BE AR 10
5.3 EHEfEASHL

BARAEBFMHF Y AR PR RCEZ IR (HRENERESHMA R M HRE
Z RN E M BB ZERR SR XA B FE T B R A R TR I R , I 4 50 AT 4 A T T %o A
YIRS BVEA™ o EAE A th A SBUEY LR BE , 242 18 B A, TR AT AR TR A A K
RIS o REE AP Z 5 R7E RIS, (B 7 B AT 56 B A BF 5T A9 U i fik = 0ot 1k
",

FTRABRGH R E A XS T T3 SR o X i PR 5 3058 B AE 5 0 B
FI & A R AT B, PPl 5 AR K IR Z 8] B 38 EASN 46 78 1 JR) AAE 0L 336 A5 1 32 b 3 7R Gl 532 i AL 40 B R ) R
A=V b, Scheffer F1 van Nes'” % 91845 5 F| °] #E3h A= S A4 Rl 4k, Valiente-Banuet 2517 % BL3E [ 1T
PR 58 = 201 2R | 3256 DU 28 W R B 47 BRSO OR3P T DR BR ok, BRI 28 = 28 Wb B0 AR S AR E
FHREAZ—,

Bronstein' ™ ZEX¢ B A A H B A HEALBE 5 46 i, BRTEA 3 MNESE AR S MBI B, (1) i
Wb 2 B A Aol ) B AL SR BRAR DI SE , BRI F] BRAR EL A S AR A R St AR B dE SR A — A AL, AR T
XS HEE RPN . (2) AHSCHRIR 138 1% 2215 SR DB, W B IR T B 2, (B 2 B B MR
A ] REREA EAE AL . (3) EFI IS A BEARH AR 00 B M B o R D3 2 [ A AR K R A
AT BRI = A e kAL R PR
5.4 EAEAEREASWRE R

FEERTE A L SEIR G A AR A VR HhOUL I B f TEAE BLAE P LRI e A 28 R G K R B R HLVE )
BB T BE . H R, R A 0 18 715 B IE AR B AR FR7E s R R R Se B rp B 28 B Rh s AT iR g 2
B FRRFEARNE I B SRR Z A, 7E 4a BISEIG  BEARXTR AR L 1 09 A 77 A AR KB FR8E B BRI RN,

http ://www. ecologica. cn



5378 g & ¥ ik 30 &

XA B TR REARSE R . [, 7 BE O 2 T 54805 , Wil T T 2R U 22, 45 R R
HAEY N ESRE R TREFH TR ™ . BT TREFE, 7L ELRE X %58 TS R TE
FIR AT )z T IR R AT B

REEN B AR AR S R RE S RGERE BR BEHARK , 3 B AT ARG A TR AE Y W A R v v L 26
BEUR SRR A FRAR T, E G0 7 B KT B P O R SRR R B IR R . Gomez-Apariciot™ #5 i : 7EiR 4k
WAESRGH , HHT AP BEE PR RS A R KRN . 18 T B R AR ) B v 4 i J SR A e oy 22
SL, THEAR FFT ATV WIAR HE 5 SR Wy F 3 ST o 706 260 900 VG /R 499 2 5t W A R PR B R S R R AR AR ¥ 1 2
ARo MRBEEAFEYIREE To 275 S8 22 12 A n] 25 B LAt RO BEAR QA , 385 i 7 8 F) 8 AR AT AR D M DA O O
BIEHARMBEIE B — A RN . B EAIFERRE N A SRR T BOR ZHO8 T HH R , SRR FI B At )
FAY A ¥ S0 SR LA R AR S RS,

T I 2FREE A S RE MR EIR L, 8 VI TRE & R4S RE T BEFI AR 5 1 BURAL 27 A 3
R TZAFERE AP M YR, FTRES B B A S REMRE HAR MR . ALEFST
REBREESRES S IER, LEAHE/ERAMNABAESKE S, IR EBUAESRGERS
it : 52 K& K% (The University of Montana ) ) Ragan Morrison Callaway #{#%, B} < M4 R K 2% ( University of
Copenhagen) [¥] Jacob Weiner (4% A & [7] £ 56 % (1 BT M A S B RS T3 BY , FR L B0S .

References:

[ 1] Connell J H. On the prevalence and relative importance of interspecific competition; Evidence from field experiments. The American Naturalist,
1983, 122 661-696

[2] Schoener T W. Field experiments on interspecific competition. The American Naturalist, 1983, 122, 240-285.

[3] Grime ] P. Plant Strategies and Vegetation Processes. Chichester: Wiley, 1979 1-3.

[4] Bruno] F, Stachowicz J J, Bertness M D. Inclusion of facilitation into ecological theory. Trends in Ecology and Evolution, 2003, 18 119-125.

[ 5] Bertness M D, Callaway R M. Positive interaction in communities. Trends in Ecology and Evolution, 1994, 9. 191-193.

[ 6] Callaway R M. Positive interactions among plants. The Botanical Review, 1995, 61 306-349.

[7] Callaway R M, Walker L. R. Competition and facilitation; A synthetic approach to interactions in plant communities. Ecology, 1997, 78.
1958-1965.

[ 8] ChengD L, Wang G X, Chen B M, Wei X P. Positive interactions: crucial organizers in a plant community. Journal of Integrative Plant Biology,
2006, 48 (2): 128-136.

[ 9] Brooker R W, Maestre F T, Callaway R M, Lortie C L, Cavieres L. A, Kunstler G, Liancourt P, Tielborger K, Travis ] M J, Anthelme F, Armas
C, Coll L, Corcket E, Delzon S, Forey E, Kikvidze Z, Olofsson J, Pugnaire F, Quiroz C L, Saccone P, Schiffers K, Seifan M, Touzard B,
Michalet R. Facilitation in plant communities; the past, the present, and the future. Joumnal of Ecology, 2008, 96 18-34.

[10] Callaway R M. Positive Interactions and Interdependence in Plant Communities. Dordrecht: Springer, 2007 ; 2-3.

[11] Lortie C J, Brooker R W, Choler P, Kikvidze Z, Michalet R, Pugnaire F I, Callaway R M. Rethinking plant community theory. Oikos, 2004,
107 433-438.

[12] Connell J H, Slatyer R O, Mechanisms of succession in natural communities and their role in community stability and organization. The American
Naturalist, 1977, 111; 1119-1144.

[13] Hunter A F, Aarssen L W. Plants helping plants. Bioscience, 1988, 38 34-39.

[14] Bertness M D. Interspecific interactions among high marsh perennials in a New England salt marsh. Ecology, 1991, 72 125-137.

[15] Bertness M D, Shumway S W. Competition and facilitation in marsh plants. The American Naturalist, 1993, 142 718-724.

[16] Bertness M D, Hacker S D. Physical stress and positive associations among marsh plants. The American Naturalist, 1994, 144 . 363-372.

[17] Callaway R M. Facilitative and interfering effects of Arthrocnemum subterminale on winter annuals. Ecology, 1994, 75 681-686.

[18] Bertness M D, Leonard G H. The role of positive interactions in communities: Lessons from intertidal habitats. Ecology, 1997, 78 1976-1989.

[19] Wilson S D, Keddy P A. Measuring diffuse competition along an environmental gradient: results from a shoreline plant community. The American
Naturalist, 1986, 127 862-869.

[20] Choler P, Michalet R, Callaway R M. Facilitation and competition on gradients in alpine plant communities. Ecology, 2001, 82 3295-3308.

[21] Callaway R M, Brooker R W, Choler P, Kikvidze Z, Lortie C J, Michalet R, Paolini L, Pugnaire F I, Newingham B, Aschehoug E T, Armas C,
Kikodze D, Cook B J. Positive interactions among alpine plants increase with stress. Nature, 2002, 417 . 844-848.

[22] Boyden S, Binkley D, Senock R. Competition and facilitation between eucalyptus and nitrogen-fixing falcataria in relation to soil fertility. Ecology,
2005, 86, 992-1001.

http ://www. ecologica. cn



19 3 WP S AR IR B IEARELAE 5379

(23]

[24]

[25]

[26]

[27]

(28]

[29]
[30]

[31]
[32]
[33]
[34]
[35]
[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

Greenlee J T, Callaway R M. Abiotic stress and the relative importance of interference and facilitation in montane bunchgrass communities in
western Montana. The American Naturalist, 1996, 148 386-396.

Pkland R H, @kland T. Population biology of the clonal moss Hylocomium splendens in Norwegian boreal spruce forests 1II. Effects of density.
Joumnal of Ecology, 1996, 84 63-69.

Wipf S, Rixen C, Mulder C P H. Advanced snowmelt causes shift towards positive neighbour interactions in a subarctic tundra community. Global
Change Biology, 2006, 12 1496-1506.

Graff P, Aguiar M R, Chaneton E J. Shift in positive and negative plant interactions along a grazing intensity gradient. Ecology, 2007, 88 188-
199.

Callaway R M, Kikodze D, Chiboshvili M, Khetsuriani L. Unpalatable plants protect neighbors from grazing and increase plant community
diversity. Ecology, 2005, 86 1856-1862.

van der Putten W H. A multitrophic perspective on functioning and evolution of facilitation in plant communities. Journal of Ecology, 2009, 97 .
1131-1138.

Levine J. Indirect facilitation: evidence and predictions from a riparian community. Ecology, 1999, 80: 1762-1769.

Callaway R M, Pennings S C. Facilitation may buffer competitive effects: Indirect and diffuse interactions among salt marsh plants. The American
Naturalist, 2000, 156 416-424.

van der Heijden M G A, Horton T R. Socialism in s0il? The importance of mycorrhizal fungal networks for facilitation in natural ecosystems. Journal
of Ecology, 2009, 97 1139-1150.

Watson D M. Parasitic plants as facilitators: more Dryad than Dracula?. Journal of Ecology, 2009, 97 1151-1159.

Armas C, Ordiales R, Pugnaire F I. Measuring plant interactions: a new comparative index. Ecology, 2004, 85 2682-2686.

Hedges L V, Gurevitch J, Curtis P S. The metaanalysis of response ratios in experimental ecology. Ecology, 1999, 80: 1150-1156.

Markham J M, Chanway C P. Measuring plant neighbor effects. Functional Ecology, 1996, 10. 548-549.

Schenk H J, Holzapfel C, Hamilton ] G, Mahall B E. Spatial ecology of a small desert shrub on adjacent geological substrates. Journal of Ecology,
2003, 91: 383-395.

Wang G X, Zhao S L. The spatial distribution of the synthetical ecological effect of plant individuals under semi-arid ecological conditions. Acta
Ecologica Sinica, 1993, 13(1) : 58-66.

Wang G X. On Ecological Field. Zhengzhou: Henan Science and Technology Press, 1993 18-19.

Wang G X, Zhao S L. The spatial distribution of the ecological field in spring wheat colony under semi-arid ecological conditions. Acta Ecologica
Sinica, 1995, 15(2): 121-127.

Travis ] M J, Brooker R W, Dytham C. The interplay of positive and negative interactions across an environmental gradient: insights from an
individual-based simulation model. Biology Letters, 2005, 1; 5-8.

Travis J M J, Brooker R W, Clark E J, Dytham C. The distribution of positive and negative species interactions across environmental gradients on
a dual-lattice model. Journal of Theoretical Biology, 2006, 241 : 896-902.

Brooker R W, Travis J M J, Clark E J, Dytham C. Modelling species” range shifts in a changing climate: the impacts of biotic interactions,
dispersal distance and the rate of climate change. Journal of Theoretical Biology, 2007, 245 59-65.

Xiao S, Michalet R, Wang G, Chen S Y. The interplay between species”positive and negative interactions shapes the community biomass-species
richness relationship. Oikos, 2009, 118 1343-1348.

Chu C J, Maestre F T, Xiao S, Weiner J, Wang Y S, Duan Z H, Wang G. Balance between facilitation and resource competition determines
biomass-density relationships in plant populations. Ecology Letters, 2008, 11 1189-1197.

Chu C J, Weiner J, Maestre F T, Xiao S, Wang Y S, Li Q, Yuan J L, Zhao L Q, Ren Z W, Wang G. Positive interactions can increase size
inequality in plant populations. Journal of Ecology, 2009, 97 . 1401-1407.

Pugnaire F I, Luque M T. Changes in plant interactions along a gradient of environmental stress. Oikos, 2001, 93 42-49.

Lortie C J, Callaway R M. Re-analysis of metaanalysis: support for the stress-gradient hypothesis. Journal of Ecology, 2006, 94: 7-16.
Pennings S C, Seling E R, Houser L T, Bertness M D. Geographic variation in positive and negative interactions among salt marsh plants.
Ecology, 2003, 84. 1527-1538.

Maestre F T, Valladares F, Reynolds J F. Is the change of plant-plant interactions with abiotic stress predictable? A meta-analysis of field results
in arid environments. Journal of Ecology, 2005, 93 . 748-757.

Maestre F T, Callaway R M, Valladares F, Lortie C J. Refining the stress-gradient hypothesis for competition and facilitation in plant communities.
Joumnal of Ecology, 2009, 97 ; 199-205.

Smit C, Rietkerk M, Wassen M J. Inclusion of biotic stress ( consumer pressure) alters predictions from the stress gradient hypothesis. Journal of
Ecology, 2009, 97 1215-1219.

Eskelinen A. Herbivore and neighbour effects on tundra plants depend on species identity, nutrient availability and local environmental conditions.
Journal of Ecology, 2008, 96 155-165.

Crain C M. Interactions between marsh plant species vary in direction and strength depending on environmental and consumer context. Journal of

Ecology, 2008, 96 166-173.

http ://www. ecologica. cn



5380 g & ¥ ik 30 &

[54]

[55]
[56]

[57]
(58]

[59]

[60]
[61]

[62]

[63]

[64]

[65]

[66]

[67]
[68]

[69]

[70]
[(71]

[72]
(73]
[74]
[75]
[76]
[77]
(78]

[79]

[80]

Bulleri F. Facilitation research in marine systems: state of the art, emerging patterns and insights for future developments. Journal of Ecology,
2009, 97 1121-1130.

Schiffers K, Tielborger K. Ontogenetic shifts in interactions among annual plants. Journal of Ecology, 2006, 94 . 336-341.

Anderson J T. Positive density dependence in seedlings of the neotropical tree species Garcinia macrophylla and Xylopia micans. Journal of
Vegetation Science, 2009, 20 27-36.

Simberloff D, Von Holle B. Positive interactions of nonindigenous species: invasional meltdown?. Biological Invasions, 1999, 1. 21-32.
Richardson D M, Allsop N, DAntonio C M, Milton S J, Rejméanek M. Plant invasions-the role of mutualisms. Biological Reviews, 2000, 75; 65-
93.

Callaway R M, Aschehoug E T. Invasive plants versus their new and old neighbors: A mechanism for exotic invasion. Science, 2000, 290 521-
523.

Gross K. Positive interactions among competitors can produce species-rich communities. Ecology Letters, 2008, 11: 929-936.

Cavieres L A, Badano E 1. Do facilitative interactions increase species richness at the entire community level?. Journal of Ecology, 2009, 97
1181-1191.

Butterfield B J. Effects of facilitation on community stability and dynamics: synthesis and future directions. Journal of Ecology, 2009, 97 1192-
1201.

Verda M, Rey P J, Alcantara J M, Siles G, Valiente-Banuet A. Phylogenetic signatures of facilitation and competition in successional
communities. Journal of Ecology, 2009, 97. 1171-1180.

Deng J M, Wang G X, Morris E C, Wei X P, Li DX, Chen B M, Zhao C M, Liu J, Wang Y. Plant mass-density relationship along a moisture
gradient in north-west China. Journal of Ecology, 2006, 84 . 953-958.

Dai X F, Jia X, Zhang W P, Bai Y Y, Zhang J Y, Wang Y, Wang G X. Plant height-crown radius and canopy coverage-density relationships
determine aboveground biomass-density relationship in stressful environments. Biology Letters, 2009, 5. 571-573.

Berger U, Piou C, Schiffers K, Grimm V. Competition among plants: Concepts, individual-based modelling approaches, and a proposal for a
future research strategy. Perspectives in Plant Ecology Evolution and Systematics, 2008, 9. 121-135.

Brooker R W. Plant-plant interactions and environmental change. New Phytologist, 2006, 171, 271-284.

Chapin F S, Shaver G R, Giblin A E, Nadelhoffer K J, Laundre J A. Response of Arctic tundra to experimental and observed change in climate.
Ecology, 1995, 76: 694-711.

Klanderud K, Totland @. The relative importance of neighbours and abiotic environmental conditions for population dynamic parameters of two
alpine plant species. Journal of Ecology, 2005, 93 493-501.

Klanderud K. Climate change effects on species interactions in an alpine plant community. Journal of Ecology, 2005, 93 127-137.

Shevisova A, Haukioja E, Ojala A. Growth response of subarctic dwarf shrubs, Empetrum nigrum and Vaccinium vitis-idaea, to manipulated
environmental conditions and species removal. Oikos, 1997, 78 440-458.

Brooker R W, Callaghan T V. The balance between positive and negative plant interactions and its relationship to environmental gradients: a
model. Oikos, 1998, 81: 196-207.

Bronstein J L. The evolution of facilitation and mutualism. Journal of Ecology, 2009, 97 1160-1170.

Kéfi S, van Baalen M, Rietkerk M, Michel L. Evolution of local facilitation in arid ecosystems. The American Naturalist, 2008, 172; E1-E17.
Espeland E K, Rice K J. Facilitation across stress gradients: the importance of local adaptation. Ecology, 2007, 88 2404-2409.

Scheffer M, van Nes E H. Self-organized similarity, the evolutionary emergence of groups of similar species. Proceedings of the National Academy
of Sciences USA, 2006, 103 : 6230-6235.

Valiente-Banuet A, Rumebe A V, Verdia M, Callaway R M. Quaternary Plant lineages sustain global diversity by facilitating Tertiary lineages.
Proceedings of the National Academy of Sciences USA, 2006, 103 16812-16817.

Gomez-Aparicio L, Zamora R, Gémez ] M, Hodar J A, Castro J. Baraza E. Applying plant facilitation to forest restoration: a meta-analysis of the
use of shrubs as nurse plants. Ecological Applications, 2004, 14(4) . 1128-1138.

King E G, Maureen L. Stanton M L. Facilitative effects of Aloe shrubs on grass establishment, growth, and reproduction in degraded Kenyan
rangelands ; Implications for restoration. Restoration Ecology, 2008, 16 : 464-474.

Gomez-Aparicio L. The role of plant interactions in the restoration of degraded ecosystems: a meta-analysis across life-forms and ecosystems. Journal

of Ecology, 2009, 97 1202-1214.

B EHk:

[37]
[38]
[39]

EAEF, AR, AT RS T Y MR RLE G A SN 2 BB A TR AL, A5, 1993, 13(1) : 58-66.
ERE. ST M PRBARR H AL, 1993 18-19.
EAREF, BRI, T RAESKMA T AE/DERMAESGR RN, EBFR, 1995, 15(2) : 121-127.

http ://www. ecologica. cn



	19b108.pdf
	19b109.pdf
	19b110.pdf
	19b111.pdf
	19b112.pdf
	19b113.pdf
	19b114.pdf
	19b115.pdf
	19b116.pdf
	19b117.pdf

