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Mechanisms and advance of apparent competition among plant populations
BA Lei"* * | LI Zhijian"?*, YANG Xueru'"
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2 Key Laboratory of Vegetation Ecology, Ministry of Education, Changchun 130024, China

Abstract: Apparent competition has great impact on the structure and composition of plant community and is also closely
linked to ecosystem functions. However, there is less knowledge of experimental research and mechanical analysis on plant
apparent competition in China. We introduced the concepts and summarized the current progress of plant apparent
competition in this paper. Apparent competition mediated by herbivore regulates the process of plant competition primarily
through providing food and refuge to herbivore and this also is influenced by the interaction between the extended leaf
phenology (ELP) and herbivore. Apparent competition mediated by plant usually acts with resource competition. Apparent
competition mediated by arbuscular mycorrhizal fungi ( AM fungi) is influenced by the mycorrhizal dependence of plant
host, and is related to the demand of AM fungi and the supply of environmental nutrient. In the future, studies on plant
apparent competition should focus on the rationality of experimental design and the effectiveness of measuring methods and
evaluating parameters. Moreover, researchers should pay much attention on the function of apparent competition at level of
plant population and ecosystem. It can not only provide mechanical explanation on the structure of plant community and
species coexistence, but also enrich the theories of classical plant competition and food web including interactions of

multiple trophic levels.
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TEAR BRI A S H IR Z PR MY e — RS R & R AR RGO T2 5 T RERY
FEHHIZ " 184 YT ST 2 00 F 98 IR S 4 0 SE 50 7 i RS AL v K AR I 3R (i i sh
KB 5 ) VR T R ) B AR B FH (B35 4 , apparent competition ) IUFFFEEI 43 =1 ) A
SRAEZS R G, W AR 2 L8 530 7 A R U558 4 IS AL P 448 SR T 10 4 N PR 0k o e 2 P B
PRIA AR RS BT, MOk 2 1 SR R W & R sh ) (KRR W ORI R ) R
(B 4N DMK B AR LT ( arbuscular mycorrhizal fungi, AM ELIE ) A IR ) 25 P8 17 BYAE ) 2 W 5 4 7E L 7% A
BRGIKT I RE LA EEIRE ™ | 1T B IRIRRIRE T Ty P 20 AN 85 i 20 25728 1h 5 W R 8 U 5 4
Wiz A LRV FH A A5 SR

L) b R ) ) D) 22 AR A FH 28 R A 25 2 5 ) — A TR ™ [ SN A 9 — 7 T DN 3 R
JE 53 B4 £ 0 R R ) A E AR T B 2 e RO AL, DTl 4 s SR 38 4 R ) e VR S5 A0 A A= 28 R G T RE 1Y
SO 5 3 —J7 TP SXAAE M 2 5 0 R U5E A 9T E 2 T X AM B SH Y 18 F RS AE SR I, B
T, AEP) R TE S B IEIR B 5 R 27 5 1 0G0 1 7 25 T8 2 1 SE I iE 4 ARSI R . T HFAMEYI I
T LSRN Z2 4 N F AR P 50 P ST S RO R R VR X DL 5y | W) s SR U AU E Y (DL AM LTS
RG] A (AR R TE PRI HEAT T R G AR BB Bk S | LI Sy [ A RIS A A G BT SR AR A F
S AVE AR 2T R A AIL ] 20 A R BB A LR AN AR R
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J& , Connell " X FMTE 4G HENT T 408 K o] — A E R YD 3 =R S 5 R R] 524 1A B F0L 58 44
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Fig.1 Classification of real competition and apparent competition ( modified from Connell'*))
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BB R R EH SR EE (BN KBRS ecE 1)) ([R—& SRRy s FR ) o i
(RIS ) Z 5T R . REHE SHEY BN 25 Y258 4 5 i £ W) B i)
NATHLEATRON A GIRACR PR B SR AL S R G A E IR, SRR -
B s -1 AR A - A R G RS A C A A I BR AR BNz i A L T EALA S
TIEH5 2 B I AR 4 R = FEE 0 S RSS2 A Sh A B R SR g7 LR AR A 9 3 DG T WL 5 4 3 AHL )
PR S S AR

2 BEIUARENTHENRUZS

BRI ( FEASE R G RIS R A R m A AR SR W EE YN R, BRIk
T RERSIE T R AT N L HS AR ) A KRNSO R ) B IR 58 A, B S 5 Y LTS 5 X AR ) A T 2 A R
B RIS RF AR EE S E AT BT B B R A Y R & WA T (food-mediated ) I 55
42 (habitat-mediated ) Fifh 122 S5 RN 40
2.1 BEYN SRR

EE HURREZ 1% A M SR 12 A W38 4 0 ' AT £ B R R R L 3L sh ) A
REA I  HoR B E By Y e 0GR, W R g R s s i E 'Y (R A
Rl R B H R, TR A YA P AR [ 2, Bl A a9 R MZE S . Rand X R0 TR B HETR 14
TR, 5 M (Salicornia europaea) AHFEHEVT B F MU IERE (Atriplex patula) 38 H 23 B 430 B8 A0 ) 4 M 7%
FEW G 2 B R B R ANR T =i R R i AR R A N A A RS ]
B2 DA R T VA PR S RPN 2 B (Y R 3

DUE RS RIS e A I 5 S ] BE AR AR ) AR I ML 22— e 38 E KV PRV R T
JEMAE H R AR SEI0 ) AR P B AP RER S 58 T 225 (stem-feeders ) 15T (leaf-miners) . £ M- (leaf-chewers )
FIEF H DU R A 36 2 1 2 4R B T L Al P 2 8 6 W e X 224 b R R 1) 7R e Aok i
REEML S| SE 2 YR B, I HL A ISR 00 2 Mo i) B M i 4 T 7 AR AN X FR B 5 e RIOCR . 1, 5 5 U s 3
TE SRR CBE ( Carduus nutans ) ZBIT FIAS HUFF ] ( Cirsium undulatum) W R _E =00 B M REARAS Ho Fh 16 2% 1 A0
T F1 17 Uk 20 RS W MR M DX 2% R At T SRR 5 R 1 24 M B PR R AE R T (weevil ) 1755
KRBT WA T FSE G o PR A A Ml > A6 1) 45 SRS T X 1l > AR AR 22 B 25 [R) o At s 2
Lau F1 Strauss JF J& (1) 87 48 28 5 #8628t i B, SR B8 & 2 I8 38 Mo R AIR 25 b 22 4% /R B BKAR ( Lotus
wrangelianus ) (35 5 B | [F) B2 25 SR TP RS B 78 (Medicago polymorpha ) W 3E 4 1120 o W thi 25 8 4 %o 7 LR
SR BT DASE M SRR Dangreman 332 PUAE (R FRE Sl 2550008 FORP (446 5290 R B, A 4 1) Bt o5 )8 A
Y ( Lupinus tidestromii ) BIFPF WG4 sh W) K & WAL BE Bl 5 AR Fh 5 22 B (Ammophila arenaria) 15 25 09 46 /)N
4 o2 o GZARML, AR INA] AR JE IV b Y 2R SF ( Brassica nigra ) RERE IS | B By, 30 X 24 M AE
( Nassella Pulchra) fSRA ' Hulle if & AN E R 345 L REAE 18 3o FL 7= 20 4 26 WL 58 4 0k 24 3t b = A 52 S
FRU BN 2 A R D R R R TR A v T R B T L R R e AR
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55 59 IR (Agrostis capillaris ) 2 5 T B9 A 4R $2 41 1 38 09 A2 BE, T 52 el AS M R 25 AE ) ( Botrychium
australe) "' Meiners VAJVZEFHFA T B9 AAR PP 4% ( Rosa multiflora ) FIUR A= bR AAR T 45 48 222 ( Lonicera
maackii) NHFFENTGIF I T Rl BUCR SE0 , 45 R A AR FhE A 0 e M 2 4 17 Y AR o b R £ 1 KL
Wr , T 2 R AR T SR TE 5 RV RE A% U2 16 A R B I ALy 3 B 2 0 AR A T TR ™ R 114 9%
Todr, BLAE R R R ME S T BE 5 PR S L RDR IE M IR TE 2540 . IO, Zhang S5 7ERE 77 52 i MR AR
AIBIESE RS B 56T 224 0k 147 288 20 40 1) SR 1 FIORR T ARG IR % A7 DI W] A P S B 552 ot R A AR S8R AR AT B R 1Y
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3 IR E I 5 19 >4 M-, R A A6 55 A S 0 R0 5 0 I TR IS A , s PN 2202 T AR AP g %
A R B ( Peromyscus maniculatus ) $& U EIAEE , 028 2 1 3P B3 5 (L. tidestrom ) FIFP 2R B 3 6] i) AH ELAE
FHS . WEAREBE R R A S B i AR AR Bt BE SARR 4h B R R R AR L W R B A R R R
BT AL <22 55 30 1L K ) 47 SR R BB 08 22 ik AR T L AEL ) 40 1 TG ) P B 38 (T FRERVE FRBOR ) | (A L
AR &y TR B g P A A0 R 1 IR 79 3 AR 1) 225 SRS 3 2 — e S sy 70 561 4 A 7 okt e i
{156 ( associational plant refuge hypothesis) , Mol 2E 7 Hoglidt HefeE H P R -5 s KRy aE v 22 i AE )
— A O T R A S A R
2.3 ELP /SRS

AU SR T& AR A R S e T R AR AR ) R 22 BT 3R I S SE K Y I 7 ) % (extended leaf phenology,
ELP) ¥#iE, BRI K & B V& i, S 0 AR I TR iy [ AR EE 2 065 70, (e iR AR G, 23k
EABASEAT T ELP WA AR S 31 1 2548 1 15, (L HGE 5 J s 0 1 7 20 B0 R 435 4 1) 52 i 20 080 52 31 56
FE' . ELP AYAENS B AN RFh RN 24 st Fh ) W2 05 5 4, i ELREAS 38 13 5 W S R 247 8 (ELP-R 2 &
BN ) () B2 i AR ) S G O R, 70 32 I3 B 285 R 22 1 R SR A B 1l X, Martinod T Gorchov 3 i+ £ fb 42 4F 1 2
JERA Bk b AR FREALE Y 0 ek 3, AR Fh R A A BRISTE AR T B =2 Y AR AR Ry 1 R RE R At
PSR R A E RN EY, SRR T H R EMERRCE (JUHE A R A RS ) Y
T T T V) AR X 224 b ) R A T, Al R 2o R A A FH RIS T Y A R A

ELP- R & R R TE G (VIR 52 3 AW B 2R (5200, 1655, AP R 5 24 M o ) 35 1P B 65 5% 1)
ELPREHWVEM, BIANE DA F B ELP RERS7E BB MIBCK S B R & H B BB Z 21T,
I ARSI B K ZR B 2 1 o 1) R £ AR 2 SRR 55 4 A48 . Smith I Hall 2544 1 ELP 52 0 ]
KARBOARA G R BRI SR 1 MRS AF 50 5 2 MR A Y A 6] 1) ELP W RE RS TR £ & A 1E 5%
PF T RN RN 5 Y M FP  FSE 5 0 TR ARIESMRAI AR R S B MR B (SR £ 38 % 224 1 b 11y
SUMIFTEZE S — B OLT  ELP SE AT BEIE i 52 3 £ MR 3 AT R S0 SRL 5 4, T HC X 2 3th L PR
EHERF AT EEE/N  (H AR S K Ek B 15 ( enemy from escape hypothesis ) , #FRFI AT DIE S B E VR &
OO 2 A SR T R TE R AN ELP B AT DL e 15 2 s d B s A i S R
RS R I TIGT >0 b 94 5 ) B8 S8 A S A TR AR X T S S I X AR A R R R R I D
HH AR TERT Rt A SRS R D TE 2R SN R E S 5 R TE G ] S AR R Vs A
DI REM 5 i T (E AR AT

3 EEFREMARNHRUZS
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M RS WA o8 0 TAE B A2 2 R B0 e R P R B2 A DG T 1 S 36 BF 58 RE R AR X B =1 B
A BRI T [F) 8 TR AT AE RIS 2 SHEYE 00 T BRAR D) Fh I AE FRE VR AR P R dE LT+
SIEEEYNT S Metlen SFBFST T 7% 1L BKAL R 4 MV 850 5 A AR Wb 5242 22 (Bromus tectorum ) 1K 2244 & #i
Y ( Centaurea stoebe) [B] A HAEF , A PR 6 14) 88 195 R0 07 FOAR T 743 10 & 45 B 352 ) AR R 0 2R K (B2 %
A UL P AR AR T 5 AR S PG BERARG 7 0 038 L VR A 3 5 AR TR T A AREAR ) i e R A 7 A
SRR, R 4248 IR A ) I SR B K PR A S ) R TE 4 B 2 FR 48 ) R A TE AR
T R ] b 2 B S ) 2 8] 3 AR REAE

Callaway 1 Pennings 7 3% [ i1 A1 # JE M R R5 B 38 A= VH 3 L2k S sl iy TR 1 S2 00 A B, 248 A1
ERMEA (Arthrocnemum subterminale) FEE(TRIFR A As) X REVE W Fh 4L N £ FEAK SR A B ) fEA
As BIHEVE Y, A BUARKEY) Monanthechloe littoralis (TRFK ML) 28 & A8 22 09 —AF A AH ) FUAM L5 ( Limonium
californicum ) ; SHEVE H As A1 ML SEAERS , —4F AR FE ) ALRD IR B AR R 22 . B A6 FTC XS 58 4 S50 1Y)
ZERILE 7R AS A0 ML FIAR LR 22 8] B W TE 2 2 A TR RIS A A LR, o ELA RO E 1 BN
B R A2 9635 L RO, Levine 78 NI AR 2 0V S 6 7% 1 T A0 SC 00 2 B, 5FF — R 40 A 1778 R 15
WU H B R 18] 08 56 A4 1T 5 TR1HAN B R T AT DAL [R) G2 vh DR b 1) 52 G R0OR  INTTAT 1) 3 24 6 A TR R
TR Z R JE I AT IR K B0 2 4 27 4 A4 ( parasite plant) QR BEBEXFSIRFN 7= A LM 25 AR 115
WRESE A AU BRI FI T S I A Se 4 VR R LSS SR N 2 b 25 A AL R B IR SR TE A I A R
T SRR

4 AMEFEARENMHRNTE

TIPS TR TE S B EE A ER] . ITIARUA O IEE E  4 LA b 2 s e A A 5 Y - g
XF TR 1 A A BA B 1 SR T L SR W T 1 R SE R VR WA 2 R AT AR AR 22 18] B
FUAHSE R AT ZEHLH T 39 (R0 SR DA RE A B B2 U s SRR, 8 R ) 2 K S A ) e ok AT A
Psege 100 R AM BB — R AR B B AR RS G 1 BRI R IR (B sh k55 1 P
) BREEE BRI ERR I AT AL 70 s A AR T RE R RS [H] B A A R SE 4

i B MK TR R TR A MRS S A R OO R BE T SE T B RRY  —RAE BT, AR
AR BV FE ™ 505 S Y e 0 2 0R TAR TR ARAR Y (DI Iy RE R ) |, B L, BRARAE ) 52 5 ) — s v Tk
TR 0 TR I S TR AR AT Y i 2K vk T ( Agropyron smithii ) FIH& % T B ( Bouteloua gracilis ) ) & R K
AT BT G A7 1 AR B AR ( Salsola kali) T 136 W3 S AL 3%, Pl R i R sl o) RV [ 2 T AR
Y, A R AP AP S RERE XS AM HL A B MRBURE B WA e 22 5w JUSR MR R - AM E R RERS 4R S RF TS
WALHFD C AP TES T, A2 HE C, PR3P RT C AP IEAT , T BSOS S ok 20 R A R 2R SBR I
AM HLTA REE I 15 YT BRI Te 4 () 42 R U2 R AM LR BCE 718 EAEPE RS il e )
T 2Z [A) A AR5 4 7 B X R 5 10 L3 I 0 B 45 SR BB A% 70 AR W AH AR R A AR b A TR EC6R Y B st L
i1 AR e S A SE G VR TE MR B B S A A A T J 1 S50 K B, B R A P B A S (Avena
barbata) R ZH ) AM EL 5 [F] B FEAR T S 3 FF ( Rytidosperma caespitosum ) F1E Az 3032 il A= K | 17 ELXS 24 Ho Fb 119
TSI R T AR s AM EL TR AT 1Y TE SASIL il A1 L5 VR FH RE A% O BT A 6 22 1 A\ 42 B IR R 9K et 42
BRI E e (EAR I R AR 1 R AM B TR 1956 R0 25 32 BB SR IR AL A8 2 i s i, ARAIE 52 5
A7 (trade balance model ) T, ZE4IC P AMIE N AUEREE 1 AT AM BLRE B BOC R (HURTE & P
I N HEEd 16 EHY5 AM H B Z R I A2 A 56 R 3 7 4% G DA 00 o5 (o AT T J T A
TEEY)—AM FLR A B OC R AUZ BIREY) 15 F 0B Z 0 0 555 K A5 | [ Bk 2 2% jR 3 250 ( AM
FLH B LR AR ) RO B R oK = AR IR AL 2 IR

LLAM BB A 1 FRLTE S REAE A= 28 R GE R E 75 4 i 22 AL AN S 25 SR BEHL I PE Y /% B . Hartnett and
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Wilson FF & A4 30 S0 42 SIE 96 26 W AML B BRI X BE VA 4 b 2 B M A SE A B 1 C M FE RV PR > It
AN, AM BEEZS 5 RWSEFEED A G SRR RS EE/EH, HrelaHBii (novel weapon hypothesis) $#&
NZPIFR R U W e AM LT S5 REAE I 24 s b 19 A K, 25 SR AN R AR ) R, A 2 B 4R
L AM B AR B3 AR R A AR YRR R A R R g b (BN AR S RS kS EEAEH, L
P AES RGN AEY) TR, Flan, AM B AT A8 156 PR 2R IR R A i s
HUHITO ol — i B A I T TR 58 ) TR AR T 22 19X 4% B A ok 28 o 1] 7 4, T s 88 ) S [ 0 Ao 9 V0
A AMEERILTR , AT 5 o B o A = T R R o

5 REERE

TERE AR 257 U, b )52 40 B A S B Sl I eV 5 A O S AL R, INBEIREE = 1 5|
AL A BT W BT N i R Vi s S AN o 22 e A AR ) B AL, {EURE B S8 4 DFFE B TR A, B
FH RWEY VIE =F B 02 5 R R W58 e B AR ST iR A7 75, T 5 n] e -5 5 IR5e S JL [R5 )
TR A M S R G UIRE . HAT A R 5E S ORI F 19 AL TS0 10 30 Uk -5 BIS PR R B B, 1M1 HoR 2 50t 58
T HFAINULEE 15 42 T S A 4 S0 B E WL 5 4 A FTAIL R 200 AR Py T4 o 2 0 v B HE B B 0 e
(S, B R P P R R AV T T L 9 S 2 SR UM 2 R TG I 1 S 96 R e 4y
ProOXERE . O 1 IERR T BT U S 45 L5 A B AR H B, W 2L 5 4 51 T IR AR RS A, R SR S 56
FE 07 B F LR B A A B 55— i W 2 N s O i AP S RO A, A B LR
TER S8 S A 26 1 [ e, % S IR 0 AR S R GE KO R RS G i D RE | O A 1 F il
VA S A A (R B4 1T FLTE A R B 2235 R R R AL R

AN RS 5 IR Y A 2 A e BB TSR B T — AR A R i, FRATAS L ZE W] i 4
CER G T AR B A R BRI AR A ) AR RO, SIS (] 4 R Y R SR A i | A AL
il o AME P N R I S AR S I T AR A LI S B SR S R BN SR EH RS SRETT
ORI 5 138 25 DR S AR REAS AR AR PR B S 28 A5 A) | B A i) JUJE 8 e i T8 7 A TR 2 ) R R 5 T
AM HE R RIS PREEIE T 2 REPE MY 18 RO RF AR AM LR DO R 52 S G R B0, VRS R
GERIRSE TEA BT, LRI R 5 DI RO A4 AT AR AT RO A N B2 UL 4 W FE AN RE RS F 55 22 M 5 4 2
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