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Abstract; The Allee-like effect in metapopulation is similar to local population subject to the Allee effect. It is introduced
into the two-competitive metaspecies system to establish a two-metaspecies dynamic model subject to the Allee-like effect.
Numerical simulation results show that: (1) The Allee-like effect could lead to multiple stable states in the two-metaspecies
competitive system. (2) It causes the coexistence impossible and even extinction of both species. Ultimate equilibrium will
be changed with initial patch occupancies. (3) With competitive exclusion, the Allee-like effect could cause all species to
go extinction. The stronger the Allee-like effect is, the shorter the species’ survival period will be. It degrades the superior
species to be inferior and upgrades the inferior superior, similar in habitat destruction affecting the species ecological order.
(4) As a destabilizing factor in stability and in metaspecies persistence in the evolvement, it will significantly affect the
equilibrium even if it is slightly changed. As to a stable system, the Allee-like effect regulates the abundance of both

metaspecies instead of reducing their equilibrium values, which reveals its influence on competitive metaspecies’ dynamics
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varies in different periods. The above conclusions mean a great deal to species conservation and metacommunity

management.

Key Words: Allee-like effect; two-metaspecies; numerical simulation; equilibrium; competitive coexistence and exclusion
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Fig. 1 The four possible outcomes of two-metaspecies’ competition without the Allee-like effect
Z¥UE Parameter values:(a)m, =0.03,m, =0.05,e, =0.021 ,e, =0.018; (b)m, =0.05,m, =0.04,¢, =0. 021 e, =0. 018; (c)m, =0.01,
m, =0.05, e, =0.021,e, =0.018;(d)m, =0. 015,m, =0.01,e; =0.021 ,e, =0. 018
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Fig.2 The dynamics of two-metaspecies that competitive coexistence subject to Allee-like effects
Z¥UE ¥ Parameters values:m; =0.03,m, =0.05,¢; =0.021,e, =0.018,(a)a; =0.02,a, =0.025,(b)a, =0. 02,a, =0.2,(c)a, =0.35,q,
=0.25,(d)a, =0.35,a, =0. 15
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Fig.3 The dynamics of metaspecies competitive exclusion subject to Allee-like effects
Z¥UE Parameter values:(a)m, =0.05,m, =0.04,a, =0.2,a, =0.2, p, (0) =0.1,p,(0) =0.15,(b)m; =0.05,m, =0.04,a, =0.1,qa, =
0.2,p,(0) =0.1,p,(0) =0.15,(¢c)m, =0.01,m, =0.05,a, =0.2,a, =0.2,p,(0) =0.1,p,(0) =0.2,(d) m; =0.01,m, =0.05,a, =0.2,
a, =0.2,p,(0) =0.3,p,(0) =0.2
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TERFAZS B, Ja , T ShASHUL Allee BNV EIMRINL , BT 3R EE KA, L Allee BN R NE Y FH7EF45
SR EFRZE R BT E FEST , ) Allee 0K B35 Y FE LM 08 D58 WP 7E P 2
HIFRE R

S YI P HE R 28 PR B B A AMELN -
m2—e2+¢(m2—e2) —4m,e,a, mz—ez—J(mz—e2)2—4m2e2a2
¢(o, . Jefo, -

RIEFESHRERELE, C, NRENS R, BRA LREXHFES; C, WARENSE &, PUsh A Eg
Ko B 5 BHRT HUFZFHFRYFHIFBIRERFES C, B Allee NN, H
BRI E SRR R4, Z R, FERL Allee RN 3K, 5 R E TS AR Z BRI ML
PN

hitp : //www. ecologica. cn



234 BREe3e 5.0 Allee UM X 2-M) i SRR FIRE TR R SNSRI 651
F1 HERMERERFHESHEWIMLEL Allee M THIRL
Table 1 The dynamics of the two-coexisting metaspecies subject to Allee-like effects
Gty By ] Allee 35T 21 Allee B3 WEREBR G H
BEEm, BEEm, ¥ a, ¥ a, p1(0) ,p,(0) Y EALER

Colonization rate

Colonization rate

The Allee-like

The Allee-like

The initial patch

Species evolvement

of species 1 of species 2 effect of species 1 effect of species 2 occupancies
BEYMRESRE. BRWHE
0.03 0.05 0.02 0.025 0.1,0.2 Bh AR G EREER
EHTESED
BYFRE  BYM R0 K,
0.03 0.05 0.02 0.2 0.4,0.3 BBYHI KL ;p, (0) BUD, 3BY
P8 AMEEUNO
0.03 0.05 0.35 0.35 SIREEX  mmmnmyRe BWHEKEO
0.03 0.05 0.35 0.25 ijnfﬁﬁi% IREMRERAE, SRR ERED
0.1 B R FYIERSE s a, WD, F
0.03 0.05 0.35 0.15 P 0)' S0 12 ORPESENKp (0) KR p,
(0) <0.1, AYFHERRES
- BH T, B
0.03 0.05 0.35 0.1 p2(0) >0.1 The 1f1fermr species will exclude the
superior one
0.03 0.05 0.25 0.25 SWMELR  REGHHRA Both spocies will go
Any values extinct
0.03 0.05 0.15 0.25 SWHEER  BBHHHTLE Both species will go
Any values extinct

(DSpecies will coexist with each other, and the equilibrium values will change with initial patch occupancies; @The superior species will exclude the

inferior one, but both species will go extinct if the Allee-like effect of superior species becomes more severe; The smaller the initial patch occupancy of

superior species, the smaller the equilibrium value will be; @)Both species will go extinct, and the superior one will go extinct first; @Both species will go

extinct, and the superior one will go extinct first; (5)The inferior species will exclude the superior one, and the equilibrium value decrease as the Allee-like

effect of the inferior species becomes more severe; Both species will go extinct if the patch occupancy of superior species increase or the occupancy rate of

the inferior one is less than 0.1

F2 {l Allee RN E S M B RFHRWHRLINSHRM

Table 2 The dynamics of two-metaspecies that competitive exclusion subject to Allee-like effects

BRYHRL R

Colonization rate

RFZA Allee S H A

The competition dynamics without

Allee-like effects

BB A Allee ZUN #0A

The competition dynamics of both species subject to Allee-like effects

¥HE ARG R

© The initialvalues ~ The species evolvement

m; =0.05 SRR ST 5 Y0 The superior 0.2 0.1.0.1 RSP I R4, L Allee BN R JUR
m, =0.04 species exclude the inferior species ’ ’ B X, Ve B TR A D

0.1 0.2 0.1,0.1 BUHRSHFBOHO
m, =0.01 BRI B 0.2 0.2 0.1,0.2 B HTREMO
m, =0.05 The inferior species exclude the BEMMB KA, BYF 4210 EE K

superior species 0.2 0.2 0.3,0.2 o BHIFh 7502 EAERAD
0.2 0.26 0.2,0.2 BB R, WY 410a £H K

%, FYh 611a EHREG

(D Both species will go extinct; The severer the Allee-like effect is, the shorter the extinction period will be; (2) The superior species go on excluding

the inferiors; (3)The inferior species go on excluding the superiors; @Both species will go extinct. The superior species will extinct in 421 years, while the

inferiors 750 years; (5)Both species will go extinct; The superior species will extinct in 410 years, while the inferiors 611 years

S 4 M, X2 FERRRYIT p. Z LB p, I Allee BN AR N BURK, R £ BB B E
HRIFL. (BEIR S ERRA Allee 2N BT/ INE RERR IR 52 R RE R S L E A, BB SRR

g1,

RS AT 8, B %L my =0.03 ¢, =0.02,m, =0.05,¢, =0. 018,15 2Ll Allee RN TH) 4 A

hitp : //www. ecologica. cn



&4

652 H % iR 28 %

BRIHHESA TSR, 2 0= 5750+ 15007

4736 —37800ba — 414006 +3600ba” KK 4 N FAA B RAFAF RN 4 M PHESED FR -

Dlﬂn&(%v,(?( ~25aW +131a +56 —40W + /T - 65504 W — 13280aW — 4430W —9000bW—9000abW))

W=./(1-24a),T = -30214a> - 15000a> —21728a +

D3BHM(%V,Q(25aW+ 131a +56 +40W + /T +6550a>W + 13280aW +4480W +90006W +9000abW) )

HA VG Dy, Dy ARERGE R Dy, Dy AATE RIS L, P SIREN HBE N T K, BT UA T %58

0.7 - — Y1 Species 1 09 -—— ¥ Species 1
- —== ¥F2 Species 2 £ —— ¥y#i2 Species 2
£ |
£ : | T
®E 05| ®E
N3 NIT 06|
BT E
%3 £
@5 @5
e # =
QZ O3 g
&2 &2 o3
B2 e
g g
< 01| )
0 | | I I I 0 L L L L |
0 0.04 0.08 0.12 0.16 0.20 0 0.04 0.08 0.12 0.16 0.20
Tl AlleeRL I R B a DI AlleeR . 2 B a,
Coefficient of the Allee-like effect a; Coefficient of the Allee-like effect a,

B4 BYHHEFREDMOPEESESMHREL I Allee 35 ES5 By RERDMHHPESESHIEEL BN Allee 35
AR AL BT R B Wi B A BT B W B

Fig.4 The responses of metaspecies abundances of equilibrium that Fig.5 The responses of metaspecies abundance of equilibrium that
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effect effect
my =0.05,e; =0. 02 Parameters are; m; =0.05,¢; =0.02
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AR R AR BURE FERME L (B 6a) o 7 D, 5 D, B AR (E 6b) 8l Allee UMW R BN T, 38
YiipsE 2R HYIFFERAEIFBUR, DL Allee RCRIIEE , 30 YIF i 20 B 38 h0 i 35 M M el 2>, 3 W 3 hn ) — S FR
B R BIETHRRES , AR SR Allee B0 T ; FPITPL KT MR —EREFBLLRMIER, Ui
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