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Research on the dynamical model for metapopulation with the aggregation effect
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Abstract; Species distribution plays an important role in both the intraspecies competition and the interspecies competition.
In order to assess the ecological effect due to the species distribution, this paper establishes the aggregation effect model by
combining the Tilman’s metapopulation model on the basis of introducing the ecological concepts of the population
aggregation index and the aggregation effect and constructing the metapopulation dynamical model with the aggregation
effect. And then,through a bulk of numerical simulations, it analyzes the relationship between the metapopulation evolution
law and its aggregation effect on condition that the habitat is not destroyed. Accordingly, it obtains the following interesting
results. Firstly, even if the habitat was not destroyed, the evolution of the population could be affected by the aggregation
effect. Secondly, different species of the metapopulation bear different reactions to the aggregation effect. The habitat
occupied rate of every species displays quasi-periodic fluctuation to the equilibrium. However, the stronger the species is,
the longer the vibrating period and the higher relative fluctuation amplitude of the habitat occupied rate. In contrast, the
weaker the species is, the shorter the vibrating period and the lower relative fluctuation amplitude of habitat occupied rate.
Thirdly, different communities also have different reactions to the aggregation effect. When dominated by superior
population, the community tends to be less affected by the aggregation effect. Fourthly, in the community dominated by the
superior population, the aggregation effect is proved to be very adverse to the weak population. They are most likely to go
extinct due to such effect. Fifthly, the aggregation effect and the habitat occupied rate of the constructive species in the
community are the two key factors that essentially determine the landscape ecological sequence. Finally, every species has

different reactions to the different discomfortable aggregation index. The larger the aggregation index, the higher the
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fluctuation amplitude of the habitat occupied rate and the fluctuation frequency.

The above results make sense to the theory of species conservation. Generally speaking, the ecological sequence of
community is determined by the individuals’ competitive strength, breeding rate and mortality rate as well as the
interspecific competitive strength. But, our research shows that it is actually the two key factors, i. e. , the habitat occupied
rate of the constructive species in the community and the aggregation effect, that finally determine the landscape ecological
sequence. For some endangered speices, the ability to aggregate in the most comfortable aggregation index will directly
determine whether it will become extinct or not. When the share of the occupied habitat of the constructive species changes,
the best coping strategy for the weak species should be their prompt adjustment to the most comfortable aggregation index.
At present, the share of the occupied habitat of the constructive species has been immensely increased in the synthetic
ecosystem. Thus, from the numerical simulations in this paper, those weak species will inevitably go extinct in this superior
species dominated community due to the very adverse aggregation effect. Therefore, both ecologists and the government
should make joint efforts to carry out the following two measures. Firstly, to create advantageous conditions for the
endangered or weak species to enable them gather in the most comfortable aggregation index; and secondly, to appropriately
reduce the share of the occupied habitat of the constructive species in the synthetic ecosystems. Otherwise, we will get half

result with twice the effort.

Key Words: aggregation effect; metapopulation; dynamical model

TR B 2 8] 23 A M SR SR R A B B A A5 M RRAIE , B S R T R IR 5E 22 [R] AR L 50 R SRR FE RV HY)
YRR o p TR R b (R B3 ) 9 A M RIE A W PR BE AOAR LA, st B T PR AE — 2 53 IR P9 119
PR TR, EVRRE RS I A AR ) o A SEFIE R, B 3 G 9 80RL B HL B S (AR T P AR 1 B
B, TR TR R i [ o A R o Wi 2 I AR B 2 s 2 B A S E IR M B, AMTEER

R B 02 M5 T A S R E B

N T WEFER R B2 18] A P SO0 N S < R L, AP SR SR BE RO o P 76 [B1 2 A0 8 4t (A58
) B AR BU AT LA AR SR AR RO RR BESR A IR , B T A1 B SR 42, 48 SR BB G 5 A b 2 A 7L 20, 48 3R JEE ARG
T EE—FEERA B CRREFTRERE, B il & A A7 2 18] 231 B 5K, ol =5 8] 23 A
B S SR B R R R R o PR ALTE S R SR BE I, b P 3R RE S AR 4y M By 9 W UL, 5 L3I
HRASMRE T AR, S0 A2 8] 20 A P AN e R SR B, B AR T 8 58 3R BE ek, X AN S ) 2=
(B A7 P 3 RE 2 X A A T8 A5 5 JRR 7 AR AN R R R, R SCIX R Pt A [ PR 2 i) 73 8 3R B i e A 3 A
HO AR 25 FH I £ SRR

T, A SCHT SR B REUR  SERDRE X n FPEE & PR Sh S LY ) 20 B2 7= LR (BRI R b
HEMREZ BTSRRI K Y7 ARG A S BB i T AT Sl i A 5 A8 Ak (%
RERERE ) K AT s B A R AN n PSR SAEME R Z BT ENTRISh A L A R SR B R
R T JUAF [ o 3 U A 25 USRI I 25 A O A 25 B 2 PE B A T KRV 10 o I BT, ZE 35 F Levins
AL BB b, RIS SR T AR R R BOR AR, (15 B RIS 2 MR AR AL A S R AL
AR T AZE SR T AR B IAF R Mg 1A X MR Rhodes %51 8 Y, AT UEE
1l]53‘jeriﬂ=§$9_i F T BEH o5 AR 150 25 1] 3 15 MY AR AL o e s ) A X 2 [ S S A Y o AR T R 7 1o

WS BB IR X G SR AP AL . (R TR RANLXT n FhEE S FHRFE AL MBI SR . A
SCHE AR 35 HOERE b, A T R 4 3 B AR BBIAR Y, 454 Tilman Z YR AR & PRI 2230
B BRI 7 TR R PR VLR n FREE SR Sh S B
1 &3
1.1 PSR BRI R R

MR RSB e S BB g FnFhRE  fEAENE EISEREE, G, RARTERRE N g THAERER

http ://www. ecologica. cn



19 3 PRIRLL 45 SRIRARNL T MR A P Sl K 5247

DL, o FRARE | IRHERERBE . HHBE Og; <1, g, fHMERIT 1, RPN, PRI TR SR s o, (HEEE
L O, SR REEBUN, FEE A B AR A, AT RUESL LT AR A MR ORI S Fh AR R BE RIS R R R
Gi=-(g-a) +1 (1)
FE(1) XH,0<e, <1, 0<6,<1,G; fHMEFEL | LRHNBK, A F TR X TR EFE
AN FRBAERRE o, AR FIERR B AR B 7= 4 R RO A —FE . B 1 AR R4 R
TR T e AR SR BE M N, SR SR AR BR  BA FAh B R R 1Bl 1a i B R IRAER BN 0. 2 RYFhRE, X 26
FORERR Z D9 7 BOPERRRE , R A AR 0 BCR A TR R R [ 1d 5 AP R R 0 0.8, J& TRE
VERPRE , PR A R T AR B 1b, e RBEALT a,d ByFhZ 18], J& T E) BLAP o

a

b
1.0 1.0 - i
/l—\
|
|
|

(=1

EEHPL G,

Aggregation effect

|

1.0 -

0.5 0.5

0
0 0.5 0.6 1.0 0 0.5 0.8 1.0

EES

Aggregation index

B1 SEREMERYMN HPSH a:e;=0.2, b:a;=0.4, c:a;=0.6, d:a; =0.8
Fig.1 The aggregation index and the aggregation effect
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