A Sedentary Population Dynamics Model in Fragmented Habitat:
Local Extinction by Global Density Effect
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. . e . Theorem
In contrast to the interaction between individuals directly
S

affecting the population dynamics, there could be an in- AN Globally asymptotically stable is the equilibrium E[S]
d|re.ct interaction between individuals of.dlfferent local = {9i(N;) — ;D } N; (N1, No, ..., Ny, D)

habitats even for the sedentary population. We shall t 19 § §

consider a single species population dynamics model for (1=1,2,...,m) ~ <N[8],1’ N[S]Q’ T
such a sedentary population in a fragmented habitat with dD - | | |

patchy local habitats. Our results by analyzing it imply - g —pD + Z'yij with the number of persistent local populations s such

the possibility of the extinction of a local population due J=1 that

to the global density effect. Further we consider how . Number of local habitats. S := Mmax {Z c{1,2,....m} | m < 1},

the heterogeneity of local environments in local habitats - Population size of local habitat i.

is related to the equilibrium population size in the habi- .. Per capita growth rate of population in local habitat ¢ |3

tat, and try to discuss the better or worse management without the global density effect. o = gz-_l(U@-Df;]); Dy = 5 Z ngj—l(aij;]);
j=1

of the habitat design for the population conservation. > gi(x) is strictly decreasing and continuous for z > 0, and
differentiable for z > 0;

/
- i(0) =7; > 0; 1 oy _
gi(0) =r WIZ—E:’V]' 9]’1(
P M

m-—-=S

where

» 9;(K;) =0 for a positive value K; > 0.

Assumptions . Strength of the global density effect.

. Coefficient of the sensitivity to the global density effect for
the individual of local habitat 7.

.. Coefficient of the contribution of local population in local
habitat 7 to the global density effect.

. Recovery rate of environmental condition.

> Initial condition:

0 < N,(0) < K;; D(0) =0.

> Numbering of local habitats: Corollary

. . e . . r1 T2 T'm
® A single species population inhabits a region. — 22— 2 2 P Local habitats k; and ky with rg, /o, = ri, /o, have
m a common destiny on the persistence of their popula-

® I he habitat region is fragmented to be composed , ,
without loss of generality. tions: They persist or alternatively go extinct together.

with a number of local habitats, i.e., habitual
patches with the reproduction-suitable condition.

©® Each local habitat may have the environmental Parameter dependence of asymptotically stable equilibrium

condition to induce a difference from the other

_ _ (a) (b) (c) Numerical example with ¢;(N;) = r; — B;N;
with respect to the reproduction rate. . with K, = 1;/B. (a) p-dependence; (b) 7-
B . . S é i L ~ depend ith v; = ; -depend ith
o Individuals of a local habitat make the maturation 4 ] g ‘LL | ;pin j:ce V;:r (Z) J (C)Wy _epoeq en;zrw(':))
and repro.duction in the same habitat, and so do ’—‘ & . and (c), p = 5.0. Commonly, m = 6; {r;} =
the offsprings born there. | o o -~ {1.0,0.8,0.6,0.4,0.2,0.1}; B; = B = 0.2; 0; =
: : : | | z ! : | =0.1.
® No migration between local habitats occurs other R e e, 7 -
than temporal visits without any relation to il - | S Nigi= EZ(;Z — Df;]);
reproductive activity or any significant density s
effect to the residential individuals. (1/p) DK,
* J=1
® Every individual of a local habitat undergoes Diy

a negative density effect from the others of
the same local habitat: local negative density
effect.

L+ (1/p) Z’YjKj(Uj/Tj)

@ The living activity of individuals causes
an influence on the environment to get degraded,

hile the environmental condition potentiall Numerical example with Y : Numerical example with
whi Vi Iti | |

P y ot | gi(N:;) = 1 — [GiN; ‘| e gi(N)) = o — BN (a)

tends to recover. 4 | (a) v = = 0.1; (b) : e yi=7 =01 (b) v = 3.0m;

. . [ s | i _ . . | 3— s ] _ . _ 0-

® The environmental degradation affects 7 3:0mi. Commonly, ow  Commonly, m =6 p = 50

. e . m = 6; p = 50 {r} = @' | =08 =02 rn = K

the reproduction for every individual in all local | fre08,06,04,0201): SN

habitats: global negative density effect. S e T B=B8=020=0=01. e e e e

Increase In the intrinsic

; ‘ | growth rate r; of local
(a) (c-1) : ) population 1 may induce

—[ 1 s Z the extinction of some
@ @ = other local population.

e Indirectly influencing negative density effect may cause the extinction of some local populations where the local

(b-1) ﬂ* (c-
@ :—> @K population has a low reproductivity and high vulnerability to the environmental degradation.

e Extinction of local populations is more likely to occur for the higher heterogeneity of local habitats, where

(b-2) \@ the favorable local habitat works as the nuisance for the reproduction of less favorable ones.

@ e [he restoration of environmental condition is effective to suppress the shrinkage of habitat region with

the extinction of some local populations.

@ — e The biological management to enrich a local environment to promote the reproduction may raise the extinction

risk of the other local population.
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