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\l\feak Erggci\‘c —nxeore ™M

N+ = LR

TWO Popu\oﬁ‘-‘ons which are ar bitrar:!
different in “heir age S4+ructure w?\\+en&

‘o qdop‘\' the same age le‘sjrr‘(bujn‘on as
each other with pasgage of +ime i
They are Subject 4o the Same regqitmes
o§ ‘QEP"-]\H‘\/ and MOr"{-a‘H‘y WHhICKh May
Char\ge in fime.

T\heo\r;em W E Let +he Leslie matrix
3equence iL_(H}( be uvm‘S:Orml?/ bounded

by M < L) ¢ N , Where /V\ 'S r\onnegah‘ve
and Pm‘mf'\w‘\/e and e+ fLF\‘({—\S and

iR'(i’\x l)e '\‘\Uo POPde‘Hot\ SQCZ)MQHC&’SJ

L) R =REH)  and L) R") = RIite+1)),

- -} 4
where T(0) and R(0) are positive Then

Vv (M) nsm)_—_o
-{:_5 o0 hil(_t,) nJ'(‘t’\

g'OF‘ ‘“\y ‘\'wo il\&u‘ces ch:ilja’ ...)mg.

'\prgc clagses CVEH"‘uaHy become proportional.

¢ Applo‘eg o ar\\( nonneja#ve pr}'m’!‘f:"l/e nMmatpix

. (L0pe T, l?fa(; Pollard) /473)



Perto A.‘C /V\a treces

I L(t'*-h) = [ (+) ) JQ posf-ln‘ve l‘r\'\‘f’ﬂep)
+hen +he age distribution will also be
Per“od.‘c. of per\‘oA a+t m03+ &

Suppose L(1), ¢=1,..., R are nonnegative
and Pr{\mf‘{':‘\/&. Define

L. = L(_ﬂq-“‘_()--- L(() 5 l-.-..[,...).k

(¥
Tt Matrices L, are nonneqative and primitive
with dominant etgenvalue A; and associated
POSH—:‘\/G f‘l‘qh+ El‘gﬂ\vecﬁ)r\ v&' ) HV:”.: 1_
Thus,
LR(\ = _R(L+-ﬁ°—)
¢
and - \
lim N (Jcb.ﬂ\ - \7
32 |Q (¢l

£ .



A S?mp\*? Exllw\p\e with Poriod L

bet L (++2) = L),

':'\ gl— an d L(}) :.('cu, ‘r‘a))
P, © p' O

L =L0 (V)
= S:\'S" +£‘l' P“ 'g:i'{'t.)
?ll'c't Pl/Qz_
Etgenvalues:

/
/\‘:'L bed i( z} P, -+ g:"_ p.’ ) "'"I.&\‘Ca
t 'li WL’P!- LZP’, )L_}lgl'gll(clpn,'f LLIP‘\‘.@&E[)L

D) = (

The dominant eigenvalue tncreases with Yhe
lﬂrﬁes'f‘ poss‘ib\e cl“-Q-Ferer\CQ between

‘?1?{ and '(’;,l P‘ .

Seled—u‘oy\ ( for an tncreased POpula+~f‘on
sive oOr \‘nCreaseJ /\,\ Q-Quors Pern‘od-‘d*\ly.
The years Shou 14 alternate bLerween high

Survival and [ew —?er‘+r|.‘+y and low
Sur‘v\‘\/al anA I\.‘qi\ 'Fer‘“‘-"t.‘f-y.

v Mag Arthur (190,8) ;
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Review o0& some population models
without sStructure
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(3) Plants
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Local Dtability A-nql\;sg_
for ' |

A () = LR YR ()

Lt+ r\c - (v\\e )nz_e 3 - “W\¢\ bﬂ. Qr\ e%u( \.bri'u(n\

ot +he Sy stem:"

SquoSe\
(RY §.(®) . 5.(R)

ey = | e
LAk L) = | ® p.(P)

) O

™M
wWhevre Pz Px) '—‘—ﬁK; “LH') , a we.‘gh\-ed sum
of aqe classes, "

Assume  Gle)= RiE) — R, . Then linearize
R n) = LR R () about Re.

I



Linearization Continued

Given R+ = LR ARG

N, + Q) = L(\?\"e_+qctﬂ LR, + )]
R+ QU0 = LA )[R, +T (4)]
FLUAR,) o )

But ‘W&,LLV‘\"Q\“’ . So

Qv a [ LR P LR IR W)

h—-—“_

where
L - C\(Pg ) ;Lk?e) o 'gmtpc\
pL(Pﬁd
e (8 O
P
L.(Yd\’e) = 2__3_ ; i@i
(=1 gn am
g d PR
a": Bn, ¢
%,
-—5-. N, 3@(’%““_ fe

The eigcr\va\ues O'{‘ M-: L(R’Q_\ ﬁ-\_‘(ﬁ‘e)

determine whether ke eqjui\ibrcum vs  loaall

stable . 1) \¢l = W, is Jjecally stable,
[Z,



_Pi Dcnsfir\/— Dcper\den‘\' /V\ode,\
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Local S +ab?|;‘+y éma lys 1S

Lineari aeé

SV stem

latbt\\ = MS q(+)

TABLE |

Fecundity and survival values at equilibria

Equilibrium population size F(N) S(N)
41-129 0-7768 0-8301
596-453 3-3428 0-4503

TABLE 2

Eigenvalues of My at equilibria

Equilibrium population size Real part Imaginary part Modulus
Unstable 41129 3-0305 0 3-0305
-0-0573 0-8660 0-8679

—-0573 08660 0-8679

—- 7472 0 0-7472

Sruble 596453 5226 0 0-5226
—-4464 (-8000 09106t

—4464 ~-0-8000 09161

--4017 0 Q4017

TN

Mode
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Flew) > MIFE)) R ).

600

4001}-
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M@_-Sﬁ—mci-ure.d Fishery Model
e Levin and Gooc\yeaf‘ (1q&0)

Parameters:

ok Qqe class ¢.

Pi ® C‘Pﬂg'\’{Y"‘”‘l*’Pe“d’e“‘{" Proba‘bil}*\/ of ‘
' survval Seom egq toage |, agectoc+l.
Q = coeffrcient of density - independent
mor+a|.‘+y_
P = ‘-par‘en#al qu Fr‘oduC‘Hon_
m
L=t
nt({-+t3 = PD P“‘)exp(—@ P(H)
n‘;(i—wﬁ; Pt-lmg_‘({')
Pok, é’xp(—@P) o o kmexp(—[bP)
F\-‘({’"") = P\ N R(‘t)
PM~1 O

Ecbuil{br-‘um-' P

(

(Md)/() ) _ﬁ_itﬂ Pz"'?ﬁ-t-ﬁ:, \=2pm,m
o\ = R: Poku*'pop\k\ MR = Y I = k.m'
Note: T & P, =0 = 1,-,M, e, ho agee
C}}:SS&&. , Yhen F:_ k"ﬁ‘ and -P- | s S‘+Qbff
\

O <« Ina <2, (s,
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Exqmplet Hud son Rtuer‘S{-r:Ped Bass

Staoilidy Boundary as 2 Sunckion o\fr5
\Y\O\ Qnd 2"—1—“‘\\'\()) petp){:l,--‘)

INSTABILITY

< ln e

29t STABILITY

Wh\f does ?-\—he s+ab.‘l(+\/ bounc{arr appear
as above ¢
()T witial Peru‘D& ot no or very Small

CecundH-\/. ‘
tee) Moddle per.‘od in which Qecund:#Y

IncreaSes with age.

(L‘Ci) Level.‘ng o£¢ and +runcatron o £
reproduction When Mmaximum te productive
e IS reachéd. -



Examplc . Reproduction parameters increase
+hen \evel of%

poexp(-—(BP) 0, K exp(-BY) .. . \
¢

M= koK >, k=1
Rge classes =2 can boe (umped in

n, , + hen model behaves like

tr) s p Pexpl-QF)
N, (e+)= P(\H\ e 0y (+)

S“abi\\\w Bour\dar\() k=10

e

} /
L | \

w /

i \ INSTABILITY

[Al=




Example : Delaying Reproduction

T —— i Ty £ 2T TR ST T

O pOPXP(-(SP) PokeﬁP("PP) Ce

M= 1 p
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¥
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INSTABILITY
PYERE
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STABILITY
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Example € xponential T nereas e i N
;egq{\d:-\-i

M K=l Wo=W kRl Rk

INSTABILITY

Biturcation to
a two-cycle

n o

2 STABILITY




Evample Reprodud-(om De‘ld\‘/ and
Truncatton

Repfoduck.xon l's c‘elay ed one step hy,=0
Reproduch‘on ends qlter J‘t‘f\/car‘S.

Thereare \_\ Y"QPF‘OAU cthive YEC”’\S-

4.5 1
o j=2
o j=3
40 | \ o j=b
W j=5
E' | .
. ) ] _ - >
\]“"2 k‘—O)K‘_"I )H-s"lo)kt-'o ¢
23 k=0 ot 20t s ko
‘f-"-{ K\:O h-.,:! kc-'wt , (= rIS’ kezot2
325 K ,20 Kol M =07, 23456 kom0 02T



OQHSI"l‘\! - mDependen-f—dE-"'erc ture J Mocl e (
QOF Monocq,—P,‘c anJ pal\{ Carp - C

Pecennial Plants

O O gpo(U\ Seefl\?t\gs (s)

M i Pre B¢ V Juveniles (S)
O PFT‘ PFP \‘_[ow-o.r-.‘y\% (F)
) J =

-;-_—, Rnumber of seeds cer plan+

PN = emergence rate ofs seeds (p,'(N)<O)
N = total populatron size
Pﬂj = dransition prv bab-‘hly Crom Q\L"Sl'-' g+o
Stage L.

\V = average number of vegetatives
per ‘HOW\Srh\ﬂ plant

monocqrprc e PF}::O'
PO\Y Corpit . PT—F > 0.

'Y_ - S[Pp;\ — Seeci pr‘oéuc-i-ron CQusges
'ncreases 'hn mortal'+

res ks g’(pFF) < 0.

W"T“L\\ S+r~a¥e%y (mo“ocaf“pl‘c_)palycarp«‘c)
will be favored ( Increase in ), )7

YVK ;h
y »PF\: v ﬁp‘: ]

™M onocarpic monscarpicer polycarpic

e Takada and l\/qkad‘l‘ma. (qu?—)

22.



Strong Erg'odgg Theorem Yo
P_e“;tw Depehden+ /V\af‘m‘ceé_ -

i) = MR R R

EVU‘\, teem in the matris depends on +he
Same c\en%H\{-—dependtﬂ* "Fac'i-oh:

MR = \\(mmN\)
where n 15 0 scalar Lunction,
Theor\em SEL - Let N\ Be ﬁonnega-"—.‘ve and

primitive. Suppose that he \}2“ — (0,11,
h(e)=1. Let ® () be a solution of

N )= W W () MR (),

where R2(0) 20 and WVl > 0. Then

L) _ oY

N
t=>% (AN ‘

Where _\7? 1S he pOS:-Hve e.‘genvec{—or of M
asseciated witvh ) sat's cytn \\VTH:]_
Pfl'ﬁo) %? +0+a{ POP\Lla{.'\O'\ )€ SQ{—.’SQ,‘@S
'{'P\e Sca\ar- A;‘-c-c-er-eg\(_e ECULLQ'{‘H\DN

Nle+Ye || MR L oy,
TUR eV

(Cushing,(agd).

Under centa'n conditions +he +o%a/papa(oﬂ"o;,
Stre may S‘a"'FS‘FY :

N Gs) = A h(® ) N

2%.



.SHe'h:}\oIrproog ofb SEL

wo(de) = \r\(r‘{H—ﬂMv‘ﬂ%\
Flen) - hiRe)yMRE

\

R+ - TR GO
= h(FEW) MR
WREY) G
ﬂ'\ug) \C+ ﬁ-’(f\:? () ‘ Then

W

W) = M G

WA BN
I'c :I‘)(-E'-\rl\: m;("f\ and _';,(O)L'R’(o))"-'}\er\
W Hq: __‘f__(il.., . Since
IRZ4aN
\\‘M i‘_(_f) = -\7?

3 3

i+ follows + hat
1o =
32 R

2k -
[ L A Y



Example 1 W(N)= exp ("% N)
O L 23
M= (.25 0 0
o s O

Total Population; Nt+1) = )‘N(i)exp('-& N(‘H)
A =130k | = \n)\,z 319 =K, VA (.71q).l+3,_9783.)

[1en Nt)= s

O«re =

t-50

Components of the Total
Time ¢ Nornmalized Age Distribution population p{:)
0 3.33 E-01 3433 E-01 3.33 E-01 3.00 E 00
| 8.97 E-01 257 E-02 7.76 E-01 4.8} E-01
2 59.98 E-01  3.70 E-01  3.20 E-02 1.80 E-01
3 844 E-01 547 E-02 1.02 E-0l 4.11 E-01
4 7.04 E-01 248 E-01  4.82 E-02 2.31 E-01
5 B.17 E-01 890 E-02 9,40 E-02 3.61 E-01
95 779 E-01 143 E-01 7.83 E-02 J.11 E-01
96 779 E-01 143 E-01 7.83 E-02 3.1t E-01
97 770 E-01 143 E-01  7.83 E-02 J.1 E-0f
9y 779 E-01 143 E-01 7.83 E-02 3.11 E-01
99 7.79 E-01 143 E-01 7.83 E-02 J.11 E-01
100 779 E-01 143 E-01 7.83 E-02 3.11 E-01
) Cu%\\iw;s (\Q?q )

2%



hIN)= exp ("C\; f\ﬂ

Examp\el
O 300 \33“5

M= | 25 O O
O .15 O
Total PoPu\tﬁ'\‘on: Nit+1)= ) N(t\exp(— C N(ﬂ)
- o1
) o893 raln) 2 77:K,7 ( 270,. 0;15 .00234)
2<r < as3 5 |lim Naos
t D Two - po int
|V N(zﬂ\\fh,_ cYc,\eS
t >
Components of the Total
Time ¢ Normalized Age Distribution popukition p(i)
0 .33 E-01  1.67 E-01 0.00 E 00 1.20 E 00
| 0.93 E-0F 411 E-03 248 E-03 1.82 E-0)]
2 8.62 E-01 1.36 E-01 1.70 E-03 4.17 E-07
3 9.92 E-01 520 E-03 247 E-03 1.73 E-0b
4 882 E-01 116 E-01 1.82 E-03 3.70 E-05
5 991 E-01 625 E-03 2.46 E-03 1.30 E-03
1G5 9.70 E-01 275 E-02 2.31 E-03 3.22 E 00
149G 970 E-01 275 E-02 2.34 E-03 1.13 k£ 00
197 .70 E-01 2,75 E-02  2.34 E-03 3.22 K 00
198 970 E-01 275 E-02 2.34 E-03 113 0o
199 9.70 E-01 275 E-02 2.34 E-03 3.22 E 00
200 970 E-01 275 E-02 234 E-03 1.13 E 00

' Cushir\-g ( 1qa%4)

26



- aaA &

E xample 3

pp—

Total Population: Neg+t)= X NE) exp (5 net))

M = 0 200
25 O
O .15

5333
o

O

hv)= exp V)

A= 1485, r= Inp = 28612K, VT (.495,.0141,-000004

r>a53 = periodic

Components of the Total
Tie ¢ Normalized Age Distribution population p(e)
0 9.8} E-01 9.71 E-03 9.7} E-03 1.03 E 00
1 985 E-01 144 E-02 4206 E-04 2.08 E-u1
2 9.85 E-01 1.39 E-02 6.08 E-04 2.29 E 00
3 g.85 E-01 143 E-02 6.04 E-04 291 E 00
4 9.85 E-01  1.39 E-02 (.05 E-04 2.79 E 00
5 9.85 E-01  1.43 E-02  6.04 E-04 2.97 E 00
¥ 985 E-01 1.39 E-02 6.05 E-04 2.70 E 00
7 985 E-01 143 E-02 6.014 E-04 J.14 E 00
o 085 E-01 1.39 E-02 6.05 E-04 2.41 & 00
9 985 E-01 142 E-02 6.04 E-(4 3.75 E 00
10 9.85 E-01 1.39 E-02 6.05 E-04 1.55 E 00
190 985 E-01  1.41 E-02 6.04 E-O4 3.24 E 00
191 985 E-01 141 E-02 6.04 E-O1 222 E 00
192 9R5 E-01 141 E-02 6.04 E-04 4.22 100
193 985 E-01  1.41 E-02 6.04 E-04 1.08 E 06
194 9.85 E-01 1.41 E-02 6.04 E-04 6.43 £ 00
195  9.85 E-01 1.41 E-02 6.04 E-04 1.81 E 00
196 9.85 E-01 1.41 E-02 6.04 E-(4 2.65 E 00
197  9.85 E-01 1.41 E-02 6.04 E-04 3.26 E (0
198 985 E-01 1.41 E-02 6.04 E-04 219 E(0
199 9.85 E-01 1.41 E-02 6.04 E-O04 4.28 E (X)
200 9.85 E-01 1.41 E-02 6.04 E-04 1.04 E 00
Cus\'nng (1484)

7.



Leslie’s Density- Dependent

N\q*(‘iy\
sLeslie (19y4%)
' Allen  (¥YRQ)
- K L
L (Rl K ¥ Q- D) NI Y

where ")\ S| is  +he dominant eigenvalue oH_'

Total ?opula‘(-u‘or\ siye 'S

N(++1) = X A NE)

)

k+ O -ON ()
logigtic growth ;\ lim N(‘c\:ﬂi? L, is
Primitive . 432
O b 12
Example |- L, = " © O A=z
Corimitive) o % 0 Aha:—\

UMPHMH:NB

E‘/\QW\P\G 2 L-n..: (
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DenS{{-\/— Dependent Fertility Rates

e SiWa and Hallam (1993)

Let = 2 K,
et Plo=2Kinle) and  §(P)=F.4(P)
€) g Lo ) — (0,17 , g <O
(t'«) 470=\ | lim g(x)= D
(cid)  h Lo,0) -)E::D(O,l—] ’ h(x):\tq(ﬂ)f_ N\ .
(V) 4 o) o> (0,9, dix)s—xq ()

¢' > o 30

Examples of a: Q‘G?) \
[+ P

n‘(tH\ T P, %( ?(fné ggh;(‘b)

N (ErD) = R, Ny {t)

Ny lEe) = Pm-\nm-l(%)

R= Po ‘Y‘* NSNS ot 40,01 P Fom

The ero € ui\'l ‘or{um 'S S*Qb\&
1§ and Or\y  F R £\

30.



Let a(P)y= |
\+©
O
L (RY) =
¥-3?|‘2‘ y Py TP =
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_Dens‘H\'/ - Dependent Mode |l with
Ap?\.ca+rons +0 Sgﬁ-;a\ D\!ﬂaml‘C§

A (1) = MR R ()

« Rllen, Mou(Jron’Rose (1290)

Q_e_,f-‘ ?opu\a'{‘\‘or\ peFSi§+ehC£ y\wveans

Yfﬂ\SuP Y-\H(t')‘z. 5] (#6)) for all
+ >

RO 2O (#0), Population e x+incHon

means lim P28 Focall W(OZC
ea .

(40) t

Theorem: | et Abe a nonnegative and pr.‘m,‘{qvg
matest with domtnan™t et‘aenvalue Al

(Y ILF MR satkts Fies Lim MR =A

YR

and A>| | then the Popula‘l»ror\
s persistent

(i) TF MWRY<e A fortz £, 2.0,
and A&l Fhen+he poPuL\cuLc‘or\

becomes eX Hine +

Suppose
A- L ®@D*,

Where L isa Leslie mateix (mam)and D s a
ditbugron mateix (NXN). There is movement
between N regions.  Matreix A has a
dominant etgenvalue X= MA R, where M, isthe

dominan*' e\‘gcnvalug o0& L dn is the d,on:nan't_
exgenvalue 6 & D). an & 2p! .
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Example : T sland Model

Suppose
(Q) M(R) \ s Qo cont tnuouS ancl
c\ecreas:r\ﬁ Sunction of +he
Components ofF W,

(i) i MR )= L@DJ{) where

Rs 8
l-W-04,  d, oo da
- A.\_ |’(M‘)J| C‘z_
] ,
- d o [~V -i)d
and L s Q Primidive Leglie

mateth wivh A S L Alse, Aoz T+ IV-00,-d,),

ey
e

A dzéél ; then +he number of regions
‘> critical  for persistence. SOIVGJ.)D"‘:I

Tor N . \)
_ =
N=IL |+ e )
LY N < Nc_ ) +hen +he Popu(aJrl‘on PGFS?S‘B.

TS N> N , +he the population becomes
eYtrinct

3.



Example . Lsland Model

Let ¥d=d -4, ¥l .5, Fhen

N=H.‘+%«_]J

C

where L= ("" A;l)/ci . As d rncreeses
+he persistence regions decrease srnce
+here s Qgrea“‘e" [osS due to Jt‘)cﬁlst‘on
L2 AL

6

ss.



Example 2 S+epping Stone Model
Suppose

(D) M(RYis acontinuous de(reasfnﬁ funckion of
+he tomponents o £ A,

Co m mw)= L,®Y3f where

na g
/1-15 d 4.0
|-24d d
p=| ¢ 00

0 4 1-24
né Lisa Pr‘-‘mf‘H‘ve. Les(,‘e mawLm‘x w~‘+h
minant e:‘@er\\mlue )\] S | /-\lso,

6
nc l-2d-24 cos %f{)) D<de o5,

[- A Ezvd) then +he number of
regn‘ong N (s Cr‘(‘Hca,[ Lor

o
!

1

p €rsSistence
4

Avrccos (L1-27/2d -1
Nc: Kﬂ‘ —Ar"CCOS([I"oL]/lel‘I) +]

T N>N, |, then +he population PQPSI‘S’”S-

Tt N< N, Then +he POP“Q+‘“°Y\ becomes
€)&-\~ty\¢+.

3¢,



Eﬁamp\ei _S+QPP;n}3 S*’Dﬁ? Moéel

et J= (1= 2™)/3 ) +hen

ANLOS( 'Q/:L"\) +l
N - K- Arcecos (/2 =1) :

As L increases () increaes or d

dec,rea SC’S) + he minim um number o +
Cegrons -reguired Lor persistence
(_{CCPQGS&§,




C.

N or\au'l—ov\ ovnouS Les\.‘e /‘/\a-l—m‘x\

with  Density- Depen dence

N = L () R e) Re)

38.



Density - Degendent Nonautonomous
Met +rix Model

2 (ke = MLt ALY LD

- Li (a3%)

X “C*W = %“)["\(i’) ‘SJ\'(tﬁ(f‘m Juveniles
NETHE wt)[@m-g(%mﬂ*‘ Adults

A ¥ (¥ O d(":)—‘}(g(tﬂ) X LE)
n(‘LﬂH\ = - \
(W“\ [wﬂ—g(gm)] O /\ylt)

D€£Z A Qopula'*'.“on v s 5+"9Y\QJV ngsl‘s+eh¥
. T '
E Fa?O an d LSI\>O for eath MN=0,\,...

angd \imn U@ >0 and Limi Sop Y, >0.

=0
mn— h -» o0

Def: A population goes 4o extinchion at
J("N'\Q N PFOV\.AQA "f,n >ojbgn>o FOT"
N= 0,1 yN=2) w20 w20y, 4y, FO
but Uy 2o, 4y <O B

39.



E Xamp le ‘)C('H'W = lﬁ(ﬂ (d\({')— Lﬁ(f'))
W () = Y ) BLt)— 9 (+1)

2l (O Alt) =y (t)\ [x )
‘5(“"\ (em-gct))*' O [\ylt

Parameters + Al) B (1)
O D\ N 1 O ' q

\ 1. 5 0.95

2- l ¢ O 5 O * q

3 3.0 0.9

L+ 0.2 3 0. 21

TABLE I

Time 0 { 2 3 4 5
x 0.7200 0.3075 0.5184 0.1165 1.0426 0.0100
y 0.1500 0.5400 0.1261 0.4012 . 0.0581 0.1584
Time 0 1 2 3 4 5
x 0.0100 09291 00049 0.1499 0.0003" 0.0128
y 0.5700 0.0033 0.8796 0.0001 0.1349 0.0000
Time 0 1 2 3 4 5
x 0.0200 0.5539 0.0182 0.2756 0.0207 —0.0040
y 0.2900 00122 0.5194 0.0069 0.2461 _00010

40.
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Sum'“q"\! of Talk

A. Nonautonomous Lesiie Matrix
R+ = LB R &)

. Weak Ergqodic Theoreny (Lopez 1401; Pollard,1973)
. Pariodic Matroces ( mac Arthur,196%)

. Autonomous Leslie Mateix
R (++1) = LRGN (L)

. Reyiew of some populai-.‘or\ models without
S¥ructure
« Local S’i—qb-‘\\\*\-y Ahﬂ\\(fi‘s

Apv\.‘cqﬁons
(1) Racteria CBeclcl:ngi'on) 974 )

(x) Feshh - (Levin and Goodyear, 1980)
(3) Plants ( Takada and Na ka‘]ima,\‘fql\

'5+ror\cj Ergod?c Theorem (Cusha‘ng, (4 §9)

«Leslie)s Density - Dependent Mat rt x
(Leslie, laut, Allen, 1984 )

* DGY\SH—\/v dependp/n+ Fert I.'-l-Y Rates
(5ilva and Hallam, 1992)

. Appl-‘ca+.‘on 4+ Spa'\-a‘al DY namics
( P\l\en, Mouli-on\ and Rose) 1990 ),

Q. NO‘\QU“‘O{\OWLO(AS Lc;he Ma*—r\\x w;_‘r!\
Densidy - D{Per\c\er\ce" |

R (F) = Lk RO ()

(Li;148%)

&l



