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2 The Model 

Iierc. .V. H and S are t l ~ e  ( I ~ ~ ~ s i t i e s  of the  prey, Llic h~~ng l -y  predator and t l ~ e  satisfied 
prrtlatur rcspectivrlv n is the birth rat? uf thc prcy and a and j r  are thc i lea t l~  rat,(, of 
t l ~ r  satisfied :r r r i I  the inlngry prrrlators rrsprctivi~ly. X is a co~nlhinatiou of the  birth rat? 
of tile satisfied prtdntor aud the rat? a t  mi1ir.h satisfird predaturs i~rrolne  h u r ~ , q y  agnil~ 
while 1 is t l ~ f  ~dficirncy of predation, i c .  the rat(! ;at whirli an cnrounter n-it11 prey lr.a(li 
to s a t i s f ~ w t i o ~ ~ ,  and ,3 is t l ~ p  prey dmth  rate O I I F  to p r ~ d a t i ~ ~ i .  TO a n a l y ~ r  ~ t w  S ~ ~ C I I I  (11, 

X jl 7 I< 
wr ~~olr - i I in~ensio~~al i /e  t h r  rq~~a t io r i s  I J ~  setting o = - ,  6 = - 

.\- 
, r = -. T = n / .  n = - 

0 l i  " <i K 
23 0 

li = -H, a n i  s = -.S, to obtain 
I ?  n 
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Proof. 
d l 1  d 

If h = 0.n > 0 , s  > 0 ,  - > 0 .  Similarly, if s  = 0. 11 > 0,n > 0 ,  - > 0 ,  and il i t  = 0, 
<IT d7 

rln 
- = 0 ,  so t h r  positivc or tant  is positiv~,ly invariant,. To sre tha t  t,he solulion t,hrough 
(1 7 
n ( 0 ) .  h ( 0 ) ,  s ( 0 )  is houndrrl, note that  t,he rrlnat,ion for s ( t )  can he sol\wl in t r rms of n ,  h t o  
give 

3 ( 7 )  = s(0)e-'" f c d f n ( t ) h ( t ) d f  1' 

Howrvrr, from tllt. first rqu;i t , io~~ \ve have t,hat, 

dn - - rd 'n( l  - 7 1 )  - riiinli 
117 

Intrgrating by part 

"7 

n ( t ( t ) f  I ?''dt+1i2 

ivlirre lil, Ii. are constants rieprnding (111 i i ( O ) ,  s i i~ rc  n ( r )  is hn~indrd  al~iivr, 11y t l~ r ,  s o l l ~ t i , ~ ~ ~  
of 2' ( 1  - i ) ,  i ( 0 )  = 71(0). Tl~ iwforc  

3 The Analysis 

8 The trivial s ~ l ~ ~ t i w i  ( 0 .  0 ,  0 ) .  

TI]<, se111i-trivial S ~ I I ~ ~ O I I ,  112 = l . 1 t 2  Y .A? = 0 ,  w I I ~ T < ,  mjl? l l ) ~ ,  l m y  . .?~r~ivc>, 
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R I I ~ ~  the r i ~ e ~ ~ v a l u c  ar r  = 1. -h, -d l  thus the trivial rest poitit is uri~tii1)lr (011e of the 
i4w11valric~ i i  pmitivr) .  

7'11,. .1;1cihinn for (712. / I? .  .sl) is 

; i l ) < l  i t .  rtii~r:li.trristi? polynomial is 

X q -  ((1 -+ h i  1 + r )X2 i (dc + rib + b - ctl + c + d)X + (rlc $ rih - ca) = 0 

Frorrl the rliar;irtrrisiic polynomial. we can SEF that the rest point ( n 2 ,  h ? , s l )  is locally 
db  

nsymptirtically stahlr if c < - This cor~dition violates the condition for the existence 
a - d  

uf i t  positive corxistrnrr rmt point. Hence, if  ( r 1 : ~ . / 1 3 , ~ n )  is nega t iv~ .  then ( I I ~ , / Z ? , S ~ )  is 
loi:dly asvniptotir;llls statdr,  and vice versa. In other words, a? c pasirs through the value 

i l h  
--, wc llavc a tr:tnsr.ritical I~ifurratior~ (The oprn  square in Figure 1). 
n - (1 
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Figure 1 :  I ' r ~ y  v s  r for b = 1 8 . n  = 1.0 nncl (1 = 0.5. Dashcd l ine i? 1111stahle a n d  solid l i r l t  
is stahlc. 

where 

I ls ing the Routh- thwwitz  cr i ter ion [ I ] ,  ( r 1 3 . / 1 : 3 . . s 3 )  i +  locally asy~nptot i ra l ly  irall?.t,al,lr il am1 
only if 
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F i w r c  2: Tllr systpm corivcrgcs to a stable rocxistrilrr rest poi111 nit11 r r  = 1. b = 1.3, c = .I 
and d = 0.5. 

T l n ~ s ,  (n3.ii3, . s3)  is locally asyrnptotically stable i f  

\\.hen c = 
b ,  - J- , , . it 1s easily cl~cckcd tliat the rest point ( i i l . i i l , s )  loses its 

7 h,, -." 
stability via a Hopf hif~irration. U i n g  AUTO, IVP see i n  figurr! 1. that  the Hopi lhifur- 

-bl - Jb'; - 4!z11b2 
cation is si~pcrcritiral. so that  for all c > , t l i r r ~  i3 a fiiiriily (if I ~ m l I y  

.?!I,, 
asyniptotically s tnbk ptcriodir solution jn:presrntrd by irl Figurr 1) 

111 figure 2 and 3 we prrsmt  tlir projectio~l of t h r  phase portrait onto i l ~ e  p l a n ~ ~  ,,f 
( 1 1 .  h t s). The  results are sunirnarized in Figure 4. 

4 Conclusion 

The inodd presentrd hert, i~icorpuratc: meniory irltv the  systc~il  ill a \.cry sinrplc I I I ~ I I I I I C ~ ~ .  It 
r e l~ tps  t h r   predator'^ ability t" ~ e p r n d u w  t o  tlir histury nfprri intio~r.  :It tlic mine t i~ i i r ,  it 
safl'crs f r o ~ n  many ilrawbaclis of moit predator-prey models S I I C ' ~  as paradox of cnrirlimri~t 
ii~id tlir i~lal~il i ty of the' prcdiltor ti '  go extinrt. 110 ninttcr I I ~ V  small tlw initial i l ~ i l ~ i t y  01 
t h r  predator, i i ( 0 )  t s(O), is. 

Tlir above model call ot~viousl!. be extrnded i l l  a ~ l u ~ ~ i h e r  of wnys Fur exntnplc, it 
would br  of intprest to see horn t h r  system brharrs  undcr siwsonal i3~1ct11:rtirin. rxp r r s i~ r l ,  
for esali~plt.,  in tlir pnrnmetrr X i l l  (I), as the ;rino~int CIS energy i r e d i d  for si3lf maintcl~a~ir , i~ 
may vary. 
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1 i I t i i  I I t  1 1  I 1 - I , .I:I,I r! - 1 1  ;. 
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