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Abstract

A predator—prey model, with aged structure in the prey population and the
assumption that the predator hunts prey of all ages, is proposed and investigated.
Using the uniform persistence theory for infinite dimensional dynamical systems, the
global threshold dynamics of the model determined by the predator’s net
reproductive number Ry are established: the predator-free equilibrium is globally
stable if Mp < 1, while the predator persists if ip > 1. Numerical simulations are given
to illustrate the results.
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1 Introduction

Predator—prey interactions are ubiquitous in the biological world, and they are one of
the most important topics in ecology and continue to be of widespread interest today.
Most existing studies on predator—prey models are focused on interacting species without
age structure (see [1-4]). However, as the importance of age structure in populations has
become more widely recognized, there is a rapidly growing literature dealing with various
aspects of interacting populations with age structure [5-19].

In the above age-structured predator—prey population models, age structure is intro-
duced into interactions of multi-species, and population models can quickly become re-
markably complex [7, 13]. Hence, it is understandable that many studies in the dynamics of
age-structured predator—prey populations assumed that age structure was only employed
in one species, either in predators or prey [5, 13-16, 20]. When considering the age struc-
ture among the prey population, we can assume that predation is dependent on the age of
the prey. This allows us to include age-specific predation into the model and to reflect on
different possible settings from biology. In [13], a general framework for age-structured
predator—prey systems is introduced. However, Mohr et al. [13] assumed that only adult
prey is involved in predation. In [11], Li et al. argued that the prey population should have
an age structure and they assumed that the functional response is of predator-dependent
type.

In this paper, we follow [8, 11, 13, 19, 21, 22] and propose a new predator—prey model
with age-structured prey population. We assume that the predator hunts both the im-
mature prey and the adult prey, and that the functional response of predators to prey is
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of Holling type II. Our primary aim of this paper is to obtain sharp criteria of the global
threshold dynamics for the system.

The paper is organized as follows. In Sect. 2, we consider age-structured prey popula-
tions, define a threshold age, age-at-maturity, distinguish immature from adult individuals,
and some assumption is introduced. In Sect. 3, we investigate the existence and stability of
equilibria, and we find persistence. In the following section, we perform numerical simu-
lations to verify our analytical results. At the end of the paper, we give a summary of the

results.

2 The model
Throughout this paper, the indices 1 and 2 indicate variables and parameters related to
larval and adult individuals, respectively.

« Let P(f) denote the total number of the predator at time ¢. Assume that the predator
population is governed by the Lotka—Volterra equation. ¢(a) is the conversion
efficiency of ingested prey into new predator individuals, and m(a) > 0 is the per
capita capture rate of prey by a searching predator, s(a) > 0 is the handling (digestion)
time per unit biomass consumed. In the absence of prey, the predator population,
P(t), decreases exponentially with rate pp > 0.

+ Let u(t,a) denote the prey population density of individuals of age a at time ¢.
Biological interpretation suggests that lim,_, ,» #(¢, a) = 0, and we introduce a
threshold age, T > 0, to distinguish immature individuals (@ < t) from adult ones
(a = t). Thus, we distinguish immature prey, u(t,a) = u;1(¢,a), a € [0, t), from adult
prey, u(t,a) = ux(¢,a), a € [t, +00). The transition from the immature class to the
adult one occurs at age t > 0, the age-at-maturity of the prey. The total number of

prey, U(t), is given by

U() = /+00 u(t,a)da = /T ui(t,a)da + /+<><> uy(t,a)da = Uq(t) + U ().
0 0 T

w:[0,+00) = [0,+00) and B : [0, +00) — [0, +00) denote the age-dependent
mortality and fertility rate of the prey, respectively. Here B(-) € L$°((0, +00), R) clearly
describes the effects of the age on the fertility.

Taking all the above into account, we have to study the following model:

u(ta) , dulta) _ (a)u(t,a)
Maaﬂ + uatﬂ - —'[,L(ﬂ)u(t’ 61) - %P(t),
dP(t) _ [0 c@m(@)u(ta)
—ar = Jo 122(%;(2);&)1)("‘) da — upP(t),
u(0,-) = up € L*((0,+00),R),  P(0) = Py, (2.1)

u(t,0) = f(U(®)) [~ Bla)u(t, a) da,

u(t,a) > 0 whena — +o0.

The number of newborns at time ¢ is u(¢,0) < B* for all £ > 0, B* is a positive constant in-
dependent of age, the continuous function uy : [0, +00) — [0, +00) provides the initial age
distribution. The coefficient f(U/(¢)) measures the effects of the predation on the fertility

of the prey, which is dependent on the total number of the prey, and we assume that the
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prey eggs will not be consumed by predators (see [11]), [18]):
f)y=0,  f(U®)=0, vUu()=0;
f(Uuw®)>o, vuE =o, pdim fU®) =s (2.2)

3U; >0 such that exp(—ult)ﬁf(l,l;‘) = .
In this paper, we assume that immature individuals are not fertile, so that f(U(t)) =
F(U(2)), then u(z,0) = (U (2)BUL(E) := b(Us(t)), it is clear that b(U,) is increasing,
by (2.2), we get exp(—u17)b(U5) = uaU; . Note that (2.2) implies

b'(0)exp(-pu17) = fha. (2.3)

For the age-structured prey population, we choose S(a), m(a), iu(a), c(a) and h(a) in the

form that these functions are constant for a < v and for a > 1, respectively. That is,

0 forax<r, m; fora<r,
Bla) = m(a) =

B fora>r. my fora>rt,

u, fora<rt, ¢ fora<r,
w(a) = c(a) =

Uy fora>rt. ¢ fora>rt,

h forac<rt,

h(a) =
hy fora>r.

We set up a modified Lotka—Sharpe model (see [23]) for u;(¢,a),a < t:

dur(t,a) Ouyi(t,a) miuy(t, a)
=— t,a) - ———P(¢),
da " d i (ta) 1+mm U(t) ©

t
s (6,0) = £ (U (1) /0 Bla)ult, a) da (24)

= b(Us(1)),

u1(0,a) = u(l)(u),

with #9(a) > 0 forall a € [0, 7). Assuming that no individual dies at the very moment when
it becomes adult, uy(¢, 7) = u; (¢, ), and that lim,_, , 4y (¢, ) = 0, we have a similar system
for uy(¢,a) with initial age distribution #3(a) > 0 forall a > 7.

The total number of immature individuals satisfies

Ui(e) - /0f ouy(t,a) Ja

ot
~ [ dui(t, a) myu (£, a)
_ _/0 [ S (ta) ¢ e B +h1m1U(t)P(t)] da
=Up (t, 0) - ul(t! t) - /’Llul(t) mlLII (t) P(t)

a 1 +h1m1LI(t)
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and for the adult population we have

U () = / M da

ot
T uy(t, a) moyly(t, a)
= —/Z |:—8a + Moy (t, a) + Tl ® hgmzLI(t)P(t)] da
= 1s(t,7) — paL(t) - %pm
= (67) = ol (0) - 22O _py, 25)

1+ hzﬂ’lzu(t)

With the method of characteristics (see [24]) one finds the explicit solution of (2.4),

m1 P(s)
Mo(a - L‘)eifow1 1+h1m1U S>)d3

1
[+ M)ds (2.6)
b(UZ(t _ a))e 0 T+hym U(t-a+s) , a<t.

ui(t,a) =
When ¢ < 7, we get
_ mPGs)
(6, 7) = ud(x = )0 T &
and for ¢ > 1,
-t mP(t-T+s)
ur(t,7) = b(Uz(t - r))e_mr_J" Tehym 0Ecrs)) %5

From the above derivation, for ¢ < 7, our age-structured prey models are as follows:

Ui(t) = b(Us(t)) — 1 Us (2)

_1:2:51 uu—P(t) u(r — e " o Wl(zﬂs)ds 07
U(6) = (- 0™ TR (o)~ 2 (), |
G = TG + e TR — nePO).
For t > t we have

Uj(8) = b (0) = i UL () = T P(©)

bl (e - o)™ Tm

) P(t—7+s)

UL (0) = b(Us(t - T))e ™10 Thom e © (2.8)

— a2 ll(2) - %P(ﬂ,
T =1 TG P@) + ¢ - ARG () — 1pP(D).

The meaning of all parameters can be found in Table 1.
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Table 1 Variables and parameters used in the model

Symbol Definition

Ui (0 number of juvenile prey at time t

U () number of mature prey at time t

P(t) number of the predator at time t

up(t,a) density of the juvenile prey at time t of age a

ux(t,a) density of the mature prey at time t of age a

7% per capita mortality rate of mature prey

j7a per capita mortality rate of juvenile prey

e per capita mortality rate for the predator

« prey juvenile biomass encounter rate

&) prey adult biomass encounter rate

B the age-specific fertility rate or birth rate

h(a) the handling (digestion) time per unit biomass consumed

my the per capita capture rate of juvenile prey by a searching predator

my the per capita capture rate of mature prey by a searching predator
maturation time of juvenile prey

u(t,0) egg laying rate of mature prey

0 maximum per capita female egg release

f(Us) the effects of the predation on the fertility of mature prey: (QU,)/(1 + 0 U>)

3 Mathematical analysis

3.1 Positivity and boundedness

From the basic theory of delay differential equations (see, for example, [25]), the system
(2.8) with the initial conditions

9(0) = (91(0),92(0), 93(0)), V0 € [-7,0],¢,(6) = 0,¢:(0) >0,i =1,2,3, (3.1)

and a unique solution (U;(2), Ux(2), P(t)) of system (2.8) is defined for all positive time
provided that all solutions are bounded.
Throughout this section, we always assume that (2.2) holds.

Proposition 3.1 Suppose that (2.2) holds, then all the solutions of system (2.8) are non-
negative and bounded for all t > 0 on their respective initial intervals (3.1).

Proof We suppose that u9(a) > 0, a > 0 is known, we take the solution of (2.7) as history
function for (2.8) and we obtain nonnegative solutions if #9(a) is not known. Following
[13, p. 100], we can obtain positivity of solutions.

It follows from [26, Theorem 5.2.1] that I/5(¢) > 0 in its maximal interval of existence.
We first show that the variables U, (¢), U»(t), and P(¢), with nonnegative initial data U5 (0) >
0, remain nonnegative as long as they exist. In fact, by the second equation of system (2.8),

we have
ft mZP(S) t ~
Us(t) = Up(0)(e72" + 0 Tmhll) 4 / b(Us(s — 1)) Ve ds, (3.2)
0
where

s m1P(n) Y
exp|:— /;—r (Ml 1 mlhlu(ﬁ)> dn] =V

Thus, Uy(t) > 0 for all ¢ > 0 holds, if it is not true, then there exists f, > 0 such that
U (t) = 0, let ty = min{fy : Us(fy) = 0}, so that Us(ty) = 0 and Us(£) > 0 for all £ € [0, ).
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On incorporation of the initial conditions, when s < t for s € [0, #], we obtain

mo P(s)

£ ¢ -
U,(0) (e + el U] ) 4 f b(Us(s - 1)) Vel27) g 5 0,
0

next if s > 7 for s € [0, #o], then, by assuming that U (¢) > 0 for all ¢ € [0, ), we get

mo P(s)

£ ¢ -
U,(0) (e + el Tl ) 4 f b(Us(s - 1)) Vet27) g 5 0,
0

so that

mo P(s)

) 4 -
U (0)(e7#2"0 + elo Tomhall®) ) + / b(Us(s— 1)) Vet2-t) gg 5 0.
0

By (3.2), this is a contradiction. Consequently, U(t) > 0 for £ > 0 holds.
The first equation of system (2.8) can be cast into an integral equation form, by differ-

entiation, so that

t ¢ m1P(n)
_ b ;- ————" Vdn)de,
Us(2) /;_I (Uz(f))e)(p(fg ( i 1+m1h1U(n)) 77) :

by (2.2) and Us(¢) > O for all £ > 0, we have U (¢) > O for all £ > 0. Next, by the third equation
of system (2.8),

t my Uy (s) mo Uy (s)
P(t) = P(0)e0 1 TommIIm ™ Tyt ~HP) %

’

by (3.1), U;(¢) > 0, U, (¢) > 0 for all £ > 0, thus P(¢) > 0 for all £ > 0.
Next, we show that solutions remain bounded. Let

V(t) = coll1(2) + colla(t) + P(2),

where ¢y = max{cy, ¢3}, calculating the derivative of V(¢) along trajectories of system (2.8),
we obtain

V() = cob(U(t)) = copaUa(t) — copr U () — wpP(t)

e myUs(£)P(2) e my Uy (£)P(¢)
" TimoU®) 1+ mihU(t)
my Uy (£)P(t) my Uy (£)P(2)

(%)

Tl v @ TP 1+ )

< cob(Ua(8)) — copalx(£) — copr Uy (£) — ppP(2)

e my U (£)P(2) e my Uy (£)P(2)
0 1+W12h2U(t) 0 1+m1h1U(t)
my U ()P(t) my U (2)P(t)

T @) T T4 myn ()

< ¢oB" — copr U (t) — copalla(t) — upP(t), (3.3)
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for positive constant o (o = min{uy, iy, up}), it follows from (3.3) that
V'(t) + o V(t) < coB”, (3.4)

and this yields

B+
limsup V(¢) < “ ,
o

t—+00

where u(t,0) < B* for all £ > 0, B* is a positive constant independent of age, apparently,
u(t,0) = b(Ux(t)) < B* for all £ > 0. Then U (¢), Ux(¢), P(t) are bounded. Consequently, the
solution (U (¢), Us(¢), P(t)) of system (2.8) with initial condition (3.1) exists for all £ > 0. [

3.2 Existence of the boundary equilibria
The equilibrium (17}, Uy, P) of system (2.8) satisfies the following system:

— — - _mP_
b(Th) -y U — 28D — p(h)e T ® 2,

1+mymu
P
Ty T ol ds 77 o 5 3.5
b(U>)e Lol — g Uy — lffnzzhzuP—O, (3.5)
_omlh B L _mylly
a 1+m1hlﬂp+62 1+mhLIP upP = 0.

It is easy to see that the equilibrium point Ey = (0,0,0) always exists for all parameter
values. If (2.2) holds, there is an equilibrium with P = 0; in the predator-free equilibrium,
the U; and U; components are U and U5 with U > 0 from (2.2), which satisfy

expcp0b(Us) —patty, Uy = 2 _:fp(_“””. (3.6)

3.3 Persistence and stability analysis
In this section, we study the global stability of the predator-free equilibrium E; of (2.8).
Our principal result in this section can be stated as follows.

Theorem 3.1 Let Np := {li;lrlnyfb*)) lii’:'riilgfzt)}, where U*(t) = Uf(t) + U;(t). The

predator-free equilibrium E1 of (2.8) is globally asymptotically stable if Rip < 1.

Proof We use the variant of system that involves the first and second equations of system
(2.8). From the second equation of system (2.8), and using positivity of solutions,

dls(¢)
dt

< —pals(8) + exp(—u1 T)b(Ua (¢ - 7). (3.7)

Since b(-) is increasing, we may use a comparison argument (for example see [26]) to con-
clude that U,(¢) is bounded by the solution of the corresponding differential equation ob-
tained from (3.7) by changing < to =. Since b() is increasing, positive solutions of that
differential equation approach U (see [27]). Therefore,

limsup Us(t) < U

t—>00
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and, from the first equation of system (2.8), we have

limsup U (t) < b(U3)(1 - exp{-p17})

t—00 M1

- U

Since Np < 1 holds, there exists a positive small constant € such that

cymy (U7 + ¢€) comy (U + €) } (3.8)

He=> { 1+ hym(U* + €) " 1+ homy(U* + €)

With this €, 3 T, such that U;(¢) < U; + € for ¢ > T. From the third equation of system
(2.8) and for ¢ sufficiently large we obtain

dP(t) _ cmi(Us +€)P(t)  camy(Us + €)P(2)

— wpP(t). 3.9
dt _1+h1m1(U*+e)+1+h2m2(l,1*+e) HeP(t) (39)
We introduce the following auxiliary equation:
av(t us Vit u; Vit
(&)  cmi(U +€)V(E)  coma(U; +€)V(2) — wpV(e), (3.10)

dt 1+ hm(U* +€) " 1+ homy(U* + €)

with V(0) = P(0). By the comparison theorem, we have
Pt)<V(), t=0. (3.11)

Rearranging Np < 1, thus

comy(Uf +¢€) . comy (U + €)
L+ m (U +€)  1+hmUr+e) | 77

By [28, Lemma 2], this implies lim;_, ;s V(£) = 0. Combining Proposition 3.1 and (3.11),
we therefore have

lim P(¢) = 0. (3.12)
—+00
With the above analysis, we get lim, ., (U1(2), U2(2), P(t)) = (U7, U;,0). so that the
predator-free equilibrium E; of (2.8) is globally asymptotically stable if iip < 1. This com-
pletes the proof of Theorem 3.1. O

Theorem 3.2 Suppose (2.2)—(2.3) hold. If Np > 1, the predator P is uniformly persists.
Namely, there exists § > 0, which is independent of the initial conditions, such that

liminf P(¢) > 6.

t—00

Proof Next we apply [29, Theorem 1.3.2] to prove and establish population persistence.
Let C*([-7,0], R%) denote the space of continuous functions mapping [~7,0] into R3. De-
note

M:=C*([-1,0,R}),  M°:={peM:¢;0)>0,i=1,2,3},
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and
aM® = M\ M°.

Clearly, M is an open set relative to M. Define T to be a continuous semiflow on M, i.e.,
for any £ > 0, T(t) is a C°-semigroup on M satisfying

@) : M° —> MO, T(@t): aM° — aM°,
and

T(t)p(0) = (Us(t +6), Us(t +6),P(t + ),
where (U (), Us(t), P(t)) is the solution of system (2.8) with initial conditions (3.1). By the
definitions of M° and 9M° and Theorem 3.1, it is easy to see that a constant £, > 0 exists

such that T'(¢) is compact for all £ > £y; T'(¢) is point dissipative. Let w(¢) be the omega limit
set of the orbit

y* (@)= {T()¢:Vt >0},
and define M, the particular invariant set, i.e.,
My ={pedM’: T(t)p € aM°,Vt > 0}.
From the proof of Proposition 3.1, we know that
My ={pedM’:py=0Ug;=0}.
Therefore,
o(p) = {(0,0,0), (%, U3*,0)}, Vo € M.
By Theorem 3.1, we can see that the flow in Mj is isolated and acyclic.

To complete the proof of Theorem 3.2, we now need to prove the following two claims.

Claim 1 W*(Ey) N M° = 0. Assume W5(Ey) N M° # @, i.e., there exists a positive solu-
tion (U1 (t), Ux(2), P(t)) satisfyinglim,_, .o (U1 (£), Ua(8), P(t)) = (0,0,0). For sufficiently small
positive constant n, there exists Ty such that

U (t) <n, Uy(t) <, P(t)<n forallt>T,.
From the second equation of system (2.8) and (2.2), this implies that

Uy (2) > b(Us(t — 7)) e 7™M — (g + myn)Us(t)

= Bf (Ua(t = 7)) e ™™™ Un(t - 7) = (2 + man) U (2), (3.13)
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forallt > Ty, by (2.2)—(2.3), ua < Bf (Ux(t — t))e ™7, for sufficiently small positive constant
n, then

,Bf(l,lg(t - r))e’“”_"“’” > o + M.

Counsider the equation

Y/(t) = B (W (t — 1))e MU (t — 7) — (g, + mam) W (), t =T,
Y(t) = Ua(t), te[Ty, T+l

(3.14)

By (3.13) the comparison theorem, we have U,(t) > Y (t) for all t > Ty. On the other
hand, using [27, Theorem 4.9.1], we have lim;_, ;o ¥ (£) = ¥* for all solutions to system
(3.14), where Y* > n is the unique positive equilibrium of system (3.14). Hence we obtain
limsup,_, , ., Ua(2) = ¥* > n, contradicting P(t) < n as t > T1. We therefore conclude that
W*(Ep) N M° = 0.

Claim 2 Now we verify W*(E;)N\M° = (. Assume this is not true, i.e., W*(Ey) N\M° # @, then
there exists a positive solution (U, (t), Ux(t), P(t)) of system (2.8) such that lim;_, oo (U1 (£),
U, (t), P(t)) = (UF, U3, 0), where U* = U} + U;. For the same value of n as that in Claim 1,
there exists a positive constant Ty > T such that

u () > Uy -n, U; —n<U(t) < U+, P(t)<n, forallt>T,.

From the third equation of system (2.8) we have

comy (Uf = 1) PU) + comy (U3 — 1)

Pt
> 1+ mih (U* - 1n) 1+ mayhy (U - 1)

P(t) - upP(t), (3.15)

forallt> T, + t. Integrating both sides of (3.15) yields

t * *
cimy (U} —1n) camy (U — 1)
Pt - d ’
( )”’"e"p{/o [1+m1h1(U*—n) @M%

by 9ip > 1, we get

cymy (U7 —1n) s camy (U — 1)
1+m1h1(U*—n) 1+mzh2(U*—n)

> Up,

which contradicts with P(t) <1 as t > Ty + T. So that we conclude that W*(E;) N M° = .
The above two claims show that Ey, E are uniform weak repellers for M in the sense that

limsup| T(t)p - E;| =n, VoeM’,i=0,1,
t—+00

with the maximum norm || - ||. Thus, from [29, Theorem 1.3.2], we find that there exists a
constant § > 0 such that

liminf P(¢) > &

t—+00
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Figure 1 Density of the predator P of system (2.8) as
NRp=1.0901 > 1. The other parameters are as follows:
iy =0.092, o =023, p =09, B =099, hy =0.009,
my = 0.09, hz =0.0095 m,=015c1=1,¢6=1,
T=12

Density of the predator

n
S

o

=

[

0

mmu\\Hxmm“mlnh\mnuhMHMHHMmmm{mll

200 400 600 800 1000
time t (months)

uniformly for all solutions of system (2.8), which implies that the system (2.8) is uniformly
persistent if Rp > 1 holds. This completes the proof of Theorem 3.2. 0

4 Numerical simulations

In this section we conduct numerical simulations to illustrate our analytical results. Pa-

rameter values are taken from Table 1. In all of the simulations we measure the time in
months. We choose the effects of the predation on the fertility of prey to be f(U(t)) =

OU(t)
1+6Uo ()

, we choose parameters 6 = 2, U;(0) =

5, U»(0) = 5, P(0) =

5, other parameters val-

ues are listed in caption of each figure, and system (2.8) becomes

The boundary equilibria are

EO = (01 0, 0);

P(t)

P(t)

/ BOLL(1)? my U (¢
@) = Tt — MU0 - W
e m-fg 71+Z£nlu&i?+s> s
1+0Us (t-1) ' )
T m1P(t—1+s.
/ BOW (=02 ~11T~[0 Tafion tilr—r7s
U () = Tt @ e
mylp(t)
- M2u2(t) T ThomaU(t )P(t)r
daP(t) _ . m1Uj(t) my Uy (t)
dt Y1 Tehm U P( )+co T+hymy U(t)

(4.1)

wupP(t).

2 ,U1T (p1T
e e -
E = <M2 (

The predator’s net reproductive number Rp is

1
Rp = —{Q1 + Q2},
Mup

where
Q cimy plet 1t (et — 1)
b w10(B — poet1t) + h1m1,u%e“1f(eﬂlf - 1)’
Campjhaettt
Q=

0(B — 1n2eM17) + hymypoer™”

poett? 0)
p10(B — paet1™) (B — paerrt)’ ")’

Figure 1 shows that the predator P is uniformly persists if ip > 1 (see Theorem 3.2).
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Figure 2 Solutions to the system (2.8) with different capture rates. (@): m; = 0.08, m, =0.15; (b): m; =0.13,
my =0.15; (c): m; =0.147, m, = 0.15. The other parameters are as follows: ;1 =0.005, i, =0.13, wp =0.55,

B =0.85 mih; =myh; =0.0001,¢; =0.12,¢; =040, T =6
i .ouuunol“lll'ﬂ'“
DR

H
o, |||| I“
Figure 3 The ultimate oscillation interval of the solution to system (2.8) when T increases from 0 to 20, here

t €[10,2000]. g1 = 0.005; f15 = 0.13; pup = 0.85; my = 0.08; ¢ =0.11; ¢ = 0.125; my Ay = myhy = 0.0001;
m;=0.15; 8 =085
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Figure 2 shows that if the predator hunts juvenile prey increasingly large, the size of
the predator and mature prey to be expanded, this capture strategy will accelerate the
extinction of juvenile prey.

From Fig. 3, we see thatif t € (0,8)or(12, 15.5), approximately, the vertical amplitudes of
P(¢2), U, (t) and U, (2) are as small as a point, suggesting that they are asymptotically stable;
if 7 increases in the interval [8,12] or [15.5,18.5], approximately, the vertical amplitudes
of P(t), Uy (t) and U, (t) will become larger and larger, showing that they become more and

more unstable.

5 Summary and discussion

In this paper, we study a predator—prey system with stage structured on the prey. The
predator hunts both the immature prey and the adult prey. We have developed a rigor-
ous analysis of the model by applying the comparison theory of differential equations and
uniform persistence theory. Global dynamics of the model are obtained and threshold
dynamics determined by the predator’s net reproductive number Np are established: the
predators go extinct if 9p < 1; and predators persist if fip > 1. Theorem 3.1 shows that the
predator-free equilibrium E; of (2.8) is globally asymptotically stable if fip < 1. That the
predator P is uniformly persistent is also obtained in Theorem 3.2.

First, we have constructed the predator’s net reproductive number N p, and by applying
the comparison theory of differential equations, we get the predator-free equilibrium E;
of (2.8) is globally asymptotically stable if %ip < 1 (see Theorem 3.1).

Second, by applying the uniform persistence theory, the predator P is uniformly persis-
tent is also obtained in Theorem 3.2 (see Fig. 1).

Besides the above systematic theoretical results for model (2.8), we also perform careful
numerical simulations to support the theoretical results. The prey have stage structure and
the highlights of this paper are the effects by delay 7. It is shown that of the immature prey ¢
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largely determines stability of the immature prey and the predator, in addition 7 increases
from 8 to 12/15.5 to 18.5, and the predator may lose its stability and becomes increasingly
unstable by enlarging the amplitude of the oscillation interval (see Fig. 3). Biologically, this
means that a shorter immature prey maturation period is helpful to stabilize the system.
In this paper, the stability of the predator—prey coexistence equilibrium remains unclear,

which we leave as our future work.
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