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TRAVELING WAVES FOR A GENERALIZED LESLIE-GOWER
PREDATOR-PREY MODEL WITH NONLOCAL DISPERSAL

YU-XIA HAO, ZI-MING LIU

ABSTRACT. In this work we study the traveling wave solutions for a generalized nonlocal dis-
persal Leslie-Gower predator-prey system. Employing the truncation method and Schauder
fixed-point theorem, we establish the existence of traveling waves connecting the semi-trivial
equilibrium to the coexistence equilibrium for all wave speeds ¢ > c¢*, where ¢* denotes the
minimal wave speed. Particularly, the right-hand tail limit of the wave profile is obtained by
using the idea of a contracting rectangle. Meanwhile, by analyzing the characteristic equation
obtained from linearizing the system at the semi-trivial equilibrium, we showed the nonexistence
of traveling waves for 0 < ¢ < ¢«. The main technical challenges arise from the combined effects
of nonlocal dispersal and the lack of monotonicity in the system.

1. INTRODUCTION

In complex ecosystems, predation as an important manifestation of the diverse interactive forms
among long-term coexisting species has always been a focal point of ecological research. There
are many different kinds of predator-prey systems that have been proposed to model different
processes of biological interactions since Lotka [24] and Volterra [27]. For instance, Dunbar [6} [7 [§]
demonstrated the existence of various types of traveling waves in a diffusive predator-prey system
incorporating Holling type I and II functional responses. By employing Dunbar’s approach, Li and
Wu [22] established the existence of traveling waves in a diffusive predator-prey model featuring a
simplified Holling type III functional response. Lin, Weng, and Wu [23] investigated traveling wave
solutions for predator-prey systems with a sigmoidal functional response, while Ai, Du, and Peng
[2] explored traveling wave phenomena in Holling-Tanner type predator-prey models. Further
important contributions to this field can be found in [5, O] [15] [T7] 28] [33] and the references cited
therein.

Research on traveling wave solutions for reaction-diffusion equations dates back to the pioneer-
ing works of 1937 [13, (18], and such solutions play a vital role in understanding the long-time
asymptotic behavior of population dynamic systems. In recent decades, extensive studies have
been devoted to traveling wave solutions in predator-prey systems. Here, we will primarily intro-
duce some works for predator-prey systems with the Leslie-Gower functional response. Notice that
the rate of prey consumption by an average predator and the predator growth are identical in most
two species predator-prey systems. However, Leslie [19] 20] proposed the following predator-prey
system, where the predator’s environmental carrying capacity is proportional to the abundance of
the prey,

w = Au(z,t) + u(x, t) (1 — u(z,t) — m»
ov(x,t) oz, 1)
= dAv(x,t) + sv(g;,t)<1 oy t))’
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where the ratio % is designated as the Leslie-Gower term. Factually, this type of response
function cannot adequately reflect the predation phenomena that objectively exist in nature. Based
on this, the authors [3] 4] proposed a modified Leslie-Gower predator-prey system, incorporating
the positive constant p into the Leslie-Gower term. Such predators are known as generalist
predators [I4], as they are capable of exploiting other alternative food sources when their preferred
prey is unavailable. Concretely

% = Au(x,t) +u(x,t)<1 —u(z,t) — M)’
ov(x,t) (e, )
9 dAv(z,t) + sv(x,t) (1 — m)

Recently, Li et al.|21] considered the generalized Leslie-Gower system

%ﬁﬁ = Au(a, )+ Flula, 1) (plufe,t) = (1)),
ov(z,t) o) (1.1)

= dAv(z,t) + sv(x,t) (1 W@ Dh(u(z,0) £ M)’

they established the existence of traveling waves connecting the prey-present state and the coex-
istence state or the prey-present state and the prey-free state by constructing different Lyapunov
functions.

In traditional reaction-diffusion frameworks, individuals are assumed to move randomly between
adjacent spatial locations. Yet in many practical contexts, such as population ecology, materials
science, and epidemic dynamics, individual movement and interaction often occur across extensive
ranges making nonlocal dispersal a more suitable description than local diffusion in such scenarios
[1, 25]. Within this framework, nonlocal dispersal is typically formulated via integral operators, a
representative example is the convolution operator defined by

ot

Lu|(z) := J * u(x,t) — u(x,t) = / J(x — y)u(y, t)dy — u(x,t).
R

Following the interpretation in [I], if u(x,t) represents the population density at location z and
time ¢, and J(x — y) denotes the probability of transitioning from y to z, then the term fR J(x —
y)u(y,t)dy captures the inflow of individuals to x from elsewhere, while — [, J(x — y)u(z,t)dy
(where [, J(2)dz = 1) reflects the outflow of individuals departing from x to other locations.
Over the past few years, a substantial body of research has focused on traveling wave phenom-
ena in nonlocal systems, mainly concerning Lotka-Volterra competition, cooperative models, and
epidemic models. However, due to the interplay between nonlocal dispersal and the intrinsic non-
monotonicity characteristic of predator-prey interactions, the literature on traveling waves in such
systems remains quite limited [I0L [I6] 26l 29] [30L [35], additional contributions related to forced
waves can be found in [12] [32] [IT].

This article focuses on the nonlocal version of (1.1), namely, the nonlocal dispersal Leslie-Gower
predator-prey system

% = (J*xu(z,t) —u(z, 1)) + f(u(z, b)) (p(u(z, t) —v(z,t)),
ov(x,t) =d(Jxv(zx,t) —v(z,t) + sv(z,t) (1 _ v(z,t) ) (1.2)
4 R T e Ot + )

where the parameters d, s and p are positive, u(z,t) and v(z, t) are the population densities of the
prey and predator, respectively, s is the predator growth rate and d is the diffusion coefficient of
predator species. In this paper, we use the following assumptions:

(H1) J € CYR), J(z) = J(—z) >0, [5 J(y)dy =1 and J is compactly supported;

(H2) f(u) € CY(R), f(0) =0 and f’(u) > 0 for u € [0, +00);
(H3) p(u) € CHR), p(0) > 1+ p, p(1) =0 and p'(u) < 0 for u € (0, +00);
(H4) h(u) € C1(R), h(0) > 0 and A’ (u) > 0 for u € [0, +00).



EJDE-2026/51 TRAVELING WAVES FOR GENERALIZED LESLIE-GOWER SYSTEMS 3

As stated in [2I], the following are classical examples of functions satisfying (H2), (H3), and
h(u) = 1:
(a) The functional response f(u) of Holling-I type
(1—w)

fw)=ru, pu)= pa— r > 0.

(b) The functional response f(u) of Holling-II type

fly =, g = L) sy,

(¢) The functional response f(u) is Ivlev type
1
flu) = r(1— e, plu) = L=

r(l—er2u)’

Obviously, system (1.2) has three boundary equilibria (0, 0), (1,0) and (0, ), under the conditions
(H2)—(H4). We can verify that (1,0) is unstable, and that for any u € (0,1), there is a unique
positive stable equilibrium (u*, v*) := (u*, u*h(u*) + p) with u* € (0,1) of system (1.2). We focus
on the existence and nonexistence of traveling wave solutions connecting (1, 0) to (u*,v*) of system
(1.2) in the present paper. Note that it is very difficult to determine the final state of traveling
waves for system (1.2). The reason is that the system is not monotone. However the nonlocal
dispersal leads us not to a suitable Lyapunov function to ensure that traveling waves converge
(u*,v*) at +00, which is a common method. Inspired by [5, BT [12], we derive the right-hand tail
limit of the wave profile by using the idea of a contracting rectangle.

The rest of this paper is structured as follows. In Section 2, we establish the existence of
traveling waves for ¢ > c.. Section 3 is devoted to proving the nonexistence of traveling waves
when 0 < ¢ < ¢,. Section 4 summarizes the main conclusions of this work, discusses the existing
research limitations, and proposes several promising directions for subsequent research extensions.

r>0 0<7ry <2

2. EXISTENCE OF TRAVELING WAVES

In this section we establish the existence of non-negative non-trivial solutions of system (1.2)
with the form u(x,t) = u(z + ct) and v(x,t) = v(x + ct). Substituting this solution into (1.2), and
using & = x + ct, we have the wave system

cu'(§) = / J(y)u(§ — y)dy — u(§) + f(u(§)) (p(u(§)) —v(§)),
R (2.1)

We aim to determine positive solutions of (2.1) satisfying
(u,0)(=o9) = (1,0),  (u,)(+00) = (u*,v"). (2.2)
Linearizing the second equation of system (2.1) at (u,v) = (1,0) gives
(€)= d( [ T)o(e — )y =) + 50(6)
By setting v(£) = e*¢, we obtain the characteristic equation
F(\c) = d( /]R J(y)e ™ dy — 1) — A+ s=0. (2.3)

Direct computations give

F(0,¢) =s>0,
0F(0,c) “y B
T—[d/RJ(y)( y)e  Ydy c”/\: =—c<0, Ve>0,
Ny 2o waso,

Oc



4 Y.-X. HAO, Z.-M. LIU EJDE-2026/51

ATﬂT—_d/ 2J(y)e Mdy >0, VA>0.

The following lemma can be obtained easily.

Lemma 2.1. There exists a pair of positive constants (A\*,c.) such that

Of(A", c)

F(\*c) = d
(AN,e) =0 an Y

=0.

Furthermore,

(i) if ¢ > cx, then F(X,¢) = 0 has two different real roots Ay = Ai(c), A2 = Aa(c) with
0< A1 <A< Ao, and

F()\ C) <0 ]‘.O’I”)\E()\l,/\g)7
’ >0 for A€ (0,\)U (A, +00);

(ii) if 0 < ¢ < ¢y, then F(X,¢) >0 for all A > 0.
Let
AN c) = / J(y)e Mdy — 1 — e
R
Direct calculations yield

0A
5xkdf:(40wﬁﬂw€“wyfc)A0:4c<0 for all ¢ > 0.

Because A(0,¢) = 0, there is a A > 0 such that A(X, ¢) < 0.

2.1. Lower and upper solutions. We construct lower and upper solutions for non-critical and
critical wave speed scenarios. A pair ((z(€),7(€)) forms an upper solution to (2.1), if w(§) and
(&) satisfy (2.1) with the sign = replaced by the sign >. For lower solutions we replace the sign
= with the sign <. Also for convenience, we denote ¢(u) = uh(u) +

Non-critical waves (¢ > c.). We define the continuous functions
_ _ qg(1)eMs, ¢ <0,
we) =1, we) =)

q(1), £>0,

_ 1- 06655 g < 517 _ q(1)6A1£(1 - ,yesf), 5 < 627
©= {07 exe, 07 {o, £ 6,

where

o> max{l, fgz%(’lc))}, 0<p< min{)\l,j\},

0 <e<min{A;, Ao — A1}, 7> max{l7

—sq(1) }
q(0)F(\ +e,0) )

Also, we define

1.1 1.1
==-In=-<0, &L=-In=-<0,
g o e v

and one can choose o > 0 and v > 0 large enough such that £, < &;.

Lemma 2.2. The functions u(§) and ©(§) satisfy

<m@)>/ J(y)u(€ —y)dy —u(§) + () (p(a(§)) —u)), &§# &, (2.4)

) >d /J v(€ — ydy—“®)+%@K1—f v(€)

SoREe TR (20 @9
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Proof. If £ > &, then u(€) = 1,v(§) = 0, therefore, (2.4) can be obtained straightforwardly.
In contrast, if £ < &, then u(&) = 1,v(€) = ¢(1)eM&(1—~e€) > 0. A direct computation shows
that

ctl'(§) — /RJ(y)ﬂ(E —y)dy +u(§) — f(u(§)) (p(a(§)) — u(§)) > 0.
Then (2.4) holds.

Similarly, if £ > 0, then T(§) = ¢(1),u(§) = 1, thus (2.5) holds naturally.

If £ <0, then w(¢) = 1,7(€) = q(1)eMs. Then
L N ()
() —a( | Jwyte =y =) ~ 7(6) (1 )

eMé

= () = d( [ TNy - g)N) s (1= 20
= q(1)eM* {c)\l - d(/R J(y)e ¥dy — 1) —s(1— 6)‘15)]

= q(1)eM*[ = F(\1,¢) + seM¢] > 0.

Then (2.5) follows. O
Lemma 2.3. The functions u(§) and v(§) satisfy

& < [ Tl —p)dy—u©) + F(©) Glule) =7E). €26 (20

/() < d( / H)sle - iy - v0) + 52O (1~ Tt ), G @D

Proof. When & > &, u(€) = 0, hence it is easy to obtain (2.6). When { < &, u(§) = 1 —

oeP8 (&) = q(1)eME. A direct calculation yields that
(€)= [ Twul€ - p)dy +1(6) - S (pu(€)) - (6)

= —cofeft +/ J(y)oePE W dy — geP — f(1 — geP) (p(1 — oe’) — q(1)eM?)
R

= gePt [ —cf+ /R J(y)e PVdy — 1] — f(1 —0e™) (p(1 — oeP*) — g(1)eM?)
< gePt [ —cB+ /R J(y)e PVdy — 1] + q(1)eMEf(1 — oeP)
=P [a <cﬁ + /]R J(y)e Pvdy — 1> +q(1)eM=PEf(1 — 0655)}

<o =+ [ ey —1) + a0

= P oA(B,0) +9(1) f(1)] 0.

Consequently, (2.6) holds.
In the same way, when & > &, v(¢) = 0. It is obvious that (2.7) is true. When £ < &,
u(§) =1 —o0e’,v(E) = q(1)eM4(1 — ye™), then

= cq(Ae™M — erq(1) (A + g)ePi 9 — Q(l)d/ J(y) (MED —qeiFaE)) gy
R

A€(1 — ~ecé
ME o) ME L ey [; - a)e (1 —ye™)
+ q(l)d(e e > sq(1)(e € )[1 (1 — oefE)h(1 — oePE) + u]

= q(l)e/\1£ [C)\l _ d/RJ(y)e—/\ly Td— s(l B : q(l)eMS(l _ ’yeaf) ):|

1 —oePEh(1 — gefe) +




6 Y.-X. HAO, Z.-M. LIU EJDE-2026/51

1)eM&(1 — yest
—vq(l)e(*ﬁa)f[ (A +¢) /J Jem Mt 4 g — ( (l—q(geég)h((l—;eﬁf))—i—u)}

1 ()1 e
= q(l)e/\ 3 |: — F()\l, C) + 5(1 7qgeﬁ‘£)h(1 _ (;YEBE) + ,LJ

A& (1 _ ~pEE
(te)e a1 = e)
+7q(1)e [F(M +e,0) "1 = 0efO)h(1 —0655)4-/1}

(/\1 )¢ (1 — et 1)eré(1 — ~eé
(A1+E 6[8 6 e ) +7F()‘1 +€,C) — s Q( )6 ( e )
l—aeﬂf 1—0655)4— (1 —oefEh(1 — oefe) +
e(A1i— 5)6 33
e(M1te) g[ — yet) F(\ }
Sl—aeﬂf 1—aeﬂ£)+u” (i +e0)
(>\1 e)€
(/\1-‘:-6)5[ Je F(\ }
8170'6135 170655)+,u+7 (N1 +e0)
1
< g5 [ 4 ops, te 0] <o
u
The proof is complete. O

Critical waves (¢ = c¢,). In this case, A\; = Ay = A*. We define functions

e =1 B(E) = —bg(1)geM e, €< %,
© =1, <f>—{q(1) ;

, £> -2,
() = {(1) Soe, E<h {q(l)e”’f (b —A(=OM?), &<,
) g > 517 Oa § > 537
where
e Ly Te)
b= , U>max{e ’_()\*—B)eA(ﬁ,c*)}’
P 2 8sq(1)b? T \7/2
0< B <min{A\* A}, ~v> max{b\/;, (()d [ I (y)yPe > vdy (2>\*e) }
Meanwhile, we define &, = = 0,53 (%)2 with &1,&3 < —% by the appropriate choice of o
and 7.
Lemma 2.4. The functions u(§) and ©(§) satisfy
(€)= [ Tt )y =) + F@(E)) (la(e)) — u(6)). (23)
. _ _ o(§) 2
e (§) > d(/R J(y)v(§ —y)dy — U(f)) + Sv(f)(l - W): = BvE (2.9)

Proof. For any £ € R, u(§) = 1,v(£) > 0, then (2.8) holds. Furthermore, for { < —2, u(§) =
1,5(€) = —bg(1)€e* "¢, one has

v'(€) — v(€ — —-7()) —sv S —
() = d( [ wte - iy =) — s5(6) (1
= *C*bQ(l)e/\*E*C*Albﬁqu)e)‘*ngd/ J(y)bg(1)(€ — y)er W dy
— dbq(1)€e? € + sbq(1)€e™ € + sb2q(1)E2e2 ¢

:mmﬁﬁﬂwfwuw+d/J@@fwa”wwwemq+w%mé¥“
R

e

= bg(1)N SRV, ) + ba(1)eX [ — . —d /

J(yye ™ dy] + sb?g(1)2e? ¢
R

= sb?q(1)E2e*} € > 0.
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For & > 7/\2—*, u(€) = 1,9(€) = q(1), then (2.9) is true. This completes the proof. O

Lemma 2.5. The functions u(§) and v(§) satisfy

/J u(§ —y)dy — u(&) + f(w©)) (p(ul§)) —v(&)), §# &, (2.10)

/ _w®)
e <5>2d( / T)ats =y = 216)) + 520 (1~ Tiigr 77

Proof. When & > &, u(€) = 0, (2.10) is established. When ¢ < &1, u(¢) = 1 — 0e?8,5(¢) =
—bg(1)éeM €. Then

el () - / T()ul€ — y)dy +u(€) — F((©)) (p(ulE)) — 7(©))

) f#& (1)

= —c.03e% — / J(y)(1 — 0ePEdy 4 (1 — 5eP%)
R
— F(1=0e")(p(1 = 7e™) + ba(1)ge )
= et [ —cp —|—/ J(y)e PVdy — 1] — (1 — oe®)p(1 — o) — f(1 — oe®$)bg(1)€er ¢
R
< oA, ) — bgg(1) (1)
1
_ B [UAw, ) + q(l)f(l)bm} <o0.

In addition, when § > &3, v(§) = 0. It is obvious that (2.11) holds. If £ < & and u(§) >
1— e’ v(6) = g(1)eN ¢ (=bg — 7(—¢)"/?), then
v(§)

et (§) - d(/RJ(?J)Q(ﬁ —y)dy —Q(f)) - Sy(f)(l - m)
< AN E (b = (=) + (D S (b + 39(-€) )|
_ AN EW (e — ) — ~(y — )12 AN E( _pe — m(—e)/2
@ [ T (= = 9) =90 = ) dy+ a1V ¢ (= b = 1(-0)'7)
* 1/2 2 1
= sq(D)eX S (b8 = (=) + ()
= q(l)e)‘*gbf( — AT+ d/ J(y)e ™ Vdy —d + S)
R
+ek*f[—c N ya(1)(=)12 + dg(1)(—1(~€)/?) + sq(1)7(=€) /2

+ e c*q /J )bg(1 -\ ”dy

e (-6 2l M+dv/J NNy = )y + 50O

— ()N BEF(N", ¢.) /J (e € (—g)V/24y

0 1/2 —y 1/2 2 1
e L)+ ay / T Dy = )y + (€

— a0 by [ T I (- 91 = (¢ g +
R

v*(§)
q(0)

= a0 [ )y
e [ I0)[5-97—g

SO BN Yy 0%

q(0)
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Yo 3 Aty 1
= —a 3 [ T b iy + 50?0

< o[ —amda [ Tt iy +

(1) 46+ ]

q(0)
3 * * S 7 7
<—"1*5—1d/ 2eNvg 1)b? i <o.
< (<97 Ra(eN [ = g [ T)te ™ ay +Gsa (5 50)F] <0
Notice that (2.10) and (2.11) hold when supg<o{(—£)"e?*} = ()" and the proof is complete.

O

2.2. Existence of traveling waves. By using the lower and upper solutions constructed in
subsection 2.1 and Schauder fixed-point theorem, we can get the existence of traveling wave
solutions of (2.1) with speed ¢ > ¢,. Choose D satisfying

D> max{_sup (@] + a7 Gl s (20 1)}

u€l0,1]

large enough such that
Hy(¢,¢) = Do + f(9)(p(¢) — ¥)is increasing on ¢,

Hy(,) = D+ sy (1 -

q(d;)) is increasing on .

Then, system (2.1) can be rewritten as

[ w0t = )y = 6(6) = c6'(€) = Do+ Hr(9.) =0,
a( [ @0 = w)dy = 0(©) — v/ (€) = Db+ Ha(r) = 0.
R

Take 0 < w < min {M, %} and define

B, (R,R?) := {u(g) u(€) € C(R,R?) and Zlelg lu(€)|e™ll < oo}

with | - | denotes the supper norm in R2. Naturally, B, (R, R?) is a Banach space equipped with
the norm | - |, defined by
[ulo, = sup [u(€)]e~!¢! for u € B, (R, R?).
£eR
Set 1T := [0, 1] x [0,¢(1)]. For any (¢,1) € II, define the operator P(¢,v) := (Py(é, ), Pa(p, 1))
by
3

Piow) = [ 750+ Do+ FO)(6) - )] "
1 6 D+d
Pa(¢,9) = - /_OO [dJ * 1 + Dy + sq/)(l — %)]GTWQW

Simultaneously, let

T ={(6(),%(-) € C(R,R?) : u(€) < ¢(€) <a(€),v(€) < h(€) <v()}.

It is easy to obtain that I' is a bounded, closed, nonempty and convex subset of C'(R,R?) with
respect to the decay norm | - |,.

Lemma 2.6. The operator P maps T" into I'.
Proof. For any (¢,1) € I', we need to prove that
u< Pi(¢,) <u and v < Pa(g,¢) <. (2.12)
To obtain the first inequality of (2.12), it is sufficient to show that
u < Pi(¢,v) and Pi(¢p,v) <.
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By direct calculations, one has

D+1

1 ¢
B6m =1 [ ot Dot H0)pl0) 7] Oar

E D+1
%/_OO [J#u+ Du+ f(u)(p(u) —v)]e e " dr

v

f D+1
e (7) +u(7) + Du(r)] e "= T dr

Vv
Q
<

!
3

g o=

—~
i
~—

and

D+1

[Jx ¢+ Do+ f(9)(p(¢) —u)]e =

P ( =8 dr

hSe

v)

I
S al~= ol olF

—~
I
~—

A

D

—
3

!
3

jl(T—é)dT

IN

[J+u+ Du+ f(u)(p(w) —v)le

m

D+1

[c@ (1) +u(r) + Du(r)] e -

=8 gr

IN
\
8

Similarly, we can get
v< Py(u,¢) and Py(u,v) <7

Consequently, (2.12) holds.

Lemma 2.7. P: C(II,R?) — C(R,R?) is continuous with respect to the norm |- |,.

Proof. For any (¢,1) and (gzlzﬁ) in II, it holds
|P1(¢,0) = Pu(,9)|e¢|

¢
:%‘/_ [T ¢+ Do+ f(d)(p(6) —¥)]e

=9 qr

R

¢ "t g 7 7 ~ D+1
~ [ %6+ DI+ F@BE) - D) ar

1) [¢ ~ D ¢ - )
< E‘ / (J * ¢ — J % (p)e%(‘r—&)dT‘e—le + ?‘ / (¢ _ ¢)e%(r—§)d7_’e—w\§\

D41

= ; [£@)0(0) = F@p(D) + F(@)) = Fo)p] " ar|ele

2(D+1)

2(D+1)

‘Qb* Q~5|w

g ~
< (D+1+cw)(D+1— cw) [mJ(y)e Ydylp — ¢l +

2D +1) [max;e o,y {F(DIF(B)] + p(B)F' (@)} + M]
(D+14cw)(D+1-—cw)
2D +1) [max e o,y {a(1)S(8)} + M|

+

|¢ - g)'w

2(D+1)f(1)

D+1+caw)(D+1—cw)

7 S pon 15, i e L

=C4lp — (;S‘w + Csoly _i‘wv

where

D+1+cw)(D+1—-cw)

W) _7]}‘“1

¢ 7 7 ot ~ — J—
Cri=4| / J)e™Vdy+ D+ max {FO @)+ O] @) +a()f @)} + 3 + 3],

2(D+1)
(D+1+cw)(D+1—cw)’

Cy:=Af(1),A:=
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and the positive constants M and M satisfy
£(1) - o(¢ — )|+ &Iél[%}i]p@ co(¢p— )| < Mlp—al, lg(1)o(¢ — )| < M|p— 4.
Similarly,

|Py($,0) — Pa(h, 0)]e™I¢
¥

= %‘ /5 [dJ*¢+Dw+sw(1 - @)}el’%%*%f

_/_foo {J*l&—i—Dlﬁ—l—S’(ZJ(l— q({%))]eD
< i’/i@ (J*wa*zl;)eﬁ(T*g)dT

s1 [ 2 7)2 Diag, Y
+E’/_oo (%J?)e s ( 5>dT)e €l

o (T—E)dT‘e—wlfl

¢
o—wlel | E’ / (1 — ) ZEL T gr | wle
c — 00

qa(9)
2d(D +1) ¢ . . 2(D + s)(D + 1) -
=D +d+w)(D+d—cw) /,Ooj(y)e e e (Dt d—aw) Y
15q(1)(D + 1) T Gl D) (5t0)” [maxzepo y {a'(9)] + 1] o
q(0)(D +d+ cw)(D + d — cw) ¢ (D+d+ cw)(D+d— cw) @
= C1l¢ — ¢lu + Calv) — P,
where
o PO D) Tmaxse {16(9)] + 1]
b (D +d+cw)(D+d— w) :
— 2(D +1) ¢ —w 2sq(1)
Cri= (D+d+ aw)(D+d— cw) [d/_ooJ(y)e Ydy+ D+ s+ q(0) }
The proof is complete. O

Lemma 2.8. P is compact on I' with respect to the norm | - |,,.

Proof. For (¢,¢) € T and n € N, define

P(¢,4)(=n), £ <-—n,
Pn(¢7¢)(£) = P(¢7¢)(§), §€ [_nvn]v
P(¢,1)(n), §>n.

First, we show that each P™ is compact. Since P(I') C " and I is uniformly bounded in the sup-
norm. Consequently, the set {P(¢,1)|[—nn) : (¢,%) € '} is uniformly bounded and equicontinuous
on the interval [—n,n]. The Arzela-Ascoli theorem yields that the set is precompact in C([—n, n]).
Since for |£] > n, the function P™(¢,v)(€) is constant, it follows that {P"(¢,v¢) : (¢,¢) € T'}
remains uniformly bounded and equicontinuous in B, (R,R?). Moreover, it satisfies the uniform
decay condition

dim - sup - sup [P (@, 1))l = 0.
T (o )ET €[> R

Therefore, by the weighted Arzela-Ascoli theorem, {P"(¢,v) : (¢,%) € T'} is precompact in
B, (R,R?), that is, each P™ is a compact operator.

Next, we prove that P™ converges to P in the operator norm. Because I' is sup-bounded, there
exists a constant M > 0 (depending only on the parameters d, D, s) such that

|P(¢,4)(§) <M forall (¢,4) €T, £ €R.
For [¢] < n, we have P"(¢,¢)(£) = P(¢,¢)(§). For [¢] > n,
[P (6, 9)(€) — P(¢, ) (§)| < [P(&,¢)(xn)| + [P(,¥)(€)| < 2M.
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Multiplying by the weight factor e=*I¢l yields
|P"(6,9)(€) = P, ) (€) eIl < 20,

Hence,
|IP" — Pl|lw:= sup |P"(¢,¢) — P(d,¢)|w <2Me ™™ — 0 asn — oo.
(¢,4)er
Finally, since each P™ is compact and P™ converges to P in operator norm, the limit operator P
is also compact. This completes the proof. O

By applying Schauder fixed-point theorem on T', it holds P(u(€),(§)) = (@(§),9(€)), that is,
(a(€),0(8)) is a fixed point of P in I'. Whence, we have the following result.

Theorem 2.9. Assume (H1)—(H4) hold. Then for any ¢ > c., there exists a solution (a(&),v(§))
of system (2.1) satisfying (u,v) (—o0) = (1,0) .

2.3. Asymptotic behavior. To study the asymptotic behavior of the solution obtained in The-
orem 2.9, we suppose h(u) = 1, that is ¢(u) = uw + p. Note that condition p(0) > ¢(1) =1+ u
in (Hs), together with the monotonicity of p(u) and g(u), implies that the equations p(u) = ¢(1)
and p(u) = ¢(0) admit unique positive solutions, denoted by I; and Iy, respectively. Set

@~ :=liminf (&), @' := limsupa(¢),
=400 E—+o0

77 = liminf 9(¢), o7 := limsup¥(£).
=400 E—+o0

Lemma 2.10. Assume (H3) holds. Then 4~ >1; >0, 9~ > pu > 0.

Proof. Considering (1.2) with (u,v)(x,t) = (4, 0)(x + ct). Because v < ¢(1), it follows that @
satisfies
ou(z,t)
o = (Jxuz,t) —u(z, ) + fu(z,1)) (p(u(@,t) —¢(1)), z€R, ¢>0,

u(z,0) =a(z), zeR.

The comparison principle yields that
_ e e 13
4~ = liminf(§) = liminf u(0, ) > {; > 0.
imnf 7(6) = limnf u(0, %) > 1
In the same manner, one can obtain v~ > p > 0. O

Next, we obtain the second part of (2.2) by constructing the sequence of shrinking rectangles.
For 6 € [0,1], we define

k1(0) =0u"+(1—-0)(l1 —ev1), Ki(0) =0u*+ (1—0)(1+ eva),

ka(0) = 00" + (1= 0)(j—€),  Ka(68) = 0" + (1— 0)(q(1) + evs),
where € is an arbitrary small positive constant and

1 1 1 1
Tain{p@P T W@ e TP (@I
Notice that [; < v* and p < v*, thus k; and K; are increasing and decreasing functions in 6 € [0, 1]
respectively, and k;(1) = K;(1) = (u*,v*) (1 =1,2).
Next, we need to state that the set
O={0€0,1]:k(0) <a” <uat < Ki(0), k2(0) <~ <07 < K2(0)}

is nonempty and sup® = 1. In fact, from the definitions of upper-lower solutions and Lemma
2.10, we have
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This indicates 0 € © and © # (). We next show sup© = 1. Conversely, suppose that sup© = 6 €
(0,1) and let 8 — 6, then one has

k1(0) <a” <at <Ki(f), ko(0) <o <ot < Ks(6).
Therefore, one of the following equalities is true
a” =k(0),at = K.(0), =ko(0),07 = K5(0).

We first show @~ = k(). If @ is ultimately monotone as & — +o0, there is @(+00) = k(). It
can be obtained by integrating the first equation of (2.1) from 0 to n for any n € N that

cmmy—MM%=AQJ*a—m@me+1ffwuma—mda (2.13)

A( €)de = /W> /n<sm—mwmw

=[ J@P@AK@W—@%%FWWWy

because

According to (2.13), we have

“+oo 1 n
cwmw—wmwy[w ﬂwyé[mﬂn—qn—ukfwwwy—llf@ﬂﬂu—@dé (2.14)
Note that
timinf £(a(€)) (p((6)) — 3(¢)
> f(k1(0)) (p(k1(9)) — K2(0))
= £ (8)) (p(k1 (B)) — 8™ — (1 — B)(q(1) + evs))
= £ (0)) [pu") + P () (1 = B)(1a — evr —u*) + o(1 — B) (I — vy — u")
—(1=0)[pu*) +p'(u*)(l1 — u*) + o(ly — u*) — Gv* — (1 — O)evs]

= f(k1(0))(1 = O)e [—11p'(u*) — v3 — 0(1)] > 0
by the choice of v1,v3 and @ < 1, which yields that

/fﬂ p(a(§) —0(€))d§ — +o0  as n — 400,

this contradicts to the boundedness of the left side of (2.14).

On the other hand, if u is oscillates as & — 400, one can choose a sequence of local minimal
points {&,} of @ satisfying {£,} — +oo and (&,) — k1(0) as n — +oo. The first equation of
(2.1) gives that

0= cii'(§n) = /H{J(y)fé(ﬁn —y)dy — (&) + f(a(én)) (p(@(&n)) = 0(&n)) -

Moreover,

lim [ J(y)(a(&n — y) — ul(&n))dy > 0,

n—+oo Jp
lim inf f(a(&)) (P((8n) = B(&)) = f(k1(6)) (p(k1(0)) — K(6)) > 0,

this is a contradiction.
The other cases can be treated similarly, we are currently only providing some key calculations

that are necessary for the proof.
(a) For at = K1(0), we have

hmsupf( ) (p(@) = 0) < f(E1(9)) (p(E1(9)) — k2(9))

E—+o0
= f(E(9)) (p(E1(0)) — v — (1 = O) (1 —¢))
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= J(k1(0)[p(u") + ' (u*) (1 = O) (1 + evn — ") + o((1 = O)(1 + evn — "))
= (1= 0)[p(u”) +p' (W)l = u") + ol = w*) = Q" — (1 = O)(~¢)]
= f(k1(0))(1 = O)[p'(u™)(1 + eva —I2) + €+ 0(1)] < 0.

?gigsﬁ(g)(l — m) > skz(@(l - kl?;)(@_')_u)

B — 0w+ (1—0)(1y —evy) +p— 0" — (1 —0)(p— )
_sk2(9)< ] Ou + (1= 0)(l, —ern) + )

(1-0)(l; —e(ry — 1))
Ou* + (1 —0)(ly — evy) + ,U) >0

. K(0) )
K1(0) + p )

lim inf s7(6) (1 - u(§§ (
<0u* + (1= 0)(1 4 evo) + p — Ov* — (1 —0)(q(1) + 61/3))
(
)

=+

Our + (1 —0)(1 + eva) +

- — (]. — 9)6(1/2 — Vg)
= sK»(0) G0 + (1= 0)(1 + ) +N> < 0.

Hence, sup® = 1 and (4(+00),9(+00)) = (u*,v*). Now, we are in a position to state the main
result of this section.

Theorem 2.11. Suppose that (H1)-(H3) and h(u) = 1 hold. Then for any ¢ > ¢y, system (2.1)
admits traveling wave solutions connecting (1,0) and (u*,v*).
3. NONEXISTENCE OF TRAVELING WAVES

In this section we discuss the nonexistence of bounded positive traveling wave solutions con-
necting (1,0) and (u*,v*) of system (2.1) with speed ¢ < ¢,. For this, we introduce the following
known results.

Lemma 3.1 ([34]). Assume c > 0 and B(-) is a continuous function with B(£00) := limg_, 4 oo B(&).
Let z(+) be a measurable function satisfying

cz(€) = AJi<y)ef£§’”z<s>dey +B() nR.

Then, z is uniformly continuous and bounded. Moreover, p* := lime 400 2(€) exist and are real
roots of the characteristic equation

cp = /Rji(y)efpydy + B(£00)(1 =1, 2).
Lemma 3.2 ([31]). Let z € C1(R) satisfy
€)= [ J)ae—udy+HOeAe) in R,

where b(-) is continuous and b(§) > —M on R for some M > 0. Then there exists a constant
C =C(M) >0 such that

o< /RJ(y)Z(i(g)y) dy <C inR.

Theorem 3.3. For any 0 < ¢ < c., there are no bounded positive traveling wave solutions
connecting (1,0) and (u*,v*) of system (2.1).
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Proof. We will prove this theorem by contradiction. Assume that there is a bounded traveling
wave solution (u(£),v(€)) of system (2.1) satisfying (u,v)(—o0) = (1,0) with speed ¢ < ¢,. From
the second equation of (2.1), we have

v'(§) v(€-y) s fora
cv(g)zd(/RJ(y)iv(f) dy 1)+ for all € € R.

Lemma 3.2 states that ‘% is bounded in R. Now, we consider the sequence {{,} converging to
—o0 as n — +00. We define functions
v(€ +&n)
U (&) = u(€ + &), vp(§) i = ————.
(€) = (e + 60, 0a(6) == oS
Since limg, oo u(§) = 1 and limg,_ o v(§) = 0, it follows that
ngrfoo un(f) =1, ngrfoov(f + fn) =0

locally uniformly in R and they satisfy

(@) = d( [ J)n(e = iy = 0,() + 0,6 (1

Since

_ v((€+&n)) )
u((€ + &n))h(u((§ +&n))) + 1/

y v () Ent+é v ()

[t~y = [ T T Ky and o, (¢) = el
R R

we have [, J(y)vn(§ — y)dy and vy, (§) are locally uniformly bounded in R, this gives that v],(£)
and v!/(€) are locally uniformly bounded in R. By the Arzela-Ascoli theorem, the functions v,
converge in C} (R), up to extraction of a subsequence, to a function v satisfying

v'el©) = d( [ T)un(€ ~ 1)y = () + s0(6). (31)

Actually, voo(€) > 0 in R. Indeed, if there exists & such that v (&) = 0, thus v/ (&) = 0 and
J(Y)veo (0 — y)dy = 0, which indicates that vs(§p — y) = 0 in R and contradicts to the fact
(0) =1.

Taking w(§) = Yaol8) " oquation (3.1) implies that w(&) satisfies

Voo (€))7
cul€) = d( [ Sl Oy~ 1) 4 s
R

Lemma 3.1 gives that the limits w(+o00) = A* exist and are roots of the equation

e\ = d(/}RJ(y)e_Aydy - 1) +s.

Since 0 < ¢ < ¢, Lemma 2.1 gives

ch < d(/ J(y)e Ndy — 1) +s
R

for all A > 0. This is a contradiction and the proof is complete. O

Jr
Voo

4. CONCLUSION

This paper investigates traveling wave solutions for a generalized Leslie-Gower predator-prey
system with nonlocal dispersal, which generalizes the classical local diffusion Leslie-Gower models
and covers a wide class of functional responses including Holling type I, Holling type II and Ivlev
type. Owing to the intrinsic non-monotonicity of predator-prey interactions combined with integral
nonlocal dispersal operators, conventional Lyapunov-function-based methods cannot characterize
the asymptotic profiles of traveling waves, which brings essential technical difficulties for analyz-
ing heteroclinic traveling waves connecting the prey-present equilibrium (1,0) and the positive
coexistence equilibrium (u*, v*).

We first linearize the system at the semi-trivial equilibrium and derive the characteristic equa-
tion to determine the minimal wave speed c,. The qualitative analysis of the characteristic function



EJDE-2026/51 TRAVELING WAVES FOR GENERALIZED LESLIE-GOWER SYSTEMS 15

reveals a dichotomy of wave existence: for all wave speeds ¢ > c,, we establish the existence of
nonnegative bounded traveling waves, while no such traveling waves exist when 0 < ¢ < ¢,. Fur-
thermore, we employ the shrinking rectangle technique to rigorously prove that the obtained wave
profiles converge to the coexistence equilibrium as ¢ — +oo under the assumption h(u) = 1.
Compared with previous literature focusing on local diffusion Leslie-Gower systems or nonlocal
dispersal competitive models, our work extends the traveling wave theory to generalized predator-
prey systems with nonlocal dispersal and provides a unified analytical approach to handle both
critical and supercritical wave speeds. The shrinking rectangle method used in this paper offers
an alternative tool to analyze the far-field limits of wave solutions for non-monotone nonlocal
reaction-diffusion systems, which may be adapted to other predator-prey or ecological interaction
models.

Nevertheless, the current study still has several limitations. The convergence of wave profiles
at +oo is only fully verified for h(u) = 1, and the asymptotic behavior for the general increasing
function h(u) remains unresolved. In addition, we only consider one-dimensional spatial domains
and symmetric convolution kernels in this paper, without discussing multi-dimensional cases or
asymmetric dispersal kernels. Future research directions include extending our upper lower solu-
tion and shrinking rectangle strategies to the general h(u) case, investigating traveling waves in
multi-dimensional spaces, exploring periodic traveling waves, and incorporating stage structures
or time delays into the generalized nonlocal dispersal Leslie-Gower model.

In summary, this work systematically establishes the threshold dynamics of invasion travel-
ing waves for generalized nonlocal dispersal Leslie-Gower predator-prey systems, enriches the
qualitative theory of nonlocal dispersal evolution equations, and provides theoretical support for
understanding spatial propagation phenomena in population ecology.
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