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Abstract: We consider a delayed diffusive predator-prey system with nonlocal competition in prey and
schooling behavior in predator. We mainly study the local stability and Hopf bifurcation at the positive
equilibrium by using time delay as the parameter. We also analyze the property of Hopf bifurcation
by center manifold theorem and normal form method. Through the numerical simulation, we obtain
that time delay can affect the stability of the positive equilibrium and induce spatial inhomogeneous
periodic oscillations of prey and predator’s population densities. In addition, we observe that the
increase of space area will not be conducive to the stability of the positive equilibrium (u., v,), and
may induce the inhomogeneous periodic oscillations of prey and predator’s population densities under
some values of the parameters.
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1. Introduction

Predator-prey relationship exists widely in nature, and many scholars explore this relationship
between populations by studying predator-prey model [1-5]. In the real world, the schooling behavior
occurs for various reasons among both predator and prey population [6]. By schooling behavior, prey
can effectively avoid the capture of predators, and predators can increase the success rate of predation.
For example, the wolves [7], African wild dogs and lions [8] are famous examples who have the
schooling behavior among predator individuals. To reflect this effect in predator, Cosner et al. [9]
proposed the following functional response

Ceguv

M) = T Ceqy’

where u, v, C, ey, and t, represent density of prey, density of predator, capture rate, encounter rate, and
handling time, respectively. The functional response 7(u, v) monotonically increases with respect to
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the predator. This reflects that the increase in the number of predators will be conducive to the success
rate of predation.

The reaction diffusion equation is widely used in many fields, such as vegetation-water models [10,
11], bimolecular models [12,13], population models [14—16]. By introducing time and space variables,
the reaction-diffusion model can better describe the development law of things. Incorporating the group
cooperation in predator and the group defense behavior in prey, J. Yang [17] proposed the following
reaction diffusion predator-prey model

2

Ju(x, ) = DiAu + ru(l - ﬁ) _ Ceoyur” ,

ot K 1+1 \/ﬁv
ov(x, 1) _ DZAV+v(sCeO\/u(x,t—T)v(x,t—T) _d). xeq 50

ot 1+, Vulx,t —)v(x,t — 1) (1.1)
Gu()f, L = HV({’ ) =0, x€edQ, t>0

ov ov
u(x,0) = up(x,0) > 0,v(x,0) =vo(x,0) >0, xe€Q,0¢€[-1,0],

where u(x, ) and v(x, ) represent prey and predator’s densities, respectively. r, K, €, T and d represent
growth rate, environmental capacity, conversion rate, gestation delay and death rate, respectively. The
terms vu and Vu(t — 7) represent the herd behavior (or group defense behavior) in prey. They studied
saddle-node, Hopf and Bogdanov-Takens types of bifurcations, and discussed the effect of diffusion
and time delay on this model through numerical simulations [17].

In the model (1.1), the competition in prey is reflected by the term —£, which supposes this type
competition is spatially local. In fact, the resources is limited in nature, and competition within the
population always exist. This competition is usually nonlocal. In [18,19], the authors suggested that the
consumption of resources in spatial location is related not only to the local population density, but also
to the number of nearby population density. Some scholars have studied the predator-prey models with
nonlocal competition [20-22]. S. Chen et al studied the existence and uniqueness of positive steady
states and Hopf bifurcation in a diffusive predator-prey model with nonlocal effect [20]. J. Gao and S.
Guo discussed the steady-state bifurcation and Hopf bifurcation in a diffusive predator-prey model with
nonlocal effect and Beddington-DeAngelis Functional Response [21]. S. Djilali studied the pattern
formation in a diffusive predator-prey model with herd behavior and nonlocal prey competition, and
showed rich dynamic phenomena through numerical simulations [23]. These works suggest that the
predator-prey models with nonlocal competition will exhibit different dynamic phenomena compared
with the model without nonlocal competition, for example the stably spatially inhomogeneous periodic
solutions are more likely to appear.

Based on the model (1.1), we assume there is spatially nonlocal competition in prey. Then, we
proposed the following model.
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ou(x, 1) f a Vv
= d A 1 - ” s d T

o ] u+u( QG(X}’)M()’ 1)) )’) 1+ vav
v(x, 1) _ dAv + v( BNu(t —t)v(t — 1) _3,)’ xeQ, t>0,

ot I+ Vu(t —7)v(t—17) (2
au()f, t) _ av()i’ t) — 0’ xe aQ’ > O,

oy v
u(x, 0) = up(x,6) 2 0,v(x,60) = vo(x,6) 2 0, x€Q,0€[-7,0]

The model (1.2) has been changed by 7 = ri, it = £, ¥ = 1,Ce VKv, a = W, B = < and
h

rty
Y = %, then drop the tilde. fQ G(x,y)u(y, t)dy represents the nonlocal competition effect in prey. We
also choose the Newman boundary condition, which is based on the hypothesis that the region is closed
and no prey and predator can leave or enter the boundary.

With the scope of our knowledge, there is no work to study the dynamics of the predator-prey
model (1.2) with the nonlocal competition in prey, schooling behavior in predator, reaction diffusion
and gestation delay, although it seems more realistic. The aim of this paper is to study the effect of time
delay and nonlocal competition on the model (1.2). Whether there exist stable spatially inhomogeneous
periodic solutions?

The paper is organized as follows. In Section 2, the stability of coexisting equilibrium and existence
of Hopf bifurcation are considered. In Section 3, the property of Hopf bifurcation is studied. In Section
4, some numerical simulations are given. In Section 5, a short conclusion is obtained.

2. Stability analysis

For convenience, we choose Q = (0, [r). The kernel function G(x,y) = %, which is based on the
assumption that the competition strength among prey individuals in the habitat is the same, that is the
competition between any two prey is the same. (0, 0) and (1, 0) are boundary equilibria of model (1.2).

The existence of positive equilibria of model (1.2) has been studied in [17], that is

Lemma 2.1. [17] Assume 3 > vy, then the model (1.2) has
e two distinct coexisting equilibria E; = (uy,vy) and Ey = (uz,v7) with 0 < uy < % <u, <1 when

6 VI5B(B-
@ < @ (By) = P

e a unique coexisting equilibrium denoted by E3 = (us3,v3) when a = a.(8,7y);
e no coexisting equilibrium when a > a.(83,7y).

Make the following hypothesis
Ho)  B>v, a<adlBy) 2.1)

If (Hy) holds, then model (1.2) has one or two coexisting equilibria. Hereinafter, for brevity, we just
denote E,(u.,v,) as coexisting equilibrium. Linearize model (1.2) at E. (u., v.)

Oou [ u(x,1) \ _ Au(r) u(x, 1) u(x,t—1) (x, 1)
5( u(x, 1) ) - D( Av(?) )+L1( v(x, 1) )+L2( v(x, 1 —T) )+L3( D(x, 1) ) (22)
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where
_(di O fa a (0 O ( -u. O
D‘(o dz)’ Ll_(OO’Lz_ bob ] B 0 o)
_ via _ _(2«/@\/*+u*v£)a _ V2B _ NTR:
l e 2T Ty Vbt sy 0
it = i foﬂ u(y, t)dy. The characteristic equation is

anda; =1 —u,

A2+ A+ B, +(C,—byD)e™™ =0, neN,, (2.3)

where

A() =u, —4ap, BO = 0, CO = —bz(l/t* —611) —Clzbl,

n? n* n?
A, =(d + dz)l—z —a, B,= dldzl—4 - aldzl—z, (2.4)

2
C, = —bzdl% + Cllbz — Clzbl, n €N,

When 7 = 0, the characteristic Eq (2.3) is
X+ (A, —b)A+B,+C, =0, neN,, (2.5)

where

Ag—bry=—a; +u, — by, By+Cy=—br(u,—ay)—ab,
Ay —by=(di +dr)7 —a1— Dy, (2.6)
B,+C, = dldz% - (Clldz + bzdl)r;—z + Cllbz - Clzbl, n €N,

Make the following hypothesis
(Hy) A,—by>0, B, +C, >0, forn € N,. (2.7)

Theorem 2.2. For model (1.2), assume T = 0 and (Hy) holds. Then E.(u.,v.) is locally asymptotically
stable under (Hy).

Proof. 1If (H;) holds, we can obtain that the characteristic root of (2.5) all have negative real parts.
Then E.(u.,v.) is locally asymptotically stable.

Let iw (w > 0) be a solution of Eq (2.3), then
—w* +iwA, + B, + (C, — byiw)(coswt — isinwt) = 0.

W (b2A4+C)—B,C,y W(AnCu+Buba—

(,()2
b ). It leads to

We can obtain coswt = e sinwt = TR
w*+w’ (A} - 2B, - b3)+ B. - C2 = 0. (2.8)
Let z = w?, then (2.8) becomes
7 +2(A)-2B,-b})+ B, - C} =0, (2.9)
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and the roots of (2.9) are z* = 1[-P, + /P2 - 4Q,R,] , where P, = A2 — 2B, — b3, Q,, = B, + C,, and
R, = B, - C,. If (Hy) and (H;) hold, @, > 0 (n € N). By direct calculation, we have

Py = (a4 —M*)Z—bg >0,

K2\ n*
Pk = ((,l] - dll_z) + d%l—4 - b%,
(2.10)
Ry = axby + by(u, — ay)
k* k*
R, = d1d21—4 + (b2d1 - aldz)l—z + arb; — a;b,, fork e N.
Define
Wl = {ann < 0’ ne No}a
W, ={nR,>0, P, <0, Pi -40,R, > 0, n e N}, (2.11)
W3 = {n|R, >0, P2 -4Q,R, <0, n € Ny},
and
- E it #arccos(VC(Zf)) +2jnm, v > 0,
©n = NG T = - [271 - arccos(VéZf))] +2jr, VI <.
" ] (2.12)
1 + _ +)2
Yoo _ @A+ C)=B.Co iy _ (ACy + Bubs = ba(w}) )
o8 C2+ b%((u,’;’)2 T C2+ b%(w,i;)2

We have the following lemma.

Lemma 2.3. Assume (Hy) and (Hy) hold, the following results hold.
e Eq (2.3) has a pair of purely imaginary roots tiw, at ot for je Ngandn e W,.
e Eq (2.3) has two pairs of purely imaginary roots tiw, at T for j e Ngand n € W,.
e Eq (2.3) has no purely imaginary root for n € W,

Lemma 2.4. Assume (Hy) and (Hy) hold. Then Re(“2)| __i+ > 0, Re(%)| _ - < 0 forn € W, UW, and
j S N().

Proof. By Eq (2.3), we have
(d/l)_l 20+ A,—be" 1
dt’  (Co—by)re™ A

Then
dAa 20+ A, —bye ™ 71
Re(—)"']_= =R . - =] _
Re(Ge) Jerie = Rele e ~ 1l
1
= [c2+—b§w2(2“’2 + A% = 2B, = b)), -

1 \/
= +[———— /(A2 = 2B, — b2)2 — 4(B2 - C))]__.
[C,Zl + bjw? @ ) (B, = €l
Therefore Re(%)] __j+ > 0, Re(%)] _ ;- < 0.
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Denote 7, = min{72| n € W; UW,}. We have the following theorem.

Theorem 2.5. Assume (Hy) and (Hy) hold, then the following statements are true for model (1.2).

o E.(u.,v.) is locally asymptotically stable for t > 0 when W, UW, = @

o E.(u.,v.) is locally asymptotically stable for T € [0, 1.) when W, UW, # @.

o E.(u.,v.) is unstable for v € (1., 7. + &) for some € > 0 when W; UW, # @.

e Hopf bifurcation occurs at (u.,v.) when v = T,;+ (t= T,;_) jE€ NO, n € W, UW,. The bifurcating
periodic solutlons are spatially homogeneous when T = TO (t = 1)), and spatially inhomogeneous
when T —Tn (T—T,, ) forn € N.

3. Property of Hopf bifurcation
By the works [24,25], we study the property of Hopf bifurcation. For fixed j € Np andn € W, UW,,

we denote ¥ = 7,°. Let ii(x,?) = u(x,tt) — u, and ¥(x,f) = v(x, 7t) — v,. Drop the bar, (1.2) can be
written as

a 1 In T+ u, + v, 2
O tdidus @ (1= L [+ udy) - SOV
ot I J 1+ \Vu+u(v+v,) (3.1)
o Vu(t—1)+u. (vt —1) + v, .
tldyAv (ﬁ (-1 +u—-1)+v) _7)(v+v*)]_
o 1+ Vu(t-1)+u.(w(iE—-1)+v,)
Rewrite the model (3.1) as
0
6_Ltt =1[d\Au + aju + ayv — u,t + o u® — uil + auv + a3V’ + g’ + asutv + aguy’
+av’ ]+ ho.t.,
9y (3.2)
% =1[dyAv + byu(t — 1) + byv(t — 1) + B1u(t — 1) + Bou(t — Dv(t — 1) + Bau’(t — 1)
+ B (t — 1) + Bsu(t — Dv(t — D] + Beu(t — IV (t = 1) + Bv*(t — )] + h.o.t.,
_ (43 vmv e S 2 _ R(aEvsu)a B
where a1 = T mY @ T Ty BT (1+\/m)3’ P (T = U
v (1+4 v, e e = (—142 v, e @ o B = - V2(143 yizv. )B By = - V(=14 \izv,)B By =
2Py 0T i (eNa) T () P 23214 yiiv,) 2 i (14 vz, )
wvB ﬂ 2(1+4\/Zv*+5u*v§),8 ﬁ _ v( 1-4 \u v, +3u*v%),6’ ,8 v( 24 \ugv, ),B ﬁ uzlzv*ﬂ
() T T e (i) T T T 2P (i)t 0T (1)t T T (i)
Define the real-valued Sobolev space X := {(u,v)T cu,v € HX0,In), (g, Vi)limoix = O}, the
complexification of X Xe = X & iX = {x;+ix|x;,x €X}. and the inner product

< @,P >= folﬂu_lvldx + folﬂu_zvzdx for it = (u, )", v = (vi,wm)", @t,7 € Xc. The phase space
¢ = C([-1,0],X) is with the sup norm, then we can write ¢, € €, ¢,(0) = ¢(t + ) or =1 < 0 < 0.

Denote B,(x) = (74(x),0)", B7(x) = (0,7,(x))", and B, = {B"(x), B (x)}, where {8,(x)} is an an
orthonormal basis of X. We define the subspace of € as B, := span{< ¢(-), 8 > 8 |¢p € €, j = 1,2},
n € Ny  There exists a 2 X 2 matrix function 7"(0,7) -1 < o < 0, such that

TD” #(0) + TL(¢) = f_ 01 dn" (o, 7)¢(o) for ¢ € €. The bilinear form on ¢* x € is defined by
0
(W, ¢) = Y(0)p(0) - fl j;l//(f — o)dn" (o, T)P(E)dé, (3.3)
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for¢p € €,y € €*. Define T = T+, then the system undergoes a Hopf bifurcation at (0, 0) when u = 0,
with a pair of purely imaginary roots +iw,,. Let A denote the infinitesimal generators of semigroup,
and A* be the formal adjoint of A under the bilinear form (3.3). Define the following function

1 I’l():O,

0 npeN. (3-4)

6(nop) = {

Choose 17,,(0,7) = %[(—n(z)/ﬂ)D + Ly + L3o(ny)], o (—1,7) = =TLy, 0, (0, 7) = 0 for =1 < o < 0.
Let p(0) = p(0)e'“~™ (0 € [-1,0]), () = g(0)e o™ (9 € [0, 1]) be the eigenfunctions of A(¥)
and A" corresponds to iw,,T respectively. We can choosq p(0) = (1, p)T, g(0) = M(1,q,), where

. . n2 ~
p1 = a]—z(uu,,o +din2 [P = ay + u.6(no)), q> = az/(iwy, — bre'™0 + Z5), and M = (1 + pig» + Tqo(by +

byp1)e ™)~ Then (3.1) can be rewritten in an abstract form

dlcfh(l) = (T + WDAU() + (7 + w[Li(U,) + LUt — 1) + LsU ()] + F(U,, U, ), (3.3)

where

@161(0)* — $1(0)1(0) + a261(0)$2(0) + @3$2(0)* + @2 (0) + @s¢(0)p>(0)
+6¢1(0)¢3(0) + a7¢5(0)
Bioi(=1) + Lo (= Do (—1) + B3p3(—1) + Bapi (—1) + Badhi (= 1o (—1)
+Bed1 (— D)3 (=1) + B3 (- 1)

F(p,u) = (T +p)

(3.6)

respectively, for ¢ = (¢1,¢,)’ € € and ¢, = %T fol” ¢dx. Then the space ¢ can be decomposed as
¢ = P® Q, where P = {zpy,(x) + Z2DpYn,(X)|z € €}, Q = {p € Cl(qYny(x), ¢) = 0 and (gyn,(x), ¢) = O}
Then, model (3.6) can be rewritten as U, = z(t) p(-) ¥, (x) + Z(£) p(-)yn,(x) + w(t, -) and U, = % folﬂ U,dx,
where

2(t) = (q¥ny(0), Up), w(t,0) = U (0) — 2Re{z(1) p(0)yn, (x)}. (3.7)

then, we have 7(¢) = iw)no7z(t) + g(0) < F(0, U,), By, >. There exists a center manifold Cy and w can
be written as follow near (0, 0).

2 =2
w(t,0) = w(z(1), 2(1), 0) = wzo(e)% + wn(0) + wm(e)% T (3.8)

Then, restrict the system to the center manifold is z(f) = iw,,Tz(f) + g(z, 2). Denote g(z,2) = gzo%z +
gnziz + g()z% + 201 ZZTZ + - --. By direct computation, we have

820 = 2TM(s1 + q252)13, g1 = TM(01 + q202)13, 802 = 820,

821 = 2TM[(k11 + qaka1) ]2 + (K12 + Gako2)14],

where I, = folﬂ Vo, (0)dx, I = folﬂ Vo, (0)dx, Iy = fol” Yo (0)dx, 61 = =00 + a1 + &€ + a3é?, 6 =
eI By + EB + B3E)), 01 = Qa1 — 260 + o€ + arf + 2a5€), 02 = (2B + 2BEE + Bo€ + §)),
K11 = 2W0) (=142 —5n+a26)+2 W 2 (0) (@2 +2a3€)+ Wi (0)(— 1 +2a; —5n+@:é) + WD (0) (a2 +2a3E),
ki2 = 3By +as(E+28) +EQaeE+act +327EE)), kot = 2¢O W (= 1)(2B1 +B28) + 27T WD (= 1)(B2 +
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2517

2B5€) + €T W) (= 1)(2B1 + Brf) + T W (= 1)(Ba + 2B5E), kap = Le (3B, + Bs(E + 26) + £(Q2BE +

Be€ + 3B1£6)).
Now, we compute W,y(6) and W;,(6) for 6 € [-1, 0] to give g,;. By (3.7), we have

w= Ut - ZPYHU(X) - Zl_?'}’no(x) =Aw + H(Z’ Z’ 0)’ (39)
where
7 z
H(z,7,0) = H20(9)5 + Hy1(0)zz + H02(9)5 +-e- (3.10)

Compare the coefficients of (3.8) with (3.9), we have

(A = 2wy, THwyy = —Hy(0), Aw11(0) = —H11(0). (3.11)
Then, we have
() = L EEpOnT — S pO)e T 1 By,
1, T 1w, T
gl(; 1. # gll ' s (3 12)
w11(0) = - ~p(o)elwnOTH _ ~]_7(0)6_1w"‘)TH + Es,
1(L)n0T Wy T

where E; = Y, E(ln), Ey =300 E;n)’

0 .
E" = (2iw,, Tl - f 2™, (6, 7)) < Fao, By >,
-1 (3.13)

0
E;n) = _(f dr]no(99%))_l < Fll’ﬁn >, ne€ NO’
-1

L, ng#0,n=0, LFy, ng#0,n=0,
1A 1A
~ —Fg(), n0¢0,n:2no, ~ —F11, n0¢0,n22n0,
F — 2Im F — 2l
<Fb==) Th 0 =00 =0, SPwbe==0 Tp L =00 =0,
0, other, 0, other,
and Fa = 2(s1,62)7, F11 = 2(01,00)".
Thus, we can obtain
i lgoal*. 1 Re(c1(0))
c1(0) = —(g20811 = 2lgnl* - g0 )+ =1, M= L,
2w,T 3 2 Re(' (7))
) (3.14)
T, = ———[Im(c,(0)) + poIm(A'(r)))], B2 = 2Re(c(0)).

no

Theorem 3.1. For any critical value i (nes, Jj € Ny), we have the following results.

e When u, > 0 (resp.;0), the Hopf bifurcation is forward (resp. backward).

e When 3, < 0 (resp. ;/0), the bifurcating periodic solutions on the center manifold are orbitally
asymptotically stable (resp. unstable).

e When T, > 0 (resp. T, < 0), the period increases (resp. decreases).

Electronic Research Archive Volume 30, Issue 7, 2510-2523.
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4. Numerical simulations

To verify our theoretical results, we give the following numerical simulations. Fix parameters

a=107,vy=02,1=2,d, =1, d,=1. 4.1

The bifurcation diagram of model (1.2) with parameter § is given in Figure 1. We can see that with
the increase of parameter 3, the stable region of positive equilibrium (u., v.) will decrease.

0.10 - Stable I'CgiOl’l \

| . . . . | . . . . |
0.595 0.600 0.605

Figure 1. Bifurcation diagram of model (1.2) with parameter 3.

Especially, fix 8 = 0.595, we can obtain E; ~ (0.5362,0.6914) and E, ~ (0.6616,0.6225) are
two positive equilibria. It is easy to obtain that E; is always unstable. Then we mainly consider the
stability of E;. It can be verified that (H;) holds. By direct calculation, we have 7, = T(l)’+ ~ 0.6271 <
78’+ ~ 5.7949. When 7 = 1,, we have u, ~ 147.6936, 5, ~ —6.770 and T, =~ 48.7187, then E; is
locally asymptotically stable for 7 < 7, (shown in Figure 2). And the stable inhomogeneous periodic
solutions exists for 7 > 7, (shown in Figure 3). To compare our result with the work in [17], we give
the numerical simulations of model (1.2) without nonlocal competition same with the model in [17]
under the same parameter 7 = 4 in Figure 4. We can see that nonlocal competition is the key to the
existence of stable inhomogeneous periodic solutions.

To consider the effect of space length on the stability of the positive equilibrium (u., v..), we give the
bifurcation diagram of model (1.2) with parameter / (Figure 5) as other parameters fixed in (4.1) and
B = 0.595. We can see that when the parameter / smaller than the critical value, stable region of the
positive equilibrium (u., v.) remains unchanged. This means that the spatial diffusion will not affect
the stability of the positive equilibrium (u., v.). When the parameter [/ is larger than the critical value,
increasing of parameter [/ will cause the stable region of positive equilibrium (u., v.) decrease. This
means that the increase of space area will not be conducive to the stability of the positive equilibrium
(u., v.), and the inhomogeneous periodic oscillations of prey and predator’s population densities may
occur.

Electronic Research Archive Volume 30, Issue 7, 2510-2523.
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0.65 0.694
0.6 0.692
= —_
2 0.55 3‘: 0.69
3 >
0.5 0.688
0.45 0.686
600 600
10 400 10
200 5 200 5
Time t 0 o Distance x Time ¢ 0 o Distance x

Figure 2. The numerical simulations of model (1.2) with 7 = 0.5. The positive equilibrium
E, is asymptotically stable.

5. Conclusions

In this paper, we study a delayed diffusive predator-prey system with nonlocal competition and
schooling behavior in prey. By using time delay as parameter, we study the local stability of the
positive equilibrium and Hopf bifurcation at the positive equilibrium. We also analyze the property of
Hopf bifurcation by center manifold theorem and normal form method. Through numerical simulation,
we consider the effect of nonlocal competition on the model (1.2). Our results suggest that time delay
can affect the stability of the positive equilibrium. When time delay is smaller than the critical value,
the positive equilibrium is locally stable, and becomes unstable when time delay larger than the critical
value. Then the prey and predator’s population densities will oscillate periodically. But under the same
parameters, spatial inhomogeneous periodic oscillations of prey and predator’s population densities
will appear in the model with nonlocal competition, and prey and predator’s population densities will
tend to the positive equilibrium in the model without nonlocal competition. This means that time delay
can induce spatial inhomogeneous periodic oscillations in the predator-prey model with the nonlocal
competition term, which is different from the model without the nonlocal competition term. In addition,
we obtain that the increase of space area will not be conducive to the stability of the positive equilibrium
(u.,v.), and may induce the inhomogeneous periodic oscillations of prey and predator’s population
densities under some parameters.
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0 Distance x Time t 0 o Distance x

2000

1950 1950

1900 1900
1850 2 1850 2
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Figure 3. The numerical simulations of model (1.2) with 7 = 4. The positive equilibrium E,
is unstable and there exists a spatially inhomogeneous periodic solution with mode-1 spatial
pattern.
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Figure 4. The numerical simulations of model (1.2) without nonlocal competition, and with
7 = 4. The positive equilibrium E is asymptotically stable.
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Figure 5. Bifurcation diagram of model (1.2) with parameter /.
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