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Abstract

This paper considers a single-species model with delay, influenced by predation, where predation
may induce strong/weak Allee effects in the model. We focus on analyzing the impact of delay on
stability and validate our theoretical findings through numerical simulations. The results indicate
that a small delay contributes to the stable survival of the population, while an increase in delay
may lead to periodic oscillations. However, when the delay significantly exceeds a critical value,
the population ultimately faces extinction. Furthermore, our research finds that regulating the
delay can ensure the population’s sustained survival.
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Figure 1. The graphic of r=7"(a) (pink line), where r=1.K =10,m=0.5 and a varies. When 1<a<1.8, model (7)

has strong Allee effect; when 1>a>0.2, (7) has weak Allee effect; when a<0.2, (7) has no Allee effect. For each case,
(7) has the positive equilibrium u =46, which is asymptotically stable for 0<z<7" and unstable for z>¢"
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Figure 2. Parameters (r,K,m,a)=(1210,0.5,1.2), model (7) has strong Allee effect. (a) r=1.6<7", u=46, isasymptoti-

cally stable. (b) r=2>¢", u=46, is unstable and model (7) has periodically oscillating behavior. (c) z=2.4 is more
larger and population goes to extinction. This indicates that the large intra-species competition-induced feedback time delay
is harmful to the population survival. Here, ¢, =0.5359,6, =7.4641,7" =1.8071

2. Blr=1,K=10,m=0.5a=12,#E8(7) BB Allee kL, B 6, =0.5359,0, = 7.4641,7" =1.8071.(a) r=16<7",
U=6, i#ERE. (b) r=2>7 u=0, MREERBENLXERARIRFHITH. () r=24, WIIHFESHEXSEIIM

’

HIR4E. XREABERNBERBRIGIENHHENETFEE

==

21T

DOI: 10.

12677/aam.2024.134170 1814 IR Esid


https://doi.org/10.12677/aam.2024.134170

LR

RNT IR AEA, VIR TR B R R S c <o, BRI
1 b, (6,

arccos

0T -[e)] @)

—_~

~—
—~
[ERN
S
~

5O T rcos (@) | grpsee L K
b , Pl < =—,
F b, (6,)>b(6,)>0 (HERFIE 2.2), BLE [1- I:bz(az):| <arccosb2(92) ﬁﬁJ\ET<bZ(02) )
QSRR 1) 828, b < @) FE(14) 25 5 Bk«
2\"V2
PRt %ﬁﬁﬁﬁfi’ﬁﬁﬁﬂ%r%&rgb (19 ) I, R AR 22—, W AR S R S
2 2

K +1)°
1 ﬁﬂa)ﬁﬁﬁmuee&m,Eﬂ#<1<§<(m—+)

, T HLFPEERLBER T Allee B 6, , BT u(0) > 6;
2. WIR(T)E A Allee 2, api&glo

3. BER(T)EAT Allee %5, BI= <1$u?<_o

mK

avj s ’ [ ’\ (\ ’ (\ | (\ 4\ !\ ” \\ jz |

il f\ I ;\ I <

; WL L | . |
:25\ A\JV >3 ~‘ ‘ \ l ~ \' \ ‘I \ I\’ H‘ ‘Nr 40 ’\ \‘

zm MH! Y =]

153 1'~f\f~f\’\‘\;\;\(\;\\\i‘, 2 f

1‘! /\ (VAVRVAVAVAVAY 10 /’\

ovsy 0 . » o e ‘

@ r=1<7" (b) r=2>7 (©) 7=5

Figure 3. Parameters (r,K,m,a)=(1,315,0.8), model (7) has weak Allee effect. Here, ¢, =2.4937,7"=1.7183. As the

delay 7 increases, the equilibrium u=4, shifts from stability to instability, with two stable patterns: steady-state mode

and periodic oscillation mode. This indicates that the large intra-species competition-induced feedback time delay is harmful
to the population survival
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