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ABSTRACT

Intraguild predation (IGP) arises when two consumer species exploit the same resource and also interact through predation.
Classical models of IGP typically include three dynamical variables and describe the resource explicitly. Here we introduce a
reduced predator-prey model in which both species depend on a shared resource that is not modeled directly. Instead, resource
use is represented through reciprocal reductions of carrying capacities, which captures the main mechanisms of IGP in a two
dimensional system that remains analytically tractable. The model exhibits extinction equilibrium, exclusion equilibrium,
and up to two coexistence equilibrium. We show that at most one of the coexistence equilibrium is locally stable. These out-
comes depend on the balance between prey reproduction and the combined effects of predation and exploitative competition.
Prey extinction occurs when its reproductive potential is lower than these antagonistic pressures, while coexistence becomes
possible when reproduction is sufficiently high. The analysis also reveals that no local oscillations can arise, which suggests
that exploitative competition has a stabilizing effect on the system. This reduced formulation provides a compact mechanistic
framework for studying IGP when resource dynamics are assumed constant or secondary. It also serves as a useful basis for
extending classical models and examining how asymmetric resource use influences species coexistence or exclusion.

Keywords:

Predator prey dynamics, Intraguild predation, Exploitative competition, Two dimensional models, Local stability, Saddle
node bifurcation

RESUMEN

La depredacién intragremial ocurre cuando dos especies consumidoras explotan un mismo recurso y ademads interactian
mediante depredacién. Los modelos cldsicos de depredacion intragremial suelen incluir tres variables dindmicas y describir
explicitamente el recurso. Aqui introducimos un modelo reducido de depredador—presa en el cual ambas especies dependen
de un recurso compartido que no se modela directamente; su efecto se incorpora mediante reducciones reciprocas en las
capacidades de carga, capturando los mecanismos esenciales de la depredacion intragremial en un sistema bidimensional. El
modelo presenta equilibrios de extincién, exclusién y por lo menos dos equilibrios de coexistencia, de los cuales a lo sumo
uno puede ser localmente estable. Estos resultados dependen de la relacion entre la reproduccién de la presa y los efectos
combinados de la depredacién y la competencia por explotacién. La presa se extingue cuando su capacidad reproductiva es
insuficiente frente a estas presiones, mientras que la coexistencia surge cuando la reproduccion es suficientemente alta. El
andlisis también demuestra que no aparecen oscilaciones locales, lo que indica un efecto estabilizador de la competencia por
explotacion. Esta formulacidn ofrece un marco para analizar la depredacién intragremial cuando la dindmica del recurso se
considera constante o secundaria, y sirve como base para extender modelos cldsicos y analizar como el uso asimétrico del
recurso afecta la coexistencia o exclusién de especies.

Palabras Claves:

Dinamica depredador-presa, Depredacién intragremial, Competencia por explotacion, Modelos bidimensionales, Estabilidad
local, Bifurcacion silla—nodo
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INTRODUCTION

redation and competition have been extensively stud-
P ied in ecology, in part because they constitute the ba-
sic components of communities Holt and Polis (1997); Bod-
ini (1991). These interactions were mathematically enunci-
ated in the 1920s by Lotka and Volterra. They independently
proposed a model to describe the relationship between two
species sharing the same resource and then shifted their at-
tention from competition to the effects of predation on pop-
ulation growth Smith et al. (1998). Predation has been stud-
ied by considering different functional responses, most no-
tably Holling type I, II, and III Holling (1965); Tian and Xu
(2011); Chan et al. (2017); Sarkar et al. (2020). Competition
has two main approaches: interference and exploitative com-
petition Nguyen-Ngoc and Nguyen-Phuong (2016). Inter-
ference competition occurs when individuals of one species
are equivalent to a certain number of individuals of another
species. Exploitative competition occurs when the use of the
resource by one species reduces the capacity of the environ-
ment to support another species by acting on its carrying ca-
pacity Jensen (1987).

Intraguild predation is an interaction of competition and
predation where two species involved in a predator-prey re-
lationship also compete for a shared resource Arim and Mar-
quet (2004). Generally, three species are involved in math-
ematical models corresponding to predator, prey, and shared
resource. For example, in Kang and Wedekin (2013), they
formulate two models of intraguild predation. One has the
specialized predator and the other generalist. They found that
the model with the generalist predator is more prone to coex-
istence. In Capone et al. (2018), they propose an intraguild
model in which the carrying capacity of the prey and the
predator is proportional to the biotic resource. They estab-
lish different exclusion and coexistence regimes of the popu-
lations. In Sen et al. (2018), they propose a model in which
the predator and the prey compete to remain in the commu-
nity, and they observe two types of coexistence: steady-state
coexistence and oscillatory coexistence.

Intraguild predation is a particular type of omnivory,
which is defined as feeding on more than one trophic level in
the food chain model Sen ef al. (2018). According to Hunter
(2009), omnivores are generalists that evolve in response to a
trade-off between food quality and quantity. A typical exam-
ple of omnivorous animals are ants that consume animal tis-
sue, seeds, and plants Hunter (2009). In relation to intraguild
models of predation mentioned previously an example of an
omnivorous predator, a herbivorous prey and a resource for
which they compete for exploitation can be found in the pe-
riphyton and freshwater amphipods (Crustacea) of the genus
Hyalella. In this case, Hyalella curvispina would be an om-
nivorous predator that feeds on periphyton, but if the algal
food supply is low, H. curvispina consumes Hyalella pseu-
doazteca , which would be an herbivorous prey, since it only
eats algae, so the resource they compete to exploit would cor-
respond to periphyton Casset et al. (2001); Carusela et al.
(2009). Another example, is found in species inhabiting

the Antarctic Ocean. Antartic krill Euphausia superba is
the main food for Antarctic Fur Seals Arctocephalus gazella
and fishes Champsocephalus gunnari, but A. gazella also eat
fishes C. gunnari Doidge and Croxall (1985); Ibafiez (2005).

In this paper, we are interested in developing and ana-
lyzing a mathematical model that maintains the simplicity
of the Lotka—Volterra framework of two ordinary differen-
tial equations, while allowing us to study the population dy-
namics of a predator and a prey competing for the same re-
source. Beyond mathematical convenience, dimensional re-
duction allows for the analytical exploration of ecological
systems in which resource dynamics operate on faster time
scales or remain approximately constant. This approach pre-
serves the fundamental mechanisms of intraguild predation
and exploitative competition, without the need to explicitly
incorporate resource dynamics.

For example, this framework can represent an herbivore
and an omnivore competing for a primary producer. To
achieve this, we include exploitative competition in a two-
dimensional model rather than explicitly modeling a three-
variable system with separate equations for the predator, the
prey, and the shared resource. In our model, the resource for
which predator and prey compete is implicit; therefore, the
equivalent representation in a three-variable formulation cor-
responds to equilibrium at which the resource remains pos-
itive. With this model, we address the following question:
what are the population dynamics of a predator—prey system
subject to exploitative competition?

Our analysis shows that the reduced system captures the
main dynamical outcomes expected in intraguild interac-
tions. The model admits extinction, exclusion, and coexis-
tence states, with at most one coexistence equilibrium be-
ing locally stable. Because the trace of the Jacobian at
any interior equilibrium is always negative, stability depends
solely on the determinant, and no Hopf bifurcations or os-
cillatory coexistence can arise. A saddle—node bifurcation
separates parameter regions where positive coexistence equi-
librium persist from those where coexistence is lost. Eco-
logically, the analysis reveals two contrasting regimes, when
prey reproduction exceeds the predation pressure exerted at
the predator carrying capacity, stable coexistence is possible,
otherwise, the prey is excluded. Asymmetries in resource ex-
ploitation further determine which species dominates at equi-
librium.

THE MODEL

We developed a predator—prey model in which both species
compete for a shared limiting resource. The formulation re-
lies on the following assumptions:

i. The biological system consists of two state variables:
the prey population N; and the predator population N,.
Each population experiences gains and losses deter-
mined by birth, predation, and competition for resource
exploitation.

ii. In the absence of predators, the prey population N; fol-
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lows logistic growth with intrinsic growth rate r; and
carrying capacity k;.

iii. The predator exhibits a generalist feeding strategy.
Thus, even when the focal prey N is absent, the preda-
tor population N, follows logistic growth with intrinsic
rate r, and carrying capacity k».

iv. Because both species exploit the same underlying re-
source, interspecific competition affects their carrying
capacities. Specifically, the effective carrying capacity
of Nj decreases by 1n1N,, where 1 represents the per
capita resource requirement of the predator relative to
the prey’s carrying capacity. Symmetrically, the carry-
ing capacity of N, decreases by 1o/N.

v. Predation follows a Holling type I functional response.
The parameter p denotes the predation efficiency, while
€ represents the conversion efficiency by which con-
sumed prey biomass (pN;) contributes to predator
biomass production (€pNy).

A conceptual representation of the ecological interactions
described by assumptions (i)—(v) is shown in Fig. 1.

Exploitative
competition

M- 2
- e - = h ~
7 ~
L A
Predation/ predator
p N,
Limits carrying
kl capacity k2
Shared
resource
implicity

Figure 1: Conceptual diagram of the predator—prey system with
exploitative competition mediated by a shared resource. The prey
(N1) and the predator (V;) interact through direct predation, while

both species depend on a common resource that is treated
implicitly in the model. Resource availability limits the effective
carrying capacities of both populations, generating indirect
exploitative competition between prey and predator.

Under these assumptions, the dynamics are described by
the system

dN N,
;:l"lN] (1 !

—— | — pN| N
dt k1—771N2> P

1
dN, Ny M

— =N |[1——FF EpN 1N
i r 2( ]Q—T]zN1>+ PIN1IND,

with (N1, N,) confined to the biologically feasible region

k k
Q= {(Nl,N2)eRi:N1 <2 M< '},
n2 m

and all parameters ry,ry,k1,kz,M1, M2, p, € are strictly posi-
tive (see Table 1).

Table 1: Ecological interpretation and units of the model pa-
rameters.

Par. Ecological meaning Units

ri  Intrinsic growth rate of the prey time ™!

rp  Intrinsic growth rate of the time ™!
predator

ki1 Effective carrying capacity of density
the prey

ko,  Effective carrying capacity of density
the predator

p  Predation rate on the prey time ™!

m  Predator mortality rate time ™!

1n1  Strength of exploitative compe- dimensionless
tition exerted by the predator on
the prey

1, Strength of exploitative compe- dimensionless

tition exerted by the prey on the
predator

Theorem 1 All solutions of system (1) initiated in Ri are
uniformly bounded.

Proof Define the auxiliary function
w=¢€N| +N,. 2

Solutions of (1) satisfy

Ny < — and Ny < —. 3)
2 m

Differentiating (2) along trajectories of (1), we obtain

N1 N2 )
R S \'AY ( Q.- -
k1—711N2> ? 2( ky — M2\

( eN? N; )
<rw-—r + ,
ki—mNy ko — 1N,

where r = max{rj,r,}. Using the bounds in (3),

dw eN? N2 eN? N2
<rw-—r k——&—— <rw-—r ——i—? ,
1

dw

— =€rN; (1
i 1 1(

dr ~ ko k
where k = max{€k;,k,}. Since

W2

EN?+ N3 > —,

EN1+Ny=w, 3

we obtain the simplified inequality

Integrating this logistic-type inequality yields

o (5-te)4]
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Thus, limsup,_,,w(t) < k, which implies that every trajec-

tory eventually enters and remains within the compact region
k k

Q= {(Nl,Nz) GRE_ N < 772’ Ny < TTI, ENI+N, < k}.
2 1

This proves uniform boundedness of all solutions. g

Note 1 For Ni(0) > 0 and N»(0) > 0, the positive quadrant
is forward invariant because the right-hand side of system (1)
vanishes on the coordinate axes. Thus population densities
remain non-negative for all t > 0.

RESULTS

From model (1), we obtain four equilibrium points E; repre-
senting different biological situations:

1. The trivial equilibrium Ey = (0,0), extinction of both
species.

2. The axial equilibrium E;, = (k;,0), only the prey at its
carrying capacity.

3. The axial equilibrium E, = (0,k2), only the predator at
its carrying capacity.

4. The interior (coexistence) equilibrium E, = (Nj,N;),
where both species coexist.

To explicitly characterize the coexistence equilibrium E,,
we assume N; # 0 and NV, # 0 and solve

N;
1_7 — = 4
ri ( kl _ T]1N2> pN2 0, ( )

N,
rmn|ll—— ) +¢epN; =0. 5
2( kzﬂzM) P ©)

From (4) we obtain

Ny = (r1 — pN2) (k1 — 771N2)’ ©)

r

and substituting this expression into (5) yields a quartic poly-
nomial in N, of the form

baN3 +b3N; +baN3 + b N2+ by = 0,
where

by =€ep’Niny,

by = — (2ep*mimaki +2ep*nimar),

by = ep’ ki +4ep*Mimakiry + EpNinari — ep°Mikary
+pmmnarir,

by = —2ep*mokir) — 2epnimakir} +ep*kikor
+epmikart — piaokirira — MMarira +riry,

by = epmakir? — epkikar? +Makirirs —karirs.

We note that by > 0 and b3 < 0, so the polynomial exhibits
at least one sign change. By Descartes’ rule of signs, it has
at least one positive root. Therefore, there exists at least one
interior equilibrium E, with ecological meaning.

LOCAL STABILITY OF BOUNDARY EQUILIBRIA

To analyze the stability of the equilibria Ey, with i € {1,2},
we first compute the Jacobian matrix associated with the
linearization of system (1) at a generic equilibrium point
E = (Ny,N,), which is denoted by J(E)

2N, ) rimN?
n(1- 20 N opy, o OMEL Ly,
( ki — MmN, (ki —mNp)?
rMaN3 ( 2N, >
PR N, (1 2 ) e
(g —mNy 2 P ky — M2y P

Evaluating at the trivial equilibrium Ep = (0,0), we obtain

J(Eo)—<%1 g),

whose eigenvalues are A = r; and A, = r,. Since both are
positive, Ey is unstable.
At the axial equilibrium Ey, = (k1,0) we have

r —pky —
J(Ekl):< Orl PK1 771’”1>7

Epki+nr

with eigenvalues A; = —r and A, = epky +r; > 0, s0 Ey, is
also unstable.

Proposition 1 (Local stability of the predator-only equi-
librium) The axial equilibrium Ey, = (0,k2) satisfies the fol-
lowing:

o [t is locally asymptotically stable if r| < pka,

e [t is non-hyperbolic if ri = pkj,

e [t is unstable if ri > pkj.

Proof The Jacobian at E, is

ry — pkz 0
J(E = )
(Eie) <8Pk2—7721’2 —r2>
whose eigenvalues are
M =ry — pky, A =—r <0.

Thus the sign of A; determines the stability of Ej,, giving the
three cases above. |

Ecologically, the condition r; < pk; indicates that the pre-
dation pressure exerted by the predator at its carrying ca-
pacity is sufficiently strong to prevent the prey from invad-
ing the system. In this case, the predator-only equilibrium
persists because prey growth cannot compensate for losses
due to predation. Conversely, when r; > pka, the prey has a
net positive growth even in the presence of maximal preda-
tor density, allowing it to invade and rendering the predator-
only state unstable. The case r; = pk, represents an invasion
threshold separating these two ecological regimes.

doi: 10.58560/rmmsb.v05.€.025.04
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LOCAL STABILITY OF THE COEXISTENCE EQUILIB-
RIUM

The interior equilibrium E, of system (1) represents coex-
istence of both species. Although its coordinates cannot be
expressed in closed form, its local stability properties can be
analyzed through the Jacobian matrix, complemented by nu-
merical exploration of the parameter space.

Proposition 2 (Sign of the trace) Let E,. = (N,N;) be any
interior equilibrium in the feasible region, i.e. Ny > 0, Ny >
0, kf — N2 > 0 and ko — aNy > 0. Then the trace of the
Jacobian at E, satisfies

riN N,

- <0.
ki—mNy ko — 1N,

trJ(E,) = —

Proof Evaluating the Jacobian at E, gives

oy Nl(_ rimN —P)
ki —miN, (k1 —mN2)?
Ny (ep— r212N2 M
(ko —m2N1)? ky — MmN

All quantities r;, N;, and the denominators (k; — 1;N;) are
positive in the feasible region, hence both diagonal entries
are negative and the trace is strictly negative. g

Note 2 (Absence of Hopf bifurcations) Because trJ(E,) is
strictly negative for all feasible interior equilibrium, the real
part of the eigenvalues can never vanish while detJ(E,) >
0. Therefore, no Hopf bifurcation can occur at an interior
equilibrium of system (1), and limit cycles cannot originate
locally from E,.

Theorem 2 Let E. = (N,N) be any interior equilibrium of
system (1) in the feasible region. If detJ(E,) > 0, then E, is
locally asymptotically stable.

Proof Since trJ(E,) < 0 for all feasible interior equilibrium
(Proposition 2), the condition detJ(E.) > 0 implies that both
eigenvalues of J(E,) have negative real part. Thus, E, is
locally asymptotically stable. (|

Note 3 Let E,. = (N1,N,) be an interior equilibrium of sys-
tem (1) in the feasible region and define

A=k — NN, B =k, —mNy.

Then the determinant of the Jacobian at E, can be written as

rir 2 rimN;
detJ(E,) = Ni1N> | — —_—
etJ(E,) N2 |~ HepTHep—p

(N
_praM2No rinimeNiN,

B2 A2B? ’

where A > 0 and B > 0 in the feasible region.

The analysis above shows that interior equilibrium may be
either locally asymptotically stable or of saddle type, depend-
ing solely on the sign of detJ(E,). Along the curve where
detJ(E,) = 0, the equilibrium becomes non-hyperbolic, and
numerical continuation in the (1;,1,)-plane (Figs. 2-4) re-
veals that this curve corresponds to the collision and disap-
pearance of two interior equilibria. This behaviour is charac-
teristic of a saddle—node bifurcation. To formalize this obser-
vation, and connect the numerical bifurcation diagram with
the underlying mathematical structure of system (1), we state
the following theorem.

Theorem 3 (Saddle-node bifurcation of interior equilib-
rium) Let 0 = (11,M2) denote the pair of exploitation pa-
rameters, and consider system (1) as a one-parameter family
with respect to 1My, keeping all remaining parameters fixed.
Assume that there exist { and an interior equilibrium
E* = (N{,N3) in the feasible region such that:
(HI) F(E*,n{) =0, where F = (F\,F,) is the right-hand side
of system (1);

(H2) detJ(E*,n{)=0andtrJ(E*,n}) <0, so that J(E*,n})
has a simple zero eigenvalue and one strictly negative
eigenvalue;

(H3) Letv and w be the right and left eigenvectors associated
with the zero eigenvalue. Then the nondegeneracy and
transversality conditions

WTFT’I (E*7 Th*) 7& Oa
hold.

wTDzF(E*,nf)[v,v] #0

Then system (1) undergoes a generic saddle—node bifurca-
tion of interior equilibrium at (E*,nf). For n on one side
of Ny there exist exactly two interior equilibria (one stable
and one saddle), whereas for 1y on the other side no interior
equilibria exist.

Proof Under (H1) and (H2), the linearization J(E*, n}) has
a simple zero eigenvalue and a negative eigenvalue, so the
center manifold is one-dimensional. Conditions (H3) en-
sure nondegeneracy of the unfolding. Standard saddle-node
theory (e.g., Sotomayor’s theorem; Kuznetsov ez al. (1998);
Guckenheimer and Holmes (2013)) implies that the reduced
dynamics on the center manifold is locally equivalent to

z=a(m —n7)+ B2+ 0(j2 +m —nyI2]),

with af8 # 0. This is the normal form of a saddle-node bi-
furcation, yielding the stated conclusions. ]

In summary, interior equilibria in system (1) cannot gener-
ate oscillatory coexistence through a Hopf mechanism, since
their Jacobian trace is always strictly negative. Local stabil-
ity is determined solely by the sign of the determinant: equi-
librium with detJ(E,) > 0 are locally asymptotically stable,
whereas those with detJ(E,) < 0 are saddles. The transition
between these regimes occurs along the saddle-node curve
detJ(E,) = 0, which explains the appearance and disappear-
ance of coexistence states observed in the (11, 1,) parameter
space.

doi: 10.58560/rmmsb.v05.€.025.04
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COEXISTENCE-FAVOURING REGIME: r| > pky

We now investigate how the qualitative dynamics of sys-
tem (1) vary across the (1;,1;) parameter space. These
parameters control how strongly each species reduces the
other’s effective carrying capacity, and therefore the (11,1>)-
plane captures how asymmetries in resource exploitation
govern coexistence, exclusion, and the emergence of saddle-
type interior equilibrium.

First, consider the case in which the exclusion equilibrium
(0,k7) is unstable, i.e. r; > pky, a condition that favours the
existence of a stable coexistence equilibrium.

Wefixri=1.2, r=0.6, k=200, k=100, p=
0.01, & =0.1, and treat n; and 1, as bifurcation parame-
ters. In the (1;,M2)-plane we distinguish three regions in
which the system displays qualitatively different dynamics

(Fig. 2(a)).

(2) (b) I
2
100
15 80
II1
60
2 1 N.
N2
SN 11 40
05
20
I T
0 0 £n
0 05 1 15 2 L0 50 100 150 200
(c) IT m (d) 111 M
100 100
N
80 B 80
60 60
N, N,
40 40
By
20 20
0 0
0 50 100 150 0 20 40 60 80 100
N N

Figure 2: Potential dynamics of model (1). (a) Bifurcation
structure in the (11, M2)-plane. The red line 7' marks the loss of
feasibility of E;, and the grey curve SN denotes the saddle—node
locus where two interior equilibria collide and disappear.
Regions I-III correspond to qualitatively distinct dynamical
regimes. Parameter values: r| = 1.2, r, = 0.6, k; = 200, k, = 100,
p =0.01, e =0.1. (b)—(d) Phase portraits illustrating the dynamics
in regions L, Il and III for (n;,n2) = (1.2,0.4), (1.2,0.6) and
(1.2,0.9), respectively. In region I, a single stable coexistence
equilibrium E, attracts all trajectories. In region II, the stable
coexistence equilibrium coexists with a saddle E,. In region III,
both interior equilibria are lost and coexistence is no longer
possible.

We begin our description in region III, where the system
admits no interior equilibria. In this region, the feasible
quadrant contains no stable equilibrium, and coexistence of
both species is not possible (Fig. 2(d)).

Crossing the gray curve SN from region III into region II
generates two interior equilibria through a saddle-node bi-
furcation: a locally asymptotically stable equilibrium E; and
a saddle equilibrium Ej (Fig. 2(c)). Ecologically, E| repre-
sents a feasible coexistence state in which both species per-

sist, whereas E, is unstable and therefore biologically irrele-
vant.

The red curve T marks the feasibility boundary: the axial
equilibrium Ej, becomes unfeasible when Ny < k> /M2, and
the interior saddle E also turns unfeasible as one component
becomes negative. Above T, neither Ey, nor E; is feasible,
whereas below it both lie in the feasible quadrant. Therefore,
in region I the system admits four equilibria (Eo, Ey,, Ej,,
and E;). Among them, E is the unique interior equilibrium
and is locally asymptotically stable (Fig. 2(b)), correspond-
ing biologically to a regime of robust coexistence in which
both species persist despite predation pressure and competi-
tion for a shared resource.

(a)

0.8
0.6
11D
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7
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Figure 3: Coexistence regions in the (11, 1,) parameter space. (a)
Bifurcation diagram showing how the black line 17 = 1, intersects
four qualitatively distinct subregions (I.a, L.b, Il.a and IL.b). The
red line marks the feasibility boundary for Ey, , and the gray curves
correspond to saddle—node collisions of interior equilibrium.
Panels (b)—(e) display the temporal dynamics of prey and predator
densities at representative points in each subregion: (b)
(n1,M2) = (0.1,0.3) (region La), (c) (0.4,0.4) (region Lb), (d)
(0.52,0.55) (region I.a), and (e) (1.2,0.55) (region IL.b). These
simulations illustrate how asymmetries in resource exploitation
govern whether prey or predator dominates at equilibrium. All
fixed parameter values are the same as in Fig. 2.
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Since regions I and II both admit a stable coexistence equi-
librium E, = E|, we next explore how equilibrium densities
change across these regions. To this end, we consider points
along the line 17; = 72, which partitions the coexistence do-
main into four subregions (Fig. 3(a)).

In subregions I.a and Lb, the predator density always ex-
ceeds the prey density at equilibrium. In region l.a, where
Mn2 > My, the predator surplus over the prey is moderate
(Fig. 3(b)), whereas in region L.b, where 11 > 1, the differ-
ence between predator and prey densities is larger (Fig. 3(c)).
In contrast, in region Il.a the prey density exceeds the preda-
tor density (Fig. 3(d)), while in region IL.b the predator again
dominates (Fig. 3(e)). In summary, when 1; > 1, the preda-
tor population tends to exceed the prey population. When
11 < M2, the prey can dominate numerically, or the species’
densities remain relatively similar.

REGIME ALLOWING PREDATOR EXCLUSION OF THE
PREY: 1| < pk;

We now consider the second case, in which the exclu-
sion equilibrium (0,k;) is locally stable. We fix r| =
1.2, rn =06, k =200, k=130, p=0.01, &=
0.1. In Fig. 4(a), the curves in the (11, M2)-plane divide the
parameter space into four open regions, labeled I-IV, with
qualitatively distinct dynamics.

(2) (b) 1

2 150
E,
15
w 111 100
1 N
50
05
1 11 .
0 0 Ey,
0 0.5 1 15 2 0 50 100 150 200

m Ny

Figure 4: (a) Regions in the (1,1, )-parameter space indicating
where exclusion equilibrium and interior equilibrium exist. The
horizontal and vertical boundaries separate four qualitatively
distinct dynamical regimes. Parameter values: r; = 1.2, r, = 0.6,
k1 =200, k; =130, p =0.01, € = 0.1. (b) Phase portrait of
model (1) in region I, where the predator-only equilibrium (0, ;)
is globally attracting within the positive quadrant, leading to
extinction of the prey.

In region I there is no positive coexistence equilibrium;
hence coexistence between both species is not possible. Nu-
merical simulations indicate that (0, ;) is globally attracting
within the positive quadrant (Fig. 4(b)): for any positive ini-
tial condition the prey population goes extinct, whereas the
predator population converges to its carrying capacity k.

In region II the only boundary equilibrium is (k;,0), which
is always unstable, and no positive coexistence equilibrium
with ecological meaning exists. In region III there are no
exclusion equilibrium and at least one interior equilibrium
in the feasible quadrant, which is of saddle type. Finally,
in region IV the only exclusion equilibrium is (0,k;), and

there exists at least one interior equilibrium in the feasible
quadrant, which is again of saddle type. In both regions III
and IV, trajectories approach either the predator-only state
or diverge away from the unstable coexistence equilibrium,
depending on initial conditions.

When r| < pks, predators can suppress the prey to extinc-
tion, preventing invasion. In contrast, if r| > pkj, predators
are unable to exclude the prey, allowing a stable coexistence
equilibrium to emerge. These two conditions divide the pa-
rameter space into qualitatively distinct dynamical regimes.

DISCUSSION

In this paper, we examined the dynamics of a simple preda-
tor—prey system in which both species exploit a shared
resource. The model preserves the simplicity of the
Lotka—Volterra framework while incorporating exploitative
competition in an implicit form. This structure is particu-
larly useful for studying intraguild-like interactions when the
shared resource remains at a steady density, as assumed in
classical ecological theory (Schaffer, 1981). This perspective
facilitates ecological interpretation and enables a transparent
classification of coexistence and exclusion regimes.

The results show that the exclusion equilibrium Ej, be-
comes locally stable when the reproductive potential of the
prey is lower than the combined effects of predation and
shared-resource competition, that is, when r; < pk; and
M < ki /kz. Under these conditions, the prey declines to low
density or extinction while the predator approaches its car-
rying capacity. This outcome is ecologically plausible, since
predation imposes additional mortality on the prey popula-
tion (Okuyama and Ruyle, 2003). An illustrative example
is the Argentine ant, a globally invasive species that com-
bines exploitative competition with direct predation on native
ants, ultimately driving local extinctions (Human and Gor-
don, 1996; Damas-Moreira et al., 2020). Our model captures
this mechanism: an invasive species with both competitive
and predatory advantages, often associated with higher re-
productive potential (Pockl, 2009; Jines et al., 2015), can
exclude a native counterpart.

Conversely, coexistence requires the opposite inequality,
r1 > pkp, although this condition alone does not guaran-
tee the existence of a positive equilibrium. For some pa-
rameter combinations, no feasible interior equilibrium ex-
ists (Fig. 2(d)), consistent with theoretical predictions that
prey persistence under omnivory may be rare (Holt and Po-
lis, 1997; Diehl and Feifel, 2000; Mylius et al., 2001; Kfivan
and Diehl, 2005). Nevertheless, the model also identifies pa-
rameter regions where coexistence does occur (regions I and
I in Fig. 2(a)), supporting empirical observations that omni-
vores and their prey often persist together in natural systems
(HilleRisLambers et al., 2006; Amarasekare, 2008). When
the interior equilibrium E, exists, it may be locally asymp-
totically stable, thereby ensuring coexistence for a range of
biologically relevant initial conditions (Fig. 2(b)).

The relative strength of resource exploitation by each
species further determines their long-term abundances. As
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shown in Fig. 3(b) to Fig. 3(e), the ratio between 71; and
M, controls which species is numerically dominant at equi-
librium. When 11 > 7, meaning the prey consumes more
resource per capita or exploits it more intensely, the predator
eventually outnumbers the prey. When 11 < 1>, the prey
may numerically exceed or match the predator. This pat-
tern resembles coexistence mechanisms observed in marine
systems where sessile and mobile species interact through
predation while simultaneously competing for oxygen as a
limiting resource (Ferguson et al., 2013). Differential ex-
ploitation of the shared resource may therefore facilitate co-
existence even in the presence of strong antagonistic inter-
actions. From an empirical perspective, the parameters 1
and mp—which quantify the intensity of exploitative com-
petition mediated by the shared resource—could be inferred
through exclusion experiments or indirectly estimated from
consumption rates and measurements of resource availabil-
ity.

Finally, the model predicts the absence of population cy-
cles for all parameter combinations. Although predator—prey
interactions can generate oscillatory dynamics (Erbach et al.,
2013), the addition of exploitative competition suppresses
such oscillations by imposing mutually negative density ef-
fects that stabilize the system (Petren and Case, 1996). An-
other important factor underlying this result is the assump-
tion of a linear (type I) functional response, which is adopted
to focus on the dynamical effects of exploitative competi-
tion within a reduced and analytically tractable framework.
Extending this work to incorporate nonlinear functional re-
sponses, such as type II or type III, would be a natural next
step, as these can enable limit cycles and modify the con-
ditions under which coexistence is possible (Fussmann and
Blasius, 2005; Abrams and Fung, 2010).
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