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Abstract

In this paper, a two species host-parasitoid model system is considered. The global dynamic behavior of the model is
investigated through (local) stability results for its equilibriums and large time computer simulations. Many forms of
complex dynamics such as chaos, periodic windows etc. are observed. The Hopf point and attractor crises exist for
different set of parameter values.
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1. Introduction

Hosts and parasitoids are mostly univoltine and have no overlap between successive generations. Therefore, their
interactions can be modeled by discrete differences [15-18]. In 1929, Thompson [1] introduced a host-parasitoid model
with a set of biological assumption. In 1935, Nicholson and Bailey [2] modified the Thompson’s model [1] for better
prediction of real life situations. After that, Rogers [3-4] applied the model of Holling to host-parasitoid system by
assuming two kinds of limitation on Thompson’s model and Nicholson-Bailey’s model [2]. Many researchers [5], [10]
produced many discrete type host-parasitoid models with different ecological factors. Tang and Chen [11] modified the
Nicholson-Baley’s model [2, 12] by introducing Holling type-1l and type-I11 interactions.

Competition is an interaction between organisms or species in ecology. Competition is one of many biotic and abiotic
factors that affect community structure due to limited resource (food, space and water). Competition among members of
same species for the same resources in an ecosystem is known as intraspecific competition. Competition is not
straightforward, and can occur in both direct and indirect fashion [13]. May [14] demonstrate that several discrete-time
models describing the dynamics of isolated single species populations displayed chaos for large range of parameters? It
has been very much in vogue for researchers to investigate the possible existence of bifurcations and chaos in ecological
non-linear systems, much of which has been prompted by new and potential applications in different fields [9, 19]. In
Holling response, it is assumed that predators do not interfere with one another’s activities; thus competition among
predators for food occurs only in case of depletion of prey.

Tang and Chen [11] reported the dynamic complexities of host-parasitoid interactions with a Holling type Il functional
response, and showed that discrete time host parasitoid models can produce much richer set of dynamic patterns than
those of continuous models. Tang and Chen model [11] is

H(t+1)=H(t) exp[ (1— t/ 1+a;_:H t))ﬂ

P(t+1)=H (t){l_exp[%ﬂ (1.1)

Where
H (t) is the host population size at generation t
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P(t)is the parasitoid population size at generation t

r is the intrinsic growth rate

k is the carrying capacity of the environment

a is the instantaneous search rate

T s the total time initially available for the search

Tp is the handling time

In the present work, we study Tang and Chen model [11] with Beddington —DeAngelis functional response which is an
extension of the prey-dependent Holling's type 1l functional response.

2. Model

One of well-known functional response is the Beddington De-Angelis functional response introduced by Beddington
and De-Angelis et al. independently. The main difference of this functional response from classical Holling type
response is that it contains an extra term presenting mutual interference by predators. Introducing Beddington -
DeAngelis functional response into Tang and Chen model [11], model becomes

: (t +l): : (t)exp{r(l—H (t%J_HaThalj;F(’t()tn)LbP (t)]
P(t+1)=H (t){l—exp[— aTP(t) H (12)

1+aThH (t)+bP(t)

Where all the variables and parameters are the same as defined in (1.1).

3. Stability analysis

In this section, the existence and local stability of the non-negative equilibrium points of system (1.2) is investigated.
System (1.2) has two non-negative equilibrium points namely the total extinction solution Egp=(0,0) and the

coexistence solution for the two species Elz(H*,P*). The equilibrium point Elz(H*,P*)satisfies the following

equations:

Inq{1+ 2k (1—'”“')}
H™ = r

B a(l+q)

P =k [1—m7q)(1+q)

{1—H J
k
Where q =e

Note that the equilibrium point Eq =(H *,P*) cannot be solved in a closed form.

After obtaining equilibrium points, we need to check what happens to the dynamic variables H and P when an
equilibrium point is slightly perturbed. Such knowledge is obtained by calculating the Jacobian matrix. System (1.2) can

be rewritten in the form H (t +1)=F (H (t),P(t))
P(t+1)=G(H(t), P(t)

For which the Jacobian matrix is

oF oF
oH P
oG 0G
oH P

The Jacobian matrix of system (1.2) at the equilibrium point E, = (0,0) is

3(0,0)= (eor 8}
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Accordingly, the eigenvalues are A, =e", A1, =0 . From here, it can be concluded that E, :(0,0) is an
unstable (|ﬂl| >1).

4. Bifurcation analysis

It is very much clear from the previous section that system (1.2) cannot be solved explicitly. Thus we have to study the
long term behavior of this system by numerical simulation. Fixing I between 0 and 3.5 we have different bifurcation
diagrams for host and parasitoid populations. Here we have shown the comparison between the bifurcation diagrams of
model (1.1) and (1.2).

Figure 1 shows the bifurcation diagram of host and parasitoid population for r varying between 0 and 3.5 for Holing
type Il functional response:
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Fig. 1: (A) Bifurcation Diagram of Host Population (B) Parasitoid Population for a=1.5T =0.5T =0.3, k =22.47 .
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Figure 2 shows the bifurcation diagram of host and parasitoid population for r varying between 0and 3.5 for Bedding
ton De-Angelis functional response.
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Fig. 2: (A) Bifurcation Diagram of Host Population (B) Parasitoid Population for a =1.5T =0.5Th =0.3b =1.5,k =22.47 .

5. Conclusion

A Host-parasitoid model with intraspecific competition is proposed and analyzed. We have done the bifurcation
analysis with respect to instantaneous search rate for different types of intraspecific competitions taking as parameter
separately. We observe Hopf bifurcation and attractor crises. Stable and oscillatory coexistence of host and parasitoid
are observed in different types of competitions for some values of instantaneous search rate. We have given the stability
analysis of model (1.2) using Bedding ton functional response and then the bifurcation analysis through computer
simulations. We have shown the bifurcation diagram of host and parasitoid population for model (1.1) and (1.2) for
different values of a,T ,Th,b and fixing the range of r between 0and3.5. Identifying complicated, possibly chaotic,

dynamics in population data has remained a major challenge in ecological studies [20] and it is not easier to predict this
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complexity by the theory. The present research helps to understand the dynamical behavior of host-parasitoid
interactions with intraspecific competition which can be used to improve the classical biological control of pests.
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