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abstract

The system of one consumer and two resources is investigated numerically
within the Rosenzweig-MacArthur model with a Holling type 2 functional response.
Here the model equations are supplemented by the normalization of the rates
of consumption to unity. This reflects the limited amount of time which can be
devoted to a given type of resource. Further, the consumer is allowed to modify
the rates as to enhance the consumer density . This process can lead to an
absorbing state where one of resource is extinct; then, the diversity is deteriorated.
The results of numerical calculations allow to identify transient chaos of the time,
before the stationary state is reached. In this state the system shows a sequence
of Hopf bifurcations and linear variations in time. This stationary state is shown

to preserve an information of the initial state of the rates of consumption.
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. Evolutionary game theory : lack of information, trembling hand, learning
Deterministic models: Lotka-Volterra, Kuramoto, Rosenzweig-MacArthur models
. Fixed points and periodic orbits. Synchronization.

. New ingredients of the RM model

. Results: dynamics in symmetric, asymmetric and absorbing states

. Results: transient chaos and chirality

. Results: Fourier spectrum and memory effect

. Conclusions: greediness, diversity, instability



Population dynamics is the portion of ecology that deals
with the variation in time and space of population size
and density for one or more species (Begon et al., 1990, [5].)

Link to FENS:
evolutionary game theory (imperfect information, learning).

Method:
ordinary non-linear differential equations, numerical solutions.
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Lotka-Volterra model

[www.researchgate.net/profile/Luciano-Da-F-Costa]
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Lotka-Volterra model, ,, atto-fox” problem _t =3(1-Yy)X
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Figure 1.4. Simulations of system [1.23]

[Claude Lobry, 2018]



RM model of type 2: one resource R, one consumer C (1C1R)

9R _ra-r)-PRC

dt 1+DbR

dC _ pRC . mC Type 1
dt 1+bR ¢

Crawford Stanley "Buzz" Holling, 1930-2019 Types |, Il, and Ill functional responses [1]



Fixed point dR R* il

dt 0 p-mb
-m(b+1
ac _ 0 cx="P ( 2)
dt (p—mb)
Stability conditions: eigenvalues of the Jacobian negative
p—mb>0 m>PE-D
b(b+1)

For p=3.0, b=2.0 the Hopf bifurcation at m=0.5

Eberhard Ferdinand Friederich Hopf, 1902-1993



1.2

0.8

0.6

0.4

0.2

I 1 CNUIU ULV IU Ly ot U

m=0.48
1.2 T T T T T T

RM 1C1R, Hopf bifurcation

0.7




0.48

0.44 F
0.42

0.4 H

0.38 1,

0.46 k i

0.36 -

0.34

0.32 (| |y 4

0.3 ~M

0.28

29500



RM model: two resources R;,, one consumer C (1C2R) [2]

ﬂ =R (1-ayR —,R,) - PRAC

T L+b(AR + AR,
& — Rz (1_ a21R1 — Uy, Rz) — pQZIBZC

T L+b(AR + AR,
d_C: pC ﬂlRl_I_ﬂZRZ _mC

dt 1+b(HR, + 4R,)

The planes Ri =(0, C =0 areabsorbing.

Our choice: p=3.0, b=2.0, m=0.2, a.,,= 0.,,=0.065, o;;=0.,,



Assumption | [3]:

The rate of consumption is limited; the consumer should make a choice

between R, and R,:
G

Then, the system is symmetric : IBi g IBi

and the point ,Bi =0.5 s specific.



Three eigenvalues of the Jacobian for the RM model 1C2R.
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The C-R periodic orbit for the RM 1C2R model, £.=0.5. Here R,(t)= R,(t).



assumption Il [3]:

The consumer intends to modify the coefficients ,B, as to increase C:

where v is a measure of the greediness.

For R;=R,,theset [ = 0.5 isinvariant...
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R, - power spectrum
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R, (f,(t =0) = 0.463)— R, (3, (t = 0) = 0.480)
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ARQ = RQ(B1:0464) - RQ(B1:0480)
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R, (B,(t =0) =0.464) — R, (3 (t = 0) = 0.480)




There are three phases: S
_ ic. v=0, R.= &
A (symmetric, v=0, R,= R,>0), /77/77
- B (asymmetric, small v, R;>R,>0 or R,>R,>0) e/‘j,
- G (absorbing, large v and (R;>0, R,=0 or R,=0, R,>0)).

The time evolution of all variables (C, R, ;) in phase B contains a initial transient chaotic
stage and — later - periodic orbits. In the phase G, these variables do not depend on time.

The transition point v_between B and G strongly depends on the initial value of the
consumption rate [3,. There are three modes of the transition:

- directly from the transient disorder of B to G (small v )

- from the periodic stage of B to G (large v,)

- immediate.

The initial value of the rate [3, influences the phase shifts of the periodic orbits.



[1] M. Denny, Buzz Holling and the functional response, Bull. of the Ecological
Soc. of America, 95(3), July 2014, 200-203.

2] Z. Hajian-Forooshani and J. Vandermeer, Viewing communities as coupled
oscillators: elementary forms from Lotka and Volterra to Kuramoto, Theoretical
Ecology 14(12) (2021).

3] P. Gawronski, A. Borzi and K. K., Instability of oscillations in the Rosenzweig-
MacArthur model of one consumer and two resources, Chaos 32 (2022) 093121.
4] C. Lobry, The Consumer-Resource Relationship. Mathematical Modeling,
Wiley 2018.

5] M. Begon, J. L. Harper and C. R. Townsend. Ecology: Individuals, populations,
and communities. 2. Blackwell Sci. Pub.; Boston MA: 1990.



