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IN THIS POSTER WE ANALYSE THE CHAOTIC MOTION OF A
MODEL WHICH DESCRIBES THE . BEHAVIOR OF A PREY-PREDATOR-

-FOOD SYSTEM.

PREDATOR

THIS SYSTEM CAN BE MODELED BY MIXING TWO WELL
KNOWN MODELS: THE PREDATOR-PREY MODEL (HENIZE,1971) AND
THE KAIBAB PLATEAU MODEL, WHICH COPES WITH - THE PREY-

=FOOD PART OF THE MODEL (GODMAN,1974).

THIS MODEL HAS PREVIOUSLY BEEN INTRODUCED IN {TORO

AND ARACIL, 1988).

THE DYNAMO EQUATIONS OF THE MODEL ARE GIVEN IN THE

APENDIX.
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FOR CERTAIN VALUES OF THE PARAMETER "MAXIMUM FOOD
CONSUMED PER PREY (MFCPPY)" THIS MODEL EXHIBITS CHAOTIC
BEHAVIOR, FOR INSTANCE FOR MFCPPY = 7.4, A THREE DIMEN-

~ SIONAL PICTURE OF THE TRAJECTORY IS SEEN AS:

PREDATOR

THIS IS VERY COMPLEX OSCILLATORY BEHAVIOR. WE ARE
GOING TO SHOW THAT THIS BEHAVIOR IS ACTUALLY CHAOTIC
AND APPEARSZABRUPTLY WHEN THE PARAMETER MFCPPY CHANGES
FROM 7.41 TO 7.4. THERE EXIST A ATTRACTOR POINT FOR
MFCPPY ) 7.41 , BUT FOR MFCPPY ( 7.4 A CHAOTIC‘ATTRAC—

TOR APPEARS.




-394

THE MODEL SHOWS TWO TIME SCALES: ONE FAST AND, THE
OTHER SLOW. THIS FACT HELPS ONE TO GET A GEOMETRICAL
INSIGHT INTO THE BEHAVIOR MECANISM OF THE SYSTEM. THE
SLOW MOTION OF THE MODEL TAKES PLACE ON SHEETS A AND B

IN THE FIGURE:

FOOD

PREDATOR

THE PROJECTION OF THESE SURFACES ON THE FOOD-PREY

PLANE IS:
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IT CAN BE INTERPRETED ECOLOGICALLY THAT MOTION IN
SHEET A CORRESPONDS TO THE SYSTEM EVOLUTION WITH ENOUGH

- RESOURCES FOR THE PREY.

IN THE SAME WAY, MOTION 1IN SHEET B CORRESPONDS TO

BEHAVIOR UNDER BAD FOOD CONDITIONS.

WHEN THE MOTION ON SHEET A REACHES THE FOLD (PREY
= PYMAX) OR THE MOTION ON SHEET B DECREASES TO THE LO-
WER BOUND (PREY = PYMIN) FAST MOTION PRODUCES A JUMP

FROM ONE SHEET TO THE OTHER.

FOR PARAMETER MFCPPY = 7.41 THE MODEL HAS TWO

EQUILIBRIA Ba AND Bb (RESPECTIVELY ON SHEETS A AND B).
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"THE EIGENVALUES IN EACH EQUILIBRIUM ARE:

FOR Ba:

11 = +0.14 +3.31
12 - f0'14 -3.3i
113 = _409

FOR Bb:

ll = -0,88 +0.40i

J‘.z b -0.88 —00401

TA3 = -0.18 .

SO, E_ IS A SADDLE POINT AND Eb IS A STABLE EQUI~

a
LIBRIUM.

THE LOCAL BEHAVIOR ABOUT THE EQUILIBRIA Ba AND Eb

HAS THE SHAPE SHOWN IN THE FIGURE:.

PREDATOR <&
PREY
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ONCE THE TRAJECTORY ON SHEET A REACHES THE FOLD,

AND LEAVES THE SHEET, IT IS CAPTURED BY EQUILIBRIUM Eb.

PREDATOR <¢. = > PRey

WHEN PARAMETER NFCPPY DECREASES, THE SHAPE OF THE
PROJECTION OF THE SLOW MOTION SURFACE ON THE FOOD PREY

PLANE EVOLVES AS‘IS SHOWN IN THE FIGURE:
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IN THIS WAY FOR ONE VALUE OF HFCPPY (7.41) THE
EQUILIBRIUM Eb DISAPPEARS. IN SUCH A CASE THE TRAJEC-
TORY COMES BACK TO SHEET A, CAPTURED BY THE STABLE MA-
NIFOLD (THE INSET) oF Ba, AND THE GLOBAL TRAJECTORY

SHOWS THE SHAPE OF THE FIGURE:

PREDATOR

IT SHOULD BE NOTICED THAT EVEN IF EQUILIBRIUM Eb
HAS DISAPPEARED THE FIELD SEEMS TO BE TRYING TO FIND IT

(WE HAVE SOME KIND OF GHOST EQUILIBRIUM).
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‘AS THE VALUES OF PARAMETER MFCPPY DECREASE»THIS
SEARCH FOR THE MISSING EQUILIBRIUM IS LESS APPARENT.
FOR INSTANCE FOR MFCPPY = -5 THE TRAJECTORY HAS THE .

SHAPE:
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PREDATOR

IN THIS WAY WE GET AN INTUITIVE INSIGHT INTO HOW

THE OSCILLATIONS ARE GENERATED.

TO SHOW THAT FOR VALUES OF PARAMETER MFCPPY ¢ 7.4
THE BEHAVIOR IS ACTUALLY CHAOTIC SOME COMPUTATIONS ARE
NEEDED. THESE COMPUTATIONS HAVE BEEN MADE FOR MFCPPY =

7.4
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THE VALUE OF THE LYAPOUNOV EXPONENT IS 0.17%0.08

BIT/YEAR WHICH CONFIRMS THE CHAOTIC NATURE OF THE AT-

TRACTOR. THE CONVERGENCE OF THE LYAPOUNOV EXPONENT IS

QUITE GOOD, AS SHOWN BY THE FIGURE:.
0.9

Lyapunov
Characteristle

Exponents

o.n-—’ﬁ,;—L. ' A

THE POWER SPECTRUM HAS THE SHAPE:

2.2

Log. Spectrai Density

Frequency (H2)
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THE POINCARE MAP PLOTS THE RELATIVE

VERSUS SUBSEQUENT RELATIVE MAXIMUM OF X.

MAXIMUM OF X

®en

Xn+1
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APENDIX: DYNAMO EQUATIONS.

# PREDATOR-PREY-FDOD MODEL

PY.K=PY.J+(DT) (PYB.JK-PYD.JK-PYK.JK)
PY=FYIN

PYIN=100

PYB.KL=(PY.K) (PYEN) (PYBM.K)

PYEN=3 :
FYBM.K=TABFL (PYBMT ,H*+CFR.K,0,3000,300)
H=1500

FREY

PREY BIRTHS
FPREY BIRTH NORMAL
PREY BIRTH MULTIPLIER

PYBMT=.,8/1/1.2/1.1/1/.9/.8/.6/.5/.4/.3/0/0/0/0/0/0/0/0/0/0/0

FYD.¥L=(PY.K){1/PYALT) (FPYDM.K)
PYALT=}
PYDM.K=TABPL (FYDMT ,HaLFR.K,0,3000,300)

FREY DEATH RATE
FREY AVERAGE LIFETIME
.FREY DEATH MULTIFPLIER

PYDMT=.9/.9/3/3.05/1.1/1.15/1.2/1.35/1.75/2/2.25/0/0/0/0/0/0/0/0/0/0/0

PYKPDN=500
PYKM.K=TYABFL{PYKMT ,H*DD.K,0, 3000, 300)

PREYS KILLED
PREYS KILLED PER FREDATOR NORMAL
PREY KILL MULTIPLIER

PYKMT=0/.25/.5/.75/1/14.1/1.2/1.3/1.4/1.5/1.55/0/0/0/70/0/0/0/70/0/0/0

CFR.K=(PY.K) (MFCFPY)/(FOOD.K)
MFCPPY=3

DPD.K=PY.K/AREA

AREA=1500

PYCR.K=(PYK.KL) (FPYKC.K)

CONSUMPTION FOOD RATIO
MAXIMUM FOOD CONSUMED FER PREY
PREY DENSITY

PREY CONSUMPSICN RATE

FPYKC .K=TABPL (TFPYKC,PYK .KL/(PD.K#PDCN),0,2, .20)
TFPYKC=1/1/3/173/17.9/ .85/ .87.75/.7/0/0/0/0/0/0/0/0/0/0/0

L
N
c
R
c
A
[
T
R
Cc
A
T
R PYK.KL=(PD.K)(PYKFDN) (PYKM.K)
c
A
T
A
C
A
C
A
A
T
C

“DPOADADIOVOZIED

PREDATOR CONSUMFPTION NORMAL

AVERAGE PREDATOR CONSUFTION RARTIO

CONSUMPTION RATID BIRTH MULTIPLIER

CONSUMPTION RATIO DEATH MLTIPLIER

FPDCN=400

(10 ) | A ——

NOTE PREDATOR

NOTE ————mom e e e
APDCR.K=PYCR.K/ (PD.K#PDCN)
PD.K=PD.J+(DT) (PDB.JK-PDD.JK) (PDEN) PREDATOR
PD=PDIN
PDIN=2
PDR.KL=(FD.K) (CREM.K) PREDATOR BIRTHS
FDEN=1.5 PREDATOR BIRTH NORMAL
CRBM.K=TABFL ( CRBMT ,APDCR.K,0,1,.1)
CREMT=0/.15/.3/.45/.6/.85/.95/1/1.05/1.1/1.15/0/0/0/0/0/0/0/0/0/0/0
PDD.KL=(PD.K) (ALFA) (CRFM.K) PREDATOR DEATH RATE
ALFA=0.25 FPREDATOR AVERAGE LIFETIME
CRFM.K=TABPL (CRFMT ,APDCR.K,0,1,.1)
CRFMT=20/15/10/7/5/2.%5/1.5/1/ .8/ .75/ .7/0/0/0/0/0/0/0/0/0/0/0

NOTE ~——m——mmmem

NOTE FOOD

NOTE ———mmee e

L FDOD.K=FOOD.J+ (DT} (FRR.JIK—FCR.JK) (K) FOOD

N FOOD=FOOD1

€ FOODI=4000

C K=S :

R FRR.KL=(FOODM-FOOD.K)/FRT.K FOOD REGENERATION FATE

C FODDM=40000 FOOD MAXIMUM

A AUX .K=FOOD.K/FODODM _

A FRT.K=TABPL(TFRY,AUX.K,0,1,.25) FOOD REGENERATIDN TIME

T 1TFRT=13.333/7.5/3.333/1.25/0.60302/0/0/0/0/0

R FCR.KL=FOOD.KaFFC.K FOOD CONSUMPTION RATE

A FFC.K=TABRPL(TFFC,CFR.K,0,1.2,.1) FRACTION CF FDOD CONSUMED

T TFFC=0/.17.27.37.4/.5/.67.71.87.9/.97/.99/1/070/0/0/0/0/0/0/0/0/0/0/0

SAVE FY,FD,FOOD )
SFEC DT=0.0S/LENGTH=40/SAVFER=0.4
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