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While the food chain is too complicated to simulate, we made a model limiting the number of

species to 3. We compared the result of the simulation on the model with that of the equation we

made based on the Lotka-Volterra equation.
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name <- "&RHi&E AIND”

for(i in 1:x) {

<- paste (“table”, i,”

read. csv(’ 7, name, i, ".csv’ )7, sep = 77)
eval (parse(text = s))

S

}

for(i in 1:x){
sp <- paste("p”,i,”
&), sep = ")
st <~ paste("pp”,i,”
BHAH), sep = 7)
eval (parse (text =sp))
eval (parse (text =st))

(= 7, 7c(table”, i, "$ # &

<~ 7 7c(table”, i, ”$— Vi

}
dl <- pl[1]
d2 <- ppl[1]
for(i in 2:x) {

sdl <- paste(”dl”,” <= c(dl1”,”,p”, 1,7 [1])7, sep
=)

sd2 <- paste(”d2”,” <= c¢(d2”,”,pp”, i, "[1])”7, sep
=)

eval (parse (text = sdl))
eval (parse(text = sd2))

}

p <- mean(dl)

pp < mean(d2)

for(i in 2:nt) {
sel <= paste("d1”,” <= c(p1[”,i,”])",sep = 7")
se2 <- paste(”d2”,” <= c(ppll”,i,”7])",sep = 77)
eval (parse (text = sel))
eval (parse (text = se2))
for(ii in 2:x) {

sdl <=

paste (7dl”,”
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c(d1”,”,p”, ii, 7”7,
sd2 <{-
c(d2”,”, pp”, i1, " ",
eval (parse (text
eval (parse (text
}
p <~ c(p, mean(dl))
pp <~ c(pp, mean(d2))

"1)7,sep = 77)
paste (7d2”,”

"1)7,sep = 77)

sd1))

sd2))

i,

i,

}

p <~ c(p,plntl); pp <= c(pp, pp[nt])
t <~ seq(0,nt, 1)

n <- pl1]

e <— exp(l)

rp <= c(p, pp)

f <~ c(a=1, b=0.6, c=1, d=0. 2, k=200, h=0. 2)
fl <= f; f2 <~ f

change <- ¢(1,0.1,0.01,0.001)

for (kurikaesi in 1:6) {
for(I in 1:6) {
for(nc in change) {
library (deSolve)
parameters <- f
initial <~ c(x= p[1],y= pp[1])
times <- seq(0, nt, 1)
rotoka <— function(t,
with(as. list(c(state, parameters)), {
dx <- axx* (1-(x/k)) - (bkx*y/ (1+h*x))
dy <= (c*x*y/(1+h*x))-d*y
list(c(dx, dy))
P
}
out0 <- ode(y = initial,
= rotoka, parms = parameters)
op0 <- c(out0[, 2]); opp0 <~ c(outO[, 3])
outp0 <~ abs(p - op0); outpp0 <- abs(pp -
opp0)
if(length(op0) < nt + 1) {
10 <= length(op0) - 2
library (deSolve)
parameters <- f
initial < c(x= p[1],y= ppl[1])
times <- seq(0, 10, 1)
<{- function (t,

state, parameters) {

times = times, func

rotoka
parameters) {
with(as. list(c(state, parameters)), {

state,
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dx <= a¥x*(1-(x/k)) - (b*x*y/ (1+h*x))
dy <= (c#x*y/(1+h*x))-d*y
list(c(dx, dy))
b
t
out0 <- ode(y = initial,
func = rotoka, =

times = times,
parms = parameters)
op0 <- c(out0[,2]); opp0 <- c(outO[, 3])
hp <= p[1:10]; hpp <~ pp[1:10]
outp0 <~ abs(hp — op0); outpp0 <- abs (hpp
- opp0)
}

g0 <= sum(outp0, outpp0) # ) I E D FRFE % H
gosal <- —1%g0; gosa2 <- g0; gosad <- g0; G
(- abs(gosa3 - gosal)

while(G > 0.0001) {
F1[1] <= fI[I] + nc
library (deSolve)
parameters <- f1
initial <~ c¢(x= p[1], y= ppl[1])
times <- seq(0, nt, 1)
rotoka <- function(t, state, parameters) {
with(as. list (c(state, parameters)), {
dx <= a*x* (1-(x/k)) - (b*x*y/ (1+h*x))
dy <= (c*xxy/(1+h*x)) —d*y
list(c(dx, dy))
1
}
outl <- ode(y = initial,
func = rotoka, parms = parameters)
opl <= c(outl[,2]); oppl < c(outl[,3])
11 <~ length(opl)
if(11 < nt + 1){
11 <= 11 -2
library(deSolve)
parameters <- f1
initial <= c(x= p[1],y= ppl1])
times <- seq(0, 11, 1)
rotoka - function (t,

times = times,

state,
parameters) {
with(as. list (c(state, parameters)), {
dx <- a*x*(1-(x/k)) - (b*x*y/ (1+h*x))
dy <= (c#xky/ (1+h*x))—d*y
list(c(dx, dy))
1)
}
outl <- ode(y = initial,
func = rotoka, parms = parameters)
opl <= c(outl[,2]); oppl <= c(outl[,3])
}

times = times,

£2[I] <= abs(f2[I] - nc)
library (deSolve)
parameters <- f2
initial <= c(x= p[1],y= pp[1])
times <- seq(0, nt, 1)
rotoka <- function(t, state, parameters) {
with(as. list(c(state, parameters)), {
dx <- a*x*(1-(x/k)) - (b*x*y/ (1+h*x))
dy <= (ckx*xy/ (1+h*x)) —d*y
list(c(dx, dy))
1)
}
out2 <- ode(y = initial,
func = rotoka, parms = parameters)
op2 <~ c(out2[,2]); opp2 <~ c(out2[, 3])

times = times,
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12 <- length(op2)
if (12 < nt + 1){
12 <- 12 - 2
library (deSolve)
parameters <- f2
initial <= c(x= p[1],y= ppl[1])
times <- seq(0, 12, 1)
rotoka <- function (t,
parameters) {
with(as. list(c(state, parameters)), {
dx <= axx*(1-(x/k)) - (bkxxy/ (1+h*x))
dy <= (c*x*y/ (1+h*x))-d*y
list(c(dx, dy))
3]

state,

}

out2 <- ode(y = initial,
func = rotoka, parms = parameters)

op2 <~ c(out2[,2]); opp2 <~ c(out2[, 3])

times = times,

}
if (11 <= 12) {
hp <= p[1:11]; hpp <- ppll:11]; op2 <-
op2[1:11]; opp2 < opp2[1:11]
Jelse{
hp <= pl1:12]; hpp <= ppl[l:12]; opl <-

opl[1:12]; oppl < oppl[1:12]
}

outpl <- abs(hp - opl); outppl <- abs (hpp
— oppl); outp2 <~ abs(hp — op2); outpp2 <— abs (hpp
- opp2)

gl <- sum(outpl, outppl)

g2 <- sum(outp2, outpp2)

gosa3 <— gosa2
gosa2 <- gosal

if(abs(gl - g2) < 0.0001) {
gosal <- g0
out <- out0
fl <- f; f2 <~ f
Jelse if(gl > g2) {
f <= f2; f1 <= f2

gosal <- g2
out <- out2
Jelse{
f < f1; f2 <~ f1
gosal <- gl
out < outl
}
G <~ abs(gosa3 - gosal)
}
}
}
}

popp <- c(out[,2])

poplp <= c(outl[, 3])

len <~ 0:length (popp)

# HAn X

plot(t, p, xlim = range(len), ylim = range(rp), lwd

= 1, xlab = 7“H# 7, ylab = 7l K %7, col
="green”, pch = 1)

points(t, pp, xlim = vrange(len), vylim =
range (rp), lwd = 1, col ="blue”,pch = 1)

points (times, popp, xlim = range(len), vylim =

range (rp), lwd = 1, col ="green”, type = "17)
points (times, poplp, range (len),
range (rp), lwd = 1, col ="blue”, type = 1”7

xlim = ylim =



