Mathematical Models for Interacting Populations

Prey-predator models

Volterra (1926) first proposed a simple model for the predation of one species by another to explain the
oscillatory levels of certain fish catches in the Adriatic.

X(t) - the prey population at the moment t

y(t) - the predator population at the moment t

Assumptions:

- the prey in the absence of any predation grows unboundedly as in the Malthus' model (unlimited
resources)

- the effect of the predation is to reduce the prey’s per capita growth rate by a term proportional to the
number of interactions between the two populations ( XY)

- in the absence of any prey for sustenance the predator’s death rate results in exponential decay

- the prey’s contribution to the predators’ growth rate is proportional to the available prey as well as to
the size of the predator population, this is proportional to the number of interactions between the two
populations

gtx(t) =ax(t)—bx(t)y(t)

(?ty(t) = —cy(t)+dx(t) y(t)
X(0) =x,
y(0) = Yo

where a, b, ¢, d are positive.

This is known as the Lotka—\Volterra model since the same equations were also derived by Lotka (1920;
see also 1925) from a hypothetical chemical reaction which he said could exhibit periodic behaviour in
the chemical concentrations.

> restart:with(DEtools):
>with(linalg):
Warning, the name adjoint has been redefined

Warning, the protected names norm and trace have been redefined and unprotected

>with(plots):
Warning, the name changecoords has been redefined

>eql:=diff(x(t),t) =a*x(t)-b*x(t)*y(t);
eql = o?t x(t) =ax(t) —bx(t)y(t)



>eq2:=diff(y(t),t) =-c*y(t)+d*x(t)*y(t);
q2 1= S y(t) = -cy(1) + dx(1) Y(1)

>pp_syst:=eql,eq2;
d d
pp_syst := . X(t) =ax(t) —bx(t) y(t), ;. ¥(t) = - y(t) + d x(1) y(t)
>Tl:=(X,y)->a*x-b*x*y;
fl:=(x,y) >ax—bxy

>f2:=(X,y)->-c*y+d*x*y;
f2:=(x,y) > -cy+dxy

>EqP:=solve({f1(x,y)=0,f2(x,y)=0}.{x,y});
Eﬁﬁ:{x:Qy=O}{X=§ny=%}

>EqP[1,1];
x=0

> J:=jacobian([f1(x,y),.f2(x,y)1.[x.yD):

3= a-by —xb
'_[ yd —c+dx}

>J1l:=subs(EqP[1,1],EqP[1,2],eval (J));

31 = a o0
1o -c

>eigenvals(Jl);

a, —C
> J2:=subs(EqP[2,1],EqP[2,2],eval (J));
ch
O g
J2 =
2
b
>eigenvals(J2);
J—ca,—/—-ca
>deq:=diff(y(x),x)=F2(X,y(xX))/T1L(X,y(X));
_d _ —Cy(x) +dxy(x)
deq := g Y(X) = ax—bxy(x)

>dsolve(deq,y(xX), implicit);
dx—clIn(x)+by(x)—aln(y(x))+ _C1=0

>a:=0.8;b:=0.2;c:=0.4;d:=0.2;x0:=8;y0:=5;
a:=08

b:=0.2



c:=04

d:=0.2
x0:=8
y0:=5
> EqP;
{x=0,y=0}, {x=2.000000000, y = 4.000000000 }
>

gx:=DEplot([pp_syst], [x(),y(t)],t=0..50,[[x(0)=x0,y(0)=y0]],stepsize
=0.1,1inecolor=blue,scene=[t,x(t)]):

>

gy :=DEplot([pp_syst], [x(t),y(t)],t=0..50, [[x(0)=x0,y(0)=y0]],stepsize
=0.1, linecolor=red,scene=[t,y(t)]):

>display(gx,gy): ‘

[:]

) &

>

DEplot([pp_syst], [x(t),y(t)],t=0..50, [[x(0)=x0,y(0)=y0]],stepsize=0.1
,1inecolor=blue);




>

DEplot([pp_syst], [x(t),y(t)],t=0..50, [[x(0)=x0,y(0)=y0], [x(0)=2,y(0)=
2],[x(O):2,y(O):3]],stepgize:O-l,Iinecolor:blue);

o 2 4 b [}

Since the orbits are closed then the solution are periodically with some period T. The average values of

X(t) and y(t) are defined as
T T

fx(t)dt fx(t)dt
0 0

Xaverage = T yaverage = T

It can be proved that average values of x(t) and y(t) are equal with the positive equilibrium point
coordinates
a c

Xaverage b yaverage - d

In the mid 1920's the Italian biologist Umberto D'Ancona was studying the population variations of
various species of fish that interact ,with each other. In the course of his research, he came across some
data on percentages-of-total-catch of several species of fish that were cought into different
Mediterranean ports in the years that spanned World War I. In particular, the data gave the percentage-
of-total-catch of selachians, (sharks, skates, rays, etc.) which are not very desirable as food fish.
D'Ancona was puzzled by the very large increase in the percentage of selachians during the period of
the war. Obviously, he reasoned, the increase in the percentage of selachians was due to the greatly
reduced level of fishing during this period. But how does the intensity of fishing affect the fish
populations?

Let's include the effects of harvesting in the prey-predator model. Observe that fishing decreases the
population of food fish at a rate E X(t) , and decreases the population of selachians at a rate E y(t) .
The constant E reflects the intensity of fishing; i.e., the number of boats at sea and the number of nets
in the water. Thus, the true state of affairs is described by the system



(?tx(t) =ax(t)—bx(t)y(t) — Ex(t)

j'ty(t) = —cy(t) + dx(t) y(t) ~ E (1)
or

éjtx(t) =(a—-E)x(t) —bx(t) y(t)

gty(t) — _(c+E)y(t)+dx(t)y(t)

>az="a";b:="b";c:="c";d:="d";

a:=a
b:=b
c:=cC
d:=d

>fFl:=(X,y)->(a-E)*x-b*x*y;
fl.=(x,y) > (a—E)x—-bxy

>T2:=(X,y)->-(c+tE)*y+d*x*y;
f2:=(x,y) >—(c+E)y+dxy

>EgP:=solve({f1(x,y)=0,T2(x,y)=0},{X,y}):
EQP = {x=0,y =0}, {x=" 5 y=— 0"}

Hence, the average values of x(t) and y(t) are now

c+E a-E
Xaverage T od yaverage T b

Consequently, a moderate amount of fishing (E < a) actually increases the number of food fish, on the
average, and decreases the number of selachians (predators). Conversely, a reduced level of fishing
increases the number of selachians, on the average, and decreases the number of food fish. This
remarkable result, which is known as Volterra's principle, explains the data of D' Ancona.

>eql:=diff(x(t),t) =(a-E)*x(t)-b*x(t)*y(t);

eql = (;jtx(t) =(a—E)x(t) —bx(t)y(t)

>eq2:=diff(y(D),t) =-(c+E)*y(D+d*x(D)*y(D);



q2 1= 3 Y(1) = (¢ + E) y(1) + dx(1) (1)

>a:=0.8;b:=0.2;c:=0.4;d:=0.2;x0:=8;y0:=5;E:=0.3;

a:=038

b:=0.2

c:=04

d:=02

x0:=8

y0:=5

E:=03
>h_syst:=eql,eq2;
h_syst .= :t X(t) =0.5 x(t) — 0.2 x(t) y(t), (;jty(t) =-0.7y(t) + 0.2 x(t) y(t)

>

gx:=DEplot([h_syst], [x(t),y(t)],t=0..50, [[x(0)=x0,y(0)=y0]],stepsize=
0.1, linecolor=blue,scene=[t,x(t)]):
>

gy:=DEplot([h_syst], [x(t),y(t)],t=0..50, [[x(0)=x0,y(0)=y0]],stepsize=
0.1,linecolor=red,scene=[t,y(t)]):

>display(gx,gy);

7

=

>

DEplot([h_syst], [x(t),y(t)],t=0..50, [[x(0)=x0,y(0)=y0], [x(0)=2,y(0)=2
1.[x(0)=2,y(0)=4]1] ,stepsize=0.1, linecolor=blue);



>E:=0.6;

>h_syst:=eql,eq2;
h_syst := :t x(t) =0.2x(t) — 0.2 x(t) y(t), :ty(t) =-1.0y(t) + 0.2 x(t) y(t)

>
gx:=DEplot([h_syst], [x(t),y(t)],t=0..50,[[x(0)=x0,y(0)=y0]],stepsize=
0.1,linecolor=blue,scene=[t,x(t)]):

>

gy:=DEplot([h_syst], [x(t),y(t)],t=0..50, [[x(0)=x0,y(0)=y0]],stepsize=
0.1,linecolor=red,scene=[t,y(t)]):

>display(gx,gy):

>
DEplot([h_syst], [x(t),y(t)],t=0..50, [[x(0)=x0,y(0)=y0], [x(0)=2,y(0)=2
1,I[x(0)=2,y(0)=4]],stepsize=0.1, linecolor=blue);



More realistic prey-predator models

Prey-predator model with intraspecies competition

Assumptions:

- the prey in the absence of any predation grows boundedly as in the logistical model (limited
resources)

- the effect of the predation is to reduce the prey’s per capita growth rate by a term proportional to the
number of interactions between the two populations ( XY)

- in the absence of any prey for sustenance the predator’s death rate results in exponential decay

- the prey’s contribution to the predators’ growth rate is proportional to the available prey as well as to
the size of the predator population, this is proportional to the number of interactions between the two
populations

- in the presence of the prey there exists a competitions between the predators for the prey, this is

proporitonal with the number of interaction of predators y?

:tx(t) =rX(t) (1 - XS)) —ax(t) y(t)

(?ty(t) =~y y(t) + 3 x(t) y(t) - B y(1)?
X(0) =x,
y(0) =Y,

wherer, K, o, v, &, B are positive.

> restart:with(DEtools):
>with(linalg):
Warning, the name adjoint has been redefined

Warning, the protected names norm and trace have been redefined and unprotected

>with(plots):



Warning, the name changecoords has been redefined
>eql:=diff(x(t),t)=r*x(t)*(1-x(t)/K)-alpha*x(t)*y(t);
eql = ((jjt x(t) =rx(t) [1 — X(Kt)] — o X(t) y(t)

>eq2:=diff(y(t),t)=-gamma*y(t)+delta*x(t)*y(t)-beta*y(t)"2;
g2 1= 3 Y(1) = 7 Y(1) + 5 X(1) Y(1) ~ B y(t)

>pp_syst:=eql,eq2;
pp_syst :=

(0 =000 (1= o) (1), Y0 =70 + 3 X0 YO - YD)’

>Tl:=(X,y)->r*x*(1-x/K)-alpha*x*y;
f1 :=(x,y)—>rx(1—:§)—axy
> f2:=(x,y)->-gamma*y+del ta*x*y-beta*y"2;
f2:=(xy) > —yy+dxy—py?
>EqgP:=solve({f1(x,y)=0,T2(x,y)=0}.{X.y});
EgP ::{X:O,y=0},{x:K,y:O},{x=O,y:—g},

_r(—y+8K)X__K(Br+ay)
C 8Ka+Br’t SKa+pr

{y }

The equilibrium point (0; — g) is not positive, so it is not realistic and the equilibrium point

K(Br+ay) r(-y+38K)
(SKa+Br’8Ka+Br

) is positive iff 0 K—v >0.
y=0
>J:=jacobian([f1(X,y),f2(x,y)]1,[x.yD;
3= r[l—l)é)—er—ay —a X }
yd -y +3dX-2By
>J1l:=subs(EgP[1,1],.EqP[1,2],eval(Jd));

r O
J1:=
{0 —v}

r,—y

>eigenvals(Jl);

Since r > 0 this implies that (0;0) is unstable.

> J2:=subs(EqP[3,1],EqP[3.,2],eval (J));



>eigenvals(J2);
Br+ay

If 8 K-y <0 then (K;0) is local asimptotically stable.
If 8 K-y >0 then (K;0) is unstable.

> J3:=subs(EgP[4,1],.EqP[4,2],eval(J));
( Br+ay) r(Br+ay) ar(-y+3K) aK(Br+avy)
ril- - - -

33 = OKa+pr

SKoa+pr SKa+pr '~ SKa+Br
| r(—y+8K)8 , OK(Br+ay) 2Br(-y+5K)
SKa+pr '’ TS Ka+pr SKoa+pr
>J3[1,1]:=Factor(expand(J3[1,1]));
1 _ _r(Br+ay)

1177 SKatpr
> J3[2,2]:=Factor(expand(J3[2,2]));

_ Br(=y+s8K)
33y - SKa+pr
>eval(J3);
r(pr+oavy) aK(Br+ay)
- SKa+Br  SKo+pBr
r(-y+oK)o Br(-y+oK)
SKa+pr  SKa+pr

>eigenvals(J3);
(OKBr—oary+pry—pri+(K*B2r’+2r2aySKP-28 KP2riy

—2pPrP K+t al Y+ 2t ay? p2riay B+ pArryt + 287 Py + Pt
A2 2Ky + AP TOKY — 4052 K2B) Y2 (5 Ka+Br)), (~5KPT
—ary+Bry-—pri- (KB r’+2rraySKB-28 KB rry-2p*r’sK
+rP ol +2r oy’ B+2rlay B+ Bt + 2Py + BArt -4 o’ ra? Ky

1/2
A2 TaKY—4ar2s?K2B) V(2 (5K o+ Br))

> (charpoly(J3, lambda))=0;
(0K +adKyr+aryr—ory?+3KABr+3KBr2+pr2ra+A2pr—rpry

~BrPy)I(8Ka+Br)=0
> egl :=(delta*K*alphatbeta*r)*(charpoly(J3, lambda))=0;
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eql =ad KA+ adKyr+aryr—ary?+3KABr+3SKBre+pria+A2pr
~Apry-priy=0
>collect(eqgl, lambda);
(BKa+Br)A2+(SKBr+ary—Bry+prA)i+adKyr—ory>+38Kpr?
~Bréy=0
>al:=coeff(lhs(eql),lambda,?2);
al.=0Ka+pr
> a2:=Factor(coeff(lhs(eqgl),lambda,l1));
a2=r(OKB+ay-By+pr)

> a3:=factor(coeff(lhs(eql),lambda,0));
a3 =(—y+3K)r(pr+ay)

a2 a3
The necessary and sufficient condition to have Re( A ) <0 is al <0and al 0.Inourcase al >

0, thus if @2 <0and a3 >0thenRe(2)<0.

> a2<0;
—r(—=ya-0KB-rpB+pPy)<0
>a3>0;
O<-r(y=-0K)(rp+vya)
. r oK o
a2 <0impliesthat —+—+ <1
vy v B

a3 >0 impliesthat 6 K-y >0

Let's consider the caser =0.3, K=5, a =0.2, v =0.6, 6 =0.1, p =02, x, =3, ¥, =1

>fl:=(x,y,r,K,alpha)->r*x*(1-x/K)-alpha*x*y;

fl:=(xy,rK a)erx[l—i)—axy

>f2:=(X,y,gamma,delta,beta)->-gamma*y+del ta*x*y-beta*y”2; ;
f2:= (X! Y, Vs 81 B) —>—Yy+8Xy—By2

>eql:=diff(x(t),t)=F1(x(t),y(1),0.3,5,0.2);;
eql = :t X(t) =0.3 x(t) [1 - é x(t)j —0.2x(t) y(t)

>eg2:=diff(y(t),t)=F2(x(t),y(1t),0.6,0.1,0.2);
eq2 := O(ljty(t) =—-0.6 y(t) + 0.1 x(t) y(t) — 0.2 y(t)?

>systl:=eql,eq2;

11



systl .= (;jt x(t) =0.3 x(t) (1 - :El) x(t)] —0.2x(t) y(t),

(;jty(t) =-0.6 y(t) + 0.1 x(t) y(t) — 0.2 y(t)?

>EqQP:=solve({f1(x%x,y,0.3,5,0.2)=0,12(X%,y,0.6,0.1,0.2)=0},{X,¥Y});
EgP :={x=0.,y=0.},{y=-3,x=0.},{x=5.,,y=0.},
{y =-0.1875000000, x = 5.625000000 }

>
DEplot([systl], [x(t),y(t)],t=0..50,[[x(0)=3,y(0)=1]],stepsize=0.1,lin
ecolor=blue);

>

gx:=DEplot([syst1], [x(t),y(t)],t=0..50, [[x(0)=3,y(0)=1]],stepsize=0.1
,1inecolor=blue,scene=[t,x(t)]):

>

gy:=DEplot([systl], [x(t),y(t)],t=0..50,[[x(0)=3,y(0)=1]],stepsize=0.1
,linecolor=red,scene=[t,y(t)]):

>display(gx,gy);

H
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Let's consider the caser =0.3, K=5, a =0.2, v =0.3, 6 =0.2, p =02, x, =3, ¥, =1

>eql:=diff(x(t),t)=F1(x(t),y(t),0.3,5,0.2);
aﬁ:=ixa):OBXU)(1—éxﬂ)j—02xﬂ)ya)

>eq2:=diff(y(t),t)=F2(x(t),y(t),0.3,0.2,0.2);
eq2 = gty(t) =—-0.3y(t) + 0.2 x(t) y(t) — 0.2 y(t)?

>syst2:=eql,eq?2;
syst2 := :t X(t) = 0.3 x(t) (1 - é x(t)j - 0.2 x(t) y(t),

;yurrnsya)+azmoy0)—02ﬂﬂz

>EgP:=solve({f1(x,y,0.3,5,0.2)=0,f2(%x,y,0.3,0.2,0.2)=0},{X,Y});
EqgP :={x=0.,y=0.} {y=-1.500000000,x=0.}, {x=5.,y=0.},

{y=0.8076923077, x = 2.307692308 }
>

DEplot([syst2], [x(t),y(t)],t=0..50, [[x(0)=3,y(0)=1]],stepsize=0.1,lin
ecolor=blue);

>

gx:=DEplot([syst2], [x(t),y(t)],t=0..50,[[x(0)=3,y(0)=1]],stepsize=0.1
,Iinecolor=blue,scene=[t,x(t)]):

>

gy:=DEplot([syst2], [x(t),y(t)],t=0..50,[[x(0)=3,y(0)=1]],stepsize=0.1
,1inecolor=red,scene=[t,y(t)]):

>display(gx,gy);
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Prey-predator model with food saturation

In case of prey population we can assume that develops according to the logistical model in the absence
of the predator and its increasing is reduced by a predation term

c(jjtx(t) =rx(t) (1 - XS)] = X(1) y(t) R(x(1))

X R(X) is the predation term. The predation term, which is the functional response of the predator to
change in the prey density, generally shows some saturation effect instead of a predator response of
bX or aX (which are linear) as in the above models. A suitable choise for R(X) is

ax

R() = X+b

In the case of predator equation we can take

d ny(t)
0 =py(0 (17

2
y . . .
The term h "y measures the predator intraspecies competition.

Thus we obtain the following prey-predator model (Holling—Tanner model)

d x(t)  ax(t) y(t)
dtx(t):rx(t)(l— K j— b+ x(1)

d ny(t)
g0 =py(0 (17

14



> restart:with(DEtools) ::with(linalg):with(plots):
Warning, the name adjoint has been redefined

Warning, the protected names norm and trace have been redefined and unprotected

Warning, the name changecoords has been redefined

>eql:=diff(x(t),t) = r*x()*(1-x(t)/K)-a*x()*y(t)/(b+x(t));

_d _ x(t) ) ax(t)y(t)
eql.—dtx(t)_rx(t)[l— K ]— b+ (1)

>eq2:=diff(y(D),t) = p*y(O)*(1-h*y(t)/x(D));

h
eq2 = g y(t) = py(t) (1= )

>Tl:=(X,y)->r*x*(1-x/K)-a*x*y/(b+x) ;

— X\ _axy
fl.—(x,y)—>rx(1 Kj b+ x

>f2:=(X,y)->p*y*(1-h*y/Xx);
hy

f2 :=(x,y)—>py(l—xj

>EqP:=solve({f1(Xx,y)=0,Tf2(x,y)=0},{X,y});
EqP :={y=0,x=K}, {y=RootOf(rh? Z?+ (-rKh+rhb+akK)_Z-rKb),

x=hRootOf(rh? _zZ?+ (-rKh+rhb+aK) _Z-rKb)}
>eq3:=Ff1(h*y,y)=0;

eq3::rhy[1—th— b+hy:0

>simplify(egl3);
~ hy(-rKb-rKhy+rhyb+rh®y*+ayK)

K(b+hy) 0

>solve(eq3,y);
rKh—rhb-aK+./rPK2h2+2r2h’Kb-2rK>ha+r2h?b>+2rhbaK+a? K>
O’ 2
2rh
rKh—rhb—aK--/rPK2h2+2r2h’Kb-2rK>ha+r2h2b?+2rhbaK+a? K>
' 2rh?

>a:=1:h:=4;r:=0.8;

>a/(h*r);

15



0.3125000000
>K:=5;b:=1;p:=0.2;

K:=5
b:=1
p:=0.2

>syst:=eql,eq2;

wﬂ::;xﬂ):OBxU)(l—;xU{}—Tiaﬁ?,;yﬂ):OZya)(l—

4yﬂ))
x(t)

>T1(x,y):F2(x,y);

5 1+X
4y
O2y(1— x)

> EgP:=solve({f1(x,y)=0,Tf2(x,y)=0},{x,Y});
EqgP :={y=0.,x=5.} {y=-0.3319713354, x = -1.327885341 },

{x=3.765385341, y = 0.9413463354 }
> J:=jacobian([f1(x,y),.f2(x,y)1.[x,yD):;

OBx[l—X)— Xy

0.8 — 0.3200000000 X — 2 —+ - _ %
Jo= 1+x  (1+X) 1+x
" 2
OB; QZ—lﬁy
X X

>J1:=subs(EqgP[1,1],EqP[1,2],eval(J));
Jl__[TOBOOOOOOOO -08333333333}

0. 0.2

>eigenvals(Jl);
-0.8000000000, 0.2000000000

>J2:=subs(EgP[3,1],EqP[3,2],eval (J));
1= -0.4463760629 -0.7901533814
"1 0.05000000002  -0.2000000000

>eigenvals(J2);
-0.3231880314 + 0.1559883906 I, -0.3231880314 — 0.1559883906 |

>
DEplot([syst], [x(t),y(t)],t=0..50,[[x(0)=2,y(0)=4]],stepsize=0.1,line
color=blue);
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>

gl:=DEplot([syst], [x(t),y(t)],t=0..50,[[x(0)=2,y(0)=4]],stepsize=0.1,
linecolor=blue,scene=[t,x(t)]):

>

g2:=DEplot([syst], [x(t),y(t)],t=0..50, [[x(0)=2,y(0)=4]],stepsize=0.1,
linecolor=red,scene=[t,y(t)]):

>display(gl,92);

>a:=1;h:=0.5;r:=1;

>a/(h*r);

>K:=5;b:=1;p:=0.2;

>
>syst:=eql,eq?2;
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o 1 X(Oy(t) d 05 y(1)
swL—mxﬂ)_ﬂﬂ(l—quﬂ— 1_er(t),dty(t)_O.Zy(t)(l— (1) ]
>Fl(Xx,y);f2(x,y);

Xy _ XY
X(l_Sj 1+x
05y
OZy(l—X]
>EqP:=solve ({f1(x,y)=0,f2(x,y)=0},{x,¥y});
EqgP :={y=0.,x=5.}, {x=-6.741657387, y = -13.48331477 },

{y=1.483314774, x = 0.7416573868 }
> J:=jacobian([T1(x,y),.f2(x,y)1,.[x,yD):;

L2 Y Xy X
S 5  1+4x  (1+x)?  1+x
T 2

Oigy O.2_0.20y
X X

>J1l:=subs(EgP[1,1],.EqP[1,2],eval(Jd));
[-LOOOOOOOOO -Q8333333333}

0. 0.2

>eigenvals(Jl);
-1., 0.2000000000

> J2:=subs(EqP[3,1],EqP[3,2],eval(J));
5.z 0.2143381587 -0.4258342613
"1 0.4000000003  -0.2000000000

>eigenvals(J2);
0.007169079350 + 0.3569519256 1, 0.007169079350 — 0.3569519256 |

>
DEplot([syst], [x(t),y(t)],t=0..1000, [[x(0)=5,y(0)=3]],stepsize=0.1,li
necolor=blue);

|
|
|
f
|
]
|
I
I
I
|
I
|
i

18



gl:=DEplot([syst], [x(t),y(t)],t=0..200, [[x(0)=5,y(0)=3]],stepsize=0.1
, 1inecolor=blue,scene=[t,x(t)]):

>

g2:=DEplot([syst], [x(t),y(t)],t=0..200, [[x(0)=5,y(0)=3]],stepsize=0.1
,1inecolor=red,scene=[t,y(t)]):

>display(g1,92);

>
DEplot([syst], [x(t),y(t)],t=0..1000, [[x(0)=0.7,y(0)=1.4]],stepsize=0.
1,1inecolor=blue);

>

gl:=DEplot([syst], [x(t),y(t)],t=0..300, [[x(0)=0.7,y(0)=1.4]],stepsize
=0.1, linecolor=blue,scene=[t,x(t)]):

>

g2:=DEplot([syst], [x(t),y(t)],t=0..300,[[x(0)=0.7,y(0)=1.4]],stepsize
=0.1,linecolor=red,scene=[t,y(t)]):

>display(gl,92);
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