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GL(2, R)-orbits in a competing species model
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Abstract. A particular model with two parameters describing the dynamics of two
competing species is analyzed from algebraic viewpoint involving the GL(2, R)-orbits.
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1 Introduction

In this paper we study a particular family of planar vector fields modelling the
dynamics of two competing populations and corresponding to a couple of similar
species of animals which compete with each other for a common food supply.

The competition between two species is modelled by the competitive Lotka-
Volterra system

1 = xi(r —ane — apxa),
(1)

&y = x2(ry — a1z — axrs),

where x1, 9 represent the number of the populations of the two species, r1, 7o,
represent the growth rate of the species, and a;; > 0, 4,7 = 1,2, represent the
competitive impacts of species j on the growth of species i.

The model we study in this paper is proposed as an application by M. W. Hirsch,
S. Smale and R. L. Devaney in [2] and has the form

1 = z1(a—z1 — axs),

(2)

j}2 = :Eg(b—bl‘l—:Eg),

where x1, xo represent the number of the populations of the two species, and a and
b are positive parameters. The system (2) is a particular case of (1).

In [3] the equilibrium points are found and the phase portrait and the parameter
portraits are determined. Herein we determine the GL(2, R)-orbits of the system (2)
and construct the corresponding Lie algebra. Then we determine the first integrals
of the system (2) for particular values of the parameters a and b.
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2 GL(2, R)-orbits of the system (2)
In the tensorial form the system (2) reads
il = al 2% + aiﬁa:amﬁ, (J,a,0=1,2). (3)
The dimensions of the GL(2, R)-orbits of the system (3) are given by

Theorem 1. [1]. The GL(2, R)-orbits of the system (3) has the dimension:
4, if K5(Ko + f8) # 0,
OT'K5§é07 K9+6507 K, %07 W1§é07
or K 20, Kg+3=0, K1 =0, Ko Z0, Wy #0,
or Ks =0, K1 20, I #0;
3; ZfK5§é07 K9+6507 K1¢07 leov
OTK5§—£07 K9+/3507 Kl EO7 K2§—£07W2:07
OT'K5§é07 K9+6507 Kl EO) K2EO7K7¢07
O’I”Kg,EO, K1§_’30, 1420, Kgiéo;
2) ZfK5§—£07 K9+/6£07 K1507 K2507 K7EO7
0’/“K5EO, K1§é0, 14:0, KQEO,
or Ks =0, K1 =0, Ky # 0;
0, ifK5EO, KlEO, KQEO,
where ﬂ = 27[8 - Ig - 18]7, Wl = K1(2K11 — [1K5 - 2K1K2) + KQK@,
Wy = 3KyKy — 2K3K5, the invariants I, Iy, Iy, Ig, Iy and the comitants
Ky, Ko, K5, K¢, K7, Ky, K11 having the forms [6]:

L=a), I, = a;agqag,yepq, I; = af,‘,agqa%qusrs, Ig = af,‘,,agqagsagyepqem,
Iy = ag‘ragqa%ai(;qusm, K1 =agg, Ky =ahax®e?, K3 = agagwxv,
Ky = agﬁmaxﬁxpapq, K¢ = agﬁaféaﬂx‘s, K7 = ag‘yafléw“’x‘g, Kg = agpagqalﬁx‘S’
K = agagﬂ/:nﬁx'yznqepq.
For system (2) we have ai = a, a} =0, a? =0, a2 = b, a}; = —1, al, = —a/2,
a%Q =0, a%l =0, a%Q =-b/2, a%Q = —1. Therefore, in our particular case, we obtain

1
hi=a+b Iy=7(2+a)(a-b)2+D),

I = —a*/4+a/2 — 3a®b/8 +ab/2 + b/2 — a*b* /4 — 3ab®/8 — b? /4,
Ig=—a%/4+a/2 —a®b/8 4+ b/2 — a®b? /4 — ab® /8 — b? /4,
Io=—(a+2)(b+2)(a+b+2ab—4)/8, Ki=—(1+b/2)z — (1+a/2)y,
Ky = (a—b)ay, Kz=—(a+0b/2)x — (b+a*/2)y,

Ks = (b—1)2%y — (a — Day?, Ko = (1+b/2)2* + (a + ab+ b)zy + (1 +a/2)y?,



GL(2, R)-ORBITS IN A COMPETING SPECIES MODEL 103

Kr = (1+b?/4)2% 4 (a + ab/2 + b)zy + (a®/4 + 1)y,
Kog=(1—ab/2—b/2)x — (1 —a/2—ab/2)y, K11 = (b* — a)zy + (b — a®)xy?,
B =-20b-1)>%*a—1)% W =2*y*(a+b+2ab—4)(a —b)/2,
Wy = (a + 2ab + b%/4 4 3ab? /4 — b* — 3b)z>y + (5a®b/2 — 5ab® /2 — 2b 4 2a)x?y*—
—(3a%b/4 — a® + b — 3a + a®/4 + 2ab)xy?,
whence, the theorem holds

Theorem 2. GL(2, R)-orbits of the system (2) has the dimension:
4, ifa#lorb+#1,
2, ifa=b=1.

3 The parametric portrait and the phase portraits for
the system (2)

The number and the nature of the equilibrium points of the system (2) are
studied in [3]. Namely, from the biological viewpoint (z,y > 0) and for a,b > 0,
in the parametric portrait there are 12 strata (Fig. 1), i.e. there are 12 topological
nonequivalent corresponding phase portraits (Fig. 2).

Fig. 1 The parametric portrait
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Fig. 2. Phase portraits for (2)

Remark 1. The case 11 in Fig.2 corresponds to the orbit of dimension 2, and the
others to the orbit of dimension 4.

4 Lie algebras and some first integrals of the system (2)

To complete our algebraic investigation of the system (2), we attempted to con-
struct Lie algebras for each system from Section 3. We supposed that system (2)
admits the Lie algebra corresponding to the linear group of transformations having
as generator the operator [5]:

0 0
X_&%—i_&a_y’ (4)

where
& =Ar+By+C, & =Dx+ Ey+ F.

It was found that the only system which admits such an algebra correspond to the
orbit of dimension 2. One can verify using CSA Mathematica or Maple that the
system (2) on the orbit with dimension 4 does not admit such algebra. Similarly
we have found that this systems does not admit Lie algebra having as generator the
operator (4) with coefficient vectors as follows:

1. &= A1x2 + Asxy + A3y2 + Ajgx + Asy + Ag,

& = lez + Boxy + Bgy2 + Byx 4+ Bsy + Bg;

2. & = A12® + Aoy + Aszy® + Agy® + Asx + Agy + Ar,
&9 = B12® + Box?y + Bswy® + Byy® + Bsx + By + Br;

3. 61 = A1x4 + Agaz?’y + A3x2y2 + A4xy3 + A5y4 + AG.%' + A7y,
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& = Biz* + Boa®y + Bsz®y® + Byxy® + Bsy* + Bex + Bry;

_ Az + By + Ch
D1x+E1y+F1’

_ Asz + Boy + Co

4. = .
& Dox + Eoy + Fy

)

Assume that 2! =z, 22 =y. So, following [3] we have considered the cases:

1. The system (2) for a = b = 1 corresponds to the case 11 (Fig.2). As this system
is on the orbits with dimension 2, it admits the one-dimensional Lie algebra with
0 0
operator X = —aza—+aza—. By means of this operator the first integral F; = y_ Ch
x Yy x

was found.

2. The system (2) for a = b = 0 corresponds to the case 0 (Fig.2). It admits the
1
first integral Fo = —— + — + Cy = 0.
y

3. The system (2) for a # 0, b = 0 corresponds to the case 1 (Fig.2). It admits
the first integral

F3 = <y“ <—§> r (—a, —3) ar — y* <—§> I'(—a)ax + e%aya + Csax—

a 1
—eyyazlt)a L=t =o.

4. The system (2) for b # 0, a = 0 corresponds to the case 7 (Fig. 2). It admits
the first integral

b b
Fu = (:pb <—g> I'(-b)by — 2 (—%) T (—b, —%) by — bes b + Oy by+

Remark 2. The integrals F; - F4 can not be expressed by center-affine invari-
ants and comitants of the system (2). Moreover, integrals F3, F; contain Gamma-
functions.

Remark 3. For the system with ab # 0, a # 1 and b # 1 the authors were not able
to find the first integral.

Throughout the paper the Computer Algebra Systems Maple 9.5 and Mathema-
tica 5 were widely used.
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