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conditions on food and / or mortality. We propose a model that describes the corresponding
dynamic and by a linear stability analysis of homogeneous solutions and can identify
and interpret the region of parameters where these patterns are stable. Then we test
numerically these preliminary results and find stable patterns as solutions. Finally, we
developed a simplified model allowing us to understand in greater detail the processes
involved.
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1. Introduction

It is known that many species aggregate to form populations of interrelated individuals. The reasons are generally
attributed to benefits made when defending against predatory attack and foraging that are superimposed over the
corresponding damage by increased competition or disease transmission associated with aggregating [ 1]. Various structures,
seen on a scale that far exceeds the size or even the range of interaction of individual, have surprised more than one observer.
For many species dynamics, such as those of some insects, birds, fish, mammals and even crowds of people, these forms can
be explained from three simple rules of interaction between individuals: (a) move away from very close neighbors; (b) adopt
the same direction as those that are close by and (c) avoid becoming isolated [2]. This (a) implies repulsion, (b) imitation and
(c) attraction, effects that are enabled within a certain range of actions. However, the three rules are not equally important
in all cases. Sometimes there are more static structures where (b) loses relevance in relation to the other two, being the
pattern most affected by the food source than by the movement [3,4]. Conversely, appropriate predictions on how the
collective motion (which may be driven by climate change, foraging or defense of a predator) have been made by placing the
emphasis on (b) [5]. The models proposed to describe these behaviors are divided into two types: (a) the Lagrangians [6] that
focus on individual behavior and Eurelians [7] pointing at a global description. While both strategies can complement each
other, the Lagrangians are more appropriate for describing populations of individuals with limited number and relatively
large size (birds, fish, mammals, etc.), and the Eurelians, the opposite (microorganisms). In this paper we want to propose a
strategy to study the effect of rules (a) and primarily (c) in relation to access to food and mortality. To do this we resort to a
mean field model in the framework of reaction diffusion equations with variable diffusion coefficient (Eurelian). This context
has been used to model the dynamics of populations of different species [8]. While local interactions between individuals
and the environment are described by a nonlinear term, transport is modeled by a diffusion term. Many of these studies
have reported successful results in this regard, such as: displaying pattern formation by the effect of local interactions [9]
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and non-local [4], both considered in the nonlinear term. In contrast, the explicit effect of aggregation has been considered
mainly from Lagrangian models proposing simple rules of interaction similar to those already mentioned and then the
collective processes are simulated [6]. Thus, we characterized simultaneously, gregarious effects ordering, access to the food
sources and mortality. Our approach can help formalize the link between the above simple rules of individual interaction
and the resulting self-organized collective behavior. As already mentioned, by now we focus our attention on rules (a) and
(c), leaving (b) for the future. We are not wanting to characterize a particular case, but families of models that attempt
to describe patterns in populations of many aggregated individuals, whose sizes are much smaller than the characteristic
length of inhomogeneity (for example, microorganisms).

With this expectation, we introduce as a nonlocal effect rules (a) and (c) (these rules may be triggered by senses such as
smell, vision, hearing or a chemical process to microorganisms and insects). Unlike Ref. [4]; we incorporate this effect (called
by us the gregarious instinct) in the diffusion term, as a result of a current-driven mean field generated by the tendency of
individuals to separate (rule a) or join (rule c). To do this we use a strategy similar to the one applied in Refs. [10,11].

Nonlocality of the phenomenon described here is from a different origin to the cases studied previously [4]. In such cases
this effect is generally introduced into a term that represents the competition by resources, enhancing it by decreasing the
distance between the competitors. In our study, the nonlocal effect, nothing more than the tendency to move away from
very close neighbors or congregate them when individuals are widely separated (rules a and c). To clarify this, we visualize
the gregarious instinct among individuals from a given population as a force that tends to collect them, when they perceive
that they are away from each other and, on the other hand to move away when they are closer to each other.

This kind of force is more effective when individuals are closer together; however, if they are too close it causes the
opposite effect. In particular, we investigate possible effects of such an instinct over a population of individuals characterized
by a normalized density @ (x, t) (times t and position x, with 0 < @(x,t) < 1) requiring a resource M to continue its
existence and competing for the same when it is scarce. We have been inspired by the Van der Waals forces and a mean
field type approach to represent it. In Section 2 we propose an appropriate model for our study. In Section 3 we show
results of the linear stability analysis of homogeneous solutions and pattern formation by the effect of gregarious instinct.
In Section 4 we turn to a simplified model that allows analytical results and thus conceptual clarity. And finally in Section 5,
we present our conclusions.

2. Model

A typical equation describing the dynamics of a population like the one from above, but with the absence of gregarious
instinct and one-dimensional case is (Fisher’s equation):

P _ M —awyp— Lo? 22 (1)
— = —o)d — = —_—
ot M 0x?

B represents the efficiency with which the resource is used, « is a coefficient of mortality and D the diffusion coefficient.
The term — %CD(X, t)? expresses the competition between individuals by resource, and puts a ceiling on population growth.
As far as M is smaller, the ceiling is lower.

To consider the gregarious instinct, we propose a potential interaction that reflects both repulsion and attraction (other
forms such as a simply square repulsive plus an attractive square part produce the same qualitative effects):

u(r) = IR |:ex (—ﬁ) — Uy ex (—ﬁ>:|
B ﬁ(ra - urrr) P Tf ' P rr2 '

Here r is the distance between individuals, r, the midrange of the gregarious instinct (agglutinating) and u,
the corresponding interaction energy, r. the midrange of repulsive effect caused by excessive proximity and u, the
1

corresponding energy, but on u, (it is considered u, < 1). Factor TeGia) is introduced so that f0°° u(r)dr = 1. Since

we intend to explore situations in which r, > r,, we can approximate u(r) as:

u(r) = _\/_%EXDE—G—%)‘

The average effect of this interaction can be expressed with a mean field functional whose form is calculated as:
Up(x) = / dx'u(x — x)® (x).

This strategy has been used before in different contexts [12-14,10,11]. Thus, the force that is caused by —V Uy (x), drives
a current that tends to bring individuals together. Using Einstein’s relationship and the fact that current can only moves
to vacant sites we obtained: ] = —&(1 — dﬁ)k% aaif. Then, this effect is introduced to the system by adding —V.J to the
Eq. (1), which finally can be written as:

Bl y o o[ 00
— =M —a)® — —®* 4+ D— | D" —

(2)
ot M 0x 0x



S.E. Mangioni / Physica A 391 (2012) 113-124 115

withD* =1 — @(1 — @)s. Here e = —k% 33:;3’ measures the intensity of the gregarious instinct, is positive and generally
25,2
depends on the profile @ (x), but for the particular case of a harmonic profile ¢ = gy exp(— ok ), with ¢g = #% and k

4 kpT
the wave number. We choose ¢g as a control parameter for the gregarious instinct. As we can see, with this stra‘gegy, the
gregarious instinct is incorporated as part of an effective diffusion coefficient that contributes with the opposite sign to that
expected for a real process of diffusion. This not only hinders the diffusion process, but in cases where the gregarious instinct
exceeds the first one, making D* negative could fuel the construction of inhomogeneities.

The nontrivial stationary homogeneous solution (SHS) of Eq. (2) isw = M(BM — «)/y (w = 0is an unstable solution). If

we define T = y /M and & = x/Lgigr, where Lyir = , / % is a diffusion length; and also, we redefine r, as ﬁ and k as KLgig;

then, Eq. (2) can be dimensionless:

ot 0& &

This is a reaction diffusion equation with special variable diffusion coefficient, since D* can be negative for a certain
region of values of the field @. This possibility will depend on the intensity of the gregarious instinct and does not imply
a contradiction thermodynamics, since the basis for such a possibility is a agglutinating impulse caused by forces that are
attractive. The shape of this diffusion coefficient is a parabola with a minimum at @ = 0.5 and whenever ¢ > 4 there is a
region with D* < 0. This arises out of nothing in @ = 0.5 (¢ = 4) and widens with increasing intensity of the gregarious
instinct, i.e. that region, we call the gregarious instinct domain, -GID-, when it exists, is centered at @ = 0.5. We hope that
any small inhomogeneity which originates in the GID will grow and develop. We do not know if this will finally be stabilized.
However, based on the results shown in Refs. [10,11], we can assume that if the stationary homogeneous solution w falls
into the GID, it will be unstable against inhomogeneous perturbation and then a pattern should be stabilized. A situation to
note is that this change of variables suggests that when the resource is large, processes are slower and uniform solutions
are expected (Lgifr increases with M).

9 8[*8¢]
o (w-®)®+ — D —|. (3)

3. Instability of the homogeneous stationary solution and stable pattern

As a first assessment, we believe that if a SHS can be destabilized by a inhomogeneous linear small perturbation, then it
is expected that a pattern can grow and stabilize. Due to it, we disturb the SHS with §® = §®, exp(£2,7) exp(ik§), being
8@y < w. Thus we obtained the following condition so that SHS could be destabilized by the perturbation:

2= —w—K[1—cw(l —w)] >0 (4)

21,2

with e = gg exp(— r”f ). From this expression it is clear that for this option to exist, the SHS should be located in the GID.
Then, with £2;, = 0 and 9, £2; = 0 we found the first mode able to destabilize the SHS:

k2=—§+%,/a)(a)+8/r§). (5)

As can be observed, when the midrange of the gregarious instinct tends to infinity, the first mode able to destabilize
the SHS corresponds to k = 0, but to the extent that r, is restricted to a limited area to the immediate environment of the
agent (like what is expected to happen), the value of the first mode able to destabilize the SHS grows as the inverse of that
midrange. Replacing k? in condition (4) a relationship is obtained that marks the boundary of the region where a pattern
could be stabilized. Fig. 1 shows this region in the plane &g vs. w, in Fig. 2 in the plane &g vs. k, in Fig. 3 in the plane &g vs. M,
in Fig. 4 in the plane r,/Lgigr vs. @ and in Fig. 5 in the plane &g vs. 1y /Lgjgr.

First, all the curves found confirm that there is a region of parameters where the SHS can be destabilized by a small
inhomogeneous perturbation. From Fig. 1 (go vs. w) we see that as the system is far enough from the central part of GID;
the requirement that the gregarious instinct enable the destabilization of the SHS, becomes excessive. We also note that for
a small midrange (r, ~ 0.001) the curve tends to be symmetric about the center of the GID. (¢ = 0.5), but for r, higher
(rq ~ 1), this symmetry is lost. Although & vs. M (Fig. 3) shows a similar behavior; for this curve, the symmetry is lost for r,
small, i.e. the reverse of the previous curve. On the other hand, Fig. 2 shows that when the midrange is small the unstable
region moves to k largest and its size increases considerably. Fig. 4 not only shows that, as expected, the size of this region
increases with the intensity of the gregarious instinct; but that it is limited by the midrange. This is consistent with the
curves of Fig. 2 showing that this region tends to disappear when r, is large enough. Finally Fig. 5 shows that a higher mid-
range also requires more intense gregarious instinct for the SHS and can be destabilized by an inhomogeneous perturbation.
It is worth mentioning that the effective diffusion coefficient evaluated at @ = w always holds negative on the unstable
region including its boundary.

The reason why losses in the symmetry of the curves gq vs. £2 for a large midrange and why it happens in reverse to
the curves gy vs. M has an explanation. In order to obtain such an explanation we need to resort to some approximations,
one for r, small and one for r, large. Thus the first mode able to destabilize the SHS (see Eq. (5)) for r, < 0.001 satisfies:
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Fig. 1. Unstable region, where a pattern is likely to grow and stabilize. Gregarious instinct intensity &y vs. homogeneous solution w. Lower curve
> 1, = 0.001, middle curve — r, = 1and upper curve — r, = 3.
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Fig. 2. Unstable region above of curves, where a pattern is likely to grow and stabilize. Gregarious instinct intensity &g vs. first mode destabilizes k. Right
curve — r, = 0.1, middle curve — r, = 1 and left curve — r, = 3.

k? ~ \/8w/rs; and forr, > 3,k* ~ 4/r§.Then; replacing in Eq. (4) and by §£2, = Owe find: &g = m for the first case and,
1+0.250r2

(
& = w“—_w)e1 for the second. Both expressions fit very well with the corresponding curves in Fig. 1. The first is symmetric
and the second is not. The opposite behavior of &g vs. M is that w is a quadratic form of M. When this form is replaced in

calculated expressions, symmetry is restored for the second case and it is lost for the first.

To corroborate the results of our analysis we proposed cases into the unstable region and others outside of it and we
solved numerically the Eq. (3) disturbing the SHS with a profile like the one used for the linear stability analysis (we
proposed periodic boundary conditions). For points located in the unstable region, a pattern grew to stabilize in a profile
about harmony. An example is shown in Fig. 6 [15]. While for points outside this region, the perturbation was quickly
homogenized. We also tried to start the evolution from the center of the GID to points under both circumstances. Initially,
it always showed a fast growth of the amplitude of the profile, regardless of whether or not SHS is linearly stable. If this is
true, then an approximately harmonic pattern is stabilized. And if it is not, after such a long period of subsistence, which can
become apparent stability, this pattern is rapidly homogenized. This last case occurs around the average value which varies
the pattern approaching the limit of the GID and of course when a big part of the pattern has invaded the other domain
(DDP), like if the pattern was attracted to that domain to be finally eliminated. Something similar was reported for a context
of adsorption on surfaces with lateral interactions [10,11].
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Fig. 3. Unstable region, where a pattern is likely to grow and stabilize. Gregarious instinct intensity &y vs. the support M. Lower curve — r, = 0.001,
middle curve — r, = 1 and upper curve — r, = 3.
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Fig. 4. Unstable region below of curves, where a pattern is likely to grow and stabilize. Mean gregarious instinct range r, vs. homogeneous solution w.
Lower curve > gy = 5, middle curve > &y = 7 and upper curve — &y = 10.

4. Simplified model and pattern stability

Considering the fact that the inhomogeneous solutions we have found are approximately harmonic with a profile
oscillating around a constant value @y, and using the same idea that used in Ref. [11], we introduced in the Eq. (3):

PD(1,8) = Po(7) + 8Pi(7) sin(ks).

Then, we consider that the main aspects that matter for the construction of the pattern are described by what happens at
zero and at the ends of the profile (maximum, minimum and inflection point). Finally, after some combination of the three
equations for each of these three points [11], we obtained two equations describing the evolution of ug(t) = ®o(r) — 0.5
and 6Py (7):

0: P = Qu, (6)
;8P = Q- — K’D33 Py (7)

To write these equations, we define: Q = (w — @)@ (see Eq. (3)) and consider that all functions with suffix + are evaluated
at the maximum, suffix — evaluated at the minimum and suffix 0 in the zero profile; then, Q, = % + Qo, Qr = %
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Fig. 5. Unstable region, where a pattern is likely to grow and stabilize. Gregarious instinct intensity gy vs. mean gregarious instinct range r,. Lower curve
+ w = 0.3, middle curve — w = 0.5 and upper curve — » = 0.7.
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Fig. 6. Stable pattern calculated for a point in the stable region (® vs. &). w = 0.5, g9 = 5, k = 2007 and r, = 0.001.

and D;f = Di;Di.Well,
Qu=2uo(uo+l—w)+5¢,f—w+%, (8)
Q =—Quo+1— w)éPy, 9)
D = e(uy + 8P, — p). (10)

The parameter p = § — 1 comes after writing the effective diffusion coefficient like D*(®) = (& — 0.5)?> — p, and its
importance lies in the fact that this indicates the possibility of existence of a GID. If p > 0 there is a region of the field @
where D* < O0and if p < 0is not.

To the homogeneous solution (§&;, = 0), the homogeneously stable root of Q,(®y) = 0 and Q(®g) = 0 is the same
@y = w. Then, observing this pair of equations of evolution one expects that (6) tries to drag &, to w and (7) in a bid to
grow and then support the pattern, “tugging” of the maximum toward up and “pulling” down of minimum. If w is located
in the DDP finally the pattern is removed. Conversely, if w is located in the GID, this will stabilize. This is verified following
the evolution of equations for each case. Fig. 7 presents the case for a stabilizing pattern (the SHS is in the GID) and in Fig. 8
the case in which a pattern is not stabilized (the SHS is in the DDP). Since evolution is started from the GID, in both cases a
pattern gets built, but only stabilizes that of Fig. 7. By contrast, for that whose SHS is in the DDP, when ®,(t) achieves such
a domain, the pattern is quickly homogenized and the evolution of @ (), @y(7) and @_(7) overlap from that moment on.
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Fig. 7. Evolution of the pattern to a point of instability for stationary homogeneous solution (SHS). From top to bottom, evolution of @, ®,, @_ and § Py
for a point in the stable region. w = 0.5, &y = 5, k = 2007 and r, = 0.001. Initial condition: ®; = 0.5 and §&; = 10~°. The GID is between the two
horizontal lines and the DDP above and below them.
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Fig. 8. Evolution of the pattern to a point of stability for stationary homogeneous solution (SHS). From top to bottom, evolution of @, ®,, ®_ and 6Py
for a point in the unstable region. w = 0.8, &, = 5, k = 2007 and r, = 0.001. Initial condition: &y = 0.5 and §®;, = 107°. The GID is between the two
horizontal lines and the DDP above and below them. It is noted that &, (t), ®o(7) and @_(t) overlap when @, (t) reaches the boundary between the GID
and the DDP.

This behavior is the same as the one observed for the evolution calculated with Eq. (3). On the other hand, the amplitude
of the pattern calculated with this equation differs from 6@, by a factor >~ 0.5. Whereas in the extended case the profile is
pulled from all points, while the simplified model only proposes tugging at their ends, this difference being acceptable.
With the support of these previous results we consider that this simplified model properly expresses the phenomenon
described by the Eq. (3). Thus we interpret that a linear stability analysis of solutions of simplified model is also a linear
stability analysis of the pattern. The stationary solutions of the Egs. (6) and (7) can be calculated analytically and they are:

1 1
uB:w—1+A+\/Z—a)(l—a))+—+C, (11)
&

withA = Z-and C = -, [3(1 —w) + ﬁ] terms negligible when k is large enough; and
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Fig.9. Stability curves exact pattern and others. A1, A,, §®; and D* vs. w. &g = 5,k = 2007 and r, = 0.001. A; and A, were rescaled to make the curves
comparable on the same graph. For this value of k, overlap exact and approximate curves. D* < 0 corresponds to GID and D* > 0 to DDP.

0.3 4

0.2 +

0.1+

0.0

-0.1

-0.2

\

T T T T T T T T T T T 1
0 200 400 600 800 1000 1200
k

Fig. 10. Stability curves exact pattern and others. A;, Ay, §®; and p vs. k. 5o = 5, w = 0.5 and r, = 0.001. A and A, were rescaled to make the curves
comparable on the same graph. For values of k > 4, overlap exact and approximate curves.

1
8(Df<=\/a)—§—2uf)(uf)+1—w). (12)

We consider acceptable solutions to those that satisfy the condition, such that §@;}, being real, —1 < uj £ 6P, < 1.
Then a linear stability analysis [ 16] of these solutions leads to:

_a+d
2

A

+ %\/(a—i—d)z — 4(ad — bo). (13)
With

a=2Quy+1—w), b=-250;
c = —2(1+ eulk*)so;,
d=2u} +1—w—kGesdS + eud’ — p).
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Fig. 11. Stability curves exact pattern and others. Ay, A, §®}; and D* vs. M. &g = 5, k = 2007 and r, = 0.001. A and A, were rescaled to make the
curves comparable on the same graph. For this value of k, overlap exact and approximate curves. D* < 0 corresponds to GID and D* > 0 to DDP.

As we drove with the hypothesis that k* >> 1, we found an approximate expression that fits well in the range of k that
we study. Thus the stable pattern must satisfy the following two conditions:

A= K2 [p — (3803 + uf,z)] <o, (14)
S k?
Azzw—1—2u3(1+8A—"><o. (15)
1

By condition (14) one might conclude that the pattern should be stable p < 0, however, is quite the opposite. This is
made explicit if replacing uj, for its equivalent of Eq. (11):

Ay = —k*[4p + ¢B] < 0. (16)

With B = 20(3 — 2w) — 3 + 4(1 —a))\/}l —o(1—w)+ 1.
Then we plot these results as a function of the parameters that characterize the model. In Fig. 9 we show A4, Ay, §&;
and D* vs. w. We note that the destabilization of the pattern is produced by A; when w is within DDP. Simultaneously, 8<D,§2

becomes negative and then § @;, (real part / 6@;2) vanishes. We also note that it is higher when closer to the center of where

the GID is w located. In Fig. 10 we show A1, A,, ®; and p vs. kLgisr. We note that for large k, destabilization of the pattern is
due to A1, while for very small k it occurs for A,. Of course, this band of k changes by varying the other parameters, above all
widening when &g grows and shrinking when the midrange of the gregarious instinct increases. However, the main features
shown in this figure are held. In Fig. 11 we show the same parameters as in Fig. 9, but varying M. So we show that when the
resource is such that the effective diffusion coefficient is negative, a pattern is stabilized. Then, in Fig. 12 we observe that
the parametric region where a pattern can be stabilized is limited by the midrange of the gregarious instinct. This should
not exceed a maximum value, which grows with the intensity of that instinct and decreases with k. It is also noted that the
amplitude of the pattern increases with &. Finally, also, in Fig. 13, we plot A4, A,, 8@}, @0 and p vs. go. Provided thatp > 0,
a pattern can be stabilized.

5. Conclusions

In this paper we characterize the gregarious instinct as the tendency of certain types of individuals (or organized
structures) to join when they detect each other. We believe, as in Ref. [2], that the ability to detect each other depends
on the proximity between individuals. If these individuals are too far apart they can not be detected among them. However,
as in Ref. [2] we also consider that excessive proximity generates rejection. Therefore there is an intermediate range of
separation between individuals where the gregarious instinct works. Then we see that this characterization can be properly
described by a force like the one from Van der Waals and so defining a kind of energy of interaction between individuals we
call &g. The measure of this parameter depends on the type of individual that it is intended to describe; but beyond this, at
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Fig. 12. Stability curves exact pattern and others. A, (solid line) and §®; (dash line) vs. r,. A; bottom-up and §&; up-bottom: @ = 0.5 and gy = 5, 4.2
and 4.02. k = 1007r. A; was rescaled to make the curves comparable on the same graph. For this value of k, overlap exact and approximate curves.
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Fig. 13. Stability curves exact pattern and others. A;, Ay, 8P}, P and p vs. 9. w = 0.5, k = 100 and r, = 0.001. A; and A, were rescaled to make the
curves comparable on the same graph. For this value of k, overlap exact and approximate curves.

least, to describe the qualitative effects of gregarious instinct on this population of individuals. As mentioned in Section 2,
qualitative results are independent of the model used to describe the interaction between individuals. A proof of this is
that if a simple square potential instead of the form already used is proposed, the changes are minor and the qualitative
results are the same. For a square interaction potential and a harmonious Fourier profile used for stability analysis of the
SHS, ¢ = eos'”ri—r;jk), nevertheless, this does not produce qualitative changes in curve §2; vs. k. In Fig. 14 we show £2; vs. k for
both proposals. You can see it is apparent that in both cases SHS is destabilized for a certain band of values of k.

Thus, we could recreate the possible consequences of this phenomenon by calculating the average effect of gregarious
instinct on the population of individuals. We saw that the attractive mean field generated by the set of individuals drives
them to coalesce (the opposite effect of the diffusion process). We adopt a simple system of individuals that depend on a
homogeneous and continuous resource to survive, with a natural mortality rate and a term of competition for the resource
that puts a cap on unlimited population growth (Fisher’s equation). Then we write this model as reaction diffusion equations
whose stationary solutions are homogeneous. For all these ingredients, whose result is known for a long time [8], we
incorporate the gregarious instinct in the way we have said. Using a strategy already applied in another context [10,11],
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Fig. 14. 24 vs. k. Comparison between the two proposals for interaction, square potential (thick line) and exponential potential (fine line). &g = 4.17,
w = 0.4andr, = 0.001.

we saw that this instinct can be expressed as a negative part of an effective diffusion coefficient (D*), that even can convert
it to negative. It is clear that this coefficient should not be interpreted in the usual context of thermodynamics, since it
represents two opposing phenomena. The real diffusion which tends to homogenize and the tendency to agglutinate caused
by the gregarious instinct. The interesting thing about this proposal is that it could show how the gregarious instinct can
lead to the construction of inhomogeneities if certain conditions are given. The main thing is that for some region of the
field, D* becomes negative. Provided that the homogeneous stationary solutions (SHS) are located in that region, which we
call GID, a pattern can be stabilized. We first made a linear stability analysis of SHS and detected the region of parameters for
which the SHS is unstable against inhomogeneous perturbation. We searched these regions and we found stable patterns
as solutions of our system. Then, supported by this preliminary result, and inspired by a recent paper [11], we developed
a simplified model that not only allowed us to reproduce the qualitative aspects of the construction and stabilization of
the pattern, but also a linear stability analysis whose analytical results obtained led us to clarify the understanding of the
phenomenon. We could confirm that for a pattern to stabilize the SHS actually must be located within the GID. Then, as
the SHS depends on the resource, through this relationship, we showed the effect of the amount of resource on the system,
whose change is likely to cause a transition from a homogeneous state to a pattern. We note that the bandwidth where it
is possible that one of these patterns is stable increases with the intensity of the gregarious instinct and decreases with its
midrange. Moreover, if the last is large enough, it disables the possibility of a pattern.

This work is a first step in implementing this strategy to study the possible effects of gregarious instinct in communities
whose livelihoods depend on a resource that is homogeneous and constant over time and in which the effects of rule (b) are
dismissed with respect to (a) and (c). One of the possible next steps is to relax these conditions.
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