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Abstract:  We introduce a method to improve maps by means a death rate greater then the birth, the logistic model
adding prior informations and/or constraints. The methogresents unbounded growth.
starts from an initial map model, wherefrom a likelihood Some authors work out a new definition of carrying ca-
function is defined which is regulated by a temperature-likgpacity. Gabriel et al. [3] discussed this scenario using a
parameter. Then, the new constraints are added by the usereftriction for the region of validity of the equation model
Bayes rule in the prior distribution. We applied the methodFirst, these authors showed that settiign function ofr,
to the logistic map of population growth of single species.in such a way tha#{ and» have the same sign, would be
We show that the population size is limited for all ranges ofenough to solve the Levins’ paradox. But, this gauge would
parameters, allowing thus to overcome difficulties in inter bring difficulties to interpref{, since a negative carrying ca-
pretation of the concept of carrying capacity known as theacity makes no sense. Therefore, in a second step, the au-
Levins’ paradox. thors redefined the carrying capacity s, = lim;_ . NV
in such way thati,, is greater then zero far > 0 and
zero forr < 0, keepingK as a simple model parameter with
1. INTRODUCTION SIgn(K) = sign(r). _
Although this procedure solves the mathematical paradox

Since the very beginnings of the studies of what is nowand in this way has been useful in practice, we are indeed
calledpopulation biology by Thomas Malthus in 1798, the changing the concept of the carrying capacity. It gives as th
development of mathematical methods to adequately exprepgpulation of a species that is supported, given the mount
the biological concepts has been a central point of the yheorfood supply, habitat, and other resources available wihin
Differential equations, maps and stochastic processea aregnvironment. Of course, this capacity can be depredated by
few of the modern methods employed, allowing the resultshe population or improved by planed acts. But this changing
to be put in analogy to systems in the physical sciences, @mprovement or depredation) can also be developed by the
well as with the economical theory [2]. environment independent of the population actions. There-

Malthusian theory is based on a constant rate Ofore, it is interesting to search by another solution thi¢sa
compound interest, implying an exponential populationaccount more realistic properties of the observed systems.
growth. The underlying hypothesis is that the populationn this direction, we propose a new method to improve map
is unchecked, that iS, there are no limitations to its grOWthequationS taking account some prior information.
To overcome this population explosion, P. F. Verhulst pro-
posed to adjust the intrinsic rate of increase, defined a8 THE METHOD
R; = (N¢41—N;)/N; and constantin the Malthusian model,
by a nonlinear factoR, = r (1 — N;/K), with r being the
growth rate N, the population density and’ the carrying
capacity

Although the Verhulst mod&lvercomes the problem of
explosive growth, conceptual problems arise in the interpr times the prior.

tation of the carrying capacit. A criticism consists in " . . .
. 2 . The probability ofAm, givenm; is defined by the Boltz-
what is known as evins’ paradoX4]. This paradox appears mann factorL.(Amy my) ~ exp{— B3V}, with 3 been an in-

when we have a negative growth rate and an initial populatio\r}erse temperature parameter (related to noise}aadunc-
greater than the carrying capacity( > K). In this case, in- P P

stead of reductions in the population size, since a ne ativetion of Am, — f(my). The constraints are introduced by a
Pop ' 9 prior distribution, which represents the knowledge stedenf

empirical source or what it is expected from the model. In

keywords: Population Dynamics, Logistic Model.

Given a mapn;11 = m; + f(m;) and some constraints
involving Am; = m+1 — m; and parameters frorf(...),
the proposal is to write the constraints as a prior probigbili
distribution and obtain a new map by averaging the variable
of interest over the probability ahm; be given byf(m;)

1Known aslogistic model



15

(N,) /K‘ ‘ ‘ ‘ ‘ The first thing to pbserve is t_he possibility of two growt_h
I 1 rates, one of the native population and another of the fareig
1258 7 one. But, to avoid unnecessary complications it is assumed
o 1 that the effective grown rateis negative. If the sum of the
1= © g8 a8 e o oo o0 09 native plus the foreign population is greater than the éagry
a0 1 capacity, then the total growth rate has to be less than
0750 A - representing the death due to the disease plus the lintigatio
- A l due to the lack of supplies. Besides, once the lack of supplie
05 Voo or J will affect the sick individuals more than it would affecteth
Vv 3 8 6 6 o | healthy ones, it is expected a total reduction of rate greate
029 | v than the sum of the rate due the disease plus the rate due to

I | I | I
: e ° r 2 the lack of supplies when > 0. Here the reduction rate is
defined as being the absolute value of the growth rate. In the
new model (2), if(N;) > K andr < 0 we have(R;) —
r—r(Ny) (1—exp{—2K/ (N;)})/ K. Recalling that we are

considering = 7 < 0, we will have(R;) < 0. Besides,
our case, this information is about the decrease of the pop? the proposed limit- (N;) (1 — exp{—-2K/(N;)})/ K —

ulation size when- < 0 and the convergence t when L+ 2exp{=2K/(N;)},i.e.(R;) — 37. This means that, in
> 0. In this direction, we suggest to encode this prior in-the lack of supplies, the death due to diseases is greater tha

Figure 1 — The evolution of the (N;) /K given by (AN;) =
(R¢) (N¢) and the Eq. (2) with: » = 0.5 to circle and square
symbols andr = —0.5 to triangles.

formation as when there is abundance.
) Naturally, the major contribution to the reduction rate
p(my) = [1 - O(=r)O(m; — K)|m; exp{—mq/r}/k should comes fromr when total population is far from the
1=0O(=r)(1+ K/k) exp{—K/r} carrying capacity (less thali) — once it would have abun-

o ) o dance. This can be observed in the lifi;) < K, that
wherex is directly connected with the population in the mo- produces r,) — (1 — (N,) /K), i.e. the old model is re-
mentt, i.e. (m;) = 2k, andO(—r) is the Heaviside func- gyered.
tior?. . . This simple example indicates that the present method

_The new map for the population growth is then ob-can pe used as a promising tool to improve models, which
tained by averaging?, over the normalized distribution can pe verified in others dynamical population models [1].
P(Amyg, my) = L(Amy|mye)p(my). Settingl” = —[Am, —
fimy))?/2 and f(my) = r(1 — my/K)my, the intrinsic rate - ACKNOWLEDGMENTS
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29(—r) = 1 forr < 0 and zero for >0



