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HALRF R LGB AR TERE AR K
Population dynamics models on the species
persistence in the native habitat with the invasion of
alien species

In the face of ongoing loss of biodiversity and habi-
tat transformations, understanding the complex dy-
namics governing species survival and competition is
critical. This dissertation explores the interplay be-
tween alien and native species within the context of
an invasion, using mathematical modeling and anal-
ysis. We first study a two patches model, with an
alien species migrating into and out of a native species
habitat while competing with them for resources. We
continue onto modeling the previous situation as a
continuous space, with no flux boundaries conditions.
We then examine the effect of fragmenting the native
species habitat. Our results reveal that high immigra-
tion rates for the alien species can negatively affect
the native species persistence while also increasing
the chances of the alien species extinction. Smaller
total habitat increases the chance of a failed inva-
sion if the alien species faces substantial competition.
However, if the size of the native species habitat de-
creases, an initially unsuccessful invasion could be-
come successful. Finally, habitat fragmentation can
be beneficial for the persistence of the native species
by moderating the competition with an alien species
in each patch or by changing the resource availability.
These findings challenge traditional models and offer
nuanced insights into the complex dynamics of species
competition and survival. They have implications for
both theoretical ecology and practical conservation
efforts, providing a stepping stone toward a deeper
understanding of species interactions and the effects
of habitat transformations.
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Population dynamics models on the relation of social
nature to the epidemics

In this work, we consider three mathematical mod-
els incorporating social response, community’s pol-
icy, and detectability of infection, respectively. The
analysis on the model with the incorporation of social
response which can affect the infection rate, shows
that the social response could become a cause of re-
curring outbreaks whilst it must suppress the preva-
lence. The model on the spread of a reinfectious dis-
ease under the assumption that a certain proportion
of visitors are immune, we find that the acceptance
of visitors could either suppress or support the dis-
ease’s endemicity. Furthermore, we consider a model
on the disease spread by multiple strains which fol-
low an order of competitive dominance according to
the infection success in the host. This model shows
that, strains could coexist with the existence of super-
infection. Otherwise, the disease becomes eliminated
or alternatively the endemic state arises with only
the strain which has the largest strain-specific basic
reproduction number while all the other strains get

eliminated.
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S
Population dynamics models on the species persistence
in the native habitat with the invasion of alien species

Victor SCHNEIDER
FALRARARBENS IR~ 7R MR RER T

In this dissertation, we explore the dynamics involving alien and native species within the context
of an invasion, using mathematical modeling and analysis. We study the various factors influencing
their interactions and the consequences of their competition. We focus especially on the impact of
migrations and of habitat characteristics, such as size and fragmentation.

We begin with a two-patch model representing an invasion of a native habitat by an alien species
and the ensuing competition for resources. The traditional Lotka-Volterra competition model serves
as our starting point. To emulate the invasion we consider that the native species exist in only one
of the two patches, and only the alien species has the capacity to migrate between the two patches.

We call N the population size of the native species, A; the population size of the alien species
in patch ¢ and m;; the migration rate of the alien species from patch j to patch i. The coefficients
ry and ru (respectively Ky and K4) are the intrinsic growth rates (respectively the carrying
capacities) of the indicated species, while the coefficients ¢ are the competition effects.

dN N c124

dt N ( Kn Ky )

dAq co1 N Ay

—_— = 1-— - A Ay — A
at A1 ( K Kur 1+ mi2As — Moy A,
dAs A

ket A — 1-— Aoy — A Ay

i TA2 ( KAz) 2 — Mi2A2 + ma1 Ay

We established that, like the Lotka-Volterra model, our model also allows for the extinction of the
alien species, native species, or the coexistence of both. However, the addition of migration rates
provides new perspectives, elucidating that a high immigration rate of the alien species into the
native habitat negatively impacts the survival chances of the native species, while on the other
hand causing the alien species’ own potential extinction under specific conditions. This analysis
also shows that if the competition effect on the native species is high or low enough, the result of
the competition is independent of migration rates.

In order to see the effect of the habitat characteristics in the same situation as described previ-
ously, we also modeled it in a continuous space.

N A
aN TN (1-}_{]\’—612},{]\[) ]\77 xE[O,l],
o
0, x € (I, L];
0A N A 0%A
i - — 2 ) A+ D20 L.
o TA( 021KA KA) + AG2 z €0, L]



In this model, [ is the size of the patch 1, L is the total size of both habitat combined, and D 4 is the
diffusion coefficient of the alien species. Furthermore, we consider an isolated environment, so we
adopt the no-flux (Neumann) boundary conditions at + = 0 and = L. The analysis reveals that
a smaller total habitat increases the chance of a failed invasion if the alien species faces substantial
competition. Interestingly, we also fond that if the size of the shared habitat decreases, an initially
unsuccessful invasion could then become successful, which could then lead to coexistence or, more
drastically, extinction of the native species.

We delved into the topic of habitat fragmentation as well, and its impact on a native species
persistence while invaded by an alien species.

Native habitat

Patch 1
Alien
Patch 2 species
original
habitat
Patch 3

Alien species migration

Migration of native and alien
species between patches

We assumed that the habitat fragmentation alters the availability of a resource limiting the
reproduction in each patch, and that the intrinsic renewal dynamics of the resource is much faster
than the population dynamics in the habitat. Finally, a higher resource availability in a patch
induces a higher immigration rate into the patch.

dN; A BN Ba > D
= an|—-Ry+pi-——N;——A; | No—mnyN; + 5mn ) Ny
dt ( AR vy P, ; !
dA; A By Ba Pi
= —RYy+pi—— —Ni— —A; | Ay —madi + - Aj
dt A < A +p v v 5 ma + Pn mA; j
—moAi + %MQA().

The coefficients Sy, B4 and o, a4 represent respectively resource consumption and the conversion
of the resource consumption to the reproduction. A (resp. =) is the intrinsic renewal rate (resp.
decay coefficient) of the resource. The coefficients RS, R are the least resource values needed for
the reproduction, and R is the equilibrium resource density without the habitat fragmentation.
The coefficients mpy, m 4 are the migration rates between patches in the native habitat. MyAg is
the net invasion rate of the alien species in the native habitat, while mg is its net return rate to its
original habitat. Finally, p; is the coefficient of resource availability at patch i, and P, is the sum
of p; over all n patches, where n is the total number of patches.

Our findings suggest that the existence of one patch with sufficiently high resource availability
is relevant for the persistence of the native species. Importantly, habitat fragmentation can be
beneficial for the persistence of the native species by moderating the competition with an alien
species in each patch or by changing the resource availability.

The mathematical models and insights generated in this thesis contribute to the understanding
of invasion dynamics and the consequences of changes to habitats, and can help guide strategies for
conservation and management.
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In this work, we consider three mathematical models incorporating social nature from the aspects
of social response, community’s policy, and detectability of the disease infection, respectively.

In the model incorporating social response, we let S(f) and I(f) be the susceptible and
infective population densities in the community at time ¢, while M (¢) represents the strength of
the social response at time t¢.

‘;*; = —B(M)IS +qI
E\% =B(M)IS —qI
= F(I) - MMa

dt

where ¢ is the recovery rate and p is the natural decay rate of the social response. The coefficient
of disease transmission = 3(M) is given by a decreasing, positive, and differentiable function
of M € [0,00). The initial condition is given by S(0) > 0, I(0) > 0, and M(0) = 0, which
means that there is no social response at the beginning of the disease spread. Then people are
unconcern about the disease spread.

The social sensitivity function I'(I) represents the nature of the social response according to
its sensitivity to the disease spread. In this model, we assume that the social response does not
arise as long as the infective population density is not beyond a threshold value I.:

0 for I < I
L) = { ~y(I—-1.) forI>I..

Positive parameter « is the social sensitivity coefficient, and I. is the threshold value for infective
population density to raise the social response. We analyze the model especially about the
emergence of an oscillatory behavior of the solution regarded as recurring epidemic outbreaks,
and we find that the strong social insensitivity would stabilize the temporal variation of the
infective size, certainly raising the endemic size.

For the model incorporating community’s policy, we consider the influence of visitors on the
spread of a reinfectious disease in a community, especially assuming that a certain proportion
of accepted visitors are immune.

div =1 —p)A - ﬁjl\r[iIVSv —qSy;
Dynamics for the visitor population: % = ﬂJI\rfjrf—i:LSV + eﬂf\;iﬁ;Rv — I, — qly;
dzv = pA + 91, — 66][\;15;;Rv —qRy;
dS; I+ 1,
Dynamics for the resident population: Cfiltr = 65\?:{;5} + eﬁjl\rf_:_i‘;Rr — I
d;:r — 08 + 41 — eﬂf\?ii’th




where S, I, and R, are the subpopulation sizes of susceptible, infective, and immune visitors
respectively. Similarly S;, I, and R, are the corresponding subpopulation sizes about the
residents. The population sizes of residents and visitors staying in the community are denoted
by N =S5, + 1, + R, and m = Sy + I, + R, respectively. The resident population size N is
constant independently of time ¢, as seen from d(S; + I, + R;)/dt = 0 for any ¢ by the system.
Parameter p is the proportion of immune visitors at the entry (0 < p < 1). Proportion 1 —p
of visitors is susceptible at the entry. Parameter ¢ is the per capita exit rate of visitor. Thus
the expected duration of a visitor’s stay in the community is given by 1/q. Parameter ¢f is
the reinfection coefficient for immune resident and visitor, while 3 is the infection coefficient for
susceptible ones.

With the mathematical results obtained by the analysis on the model for such an epidemic
dynamics of resident and visitor populations, we find that the acceptance of visitors could
have a significant influence on the disease’s endemicity in the community, either suppressive or
supportive.

To consider the detectability of the disease infection, we consider a mathematical model
on the epidemic dynamics of a disease transmission with n strains which follows an order of
competitive dominance according to the infection success in the host:
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where S, Iy, Qr, and R are population densities of susceptibles, infectives who hold strain
k, corresponding isolated and recovered individuals respectively, The total population size is
denoted by N = S+ >3 I + >0, Qx + R. BI}; gives the infection force of strain k for
the susceptible with the coefficient 3, and €5 I gives that for the infective with strain j of the
lower dominance. Parameter oj is the quarantine rate for the infective who holds strain k,
which reflects t he d etectability o f s train k . P arameters a pand p paret he r ecovery r ates for
the infective with strain k& under and out of the isolation, respectively. u is the natural death
rate. We are focusing on the dependence of the endemic/epidemic size on the distribution of the
detectabilities of multiple strains and trying to discuss further the influence of superinfection on
the endemic/epidemic size by the analysis on our model.
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