Evaluation of demographic parameters of native
rodent populations and implications for control
NORMAN R. FRENCH '

The ecology of the multimammate mouse, Mastomys natalensis, is reviewed and
approximations are derived for the parameters governing population growth. By means of
computer simulation, the relative importance of the timing of reproduction, the age class
distribution or age structure of the population, the competition between Mastomys and
Rattus, and the interaction with a predator are evaluated. Although each of these
demographic or ecological factors modifies the fate of the Mastomys population, the
greatest single impact results from a reproductive season that is divided into two parts rather
than a single continuous reproductive season. Division into two parts, correlated with a
similar distribution of rainfall, allows time for maturing of the young born early in the
season and for production of young by them, thus adding to the momentum of population
increase. The interaction of density-dependent factors controlling population growth,
competition with another rodent, or predation by a Viverrid predator, may increase the
growth rate of the Mastomys population or may depress population growth rate, even to the
point of extinction. These simulation studies demonstrate the necessity for critical
evaluation of the demographic parameters and ecological characteristics of a particular
Mastomys population before an effective control programme can be designed. They also
demonstrate, however, that if the programme is based upon sound ecological theory control
can be effected.

Control of pest species is not a new problem. The
approaches have been almost as numerous as the
species to be controlled. One of the main difficulties
has been the lack of adequate means of evaluating
the success or failure of control programmes. Often,
success against agricultural species has been accomplished primarily by massive control measures, and
almost as frequently these have been shown to be
far greater than necessary to do the job. There is
some type of natural check on every species. The
main challenge of a pest control programme is to
utilize this natural check wherever possible, and to
supplement it by artificial means when it can achieve
the most benefit. If a particular set of weather conditions suppresses the growth of a pest population,
a combination of the weather effect and artificial
control would provide maximum reduction of the
population. If a natural predator of the pest species
' Professor of Biology, Natural Resource Ecology Laboratory, Colorado State University, Fort Collins, CO 80523,
USA.

3399

becomes important at a particular stage of development of the pest, then it would be ill advised to use
massive control techniques at a time when it would
affect the predator as well as the pest.
An optimum control programme will have maximum impact on the species to be controlled, at minimum cost. If this is a reasonable goal, then to achieve
the goal it is essential that certain basic characteristics
of the pest population be understood. The timing
of various stages in the development of the species
and the probability of success in each of these
stages should be considered. The response of the
development of the organism to different biotic and
abiotic factors of the environment can be used to
advantage in a successful control programme.
Some population characteristics of the native African murid rodent, Mastomys natalensis, are illustrated here for the purpose of examining the potential for control. Data for this species and the environment in which it lives have been utilized wherever
possible. By examining the characteristics of popula-
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tion growth, the demographic and environmental
characteristics that suggest points of intervention in
an effective control programme will be illustrated.
METHODS

A computer simulation model representing the
growth of populations of small vertebrates has been
used extensively in these evaluations. This model is a
modification of an earlier version used to evaluate
the sensitivity of rodent populations to other
stresses (1). The programme utilizes the survival and
natality rates of various age classes of the population, the age of females at first reproduction, the
pregnancy rate of females during different times of
the year, and the age structure of the population.
These parameters are modified according to rainfall
conditions, the presence or absence of predators,
saturation of the environment, and competition. The
simulation model carries out computations by
arranging the natality of females of each age class
and the probability of survival from one age class to
another in a square matrix, and the density and age
class distribution of the next generation is determined by multiplication of the matrix by a vector
representing the age-class distribution of the current
population (2). These computations have been
treated in a general way by Emlen (3, page 251 and
Appendix IV). The same approach has been used by
Lefkovitch (4) to evaluate the effects on population
growth of variable removal of individuals from
different age groups of the population, and applications to energy flow and nutrient cycling have been
explored by Usher (5). The problem of maximum
removal from the standpoint of maintaining the
yield of a population has been evaluated with this
type of a simulation model by Doubleday (6), and
the question of application for pest management
programmes has been explored by Vincent (7).
Through the use of theoretical models we can
determine which age class or characteristic has the
greatest impact on the future course of the population, and consequently would be the most effective
to attack in a control programme. We can also
determine just how effective a control programme
must be in order to achieve a certain level of results.
Once the characteristics of a population are understood, a model approach can indicate the outcome
of a potential control technique. The main drawbacks to this approach are, first, that the population
parameters in the model must be accurate expres-

sions of those in nature, and second, that these
parameters should remain unchanging with time.
Evaluation of control procedures applied to insect
pests has indicated that the massive application of
insecticides, so often utilized in the past, is not
necessarily the most efficient procedure (8). Often,
the same degree of control can be applied with only
a fraction of such effort. Optimal control theory has
been applied to this problem (7) to evaluate the best
way to distribute controls and to minimize the cost
in terms of effort, crop damage, and environmental
costs. Further, in a more realistic system that involves a natural control mechanism (predator), it is
important to optimize the timing of such applications to be most destructive to the pest species and
least interruptive to the natural predators of the pest
species. With adequate information and an appropriate model, such optimum control has been
achieved in practice (9).
At the outset, a control programme should give
attention to the fact that there may be certain
changes in the organisms that survive the control
procedures. Populations remaining after several
generations of control may develop various forms of
resistance to the control materials. This has occurred
particularly in insects and in bacteria. It is also
known to have occurred in rodent populations.
Where the rodenticide warfarin has been used
against rats and mice for almost 20 years, some of
the populations in western Europe have become
resistant to this poison (10). In some cases a change
in frequency of a single gene is considered responsible. In others more than one gene seems to be
involved. Warfarin-resistant strains of house mice,
Mus musculus, have also developed in western Europe.
It has been hypothesized that climatic conditions
have an indirect effect on the development of warfarin resistance in rats. Where the climate is mild, a
relatively large number of rats can live outdoors
throughout the year and are available to reinfest
areas where the population has been decimated by
poison. This provides an extremely large gene pool
on which selection can act.
COMPUTER SIMULATIONS

A computer simulation model to represent the
population dynamics of rodents utilizes the survival
rate of the various age classes of the rodent population, the reproductive rates of the females of different age classes, and the pregnancy rate or fraction of
the females pregnant in a given age class during the
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Table 1. Characteristics of Mastomys natalensis populations
Reference

Characteristic

Preferred natural habitat
Optimum habitat
Relation to grazing
Habits

Density, natural grassland
Percentage mature
Percentage females pregnant and/or lactating
Reproductive season, where there is one dry season
Mean litter size (range)
Age of maturity
Gestation period
Estrus
Youngest fecund females
Mean age at first conception (earliest)
Age-specific natality

grassland, scrub
cultivated fields
most common in areas grazed
by buffalo, elephant
nocturnal

11

0.7-0.8/ha

12

varies directly with rainfall
0-75 %
4 months
12.1 (6-19)
delayed in dry season
23 days
postpartum and every 6 or 7 days
about 15 weeks
104 (54) days
size 100-109 mm - 9.4 embryos
size 110-119mm - 9.6 embryos
size 120-129 mm - 11.5 embryos
size 130-139 mm - 13.6 embryos

12

16
12

11

12
12
12

12

12
16

12

I

16

reproductive season. The computer simulation uses a
monthly time step. At each time step, each age class
is advanced one month and the effect of mortality
during the time step is implemented according to age
class, thus decreasing total population levels. Natality, on the other hand, is implemented only during
those monthly time steps that are included in the
reproductive season. All newborn animals enter the
first age class.
Parameters of importance to Mastomys populations
Some population characteristics of Mastomys
natalensis are shown in Table 1. The reproductive
season is synchronized with the rainy season (12).
Fig. 1 shows the correlation between the rainfall
intensity, by month, at Rwenzori Park (formerly
Queen Elizabeth Park) in Uganda, and the mean age
class of animals in samples of Mastomys, as presented by Delany (12). Animals were placed in an
age class according to tooth wear (data from Neal
(13)). From Delany's Fig. 10, the frequency distributions of animals in age classes were summed to
estimate a mean age class for the monthly sample.
Thus, the mean age class in Fig. 1 increases as
individuals of the population become older, and
declines when young animals are added to the
population by recruitment. The mean age class

E
C
1=

cm

Fig. 1. Seasonal distribution of rainfall and mean age of
the Mastomys natalensis population in Uganda, showing the correlation between reproduction and the
seasons of high rainfall.
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Fig. 2. Climate diagrams for Ibadan in Nigeria (left)
rainy season with the single continuous rainy season.

a

begins to decline at about the height of the rainy
and continues to decline well into the dry
It must be remembered that the age class
distribution is based on animals captured in traps,
and the time of birth is probably one month prior to
the time of first capture. It is first capture that is
represented in the graph, and not birth of new
animals. There is, therefore, a lag represented in the
graph due to the manner in which samples were
taken.
First, consider the effects of this reproductive
synchronization with rainy season on the potential
for population growth in this species. Two localities
have been selected to represent the regions of interest
to the Lassa fever problem. Climate diagrams (14)
for Ibadan in Nigeria and for Kabala in Sierra
Leone are shown in Fig. 2. Both of these localities
are near the equator, and consequently the temperature line shows only minor fluctuations through the
months of the year. The contrast of importance to
this problem is the variation in rainfall. Although
Kabala has almost twice the average annual rainfall

season
season.

ind

Dec

Kabala in Sierra Leone (right) contrasting the divided

of Ibadan (2244 mm and 1230 mm), the item of
importance here is the seasonal distribution of this
rainfall. While Kabala has a single rainy season and
a single dry season annually, the climate of Ibadan is
characterized by a dry season followed by a rainy
season that is temporarily interrupted by a compa-ratively dry period, this generally occurring in themonth of August. The climate diagrams represent
average conditions and the following results, therefore, simulate average population response. Yearly
variation in amount and distribution of rainfall will
be reflected in reproduction by the Mastomys population.
Assuming that the reproductive season of
Mastomys is synchronized with the climate in these
two locations, the effects of a split breeding season
on the potential for population growth as compared
to a single continuous breeding season can be
evaluated. For these simulations the Mastomys,
population was considered to breed from April
through August in Kabala, and from March through
May, as well as in July and August in Ibadan. There-
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fore, the two populations have the same total length
of reproductive season (5 months), but in the case
of Ibadan the breeding season is interrupted by one
non-breeding month.
Fig. 3 compares the results of the two simulations.
The survival rates (lx) according to age classes and
the natality rates (mx) for the populations were the
same in both simulations. The pregnancy rate of
females varied from 0 to 100%, increasing through
the breeding season to a maximum during the last
breeding month. The Kabala climate maintained a
nearly stable population, with only minor seasonal
fluctuations. The Ibadan climate, on the other hand,
with a split breeding season, produced a population
characterized by much greater fluctuations, and increasing to higher densities over time. The total time
span of the simulation represents 36 months. Both
populations are characterized by exponential growth,
with no density effects to control population growth.
The reason for the high potential growth of the
Ibadan population is apparent in the mx values.
Mastomys natalensis is 3 months of age before first
reproduction. Therefore, under the continuous
breeding season (represented by Kabala) those
young produced during the first month of reproduction have the opportunity to breed only during the
last month of the breeding season. In the case of the
split reproductive season, an extra month is allowed
for maturing of the first litters of the season, and as a

result the young produced during the first two
months of the reproductive season are capable of
reproducing during the last two months of the
reproductive season. This contribution by the young
of the year adds greatly to the potential for increase
of the Mastomys population.
Characteristic survival and natality rates used in
the simulations are derived from field data. The age
class distribution, as plotted by Delany (12), was
converted to lx values by comparing the time series
progression of age classes with the probability of
survival in other native rat populations (15). A
comparison of the lx values used in these simulations
and the age class distribution plotted by Delany is
shown in Fig. 4. Natality rates according to age class
are taken from data given by Hanney (16). Since
population growth depicts only the females of the
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Fig. 3. Simulation of growth of two M. natalensis populations with the same age-specific survival rates (/x)
and age-specific natality rates (my), but differing in
having a single continuous or a divided reproductive
season.

Fig. 4. Progression of a cohort (shaded blocks) of
M. natalensis through successive age classes as indicated by monthly (Roman numerals) samples of the
population, and the monthly progression and survival
used in the simulation studies.
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population, assuming that there are always sufficient
males to go round and that the sex ratio is near
unity, the mx values represent one-half of the litter
size characteristic for the different age categories.
Since both survival from one age class to another
and the reproductive potential of females in different
age classes are variable, it is evident that age class
composition of the population, or the population
age structure, can have an impact on the potential
for expansion. To evaluate this influence in the
Mastomys population, simulations depicted in Fig. 5
were run. Again, other conditions were held constant
for the population. The populations used were characterized by a single continuous breeding season,
represented by the Kabala condition, and started
equal in size. In one, the initial population composition was skewed toward the lower age classes, the
younger animals; in the other, there was a more
regular distribution among all age classes. Results
indicate that the population characterized by a
higher proportion in the young age classes increased
at a greater rate than the population characterized
by the more uniform age distribution. The difference
was slight, however. Mortality rates are high in the
youngest age classes. By the time animals reach
reproductive age, the population has suffered its
greatest mortality. Animals that do attain reproductive age have a higher probability of survival
to succeeding age classes than did pre-reproductive

individuals. Reproductive potential is greatest in the
older age classes. Perhaps natural populations of
Mastomys show greater variability in age class distribution of individuals than depicted in these simulations. If this is the case, greater differences in the
potential for increase may result.
Interaction with competitor species can have a
marked effect on the potential for population
growth. However, in a limited environment other
members of the same species must also be considered
as competitors. Therefore, a more realistic expression of population growth includes a density-dependent expression. In this way, as the population (X1)
increases in size toward the carrying capacity (K1), its
growth rate (r) is slowed as a consequence of its own
numbers. This results in a logistic pattern of growth,
and may be represented by the following expression:
1

dX1

rl

X1 dt K1
Competitors of different species may act with
varying degrees of intensity on individuals of the
growing population. Whereas an individual of the
same species has the same requirements as other
individuals of the growing population, a competitor
(X2) may have only partially overlapping requirements with members of the growing population. This
fractional overlap is represented by the symbol a in
the equation for population growth under competition:
I dX1 ri

XI dt - (K1-X1-aX2)

Its.w.
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Fig. 5. Simulation of two populations of M. natalensis
differing only in the initial age class distribution of the
original population of 1000 individuals.

If individuals of the second species compete with
ill

individuals of the first species, then it is likely that
the population growth of the second species is
inhibited by growth of the first species. This degree
of competition is represented by the symbol a'. The

capacity of the environment may be differcarrying
and can be
ent for the two
species,

represented by K2

for species 1 and K2 for species 2. The relationship
between these values, the carrying capacities and the
competition coefficients, will determine the outcome
of the interaction between the two species in that
environment. In time, one may completely displace
the other, or the two may coexist at some equilibrium population densities. The conditions for coexistence of two competing species are represented by
the following expression:
1 K1
->
>a
a' K2
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The theory is not limited to consideration of only
two species. Population densities at equilibrium are
determined by interaction of the population parameters, and the time to reach equilibrium is determined by initial population densities and growth
rates of the populations.
There is evidence that the roof rat, Rattus rattus, is
an important competitor of M. natalensis. Data
indicate that where populations of the roof rat are
present, Mastomys is absent. This suggests intensive
competition. Although the mechanism of displacement is unknown, a preliminary evaluation can be
made by a comparison of population growth rates
through simulation modelling using available data
on roof rat population dynamics and making certain
assumptions about the carrying capacities and the
competition coefficients. Rattus was given a larger a
value, because it is of larger size and is assumed to
require more space and more food of the same types
required by Mastomys. The a value may be even
larger if the animal is aggressive. The a value
assigned to Mastomys was fairly high, considering the
requirements of the two animals to be fairly similar,
but was slightly lower than that assigned to Rattus.
The carrying capacity of the environment for the two
animals was considered to be in the ratio of approximately 0.6. That is, if the carrying capacity for
Mastomys is 300, then for Rattus alone it is 500.
K for Rattus was assigned a larger value because of
the manifest success of this species in spreading and
becoming established in so many parts of the world,
where it is known to achieve high-density populations.
The results of the simulation representing competition between Mastomys and Rattus are shown in
Fig. 6. The initial number in each population was
1000 individuals. Both populations declined rapidly,
with the Rattus population levelling off at approximately one-half of the original number and Mastomys declining to less than one-tenth the original
population size. For a time it fluctuated around 50
individuals, but owing to the intensity of the competition with Rattus, its numbers were depressed until
at about the 27th month it became extinct. The
Rattus population continued to decline slowly, but
showed evidence of reaching an equilibrium condition oscillating around the value of 450 individuals.
It is important to note that although the populations

persisted together for a time, Mastomys was eventually replaced, in spite of its higher reproductive potential, because of the competitive superiority of the
roof rat.
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Fig. 6. Simulation of competing populations of Mastomys and Rattus, showing eventual extinction of the
Mastomys population.

Predators, unlike herbivores, are generally considered to be limited by their food supply (17). Of
the various models of predation that are available,
the one implemented here considers the growth of
the predator (P) population to be proportional to
the efficiency (a) of the predator at capturing its
prey, the availability of the prey species (size of the
population (X)), and the degree to which these
values exceed the rate of consumption of prey that is
essential to maintain the predator population without any growth (T). As in any consumer process,
only a fraction of the energy consumed can be
converted to production by the consumer population (C):
dP = C(aX-T)

Pdt
1 dX

r

(K-X)-aP

A predator affects not only the population dynamics of its prey, but also affects the competitive
interactions between different prey species that may
be present. To explore the possible effects of a
predator on competing populations of Mastomys
and Rattus, the introduction of a Viverrid predator
on the populations previously illustrated was hypothesized. The Viverrid was considered to be slightly
more efficient at capturing Mastomys than at captur-
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Perhaps more important, the simulation model indicates where new data are essential, and it can
consequently be used to guide field investigations.
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about the importance of various parameters in determining population behaviour, and insight into the
reasonable ranges of other parameters is gained.
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Fig. 7. Simulation of competing populations of Mastoand Rattus in the presence of a Viverrid predator,
showing the lowered density of Rattus and the persistence of Mastomys.
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Density

ing Rattus (a = 0.008 and 0.006) and the daily
consumption required to maintain a Viverrid required 1.5 Mastomys, or 1.0 Rattus. For the matrix
simulation, a separate survival and natality schedule
of the predator population was introduced, which
indicated a longer life span and lower reproductive
potential than for either of the prey species. The
results of simulation of the interaction of these
3 species are shown in Fig. 7. The presence of a
predator significantly reduced the density of the
Rattus population and allowed Mastomys to persist
at low density.
DISCUSSION

The results presented thus far serve to illustrate
the utility of a simulation model in exploring the
behaviour of animal populations and interactions
among populations. Some values for input into the
model were drawn from the literature; others were
selected because they seemed reasonable. They were
not selected to make the model output perform
according to some preconceived pattern. As additional information becomes available, the input
parameters can be refined or corrected. When this is
done and new simulations performed, our understanding of the system is enhanced by insight gained
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Fig. 8. Diagrams representing the changes in mortality
and natality with increasing population density (upper)
and population response (lower) in terms of the population size at time t + 1 with respect to population size
at time t (redrawn from ref. 18).
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Some generalizations about the interactions of
population parameters and demographic characteristics can be made by graphical representation (18).
Fig. 8 shows the general changes in (top part) natality
and mortality with increasing population density. It
also shows (bottom part) the population response
to the changing parameters in terms of the generation at time t + 1 compared to the generation at
time t. If the population is not growing and if
each successive generation is the same size as the
previous generation, then the points will fall on the
diagonal dashed line. When it is above this line, the
population is increasing and below the line it is
decreasing. As the natality rate exceeds mortality
rate, the population generation line is above the
diagonal, indicating population growth. When mortality is greater than natality, the generation line
crosses the diagonal and the population is decreasing. At the point where the lines cross, there is an
equilibrium condition where the population is
neither increasing nor decreasing.
These simple density-dependent relationships may
be modified by the activities of a predator population (Fig. 9). Natality (top part) remains a simple
decreasing function with increasing density. Mortality, however, increases for a time with increasing
density, as the predator population takes more and
more as the prey population increases in size. As the
density of the prey population continues to increase,
consider that the predator becomes satiated so that
the mortality rate of the prey population actually
decreases with further increase in density. Under
such conditions mortality rate may decrease until
natality again exceeds mortality. Effects on population growth are shown in the accompanying graph
(bottom part), which indicates the initial population
growth, an equilibrium condition, and then decreasing population as mortality exceeds natality. The
second crossover of the natality and mortality lines
has been referred to as an escape threshold, for
above this density the population is destined to
increase to higher levels. This will continue until
natality, responding to high density, is again reduced
below the mortality rate. Such reduction of natality
may be caused by lack of nest sites, interference with
mating, or aggressive behaviour.
Natality curves are generally more complex than
those in the previous illustrations. At very low
population densities, failure of the two sexes to
encounter one another, or the intensity of predation could cause natality to be strongly depressed
(Fig. 10). With this type of relationship between
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Fig. 9. Diagrams representing the effects of a complex
mortality function (above) on population growth (below) (redrawn from ref. 18).

density and the population parameters, we again have
two stable points of equilibrium with an unstable or
escape threshold in the middle. In addition, there is a

lower level of density below which the population
will proceed inevitably to extinction. This point has
been referred to as the extinction threshold. Although these examples are hypothetical, they each
have direct bearing on some animal in nature. They
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life cycle of this organism (Fig. 11) includes a
vertebrate and a snail. Detailed studies were made of
the various events in the life history of the organism,
and the probability of success for each of these
events was computed. In this case, the success of the
cercariae and the success of the flukes must interact
in such a way that each fluke replaces itself exactly in
order for the population to remain stable. Through a
detailed evaluation of the rate of infection of snails
by cercariae and the rate of infection of mammals by
flukes, a comparison was made between the net
reproductive rate throughout the life cycle of this
organism and the combined density of the host
populations (Fig. 11). Thus, the combined density of
the snails and people had to be at least
3.3 x 1010/km2 in order for the parasite in the snailhuman system to attain a net reproductive rate of
1.0. Below this density the probability of eggs hatch-

EGGS

VERTEBRATE

SNAIL

CERCARIAE

(in water)

C3

1.0 at 3.3 x 1010,A

1.0

Generation t
Fig. 1 0. Diagrams representing the effects of complex
natality and mortality functions (above) on population
growth (below) (redrawn from ref. 18).

.'~~~~~~~~~inland
* .502 at 1.65 x 1010
0.5._

0.

/Coast
serve to illustrate further the

complexity of animalanimal interactions, and the varying consequences
on population growth at different de'nsities.
One additional factor must be mentioned as it
affects the disease vector. A complex life cycle of the
disease organism adds an additional dimension to
aspects of control. An excellent example is the work
of Hairston (19) on the population ecology of the
blood fluke, Schistosoma japonicum. The two-stage

0.1

.101 at 3.4 x 109

1
2
Snails x people x 1010/km2

3
WHO 7AR26

Fig. 11. The complex life cycle of Schistosoma japonicum (above) and the combined density of the host
populations at two localities in the Philippines (below),
indicating the importance of alternative vertebrate hosts
for success of the parasite populations (redrawn from
ref. 1 9).
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ing and successfully penetrating a snail and of
cercariae being shed and reaching the human host
were too small to assure continued success of the
species. None the less, the infection was prevalent at
human-snail densities as low as 3.4x 109/km2. Thus,
the importance of reservoir hosts is amply demonstrated.
Such a detailed demographic analysis is of value
not only in indicating the importance of reservoir
hosts (in the case cited above, rats, dogs, and pigs),
but it also points out alternative possibilities for the
application of control mechanisms in reducing the
incidence of this disease organism. In some situations, it may be more effective to reduce the principal reservoir host population (the rat). In other
cases, the secondary host population (the snail) may
be more effectively controlled. It may be more
efficient in other areas to attempt partial control of
both these populations. In this case the rat and snail
populations need not be exterminated, a condition
probably unattainable, but need only be reduced to
that level where the probability of success of the
parasite population cycle is sufficiently low to keep it
in check.
From this exercise, based on our limited knowledge of the multimammate mouse, Mastomys natalensis, certain demographic characteristics are
implicated as being important to successful population growth, and therefore to population control.
Older age classes are more important than the
youngest age classes, because of their higher natality
rates. However, the young of the first litters produced during a protracted reproductive season give
tremendous acceleration to population growth.
Thus, a control programme should give considera-

687

tion to methods that could reduce early season
reproduction in the population, or delay maturing of
first litters. If young animals fail to reproduce during
the season of their birth, natural mortality prior to
the beginning of the next reproductive season will
have greater impact on population growth than most
artificial control methods.
An efficient competitor is probably the most effective control, and a programme detrimental to the
competitor could be highly beneficial to Mastomys
population growth. For example, a poisoning programme in an area containing both Rattus and
Mastomys may actually stimulate growth of the
Mastomys population by reducing the numbers of its
chief competitor, effectively increasing the value of a
for Mastomys, or by permitting immigration of
Mastomnys from the reservoir population in surrounding fields, where natural competition with Rattus would be low. Modification of a predator's
population biology could have unexpected effects on
the prey population. For further consideration of the
importance of competition, it is essential to estimate
the values of a in natural populations.
Additional information on transmission of the
virus responsible for Lassa fever in man may indicate more efficient means of checking the incidence
of the disease. If the probability of infection of
Mastomys can be significantly reduced by modification of the animal's habitat, this could provide a
more permanent means of disease control. Field
investigations of both the disease vector and the
ecology and demography of the main reservoir species, Mastomys natalensis, should proceed simultaneously in order to achieve an early and effective plan
for control of the disease.
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RItSUMIS
EVALUATION DES PARAMETRES DEMOGRAPHIQUES CHEZ LES RONGEURS INDIGENES
ET INCIDENCES SUR LES MOYENS DE LUTTE

Le rat a mamelles multiples, ou rat de Natal, Mastomys
natalensis, se rencontre en Afrique au sud du Sahara. I1
vit de preference dans les champs cultives, la prairie et les
broussailles. C'est un commensal commun de l'homme.
Les populations ont des taux de reproduction eleves, qui
sont lies au regime des pluies. Un modele de simulation
sur ordinateur a e etabli pour evaluer les effets, sur
l'evolution des populations, du regime des pluies, de la
structure par age de la population, de la presence
d'especes concurrentes et de la presence de predateurs.
L'effet, sur la dynamique d'une population, d'une augmentation de la proportion d'animaux des classes d'age
les plus jeunes etait minime. Une population ayant une
saison de reproduction de cinq mois et vivant dans une
region caracterisee par deux periodes distinctes de fortes
pluies par an s'est multipliee plus rapidement qu'une
population similaire dans une region caract6risee par une
seule saison de pluies. La raison en est que, dans la region
a deux saisons de pluies, les jeunes nes au debut de la
saison de reproduction etaient parvenus A la maturite
sexuelle et contribuaient donc a la naissance des nouveaux jeunes pendant la seconde saison de pluies.
Lorsqu'il y a interaction de deux especes de rongeurs

dont les populations ont une croissance logistique,
chaque espece influe sur le taux d'accroissement de
l'autre. La simulation de l'interaction entre les populations Mastomys et Rattus montre que Rattus finira par
deplacer completement Mastomys. La simulation de I'action d'un predateur (Viverridae) sur les deux populations
montre qu'il y a reduction de la population Rattus et
persistance, a faible densite, de la population Mastomys.
Ces simulations montrent que, lorsqu'il est important
de reduire la population de Mastomys pour lutter contre
des maladies dans une region, il faut reunir certaines
informations sur les caracteristiques de la croissance de la
population. C'est le rapport entre le taux de natalite et le
taux de mortalite qui determine la croissance ou la
decroissance d'une population. Ces taux sont influences
par la presence d'une espece rivale et egalement par la
presence d'une espece predatrice. Les interactions de ces
populations peuvent etre complexes et il faut evaluer les
parametres qui conditionnent la croissance de la population visee pour en prevoir les effets. Les mesures de lutte
auront des resultats differents selon les caracteristiques
demographiques des differentes populations.
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DISCUSSION

McLEAN: Do you think that man could fulfil the role of
predator and interfere with this system?
FRENCH: We must consider that, I think. A man applying
warfarin or a rodenticide of another kind could certainly
modify the situation.
ARATA: I think this has been an extremely interesting and
useful presentation. When the appropriate data begin to
come in, it is against simulations of this kind that we shall
make comparisons. We have done some simulations on
fox populations in Europe in relation to rabies. In the
case of foxes, man is the only predator in Europe. You
have demonstrated the complexity of the buffered situation, with both the predator and the competitor present at
the same time. In the case of Mastomys, there are
probably numerous competitors and numerous predators,
which will lead to a buffered situation with a high rate of
population maintenance rather than extinction, as occurs

in the hypothetical 1: 1 situation, in which Rattus is
competing with Mastomys.
FRENCH: Yes, that is very important. An additional
aspect I should like to mention is the spatial problem. Do
we have a different population immediately around the
village from that found in the more natural areas? How
much dispersal, how much exchange is there between
these populations? These things are very important.
GRATZ: Man's role as a predator may, in effect, be an
important factor in the inefficiency of some rodent
control programmes. We receive information from certain rodent control programmes in South-East Asia in the
form of body counts; in two or three cases data have been
reported for periods of 10 or 15 years. The figures are
impressive: 150 000 or 170 000 rats killed per year. These
programmes are in reality maintaining the rat population
at the highest possible level. They are applying the best
principles of game management to assure that they have a
constant production of rats year after year.
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