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populations will respond to these management actions.
Such models provide a scientific foundation for
management actions to counter the emotional debates that
often arise.

The author’s objective is to focus on this foundation
of population dynamics from which, in his opinion, our
profession has drifted. Four population models for
vertebrate species developed on Excel spreadsheets are
described. Seccnd, these models are used to demonstrate
fundamental principles of population dynamics for several
species that often conflict with human activities. Finally,
two examples are given of how these models and the
underlying principles demonstrated have provided
guidance and justification for management actions to
reduce conflicts.

METHODS »
Population Models 1 (PM1) and 2 (PM2)

PM 1 explores the relative efficacy of reproductive and
lethal control for vertebrate species that produce <1
generation per year (i.e., offspring do not reproduce until
=1 year old). PMI also determines reproductive and
survival parameter vatues needed to produce a stable
population and provides an estimate of the age
composition. PM1 has six age classes (0 [vear of birth],
1, 2, 3, 4, and 5+ yearold animals). Population
parameters that must be entered are initial estimates of the
age distribution and survival and reproductive rates by age
class (Table 1, Figure 1), PMI is designed to simulate
population levels by age class for 20 years, the first 10 in
a stabilizing or "baseline” mode and the next 10 in a
"treatment” mode that shows population response to
various management actions. No compensatory factors
(e.g., increased annual survival rates during a period of
management-induced population decline) are included in
PM1. PMI simply is designed to determine parameter
values for species that result in stable populations and to
compare the relative efficacy of control strategies within
and among species.

To simmlate population responses of a species, the
best available mean values from the literature or other
sources are input for the population parameters. An
initial age structure is also entered, arbitrarily using 200
to 400 individuals for age-class 0 and then reasonable
approximations for the remaining age classes {(e.g., 90 for
age-class 1, if the mean annual survival rate of 200 age-
class 0 animals is estimated to be about 0.45). If these
initial parameter estimates cause the population to increase
(decrease), the reproductive and/or survival rates are
adjusted downward (upward) until the population stabilizes
by year 10 (Table 2), Parameter values that result in a
stable population should represent realistic values for a
typical population of the species. In year 11 (Baseline
1,000}, the stable age structure from year 10 is adjusted
to sum to 1,000 individuals for age classes 0 to 5+
(Figure 1). This simply provides a convenient baseline
number for the stable population (1,000) to compare with
population levels during the 10-year treatment period.

In treatment years 1 to 10, parameter values are
adjusted to reflect the simulated management action. For
example, one may want to compare the relative response
of the population over 10 years to a 50% decrease in the
survival rate of adult animals versus a 50% decrease in

the reproductive rate. The model is first run with the
survival rate reduced and then with the reproductive rate
reduced (Figure 1), These simulations provide simple but
fundamental insights into the semsitivity of a species,
given its population characteristics, to reproductive versus
lethal control.

PM2 is a derivation of PMI1 for simulating
populations of rodents that produce more than one
generation per year (e.g., commensals). PM2 has two
age classes (immature and mature) and allows three
generations per year.

Population Model 3 (PM3)
PM3 has the same basic structure as PM1 with the

addition that the stable population in baseline year 0 can
be adjusted to an actuval population level (e.g., 131,000
nesting laughing gulls in New Jersey-Long Island in 1989
[see below]) so that a real-world population can be
simulated in treatment years 1 to 10. Then, actual
numbers of animals or eggs removed by management
actions are entered for each of the 10 treatment years.
Finally, compensatory factors can be added to adjust
reproductive and survival rates upward when populations
decline below baseline (stable) levels as a result of
management actions (Table 1). Thus, whereas PMI
and PM2 provide a generic comparison of population
responses among species and management actions, PM3
allows simulation of a real-world situation. An added
bonus is that PM3 provides an estimate of the total
population (non-breeding and breeding animals) when
census data are available for only the breeding population
{(e.g., as in most colonial waterbird populations; Belant
and Dolbeer 1993).

Population Model 4 (PM4)

Whereas PM1-3 simulate changes in populations at
yearly intervals, PM4 simulates population changes at
weekly intervals over an annual cycle. PM4 explores the
immediate (=1 year) impact of population management
actions. The population is initialized (week O = April
23) using actual population estimates for the species to be
simulated and stable age composition, reproductive and
survival estimates determined from PM1. Also, the start
and end weeks for fledging/weaning are entered so that
young (age O} enter the population during appropriate
weeks., The population is then simulated for 52 weeks
(May 1 to May 1) and parameters adjusted if needed to
produce a population that is stable. For the treatrnent
simulation, start and end weeks for removal are entered
as well as the number of animals to be removed. As with
PM3, a compensatory factor for survival can be added to
adjust weekly survival rates upward {downward) as the
population declines below (exceeds) the baseline
population for a given week.

RESULTS
Population Responses to Lethal and Reproductive Control
(PM1, PM2)

The Republic of Maldives, an archipelago nation in
the Indian Ocean, has two mammals species, the endemic
giant fruit bat (Preropus giganteus) and introduced black
rat (Rattus rattus) that damage agricultural crops (Dolbeer
et al. 1988). These two species have dramatically
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