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Abstract: The probability of extinction is sensitive to the
presence and character of density dependence controlling the
dynamics of a population. This means that our capacity to
estimate a population’s risks of extinction under varying
environmental conditions or competing management re-
gimes is linked to our ability to reconstruct from data the
density-dependence relationships governing the natural dy-
namics, especially when data do not reveal a trend of pop-
ulation growth or decline. In an example using Gadus
morhua, we show that even 10- or 20-year data sets are too
short to make precise estimates of these risks. We also ob-
serve, hbowever, that under moderate or weak density depen-
dence, the computed risks are lower than when density de-
pendence is not included in the model. We propose, therefore,
that when available data sets are insufficient for recon-
structing reliable measurements of density dependence, con-
servative estimates of extinction probabilities can be made
Jfrom models that simply omit density dependence.

Resumen: La probabilidad de extincion es sensible a la
presencia y al cardcter de la dependencia de densidad que
controla la dindmica de una poblacion. Esto significa que
nuestra capacidad para estimar los riesgos de extincion de
una poblacion bajo condiciones ambientales cambiantes, 0
diferentes régimenes de manejo, esta relacionada a nuestra
capacidad de reconstruir, en base a datos, las relaciones de
dependencia de densidad que gobiernan la dinamica natu-
ral de poblaciones, especialmente cuando no se dispone de
informacion que revele tendencias de crecimiento o decli-
nacion de poblaciones. En un ejemplo, utilizando Gadus
morhua, demostramos que aun los datos sobre un periodo de
10 6 20 anios son insuficientes para bacer estimaciones pre-
cisas sobre estos riesgos. Sin embargo, observamos que in-
cluso en una situacion de dependencia de densidad mo-
derada o débil, los riesgos calculados son mds bajos que
cuando la dependencia de densidad no es incluida en el
modelo. Por ello proponemos, que, cuando no se dispone de
datos suficientes para reconstruir estimados confiables de
dependencia de densidad, se pueden bacer estimaciones con-
servadoras de probabilidades de extincion a partir de mo-
delos que simplemente omiten los aspectos de dependencia
de densidad.
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Introduction

The dynamics of population growth together with fluc-
tuations in environmental conditions result in stochastic
variation in the abundance of any natural population of
organisms. Biological management often seeks to mini-
mize or limit this variability for economically or aesthet-
ically valuable species, and uses ecological risk analysis
to estimate the probability that a population will suffer
extinction or fall below some specified level of abun-
dance, a fate that can be termed “quasiextinction”
(Ginzburg et al. 1982). We use this term inclusively for
population declines and extinctions.

Quasiextinction risks can be estimated for population
dynamic models, either by analytical solution or with
computer simulations. Simulations are usually required
when the models include much of the complexity of
natural systems, such as age structure or density depen-
dence (Ferson et al. 1989). In either case, the estima-
tions that are possible depend of course on the param-
eters and vital rates used in the model of population
dynamics, which are themselves estimated with error.
Theoretical considerations and our experience (Saila et
al. 1990) with computer simulations in estimating
quasiextinction risks suggested that risks can be quite
sensitive to the form and strength of density depen-
dence in the population model. This is a serious prob-
lem because density dependence is often difficult to
measure from limited population census data (see, for
example, Gaston & Lawton 1987; Pollard et al. 1987).
This paper explores the sensitivity of quasiextinction
risk estimations to ignorance about density dependence.

Density Dependence

Density dependence is the phenomenon by which the
effective value of a vital rate such as survivorship or
fecundity per individual depends on the absolute den-
sity of the population. By this we mean that an individ-
ual’s average fecundity, reproductive success or the
chance that it dies is not constant or even statistically
stationary, but rather, will change as a function of the
density of the population. The significance of this phe-
nomenon in natural populations has been debated in
ecology for decades (see Hassell 1986; Strong 1986).
Although density dependence is any nonconstant rela-
tionship of a vital rate to the current population size, it
has often been viewed as a mechanism regulating natu-
ral population size toward its equilibrium (known as the
carrying capacity). For example, when a population is
overcrowded, production or survival of offspring is of-
ten depressed, due to competition among the offspring
for finite resources or perhaps to changes in parental
behavior. When the population is undercrowded rela-
tive to the equilibrium population size, these effects are
lessened so that production and survivorship increase.
Insofar as density dependence manifests itself in this
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pattern, it will be a “restoring force” that tends to draw
the population size over time to the carrying capacity.
Despite widespread acceptance of this idea, it has been
subject to vocal criticism, and identifying the precise
mechanisms of density dependence and evaluating its
real intensity in natural systems have proved to be dif-
ficult problems.

The influence of density dependence on a population
model can be controlling in several ways. For instance,
it is well known that a Leslie matrix usually has three
possible behaviors: exponential growth, exponential de-
cline, and, under very delicately adjusted parameters,
equilibrial balance. When density dependence is added
to a Leslie matrix model, the parameter range under
which equilibrium occurs can expand infinitely. In gen-
eral, the trajectories from population models can de-
pend quite sensitively, especially in terms of asymptotic
behavior, on how density dependence is represented in
the model and on the strength of density dependence
that the parameter values imply. Of course, it follows
that the probabilities of extinction and quasiextinction
computed from the models can be dramatically influ-
enced by errors in representing density dependence.

The empirical data necessary to calibrate a model of
density dependence include abundance measurements,
sometimes of inconspicuous classes such as the young-
est individuals, collected over several years. Therefore
the requisite data are usually expensive to gather or are
simply not available. Since density dependence can be
difficult to estimate, it is importrant to explore how our
ability to make correct measurements of density depen-
dence will affect our estimations of quasiextinction
probabilities. To this end, we did a sensitivity study of
quasiextinction risk as a function of the strength of den-
sity dependence for a species for which reasonably de-
tailed life history information is available. To determine
the level of imprecision likely to accompany our esti-
mating density dependence from data, we conducted a
reconstruction experiment in which we generated and
statistically analyzed hypothetical population trajecto-
ries and then compared the computed density depen-
dence parameters to the “true” parameters used to con-
struct the data. Together, these studies allow us to see
what error we could make in estimating risk of quasiex-
tinction when density dependence is known only im-
precisely.

Saila et al. (1990) suggested a potentially very useful
finding about how the ecological risks one can compute
from a model of population dynamics may depend on
whether the model incorporates density dependence. If
density dependence generally acts as a restoring force, it
seems reasonable that, in many if not most cases, models
that include density dependence would exhibit less
fluctuation than models that don’t include it, because
density-dependent trajectories experience a pull toward
their equilibrium. Since quasiextinction probabilities



