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POPULATION DYNAMICS IN COMPLEX LANDSCAPES:
A CASE STUDY!

H. RONALD PuLLiAM, JOHN B. DUNNING, JR., AND JIANGUO LIU
Institute of Ecology, University of Georgia, Athens, Georgia 30602 USA

Abstract. The abundance and distribution of natural populations can be strongly in-
fluenced by the types and arrangement of habitat patches within a landscape. The impact
of landscape change on population dynamics is difficult to study using conventional pop-
ulation models and field techniques. Spatially explicit simulation models provide a powerful
method for modelling landscape and population changes at large spatial scales and may
prove useful as a management tool for mobile animal populations. As an example of this
approach, we present a model designed to elucidate the effects of landscape-level variation
in habitat dispersion on the size and extinction probability of avian populations in a region
managed for timber production. In the model, habitat suitability and availability within
the landscape change annually as a function of timber harvest and management strategies.
The model incorporates life history characteristics of Bachman’s Sparrow (Aimophila aes-
tivalis), a species of management concern in the southeastern United States, and the land-
scape characteristics of the Savannah River Site, South Carolina, an area managed for
timber production where the sparrow is relatively common. Life history characteristics
used in the model include dispersal, survivorship, and reproductive success information
reported for Bachman’s Sparrow at this site or elsewhere in its range. Results of the
simulations suggest that variation in demographic variables affects population size more
than variation in dispersal ability. Changes in adult and juvenile survivorship have es-
pecially large impacts on the probability of population extinction. The presence of habitat
types that serve as permanent sources of dispersers increases the total population size in
the landscape, and lowers the probability of extinction. Results of models such as BACH-
MAP can suggest modifications to current management plans that would increase the
probability of population persistence for species of special concern in managed landscapes.
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explicit simulation model.

INTRODUCTION

Most mobile animal populations inhabit a variety
of different habitats even within a relatively small geo-
graphic region. Individuals of the same species may
have quite different reproductive success and chances
of survival, depending on which habitat type they in-
habit. Furthermore, the array of available habitats in
the landscape may vary through time due to land use
changes associated with human activities or succes-
sion. Accordingly, any model capable of predicting
landscape-level population dynamics of such popula-
tions must explicitly consider what habitats are avail-
able in the local landscape, how these habitat availabil-
ities change through time, how the animals are
distributed among these habitats, and the demographic
success that each organism obtains in each habitat.

In order to predict the effects of landscape change,
population models must be spatially explicit. Both the
spatial arrangements of patches (i.e., the landscape
physiognomy; J. B. Dunning, B. J. Danielson, and H.
R. Pulliam, unpublished manuscript), as well as the
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relative amounts of different habitat types (landscape
composition) within the landscape must be specified.
When both landscape physiognomy and composition
are incorporated into a population model, the dispersal
of organisms across the landscape can be followed, and
the impact of changes in habitat arrangement within
the landscape can be assessed (Fahrig 1988).

We have developed a class of spatially explicit pop-
ulation models that we call MAP, an acronym for Mo-
bile Animal Population. The models are single-sex
“grid” models (Fahrig 1988), in which the exact lo-
cation of individuals on a gridwork of habitat patches
is followed through time. In this paper, we illustrate
the utility of these models by focusing on BACHMAP,
the version of the model parameterized for the Bach-
man’s Sparrow (dimophila aestivalis), a potentially
threatened bird found in the pine woods of the south-
eastern United States. Bachman’s Sparrow has de-
clined over much of its range since the 1930s (Brooks
1938, Haggerty 1986), and is currently a species of
management concern. The United States Fish and
Wildlife Service classifies the sparrow as a Category 2
species, indicating that the species is possibly threat-
ened or endangered, but that too little information ex-
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Fic. 1. Landscape structure at end of a sample simulation
run. Numbers inside each hexagonal cell indicate age of pines:
1-20 = age (in years) of stand in harvest rotation; 80 = mature
stand. Shaded cells are occupied by Bachman’s Sparrow. Total
landscape size = 800 cells.

ists regarding its status and management. The United
States Forest Service considers Bachman’s Sparrow to
be a sensitive species and a management priority for
the Southeast.

Bachman’s Sparrows breed in a variety of different
habitats, including managed pine plantations in the
southeastern United States. Pine forests in the South-
east consist mostly of mosaics of even-aged stands of
different management histories. One factor thought to
be a primary contributor to the sparrow’s decline has
been regional and local changes in the availability of
suitable habitats (Dunning and Watts 1990). We de-
veloped BACHMARP as a way of considering both the
demographic and dispersal characteristics of Bach-
man’s Sparrows as well as the changes in the avail-
ability of suitable habitat as factors affecting population
size in managed landscapes. In this way, we hoped to
relate the sparrow’s population dynamics to land use
characteristics of the regions it inhabits.

METHODS

Any model of the population dynamics of a mobile
species inhabiting a complex landscape must incor-
porate three categories of variables: (1) landscape vari-
ables that describe habitat abundance and the spatial
arrangement of habitats, (2) habitat-specific demo-
graphic variables (reproductive success and survivor-
ship), and (3) behavioral variables that describe the
dispersal characteristics of the species. In the case of
Bachman’s Sparrow, some information exists concern-
ing landscape, demographic, and dispersal variables,
but in each case some degree of uncertainty exists
regarding estimates of these variables used in the
models. In this section we discuss what is known about
each category of variable and what assumptions we
have made regarding the model’s parameter values. In
general, our approach has been to evaluate the amount
of uncertainty associated with each variable and then,
with the model, to vary the appropriate parameters
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within a range of feasible values in order to determine
the sensitivity of the model output regarding popula-
tion size and distribution to these variations.

We hope BACHMAP will eventually prove useful
as a management tool for Bachman’s Sparrows in pine
habitats at the Savannah River Site (hereafter, SRS)
near Aiken, South Carolina. Although we have studied
the species for 3 yr at SRS (Dunning and Watts 1990),
we still have few data on most of the critical demo-
graphic and dispersal variables from this site. Accord-
ingly, we will, as necessary, use information gathered
from other studies of the species in other areas to make
initial estimates of the parameter values needed for
BACHMAP. Using the best information available from
other studies is an efficient way to parameterize our
current models; however, we recognize that for man-
agement purposes we will eventually need accurate life
history data from the geographic location where the
model will be applied.

The model ldndscape

Our simulations were performed on a hypothetical
2000-ha landscape consisting of a 20 x 40 array of
800 2.5-ha hexagonal cells (Fig. 1). Bachman’s Sparrow
breeding territories are typically 2-3 ha (Haggerty 1986;
J. B. Dunning and B. D. Watts, personal observations)
making each 2.5-ha cell approximately the size of a
territory. Hexagonal cells were used for two reasons.
First, densely packed bird territories in continuous
habitat are thought to approximate hexagons in shape
(Grant 1968, Verner 1977). Secondly, hexagons share
extensive borders with six other cells and allowed dis-
persal, as we modeled it, in six directions. This is some-
what more realistic than the four directions allowed in
a grid of squares.

For our initial model explorations, we chose to use
hypothetical landscapes that embody several charac-
teristics of the SRS where our field studies are in prog-
ress. At the SRS most pine plantings are on stands of
5-50 ha. In our model landscapes, we assumed that all
stands (called ““tracts” in our model) are 10 ha, each
consisting of four (2 x 2) cells. Since there are a total
of 800 cells, the landscape consists of 200 10-ha tracts.
For our simulations, we assumed that the entire land-
scape is dominated by pines. Old-growth pine was re-
stricted to relatively few tracts, and the rest of the
landscape consisted of pine plantations on a 21-yr har-
vest rotation. Counting (1) old-growth pine, (2) the 20
age classes of pine plantations, and (3) the clearcuts
present in the year following harvest, there were 22
vegetation age classes in the simulation model. At the
beginning of each simulation, we randomly assigned
one of these age classes to each tract. A variable number
of tracts (ranging from O to 8) were assigned the status
of old-growth sites, which were never harvested. The
remaining tracts were divided (with equal probability)
among the 20 age classes plus clearcuts. Model simu-
lations were run for 105 yr (five harvest rotations). Each



