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Abstract. Land managers need new tools, such as spatid modes to ad them in ther
decison-making processes because managing for biodiversty, water qudity, or naturd
disturbance is chdlenging, and landscapes ae complex and dynamic. Spatidly explicit
populaion models are helpful to managers because these models consider both species-
habitat relationships and the arangement of habitals in space and time. The visudizations
that typicdly accompany spatidly explicit modds dso permit managers to “sed’ the effects
of dternative management drategies on populations of interest. However, the expense
entailed in developing the data bases required for spatialy explicit models may limit
widespread implementation. In addition, many of the models are developed for one or a
few species, and deding with multiple species in a landscape remains a significant chdlenge.
To be most ussful to land managers. spatidly explicit population models should be user
friendly, eesily portable, operate on spatid and tempora scaes appropriate to management

decisons, and use input and output varigbles that can be measured affordably.
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WHY SPATIAL MODELS ARE NEEDED IN

LAND MANAGEMENT

Natural resource managers today are faced with new
chdlenges that differ from previous ones in both ther
emphasis and scope. In the past, resource management
was based on the philosophy of sustained yield of one
or more products such as timber, game, recreation, or
grazing units (Behan 1990). Multiple use of lands was
achieved by providing one sarvice or commodity on
one parced of land and another service or commodity
on another parcd. Little condderation was given to the
interactions  between activities on individud parces.
However, due to increasing concerns about locd and

1 Manuscript received 11 June 1993; accepted 22 March
1994.

2 Present address: Department of Zoology, University of
Wisconsin-Madison, Madison. Wisconsin 53706 USA.

landscape ecol ogy;

resource management; scale;

globa ecologica problems, public land managers have
had to reorient their emphasis toward conservaion of
functional ecosystems (Behan 1990, Kessler et al.
1992). Maintaining biodiversity, water qudity, and aes
thetic values are conddered as important as providing
products such as timber on the same parces of land.
Maintaining a natural disturbance (e.g., fire) regime
may adso be a god in the management of some public
lands. However, managing for biodiversty, waer qud-
ity, or naurd disturbance necesstates a regiond or
landscape perspective (Noss 1983, Turner 1989, Horn-
beck and Swank 1992). Instead of percelving the land-
scape as severa independent parcels, managers must
ded with the entire landscape and begin to anticipate
how activities in one area might affect the physcd and
biotic properties of adjoining areas. In addition, both
ecological and economic analyses for different re-
sources within the same geographic area are likdy to
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be required. Because landscapes are both complex and
dynamic, land managers will need new tools, such as
soatid modes, to ad them in ther decison-making
processes (Behan 1990).

It is difficult to conduct a full sat of experimenta
dudies to understand species responses to  manage-
ment a the landscape scde. it may be logidicdly im-
possble to conduct controlled experiments with large-
scde manipuldions in naturd aess, dthough ongoing
land management or naturd events (eg., the 1988 fires
in Yelowsone) offer unique research opportunities. In
addition, replicting lagescde experiments or sam-
pling regimes is often prohibitivdly expensve, and it
is unlikely that a large manipulation in a natural area
could be replicated to obtan a dHaidicaly sdisfying
sample. Even if treatments could be repested, pseudo-
replication remains a potentiad problem. However, sto-
chadic simulations with a model can be replicated
many times and the results summarized statistically,
thereby providing an edtimate of the range of potentid
effects Thus, modding dlows the manager to explore
the implications of events for which landscgpeleve
experiments are not feedble This paper examines the
potentidd  contributions of spatialy explicit  population
modds to land management issues, festures that will
meke the modds most ussful to manegers, how the
outputs from the models can be used in land manage-
ment, and limitations to the use of this type of modd.

ADVANTAGES OF SPATIALLY EXPLICIT
POPULATION MODELS

Habitat suitability models have been the primary
tools avaldble for the management of noncommodity
populations such as threatened and endangered species
(eg., Vene et d. 1986). Habitat suitability modes
atempt to prescribe the range of habitat conditions that
will provide dl the requirements for a paticular e
cies. However, these modeds do not incorporate the
spatid dynamics of specieshabitet relationships (Wal-
ters 1992). The actud existence of a species in an area,
its ability to reach adequate habitat, and its response
to locational changes in habitat are usudly not includ-
ed. Because wildlife populaions are mobile, and dis
persa is often a critical dage in the life higory of many
species, the spatid arangement of habitats across the
landscape is essentid to both understanding the ecol-
ogy of the species and effective management.

In contragt to habitat suitability modds, spatialy ex-
plicit population models condder both species-habitat
relationships and the arrangement of the habitats in
space and time (Dunning e d. 1995), going fa beyond
smple comparisons of suitable and unsuitable habitet.
Thus, these models can address questions of fragmen-
tation, isolation, habitat shape, and patch sze, provid-
ing the manager with a tool to determine not only what
types of habitats are needed, but dso how these habitats
should be aranged across the landscape. Furthermore,
potential effects of G-management. alternative man
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agement drategies, or naturd events can be examined.
For example following the 1988 fires in Ydlowstone
Nationa Park and some cdls for prescribed burning
within the Park, a modd was developed to explore the
efects of scde and pettern of fires on wintering ek
(Cervus eaphug and bison (Bison bison) populations
in northern Yelowstone Park (Turner et d. 1994). Be
cause these are dmulation modes, they provide the
manager with a tool to determine what management
schemes will best achieve the desred conditions The
modds can be used to evauate how the species in
quesion will be affected ether directly or indirectly
by management activities that change the spatial or
tempord (eg., age class gructure) configuraion of the
landscape or increesingly fragment what had been con-
tiguous habitet (eg. Franklin and Forman 1987).

Spatidly explicit modds provide a variety of outputs
that ae usgful for managers Spatidly explicit sSmu-
lations are often accompanied by visualizations that
dlow the manager to “seg’ the effects of dternative
management  drategies, often in red time as the sm-
ulation progresses. The power of visudization should
not be underestimated, as a picture may be worth 1000
graphs in explaning a modd smulaion to a land man-
ager. However, numerical outputs remain useful be-
cause managers are often target oriented (eg., oriented
toward maintaining a minimum population size or aim-
ing for a particular rate of increase) and may need to
defend ther decisons in courts Wildlife biologigs of-
ten must rdy on numericd vdues because they may
compete with other resource needs in an atempt to
maintain minimum populations (e.g., forest timber pro-
duction vs. species conservation). Models that integrate
ecologicad and economic components so that the mod-
els can be used to explore both sets of conseguences
dmultaneoudy ae even more vduable For example,
ECOLECON, which incorporates the economics of
timber production and the ecology of a potentially
threatened species (Bachman’'s Sparrow, Aimophila
aestivalis) in Southeastern pine forests (Liu 1992,
1993), dlows managers to bdance the sparrow popu-
lation size and the economic outputs from timber pro-
duction.

Spatidly explicit modds may be particulaly ussful
in deveoping a robust reddive ranking of management
dternatives. This is especidly appropriste for the more
general “top-down” models, which represent types of
organigms in a generd fashion but are not predictive
for a particular species (see O'Neill et d. 1988, Turner
et a. 1993, Pearson et d., in press), but is dso reevant
for species-specific models (e.g., McKelvey et al.
1992). Alternative management drategies can be eval-
uated and ranked in terms of the risk they pose to the
species, i.e.,, a pobabilisic output, rather than as a
prediction of what will certainly occur. Results from
complex spatid smulaions dso might be reduced to
dmple rulebased sysems that are essly understood
and applied by managers. For example, results from a
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large set of simulations of the Northern Spotted Owil
(Strix occidentalis) model might lead to the following
management  guiddines. (1) for a given totd aea of
habitat, bigger patches are better than smadler paiches
up to a paticular threshold sze (R. H. Lamberson et
a., unpublished manuscript): and (2) patches of old
growth that are close together will provide better ge-
netic mixing than patches that are isolated.

LIMITATIONS OF SPATIALLY EXPLICIT
POPULATION MODELS

The use of spdidly explicit populaion modds must
not be perceived as a panacea for land managers. As
with dl modds, these modets are only as good as the
data upon which they are based, and the lack of data
for the scdes or area of interest may be an important
factor limiting widespread implementation of spatial
models. Accurate and up-to-date data bases, generaly
within a geogrgphic information system (GIS), are re-
quired, and this can be an expensve undertaking. Not
every organizaion will find it cogt effective to move
from a paper-and-file based method of goring infor-
mation to a computer-based system, dthough the ben-
efits of trandering information to a digitd form have
been wdl documented. Further, extensve fidd dudies
may be required to parameterize a modd for a given
species in a given landscape and to monitor the success
of the modd in making predictions.

Once developed, spatidly explidt modds may be
congrained by both the resolution and extent of the
modd. Although it is possble to deveop rules that
permit the extrgpolation of data or predictions across
scdes (Turner et d. 1989), this may not be draight-
forward. Therefore, it may not be possble to directly
trandfer a model parameterized for a resolution of 1 ha
to another system with greater or lesser spatia rcso-
lution. While this is not an intractable problem both
modders and managers must be aware of the scae
condraints imposed by a particular modd formulation.

Dealing with multiple species in a landscgpe remains
a dggnificant chdlenge for spatid modds, and the rd-
evance of these modes to the conservation of biodi-
versty is not yet cear. Mot spatidly explicit models
to date have been developed explicitly for one or a few
gpecies (eg., Northern Spotted Owl, Bachman's Spar-
row, ek, and bison) and are only appropriate for those
species.  Extrapolating from single-species models to
“biodiversity” is problematic. One approach would be
the development of models for sdected indicator spe-
cies, which are frequently used as surrogates for bio-
diversty, but this approach is not without controversy.
As an dtenaive method of mantaining netive animé
diversity, some scientists have proposed examining
presettlement  vegetation patterns as a template (Tho-
mas et a. 1990) and reintroducing or alowing naturd
ecological processes to perpetuate native vegetation
dynamics (Hejl 1992). In the absence of models for
each species of interest. the development of spatial
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models of vegetation changes over large landscapes
could assis managers seeking to maintain the diversity
of wildife and other species.

MANAGEMENT EXAMPLES

We know of two spaidly explicit modes tha are
actudly being used by land managers to ad the de
cigon-making process. A modd for Spotted Owl dy-
namics (McKelvey et d. 1992) has been used by the
Bureau of Land Management (BLM) to evaduae the
effects of a series of potentid land management plans
for BLM lands in western Oregon on Spotted Owl pop-
ulations during the next 100 yr. The BLM developed
a sries of Sx plans representing a variety of cutting
intengties and precriptions. The plans were formu-
laed usng dSandard havest optimization modds, —but
the cutting was portrayed oetidly over time in a GIS.
The habitat qudity of the resulting vegetation patterns
was then evauated by overlaying a 1000-ha hexagond
grid on the landscgpe and quantifying the area of suit-
able owl habitat within each grid cell. In an initia
assessment, the Spotted Owl model was executed using
three dterndive sats of rules for defining habitat suit-
ability. The smulations were used to ordindly rank the
land management plans rather than as a formd viability
assessment.

On a much finer scde a spaidly explicit modd of
competitive dynamics between two plats, an aggres
dve exotic bush lupine (Lupinus arborea) and a native
endangered dune plant, the Menzies wdlflower (Erys-
mum menzesii), has been used by The Nature Con-
srvancy for managing the Lanphere-Chrisensen Dune
Reserve in Humboldt County, Cdifornia (R. H. Lam
berson, unpublished manuscript). Management efforts
focus on contralling the spread of the lupine and pro-
mating the growth of the wadlflower. A mgp is man-
taned of the location of dl individuds of each species
The modd is used to project the spread of the wall-
flower with alternative lupine removal strategies over
a 2-3 yr time horizon. Smulaion results are compared
with the mapped species locations biennially, and the
transition probabilities in the model are modified to
improve performance.

FUTURE DIRECTIONS

Certain features must be incorporated into spatialy
explicit models for the modes to be most useful to land
managers. There is little likelihood that the modd will
be embraced if its predictions are unredistic, thein-
terface of the program too difficult to understand, or
the data needs unredistic. The modds should be user
friendly and eesily porteble to the computer hardware
and software available. Idedly, the mode should op-
egate on tempord and spatid scdes that are relevant
to the scale of management decisons dthough modds
dso can serve the vey usful purpose of identifying
the scde most gppropriate for certain management de-
cisons (Dunning e d. 1995). Managers would like to
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understand the function of the models and must be
infformed dealy about the uncertainties and assump-
tions inherent in the model and its appropriate use (i.e,
limitations must be cdealy specified). The outputs from
the modds will be mog ussful if the managers can
aford to measure the appropriate varigbles needed to
run and test the modd. and if the modds are continualy
improved in response to new understanding (Conroy
et al. 1995).

The use of gpatid modds in land management should
not be limited in scope to lands under a single owner.
Land ownership has a large impact on management
decisons, and a useful contribution of spatidly explicit
models is the ability to explore the effects of manage-
ment by various owners within a mosaic of public and
private lands. For example, the importance of the hab-
itat conservation areas for Northern Spotted Owls on
public lands changes when the scenario includes a com-
plete havesing of privae lands within the landscape.
Where ownerships are diverse, the difference between
owner gods can cregte chalenges, even when dl own
ership is public (eg., the Grester Yelowstone Ecosys
tem).

Land management decisions will continue to be
made, whether or not spatidly explicit populaion mod-
es contribute to decison-making processes. Spatialy
explicit modes ae likdy to be used as management
tools as they become available, but there is often a time
lag associated with improved management styles or
regulations. Communication between land managers
and ecologigts remains an important challenge, and spa
tially explicit models have the potential to create a
common working framework. Because of the visud and
geographic nature of the modes, their apped to both
land managers and researchers may enhance commu-
nication. Ecologists should grive to make the modds
both avalable and ussful because these models can
address relevant questions of species-habitat relation-
ships in gpace and time and offer new indghts to land
scape  managers.

ACKNOWLEDGMENTS

We appreciate comments from Scott M. Pearson, L. Jack
Lyon, and Richard 0. Flamm on this manuscript. Funding
was provided in part by the Biodiversity Research Program,
U.S. Department of Energy, Savannah River Site; the USDA
Forest Service Southeast Forest Experiment Station; the John
D. and Catherine T. MacArthur Foundation, and the Rocke-
feller Foundation (for J. Liu); and the Ecologica Research
Divison, Office of Hedth and Environmenta Research, U.S.
Department of Energy, under contract number DE-ACO5-
840R21400 with Martin Marietta, Energy Systems, Inc. (for
M. G. Turner). The workshop on the use of spatially explicit
models in conservation and management was sponsored by
the U.S. Forest Service and funded by the Biodiversity Pro-
gram of the Department of Energy-Savannah River Field Of-
fice. Publication Number 4203 of the Environmental Sciences
Divison, ORNL.

SPATIAL MODELS IN LAND MANAGEMENT 15

LI TERATURE CITED

Behan, R. W. 1990. Multiresource forest management: a pa-
asigmatic challenge to professional forestry. Journal of
Forestry 88(4): 12-18.

Conroy, M. J, Y. Cohen, F.C. James, Y. G. Matsinos, and
B. A. Maurer. 1995. Parameter estimation, reliability, and
model improvement for spatialy explicit models of animal
populations. Ecologica Applications 5:17-19.

Dunning, J. B., Jr., D. J. Stewart, B. J. Danielson, B. R. Noon,
T. L. Root, R. H. Lamberson, and E. E. Stevens. 19%.
Spatially explicit population models: current forms and fu-
ture uses. Ecologica Applications 5:3-11.

Franklin, J. F., and R. T. T. Forman. 1987. Creating landscape
patterns by forest cutting: ecological consequences and
principles. Landscape Ecology 1:5-18.

Hgl, S. J. 1992. The importance of landscape patterns to
bird diversity a pcrspective from the Northern Rocky
Mountains. Northwest Environmental Journal 8:119-137.

Hornbeck, J. W., and W. T. Swank. 1992. Watershed eco-
system analysis as a basis for multiple-use management of
eastern forests, Ecological Applications 2:238-247.

Kesder, W. B., H. Salwasser, C. W. Cartwright, Jr., and J, A.

Caplan. 1992. New perspectives for sustainable natural
resources management. Ecological Applications 2:221-
225.

Liu, J 1992. ECULECON: a spdidly-explicit model for
ECOLogical ECONomics of species conservation in com-
plex forest landscapes. Dissertation. University of Georgia,
Athens, Georgia, USA.

. 1993. An introduction to ECOLECON: a spatialy-
explicit model for ECOLogicad ECONomics of species con-
servation in complex forest landscapes. Ecologica Mod-
diing 70:63-87.

McKelvey, K., B. R. Noon, and R. H. Lamberson. 1992.
Conservation planning for species occupying fragmented
landscapes. the case of the northern spotted owl. Pages
424-450 in P. M. Kareiva, J. G. Kingsolver, and R. B. Huey,
editors. Biotic interactions and global change. Sinauer, Sun-
derland, Massachusetts, USA.

Noss, R. G. 1983. A regiona landscape approach to maintain
diversity. Bioscience 33:700-706.

ONeill, R. G, B.T.Milne. M. G. Turner, and R. H. Gardner.
1988. Resource utilization scales and landscape pattern.
Landscape Ecology 2:63-69.

Pearson, S M., M. G. Turner, R. H. Gardner, and R. V.
O'Neill. Scaling issues for biodiversity protection. In R.
C. Szaro, editor. Biodiversity in managed landscapes. the-
ory and practice. Oxford University Press, Oxford, United
Kingdom, in press.

Thomas, J. W., E. D. Forsman, J. B. Lint, E. C. Meslow, B.
R. Noon, and J Verner, 1990. A conservation strategy for
the Northern Spotted Owl: report of the Interagency Sci-
entific Committee to address the conservation of the North-
ern Spotted Owl (USDA: Forest Service, USDI: Bureau of
Land Management, Fish and Wildlife Service, and National
Park  Service). 1990-791-171/20026. U.S. Government
Printing Office. Washington, D.C., USA.

Turner, M. G. 1989. Landscape ecology: the effect of pattern
on process. Annual Review of Ecology and Systematics
20:171-197.

Turner,. M. G., V. H. Dae, and R. H. Gardner. 1989. Pre-
dicting across scales: theory development and testing.
Landscape Ecology 3:245-252.

Turner, M. G, Y. Wu, W. H. Romme, and L. L. Wallace.
1993. A landscape simulation model of winter foraging by
large ungulates. Ecologicd Modelling 69:163-184.

Turner, M. G., Y. Wu. W. H. Romme, L. L. Wallace, and A.
Brenkert. 1994. Simulating winter interactions among un-
gulates vegetation, and fire in northern Y ellowstone Park.
Ecological Applications 4:472-496.




16 MONICA G. TURNER ET AL. Ecological Applications
Val. 5. No. 1

Verner, J, M. L. Morrison, and C. J. Raph, editors. 1986. Waiters, C. 1992. Trends in applied ecological modelling.
Wildlife 2000: modeling habitat relationships of terrestria Pages 117-122 in D. R. McCullough and R. H. Barrett,
vertebrates. University of Wisconsin Press, Madison, Wis- editors. Wildlife 2001: populations. Elsevier Science, Lon-
USA. don, United Kingdom.



