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Abstract
Decision making for the conservation of wildlife populations is complicated when responses of populations to management actions
are uncertain. In particular, uncertainty implies that management trade-offs among wildlife species cannot be forecast accurately.
Adaptive management, in concert with a program of monitoring, is a formal means of achieving desired management outcomes
under uncertainty while retrieving information that reduces this uncertainty in future episodes of decision making. We applied

Forest Decision Making under Uncertainty: Adaptive Management for the Conservation of
Bird Populations on a National Wildlife Refuge
principles of adaptive management in an analysis of forest management at the Piedmont National Wildlife Refuge (Georgia, USA).
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The primary focus of conservation at the Refuge is the recovery of a population of endangered red-cockaded woodpeckers 4
(Picoidles borealis). At the same time, managers desire to maintain suitable habitat for a host of other forest-dwelling organisms, RS USGS Patuxent Wildlife Research Center, Warnell School of Forest Resources, University of Georgia, Athens, GA 30602
including the wood thrush (Hylocichla mustelina). However, effects of woodpecker-oriented management on the wood thrush and
woodpecker populations are not well understood, nor are growth dynamics of the forest itself. We built a hierarchical, spatially- H
explicit decision model in which the forest landscape and bird populations responded to silvicultural actions carried out over space M I Ch ael J . Con roy
and time. We expressed our uncertainty about the forest system in a set of 12 alternative parameterizations of the model. Under USGS Georgia Cooperative Fish and Wildlife Research Unit, Warnell School of Forest Resources, University of Georgia, Athens, GA 30602
each alternative model, we simulated two scenarios of prescribed burning in combination with four scenarios of spatio-temporal
scheduling of silvicultural treatment. Each 100-yr simulation produced three outcome measures: predicted number of active
woodpecker clusters, predicted density of wood thrushes, and a composite measure of both species outcomes. For each of these
responses, the simulations indicated superior management actions both for the case of certainty in any one model and for the case
of complete uncertainty with respect to all models. We also ran the models over a single-year time step, in which we si
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management activities that were carried out in the winter of 2000-2001. We used the simulation results to adjust belief weights on QN S "y v NT
each of the models (i.e., we reduced scientific uncertainty) by comparing model-specific predictions of woodpecker clusters A ; Ay m P,Edmm. Nationl W:Idhle muge, administered by the Us. Fish and Wildife Service, is locate in cental Georgia
against monitoring data collected in 2001. Adaptive management is a promising tool for managing bird and other populations at g -1 i {physiographic province et x m;\ Infes(a:\(;n
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Region 4, U.S. Fish and Wildiife Service i \ . organisms, including the wood thrush (Hylocichla mustlina), a neotropical migratory species of management concern.
Piedmont National Wildlife Refuge m it . X v ; 3 Archelyp\ta\ habitat of the wood thrush is closed-canopy forest wnh abundant woody understory. Despite intensive
USGS Cooperative Research Units Center 2 il ralaiin gy i 7 tudy of both species conducted both at the Refuge and elsewhere, Refuge managers are nevertheless uncertain about
Georgia Cooperative Fish and Wildife Research Unit ‘ E’] \ { lhe degvee o wmch woodpe e(kef oﬂenled forest management renders habitat unsuitabl for wood thrushes and how
EPASTAR Fellowship Progr = A “ espon ndi
University of Georgia, Warnell School of Forest Resources. -;_l{,n' LIEEE “The Wildlife Management = I'urlhermore, !\mdamenuf h racteri u of forest growth , making long- pr of - .
\_ USGS Patuxent Wildiife Research Center " L T i i management outcomes tenuous ot outesy o rkn Fowel)
Model construction and simulation Results Monitoring and the reduction of uncertainty
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activity was sensitive to the density and proximity of woodpecker recruitment, occurred close to each other. Wood thrush densites tended to be greatest under Understanding about the systern as managment s caried out.
management employing m!lcqucm burning. Patterns in the composite response closely
. reflected those for ponse because Ipe P Under each of the 12 mode\s, we simulated stand-evel Keluge management conducted in me
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system from one state at time t (X) to a new state at time t+1 (X,.,). A model Fledgling = Computing th xpeced otcom v S model. management could then use this updated information, exactly in the manner as before, to select
predicts how the system state responds (X',..) to any given decision and what . management policy that is optima for the revised state of uncertainty. That new policy will
management reward (u,) will be produced by that decision. Uncertainty implies survival pr— reilect the slightly greater influence offered by the better-predicting system models,
that more than one system model i plausible in predicting the system response. E
and the management reward, 0
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. el of woodpecker prodi o Conceptual diagram of alternative wood thrush density models. Under
et modelsofwoodpeckerproducty. Under alemaive 1, alterative 1 (top panel), linear relationships observed between the Adaptive management is a promising tool for making conservation decisions under uncertainty. The adaptive protocol requires the development of multiple decision models
recruitment isinsensitive (o amount of oraging habitat (pine > 40 years, logarithm of bird density and measured field conditions are assumed to 1o express uncertainty, a clear statement of management objectives, and a commitment to a program of system monitoring. We faced challenges in each of these areas, but
9.2-18.4 melha basal rea) whereas under alterative 2, recruitment e e e e e e p inty, . g j prog y: .3 g
increases with amount of foraging habitat. 2 (bottom panel, density response is bounded at imits of field data. the greatest i toi of adaptive at the Piedmont National Wildlife Refuge is the absence of a systematic, detailed, and computer-
! retrievable forest monitoring program (Moore 2002).
Under this approach, and as exemplified in our case study, objective decisions may be made in the face of complete uncertainty (Conroy 2000). The promise of improved
We simulated each of the 12 model alternatives under two frequencies of management performance is the motivation to reduce uncertainty through the collection of monitoring data. Because models are the basis for decision-making, and because
prescribed burning (every 2 years vs. every 5 years) in combination with models can be proposed without the aid of data, adaptive management can proceed in data-poor environments s long as a commitment to follow-up monitoring is delivered.
four alternative spatio-temporal schedules of silviculural treatment for
i . The cight decision alternative i - . ; .
jm@[‘jﬁ;‘p‘i[{'ng;'j::‘,]wfjf,ﬂﬁ‘fnﬁ‘;‘ et :fk[’,';;ﬂ,}’;:m In many other situations, however, we have an abundance of spatial data and have available a number of advanced techniques to uncover correlations between patterns of
Given any one of the decision alternatives, cutting or burning of individual wildife distribution and habitats (Conroy 2000). In these cases, much analytical attention often centers on determining such models either as “valid” or “invalid.” As an
stands within compartments followed a st of rigid gudelnes for ction - - alternative, we encourage the use of adaptive management which places the issue of model validation in a clear and unambiguous context: models are valid to the extent that
priority. the quality of their predictions surpasses that offered by any reasonable competitor in repeated application (Conroy and Moore 2002). Thus, without making any absolute
Simulaton of eachofthe management polces produced epected (20 1 2 and illusory distinction between “valid” and “invalid” models, adaptive management provides a vehicle for making wildife conservation decisions under ncertainty with
Adaptive management provides a framework for decision making under replications) 100-yr outcomes of the number of active woodpecker clusters respect to all plausible models. At the same time, however, adaptive management maintains a focus on reducing that uncertainty.
uncertainty. An “information state” (Info, reflects the relative degree of belief in and the abundance of wood thrushes. We also mmpumda(omws\m k /
each model at time t, and a best decision is made conditional on the physical response by combining the outcomes in a variance-scaled m
system state (X) and the information state. Predictions by each model (X}
are compared to the observed system outcome (X,, ), measured as part of a
e e e AT e T e e i cxampie ofourexteme pto-temporl angemerts f s References
belief in each model are reallocated among models according to how closely into of
moclel predictions agree with the observed state. Fallowing the change in the same colorare nated in he same Vﬂ;h“";’ compartments of d’”"f’" y Conroy, M. . 2000. Mapping biodiversity for conservation and land use decisions. Pages 145-158 in Hill, M. ., and R. . Aspinall, eds. Spatialinformation for land use management. Gordon and Breach, Amsterdam.
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