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SPOTTED OWL RESEARCH: A QUARTER
CENTURY OF CONTRIBUTIONS TO
EDUCATION, ORNITHOLOGY, ECOLOGY,
AND WILDLIFE MANAGEMENT

R. J. GUTIERREZ!

Department of Fisheries, Wildlife, and Conservation Biology,
University of Minnesota, St. Paul, Minnesota 55108

Abstract. A great deal of research has been devoted to the
study of the Spotted Owl (Strix occidentalis), particularly over
the past quarter century. The problems faced by scientists work-
ing to achieve conservation of this species have required the
development of new approaches and methods in data analysis,
scientific inference, and conservation planning. Moreover, the
substantial depth of information gathered during Spotted Owl
studies provides an extensive platform upon which new ideas and
methods can be tested and developed. Some of these advances
are discussed in this paper. These contributions show that the
study of the Spotted Owl has resulted in information and meth-
ods that are not only specific to the owl and its conservation but
also are broadly relevant to ornithologists, ecologists, and wild-
life managers.

Keywords: conservation planning, scientific contributions,
Spotted Owl, Strix occidentalis.

Investigaciones sobre Strix occidentalis: Un Cuarto de
Siglo de Contribuciones a la Educacion, Ornitologia,
Ecologia y Manejo de Fauna

Resumen. Se ha dedicado mucho esfuerzo al estudio de Strix
occidentalis, especialmente durante este ultimo cuarto de siglo.
Los problemas a los cuales los investigadores han tenido que en-
frentarse para lograr la conservacion de esta especie han requeri-
do del desarrollo de nuevas aproximaciones y métodos para el
analisis de datos, la inferencia estadistica y el planeamiento en
conservacion. Ademas, la profundidad substancial de la infor-
macion colectada a partir de los estudios sobre S. occidentalis,
ha generado una plataforma extensa sobre la cual pueden pro-
barse nuevas ideas o desarrollarse nuevos métodos. Algunos de
estos avances son discutidos en este articulo. Estas contribuciones
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muestran que el estudio de S. occidentalis ha generado infor-
macion y métodos que no son solo especificos para esta especie y
su conservacion, sino que también son de amplia relevancia para
ornitdlogos, ecologos y el manejo de fauna.

The Spotted Owl (Strix occidentalis) has assumed a symbolic
position for the conservation of North American birds and their
habitats because it is at the center of a debate about conserva-
tion of endangered species in general, and old-growth forests in
particular (Simberloff 1987, Thomas et al. 1990, Gutiérrez et al.
1995). As aresult, much research has been devoted to understand-
ing its ecology in order to provide the scientific basis for credible
conservation plans (Gutiérrez et al. 1995). The strong applied na-
ture and single-species focus of this research has the potential, I
believe, to overshadow its general application to ornithology and
ecology. The perception that conservation-oriented research is
not contributing substantively to general ecological theory or ap-
plication is not limited to Spotted Owl research (Caughley 1994).
Under Caughley’s framework, most conservation research (and
much of Spotted Owl research) has been conducted under the
“declining-population paradigm,” which is, according to him, of
little theoretical interest (Caughley 1994:215). Indeed, the over-
arching funding constraint on the majority of Spotted Owl re-
search is that it must first serve a utilitarian purpose (provide
credible scientific information for conservation decisions) rather
than advance general knowledge or theory. Good conservation
requires appropriate and perceptive hypotheses about how sys-
tems or species will respond to management. Many management
approaches require novel scientific approaches to test these hy-
potheses or to conduct monitoring, and have indirect or direct
relevance to ecological theory regardless of how such manage-
ment is labeled or characterized. Moreover, the Spotted Owl’s as-
sociation with forests having high economic value requires both
rigorous and prudent scientific research because of the potential
economic, social, political, and conservation costs associated with
management decisions (Simberloff 1987, Thomas and Verner
1992, Forest Ecosystem Management Team 1993).

Throughout the past quarter century, there has been a perva-
sive atmosphere of antagonism toward scientific results from owl
research by special-interest groups (Murphy and Noon 1991).
This challenges researchers to avoid being distracted by criti-
cisms of their research by such groups while pursuing the best
applied science. Ironically, this contentious environment has led
to more-defensible results and to the development of methods
that not only served the objective of Spotted Owl management,
but also contributed more broadly to the fields of ornithology,
ecology, and wildlife management. Although the extent of em-
pirical research on Spotted Owls is well known (Gutiérrez et al.
1995, Noon and Franklin et al. 2002), I present here some general
contributions that Spotted Owl research has made to student ed-
ucation, ornithology, ecology, and conservation. Many of these
contributions have broad general applications, and while their
initial development was motivated by specific Spotted Owl prob-
lems, such contributions would likely have been developed at a
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later date. Yet, they were certainly given impetus by Spotted Owl
conservation needs. In this paper, my goal is to illustrate how re-
search on Spotted Owls has a much greater application beyond
the owl and should therefore be of interest to both ornithologists
and vertebrate ecologists.

I restrict my comments to the period 19832007 because it
approximates the modern era of Spotted Owl research, the begin-
ning of which is signified by seminal papers on the owl (Forsman
1983, Forsman et al. 1984). Noon and Franklin (2002) provide a
brief but excellent summary of the historical contributions and
the potential of Spotted Owl studies to contribute to population
dynamics and conservation. They also provide the legal and po-
litical context that has framed Spotted Owl conservation and
advocate the search for causal mechanisms (e.g., experiments)
underlying observed life-history patterns. Thus, I will not du-
plicate their fine effort, but rather, I provide additional context
to their paper.

SPECIFIC CONTRIBUTIONS TO EDUCATION,
ORNITHOLOGY, ECOLOGY, AND WILDLIFE
MANAGEMENT

NATURAL HISTORY AND STUDENT EDUCATION

Much natural history information has been gathered on Spot-
ted Owls in the past quarter century because this information
(e.g., habitat use, home range size) is necessary for management
plans (e.g., silvicultural prescriptions, reserve design). The sheer
amount of owl research has been a function of the enormous eco-
nomic and political pressure surrounding the listing of the owl as
a threatened species and the need to develop robust and credible
conservation plans, which have resulted in profound changes in
rates of logging and land conserved in the western United States
(Thomas et al. 1990, U.S. Department of the Interior 1990, 1993,
Verner et al. 1992, Forest Ecosystem Management Assessment
Team 1993, Gutiérrez et al. 1995, 1996). Through 2007, there has
been a minimum of 1533 unpublished governmental-agency or
other project reports on the Spotted Owl or its management, of
which 95% were from the past quarter century. Similarly, there
has been a minimum of 531 peer-reviewed papers published
during the same time period. I believe that there have been at
least five important catalysts that led to an increase in the rate
of research and publication: (1) the uncertainty about the habitat
requirements and population status of Spotted Owls (U.S. De-
partment of Agriculture 1988, U.S. Department of the Interior
1990, Verner et al. 1992); (2) the potential impact of Spotted Owl
conservation on logging (Forest Ecosystem Management As-
sessment Team 1993, Thomas et al. 1993); (3) a scientific sym-
posium held under the auspices of the Cooper Ornithological
Society in 1984 (Gutiérrez and Carey 1985); (4) key conservation
plans mandated, by the United States Congress, to be scientifi-
cally credible (Thomas et al. 1990, Verner et al. 1992); and (5) the
listing of the Northern and Mexican Spotted Owls (S. o. caurina,
and S. o. lucida, respectively) as federally threatened subspecies
(U.S. Department of the Interior 1990, 1993).

The attention devoted to each subspecies is probably a func-
tion of its relative economic importance (i.e., the timber value of
trees is highest in the range of the Northern Spotted Owl and lower
in the ranges of the California [S. o. occidentalis] and Mexican
Spotted Owls) and the length of time that there has been concern
about a subspecies’ status. The distribution of peer-reviewed pa-
pers supports my speculation, with approximately 37% of papers
devoted primarily to Northern Spotted Owls, 20% to the other
two subspecies, and 43% of remaining papers devoted either to
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general Spotted Owl topics or to all three subspecies collectively.
In addition, papers on natural history are most represented in the
literature (n = 145, 27%), followed by those on population dynam-
ics (n =94, 18%), management (n = 90, 17%), and policy or law
(n=176, 14%), with 24% (n = 126) devoted to all other topics.

The emphasis on basic ecological (natural history) informa-
tion is appropriate because it provides the foundation for man-
agement plans. Such information helps prevent “silly mistakes”
(Caughley and Gunn 1996) when creating management plans,
although this has not always happened with Spotted Owls. For
example, economic and political considerations strongly influ-
enced Northern Spotted Owl conservation until the species was
finally listed as threatened (Thomas and Verner 1992), leading to
“silly mistakes” in management strategies (e.g., size for habitat
reserves in initial conservation plans were below the minimum
known home-range sizes of Spotted Owls; U.S. Department of
Agriculture 1988). Subsequent to the failure of early conserva-
tion plans for the Northern Spotted Owl, the most relevant and
recent natural-history information has been integrated into all
subsequent management plans and listing decisions (Thomas et
al. 1990, U.S. Department of the Interior 1990, 1993, Verner et
al. 1992, Forest Ecosystem Management Assessment Team 1993,
Gutiérrez et al. 1996).

An important attribute of many Spotted Owl natural history
studies, not easily discerned from a casual reading of the litera-
ture, is that they are either components of much larger studies
or studies replicated by geography, by time, and by subspecies.
These designs are necessary to answer more complex questions
about habitat ecology or to assess the link between owl popula-
tion dynamics and habitat (Franklin et al. 2000). Because these
designs are complex, they require substantial data gathered at
different scales. Spotted Owl studies are among the few species-
level studies that have the data to support such complex analyses
(Franklin et al. 2000, 2004, Seamans 2005, Anthony et al. 2006).
Identification of scale-dependent habitat selection is essential to
designing conservation plans for Spotted Owls because the eco-
nomics associated with incorrect management guidelines can
be substantial. Moreover, with replicated studies, patterns can
be revealed in the absence of experimental studies, based on a
“strength of evidence” approach (Goldstein and Goldstein 1978,
Beyers 1998, Noon and Franklin 2002). A common frustration
among Spotted Owl researchers when submitting papers is that
reviewers often do not see or understand the broader context of
these replicate studies of habitat, home range, or other natural-
history attributes. It is a paradoxical irony that the foundation
of science is repeatability, but that novelty, not repeatability, is a
publication priority in ornithology and ecology. Nevertheless, in
the absence of critical experiments (Noon and Franklin 2002),
these replicated studies have provided the generality needed to
support rangewide conservation plans and provide the strength of
evidence (repeatability) to withstand legal challenges. These in-
dividual natural-history studies are often completed by graduate
students and frequently provide important covariates that have
been used in studies that assess the influence of habitat on pop-
ulation dynamics (Franklin et al. 2000, Seamans 2005). Thus,
research on the Spotted Owl illustrates the importance of rep-
licated studies throughout the range of a species when the con-
servation of that species is contentious, experiments are lacking,
and experiments are prohibitively expensive.

Many management questions are ideally suited to graduate-
student research. To that end, students have earned a minimum of
58 M.Sc. and eight Ph.D. degrees studying Spotted Owls. All but
three of these have been completed since 1983. This graduate re-
search has spanned a gamut of topics from behavior to population
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dynamics. The role of students in Spotted Owl research has been
critical because their research has provided important building
blocks for conservation plans or for more complex analyses (e.g.,
development of accurate habitat maps and habitat analyses that
aid in the development of model covariates). For example, grad-
uate students studying Spotted Owls under my direction have
developed their own habitat (vegetation) maps because existing
federal agency maps were not sufficiently accurate for habitat as-
sessments. We then used these student-generated maps to develop
habitat covariates for analyses (Seamans and Gutiérrez 2007).
Many M.Sc. degree students studying Spotted Owls also have
pursued Ph.D. degrees in ornithology or wildlife ecology, so it is
clear that the study of Spotted Owls has facilitated the develop-
ment of a cadre of future ornithologists and wildlife ecologists at
different entry levels.

SYSTEMATICS

The first major Spotted Owl management plan was predicated on
the “50-500 genetics rule” (this idea suggests that about 50-500
individuals are needed to maintain evolutionary potential in a
population) popular in conservation biology at the time (Franklin
1980, U.S. Department of Agriculture 1988). This premise was
questioned by Barrowclough and Coats (1985), who thought that
owl population dynamics was a more critical issue. Nevertheless,
both the genetic variability and systematic relationships of Spot-
ted Owls have assumed positions of controversy. Thus, the need
to resolve or clarify Spotted Owl systematics stimulated research
(Barrowclough and Gutiérrez 1990, Barrowclough et al. 1999,
2005, 2006, Haig et al. 2004), which provided this clarification.
Yet misinterpretation of the results of Barrowclough and Gutiérrez
(1990) and Haig et al. (2004) allowed an opportunity by special-
interest groups, through the public media, to obfuscate the owl’s
phylogenetic relationships. Regardless, the work accomplished
in Barrowclough’s lab provided the sequencing primers (i.e., the
foundation) for these systematic studies and other genetic stud-
ies of Spotted Owls and other Strix species. The study of con-
servation genetics is important and is considered frequently in
endangered-species issues, sometimes unwisely (Zink 2004); the
Spotted Owl research provides a good example of the utility of
genetic data when conservation is contentious.

HABITAT RELATIONSHIPS

There have been more studies published on the habitat rela-
tionships of Spotted Owls than on any other species of raptor
(Lohmus 2004). Most of these studies were motivated as a result
of concern over the effects of logging on the owl’s habitat through-
out its varied, large geographic range. There was also a great deal
of political and economic pressure to find conditions where owls
were not associated with mature and old-growth forests in order
to provide evidence that the owl was “adaptable” to loss of habitat.
Replicated studies provided the strength of evidence to support
early findings that Spotted Owls were habitat specialists that used
either old forests or structurally complex forests (Thomas et al.
1990, Verner et al. 1992).

Habitat studies also provided the foundation for attempts to
link habitat conditions with demographic parameters (Franklin et
al. 2000). Habitat and demographic parameters had not been pre-
viously integrated at such large scales for any endangered species.
Franklin et al. (2000) developed a novel method of assessing the
relationships between demography and habitat selection using a
metric called “habitat fitness potential.” This metric employed a
Leslie matrix where the individual elements were the survival and
reproduction of owls within particular territories linked to habitat
conditions within that territory. The sedentary nature and strong
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territoriality of Spotted Owls, combined with the development of
excellent techniques for assessing survival and reproduction (two
critical components of fitness), made it an ideal species for evalu-
ating the linkages between habitat and fitness.

One long-recognized problem with attempts to link habitat
covariates with vital rates of Spotted Owls (or any other species) is
that such linkages are conditional on a particular bird occupying a
specific site, which places substantial limitation on analysis (sam-
ple size) because birds can move or die. This limitation was recog-
nized early in Spotted Owl studies and motivated the development
of analytical approaches based on occupancy of sites. Occupancy
analysis was conditional only on a site having been occupied at
least once by an owl during a study. Thus, rates of site occupancy
(or extinction and colonization rates of sites) could be used to as-
sess the relationship between these parameters and habitat con-
ditions within Spotted Owl territories. So we now have analytic
approaches that focus on individual animals (capture-recapture),
integrated across the habitats that they use, and on sites or habi-
tats (occupancy), integrated across the various individuals that
may use them through time. Because of high site fidelity in Spotted
Owls, birds and sites are certainly not viewed as biologically in-
dependent. Yet conditional on this biological dependence, we can
still draw strong inferences about survival of birds and about bird
occupancy dynamics of sites using these two classes of models.

In addition, Spotted Owls and other species are often moni-
tored by vocal detection during standardized surveys (Franklin
et al. 1996). Such presence-absence information has been used
by ecologists for over a century, but the problem of imperfect
detection had been largely ignored (MacKenzie et al. 2006).
Thus, a formal analytical structure for such occupancy data was
needed. In the late 1980s, independent efforts by Azuma et al.
(1990), J. D. Nichols (U.S. Geological Survey, pers. comm.),
K. H. Pollock (North Carolina State University), and others led
to development of the first occupancy models for Spotted Owls in
response to monitoring requirements for Spotted Owls by federal
agencies. Subsequently, D. I. MacKenzie (Proteus Wildlife Re-
search Consultants) and his coworkers expanded the applications
of occupancy models (MacKenzie et al. 2002, 2003, 2006). Oc-
cupancy models have been used to examine Spotted Owl habitat
relationships, effects of Barred Owls (S. varia) on Spotted Owls,
and the effect of logging on dispersal (Olsen et al. 2005, Seamans
2005, Seamans and Gutiérrez 2007), but they could be used for
any species that can be detected by its vocalizations or other evi-
dence of presence. Finally, occupancy models are being extended
to multistate conditions (i.e., occupancy models that consider ad-
ditional information or “states” besides whether a site or habitat
is occupied or unoccupied, such as unoccupied, occupied with
no production of young, and occupied with successful reproduc-
tion), motivated by the uncertainty in reproduction outcomes of
Spotted Owl assessments, but again, they have widespread ap-
plication (Nichols et al. 2007, MacKenzie et al. in press). Many
important advances like the development of occupancy models,
which were partly motivated by the needs of Spotted Owl con-
servation, almost certainly would have been developed at some
other time because they have widespread application to many
species and problems in ecology, ornithology, and wildlife man-
agement (MacKenzie et al. 2006). However, the immediate need,
stimulated by management and policy concerns for the Spotted
Owl, helped motivate their development more quickly.

POPULATION DYNAMICS

The population status of the owl and the methods by which Spot-
ted Owl population dynamics are assessed continues to be hotly
debated despite some of the most rigorous mark-recapture studies



ever conducted (see Boyce et al. 2005 and Loehle et al. 2005 as
examples of criticism of Spotted Owl population analyses). Thus,
it is not surprising that owl population studies have been at the
forefront of extremely important analytical advances that have
general benefit to studies of animal populations.

Following the listing of the Northern Spotted Owl as a threat-
ened species, the United States Secretaries of Agriculture and the
Interior requested that a workshop be convened in 1993 to exam-
ine all extant Spotted Owl population data (Forsman et al. 1996).
This was the first of five meta-analyses of Spotted Owl popula-
tion data conducted between 1993 and 2006 (Forsman et al. 1996,
Franklin et al. 1999, 2004, Anthony et al. 2006, Blakesley et al.
2006). Although, mark-recapture theory and methodology were
well developed, it became apparent during the first Spotted Owl
workshop that the sheer quantity and complexity of the mark-
recapture data were an impediment to modeling efficiently the
many a priori hypotheses that could be considered in an analy-
sis. Program SURGE was one of the programs used at the first
meta-analysis (Pradel et al. 1990), which illustrated this problem
(Forsman et al. 1996). Thus, G. C. White (Colorado State Univer-
sity) developed a “front-end” program to SURGE that facilitated
the input of Spotted Owl data into SURGE. This program was
the origin of Program MARK (White and Burnham 1999, G. C.
White, pers. comm.). White (pers. comm.) would have developed
MARK eventually because of a fundamental need for a compre-
hensive program to analyze population data. Program MARK has
enjoyed exponential growth in its use, and it has been made freely
available by White (at <http://welcome.warnercnr.colostate.
edu/~gwhite/mark/mark.htm>). Spotted Owl researchers also
contributed to the development of MARK through beta testing
of some of the first iterations of the program (A. B. Franklin,
Colorado State University, pers. comm.). The Spotted Owl meta-
analyses also have served as beta-testing platforms.

At the 1993 meta-analysis workshop, Spotted Owl trends
were estimated using a Leslie projection matrix based on the es-
timates of stage-specific reproductive and survival rates of birds
(Franklin et al. 1996). However, it was recognized during the
workshop that estimates of the finite rate of population change
using the projection method (denoted here as A_) could be bi-
ased because juvenile owls were known to emigrate from study
areas (Gutiérrez et al. 1985, Miller et al. 1997). Thus, Burnham
etal. (1996) attempted to correct for this potential bias using esti-
mates of juvenile emigration rates derived from radio-telemetry
studies. Despite the attempt to correct this potential bias, the pro-
jection-based trend analysis was criticized. This criticism was
relevant not only to Spotted Owls but also to all studies of species
where the study area was of finite size and where dispersal oc-
curred (Barrowclough 1978, Zimmerman et al. 2007). As a re-
sult, one of the participants of the workshop, J. D. Nichols (U. S.
Geological Survey), sponsored a postdoctoral researcher whose
research objective was to develop a solution to overcome this
problem. The solution was the development of a reverse time-se-
ries Jolly-Seber estimator, which also would have broad general
application to studies of population trends (Pradel 1996). This
estimator (denoted A, ) has been used in all owl meta-analy-
ses subsequent to 1993. The estimator was not a panacea for un-
derstanding trends because the underlying reasons for changes
in numbers of owls on a study area were obscured (Franklin et
al. 2004), but it did overcome the bias of undetected emigration
rates of owls. To overcome this lack of biological insight, work
was initiated to partition the contributions of emigration and im-
migration to A,,; (Nichols et al. 2000). In addition, investiga-
tion of possible bias in this estimator was motivated entirely by
the Northern Spotted Owl data (Hines and Nichols 2002). Again,
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these inference methods were stimulated in part by the immedi-
ate needs of Spotted Owl researchers but have extensive potential
application for estimation of population trends for animals that
can be counted accurately on study areas.

Another problem, encountered by scientists working on re-
covery of the Mexican Spotted Owl was how to monitor trends of
this spatially extensive metapopulation. The solution was to sam-
ple a large number of quadrats using mark-recapture and com-
bine the resulting data into a single estimator. This estimator was
developed by Bowden et al. (2003) and also has important appli-
cations to ecology and conservation of metapopulations.

Although inferences attributable to various owl trend analy-
ses or estimation results have been carefully presented in most
owl papers because of the concern that vested interests have in
the results of these analyses, the meaning of A, the finite rate
of population change, was opaque to the general public. Thus,
Franklin et al. (2004) developed a unique metric called “realized
change” (A,), which represented the proportion of the population
size in the first year that remained in each subsequent year. It was
a simple, relative measure of the change in the population from
the beginning to the end of a study.

WILDIFE MANAGEMENT AND CONSERVATION
PLANNING

The conservation of the Spotted Owl began as a specific wildlife-
management problem but quickly expanded to broader conserva-
tion issues. Its iconic significance is obvious because it is rare in
conservation annals that the United States Congress demands a
credible conservation plan for a species. Such was the case with
the Northern Spotted Owl when Congress commissioned a “sci-
entifically credible” plan for its conservation (Interagency Sci-
entific Committee [ISC]; Thomas et al. 1990). This demand was
made because prior plans were challenged in court as inadequate
to protect the owl. Such inadequacy likely contributed to the list-
ing of the Northern Spotted Owl as an endangered species (U.S.
Department of the Interior 1990). The resulting ISC plan made
three major contributions to conservation planning: (1) the plan
was premised on testing a priori biological hypotheses about
the owl; (2) individual-based models were developed based on
owl ecology and population theory to guide the development of
a land-allocation strategy; and (3) the conservation strategy it-
self was considered a falsifiable hypothesis (Thomas et al. 1990,
Noon and McKelvey 1996). This approach set a standard for con-
servation plans because of its clarity, rigor, adherence to scien-
tific principles, and its persistence following many political and
legal challenges (Noon and McKelvey 1996).

The ISC plan also became the foundation for all subsequent
conservation plans for owls and Pacific Northwest forests (Noon
and McKelvey [1996] provided an extensive review of the ISC
and its link to the Northwest Forest Plan [U.S. Department of
Agriculture and U.S. Department of the Interior 1994]). The ISC
plan was developed at the same time the owl was listed as threat-
ened, so the first Northern Spotted Owl recovery team reviewed
the ISC conservation strategy and adopted it with some minor
modifications (U.S. Department of the Interior 1992). This team
produced a draft recovery plan for the Northern Spotted Owl
(U.S. Department of the Interior 1992), which was never accepted
because it became entangled by politics (i.e., change of national
political administrations in Washington, DC.). Nevertheless, one
conservation aspect that was developed within that plan was a
brief exposition of the contribution that a Spotted Owl recovery
strategy would make to conservation of other wildlife and for-
ests in the Pacific Northwest. This draft recovery plan illustrated
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both the need to protect the owl and the concern that more values
were at stake in this regionwide conservation issue. As part of his
presidential campaign, President Clinton pledged to resolve the
controversy that for years surrounded the conservation of ancient
forests of the Pacific Northwest and the Spotted Owl. He fulfilled
his pledge by supporting the development of the Pacific North-
west Forest Plan, which was a comprehensive plan to conserve
all biological values (vertebrates, forests, watersheds, and eco-
systems) within the Pacific Northwest forests (U.S. Department
of Agriculture and U.S. Department of the Interior 1994). A sci-
entific analysis team provided a comprehensive assessment and
recommendations for many issues surround such an ambitious en-
deavor (Forest Ecosystem Management Assessment Team 1993,
Thomas et al. 1993). Spotted Owls were but one component of
that plan, yet they were a critical one because they gave impetus
to the design of the final strategy through the ISC process. Fur-
ther, an integral part of the Pacific Northwest plan was an “ef-
fectiveness monitoring plan” for the owl. This monitoring plan
depended on the long-term owl mark-recapture studies described
above. So in the case of the Northern Spotted Owl, a single spe-
cies conservation plan evolved into a multidimensional conser-
vation plan, yet the latter is still partly dependent on the former
through “effectiveness monitoring.” As Noon and McKelvey
(1996) note, the scientific rigor and transparent process that re-
sulted in the creation of these plans have set a standard that has
been robust to legal and political challenges. Hence, they serve as
amodel for conservation action for all wildlife and forests.

An alternative but equally novel conservation plan was de-
veloped for the California Spotted Owl (Verner et al. 1992). This
was a habitat-based rather than a reserve-based strategy like the
Northern Spotted Owl plan. This plan was different from the ISC
plan because there was greater uncertainty about the response
of owls to current habitat conditions, its population status, and
its nearly continuous spatial distribution in the Sierra Nevada,
California. However, like the ISC, this plan was predicated on
scientific credibility. I think these divergent plans also provided a
measure of credibility to the public and the government that a rig-
orous scientific process for considering conservation strategies
could result in different approaches for the same species (i.e., the
differences demonstrated that the plans were not simply “land
grabs” by environmentalists, as had been suggested by some spe-
cial interest groups).

CONFLICT RESOLUTION IN SCIENCE

The first Spotted Owl meta-analysis was beset by conflict when
one modeler representing a special-interest group criticized the
methods, yet left the analysis workshop without either debating
the criticism or providing an alternative approach (Anderson et
al. 1999). A second participant withdrew his data after observing
and disagreeing with the results of the analysis. Consequently,
Anderson et al. (1999) developed a protocol to avoid such con-
flicts in future Spotted Owl meta-analyses. This protocol has
been used with great success in all subsequent meta-analyses be-
cause it establishes a priori guidelines for discussion, procedures,
level of rigor, transparency of data, accuracy of data, analyses,
and other details relevant to an entire analytical process (Frank-
lin et al. 2004:appendix 2). While this protocol was developed to
serve the needs of Spotted Owl meta-analyses, it is general to all
analyses of collective data where the results are likely to be con-
troversial or subject to external debate. Moreover, the wide dis-
tribution of the owl and similarity of management challenges for
their conservation across their range facilitated an exceptional
degree of cooperation and synergism among many scientists.
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Scientists working on Spotted Owls collectively embraced the
emerging analytical paradigm of model selection based on likeli-
hood estimation (Burnham et al. 1996), which served to elevate
the rigor of Spotted Owl studies as well as to enhance inference
from analyses. Using model selection does not provide the un-
derlying mechanisms for Spotted Owl responses as advocated by
Noon and Franklin (2002), but it can establish a stronger founda-
tion for designing experiments than would have been possible
using classic inferential statistics. The meta-analyses described
above, the adoption of a model selection paradigm, and the abil-
ity to resolve conflicts among scientists taken together serves
as an exemplary model for conservation science and wildlife
management.

POTENTIAL FOR FUTURE CONTRIBUTIONS
OF OWL RESEARCH

The attention the Spotted Owl has received because of its use of
old forests and the decline of some of its populations has led to
substantial research to support conservation planning. Spotted
Owl population studies are the most intensive ever to be con-
ducted on an endangered species. Despite this solid foundation
of information, almost everything discovered about Spotted
Owls has been challenged in some way. A cottage industry has
developed to find weaknesses in these research results, and the
research environment occasionally has been acrimonious. Para-
doxically, this seemingly tense situation has led to the develop-
ment of much stronger analytical methods to remove criticism
and make inferences stronger. Many of these methods and results
have widespread application to ornithology, ecology, and wild-
life management.

I believe that ornithologists and ecologists would be well
served to monitor the Spotted Owl literature because of emerg-
ing developments. In the future, I expect that new methods and
approaches will arise from the study of Spotted Owls because
the substantial data thus far collected on the species provides an
extensive data platform for examining new methodologies and
analyses, which will ultimately be useful for testing many eco-
logical and theoretical ideas. For example, the Northern Spotted
Owl population studies are both enormous and long term, with
14 studies (some up to 23 years in length) recording 32 054 re-
captures of 11 432 banded birds over nearly 30 000 km? of area
(Anthony et al. 2006). The beauty of the Spotted Owl data is that
they have been rigorously and synchronously collected over vast
areas with an emphasis on precisely estimating fitness param-
eters (survival and reproduction), so they will continue to lend
themselves well to testing ecological theory and to developing
new analytical methods of interest to many scientists.
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