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BACKGROUND 

Controversy over managing public lands is nei-
ther an unexpected nor recent development. In the 
1970's, debate over land management began to fo-
cus on the effects of timber management practices  
on wildlife. This was most evident in the Pacific 
Northwest where the public was beginning to express 
strong concerns about the effects of timber harvest  
in late-successional forests on northern spotted owls 
and other vertebrates. The focus on all vertebrates 
and not just "game animals" distinguished these con-
cerns from earlier wildlife-related issues. In 1976, 
Congress passed the National Forest Management 
Act, which mandated the maintenance of biological 
diversity on lands of the National Forest System. 
Regulations enacted pursuant to this law specified 
that viable populations of native and desirable non-
native wildlife species would be maintained on plan-
ning units (i.e., National Forests) of the National For-
est System. Thus, a statutory and regulatory basis was 
provided for appeals and litigation directed at what the 
public believed to be the negative effects of timber man-
agement practices on wildlife. The many legal chal-
lenges that ensued focused primarily on the harvest- 
ing of late-successional forests in the Pacific Northwest 
(see Meslow et al. 1981 for additional discussion). 

The USDA Forest Service responded to this situa-
tion in 1981 by chartering a research and develop-
ment program aimed at studying the role of old-
growth forests as wildlife habitat (Ruggiero et al. 
1991). Early research efforts of this program focused 
on the ecology of spotted owls, a species at the cen-
ter of the most intense debate. Although research was 
underway, legal challenges disrupted forest manage-
ment activities, and the controversy was played out 
in legal and political arenas. Science was not called 
on as part of the solution until nearly a decade later, 
after the development of a political impasse in one of 
the country's most important timber-producing re-
gions. In 1989, in response to this impasse, an inter-
agency agreement between the major land manage-
ment agencies established the "Interagency Scientific 
Committee to Address the Conservation of the North-
ern Spotted Owl." The charter of this group was later 
incorporated into law (Section 318 of Public Law 101-
121), and a conservation strategy for the northern 
spotted resulted (Thomas et al. 1990). In 1991, Con-
gress intervened directly by commissioning the Sci-
entific Panel on Late-Successional Forest Ecosystems, 
whose mission was to make broad recommendations 
about management of the remaining old-growth for-
ests in the Pacific Northwest (Johnson et al. 1991). 
And, in 1993, President Bill Clinton intervened and 
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forests, and the relative lack of information available 
for conservation planning. In addition, most of the 
geographic ranges of forest carnivores (about 65% 
for the marten and fisher) are found on public lands, 
and the marten, fisher, and lynx have been judged to 
be at medium to high-viability risk due to the reduc-
tion of old-growth forests in the Pacific Northwest 
(Thomas et al. 1993a, 1993b). 

The conservation assessment process is intended 
to produce three specific products for each of the 
species in question: an overview of the existing state 
of knowledge with regard to species biology and ecol-
ogy; a discussion of the management considerations 
stemming from this knowledge; and recommenda-
tions for research needed to fill voids in existing 
knowledge. Our mandate did not include the devel-
opment of specific management recommendations 
and none appear here. The conservation assessment 
process is intended to lay the foundation for devel-
oping conservation strategies for species of concern. 
Thus, knowledge voids are assessed in this context, 
and the research recommendations are intended to 
address the information needed for developing sci-
entifically defensible conservation strategies. Conser-
vation strategies build on conservation assessments  
by incorporating new information that results from 
assessment recommendations and by prescribing 
specific conservation measures needed to ensure 
population viability and species persistence. Re-
search designed to fulfill assessment recommenda-
tions will result in an understanding of the ecology  
of each species. Only then can we determine whether 
particular silvicultural practices are consistent with 
forest carnivore population persistence and whether 
they may be used to manage each species' habitat. 

OVERVIEW 

The developing paradigm of conservation biology 
forms the basis for the forest carnivore conservation 
assessment. And, as outlined in the contents, we have 
attempted to address those biological and ecological 
topics that are central to the issue of maintaining vi-
able populations of the species in question. Each spe-
cies account (Chapters 2-5) addresses what is known 
about population ecology and demography, behav-
ioral ecology, habitat requirements, movement ecol-
ogy, and community interactions. These classes of 
information are fundamental to conservation plan-
ning. Knowledge of habitat requirements is essen- 
tial for understanding the resources needed for spe- 

appointed a task force of scientists to evaluate the 
effects of alternative management scenarios for old-
growth forests on all wildlife in the Pacific North-
west (Thomas et al. 1993a). This intervention in-
cluded an unprecedented visit by a U.S. president to 
the site of a regional forest management/ wildlife 
controversy for the purpose of facilitating its end (the 
Forest Conference convened in Portland, Oregon, on 
April 2, 1993). 

It is clear from these events that public concern over 
the effects of land management on wildlife is enor-
mously important politically, economically, and sci-
entifically. It is also clear that the conservation strat-
egy for the northern spotted owl came too late. Nearly 
two decades passed from the first concerns over the 
conservation status of this subspecies until scientists 
were asked to develop a "scientifically credible" con-
servation strategy. The necessary commitment to sci-
entific research, which is essential as the basis for any 
defensible conservation plan, was made too slowly. 
The resultant socio-political turmoil was likely avoid-
able, at least in part, and the controversy would not 
have been so intractable if better scientific informa- 
tion had been available earlier. 

Concerns about wildlife conservation in relation 
to forest management are limited neither to the Pa-
cific Northwest nor to spotted owls. Appeals and le-
gal challenges of timber management activities, rela-
tive to effects on wildlife, are now common through-
out the country. The potential for re-enactment of the 
Pacific Northwest/old-growth. scenario exists 
throughout the western United States. And there is 
growing public sentiment that serious attention to  
the conservation of biological diversity is long over-
due outside the Pacific Northwest. 

PURPOSE 

To address this situation, the USDA Forest Service 
decided in 1993 to evaluate what is known about the 
biology and ecology of several species or groups of 
species that are potentially sensitive to the effects of 
forest management, including the harvest of late-suc-
cessional forests. This so-called conservation assess-
ment process is directed at interior cutthroat trout,    
bull trout, Pacific salmon, forest owls (flammulated, 
boreal and great-gray), marbled murrelet, northern 
goshawk, and forest carnivores (marten, fisher, lynx, 
and wolverine). The forest carnivores are included  
in this group because of their relatively large area 
requirements, their association with late-successional 
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We have focused on the western U.S., exclusive of 
Alaska. The Tongass National Forest in Alaska is cur-
rently involved in important analyses of long-term 
species viability for marten and other species (Inter-
agency Viable Population Committee-Iverson, pers. 
comm.). We have focused on the western contermi-
nous United States because concerns about habitat 
reduction and landscape modification through man-
agement appear to be most urgent in this area. More-
over, all four forest carnivore species are sympatric    
in portions of this area, thus affording the opportu-   
nity for ecosystem studies that examine the common 
elements of their ecologies, including a common prey 
base. 

THE QUANTITY AND QUALITY 
OF EXISTING INFORMATION 

Research findings like those reviewed in this book 
must be evaluated in terms of the quantity and qual-   
ity of information available on any given topic and    
for any given location. Such an evaluation should    
form the basis for judgments about the reliability and 
salience of information relative to decision-making    
or conservation planning (see Romesburg 1981 for a 
pertinent discussion). We have taken steps through-    
out this assessment to help the reader evaluate the 
quantity and quality of the information presented.  
There are at least six ways in which research results  
can be misleading or misinterpreted and thus mis-
applied in a conservation assessment. These are dis-
cussed below. 

Geographic Limitations 

Existing information may be the result of research 
conducted at only one or a few geographic locations. 
Research results from a specific geographic area may 
be unreliable or even misleading when applied to 
other locations. The risks associated with such ex-
trapolations generally increase as distances increase 
and ecological conditions become increasingly dis-
similar. This is equally true when numerous studies 
have been conducted in the same geographic loca-
tion. Although numerous studies may add to the re-
liability or breadth of knowledge as it applies to the 
geographic area of investigation, multiple studies 
from the same or very similar study areas do little to 
increase the value of the resultant information rela-
tive to other geographic areas with different ecologi-
cal conditions.

cies persistence. Community interactions mediate the 
use of these resources and hence must be understood 
for reliable conservation planning. Community in-
teractions in the form of predator-prey relationships 
also can have a direct effect on population persis-
tence. The vital rates of natality and mortality, along 
with an understanding of how the environment in-
fluences these rates, constitutes basic information for 
developing models of population persistence. And an 
understanding of how movement ecology relates    
to the potential connectedness of populations within 
metapopulation structures is equally basic to under-
standing population dynamics and estimating per-
sistence probabilities. Finally, because behavior me-
diates all interactions between organisms and their 
environment, understanding fundamental behav- 
ioral patterns is important to understanding species' 
ecology. In each of these broad categories, we have 
also tried to identify areas where information basic 
to conservation planning is currently lacking. 

It would be ecologically naive to assume that 
knowledge in any of the above areas could be ex-
trapolated with equal validity to all populations 
across the geographic ranges of each forest carnivore 
species. Rather, we assume that ecotypic variation 
exists within these species. Although the amount of 
this variation is unknown, we stress its potential sig-
nificance in formulating of conservation strategies. 
Accordingly, we have adopted an ecological stratifi-
cation scheme (Appendix A) that we believe repre-
sents the major physiographic and ecological influ-
ences likely to effect ecotypic variation. Species dis-
tribution patterns are superimposed on this ecologi-
cal stratification in Appendix B. For reasons presented 
above (see Chapter 7 for additional discussion), we have 
also used this framework to make geographically ex-
plicit research recommendations in Chapter 7. By do-
ing this, we are stressing that important ecological 
differences may exist among species populations and 
we are also cautioning against overextrapolation of 
research results. 

An important feature of our ecological stratifica-
tion is the explicit delineation of important 
ecoprovinces that span the Canada-U.S. border. For- 
est carnivore populations in the United States repre-
sent the southern portions of species' ranges that are 
centered in Canada. This distribution pattern has 
important implications for conservation planning,    
and international cooperation in developing conserva-
tion strategies seems appropriate. The ecological frame-
work provided here should facilitate such cooperation. 
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curring in particular environments are sometimes 
incorrectly reported as indicative of specific habitat 
requirements or a lack thereof (see Chapter 7 for ad-
ditional discussion). Similarly, a species may conduct 
different activities in different habitats, as in the case  
of foraging and denning habitats. These habitats may 
be strikingly different but both are essential. A general 
description of the habitat requirements of the species 
should consider the availability of each type and their 
spatial juxtapositions. 

Problems of scale arise when individuals within 
populations are sampled and the resultant param- 
eter estimates are applied to the entire species. This 
seemingly obvious and easily avoidable problem is 
quite common, especially when ecological results are 
applied or interpreted in a management context 
(Ruggiero et al. 1994). 
 

Definition of Terms 
and Inappropriate Inference 

The issue of old-growth forest as important habi-
tat for forest carnivores is laden with philosophical 
and semantic problems that can hinder communica-
tion about habitat requirements. "Old-growth" is a 
stage of forest development characterized by large 
components (e.g., logs, snags, live trees) and struc-
tural complexity (e.g., vertical and horizontal). These 
attributes vary as a function of vegetation type, site 
conditions, and disturbance history. Thus, in general, 
old growth is a concept rather than a specific set of 
conditions. Old-growth characteristics develop 
gradually as forests mature, so that there is no spe-  
cific threshold where mature stands become old 
growth. Thus, the characteristics of late-successional 
forests (including the oldest forests) are what inter-   
est us as habitat for forest carnivores. In order to fo-  
cus on the structural and compositional features of 
forest habitats, we have chosen to use the term late-
successional forests when referring to mature and  
older forests that possess the attributes listed above. 

Our work requires the definition of three additional 
terms: fragmentation, dispersal, and den site. "Frag-
mentation" occurs when a large expanse of habitat    
is transformed into a number of smaller patches of 
smaller total area, isolated from each other by a ma- 
trix of habitats unlike the original (Wilcove et al. 
1986:237). The process of fragmentation includes loss 
of stand area, loss of stand interior area, changes in 
relative or absolute amounts of stand edge, and 
changes in insularity (Turner 1989). "Dispersal" is 

Extensive Information From Few Studies 
 

While single studies may provide important 
knowledge, insight, or even understanding, multiple 
studies provide scientific corroboration of these re-
sults. Accordingly, reliable bodies of knowledge are 
usually based on well-documented concordance 
among results of independent investigations. It fol-
lows that a literature review based on 10 studies does 
not reveal as strong an information base as the same 
review based on 20 or more studies. This is equally 
true when one or a few studies cover many topics, as 
is the case in many natural history studies (especially 
of the thesis or dissertation genre). This situation leads 
to copious citations and the documentation of findings 
across a broad array of topics, sometimes creating the 
false impression of an extensive body of information. 

 
Small Sample Sizes and/or  

Highly Variable Results 

Small sample sizes are related to anecdotal infor-
mation in that the resultant information may fail to 
represent a meaningful or common natural condition 
or event. And, when little is known about a species, 
this type of inherently unreliable information tends 
to be repeated and applied without the necessary 
qualifiers. For example, our knowledge about the 
denning habitat requirements for lynx is based on 
very few actual den sites. In spite of this, some 
authors will cite the studies involved and portray 
our knowledge on this topic as much more solid 
than it actually is. In many cases, this kind. of 
situation goes undetected by decision-makers or 
readers of review articles or management-oriented 
overviews. Similar problems occur when larger 
sample sizes reveal highly variable findings, which 
are! then reported as a simple mean value without 
appropriate statistical qualifiers and professional 
interpretation. 

 
Ambiguous Parameters  
and Problems of Scale 

Some parameters are inherently ambiguous, and 
conclusions based on data resulting from the mea-
surement of such parameters can be misleading. For 
example, simple occurrence of animals in some habi-
tat says little about habitat requirements, and even 
intensive measures of parameters like density can 
sometimes be misleading (Van Horne 1983). In spite 
of this understanding, observations of animals oc- 
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important because it connotes the successful estab-
lishment (usually by juvenile animals) of a breeding 
territory in an area distant from the natal area. "Na-  
tal den sites" are important because they play a key 
role in recruitment by providing parturition sites. 
Inappropriate inferences about dispersal are made 
when authors confuse the long-distance movement 
capability of animals with their ability to successfully 
disperse. Inappropriate inferences about habitat re-
quirements for denning are made when authors use 
the term "den" in reference to resting sites that are  
not associated with parturition or rearing of young. 
Similarly, there are important ecological differences 
between natal den sites (used for parturition) and other 
den sites that are used subsequent to parturition. 

Inappropriate Methods 

Using the wrong method to address the right ques-
tion can result in inaccurate or incomplete answers. 
Questions about population structure and area re-
quirements, for example, are germane to conserva-
tion planning. Information about area requirements   
is best obtained by well-designed (i.e., sufficient data 
over appropriately long time-periods) radio-telem- 
etry studies. However, telemetry studies are expen-
sive, and much information about the area require-
ments of forest carnivores has been derived from re-
locations of marked animals. There is an important 
distinction here with regard to the quality of result- 
ing information. Similarly, questions about popula-
tion structure have often been addressed by examin-
ing the carcasses of trapped animals. The quality of 
inferences from such data is questionable because the 
structure and dynamics of exploited populations dif-
fer from unexploited populations in ways that are 
poorly understood. 

For the reasons discussed in this section, we have 
tried to provide a realistic view of the actual scien-
tific knowledge base that forms the foundation of the 
species-account narratives. We have done this in each 
species account by including a tabular summary of 
existing studies by topic and including information  
on study location, duration, methodology, and   
sample size. Similarly, in Chapter 7 (table 1) we have 
represented the geographic distribution of existing 
knowledge for all 4 species in 10 topical areas of spe-
cial importance to conservation planning. We have 
also asked the authors of each species account to pro-
vide their thoughts about management consider- 
ations that follow from the state of knowledge and 

to provide their recommendations about information 
still needed for develoment of conservation strate-
gies for each species. In addition, we present a syn-
thesis of these management considerations and in-
formation needs in Chapters 6 and 7, thus giving the 
reader two perspectives on these important aspects  
of the assessment. 

MANAGEMENT CONSIDERATIONS AND 
INFORMATION NEEDS 

As alluded to above, the state of scientific knowl-
edge on forest carnivores carries with it certain im-
plications for land management. Because the quan-
tity and quality of information available for the west-
ern United States is limited, one such implication is 
that the conservation status of forest carnivores is it-
self uncertain. Thus, empirically based management 
strategies for species conservation cannot now be 
developed, and a significant commitment to research 
is needed. 

This need for much additional information through 
research leads to a practical dilemma. Conservation 
planning draws on information from all aspects of a 
species' ecology. Accordingly, for little-studied (and 
difficult-to-study) species like the forest carnivores, 
the list of information needs is long indeed. And the 
need to replicate some studies to generate regionally 
generalizable information only expands the list of 
needed research. The dilemma, then, is how to be 
scientifically rigorous in prescribing needed research 
while also recognizing the practical limits of avail-
able resources and acknowledging real questions 
about the feasibility of collecting certain crucial in-
formation (e.g., vital rates for wolverine populations). 
Long lists of needed studies for even a single species 
are difficult to prioritize and often lead to a piecemeal 
approach to research whereby knowledge gaps persist. 
Problems of consistency and comparability arise, and 
studies are conducted on an opportunistic rather than    
a comprehensive and well-integrated basis. 

Our solution to this problem is to avoid long "laun-
dry lists" of needed research (although detailed in-
formation needs are included in each species account) 
in favor of a comprehensive, programmatic approach  
to producing the information needed for develop-    
ing conservation strategies for forest carnivores. In 
reality, most well-designed studies address multiple 
objectives or multiple information needs. Thus, we 
believe that for each species a few highly integrated 
and comprehensive studies replicated in the geo- 
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graphic areas of concern will satisfy existing infor-
mation needs for conservation planning (see Chap- 
ter 7 for additional discussion). We believe this ap-
proach will result in high levels of consistency, a com-
prehensive body of knowledge, and optimal use of 
available resources. Unfortunately, it will also take 
considerable time, expense, and effort. This should 
not, however, deter managers from developing con-
servative interim guidelines that will maintain fu- 
ture options. 
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