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Because of the problems associated with ecological concepts, generalizations,
and proposed general theories, applied ecology may require a new “logic” of
explanation characterized neither by the traditional accounts of confirmation nor
by the logic of discovery. Building on the works of Grinbaum, Kuhn, and
Wittgenstein, we use detailed descriptions from research on conserving the
Northera Spotted Owl, a case typical of problem solving in applied ecology, to
{1 characterize the method of case studies, (2) survey its strengths: (3) sum-
marize and respond to its shortcomings: and (4) investigate and defend its un-
derlying “logic”.

1. Introduction. Two decades ago, Schoener (1972) warned that ecol-
ogy has a “constipating accumulation of untested models”, (p. 389), most
of which are untestable, and Peters (1991) complained that the vast ma-
jority of models in the ecological literature do not describe the phenomena
they purport to describe, or they contain internal mathematical problems,
or both. One question such criticisms raise, apart from what sorts of claims
are most appropriate to pure ecology, 1s whether applied ecology is ever
likely to have any general theories or exceptionless laws to aid in problem
solving. If not, then the logic and methods most appropriate for confirm-
ing general theories and exceptionless laws may not be those most suited
to applied ecology. Sidestepping this issue of the types of causal claims
most appropriate to pure ecology (if there is such a thing), we argue that
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APPLIED ECOLOGY AND THE LOGIC OF CASE STUDIES 229

some sort of “logic of case studies”—and an associated method-—may
be required in applied ecology. Although there are no sets of purely de-
ductive inferences that one can draw from analysis of a unique, singular
situation-—and hence no applicable logic in the strictest sense—we argue
that there is a “logic” of case studies in the sense of informal inferences
(that give us a way to make sense of a situation), even though we cannot
completely guarantee their soundness. Likewise we argue that there is a
“method” of case studies in the sense of rules of thumb or a systematic
plan for generating reliable case studies and hence for facilitating the rel-
evant informal inferences.

2. Why We Might Need a Method of Case Studies. In community
ecology we are unlikely to find many (if any) simple, exceptionless laws
applicable to a variety of communities or species. One reason is that fun-
damental ecological terms (like “community” and “stability”) are too vague
to support precise empirical laws (see Shrader-Frechette and McCoy 1993,
chap. 2). For example, although the term “species” has a commonly ac-
cepted meaning, and although evolutionary theory gives a precise tech-
nical sense to the term, there is general agreement in biology neither on
what counts as causally sufficient or necessary conditions for a set of
organisms to be a species nor on whether species are individuals (Cracraft
1983, 169-170; see also Ghiselin 1969, 1987; Gould 1981; Hull 1974,
1976, 1978, 1988, 102ff., 131-157; Kitcher 1985a; Mayr 1942, 1963,
1982, 273--275, 1987; Rosenberg 1985, 182-187; Simpson 1961; Sober
1981; Sokal and Sneath 1963; Van Der Steen and Kamminga 1991; Van
Valen 1976). Such laws also appear unlikely because the apparent eco-
logical patterns keep changing as a result of heritable variations and evo-
lution (see, e.g., Mayr 1982; Rosenberg 1985; Ruse 1971, 1989; Sattler
1986, 186ft.; Simpson 1964; Sober 1988). Moreover, neither specific
communities nor particular species recur at different times and places.
Both the communities and the species that comprise them are unique (see,
e.g., Norse 1990, 17ff. and Wilcove 1990, 83ff.). Of course, every event
is unique in some respects (see Stent 1978, 219), and repetition of unique
events is in principle impossible (Hull 1974, 98). Although—in terms of
the covering-law model—initial conditions might be able to capture some
of the uniqueness of an event, ecologists often do not have the historical
information either to specify the relevant initial conditions or to know
what counts as the unique event (see Kiester 1982, 355ff.). Conse-
quently, instead of developing their own general theories and laws, ecol-
ogists are often forced to be content with a “user” science, a discipline
based on borrowings and insights from other sciences.

Admittedly ecologists may apply useful findings about particular models
to other situations, species, or communities. Nevertheless, such models
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are unlikely to help us develop general, exceptionless laws. One reason
is that the ultimate units of ecological theory (e.g., organisms) are few
in number as compared with the ultimate units in other scientific theories
(e.g., molecules or subatomic particles), and they cannot easily be rep-
licated. As a result, ecologists can rarely discount the random or purely
statistical nature of events or changes; one disturbance in one key envi-
ronment may be enough to wipe out a species. Model applications are
also limited because we do not know the natural kinds. And if not, then
perhaps the best paradigms of laws in ecology do not mention the species
category at all. Eldredge (1985; see also Brandon 1990, 72ff.), for ex-
ample, argues that because species are members of a genealogical hier-
archy only, they do not take part in biological processes.

If exceptionless ecological laws are unlikely, and if there are problems
with applying general ecological theory, given that species are not ob-
viously natural kinds and that each individual in a population is unique,
then apart from what sorts of claims are most appropriate to pure ecology
(if there is such a thing), problem solving in applied ecology may require
a new logic of case studies as well as a new method for helping to obtain
reliable inferences. In this essay, we are more interested in describing,
illustrating, and defending the methodological process leading to such
inferences rather than in their epistemological status. Moreover, although
there may be a variety of “logics” and associated methods able to en-
courage progress in ecology, there are four reasons that we are interested
only in the “logic” and method characterizing case studies: (1) A dis-
cussion of the types of claims relevant to community, population, and
ecosystems ecology is a difficult and massive undertaking, given the
problems (already noted) with general ecological theory and concepts. (2)
Others have already begun this undertaking (e.g., Van Der Steen and
Kamminga 1991). (3) Our focus, instead, is primarily on the “logic” and
method that might be most appropriate to the environmental problem solving
of applied ecology. (4) Also, although a variety of logics and associated
methods may be useful in applied ecology, our own field work (see Shrader-
Frechette and McCoy 1993; McCoy et al. 1993), as well as the insights
of a recent committee of the US National Academy of Sciences (NAS)
and the National Research Council (NRC) (Orians et al. 1986) suggest
that case studies may provide the best approach to applied ecology. In-
deed, when it was asked to assess the use of ecology in environmental
problem solving, the committee chose to illustrate how the practice of
ecological science focused on case-specific ecological knowledge, rather
than on the development or application of some general ecological theory
(ibid., 1, 5). Faced with the absence of general ecological theory and
laws available for environmential problem solving, the US NAS-NRC
committee recognized that ecology’s greatest predictive success occurs in
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situations having weak or missing general ecological theory and involving
only one or two species (ibid., 8). These situations suggest that the suc-
cess might be coming from sources other than the general theory: lower-
level ecological theories and the natural-history knowledge of specific
organisms (ibid., 13, 16; see also Gorovitz and Macintyre 1976). As the
authors of the National Academy report put it, “the success of the cases
described . . . depended on such [natural-history] information” (Orians
et al. 1986, 16).

3. The Method and ‘‘Logic’’ of Case Studies. The vampire bat re-
search included in the NAS report is an excellent example of the value
of specific natural-history and case-study information when ecologists are
interested in practical problem solving (ibid., 28). Its goal was to find a
control agent that affected only the “pest” species of concern, the vampire
bat. The specific natural-history information useful in finding and using
a control, diphenadione, included the following facts: The bats are much
more susceptible than cattle to the action of anticoagulants, they roost
extremely closely to each other, they groom each other, their rate of re-
production is low, they do not migrate, and they forage only in the ab-
sence of moonlight (Mitchell 1986). Rather than attempting to apply some
general ecological theory, “top down”, scientists scrutinized this partic-
ular case, “bottom up”, in order to gain explanatory insights (see Kitcher
1985b; Salmon 1989, 384—-409). The success of the NAS case study sug-
gests that one important method of applied ecology, focusing on case
studies, might be applicable in unique situations where we cannot rep-
licate singular events. But what “logic” and method are appropriate to
case studies? In subsequent paragraphs we shall attempt to answer this
question. We shall use examples from the various analyses of Northern
Spotted Owl conservation in the Pacific Northwest both to develop and
illustrate our claims about the method of case studies and to motivate our
discussion of the “logic” of case studies.

The survival of Northern Spotted Owls has been an increasing concern
over the last two decades because timber harvests during this time have
removed almost all the accessible lowland old-growth forest and forced
the much-reduced Spotted Owl population to exist primarily in the rug-
ged, mountainous old-growth forest of the Pacific Northwest. The basic
problem facing applied ecologists studying the taxon is to determine how
to protect resident populations of the Northern Spotted Owl so as to make
policy recommendations that achieve both owl protection and the multiple
uses of the forest required by law. To solve this problem, applied ecol-
ogists need to determine (1) habitat characteristics required for nesting
and for successful survival; (2) successful owl dispersal and distribution;
(3) owl population sizes able to withstand environmental fluctuations and
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random demographic changes; and (4) effective population sizes able to
minimize genetic depression. Over the last 23 years, ecologists studying
the Spotted Owl have made some progress in understanding these four
issues. Regarding (1), for example, some ecologists concluded that Spotted
Owls do not breed in young, second-growth forests (Salwasser 1986,
232). Using the framework of island biogeographic theory, the Inter-
agency Scientific Committee to Address the Conservation of the Northern
Spotted Owl drew a number of conclusions (typical of problem solving
in applied ecology) regarding (1) through (4): that nesting and survival
of the Northern Spotted Owl requires 191 habitat blocks of old-growth
forest, each block 50 to 676,000 acres; that the blocks ought not be more
than 12 miles apart, boundary to boundary; that the blocks (in Oregon.
California, and Washington) need to be connected either by corridors or
by “suitable forest lands” (with timber having an average diameter at
breast height of at least 11 inches and with at least 40 percent canopy
cover); and that habitat blocks need to contain at least 20 pairs of owls
(Thomas et al. 1990). Congressional hearings (including examination of
the key scientists involved in the Spotted Owl studies and recommen-
dations), however, made it clear both that there is no confirmed general
ecological theory to justify the conclusions and recommendations of the
Interagency Committee and that even the best studies of the owl have
been explicit neither about the logic underlying their conclusions nor about
all of the methods used (US Congress 1990). Instead, the most prominent
researchers on the Spotted Owl filled the gaps in their limited data with
appeals to untested (often untestable) general theories such as island bio-
geography (Thomas et al. 1990; see US Congress 1990). In doing so,
ecologists studying the owl came under attack for using general theories
that were untested “in the real world”, for employing inadequate “rigor”,
and for drawing conclusions unlikely to be supported by other reasonable
persons (US Congress 1990, 260-296).

Even though neither a case-study method nor an associated “logic” 1s
explicit and fully defended in any owl studies, we argue that by exam-
ining, evaluating, and making explicit various inferences in the best owl
studies (for example, Dawson et al. 1987, Gutierrez and Carey 1985,
Salwasser 1986, Thomas et al. 1990), we can “make sense” of many
Interagency Committee conclusions (Thomas et al. 1990). In subsequent
paragraphs, we develop and illustrate a method of case studies and a set
of informal inferences (“logic”) associated with it. Although space con-
straints prohibit our using Spotted Owl studies to illustrate this “logic”
in more detail, we believe that our subsequent discussion may help to
provide the rough outlines of a framework or “recipe” for using the method
of case studies and its associated “logic™ in other unique situations in
applied ecology. In the following paragraphs, we shall outline a method

Copyright © 1994. All rights reserved.



APPLIED ECOLOGY AND THE LOGIC OF CASE STUDIES 233

of case studies, illustrating each step with examples from owl research,
and then we shall discuss the informal “logic” associated with the method.

Campbell (1984, 8) claims that the method of case studies is “quasi-
experimental”—an interesting choice of terms since ecologists sometimes
classify their methods as “classical experimental”, “quasi-experimental”,
and “observational” (see Parker 1989, 199). Classical experimental meth-
ods involve manipulation, a control, replicated observations, and ran-
domization. Observational methods may not include any of these four
components. Between these two methodological extremes lie quasi-
experimental approaches, like the method of case studies, that embody
some manipulations but lack one or more of the four features of classical -
experiments.

The method of case studies is (in part) “experimental”—as opposed to
merely observational or descriptive—in that its goal is specification of
cause-and-effect relationships by means of manipulating some of the vari-
ables of interest (Merriam 1988, 6-7). It is “quasi”-experimental, how-
ever, in that control of these variables often is difficult, if not impossible.
In ecology, quasi-experimental methods often involve some manipulation
and partially replicated observations. The interactions are complex (see,
e.g., Levins 1968, 5ff.; McEvoy 1986, 83), and there are typically un-
certainties regarding subject and target systems, boundary conditions, bias
in the data and results, and the nature of the underlying phenomena
(Berkowitz et al. 1989, 193-194). As a result, usually it is impossible
to use either classical experimental or statistical methods or even to spec-
ify an uncontroversial null hypothesis (see Parker 1989).

In general, the case-study method aims at clarifying, amending, eval-
uating, and sometimes testing examples or cases. Unfortunately, in in-
vestigating particular cases, no simple logic, such as hypothesis-deduction,
is applicable. Instead, one must follow a method, a set of procedures and
rules of thumb, that help one to confront the facts of a particular situation
and then look for a way to make sense of them through a set of informal
inferences (“logic”). Often one knows neither the relevant variables nor
whether the situation can be replicated. Indeed, in some of the best case
studies performed (cited in the NAS report) ecologists remained divided
even on the issue of the relevant variables. In the study of the Spotted
Owl in the Pacific Northwest (Salwasser 1986), for example, some the-
orists claimed that limiting genetic deterioration is the most critical vari-
able in preserving the owl and determining minimal population sizes. Other
researchers, however, maintained that demographic (not genetic) factors
are the most critical variables.

As a consequence of uncertainties about the relevant variables, re-
searchers using the method of case studies have often been forced to use
a “logic” of informal causal, inductive, retroductive, or consequentialist
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inferences in order to “make sense” of a particular example or situation
(see Shrader-Frechette and McCoy 1993; Carson 1986, 36; Edelson 1988,
xxxi—xxx1i, 237-251; Gini 1985; Griinbaum 1984, 1988, 624{f.). In the
Spotted Owl study from the NAS volume, for example, ecologists “made
sense” of the situation by means of a number of inductive inferences
based on observations about reproductive ecology, dispersal, and foraging
behavior. As such, the inductive “logic” in the Spotted Owl case might
be said to be “quantitative natural history” (see Ervin 1989, 86ff., 205ff.;
Norse 1990, 73ff.; Salwasser 1986, 227). In using such informal infer-
ences, the case-study analyst has two main objectives: to pose and to
assess competing explanations for the same phenomenon or set of events
and to discaver whether (and if so, how) such explanations might apply
to other situations (see Yin 1984, 16ff.). When they wrote All the Pres-
ident’s Men (1974), for example, Bernstein and Woodward used a pop-
ular version of the method of case studies. They also used an informal
“logic” to assess competing explanations for how and why the Watergate
coverup occurred to suggest how their explanations might apply to other
political situations (see Yin 1984, 24).

3.1. Five Components of the Method of Case Studies. In order to as-
sess competing explanations of the same case, scientists must consider at
least five factors: (1) the research design of the case study; (2) the char-
acteristics of the investigator; (3) the types of evidence accepted: (4) the
analysis of the evidence; and (5) the evaluation of the case study. The
research design of the case study is a plan for assembling, organizing,
and evaluating information according to a particular problem definition
and specific goals. It links the data to be collected and the resulting con-
clusions to the initial questions of the study. Because the use of case
studies is so new, however, no accepted “catalog” of alternative case-
study research designs is available (see, however, Cook and Campbell
1979). Most research designs, nevertheless, appear to have at least five
distinct components: (1) the questions to be investigated; (2) the hy-
potheses; (3) the units of analysis; (4) the “logic” linking the data to the
hypotheses; and (5) the criteria for interpreting the findings. (See Edelson
1988, 278-308, 231{f.; Merriam 1988, 6, 36ff.; Yin 1984, 27, 29ff.)

In the Spotted Owl case study from the NAS volume, scientists ad-
dressed two main gquestions: (1) What are the minimal regional population
sizes of owls necessary to ensure long-term survival? (2) What are the
amounts and distribution of old-growth forests (the owls’ habitat) nec-
essary to ensure their survival? Although a given case study involves mul-
tiple Aypotheses, one hypothesis in the Spotted Owl case was the follow-
ing, “This particular Spotted Owl management area (SOMA) is supporting
as many pairs of owls as expected on the basis of calculations of N_,
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