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SPECIAL SECTION

TEN YEARS AFTER “RELIABLE KNOWLEDGE”: ARE WE GAINING?

“There are no applied sciences. . .there are only applications of science and this is a very different
matter. . .The application of science is very easy to anyone who is the master of the theory of

>

it.

Louis Pasteur (1871). Revue Scientifique.
J. WILDL. MANAGE. 55(4):757-760

Increasingly, The Wildlife Society journals
reflect healthy discussion about the reasons and
ways that science is conducted (e.g., Capen 1989,
Matter and Mannan 1989, Romesburg 1989,
Yahner 1990). Understandably, wildlife biolo-
gists and managers want to be among those to
whom decision makers turn for advice about
wildlife conservation and management (Mackie
1990: 42, 1991:3). Reliable advice, in turn, rests
squarely upon the results of “good science.” No
one questions, then, whether to encourage “good
science,” and wildlife scientists, like others (Mur-
phy 1990), need to ensure that science is con-
ducted in a manner most likely to yield reliable
knowledge and stand up to scrutiny (Murphy
and Noon 1991).

Science is judged by peer review at 2 points
in the course of research: when the research is
designed and support is solicited, and when re-
sults are submitted for publication. It is with the
latter that wildlife biologists and managers seem
concerned principally, perhaps because credi-
bility hinges on the quality of research as re-
flected by publications (Baskett 1985). Thus, any
discussion about what constitutes “good science”
has obvious ramifications for peer review and
the editorial process (Baskett 1985:189). In many
cases, research deemed acceptable to fund will
not be published. But when publication is con-
sidered, editors and referees can (and do) use
some different criteria to judge acceptability for
publication than those used to judge acceptabili-
ty for funding, for the former criteria necessar-
ily deal with whether science is “good.”

These are critical times for wildlife biologists
and managers. They are (1) being called upon
increasingly to be relevant and responsive to
issues raised by both nonconsumptive and con-
sumptive wildlife interests, (2) expected to be-
come involved in complex sociopolitical and en-
vironmental issues in which traditional wildlife

interests might constitute only a part, and, last
but not least, (3) challenged with respect to the
reliability of some of the “principles”of wildlife
management. Established and new societies more
and more are becoming involved in issues re-
lating to the conservation and management of
wildlife (Thomas and Salwasser 1989, Brussard
1991)—heretofore the almost exclusive domain
of wildlife biologists and managers. So, the issue
is important whether biologists and managers
work on game or nongame species, belong to
different scientific societies, or are employed as
academics, by government, or by other organi-
zations.

Ten years ago, Romesburg (1981) argued that
much wildlife science, at least until that time,
was compromised with respect to providing the
reliable knowledge required to make manage-
ment decisions. He offered that “good science”
should be that best able to provide reliable
knowledge and is, therefore, based on the hy-
pothetico-deductive (H-D) method. The H-D
method, as normally described, employs 3 steps:
observation/induction, hypothesis formation,
and experimentation. Romesburg (1981) point-
ed out that some accepted knowledge about
wildlife might be better considered untested hy-
potheses about observations. In other words,
wildlife research tended to go through the first
2 steps but left out the last one (Matter and
Mannan 1989:1173). As a consequence, hypoth-
eses advanced to account for observations might
gradually evolve into explanations for them
through a process Romesburg (1981) called ret-
roduction.

Romesburg (1981) illustrated his thesis with
a contentious example. Errington (1945) pro-
posed that wildlife populations annually pro-
duced individuals doomed to die anyway, and
that harvesting these individuals would not alter
population size the next year. This hypothesis
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became an undisputed cornerstone of wildlife
management. Romesburg (1981) contended that
Errington’s hypothesis had never, in fact, un-
dergone a critical test. Romesburg (1981) did
not say that the hypothesis was “wrong,” or even
that there do not exist data consistent with its
predictions. He merely pointed out that, in the
absence of a test, there was really no good way
to tell how reliable the notion might be. Wheth-
er research has, in this particular example, pro-
duced results consistent with predictions of Er-
rington’s compensatory mortality hypothesis,
does not diminish the importance of Romes-
burg’s (1981) observation that it had not been
tested.

Wildlife scientists are no different from others
when it comes to dealing with biases. However,
wildlife science is frequently predicated on the
idea that, at least implicitly, the results of re-
search will be “useful” in some management
context. Yet, definitions of wildlife management
necessarily contain elements of subjectivity. Bi-
ologists or managers might decide what a goal
of management might be (e.g., more deer) and
conduct research to try to find out how to achieve
the goal, or to justify it (Peterson 1991). The
view that scientists should adopt advocacy stances
(Lovejoy 1989) is widespread in society at large
and is a serious misconception about the prin-
cipal purpose of the scientific process. Science,
rather, is a way of knowing (David 1975, Moore
1985). Romesburg (1981) offered that wildlife
scientists infrequently ask why systems behave
as they do (Gavin 1991) and, as a result, seldom
question whether management goals are “cor-
rect,” or even achievable (see also Gavin 1989).
Romesburg (1981) contended that the means to
deal with subjectivity, bias, and the acceptance
of untested hypotheses as facts is to test hy-
potheses about the systems that wildlife scien-
tists study with explicit experiments.

Some wildlife scientists receive this suggestion
coolly. Challenges mounted to the H-D method
can be reduced to 3 major types: (1) nothing is
yet known about a system, so hypotheses are not
apparent, (2) funding agencies do not support
tests of hypotheses, and (3) the H-D method is
impossible if experiments are impractical (see
also Matter and Mannan 1989). Thus, 10 years
after Romesburg’s (1981) paper appeared, we
are not sure that the H-D method is widely
understood, considered, or practised as a means
to acquiring reliable knowledge. It was in this
climate that the idea for these peer-reviewed

MORE ON RELIABLE KNOWLEDGE * Nudds and Morrison

J. Wildl. Manage. 55(4):1991

essays was born, with a goal to further discussion
and to catalyze gains in reliable knowledge in
wildlife science. We solicited essays from indi-
viduals who are academics, employed by gov-
ernment, and belong to different scientific so-
cieties and who, in our experience, had interests
in the general topic about science in relation to
management.

To the first challenge to the H-D method, the
answer is fairly straightforward: if few data ex-
ist, then more are required, and there will al-
ways be room for them. Examples include in-
formation about habitat use or diets of rare or
endangered species. However, wildlife science
now requires fewer of the same kinds of food
habits papers about the same kinds of species
(Gavin 1989, Hunter 1989). Nevertheless, there
is opportunity, even in relatively short-term re-
search projects like those which result in grad-
uate theses, to go beyond diet description to test
hypotheses about whether and why food selec-
tion occurs (Keppie 1990, Sinclair 1991).

To the second challenge to H-D: attitudes of
administrators in many agencies are changing.
Examples include the U.S. Forest Service which
has embraced the concept of adaptive resource
management (Walters and Holling 1990)—in
essence, management by experimentation, eval-
uation, and new experiments (Macnab 1983)—
and the legislated evaluation of projects that
receive funding under the North American Wa-
terfow]l Management Plan. Evaluations amount
to tests of hypotheses that management has the
effects it is supposed to. Further, administrators
should be amenable to suggestions about why
they need to spend money on controls and rep-
licates, and over longer periods of time, because
the H-D method recognizes and addresses their
concerns—it explicitly evaluates the cost-effec-
tiveness of management.

The answer to the third challenge to H-D is
not as direct. The argument in support of this
notion is founded on the assumption that “doing
H-D” means doing only manipulative, con-
trolled, replicated experiments. Because perfect
experiments are often impractical or lack real-
ism, the argument is made that the H-D method
is inappropriate. But this argument rests on an
overly narrow definition of experimentation. It
does not recognize that what might be more
critical than the kind of experiment employed
is the attempt to falsify hypotheses and erect
better ones (Sinclair 1991). Hypothetico-deduc-
tive research is not characterized by whether it
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is experimental, because hypotheses can be test-
ed with data not collected by experiment. This
will have consequences for the reliability of the
knowledge that results (because some best pos-
sible designs for data collection are more con-
strained than others), but even constrained H-D
research should lead more efficiently to reliable
knowledge than will the alternatives (Nichols
1991). Further, discussion resulting from
Romesburg’s (1981) paper seems to have cen-
tered on a use H-D versus do not use H-D di-
chotomy, but simply testing hypotheses will not
make for reliable knowledge if inadequate at-
tention is paid to details such as using unbiased
sampling techniques, collecting adequate num-
bers of samples, and employing appropriate sta-
tistics. A variety of approaches to large-scale,
field experimentation and appropriate statistical
approaches are available (Matson and Carpen-
ter 1990, Eberhardt and Thomas 1991); a nice
example of H-D research and field experimen-
tation also appears in this issue (Copeyon et al.
1991).

In the essays that follow, the authors elaborate
on 2 major themes in Romesburg (1981). First,
the results of research need to be able to stand
up to the question “So what?,” and such research
will frequently be predicated with questions that
begin with “why” or “whether” rather than
“how” and “what.” Second, wildlife research
should expend more effort to test hypotheses by
experimentation. Tom Gavin elaborates on his
earlier thesis (Gavin 1989) about what kinds of
questions wildlife biologists should consider ask-
ing, and Tony Sinclair discusses why wildlife
science and management are not really separate
pursuits. Dennis Murphy and Barry Noon write
about the challenges from other quarters in so-
ciety to knowledge about wildlife and about
how the H-D method can help to meet those
challenges in the context of forestry-spotted owl
(Strix occidentalis caurina) interactions. Mar-
kus Peterson explores how policy is influenced
by perspective, and the ramifications for decid-
ing policy based on untested hypotheses, with
reference to the effects of brucellosis in bison
(Bison bison) and elk (Cervus elaphus) popu-
lations. Finally, Jim Nichols reviews the evi-
dence for the effects of hunting on American
black ducks (Anas rubripes) and the conse-
quences of constrained experimental designs.

So, we are gaining. The growing literature
about science and the scientific method in wild-
life biology, conservation biology and, indeed,
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many other disciplines that deal with natural
resource conservation and management testifies
to these gains. Further gains will be made when,
first, more consideration is paid to adopting the
H-D method at the design stage of research and
research funding is made conditional on it, and
second, (as Louis Pasteur’s quote suggests), less
distinction is made between science and man-
agement as different and competing processes.

We thank R. A. Lancia for entertaining the
idea of publishing these essays; G. R. Hepp, W.
C. McComb, and R. E. Mirarchi for timely,
constructive correspondence; and J. P. Ball, J.
M. Fryxell, P. Lundberg, and A. L. A. Middleton
for comments on it. We are especially grateful
to T. A. Gavin, D. Murphy, J. D. Nichols. B. R.
Noon, M. Peterson, and A. R. E. Sinclair for
putting their thoughts to paper.
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WHY ASK “WHY”’: THE IMPORTANCE OF EVOLUTIONARY BIOLOGY

IN WILDLIFE SCIENCE

THOMAS A. GAVIN, Department of Natural Resources, Cornell University, Ithaca, NY 14853

Abstract:

The kinds of questions we ask in wildlife biology are at least as important as the methods we use

to get answers to questions in research. In this essay, I urge wildlife biologists to vigorously pursue “why”
questions rather than “how” questions or descriptive studies that should serve only as a starting point for our
investigations. Behavioral ecologists are currently involved in a debate over explanations for biological
phenomena called “levels of analysis”: how many are there, what terms and definitions apply to each level,
and the importance of clearly identifying which level an explanation emanates from given that there are
correct explanations for the same phenomenon at each level. Asking “why” questions should lead the wildlife
biologist into the realm of evolutionary biology and should place greater emphasis on understanding spatial
and temporal variability in reproductive success and survival of wildlife species. I argue that our most useful

insights about populations and communities should develop from long-term studies of this type.
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In an earlier essay (Gavin 1989), I encouraged
wildlife biologists to ask “why”” questions, rather
than to dwell strictly on descriptive relationships
about wildlife and their habitats. My point is
somewhat different from the other essays in this
section, which emphasize the approach used to
address research questions. They uniformly sup-
port the use of the hypothetico-deductive (H-
D) method as recommended by Romesburg
(1981). Nichols (1991) and Sinclair (1991) pro-
vide a particularly thorough review of many of
the points made by Romesburg (1981). Al-
though I strongly agree that we should aspire
to the ideals of the H-D method, it would be
redundant to reiterate a description of the meth-

od and supportive arguments already made by
my colleagues.

My goal in this paper is to encourage greater
emphasis in wildlife biology on the ultimate or
evolutionary causes for the phenomena we ob-
serve in nature; by definition, this will force us
to consider questions we have avoided in our
research programs, possibly because we thought
they were the sole responsibility of behavioral
ecologists or evolutionary biologists who study
basic biological problems. Ideally, it seems to
me that if we understood why animals behave
the way they do as individuals, then our un-
derstanding of dynamics at the level of the pop-
ulation would be more insightful. There is prob-



