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All of us as natural resources profes-
sionals can benefit from classifica-
tion of our literature into cate-

gories that reflect the nature of the infor-
mation reported. Effective resource deci-
sion making requires input from a variety
of sources, some science and some experi-
ence. We will describe our view of what
information is science and what is not sci-
ence but rather professional resource
knowledge based on experience and ob-
servation.

To define the characteristics of the cate-
gories we propose, we need to first define
science as we use it in this paper. The term
science has been used in many ways, from
a general understanding of nature and how
nature operates to very rigid definitions
that define science within specific disci-
plines. Within the natural resource disci-
plines, science is typically understood to
be information gathered according to spec-
ified protocols, commonly called the sci-
entific method. Consequently we have ac-
cepted the following definition for sci-
ence. Science is knowledge covering gen-
eral truths or the operation of general
laws, especially as obtained and tested
through the scientific method (Merriam-
Webster, 1985). It is objective, without
imposed social values, and should be the
foundation upon which decisions are built.
To understand cause and effect or the rela-
tionships among variables is an important
aspect of science based decision-making. 

When any of us makes management de-
cisions, we try to operate from a scientific
perspective using results from scientific
research as a base of reference. A manager
does not apply science to the ground but
rather applies an understanding of science
to the decision made. It is our view, that a
classification of literature will help each of
us focus on the nature of the work we are
evaluating and consequently increase our
understanding of the work and its applica-
bility to decisions that need to be made.

Sometimes science is the most useful in-
formation to assist decision making and
sometimes the wisdom and experience
within professional resource knowledge is
the most useful information to assist deci-
sion making. Either way we need to know
what we are using.

We are not inferring anything about the
quality of information by our classifica-
tion. There are both good and poor scien-
tific experiments and reports as well as
good and poor understanding of experi-
ence and observations. We have mecha-
nisms to deal with quality but we do not
have an accepted system of classifying lit-
erature. As resource professionals all of us
have a strong scientific foundation, often
with specialized training in a given aspect
of resource management. Some profes-
sionals conduct fundamental or applied re-
search to gather knowledge about basic re-
lationships that exist among ecological
processes, or study cause and effect rela-
tionships in nature. Other professionals
blend this scientific information with so-
cial and political factors to formulate land
use decisions. It is necessary to include
non-scientific information in resource de-
cisions, but science should be used as the
foundation for making these decisions
within the infrastructure of the complex
field of land management. The literature
used by scientists and managers includes a
variety of reports. Some are scientific and
others reflect knowledge derived primarily
from experience. Currently scientific and
experiential reports are frequently inter-
changed and treated like they have uni-
form applicability. We suggest that this is
not appropriate and that each kind of liter-
ature has a specific area of utility. Using
literature appropriately provides a strong
foundation for making resource decisions
that have predictable outcomes. We need
to evaluate the specific attributes of each
report we utilize. This study will increase
our understanding of natural resources sci-
ence and help us deal with the complexity
of the driving factors in natural resources
decisions. Because of the different contri-
butions of research scientists and man-
agers, success in the field of natural re-
sources is contingent upon effective com-
munication among them. Consequently
each needs to understand the writings of

the other. The first step is to discern
whether literature is based on a scientific
or experiential design. The purpose of this
paper is to define a classification system
for literature in the natural resources field.
We explain how to differentiate between
types of literature, and describe a system
of reporting the literature. We suggest
published reports should be classified and
referenced as either professional resource
knowledge or science and further classi-
fied as to whether the science is experi-
mental research, a documented case histo-
ry or a scientific synthesis, according to
established criteria. 

Science 
Experimental research and documented

case histories comprise original research,
which requires hypothesis formulation, ex-
perimental design, and statistical evalua-
tion. Original research is information of
verifiable technical quality. When the
source is a peer reviewed journal you can
be assured it has had intense review.
Original research is sometimes published in
documents where the level of the review is
unknown. However, since the data and
analysis are presented in the reports the
reader can evaluate the quality of the work.
Whether refereed or not, it is important to
determine for yourself if the data and analy-
sis presented support the author's conclu-
sions. The strength of original research lies
in the objectivity of the designs and the sta-
tistical analysis of the data collected. 

Experimental research is characterized by
replicated experiments and usually involves
studies that allow definition of cause and
effect. It can be used to generalize and pre-
dict cause and effect, as well as relation-
ships, across a wide variety of environmen-
tal conditions. Conclusions from experi-
mental research lead to generalizations that
apply across varying ecological sites.

Documented case histories are non-
replicated research. They involve either
the study of cause and effect or relation-
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ships among parameters. Conclusions can
only be drawn within the boundaries of the
case. Interpretation of documented case
histories is constrained by the conditions
of the research. However, when a number
of documented case histories have been
completed across a wide variety of condi-
tions, the ability to use this information to
make more general predictions increases.
When they include a variety of conditions,
a series of documented case histories may
be similar to experimental research.
Evaluating documented case histories
should be done from a different point of
view than evaluating experimental re-
search. To evaluate documented case his-
tories you must understand the constraints
of the case, as they are only directly ap-
plicable to areas that have the same envi-
ronmental conditions. So, for the research
to be of value, the constraints must be
clearly identified in the paper.
Documented case histories, e.g. exclosure
studies, often involve only extremes of
land use and consequently they are only
useful to compare across the extremes
rather than within the norms of good man-
agement. On the other hand they are often
similar to management situations because
they tend to involve studies of larger
scales that are similar to management
scales.

Both types of research are useful in pro-
viding a baseline to understand the re-
sources being managed. However, re-
search should not be a template for man-
agement but rather a basis to assist re-
source managers in improving the deci-
sions they make. The reality is that man-
agement decisions involve a wider array
of complexities than is dealt with in re-
search. Managers need to use their skills
as managers and not try to find mathemati-
cal models or constrained research predic-
tions to replace the art of management. 

Although not original research, scientific
synthesis is an important type of science.
Scientific synthesis is a specialized litera-
ture review that is based on original re-
search with no technical dependency on
non-researched hypotheses (viewpoints). A
scientific synthesis integrates a broad spec-
trum of specific research to provide a holis-
tic understanding of the area of science re-
viewed. They present a sufficiently repre-
sentative body of data so that the reader can

independently evaluate the author's conclu-
sions. Properly done a scientific synthesis
can be an excellent scientific base to use in
formulating management strategies and for
developing scientific theories. 

Scientific syntheses have strong advan-
tages since they draw broadly on original
research and contain sufficient data to
allow for independent evaluation.
Typically senior scientists who bring sig-
nificant experience, insight and an exten-
sive understanding of research and litera-
ture to the topic write scientific synthesis
papers. This comprehensive examination
of a topic by a qualified, objective scien-
tist can bring new perspectives to current
and old studies. In addition this approach
allows the scientist to compare and con-
trast research methods, temporal and spa-
tial scales, and conclusions. For example
Coutant (1987, SS) in his scientific syn-
thesis included interpretable data sets from
eleven different studies. This allowed the
reader to see the original data and evaluate
the quality of Coutant's synthesis. Coutant
provided additional analysis of these data
sets to draw generalizations that are appro-
priate across multiple environments. He
also pointed out how the literature should
be used to make management interpreta-
tions. And how the literature can be used
to prioritize decision-making and to maxi-
mize the beneficial impact of management
practices in order to help deal with very
large-scale problems. 

Professional resource knowledge 
Science is not the only information im-

portant for making valid natural resource
decisions. Qualitative knowledge and ex-
perience of professional resource man-
agers, scientists and others is widely re-
ported through the natural resources litera-
ture. This literature base does not have ex-
perimental designs or statistical analysis of
data, and is not science. It is not possible
for the reader to look at the information
presented and objectively determine if
they would draw the same conclusions.
This literature reports knowledge based on
the skills and abilities of the authors.
When coupled with a scientific foundation
it can provide powerful insights to advise
resource decision-makers. When interpret-
ing professional resource knowledge, it is

important to understand the intent of the
authors; their skill levels and if value sys-
tems have influenced the conclusions.
Much of the resource management litera-
ture is professional resource knowledge. It
is similar in some ways to documented
case histories but does not have a scientif-
ic aspect. These case histories are not writ-
ten in a way that the results can be veri-
fied, so they require substantial judgement
in application to different areas. The infor-
mation presented ranges from excellent
and insightful views based on quality ex-
periences to viewpoints based largely on
philosophy. 

Classification of riparian literature
Although, the literature used by natural

resource professionals to make decisions
or develop environmental assessments is
generally presented as science, in review-
ing over 1500 riparian and stream ecology
publications from a variety of sources, the
majority (66%) of the "scientific" papers
would not qualify as science (Larsen, et.
al. 1997, PRK).  Since a literature citation
alone does not clearly state if the refer-
ences used are scientific reports, it is fre-
quently difficult to determine the use of
science in management. This is especially
true for riparian related literature since the
majority of the literature is professional
resource knowledge.

When we classified the literature into
science and professional resource knowl-
edge by areas of investigation, it was ap-
parent that there was wide variation in the
designs used to study or evaluate specific
phenomena (Figure 1). Studies relating to
stream flow had the highest proportion of
scientific reports, over 60%. Similarly,
more than half of the hydrology and ripari-
an bird studies were classified as scientific.
The reports about watershed attributes, en-
vironmental impacts, and riparian restora-
tion were all less than 20% science reports.
It is clear that a professional needs to eval-
uate every paper individually to determine
how it can be useful to the issues being ad-
d r e s s e d .

Values in natural re s o u rce decisions   
Everyone has personal values, often

strongly felt, regarding specific uses of
natural resources. Some favor commodity
production and others favor environmental
preservation. This tendency to orient our
views toward values is moderated by eco-
logical objectives, financial constraints,
laws, protocols, policies and regulations.
Values are an appropriate driving force in
management decisions and need to be in-

Qualitative knowledge and experi-
ence of professional resource man-
agers, scientists and others is widely
reported through the natural re-
sources literature.

Documented case histories, e.g. exclo-
sure studies, often involve only ex-
tremes of land use and consequently
they are only useful to compare across
the extremes rather than within the
norms of good management.
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Pig. 1. Examples ofthe percentage of categories that were classified as science. 

tegrated into the decision-making process. 
These same factors have no place in sci- 
ence. Science must simply be the objec- 
tive evaluation of cause and effect or other 
relationships. When research is oriented 
toward value system objectives it loses 
objectivity, violates the scientific method 
and is of little value to managers. Natural 
resource professionals need to be proficient 
at evaluating science and integrating it with 
other factors. As a society we trust science. 
To believe we are basing a decision on sci- 
ence when in fact we are not creates false 
confidence in the decisions made. 

A system of reporting and using 
literature 

To enhance the reader's understanding 
of natural resources literature and the use 
of each type of information, we have de- 
veloped a system of reporting and refer- 
encing literature so that it is clear if infor- 
mation is derived from scientific research 
or professional resource knowledge. We 
suggest published reports should be classi- 
fied and referenced as either professional 
resource knowledge or science and further 
classified as to whether the science is ex- 
perimental research, a documented case 
history or a scientific synthesis, according 
to established criteria. Because papers 
published in scientific journals, like the 
Journal elf Rangr Managerr~ent, arc usual- 
ly science or defined as non-science (e.g. 

viewpoint) by the editor, it would not be 
difficult to classify papers into appropriate 
categories. Likewise, reports that are pro- 
fessional resource knowledge can be read- 
ily identified. The greater challenge will 
be to accurately classify the articles in 
popular  journals and magazines (like 
Rangelands), and publications from insti- 
tutions or agencies many of which are not 
science manuscripts. To  facilitate classifi- 
cation and referencing, authors of papers 
in popular journals or institutional formats 
would categorize their work and provide 
this information to the reader. Writers ref- 
erencing these articles would include the 
classification with the traditional citation 
in the body of their paper and in the full 
citation in the literature cited section. For 
example, a paper would be referenced as 
Kelley (200X, DCH) to represent an origi- 
nal researched documented case history or 
Krueger (200X, PRK) to represent profes- 
sional resource knowledge. ER would rep- 
resent  exper imenta l  research and S S  
would represent scientific synthesis. This 
establishes a format to provide infonna- 
tion on the type of literature being written 
and referenced allowing the reader to gain 
greater insight into the literature and more 
completely evaluate the appropriate level 
of generalization the reference supports. 
As a result resource professionals will be 
better able to discern the nature of the in- 
formation being presented. 

Adoption of this system will require the 
cooperation of research scientists, profes- 
sional resource managers, editors, and in- 
stitution and agency leaders. Although im- 
plementation of this system will require 
additional work, we believe that all profes- 
sionals in the natural resource field as well 
as the communities they serve will derive 
benefits from the additional information 
available in the references. Knowing the 
nature of the literature used, either directly 
or as references in reports, allows for more 
thoughtful use of the information, and pro- 
vides us with a substantial opportunity to 
learn and improve our critical thinking 
about the resources being examined. This 
enhanced clarity or understanding should 
lead to the proper use of the natural re- 
sources literature. Recognizing the limits 
of information in terms of science or pro- 
fessional resource knowledge can help 
focus monitoring on poorly understood 
areas. Ultimately, this approach should re- 
sult in the increased effectiveness of adap- 
tive management strategies, through im- 
proved understanding of the literature and 
how it relates to site specific land use 
practices. 
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