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Viewpoint: Range Science and Range Management Are 
Complementary Endeavors 

Frederick D. Provenza 

Range management and range science are comple- 
mentary but distinct endeavors. Range management 
attempts to optimize returns from rangelands in those 
combinations most desired by and suitable for society 
through the manipulation of range ecosystems. As 
such, range management is a planning process. Range 
science is the body of scientific knowledge on which 
range management should be based; it should provide 
the facts about how natural processes operate. Both are 
necessary for wise use of range resources. This paper 
discusses the roles of planning and science in range 
management, provides examples of biological pro- 
cesses important in range management, and discusses 
the role of range science in understanding those 
processes. 

Planning and Science 

Planning and science are different kinds of decision- 
making. Planning examines different alternatives in 
order to select that which is most valuable. Planning is 
based on scientific knowledge, common sense, rule-of- 
thumb knowledge, untested theories, and hunches. 
Science, on the other hand, exposes alternative theories 
to facts and selects the theory that agrees most closely 
with the facts. There are three main methods of science: 
induction, retroduction, and hypothetico-deduction. 

Induction, the most commonly used method in range 
science, is useful for finding laws of association 
between classes of facts; for example, observing that 
herbivores select some plant species and avoid others. 
The problem with induction is that it can only give 
knowledge about possible associations among classes 
of facts, it cannot explain the processes of nature. In 
other words, when we ask "how?" or "why?" we are 
asking for an explanation that induction cannot provide. 

Retroduction, which is a method of science less 
commonly used by range scientists, is useful for deriv- 
ing "how?" and "why?" explanations; e.g., hypothesiz- 
ing that herbivores eat or avoid certain plant parts 
because they have either positive or negative gastroin- 
testinal consequences. Retroduction can identify alter- 
native research hypotheses, but alone is not a reliable 

Author is with the Department of Range Science, Utah State University, 
Logan, Utah 84322-5230. 

source of knowledge because it does not test alterna- 
tive explanations. 

Hypothetico-deduction, which is the scientific 
method used least by range scientists, tests alternative 
explanations (hypotheses). For example, one way to 
explain the preference of herbivores for some foods 
over others is to argue that preferred foods are imme- 
diately pleasing to the senses of taste, smell, and touch. 
An alternative explanation is that herbivores develop 
preferences for or averions to foods as a result of their 
postingestive effects, and that taste and odor primarily 
enable animals to discriminate among different food 
items. To test these alternative explanations, the taste 
of a flavor could be paired with gastrointestinal conse- 
quences that are either positive or negative. The 
hypothesis that herbivores select foods based on gas- 
trointestinal consequences is supported if herbivores 
subsequently form preferences for or aversions to the 
flavor. If experiments are well-designed, the 
hypothetico-deductive method of science can evaluate 
the reliability of the research hypotheses generated by 
retroduction, and is the primary means of increasing 
the reliability of knowledge about natural processes. 

Processes Important in Range Management 
Many biological processes are important in range 

management. The following are examples of some 
important processes that must be understood if we are 
to manage rangelands wisely. 

Plant autecology, the study of a single organism or 
species, can identify characteristics that enable plants 
to tolerate or avoid disturbances such as grazing, cut- 
ting, and fire. Range scientists have described how 
plant species respond to factors such as season, inten- 
sity, and frequency of grazing. We must now determine 
how and why plants tolerate or avoid disturbances. A 
comprehensive understanding of the mechanisms that 
underlie tolerance and avoidance will enable us to 
improve management through genetic and environmen- 
tal manipulations. 

Plant synecology, the study of the interactions among 
different plant species within plant communities, pre- 
dicts how management practices will change the rela- 
tive abundance of different plant species. Range scient- 
ists' descriptions of existing vegetation and changes in 

vegetation have led to the concepts of range site and 
range condition and trend. Future research should seek 
to develop the conceptual basis for understanding the 
dynamic nature of plant population and community 
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level processes, and to relate the results to spatial and 
temporal scales appropriate for management. 

Diet selection by herbivores affects both the produc- 
tion of herbivores and the relative abundance of plant 
species on rangelands. Rangelands, and many of our 
croplands, reflect the preference of livestock. Research 
on diet selection has generally described which plant 
species herbivores select and their physical and chemi- 
cal characteristics, but the research has not explained 
why herbivores select some plant species and avoid 
others. Learning apparently plays a major role in diet 
selection by herbivores. If so, discovering how herbi- 
vores learn could let managers manipulate diet selec- 
tion to increase use of supplements, feedlot rations, and 
unpalatable plant species, and to decrease use of poi- 
sonous plants and tree seedlings in fruit orchards and 
conifer plantations. 

Habitat selection by herbivores affects both the pro- 
duction of herbivores and range condition. Herbivores' 
production is affected because the carrying capacity of 
range depends on animal dispersion. Range condition 
is least impacted when herbivores disperse widely, and 
is most impacted when they concentrate and overutilize 
specific locations such as riparian zones. Grazing of 
public lands has become an increasingly contentious 
issue in the West, one that is likely to persist as a coali- 
tion of recreational users and environmentalists draws 
strength from a burgeoning urban population. The 
foraging behavior of livestock often raises the ire of 
recreational users of the same lands. One festering 
problem is that cattle and sheep tend to prefer the lush 
vegetation next to streams, a habit which can lead to 
overuse (either perceived or actual) of these highly vis- 
ible, ecologically and sociologically sensitive areas. The 
grazing habits of livestock might be malleable enough 
that they can be conditioned to graze elsewhere. Differ- 
ent subgroups of herbivores differ in use of the same 
range, apparently learn habitat preferences, and 
transfer these preferences from generation-to- 
generation. Thus, it might be possible to select animals 
that utilize upland habitats and cull those that favor 
riparian areas, thus enhancing dispersion on range- 
lands. We will not understand why herbivores use areas 
of the range differentially, however, if researchers con- 
tinue to describe how factors such as temperature, rela- 
tive humidity, forage availability, water location, and 
topography affect the distribution of herbivores. 

The Role of Range Science 
Science passes through several stages as it matures. 

in the beginning, a science is largely descriptive and 
concern rests with determining what is there. Consider- 
able effort subsequently is devoted to seeking order 
and pattern in the facts. As science matures, scientists 
try to explain how and why the patterns and functions 
exist. It is time for range science to make the transition 
from the what to the how and why stages of 
development. 

Describing components of range ecosystems has 
been an extremely important first step in the develop- 
ment of range science, and most management recom- 
mendations are currently based on this type of informa- 
tion. Nevertheless, contemporary range scientists 
should no longer be as concerned with solving prob- 
lems and providing management recommendations, as 
they should be with understanding processes important 
in range management. Range scientists can no longer 
focus primarily on describing and monitoring range- 
lands and planning for range managers. 

If scientists continue to focus on solving problems, 
range as a science will stagnate. Without a thorough 
understanding of the biological processes on which to 
base management, range managers have no more basis 
for decision making than do politically active special- 
interest groups. Range scientists must thoroughly 
understand the biological processes underlying range 
management in order to provide range managers with a 
firm basis for their decisions, and to provide them with 
credibility. If not, management of rangeland resources 
will be based on findings from disciplines that do have a 
firm scientific basis. 

Conceptual models are essential in research that 
seeks to understand natural processes. A discipline 
without a conceptual basis is like a boat without oars. 
Range scientists must develop conceptual models of 
how we think important biological processes operate. 
We must then use induction and retroduction to 
develop numerous alternative explanations for our con- 
ceptual models. Finally, we must use hypothetico- 
deduction to test alternative explanations. We cannot 
make any assumptions about how or why processes 
operate, but rather we must think of alternative explana- 
tions for every facet of every process, and we must 
design experiments that eliminate those explanations 
that are inaccurate. This will facilitate the movement of 
range science from the what to the how and why stages 
of development. 

Range Science is an integrative discipline, and range 
scientists are in an ideal position to organize multidis- 
ciplinary research. The processes important to range 
scientists and managers require the expertise of many 
disciplines. Thus, for example, the study of diet selec- 
tion will involve disciplines as diverse as natural pro- 
ducts chemistry, animal physiology and nutrition, 
pharmacology, toxicology, psychology, and neural 
biology to name a few. 

Conclusion 

Management is important and range scientists should 
still be involved in range management, but scientists 
and managers have separate roles to play in the wise 
use of natural resources. Scientists should seek to 
understand natural processes important in the man- 
agement of natural resources; managers should apply 
these findings in managing rangelands. 
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It is true that some of the available scientific informa- 
tion is not being used routinely in management. In such 
cases, the real problem may be translating the pure 
science into practical knowledge. 

It is equally true that range scientists have not fully 
endeavored to obtain a mechanistic understanding of 

the processes that are important in the management of 
rangelands. Major advances in range management will 
follow once this change occurs. As we do, the titles of 
our textbooks will change from "Principles of Range 
Management," to "Principles of Range Science and 
Their Application to Range Management." 

Distribution, biology, and control of hound's-tongue in Brit- 
ish Columbia 

Mahesh K. Upadhyaya and Roy S. Cranston 

Hound's-tongue (Cynoglossum of ficinale L.), which is 
also known as beggar's lice, dog's tongue, dog bur, sheep 
lice, common bur, glovewort, and woolmat, is rapidly 
becoming a serious rangeland weed of British Columbia 
(B.C.). This weed is native to Eurasia and Asia. It is 
believed to have been introduced to North America as a 
contaminant with cereal seeds. 

Hound's Tongue—the Weed Problem 

Hound's-tongue is second only to the knapweeds 
(Centaurea spp.) as the most serious noxious weed of 
concern to cattlemen in B.C. It produces huge quantities 
of burred nutlets which attach to cow hair and create a 
problem in marketing livestock. In the Princeton area of 
the Merritt Forest District, it has been estimated that 5 
man days are required to clean nutlets from 100 cows 
which have grazed in hound's-tongue infestations before 
marketing. The cleaning process not only entails high 
labour costs but results in animal stress and possibly 
weight loss as well. Marketing of burred animals results in 
reduced sale price of livestock and a decline in the reputa- 
tion of the rancher. Ranchers in hound's-tongue infested 
areas also must incur extra veterinary costs as irritation to 
the eyes often results from attachment of the burred 
nutlets. The burrs on hound's-tongue nutlets are also 
troublesome in sheep producing areas as they become 
entangled in the wool. This attachment of burred seeds to 
grazing animals, both domestic livestock and wildlife, as 
well as to the clothing of man has led to quick and wide- 
spread dispersal of this weed. 

Hound's-tongue contains large quantities of pyrrolizi- 
dine alkaloids: 0.3% on dry weight basis in hay; 0.6% in 
mature plant; and 2.1% in rosettes (Knight et al. 1984). 

The primary alkaloids present are heliosupine and echin- 
atine. There are several reports in the literature of animal 
poisoning by pyrrolizidine alkaloids present in hound's- 
tongue (Greatorex 1966, Knight et al. 1984, Mandryka 
1979). In the Soviet Union, poisoning has occurred in 
cattle fed chopped sainfoin hay contaminated with 
hound's-tongue. Affected animals did not recover. In 
Colorado, the death of 10 horses was attributed to feeding 
dried grass hay contaminated with hound's-tongue. 

Symptoms of hound's-tongue poisoning include weight 

FIg. 1. General distribution of hound's-tongue in British Columbia 
(in 1986). 
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