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ABSTRACT 

The utilization of scientific information in the policy to sal

vage water by phreatophyte removal was examined. Interviews of natural 

resource managers and opponents of this policy identified a number of 

factors that influence utilization. Ten hypotheses were tested and five 

were found to influence utilization. These factors are; (1) if natural 

resource research is "basic" or "pure" then the results will not be 

easily utilized, (2) it is difficult to extrapolate results from plot 

research to larger field applications, (3) much natural resource research 

does not have immediate applicability to people's needs and management 

requirements, (4) formal education in resource management increases the 

amount of utilization of scientific information, but interested laymen 

also make considerable use of the relevant literature, and (5) the pat

tern of search for scientific information by both resource managers and 

opponents of the policy was limited and sporadic. 

The following recommendations were made to improve utilization of 

scientific information in natural resource management: (1) improve re

search report s yle and format, including improved summaries in plain 

language that spell out at once what was discovered, and the statistical 

analysis interpreted in terms of importance to management, (2) have scien

tists from the basic disciplines conduct research that is not directly 

related to management problems, (3) orient applied research to management 

needs, (A) include opponents in the planning of research efforts, (5) 

have researchers examine completed management projects, (6) have 

x 



university personnel act as intermediaries to aid researchers, managers, 

and opponents in the synthesis of research results for management deci

sions, and (7) establish a "negotiating" task force composed of re

searchers, managers, opponents, and university personnel to work on the 

solution of management problems. 

The establishment of a "negotiating task force" is the central 

recommendation. The other recommendations could best be implemented 

within the framework of the negotiating task force. 



CHAPTER 1 

SCIENTIFIC DATA AND NATURAL 
RESOURCE POLICYMAKING 

For many years personnel of the federal land managing agencies 

(foresters, engineers, recreation managers, etc.) made policy directing 

management programs for natural resources with little interest or par

ticipation from the public. At the present time, however, natural re

source management activities often encounter so much public opposition 

and procedural roadblocks that they are delayed or stopped. Much of 

the opposition results from increased public awareness of natural re

source management activity. Increased recreational use of wildland and 

concern for environmental quality have greatly increased the number of 

people concerned about natural resource policymaking. 

The Problem 

When controversy develops oyer natural resource policy, the 

proper use of scientific information is often a basic issue. Concerned 

laymen claim decision makers (managers or planners) have ignored science 

in efforts to serve development-minded clientele. The decision makers 

counter with claims that the laymen, possessing no knowledge of the 

scientific facts applicable to the matter, base cases entirely on emotion. 

Natural Resource Management Policy 

Individuals, families, organizations, and all levels of govern

ment have policies of many kinds. The policies of interest here, are 

1 
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those adopted by federal and state land managing agencies to guide natu

ral resource management programs. 

Boulding (1958, p. 1) states that the term policy, "generally 

refers to the principles that govern action directed towards given ends." 

Worrell (1970„ p. 2) in his discussion of forest policy, agrees and de

fines a policy as "a settled course of action adopted and followed by a 

society." This definition will be used in this study. 

As defined above, a policy has three components. Van Dyke (1968, 

p. 27) describes these components ass "(1) goalsj (2) a plan or strategy 

for achieving the goals, or rules or guides to action, or methods; and 

(3) action." 

In natural resource management policies, these components are 

often somewhat mixed in a chain of goals and methods ranging from broad 

societal goals to specific management objectives. Worrell (1970, p. 10) 

calls this an hierarchy of policies as a result of a chain of ends and 

means. For example, in the management area to be examined in this study, 

the hierarchy of policies can be described in this way. In Arizona, it 

is a policy to provide an adequate supply of water for continued economic 

growth (Kelso, Martin and Mack, 1973). One means to accomplish this is 

to reduce consumption of water by competing uses not beneficial to man. 

As a means to this end, several land managing agencies made plans to re

duce the amount of water used by phreatophytic vegetation. The water 

used by these plants was considered of little benefit to man. In order 

to accomplish that goal, some agencies adopted a policy of mechanically 

removing the vegetation and following this treatment with an application 

of' an herbicide. The chain of ends and means is shown on the next page. 



Policy 
Provide Adequate Water 

+ 
Policy 

Reduce Consumption by Competing Uses 
t 

Policy 
Reduce Use by Nonbeneficial Vegetation 

+ 
Policy 

Remove Phreatophytes Within 1000 Feet of Stream 
t 

Policy 
Remove Mechanically5 Spray with Herbicide 

In order for each level in the hierarchy to constitute a policy, there 

must be some action taken to implement it. This requirement is met if 

one accepts public support building9 inventorying^ and planning as con-

stituting action. Adding the other two components of a policy (methods 

and action) to the above list results in Table 1. 

Worrell (19700 p„ 12) cautions that it is risky to say one of 

these policies is more important than another. Further, he notes that 

one's goals depend on the level in which one is participating. At the 

highest level, one's goal would be to provide an adequate water supply. 

The tractor operator's goal would be to remove the vegetation. 

In natural resource policy controversies, the opponents may 

direct their arguments towards different levels in the hierarchy. It 

seems likely that laymen are most concerned with goals near the top of 

the hierarchy. Most resource managers are probably more concerned with 

goals further down the chain of ends and means. 

Notice that as one proceeds down the chain of ends and means 

the political component decreases and the scientific component of the 

policy increases. The selection of a goal to provide an adequate water 



Table 1. Hierarchy of policies to provide adequate water supply. 

Policy (Goal Methods Action 

Provide adequate water 

Reduce consumption by 
competing uses 

Reduce use by non-
beneficial vegetation 

Reduce consumption by competing 
uses 

Reduce use by nonbeneficial 
vegetation 

Remove phreatophytes within 
1000 feet of stream channels 

Articulate policy to public 
and land managers; support 
building 

Inventory extent of non-
beneficial vegetation 

Project planning 

Remove phreatophytes within 
1000 feet of stream 
channels 

Remove mechanically; spray 
with herbicide 

Vegetation removal and 
spraying 

Remove mechanically; 
spray with herbicide 

Use D-7 with root; rake and 
apply 245-T 

Operate equipment 
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supply for an expanding population is largely a political matter. The 

selection of which species of vegetation to remove and how to do it is, 

for the most part, a scientific concern. 

This gradation of political to scientific is similar to that 

described in Price's (1965, pp. 122-36) formulation of how policy is 

made in the American political system. In his view8 our system consists 

of four "estates"? (1) The political, concerned with matters of value 

and judgment5 (2) the administrative8 concerned with applying the skills 

and knowledge of professionals to achieve the goals set by the members 

of the political estate; (3) the professional,) concerned with applying 

the knowledge of science to the affairs of men; and (4) the scientific, 

concerned only with the search for truth and knowledge. 

Notice we are talking about two different levels of aggregation. 

On the one hand, Price (1965) is describing the components of the policy

making system in this country. The discussion of natural resource 

policymaking, on the other hand, is focused on the increasing specificity 

of policymaking within a single policymaking area. 

Price's (1965) work is valuable to this discussion because it is 

descriptive of the traditional view natural resource managers have of the 

resource policymaking system. Natural resource research organizations 

and personnel are seen as the scientific estate. The professional and 

administrative estates are thought to consist of individuals formally 

trained in the various natural resource management disciplines. The 

proper role of these two estates is seen as responding to politically 

established policy direction from the top of the policy hierarchy. 



Historically, in the western states, this country has retained in 

public ownership much of the land that provides its natural resources. 

These lands are administered by state and federal agencies staffed by 

managers trained in the resource management professions. The way organi

zation of these managing agencies has evolved has tended to combine and 

blur the distinctions betx^een the administrative and professional roles. 

Most positions require a combination of administrative and professional 

duties; becoming more administrative as one advances to supervisory 

positions. 

The scientific estate exists much as described by Price (1965). 

The scientific functions are, for the most part, kept separate from pro

fessional and administrative concerns. Research is conducted by a sepa

rate branch of a land managing agency (i.e., the U. S. Forest Service), 

by an agency with no land managing responsibilities (i.e., the U. S. 

Geological Survey), or by the universities. 

The universities® natural resource schools have responded to the 

requirements of their graduates and provided undergraduates with a basic 

science-math background, some administrative decision-making skills, and 

knowledge of management techniques through a series of state-of-the-art 

ecological management courses. 

The separation of the professional-administrators from the scien

tists begins in the education of natural resource managers. A bachelor's 

degree is usually the terminal degree for one planning a management ca

reer with a land-managing agency. If one plans a career in natural re

source research, however, the doctorate is a requirement. 
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Natural Resource Professionals 
and Policymaking 

Resource managers consider themselves professionals. They 

believe they apply the science of ecology in much the same way a doctor 

applies the science of biology. In general, they would agree with 

Price's description of the role of the professions: 

Engineerings, medicines, and law, in different ways, have the 
function of taking the abstractions of science (or other 
systematic knowledge) and applying them to the concrete 
and practical affairs of men. That is not only their func
tions it is their purpose. Science can insist on ignoring 
questions of purpose in order to be objective and precise; 
the professions cannot" (Price, 1965, p. 123). 

Resource managers have long acknowledged that the public should 

have a role in the development of the broad natural resource policies. 

Policies that guide, in a general way, the provision of adequate sup

plies of wood, water, wildlife, forage, and recreational opportunities 

have been conceded to be the legitimate concern of laymen. Resource 

managers, however, believe that once the broad policies are adopted, 

more specific policy development is most properly done by professional 

managers. They resist public involvement in policy formulation that 

involves the selection of alternative management techniques. They argue 

that the amount of scientific knowledge required to make rational choices 

between alternative management techniques requires special education and 

training. 

They tend to discount criticism of management techniques as being 

derived from lack of understanding. The people who voice criticism are 

likely to be described as unknowledgeable, emotional, dickey-bird lovers. 



One hears essentially the same comments from foresters, engineers, range 

managers, and wildlife biologists."'' 

Discounting criticism seems to occur throughout the professions. 

Eaton (1962) reports professionals justifying withholding disappointing 

medical information form outsiders because "they lack the background" 

to understand it. Thomas Whiteside (1970, p. 38) provides a classic 

example of this retreat to sciences when he quotes a scientist responding 

to a question with, "You're asking sophisticated questions that as a lay

man you don't have the equipment to understand the answers to." The 

layman, who may be a professional or scientist in another field, often 

counters with the charge that the manager is trying to hide biased use 

of scientific data behind a condescending attitude. 

Opposition to Management Techniques 

In natural resource policymaking, debate is often focused on the 

more specific policies that are far down the chain of means and ends. 

Examples of such policy controversies are public opposition to clear-

cutting timber to harvest and regenerate even-aged timber stands, spraying 

chaparral with a herbicide to improve range forage and water yield, and, 

as mentioned above, removing streamside vegetation to salvage water by 

reducing potential transpiration. 

1. The author has fifteen years experience in the field of natu
ral resource management. This experience includes two years in research, 
six years in administration, and seven years of teaching at the univer
sity level. I owe a debt of gratitude to colleagues from these three 
areas of natural resource management. They and the professors of the 
three universities I have attended have all contributed to my conception 
of how science is utilized in natural resource policymaking. 
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Opposition to these resource management policies often does not 

develop until on-the-ground activity has begun. Stopping or delaying 

natural resource management programs that have reached the action or im

plementation stage is expensive and wasteful. It is expensive because 

large amounts of agency resources have often been invested in program 

planning by the time public opposition develops. In addition to loss of 

planning time and possible purchase of special equipments other costs 

may be incurred. The project may be part of a management package coor

dinated with other resource management plans. Loss of the project or 

modification of its objectives may set off a chain reaction of expensive 

adjustments in other management programs. 

Resource managers have tended to believe the problem of public 

opposition to management techniques could be solved by including some 

assessment of public opinion in their planning processes or by education 

of the public. 

In an introductory memorandum to a pamphlet titled A Guide to 

Public Involvement in Decision Making;, former Chief Cliff of the U. S. 

Forest Service statest 

We must become well versed in the practice of public involvement 
if we are to develop and understand all the facts and alterna
tives to be considered in reaching resource use decisions. We 
have long provided national leadership to the concept and prac
tice of conservation and wise use of natural resources, A 
greater degree of constructive public involvement will enable 
us to do our job better and with greater sensitivity and re
sponsiveness than has been possible for us to achieve in the 
past" (U. S. Department of Agriculture, 1971, p. 2). 

The pamphlet then lists guidelines to public involvement, atti

tudes conducive to successful public involvement, techniques for 



obtaining public involvement, and describes the technique of content 

analysis as a method to quantitatively measure public response. 

In discussing the advantages of content analysis as a measure

ment technique, the author comments, " . . .Public disagreement with 

some plan may indicate a basic revamping of the plan is needed or it 

may suggest the need for the agency to undertake some type of education 

program to make the public aware of political, economic, or ecological 

factors that are important in the decision" (U. S„ Department of Agri

culture,, 1971s, p. 20). In spite of efforts along these lines, opposi

tion to resource management programs has increased. 

Science and Natural Resource Policymaking 

In general^ scientific data in natural resource management con

sists of two types: (1) inventory data,, collected by field measurements, 

and remote sensing techniques; and (2) the published literature relevant 

to the activity being considered. Analysis, interpretation of the in

ventory data, and selection of the management techniques to be applied 

requires knowledge of the relevant literature. 

Since the passage of the National Environmental Policy Act of 

1969, a new dimension has been added to resource management policy con

troversies. An increasing number of projects have been stopped by court 

action because of inadequate analysis. While many projects are chal

lenged because of failure to consider all values affected, an increasing 

number are challenged on technical grounds. Charges that resource man

agers ignore unfavorable findings, make biased interpretations of scien

tific data, and that the data itself is biased, are being argued in 



11 

court. Resource managers in turn charge opponents with misunderstanding 

data and inadequate review of the relevant scientific literature. 

In any given natural resource policy controversy it is difficult 

to say how much of the science of resource management the layman can or 

needs to understand. It may be that his objection to some activity is 

based on expected damage to values not related to technical aspects of 

the proposal. If that is the case^ understanding of resource science is 

not needed. On the other hand, when at least part of his objections are 

based on the belief that the project is not technically sounds then his 

ability to utilize scientific information becomes important. Thus the 

problems of obtaining and making unbiased and efficient use of scientific 

data in natural resource policymaking are important to both resource 

managers and concerned laymen. 

How can either a professional in a resource field or a layman 

who opposes some management technique on technical grounds be sure he 

has made an adequate search of the published literature? The profes

sional has usually had years of academic training and experience, but 

can he be sure he has kept up with the latest research? Does the lay

man attempt an exhaustive search of the literature? Where and how do 

they obtain their sources? 

What does one do when conflicting results of research are found? 

Since laboratory control is usually not possible in natural resource re

search, how does one assess conflicting results of tests conducted under 

slightly different conditions? 
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How does a layman or a resource manager who has been out of 

school several years deal with recently developed and difficult to under

stand research techniques and methods of analysis? 

Does this scientific uncertainty allow one's biases to guide his 

selection of scientific facts and his interpretation of data? 

Summary of the Problem 

Despite efforts to reduce conflict over natural resource manage

ment policiess programs of management agencies continue to be,delayed or 

stopped because of public opposition. Techniques such as public educa

tion programs„ increased participation in natural resource policymaking 

through public hearings and membership on planning teams are helpful. 

These activities should improve natural resource policymaking by im-
/ 

proving communication and reducing conflict due to misunderstanding of 

proposals. However;, the utilization of science by both resource managers 

and laymen remains a basic problem. Until more is known about this prob

lem, techniques to reduce conflict in natural resource policymaking will 

have limited success. 

Objective of the Study 

The objective of this study will be to identify factors that in

fluence the use of scientific data in natural resource policymaking. 

Previous Studies of Science and 
Natural Resource Policy 

Studies of the use of science in natural resource management are 

few. Schooler (1971) studied twenty-two factors that determined scien

tist's participation and influence in twenty types of policy. 
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Conservation policy was one of the types examined. Schooler concluded 

that scientist's influence on conservation policy was moderate and ob

served that; 

'Conservation' is a powerful symbol evoking fundamental and 
significant support from Americans. Therefores a President or 
Congress that stands with 'conservation' against exploitation 
has wide support and stands to benefit politically. As a 
result, conservation policy is still based on political con
siderations more than on scientific evidence (Emphasis Mine) 
(Schoolerj 19718 p. 155). 

Rourke (1969s p° 2) offers a similar opinion in his work on 

policymaking in the bureaucracy. He says that it is the agitation of 

interest groups that often leads to the establishment of executive 

agencies. The agency and the group are then bound together in a mutually 

advantageous relationship. He emphasized that this is particularly true 

of agencies administering programs in natural resources where,, "... 

it is often true to say that administrative influence rests entirely 

on public support." 

Rourke (1969s p. Ill) does feel, however, that there aire areas 

where professional expertise is an important factor in policymaking. 

He mentions areas such as science and national defense where the exper

tise of technically trained professionals is often a controlling factor 

in policy development. He argues that most bureaucratic policymaking is 

a blend of politics and professionalism. He advances that while an 

agency will consider the political implications of proposed actions, it 

cannot ignore "... professional advice when there is agreement among 

the experts as to the technically sound course of action." Rourke 

stresses the importance of the professional role in bureaucratic 
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policymaking, but he apparently considers natural resource management to 

be outside the scientific areas where professionalism is most important. 

However, land managing agency personnel claim their policymaking 

has a large scientific component. They declare scientific considerations 

are primary5 political considerations are secondary. The contend their 

programs are based on the latest research in the field. 

Despite claims that management programs are scientifically 

sound, Ashley Schiff (1962) provides evidence that natural resource 

managers have at times ignored their science. 

Schiff (1962) has documented the suppression of research data on 

the influence of forests on flood flows and the use of prescribed burning 

in the southern forests. 

The belief that removal of forest cover contributed to major 

floods like those occurring on the Ohio and Mississippi Rivers was held 

by many in the Forestry profession. Belief that forest cover had a bene

ficial influence on climate and reduced flood flows continued despite 

evidence to the contrary produced by the Weather Bureau, Corps of Engi

neers, and the Forest Service's own researchers. The rejection of this 

evidence was apparently motivated by the desire to use the claim of bene

ficial forest influences as an argument for the passage of the Weeks Act. 

This Acti, allowing purchase of lands in the eastern United States for 

inclusion in the National Forest system, was extremely important to top 

Forest Service administrators. 

In the case of prescribed burning, the new data appeared to have 

been rejected because it was believed that it would undermine the fire 

prevention program in the south. 
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It seems that resource managers are at times selective in their 

use of the existing data base and new research findings. Schiff (1962) 

concluded that the separation of the research branch of the U. S„ Forest 

Service was not adequate to protect it from the influence of the resource 

managers in the administrative branch. 

In a later work8 Schiff (1966) described the existence of a 

"professional ideology" towards change among natural resource managers. 

He believes managers have a value orientation toward change in nature 

that considers uncontrolled change, instability„ and uncertainty to be 

undesirable. Schiff states that this orientation inhibits innovation. 

He calls for further study on the relationships between this value 

orientation toward changeP the environment, and organizationl structure. 

The results of a study by Eaton (1962s p. 422) may be applicable 

although natural resource managers were not studied. Using a question

naires, Eaton found that social workers in the Veterans Administration 

hesitated to interpret and communicate research findings that were nega

tive toward existing agency operations. They particularly did not want 

to communicate the results of negative evaluative research to those they 

considered "outsiders." Workers tended to feel that negative findings 

needed additional investigation. Eaton comments thats "the predominant 

attitude was to be tentative unless one could be positive." Workers 

felt this way despite their almost universal avowal of the worth of re

search and a favorable agency policy regarding the conduct of research. 

Eaton concluded that social workers favored symbolic over substantive 

research. Symbolic research is research conducted for the sake of re

search. He described symbolic research as being "an unintended 
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consequence of the uncertainty element between two conflicting atti

tudes — the belief in the value of exploring the unknown,, and the fear 

of disturbing positions of power or raising questions about existing 

agency operations" (Eaton, 19625 p. 422). 

Moore and Carriker (1974) report the results of a study of 

teacher attitudes towards research. The attitudes of members of the 

American Educational Research Association (AERA)„ Kansas public school 

teachers6 and Kansas teachers who has been judged to be outstanding in 

their communities were compared. The Kansas teachers scored signifi

cantly lower on a Scale of Attitude Toward Research (SOAR) than did the 

outstanding teachers and the AERA members. There was no significant 

difference in scores between the outstanding teachers and the AERA mem

bers. Especially interesting was the finding that "... practitioners 

may riot be willing to accept and use research findings — no matter how 

they are packaged -— because they resist research as a concept!" (origi

nal emphasis) (Moore and Carriker, 1974, p. 492). To overcome this 

resistance, the authors recommend that research skills for problem 

solving be made a part of every teacher's preparation. They express 

the frustration of researchers whose work is not being utilized when 

they declare, "For until we use strategies to make education a profession 

which behaves intellectually, we will continue to have to rely upon 

authority figures and folklore in developing teacher competence and in 

operating our schools" (Moore and Carriker, 1974, p. 492). 

Charles E. Lindblom (1959), in his now classic,"The Science of 

'Muddling Through"1,questioned the traditional model in which the decision 

makers define objectives, gather all relevant information, consider 
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alternatives8 select the alternative that will "best" achieve the objec

tives;, and implement the decision. He argues that policy formation in 

complex issues is actually accomplished by the method of successive 

limited comparisons. In this method^ the decision makers compare alter

native policies that differ only incrementally from each other and from 

previous policies. The selection of the policy to be implemented is 

accomplished by a comparison of the marginal values by which the policies 

differ,, based on a knowledge of past reaction to previous incremental 

policy adjustments, "DemocraciesLindblom stat s, "change their poli

cies almost entirely through incremental adjustments. Policy does not 

move in leaps and bounds" (Lindbloms 19598 p. 84). 

There is no doubt that much policymaking by natural resource 

managing agencies is done by successive limited comparisons. However, 

there is a problem in applying the model to selection of management 

techniques. Because of the large acreages involved in application of 

management techniques„ it does not always seem possible to make incre

mental changes in policy. One either eradicates phreatophytes to sal

vage water or one does not. Of course, it is possible to apply a tech

nique to small acreages. 

Anthony Downs (1967, pp. 168-71) provides a model that combines 

features of the traditional model} in which the decision maker rationally 

seeks to maximize his satisfactions (utility, in economic terms), and the 

satisfying or disjointed incrementalism model. He posits the following 

hypotheses regarding the search for new information; (1) everyone con

ducts a limited continuous search of his environment for new information, 

(2) every official has a conception of what constitutes a level of 
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satisfactory performance for himself and other relevant parts of the 

bureau, (3) whenever relevant behavior drops below his perceived level 

of satisfactory behavior, he will identify it as a "performance gap" 

and initiate intensive search for new forms of behavior that will elimi

nate it„ (4) if his intensive search fails to turn up new behavior that 

will eliminate the performance gap, he will eventually adopt the highest 

level of performance he can achieve as his new satisfactory level9 (5) 

whenever his continuous search turns up the possibility of a more satis

fying level of behavior, he will begin intensive search of the new 

action and any similar to it that seem to promise a higher level of 

satisfaction, (6) once he has adopted the new action, the higher level 

of satisfaction achieved will become the new level of satisfactory 

performance, and (7) when he is convinced he has achieved the highest 

level of performance possible (either higher, the same, or lower than 

the previous level)# he will reduce his search efforts to his continuous 

"automatic" level. 

This model appears to accurately describe the search for informa

tion in policymaking in natural resources at the higher levels in the 

policy hierarchy. However, in policies with a large scientific compo

nent, the natural resource decision maker does not appear to play as 

passive a role as described above. It seems likely that if his search 

for new actions was not successful he would call on resource scientists 

to investigate the problem and would monitor their progress rather than 

reducing his search efforts to his "automatic" level. 

These studies explain some of the apparent inconsistencies in 

utilization of scientific data and advice. However, these studies focus 



on either the decision making environment or on characteristics of those 

who are trying to use the information. It seems likely that factors in

herent in the scientific information itself may also be important and 

these have not been studied in a policymaking context in the natural re

source management area. It is suggested that factors from all three of 

these areas determine the utilization of scientific information in 

natural resource policymaking. 

Hypothesis 

A number of factors have been selected that previous study and 

observation indicate may be important in the utilization of scientific 

information. The hypothetical relationships of the various factors are 

strongly stated, but the various propositions constitute true "working 

hypotheses." They are asserted as provisional conjecture to guide 

investigation. 

General Hypothesis 

The use of scientific information in natural resource policy

making is influenced by factors inherent in: (1) natural resource re

search methodology,, (2) the background and education of the user, and 

(3) bureaucratic decision making. 

Functional Statement 

Specifically it is believed that the utilization of scientific 

data is a function of the following factors: (1) qualified research 

results,, (2) specialized research, (3) untested application, (4) im

mediate applicability of research, (5) confusing language of research 
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reports„ (6) mistrust of research personnel, (7) waste ideology, (8) edu

cational backgrounds (9) symbolic scientific consultation, and (10) 

administrative overload,, 

Propositions 

In the following sections the hypothetical relationship of each 

factor to the utilization of scientific data is stated. The conditions 

under which they may influence utilization are then discussed. 

Qualified Research Results. The more natural resource research 

results are qualified, the less one will risk using the data. 

One is bound to be skeptical when evaluating a technique that is 

reported to have been superior when tested on a sandy loam soil, for two 

exceptionally dry growing seasons with unusually high winds. Training in 

the scientific method plus the uncertainty of control in non-laboratory 

natural resource research causes scientists to qualify their results. 

Many of the qualifications deal with problems of homogeneity of test 

conditions, but some may be philosophical. 

Julian Simon (1969, p. 70) points out that many scientits avoid 

the problem of having to decide whether or not a relationship is causal 

by speaking only of correlations. While this may avoid criticism for 

the researcher, it does not aid the decision maker who must make judgments 

about cause and effect. Statements about the strength of the correla

tions may not be sufficient for those who are trying to evaluate manage

ment techniques selected to achieve some desired effect. 

In the view of Anthony Downs (1967, pp. 177-78) a decision maker 

will include the uncertainty of data in his calculus of whether a 



contemplated action will result in an increased level of satisfaction. 

If the proposed action is based on a piece of information with a large 

element of uncertainty about it9 a decision maker's confidence in the 

success of the contemplated action will be low. If8 however j, the poten

tial increase in satisfaction is large enough, the decision maker may 

implement the new action even though his confidence is low. Thus9 any 

piece of information mays (1) change a decision makerestimate of the 

result of a contemplated action without changing his confidence^ (2) 

change his confidence in his estimate of the result of the contemplated 

action^ (3) change both his confidence and his estimate of the result, 

and (4) change neither his confidence nor his estimate of the result. 

Downs (1967) asserts that a change in confidence can have an important 

effect on the search for information. If a piece of information in

creases a decision maker's confidence enough,, he may not search for fur

ther information. On the other hand, if it lowers his confidence enough, 

he may suspend action until he has further information. 

It may be that description of test conditions and the qualifica

tion of research results creates enough uncertainty in a decision maker's 

mind that utilization of this information is inhibited. 

Specialized Research. If natural resource research is "basic" or 

"pure" research then the results will not be easily utilized. 

The utility of scientific data to policymakers depends on whether 

the research is "pure" or "applied." A description of the mechanism by 

which water Is lifted from the roots to the leaves of a plant is not 

helpful to one who is trying to decide whether or not a project to sal

vage water by removing vegetation is justified. He needs data or 
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methodology to determine transpiration rates under conditions that exist 

on the management area. 

Research personnel in natural resource fields do not seem to 

dedicate themselves to basic vs. applied research or vice-versa. They 

appear to pursue studies that previous study has indicated will be inter

esting and productive in terms of funding and publications. It may be 

that administrators of research programs consider pure research to be 

more prestigious. If this bias existss it may be difficult to obtain 

approval and funding for applied research. 

Untested Application. If a management technique has only been 

tested on a plot basis, then it is difficult to assess its effectiveness 

for large scale applications. 

One must be cautious if the only comparison between two alter

native management techniques was conducted on several small plots (i.e., 

1/2 acre). This is especially important in natural resource management 

because the field application of the technique may involve thousands of 

acres. 

Immediate Applicability. Scientists in natural resource fields 

do not give advice that has applicability to immediate problems. 

Foreign policy personnel complain that social scientists hardly 

ever offer advice that has applicability to their immediate problem 

(Davison, 1967s p. 405). Natural resource policymakers also find it 

difficult to obtain research data or scientific advice that applies to 

their immediate problems. 

A colleague once described an occasion when he asked for staff 

assistance. He wanted to plan remedial measures for an area where he 
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believed a small landslide was going to occur. In due time the soils 

specialists arrived from the regional office. Borings were made into the 

soil horizonc soil texture was determined, parent material was discussed,, 

and the amount and extent of subsidence was noted. Following their exam

ination, the specialists said they concurred with him; the area was in

deed going to slide into the stream. He replied with some exasperation 

that he already knew that5 but he wanted to know what to do about it. At 

that points they became angryB got in their car,, and returned to the 

regional office. 

Anthony Downs (1965) reports that economic consultants who are 

explanation oriented rather than action orientated often request that 

further research be done and are unwilling to make recommendations until 

they feel their analysis is complete. He feels this often leads to an 

over-investment in research and is evidence of an "intellectual fascina

tion with solving the problem instead of advising the decision maker" 

(Downs, 1965, p. 30). 

Confusing Language. Natural resource research reports are often 

written in language that neither professionals nor laymen can understand. 

In the area of foreign policy this factor reduces the use of ad

vice furnished by behavioral scientists (Davison, 1967, p. 405). In 

natural resource research,, the language problem has two aspects: (1) use 

of scientific terminology,, and (2) the traditional discussion of the 

experimental design and statistical analysis. 

Mistrust of Research Personnel. If one mistrusts research per

sonnel, then one will not search for and utilize their findings. 
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In the natural resource management fields, the B.S. degree is 

usually the terminal degree. Research personnels on the other hand, are 

required to have a Ph.D. and do not often have administrative experience. 

Managers may believe the lack of practical experience and emphasis on 

"book learning" make it unlikely that research personnel will develop 

practical solutions to their problems. Because of differences in educa

tional background and career choice, managers feel research personnel 

are a "different kind of people." 

Taguiri (1965D pp. 39-51) tested the difference in value orienta

tion between groups of scientists„ research managers (scientists who have 

become executives) and executives. He examined their orientation toward 

the following six categories of values; (1) Theoretical, (2) Economic, 

(3) Aesthetic, (4) Social, (5) Political, and (6) Religiousi, He found 

that value differences do exist, particularly between individuals, but 

the ranking of the value types were very similar between the three groups. 

However, when the respondents ranked the values as they thought members 

of the other groups would, they overestimated the strength of certain 

values. This indicated a belief in a larger difference in values than 

actually existed. 

If managers believe researchers are "different" they will be less 

receptive to their advice. 

Laymen may feel that research personnel in natural resource 

fields are too biased to conduct objective research. A great deal of 

natural resource research is conducted by the research branch of agencies 

that also have management responsibilities. Laymen may suspect that re

search by these agencies is done to justify existing management policies. 
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Waste Ideology. If natural resource managers believe that 

avoiding waste is central to resource management, this will lead them 

to reject or ignore scientific data that are negative towards maximum 

production. 

McConnell (1954) indicates the conservation movement developed 

from two sources. One source was spiritual,, concerned with the order and 

completeness of nature. The other was materialistic8 dedicated to nat

ural resource development. In describing the materialistic point of 

view, he quotes Gifford Pinchot as saying the principles of the conser

vation movement were: 

(1) Development — the use of natural resources now existing on 
this continent for the benefit of people who live here now; (2) 
Conservation stands for the prevention of waste — the first 
duty of the human race is to control the earth it lives on; 
and (3) The natural resources must be developed and preserved 
for the benefit of the many9 and not merely the profit of the 
few (McConnell, 1954, pp. 465-66). 

These principles would probably be accepted today by most natural 

resource managers and by many of the faculty of the universities that 

trained them. They would add the proviso that natural resource develop

ment programs be based on the best scientific information available. 

Hall (1962, p. 405) calls this materialistic faction of the con

servation movement the "technological-conservationist position" and de

scribes its identifying characteristic as a concern with improving the 

efficiency of the scientific development of resources. The technological-

conservationist believes that more attention to science will eliminate 

waste and usually defines waste "to mean that the maximum amount of some 

product is not being produced given present technology." 
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Given the above definition of waste, a resource manager planning 

water salvage projects might not be responsive to research data indicat

ing that potential water salvage by phreatophyte eradication might have 

been overestimated. 

Educational Background. The more formal education one has,, the 

more one will utilize the relevant scientific information. 

Because of the technical nature of the material,) it seems likely 

that people with formal training in the sciences or natural resource 

fields will be more likely to utilize scientific information. Further, 

it is expected that people with formal training in the specific resource 

management fields involved (i.e.s watershed or wildlife management) will 

make the most use of scientific data. Conversely it seems likely that 

utilization will decrease as the length of time one has been out of 

school increases. 

There may be some anti-intellectualism existing in natural re

source managers. Emphasis on management techniques or procedures during 

their academic training at the undergraduate level may not prepare man

agers to make complete scientific data surveys. Undergraduate education 

in natural resource management schools is dominated by a how-to-do-it 

textbook approach. Students rarely review recent research and utilize it 

in decision making or policymaking exercises. Synthesis of scientific 

data into workable solutions to natural resource management problems or 

what might be called the engineering function is left to the textbook 

authors. 
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Symbolic Scientific Consultation. Scientific advice is sought 

from research personnel to gain support for opinions and objectives 

rather than obtain actual advice on management choices. 

Sapolsky (1971a p. 5) studied the relationship between scientists 

who serve on advisory committees and government officials. He indicates 

advisory committees are sometimes used for political purposes„ "to 

symbolize an official's concern for a particular policy area or to legit

imatize policy positions he has already determined he will take." It 

may be that much of the seeking of advice from natural resource personnel 

is politically motivated. 

The uncertainty of control and problems of representativeness in 

natural resources research makes scientists cautious when offering advice 

or criticizing existing management practices. Consequently planners in 

federal resource managing agencies are not often subject to critical 

scientific review by researchers from universities and other agencies. 

Administrative Overload. The pattern of work in natural resource 

managing agencies prevents full utilization of scientific data. 

Managers in the resource management agencies may not have time 

to continuously search for alternative management techniques. It is 

probable they will stick to established techniques unless the public ob

jects and the technique becomes controversial. This is the pattern of 

search described by Downs (1967). This pattern has also been found by 

Davison (1967s p. 409) in foreign policy agencies where the staffing 

patterns and business tempo restricts the use of behavioral studies by 

officials. 



CHAPTER 2 

EXAMINATION OF SCIENTIFIC DATA UTILIZATION 
IN PHBEATOPHYTE WATER SALVAGE POLICY 

The ten factors described in the preceding chapter provide a 

framework of analysis with which to examine scientific information utili

zation in natural resource management. The natural resource management 

area selected for examination was the salvaging of water through phreato-

phyte removal. Individuals who had utilized the scientific information 

relevant to this policy issue were interviewed to determine the influence 

of'the factors. 

Methods 

The data used to determine the influence of the factors consisted 

of two types. The primary data consisted of expert opinion. The scien

tific literature available for use in this area of policy formation con

stituted a secondary source. 

For the purposes of this study, the experts were natural resource 

managers and laymen who had been active in the formulation of water sal

vage policy. Scientists who had conducted research in the water salvage 

area would no doubt have been more expert on the scientific information 

itself, but knowledge of the utility of the information is what is 

relevant to this study. 

As defined by Simon (1969, p. 274) expert opinion is " . . . the 

judgments and estimates made by people who have spent much of their time 

. 28 
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working with a particular subject and who have gathered much general in

formation that has been filtered through their minds and stored in their 

memories." The individuals selected as experts in this area had other 

interests and demands on their time, but because of their involvement in 

this policy area had reason to utilize the available scientific informa

tion. Essentiallys they were asked„ "You have prepared a project plan 

or made an analysis of a project proposal in the area of phreatophyte 

water salvage. Did you use the scientific information available, was it 

useful to youa and why or why not?" 

Data Collection and Analysis 

The primary data for this study was collected by interviewing 

individuals who had played an active role in the development of the 

phreatophyte-water salvage policy. Since data were sought concerning 

factors which influence utilization of scientific information, only those 

individuals who had the motivation to make an assessment of the available 

data were interviewed. Natural resource managers who participated in 

planning or administering phreatophyte removal projects and laymen who 

had opposed the projects were selected. Sampling was not necessary be

cause the number of people who have been involved in the development of 

this policy in Arizona is small. A list of those who had either pub

lished project plans or made public statements regarding the proposed 

projects was prepared. After each of these individuals was interviewed, 

they were asked for the names of others who had been involved in 

phreatophyte-water salvage policy formation. This was continued until 
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all those available^ who had been involved in the formation of the policy 

in Arizona, were interviewed. 

Interviewing was selected as the method of data collection for 

several reasons. First, as stated above, the number of people who had 

actually participated in either analysis or planning of water salvage 

projects was small (13 proponents, 7 opponents). Therefore, the cost of 

interviewing was not prohibitive. 

Second, because of the nature of the information sought, it was 

felt that a, potential respondent might not understand a mail question

naire. Care had to be taken to assure resource professionals that the 

questioning concerning their use of scientific data in project planning 

was not an attempt to judge their scientific competence. Laymen could 

not be given the impression that they were being given an exam to test 

their scientific qualifications regarding a policy they had opposed. 

While this may not have been possible in all cases, it was felt the 

interviewer had the opportunity to perceive possible resentment and re

duce its effects. 

Third,, because of the open-ended nature of the interview and the 

necessity to probe for the reasons why the respondents felt as they did, 

it was felt that telephone interviews would not be practical. 

Fourth, it was important that the respondent be an individual who 

had actually been involved in the planning, administration, or analysis 

of a proposed project. It was their opinions concerning the available 

scientific data that were being sought, not those of some member of the 

organization who was delegated the job of filling out mail questionnaires 

or answering troublesome telephone calls. 
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An interview schedule was prepared to structure the interviews so 

that information obtained on the hypothesized factors would be as uniform 

as possible (see Appendix A). During the initial stages of interview 

schedule developments, phreatophyte water salvage policy and existing 

research programs were discussed with Arizona scientists engaged in 

phreatophyte research. These discussions helped develop the questions 

regarding the utility of the available scientific information. 

In order to be as consistent as possibles the author conducted 

all the interviews. 

It was not possible to pilot test the interview schedule on in

dividuals who had actually been involved in phreatophyte water salvage 

policy because of the small number of potential respondents. The pilot 

test was conducted with natural resource managers and laymen who had been 

involved in similar natural resource policy issues. 

The interview schedule was developed so several questions might 

fujrnish information that either did or did not support each hypotheses. 

For example, concerning the Qualified Research Results hypotheses, it was 

anticipated that the folloxtfing questions might furnish information (see 

Appendix A): (1) question 5; is directly applicable, (2) question 1; 

if combined with an examination of the literature, (3) question 7; if 

concern about plot vs. pilot project research is grounded in qualifica

tion of results, and (4) question 9; if syntheses of more basic research 

into management techniques is felt to be hindered by the qualification 

of basic research results. 

The discussion and analysis of the responses will be presented 

in the form of arguments for and against the stated hypothesis. First, 
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the responses relevant to a hypothesis will be described in detail. The 

responses will be organized into argument and evidence either supporting 

or rejecting the hypothesis. The scientific literature will be examined 

and when applicablej, examples will be included as additional evidence. 

Scope of the Study 

This study will examine the use of science in the development of 

the policy to salvage water by removal of phreatophytes in Arizona. The 

issue is an example of a natural resource management policy that is con

troversial and is considered by professionals to be primarily a scientif

ic matter. The time period to be considered is from 1943 to 1973. 

Early Research and Planning 

Conditions in the channels and floodplains of rivers and streams 

of the arid southwest are ideal for the growth of phreatophytes. The 

water table (zone of soil saturation) is frequently at or near the sur

face, tenperatures are high, humidity low„ sunlight intense, and the 

growing season long (see Figure 1). These same conditions are also ideal 

for the plants to transpire large amounts of water into the atmosphere. 

Dependence upon a limited supply of irrigation water in the 

southwestern states caused natural resource scientists and managers to 

consider the possibility of salvaging the water transpired by these 

plants. 

A phreatophyte is defined as "a plant that habitually obtains 

its water supply from the zone of soil saturation, either directly or 

through the capillary fringe" (Meinzer, 1923, p. 55). 
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Figure 1. Phreatophytes in the Gila River floodplain near Hayden, Arizona. 
CO 
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The association of certain species of plants with the presence of 

groundwater has long been known. Based on this associations, early 

studies examined the possibility of using these plants as indicators of 

the presence of groundwater (Kearney, 1914; Shantz and Piemeisel, 1924; 

Meinzer, 1927)» Continued scientific interest in this association and in 

groundwater conservation led to studies of the discharge of groundwater 

by plant transpiration and evaporation from the soil. Meinzer (1927) 

documented early work on these processes of groundwater discharge and 

posed seventeen questions as focal points for further study. These ques

tions are important for the purpose of this study because they constitute 

the first suggested program of research on what was later to become known 

as "the phreatophyte problem." The questions Meinzer felt should receive 

further study were: 

1. What are the species that habitually depend on the zone of 
saturation? 

2. To what extent and under what circumstances do these species 
grow where they cannot reach the zone of saturation? 

3. To what extent will other species utilize water from the 
zone of saturation, and to what extent are they killed if 
the water table rises to their roots? 

4. Do the groundwater plants develop root systems in the capil
lary fringej or do they send their roots into the zone of 
saturation? 

5. Do they avoid the alkali in the soil by sending their roots 
into or nearly to the zone of saturation^ where they may ob
tain less concentrated water? 

6. To what extent do the different species indicate the quality 
of the groundwater? 

7. How do they adapt themselves to the fluctuations of the 
water table? 

8. What are the conditions where there is a gravelly subsoil, 
with a very thin capillary fringe, as compared with a loam 
subsoil that has a thick capillary fringe? 

9. What are the maximum and minimum limits of depth to the 
water table for different species? 

10. What is the greatest depth from which groundwater is lifted 
by plants? 
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11. In species that habitually send their roots to considerable 
depths,, what adaptations have the young plants for enduring 
drought until they can get their roots to the capillary 
fringe? 

12. Do plants of this kind propagate by runners so that the 
young plant can be nursed by the parent plant until it can 
get its roots down to the water? 

13. What changes take place in the physiology and growth of such 
plants when their roots reach groundwater? 

14. Are the groundwater plants economical or wasteful of water, 
or are some economical and others wasteful, or have they 
adaptations which permit them to be economical or wasteful 
according to circumstances? 

15. How does the depth to the water table affect the rate at 
which a given species will lift water? 

16. What methods can be employed to determine for a given region 
the quantity of groundwater that is annually discharged by 
the vegetation and that could be utilized by pumping from 
wells? 

17. What are the prospects of increasing the agricultural pro
duction of the arid and semi-arid regions by developing 
groundwater plants of economic value? (Meinzer, 1927, pp. 
14-15. 

A great many plants can be classed as phreatophytes. Some, such 

as alfalfa have direct economic value as a crop. The plants that had no 

direct economic value0 and were thus considered by early researchers to 

be water wasters included Alder (Alnus spp.)s Batomote (Baccharis Spp.), 

-S'' 
Rabbitbrush (Chrys' thamus spp.), Arrowweed (Pluchea wericea [Nutt.J 

Cortlle), Cottonwood (Populus spp.), Mesquite (Prosopis spp.)„ Willow 

(Salix spp.)8 Big greasewood (Sarcobatus spp.), and saltcedar (Tamarix 

spp.) (Pacific Southwest Interagency Committee, 1951a). 

Interest in the possibility of salvaging the water used by the 

• phreatic vegetation continued to grow. In 1948„ personnel of the U. S. 

Geological Survey began to compile data on the water used and the area 

covered by phreatophytic vegetation in the 17 western states. The data 

were incomplete but \<rere believed to furnish conservative estimate of the 

magnitude of potential water salvage. In 1952, it was estimated that 
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phreatophytes covered 10,700s000 acres and used 15,700,000 acre-feet of 

water annually, Robinson (1952) pointed out that it was not possible to 

salvage the entire amount but argued that the possibilities justified a 

thorough investigation. 

In addition to their perception of the magnitude of the problem, 

there is another aspect of the "phreatophyte problem" that is important 

to understanding the thinking of resource managers and scientists. 

SaltcedarD the plant considered by most authorities to be the 

most important phreatophyte, is not native to the United States. Salt-

cedar is the common name given to two deciduous species, Tamarix 

chinensis Lour, and Tamarix gallica Linnaeus. The introduction and 

spread of these plants has been well documented by Bowser (1957) and 

Robinson (1965). These authorities state that saltcedar was probably 

introduced in the western U. S. for use as an ornamental in the 1850's. 

It is not certain where the nursery stock for the ornamental plantings 

originated. The plants are native to the Old World from western Europe 

to the Himalays (Robinson, 1965). The range of the plants is indicated 

in Bowser's (1957) discussion of possible derivations of the generic 

name Tamarix. It was suggested the name stemmed from the fact the plants 

were common in the vicinity of the Tamaris River (Tambro) in the Pyrenees. 

Another possibility was a derivation from the Hebrew word "tamarik" 

meaning cleansing. The twigs and small canes were used in Biblical 

times to make brooms and the plants are reported to have grown for cen

turies in the Jordan River Valley. This use of the plants for brooms 

has also been recorded in Chinese Turkistan. 
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Bowser (1957) indicates there has never been any real commercial 

use of tamarisk plants. In addition to brooms9 the plants have been used 

in making tannin and the twigs and branches have been used for basketry 

and wattle worko The bark is alleged to possess medicinal properties as 

a tonic, an astringent0 and a diuretic. The foliage and twigs are said 

to have been used in making beer. 

Bowser (1957) reports tamarisk to be a plant of classic lineage. 

It is mentioned by early epic poets and it has been written that Achilles 

laid his spear against a tamarisk tree before he plunged into the 

Oeanathus to pursue the Trojans. It has even been suggested that the 

manna which fell.from Heaven during the Israelites journey out of Egypt 

was a honeydew secreted by an insect feeding on Tamarix mannifera. 

Uncertainty and confusion seem to have surrounded the plants from 

the time they were introduced into this country. Robinson (1965) re

ported that the species common in Arizona and New Mexico previously 

listed in Kearney and Peebles (1942) as Tamarix gallica had now been 

shown by McClintock (1951) to be Tamarix pentandra Pallas. Horton and 

Campbell (1974) now report they agree with the work of Baum (1967) that 

this plant is really Tamarix chinensis Lour. 

By the 1920's the plant was naturalized and widespread enough in 

the stream valleys of the Southwest that local residents became aware of 

its presence. There was no concern regarding its use of water at that 

time. In fact, in Meinzer's (1927) landmark work,, Plants as Indicators 

of Groundwater8 saltcedar was not mentioned (Robinson, 1965). 

Saltcedar (Tamarix chinensis) is an aggressive invader and proved 

to be capable of rapidly replacing the native vegetation in the drainage 
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systems of the Southwest. It was able to thrive under adverse conditions, 

was not subject to attack by insects or disease, and produced viable seed 

prolifically. It was estimated that a small plant produced over 60,000 

minute tufted seeds that were transported by both wind and water (Bowser, 

1957). 

Robinson (1965) documented the speed of saltcedar invasion in his 

record of the spread of saltcedar in the delta area of Lake McMillian in 

New Mexico. The first report of saltcedar in the area (a few seedlings) 

was in 1912. By 1915, there were 600 acres of saltcedar reported. By 

1925, saltcedar had spread over most of the delta area and covered 12,300 

acres. 

Therefore, an important aspect of the early perception of the 

"phreatophyte problem" was the fact that the principal plant involved was 

an exotic. Further, it had the ability to spread rapidly and crowd out 

the native vegetation. 

In addition to its use of groundwater and its aggressive and 

rapid spread, there is a third important characteristic of saltcedar. 

It tends to grow in dense, impenetrable thickets. Where these dense 

stands occur in stream channels and floodplains, flood hazard is in

creased. The increase in flood hazard is thought to be caused in two 

ways. First, the physical presence of the plants impedes the flow of 

floodwaters causing them to spread and flood additional areas (Robinson, 

1957). Second, the reduction in stream velocity results in sediment 

deposition that raises the level of the channel and reduces its ability 

to carry flood flows (Horton, Robinson, and McDonald, 1964).- The pat

tern of sediment deposition caused by the saltcedar thickets has caused 



another problem along reaches of the Gila River being studied by the 

U. S. Geological Survey (Culler et al., 1970). When water overflows the 

channel and enters the saltcedar thiclcet8 it slows and the resulting 

sediment deposition results in the formation of natural levees. The 

aggradation of the channel and its levees has continued until they are 

the highest points of the floodplain. Logs and other floatable debris 

were deposited in the narrow channel bounded by the levees. This debris 

then trapped additional sediment and the channel was plugged. The 

plugged channel resulted in the formation of log jams (see Figure 2). 

The authors state that while the development of levees and channel 

aggradation has been a gradual process, the development of log jamming 

has been rapid. The first log jam was observed in January, 1963. 

During the summer flows of 1963 and 1964, the jam progressed upstream 

four miles. 

Consideration of these' characteristics led natural resource man

agers to label phreatophytes in general, and saltcedar in particular, a 

serious problem. Stands of the plants were referred to as "infestations." 

C. B. Thompson (1957) concluded a discussion of the spread and increase 

in density of saltcedar in New Mexico, with the recommendation that 

" . . . Congressional legislation should be enacted and funds appropriated 

in order to establish a program to combat 'Public Enemy Number One' of 

the Southwest" (Thompson, 1957,, p. 25 ). 

The first large scale study in Arizona to try to determine the 

amount of water that could be salvaged by removing phreatophytes was con

ducted by the U. S. Geological Survey in 1943-44 (Gatewood et al., 1950). 

The justification for this study is descriptive of natural resource 



Figure 2. Phreatophyte covered floodplain and log jam on the Gila River. 

(Courtesy of U. S. G. S. Water Resources Division, Tucson, Arizona.) 



managers' attitude toward phreatophyte management at this time. Addi

tional water was needed to expand the wartime production of the Phelps 

Dodge Corporation's copper mines at Morencis Arizona. Because all of 

the surface i^ater in the area had been appropriated, natural resource 

managers and company officials turned to the phreatophytes growing along 

the Gila River as an additional source. It was planned to take the 

needed water from tributaries of the Gila River. The water would then 

be replaced with water salvaged by removing the phreatophytes along a 

46 mile reach of the Gila. 

The initial task was to estimate how much water was used by the 

vegetation. Six methods of estimating water use by phreatophytes were 

examined. Total water use (estimated by averaging the six methods) on 

the 9©303 acres for a twelve month period was 28,000 acre-feet. This is 

approximately three acre-feet per acre per year. 

The authors cautioned that this entire amount of water could not 

be salvaged. After clearing the phreatophytes8 some form of replacement 

vegetation would have to be established to control soil erosion. Some 

5,000 acre-feet of the total water used was supplied to the plants in the 

form of precipitation and would probably be used by the replacement veg

etation. In addition8 the authors recommended that strips of phreato

phytes be left to stabilize the stream banks. This vegetation would,, of 

course, continue to draw on the groundwater supply. It was also felt 

that evaporation from the soil surface would increase because the water 

table would be higher after removal of the vegetation. 

The study also furnished evidence that saltcedar is difficult to 

eradicate. No large scale clearing was attempted, but two small scale 



tests of saltcedar removal were conducted. When saltcedar was cleared by 

clipping at ground level, recovery was extremely rapid. Within three 

months, the plants were again 2 1/2 feet high. In the second test, the 

green plants were burned using a flame thrower and apparently killed, 

but were growing again by the following year. 

The needed water was obtained from another source so the study 

was not continued to the actual clearing and measurement of water sal

vaged, Neverthelessj, a potential water salvage of this magnitude 

attracted a great deal of attention. 

A number of agencies were soon engaged in research on the prob

lems of phreatophyte management. In the first Symposium on Phreato-

phytesp held in 1951, S. F. Cramer (1952) of the Corps of Engineers, 

described his agency's interest in phreatophyte eradication and control. 

He commended the agencies presently doing investigational work and listed 

the following agencies as having provided information useful to the 

Corps' planning efforts: (1) U. S. Geological Survey, (2) U. S. Bureau 

of Reclamation, (3) Soil Conservation Service* (4) The Bureau of Plant 

Industry, (5) The National Resources Planning Board, (6) Texas A & M 

University, and (7) The Imperial Irrigation District of California. 

While he applauded the work that had been completed, he stressed the 

great need for additional investigation. To this end, the Corps sug

gested at a 1950 meeting of the Pacific Southwest Federal Inter-Agency 

Technical Committee (named changed in 1955 to Pacific Southwest Inter-

Agency Committee [PSIAC]), that their project on the Salt and Gila Rivers 

in Arizona (clearing a 2,000 feet wide channel for 77 miles) be used as 

an experimental area by all interested State and Federal agencies. The 
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members of PSIAC agreed and by 1952, a number of agencies had begun 

studies that had to be made before the clearing began. 

In 1951s PSIAC had formed a Phreatophyte Subcommittee which was 

to correlate agency activities, particularly research, in phreatophyte 

control. S. F. Cramer (1952) of the Corps of Engineerse was enthusiastic 

about the Subcommittee and stated: 

We will all look to this group to supply factual data on phre-
atophytes in the future and it is the sincere belief of the 
South Pacific Division of the Corps of Engineers that through 
the cooperative efforts of this subcommittee with all inter
ested State and Federal Agenciess the phreatophyte problem in 
the Southwest may be economically resolved in the forseeable 
future" (Cramer, 1952, p. 80 ). 

The Phreatophyte Subcommittee met for the first time on January 

16, 1951 in Phoenix, Arizona. Members of the subcommittee represented 

the Geological Survey, Soil Conservation Service, Corps of Engineers, 

Bureau of Plant Industry, Bureau of Reclamation, and Forest Service. The 

chairman, S. F. Turner of the Geological Survey, reported that the parent 

committee (PSIAC) had requested the subcommittee consider and report on 

the following five items: 

1. Keep'in touch with and see that full values in research and 
practical application are obtained from all activities con
cerning phreatophytes that are underway in the region. 

2. Obtain a picture of the whole problem in the area covered 
by P.S.F.I.A.T.C. Eventually inventory of areas and types 
as in New Mexico. 

3. Obtain all available information toward determination of 
value of various phreatophytes, accenting saltcedar. Com
pare the two varieties of saltcedar: Tamariz gallica and 
subspecies, and Tamarix aphylla. 

4. Secondarily, after analysis of work underway and of whole 
problem, subcommittee should point out information needed 
and possible methods for obtaining that information. 

5. Subcommittee should see that Interested State and Irriga
tion District offices are kept informed of work underway 
and planned. California State Engineer's Office and 
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Colorado River Board both requested this at Los Angeles 
meeting (Pacific Southwest Inter-Agency Committee, 1951b). 

Early perception of the "phreatophyte problem" thus stimulated a 

good deal of research and led to the formation of a body to coordinate 

the work being done and to determine future research needs. 

One of the early accomplishments of the Phreatophyte Subcommittee 

.was the establishment of the Phreatophyte Library. In 1953s members of 

the subcommittee began discussion about the advisability of beginning a 

collection of photographs dealing with phreatophytes. Inquiry was made 

of the various departmental and university libraries in the region to 

select a facility for storage and care of the collection. Both the 

University of California at Los Angeles and the Arizona State College 

(now University) libraries offered to care for the material. In 1955, 

the facility at Tempe, Arizona was selected primarily because the ASU 

Library did not require ownership of the material. Prior to the final 

selection of the facility, it had been decided to include material in 

addition to photographs. In 1957, J. S. Horton furnished the subcom

mittee a list of some 200 publications dealing with phreatophytes and 

evapotranspiration that had been collected and were available for loan 

to persons interested in the phreatophyte problem (Pacific Southwest 

Inter-Agency Committee, 1957). 

Opposition Develops 

During the 1950's and early 1960's, a great deal of project 

planning was completed in Arizona. Resource managers were in general 

agreement that some water salvage was possible. It was granted that it 

was not possible to predict water yield with accuracy, but project 
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planning and justification proceeded with managers making estimates using 

the methodology available. 

Led by the Arizona Game and Fish. Department, opposition to these 

projects began to develop during the 1960's. During the last part of 

1968 and the first part of 19695 the Department published a series of 

articles describing the extent of planning and the potential damage to 

wildlife habitat. These articles (published first as a series in the 

Department's bi-monthly magazine Wildlife Views and later as a booklet 

titled The Fatal Future) described the planning on the Gila, Santa Cruz, 

San Pedro, and lower Colorado River. Alarmed by the extent of planning 

in Arizona, a Department spokesman declared8 "The only area supporting a 

noteworthy acreage of dense river bottom forest which is not the subject 

of a phreatophyte clearing study, proposal, or authorized project is that 

area in the Painted Rock floodpool near Gila Bend" (Bristow, 1969, p. 2). 

The Department objected to the projects because: (1) the river 

bottom vegetation was considered to be the single most valuable, produc

tive, and limited wildlife habitat type in Arizona, (2) it was claimed 

only a small portion of the water used by the plants could be delivered 

to downstream users, and (3) the cost of the original clearing and main

tenance of the projects was believed to be economically prohibitive 

(Bristow, 1969). 

Opposition to the loss of wildlife habitat also came from groups 

other than hunters and fishermen. There were said to be a number of non-

game birds considered to be rare and in danger of extinction that nested 

nowhere in the United States except in the phreatophyte areas of southern 

Arizona (Bristow, 1969). 
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Removal was also resisted on aesthetic grounds. This was partic

ularly true with regard to cottonwoods. The removal of these large trees 

was thought by some to reduce the attractiveness of streamside areas. 

Residents living near these areas protested the loss of the attractive 

groves for the primary benefit of downstream water users. 

Project planning continued in an atmosphere of increasing opposi

tion. The Corps of Engineers' representative to the Phreatophyte Sub

committee reported throughout 1969 that acquisition of rights-of-way 

were being acquired for their Safford Valley project. At the March 10, 

1970 meetings he reported that meetings with the Arizona Game and Fish 

Department representatives and the local sponsor were being held to 

delineate fringe areas to be preserved for wildlife mitigation. He sub

mitted a written report for the June 9S 1970 meeting stating that the 

clearing would be confined to a channel 600 feet wide. On May 20, 1970, 

a contract was awarded for the clearing of 3d 100 acres (600 feet wide 

floodway) for $159,000 (Pacific Southwest Inter-Agency Committee, 1970). 

The Sierra Club, Defenders of Wildlife, Tucson and Maricopa 

Audubon Societies, AWWW, ECO of Phoenix, and the National Parks Asso

ciation filed suit on May 27s 1970 to stop the project. The suit was 

based on non-compliance with the National Environmental Policy Act of 

1969 (NEPA). Since the Corps had not prepared an Environmental Statement 

as required by NEPA, the project was injoined on June 4, 1970 by Judge 

James A. Walsh of the United States District Court in Tucson, Arizona. 

The granting of this injunction marked the end of aggressive 

planning and implementation of phreatophyte water salvage projects by 

Arizona natural resource managers. Although several projects are 
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authorized, the only phreatophyte removal in recent years has been to 

clear channels for flood control. 

In summaryj, a brief sketch of the history of the phreatophyte 

water salvage policy is as follows: (1) early study described the asso

ciation of certain species of plants with groundwater including their 

ability to utilize this water supply, (2) one of the principal phreato-

phytes was an exotic which escaped from cultivation and spread rapidly 

throughout the southwest,, (3) the amount of water transpired by these 

plants vras believed to be large enough to constitute an additional source 

of water for the arid southwest, if it could be salvaged, (4) research 

was began on methods to estimate the potential water salvage,, and to 
l 

develop water-salvage management techniques,, (5) a committee was estab

lished to coordinate the efforts of the various research and managing 

agencies and to disseminate information regarding management techniques, 

(6) some clearing projects were begun and project planning was wide

spread, (7) opposition to the projects developed because of damage to 

wildlife and aesthetic values and unproven theory, (8) a project was 

successfully stopped by court injunction, and (9) research continues, 

but there has been practically no further planning or implementation of 

phreatophyte water salvage projects. 

Visually the history is depicted in Figure 3. The area is shown 

in 1932 prior to saltcedar invasion. In 1964, the area is covered with 

saltcedar. In 1973, the area is essentially bare, following eradication 

of the saltcedar. The saltcedar was removed as part of a research effort 

conducted by the U. S. Geological Survey. 
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Figure 3. View of the Gila River floodplain near Calva, Arizona., showing saltcedar invasion and 
eradication. 

(Courtesy of U. S. G. S. Water Resources Division, Tucson, Arizona.) 



CHAPTER 3 

ANALYSIS AND DISCUSSION 

The use of science and the formulation of natural resource 

management policy proved to be a topic of interest and concern to poten

tial respondents. Consequently, talented people on both sides of the 

issue were willing to take time from their busy schedules and grant 

interviews ranging from one to four hours in length (see Appendix B). 

Thirteen individuals were found in Arizona resource management 

positions who had been involved enough to have knowledge of the relevant 

literature. Eleven of these had college degrees, with five having com

pleted some graduate study. The degrees represented a variety of disci

plines. Two degrees were in watershed management, three in range manage

ment, two in agronomy, two in engineering, and one each in botany and 

ecology. 

Classification of the opponents of the policy proved to be 

troublesome. 

The seven individuals who had opposed water salvage projects had 

a more varied background. One had a background in business administra

tion, two were chemists, two had degrees in wildlife management, one had 

a background in both engineering and natural resources and another had a 

background in both engineering and law. This broad and varied background 

made it obvious that to simply classify them as laymen would not do. In 

addition, these individuals varied a great deal in the intensity of their 

49 
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opposition to phreatophyte water salvage policy. Nevertheless, all of 

them had been involved in the policy issue and had reason to make an 

assessment of the scientific information available. 

Classification of the opponents of the policy as "environmen

talists" was rejected. I suspect that the individualsfrom resource 

management disciplines who oppose the policy would not object to being 

classed as environmentalists, but I am sure the managers who support 

the policy would resent the implication that they are not. 

The opponents who had backgrounds in resource management disci

plines had not, of course# been involved in the "management" of phreato

phyte water salvage projects. 

Therefore,, in future discussion, individuals who favored the 

policy will be referred to as proponents or managers. Those who opposed 

the policy will simply be referred to as opponents and their academic 

background described where relevant. 

In the following analysis and discussion, the responses will be 

described and their relevance to the utilization of scientific informa

tion will be discussed. 

Qualified Research Results 

The proposition was that the more natural resource research re

sults are qualified^ the less one will risk using the data. The proposi

tion was not strongly supported. Most respondents felt that results were 

not overqualified. There was, however, some support for the proposition. 

Even though most individuals felt the amount of qualification was proper, 

they made a number of suggestions for improvement of research reports. 
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Results Not Overqualified 

Most of the respondents, both proponents and opponents, based 

their opinions that research results were not overqualified on: (1) 

a feeling that there had been considerable bias in phreatophyte research, 

and (2) a traditional view of science and of the land manager as a 

synthesizer of research data. 

It is not surprising that most of the opponents felt that re

search results were not overqualified. There was a large amount of sus

picion expressed that there is not enough qualification. The belief was 

expressed that lack of qualification is due to a desire to arrive at pre

conceived conclusions. It is interesting to note that a proponent of the 

policy arrived at the opposite conclusion for the same reason. He felt 

that results were often overqualified in an effort to explain away un

expected results. Another opponent agreed partially when he said that a 

lot of qualifications in a report indicate the researcher is really 

saying he did not come up with anything. The possible bias of early 

phreatophyte research concerned another manager. He felt there had been 

efforts toward project justification on the part of early researchers 

that might have led them to overextend the applicability of their work 

to other locations. 

Science, Qualifications, and 
the Professional Role 

The belief that qualifications were a part of science and that it 

is the manager's job to take such uncertainty into account was held 

strongly by both opponents and proponents. 
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Most of the proponents of the policy also stated that researchers 

did not qualify enough. They explained that it was necessary to know the 

qualifications so they would know where and how to apply the results. A 

manager strongly stated his belief that researchers do not qualify their 

results enough,. This8 he stated,, was because there are few areas in 

natural resource management where one can be certain. Further, in hi£ 

opinion8 it was the responsibility of the manager to be smart enough to 

apply the results correctly in his area. 

Thoughtful analysis was provided by one of the opponents. In 

addition to expressing a fear that some results are underqualified, he 

expressed a belief in the value of qualification. He stated there exists 

a need to discuss sources of error and the limitations on precision that 

attend the measurement of data used in the research analysis. 

Propositional Support 

The proposition was not entirely without support. Some of the 

supportive statements were in agreement with previous discussion. A 

proponent complained that research reports were too location specific; 

that researchers often report thats "I got this result at this location." 

Anthony Downs' (1967) description of the effect of uncertainty on a 

decision makers' use of information was confirmed by a land managers' 

comment that if the researcher qualifies too much he will make the man

ager wonder and lose the acceptance of the final result. 

Julian Simon's (1969) comment that scientists often attempt to 

avoid statements of causality was echoed by a manager who claimed that 

a change was needed in natural resource research publications because 
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researchers tend to put out facts but were sometimes afraid to make posi

tive statements, Further, he felt this fear was sometimes politically 

motivated. It seemed to him the administrators of research programs 

sometimes try to avoid controversy to protect their funding. 

A manager felt strongly about excessive qualifications. He was 

moved to refer to one researcher as a "mealy mouth" who qualifies every

thing. Researchers do not want to get mixed up in controversy,, he as

serted. They will give informations, but do not want to help interpret 

the results. He commented that he had been criticized for making too 

definite statements regarding management techniques and declared he did 

not have the "qualms" of a researcher. ' 

Respondents identified two issues not previously discussed. 

First, it was stated that the qualification of research results was det

rimental to one trying to explain proposed management programs in a pub

lic meeting. The example was given that there had been twenty-five years 

of research on the use of herbicides and, "... one little old lady in 

Globe, Arizona blew it out the window." His reference is to opposition 

that developed against use of herbicides on chapparal near Globe„ Arizona. 

The lady is Mrs. Billee Shoecraft, who describes mutations of animals and 

vegetation thought to have been caused by the herbidices in her book, Sue 

the Bastards (Shoecraft, 1971). Because of this opposition, the U. S. 

Forest Service restricted the use of herbicides in chapparal management. 

The second issue was that researchers seem to be afraid to go 

out on a limb and make recommendations when they are not sure. The 

respondent commented that it was a shame researchers seem to have to be 

right all the time; that they are afraid to publish and later say they 
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were wrong. Another manager expressed the thought in stronger terms. He 

felt some researchers do not want to give answers. They just want to 

study and not commit themselves until absolutely certain. 

Criticism of Research Report 
Style and Format 

Respondents from both sides of the policy controversy were crit

ical of the style and format of research reports. In response to being 

asked what changes they would like to see in research reports# they made 

a number of suggestions. It was suggested that the researcher not de

scribe the troubles he had during the conduct of the experiment. For 

example,, one manager said he did not care to read that because of in

creased salt build-up„ the evaoptranspirometers had to be flushed four 

times. Instructions for carrying out recommended management techniques, 

however, should be described in detail. If a new survey technique re

quires taking photographs, the managers want to be told exactly how to 

do it. 

A number of recommendations regarding format were made. It was 

suggested that since taxpayers are paying for the research they should at 

least have a "blurb" in plain language at the front of the report that 

describes the result. If nothing significant is found, that should be 

spelled out at once. The general conclusions should appear at the onset 

and the qualifying comments appear later in the body. A flagged item 

could be included stating that different conditions might give different 

results. A general recommendation was that the format of research re

ports should be standardized to provide maximum interpretive value. 
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Conclusion 

The majority of the respondents did not believe that research 

reports were overqualified. They felt qualifications were a proper part 

of science and most managers felt that it was their job to determine 

where and when results could be applied. 

The amount of support for the proposition was insufficient to 

conclude that qualification of results is a detrimental factor in the 

utilization of scientific data. What support for the proposition existed 

came mainly from proponents. Only one opponent thought results were 

overqualified, and it should be noted that his opposition was minimal. 

Most of the opponents who felt strongly about water salvage projects sus

pected the researchers of a bias toward project justification and a ten

dency toward underqualification of results. That opponents of the policy 

feel this way produces no surprise. It was surprising that a number of 

proponents also suspect bias on the part of researchers. 

A resource professionals' doubt about the scientific data base 

creates an interesting situation for him, when involved in a policy con

flict. Consider a hypothetical situation. The opponent perceives a 

conspiracy between the resource planner and the researcher. It seems to 

him the planner desires projects and the researcher conducts studies to 

justify them. Picture if you will the manager8 who has his own doubts 

about the research data, trying to defend his proposal and at the same 

time fend off accusations that he is in cahoots with the researcher. 

This type of situation may relate to the complaint that qualified results 

are damaging in public meetings. If one has his own doubts, it would be 
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difficult to defend himself against accusations of making biased use of 

data and/or that the data were derived in a biased way. 

The issue that researchers are afraid to publish recommendations 

if they think they might have to later retract them, is only partially 

valid. Constant publishing of management recommendations followed by 

retractions or corrections would lead to increased uncertainty and chaos 

for the manager. The recent move by universities and research agencies 

to publish distillations of research or "state-of-the-art" reports will 

probably solve this problem. It remains to be seen if the above de

scribed suspicion will attach itself to these reports. 

Respondents did not object to qualifications philosophically. 

They did object to the style and format of research reporting. They 

deemed it proper that qualifying statements be included,, but they recom

mended that the results or nonresults of the study be stated at the 

beginning of the report in plain language. 

Specialized Research 

The premise was that the results of "basic" or "pure" natural 

resource research are not easily utilized. The respondents were asked, 

"Which do you feel is the most valuable? Research on management tech

niques for phreatophytes or more basic research such as the physiology 

of phreatophyte plants?" 

Again., there was no real difference in the responses of propon

ents or opponents of the policy. The majority made statements describing 

the value of both; although most said applied research was most inter

esting to them personally. A minority of both proponents and opponents 



made statements favoring applied research. No one favored basic research 

to the exclusion of applied research. There was some criticism of re

searchers and some discussion indicating that the existence of a policy 

hierarchy is important in natural resource policy controversies. 

Basic and Applied Research Both Important 

Many statements were made concerning the value of both basic and 

applied research. The recurring theme of the manager as synthesizer of 

research was expressed by a manager who commented that both types of re

search would provide the manager with the information he needs to do the 

job. If he understands the physical aspects of the problem and knows 

the equipment available to do the job, then common sense will allow 

putting them together. 

It was asserted that managers must be cautious about judging the 

value of research because they cannot know the whole picture. They 

should not jump to conclusions regarding the results of research. As 

an example, a manager mentioned that he had doubts about the value of 

chaining the pinyon-juniper type to increase water yield and forage. In 

his opinion, overgrazing confounded the results of early chaining proj

ects. He felt that additional project planning was a result of pressure 

from livestock interests. 

His judgment concerning water yield has since been confirmed by 

the update of the "Barr Report." The Barr Report„ Recovering Rainfall, 

was a general, exploratory study of the possibility of increasing water 

yield through management of Arizona's watersheds (Barr, 1956). It is 

generally credited x<rlth providing the foundation for the watershed 



management and research program in Arizona. The update was to be a 

state-of-the-art report on the potential for increasing water yield on 

Arizona's watersheds after nineteen years of research and management. 

A summary of the findings of the update has been published since com

pletion of the interviews. The probable success of the report in meeting 

the objections and needs of data users will be discussed later. The co

authors of the report, Ffolliott and Thorud (1974), point out that water 

yield improvement opportunities in the pinyon-juniper type do not appear 

promising at this time. Mechanical treatments (chaining9 cablings, and 

hand clearing with power saws) have not increased water yield in several 

tests. There has been an increase in water yield in response to a single 

test of chemical conversion. The authors note, however, because of the 

limited testing and probable operational difficulties of chemical con

version that water yield improvement opportunities in pinyon-juniper re

main uncertain at this time. 

The value of both basic and applied research was described by an 

opponent who pointed out that if one does not have the scientific base 

well developed, one must make assumptions about the base. As an example 

of how this can lead managers astray, he described a project of planting 

saltcedar along the Gila River to stabilize the banks. It was later 

determined that the Gila River was undergoing a process of filling during 

this period and the banks were in no need of stabilization. 

An opponent suggested that basic research should be done by in

dividuals in basic research disciplines. Research on the physiology of 

phreatophyte plants should be done by a botanist. Management people 
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should do applied or management type research. It was argued that action 

agencies should sponsor research that would apply to the problem at hand. 

Arguments Favoring Applied Research 

The arguments advanced in favor of applied research did not nec

essarily reject basic research. A candid statement was that while the 

basic research must come first, the action agencies could not care less 

about basic research. 

There was a wide variety of opinion concerning what was known 

and what information was needed. A call for applied research by a pro

ponent was based on the belief that the chemicals and equipment were 

available for phreatophyte control. What remained to be tested, as far 

as this individual was concerned, was which chemical to use and when to 

use it, and the most effective time for mechanical treatment. Other 

proponents,, however, claimed it is still not possible to determine how 

much water is used by the plants nor is the effect of different soil 

conditions on the rate of water use known. An opponent pointed out that 

at this point there are so many projects planned there is no time left 

for basic research. His feeling was there had been too many decisions 

made without adequate information. Finally, a proponent argued that 

basic research may no longer be needed in this area. He maintained it 

was time to press on with the study of transmission losses during 

delivery of salvaged water. 

Managers agreed with the opponents suggestion that management 

people should do management type research. Further, they contend that 

applied research should respond to peoples' needs and even basic research 



should be thought out far enough so that it would lead to management 

decisions. A blend of ninety percent applied research and ten percent 

basic research was suggested. A respondent who opposed the policy 

argued it was necessary to tie the applied research to man's manipula

tion of the environment. He contended we use the resources as we wish 

and what we really need to know is the effects of our actions on all 

aspects of the environment. 

It was claimed that there is actually a lot known in the basic 

area, but it is simply not recoverable so people can use it. The hope 

was expressed that the update of the Barr (1956) report will help 

remedy this situation. 

Preferences for Types of Literature 

To determine what type of research literature respondents were 

likely to reads they were supplied a list of twelve publications con

cerned with phreatophytes. They were asked to indicate the likelihood 

they would read them. Then they were provided another list of these 

titles and asked to classify them as applied or basic research (see 

Appendix A). The difficulties of actually defining basic and applied 

research and determining how a study fits the definition were not con

sidered relevant to this study. What was of interest was whether the 

respondent thought he would read the publication and whether he thought 

it was basic or applied research. 

The results generally confirmed their earlier remarks regarding 

the value of both basic and applied research. Both proponents and op

ponents indicated they would read more titles they considered applied 



than basic. They indicated, however, they would read a large number of 

titles they considered basic research (see Table 2). The percentage of 

articles the respondents indicated they would read, and then classified 

as applied, is practically the same for proponents and opponents. Es

sentially the only difference is that the opponents,, not being so famil

iar with the literaturea indicated they were not sure about more of the 

titles they classified as basic. 

Criticism of Applied Research 

In a stinging critique of research in this area, a manager as

serted that he tried to base his work on facts but the facts were pa

thetically weak. He claimed there was a need to critique research objec

tives to determine how they would meet management needs. It was alleged 

that few research people were competent to work as managers, and a man

ager contended that researchers should be required to work in the field 

prior to designing and conducting research. 

It was asserted that a lot of research was being done that was 

no good to a field man. Managers complained that research personnel do 

- not come to the field people for advice on management needs and that 

better communication was needed between the users of research and the 

scientists. They claimed professionals in the natural resource fields 

just talk to one another. Management people talk to management people 

and research personnel talk to research personnel. 

In a more moderate tone a manager complained that researchers 

would get on certain topics and study them to death. As an example he 

mentioned the numerous studies done on the use of the Rangeland Drill for 
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Table 2. Preferences for types of literature classified by respondents 
as basic or applied research. 

Preference Proponents Opponents 

Would Read 

Applied 

Basic 

45 

30 

percent 

43 

18 

Would Not Read 

Applied 

Basic 

1 

7 

6 

10 

Not Sure 

Applied 

Basic 

5 

12 

3 

20 

a. Percentages do not total 100 because of varying numbers in 
each category. 
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range revegetation projects. He wondered how researchers in the U. S. 

Forest Service select research topics. He admitted that decision makers 

in the Forest Service probably had some influence, but pointed out that 

decision makers in agencies without a research branch could make no in

put into the selection process. 

The Reverse Sequence 

During the discussion of basic and applied research,, a respondent 

who had worked in this area for some time gave an interesting history of 

the pattern of research. He felt that during the early work in this area 

there had been no blend of basic and applied research. Unfortunately, 

the limited amount of basic study did not produce anything new, it simply 

confirmed what was all ready known. An important comment was that in 

this area, managers had proceeded in a reverse order from the usual 

procedure. The management techniques had been tried first, with the 

basic research following. Nevertheless, he felt at the present time 

there was no need to put a basic researcher on the problem. He declared 

that because of all the values that must be given consideration, it is 

important to get the best rounded individual available to conduct the 

needed applied research. 

A Policy Hierarchy 

The existence of a policy hierarchy described by Worrell (1970) 

was discussed earlier (p. 2). An opponent discussing types of research, 

demonstrated the importance of this facet of policymaking. He alleged 

it made no difference to him whether the research was basic or applied 

because the real issue was whether or not there was a water shortage in 



southern Arizona. If it is determined that there is indeed a water 

shortages then the alternatives available to augment the existing supply 

should be examined. If water salvage through phreatophyte removal is 

the best alternative, then the kind of research being done on phreato-

phytes becomes important. Like other respondents, he stressed that the 

research should be "result oriented." It should be related to decision 

making. 

Conclusion 

The premise that applied research is the most useful to managers 

and analyists was supported by the respondents. Their recommendations 

regarding the objectives of applied research and their criticism of re

searchers, however, indicates that neither the quality nor the quantity 

of applied research is all that they desire. 

The respondents' attitude toward basic and applied research was 

not a factor influencing the utilization of scientific information. Most 

respondents displayed excellent knowledge of the respective roles of both 

basic and applied research. No one denied the value of basic research, 

although no one favored it over applied research. 

There is a wide difference of opinion regarding the status of 

the scientific base. It is an unhappy fact that some managers are upset 

because some of the research does not relate to management decisions. 

They are joined by opponents who are upset because too many decisions 

have been made with too little scientific information. Yet, there are 

managers who feel the scientific base is adequate. This does not argue 

strongly for the quality of the data being provided. Talented men of 
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goodwill should not reach such divergent conclusions from interpretation 

of scientific data. They may continue to disagree on the value of pro

posed projectss but should not disagree on the meaning of the results of 

specific studies. These differences indicate substantial problems in 

the assimilation and use of data in phreatophyte management. 

The conduct of basic research by scientists in basic disciplines 

would hopefully free scientists in the management fields to concentrate 

on management problems and produce more information relevant to decision 

making. 

The need to orient research to management needs is important. At 

the very least, it seems likely that the increased communication neces

sary to focus research objectives on decision makers' needs would be 

helpful, and would also give researchers an opportunity to interpret 

findings to decision makers. It must be remembered that the only respon

dents in this study were the users of scientific data. The researchers 

would no doubt have a few words to say about insufficient literature re

view and misinterpretation of their findings. 

The reverse sequence, management techniques being applied in the 

field while research is still being conducted, is so common in natural 

resource management that it is more the rule than the exception. This 

is true for a number of reasons. It is impossible to wait until a tech

nique has been tested under all possible field conditions before it is 

applied. Testing and application also occur concurrently when the tech

nique is a standard operating procedure that has become controversial and 

researchers are trying to find some alternative. Because of the long 

time periods involved in natural resource research, it is common for 



research on a technique to continue long after the initial results are 

announced. Additional research usually involves the collection of addi

tional years (growing seasons) results, testing of the technique under 

varied conditions, and the testing of variations of the technique it

self. This is usually beneficial, but it has a tendency to lock in

dividual researchers into the development of a given technique and may 

slow their response to decision makers® needs. This also emphasizes the 

need for close communication between managers and researchers. Without 

it8 researchers may continue to test a technique while the decision 

makers' needs have developed in another direction. 

Not only should the managers and the researchers work more 

closely, but the opponents of management practices that may be contro

versial should be involved in the planning of research efforts. One 

important reason for this is that they often define the limits of what 

will become acceptable practice. They are often instrumental in creating 

the decision makers' data needs. 

It would be beneficial for managers, opponents, and researchers 

to participate as a planning team to design studies to solve management 

problems. To examine carefully what is known, determine the objective 

of a study to solve a problem, and decide what is possible within the 

limits of the time and money available is almost certain to further 

understanding and possibly reduce suspicion. Knowledge of why certain 

things were not done may be more important to promoting understanding 

than explanations of why things have been done. 

Another reason for involving opponents in research planning is 

the possibility that public opposition may be focused at some broader 
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level in the policy hierarchy. It is distressing to consider the money, 

effort,, and time that might be spent on developing some technique that 

turns out to be irrelevant to the problem perceived by the public. 

Involving opponents in research planning will not reduce con

flict. All of the points mentioned above will be contentious. Never

theless, it would help to precisely identify the issues and promote 

understanding of complex natural resource management problems. 

Untested Application 

The conjectural statement was that if a management technique 

has only been tested on a plot basis then it is difficult to assess its 

effectiveness for large scale applications. The respondents were asked, 

"Do you feel that research on phreatophyte management should be conducted 

on a plot (i.e., 1/4 acre) or a pilot project (i.e., several thousand 

acres) basis?" The respondents strongly supported the notion that data 

derived from pilot projects is easier to utilize. There was a slight 

difference between proponents and opponents in their attitude toward 

pilot projects. Half of all respondents favored pilot projects and the 

others favored a combination of plot and pilot projects. Some felt plot 

work should precede pilot projects. Some opponents suggested that dis

cussion of plot vs. pilot projects is academic; that there are more 

t 
serious problems than whether research is conducted on plots or on pilot 

projects. 

Pilot Projects Favored 

Problems of extrapolation from plot data were discussed. Managers 

were concerned about extrapolation of water yield data from plot research 



to management areas. An objection to plot research was that treatments 

were tested on too small an area. Concern was expressed by a manager 

that a test might be conducted on three acres and the action agency 

would then apply it on 10,000 acres. 

A manager stated that theoretically plot research should be 

valuable,, but it does not provide usable information. He suggested 

either researchers should do pilot project research or the managers 

should be trained to interpret plot data. 

An opponent expressed a similar concern when he argued for pilot 

projects because of a belief that large areas were needed to determine 

interrelationships. Stating his opposition to research that was not 

going to study all values, he argued that the same rules do not apply 

to all areas of land. He believed direct application of plot research 

was an effort by managers to simplify the information utilization process. 

An opponent complained about extrapolation of results. In his 

view, researchers had a tendency to conduct an experiment8 "... in 

a bathtub and spread it all over the world." He claimed they take the 

effect caused by one phreatophyte, divide it by the square feet it oc

cupied and multiply that by the number of square feet in the proposed 

management area in an attempt to predict management effects. In areas 

like wildlife management, he asserted the use of plot data often results 

in such a shallow evaluation that the researchers should not bother. He 

summed his feelings by posing the question, "If they can't do definitive 

research, why do it at all?" "A detrimental result,, he felt, was that 

nondefinitive research so crowds the literature with confusion that 

nothing can be taken at face value. 
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While granting that the proper type of research should be deter

mined by the kind of information one wishes to gain8 a manager commented 

that in phreatophyte research a large area is required if the study is 

to be representative of other areas. It was felt that pilot projects are 

necessary to determine overall water consumption rates and realistic 

cost data. On the other hand5 a manager asserted that pilot projects 

are expensive and doubted that they are presently justified because of 

the controversy surrounding phreatophyte management. 

A manager advanced that as a supplement to pilot projects there 

should be more in-depth examination of completed field projects by re

search personnel. As an examples he described a vegetative conversion 

project where the exotic weeping lovegrass had been planted. The plant 

had persisted for many years beyond what the literature indicated should 

be expected. This could be true for a number of reasons, but standing 

waist deep in weeping lovegrass that the literature indicates should not 

be there does not build confidence. The reasons that prove the rule and 

make this project the exception might be very important to other decision 

makers. 

Role for Both Plot and Pilot Project Research 

Statements in support of both types of research usually described 

a limited role for plot research. In phreatophyte research, plot work 

was considered suitable for studies with very narrow objectives. 

A manager felt the choice of type of research to be employed is 

apt to be influenced by the methods and tools the researcher has avail

able. He described a difference between "old school" researchers and 



newer scientists. He felt the older researchers favor plots. The new 

researchersj, equipped with new scanning techniques„ modeling skills, and 

computer capacity are more likely to conduct pilot projects. 

A manager commented that both types of research are useful, but 

pilot projects are most useful to decision makers. It was implied that 

plot research was often not directly applicable to management problems 

when he commenteds "... research for research sake does not appeal to 

administrators." 

Preferred Sequence 

Some of the proponents, while not favoring either plot or pilot 

project research, stated they thought the plot research should come 

first. It was suggested that plots are suitable for determining the 

nature of the problem, but not for testing management techniques. A 

manager described an experience with crops grown on small experimental 

plots. When they were grown in fields, they did not give the same 

results. 

In phreatophyte management, several managers believe we have 

enough plot data. They declared the pilot projects that should follow 

do not have to be large. The work done on the Three-Bar watershed and 

the Sycamore Creek water budget study were cited as examples of effective 

small pilot projects. The Three-Bar experimental watersheds are less 

than 100 acres (Hibbert, Davis, and Scholl, 1974). The Sycamore Creek 

study area was 1,400 acres (Thomsen and Schumann, 1968). 

The sequence of plot research followed by pilot projects was 

desired because of the additional variation that could be tested in the 



pilot projects. An opponent agreed that this was important and pointed 

out that in phreatophyte research,, "You can't just use three or four 

variables and make assumptions about the rest." 

Opponents Have Misgivings About 
Pilot Project Research 

Some opponents were concerned that actual projects would be dis

guised as pilot project research. This view was forcefully expressed by 

the one respondent who favored plot research. This opponent contended 

that researchers should be restricted to plot research. He admitted 

that larger studies were probably needed, but maintained the agencies 

would try to do projects in the name of research. This same concern, 

to a lesser degree, was expressed by another opponent. He favored pilot 

projects, but indicated one has to be concerned when the research itself 

begins to have substantial environmental impact. 

Dissatisfaction with Natural Resource Research 

An opponent expressed dissatisfaction with the whole process of 

natural resource research and its utilization. He complained that re

searchers will not report negative results. Further, the agencies will 

not trust the research of other agencies. As an example, he stated the 

Arizona Game and Fish Department had investigated areas, and the Corps of 

Engineers and Bureau of Reclamation ignored their research and claimed 

the proposed projects would have no effect on wildlife. In his opinion, 

studies were often done in an attempt 'to develop a tool to convince 

people of the wisdom of proposed projects and not to gain knowledge. He 

believed antagonists often evoke science to help win their argument. 
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Another opponent decried the setting of research objectives by 

politicians. Arguing that agencies are not prone to turn down money 

simply because the answer is all ready known, he contended that some 

studies are politically established and directed. He commented, "We do 

not have a group of wise men sitting down and deciding research goals." 

A manager's dissatisfaction with the process was oriented in 

another direction. Even though he felt research was often aimed at a 

different level of concern than that of administrators, he cautioned 

against too much administrative influence on research. He recommended 

talcing research away from agencies with management responsibilities be

cause they cannot avoid bias due to their management objectives. 

Conclusion 

The responses indicate that data derived from pilot projects is 

easier to utilize than data from plot research. The respondents did not 

completely discount the value of plot research. Many felt plot research 

should precede pilot projects. 

Opponents believe pilot project research is valuable^ but were 

cautious because they fear the agencies will conduct water salvage 

projects and call them pilot research. 

The problem of extrapolating research results from tests on very 

small areast to the larger areas involved in projects, was the basis for 

preference of pilot projects. 

The impression was given during the interviews that problems of 

extrapolation are an area of misunderstanding between managers and op

ponents. The proponents believe the opponents do not understand 
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extrapolation problems. On the other hand, opponents believe the manag

ers take malicious pleasure in ignoring problems of extrapolation. 

Neither is true. The problems involved in extrapolation of research data 

to management areas are recognized by both proponents and opponents. 

The new methods of measurement and analysis that encourage re

searchers to conduct pilot projects will probably be helpful. Research

ers must take care that the objectives of their work are determined by a 

desire to furnish information relevant to decision making and not by 

their particular skills or the equipment available. The tendency of 

researchers to allow their skills or a piece of equipment to dictate the 

methods of research has been described by Kaplan (1964, p. 28). Kaplan 

calls this "the law of the instrument," stating that if one gives a small 

boy a hammer, he will immediately find that everything he encounters 

needs pounding. 

Kaplan (1964) argues that the effect of the law of the instrument 

is not completely negative. It is perfectly natural for scientists to 

formulate problems in terms that require their special skills and methods 

to solve. The problem, as Kaplan sees it8 is that other methods may be 

ignored. Kaplan is discussing the different methods used by the various 

fields of social science5 but the analogy between the social sciences and 

natural resource research seems straightforward. A scientist who has 

done tank studies to determine evapotranspiration rates is likely to see 

the problems of phreatophyte management in terms of the need for addi

tional tank studies. 

Kaplan (1964) indicates that the responsibility for method selec

tion does not lie solely with the researcher. He admits that, "The price 



of training is always a certain 'trained incapacity': the more we know 

how to do somethings the harder it is to learn to do it differently . . 

(Kaplans 1964, p. 29). He feels, however, that one should push his idea 

as hard as he can and leave it to others to control it. This notion 

depends on a certain amount of scholarly debate. Such debate is common 

enough in the social sciences,, but seems to have no counterpart in 

natural resource research. If the "law of the instrument" is to have 

a positive effect, input by managers and opponents into the natural re

source research process will be required. 

The examination of completed field projects by research person

nel would be helpful. It must be admitted that this can be the most 

difficult and unpleasant of research tasks. Lack of control over con

founding uses and time of project implementation would often prevent a 

standard statistical analysis of the results. 

The managers cannot do this job. They have neither the time, 

training, nor inclination to establish a monitoring system at the same 

time they are dealing with the problems of administering a field project 

This type of examination would require powers of observation 

based on experience. Therefore, this job should be done by experienced 

researchers. Unfortunately6 because many of the conclusions derived 

would have to be backed up by judgment, rather than traditional statis

tical forms of proof, this would probably be considered low status re

search. It also seems likely that it would require relatively more 

time and effort than standard research techniques. Nonetheless, the 

potential rewards in terms of useful information seem large enough to 

justify the attempt. 
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The suggestion that the manager needs training to interpret the 

findings of plot research is surprising. It is so much at odds with the 

notion of the resource manager as the synthesizer of research data that 

it is certain many managers would take exception to it. The suggestion 

doess howevert emphasize the need for some new method or mechanism to 

increase the utility of natural resource research to users. 

Immediate- Applicability 

The premise that scientists in natural resource fields do not 

give advice that has applicability to immediate problems received wide 

support. Most managers see themselves as synthesizers of research in

formation and they expect to modify and adapt research results to their 

management areas. Research with a lack of immediate applicability is 

almost standard in natural resource research. Managers vary a great deal 

in their feelings regarding the applicability problem. A tolerant com

ment was that if the results and conditions of the test are known, the 

information might prove useful at a later date. A less favorable com

ment was that little research is directed toward making decisions. It 

was claimed a study would often go on for years without producing a 

conclusion. Complaints that research is not directed towards decision 

makings and that studies last too long, furnish proof that there is a 

need for natural resource research with immediate applicability to 

problems. 

Cooperation Between Researchers and Managers 

The respondents were asked, "Do you feel that research personnel 

should develop their findings into management techniques, or is this the 
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job of management or operational agencies?" Although opponents had a 

slight preference for the management agencies doing this job8 a majority 

of all respondents felt both should play a role in development of 

management techniques. 

Several reasons were advanced for having both researchers and 

managers involved. Managers asserted there has always been a big gap 

between research and management. The state-of-the-art is always a prob

lem. Managers are not sure what information is available at any given 

time. It was hoped that cooperation in management technique development 

would help the researcher realize he needs to orient his research toward 

operations. A manager stressed that continued cooperation is necessary 

because there are always residual problems. There was a comment that 

the environmental impact statements required by The National Environ

mental Policy Act (NEPA) had helped communication between researchers 

and managers. 

It was argued that managers must participate in the development 

of management techniques» because the application has to be practical. 

A manager stated that since research does not have to be concerned with 

the expense of application;, the managers' role in deciding what can be 

done is essential. Even though the technique might have to be modified 

due to funding constraintss he felt that technique development should be 

a joint effort. 

Managers mentioned two problems that partially relate to mistrust 

of researchers. Mistrust will be discussed further in a following sec

tion. The suspicion was expressed that cooperation in management tech

nique development could be difficult because the researchers might not be 
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practical; they might not "know a plow from a shovel." It was suspected 

that most researchers are probably "skimpy" on practical knowledge. The 

comment was made that it takes a smart guy to do research but sometime 

they go off on tangents. 

The second problem was a suspicion that researchers would not 

be interested in working on field applications. 

Management Agencies Favored 

Opponents tended to favor the management agencies developing the 

management techniques. In general, they felt researchers should study 

alternatives and conduct studies that lead to management techniques. 

Communication was encouraged because it was believed researchers should 

have knowledge of the nature of management applications. The need for 

more direction and feedback from managers was stressed. One opponent 

claimed researchers have failed in the past to apply the results of 

their studies in a practical manner. 

Several managers favored management agencies developing manage

ment techniques. There was more mistrust of researchers implied in a 

manager's statement that although he felt management agencies should 

handle development of techniques^ a few researchers could do it. A note 

of caution was injected, however, by a manager who noted the managing 

agencies might find themselves doing research if they try to test dif

ferent application techniques. 

v Probability and Immediate Applicability 

A factor in research methodology believed to influence applica

bility was the selection of the probability level for making the 
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statistical tests upon which conclusions can be based. Managers com

plained researchers stick to traditional one percent and five percent 

levels of probability for testing results. It was believed that con

sideration of the decisions a manager has to make and the likely conse

quences would often indicate less rigorous levels might be appropriate. 

This9 it was hoped;, would reduce the number of years required to obtain 

statistically significant results. This was felt to be an area where 

increased communication between researchers and managers is vital. 

Research Quality and Politics 

The question of who should develop management techniques had.no 

relevance for two opponents. 

One agreed with Schooler's (1971) analysis of the influence of 

politics on natural resource policymaking. While the respondent believed 

most studies should have implications for management, he contended that 

what was really done in management is largely a political matter. He 

warned that in the political arena the technical aspects of management 

are not beyond question. He too criticized past research. He stated 

again the strongly held belief of opponents that researchers tend to ini

tiate studies to justify what is being done by management. The bias 

towards project justification, he felt, was strengthened by pressure for 

positive reports. He admitted^ however, there exists a natural adversity 

for negative technical reports. 

The other opponent stated that the management agencies do tech

nique development now, and that it is just a fact of life. He could see 

the need for channels to transfer information to the managers. A more 
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important part of the problem, he felt, was that the agencies could not 

attract good researchers until recentlyD and now they cannot get the 

money they need. It was his belief that research in the past had not 

been high quality. He alleged the research produced by the universities 

was nearly always better. 

Role of the Universities 

In addition to the opponent who professed more confidence in re

search done by the universities, two proponents suggested the universi-

' ties should play a role in development of management techniques. They 

recommended the universities assist the managers in technique development. 

Conclusion 

Most respondents felt that either the managers and researchers 

should develop management techniques together, or the managers should do 

it alone. Opponents tended to favor management development of techniques. 

This probably reflects more concern over what they develop than who 

developed it. There were more calls for research to furnish data oriented 

toward decison making. Improved communication and cooperation between 

researchers and managers was thought to be the means by which decision 

making data with immediate applicability could be developed. 

The traditional separation between research and natural resource 

management appears to be contributing to the problem of immediate appli

cability. On the other hand, a respondent cautioned against too much 

administrative influence on research programs. This concern is well 

founded. As discussed earlier, Schiff (1962) has documented influential 

administrators' rejection of research findings that were contrary to 
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existing policy. In addition, the prospect of managers trying to conduct 

tests of various techniques while administering projects is not a happy 

one. 

This author is not sanguine about the possibility of improved 

communications and cooperation improving research applicability. Con

sider the past efforts made in phreatophyte management. A committee was 

established to coordinate research and provide a forum for reports on 

existing projects. The committee held regular meetings attended by re

search and management personnel and sponsored symposia on phreatophyte 

management, A central library was established so research data could be 

collected and disseminated. These efforts were no doubt useful, but if 

they did not eliminate the problem, it is difficult to see how additional 

efforts could succeed. 

Development of the university's role as an intermediary for re

search and management probably holds the most promise for a solution. 

The recent preparation of the state-of-the-art report on water yield im

provement possibilities in Arizona (Ffolliott and Thorud, 1974), indi

cates the universities can fulfill this role. It must be admitted that 

more is called for than synthesis of research results into state-of-the-

art reports. To be truly effectives university personnel would have to 

go into the field and work with managers. 

The universities could also examine existing projects. No one 

is better equipped to handle the complex,, half research^ half administra

tion, task-of monitoring field projects. The university faculty members 

are trained researchers. They are familiar with the existing literature. 

They have university resources available to conduct the analysis. Their 



independence of any managing agency is perhaps their most valuable asset. 

They are more likely to be perceived by managers and opponents as "objec

tive" reviewers,, University research and researchers do not appear to 

have incurred the mistrust of opponents and managers that has attached 

itself to agency work. 

If the universities were to do these things, it woulds of course, 

require a major revision in the work load of university faculty members. 

It would add to their teaching and research duties the task of examining 

projects and the role of intermediary. 

The role of intermediary differs from the extension work done by 

colleges of agriculture. A major concern of a agricultural extension is 

gaining acceptance of new knowledge (Agricultural Extension Service, 

1955). The respondents in this case do not indicate that resistance to 

new ideas is a problem. If there is no resistance to new knowledge, the 

role of intermediary would be that of liaison to insure coordination 

between managers and researchers. If it is determined that there is 

resistance to some findings, or that relevant studies are unknown or mis

understood, then the intermediary could fulfill the traditional educa

tional role of extension. 

Managers who feel strongly that as professionals they should do 

the synthesis of research dataj, would no doubt resent the implication 

that some form of extension service is needed to aid in. utilization of 

scientific information. The comment by the manager in the preceding sec

tion that managers need training to interpret data from plot research 

indicates, however, that the extension function would at times be 

welcome. 
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The role of intermediary would be an additional burden on univer

sity faculty members. It would, however, improve the synthesis of re

search data into management techniques# add data from completed projects, 

and help faculty orient their own research to help fill gaps that prevent 

immediate application of research data. 

Confusing Language 

The proposition that natural resource reports are often written 

in language that neither professionals nor laymen can understand received 

limited support. Most respondents maintained they simply had to learn a 

new language when reading in an unfamiliar discipline, and credited their 

background with preventing serious difficult. The discussion of the 

statistical analysis was felt to be difficult to understand but necessary. 

Both managers and opponents utilize a wide variety of sources of scien

tific information and display excellent knowledge of the sources most 

likely to contain references relevant to phreatophyte management. 

Technical Language Difficult 

Some respondents felt the language of the reports was a problem. 

One opponents, who had a background in resource management, declared the 

reports were written in such a technical manner that the resource man

ager cannot understand them. This problem, he felt, was common to all 

natural resource fields. 

Another opponent commented that after reading in the area for a 

number of years„ he personally did not have difficulty with the general 

verbiage. Although he found the support information difficut to follow, 

he could understand the results. In response to an earlier question, he 
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described some changes he would like to see in research publications. He 

would like to see them written so they are usable by the layman. The 

results are not really available to the laymans he asserted. They are a 

problem to interpret and the salient points may be buried in the support 

compilationso The layman without a professional to interpret the find

ings does not really have access to the information. His argument was 

that if laymen do not know the information exists„ or if a well informed 

public cannot understand it0 then as taxpayers they are not getting 

their monies worth from agency researchers. He advanced that at least 

the introduction and summary should be written for the layman. 

A manager agreed, and stated that it would probably be better 

to have two reports„ one for the professional and one for the layman. 

One opponent and one manager said they did not have sufficient 

background to understand the reports and had to find help to interpret 

research findings. The contrast between their techniques is interesting. 

The proponent said he usually read the last few pages, including the sum

mary and if he could not understand it„ or could not tell if it applied 

to his area, he would find an expert to help him. The opponent said he 

liked to mark up his publications and since terms were used that he could 

not look up in his dictionary„ he had to find someone to help. His 

method was to ask two or three questions, some of which were contradic

tory j, so he could tell if he was getting "straight information." 

Language Not a Problem 

Asking an individual if he understands something is likely to 

make him defensive. Particularly, asking a professional manager if he 



understands the literature in his field could be considered an affront. 

The respondents were asked, "Research on phreatophyte management is done 

by scientists in a number of disciplines (meterologists, physicists, 

ecologists, hydrologists, engineers, etc.). Do you find the language 

of their reports difficult to understand?" 

Given the strength of the self-image of the manager as a snythe-

sizer of research informations, it was not surprising that managers and 

opponents who had a background in watershed management or hydrology said 

they had no difficulty9 and stated it was because of their, background. 

Several of them did say they occasionally had difficulty with work from 

another field. Geology and economics were given as examples of difficult 

fields. 

Managers and opponents with backgrounds in resource management or 

science generally said they had no problem. They simply had to learn a 

new language^ and while it was troublesome at first,, it was not an im

portant problem. As an example, a manager said he had some initial prob

lems reading phreatophyte research. His comment was that the methods 

used by hydrologists to measure water loss from a watershed were un

familiar and so were the terms. 

Two managers said that the recent interest in infrared photog

raphy, as a measurement device, presented them with a new set of terms 

that presented initial difficulty. 

A manager stated he relied on the summaries a great deal. He 

felt they were usually in simple enough terms to be understandable. The 

procedure he felt most managers followed in reading research reports was 

to skim the report and read the summary. He admitted he could not 



understand some of the technical language and the methods of obtaining 

the data. He felt0 however8 it was proper to place this information in 

the reports because other researchers might need it. 

The Statistical Analysis 

It had been considered that the problem of confusing language had 

two aspects. They were the use of technical terms and the discussion of 

the statistical analysis. Nearly all the respondents believed there were 

at least times when the statistical analysis should be included. This 

seems a reasonable response when one considers the problems of extrapola

tion previously discussed. A composite of the managers' answers indi

cates they wanted to know the population size, the size of the sample, 

the parameters measured, the accuracy obtained in measurement, what 

statistical tests were used, and the probability level used in the tests. 

Further, they wanted the analysis interpreted in terms of importance to 

management, not just in terms of statistical significance. 

Several managers said they were not sure the analysis had to be 

in the body of the report, although they felt it should be available 

somewhere. Another managerB however, felt the presence of the analysis 

was no problem as long as there was a good summary. 

Opponents joined the managers in expressing a need to examine the 

analysis. An opponent stated emphatically that he wanted a clear dis

cussion in plain words of the error, variability, and the probability 

level. He did not want this discussion buried in technical statistical 

manipulations that only a statistician would understand. Another oppo

nent complained that he had found cases where the author would express the 
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results in different units of measurement in the same report. He ex

plained that it was not just a conversion to metric units, but the addi

tion of a time dimension to a previously discussed measure. His suspi

cion was that the researcher had obtained results different than expected 

and was trying to cloud the fact. 

There were only three respondents, two managers» and one opponent 

who felt the analysis should not be included. Two of the respondents 

were fairly neutral,, stating that the material should probably be avail

able for others to use. The other managers, however, accused researchers 

of intellectual snobbery. He stateds they "... put that stuff in to 

try to impress people." 

Source Utility 

In conjunction with the investigation of the effect of confusing 

language,, an attempt was made to determine what sources respondents were 

utilizing. Resource managers often complain that their opponents lack 

understanding of the technical aspects of controversies. It was consid

ered possible that proponents and opponents were'using different sources 

in their search for information. 

To determine what sources of information the respondents were 

likely to read during a search for information, they were handed a list 

of twenty journals and other sources (see Appendix A). They were asked 

to indicate how frequently they would consult each source. All of the 

sources had published at least one article about phreatophyte management. 

Some of the sources, however, are more important than others in the sense 

that they are more likely to contain references on phreatophyte management. 
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Utilization of general and scientific sources. The sources were 

equally divided into two categories. Those dealing with the results of 

phreatophyte research were called scientific sources. Agency project 

plans8 environmental impact surveys, and environmental journals were 

called general sources. 

The scientific sources were: (1) Ecology, (2) Journal of Water 

Resources Research, (3) Watershed Management textbooks, (4) U. S. Forest 

Service (U.S.F.S.) Research publications„ (5) Published Proceedings of 

Conferences8 (6) Journal of Soil and Water Conservations (7) Journal of 

Arizona Academy of Science,, (8) U. S. Geological Survey Professional 

Papers, (9) University Research Publications, and (10) Journal of Applied 

Meterology. 

The general sources were: (1) Sierra Club Bulletin, (2) Bureau 

of Reclamation Project Plans and Environmental Impact Surveys, (3) News

papers „ (4) Corps of Engineers Project Plans and Environmental Impact 

Surveys6 (5) Arizona Game and Fish Department Land and Water (L & W) 

Project Investigations, (6) Audubon,, (7) National Parks and Conservation 

Magazine, (8) Saturday Review, (9) Bureau of Indian Affairs Project Plans 

and Environmental Impact Surveys, and (10) American Forests. 

To determine if the managers and opponents were equally willing 

to utilize sources in both categories, their responses were examined. If 

a respondent indicated he would consult a source "often" or "sometimes" 

it was considered an indication of ttfillingness to utilize that source. 

An indication of "rarely," "never," or "don't know," was considered re

jection of that source. 
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As might be expected, the managers show no reluctance to utilize 

scientific sources. Seventy-five percent of their responses in the 

scientific category indicated they would utilize the sources. 

The opponents indicate considerable less willingness to utilize 

the scientific sources. This is not surprising when one considers the 

heterogeneity of their backgrounds. On the other hand0 they did not 

totally reject use of scientific sources. Nearly half of their responses 

indicate they would utilize them. 

There was no difference in willingness to use the general sources. 

Both opponents and managers indicated they would use the general sources 

they considered promising and rejected the unlikely sources. The per

centage of responses in each category is shown in Table 3. 

Importance of individual sources. An analysis was made to deter

mine the sources the respondents considered most important. It was as

sumed that the number of times respondents indicated they would utilize 

a source would be a measure of how important each group considered it. 

The number of times the respondents indicated a source would be utilized 

"often" or "sometimes" were totaled. The sources were then ranked ac

cording to their scores. This resulted in numerous ties but provides a 

ranking of source importance. A comparison of the twelve most important 

sources for opponents and managers is shown in Table 4. 

The order of the two lists is quite different. The opponents 

indicate the importance of the Arizona Game and Fish Department's role in 

opposition to water salvage projects by placing the Department's studies 

at the top of the list. The managers, on the other hand, consider a num

ber of sources more important. 
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Table 3. Willingness to use scientific and general sources, indicated 
by percentage of responses in each category. 

Proponents Opponents 

_ _ _ percent - - - -

Scientific Sources 

Would Utilize 75 47 

Would Not Utilize 25 53 

General Sources 

Would Utilize 

Would Not Utilize 

55 

45 

54 

46 



Table 4. Sources considered most important by managers and opponents. 

Rank Opponents Rank Managers 

1 Arizona Game and Fish Department L & W 
Project Investigations 

2 U. S. G. S. Professional Papers 

2 Newspapers 

2 Corps of Engineers Project Plans and 
Environmental Impact Surveys 

3 Journal of Water Resources Research 

3 U. S. F. S. Research Publications 

3 University Research Publications 

4 Published Proceedings of Conference 

4 Bureau of Reclamation Project Plans 
and Environmental Impact Surveys 

4 Audubon 

5 Sierra Club Bulletin 

5 Bureau of Indian Affairs Project Plans 
and Environmental Impact Surveys 

1 Journal of Water Resources Research 

1 U. S. G. S. Professional Papers 

1 Bureau of Reclamation Project Plans and 
Environmental Impact Surveys 

1 University Research Publications 

2 Journal of Soil and Water Conservation 

2 U. S. F. S. Research Publications 

2 Published Proceedings of Conferences 

2 Bureau of Indian Affairs Project Plans 
and Environmental Impact Surveys 

3 Corps of Engineers Project Plans and 
Environmental Impact Surveys 

4 Watershed Management Textbooks 

4 Newspapers 

4 Arizona Game and Fish Department L & W 
Project Investigations 
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The similarities between the two lists are probably more impor

tant than the differences. Most of the sources appear on both lists. The 

opponents have a slight preference for general sources8 but they also in

clude most of the scientific sources the managers consider important. 

A sample of phreatophyte management literature. Some objective 

method x?as needed to limit the scope of the literature that might apply 

to phreatophyte management. Horton's (1973) abstract bibliographys 

Evapotranspiration and Water Research as Related to Riparian and Phreato

phyte Management furnishes abstracts on 691 references. The subjects 

range from discussions of the evapotranspiration phenomenon to computa

tion of potential evapotranspiration for states and continents. A man

ager or opponent would not attempt to search in such a broad area. For 

example, they would probably read in some of Horton's more specific 

categories such as "Relationship between Evapotranspiration and Water 

Resources for Phreatophyte and Riparian Areas." It is difficult, how

ever to know which sources would be used and which would not. To obtain 

an objective list of literature relevant to phreatophyte management, the 

author turned to the Watershed Management Information System (WAMIS) of 

The University of Arizona. 

The phreatophyte library described earlier has been transferred 

to The University of Arizona. The material relevant to phreatophyte 

management has been incorporated with other material into a computerized 

reference retrieval information system (WAMIS) operated by the School of 

Renewable Natural Resources. This system and how to use it has been 

described by White (1974). White stresses that the system is available 

for use by anyone and mentions specifically that it would be useful to 
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researchers, students,, professors, land managers, private interests or 

citizens or decision makers. 

The following request x^as made to the research assistant in 

charge of the program. "I am planning a water salvage project on 5,000 

acres of Gila River bottomland near Saffords Arizona. The vegetation is 

primarily saltcedar but includes batomote, mesquitea cottonwood, and 

willow. I want to know how to determine the potential water salvage and 

the best method for removing the vegetation." In response to this re

quest;, the research assistant made two computer searches. One retrieved 

references dealing with methods of controlling vegetation and the other 

obtained references describing methods for determining water loss from 

the vegetation. 

The end product of the computer search is a printout of refer

ences., each accompanied by an abstract. In this case, the search for 

control methods yielded forty-two references; the one for water loss 

estimation, forty-five references. Nineteen of the documents appeared 

on both lists. 

Study of the sixty-eight abstracts indicated thirty-eight refer

ences that would be of interest to a manager planning a water salvage 

project. Some references were eliminated because another reference on 

the printout proved to be a more recent report of results from the same 

study. Several studies on mesquite were eliminated because they were not 

conducted on sites similar to the Gila River floodplain. Selection of 

the references a manager or opponent would use was a subjective process, 

but believed to be reasonable. 
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The thirty-eight references were examined to determine their 

sources. Table 5 shows the number of references from each source. 

The other eight references were scattered among five sources not 

on the list furnished the respondents. These additional sources indicate 

the diversity of sources used to publish the results of phreatophyte re

search and demonstrate the value of the computerized retrieval system. 

Two of the references were in the Journal of the American Society of 

Civil Engineers5 Irrigation and Drainage Division., three were in Weed 

Sciences and there was one each in a publication of the American Associa

tion for the Advancement of Sciences the American Geophysical Union 

Transactionss and Agricultural Meterology. 

A comparison of the list from the computerized retrieval system 

and the list of sources the respondents considered most important shows 

they match very well. The managers and opponents both lack the Journal 

of the Arizona Academy of Science and in addition the opponents lack the 

Journal of Soil and Water Conservation. Both opponents and managers 

proved themselves knowledgeable about most of the important sources for 

phreatophyte management information. 

Conclusion 

It is clear that the language of research reports on studies 

relevant to phreatophyte management is often difficult to understand. 

Concern was expressed that interpretation of the reports is a problem for 

individuals who do not have sufficient background. Proof this concern is 

legitimate was furnished by respondents who said they could not always 

understand the reports and had to have help to interpret them. 
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Table 5. Number of references from each source provided by WAMIS. 

Source Number 

Published Proceedings of Conferences 14 

U. S. F. S. Research Publications 4 

University Research Publications 3 

U. S. G. S. Professional Papers 2 

Journal of Water Resources Research 2 

Arizona Game and Fish Department L & W Project 
Investigations 2 

Journal of Soil and Water Conservation 1 

Journal of Arizona Academy of Science 1 

Bureau of Reclamation Project Plans and 
Environmental Impact Surveys 1 

TOTAL 30 
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The majority of the respondents did not deny that the reports are 

often difficult to read. They did not, however, support the contention 

that the language of the reports seriously inhibits utilization. While 

both opponents and managers indicated they are able to understand the 

reports, they complained that it is more difficult than it should be. 

The importance of a good summary in plain language that describes how 

the results affect management techniques was emphasized again. 

Both opponents and proponents believed the inclusion of the 

statistical analysis is necessary in research reports. They felt this 

information is necessary for extrapolation from the study to management 

situations and that it is valuable to other researchers. They felt, how

ever, that improvement was needed in the interpretation of the statistical 

analysis. The statistical analysis should be interpreted in terms of 

importance to management. Descriptive statements that the yield of one 

treatment is significantly different than, another are not sufficient. 

The manager's image of the resource policy opponent as one who is 

not interested in the relevant literature, cannot understand it, and pre

fers to base his case on emotion is not supported by the discussion. 

Whether or not the opponents of this policy are typical of those 

in other resource policy disputes cannot6 of course, be known. The op

ponents who were respondents in this study had been interested enough in 

the issue and had been active enough so their opposition was known to 

others. In this sense, they had assumed informal leadership positions in 

the controversy. It is probably true that the majority of opponents who 

are interested in the issue, but not active in opposition, would have 

less background than the respondents. Nevertheless, since the opponents 
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ranged from those whose background was insufficient, to those who had no 

problem with the literature, it seems likely that a similar group is 

active in most resource controversies. 

Some opponents do indeed have difficulty understanding research 

reports and do not like the way they are presented. It must be remem

bered that this is also true of the managers. The opponents, while not 

as willing to utilize scientific sources as the managers9 are willing to 

make considerable use of them. 

It can be concluded that the language of research reports is 

often difficult;, sometimes annoying, and perhaps inhibits individuals 

without background in this area. These difficulties8 however, are no 

more than one would expect in a research area served by a number of 

disciplines, each with its own jargon. These problems can be reduced 

by improved interpretaion of results. The addition of a summary in plain 

language that describes the relevance of results to management would be 
\ 

welcome by both opponents and managers. 

Mistrust of Research Personnel 

It is certain that mistrust is present in most of the partici

pants in this resource policy controversy. The managers mistrust the 

opponents and the researchers. The opponents mistrust the managers and 

the researchers. They do not just disagree; they do not trust one another 

to make unbiased use of scientific information. 

Managers Mistrust Researchers 

Nearly all of the managers expressed some doubt about research

ers and their product. The manager's concern about bias and the 
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suspicion that researchers are not practical and not interested in field 

applications was discussed earlier. 

A second manager also declared researchers are not practical and 

said that the impracticality often prevents application of research re

sults on a large scale. Researchers either have preconceived ideas or 

they fail to ask the right questions of the data, he asserted. The in

ability to ask the right questions, he believed,, was because too many 

researchers do not have the ability to see the whole picture that con

cerns managers. Another manager put it more succinctly. Researchers do 

not know what they are doing, he alleged;, they are just keeping busy. 

Another manager expressed a belief that researchers feel it de

meaning to become involved in operations. He stated that administration 

and research people do not want to mix and felt there may be some pro

fessional jealousy involved. 

Mistrust of researchers may be widespread throughout resource 

management. A manager described a bad experience he had when seeking 

advice on irrigation methods. Even though the researcher had conducted 

studies on irrigation methods, he had never irrigated a field in a prac

tical manner, and his advice was of no value. 

To.determine if mistrust influenced managers and opponents when 

seeking advice and information, they were asked, "If you were (planning/ 

studying) a phreatophyte management project, would you rather ask an 

experienced project planner or a research scientist for advice?" 
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Managers' Preference for' Advice 

Half of the managers expressed a preference for the experienced 

planner. Their preference was not so much rejection of the researcher 

as it was a preference to consult with one who had' already applied the 

management technique. 

Some of the reasons given for preferring the planner were that 

he would have already reviewed the literature, and could show you his 

mistakes in application. 

A manager stated he would prefer the planner because the re

searcher might ignore the political and economic aspects of the project. 

On the other hand8 he said that he knew some researchers who had suc

cessfully worn "both hats." Another manager emphasized this same point 

by saying he would consult a scientist because he had known individuals 

who were expert in both research and the application of field techniques. 

The feelings of those who expressed a preference for the planner 

were summarized by a manager who said he would consult a manager who had 

been involved in a project because, "He is the man who has been through 

it." He said, however, that if a new technique was involved he would 

consult the researcher first and then try to find a manager who had 

applied it. 

The other half of the managers indicated they would consult both 

researchers and planners. Their thesis was that one should consult any 

and all sources to obtain information. Some said the planner would have 

the best knowledge, but they would consult both. Others said the scien

tist would have the best knowledge, but they would also consult the 

planner. 
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Managers indicated that consulting experienced planners is no 

panacea. One cautioned that managers sometimes go off on tangents. He 

stated that from time to time a piece of equipment will become a "fad" 

and be considered the final word in project implementation. Another 
\ 

stated that visits to planners and completed projects might not be too 

helpful if the objectives of the projects vary. 

A manager indicated that one has to start at the "top" and con

sider what the project is worth to society. To make this complete anal

ysis it would be necessary to know transmission losses and costs of 

treatment and maintenance. He suggested "economic modeling" as a method 

of analysis. 

It was suggested that the important factor in deciding who to 

consult was the qualifications of the individual. The manager pointed 

out that a "Ph.D." and having a title as a planner does not make one a 

scientist. He advanced that the best source of advice might be a "keen 

observer8" a local individual who had first-hand knowledge of the history 

of the area. 

Opponents' Preference for Advice 

The opponents' view of the planner as their antagonist is re

flected in their responses. None of the opponents said they preferred 

to consult a planner. One opponent commented9 "The planner is usually 

a thorn in my side." All of the opponents except one said they would 

consult both the planners and the researchers. 

One opponent said he preferred to consult a scientist because the 

planner is usually associated with some agency and is an advocate of the 
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project. He preferred to go outside the agency if possibles although he 

said sometimes the U. S. F. S„ researchers disagree with the views of 

their administrative branch. 

An opponent said he would consult both to get different points 

of view. His hope was that the researchers would know the secondary 

environmental effects of the proposed project. 

Some opponents indicated they would consult the researcher to 

obtain facts and consult the planner last to obtain information on what 

was planned. 

Conclusion 

The respondents nearly all indicated they would consult both 

planners and scientists in a search for information. In general, the 

managers value the experience that project planners have to offer but 

caution that it has to be considered while keeping in mind one's own 

objectives and conditions. 

The opponents make it clear that they consider the planner an 

invalid source for scientific information. They indicate, however, they 

would consult the scientist for facts and the planner for project 

details. 

It must be remembered that the respondents are describing who 

they would contact when searching for information. They are not making 

judgments on how much faith they place in the information obtained. Many 

of the managers, in repsonse to other questions, indicate they view re

searchers with suspicion. No evidence was produced to contradict the 
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fact discussed earlier that the opponents believe the researchers are 

biased toward project justification. 

Nevertheless, the proposition that if one mistrusts research 

personnel then one will not search for and utilize their findings was 

rejected. The respondents provide evidence that they are willing to 

consult research personnel in a search for information. The extent to 

which mistrust influences the utilization of the information obtained 

was not determined. It must be mentioned that the respondents might have 

been responding to the question as a hypothetical situation. They did 

not necessarily say they had consulted both planners and scientists; they 

may have been saying that they would. 

The manager's point that existing projects must be examined with 

care adds additional evidence that university personnel should handle 

this difficult job. Much more intensive examination of these projects 

is needed. The present procedure of having "show-me" trips conducted by 

researchers and project personnel is not adequate. These tours of on

going research and projects are often conducted for fairly large groups. 

The emphasis of these efforts is more on "show" than education. One of 

the respondents described a show-me trip that occurred a short time after 

he had transferred to an ongoing project. Because he was experiencing 

the initial language difficulty discussed earlier, he said he could not 

understand anything they were doing. The value of a show-me trip depends 

on the depth of understanding of the personnel conducting the tour and 

their ability to relate the results to management techniques. Too often 

they only tell visitors what was done, not what happened. 
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The manager's statement that one should start at the "top" and 
/ 

determine a project's worth to society is important. If I interpret his 

point correctly0 he is saying that research and management efforts must 

be directed at tlae proper level of the policy hierarchy. His recommen

dation that "ecoaomic modeling" be employed is sound. Some mechanism is 

needed, however„ to improve both the quantitative and qualitative input 

into the modeling process. The respondent correctly points out that use 

of modeling is not possible until transmission losses and costs are 

known. Others would add the amount of water used by the vegetation to 

the list of unknowns. In any event, the list of unknowns remains pro

hibitive after twenty years of research effort in this area. 

The establishment of a "negotiating task force" for a problem 

area such as phreatophyte management would solve many of the problems. 

The 1967 unabridged edition of the Random House Dictionary of the English 

Language defines a task force as a group or committee, usually of experts 

or specialists, formed for analyzing, investigating, or solving a spe

cific problem. This group should not be limited to advisory work but 

be a working task force established to solve management problems. 

A negotiating task force would differ a great deal from past 

coordination efforts such as establishment of the Phreatophyte Subcom

mittee. Past coordination efforts have not included the opponents of 

proposals until after planning was essentially complete. The sequence 

in the past has been to complete the synthesis of scientific information 

into management techniques, plan the project, and then obtain input from 

the opposition in the form of reaction to the proposal. A negotiating 
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task force would Include the representatives of interests known to oppose 

such proposals during the synthesis and planning stages. 

A negotiating task force would provide a means by which research

ers 8 managers9 opponents,, university personnela and other knowledgeable 

laymen (keen observers) could cooperate in resource problem solving. It 

seems likely that setting research objectives8 interpretation of research 

results, synthesis of results into management techniquess and examination 

of management alternatives could all be improved by such a group effort. 

The group could incorporate findings from completed projects into their 

synthesis. They could also precisely define existing data deficiencies. 

As data deficiencies are eliminated3 the task force might select 

economic modeling as the tool to determine whether projects would be pro

posed. The point is that economic modeling as a method, or tool of anal

ysis, cannot be used in attempts to select projects with maximum societal 

good until sufficient data are available. 

The possibility always exists that familiarity would breed con

tempt rather than cooperation and understanding. The responses made 

during the interviews„ however9 do not indicate this is likely. The re

spondents are reasonable, articulate people. That they would disagree 

is certain. That they could resolve many of their differences is highly 

probable. During the interviews^ the author had the experience of hearing 

a manager describe in some detail the difficulties he was having com

piling accurate treatment costs. Sometime laterB an opponent accurately 

described the same situation but expressed a suspicion that the figures 

were being computed to justify projects by showing artificially low 

costs. The impression was obtained that the most beneficial situation 
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would be for these two individuals to sit down together and analyze the 

cost data. In this natural resource controversy, most of the mistrust 

that exists is without foundation. 

A manager escpressed the belief that there was too much emphasis 

on controversy,, He felt that if participants could sit down and define 

their objectives like reasonable adults, without too much emotion,, agree

ment could often be reached. On the other hand, a manager commented that 

he saw nothing wrong with emotion and noted people seem to get more emo

tional over money than any other value and no one seems to think it 

strange. 

Regardless of the proper role of emotion, task force participa

tion would offer an opportunity to sit down and reason together. Working 

together toward common goals is likely to reduce unfounded mistrust. 

Membership in a negotiating task force would entail a consider

able commitment of time and effort. One thing is certain; no working 

member could be justly accused of having only a cursory interest in the 

issue. The potential rewards in terms of improved utilization of scien

tific data and reduced mistrust would seem to justify the effort. 

Waste Ideology 

There is some feeling among resource managers that reduction of 

waste is a basic tenet of resource management. Most managers believe 

that reduction in the amount of water used by the plants is a legitimate 

justification for water salvage projects. A good many of them, however, 

feel that other values must be given due consideration. 
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Justification on the basis of waste reduction is precisely the 

issue as far as the opponents are concerned. They unanimously reject the 

notion that the water is wasted and that the justification is proper. 

Managers Accept Reducing Waste 1 

as Project Justification 

To determine if the managers in this study possessed the attitude 

toward preventing waste described by McConnell (1954) and Hall (1962), 

they were asked, "Phreatophyte clearing projects are usually justified 

on the basis of reducing the waste of water by the plants. Do you feel 

this is a proper justification?" 

The majority of the managers do not question this justification. 

They gave a variety of reasons for this. One manager simply cited evi

dence that water salvage was possible. Others said the production of 

water is the objective of their organizations. 

Two managers mentioned there were values other than water salvage 

to be gained from the projects. They listed improved range forage, aes

thetics, and employment. One of these managers complained that he was 

sure the researchers are positive water salvage is possible, but they are 

so "muddled." 

Three managers qualified their answers. One said the justifica

tion was proper in limited cases and added that it could be considered 

proper for the farmer# but probably not for the entire state. Another 

said the justification was proper, but there were places where the treat

ment could not be applied because of such factors as potential soil ero

sion. The third said the justification is proper if the water supply is 

critical. He felt that in most cases, water could be the primary 
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justification. He was convinced that vegetation control is necessary for 

flood controls, and argued that properly managed projects need not destroy 

aesthetics. 

A minority of the managers said reduction of waste was not a 

proper justification of projects. They indicated this justification was 

no longer possible. It was claimed one could not take a rigid view be

cause of the changing weights society applies to various values. 

A manager advanced that the justification of the projects had to 

be done by someone "political." The researcher cannot do this5 he said. 

The trade-offs between values must be considered8 he declared^ and added 

that a new kind of resource manager or "combination man" is needed. He 

argued for the provision of people with broad knowledge. Upon reflec

tion he stated that specialists sometimes will not compromise; that 

what is needed is a team. Some individuals are adaptable and some are 

not, he asserted. 

Only one manager specifically expressed the point that use of 

the water by the plants is not waste. He maintained that justification 

of the projects must depend on society's need for water and that the 

value of the water salvaged must exceed returns from other values. 

Opponents Reject Waste as Justification 

Although the primary interest was in determining the managers' 

feelings regarding waste as a justifications the opponents were also 

asked their opinions regarding waste of water as a project justifica

tion. There were no surprises here. The opponents were of one mind and 

unanimously rejected this justification. They were quick to point out 

/ 
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that "waste of water" is not a proper term, and that a lot of other biota 

depend on the plant's use of water. They asserted that _if some water 

salvage is possible8 all values must be considered before a project can 

be justified. The point was made that a project might be wasteful if 

it costs more to salvage the water than the water is worth. An opponent 

reemphasized the point he made earlier that the water available from this 

type of salvage may not be needed. If it is not0 he declared that reduc

tion of this type of waste is an improper justification and that research 

into the possibility of salvage may not be justified. The importance of 

gaining input of all values into the policymaking process was emphasized 

by an opponent who advanced that if the different points of view were not 

heard, the interpretation that water used by the plants is waste might 

never be questioned. 

Reduction of Waste and Resource Management 

As a follow-up to the justification question^ the respondents 

were asked, "Do you feel the reduction of waste is overemphasized in nat

ural resource management?" It was necessary to make additional explana

tion of this question. 

The following additional explanation was given: "I am thinking 

about such things as the foresters harvesting overmature trees before 

they die and rot in the woods, and the wildlife managers providing for 

the harvest of overpopulated game species before they starve." 

This amount of leading might make the responses suspect, but it 

is interesting to note that most managers maintain that prevention of 

waste is a basic objective of resource management. 
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A manager made the point that resources are for the use of man 

and that water should not be allowed to evaporate into the air if it is 

needed by people somewhere,, This respondent summed up his feelings by 

saying that he thought reduction of waste was the "name of the game." 

Another manager enthusiastically stated he felt the reduction of waste is 

a tremendous area of opportunity. He stated we have not paid enough 

attention to waste in the past and mentioned specifically that we should 

look into waste in suppression costs of wildfires. Another manager ad

vanced that we do not have unlimited resources and that soil and moisture 

conservation require reduction of waste. It was argued that waste of the 

raw product is not overemphasized; that prevention of misuse is often an 

objective of management. This manager also stated that natural resource 

managers are probably biased in this matter as a result of their 

training. 

Several managers who stated that reduction of waste was not over

emphasized stressed the need to consider other values. Even though he 

felt other values must be considered» a manager asserted that emphasis on 

reduction of waste was justified by the fact that we have growing needs 

and need to increase production. He contended we will be able to afford 

less waste in the future. As a tactical measure, he advanced that per

haps there is a need to emphasize other values in defense of projects. 

Another manager who stressed consideration of all values pointed 

out that the manager sometimes operates from a limited perspective. He 

felt managers needed coursework in long-term resource evaluation and land 

use planning techniques. 
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The provision of additional water in areas of shortage for man's 

use as a legitimate justification of water salvage projects was a recur

ring theme in answers to both questions. If control projects were imple

mented where there was no need for additional water8 that would be waste

ful a manager declared. Further0 he felt if the ultimate in conserva

tion practices were not employed at the end of the ditch by the irrigator, 

then there was no need to try to save water higher in the watershed. 

Some of the managers said they did not know if reduction of waste 

was overemphasized. One stated that we will need a blend of all the 

various values. He reasoned5 however, that saltcedar is a waste plant 

offering few valuest that perhaps it could be replaced by "better" vege

tation. He felt that the phreatophyte areas were not being fully managed 

and that management will become more important as unused areas of land 

become more in demand due to population pressures. 

Two of the managers indicated they felt the reduction of waste 

was overemphasized. One advanced that the term was just not popular any

more. The other manager, however, felt the projects had to be stopped 

and mentioned that the same argument of increased waste was fatuously 

used in the argument against establishment of wilderness areas. 

Opponents and Reduction of 
Waste in Resource Management 

Some proof of the managers orientation towards the prevention of 

waste is furnished by the difference in perception of the question. Once 

the managers determined the question referred to natural resource manage

ment in general, it gave them no difficulty. For the opponents without 
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a background in resource management, however, the question appeared 

"loaded." 

An opponent thoughtfully described the dilemma the question posed 

for him. He did not believe reduction of waste was overemphasized on a 

broad scale. He noted we are incredibly wasteful in such areas as energy 

consumption. Even in a narrow sense, he said, waste is not overempha

sized. One cannot possibly come out in favor of wastes he concluded; it 

all depends on your definition of waste. Another opponent said waste was 

overemphasized but he too pointed out that the term is overused,, ill 

defined, ill useda and does not have much meaning. An opponent said he 

was unsure because he did not feel he knew enough about resource fields. 

He felt there were instances that called for the cropping of plants. He 

gave as an example the sustained yield forestry management in the Pacific 

Northwest. He cautioned, however„ that they fouled this up on certain 

sites and that on others the timber resource should not be harvested. On 

the other hands he affirmed that if we do not crop the wildlife, the 

excessive numbers will destroy the habitat. As an alternative issue, 

he posited that most unreasonable pressures on natural resources are due 

to population growth. 

Opponents who felt waste was not overemphasized cited reasons 

much like the managers. They expressed concern that the supply of re

sources is limited and reducing waste is one way to conserve our dwin

dling supply. The view was expressed that we were not given resources 

to let them lie fallow, but the real problem is to determine what consti

tutes "wise use." One opponent argued we overemphasize waste because 
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"efficiency" is not a desirable goal when dealing with nature. Further, 

with our finite minds, he advanced that we cannot define efficient. 

Conclusion 

The responses indicate that natural resource managers are indeed 

dedicated to resource development and that their position is essentially 

as described by McConnell (1954) and Hall (1962). It is not surprising 

that individuals who have made a career choice of natural resource 

management and devoted a number of years to its practice should be ori

ented to producing products for man's use. Considering the entire group, 

however, their responses do not indicate a belief in the utilization of 

natural resources versus natural "waste" that is so strong as to consti

tute an "ideology" that guides management. This being the case, the 

pertinent question becomes, do managers have a "mind set" toward produc

tion that prevents them from utilizing scientific findings that question 

production? 

The discussion provides no evidence that managers are rejecting 

literature with results that question potential water salvage. The com

ment by the manager that researchers are "muddled" may indicate a desire 

that they announce the result he wants to hear. On the other hand, when 

asked which publications were most helpful, the managers mentioned most 

often the reports of the tank studies by T. E. A. van Hylckama (1970) 

and the water budget study of the U. S. Geological Survey (Hanson, Kipple, 

and Culler, 1972). 

The van Hylckama (1970) studies resulted in a series of reports 

that cautioned that the effects of depth to the water table and increases 
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in soil salinity might cause overestimation of the water used by salt-

cedar. In the most recent report, van Hylckama states; 

The assumption that phreatophytes always transpire at a potential 
rate is not sustained by the facts presented in this paper. When 
differences in depth to water as small as 1.5 to 2.1 meters and 
2.1 to 2.7 meters affect the water use, it seems reasonable to 
conclude that with a water at four meters for instance (a situa
tion not unusual along dry river beds)# saltcedar still may 
thrive but use comparatively little water, and the claims as to 
the quantity of water potentially saved by their eradication 
could well be overestimated (van Hylckama,, 1970,, p. 728). 

The publication on the water budget study (Hanson et al., 1972) 

reports a reduced estimate of the water used by phreatophytes. The 

authors point out that previous tank studies had given estimates ranging 

from 7.2 acre-feet per acre per year for saltcedar to 3.3 acre-feet per 

acre for mesquite. In this study,, conducted along a fifteen mile reach 

of the Gila Rivers the authors report a reduction in evapotranspiration 

of thirty inches per acre per year. It is clearly described that this 

reduction was a result of clearing to essentially a bare ground condi

tion. The authors cautions "No estimates of water use by a replacement 

grass or crop were obtained in this analysis" (Hanson et al.„ 1972, 

p. 19). 

It is clear that the two publications described as most useful 

by managers are more negative than positive toward project justification. 

All managers do not blindly attempt to apply the definition of 

waste attributed to them by Hall (1962) that "... the maximum amount 

of some product is not being produced, given present technology" (Hall, 

1962, p. 405). Some managers are keenly aware of the need to consider 

the trade-offs between production of goods for direct use by man and 

other values. This might, however, be a recently developing attitude. 
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The Lower Colorado River Water Salvage Phreatophyte Control; 

Arizona,) California,, Nevada reconnaissance report by the U. S. Department 

of Interiors Bureau of Reclamation (1963) has a glossary of technical 

terms prepared by the Phreatophyte Subcommittee. The following defini

tions are of interest. 

Consumptive Use — The quantity of water transpired by plants, 
retained in plant tissue,, and evaporated from surrounding sur
faces in a given period. 

Evapotranspiration — Water xd.thdrawn from soil by evaporation 
and plant transpiration. Considered synonymous with consumptive 
use. 

Consumptive Waste — That part of consumptive use that is with
out substantial benefit to man. 

Salvage — As applied to phreatophytes, is converting consump
tive waste of water to beneficial consumptive use. 

Salvaged Water — That part of a particular stream or other 
water supply that is saved from loss from the supply by reason 
of artificial work, and therefore is retained within the supply 
and so made available for use (U. S. Department of Interior# 
Bureau of Reclamations 1963, p. viii). 

The definitions are indicative of an anthropocentric attitude on 

the part of managers at that time. 

The managers' declarations of the need to examine all values 

probably indicates a changing attitude. Their responses that reduction 

of waste is a proper justification dJ[ the water is needed by man, how-

ever9 is evidence of a residual anthropocentrism. The opponents will 

have none of this. This issue, more than any other, draws the battle 

lines in this controversy. 

Their positions can be summarized in this manner. The managers 

say the reduction of waste is a proper justification, but one must con

sider all values. The opponents say there is no waste of water. They 
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proven direct benefit to man and the benefits to be derived from other 

values. 

There is no development versus preservation issue in this con

troversy. The opponents have not wanted to preserve the saltcedar thick

ets in order to maintain areas of saltcedar in a "natural" condition. 

They have fought their elimination to retain the values the thickets 

possess. Since preservation is not an issue9 this would seem to be an 

area where compromise resource management might provide an answer. The 

manager who said the areas were not fully managed was referring to this 

possibility, as were those who described values other than water salvage 

that could be obtained from projects. 

Unfortunately, very little is known about management of phreato-

phyte areas for multiple values. There have been few studies of phre-

atophyte management techniques designed to produce and enhance a mixture 

of values such as water salvage, wildlife habitat, recreational oppor

tunities „ and aesthetics. 

The manager who first recommended a political resource manager 

or a kind of natural resource "Renaissance man" and then decided that a 

team was needed has touched at the heart of the problem. His decision 

that a team is required is the valid recommendation. In terms of indi

vidual requirements0 what is needed is more of a "philosopher king" than 

a Renaissance man. Coursework furnishing greater breadth of education 

and improved skill in land-use planning techniques would certainly be 

helpful to managers. Nevertheless, various new skills and knowledge 
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would be most effective when applied as a member of a negotiating task 
• 

force. 

Educational Background 

The hypothesis was that the more formal education one has, the 

more one will utilize the scientific information. 

Previous Discussion Supports Hypothesis 

Previous discussion has indicated that the hypothesis, as stated, 

is true to a certain extent. The managers indicated more willingness to 

utilize the scientific sources than the opponents. They also indicated 

they would read more of the titles they considered basic research than 

the opponents. The opponents indicated more uncertainty about reading 

basic research titles than managers. The degree of difference, however, 

is so small that the importance of this factor on the amount of utiliza

tion of scientific information is minimal. 

It should be remembered that while it may be true that formal 

education increases use of scientific information, lack of formal 

training does not prevent it. The two respondents who had the least 

formal training in the relevant fields had developed methods to obtain 

assistance in the interpretation of research results. 

Suppositions Not Supported 

The suppositions that the length of time one had been out of 

school would influence utilization and that anti-intellectualism exists 

on the part of the managers were not supported. The managers and oppo

nents showed they were knowledgeable about the important sources of 
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Information and their complaints about language, style, and format indi

cate they are familiar with the literature. 

Conclusion 

There is no doubt .that formal training makes the literature 

easier to understand. The concern expressed by opponents that laymen 

without sufficient background are not able to utilize research reports 

is valid and report style should be modified. The respondents have 

shown, however,> that if one's interest is great enough, lack of formal 

education may inhibit utilization of the scientific data, but does not 

prevent it. 

Symbolic Scientific Consultation 

The role of the manager as a synthesizer of research data into 

management techniques appears to inhibit symbolic use of science. The 

contacts made by managers and opponents with researchers are a one-way 

street. Researchers rarely initiate contacts with the participants in 

this natural resource policy dispute. 

Symbolic Consultation Rare 

Previous discussion furnishes very little evidence that managers 

make symbolic use of advice from scientists to justify water salvage 

projects. When discussing reduction of waste as a project justification 

only one manager cited scientific literature as a reason for using the 

waste justification. Managers indicate they take their traditional role 

of synthesizer of information seriously and consult both pro and con 

literature. Consultation with research scientists themselves is another 
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matter, however. Half of the managers said they would prefer to consult 

an experienced project planner and the other half said they would consult 

both a planner and a research scientist. 

It can be argued that if managers were prone to make symbolic use 

of scientific authority they would not criticize scientists and their re

search, Some managers complained that research objectives are not geared 

to human needs and management requirements. Mistrust of researchers is 

generals for reasons described earlier. Mistrust would not, of course, 

prevent symbolic use of science and scientists but the tone of the man-

fi 
ager's criticism argues against it. 

Two concrete reasons probably account for the lack of symbolic 

use of natural resource scientists and their findings. The managers are 

well aware, of the uncertainty in the literatures, as evidenced by their 

discussion of qualified results and the problems of extrapolation. The 

other reason is perhaps the most important. The almost universal mis

trust of researchers by opponents makes symbolic consultation pointless. 

There was evidence that use of advisory boards to obtain input 

from laymen on proposed management is sometimes symbolic. When discus

sing the extent of qualification of research results, an opponent said 

he was uncertain. He explained that although he was a member of an ad

visory board of a managing agency and on their mailing list9 he was not 

mailed research material. He had been told he would not like it. That 

decision, he saidB he would like to make for himself. He commented that 

a lot of the research seemed like busy work to keep' researchers going. 
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Research Scientists Do Not Criticize Managers 

Previous responses have assessed managers willingness to consult 

researchers and indicated that they do make use of the published litera

ture. To determine if researchers take the initiative and contact par

ticipants in this policy dispute^ the following question was asked, "Has 

a research scientist ever voluntarily offered constructive criticism of 

your (analysis/planning) of a phreatophyte management project?" 

The respondents indicate this is extremely rare. Only one man

ager, of all the respondentsj, described an instance where a research 

scientist came to him with criticism. The manager reacted to this crit

icism in a positive manner. He said researchers,, in general;, are just 

not promoters. The manager stated that the personality of the researcher 

who had criticized his project is such that he tells you what he thinks. 

He felt this was a desirable quality and that the very best researchers 

are the ones who will come to the manager and tell him where they stand. 

When managers were asked why they thought researchers never vol

untarily contact them, they painted a picture of managers and researchers 
4 

operating in separate worlds. A manager described that the researchers 

have an interest in the'project, but they know the manager is concerned 

with the economic aspects of the project. He felt they do not tell the 

manager not to try things because they want to see the results of appli

cation. The researchers are interesteds he said, and they wish you luck. 

It was mentioned by a manager that he would hate to press comments on a 

researcher and he guessed they felt the same way. Another said he 

thought researchers hesitated to criticize because they lack field ex

perience. A third manager said researchers think we would ask if we 
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want to know something. He added that some researchers would not be 

patient with administrator's advice and vice versa. In spite of possible 

problems8 howevers he felt some researchers should be assigned to 

proj ects,, 

A manager felt voluntary criticism was not part of the role of 

natural resource researchers. When a researcher finds out somethings he 

publishes it and that's it9 he said. Apparently he had not meant to 

sound so negative, so he added that the researcher may have been asked 

to find out something for someone and after he finds the answer and re

ports the results, his job is finished. 

The point that the requirements of NEPA would be useful in im

proving communication between managers and researchers was emphasized 

again by a manager. He too described lack of contact between managers 

and researchers. The experienced planner may have to "ferret these guys 

out," he.said. Agency people can do so internally by memorandum. Re

searchers are not usually interested in searching for access points to 

explain their work, he said9 and added that this is usually the planners' 

or administrators' job. 

One manager offered an interesting theory to explain the lack of 

contact between researchers and the users of their findings. He thought 

the reason might be geographical. Researchers and managers are often 

separated by large distances8 he declared. He contended the researchers 

and the administrators at BernadO, New Mexico were headquartered in close 

proximity and seemed to work closely together in trying advanced 

techniques. 
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Researchers apparently rarely contact individuals who are op

posing projects. That this may be widespread in resource management was 

indicated by the two opponents with backgrounds in wildlife management. 

One said the researchers sit off in an ivory tower with the attitude 

thats "I have the answers5 if you want themB come and get them." As 

evidence of hesitancy to get involveds he declared that only recently 

had the professional wildlife management society decided to take posi

tions on controversial wildlife policy issues. The other said he had 

never been criticized by a researcher. He thought they were too far re

moved from projects; that perhaps they do not know or care about projects. 

An opponent complained that it was difficult to obtain informa

tion from researchers. He felt they hesitate to become involved in con

troversial issues because of fear of violating provisions of the Hatch 

Act. He said he had dug up information himself and then taken his anal

ysis to an authority who then agreed. He described agency researchers 

as a "closed clique." 

Researchers do not criticize other researchers. An opponent di

gressed and further described the isolation of researchers. He argued 

that not only do researchers not criticize managers and opponents of a 

policy8 but they do not criticize other researchers. The respondent 

stated that while research is thoroughly reviewed within agenciess no one 

from another agency is going to criticize research unless such a review 

has been requested. It simply is not done, he asserted. He said that 

informally over coffee„ one sometimes hears a researcher say another's 

work is a piece of junk, but no one is likely to do this formally. One 
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trouble9 he declared. He added that everyone is subjected to pressure 

to get alongj that the worst thing one can do is embarrass his super

visors which criticizing personnel in another agency is certain to do. 

The departments in the universities do not do critical review of others' 

research6 he said. He felt it was unfortunate that there was no estab

lished mechanism for going this. If one had sufficient funds, he said, 

one could hire an engineering firm to do a critique, but the U. S. Forest 

Service3 the U. S. Geological Survey8 and the Soil Conservation Service 

are not goint to critically review one another's research without being 

asked. This opponent had previously expressed doubts about the validity 

of some phreatophyte research. He said this lack of critical review of 

research is just one of the facts of life. It is a serious problem, he 

felt0 because the public does not understand; they think it is good 

research. 

Another opponent commented on the same problem. He said he would 

like to see an independent review of the U. S. Geological Survey's study 

on the Gila River. He praised the researcher in charge, who he said had 

always been open and helpful to him, but he was sure there had been a lot 

of pressure to come up with positive results. This opponent was sure many 

would say that a lot of money had been wasted if the results were negative 

as far as potential water salvage was concerned. 

Conclusion 

The proposition that scientific advice is sought from research 

personnel to gain support for opinions and objectives rather than obtain 
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actual advice on management choices was rejected. There was some evi

dence that advisory committees may be used in a symbolic way as described 

by Sapolsky (1971). The respondents indicate,, however, that the educa

tion of natural resource managers and their traditional role as synthe

sizers of research information forestalls symbolic use of scientific 

information. The frustration indicated by the managers® criticism of re

searchers and their product is evidence that they are trying to synthe

size scientific data into management techniques. 

Managers have shown that they are familiar with the published 

literatures but responses describing a "gap" between research and admin

istrations, calls for state-of-the-art reports0 and suggestions that re

searchers be assigned to field projects suggest that contact between 

researchers and managers may be limited, sporadic, and superficial. It 

is interesting to note that most of the reasons the managers gave for re

searchers not voluntarily coming to them with criticism would be opera

tive if they went to the researchers. 

It may be that the distance that usually separates the head

quarters of researchers and managers inhibits utilization to a certain 

extent. It is granted that frequent contact between researchers and man

agers could lead to sharing of problems and research results and lead to 

utilization of findings in attempts to solve problems. When one consi

ders the ease of communication and transportation, however, it does not 

seem that this factor could be of major importance. Instead,, it can be 

argued that contact between managers and researchers is superficial. It 

appears they rarely work together to solve a problem. The manager merely 

obtains advice from the researcher through his publications, presentations 
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made at professional meetings, or during show-me trips to visit research 

in progress. 

It seems likely that there is more interagency review of research 

than was described by the opponent who called for citicial review of re

search by other researchers. The important fact, as far as this study is 

concerned is the amount of suspicion regarding the scientific base that 

exists on the part of opponents. Even an opponent who knew and respected 

a researcher feared that pressure may have been applied to obtain posi

tive results. He called for an independent review of the study. 

These doubts about the scientific base of resource management 

proposals are extremely important to policymakers. If a large amount of 

suspicion about the scientific findings exists, efforts to gain accep

tance of proposals by educating the public on the scientific facts are 

going to be fruitless. If there is no agreement on the validity of the 

base from which planning proceeded,, then efforts to describe how various 

values were included in a package of compromise management proposals are 

not likely to be successful. 

It seems necessary that managers, researchers, and opponents work 

together to reach some agreement on what is known about management pro

posals. Until that is accomplished, there is very little chance that 

efforts to gain acceptance of multiple value management proposals will 

be successful. 

Administrative Overload 

The proposition that the pattern of work in natural resource man

aging agencies prevents full utilization of scientific data was supported 
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by the respondents. Managers do not continuously search for information 

on phreatophyte management. The same limited and sporadic pattern of 

search is true for opponents. 

To establish the pattern of search for scientific data9 the re

spondents were asked9 "I realize that you are not concerned with (plan

ning/studying) phreatophyte management projects all of the time. How do 

keep up with the scientific literature during the time you are not inter

ested in phreatophytes?" Some managers answered the question in terms of 

natural resource literature in general9 not phreatophyte literature 

specifically. 

Managers' Attempts to Review Literature 

Literature review is part of the managers' job and they have 

various resources available that the opponents do not have. Some of 

these managers are members of the Phreatophyte Committee and mentioned 

that the efforts of the Committee were helpful. Several managers men

tioned personal contacts as an important source of information. 

A few managers said they collect literature all the time and use 

various methods to try to keep up. One method was to read the summaries, 

file the reports, and try to retrieve them later when needed. One man

ager said individuals in supervisory positions in his organization screen 

the literature and pass on the publications they think useful to the 

field men. 

Managers admitted varying degrees of success in efforts to keep 

up with the literature. Three of the managers said they just did not try 

to keep up9 and two more said they tried but could not do it. One said 
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he was reading the literature at night but still could not keep up. An

other made reference to the "information explosion" and reemphasized the 

importance of good "meaty" abstracts. 

It was surprising that a manager who was involved in writing a 

report on a completed project said that he had not known about the phre

atophyte library for some time and he wished he had known the amount of 

information that was available there. 

Opponents Do Not Attempt Continuous Review 

When one considers the difficulties the managers described in 

trying to keep up-to-date on the literature, it is not surprising that 

the opponents have even more problems. These individuals, who have full 

schedules with their regular activities, have to review and study the 

literature on their own time. 

Most of the opponents said they did not attempt to keep up, when 

not actively in opposition to projects. Three of the opponents said they 

rely on consulting some knowledgeable person when the need arises. One 

of them said people do not have time to become expert, so they have to 

hope they find an unbiased expert. Two other opponents said they had a 

primary interest in energy conservation and they tried to stay current 

in that area but not in phreatophyte management. 

One opponent who has a background in resource management re

sponded much as the managers did. He said he personally knew of the on

going phreatophyte research and he did not search constantly for informa

tion, but watched for progress reports and results from these studies. 
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Criticism Stimulates Additional Search 

To determine if criticism provides additional incentive to search 

and utilize scientific information, the respondents were asked, "Do you 

feel that criticism of a phreatophyte management proposal or its environ

mental impact survey causes a more intensive search of the scientific 

literature?" 

The responses to this question were the closest the respondents 

came to a unanimous answer. All but one manager and one opponent thought 

criticism stimulated additional search in the literature. Both of these 

individuals answered with some annoyance that the opposition did not go 

back and search for more information. 

Managers' Attitude Toward Additional Search 

The managers' feelings about the additional search, motivated by 

criticism, varied a great deal. 

Some managers thought it had a positive effect on management. A 

manager said administrators would get complacent if there was no criti

cism. He welcomed the need to dig deeper in the literature and quoted a 

genetics professor as saying, "If you really want to know something, read 

the old books." He thought this was true in most fields and believed 

most literature reviews should go far back in time. An opponent with a 

background in resource management also felt that criticism is beneficial. 

Criticism is the healthest thing for the practice of resource manage

ment, he said. Another manager said he thought the additional search was 

one of the better results of NEPA. It requires the action agencies to do 

a better job and may bring the sides closer together, he said. 
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Other managers were not so enthusiastic about the additional 

search. A manager advanced that if the criticism is not just criticism 

for the sake of criticism and seems to have some basis, it will result 

in additional search. It was alleged that the environmental impact 

statements allow the opponents to pick out and use the parts they want. 

A manager admitted to mixed emotions. The impact statements furnish 

the opponents with ammunitions, he said6 but believed that because of the 

statements„ the managers have to "sharpen" their skills. 

There itfas considerable criticism of the Arizona Game and Fish 

Department's use of impact surveys. It was claimed they just pick out 

what they need and ignore the rest. The one manager who felt criticism 

did not stimulate additional search referred specifically to the Game and 

Fish Department. They just stick to "game" or "one good statement" and 

keep putting that in, he said. A variation of this theme was stated by 

a manager who said the impact statements were beneficial because the Game 

and Fish Department will not dig in the literature unless they are 

challenged. 

A manager was unsure whether the criticism had a positive in

fluence. The opponents, he declared, can go beyond constructive criti

cism in attacking environmental impact surveys, and just say they are 

generally deficient. That is perhaps all right for laymen, he claimed, 

but within one's own field, one should offer constructive criticism. 

A manager summarized effects of criticism. He felt criticism 

probably should not cause additional search by the managers since the job 

should have been complete. He believed, however, that criticism probably 

does result in additional search for information. He felt both sides 
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probably take some information out of context and use it to bolster their 

arguments. The side of the fence you are on determines how you dig, he 

declared8 but both sides probably do additional search. 

Opponents' Attitude Toward Additional Search 

The opponents® opinions on the effects of criticism were also 

varied. Just as some managers thought they responded to criticism by 

additional search but opponents did not0 some of the opponents maintained 

they did additional search but the managers did not. One opponent said 

it varied with the agencies. He believed the U. S. Forest Service did 

not do additional search; that they use impact statements to justify what 

they want to do. On the other hand, an opponent felt the environmental

ists do not have time to do additional search,, but believed the agencies 

go back to the literature in attempts to justify their proposals. A com

promise position was stated by an opponent who declared there is a ten

dency for everyone to try to cover all bases. Another opponent agreed 

and pointed out that you must be informed if you are going to oppose 

something. You have to prove you know what you are talking about, he 

said, you have to propose alternatives. 

The opponent who felt the agencies did not respond to criticism 

with additional search emphasized the importance of the use of science 

and uncertainty in the controversies. There are various ways to kill a' 

project, he stated. He alleged it is not as hard as it sounds to catch 

the managers "with their facts down," because they often base their pro

posals on twenty-five year old concepts. He admitted it depends on the 

individual and the situation; that there are some areas where people 
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agree on the facts. Nevertheless, he believed the proposing agency some

times works to make a case to the exclusion of reason. 

Conclusion 

The responses indicate that the pattern of work is an important 

factor affecting the utilization of scientific data in natural resource 

policymaking. Administration of phreatophyte management is not a con

tinuous ongoing programa but is handled by resource managers on a project 

basis. This is true of a great deal of resource management. At any 

given times a resource manager is usually administering a number of 

projects in various resource fields. All of these projects make demands 

for his time and attention. In any event, managers are usually busy with 

other management activity and only occasionally concerned specifically 

with phreatophyte management. 

The same pattern of intermittent interest in phreatophyte manage

ment is true for the opponents. They not only have their own careers, 

but have other issues that compete for their time. Indeed, some of the 

opponents described other primary interests and said phreatophyte manage

ment was of secondary interest to them. 

The most direct evidence that the pattern of work affects the 

utilization of scientific information was given by a manager. Although 

he was involved in a phreatophyte management project, he had not known 

about the phreatophyte library. It was also true that many of the oppo

nents had no knowledge of this facility. The respondents who stated that 

they make no attempt to keep current with the relevant scientific informa

tion when they are not actively concerned with phreatophyte management, 
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furnish a partial explanation of why many respondents did not know of 

their best source of scientific information. 

An opponent's complaint that Arizona Game and Fish Department 

analysis was sometimes ignored by agency personnel was described earlier 

in this paper. The criticism of the Game and Fish Department's use of 

environmental impact statements may furnish an explanation. It appears 

that Game and Fish Department analysis is accorded something less than 

total reliability by managers in other agencies. One manager complained 

about Game and Fish research efforts. He alleged he had seen better re

search designed and conducted by a high school science class. 

Charges such as these emphasize the importance of establishing 

a negotiating task force or some other means of cooperation and communi

cation. If there is no problem with the analysis, then an opportunity 

to discuss what was done and why it was done would probably clear up mis

understanding. On the other hand, if there are problems„ a working 

group could assist by exchanging information, personnel, and other 

resources. 

When one considers that search for information is done by in

dividuals with little time and many distractions, it is not surprising 

that the respondents were nearly unanimous that criticism stimulated 

additional search. 

The limited time and sporadic interest in phreatophyte management 

probably contributes to the amount of mutual mistrust in this area. The 

managers, researchers, and opponents simply do not know one another. It 

is typical of this resource controversy that some members on each side 
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thought that' their side did additional search but doubted that the oppo

sition did. 

The effect of the pattern of search is extremely important be

cause it puts the responses recorded in previous sections in perspective. 

A picture emerges of managers and opponents who have general knowledge 

of the relevant literature from past search. They do not, however, con

stantly monitor and search for information on phreatophyte management. 

When phreatophyte management becomes a salient issue for them, they will 

again initiate a search on a more or less crash basis. When they do 

have occasion to search for scientific information* they face a number 

of difficulties. 

The previous sections of this paper have described a number of 

utilization problems. They include: (1) suspicion that results are 

underqualified because of bias6 (2) dissatisfaction with the style and 

format of research reportss (3) managers' uncertainty regarding the 

status of knowledge, (4) research not oriented to decision makings (5) 

problems of extrapolation, (6) opponents' suspicison of pilot projects, 

and (7) suspicion that bias and political influence are determining study 

objectives. 

The short amount of time available to managers and opponents to 

search for scientific information tends to accentuate the effects of the 

above seven problems. 



CHAPTER 4 

SUMMARY AND RECOMMENDATIONS 

The analysis and discussion of this study was focused on ten 

factors believed to influence the utilization of scientific data. The 

probable influence of the ten factors was stated in propositional form 

and expert opinion was analyzed to assess the support of the proposi

tional statements. A synopsis of the discussion of each proposition is 

given below. 

Qualified Research Results 

The proposition that the more natural resource research results 

are qualified, the less one will risk using the data was rejected. The 

qualification of research results does not inhibit the utilization of 

scientific data. Qualifications are thought to be a proper part of 

science and are used to determine applicability of research results to 

management problems. 

Specialized Research 

The respondents supported the proposition that if natural re

source research is "basic" or "pure" research, then the results will not 

be easily utilized. They did not discount the value of basic research. 

They stressed, however, that applied research is of most use to them and 

they suggested that basic research be conducted by scientists in the 
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basic disciplines. It was suggested that agency researchers conduct re

search that applies directly to management problems. 

Untested Application 

The hypothesis was that if a management technique has only been 

tested on a plot basis, then it is difficult to assess its effectiveness 

for large scale applications. This proposition was supported. Problems 

of extrapolation from research results to field applications seriously 

inhibit the utilization of research results. Pilot projects were favored 

as a partial answer to extrapolation problems. Opponents, however, 

feared projects would be implemented under the guise of pilot project 

research. 

Immediate Applicability 

The proposition that scientists in natural resource fields do not 

give advice that has applicability to immediate problems was supported. 

It was recommended that studies be oriented to peoples' needs and manage

ment requirements. Managers expressed a desire for increased communica

tion between researchers and managers to determine study objectives, 

select probability levels, and determine study design. It was hoped that 

the requirements of NEPA would improve communication and cooperation 

between researchers and managers. 

Confusing Language 

Respondents gave little support to the proposition that natural 

resource research reports are often written in language that neither 

professionals nor laymen can understand. The proposition was too strongly 



stated. The respondents did indicate that the language of the reports is 

often difficult to understand and they expressed concern for laymen. 

This factor should receive further study. 

Respondents felt the discussion of the statistical analysis 

should be included,, but should relate to management. 

The image of the concerned layman as one who cannot or will not 

utilize the scientific literature was not supported. 

Mistrust of Research Personnel 

The respondents rejected the proposition that if one mistrusts 

research personnel then one will not search for and utilize their 

findings. There was ample proof of mistrust of researchers, but it does 

not prevent contact with researchers and study of their publications. 

The extent that lack of confidence influences utilization was not 

determined and should be studied. 

Waste Ideology 

Managers indicated they utilized publications that were both 

negative and positive toward water salvage. They, therefore, rejected 

the proposition that if natural resource managers believe that avoiding 

waste is central to resource managements this will lead them to reject 

or ignore scientific data that are negative towards maximum production. 

Managers are oriented toward production of goods with direct benefit to 

man, but show no evidence that an anti-waste ideology is guiding 

management. 
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Educational Background 

The hypothesis that the more formal education one has, the more 

one will utilize the relevant scientific information was supported. For

mal education in natural resource management makes the literature easier 

to understand and individuals with this background make more use of 

scientific information,, The importance of this factor is minimal, how-

ever8 because individuals without such background also make considerable 

use of scientific data. 

Symbolic Scientific Consultation 

Respondents rejected the proposition that scientific advice is 

sought from research personnel to gain support for opinions and objec

tives rather than obtain actual advice on management choices. The educa

tion and training of the managers as synthesizers of research findings 

into management techniques inhibits symbolic use of science in natural 

resource policymaking. The oppositions* mistrust of researchers and 

their findings makes symbolic use of science ineffective. 

Administrative Overload 

The proposition that the pattern of work in natural resource 

managing agencies prevents full utilization of scientific data was sup

ported. This factor is very influential on the utilization of scientific 

information. The pattern of search and utilization for both managers and 

opponents was limited and sporadic. Criticism of plans and analysis was 

thought to stimulate additional search for information. 

As described above, five of the propositional statements were 

supported. A revised functional statement would therefore be: The 
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utilization of scientific data in phreatophyte management is a function 

of (1) specialized research,, (2) untested application,, (3) immediate 

applicability of research results, (4) educational backgrounds and (5) 

administrative overload. 

Recommendations for Improved Utilization 

In the presentation of the analysis of the propositions, a num

ber of recommendations were made to improve utilization of scientific 

data in natural resource policymaking. These recommendations are not 

limited^to phreatophyte management. It is believed that they have wide 

application to the various fields of natural resource management. The 

recommendations ares (1) improve research report style and format, in

cluding improved summaries in plain language that spell out at once what 

was discovered, and the statistical analysis interpreted in terms of 

importance to managements (2) have scientists from the basic disciplines 

conduct research not directly related to management problems, (3) orient 

applied research to management needs, (4) include opponents of planned 

management activity in the planning of research efforts, (5) have re

searchers examine completed projects, (6) have university personnel act 

as intermediaries between researchers, managers and opponents, and (7) 

establish a "negotiating" task force composed of researchers, managers, 

opponents, and university personnel to work on the solution of management 

problems. 

The establishment of a negotiating task force for an area of man

agement is the central recommendation. The other recommendations could 

best be achieved within the framework of a working task force. 
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Contact between researchers and others within this type of task 

force could provide the input necessary for revision of research report 

style and format. Researchers would be able to identify communication 

problems and devise solutions„ 

If it is determined that the scientific base for solving the 

problem is deficient in "basic" knowledge;) the task force would provide 

a mechanism for apprising scientists from the basic disciplines of the 

problem and coordinating research efforts. 

Managers complained that much research was not directed toward 

their immediate needs and requested that they be allowed to critique re

search objectives. A negotiating task force would provide such an oppor

tunity. It would also provide an opportunity to work out the related 

problem of selection of the probability level at which results will be 

statistically tested. 

Establishment of a negotiating task force would provide a forum 

for determining at what level or levels of the policy hierarchy the issue 

or issues are located. It may be that the negotiation and compromise 

that would occur within this kind of task force would not cause anyone 

to shift their definition of the issue to a different level in the hier

archy. In the case examined in this study8 it does not seem likely that 

one who sees no need for additional water could be convinced that the 

problem is really one of scientifically determining how to salvage the 

water used by the plants. If the focus of the contending sides is at two 

different level's of the hierarchys it would be valuable to know that at 

the onset, so the issue can be defined, and discussion directed at the 

appropriate level. 
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The task force would provide an opportunity for representatives 

of opposing interests to actually participate in the natural resource^ 

management process. It is important that opponents participate in the 

establishment of the scientific base for management. Their opposition 

often determines the data needs for decision making and their participa

tion in planning and monitoring research would do much to allay their 

suspicions of bias,, It would also give opponents a feel for the length 

of time required to make additions to the scientific base. 

That the opportunity for search and utilization of scientific 

information for any specific management area is limited has been dis

cussed. Sharing the work among task force members would make the search 

more efficient. The opponents are capable of making a positive contribu

tion to the technical work of a task force. In return^ opponents willing 

to devote the necessary time to task force participation could expect to 

develop considerable expertise in a specific area of management. 

Most of the mistrust among the participants in natural resource 

policy controversies is unfounded. It is believed that increased contact 

would improve communication and understanding of others motives and re

duce mistrust. 

It could be argued that participants would misuse the negotiating 

task force. It would be possible, of course., for participants to assume 

an unyielding position and use the task force as a vehicle to block 

progress. The values shared by the participants in most natural resource 

policy controversies would probably prevent this. 

The purpose of the negotiating task force is to review the rele

vant scientific information and synthesize it into management proposals. 
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As mentioned before, there are issues where the negotiating task force 

would not be effective. If the issue is preservation of an area in its 

natural state versus management for various values, then the scientific 

aspects of the proposed management have no relevance and the task force 

has no purpose„ 

In the majority of cases„ however, the issue is whether the 

proposed management causes unacceptable damage to various values. In 

these cases0 the participants disagree on the best course of action to 

follottf,, but they share common interests in the management of the natural 

resources. The participants in most natural resource policy issues 

share interests in wildlife, aesthetics, wildland recreational oppor

tunities and the products derived through management of natural re

sources. These common interests provide an addquate basis for negotia

tion and compromise. 

It would be helpful to initiate the negotiating task force as 

early in the decision-making process as possible. The possibilities 

for communication and compromise are not enhanced by the development of 

mistrust. 

It was recommended that university researchers ejtamine completed 

projects. The negotiating task force would provide an opportunity for 

blending the results of project examinations into the analysis and plan

ning process. The role of intermediary between managers, researchers, 

and opponents could best be filled by university personnel within the 

framework of a task force. 

Many of the problems of utilization of scientific information can 

be solved by task force participation. The difference of opinion on the 
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state-of-the-art can be resolved. There will always be some difficulties 

with technical languages even if research report style is modified. 

These language problems could be easily solved by a working group. 

Extrapolation from research results to field applications always involve 

some judgment. Making these judgments a group effort will reduce 

suspicion. 

Participation in a negotiating task force would tend to eliminate 

the separation of research and management. The addition of the opposi

tion will introduce negotiation and compromise to the analysis and 

planning process. This will keep the managers from either dictating 

research objectives or refusing to accept results that force a change 

in policy. 

Evidence that problems of utilization of scientific information 

are widespread is furnished by a study of environmental research needs 

and priorities for the Rocky Mountain region (Bolles 19759 pp. 7-13). 

The study0 'Rocky Mountain Environmental Research — Quest for a Future," 

is a massive effort to determine regional research needs. Bolle 

reportsB "Studies often show the need for new knowledge to be less 

critical than the transfer of existing knowledge in the right form and 

at,the right time. The communication gaps that presently exist between 

managers„ decision-makers„ and researchers are acknowledged to be 

larger and more important problems than the gaps in knowledge about 

environmental effects" (Bolle„ 1975s p„ 12). 

One outcome of the "Rocky Mountain Environmental Research — 

Quest for a Future" study was the development of fifteen research themes, 

defining research needs for the Rocky Mountain region. One of these 
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themes is to "Develop and test new arrangements to improve communications 

among researchers and decision-makers» including the public" (Bolle, 

1975, p. 8). The analysis in this study led to the recommendation of an 

arrangement to improve communication. It is believed that the establish

ment of a negotiating task force, as described in this paper, constitutes 

such a new arrangement and should be implemented. 



APPENDIX A 

INTERVIEW SCHEDULE — 
UTILIZATION OF SCIENTIFIC INFORMATION 
IN PHREATOPHYTE-WATER SALVAGE POLICY 

1. In general, is the scientific^literature published by the government 
agencies and the universities useful to you in your (planning/study) 
of phreatophyte management projects? 

Probe: If Yes Can you remember the titles of the most useful 
publications or articles? 

Probe: If No Can you remember the titles of articles or publica
tions that were not useful? 

Probe: If No What other kinds of evidence or information could 
you use? 

2. Research on phreatophyte management is done by scientists in a number 
of disciplines (meteoroligists, physicists, ecologists, hydrologists, 
engineers, etc.). Do you find the language of their reports difficult 
to understand? 

Yes Q No Q 

What changes would you like to see in these 
publications? 

Yes |—| NoO Sometimes a 

Probe: If Yes Which disciplines are difficult and why? 
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3. Should the statistical analysis used in the research be described in 
the published results? 

Yes QJ No | | Sometimes Q Don't Know | I, 

Probe: Why do you feel that way? 

4. I realize that you are not concerned with (planning/studying) 
phreatophyte management projects all the time. How do you keep up 
with the phreatophyte literature during the time when you are not 
(planning/studying) projects? 

5. Do you feel that research scientists qualify the results of their 
studies too much? I am thinking of such things as the affects of 
the weather and soil conditions under which the study was conducted. 

Yes Q No Q] Don't Know [^] 

Probe: If Yes How would you like them to report their results? 

6. Do you feel that criticism of a phreatophyte management proposal or 
its environmental impact survey causes a more intensive search of 
the scientific literature? 

Yes Q] No Q Don't Know | | 

Probe: Why do you feel that way? 

7. Do you feel that research on phreatophyte management should be con
ducted on a plot (1/4 acre) or a pilot project (several thousand 
acres) basis? 

Plot p Pilot • Both I 1 Don't Know I I 

Probe: Why do you say ? 
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8. Do you feel that research personnel should develop their findings 
into management techniques or is this the job of management or 
operational agencies? 

Research Personnel d) Both I I 

Management Agencies | | Don't Know 1 | 

Probe; I am interested in your reasons. 

9. Which do you feel is the most valuable? Research on management 
techniques for phreatophytes or more basic research such as the 
physiology of phreatophyte plants? 

Applied | 1 Basic [^| Both | | . Don't Know [ | 

Probe: Why do you feel that way? 

10. If you were (planning/studying) a phreatophyte management project, 
would you rather ask an experienced project planner or a research 
scientist for advice? 

Planner I I 

Scientist [ [ 

Other 

Probe: Why do you prefer the . ? 

Both Q] 

Don't Know £[] 

11. Has a research scientist ever voluntarily offered criticism of your 
(analysis/planning) of a phreatophyte management project? 

Yes • No d] Don't Know Q 

Probe: If Yes Was his criticism valid and helpful? Would you 
describe his contribution? 

Probe: If No Why do you think they never voluntarily offer 
criticism? 
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12. Phreatophyte clearing projects are usually justified on the basis 
of reducing the waste of water by the plants. Do you feel this is 
a proper justification? 

Yes • No • Don't Know dl 

Probe; What are your reasons for that? 

13. Do you feel reduction of waste is overemphasized in natural resource 
management? 

Yes • No ED Don't Know CZ3 

Probe: Why do you think so? 

14. On the following list, please indicate the frequency with which you 
would consult the following sources when searching for information 
on phreatophyte management. 

rt,. Some- „ 1 „ Don't 
Often Rarely Never „ 

times Know 

1. Sierra Club Bulletin 

2. Ecology 

3. JoMmal of Water Resources 
Research 

4. Watershed Management 
Textbooks ' __ _ 

5. Journal of Soil and 
Water Conservation 

6. U. S. Forest Service 
Research Publications 

7. Published Proceedings of 
Conferences 

8. Journal of Arizona 
Academy of Science __ 

9. U. S. Geological Survey 
Professional Papers 

10. Bureau of Reclamation 
Project Plans and Environ
mental Impact Surveys 



146 

__ Some- „ „ Don't 
Often Rarely Never . 

times know 

11. Newspapers 

12. University Research 
Publications 

13. Journal of Applied 
Heterology 

14. Corps of Engineers 
Project Plans and Environ
mental Impact Surveys 

15. Arizona Game and Fish 
Department Land and Water 
Project Investigations 

16. Audubon 

17. National Parks and 
Conservation Magazine 

18. Saturday Review 

19. Bureau of Indian Affairs 
Project Plans and Environ
mental Impact Surveys 

20. American Forests 

15. Degree(s) and Year Obtained 

Major(s) 

Your Age 

16. If you were searching for information on phreatophyte management, 
which of the following titles, if any, would you obtain and read? 

T, T, Would _ Would Don t 
Read _° Know 

Read 

1. Report on the Wellton-Mohawk 
Saltcedar Clearing Studies 

2. Some Site Relations in Three 
Floodplain Communities in 
Central Arizona 

3. Guide for Surveying Phreatophyte 
Vegetation 
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Would 
Read 

Would 
Not 
Read 

Don't 
Know 

4. Vegetative Response of Saltcedar 
(Tamarix pentandar Pull.) to 
Photoperiod 

5. Management Problems in Phreato-
phyte and Riparian Zones 

6. The Phreatophyte Problem 

7. Ecology of Groundwater in the South
western United States 

8. Use of a Root Plow in Clearing 
Tamarisk Stands 

9. Movement of Water Through Tree Stems 

10. Use of Water by Bottom-Land Vegeta
tion in Lower Safford Valley, Arizona 

11. Water Potential Measurements of an 
Intact Plant-Soil System 

12. Adventitious Shoots on Saltcedar Roots 

17. Will you please classify the following titles as either "Applied" 
or "Basic" research? 

1. Report on the Wellton-Mohawk Saltcedar 
Clearing Studies 

2. Some Site Relations in Three Floodplain 
Communities in Central Arizona 

3. Guide for Surveying Phreatophyte Vegetation 

4. Vegetative Response of Saltcedar (Tamarix 
pentandra Pull.) to Photoperiod 

5. Management Problems in Phreatophyte and 
Riparian Zones 

6. The Phreatophyte Problem 

7. Ecology of Groundwater in the Southwestern 
United States 

8. Use of a Root Plow in Clearing Tamarisk Stands 

9. Movement of Water Through Tree Stems 

10. Use of Water by Bottom-Land Vegetation in 
Lower Safford Valley, Arizona 

Applied Basic 
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Applied Basic 

11. Water Potential Measurements of an Intact 
Plant-Soil System 

12. Adventitious Shoots on Saltcedar Roots 



APPENDIX B 

LIST OF INDIVIDUALS INTERVIEWED 

Mr. Richard Afflect 
University of Arizona 
Tucson, Arizona 

Mr. Joe Arnold 
U. S. Forest Service 
Phoenix, Arizona 

Mr. Curtis Bowser 
Bureau of Reclamation 
Boulder City, Nevada 

Mr. Buddy Bristow 
Arizona Game and Fish Dept. 
Tucson, Arizona 

Mr. Neil Carmony 
U. S. Geological Survey 
Tucson, Arizona 

Mr. Leeland Chase 
Bureau of Indian Affairs 
Whiteriver, Arizona 

Mr. Charles Coston 
Audubon Society 
Tucson, Arizona 

Mr. Floyd Farrell 
Division of Land Operations 
Bureau of Indian Affairs 
Phoenix, Arizona 

Mr. Eric Grenfield 
Bureau of Indian Affairs 
Whiteriver, Arizona 

Mr. John McComb 
Sierra Club 
Tucson, Arizona 

Mr. Leroy Nickelson 
Bureau of Reclamation 
Phoenix, Arizona 

Mr. Marvin Park 
Bureau of Indian Affairs 
San Carlos, Arizona 

Mr. Richard Small 
Arizona Wildlife Federation 
Phoenix, Arizona 

Mr. Norris Soma 
San Carlos Irrigation District 
Coolidge, Arizona 

Mrs. Jennette Stewart 
Arizona Wildlife Federation 
Tucson, Arizona 

Mr. William Warslcow 
Salt River Project 
Phoenix, Arizona 

Mr. Frank Welsh 
Environmental Consultant 
Phoenix, Arizona 

Mr. Sid Willson 
Salt River Project 
Phoenix, Arizona 

Mr. J. Kimball Hansen 
Bureau of Indian Affairs 
Parker, Arizona 
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Individuals Interviewed During Development 
of Interview Schedule 

Mr. William Breed 
Sierra Club 
Flagstaff, Arizona 

Mr. C. J. Campbell 
U. S. Forest Service 
Tempe, Arizona 

Mr. R. C. Culler 
U. S. Geological Survey 
Tucson, Arizona 

Mr. William Holmes 
U. S. Forest Service 
Flagstaff, Arizona 

Mr. Jerome S. Horton 
U. S. Forest Service 
Tempe, Arizona 

Mr. R. D. Lund 
U. S. Forest Service 
Flagstaff, Arizona 
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